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Redox regulated migration of glia cells 

C. Wilms1, K. Lepka1, L. Pudelko2, L. Bräutigam2, F. Häberlein3, B. Odermatt3, O. Aktas1, C. Berndt1 

1Department of Neurology, Heinrich-Heine University, Düsseldorf, DE 
2Medical Biochemistry and Biophysics, Karolinska Institutet, Stockholm, SE 
3Institute of Anatomy, Rheinische Friedrich-Wilhelms-University, Bonn, DE 

 

Reversible oxidative modifications regulate protein activity. Oxidoreductases such as Glutaredoxin 2 control the 

thiol redox state of proteins. Here, we demonstrate that Glutaredoxin 2 modifies the cytoskeleton and thereby 

migration capacity of glia cells. The lack of Glutaredoxin 2 decreases transmigration of mouse primary 

oligodendrocyte progenitor cells, whereas enhanced levels of Glutaredoxin 2 increase migration. In both, 

transmigration and scratch closure Glutaredoxin 2 is able to overcome the inhibitory effect of Semaphorin 3A. 

We found that Glutaredoxin 2 levels control expression of NG2. Therefore, enhanced levels of Glutaredoxin 2 

not only affect migration, but also block differentiation of oligodendrocytes in the NG2-glia state. The importance 

of Glutaredoxin 2 during migration and differentiation of progenitor cells was confirmed in zebrafish with 

manipulated Glutaredoxin 2 translation. Since NG2/CSPG4 is associated with metastasis/invasion of cancer 

cells, we investigated the impact of Glutaredoxin 2 on migration and invasion of glioblastoma cells. Injection of 

patient derived glioblastoma cells with or without manipulated expression of Glutaredoxin 2 into developing 

zebrafish embryos revealed that Glutaredoxin 2 is essential for metastasis/invasion of glioblastoma cells. Via the 

migration of glia cells, our data connect specific redox regulation with physiological and pathological processes 

during development of the myelin sheeth, tissue regeneration, and glioblastoma invasion.  
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Blood vessels guide Schwann cell migration in the adult CNS towards demyelinated lesions. 
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Myelination is supported by two different glial cell types, oligodendrocytes in the central nervous system (CNS), 

and Schwann cells (SC) in the peripheral nervous system (PNS). Despite the developmental PNS/CNS 

segregation, SC can invade and repair the CNS under pathophysiological conditions. To note, SC remyelination 

of CNS axons has been frequently observed close to blood vessels (BV). However, how SC invade the CNS to 

remyelinate central axons remains undetermined, and whether BV have a role in their CNS invasion has not 

been explored.  

To gain insights into the modalities of SC invasion of the CNS, we used in vitro, ex vivo, and in vivo paradigms 

after exogenous transplantation in the demyelinated spinal cord. By classic, live, 3D imaging as well as electron 

microscopy, we provide solid evidences that SC use the extracellular matrix (ECM) of the vascular scaffold to 

migrate within the adult demyelinated CNS. This phenomenon is modulated by increased angiogenesis and 

perivascular ECM, which constitute a physiological response to demyelination. BV-ECM network paves SC 

migration along the CNS to reach the lesion. Our data highlight for the first time that SC migrate preferentially 

along blood vessel perivascular space and vascular remodeling in response to demyelination facilitates SC entry 

and spreading into this lesion.  

Moreover, we establish that CNS myelin plays an essential role in SC exclusion from the CNS and demonstrate 

that this effect is partially mediated by EphrinB3. Finally, myelin-associated EphrinB3 modulates SC adhesion to 

the ECM component FN, via interactions with integrinβ1. This increased SC-FN adhesion, to perivascular ECM 

overrules SC inhibition by myelin and promotes SC migration along BV, facilitating their arrival at the lesion. 

These novel findings elucidate the mechanism by which SC can invade spinal cord lesions and contribute to 

their repair. 
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p27Kip1in microglia motility during brain development 
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Brain development relies on the coordination of complex biological events whose impairment can lead to 

neurodevelopmental disorders such as schizophrenia and autism spectrum disorder. Microglia are the resident 

immune cells of the brain and during embryogenesis, they invade the brain and contribute to its development by 

controlling neuronal migration and axonal wiring as well as synapse formation and elimination. The molecular 

mechanisms that control cytoskeleton remodeling during microglial motility remain largely unknown. Our 

preliminary data show that microglia express a cytoplasmic pool of p27Kip1, a cell cycle regulator that also has a 

function beyond cell cycle regulation to promote neuron migration in the cortex. In order to study the possible 

role of p27Kip1in microglia motility, we are currently analyzing p27Kip1knockout and a p27Kip1knockin mouse 

mutant (p27Kip1CK-) that no longer binds to cyclins and CDKs in order to characterize the migration and 

phagocytic activity (also relying on cytoskeleton movement) of microglia. 

 

T01-004A 

SKAP2 as new regulator of oligodendroglial migration 
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Oligodendroglial progenitor cells (OPC) are the precursor cells of the myelin sheath forming and maintaining 

oligodendrocytes (OL) in the CNS. During CNS development OPC are generated in three waves at different 

anatomical sites in spinal cord and brain. Recently published studies suggest that oligodendrocytes are 

heterogeneous on transcriptional levels and that individual oligodendroglial subtypes dominate in certain CNS 

regions. In line with these findings we observed significantly higher migratory capacities of OPCs derived from 

spinal cord (scOPC) compared to cerebrum (cOPC). Therefore, the aim of our study is to further dissect the 

signaling cascades regulating oligodendroglial migration in different CNS regions.  

We compared the global gene expression patterns of both OPC populations after induction of migration using 

microarrays and identified 57 differentially expressed genes in scOPC compared to cOPC (A). Genes involved in 

migration were selected and further confirmed by qRT-PCR in OPCs from newborn as well as adult mice. We 

focused on SKAP2 (Src kinase–associated phosphoprotein 2) which is an adaptor protein that directs integrin-

activated cytoskeletal reorganization and migration in e.g. leukocytes and is upregulated in scOPC compared to 

cOPC (B). The functional role of SKAP2 for oligodendroglial migration was analyzed by knock-down experiments 

using shRNAs and lentiviral transduction. Knock-down of Skap2 (OPCSkap2sh) decreased undirected migration 

compared to control OPC (OPCscr) (C). Furthermore, we isolated OPC from Skap2-/- mice. Similar to the results 

gained from knock-down experiments migration was impaired in OPCSkap2-/- (D). Since cell polarization and 

extension of cellular processes is not only prerequisite for migration but also for branching and myelin sheath 

formation we analyzed loss of SKAP2 during differentiation and found a significantly reduced myelin sheath 

formation in OPCSkap2sh and OPCSkap2-/-. Interestingly, overexpression of SKAP2 as well as expression of a 

constitutive-active form of SKAP2 (Skap2W336K) increased migration of OPCs. To determine whether the effect of 

SKAP2 is integrin-dependent, we analyzed migration on a pRGD-coated surface to activate integrin. While 

integrin-activation increased velocity of wildtype OPC moderately, OPCSkap2-/- exceeded OPCWT in their migratory 

capacity on pRGD (E). In summary, we identified SKAP2 as a new regulator of oligodendroglial migration 

probably interacting with integrin signaling in OPC. 
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SKAP2 as a positive regulator of oligodendroglial migration 
(A) Scatterplot displaying differentially expressed genes between scOPC and cOPC. Gene names in grey indicate genes 

characteristic for rostral caudal patterning, gene names in blue and red indicate differentially expressed genes associated with 

migration. (B) Skap2 is significantly upregulated in scOPC compared in cOPC after induction of migration. (C) Downregulation 

of Skap2 in cOPC results in a reduced migratory velocity in undirected migration. (D) OPCSkap2-/- display decreased directed 

migration compared to OPCWT as assessed by continuous impedance measurements (xCELLigence). (E) Migration on a 

pRGD-coated surface to activate integrin increased velocity of OPC, but OPCSkap2-/- exceeded OPCWT in their migratory 

capacity on pRGD. 
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Characterization of oligodendrocyte precursor cell migration during corticogenesis 

F. Lepiemme, C.G. Silva, L. Nguyen 

GIGA-Stem cells, University of Liège, Liège, BE 

 

During embryogenesis, oligodendrocyte precursor cells (OPCs) are derived from distinct progenitors of the 

ventral forebrain. The first cohort is generated in the medial ganglionic eminence (MGE) and preoptic area 

(POA) and starts migrating at E11.5. Two additional waves of migrating OPCs are born around E16.5 in the 

lateral ganglionic eminence (LGE) and P0 in the pallium, respectively. While their origins have been well 

described, their migration mode remains poorly understood. By combining real-time imaging with histological 

analyses, we show that embryonic OPCs have distinct migration parameters (e.g. migration speed and migration 

pattern) as compared to cortical interneurons that are also generated in the subpallium and that migrate 

concomitantly with OPCs. This suggests that the cell migration modes adopted by immature glia and 

interneurons are distinct and partially encoded in their respective progenitors. Moreover, the migration properties 

of OPCs change as their morphological complexity increases and the migration pattern adopted by OPCs 

generated at the same developmental stage varies slightly, suggesting that interaction with distinct components 

of the environment influence their migration properties. 
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Extracellular vesicles trigger ATP release and activate migration of human microglial cells   
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Different types of brain damage induce activation and migration of microglial cells towards injury sites. 

Deregulated microglial response contributes to the development and propagation of various neurological 

disorders and therefore targeting of neuroinflammatory microglia is considered as a novel therapeutic strategy.   

We investigated effects of extracellular vesicles (EVs) derived from human dental pulp stem cells (DPSCs) and 

recently suggested as promising regenerative tools in neurological disorders, on ATP signalling in human 

microglial cells. Human immortalized (SV40) microglial cells were cultivated in exosome-depleted medium. EVs 

were purified by differential ultracentrifugation from DPSCs grown in serum- and xeno- free medium. Migration 

assays have been performed in Boyden chamber using 8 μm pore membranes. Changes in the intracellular 

Ca2+ concentration in single cells loaded with Fluo-4 AM were monitored with Till Photonic imaging system. 

Extracellular ATP concentrations were measured by ATPlite Luminescence Assay System.   

We found that EVs induced a rapid increase of intracellular Ca2+ in microglial cells and promoted a significant 

ATP release (by 123 % and 68 % after 20 and 60 min, respectively). EVs increased migration of microglial cells 

by 20 % whereas ATP degrading enzyme apyrase (20 U/ml) reduced migration by 23%. In apyrase-treated cells, 

EVs increased migration more efficiently (by 36 %). The nonselective antagonist of ATP-gated P2 receptors 

suramin (200 µM) decreased cell migration by 21 %. Likewise, the highly potent P2Y12 antagonist AR-C 69931 

(1 µM) decreased migration by 29 %. EVs combined with suramin or with AR-C 69931 increased migration by 40 

% and 50%, respectively.   

Taken together, our data indicate that EVs trigger ATP release, but promote migration of microglial cells via 

mechanisms largely independent of purinergic signalling. 

 

T01-007A 

Majority of spinal cerebrospinal fluid-contacting neurons in C57Bl/6N mice is present in distal ventral 

position unlike in other studied animal species 

J. Sevc1, Z. Tonelli Gombalova1, J. Kosuth1, A. Alexovic Matiasova1, T. Giallongo2, S. Carelli2, Z. Daxnerova1 
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Cerebrospinal fluid contacting neurons (CSF-cNs) represent a specific class of neurons located in the close 

vicinity of spinal cord central canal and brain ventricles. Despite the advances in the biology of CSF-cNs during 

last decade, their exact role remains matter of debate. Most probably they should monitor the flow and pH of 

CSF and/or act as mechanosensory organ involved in central pattern generators in zebrafish. In contrast with the 

knowledge gained from other vertebrate species, we found that majority (78.5±10.1%) of CSF-cNs in the spinal 

cord of C57Bl/6N mice is located beyond the border of ependymal lining, in ventral part of gray commissure and 

anterior white commissure, with median of distance 62.2 µm from the central canal lumen. However, small 

numbers of distal ventral CSF-cNs were present also in the spinal cords of other investigated rodent species. 

Similarly, as the proximal population, their distal ventral counterparts retained the PKD2L1-immunoreactivity and 

were integrated in the local circuits. On the other side, they showed rather multipolar morphology lacking the 

thick dendrite contacting the central canal lumen. Neurons of the distal subpopulation emerged during the whole 

period devoted to production of CSF-cNs (embryonic days E11.5-E16.5) and migrated to their ventral 

destinations in the spinal cord of C57Bl/6N mice during first two postnatal weeks. In order to identify the gene, 

whose impairment results in migration of CSF-cNs outside the central canal area, we took the advantage of the 

close consanguinity of C57Bl/6J substrain with normal CSF-cN distribution and C57Bl/6N substrain with majority 

of CSF-cNs in distal ventral position. Based on gene expression analyses, we found that none of the genes with 

disrupted coding sequence (Spata31, Crb1 and Vmn2r65) was expressed in the spinal cord and thus was 

excluded from the circle of suspects. Employing in silico analyses, we ranked the genes bearing single 

nucleotide polymorphisms and selected four candidates (Cyfip2, Adamts12, Plk1 and Herpud2), whose product 

dysfunction might be responsible for the altered distribution of CSF-cNs in C57Bl/6N substrain. Our data about 
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the presence of distal ventral CSF-cNs with markedly hindered access to CSF at least, veil those enigmatic 

neurons with another batch of mystery. 
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Pial basement membrane structure preservation is essential in a proper migration of neurons. According to the 

fact that neither humans nor guinea pigs are able to synthesize vitamin C we create a new animal model of 

prenatal deprivation in guinea pig.   

The experiment included pregnant guinea pigs divided in a control, and 2 experimental groups, E1 and E2. 

Vitamin C deprivation began on the 20th day of gestation for group E1 and on the 10th day for group E2 and 

continued until the 50th day of pregnancy, when the all groups were euthanized. Fetuses were removed, 

perfused with fixative and the brain was removed from the scull. Midsagittal section from the cerebellar vermis 

was analyzed with following immunohistochemical markers: NeuN, calbindin,  DCX, sinaptophysin, nestin, Olig2, 

TPPP, MBP, S100, GFAP and collagen IV.  

Vitamin C deprivation led to a collagen synthesis disorder, weakness, breach of pial basement membrane and a 

consequential losing of appropriate connection of Bergman glia cells (GFAP). We found excessive migration of 

the external germinal layer cells (NeuN) into the subarachnoid space of the cerebellum through defects in the 

pial basement membrane (collagen IV). The changes ranged from focal rupture of pial basement membranes to 

their complete disintegration.Pial membrane disruption in the E2 group resulted in complete alteration of the 

direction and structure of Bergmann glial cells (GFAP, Nestin). The ectopic mass of EGL cells in the 

subarachnoid space was very often permeated with intense gliosis (GFAP).Purkinje cells lose completely 

arrangement and polarity (calbindin, MAP2). The loss of proper folia formation resulted in macroscopically visible 

flattening of the cerebellar surface. Different grades of dysplastic changes in the folia of the cerebellar cortex 

were observed in 2 experimental groups assigned different limits to mark the time of commencement and 

duration of vitamin C deprivation. The most severe form of dysplastic changes was characterized by marked 

irregularity of the cerebellar cortex similar to that in lissencephaly type II.   

Thus, prenatal vitamin C deficiency represents a novel animal model to study the effects of collagen synthesis 

on development of breaches in the pial basement membrane, disturbance of Bergman glia connection, 

disordered migration of neurons, dysplasia of cerebellar cortex, and the pathogenesis of neuronal migraton 

disorders. 
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Figure 1 
Immunohistochemical staining of neuronal 

markers in control and vitamin C deprived group 

of guinea pig fetuses 

 

 

Figure 2 
Immunohistochemical staining of glia markers in 

control and vitamin C deprived group of guinea 

pig fetuses 
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Cortical interlaminar astrocytes in mammalian evolution and development 
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Interlaminar astrocytes (ILA) are a subtype of astrocytes present in the cerebral cortex, with a soma in layer I 

and long interlaminar processes running perpendicularly to the pia into deeper cortical layers. We are interested 

in the study of ILA in evolution and development of the cerebral cortex, across different mammalian species.  

We examined cerebral cortex from 46 species encompassing most orders of therian mammalians, including 22 

primate species. We described two distinct cell types with interlaminar processes that have been previously 

referred to as ILA, that we named pial ILA and subpial ILA. ILA cell types have different somatic morphology, 

position in layer I, and presence across species. We described “rudimentary pial ILA”, with short GFAP+ 

processes that do not exit layer I, and “typical pial ILA”, with longer GFAP+ processes crossing layer I-II border.  

We found that pial ILA were present in all mammalian species analyzed, with typical ILA observed in Primates, 

Scandentia, Chiroptera, Carnivora, Artiodactyla, Hyracoidea, and Proboscidea. Subpial ILA were absent in 

Marsupialia and typical subpial ILA were only found in Primates. We confirmed ILA astrocytic nature by 

investigating their molecular properties. We found that while the density of pial ILA somata only varied slightly, 

the complexity of ILA processes varied greatly across species, reaching the highest values in primates, 

specifically bonobo, chimpanzee, orangutan, and human.  

ILA were known to be present and develop mainly postnatally, but when exactly they appear during development 

is not known. We assayed ILA appearance and differentiation during development, by inspecting specific 

prenatal and postnatal developmental stages of mouse, rhesus macaque, chimpanzee and human. We found an 

increasing morphological complexity throughout development, in both species.    

Data obtained from this project will shed light on the ILA role in the evolution and development of the cerebral 

cortex. We will next unravel the molecular mechanisms responsible for the appearance of ILA in primate and 

specifically in the human cerebral cortex. 
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Deciphering the origins of repopulated microglia in the central nervous system 

B. Peng 
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New-born microglia rapidly replenish the whole brain after selective elimination of most microglia (>99%) in adult 

mice. Previous studies reported that repopulated microglia were largely derived from microglial progenitor cells 

expressing Nestin in the brain. However, the origin of these repopulated microglia has been hotly debated. In 

this study, we investigated the origin of repopulated microglia by a series of fate mapping approaches. We first 

excluded the blood origin of repopulated microglia via parabiosis. With different transgenic mouse lines, we then 

demonstrated that all repopulated microglia were derived from the proliferation of the few surviving microglia 

(<1%). Though with a transient pattern of Nestin expression in newly forming microglia, none of repopulated 

microglia was derived from Nestin-positive non-microglial cells. In summary, we conclude that repopulated 

microglia are solely derived from residual microglia rather than de novo progenitors, suggesting for the absence 

of microglial progenitor cells in the adult brain.  

In addition to repopulated brain microglia, we investigated the origins of repopulated microglia in the retina and 

found that the repopulated retinal microglia were not derived from the residual microglia in the retina. Instead, 

they had two distinct origins: the center-emerging microglia were derived from residual microglia in the optic 

nerve and the periphery-emerging microglia were derived from macrophages in the ciliary body/iris. Therefore, 

we identified novel origins of retinal microglia by using a model of microglial repopulation. Our findings expand 

the understanding on the origins of microglia in the retina. 
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BMAL1 times local astrocyte proliferation in postnatal mouse cortex 
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Astrocytes and the circadian system develop simultaneously during the postnatal period in rodents, but little is 

known about the interplay between both processes. Here we show that the core clock gene Bmal1 is required for 

cell division in primary astrocytes by controlling the rhythmic expression of gene sets involved cell cycle and 

proliferation in vitro. Importantly, upon conditional deletion of Bmal1 within postnatal astrocytes, the emergence 

of circadian gene expression was altered and developmental expansion of these glial cells was severely 

impaired. Our results reveal a crucial developmental role for BMAL1 in timing the onset of astrocyte proliferation 

in the mouse neocortex and suggest that the impairment of astrocyte expansion by genetic or environmental 

factors affecting the timekeeping system during the postnatal period might contribute to the etiology and/or 

pathology of neurodevelopmental disorders. 
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Regulation of wrapping glia differentiation in Drosophila eye disc 
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The retinal basal glia (RBG) is a group of glia that migrates from the optic stalk into the third instar larval eye disc 

while the photoreceptor cells (PR) are differentiating. There are three major classes of RBG, namely surface glia 

(SG), wrapping glia (WG) and carpet glia (CG), based on molecular and morphological characteristics. The SGs 

migrate and divide. The WGs are post-mitotic and wraps around PR axons. There are two CGs per eye disc and 

they have giant nucleus and extensive membrane extension that each covers half of the eye disc. It has been 

proposed (Silies et al., 2007) that the SGs migrate under the CG membrane, which prevented their contact with 

the PR axons lying above CG membrane. Upon passing the front of the CG membrane, which lags slightly 

behind the morphogenetic furrow marking the front of PR differentiation, the migratory SG can contact the 

nascent PR axon and be induced to differentiate into WG. We have developed an ex vivo culture system to 

follow the migration, division and differentiation of RBGs by live imaging. We found that SGs are migrating and 

dividing both above and below the CG membrane. Using lineage tracing, we found that the apical and basal SG 

represent distinct lineages that are determined before they enter into the eye disc. Only the apical SGs are 

competent to differentiate into WG. Our results show that CG is not acting as a physical barrier, but may be 

acting as a scavenger to capture FGF ligand as a way to prevent precocious differentiation of SG to WG. 
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Brain-resident glial cells can be directly reprogrammed into neurons in vivo by forced expression of neurogenic 

transcription factors. In the adult mouse cortex, such fate switch was reported to occur only following brain lesion 

(Heinrich et al., 2014), which is known to elicit local glial proliferation. To clarify the influence of the proliferative 

state of glia on the reprogramming process, we tested whether proliferative glia can be lineage converted in vivo 

in the absence of a prior lesion in the postnatal mouse cortex.  

Glial cells proliferate locally in the early postnatal cortex (Ge et al., 2012). To target these cells for lineage 

conversion we injected retroviruses encoding for neurogenic transcription factors in the cortex of postnatal mice. 
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Noticeably, overexpression of Ascl1, Neurog2 or NeuroD1 alone was inefficient in inducing glia-to-neuron 

conversion. We thus tested whether synergism with other molecular pathways could induce reprogramming 

(Gascón et al., 2016; Heinrich et al., 2014; Karow et al., 2018). Interestingly, we observed that Sox2 or Bcl2 co-

expression together with Ascl1 converted glial cells into neurons, some of which expressed the inhibitory 

neurotransmitter GABA. Likewise, we show that Bcl2 can enhance Neurog2-mediated glia-to-neuron conversion. 

Remarkably, the combined expression of these two factors not only dramatically raised the conversion efficiency, 

but also gave rise to neurons exhibiting a highly elaborated neuronal morphology, bearing dendritic spines and 

developing long-distance projections. BrdU incorporation assay confirmed the proliferative state of converted 

cells at the time of viral infection. The functional integration and electrophysiological properties of the 

reprogrammed cells is currently being investigated. 
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Oligodendrocytes (OL) are myelin-forming cells of the central nervous system wrapping axons and allowing the 

saltatory conduction of action potentials. In Multiple sclerosis (MS), myelin sheaths are destroyed and effective 

remyelination by oligodendrocyte precursor cells (OPCs) diminishes with disease progression. OPC 

differentiation requires significant genetic reprogramming implicating transcription factors but also chromatin 

remodelers. We have demonstrated previously that two of those remodelers, Chd7 and Chd8, control OPC 

differentiation through chromatin-opening and transcriptional activation of key regulators such as Sox10, Nkx2.2 

and Gpr17. Moreover, Chd7 protects non-proliferative OPCs from apoptosis by chromatin-closing and 

transcriptional repression of p53. Interestingly, integrating chromatin-binding profiles of key transcription factors 

and chromatin remodelers revealed that Chd7/Chd8 and Olig2/Sox10 bind to regulatory elements of active 

stage-specific genes in oligodendroglia. To better understand of how these factors work together, we are 

investigating protein-protein interactions occurring during OL generation. To that purpose, we have conducted a 

RIME (Rapid Immunoprecipitation Mass spectrometry of Endogenous proteins) experiment in wild-type and 

Chd7KO neural progenitors using Chd7 protein as a bait. Both Sox10 and Olig2 were found among the 

candidates, suggesting an interaction between Chd7 and these key transcription factors. We are currently 

investigating the mechanisms of these interactions. This study will allow a better understanding of the molecular 

mechanisms controlling OPC differentiation, which is essential to develop efficient remyelinating therapies. 
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Tuberous Sclerosis Complex (TSC) is a genetic multisystem disorder caused by mutations in the TSC1 or TSC2 

gene. Patients show benign tumor formation in multiple organs including the brain. Additional neurological 

problems like epilepsy, autism and intellectual disability are common and the major cause of disability in TSC 

patients. Astrocytes have been implicated in morphological abnormalities (tubers and supependymal giant 

astrocytoma’s) that are observed in post-mortem brain tissue from TSC patients. Glutamate and potassium 

buffering is affected in TSC-mutated astrocytes, which can promote neuronal excitability and seizures. Most 

studies looking at TSC brain pathology used transgenic mice or post-mortem brain tissue. Although mice studies 

are informative for studying disease development, TSC mouse models mostly have homozygous deletions in 

Tsc1 or Tsc2, which is distinct from patients. We have previously made human induced pluripotent stem cells 

(hiPSC) lines from TSC patients and controls and used these to model neuronal and oligodendrocytic 

abnormalities. In the current study we used hiPSC lines to look at astrocytic pathology. We differentiated hiPSC 

towards astrocytes using a previously established protocol and looked at proliferation rates, marker expression 

and cell morphology. Preliminary data suggest an increased cell proliferation and increased expression of GFAP. 

We are now analyzing differences between TSC and control hiPSC derived astrocytes with RNA sequencing and 

plan to study the effects of TSC astrocytes on neuronal functioning and OPC maturation. The first results of this 

study show that human astrocytes are affected by TSC mutations and may be important targets in therapy 

development. 
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Direct lineage reprogramming of resident glial cells into induced neurons (iNs) is an emerging concept for the 

remodeling and restoration of diseased circuits. Using developmentally inspired transcription factors, this 

methodology has been recently achieved in vivo (Heinrich et al 2014). However, little is known about the 

functional properties of iNs.  

Several neurological and neuropsychiatric disorders have a developmental origin. Thus, the early postnatal 

cortex may be the substrate of choice for remodeling circuits affected by neurodevelopmental disorders. Here, 

we aimed at testing whether the postnatal cortex is amenable to direct lineage reprogramming of glia undergoing 

developmental expansion (i.e., via proliferation without prior injury) into functional iNs. For this, we transduced 
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neonatal (P5) proliferating glia with retroviruses encoding for neurogenic transcription factors (Ascl1, Sox2, 

Neurog2) and explored the electrophysiological properties of these cells in acute brain slices.  

We first analyzed which are the more efficient reprogramming factor combinations. We found that cells 

transduced with Ascl1-Sox2 (AS)-encoding retrovirus acquired membrane properties similar to immature 

neurons, displaying transient inward currents and fired single action potentials. Interestingly, forced co-

expression of Neurog2 or the phospho-deficient protein Ascl1SA6 and Bcl2 (Gascón et al 2016) resulted in the 

generation of iNs capable of generate action potentials repetitively. At 4 wpi, Neurog2-Bcl2 and Ascl1SA6-Bcl2 

derived iNs developed high-frequency firing and received excitatory synaptic inputs. Furthermore, to test whether 

intrinsic electrical activity may promote neuronal maturation as shown in other models of adult neurogenesis 

(Alvarez et al., 2016), we examined the impact of chemogenetic activation of iNs on their functional properties. 

An extensive characterization of the phenotype obtained is currently underway.  

Taken together, our data show that in the absence of prior injury, proliferative cortical glia can be reprogrammed 

into functional iNs that display different stages of neuronal maturation. 
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Neural progenitor cells (NPCs) from the subventricular zone (SVZ) are the source of new neurons, astrocytes 

and oligodendrocytes in the adult brain. Our previous results demonstrated the interplay between Notch and 

TGFβ signaling in adult SVZ neurosphere cultures. Through its receptor TβRII, TGFβ favored NPC glial cell fate 

decisions by inducing an increase in astrocytes expressing Jagged1. In turn, Jagged1 triggered Notch activation 

and induced Hes1 expression, thus promoting oligodendroglial cell fate and OPC proliferation. Once OPCs had 

migrated away from astrocytes expressing Jagged1, TGFβ induced TβRII-mediated OPC differentiation into 

mature OLs. Considering the possible participation of TGFβ in the repair mechanisms during demyelination, the 

aim of the present work is to study, both in vitro and in vivo, the changes induced by this cytokine on the cell 

populations arising from SVZ NPC, the resident OPCs and the inflammatory process. For in vitro experiments 

SVZ NPCs obtained from control or demyelinated Wistar rats treated with a 7-day 0.6% cuprizone (CPZ) diet 

were cultured in the presence of TGFβ or its vehicle for 4 days. Immunocytochemistry showed no changes in 

Nestin+, Nestin+/GFAP+ or GFAP+ populations in any of the experimental groups. Cultures obtained from 

demyelinated animals showed a higher proportion of PDGFRα+ cells than those obtained from control animals. 

The presence of TGFβ increased the proportion of PDGFRα+ cells in control cultures and showed a slight 

increase in cultures from demyelinated animals. For in vivo experiments control or 14-day-CPZ-treated rats were 

intraperitoneally injected TGFβ (100ng/kg) or its vehicle during 3 days before removing the toxic from the diet. 

Preliminary results obtained from corpus callosum and cortex immunohistochemistry analyses showed a slight 

increase in MAG+ cells concomitantly with a decrease in CD68+ cells in CPZ-treated animals. These results 

indicate that TGFβ might contribute to OPC differentiation during demyelination and reduce the inflammation 

associated to the demyelinating process. More experiments are needed to assess the impact of TGFβ on the 

whole demyelination/remyelination process. 
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Astrocytes are glial cells of the central nervous system displaying numerous processes interacting with synapses 

and blood vessels. At the vascular interface, astrocyte endfeet-terminated processes are part of the gliovascular 

unit (GVU) which are implicated in different functions like the blood-brain barrier (BBB) integrity. GVU 

morphological and functional development has not been fully investigated.  

We characterized the postnatal expression of MLC1 and GlialCAM, two transmembrane proteins forming a 

complex enriched at the junctions between mature astrocyte perivascular endfeet. We showed an enrichment of 

the two proteins in astrocyte endfeet between postnatal days 10 and 15. This event correlated with the increased 

expression of Claudin-5 and P-gP, two endothelial-specific BBB proteins. These results suggest that astrocyte 

perivascular endfeet and BBB maturate in concert between P10 and P15, and that the formation of 

MLC1/GlialCAM complex might be a key event in the GVU maturation1.  

The Megalencephalic Leucoencephalopathy with subcortical Cysts (MLC) is a rare genetic disease linked to 

MLC1 and/or GlialCAM dysfunction and characterized by the development of brain anomalies from the first year 

of life in humans. Following our characterization of the MLC1/GlialCAM complex, we propose that MLC might be 

related to an abnormal maturation of the GVU. 
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P10–P15, a temporal window for the GVU maturation. 
Visual abstract of the results outlining the changes observed between P10, P15 and P60 within the GVU. At P10, Aqp4 (dark 

blue) is present in all endfeet, GlialCAM (red) in almost all endfeet, while MLC1 (green) is restricted to some endfeet. Both 

MLC1 and GlialCAM increase significantly within GVU between P10 and P15. This increase is associated with a progressive 

colocalization of both proteins (yellow), indicating a maturation of the MLC1/GlialCAM complex at the junctions between 

endfeet. This maturation of MLC1/GlialCAM correlates with an increased expression of endothelial proteins Claudin-5 (light 

blue) and P-gP (black) which participate to the BBB formation. GVU gliovascular unit 
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Astrocytes have diverse functions in brain development and homeostasis, and they are implicated in 

pathogenesis of neurological disorders as well as in brain repair. Astrocytes are closely related to neural stem 

cells, and studies suggest that astrocytes can de-differentiate to a neural stem cell-like state and generate 

neurons in response to injury. Appropriate maturation is crucial for the acquisition of essential astrocyte 

functions, but also restricts their neurogenic potential. Therefore, understanding astrocyte maturation is 

important to elucidate their role in brain physiology, pathology, and regeneration. However, the mechanisms 

regulating astrocyte maturation are largely unknown.  

To improve our understanding of astrocyte maturation, we have characterized gene expression and chromatin 

accessibility during astrocyte maturation in mouse using RNA-seq and ATAC-seq.  

We found that during maturation in vivo, astrocytes induce transcriptional programs linked to astrocyte-specific 

functions, while repressing developmental and proliferative programs. This is linked to extensive chromatin 

remodeling, suggesting that chromatin remodeling drives astrocyte maturation. As candidate regulators of this 

process, we identified maturation-regulated transcription factors with binding motifs enriched in chromatin 

undergoing remodeling.  

As a model to study the underlying mechanisms, we characterized BMP4-induced astrocyte differentiation in 

vitro from neural stem cells. These astrocytes retained immature transcriptional and chromatin profiles, indicating 

that maturation requires extrinsic cues lacking in vitro.  

Using this model, we are currently investigating the function of extrinsic signals and candidate regulators in 

astrocyte maturation. Initial results indicate that multiple signals cooperate to induce multiple maturation-induced 

transcription factors controlling a complex transcriptional network required for mature astrocyte function.    

Overall, our investigation of the interplay of signaling pathways, chromatin remodeling and transcriptional 

regulation in astrocyte maturation is an important step towards understanding the molecular mechanisms 

underlying astrocyte function. Our study will facilitate future studies to further elucidate mechanisms of astrocyte 

maturation and to investigate how pathological defects in mature astrocyte function arise, which may open up 

strategies to treat neurological disorders and promote brain repair. 
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The brain comprises two broad classes of cells: neurons and glia cells. Astrocytes are ranked to the glial family 

and fulfil a variety of functions. In the dentate gyrus (DG) of the hippocampus, specialized astrocytes, known as 

radial glia-like cells, function as neural stem cells and generate new neurons and astrocytes. Non-radial 

astrocytes, which are major components of the DG, contribute to the generation and survival of newborn 

neurons. Astrocytes were believed to be homogenous within one region, but recent events suggest that 

astrocytes are molecularly and functionally different. Using a genetic labelling strategy, we found that the adult 

hippocampal dentate gyrus is populated by morphologically distinct astrocytes that are localized to specific 

compartments and associated to diverse processes. Surprisingly, experiments revealed the proliferation of non-

radial astrocytes, which is in contrast to the prevailing assumption that astrocytes are postmitotic in the non-

injured brain. Based on these findings we aim to describe hippocampal astrogenesis not only in the adult but 

also during embryonic and fetal states. We attempt to answer the following questions: What is the origin of 

embryonic and adult-born astrocytes? When does astrogenesis start during embryogenesis? How do 

hippocampal astrocytes develop and become morphologically and functionally different? In addition to the 

proliferation potential of non-radial astrocytes, we could observe that the proliferation could be influenced by pro- 

and anti-neurogenic stimuli, such as voluntary exercise and ageing, respectively. This leads to the hypothesis 

that the DG is composed of morphologically and functionally distinct astrocytes, whose dynamics are critical 

modulators for hippocampal adaption to changing conditions. Further analysis revealed that adult astrogenesis 

and the survival of adult-born astrocytes are increased under exercising conditions. As adult neurogenesis is 

important for brain plasticity, a contributing role of adult astrogenesis has to be investigated with an in vivo knock 

out model of dividing astrocytes. Collectively, our study revealed structural heterogeneity and subtype-specific 

dynamics of hippocampal astrocytes in response to physiological stimuli. It will also enlighten the role of adult 

astrogenesis on hippocampal plasticity. Furthermore, we aim to be the first who will investigate adult and 

embryonic astrogenesis in the hippocampal neurogenic niche. 
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1q21.1 duplications are highly penetrant copy number variants (CNVs) which are characterized by variable 

phenotypes such as developmental delay, schizophrenia and autism spectrum disorders. The 1q21.1 critical 

region spans approximately 1.35 Mb (from 145 to 146.35 Mb) and includes at least 12 genes, among which 

ACP6, BCL9, CHD1L, GJA5, GJA8 and GPR89B are most prominent. Although the clinical features of this CNV 

have been defined, there is little evidence connecting these features to dysfunction at a cellular level. To 

investigate the effect of 1q21.1 duplication on the function of oligodendrocytes, we have generated induced 

pluripotent stem cell (iPSC) lines from 3 patients carrying duplication in the distal end of the 1q21.1 locus. Using 

a developmental patterning approach iPSCs were differentiated into oligodendrocyte lineage cells, with analysis 

performed comparing the key stages of development in this cell population. The divergence of these cells from 

the controls was observed at early time points; with a decrease in expression of key lineage markers and a loss 

of organisation in the pattern of differentiation markers. Furthermore, these mutant oligodendrocyte lineage cells 

have reduced capacity to migrate and form myelin. Our results suggest that the duplication of the 1q21.1 region 

has detrimental effects on the development and function of oligodendrocytes. These results provide an important 

link that the presence of this CNV may increases the risk for psychiatric disorders at least in part by comprising 

the function of oligodendrocyte lineage cells. 
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Developmental Schwann cells (SC) and axons are engaged in an intimate contact that largely shapes SC 

behaviour. These latters migrate and divide along the axons of the Peripheral Nervous System while axons are 

growing, and this migratory division is followed by a post-migratory division that allows SC to radially sort the 

axons in a 1:1 ratio and wrap them with a myelin sheath.   

Indeed, cell division can dictate the behaviour and function of cells and SC are no exception (Lyons et al., 2005; 

Raphael et al., 2011). However, are the migratory and post-migratory divisions of SC polarised? Are these two 

divisions timely regulated and how? What are the molecular signals that link division and myelination? In order to 

understand these fundamental processes, we monitor and dissect the behaviour of SCs, in vivo, in transparent 

zebrafish embryos using pharmacological and genetic tools, time-lapse imaging and Transmitted Electron 

Microscopy.  

We first noticed that migratory and post-migratory SC divisions follow a regular and defined plane of division that 

is parallel to axons along the Posterior Lateral Line nerve. By analysing the two polarity mutants has and nok, we 

show that the apical polarity genes aPKcand pals1are not required for the migration, division and the capacity of 

SC to myelinate. However, by studying the cassiopeia (csp) mutant (that shows defects in mitotic spindle 

assembly and delays SC division by transiently blocking cells in mitosis; average of 90 mn vs 10 mn in controls), 

combined with pharmacological treatment (a pulse of nocodazole), we observe no myelin in the PLLn of the csp-

/-mutants and treated embryos at 3 and 4 days post fertilisation (dpf) while SC migration is not affected. This 

result suggests that post-migratory SC have a very strict time-frame (1 to 2 hours) in which they have to divide in 

order to myelinate and/or that correct mitotic spindle assembly is crucial for the set up of myelin molecular 

machinery. We are trying to answer this question by treating embryos with pulses of aphidicolin to transiently 

block SC division and with pulses of forskolin. Whether this defect is autonomous to SC is under investigation. It 

is important to note that we count the same number of SC in csp-/- mutants and controls at 3 dpf.   

We are currently using different pharmacological and molecular tools to study the molecular mechanisms and 

the role of intrinsic clock in shaping SC post-migratory myelinating division. 
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Oligodendrocytes (OLs) wrap axons of the central nervous system with myelin sheaths, thereby allowing rapid 

signal transduction and proper neuronal function. In the complex process of oligodendroglial development from 

immature oligodendrocyte precursor cells (OPCs) to myelinating OLs, transcription factors of the Sox protein 

family play a pivotal role. It has recently been reported that Sox10 exerts part of its function by driving the 

expression of regulatory microRNAs (miRs). miRs bind to 3’UTRs of target mRNAs via a multicomponent 

silencing complex, leading to degradation or repression of translation of the mRNAs. We identified the miR 

family miR-204/-211 as novel Sox10 target and observed that theses miRs alter cell state and development of 

OLs. First, we identified and analyzed putative regulatory regions of both miRs and found Sox10 bound to these 

regions that were Sox10-responsive in reporter gene assays in addition. By retroviral overexpression of miR-204 

and miR-211 in primary rat oligodendroglia we could demonstrate inhibitory effects on proliferation of OPCs. This 

was accompanied by an increased differentiation into OLs as assessed by immunocytochemical stainings. 

Taken together our observations suggest that Sox10 controls expression of miR-204/-211 that have a functional 

role in cell cycle and differentiation during oligodendrogenesis. This adds further details to our understanding of 

oligodendroglial maturation. 

 

T02-016A 

Regulation of Schwann cells oncotransformation by changes in Nf2/merlin expression, Hippo/YAP 

signaling and DNA methylation 

V. Magnaghi, V. Bonalume, L. Castelnovo, M. Ballabio, L. Caffino, F. Fumagalli, A. Colciago 

Pharmacological and Biomolecular Sciences, University of Milan, Milan, IT 

 

Schwann cell (SC) express the Neurofibromin type 2 gene (Nf2), encoding the tumor suppressor protein merlin, 

a cytoskeleton-associated protein regulating cell proliferation and survival. Nf2/merlin inactivation causes protein 

loss and leads to SC transformation into a form of benign tumor called schwannoma. Moreover, Nf2/merlin is 

mutated in an autosomal dominant multiple syndrome, called neurofibromatosis type 2. In line with observation 

that physio/mechanical cues, such as environmental challenges, may be pathogenetically relevant for SC 

oncotransformation, we recently showed that the exposure to electromagnetic fields (EMFs) causes changes in 

SC Nf2/merlin expression, cell migration, chemotactic responsivity and cytoskeleton reorganization. We showed 

a downstream MAPK/Erk activation, involved in SC proliferation, as well as activation of Hippo/YAP signalling 

commonly altered during tumorigenesis. We also showed that some genes, known to be upstream or 

downstream mediators of Hippo (Amotl2, Dchs, Fat, Wnt1) were changed. Further studies on rat SC 

oncotransformation following acute EMF exposure (0.1 T, 50 Hz, 10 min) demonstrated that the number of cells 

in G1 phase was increased. Focus forming analysis, after repeated exposures, showed an increase in 3D SC 

growth. EMF affects also the SC epigenome, as total DNA methylation, de novo DNMT and HDAC were 

reduced. Furthermore, RT2-profile assay evidenced that genes crucial for SCs are upregulated in EMF exposed 

cells. Overall, we identified some mechanisms responsible of environmental-induced SC changes toward a 

proliferative/migrating state, which may be pathologically relevant for nerve tumor development. 
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Differentiation of microglia from induced pluripotent stem cells (iPSCs) holds great potential for in vitro 

neurodevelopment and immunology research. Although various protocols for differentiation of microglia from 

iPSCs have been reported, to date limited knowledge exists on which developmental and environmental cues 

are required in vitro to define specific phenotypic and functional properties of microglia. Starting from 

CX3CR1eGFP/+CCR2RFP/+ iPSCs, we defined a novel differentiation method to obtain yolk sac-like CX3CR1+CCR2-
 

macrophage progenitors, which following co-culture with astrocyte-committed neural stem cells (aNSC) mature 

into a highly uniform population of CX3CR1highCCR2- iPSC-microglia that display typical ramified or amoeboid 

morphology and are able to colonize microglia-depleted organotypic brain slice cultures. Co-cultures of CX3CR1-

CCR2- iPSC-macrophages with aNSC were used to investigate how a brain-like culture milieu contributed to the 

phenotypical and functional properties of in vitro differentiated iPSC-microglia. Although aNSC can alter some 

aspects of iPSC-macrophage phenotype, morphological features and CX3CR1 expression level described for 

iPSC-microglia were not observed for iPSC-macrophages following co-culture with aNSCs. These findings 

highlight the necessity for retracing microglia-specific development in vitro, as a pure population of CX3CR1high 

ramified cells can only be generated from microglia-specific CX3CR1+ progenitors. Further characterization of 

iPSC-microglia, iPSC-macrophages and aNSC-primed iPSC-macrophages following pro-inflammatory and anti-

inflammatory stimulations revealed that inflammation-induced polarization is prominent in iPSC-macrophages, 

inhibited in aNSC-primed iPSC-macrophages and nearly absent in iPSC-microglia. These results suggest that 

the environmental cues provided by aNSC are responsible for instructing functional activation behaviour of iPSC-

microglia and iPSC-macrophages. Finally, we demonstrate that the observed in vitro divergence in iPSC-

microglia and iPSC-macrophage activation properties also occurs in vivo following middle cerebral arterial 

occlusion stroke and following interleukin 13-mediated therapeutic intervention thereon. Based on these 

observations, we are now confident to have validated our iPSC-microglia and iPSC-macrophages as in vitro 

platform to study microglia and macrophage specific behaviour in neuro-inflammation research. 
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Introduction: Failure of oligodendrocyte precursor cells (OPC) recruitment, mobilization and/or differentiation 

hinders remyelination in demyelinating diseases. Our group has recently generated functional oligodendroglia 

and astroglia through direct lineage conversion by overexpressing Sox10 + Olig2 + Zfp536 (SOZ) in adult rat 

adipose tissue-derived stromal cells (rADSC). We refer them as ‘induced macroglia’ (rADSC-iM). The present 

study aims to test several repurposed drugs that could promote proliferation and differentiation of OPCs derived 

from rADSC-iM.  

Materials and methods: rADSC-iM were generated by Tet-ON conditional overexpression of SOZ. To test 

myelination, rADSC-iM were co-cultured onto dorsal root ganglion neurons (DRGn) from E15 rat embryos. 

Immunopositivity to O4 monoclonal antibody (O4+) was used as marker of generated OPCs, myelin basic protein 

(MBP) or O1 as markers of mature and myelinating oligodendrocytes, and GFAP as marker of astrocytes. Rat 

neural stem cells (rNSC) were also tested as positive control for comparison. For experiments, cells were treated 

for 1-3 weeks with 1.5 μM benztropine, 1 μM miconazole, 5 μM clobetasol, 20 μM baclofen or 10 μM kainate. 

Cells were molecularly characterized by end-point and real time RT-PCR at 2-3 months of transgene 

overexpression. The effect of these drugs on the morphological complexity of OPCs was analyzed by fractal 

dimension.  

Results: The induced OPCs have the same molecular signature as rNSC-derived oligodendroglia and are 

responsive to the same trophic and pharmacological stimuli. We have observed that MBP+ and O1+ cells 

eventually ensheath DRGn axons, which supports their full functionality as oligodendroglia. The tested drugs 

produced diverse effects on rADSC-iM that would favour remyelination. Thus, clobetasol produced the highest 

percentage of O4+ cells but kainate provided the highest absolute number of these cells in the culture; baclofen-

treated O4+ exhibited the most complex morphology (size and arborization); miconazole yielded the highest 

relative molecular expression of MBP, MAG and MOG; benztropine increased the endogenous expression of 

Sox10, Olig2 and Zfp536 and produced more profuse axonal ensheathments.  

Conclusions: rADSC-iM constitute a reliable source of cells to study in vitro the molecular and cytological 

effects of pro-myelinating drugs. The repurposed drugs tested here produced diverse outcomes in relation to 

OPC proliferation and differentiation and could enhance remyelination in demyelinating lesions. 
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Early embryonic NG2 glia are exclusively gliogenic in the central nervous system 

W. Huang, Q. Guo, X. Bai, A. Scheller, F. Kirchhoff 

Center for Integrative Physiology and Molecular Medicine (CIPMM), Molecular Physiology, University of 

Saarland, Homburg, DE 

 

In the central nervous system (CNS), the type I transmembrane glycoprotein NG2 (nerve-glia antigen 2) is 

strictly expressed by pericytes and oligodendrocyte precursor cells (OPCs). Attributable to this expression of 

NG2, OPCs are also termed NG2 glia. The fate of NG2 glia during development has been studied intensively in 

a series of genetically modified mouse models. Consensus exists that postnatal NG2 glia are restricted to the 

oligodendrocyte (OL) lineage, while, at least in the forebrain, embryonic NG2 glia could also generate astrocytes. 

In addition, experimental evidence for a neurogenic potential of NG2 glia in the early embryonic brain (before 

E16.5) has been provided. However, this observation is still controversial. Here, we took advantage of reliable 

transgene expression in NG2-EYFP and NG2-CreERT2 knock-in mice to study the fate of early embryonic NG2 

glia. While pericytes were the main cells with robust NG2 gene activity at E12.5, only a few OPCs expressed 

NG2 at this early stage of embryogenesis. Subsequently, this proportion of OPCs increased from 3% (E12.5) to 
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11% and 25% at E14.5, and E17.5, respectively. When embryos were treated with tamoxifen to induce Cre DNA 

recombinase activity at E12.5 or E14.5 and analysed two days later at E14.5 (E12.5:E14.5) or E16.5 

(E14.5:16.5) respectively, reporter gene recombination was only detected in OPCs and pericytes. However, at 

E12.5:P0 (postnatal day 0), E14.5:P0, and E14.5:P10, the vast majority of recombined cells, besides pericytes, 

belonged to the OL lineage cells, with few astrocytes in the ventral forebrain. In other brain regions such as brain 

stem, cerebellum, olfactory bulb, and spinal cord only OL lineage cells were detected. Therefore, we conclude 

that NG2 glia from early embryonic brain are restricted to a gliogenic fate and do not generate neurons in the 

developing CNS. 

 

T02-020A 

Proteomic profiling shows changes in proteins involved in oligodendrocyte differentiation in 

ceruloplasmin knockout mice 
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Remyelination failure is a hallmark of patients suffering from progressive multiple sclerosis (MS). Remyelination 

of denuded axons depends on the differentiation of oligodendrocyte precursor cells (OPC) into myelinating 

oligodendrocytes (OL). Previously published results from our own laboratory have shown that inflammatory T-

cells can stimulate oligodendrogenesis in adult mice. We have, by bioinformatic analysis of own microarray data 

as well as microarray and RNA-Seq data by others, identified the ferroxidase ceruloplasmin (Cp) as a putative 

target in T-cell stimulated adult oligodendrogenesis. Cp is a multi-copperoxidase with ferroxidase activity 

involved in iron efflux from cells. As a first step, we studied the effect of Cp on the forebrain proteome of adult 4- 

to 5-month-old Cp knock out (Cp-/-), Cp+/-and Cp+/+mice. More than 4000 proteins were quantified, of which 15 

were regulated in Cp+/-mice compared to Cp+/+mice. In addition, the deficiency of Cp also impacted the post-

translational modifications of several myelin-associated proteins, such as the myelin-associated glycoprotein 

Mag. Importantly, scoring of luxol fast blue stained sections showed no difference in the myelination of the 

corpus callosum between Cp-/-, Cp+/-and Cp+/+mice. Next, to elucidate the mechanisms and the effect of Cp on 

OPC differentiation during primary myelination, we assessed the mRNA levels of known OPC/OL markers and 

iron-associated-proteins at different developmental stages. The mRNA expression of the OPC markers 

PDGFRaand Olig2, and the iron associated proteins frataxin and ferroportin were significantly lower in 9-day-old 

Cp+/-compared to Cp+/+and Cp-/-mice. Interestingly, Cp-/-, Cp+/-and Cp+/+mice showed comparable levels of CNP 

and MBP mRNA at 22 days and 4-5 months of age. These findings are suggestive of compensatory 

mechanisms ensuring myelination of the brain of Cp-/-and Cp+/-mice under normal circumstances, despite of 

alterations during the period with maximal OPC differentiation.  

Ongoing studies will provide additional information on the effect of Cp on OPC differentiation during normal 

development as well as OPC differentiation and remyelination in the presence of inflammatory T-cells in mouse 

models of MS. This study aims at developing new strategies for myelin protection and/or stimulation of 

remyelination processes in patients with MS. 
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T02-021A 

Establishing human glial differentiation in three-dimensional (3D) culture systems  

J. Giacomoni, A. Fiorenzano, S. Nolbrant, D.B. Hoban, M. Parmar 

Department of Experimental Medical Science, Lund University, Lund, SE 

 

Brain organoids provide an accessible and physiologically relevant model to study human neurodevelopment 

and disease by filling the gap between the in vitro and in vivo environment. Human pluripotent stem cell (hPSC)-

derived 3D organoid cultures have been shown to generate different progenitors and mature neuronal subtypes, 

but few reports of glia in these organoids have been made to date. In this study, we have set up a culture system 

of human glial progenitors from hPSCs in 3D cultures. Spheroids were established either from a) glial progenitor 

cells generated according to (Wang et. al., 2013; Windrem et al., 2017) which results in predominately 

oligodendrocyte progenitors, or b) directly from hPSCs. The glial spheroids were maintained in floating 

conditions on low attachment plates. The cells in the 3D cultures were compared to the 2D cultures by 

immunostaining and FACS analysis at different time points. Our analysis demonstrates that glial progenitors 

derived from hPSCs can self-organize in 3D cultures generating glial lineage cells. This in vitro approach can be 

used to generate mature glial subtypes and may offer an opportunity to study glial function and dysfunction. 
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In the cerebellum, astrocytes (AS) and oligodendrocytes (OLs) are characterized by a peculiar phenotypic 

heterogeneity, closely related to specific functional features. Nevertheless, the ontogenesis of this glial diversity 

E146 POSTERS

GLIA



  

 

 

remains poorly understood. By combining in vivo clonal analyses employing StarTrack plasmids and Confetti 

mice withproliferation studies, we have recently demonstrated that the major cerebellar AS types derive from 

embryonic and postnatal progenitors with diverse lineage potentials. Moreover, AS heterogeneity appeared to 

emerge according to an unprecedented and remarkably orderly developmental program, likely driven by 

deterministic components as suggested by in silico simulations. Similar StarTrack clonal analyses are now being 

applied to elucidate the origins, clonal relationships, and spatial distribution of cerebellar OLs born at distinct 

developmental stages. While AS clones showed a time-dependent allocation first to the hemispheres and then to 

the vermis, preliminary data indicate that OL clones are not medio-laterally compartmentalised, being capable of 

populating either of the two regions independently from their developmental origin. This suggests that the two 

progenitor pools, originally spatially segregated, also follow distinct guidance mechanisms to populate different 

cerebellar territories within the same developmental time window. On the other side, both AS and OLs displayed 

a similar behaviour along the antero-posterior axis: cells belonging to distinct clones rarely intermingled and, 

rather, clustered to populate discrete cerebellar lobules, thereby suggesting that each AS or OL clone is involved 

in the functional maturation and/or maintenance of specific neural circuit compartments, with poor contributions 

from others. Last, similarly to AS clones characterized by stereotyped architectures and recurrent modularities, 

immunohistochemical and morphological analyses of the cells strikingly highlighted that OL clones have a 

constant relative contribution of immature and mature cells, in favour of the mature part. While the modularity in 

AS clones was demonstrated to reflect layer-specific dynamics of postnatal proliferation/differentiation, what 

determines the equilibrium between immature and post-mitotic cells in OL clones is unknown. It will be 

interesting to investigate whether it reflects intrinsic properties of the progenitors themselves or it depends upon 

extrinsic cues, such as the surrounding axonal availability. 

 

T02-023A 

Injury signals drive lineage conversion of premalignant astrocytes: insights into tumour initiation 

H.. Simpson Ragdale1, M. Clements1, L. Zakka1, L. Conde1, S. Marguerat2, S. Parrinello1 
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Following injury, cortical astrocytes acquire neurogenic potential when explanted in vitro, but remain within their 

lineage in vivo. While this lineage barrier can be fully transgressed in tumourigenesis, the mechanisms that 

restrict normal astrocyte plasticity or how they are subverted by oncogenic insults are poorly defined. Here we 

show that tumour suppressor inactivation is sufficient to relax astrocyte identity through direct derepression of 

neuronal genes. In vitro, this is sufficient to drive dedifferentiation to self-renewing and multipotent stem cells. In 

the intact cortex in vivo, astrocytes remain refractory to tumour suppressor loss, highlighting the importance of 

the microenvironment in suppressing premalignant phenotypes. However, in the context of stab wound injury, 

tumour suppressor-deficient astrocytes retract their processes and downregulate lineage markers, indicative of a 

change in cellular identity. Thus, injury signals cooperate with early mutations to increase astrocyte plasticity. 

This work suggests a possible mechanism of tumour initiation in the adult brain, with important implications for 

the aetiology and treatment of brain cancer. 

 

T02-024A 

BRCA1/BRCA2-containing complex subunit 3 controls oligodendrocyte differentiation by dynamically 

regulating lysine 63-linked ubiquitination 
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Oligodendrocytes (OLs) provide the myelin sheath surrounding axons that propagates action potentials in the 

central nervous system (CNS). Notably, the metabolism of myelinated membranes and proteins is strictly 

regulated in the OLs and is closely associated with OL differentiation and maturation. The ubiquitination-

associated proteasome and endosomal system have not yet been well studied during OL differentiation and 

maturation. Here, we determined the functions of the Lys63-linked ubiquitination (K63Ub) and K63-specific de-

ubiquitination (DUB) systems regulated by BRCA1/BRCA2-containing complex subunit 3 (BRCC3) during OL 

differentiation. The competitive inhibition of K63Ub by overexpression of mutant ubiquitin (K63R) in OPCs 

indicated that the two major CNS myelin proteins, MBP and PLP, were upregulated in OLs derived from K63R 

OPCs. In contrast, the downregulation of BRCC3 through the application of lentivirus-mediated shRNA delivery 

system into OPCs suppressed OL differentiation by decreasing MBP expression and PLP production. Further 

immunoprecipitation assays revealed higher levels of sphingolipid GalC, MBP and PLP, which were associated 

with K63Ub immunoprecipitants and detected in endosome/lysosomal compartments, in BRCC3-KD OLs than 

those in OLs transfected with the scrambled shRNA. The differentiation of OLs from BRCC3-KD OPCs was 

impaired in the demyelinating corpus callosum of rats receiving a cuprizone-containing diet. In the demyelinating 

tissues from human patients suffering from multiple sclerosis (MS), we detected a decreased number of BRCC3-

expressing OLs at the lesion site, accompanied by a greater number of OLs expressing EEA1 and K63Ub at 

high levels. Altogether, the counterbalance of the K63Ub machinery and BRCC3-triggered DUB machinery are 

important for the cellular trafficking of myelin proteins and OL differentiation. 

 

T02-025A 

OPC-derived astrocyte formation after spinal cord injury 

L.M. Milich, D.H. Lee, J. Lee 
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One of the biggest barriers to recovery from spinal cord injury (SCI) is the inability of damaged axons to regrow 

through the lesion site, leaving the connections between upper brain regions and sensorimotor tracks 

permanently disrupted. Historically, the astroglial scar surrounding the lesion core has been considered by many 

as a major contributor to this regenerative failure. However, recent studies have suggested that reactive 

astrocytes are actually necessary for successful axon regeneration by acting as growth permissive substrates, 

forming “astrocyte bridges” that traverse the lesion. Unfortunately, these bridges rarely form in contusive models 

of SCI, which is the most common form of SCI in humans. Therefore, we set out to investigate the mechanism 

by which astrocyte bridges form after SCI with the long-term goal of encouraging their formation to aid in axon 

growth across the lesion site and restore sensorimotor function below the injury. Using genetic lineage tracing, 

we have previously observed that astrocytes shown to extend processes into the lesion after injury are often 

derived from oligodendrocyte progenitor cells (OPCs), which only exhibit this behavior after trauma. During 

development, STAT3 is required for astrocyte differentiation from progenitor cells, marking this transcription 

factor a likely candidate for targeting OPC-derived astrocyte formation after SCI. However, we performed single 

cell RNA-seq analysis of the injury site, which revealed that receptor-ligand interaction for STAT3 activation is 

very low. Increasing expression of STAT3-activating cytokines combined with genetic deletion of the STAT3 

negative regulator, SOCS3, resulted in significantly increased number of OPC-derived astrocytes at the injury 

site. 
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T02-026A 

The ablation of primary cilia from adult oligodendrocyte progenitor cells reduces proliferation and 

oligodendrogenesis, and impairs fine motor control 

C. Cullen, M. O'Rourke, S. Beasley, L. Auderset, Y. Zhen, R. Gasperini, K. Young 

University of Tasmania, Hobart, AU 

 

Primary cilia are small organelles capable of transducing signals from growth factor receptors embedded in the 

cilia membrane.  Developmental oligodendrocyte progenitor cells (OPCs) express genes associated with primary 

cilia assembly, disassembly and signalling, however, the importance of primary cilia for adult myelination has not 

been explored.  We show that adult OPCs are ciliated in vivo but disassemble their primary cilia as they progress 

through the cell cycle.  OPCs also disassemble their primary cilia as they differentiate into 

oligodendrocytes.  When kinesin family member 3a (Kif3a), a gene critical for primary cilium assembly, is 

conditionally deleted from adult OPCs (Pdgfrα-CreERT2 :: Kif3a fl/fl transgenic mice), the fraction of brain OPCs 

that have assembled primary cilia on their surface is effectively reduced.  Additionally, OPC proliferation and 

oligodendrogenesis are significantly impaired in the corpus callosum and motor cortex.  Gene recombination was 

less efficient in the spinal cord, and oligodendrogenesis was not affected in this region.  Therefore, we were able 

to examine the impact of disrupting oligodendrogenesis in the adult mouse brain, without impacting the spinal 

cord.  We found that preventing primary cilia assembly by adult brain OPCs impaired fine motor coordination. 

 

T02-027A 

Expression and functional characterisation of Acetylcholine M2 muscarinic receptor in human Schwann-

like cells induced from adipose mesenchymal stem cells 
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Autologous nerve grafting is the current gold standard for surgical repair of nerve gaps; however, the results 

remain unsatisfactory. Transplanting autologous Schwann cells (SCs) present challenges such as low cell 

numbers and restricted potential for in vitro expansion. Human adipose-derived stem cells (ASCs), differentiated 

in SC-like phenotype in vitro (dASCs), have been proposed as an alternative to SCs in the therapy of peripheral 

nerve regeneration. Rat dASCs have been extensively characterised for the expression of neuroglial markers 

and neurotrophic factors. Several molecules, including receptors for ACh, have been suggested to be implicated 

in the regulation of SCs physiology. Our group has demonstrated that ACh, via M2 muscarinic receptor, causes 

rat SCs differentiation towards myelinating phenotype. Human dASCs, as rat dASCs, express M2 muscarinic 

receptors. In the present work we evaluated the role of M2 muscarinic receptor activation in controlling human 

dASCs proliferation and differentiation. M2 selective activation, by selective agonist Arecaidine Propargyl Ester 

(APE), causes a reversible decrease in cell proliferation, negatively modulating the expression of genes involved 

in the proliferative state (i.e. c-jun) and upregulating differentiation markers such as Egr2. M2 agonist modulates 

the expression of Neurotrophic factors (i.e. GDNF, BDNF and NGF). Interestingly, APE is able to modulate NGF 

production and release in dASCs. Moreover, wound healing assay have shown a migration decrease, which is 

an important event in the regenerative process. ASC differentiation protocol is a chemical stimulation and it is 

known that after growth factors withdrawal, dASCs revert their morphology and gene expression towards ASCs 
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phenotype. Herein, we show that M2 stimulation is able to maintain a more spindle-like morphology and 

improved SCs phenotype. Although further analyses are needed to best characterise the role of M2 receptor in 

dASCs, these data are the first evidence that human dASCs are cholinoceptive and respond in a similar way to 

muscarinic agonists as rat dASCs. 

 

T02-028A 

Unraveling the role of the GPR17 protein and GPR17+ cells in adult and young mice 

A.J. Miralles Infante, L. Dimou 
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NG2-glia account for 5-10% of the cells of the adult mouse brain and have unique characteristics as they are the 

only proliferating cells in the adult brain parenchyma and can generate mature, myelinating oligodendrocytes 

throughout life.  

NG2-glia are homogenously distributed within the brain, however, heterogeneity in regard to their proliferation 

and differrentiation properties has been described both between different areas in the adult brain as well as in 

the same cortical area. For example, a subset of NG2-glia expressing the G-Protein Receptor 17 (GPR17) has 

been identified that although it can be found in all brain areas, it differentiates slower and in a lower proportion 

under physiological conditions. Interestingly, under pathological conditions such as stroke or stab wound injury, 

these cells are able to proliferate and differentiate at a much higher rate than under physiological conditions, 

implying that GPR17+ NG2-glia act as a reservoir pool after an insult possibly able to repair the brain.  The 

GPR17-receptor has been shown to play a key role in the early stages of myelination, as studies during 

development with a knockout mouse model  showed a premature onset of myelination while its ectopic 

expression in maturating oligodendrocytes resulted in a block of myelination. Despite these impressive features, 

the role and relevance of this receptor in theadult brain are largely unknown. In this project we aim to tackle the 

main questions regarding the GPR17-receptor and its function in young and adult mice but also in regard to the 

role of the GPR17+ subset in the brain homeostasis. Therefore, we are studying on the one hand the 

proliferation and differentiation behavior of NG2-glia in adult GPR17 knockout mice and on the other hand we 

are performing long term fate mapping and cell survival assays to study the differences between GPR17 positive 

and negative cell populations. Furthermore, to understand the molecular diversity of  these two NG2-glia 

subsets, we performed a RNAseq analysis in order to identify molecules important and necessary for the 

differentiation of NG2-glia. These studies will shed some light on the role of this cryptic receptor and the cells 

expressing it. 

 

T02-029B 

Growth adaptions of persistent radial glia in the telencephalon of fish 
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1IInstitute of Clinical Anatomy and Cell Analysis, University of Tübingen, Tübingen, DE 
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Astroglial cells in the telencephalon of teleost fish persist as radial glia throughout life. Due to the everted 

forebrain development in ray-finned fishes the cell bodies of these radial glial cells are located at the outer 

(ventricular) surface of the dorsal telencephalon. Moreover, the substantial and life-long increase in brain volume 
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results in a more then ten-fold elongation of radial glial processes.  

Studying the telencephalic radial glia in the cichlid fish Astatotilapia burtoni, a model system for behavioral as 

well as brain and retinal growth investigations, we found glial fibers up to a length of 1mm compared to few tens 

of micrometers in newborn fish of 1cm body length. Radial glial cells were labeled with antibodies against GFAP 

or glutamine synthetase (GS). We confirmed the proliferative capacity of these glial cells by antibody staining for 

PCNA. Moreover, essentially all radial glial cell bodies at the ventricular surface were positive for GS, and the 

transcription factor Sox2 indicating their functional differentiation as well as their stem cell properties, 

respectively. Radial glial cells as a source for new neurons is also suggested by an adjacent layer of 

doublecortin-positive cells.  

During brain growth, the central divisions (DC4 and DC5) of the dorsal telencephalon expand unproportionally 

more than the subventricular regions, and as a result, the main radial glial processes were found to be displaced 

and curving around these central areas. Consequently, the spoke-like pattern of radial glial fibers appeared 

extensively distorted. This was best seen in whole brain and tissue-cleared preparations by the passive clearing 

approach (PACT) which allowed us to follow main glial processes from the brain surface clearly surrounding 

areas of DC.  

Stains for GS in the dorsal telencephalon revealed fine GS positive processes entering the DC areas in a pattern 

aberrant from the general radial orientation. These were interpreted as branches compensating for otherwise 

lacking astroglial supply for the central diencephalon.  

In conclusion, the radial glial cells in teleost fish show a growth-adapting morphological plasticity. We 

hypothesize that the disproportionally enlarging DC regions displacing the radial glial fibers also induce the 

branching of astroglial fibers. Possible mechanisms of branching are currently tested in several tissue culture 

approaches. 

 

T02-030B 

Molecular regulation of amphibian gliogenesis 

C. Ulrich, A.K. Sater 
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We are investigating the initiation of gliogenesis in Xenopus laevis.  The earliest expression of astroglial-specific 

gene expression is first detectable later in neurulation, when the glutamate transporter GLAST is visible by in situ 

hybridization in the trunk neurectoderm.  Expression of GLAST, along with other astroglial genes, increases 

dramatically during subsequent stages, and it is strongly expressed throughout the neural tube by early 

tailbud  (st. 28).  Neural plate ectoderm (“neural plates”) isolated from midgastrula stages recapitulates this 

pattern of glial-specific gene expression, accompanied by parallel expression of neurogenic genes.  In contrast, 

isolated animal ectoderm overexpressing the BMP antagonist noggin (“Noggin Animal Caps”) expresses genes 

associated with neurogenesis yet is incapable of initating gliogenic gene expression.  This failure cannot be 

ascribed to the overexpression of noggin, as gliogenic gene expression is unaffected in neural plates 

overexpressing noggin.  Transcriptomic comparisons of neural plates and noggin animal caps from midgastrula 

and late neurula embryos identified several signaling pathways likely to be active only in neural plates, as key 

components are not expressed in noggin animal caps.  We are currently using pharmacological studies to 

determine which of these pathways are required for the initiation of gliogenesis in isolated neural plates.  Our 

preliminary results implicate FGF as a potential positive regulator of gliogenesis in the amphibian trunk 

neurectoderm and exclude a role for canonical wnt signaling, consistent with puboished studies in other 

experimental systems; testing of additional pathways is in progress. Transcriptomic analyses also suggest 

additional genes that may contribute to the initiation of gliogenesis. 
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Proliferation and differentiation of NG2-glia following different types of brain disorders 
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NG2-glia, a fourth major glial cell population, are present in the adult central nervous system and display distinct 

morphology, antigens, and functions from other mature glial cell types. Recently, many studies have shown that 

these cells are multipotent in vitro and they also display wide differentiation potential under pathological 

conditions in vivo.  

The aim of this study was to identify the rate of proliferation and differentiation after different types of brain 

disorders, such as focal cerebral ischemia (FCI), stab wound (SW) and demyelination (DEMY) in 3-month-old 

mice. We used transgenic Cspg4-cre/CAG-tdTomato mice, which after administration of tamoxifen express a red 

fluorescent protein (tdTomato) in NG2-glia and cells derived therefrom. FCI was induced by middle cerebral 

artery occlusion, SW by sagittal cortical cut and DEMY by feeding mice with copper chelator cuprizone. To 

recognize the changes in expression profiles we employed single cell RT-qPCR in control mice and those 7 days 

after injury, followed by PCA analysis and self-organizing Kohonen maps. These methods enabled us to 

recognize two main populations (NG2-glia, oligodendrocytes from NG2-glia) which each had 4 subpopulations. 

Expression profiles showed that one subpopulation, NG2-glia that express a marker of reactive astrocytes – glial 

fibrillary acidic protein (GFAP), was present only after severe ischemic injury of the cortex (FCI) while after mild 

injury of the cortex (SW) and corpus callosum (DEMY) predominated subpopulations of different stages of 

oligodendrocytes. These results we also confirmed by immunohistochemistry on the coronal brain slices from 

control mice and those 7 days after injury where we determined the percentage of cells that were double positive 

for tdTomato and one of the other marker typical for proliferation and differentiation (to astrocytes or 

oligodendrocytes).   

Taken together we have shown that the proliferation rate of tdTomato cells is significantly increased after all 

three types of brain disorders while differentiation potential fluctuates depending on the type of brain disorder.  
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Pro-inflammatory IL-1β enhances oligodendrocyte progenitor cell proliferation and differentiation and 

promotes myelin protein production 
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Dombrowski 
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Oligodendrocytes (OL) are the myelinating cells of the central nervous system (CNS). In order for myelination to 

occur, oligodendrocyte progenitor cells (OPCs) undergo proliferation followed by differentiation into mature OL 

that form new myelin around axons. In MS the myelin sheath is damaged (demyelination), however, myelin 
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regeneration (remyelination) can occur in early stages of the disease but often fails with disease progression due 

to impaired OL differentiation. Intriguingly, remyelination is boosted in areas of inflammation, while the absence 

of inflammatory signals might reduce successful myelin regeneration. IL-1β was suggested to promote CNS 

repair in an animal model of MS, but the function of this proinflammatory cytokine in OPC biology and 

myelination remains incompletely understood.  

Inflammasomes are intracellular protein complexes that initiate an immune response upon danger sensing. 

Activated inflammasomes consist of a danger sensor (e.g. NLRP3), the adaptor protein ASC and caspase-1. 

Their major function is to generate the pro-inflammatory cytokines interleukin-1β (IL-1β) and interleukin-18 (IL-

18), which recruit immune cells and initiate an inflammatory response.  

This project aims to determine the function of inflammasome product IL-1β on oligodendroglial lineage cells 

including OPC proliferation, survival, differentiation and myelin protein production.  

Mixed glial and pure glial cultures were used to investigate the impact of IL-1 on OPC biology and myelin protein 

production in a) the context of other CNS cells, e.g. astrocytes, microglia and neurons, and b) in isolation. Upon 

exposure to IL-1 glial cells were fluorescently stained and survival, proliferation, differentiation and myelin protein 

production was quantitatively analysed.  

IL-1β exposure resulted in enhanced OPC differentiation and in increased myelin basic protein (MBP) 

production, one of the major proteins of CNS myelin. This effect was mediated through IL-1R1 signaling in glial 

cells.  

Conversely, IL-1β also increased OPC proliferation in our cultures. As OPC can either differentiate or proliferate 

but not both simultaneously this suggests that OPC of distinct differentiation stages in our cultures respond 

differentially to IL-1β.  

We here show that proinflammatory IL-1β impacts on OPC development and that OPC differentially respond to 

this cytokine, which was found in lesions and CSF of MS. Further analysis aims to uncover the underlying 

mechanisms, which might lead to the development of novel IL-1β targeted MS therapies. 
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Heterogeneity of NG2-glia following focal cerebral ischemia 
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2Department of Neuroscience, Second Faculty of Medicine, Prague, CZ 
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NG2-glia possess numerous important functions in the central nervous system. As a reaction to pathological 

conditions, they can change their morphology, function, and gene expression; however, the consequences of 

such dramatic changes have not yet been fully elucidated. Recently, it has been shown, that these cells are able 

to differentiate into other cell types and may participate in the regeneration of the nervous tissue.  

The goal of this study was to identify a subpopulation of NG2-glia that differentiates into astrocytes after focal 

cerebral ischemia. We aimed to clarify the distribution and gene expression of this subpopulation and compare it 

with the group of bona fide astrocytes. Permanent focal cerebral ischemia was induced by electrocoagulation of 

the middle cerebral artery. For this purpose, we used transgenic mice with the expression of the red fluorescent 

protein (tdTomato) induced by a tamoxifen injection, which is used for visualization of glial cells expressing the 

NG2-glia marker - NG2 proteoglycan. As an astrocytic marker, we used green fluorescent protein (EGFP) 

expressed under the promoter for GFAP. This approach enabled distinguishing the main subpopulations of 

reactive glia after ischemia (tdTomato + cells, EGFP + cells, tdTomato + / EGFP + cells).  

In order to define individual subpopulations and their distribution in control mice and those 3, 7 and 14 days after 

ischemia, we used flow cytometry. Based on this method, we found that subpopulation of double positive cells 

(tdTomato + / EGFP + cells) after ischemia is increased, but after 14 days has a tendency to decline towards 
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control values. This phenomenon has also been confirmed on the protein level by immunohistochemistry at the 

same time point (3, 7 and 14 days after ischemia). As the next step to better capture and describe differences 

between these groups, we performed single-cell next-generation sequencing (NGS). Principal component 

analysis (PCA) of these data clearly distinguishes between EGFP + cells and tdTomato + / EGFP + cells and we 

have found many differentially expressed genes, which help us distinguish these subsets of cells.  

Altogether, our study shows that astrocytes generated from NG2-glia after focal cerebral ischemia comprise a 

very distinct subpopulation of reactive astrocytes in the glial scar, but we can still define them as a separate 

subpopulation within reactive NG2-glia subpopulations. 

Acknowledgement 

Supported by the Grant Agency of the Czech Republic: GACR 17-04034S, GACR 19-030163 

 

T02-034B 

Characterization of the molecular mechanisms of Tns3 function in oligodendroglia 

E.. Merour1,2, H. Hmidan6, A. Clavairoly5, C. Marie1,2, M. Frah1, P. Ravassard3, S.H. Lo4, C. Parras1,2 

1Brain and Spine Institute, Paris, FR 
2UMR 7225, Sorbonne université (UMR7225), Paris, FR 
3UMRS 975, Sorbonne université (UMRS 975), Paris, FR 
4Department of Biochemistry and Molecular Medicine, California-Davis, Sacramento, US 
5Advent France Biotechnology, Paris, FR 
6Unit "Nuclear Dynamics" UMR3664 CNRS/IC, Institut Curie – Research Center, Paris, FR 

 

Multiple sclerosis (MS) is a neurological disease characterized by a loss of oligodendrocytes, the myelinating cell 

of the Central Nervous System. Despite recent advances leading to stop the immune system from attacking 

oligodendrocytes, efficient remyelinating therapies are still lacking. In MS, the spontaneous remyelination from 

the oligodendrocyte precursor cells (OPCs) present all over the brain is inefficient and diminishes with age. The 

observation that OPCs are present within demyelinating MS lesions, but fail to differentiate into myelinating cells, 

suggests that induction of OPC differentiation is a critical event for successful remyelination. We have recently 

identified Tns3 as a new target of Ascl1 and Olig2, key oligodendrogenic transcription factors, and showed that 

Tns3 is strongly induced at the timing of oligodendrocyte differentiation while downregulated in mature 

oligodendrocytes, constituting a good marker for differentiating oligodendrocytes. Moreover, in demyelinating 

mouse models, Tns3 expression also correlates with newly differentiating oligodendrocytes in the remyelinating 

areas and therefore could be used as a hallmark for remyelination in MS. Interestingly, Tns3 protein is mainly 

localized in the nucleus of neural cells, contrary to its cytoplasmic expression outside the CNS, implying a new 

function beyond its role in cell adhesion junctions. In vivo Tns3 loss-of-function (LOF) by CRISPR/Cas9 

technology in neonatal neural stem cells (NSCs) of the dorsal subventricular zone of the telencephalon complete 

blocks oligodendrocyte differentiation without affecting OPC survival or OPC proliferation, leading to a complete 

absence of Tns3 mutant oligodendrocytes and an increase of mutant OPC numbers. These results indicate a 

total requirement of Tns3 for oligodendrocyte differentiation that match the full requirement of the key 

oligodendroglial transcription factors, such as Olig2 and Sox10. Using a Tns3Flox mice we are generating, we will 

induce OPC-specific Tns3 deletion or forced-expression in the adult brain to study its role in 

remyelination.  Using a V5-tagged Tns3 mouse line we just have generated, we will perform proteomics to 

identify the Tns3 mediated molecular mechanisms in oligodendrocyte differentiation and confirm it’s requirement 

with postnatal CRISPR/Cas9 Tns3 LOF. We want to provide a mechanistic understanding of Tns3 role in 

oligodendrocyte differentiation and hope that this knowledge will be applicable to develop drug-mediated 

therapeutic approaches fostering remyelination. 

E154 POSTERS

GLIA



  

 

 

Acknowledgement 

UPMC UMR_S 975/Inserm U 1127/CNRS UMR7225/ICM, Paris, France 

 

T02-035B 

Regeneration of oligodendrocyte progenitor cells following pharmogenetic ablation in the adult central 
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Adult oligodendrocyte progenitor cells (OPCs) have been investigated principally in terms of their ability to act as 

a source of new oligodendrocytes in both the healthy and injured central nervous system (CNS). Additional roles 

of OPCs in adult brain physiology, particularly the modulation of neural processing, have been suggested, but 

the underlying mechanisms remain elusive. Attempts to investigate the function of OPCs by targeted cell 

ablation in the adult CNS have been limited by methodological challenges resulting in only partial and transient 

OPC ablation. To overcome these limitations we have developed a novel transgenic mouse model of conditional 

OPC ablation. Crossing Pdgfrα-CreERT2 mice with a Cre-dependent Sox10-Lox-eGFP-STOP-Lox-DTA (Sox10-

DTA) mouse line, enabled the ablation of the vast majority of PdgfRα+ OPCs in a tamoxifen-depenent manner. 

We found that residual non-ablated PdgfRα+ cells rapidly proliferated to repopulate the CNS. However, when 

tamoxifen administration was followed by the intracisternal infusion of the antimitotic drug cytosine-β-D-

arabinofuranoside (AraC), we observed complete ablation of OPCs throughout the brain for 10 days. Strikingly, 

from this time-point onwards, PdgfRα+ cells gradually reappeared and progressively repopulated the brain. 

Combined genetic fate-mapping and pharmacogenetic ablation of OPCs using Pdgfrα-CreERT2::Sox10-

DTA::Rosa-LSL-tdTomato mice revealed that almost none of the newly-generated Pdgfrα+ cells derived from 

non-ablated OPCs. We found that new PdgfRα+ cells arose first in regions adjacent to the SVZ and 

progressively repopulating the brain. These data are consistent with the possibility that the ablation of OPCs in 

the normal adult brain mobilises a population of oligodendrogenic NPCs with extensive migratory potential. Our 

data support the notion that adult NPCs have the capacity to migrate extensively throughout the CNS and that 

strategies targeted towards mobilising NPCs could promote remyelination of demyelinated lesions located large 

distances from the SVZ. 
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It has been recently highlighted that astrocyte ion channels, calcium signalling and aquaporins play important 

roles in brain communication. The latter ability relies on morphological, structural and functional features that 

astrocytes express in vivo; however, these features are lost in primary culture. Our goal is to define and 

characterize in vitro models where astrocytes show the main features observed in vivo by using nanostructured 

materials and device interfaces. Nonetheless, we wish to identify the molecular, biophysical and chemical factors 

that drive astrocytes and underpin their function. Here, the effect of transmembrane proteins, such as ion 

channels and aquaporins and their dynamic interaction with the actin cytoskeleton are investigated in primary rat 

neocortical astrocytes grown on silicon-nanowires (Au/SiNw), polycaprolactone (PCL) electrospun nanofibers 

and hydrotalcite nanoparticles films (HTlc). Cell viability assays indicate that Au/SiNw and PCL nanofibers 

enable strong astrocyte adhesion without the need for additional coating. SEM and AFM reveal that astrocytes 

respond to the 2D and 3D substrate topography by morphological differentiation and with elongations sprouting 

from the cell body. Confocal imaging showed that electrospun PCL nanofibres enable astrocyte process 

alignment along the nanofibre with F-actin fibre alignment and vinculin polarization. The possible changes in 

dynamics of the actin cytoskeleton have been observed by multi-scale confocal microscopy. Finally, the 

electrophysiological properties have been characterized by whole-cell recording patch-clamp, revealing that 

differentiation was accompanied by an increase in specific conductance, hyperpolarization of membrane 

potential and increase in maximal current amplitude. Immunofluorescent analyses indicated an upregulation of 

the channel proteins Kir4.1, AQP4 and TRPV4 in the membrane of astrocytes grown on Au/SiNws. Close 

interaction of material nanostructure and astrocytes endfeet as visualized by high-resolution imaging techniques 

allow a nanoscale recording approach that highlights unreported clues on astrocytes electrophysiological 

properties and membrane permeability. Our results validate PCL nanofibers, Au/SiNw and HTlc as novel glial 

interfaces that enableto grow and differentiate astrocytes in an in-vivo like in vitro model. We believe that our 

results will open the view for new understandings on the mechanisms underpinning astrocyte function in a 

multiscale mode. Finally, they suggest that further attention should be given to the study of the dynamics of the 

astrocyte cytoskeleton. 
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Oligodendrocytes (OLs), originating from the glial lineage are myelinating cells populating the CNS that facilitate 

electrical impulse transmission through axon ensheathment. In demyelinating diseases neurodegeneration 

occurs, particularly in multiple sclerosis (MS) where an immune response is mounted against myelin. 

Oligodendrocyte precursor cells (OPCs) are recruited to lesions and remyelinate axons, however, this 
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mechanism fails in progressive MS. The oligodendrocyte lineage, from OPCs towards mature OLs, involves 

transitions along several states that define differentiation and myelination potential. In our work in mice, geared 

to reveal distinct epigenetic states during development, we have individually sequenced 6565 cells belonging to 

the oligodendrocyte lineage from the mouse brain with developmental time points ranging from embryonic day 

13.5 to postnatal day 90. We identified several well-defined populations of oligodendrocyte lineage cells 

reflecting unique stages during the process of differentiation and myelination. Additionally we have single-cell 

expression data of more than 14000 single cells of human forebrain during development where we delineate the 

generation of the oligodendrocyte lineage in naive and differentiated states, derived from fetal samples between 

the ages of 8-10 weeks. 

We have developed a combination of algorithms to deduce lineages from single-cell transcriptional data across 

an abstract manifold and use this to compare the pseudo-temporal expression patterns of regulators and non-

coding RNAs between mouse and human early development to elucidate the developmentally conserved use of 

non-coding RNAs and DNA elements across early forebrain development, with a particular focus on the 

oligodendrocyte lineage. 
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NG2-glia is a macroglial population, which constitutes about 5-10% of the total cell population in the mammalian 

brain. These cells have “stem cell-like” features: they can proliferate and self-renew, however canonically they 

only differentiate into oligodendrocytes. Oligodendrocytes are of great importance as they are myelinating axons 

in the central nervous system, a process arguably essential for the proper function of vertebrates’ nervous 

system. Although the highest degree of myelination takes place closely after birth, it has been shown that it can 

also occur during adulthood in mammals. It seems that adult myelination and differentiation of NG2-glia into 

oligodendrocytes can be controlled by neuronal activity, but the exact mechanism of this phenomenon remains 

unclear. Thus, neuronal activity could stop the proliferation and promote the differentiation of NG2-glia and in 

turn, newly generated oligodendrocytes could provide the new myelin. However, it is still unclear how neuronal 

activity could lead to changes in the distribution, proliferation, and differentiation of NG2-glia in the adult mouse. 

Already for some years, synapses between NG2-glia and neuronal axons have been identified that might provide 

a possible communication mechanism between these two cell types. Therefore, in this project, we have used a 

non-invasive mouse model to study the effects of neuronal activity on NG2-glia. This relays on voluntary physical 

activity (VPA), a process known to increase neuronal synaptic activity in the cortex. Indeed, our results showed 

an increase in the proliferation and differentiation of NG2-glia in the cerebral cortex but not in the corresponding 

white matter after VPA.  Furthermore, we performed mass spectrometry of sorted NG2-glia to profile them after 

VPA, and found that the remaining, non-differentiated NG2-glia show less myelin and myelination-related 

proteins. Interestingly, the results of the proteome analysis correlate with the increase in the number of the 

GPR17+ subset of NG2-glia, which is characterized for its slow differentiation rate. Finally, we were also 

interested in the mechanism in which VPA promotes proliferation and differentiation of NG2-glia. Therefore, we 

analyzed different mouse models where we specifically deplete postsynaptic proteins or receptors specifically 

expressed in NG2-glia. 
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Automated brain dissociation and magnetic isolation of neurons increases efficiency and sensitivity of 

single cell analysis 
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Single-cell RNA sequencing has emerged as a powerful technology for the analysis of cell types with high 

resolution during the last years. Especially in case of the huge diversity of neural cells, the technology can help 

to better understand their phenotype and function. A prerequisite for single-cell analysis of tissue derived cells is 

the preparation of single-cell suspensions with high cell viability and a minimum of cell debris, which is 

particularly challenging in case of highly sensitive neurons. To improve cellular analysis of neural cells, we 

established an elaborated technology for the automated dissociation of neonatal and adult brain tissue, which is 

based on the combination of an ideal mechanical dissociation using the gentleMACS™ Octo Dissociator with 

Heaters (Miltenyi Biotec) and an optimized enzymatic treatment. After tissue dissociation, neurons were isolated 

using the Neuron Isolation Kit (Miltenyi Biotec) to increase the percentage of target cells for single cell genomics. 

Whole transcriptome of unsorted brain cells and isolated neurons from neontal and adult mouse brain was 

analyzed using the Illumina® Bio-Rad® Single-Cell Sequencing Solution, which combines Bio-Rad's ddSEQ 

Single-Cell Isolator and Illumina’s sequencing technologies. Furthermore, we compared single cell sequencing 

data from manually dissociated and automatically dissociated neonatal mouse brain.  

Results showed that isolation of neurons led to significant enrichment in the number of neuronal cell specific 

transcripts, while transcripts for non-neural cell diminished substantially. All neuronal subpopulations identified in 

unsorted cells, were also detected in the separated cell sample, showing that cell separation did not lead to a 

selective loss of particular subpopulations.  

Comparison of automatically and manually dissociated mouse brain tissue led to identification of the same 

neural cell clusters, proving that the automated gentleMACS based dissociation did not have any negative 

influence. Moreover, a significant increase of UMIs and genes per cell by 25% was observed when using the 

automated technology for brain dissociation.  

In summary, we showed that an optimized automated dissociation protocol based on the gentleMACS octo 

Dissociator and magnetic isolation of neurons significantly improves sensitivity and resolution of single cell 

sequencing for characterization of neuronal subtype complexity. 
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Molecular signalling pathways underlying regulatory T cell (Treg)-enhanced oligodendrocyte 

differentiation 
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One of the greatest unmet clinical needs in demyelinating diseases such as Multiple Sclerosis is lack of 

therapies that actively enhance myelin regeneration (remyelination) in the central nervous system (CNS). 

Uncovering the mechanisms that govern remyelination and developing novel remyelinating treatments may 

prove highly beneficial to patients' quality of life. Oligodendrocytes, the myelinating cells of the CNS, play a 

central role in remyelination and originate from oligodendrocyte progenitor cells (OPCs). We have recently 
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shown that Treg are important mediators of oligodendrocyte differentiation and (re)myelination. However, the 

mechanisms of Treg-enhanced oligodendrocyte differentiation still remain unknown.  

To investigate molecular signalling pathways of Treg-enhanced oligodendrocyte differentiation, murine pure 

OPC cultures were treated with Treg-conditioned media for 3 days in the presence or absence of signalling 

pathway inhibitors. Inhibitors were selected via literature research of signalling pathways implicated in 

oligodendrocyte differentiation combined with a pilot screening approach of the phosphorylation status of 15 

described mediators.  

Treg-conditioned media directly enhanced oligodendrocyte differentiation in a murine pure OPC model. Initial 

studies suggested that treatment with inhibitors of phosphorylation of mTOR, RSK, PKC, GSK3, p38 MAPK, 

STAT3 and JAK2 abrogate Treg-enhanced oligodendrocyte differentiation, while MEK1/2, S6K1, PKA, Cdk2/5 

phosphorylation did not appear to be involved in Treg-enhanced oligodendrocyte differentiation.  

This cell-based approach to unravel Treg-induced signalling in OPC differentiation has uncovered key signalling 

mediators that may underly these novel neuroimmune interactions. Candidates involved in directly facilitating 

oligodendrocyte differentiation will be further studied for functional relevance in Treg-enhanced (re)myelination in 

ex vivo brain slice cultures and in vivo murine models of remyelination. 
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Impairment of oligodendrocytes progenitor cells (OPC) differentiation into oligodendrocytes and chronic 

inflammation are the key determinants of poor remyelination observed in diseases such as multiple sclerosis 

(MS). Although numerous molecules are known to stimulate OPC differentiation and to reduce chronic 

inflammation, their potential as therapeutic drugs for MS is often hindered by limited access to the targeted cells 

(OPC). In addition, the majority of these molecules are lipophilic, which limits their solubility in physiological fluids 

and thus impairs their bioavailability. For instance, retinoic acid (RA) and calcitriol (Cal), two lipophilic drugs, can 

reduce chronic inflammation and stimulate remyelination by inducing OPC differentiation into oligodendrocytes. 

A very promising approach to improve the delivery of these lipophilic molecules to the CNS is to combine drugs 

with colloidal carriers, such as nanoparticles. Indeed, nanoparticles, in particular lipid nanocapsules (LNCs), 

significantly improve solubility of lipophilic drugs. Moreover, the encapsulation into nanoparticles protects 

molecules from degradation, while minimizing drug efflux, and can be designed to optimize drug loading and 

transport across epithelial barriers.    

We herein propose to encapsulate RA and Cal in LNCs and to target them toward OPC. The platelet-derived 

growth factor receptor α (PDGFRα) being mostly expressed in the CNS at the surface of the OPC, we chose to 

achieve targeting by grafting an anti-PDGFRα antibody at the surface of the LNCs. This will allow a better 

accumulation of the drug-loaded LNCs in the OPC and has the advantage to limit off-target effects.  

The LNCs we optimized for this approach are devoid of toxicity up to 158 μg/ml toward primary rat OPC cultures 

supporting their use as nanocarrier. Next, we successfully encapsulated RA and Cal inside of LNCs with a good 
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encapsulation efficiency (92% and 100%, respectively) and evaluated the toxicity of the drug-loaded LNCs. Our 

data confirm the absence of toxicity at doses reported to favor OPC differentiation (50nM for both AR and Cal). 

This allowed us to select a range of concentrations that will enable an optimal OPC differentiation. Regarding the 

PDGFRα targeting, our recent data suggest that the antibody at the surface of the LNCs does not hinder the 

penetration of the LNCs inside the OPC. In summary, our results indicate that LNCs are suitable nanocarriers to 

induce OPC differentiation and favor remyelination. 

 

Targeted LNC to stimulate OPC differentiation 
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The individuation of culture conditions that mimic more closely the in vivo situation is relevant in order to address 

fundamental biological questions about astroglial cells. Here, we evaluated the effect of G-5 supplement on 

primary cultured rat neocortical astrocytes. G-5 is a commercially available, chemically-defined supplement for 

cultivation of primary glial cells in serum-free conditions (Michler-Stuke et al., 1984). In our experimental setup, 

G-5 promoted the morphological differentiation of rat cortical astrocytes in a time-dependent fashion (Figure 1). 

Few primary processes developed within the first 5-7 days of G-5 treatment. After 10-14 days of exposure, a 

more complex phenotype,characterized by the appearance of highly branched processes radially departing from 

the cell body was observed (Figure 2). The morphological alterations were accompanied by marked functional 

changes. The untreated undifferentiated astrocytes displayed a resting membrane potential (Vrest) of -40 mV. By 

contrast, G-5 treated astrocytes showed a hyperpolarizing shift of Vrest throughout the period of G-5 incubation. 

After 5-7 days of exposure most of the astrocytes displayed a Vrest above -60 mV, but at 10-14 days a large 

proportion of astrocytes had a Vrest significantly more hyperpolarized. Whereas untreated astrocytes displayed 

only outward rectifying potassium currents activated at potentials more positive than -40 mV, in G-5 treated 

astrocytes large inward currents activated at potentials more negative than -40 mV, were measured. Noteworthy, 

inward current density increased upon time of G-5 challenge reaching a plateau beetween 10-14 days. Inward 

currents were partially inhibited by extracellular application of submillimolar barium (200 µM), which blocks 

inward rectifier Kir4.1 potassium channel, and were increased upon elevation of extracellular potassium.  The 

barium-insensitive inward current was depressed by submillimolar cadmium (200 µM), which affects ClC-2 

chloride channel. Accordingly, the isolated chloride current had the inwardly rectifying profile and slow time-

dependent activation kinetics typical of ClC-2. Immunofluorescence and confocal analysis confirmed the up-

regulation of Kir4.1 and ClC-2 channels in astrocytes exposed to G-5. These results indicate that the use of 

chemically defined media could represent a valuable procedure to define culture conditions which consent the 

long-term maintenance of primary astrocytes that more closely resemble those in vivo. 
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Fig. 2 Morphology of sub-confluent astrocytes differentiated 

with G-5 
Single-plane confocal immunofluorescence image of primary rat 

cortical astrocytes immunolabeled for GFAP (red); nuclei were 

stained with DAPI (blue). Astroglial cells were exposed for 14 days 

to G-5 supplement medium 

Fig. 1 Phase contrast image of a patch pipette 

attached to the membrane of a G-5 treated 

astrocyte  
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Oligodendrocyte precursors (OPs) are a proliferating cell population that continue to generate oligodendrocytes 

in the central nervous system (CNS) into adulthood. OPs undergo differentiation and maturation to become 
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mature oligodendrocytes that provide myelin sheaths for axons. From a transcriptome database we identified a 

candidate marker, bone morphogenetic protein 4 (Bmp4), for the immature stage of oligodendrocytes, when the 

cells are newly differentiating from OPs. We have confirmed, by RNA in situ hybridisation followed by 

immunofluorescence, that Bmp4 is exclusively expressed in immature oligodendrocytes in adult mouse CNS. 

Since the number of new-born immature oligodendrocytes in a brain region reflects the differentiation ability of 

OPs, this new marker can be used to assess the efficacy of treatments designed to increase remyelination in 

animal models of demyelinating diseases. Furthermore we are investigating its function in adult oligodendrocyte 

generation. Given its well-known in vitro inhibitory effect on OP differentiation, we speculate that after being 

secreted from immature oligodendrocytes, BMP4 may act as a microenvironmental cue for neighbouring OPs to 

hold back from differentiation. 
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Research over the last years have revealed essential functions of astrocytes in brain physiology and their 

involvement in many neurological disorders. Considering the limited access to human neural cells, there is a 

huge need for novel cellular models to study human neurological diseases. Embryonic and induced pluripotent 

stem cells have great potential for modeling diseases with affectation of neural cells. However, current protocols 

to differentiate stem cells to astrocytes are time consuming and the population obtained is often 

heterogeneous.These shortcomings severely limit research on the biology of human astrocytes and their 

involvement in neurological disorders.  

The aim of this work was to develop a new transcription factor-driven method to faster differentiate stem cells to 

pure populations of induced astrocytes (iAs) by lentiviral overexpression of transcription factors involved in 

astrogenesis. We demonstrate that overexpression of two gliogenic transcription factors, Sox9 and Nfib, in 

human pluripotent stem cells rapidly and efficiently gives rise to a highly homogenous population of iAs as early 

as 7 days post-induction. These iAs display clear mature morphologiesand express key astrocytic markers as 

early as 7 days post-induction.After 14 days, iAs exhibit molecular signatures closely resembling those of adult 

human astrocytes. Moreover, they also possess functional properties such as glutamate uptake, response to 

cytokine stimulation, intracellular calcium waves, formation of gap-junctionsand support synapsessimilar to 

primary astrocytes. Furthermore, iAs survived and retained their astrocytic phenotype after transplantation into 

the neonatal and adult murine brain establishing end-feet on host vessels and gap-junctions with host cells thus 

suggesting their integration.Finally, iAs were combined with CRISPR/Cas9 to model Alexander’s Disease (AxD). 

AxD-iAs recapitulated the typical astrocytic GFAP aggregates and revealed reduced expression of KCNJ10 and 

ATP1B2 as well as abnormalities in calcium signaling, resembling phenotypes previously described in mouse 

models.  

In conclusion, our approach represents an easy, time-efficient, effective and scalable method that will provide 

new opportunities for studies on astrocyte physiology and their role in neurological disorders. Moreover, 

combined with neuronal induction protocols will allow us to better understand interactions between neurons and 

astrocytes. 
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Generation of human astrocyte cell lines to model fragile X syndrome 

U.-K. Peteri1, L. Roybon2, M. Castrén1 
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Fragile X syndrome (FXS) is the most common form of familial intellectual disability and a variant of autism. The 

syndrome is caused by the lack of functional fragile X mental retardation protein (FMRP) due to epigenetic 

silencing of the Fmr1 gene. FMRP is crucial for the early neural development and the loss of the protein leads to 

changes in the synaptic plasticity and aberrant formation of excitatory and inhibitory networks. Recently, an 

increasing number of studies have shown that astrocytes also play a role in the FXS pathology. In this study, we 

generated frontal cortex astrocyte cultures using induced pluripotent stem (iPS) cells to model FXS in human 

astrocytes. The induction of neural differentiation was accomplished using dual SMAD inhibition combined with 

Dickkopf-Related Protein 1- and cyclopamine treatments to inhibit hindbrain and midbrain patterning, 

respectively. Generated progenitors were directed towards astrocyte lineage with ciliary neurotrophic factor. The 

cells were characterized for their gene expression profiles during the differentiation and the functional properties 

of the generated astrocytes were analyzed with calcium imaging. Astrocytes were positive for the selected 

astrocyte markers and were responsive to environmental stimuli. The differentiation protocol, therefore, allows 

the generation of functional patient-derived astrocyte cultures that can be used to study the mechanisms 

underlying impaired astrocyte function in FXS. 
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Oligodendrocytes (OLs) are the cells responsible for myelin production in the CNS. In developmental 

myelination, as well as a remyelination context, simple bipolar OL precursor cells are required to migrate to the 

neuronal axon, differentiate into a highly branched intermediate OL, and finally to a myelin producing mature OL. 

It is only at this point that the OL can successfully wrap the axon and compact the myelin sheath, providing 

trophic support to the axon and increasing efficiency of communication between the CNS and the periphery. The 

proteomic profile of this tremendous transformation has been fairly well characterized, with the field recognizing 

a number of reference proteins for each stage of OL differentiation. Despite the fact that lipids are highly 

abundant in the brain, notably abundant in the myelin sheath, and also play vital roles in all aspects of cell 

functioning, the precise characterization of lipid species abundance remains largely unexplored in the OL. 

Studies from other groups have identified that the sphingolipid composition changes in vivo during brain 

development, aging and in neurodegenerative disease states, and also that myelin defects have been identified 

E163POSTERS

GLIA



  

 

 

in association with defective enzymes of the sphingolipid pathway. The focus of this study is to produce a 

comprehensive analysis of the sphingolipidome throughout the course of OL differentiation in vitro. Preliminary 

results from our study indicate that we do in fact see striking changes to the relative abundances of a number of 

sphingolipid species throughout the course of OL differentiation. Highlights of the data thus far include a finding 

that simple ceramides appear to shift to longer fatty acid chain lengths as the cells become more mature, which 

supports existing in vivo data in the literature. In addition, we see very interesting results of relative 

galactosylceramide and glucosylceramide levels through time; with high glucosylceramide levels detected during 

intermediate stages of differentiation but high galatosylceramide levels prominent at late stages of differentiation. 

Taken together, thorough analysis of all species detected in this study suggests that there is in fact a distinct 

sphingolipid signature to demarcate the maturity of the OL reached in vitro. Future work will embark on the 

exploration of the functional consequences of subtle alterations to the sphingolipidome at these stages of OL 

differentiation. 
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In vitro modeling of dysfunctional glial cells in neurodegenerative diseases using human pluripotent 
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Most neurodegenerative diseases are characterized by a complex and mostly still unresolved pathology. This 

fact, together with the lack of reliable models, have precluded the development of effective therapies 

counteracting the disease progression. In the past few years, several studies have evidenced that lack of proper 

functionality of glial cells (astrocytes, microglia and oligodendrocytes) has a key role in the pathology of several 

neurodegenerative conditions including Alzheimer´s disease, amyotrophic lateral sclerosis and multiple sclerosis 

among others.  

However, this glial dysfunction is poorly modelled by available animal models, and we hypothesize that patient-

derived cells can serve as a better platform where to study this glial dysfunction. In this sense, human pluripotent 

stem cells (hPSCs) has revolutionized the field allowing the generation of disease-relevant neural cell types that 

can be used for disease modelling, drug screening and, possibly, cell transplantation purposes.  

In the case of the generation of oligodendrocytes (OLs) from hPSCs, we have developed a fast and robust 

protocol to generate surface antigen O4-positive (O4+) and myelin basic protein-positive OLs from hPSCs in only 

22 days, including from patients with multiple sclerosis or amyotrophic lateral sclerosis. The generated cells 

resemble primary human OLs at the transcriptome level and can myelinate neurons in vivo. Using in vitro OL-

neuron co-cultures, effective myelination of neurons can also be demonstrated. This platform is being translated 

as well to the generation of the other glial cell types, allowing the derivation of patient-specific glial cells where to 

model disease-specific dysfunction.  

This methodology can be used for elucidating pathogenic pathways associated with neurodegeneration and to 

identify therapeutic targets susceptible of drug modulation, contributing to the development of novel and effective 

drugs for these devastating disorders. 
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NG2-cells are the most enigmatic neural population, homogenously distributed in a grid-like manner in both gray 

and white matter regions of the adult brain. In the CNS, a fraction of NG2 cells (OPCs) is responsible for the 

generation of mature oligodendrocytes, but most of them do not differentiate, representing the most proliferative 

cells out of the adult neurogenic niches. Fate-mapping analysis in different transgenic mice lines revealed 

different degrees of differentiation and maturation properties of NG2 cells depending on brain areas. Such 

diversity suggests that NG2-cells conforms a heterogeneous population composed by different subpopulations 

devoted to distinct functions. Our hypothesis is that those differences emerge during development as occurs with 

other glial cell subtypes that are generated from specific progenitors (García-Marques and Lopez-Mascaraque, 

2013; 2017). Using a multi-color genetic lineage tracing system, StarTrack, we specifically targeted pallial 

progenitors, to analyze the type and location of adult labelled cells related to their origin and embryonic stage. 

Star Track labelled cells exhibited different neural phenotypes and located at different regions that were 

classified in relation to the targeted embryonic area. Moreover, we also designed different StarTrack strategies 

to permanently label the individual progenitor cells and their progeny. The plasmids are injected in the lateral 

ventricles and electroporared in vivo using in utero (IUE) or postnatal electroporation at different stages (E12-

P1). First, NG2-EGFP-StarTrack was used to specifically label their cell progeny. Preliminary data showed that 

labeled cells are located in the gray and white matter, and those cells represent different neural types. Secondly, 

to specific target the NG2-progenitors we performed the same experiment using Ubc-StarTrack along with an 

embodying NG2 promoter into the transposase. Preliminary results showed that those progenitors cells labeled 

with UbC-EGFP-StarTrack constructs are committed to give rise to astrocytes, NG2 cells and even neurons at 

P90.  

We expect that our findings will provide fundamental aspects of the lineage potential, cell fate determination and 

functionality of NG2 cells. 
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A proliferation-permissive role for GluA2 NG2 cells. 
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Oligodendrocyte precursor cells, NG2 cells, can proliferate and differentiate into myelin-producing 

oligodendrocytes throughout life. While it has been established that neuronal activity influences the speed and 

degree of axon myelination, the factors mediating activity-dependent control of proliferation and differentiation of 

NG2 cells have not been resolved yet. Interestingly, NG2 cells receive direct synaptic input from neurons 

throughout the CNS, during postnatal and adult stages. The fast vesicular glutamatergic input is mainly mediated 

by AMPA receptors. During the postnatal period, these AMPA receptors contain the GluA2 subunit, which 

renders them calcium-impermeable, but later in life, NG2 cells downregulate the GluA2 subunit. Thus, the 

decline of the proliferation rate of NG2 cells observed during the transition from the postnatal to the adult period 

is mirrored by an increase in calcium-permeability of synaptic AMPA-receptors. We hypothesized that calcium 

signals in NG2 cells reduce their proliferation rate and that the role of postnatally expressed GluA2 subunits is to 

allow proliferation of NG2 cells by suppressing calcium entry during synaptic activity. Here, we assess the impact 

of the deletion of the GluA2 subunit on the proliferation rate of NG2 cells. In order to induce a conditional 

deletion of the GluA2 subunit specifically in NG2 cells, we crossed NG2CreER, R26REYFP, and GluA2lox 

mouse lines. Cre expression was induced via tamoxifen (TMX) injection at the 4th postnatal day (PND). We 

labeled proliferating cells (in S-phase), 7 days after TMX injection, using a triple injection of Bromodeoxyuridine 

(BrdU). To reveal the proliferative fraction of recombined NG2 cells (NG2+YFP+BrdU+/NG2+YFP+) in both 

groups, with and without deletion of the GluA2 subunit, we stained against NG2, YFP, and BrdU. We find that 

the BrdU-uptake by NG2 cells upon deletion of the GluA2 subunit is strongly decreased in the dorsal cortex by 

36%, and in the fimbria by 25%, although it is increased in the corpus callosum by 8%. The deletion of the GluA2 

subunit decreases the proliferative fraction of NG2 cells in a region dependent-manner. Thus, our data partially 

support the view that GluA2 has a proliferation-permissive role and its down-regulation later in life might be 

important for slowing cycling activity of NG2 cells. 

 

T02-050B 

Role of microglial clusters in proliferation after facial nerve axotomy in mice 
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Cell Biology, Physiology and Immunology, Institute of Neurosciences, Autonomous University of Barcelona, 
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Facial nerve axotomy (FNA) is an experimental model that triggers a progressive facial motor neuron (FMN) 

death accompanied by microglia and astrocyte activation. This model is characterized by microglial wrapping of 

FMN and cluster formation, coinciding with accumulation of infiltrated T-cells. Microglial clusters have been 

mainly related to phagocytosis of degenerated FMN and crosstalk with infiltrated T-lymphocytes. Previous 

studies in our group revealed that, in comparison to wild-type (WT) mice, transgenic mice with astrocyte-targeted 

production of interleukin-6 (GFAP-IL6Tg) showed decreased formation of microglial clusters and higher FMN 

death, while mice with astrocyte-targeted production of interleukin-10 (GFAP-IL10Tg) showed increased 
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microglial cluster together with higher FMN survival. The aim of this work is to analyze how IL-6 or IL-10 are 

responsible of changes in microglia proliferation, and consequently in cluster formation after FNA. For this 

purpose, adult GFAP-IL6Tg, GFAP-IL10Tg and WT mice underwent FNA and samples from 3 to 28 days post-

injury (dpi) were studied by immunohistochemistry against Pu.1, phosphohistone-H3 (PHH3) and MCSFR. An 

additional group of GFAP-IL6Tg, GFAP-IL10Tg and WT mice were administered daily with BrdU from the day of 

the lesion until sacrifice at 14dpi. Our results showed that, microglial dynamics after FNA, monitored with Pu.1 

staining, increased until 14dpi and decreased later in WT and transgenic mice. In GFAP-IL6Tg, a significantly 

higher microglia density was observed in basal conditions, and no differences with WT after FNA were detected. 

In contrast, in GFAP-IL-10Tg mice microglial density was higher at 14dpi respect to WT. PHH3 staining showed 

that, in all genotypes, microglia proliferation was mainly present at 3dpi and decreased at 7 and 14dpi, being 

undetectable at later time-points. In comparison to WT, both transgenic mice showed higher PHH3+ microglia at 

3dpi. The analysis of BrdU allowed us to determine that in WT and transgenic mouse lines, some, but not all 

microglial clusters contained BrdU+ microglia. Similarly, only some microglial clusters were found to be 

MCSFR+. Additionally, some microglia wrapping FMN showed strong BrdU staining. In conclusion, our results 

suggest that microglial proliferation is involved in microglial clusters formation after FNA, and that local CNS 

overproduction of either IL-6 or IL-10 does not importantly modify microglia proliferation. 
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Background: Multiple sclerosis (MS) is an autoimmune and neurodegenerative pathology characterised by 

demyelinated plaques in the CNS. Remyelination is an active repair process involving oligodendrocyte precursor 

cells (OPCs) proliferation and differentiation. It is positively correlated with slower progression of MS and a 

prolonged survival of MS patients. With time, tissue remodelling becomes less and less effective, leading to a 

glial scar and to neurodegeneration. Previously, we identified an increased Chitinase 3-like protein1 (CHI3L1) 

expression in cerebrospinal fluid (CSF) as a prognostic biomarker of MS. CHI3L1 is ubiquitous and involved in 

extracellular matrix remodelling. We observed an important expression of CHI3L1 by astrocytes in demyelinated 

plaques. However, the role of CHI3L1 in demyelination and remyelination is largely unknown. Here, we aim to 

analyse the influence of CHI3L1 on proliferation and differentiation of OPCs.  

Methods: We exposed cortical primary cultures enriched in OPCs from P2 rat pups to human recombinant 

CHI3L1. We monitored OPCs differentiation at 6 and 14 days using OPCs maturation markers (NG2, O4). We 

explored CHI3L1 effect on OPCs proliferation by EDU labelling.  

Results: CHI3L1 effect was maximal for 100 ng/mL. Proportion of GFAP positive cells (astrocytes) was less than 

20%. Using NG2 and O4 labelling, we observed different proportions of positive OPCs in CHI3L1 and control 

conditions (70% and 60% respectively). Proportion of O4+ cells was similar in both conditions at 6 and 14 days 

while NG2+ cells were more numerous in CHI3L1 exposed OPCs at 6 days. There were no significant 

differences at 14 days. OPCs morphology was more packed and less ramified in CHI3L1 condition compared to 

control at 6 days.  

Discussion: Here, we show CHI3L1 has an impact on OPCs differentiation in vitro. The effect seems transient, 

either accelerating differentiation or reducing proliferation. Next step will be to identify the CHI3L1 pathway(s) 
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involved in OPCs at cell surface (receptor) and intracellularly. Moreover, we will investigate if cell shape 

modification by CHI3L1 influences OPCs migration, essential for efficient remyelination in vivo. 

  

Experimental protocol Resume of chitinase 3-like 1 effect on OPCs proliferation and 

differentiation 
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AGC1 deficiency is a rare genetic syndrome caused by mutations in the SLC25A12 gene which encodes for the 

mitochondrial aspartate-glutamate carrier isoform 1 (AGC-1). The disease is characterized by profound 

developmental delay, epilepsy, abnormal myelination and low levels of N-acetyl aspartate, a crucial metabolite 

for myelin formation.   

Aim: to understand if the hypomyelination and cerebral atrophy in AGC1 deficiency are caused by an altered 

balance between proliferation and/or differentiation of neuron- (NPCs) and oligodendrocyte-precursor cells 

(OPCs), we focused on the molecular, transcriptional/epigenetic and biochemical mechanisms that regulate the 

myelination/remyelination process. To this aim, we studied NPCs and OPCs by using different in vitro models: 

neurospheres derived from AGC1+/+ and AGC1+/- mice sub-ventricular zone (SVZ) and Neural Stem Cells 

(NSCs) from control and AGC1 deficiency patients.  

Results and conclusions: in Oli-Neu cells, we previously demonstrated that AGC1 down-regulation reduced 

proliferation through the dysregulation of trophic factors pathways (TGFβs), transcription factors (Myc), histone 

acetylation and HDACs expression, all involved in the OPCs proliferation/differentiation process, without any 

significant change in mitochondrial activity. In agreement with that, neurospheres from SVZ of AGC1+/- mice 

showed a lower proliferation level associated with a very higher level of TGFβRs expression, a spontaneous 

differentiation towards differentiated neurons (DCX+) and premyelinating oligodendrocytes (CNPase+) with a 

parallel decrease in OPCs (Olig2+). In parallel, we observed a lower level of acetylated and a higher level of 
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methylated histone H3 in neurosphere from AGC1+/- mice compared to AGC1+/+, suggesting an alteration in 

epigenetic mechanisms involved in the dysregulation of brain precursor cells proliferation/differentiation. In order 

to translate these results, we also obtained NSCs from iPS derived from control and AGC1-deficency patients. 

Preliminary data showed reduced proliferation of AGC1-deficiency patient-derived NSCs compared to control 

cells. Besides proliferation and differentiation studies, we are differentiating NSCs into OPCs and mature 

oligodendrocytes to better understand disease mechanisms underlying hypomyelination. 
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Demyelination is a typical hallmark of multiple sclerosis causing progressive neurological impairment in patients. 

Under physiological conditions, new myelin sheaths are formed by adult oligodendroglial progenitor cells; a 

process called remyelination. However, remyelination often fails in multiple sclerosis due to insufficient 

oligodendroglial precursor cell recruitment and differentiation. A pivotal role for the two-pore-domain potassium 

(K2P) channel, TASK1, has already been proven for an animal model of multiple sclerosis. However, the 

mechanisms underlying the TASK1-mediated effects are still elusive. Here, we investigated the role of TASK1 

channels in developmental myelination as well as in remyelination after cuprizone-induced demyelination. We 

found TASK1 channels to be functionally expressed on murine and human oligodendrocytes. Lack of TASK1 

channels resulted in an increase of mature oligodendrocytes in vitro as well as in vivo. Mechanistically, Task1-

deficient cells revealed a higher amount of phosphorylated WNK1, a kinase known to be involved in the 

downstream signalling of the myelination regulator LINGO-1. Furthermore, lack of TASK1 on remyelination was 

analysed. While we found pharmacological inhibition to promote differentiation of oligodendrocytes during 

remyelination in mice, TASK1-deficient mice failed to accelerate oligodendroglial differentiation. In summary, we 

conclude that functional TASK1 channels participate in the modulation of differentiating oligodendroglial cells in a 

previously unknown manner. However, while being involved in developmental myelination our data suggest that 

TASK1 has no major effect on remyelination. 
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Involvement of endosomal signaling in gingipain-induced migration, inflammation response and 

phagocytosis in microglia after activation of PAR2 

S. Nonaka1, A. Iseki1, A. Amano1, Y. Nakanishi2, J. Ni2, Z. Wu2, H. Nakanishi1 
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Recently, much attention has been paid on infection hypothesis of Alzheimer’s disease. We have previously 

reported that Arg- and Lys-gingipains, a unique class of cysteine proteases produced by periodontal pathogen P. 

gingivalis, were involved in migratory and inflammation responses of murine microglia through activation of 

PAR2. After activation, PAR2 induces β-arrestin-mediated recruitment of a Raf-1 and ERK1/2 signaling complex 

on endosomes. Thus, PAR-2 trafficking has critical function in signal termination and propagation as well as 

receptor resensitization. However, there is only limited information about the regulatory mechanism for gingipain-

induced PAR2 signaling in microglia. In this study, we have thus attempted to further characterize the activation 

of PAR-2 by gingipain in human microglial cell line HMC3 cells.  

The supernatant prepared from P. gingivalis induced the cell migration of HMC3 cells. Pretreatment of gingipain 

inhibitors almost completely inhibited P. gingivalis supernatant-induced cell migration of HMC3 cells. These 

results suggested that endosomal signaling mediated via PAR2 is involved in the cell migrations, because Src 

family kinases play critical roles mediating endocytosis of many trophic factor and G protein-coupled receptors. 

To visualize the internalization of PAR-2, we expressed human PAR2 with an extracellular N-terminal FLAG 

epitope and an intracellular C-terminal HA 11 epitope in HMC3 cells. After treatment with the supernatant 

prepared from P. gingivalis or recombinant Arg-gingipain, FLAG was removed from cell surface and HA11 was 

detected inside a cell, suggesting the endosomal localization of PAR-2 after activation of PAR2 by gingipain. 

Reagents that can block the internalization of PAR2 inhibit the activation of PI3-kinase/Akt and ERK kinase/ERK 

pathway, downstream pathways of PAR2, in HMC3 cells. Taken together, gingipain from P. gingivalis induces 

activation and subsequent internalization of PAR2 into the endosome, then activation of their downstream 

pathways. These activation mechanisms of PAR2 are necessary for gingipain-induced migration of microglia. 

Recently, we examine the involvement of its endosomal signaling in inflammatory response and phagocytic 

ability of microglia after exposure of gingipain. 

 

T03-002A 

Using mixed-species co-culture to study microglial crosstalk with neurons and astrocytes 

J. Qiu, O. Dando, P. Baxter, P. Hasel, G. Hardingham 
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In the brain, the interactions between different cell types are complex. In vitro, cells can behave differently on 

their own compared to the complex multi-cell-type environment that exists in the brain. We have developed a 

mixed-species co-culture system to study microglia-neuron-astrocyte cross-talk. This system enables the 
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simultaneous transcriptomic profiling of distinct cell types without physical sorting by combining distinct brain cell 

types from closely-related species followed by RNA-seq and separation of the reads in silico according to 

species. Using this system, human astrocytes, mouse neurons and rat microglia were co-cultured with or without 

LPS stimulation. Co-culture of microglia with neurons and astrocytes up-regulated microglial genes, such as 

Cx3cr1, Tmem119, and P2yr12, that otherwise decline ex vivo. Moreover, co-culture with neurons and 

astrocytes also down-regulated basal cytokine, chemokine, and TLR signaling system, pointing to an anti-

inflammatory influence. Consistent with this, the response of microglia to LPS stimulation was also dampened by 

neuron/astrocyte co-culture. In contrast, the transcriptome of neurons and astrocytes were not significantly 

altered by unchallenged microglia. However, in the context of LPS stimulation, the microglia modified the 

transcriptome of neurons and astrocytes, inducing neurotoxic astrocytic genes, such as C3 and MX1, as well as 

CHI3L1 and ICAM1, aberrantly expressed by astrocytes in a range of neurodegenerative diseases. Thus, the 

microglial transcriptome is strongly influenced by neurons and astrocytes basally, whereas microglial influences 

on neurons and astrocytes were only observed after the pro-inflammatory stimulus. This experimental platform 

may be useful for identifying inter-cellular signaling events modifying the properties of microglia, neurons and 

astrocytes both in health and disease. 
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Extended spontaneous Na+ fluctuations within the neonatal mouse brain 
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The first 2 weeks after birth constitute a crucial time for the maturation of cells and the formation of networks in 

the rodent brain. Neonatal neurons display co-ordinated bursts of electrical activity termed giant depolarisation 

potentials (GDP) (Ben-Ari et al. 1989) that have been linked to early network oscillations (ENOs) in Ca2+ 

(Adelsberger et al. 2005). However, Ca2+ ENOs have also been recorded in astrocytes of both the cortex and 

hippocampus of neonatal animals (Garaschuk et al., 2000), which appear to occur independently from their 

neuronal counterparts. Because many membrane transport processes in neonatal astrocytes are driven by the 

Na+ gradient, such Ca2+ oscillations might be accompanied by Na+ transients within cells.  

To address this possibility, we utilised SBFI-AM, a ratiometric Na+ indicator, to investigate shifts in the 

intracellular Na+ concentration in acutely isolated tissue slices of the mouse brain at different stages of postnatal 

development. We found that both cortical and hippocampal astrocytes exhibited spontaneous Na+ fluctuations 

(35% and 45% of measured cells for the respective areas), and that these appeared to be limited to the first 

postnatal week. Although the signals were highly variable, they tended to be extremely long- lasting 8 minutes 

on average with a mean amplitude of 2 mM. The blocking of similar signals measured in neurons, by TTX or 

inhibition of GABAergic signalling, did nothing to reduce the frequency or amplitude of astrocytic Na+ signals. 

This was also the case with the abolition of ENOs through the chelation of intra and extracellular Ca2+, as well as 

a selection of other antagonists for various membrane proteins. As it is known that ENOs are temperature 

dependant, we also raised the experimental temperature to 34°C. However, this had no effect on either the 

occurrence rate or properties of the Na+ signals.  

These results demonstrate for the first time that astrocytes exhibit neonatally restricted Na+ transients, and that 

these exist independently both from similar Na+ signals in neighbouring neurons, and from Ca2+ ENOs in the 
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astrocytes themselves. Furthermore, these signals appear to be insensitive to temperature changes. Finally, 

many of the major signalling pathways associated with mature astrocytes have been ruled out as the driving 

force behind these signals, suggesting that they may indicate a novel mechanism within developing astrocytes 

across the brain. 
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Microglial cells are considered as the sensors of brain pathology by detecting any sign of brain lesions, infections 

or dysfunction. There are many factors that mediate microglia migration towards pathologic regions, including 

ATP, chemokines, complement factors and neurotransmitters, most of which bind to G protein-coupled receptors 
(1). One specific example of microglia chemoattractants is VGF. Dysregulation of VGF has been associated with 

many metabolic disorders, neurological disorders and psychiatric diseases (2). TLQP-21 is a VGF derived 

peptide that activates C3aR1 and C1q receptors (3), and both receptors are expressed in microglia (1). We 

investigated the effect of this peptide on microglial function. TLQP-21 reversibly induced potassium outward 

currents and intracellular Ca2+ elevations in a C3aR1-dependent manner. Interestingly, in experiments where 

TLQP21 was applied, subsequent ATP-induced microglial potassium currents were strongly diminished whereas 

ATP-induced Ca2+ responses remained unaffected. A series of pharmacological experiments identified that the 

impairment of the membrane currents by TLQP-21 was mediated by P2YR12 signaling. We also tested the 

impact of TLQP-21 on subsequent P2YR6 activation and found a similar impairment of the membrane responses 

evoked by UDP. The TLQP-21-mediated aberration of microglial purinergic responses could not be prevented by 

blockade of C3aR1, suggesting the involvement of C1q or another receptor. We also tested the effect of TLQP-

21 on the purinergic control of microglial migration and phagocytosis. The migration of microglia towards ATP-

containing agarose spots was strongly decreased after treatment with TLQP-21. Stimulation of phagocytic 

activity by UDP treatment failed when microglia were pre-incubated with TLQP-21. We, therefore, conclude that 

the VGF-derived peptide TLQP-21 impairs purinergic signaling and thereby microglial functions. We finally 

investigated microglial function in situ and found that the phagocytic activity was significantly increased in VGF-

knock-out mice suggesting a calming role of VGF and its derived peptides on microglia under physiological 

conditions. 
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Oxidative metabolism of 2-AG in spinal glial cells: a potential role in pain processing? 
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One of the most important cannabinoid ligands 2-arachidonoylglycerol (2-AG) suppresses neurotransmitter 

release in the spinal dorsal horn through a cannabinoid receptor 1 (CB1)-dependent signaling. The effects of 2-

AG are mostly terminated by hydrolases which yield arachidonic acid (AA). However, both 2-AG and AA are 

subjected to oxidative degradation by lipoxygenases (LOX) and cyclooxygenases (COX), which convert 2-AG 

and AA into proinflammatory leukotrienes (LTs) and prostaglandins (PGs). Since 2-AG and its oxidative 

metabolites can induce calcium transients in astrocytes, COX and LOX activity may influence neurotransmission 

and also gliotransmission in the spinal dorsal horn.  

Therefore, here we investigated the expression of 5-LOX and COX-2 in spinal glial cells in naïve and complete 

Freund’s adjuvant (CFA)-treated mice. Further, we investigated the effects of oxidative degradation of 2-AG on 

astroglial calcium signaling in control and reactive astrocytes.  

We found weak 5-LOX and COX-2 expression in the lumbar spinal dorsal horn, but the immunoreactivity for both 

enzymes increased following a CFA treatment. We also confirmed the presence of 5-LOX and COX-2 in primary 

spinal astrocyte-microglia co-cultures using immunocytochemical and capillary electrophoresis-based protein 

analytical methods.  In control cell cultures, 2-AG induced calcium transients mostly through CB1. However, in 

LPS stimulated reactive cells, 2-AG-induced calcium signals were effectively prevented by COX-2 inhibition. 

Interestingly, inhibition of 5-LOX increased calcium signals evoked by 2-AG in both control and LPS-treated 

cells.  

Our results suggest that COX-2-dependent oxidative metabolism of 2-AG (and probably AA) may not be very 

prominent in normal spinal glial cells. In reactive astrocytes, however, 2-AG is effectively converted into PGs. 

Lipoxygenation is very likely to play a role, although moderate, in the inactivation of 2-AG in spinal glial cells. 

Reactive spinal astrocytes and microglia, by switching the antinociceptive cannabinoid to pronociceptive 

prostanoid signaling, may play role in the spinal mechanisms of chronic pain. 
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A novel role of signal transducers and activators of transcription 6 in mitochondria of astrocytes. 

H. Kim, S.J. Park, I. Jou 

Department of Pharmacology and Chronic Inflammatory Disease Research Center, Ajou University School of 

Medicine, Suwon, KR 

 

The roles of STATs, including mitochondrial STAT3 roles, are well-known. But, the underlying mechanisms and 

functions of individual STATs related to mitochondria are largely unknown. Previously, we demonstrated that 

STAT6 downregulation increases glioma survival. We hypothesized that the underlying mechanisms of the cell 

survival by STAT6 downregulation are related to mitochondria. Preliminary data using astrocytes and 
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glioblastoma (astrocytoma) cell lines illustrated that STAT6 is localized in mitochondria. Here, we addressed the 

role of STAT6 in mitochondria using STAT6-expressing stable U373-MG. Under hypoxic condition, mitochondrial 

fragmentation and cytochrome C release are increased, and mitochondrial mass is decreased in STAT6-

expressing stable cells. Reversely, in STAT6 siRNA-transfected mouse astrocytes, decrease in mitochondrial 

mass is recovered under hypoxic condition. Next, we examined whether STAT6 is localized within the 

mitochondrial compartment. Our data revealed that STAT6 is located on mitochondrial outer membrane (OMM). 

In the study using different deletion constructs of STAT6, we found the putative mitochondrial-targeting 

sequences (MTS) in STAT6. Although there still remains the question how the STAT6 on OMM regulate 

mitochondrial homeostasis, our results identify a novel mechanism of STAT6 in mitochondrial homeostasis. 
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EHD1 mediates IFN-γ and IL-6 signaling by inducing membrane rafts clustering. 
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Membrane rafts are specialized membrane microdomain serving as signaling platform for signal transduction 

during immune and inflammatory responses. Many cytokines transmit signals into the cytoplasm through specific 

receptors floating on membrane rafts. However, a precise molecular mechanism is not clear. Pharmacological 

disruption of membrane rafts impairs signal transduction by IL-6 and IFN-γ, but not IL-4. IFN-γ and IL-6 

stimulation increases cholesterol-enriched membrane rafts clustering. IL-6 induces the raft-dependent 

aggregation of its specific receptors, IL-6Rα and gp130. Here, we identified IFN-γ and IL-6 increase the 

association of Eps 15 homology domain-1 (EHD1) with cholesterol-enriched membrane rafts using membrane 

rafts proteome analysis. The siRNA-based-silencing or knock-out of EHD1 markedly inhibits IL-6-induced 

membrane raft clustering, STAT3 phosphorylation and target gene expression. In addition, EHD1 silencing 

inhibits IL-6-induced association between IL-6Rα and gp130. These results suggest that EHD1 regulates IL-6-

induced clustering of cholesterol-enriched membrane rafts and results in the promoting the assembly of IL-6 

receptors. 
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A computational study on the calcium dynamics in astrocytes in different morphologies 
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In the last three decades, astrocytes have gained more interest due to the realization that they are involved in 

information processing and memory formation. Furthermore, this glia cell type is also linked to several 

neurodegenerative disorders and brain diseases. In Alzheimer’s disease, the whole cell body is swollen and 

processes are extended due to hypertrophy. An astrocyte participates in the neuronal activity by receiving 

neurotransmitters, i.e. glutamate, from an adjacent presynapse. This leads to the propagation of intra- and 

intercellular calcium waves. However, it is not clear what effect the astrocyte’s morphology has on these calcium 

dynamics.  

In this study, we present a finite–element-method-based model of single astrocytes with realistic 2D geometries 
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resembling the healthy and the diseased state. The computational model simulates the propagation of 

intracellular calcium waves subsequent to stimulation by local glutamate. Following Oschmann et al. (2017), we 

include two spatially separated pathways of calcium release triggered by metabotropic glutamate receptors in 

the soma and glutamate transporters in the processes. By simulating realistic astrocyte geometries with the 

same glutamate stimulus, we found that the width of the astrocyte processes affect the spatial extend of the 

calcium propagation. The narrower the process, the stronger the calcium wave as it diffuses to smaller cytosol 

volume. To conclude, the morphology has a clear effect on the overall intracellular calcium dynamics. 
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Astrocytes are important regulators of synaptic transmission. One of their main responses to neuronal activity is 

intracellular Ca2+ release.  

Here, we present new approaches for improving the analysis of glial cells in general, and astrocytes in particular. 

Our goal is to simultaneously record and link multi-modal data of brain activity in awake mice. For this purpose, 

we are using custom-built two-photon microscopes in combination with a versatile treadmill platform.  

Our novel software tool, called MSparkles, enables us to analyze multi-channel and 3D-spatio-temporal 2P-LSM 

data. We have developed a processing pipeline, allowing the user to configure individually tailored data analysis 

and processing tasks for each dataset. Detected Ca2+ signals are automatically classified and can then be 

combined and synchronized with simultaneously recorded electrophysiological data. Finally, our data-driven 

algorithms automatically generate analysis files, graphs and reports for further processing and publications. 
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Hippo signalling in peripheral nerve development, repair and tumourigenesis. 
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Loss or mutation of the Merlin tumour suppressor increases the likelihood that individuals will develop tumours of 

the nervous system including schwannomas and meningiomas. Using an in vivo transgenic mouse model, we 

have recently shown that loss of Merlin (NF2-/-) leads to a complete breakdown in the regenerative capacity of 
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peripheral nerves to repair and that this failure is due to abnormal activity of Hippo signalling through YAP/TAZ 

effectors in Schwann cells (SC). Loss of the Hippo effectors YAP or TAZ in Merlin null SCs restores PNS repair 

following injury. We have also studied interactions between Merlin and YAP/TAZ function in peripheral nerve 

development and myelination.  

This model system now allows us to identify signalling pathways on SCs that direct PNS repair following injury in 

order to attempt to both boost PNS repair and understand processes of schwannoma tumour development in the 

PNS. We have performed RNA sequencing (RNAseq) from mouse nerves before and after injury. By both 

identification of differentially regulated genes and signalling pathways that correlate with PNS repair following 

injury, our objective is to characterise new therapeutic targets to improve nerve repair in patients as well as 

understanding events in schwannoma and meningioma tumourigenesis.  
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Context: Microglia interacts with synapses and contribute to synaptic plasticity, nevertheless we don’t know yet 

how this interaction is regulated. Previous results of the laboratory showed that 5-HT2B receptor is the main 

serotonin (5-HT) receptor expressed in microglia in culture. This receptor is also expressed in some 

dopaminergic and serotonergic neurons. Moreover, we showed that a local application of 5-HT on acute brain 

slices induces an attraction of microglial processes. This attraction could serve to guide microglial processes 

towards synaptic remodeling areas. We observed that in mice lacking 5-HT2B receptor expression (Htr2b-/-mice), 

this attraction was lost. So, this receptor is required, but as Htr2b gene is expressed in different cell types, further 

experiments are required to understand the mechanism and signaling pathways involved.  

Objectives: We aim at determining whether the effect of 5-HT on the outgrowth of microglial processes is direct 

or not, and at deciphering the signaling pathways involved. Indeed, it has been shown that the 5-HT2B receptor is 

coupled to a Gq protein in transfected cells but we don’t know yet its coupling in microglia in vivo.  

Results: We first tested the response of microglia to serotonin in brain slices from mice with invalidation of 

Htr2b gene in microglia only (Cx3cr1creERT2/+;Htr2bfl/fl), and observed that the effect of serotonin on directional 

motility was abolished. We checked that the response of microglia processes to ATP was normal, indicating that 

the lack of response to serotonin is not due to a general loss of microglial morphological plasticity in these mice. 

Thus, the effect of 5-HT on microglia motility directly requires microglial 5-HT2B receptors.  

However, as the microglial response toward 5-HT is similar to the response to ATP, we investigated a potential 

role of the purinergic system. Surprisingly, by using antagonists of purinergic receptors, the microglia processes 

attraction toward a local application of 5-HT is abolished.  

Discussion: Our results show that the morphological effect of 5-HT on microglia is direct, through the microglial 

5-HT2B receptor. Nevertheless, this mechanism also involves the purinergic signaling pathway. To better 

understand how the 5-HT and ATP signaling pathways both contribute to microglial processes attraction toward 

5-HT, we are investigating which purinergic receptor is involved in this mechanism.  

We will then investigate whether these two receptors dimerize together in order to lead to microglial response to 

5-HT. Nevertheless, it is necessary not to exclude a potential role of ATP released by astrocytes as an indirect 

response to the local application of 5-HT. 
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Astrocytes display a variety of intracellular Ca2+ elevations characterized by highly heterogeneous spatial-

temporal profiles. One key consequence of such form of transient chemical excitation is the release of molecular 

factors (gliotransmitters) able to affect brain physiology at both local and global scales. Knowing the full gamut of 

astrocytic Ca2+ signals and deciphering their distinguishing features would be a critical step towards 

understanding how astrocytes encode information and control activity of neighboring cells. However, several 

obstacles make this advance challenging, notably the fact that most of the astrocytic Ca2+ activity occurs 

asynchronously in local domains sparsely distributed along many different structures of an astrocyte, including in 

end-feet and fine processes, most likely at the interface with synapses and/or blood vessels. In a first attempt, 

we investigated the characteristics of these peripheral astrocyte Ca2+ signals by fast (up to 10 Hz) 3D 2-photon 

imaging combined to GECI (GCaMP6f) specifically expressed in astrocytes (Bindocci et al., Science, 2017). By 

scanning VOIs containing entire astrocytic processes or end-feet we could reliably track the Ca2+ signals and 

measure their volume, which was often restricted to 10-15% of the total volume of the process or end-foot. 

Temporally, most of such events were of short duration (<1 sec FWHM). In order to appreciate in full their 

dynamic profile, we then performed experiments using the 1D scanning mode (linescan) of 2-photon and 

sampled single processes at ultra-fast temporal resolution (500 Hz). In parallel, we evaluated how detection and 

representation of the Ca2+ signals is affected by the experimental conditions, e.g. acquiring at lower speed or 

using a different type of indicator (cytosolic vs. membrane-tethered, chemical vs. genetically encoded), 

performing in the latter case simultaneous dual-indicator acquisitions. Spatial-temporal distribution maps show 

that most GCaMP6f-recorded signals are ≤2 µm-large and 0.5-1 sec-long. To investigate their source, we 

genetically perturbed IP3R2, classically known as the key molecular player in the generation of astrocytic Ca2+ 

signals. Knockout of this receptor significantly affected the amplitude and temporal dynamics of the fast local 

Ca2+ signals, but did not abolish them, indicating that they have a complex mechanistic composition. 
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Due to recent refinement and expanding availability of imaging hardware and genetically encoded dyes, there is 

an upsurge of fluorescent imaging data reporting Ca2+ activity in astrocytes. Following this wave of  data 

abundance, an interest to imaging data processing and analysis methods is widely expressed in the literature of 

the last two years.   

We suggest open-source python-based solutions for motion correction, estimation of dynamic baseline 

fluorescence level and detection of Ca2+ events. Motion correction is based on a multi-template scheme with 

combined local-global optical flow estimation. Baseline fluorescence level follows a two-step coarse-fine level 

asymmetric smoothing scheme. Next, noise suppression and event detection is done using local dimensionality 

reduction and selective grouping of time signals from nearby locations.  

We further discuss approaches to interpreting the observed spatiotemporal patterns of Ca2+ events, from 

analysing distributions of such features as event duration and covered area, to information-theory based analysis 

of activity converted to symbolic form, to fitting simplified distributed dynamical systems directly to the data. 
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Example of the processing stack applied to data 

collected from a single astrocyte. 
A single hipocampal astrocyte expressing GCamP is 

imaged in situ with a confocal microscope. Left — 

snapshot of the raw imaged frame. Right — baseline 

flourescence in the green channel and detected Ca 

transients in the red color channel.  
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Mapping astrocyte calcium domains by light-sheet imaging and spatio-temporal correlative screening 
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As a major type of glial cells, astrocytes show multiple forms of intracellular Ca2+ signals that orchestrate neuron-

glia interactions in the central nervous system. A better understanding of astrocytic Ca2+ signals and their 

functions requires high-quality quantitative imaging in living mammalian nerve tissues. Here, we developed a 

strategy integrating rapid light-sheet fluorescence microscopy (LSFM) and computational spatio-temporal 

correlative screening (C-Screen) to map Ca2+ domains in astrocytic networks in acute mouse brain slices. Light 

sheet of microscale thickness, perpendicular to the optical axis of the imaging objective, was generated via an 

orthogonally placed excitation objective and one-photon lasers. The thin light-sheet excitation enabled wide-field 

optical sectioning across the brain slices, so that high-clarity images could be rapidly imaged with a digital 

camera. Labeling astrocytes with high-affinity chemical or genetically encoded Ca2+ indicator GCaMP6 by 

genetically engineered mouse lines, then allowed us to image Ca2+ dynamics in astrocyte populations. We also 

automatically mapped astrocytic Ca2+-active domains by spatiotemporally screening locally clustered pixels 

displaying correlated Ca2+ time courses. Superior to conventional epifluorescence microscopy (EPI), LSFM 

revealed significantly higher dynamic range in Ca2+ signals that showed greater signal strength. We further 

unmasked significant discrepancies in astrocytic Ca2+ signals between cortex and hypothalamus in spontaneous 

conditions and following the activation of adrenergic G protein coupled receptors (GPCRs), whereby highlighting 

the activity heterogeneity across regionally distinct astrocyte networks. The integration of LSFM and C-Screen 

mapping, therefore, represents an updated strategy for decoding astrocyte Ca2+ signals in living mammalian 

nerve tissues, and will open new perspectives for enlightening the mechanisms of neuron-glia interactions. 
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Microglia exhibit multiple, phenotype-dependent motility patterns often triggered by purinergic stimuli. However 

little data exists on motility of human microglia in pathological situations.  

Here we examine motility of microglia stained with a fluorescent lectin in tissue slices from epileptic patients: 

mesial temporal lobe epilepsy (MTLE) or cortex surrounding glioma (PTC). Microglial shape varied from ramified 

to amoeboid cells predominantly in regions of high neuronal loss or closer to a tumor.  

Live imaging revealed unstimulated or purine induced microglial motilities including surveillance movements, 

membrane ruffling and process extension or retraction.  

At different concentrations, ADP triggered opposing motilities. Low doses triggered process extension. It was 
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suppressed by P2Y12 receptor antagonists which also reduced process length and surveillance movements. 

Higher purine doses caused process retraction and membrane ruffling, which were blocked by joint application of 

P2Y1 and P2Y13 receptor antagonists.  

Purinergic effects on motility were similar for all microglia tested. Both amoeboid and ramified cells from MTLE or 

PTC tissue, expressed P2Y12 receptors. A minority of microglia expressed the adenosine A2A receptor which 

has been linked with process withdrawal of rodent cells.  

Laser-mediated tissue damage let us test the functional significance of these effects. Moderate damage induced 

microglial process extension which was blocked by P2Y12 receptor antagonists.  

Overall, the purine-induced motility of human microglia in epileptic tissue is similar to that of rodent microglia in 

that the P2Y12 receptor initiates process extension. It differs in that retraction is triggered by joint activation of 

P2Y1/P2Y13 receptors. 
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Cadmium (Cd) is a highly toxic environmental pollutant released from the smelting and refining of metals and 

cigarette smoking. Oral exposure to cadmium may result in adverse effects on a number of tissues, including the 

central nervous system (CNS). In fact, its toxicity has been related to neurological disorders, as well as 

neurodegenerative diseases such as Alzheimer’s and Parkinson’s diseases. Under normal conditions, Cd barely 

reaches the brain in adults due to the presence of the blood-brain barrier (BBB); but it is also demonstrated that 

a Cd-dependent BBB alteration contributes to pathogenesis of neurodegeneration. However, the mechanism 

underlying the Cd-dependent BBB alteration remain obscure. Here we have investigated the signaling pathway 

of Cd-induced tight junction (TJ), F-actin, and vimentin proteins disassembly in a rat brain endothelial cell line 

(RBE4). RBE4 cells treated with 10 mM cadmium chloride (CdCl2) showed a dose- and time-dependent 

significant increase of reactive oxygen species (ROS) production. This phenomenon was coincident with the 

alteration of the TJ zonula occludens-1 (ZO-1), F-actin and vimentin proteins. The Cd-dependent ROS increase 

elicited the upregulation of GRP78 expression levels, a chaperone involved in the endoplasmic reticulum (ER) 

stress that induced caspase-3 activation. Further signals profiling, by the pannexin-1 (PANX1) specific inhibitor 
10Panx, revealed a PANX1-independent increase in ATP spillage in Cd-treated endothelial cells.  These results 

demonstrated that Cd induces TJs and cytoskeletal alterations via a ROS-dependent ER stress- caspase-3 

activation, and ATP release signaling pathway that, in turn, produces an altered permeability of the BBB. 
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Neuron dysfunction is key to Alzheimer’s disease (AD) pathology. However, deregulation of glial cells may also 

contribute to AD progression. In fact, recent studies described molecular and functional abnormalities in 

astrocytes in both animal models and patients suffering from this pathology. In this regard, reactive astrocytes 

intimately associated with amyloid plaques has become a pathological hallmark of AD. A recent study from our 

laboratory showed that astrocytic reactivity is caused by a direct interaction between amyloid beta (Aβ) 

oligomers and integrin β1. Here, we mapped the extracellular region of integrin β1 in order to identify which 

domain interacts specifically with Aβ-oligomers. By in vitro binding assays, we revealed that Aβ oligomers binds 

to integrin β1 N-terminal at the first 20 amino acids. In order to evaluate the functionality of this recombinant 

peptide (Rs) on astrocyte primary cultures, we examined its effects on both small GTPase Rac 1 activation and 

ROS generation led by Aβ-oligomers. Our results showed that Rs peptide prevented efficiently Aβ oligomer-

induced Rac 1 activation and ROS generation. To extend the characterization of biological effects of Rs peptide 

to in vivo, we performed intrahippocampal injections of Aβ and Aβ with Rs peptide, and examined by 

immunostaining astrocyte markers GFAP and S100β and endoplasmic reticulum chaperone GRP78. 

Intrahippocampal injection of the Rs peptide with Aβ strongly reduced the presence of both GFAP and S100β 

markers as well as of GRP78 in S100b positive astrocytes compared to Aβ alone. These results suggest that Rs 

peptide prevents astrogliosis and endoplasmatic reticulum stress induced by Aβ oligomers in mouse 

hippocampus. Altogether, Rs peptide is an important tool that will help to clarify the molecular cascade that 

mediates toxicity via Aβ-oligomers/integrin β1 signalling. 
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Fragile X Syndrome (FXS), the most commonly form of inherited intellectual disability, exhibits high incidence of 

autism spectrum disorder (ASD) and it is caused by the lack of the Fragile X Mental Retardation Protein (FMRP). 

Individuals diagnosed with FXS present, among other symptoms, repetitive and perseverative behaviors that 

have been linked to imbalance of cortico-striatal connectivity. In this study we are testing the hypothesis that 

aberrant behaviors are caused by affected cortico-striatal synapses. To verify our hypothesis, we took advantage 

of a transgenic mouse model that allowed us to stringently purify post-synaptic complexes from glutamatergic 

synapses and characterize them by mass spectrometry from different brain regions of juvenile and mature mice. 

Alterations of PSD-associated proteins particularly in the striatum of FXS mice were detected and they are 

currently under validation. Our findings highlight, at the molecular level, the striatum as a hotspot for altered 

synaptic function/s that may account for the behavioral and cognitive abnormalities described in FXS. 
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Astrocytes, an abundant type of glial cells in the mammalian brain and spinal cord, play an important role in 

regulation of neuronal network functions. Because of their unique morphology, astrocytes can modulate the 

functional properties of thousands of synapses over defined anatomical regions. It has become evident that 

astrocytes can also be directly involved in modulation of synaptic signalling and synaptic plasticity, and 

furthermore that these functions are related to their intracellular Ca2+ dynamics. These Ca2+ events in astrocytes 

can occur spontaneously and mainly rely on Ca2+ release from intracellular stores.  

Continuous development of methods for quantitative detection of [Ca2+]i opens up new horizons for scientists to 

study physiological activities of astrocytes at a subcellular level. The unique characteristics of astrocytic Ca2+ 

activity, however, still require the development of event detection algorithms, which correctly describe its 

versatile characteristics. Here we describe a novel approach for the analysis and quantification of astrocytic Ca2+ 

activity, obtained by intensity based genetically encoded Ca2+ indicators (GCaMPs).  

Since the Ca2+ indicator signal not only scales with [Ca2+]i, but also with indicator concentration, we show that it 

is mandatory for quantification to correctly estimate fluorescence intensity at basal [Ca2+]i (F0). For that, we 

developed a robust pixel based algorithm to estimate F0 based on fluorescence fluctuation analysis, which runs 

in a fully automatic manner. Furthermore, based on DF/F0 we developed a novel Ca2+ event detection algorithm, 

which handles multiple threshold levels and allows identifying and characterizing dynamic and overlapping 

patterns of activity. This enables to obtain activity parameters such as spatial extent, duration, maximum Ca2+ 

release, and release and uptake velocity. Due to the versatile and flexible functionality of the algorithm, we can 

show that the characteristics of astrocytic Ca2+ activity in primary hippocampal culture is highly dependent on 

incubation temperature. At room temperature we observe long lasting Ca2+ events with strong Ca2+ release and 

large regions of activity, while at 37°C much shorter events with limited spatial extend and significantly lower 

Ca2+ release were detected. Based on the event detection algorithm we are now able to provide a possible 

explanation for the observed temperature dependence. We can furthermore identify the functional impact of 

neurons on the astrocytic Ca2+ activity. 
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Serotonin is an important neurotransmitter regulating various brain functions via activation of specific serotonin 

receptors (5-HTRs), known to be expressed by both neurons and astrocytes. In neurons, 5-HTRs can modulate 

multiple signalling pathways including activation of small GTPases of the Rho family, which are powerful 

regulators of cell morphology. Since morphology is also crucial for astrocyte functions, it is important to 

understand signalling cascades involved in controlling astrocyte morphology.  

Here, we investigate molecular mechanisms by which 5-HTRs regulate activity of small GTPases of the Rho 

family to control astrocyte morphology and astrocyte Ca2+ signalling. We identified that astrocytes express the 5-

HT4R both in primary mouse hippocampal astrocyte cultures as well as in vivo. Using multiple approaches, 

including a FRET-based biosensor, we show that 5‑ HT4R activation results in increased RhoA activity. 

Downregulation of G-proteins with specific shRNAs further specified that RhoA activation is dependent on Gα13 

coupling. 5-HT4R stimulation with the selective agonist BIMU8 leads to reorganization of the actin cytoskeleton, 

presumably via the Gα13-RhoA signalling pathway, therewith influencing astrocyte morphology and function. 

Moreover, we demonstrated that 5-HT4R signalling impacts neuronal network functions, and that this effect is 

solely caused by astrocytic 5-HT4Rs.  

Together, these data indicate that 5‑ HT4Rs are critically involved in the regulation of astrocyte morphology and 

substantially affect neuronal signalling properties. 
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Activation of astrocytes was shown to contribute to neurodegeneration in Amyotrophic Lateral Sclerosis (ALS). 

Discrimination of inflammatory-associated microRNAs (inflamma-miRNAs) involved in astrocyte aberrancy, their 

representation in cell-derived small extracellular vesicles (sEVs) and transfer to recipient cells, may help in 

developing new therapeutic strategies to ALS disease. We found reduced levels of miRNA(miR)-146a in the 

brain cortex of SOD1G93A mice (mSOD1), as well as in isolated astrocytes with an aberrant phenotype and 

neurotoxic properties [1].  

Here, we aimed to rescue miR-146a normal levels in astrocytes from the cortex of 7-day-old mSOD1 mice to 

assess the effects on other inflamma-miRNAs, either in cells or in their derived sEVs, and as a strategy to 

recover astrocyte steady-state phenotype in the ALS disease.  

Cortical astrocytes were isolated from mSOD1 mice pups and cultured for 13 days to produce early phenotypic 

aberrancies. Matched wild-type (wt) mice were used as controls. Astrocytes were transfected with pre-miR-146a 

for 12 h to upregulate miR-146a levels in wt and mSOD1 cells. After new culturing for additional 24 h, astrocytes 

were collected and sEVs isolated from cell supernatants by differential ultracentrifugation.  

Data indicated that overexpression of miR-146a re-establishes the number of GFAP positive cells and its 

expression in the deficient mSOD1 astrocytes. Moreover, it was successful in decreasing the gene expression of 

the aberrant markers (HMGB1, S100B and Cx43), as well as upregulating miR-21, toward control values, while 
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additionally reduced miR-155 levels. Interestingly, miR-146a upregulation also increased the gene expression 

levels of the neutrophic factor neurturin known to promote neuron survival. Average concentration (1.7x107 

particles/mL) and diameter size (~100 nm) of sEVs derived from wt and mSOD1 were similar. Reestablishment 

of miR-146a expression values in mSOD1 astrocytes was able to neutralize miR-155 and miR-21 increase in 

their sEVs and to restore miR-146a normal levels.  

Overall, our results highlight the benefits of miR-146a upregulation in counteracting astrocyte aberrant 

phenotype and in regulating miRNA cargo in sEVs, as a potential therapeutic strategy in ALS. 
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The rapid antidepressant action of ketamine raised a lot of promise in psychiatry, however the underlying 

molecular mechanism(s) remain poorly defined. Ketamine is considered an antagonist of neuronal NMDA 

receptors, although it also modulates several astroglial signalling cascades linked to glial exocytotic secretion. 

Using FRET-based nanosensors for real-time monitoring of cytosolic cAMP ([cAMP]i) in individual astrocytes, we 

found that ketamine robustly increased [cAMP]i. To test whether ketamine modulates the vesicle fusion pore via 

cAMP, we employed high-resolution electrophysiological capacitance measurements as well as fluorescent 

vesicle labelling together with confocal and structured illumination microscopy. Our results demonstrated that a 

rise in [cAMP]i increased the likelihood of exocytotic secretion by stimulating intracellular vesicle-to-vesicle 

fusion, stimulating full-fusion exocytosis of large non-synaptic-like vesicles, and widening the vesicle pore as well 

as favouring an open fusion pore configuration. These results are in contrast to the inhibitory effect of ketamine 

on exocytotic secretion previously reported and suggest that the action of ketamine on the fusion pore is not 

mediated by [cAMP]i. Thus, we analysed the direct structural effects of ketamine on the plasmalemma by 

visualising lipid rafts with a fluorescently tagged construct. Ketamine induced lipid raft redistribution in the 

plasmalemma in astrocytes, but not other cell types tested. These results suggest that ketamine affects vesicle 

fusion independently of changes in cAMP by directly altering membrane structure. This novel mechanism 
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indicates that ketamine affects membrane structure in the astrocytic plasmalemma, consequently modulating 

multiple processes that may contribute to ketamine’s powerful antidepressant action. 
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Oligodendrocyte progenitor cells (OPCs) must migrate extensively from their origin and ultimately distribute 

throughout the brain and spinal cord. A subset of OPCs will then differentiate into oligodendrocytes and 

myelinate axons, which is necessary for efficient neuronal signaling. Previous studies have identified several 

factors that influence OPC development, including adenosine signaling and excitatory glutamatergic synapses 

that form between neurons and OPCs during development. However, little is known about the function of these 

synapses, and there is no consensus on how glutamate signaling affects OPC migration.  

To investigate the role of adenosine and glutamate signaling as regulators of OPC development, we used in 

vivo, time-lapse imaging in zebrafish in conjunction with genetic and pharmacologic perturbation to elucidate 

differences in OPC migration, differentiation, and myelination when these signaling pathways are disrupted, as 

compared to normal conditions.  

In our studies, we show that pharmacological inhibition of adenosine receptors and ionotropic glutamate 

receptors results in the ectopic migration of OPCs into the peripheral nervous system, increased migration of 

OPCs within the spinal cord, and differences in OPC differentiation and myelination patterns. We identify specific 

genes coding for adenosine and glutamate receptors expressed by motor neurons and OPCs, respectively, that 

are involved in this system, and describe how they work together to influence oligodendrocyte development.  

The data from this study offer new insights into the complex system of neuronal adenosine signaling and 

glutamatergic neuron-glia signaling that is necessary for normal oligodendrocyte development. Our findings 

demonstrate the importance of concerted signaling between neurons and glia for normal development of the 

nervous system. 
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Iba-1 is an actin-cross linking protein found only in microglia and macrophages. It has been shown to be 

essential for their survival and pro-inflammatory activity, being associated with membrane ruffling and 

phagocytosis. Its location at the F-actin-rich leading edge of migratory microglia, makes Iba-1 a good target to 

interfere with cytoskeleton reorganization during processes like migration and phagocytosis, which could be 

relevant for a microglia-glioblastoma interaction. 

BV2 microglia cell line transfected with 40nM control or Iba-1 siRNA using Lipofectamine RNAiMAX for 24h, 

were left to recover and increase Iba-1 silencing for another 48h. In the next 24h were evaluated the influence 

on: (1) microglia migration using the Boyden chamber assay (transmigration, chemotaxis, chemokinesis, 

invasion); (2) cell adhesion using a fibronectin cell assay; (3) phagocytosis using a pHrodoTM Green Bioparticles 

assay and (4) proliferation using a Click-iT® EdU Flow Cytometry Assay.  

The results showed that Iba-1 silencing significantly reduced BV2 microglia migration and cell adhesion, but 

surprisingly not phagocytosis too, which on the contrary, increased. In addition, the proliferation rate was also 

significantly reduced, suggesting an important contribution of cytoskeleton, although indirect, to the growth and 

proliferation of this microglia cell line.  

In conclusion, Iba-1 silencing significantly reduced microglia mobility and proliferation, while increasing 

phagocytosis. These effects could be highly relevant for controlling microglia behavior towards glioblastoma, 

when microglia show increased migration, proliferation and reduced phagocytosis. 
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Multiple Sclerosis (MS) is an inflammatory and degenerative disease of the central nervous system (CNS), 

pathologically characterized by infiltrating leukocytes, local activation of glial cells and demyelination of axons, 

forming lesions in the brain1, 2. Glial cells can sense and respond to mechanical changes in their environment. In 

general, the stiffness of the environment is an important determinant of neuronal and glial cell growth and 

function. We now hypothesize that an inflammatory environment can affect the mechanical properties of glial 

cells.  

In this study, the viscoelastic properties of individual glial cells, treated with the bacterial compound 

lipopolysaccharide (LPS), in mixed glial cell cultures derived from either white matter (WM) or grey matter (GM) 

enriched areas isolated from adult rat brain, were investigated using ferrule-top dynamic indentation. This 

technique is able to pick up changes in the viscoelastic properties of small, single-cells using oscillatory depth-

controlled indentation, making it suitable for the assessment of nonlinear viscoelastic properties of cells. In 

addition, as the mechanical properties of cells are, at least partly, determined by their cytoskeleton3, we studied 

the F-actin filaments after treatment with LPS and compared this with changes in mechanical properties of glial 

cells.  

WM and GM derived astrocytes did not differ in their overall stiffness. However, we found that both the nuclei 

and surrounding cytoplasm of GM derived, but not of WM derived astrocytes, soften upon treatment with LPS. 

This change in mechanical properties of GM astrocytes was accompanied by a rearrangement of the F-actin 

filaments. WM astrocytes showed no clear change in stiffness after LPS treatment and no clear rearrangement 

of the F-actin cytoskeleton. In contrast to astrocytes, microglia in mixed glial cell cultures from WM and GM 

enriched areas responded similar to treatment with LPS, showing a rearrangement of F-actin filaments and a 

softer viscoelastic signature.  

These data suggest that under inflammatory conditions, the viscoelastic properties of microglia and GM-derived 

astrocytes are more affected than that of WM-derived astrocytes. The softened cellular structures may contribute 

to a more restorative environment. 
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From the first studies it was generally accepted that anti-GFAP reagents mono- or polyclonal ones, raised 

against human or any othe mammalian GFAP react the GFAP of any vertebrates, although the group of Stafford 

and Shehab already claimed that the results got in goldfish brains were improved when the immunizing agent 

was also fish brain. Our former reactions applying Boehringer monoclonal anti-GFAP were successful on 

chicken, turtles, caiman, carp, goldfish, sterlet, shark and skate brains. Recent studies, however, revealed 

differences in the spectra of anti-GFAPs of different origins. Novocastra, eBioscience and BioSB anti-GFAP-s 

proved to be effective in the brains of several turtle, snake and lizard species, dwarf caiman (Paleosuchus) as 

well as birds (chicken and pidgeon), i.e Diapsida. These reagents, however, were not effectve in fishes 
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representating either ancient types (bichir, sterlet, gar, eel and butterfly fish) or new ones (carp, crucian carp, 

goldfish, bleak, bream, catfish, minnows, trout, pike, perch, pumpkinseed fish, cichlids), i.e. Actinopterygii. All the 

three anti-GFAPs were monoclonal, raised by mouse cells of Clone GA5. Oppositely, the polyclonal rabbit DAKO 

anti-GFAP was effective in the fishes listed above but not in the reptiles and birds. In the case of Chondrichthyes 

(squalomorph and galeomorph sharks, skates and rays and the holocephalan Callirhinchus) there was no 

difference betwen the anti-GFAP reagents. These results suggest systematic differences in the GFAP epitopes 

in the different main clades of vertebrates. 

 

The reactivity of different anti-GFAPs in different 

vertebrate groups 
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Semi-dominant mutation in Tubb4a affects oligodendrocytes ability to myelinate. 
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Microtubules (MTs) are ubiquitous structures to all eukaryote cells. These are necessary for cellular 

development, function and homeostasis being involved in a multitude of cellular events such as division, 

migration or acquisition of specific cellular morphologies.  MTs are composed of alpha and beta tubulins which 

form dimers that assemble into hollow cylinders. Vertebrates express multiple isotypes of alpha and beta 

tubulins genes. Mutations in different tubulin isotypes have been associated with different phenotypes, most of 

them affecting the central nervous system. In particular, mutations in Tubulin beta 4a (TUBB4A) are associated 

with a spectrum of human motor disorders, including a type of pediatric leukodystrophy named hypomyelination 

with atrophy of basal ganglia and cerebellum (H-ABC). During a forward genetic screen for motor function 

defects, we have found a Tubb4a mutant mouse – Jittering (Jit), which exhibits a phenotype similar to the one 

seen in patients with mutations in TUBB4A. Here we focus on how Jit mice fails to develop significant levels of 
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myelination. We have performed the histological characterization of the Jittering mouse and explored the 

molecular mechanism by which the Jit mutation affects oligodendrocytes and their ability to myelinate. 

Importantly, we have explored the requirement of TUBB4A for the normal function of oligodendrocytes by 

analyzing the phenotype of Tubb4a-null mice. The Jittering mouse has shown to be suitable to use as a model to 

study the H-ABC leukodystrophy, but also to give insights into the underlying molecular mechanism of 

tubulinopathies. 
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Actin cytoskeleton remodeling in oligodendrocytes plays a critical role in the myelination of the central nervous 

system. The ensheathment steps require actin polymerization, while the wrapping steps switch to actin 

depolymerization. Thus, a precise control of signaling pathways regulating actin polymerization/depolymerization 

might occur in oligodendrocytes during myelination. We identified p21 activated kinase1 (PAK1) as a new 

regulator of oligodendrocyte differentiation and membrane maturation. PAK1 is a Ser/Thr kinase belonging to the 

group I of the PAK family. Activated PAK1 enhances actin polymerization while the inactive form induces actin 

depolymerization. First, we showed that PAK1 is highly expressed in mature oligodendrocytes as compared to 

oligodendrocyte progenitor cells, both in vitro and in vivo. Next, we generated lentiviral vectors expressing 

miRNA targeting specifically Pak1 and analyzed the effects of Pak1 knockdown in primary oligodendrocyte 

cultures. Strikingly, we observed that Pak1 knockdown enhances the rate of oligodendrocyte differentiation. 

Morphological analysis, based on MBP expression and F-actin staining, revealed that oligodendrocytes with 

established membranes and disassembled F-actin increased under Pak1 knockdown. Furthermore, the 

expression of cofilin and gelsolin, two actin disassembly factors, significantly changes in oligodendrocytes when 

PAK1 is knocked down. Overall, our data highlight PAK1 as a new negative regulator of oligodendrocyte 

differentiation and membrane maturation through actin cytoskeleton remodeling. 
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Glaucoma patients may continue to lose visual function long after therapeutic stabilization of intraocular pressure 

(IOP). The pressure-independence of neurodegeneration suggests activation of inflammatory processes that 

continue following  triggering by IOP but it is not known whether inflammatory mechanisms in the retina 

contribute to vision loss. We investigated the molecular link between elevated pressure and inflammatory 

signaling in the retina by  studying the role of mechanotransduction in Müller cells, microglia and its role in 

glaucomatous neurodegeneration.  

Intraocular pressure (IOP) in from CC57BL6, Cxcr3eGFP, Polr2aCAG-GCaMP5,tdTomato and CralbTrpv4,tdTomato mice was 

elevated with microbead injections. Retinal ganglion cell (RGCs) and glial populations were isolated by magnetic 

cell sorting (MACS). Retinas were labeled with antibodies against glutamine synthetase (Müller cell), GFAP 

(astrocyte), P2Y12/Iba1 (microglia), ER stress markers and TRPV4. Explants from cells loaded with indicator 

dyes or expressing GECIs were imaged with 2-Photon/confocal microscopy or whole cell/cell-attached patch 

clamp to detect changes in calcium and transmembrane currents in the presence of pharmacological agents or 

elevated IOP. Pressure -evoked currents and calcium signals were measured with high-speed pressure clamp 

combined with optical imaging.  

cKO retinas showed ~50% reduction in Trpv4 mRNA, absence of TRPV4 immunoreactivity in glutamine 

synthetase-immunopositive compartments and total loss of glial, but not neuronal, TRPV4-mediated currents 

and calcium signals. Pressure clamp experiments revealed that TRPV4 mediates a substantial fraction of the 

Muller glial pressure response, which was reduced in cKO and pan-KO glia. Conditional ablation of TRPV4 

channels conferred a protective phenotype in a mouse model of glaucoma by lowering the extent of ER stress, 

apoptotic signaling and neurodegeneration. The reactive gliosis was associated with pressure-dependent 

release of gliotransmitters and cytokines from Muller processes.   

We demonstrated that IOP-induced inflammation in the retina involves all three major glial populations and 

identity the pressure sensing TRPV4 channel as a key driver of glial activation in glaucoma. Overall, these 

findings show how neuroinflammation in glaucoma can continue long after IOP is stabilized. Conditional ablation 

reduced reactive gliosis and protected RGCs from pressure-induced damage. Our data thus provide 

experimental support for the hypothesis that elevated IOP acts on nonaxonal targets, and identify a novel 

mechanism that could drive functional loss of vision in glaucoma patients with therapeutically stabilized IOP. 
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Astrocytes are the most abundant cell type in the brain (Jäkel and Dimou 2017), yet their complex involvement in 

health and disease is still being realized. Alzheimer’s disease (AD) is the most common form of amyloidopathy, 

with amyloid pathology thought to be one of the earliest hallmarks of the disease, followed by tau pathology, 

synapse loss and cognitive decline (Selkoe and Hardy 2016). Previous studies have indicated that astrocytes 

are both affected by (Simpson et al. 2010), and contribute to amyloid pathology (Zeppenfeld et al. 2017; Zhao et 

al. 2011). However, thus far the majority of studies have focused on the reduced expression or disfunction of 

individual proteins, such as excitatory amino acid transporter 2 (Takahashi et al. 2015) and glutamine synthetase 

(Le Prince et al. 1995). We hypothesize that progressive amyloid pathology alters the capacity of astrocytes to 

perform a number of different homeostatic functions. To test this hypothesis, we are using two mouse models of 

amyloidopathy, the well documented transgenic APPswePS1dE9 mouse model and the newer knock-in APPNLF 

mouse model. We have crossed these mice with translating ribosome affinity purification (TRAP) mice so that 

alterations in the astrocytic translatome due to amyloidopathy can be investigated in an unbiased manner. The 

mice are being aged to 6,12 and 18 months. So far, the 6-month samples have been RNA-sequenced. In order 

for alterations in astrocytic homeostatic capacity to be put in the context of pathology in the less well-

documented APPNLF model, plaque burden, gliosis and synapse loss are being investigated using 

immunohistochemistry (figure 1) and array tomography.   

 

Measuring plaque burden and gliosis in APPNLF 

mice 
Figure 1. Free-floating immunohistochemistry was 

performed on 50µm 12-month APPNLF mouse brains 

in order to quantify gliosis and plaque burden. GFAP 

(yellow), IBA1 (red), DAPI and ThioS stain (blue). 

Scale bar 20µm.   
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1Faculty of Environmental and Life Sciences, School of Biological Sciences, University of Southampton, 

Southampton, GB 
2Cancer Sciences Division, Faculty of Medicine, University of Southampton, Southampton, GB 

 

Introduction: Microglia are the main resident immune cells of the brain and maintain their number through self-

renewal, tightly coupling proliferation and apoptosis. In Alzheimer’s disease microglia have an increased 

turnover, and we hypothesise this pushes them towards an earlier onset of replicative senescence. Mitotic cells 

become senescent and permanently leave the cell cycle after approximately 50 replications, undergoing 

phenotypic changes characterised by shortening of telomeres, upregulation of cell cycle inhibitors p16 and p21, 

an increase in Senescence Associated Beta-Galactosidase (SA-β-gal) and formation of senescence-associated 

heterochromatic foci (SAHFs).  

Materials and Methods: Using the APPPS1 mouse model of Alzheimer’s-like pathology, and wild type age-

matched controls, we performed immunohistochemistry to assess multiple markers of cellular senescence, 

including SA-β-gal and p16 in IBA1+ microglial cells.  

Results: We observed a disease- and age-related increase in SA-β-gal+ microglia. These SA-β-gal+ microglia 

are predominantly plaque-associated (85% and above) from 6 months onwards. To further the analysis 

additional senescence markers will be utilised, telomere length, p21 and SAHFs.  

Conclusions: Our data suggest an early onset of microglial senescence, which may correlate with the 

phenotypic switch associated with the detrimental roles of microglia during neuroinflammation. As Alzheimer’s 

disease progresses, increasing numbers of microglia reach cellular senescence and therefore engaging in a 

potentially detrimental phenotype. 

 

T05-004A 

The neurovascular unit in Alzheimer's disease 

S.L. Taylor, G. Petzold 

German Center for Neurodegenerative Diseases e.V. (DZNE), Bonn, DE 

 

Significance: Alzheimer’s disease AD is the most common form of dementia affecting the aging population 

worldwide. Dysfunction of the brains’ vasculature has been linked with pathology of the disease, and indeed 

small brain bleeds (CMBs) seen on MRI and after death are higher in patients with AD than the general 

population. When brain vessels rupture they release toxic substances, which can increase damage. Fortunately 

in the brain, microglia and astrocytes, survey the microenvironment for hints of damage, though they have been 

identified as important neurotoxic effectors in different disease models. Thus, my 1st goal will be to explore how 

the progression of AD effects these cells response to damage, and whether behavioral deficits and decreased 

vessel integrity (leakiness) and repair (survival) are observed. My 2nd goal will test different pharmacological 

blockers of astrocytes and microglia on outcome. I hypothesize that microglia and astrocyte based repair of 

damaged microvessels in the AD brain will be impaired, which will exacerbate dysfunction/loss of microvessels 

that could lead to impaired neuronal circuits. Over time, I suspect the accumulation of insults and poor repair 

responses in AD worsens behavior.  
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Methodology: 3 stages will be investigated to access progression of pathology and pharmacological 

intervention; Pre: 4 months – soluble Aβ elevated, no plaques; Early: 8 months – Aβ plaques present, little CAA; 

Late: 12 months – plaques and CAA. For this, adult transgenic mice (APP/PS1tg/wt:Cx3cr1GFP/wt; AD mouse with 

eGFP microglia) or wild-type littermates (APP/PS1wt/wt:Cx3cr1GFP/wt; eGFP microglia) will undergo surgery to 

implant a chronic cranial window over motor cortex for in vivo multi-photon imaging. The same cortical areas will 

then be imaged prior to and after induction of CMBs using a high power femtosecond laser, immediately (0-1hr) 

and recurrently (days-weeks) to assess microglia dynamics and accumulation as well as vessel repair. I expect a 

decrease in microglia around CMBs, leading to vessel dysfunction and thus increased permeability of 

fluorescently labeled dyes injected IV. Behavioral tests run concurrently will access cognitive Barnes Maze and 

motor deficits skilled reaching. In a 2nd set of experiments using similar procedures, mice will also receive an 

astrocyte-targeted adeno-associated virus expressing Ca2+ indicators, allowing for simultaneous imaging of 

astrocyte activity in response to Aβ and CMBs. Inhibitors will be chosen based on whether microglial dysfunction 

precedes or follows astrocytic hyperactivity. Hence, this study will be the first to elucidate the role of astrocyte-

microglia dysfunction in vascular pathology during AD progression. 

 

T05-005A 

Pharmacological blockade of IL-34 to modulate microglial proliferation in neurodegenerative disease 

M. Martin-Estebane1, J. Obst1, E. Simon1, A. Prescott2, H. Perry1, D. Gomez-Nicola1, Dementia Consortium 

Project Partners 

1Department of Biological Sciences, University of Southampton, Southampton, GB 
2School of Life Sciences, University of Dundee, Dundee, GB 

 

The proliferation and activation of microglia, the brain´s main resident macrophages, is a hallmark of many 

neurodegenerative diseases including Alzheimer’s disease and prion disease. Colony stimulating factor 1 

receptor (CSF1R) is critically involved in regulating proliferation of microglia, and CSF1R blocking strategies 

have been recently used to modify microglia in neurodegenerative diseases. CSF1R can be activated by two 

independent ligands, CSF1 and interleukin-34 (IL-34), and it has been reported that microglia development and 

maintenance depends on IL-34 signalling.  

Our aim is to evaluate novel IL-34 blocking strategies to modulate microglia proliferation in neurodegenerative 

diseases, using the ME7 model of prion disease. We will determine the effects of different IL-34 blocking 

strategies (acute vs. chronic and systemic vs. CNS-specific treatment) using anti-IL34 blocking antibodies in 

health and prion disease and how this compares to anti-CSF1R blockade. For this purpose, we will study 

peripheral macrophages/monocytes populations and microglial proliferation, activation and gene expression 

profile by flow cytometry, immunohistochemistry analysis and RNA sequencing.  

Our preliminary results show that IL-34 blocking treatment did not alter peripheral macrophages and monocytes 

populations in healthy mice, avoiding the side effects observed after CSF1R blockade on the systemic 

compartment. However, we observed changes in microglial proliferation and gene expression after IL-34 

blockade in prion-diseased mice, indicating that microglia could be more specifically targeted by reducing IL-34 

and that this ligand plays an important role in the modulation of microglia population during neurodegeneration. 

Our results suggest that control of the microglial response through IL-34 blockade could be a potential 

therapeutic approach in neurodegenerative diseases. 
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Molecular chaperones in astrocyte-neuron communication in Alzheimer’s disease 

A. Vazquez De La Torre, S. Carrillo-Roas, W. Noble, M. Jimenez-Sanchez 

Maurice Wohl Clinical Neuroscience Institute, Department of Basic and Clinical Neuroscience, Institute of 

Psychiatry, Psychology and Neuroscience, King's College London, London, GB 

 

Protein aggregation is a hallmark of many neurodegenerative diseases, where aggregates are mostly found in 

neurons and to a lesser extent in glial cells. For this reason, mechanisms to cope with protein aggregation have 

been mostly studied in neurons. Molecular chaperones constitute one of these proteostasis mechanisms and are 

essential to assist proteins to acquire their correct folding and to prevent aberrant aggregation. Levels of 

chaperones are generally decreased in ageing as well as in many neurodegenerative conditions, compromising 

the ability of brain cells to handle protein folding. However, some members of the family of small Heat Shock 

Proteins (sHSP) are increased in AD brain, and have been found to be specifically upregulated in astrocytes. We 

are investigating the role of sHSPs in astrocytes and how they may regulate astrocyte-neuron communication in 

the context of AD. 

 

T05-007A 

Microglial diversity in Alzheimer’s Disease early stages:  a key to understand the disease initiation 

A.-L. Hemonnot1, A. Valverde1, C. Meersseman1, C. Delaygue1, J. Hua1, N. Linck1, F. Verdonk2, T. Maurice3, F. 

Rassendren1, H. Hirbec1 

1IGF, CNRS, INSERM, Univ. Montpellier, Montpellier, FR 
2Human Histopathology and Animal Models Unit, Infection and Epidemiology Department, Institut Pasteur, Paris 

Descartes University, Sorbonne Paris Cité, Paris, FR 
3MMDN, Univ. Montpellier, EPHE, INSERM, UMR-S1198, PSL Research University, Montpellier, FR 

 

Alzheimer’s Disease (AD) is the most common form of dementia. It is characterized by behavioral deficits (e.g. 

memory loss) and histological features (e.g. β-amyloid deposits). Neuroinflammation is another important 

hallmark of the disease. When brain homeostasis is compromised, microglia, brain main immune cells, become 

reactive thus contributing to neuroinflammation. Almost all AD risk genes are highly expressed in microglia 

demonstrating their crucial role in this disorder. Whether microglia play beneficial and/or detrimental roles to the 

disease progression remains heavily debated and, in addition, their role at early stages of the pathology is still 

poorly understood.  

This study was designed to investigate the microglial reactivity at early stage of AD. The main objectives were to: 

(1) characterize whether early (prior to plaques seeding) microglial reaction occurs; (2) identify genes and 

pathways dysregulated in this early phase; and (3) determine whether these genes may represent potential early 

biomarkers.  

Using an AD mice model in which microglia express GFP (APPswe/PS1de9.CX3CR1+/eGFP mice), we isolated the 

parenchymal microglia at an early phase of the disease. RNA sequencing revealed significant remodeling of the 

microglial transcriptome and led to the identification of early markers of the pathology. We then focused on two 

genes representing potentially early biomarkers and investigated their expression in brain tissue from early stage 

AD mice. Using in-situ hybridization and immunohistochemical approaches, we demonstrate their upregulation in 

discrete microglial subpopulations. In parallel, we also demonstrate that, at this disease’s stage, synaptic 

modifications, microglial phenotypic reactivity and subtle cognitive alterations occur.  
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As a whole our data support an early contribution of microglia to AD progression and point to specific genes that 

may represent potential early biomarkers and/or therapeutic targets. 

 

T05-008A 

Poster abstract T05-008A has been withdrawn. 
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TDP-43 inclusions in astrocytes alter β-adrenergic cAMP signalling, glucose and lipid metabolism 

A. Horvat1,2, J. Velebit1, S. Prpar Mihevc3, B. Rogelj3,4,5, R. Zorec1,2, N. Vardjan1,2 
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Ljubljana, Faculty of Medicine, Ljubljana, SI 
3Department of Biotechnology, Jožef Stefan Institute, Ljubljana, SI 
4Biomedical Research Institute BRIS, Ljubljana, SI 
5University of Ljubljana, Faculty of Chemistry and Chemical Technology, Ljubljana, SI 

 

In most cases of amyotrophic lateral sclerosis (ALS) and frontotemporal dementia (FTD) cytoplasmic TDP-43 

(TAR DNA-binding protein 43) inclusions are present not only in neurons, but also in non-neuronal glial cells, 

including astrocytes. Astrocytes provide metabolic support to neurons; they supply neurons with nutrients, such 

as glucose and its derivatives, as well as with lipids. During intense brain activity neuronal metabolism largely 

depends on the activation of locus coeruleus noradrenergic system and astroglial adrenergic receptors, the 

primary target of noradrenaline (NA) released from the noradrenergic neurons. By binding to astroglial β-

adrenergic receptors NA stimulates cyclic adenosine monophosphate (cAMP) signalling which augments 

glycolysis and production of lactate, a neuronal fuel. Cytoplasmic TDP-43 inclusions in astrocytes alone can 

cause motor neuron death. Whether TDP-43 inclusions alter astroglial metabolism, what would affect astroglial 

metabolic support to neurons and contribute to TDP-43-mediated neurotoxicity, is unclear. To study the effect of 

astroglial TDP-43 inclusions on lipid and glucose metabolism astrocytes were transfected with plasmid encoding 

C-terminal fragment of TDP-43 (amino acids 208-414). These astrocytes formed cytoplasmic TDP-43 inclusions, 

typical for ALS pathology, and exhibited a 3-fold increase in the accumulation of lipid droplets, indicating altered 

lipid metabolism and cellular stress. Measurements of real-time changes in cytosolic cAMP and lactate levels by 

FRET-based nanosensors in astrocytes with TDP-43 inclusions revealed a 35% reduction in NA-triggered 

increase in intracellular cAMP levels, likely due to the downregulation of β2-adrenergic receptors as determined 

immunocytochemically. Although NA triggered a similar increase in intracellular lactate levels in astrocytes with 

TDP-43 inclusions vs. control cells, the probability of activating glycolysis was facilitated by 1.5-fold in astrocytes 

with TDP-43 inclusions monitored as the increased fraction of responsive cells to NA stimulation. While NA-

induced cAMP signalling in astrocytes is reduced in the presence of TDP-43 cytoplasmic inclusions, this 

facilitates glycolysis and lipid metabolism, representing stress that likely impairs astroglial capacity to 

homeostatically support neurons in ALS and FTD. 
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Involvement of astrocytes in synaptotoxicity in early stages of Alzheimer’s disease 

A. Paumier, A. Bosson, S. Boisseau, A. Buisson, M. Albrieux 

Grenoble Institut Neurosciences, Université Grenoble Alpes, Grenoble, FR 

 

Alzheimer’s disease (AD) is a neurodegenerative disorder that progressively affects cognitive functions and 

memory. AD is characterized with the extracellular deposition of amyloid-β (Aβ), a peptide that aggregates in 

structures named “senile plaques”. However, it has been recognized that oligomeric soluble forms of Aβ (Aβo) 

are the pathology-triggering form of the peptide. They are involved in synaptic dysfunctions which are thought to 

be one of the earliest events in AD. Recent studies suggest that astrocyte could play a major role in synaptic 

dysfunctions but their involvement in early stages of AD remained largely undefined. Previous work in the lab 

showed that short term application of Aβo on acute brain slices in the hippocampus induces astrocytic calcium 

hyperexcitability in the hippocampus. This hyperexcitability was independent of neuronal activity and occurred in 

the astrocyte processes microdomains that are close to the synapses. Strikingly, the inhibition of TRPA1 (a 

calcium channel specifically expressed in astrocyte in the hippocampus) blocked the effect of Aβo and reversed 

calcium activity toward physiological range. The objectives are therefore to study the consequences of this early 

astrocytic hyperactivity on synaptic transmission and to identify the role of astrocyte in the pathogenesis of AD. 

To assess this, we used a mouse model of AD (APP/PS1-21 mice) that overexpresses Aβ and reproduces the 

same development of the disease as humans. By combining whole-cell patch-clamp recordings on neuron and 

calcium imaging on astrocytes in acute brain slices of these mice, we highlighted a disruption in the crosstalk 

between neuron and astrocyte correlated to the progression of the disease. In these conditions, we found that 

astrocyte is a frontline target in early AD and is involved in early synaptic dysfunctions. TRPA1 channel 

activation seems to be essential to setting up these dysregulations. 

 

T05-011A 

Reducing mglur5 expression attenuates the reactive phenotype of astrocytes cultured from the spinal 

cord of late symptomatic SOD1G93A mice 

M. Milanese1,2, F. Provenzano1, E. Gallia1, C. Torazza1, S. Ravera1, T. Bonifacino1, M. Balbi1, C. Usai4, G. 

Bonanno1,2,3 

1Department of Pharmacy, Unit of Pharmacology and Toxicology, University of Genoa, Genoa, IT 
2Centre of Excellence for Biomedical Research, Genoa, Italy, University of Genoa, Genoa, IT 
3IRCCS, San Martino Polyclinic Hospital, Genoa, IT 
4Institute of Biophysics, National Research Council, Genoa, IT 

 

The ultimate cause of disease progression in amyotrophic lateral sclerosis (ALS) is motor neuron (MN) death. 

However, in-vitro and in-vivo studies demonstrated that damage within MNs is sustained by the degeneration of 

non-neuronal cells, such as microglia and astrocytes. Thus, unveil the precise role of each cell population turns 

out to be crucial to design a targeted therapy. Group I metabotropic glutamate (Glu) receptors (mGluR1, 

mGluR5) likely play a role in ALS, since their expression and function are altered in different models of the 

disease. We demonstrated that mGluR1 and mGluR5 activation sustains the abnormal Glu release in the spinal 

cord of the SOD1G93A mouse model of ALS (1, 2, 3) and that knocking-down mGluR1 or mGluR5 significantly 

prolongs survival and ameliorates the clinical progression (4, 5).  

We investigated here the effect of halving mGluR5 in SOD1G93A mice, on the reactive phenotype of spinal cord 
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astrocytes cultured from symptomatic SOD1G93A mice, age-matched SOD1G93AGrm5+/- (heterozygous for 

mgluR5) and WT mice (figure 1).  

Cytosolic Ca2+ concentration ([Ca2+]C), was increased in SOD1G93A astrocyte cell cultures under basal 

conditions and after exposure to the Group I mGluRs agonist 3,5-DHPG (30 µM). [Ca2+]C was significantly 

reduced in astrocytes from SOD1G93AGrm5+/- mice. The over-expression of astrogliosis markers such as 

GFAP, vimentin and S100β was reduced in SOD1G93AGrm5+/- astrocytes, and a concomitant reduction of 

misfolded-SOD1 cytosolic accumulation was observed. Cultured SOD1G93A astrocytes showed bioenergetics 

alteration in terms of oxygen consumption and ATP synthesis, that were recovered in SOD1G93AGrm5+/- 

astrocytes. Spinal cord SOD1G93A astrocytes showed a massive increase in the release of IL1b, TNFa e IL6 

respect to WT astrocytes. The release of cytokines was strongly reduced in SOD1G93AGrm5+/- astrocytes. To 

verify the impact of the mGluR5 down-regulation on MNs viability we co-cultured spinal MNs obtained from 

SOD1G93A embryos with spinal cord astrocytes from SOD1G93A, SOD1G93AGrm5+/- or WT adult mice. MN 

cell death was strongly reduced when seeded on SOD1G93AGrm5+/- astrocytes compared to co-cultures with 

SOD1G93A astrocytes (figure 2).  

Thus, a lower constitutive level of mGluR5 in SOD1G93A mice has positive effects on spinal cord astrocyte 

phenotype, supporting the idea that the in-vivo disease amelioration, observed after mGluR5 ablation, may rely 

on a shift toward a less noxious phenotype of reactive astrocytes. 
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Figure 1. Spinal cord astrocyte primary cell cultures from adult 

mice.  
Schematic representation of astrocytes isolation from spinal cord adult 

mice and seeding procedure. Scale bar: 50µM. 
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Figure 2. Spinal MN viability is highly preserved when co-coltured 

with SOD1G93AGrm5+/-  astrocytes. 
(A) Confocal microscopy representative images of spinal cord MNs co-

coltured with astrocytes isolated from the spinal cord of adult mice; 

spinal MNs are stained for Beta tubulin III (βtub-III; green 

fluorescence) and Choline acetyltransferase (ChAT; red fluorescence); 

scale bar: 50µM. (B) Quantitavive analysis of MNs cell viability 

(expressed as % survival respect the day 4 in-vitro); *p<0.05 at least 

vs. WT co-colture; #p<0.05 at least vs. SOD1G93A MNs + 

SOD1G93A  astrocytes co-colture (one-way ANOVA followed by 

Bonferroni post hoc test). 
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Impaired neurotransmission in a mouse model of episodic ataxia type 6. 

Y. Kolobkova1, J. Cremer2, S. Buller2, C. Fahlke1, P. Kovermann1 

1ICS-4, Forschungszentrum Jülich, Jülich, DE 
2INM-1, Forschungszentrum Jülich, Jülich, DE 

 

Mutations in SLC1A3 – that encodes the glial excitatory amino acid transporter 1 (EAAT1) - are associated to 

episodic ataxia 6 (EA6) [1, 2, 3, 4], and recently a mutation causing the exchange of proline by arginine at 

position 290 (P290R) was found in a patient with EA6 characterized by epileptic seizures and ataxia [4]. EAAT1 

functions as a glutamate transporter and as an anion channel, and P290R was shown to impair EAAT1 

glutamate transport, but to enhance EAAT1 anion channel activity [5].  

Increased anion efflux from glial cells might alter [GABA]ext by increasing the driving force of glial Na+/Cl−-

dependent GABA transporters (GATs). We therefore investigated the consequences of P290R EAAT1 

expression in hippocampal acute slices of a knock-in mouse model (Slc1a3P290R/+).  

Whole-cell patch clamp recordings in acute hippocampal slices showed that inhibitory tonic GABA-mediated Cl− 

currents in dentate gyrus granule cells (GCs) are decreased in Slc1a3P290R/+ mice, probably due to reduced 
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extrasynaptic [GABA]ext, while amplitudes and frequencies of mIPSCs were unchanged.  

Immunohistochemical analysis showed, that the expression of VGlut1 in mossy fiber terminals of GCs is 

reduced, and the dendritic spines of GCs were shrinked. We observed significant increment of stubby spines, 

without changes in overall density of spines. Spine morphology has been shown to be correlated to the number 

of AMPA receptors (AMPARs) [6]. Using quantitative receptor autoradiography we could demonstrate, that the 

density of AMPAR was increased by 31% in hippocampi from Slc1a3P290R/+ mice. Whole-cell patch clamp 

recordings confirmed an increase of spontaneous AMPAR-mediated mEPSCs in GCs and in pyramidal neurons 

in CA1, however supersaturating application of AMPA did not result in bigger currents, suggesting that the 

density of synaptic AMPARs is increased.  

Our results suggest an imbalance between excitatory and inhibitory neurotransmission that likely contributes to 

hippocampal hyperexciatbility of EA6. 
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Chemotherapy results in a frequent yet poorly understood syndrome of long-term neurological deficits. Neural 

precursor cell and white matter dysfunction are thought to contribute to this debilitating syndrome. Here, we 

demonstrate persistent depletion of oligodendrocyte lineage cells in humans who received chemotherapy. 

Developing a mouse model of methotrexate chemotherapy-induced neurological dysfunction, we find a similar 

depletion of white matter OPCs, increased but incomplete OPC differentiation and a persistent deficit in 

myelination. OPCs from chemotherapy-naïve mice similarly exhibit increased differentiation when transplanted 

into the microenvironment of previously methotrexate-exposed brains, indicating an underlying 

microenvironmental perturbation. Methotrexate results in persistent activation of microglia and subsequent 

astrocyte activation that is dependent upon inflammatory microglia. Microglial depletion normalizes 

oligodendroglial lineage dynamics, myelin microstructure and cognitive behavior after methotrexate 

chemotherapy. These findings indicate that methotrexate chemotherapy exposure is associated with persistent 

tri-glial dysregulation and identify inflammatory microglia as a therapeutic target to abrogate chemotherapy-

induced neurological dysfunction.  These therapeutic strategies will depend on understanding microglial 
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repopulation dynamics following colony-stimulating factor 1 receptor-mediated depletion.  On-going work 

investigating microglia repopulation after CSF1R inhibition following chemotherapy will be discussed. 
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In vivo imaging and transcriptome analysis of astrocytes in an Alzheimer's disease mouse model 
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One of the most prominent hallmarks of Alzheimer's disease (AD) is the accumulation of neurotoxic amyloid-beta 

(Aβ) species, which have the tendency to form extracellular insoluble Aβ plaques and induce reactive 

astrogliosis in surrounding astrocytes. We have previously shown that peri-plaque reactive astrocytes become 

hyperactive in mouse models of AD, and that this hyperactivity is mediated by purinergic signaling. However, it 

has remained unclear how astrocytes and astrocytic hyperactivity contribute to the onset and progression of AD, 

and how astrocytic signaling is altered in awake mice in AD models. Therefore, we have started to perform in 

vivo imaging of calcium activity in astrocytes in awake behaving mice. By intravenous injection of a virus 

encoding for the green fluorescent calcium indicator GCaMP6f under control of the astrocyte-specific short 

GFAP promoter, we are able to longitudinally measure spontaneous calcium transients in the AD mouse model 

and their wildtype littermates, and to correlate these data to behavior and disease progression. In addition, we 

are analyzing the astrocytic transcriptome during aging in AD mice compared to wildtype mice using the RiboTag 

technique. Together, these approaches may lead to a better understanding of transcriptional alterations in 

astrocytes and their implications for functional changes, and may help to elucidate neurotoxic and 

neuroprotective elements of astrogliosis in AD. 
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Study glia-mediated neurodegeneration in Lewy body disease 

L. Chen 

Pathology/Neuropathology, Johns Hopkins University School of Medicine, Baltimore, US 

 

Introduction: To study the mechanisms of neurodegeneration in Lewy body disease (LBD), researchers have 

focused their attention primarily on the affected neurons. Astrocytes are involved at the beginning of disease 

development and nonfibrillized alpha-synuclein accumulate in their cytoplasm is a well-documented fact, but the 

astrocytic role in LBD pathogenesis is poorly understood and largely ignored. The past stereotype of astrocytes 

as a “glue” that provides mere structural support to hold the neurons in place is being increasingly revised with 

the recognition that these glial cells actively play critical and integral roles in mediating the physiologic and 

pathologic states of neurons. The central hypothesis of this project is that glial cells are at least partially 

responsible for the initiation and progression of LBD. In particular, Astrocytic dysfunction and cell loss will lead to 

non-cell autonomous neuronal death.   
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Methods: Human wild-type or mutant α-synuclein (A30P) were driven by the glial-specific driver repo-GAL4. 

Adult flies were aged at 25℃. Fly heads were fixed, embeded and 4μm frontal sections were cut. Standard 

immunohistochemical staining were performed.  

Results: By specifically expressing human wild-type and disease-linked mutant α-synuclein in Drosophila glia, 

we found robust accumulation of human synuclein into inclusions in both glial and neuronal cells. We also 

observed significant toxicity of human synuclein to glial cells. Remarkably we have evidence that synuclein 

inclusions may result in mitochondrial and autophagic dysfunction in glia. 
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BET epigenetic protein inhibition attenuates acute inflammation after spinal cord injury 
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Inflammation is a major contributor to the secondary damage that occurs after spinal cord injury (SCI) and leads 

to cell death and expansion of the lesion. The inflammatory response is driven by different signaling modalities 

including the epigenetic modification of promoters and enhancers at the transcriptional level. Bromodomain and 

extraterminal (BET) domain-containing proteins are epigenetic readers that bind acetylated histones and 

promote transcription of pro-inflammatory genes. The role of BETs in cancer is currently being largely explored, 

but its role in neuroinflammation remains elusive. In this study, we investigated the role of BETs in promoting 

proinflammatory gene expression in neural cells and the ability of the BET inhibitor JQ1 to decrease 

inflammation acutely in a contusive SCI mice model. BET inhibition significantly attenuated proinflammatory 

signaling in all activated neural cell populations in vitro. To investigate the effects of BET modulation after SCI, 

the BET inhibitor JQ1 was injected intraperitoneally 3 hours after spinal cord contusion in adult female C57BL/6 

mice. By 3 days post-injury, BET inhibition significantly decreased pro-inflammatory cytokine expression and 

leukocyte recruitment to the injury site. We are currently testing the therapeutic efficacy of BET inhibitors with 

improved half-life and potency in a more clinically relevant contusive rat model. Understanding the role of 

epigenetic pathways in inflammation after SCI brings the potential to identify novel therapeutic agents that are 

neuroprotective and promote repair and recovery after SCI. 
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BET inhibition reduces inflammatory cytokines and immune cell 

infiltration after spinal cord injury. 
Treatment with BET inhibitor JQ1 decreased expression of 21 

cytokines and increased expression of 7 cytokines (out of 84 tested) at 

3 days post-SCI. JQ1 was given 3 h after injury and bi-daily for 3 days. 

Total leukocytes, macrophages, and neutrophils were also significantly 

decreased in the SCI lesion sites of JQ1-treated mice. 

 

 

The role of BET epigenetic proteins in inflammation after spinal 

cord injury 
Upon inflammatory activation, BET proteins bind acetylated lysines in 

promoters and enhancers to promote transcription of pro-inflammatory 

genes. BET inhibitor molecules mimic acetylated-lysine residues and 

competitively displace BETs from the chromatin, thereby inhibiting 

transcription.  
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Astrocyte-specific transcriptional profiling reveals a neuroprotective role for astrocytic Nrf2 in the P301S 
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Astrocytes act as important upstream modulators and downstream effectors in neurodegenerative disease. 

Recent studies have identified heterogeneity in the reactive astrocyte response to acute CNS injury, revealing 

neurotoxic and neuroprotective phenotypes. However, the consequences of chronic neurodegenerative disease 

on astrocyte transcription and phenotype remain poorly understood.  

We profiled the astrocyte transcriptional response to chronic neurodegeneration using the Thy1-P301S mouse 

model of human tauopathy. This model over-expresses P301S mutant human tau in neurons driving hyper-

phosphorylated tau accumulation and leading to age-related neuronal loss throughout the CNS. To distinguish 

astrocyte-specific transcriptional change vs those in other CNS cell-types, we crossed the Thy1-P301S mouse 

with the Aldh1l1-EGFP-L10a reporter line. Using translating ribosome affinity purification (TRAP), we extracted 

astrocyte-specific translating mRNA from two distinct regions (frontal cortex and spinal cord) in early (12 week) 

and late (20 week) disease and used TRAP-sequencing to determine gene-expression changes.  

This revealed that tauopathy-mediated neurodegeneration altered a wide programme of gene-expression in 

astrocytes. The greatest change was found in the spinal cord, consistent with the increased neurodegeneration 

found in this model. A key transcriptional signature discovered in early and late disease involved significant 

upregulation of antioxidant genes driven by the master transcription factor Nuclear Factor (erythroid-derived 2)-

like 2 (Nrf2).  

Hypothesising that this represented a cyto-protective adaptive astrocyte response, we investigated whether 

enhancing this pathway conferred neuroprotection. We crossed the Thy1-P301S mouse with the Gfap-Nrf2 

transgenic line, driving Nrf2 over-expression in reactive astrocytes to boost antioxidant gene-expression. 

Strikingly, this significantly rescued P301S-associated CNS transcriptomic changes, reduced cortical neuronal 

loss, and slowed the progression of tauopathy-mediated functional deficit.  

In conclusion, we have characterised the astrocyte transcriptional response during tauopathy-mediated 

neurodegeneration, revealing activation of the astrocyte Nrf2 cell-adaptive pathway in early and late disease. 

Enhancing Nrf2 expression in reactive astrocytes drives neuroprotection, highlighting this pathway as a putative 

drug target for tauopathy-mediated diseases such as Alzheimer’s and frontotemporal dementia. 
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Background: To date, no specific biomarker for amyotrophic lateral sclerosis (ALS) has been identified, which 

may indicate the heterogeneity in pathogenic mechanisms of underlying ALS. In fact, the natural course of ALS 

varies widely from case to case. On the other hand, the role of microglia in driving ALS pathogenesis remains 

unclear. 

Methods: In this study, autopsied spinal cords from 7 ALS patients were used. Spinal cord tissues were stained 

with anti-TMEM119 and anti-CD68 antibodies to study the role of microglia in ALS pathogenesis. We examined 

the relationship between microglia surface markers, the degree of lower motor neuron loss, clinical symptoms, 

and disease duration.  

Results: Disease duration varied from 8 months to 12 years between cases (5 cases < 5 years and 2 cases > 

10 years). Manual muscle test (MMT) results ranged from 0 to 4. CD68+ microglia were expressed in the tissues 

of 6 cases, irrespective of disease duration. However, 1 case, with a short disease duration, had no expression 

of CD68+ microglial cells in the spinal cord. Further, the TMEM119+ microglial cell expression did not correlate 

with the disease duration, the number of lower motor neurons, or the MMT score.  

Discussion: A difference in the role of microglia was observed between cases with similar disease duration, 

clinical features, and degree of neuronal loss. 
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Neuropathic pain is caused by tissue damage or lesions in peripheral fibers and central neurons. Inflammation is 

one of the mechanisms of neuropathic pain, which is mainly mediated with the TLR4 signaling pathway. 

Therefore, because blocking TLR4 with specific molecules could be reasonable in alleviating neuropathic pain, in 

this study, we examined the therapeutic effect of a peptide antagonist of TLR4 (PAT4) in spinal nerve ligation 

(SNL)-operated rats. TLR4 was highly expressed in microglia of ipsilateral sides of spinal dorsal horns in SNL-

induced rats. When LPS-induced BV2 microglia cells induced by LPS (100 ng/ml) were incubated with PAT4 (10 

μM), the level of proinflammatory mediators, such as TNF-α, IL-1β, and IL-6, were dramatically reduced by 

~70% in quantitative PCR. We also confirmed that FITC-conjugated PAT4 was primarily targeted in spinal 

microglia of SNL rats. Thus, when PAT4 was administrated intrathecally to SNL rats at day 7 post-operation, 

pain behavior was lessened for ~2 weeks in von Frey filaments test. In PAT4-delivered SNL rats, microglial 

activity in spinal dorsal horns was apparently decreased in Iba1 staining. Likewise, the fluorescent intensity of 

Dihydroethidium in detecting reactive oxygen species (ROS) and the expression of proinflammatory genes were 

decreased in PAT4-injected SNL rats. Taken together, these data suggested that PAT4 could relieve 

neuropathic pain behavior in SNL rats by suppressing microglia activation and subsequently the production of 

ROS and cytokines. Therefore, it would a believable medicine to treat the patients of neuropathic pain. 
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EBI2 receptor is an important regulator of T-cell dependent humoral response and B-cell migration. It is also 

expressed in the CNS where it serves important immune functions. For instance, astrocyte- released oxysterol 

7a,25-OHC, the endogenous EBI2 agonist, inhibits the release of pro-inflammatory cytokines in LPS treated 

astrocytes and is involved in the cross-talk between the immune system and the CNS. Our in vivo data from LPS 

challenged EBI2 knock-out (KO) mice supported these findings by revealing increased pro-inflammatory cytokine 

levels in the brain. Our recent data from the same LPS challenge paradigm showed reduced levels of CNPase in 

LPS treated animals suggesting that demyelination is taking place in this model. The data also showed increase 

in GFAP expression in LPS treated mice. Moreover, analysis of lipid components of myelin sheets revealed that 

brain cholesterol (A) levels decrease and brain triglycerides (C) levels increase in EBI2 KO animals after LPS. In 

the blood, cholesterol (B) and triglycerides (D) levels are significantly elevated in vehicle treated EBI2 KO 

animals. Interestingly, after LPS challenge levels of cholesterol and triglycerides in these KO animals decrease 

to the levels observed in WT controls. It has been shown that acetylcholinesterase signaling regulates 

myelination and differentiation of oligodendrocytes. Here, we show that both brain (E) and blood (F) 

acetylcholinesterase activity significantly increases in LPS challenged EBI2 KO animals suggesting receptor’s 

involvement in the cholinergic system activity and myelination events. Altogether, these findings demonstrate 

that the EBI2 signaling pathway is sensitive to LPS-mediated immune challenge. Moreover, the data suggest 

that the EBI2 signaling may participate in remyelination processes by altering levels of myelin constituents such 

as cholesterol and triglycerides. Importantly, lack of EBI2 receptor signaling results in increased 

acetylcholinesterase activity, an enzyme shown to have detrimental effects on myelin integrity in Alzheimer’s 

disease and remyelination in multiple sclerosis. 
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EBI2 regulates levels of cholesterol, triglycerides 

and cholinesterase activity in LPS model 
(A & C) Blood cholesterol (A) and triglycerides (C) 

levels are elevated in vehicle treated EBI2 KO 

animals compared to WT. After LPS treatment levels 

of cholesterol and triglycerides in the KO animals 

decrease to WT levels. (B) There are no differences 

in cholesterol levels in the brain between WT and KO 

animals. (D) Levels of triglycerides in the brain 

sharply increase in EBI2 KO animals after LPS 

challenge. (E & F) Blood (E) and brain (F) 

acetylcholinesterase activity significantly increases in 

LPS challenged EBI2 KO animals. Data presented as 

mean +/- SEM (n=4), one-way ANOVA, and Sidak’s 

multiple comparison post tests, *P < 0.05, **P < 0.01, 

***P < 0.001, ****P<0.0001 vs. corresponding control. 
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The main component of cinnamon is cinnamaldehyde, one of the active compounds that give it odor and taste. 

After ingestion, cinnamaldehyde is converted to cinnamic acid by oxidation. In the liver, cinnamic acid is β-

oxidized to sodium benzoate (NaB). The beneficial properties of cinnamon have been attributed mainly to 

cinnamaldehyde and NaB. Since these compounds are permeable to the blood-brain barrier, the study of their 

effects on the central nervous system is relevant. It is important to emphasize that, among the brain cells, 

astrocytes have been used as important therapeutic targets, because they are involved in the maintenance of 

cerebral homeostasis and the inflammatory response. However, little is known about the effects of 

cinnamaldehyde and NaB on astrocyte metabolism. Our objective was to evaluate the effects of cinnamaldehyde 

or NaB exposure on astrocyte cultures. We evaluated astrocytic functions parameters: cell viability (MTT 

reduction, neutral red incorporation and extracellular lactate dehydrogenase (LDH) activity), S100B secretion 

and intracellular content, glutamate uptake, glutathione synthetase (GS) activity and reduced glutathione (GSH) 

intracellular content. Primary cultures of cortical astrocytes from neonatal Wistar rats were maintained in DMEM 

with 10% fetal calf serum until confluence. Astrocytes were incubated in DMEM without serum in the presence or 

absence of cinnamaldehyde (50 to 200 µM) or NaB (100 to 500 µM) for 24 h. Data were considered significant 

when p<0.05 (one-way ANOVA, followed by Dunnet or Duncan post-test). We found an increase in extracellular 

LDH activity at 200 μM of cinnamaldehyde. We observed a reduction in glutamate uptake and in S100B 

secretion at 200 μM of cinnamaldehyde, without any changes in S100B content.  GS activity was increased at 

250 and 500 μM of NaB. We found a dose-dependent GSH increase in astrocytes incubated with 

cinnamaldehyde (50, 100 and 200 μM). Our results suggest complementary effects of cinnamaldehyde and NaB 

on glutamate metabolism. While NaB increases GS activity, cinnamaldehyde increases GSH content. This result 

is relevant, because when cinnamon is ingested, we have both compounds circulating in the body and these 

parameters are beneficial for ammonia detoxification, excess of glutamate and oxidative stress. 
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Alzheimer’s disease (AD) is a devastating disorder characterized by cognitive impairment, abnormal 

accumulation of beta-amyloid deposits (Aβ) and neurofibrillary tangles, inflammation and sustained cellular 

stresses. Because of lack in medical treatments against age-related brain diseases including AD, changes in 

lifestyle could be a possible preventative approach. Physical exercise is known to be beneficial for brain health, 

but it is not yet fully understood how life-long exercise affects AD progression. In addition, little is known about 

exercise effect on glial cell phenotypes in AD. The aim of this study was to assess how life-long voluntary 

physical exercise modulates glial cell state in the 5xFAD mouse model of AD. Transgenic 5xFAD mice and their 

wildtype (WT) littermates were divided into sedentary and life-long exercise groups, in which the exercise starts 

at age of 6 weeks and lasts for 6.5 months. Running distance and time were monitored on a weekly basis. A 

battery of behavioural tests were performed monthly to estimate how life-long voluntary physical exercise affects 

E207POSTERS

GLIA



  

 

 

the activity, cognition and memory in AD. Upon sacrifice at the age of 8 months, brains were assessed by 

immunohistochemistry for Aβ burden, astrocytes and microglia. RNA sequencing was carried out for astrocytes 

harvested from the adult mouse brains. This study demonstrated that life-long voluntary physical exercise 

reduced the impairment in nest building behaviour, recovered the reduction in anxiety like behaviour and 

improved the memory deficits of 5xFAD mice. Histochemical analyses revealed a striking exercise-induced 

increase in GFAP-positive hippocampal astrocytes. In addition to shifts in gene expression patterns between 

5xFAD and WT astrocytes, transcriptomic analyses exposed 12 targets modulated by voluntary exercise in the 

5xFAD mice. Taken together, these findings demonstrate that life-long voluntary physical exercise is beneficial in 

mice modelling AD and suggest that astrocytes constitute an important element in mediating the positive effects 

of physical exercise in AD.   
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Osteopontin (OPN), an adhesive glycoprotein, has recently been reported to correlate with the progression of 

calcification in the striatum of rats treated with the mitochondrial toxin 3-nitropropionic acid (3-NP). Induced OPN 

immunoreactivity in the lesion was recognized as two distinct forms, intracellular OPN (iOPN) within brain 

macrophages and small granular extracellular OPN (eOPN), which were identified as degenerated neurites 

coated by OPN. The present study was designed to investigate the spatiotemporal relationship between eOPN 

deposition with neuroglial reactions elicited by 3-NP injection. In-situ hybridization revealed prominent Spp1 

mRNA expression by amoeboid brain macrophages while negligible by stellate microglia and astrocytes. Three 

days post-lesion, eOPN were observed in the lesion core (LC) and also iOPN in brain macrophages but not in 

the edge of the LC nor periphery. At this time point, reactive astrocytes in the peri-lesional area (PL) were 

localized at a distance from area where eOPN was present in the lesion periphery. At 7 days, OPN expression 

was notably increased in the LC, where OPN and Iba1 had overlapping regional distribution. Also OPN dots 

were detectable at the lesion edge immediately adjacent to the PL, often exhibiting direct contact and even 

overlapping with elongated, hypertrophied processes of reactive astrocytes. The distance between OPN (+) area 

and astrocytic scar is significantly decreased in 7 days compared to 3 days. By 14 and 28 days post-lesion when 

the glial scar is fully formed, eOPN and Iba1 had still overlapping regional distribution while astrocytic scar also 

overlaps with OPN distribution. Percentage of overlapping area was significantly increased in 14 and 28 days 

compared to 7 days. Relationship between OPN and microglia/brain macrophages and astrocytes in scar area 

was further investigated using IMARIS, and it revealed numerous granular OPN dots inside the cytoplasm of 

both glial cells. Moreover, ultrastructural analysis confirmed OPN-coated degenerated neurites inside astrocytes, 

suggesting phagocytosis of OPN-coated structure by reactive astrocytes. Further, reactive astrocytes showed 

prominent expression of lysosomal marker LAMP1 at 28 days, suggesting phagocytic capability. Together, our 

data indicate that eOPN accumulation in the lesion core become closer to the astrocytic scar area over time, and 

as early as at 7 days, OPN dots show direct contact with astroglial processes. At 14 and 28 days, OPN 

expression overlaps with astrocytic scar area, where numerous OPN dots were found inside the cytoplasm of 

reactive astrocytes, suggesting the phagocytosis of OPN by astrocytes. 
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Introduction: Alzheimer's disease (AD) is a primary degenerative disease that establishes itself slowly and 

progressively, involves the appearance of amyloid beta deposits and neurofibrillary tangles and affects cortical 

cognitive functions in ways that strongly reduce level of functioning.   

Retina can be considered a simple model of the brain, as some pathological changes and therapeutic strategies 

from the brain may be observed or applicable to the retina. AD can cause degeneration in the retina and optic 

nerve either directly as a result of beta amyloid deposits or secondarily as a result of degradation of the visual 

cortex. This raises the possibility that tracking changes in the retina can be used to assess neurodegeneration  

in AD.  

Material and methods: We analyzed the retinas of 16-month-old 3xTg-AD transgenic mice, which are used as 

an animal model of AD. Whole mount retinas were stained with antibodies against Iba-1 and OX-6. The 

morphology, number and soma size of microglia in the retina were analyzed.  

Results: Retinas from 3xTg-AD transgenic mice showed signs of microglial activation relative to retinas from 

wild-type animals: greater number of microglia, thickening of microglial soma, retraction of microglial processes 

and migration of microglia within and between layers. This activation was associated with alterations in the 

microglial plexus in the external plexiform layer and in the complex of internal layers. Retinas from 3xTg-AD mice 

showed circular groups of microglia that reoriented and polarized their processes differently than in control 

retinas. There was found a significate number and cell body area increase of Iba-1+ cells in 3xTg-AD retinas in 

comparison with wild-type retinas.  

Conclusions: Retinas from a mouse model of AD show signs of microglial activation. Reactive gliosis caused by 

AD-associated protein aggregation may trigger morphological changes in the retinas of AD patients. 
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Amyotrophic lateral sclerosis (ALS) is a fatal neurodegenerative disease affecting motor neurons (MNs) but 

involving also non-neuronal cells. Degeneration of MNs has been linked to neuroinflammation, supported mostly 

by activated glial cells. We have previously shown that the intravenous administration of mesenchymal stem 

cells (MSCs) in SOD1G93A mice, an animal model of ALS, prolonged survival, ameliorated motor skills and 

reduced gliosis and inflammation in spinal cord. These beneficial effects were not associated with MSC 

differentiation, being possibly mediated through paracrine mechanisms.  

To understand the mechanisms underlying the paracrine effects of MSCs, we studied here the activity of MSC-

derived exosomes and exosome-shuttled miRNAs on cultured astrocytes prepared from the spinal cord of 

SOD1G93A mice at the late stage of the disease. A significant increase of GFAP and vimentin expression was 

observed by confocal microscopy and Western blot in adult SOD1G93A compared to age-matched WT astrocytes. 

The overexpression of GFAP and vimentin was reduced after exposure to exosomes by about 40% and 80%, 

respectively. We then examined the inflammatory pattern of SOD1G93A astrocytes by confocal microscopy and 

ELISA. The pro-inflammatory cytokines IL-1β, TNF-α and IL-6 were significantly more expressed and more 

efficiently released in SOD1G93A astrocytes and the exposure to exosomes resulted in a significant decrease of 

their overexpression, by about 65%, 80% and 60%, and of their release. Conversely, the expression of the anti-

inflammatory cytokine IL-10 was decreased in SOD1G93A astrocytes and it was normalized after exposure to 

exosomes. Also NLRP3 expression was increased in SOD1G93A astrocytes and the increase was reversed (70%) 

by exosomes. In addition, we studied the impact of this astrocyte phenotype amelioration on MN survival. The 

viability of MNs seeded on exosome-treated SOD1G93A astrocytes was significantly increased when compared to 

co-cultures with non-treated astrocytes. Finally, we tested nine miRNAs, which have been found up-regulated in 

MSCs and present in exosomes, by transfecting astrocytes from adult SOD1G93A mice with the specific synthetic 

mimics. Seven of these miRNAs significantly reduced GFAP, IL-1β and TNF-α expression.  

These results indicate that exosomes and exosome-shuttled miRNAs can reduce astrocyte reactivity and that 

this occurrence has a positive impact on MN viability. The in-vitro exosome activity paves the way to translational 

preclinical in-vivo treatments in SOD1G93A mice. 
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A number of reports demonstrated reduction of astroglial antioxidative molecules in pathogenesis of Parkinson’s 

disease. In previous studies, we found regional differences in the response of astrocytes and induction of 

antioxidative molecules in astrocytes against oxidative stress. In the present study, we examined region-specific 

astrocytic features against dopaminergic neurotoxin 6-hydroxydopamine (6-OHDA) as an oxidative stress using 

co-culture of mesencephalic neurons and striatal or mesencephalic astrocytes. The 6-OHDA-induced reduction 

of mesencephalic dopamine neurons was inhibited by co-culturing with astrocytes, compared with 

mesencephalic neuron alone. The co-culture of midbrain neurons with striatal astrocytes was more resistant to 

6-OHDA than that with mesencephalic astrocytes. Glia conditioned medium of 6-OHDA-treated striatal 

astrocytes showed greater neuroprotective effects on the 6-OHDA-induced neurotoxicity than that from 

mesencephalic astrocytes. Furthermore, the cDNA microarray analysis showed that the number of altered genes 

in both mesencephalic and striatal astrocytes was fewer than that changed in either astrocyte. The 6-OHDA 

treatment apparently up-regulated expressions of Nrf2 and its regulating anti-oxidative or phase II, III detoxifying 

molecules related to glutathione synthesis and export in the striatal astrocytes but not mesencephalic astrocytes. 

These results indicate a profound regional difference of gene expression in astrocytes induced by 6-OHDA, and 

suggest that protective features of astrocytes are more prominent in striatal astrocytes, possibly by secreting 

humoral factors secreted from striatal astrocytes. 
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Epidemiological studies indicate that exposure to pesticides, such as rotenone or paraquat, increases the risk of 

Parkinson's disease. Rotenone, a mitochondrial complex I inhibitor, is known as an environmental toxin which 

induces dopaminergic neuronal loss. However, the mechanisms underlying selective dopaminergic 

neurodegeneration by rotenone remain unclear. We examined whether regional differences in astrocyte reaction 

to rotenone could determine the vulnerability of dopaminergic neurons, in the present study. We prepared 3 

types of cell culture using primary cultured cells from the mesencephalon and striatum of Sprague-Dawley rat 

embryos at 15 days of gestation: mesencephalic neuronal culture, mesencephalic neuron and astrocyte 

coculture, and mesencephalic neuron and striatal astrocyte coculture. Low dose rotenone exposure (1–5 nM) did 

not reduce the number of tyrosine hydroxylase-positive dopamine neurons in the mesencephalic neuronal 

culture. Conversely, dopamine neurons were significantly decreased by rotenone exposure in the mesencephalic 

neuron and astrocyte coculture, but not in the mesencephalic neuron and striatal astrocyte coculture. In addition, 

astrocyte-conditioned media from rotenone-treated mesencephalic, but not striatal, astrocytes produced 

dopaminergic neurotoxicity. Rotenone exposure caused a secretion of inflammatory cytokines and a reduction in 

strong antioxidant metallothionein from mesencephalic astrocytes, but not from striatal astrocytes. These results 

suggest that region-specific features of reactions in mesencephalic astrocytes against rotenone could promote 

rotenone-induced dopaminergic neurodegeneration. 
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Besides inflammation, one of the histopathological hallmarks of multiple sclerosis (MS) is axonal degeneration 

which is tightly linked to clinical disability and disease progression. A large body of evidence points to the central 

role of myeloid cells such as brain-resident microglia and blood-borne monocytes in this degenerative process. 

However, the exact underlying mechanisms are still elusive. In previous studies we demonstrated that human 

endogenous retrovirus type W (HERV-W) interferes with oligodendroglial precursor cell (OPC) differentiation and 

remyelination via its envelope protein pHERV-W ENV (formerly MSRV-ENV; Kremer et al., Ann Neurol 2013; 

Göttle et al., GLIA 2019). In this current study, we investigated whether pHERV-W ENV also contributes to 
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axonal injury in MS. We found that in MS lesions pHERV-W ENV is present in myeloid cells associated with 

axons. Focusing on progressive disease stages we could then demonstrate that pHERV-W ENV induces a 

degenerative phenotype in microglial cells driving them towards a close spatial association with myelinated 

axons. Moreover, in pHERV-W ENV-stimulated myelinated co-cultures, microglia were found to induce structural 

axonal damage. Taken together, our data suggest that pHERV-W ENV-mediated microglial polarization 

contributes to neurodegeneration in MS. Thus, this analysis provides a neurobiological rationale for a recently 

completed clinical study in MS patients (CHANGE-MS; ClinicalTrials.gov Identifier: NCT02782858) showing that 

antibody-mediated neutralization of pHERV-W ENV exerts neuroprotective effects. 

 

T05-030A 

Establishing a novel rat-human chimeric model for studies of neural conversion of human glia in vivo 

D.B. Hoban1,2, S. Nolbrant1,2, J. Giacomoni1,2, S.A. Goldman3,4, M. Parmar1,2 

1Developmental and Regenerative Neurobiology, Wallenberg Neuroscience Center, Department of Experimental 

Medicine, Lund University, Lund, SE 
2Lund Stem Cell Centre, Department of Experimental Medical Science, Lund University, Lund, SE 
3University of Rochester Medical Center, University of Rochester, Rochester, US 
4Faculty of Health and Medical Sciences, University of Copenhagen, Copenhagen, DK 

 

Direct in vivo reprogramming of resident glial cells in the brain represents a promising therapeutic strategy for 

brain repair. To date, the majority of pre-clinical studies to explore this strategy have been performed using 

rodent glia, and the question whether human endogenous glia have the same capacity to convert in vivo is 

unclear. In vitro studies have demonstrated the ability to convert different types of human glia into neurons, but it 

remains an outstanding question if human glia can be converted into neurons within the adult brain.  

In this project, we aim to establish a novel rat-human glial chimeric animal model whereby human glia are 

transplanted into the rat brain, yielding a unique model that allows us to study in vivo conversion of human glia 

into clinically relevant neurons in the rodent brain. To do this, we have generated human glial progenitor cells 

(hGPCs) from human embryonic stem cells (hESCs). hGPCs can be transplanted and survive in the rodent 

brain, both when delivered to adult animals maintained under daily immunosuppression and delivered to nude 

athymic animals. We found that when these cells are transplanted to intact or dopamine-depleted rats at 

specifictarget sites, they proliferate and migrate throughout the host brain. The grafts were first analysed with 

STEM121 and HuNu to detect human cells which confirmed graft survival and migration in both gray and white 

matter over time. Further analysis showed that the hESC-derived glia express markers of astrocytes and 

oligodendrocyte progenitors, but no neuronal markers. Thus, this model is suitable to study the core cellular and 

molecular events controlling subtype-specific identity duringin vivo conversion of glia into neurons.  

The results will enhance our understanding of how cell differentiation and reprogramming operates during in vivo 

neural conversion and define the key factors that control this process. When comparing lesioned and intact 

animals we found that cell survival, migration and phenotype is not affected by lesioning the host dopaminergic 

system, allowing for future studies aimed at conversion of human glia to neurons in a model of Parkinson’s 

disease. 
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Microglia control the formation of small vessel-associated brain calcifications via TREM2 
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Microglia, the tissue-resident macrophages in the brain, regulate development and homeostasis in the central 

nervous system (CNS). In neurodegenerative diseases, the role of microglia is highly debated, especially 

whether microglial activity is beneficial or detrimental. In this study, we investigated the role of microglia in 

primary familial brain calcification (PFBC), an autosomally-inherited neurodegenerative disease characterized by 

capillary-associated calcifications in the basal ganglia. Mutations in platelet-derived growth factor B gene 

(PDGFB) have been associated to PFBC and previously, we have shown that mice hypomorphic for Pdgfb 

(Pdgfbret/ret) develop brain calcifications similar to PFBC patients. In addition, our studies have shown that 

capillary calcification in Pdgfbret/ret and PFBC patients present with an osteogenic environment - cells surrounding 

brain calcifications express bone cell markers (i.e., osteoblasts, osteoclasts, osteocytes) and bone proteins. 

Microglial dysfunction in patients with Nasu-Hakola disease and neuroinflammation in Type I Interferonopathies 

is accompanied by basal ganglia calcification and therefore we have characterized microglia in Pdgfbret/ret 

animals using immunohistochemistry, RNAseq and flow cytometry. We observed a strong astrocyte and 

microglia reactivity around brain calcifications and microglia adopt a disease-associated microglia phenotype 

similar to other neurodegenerative diseases. Upon pharmacological depletion of microglia in Pdgfbret/ret mice 

using PLX5622 we observed a significant increase in vessel calcifications. Lineage tracing studies in Pdgfbret/ret 

mice revealed that resident microglia are the cell type giving rise to the osteoclast-like cells around brain 

calcifications, indicating their role in the phagocytosis of brain calcifications. Finally, we show that TREM2 

function in microglia is necessary for clearing vessel-associated calcifications. In conclusion, we report for the 

first time that microglial function is critical in controlling the growth of vessel-associated brain calcifications. 
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Mitochondrial morphology as an indicator of microglia activity in retinal degeneration 

M. Maes, S. Siegert 

Institute of Science and Technology Austria, Klosterneuburg, AT 

 

Microglia have emerged as a critical neuroinflammatory component in numerous degenerative diseases, yet our 

ability to modulate their reactive state is limited. As microglia transition from a surveillant to a reactive, pro-

phagocytic state, they require rapid energy production to support increased transcriptional activity and 

cytoskeletal rearrangements. Rapid shifts in energy demand are reflected in the connectivity of the mitochondrial 

network. Therefore, we propose that changes in mitochondrial morphology may be an early indicator of the 

transition to microglia reactivity.  

To investigate this, we will take advantage of the retina, which contains two spatially isolated microglia 

populations within its synaptic layers. We will then assess microglia activation using two models of retinal 

degeneration: First, a mouse model of retinitis pigmentosa harboring a gene mutation in rod photoreceptors 

(rd10), and second, an acute model of glaucoma inducing ganglion cell death through optic nerve crush (ONC). 
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To visualize mitochondrial morphology, we will subretinally inject AAV2/6-CD68-mito-Dendra2 in rd10 mice, or 

use a mitochondria-labeled mouse model for ONC. Changes in mitochondrial volume based on image rendering 

will identify connected or fragmented mitochondrial networks.  

In both degenerative models, we observed reactive microglia based on increased Sholl intersections closer to 

the cell soma and an increased percentage of CD68 volume within microglia when compared to control. 

Importantly, this activation was found only in the synaptic layer with closest proximity to the degenerating 

neurons, while the furthest microglia were less reactive. Interestingly, we observed that microglia’s average 

mitochondrial volume was significantly reduced not only in the expected synaptic layer proximal to neuronal 

degeneration for each model, but in both synaptic layers. The reduction in the average mitochondrial volume per 

microglia indicates a more fragmented mitochondrial network. Since the microglia furthest from degenerating 

neurons remain less active, but show mitochondrial fragmentation, we predict that this could be an intermediate 

phase of the microglia transition. Together, these data suggest that mitochondria morphology may be an early 

indicator for the microglia reactive state and a potential target for microglia modulation. 
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Amyloid-beta (Abeta) peptide deposits and hyperphosphorylated tau protein (phospho-tau) accumulate in 

Alzheimer’s disease (AD) brains. These abnormal protein aggregates leads to glial activation, synaptic 

dysfunction, neuronal loss and cognitive decline. While microglial response has mostly been analyzed in relation 

to Abeta accumulation, little is still known about inflammatory processes associated with tau pathology. 

Microglial reactivity and defective glial responses have been involved in these proteinopathies. Our aim is to 

clarify the effects of Abeta and tau separately, in order to improve the comprehension of their differential 

contribution to neuroinflammation and neurodegeneration. We compared the progression of these processes in 

an amyloidogenic AD model (APPSL/PS1M146L) and two different models of tauopathy (ThyTau22 and 

hP301S) from 2 to 18 months of age.  Accumulation of aggregated proteins was assessed using specific anti-

Abeta and phospho-tau antibodies. Inflammatory response was studied using a battery of microglial markers 

(Iba1, CD45, CD68, Trem2 and Gal-3). In the hippocampus of these models, Tau and Abeta pathologies initiated 

as early as 2 months of age and increased progressively with aging. Neuritic plaques induced a strong microglial 

activation associated to plaques in APP/PS1 mice. Interestingly, inflammatory markers and microglial reactivity 

were barely increased in the hippocampus of ThyTau mice in contrast to not only APP/PS1, but also to P301S 

mice, which displayed a prominent microglial response. Deciphering the specific effects of Abeta, tau and their 

different toxic species, would indeed enable the development of novel therapeutic strategies and drugs targeting 

neuroinflammatory pathways related to these proteinopathies. 
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Increased activity of glial glutamate transporter-associated anion channels results in episodic ataxia 6  
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Episodic ataxia 6 (EA6) is an inherited human disease, which is characterized by combined ataxia and epilepsy 

and which has been associated to mutations in the glial excitatory amino acid transporter 1 (EAAT1) [1, 2, 3, 4]. 

A proline to arginine substitution at position 290 (P290R) of EAAT1 results in severe form of EA6 [1]. EAAT1 

also functions as an anion channel [5], and work in heterologous expression systems demonstrated that P290R 

impairs the glutamate transport rate, while increasing channel activity [6]. To understand how these functional 

changes result in ataxia, we developed a transgenic mouse model (Slc1a3P290R/+). Slc1a3P290R/+ mice suffer from 

epilepsy, ataxia, and cerebellar atrophy and thus closely resemble the human disease. EAAT1 is the major 

glutamate transporter in cerebellar Bergmann glial cells [7]. Microscopic analysis of cerebellar cortices from 

Slc1a3P290R/+ mice demonstrated that Bergmann glia cells undergo apoptosis during the second week of life. We 

studied internal [Cl-] in Bergmann glial cells using fluorescence lifetime imaging with MQAE [8] and found 

reduced values in transgenic mice at ages prior to apoptosis. The density of parallel fiber to Purkinje cell 

synapses is increased, while the number of climbing fiber to Purkinje cell connections is lowered in cerebellar 

cortices of Slc1a3P290R/+ mice. The reduction of climbing fiber synapses is accompanied by loss of canonical 

association of synapses and glial ensheatment. Electrophysiological recordings in acute slices showed that 

simple spike firing of Purkinje cells from transgenic mice is impaired and that inhibition of simple spiking through 

climbing fiber signaling is considerably prolonged, probably due to an impaired glutamate clearance in the tissue. 

We conclude that the P290R mutation triggers glial apoptosis via increased chloride efflux, resulting in the loss 

of glial glutamate clearance and in ataxia and progressive cerebellar atrophy. 
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Alzheimer’s disease (AD) is a chronic incurable neurodegenerative disease, characterized by severe and 

progressive memory loss and cognitive dysfunctions. Over the last decades research on neurodegenerative 

diseases has been focused fundamentally on neurons. Many studies provide evidence, however, that brain 

functions and dysfunctions are governed by dynamic interactions between neurons and astrocytes. We here 

evaluate the involvement of these glial cells in the pathogenesis of AD. We focused on astrocytic Ca2+ signaling 

and its dysregulation along with the progression of the disease. A main goal is to clarify whether a defective 

astrocytic Ca2+ signaling precedes or follows amyloid-beta (Aβ) plaque deposition and neuronal dysfunction. To 

this aim, we employed three FAD mouse models, PS2.30H and APPSwe, which express the human PS2-N141I 

and the human APP Swedish mutant alone respectively, and the PS2APP (B6.152H) model that expresses both 

mutants. All the experiments were carried out in female mice at 3 and 6 months of age, before and after, 

respectively, the onset of plaque deposition in the PS2APP model. To investigate astrocytic activity, we carried 

out two-photon Ca2+ imaging experiments in brain slice and in vivo preparations from somato-sensory cortex 

(SSCx) of GCaMP6f expressing mice. We found that along with the progression of AD, astrocyte Ca2+ activity 

exhibits a sequence of changes: in 3-month-old PS2APP mice, spontaneous activity is significantly increased, 

while in 6-month-old PS2APP mice, i.e. after the appearance of amyloid plaques, both spontaneous activity and 

the responsiveness to agonists of different metabotropic receptors are drastically reduced. These alterations are 

not present in APPSwe and PS2.30H mice, demonstrating that the expression of APP or PS2 mutant alone is 

not sufficient to fully recapitulate the astrocytic Ca2+ defects observed in PS2APP mice. Although these defects 

start in concomitance with Aβ plaque deposition, astrocytic hypoactivity is unrelated to plaque proximity. 

Preliminary experiments reveal that, as in brain slices, spontaneous activity is drastically reduced also in the 

SSCx of anesthetized 6-month-old mice. In conclusion, astrocytic Ca2+ activity is strongly affected in AD. 

Additional experiments are currently under development, to assess the relevance of these astrocytic Ca2+ 

defects in the disturbances of synaptic plasticity and learning/memory process that characterize AD. 
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NADPH-oxidase of mononuclear phagocytes mediates neurodegeneration after repeated systemic 

challenge with lipopolysaccharides 

A. Shahraz1, J. Wissfeld1, M. Mathews1, A. Ginolhac2, L. Sinkkonen2, H. Neumann1 

1The Institute of Reconstructive Neurobiology, University of Bonn, Bonn, DE 
2Life Sciences Research Unit, University of Luxembourg, Luxembourg, LU 

 

Repeated systemic intraperitoneal challenge with lipopolysaccharide (LPS) can induce inflammatory 

neurodegeneration of tyrosine hydroxylase (TH) positive neurons in the substantia nigra pars compacta (SNpc) 

region (Bodea, 2014). Differentially expressed NADPH oxidase 2 (nicotinamide adenine dinucleotide phosphate-

oxidase) NOX-2 was associated with neurodegeneration upon LPS challenge (Bodea, 2014). We now explored 

the role of NOX-2 in this model system.  

Mice deficient for gp91phox (NOX-2 KO) were studied in comparison to wild type (WT) control mice. The mice 

were treated daily over four consecutive days intraperitoneally with 1 µg/gbw LPS or PBS as control. 

Transcriptome analysis by RNA-seq was performed from brain tissue on day 5. LPS induced inflammatory gene 

transcription in both genotypes. Analysis by qRT-PCR of brain tissue on day 5 confirmed that pro-inflammatory 

cytokine and phagosome-related gene transcription were increased in both WT and NOX-2 KO mice after 

repeated LPS application. However, NOX-2 KO mice expressed lower levels of iNOS, CD68, Iba1, Itgam, and 
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Fcerγ compared to WT mice. Further, mice were studied on day 19 for neurodegeneration of nigrostriatal 

neurons. While WT mice showed loss of TH+ neurons in the SNpc, no neurodegeneration was detected in NOX-

2 KO mice upon repeated systemic LPS application. To confirm the role of radicals in this neurodegeneration, 

we currently examine the protein peroxidation and nitrosylation of the brain tissue.  

In conclusion, data demonstrate that loss of dopaminergic neurons in the substantia nigra pars compacta (SNpc) 

after repeated systemic challenge with LPS is triggered by radicals released by phagocytes NADPH-oxidase 2. 
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Mild traumatic brain injury (mTBI) is the first cause for emergency department visits in the pediatric population. 

Even for mTBI, pediatric patients suffer long-term cognitive and emotional impairments but the underlying 

cellular and molecular mechanisms are unknown. It is known that astrocytes become "reactive" in injuries. We 

therefore hypothesized that phenotypic changes and impaired calcium signaling in astrocytes are contributing to 

poor outcome after mTBI. Previously,  the water channel aquaporin 4 (AQP4) has been proposed to initiate 

calcium signaling in astrocytes. We hypothesized that AQP4 contributes to early changes in calcium signaling in 

astrocytes after mTBI and that absence of AQP4 would restore calcium dynamics after injury.  

We used a mTBI model, CHILD (Closed Head Injury with Long-term Disorders) where an electromagnetic 

impactor induces cortical injury in postnatal day 17 CD1 mice. We used immunofluorescence to asses neuronal 

death (neuronal nuclei, NeuN), reactivity changes in astrocytes (glial fibrilary acidic protein, GFAP) and AQP4 

expression. Sholl analysis was used for morphological analysis of astrocytes. Calcium changes in astrocytes 

were evaluated with two-photon calcium imaging in acute slices with Oregon Green 488 BAPTA-1AM calcium 

indicator.  

We made functional evaluation of cortical astrocytes by measuring the calcium response to adenosine 

triphosphate (ATP). Calcium responses to ATP were delayed and longer-lasting in astrocytes of CHILD mice 

compared to sham at 1 day after injury. The sustained calcium responses reflected an increased number of 

calcium transients compared to sham astrocytes. There was no change in the astrocytic calcium responses 

between sham and CHILD mice at 3 days. Despite the absence of neuronal death, GFAP expression and the 

number and length of astrocytic processes were increased in the ipsilateral cortex of CHILD mice at 1 and 3 

days. However, AQP4 expression exhibited biphasic changes, similar to the changes in calcium responses, with 

an increase at 1 and decrease at 3 days after mTBI. We then assessed the potential role of AQP4 in astrocytic 

calcium responses after mTBI by using AQP4 knockout (KO) mice. Interestingly, calcium responses to ATP were 

delayed in sham AQP4 KO astrocytes compared to sham wild type astrocytes, suggesting that AQP4 is involved 

in ATP-driven calcium responses. In AQP4 KO mice we did not observe any differences in the calcium 

responses between CHILD and sham mice (1 and 3 days) indicating that AQP4 is necessary for the changes in 

astrocytic calcium responses to ATP after mTBI.  
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Our results showed early major morphological and functional changes in astrocytes after juvenile mTBI. 

Therefore, even mTBI can induce astrocytopathy and present a target for treatment development. 
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Synaptic dysfunction is one of the earliest correlates of the cognitive decline in Alzheimer’s disease (AD). As an 

epigenetic modulator, Methyl-CpG-binding protein 2 (MeCP2) regulates the expression of several genes 

involved in structural and functional synaptic plasticity. Recently, it has been suggested that MeCP2 deficiency 

may alter microglial gene expression and play a role in microglial-mediated neurotoxicity.  

Here, phosphoproteomics data obtained from human post-mortem brain samples revealed phosphorylation 

changes in MeCP2 with respect to AD-related neurofibrillary pathology. Especially, MeCP2 S423 

phosphorylation was found to be significantly decreased during early stages of AD. To address the role of 

MeCP2 in microglial cells, preliminary experiments were conducted in BV2 secondary microglial cells. Upon 

lipopolysaccharide (LPS) and interferon-γ (IFNγ)-induced inflammation in BV2 cells, overexpression of MeCP2 

increased the levels and expression of pro-inflammatory cytokines interleukin-6 and tumor necrosis factor α and 

decreased the expression of anti-inflammatory heme oxygenase-1. LPS/IFNγ-induced activation also led to 

accumulation of exogenous MeCP2.  

To characterize the effects of MeCP2 phosphorylation changes in microglial cells, phosphorylation site mutants 

of MeCP2 were expressed in BV2 cells. The inflammatory response of these cells and their phagocytic activity 

are currently under investigation. The role of MECP2 phosphorylation changes on synaptic plasticity upon 

neuroinflammation will be determined utilizing an in vitro co-culture model of mouse primary neurons and 

microglial cells.  

Our preliminary findings suggest an involvement of MeCP2 in the early stages of AD-related neurofibrillary 

pathology and a role for MeCP2 in the regulation of the inflammatory response of microglial cells. Therefore, 

further characterization of MeCP2 phosphorylation changes in microglial cells and their impact on synaptic 

plasticity may provide new insights into the early stages of AD pathophysiology. 
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Frontotemporal dementia (FTD) and amyotrophic lateral sclerosis (ALS) are neurodegenerative diseases for 

which there are no effective disease-modifying treatments. Even though different parts of the CNS are affected 

in FTD and ALS and their clinical phenotypes differ, the GGGGCC hexanucleotide repeat expansion (HRE) in 

the C9orf72 gene is the most common genetic cause underlying both of these diseases. In neurons, this 

expansion leads to C9orf72 haploinsufficiency and generation of nuclear and cytosolic RNA foci, consisting of 

aggregated C9orf72 HRE-containing RNA, and dipeptide repeat (DPR) proteins, translated from this RNA. 

These further result in C9orf72 loss-of-function as well as gain-of-toxic-function mechanisms, underpinning 

neurodegeneration. Other typical pathological hallmarks in the C9orf72 HRE carrier neurons are aggregation of 

TAR DNA-binding protein (TDP)-43 and Sequestosome (SQSTM)1/p62 in separate inclusions. However, it is still 

unclear how these pathological alterations lead to neurodegeneration. Glial cells have also been suggested to 

contribute to disease pathogenesis in FTD and ALS. Interestingly, glial cells express the C9orf72 gene at higher 

levels than neurons, but rarely show RNA foci or DPR protein inclusions in post mortem human brains. However, 

in order to find out whether glial cells as well present these pathological hallmarks or other alterations, which 

might be associated with their potentially compromised function, model systems of the C9orf72 HRE are needed. 

Here, we have utilized mouse microglia-like BV-2 cells and overexpression of pathological C9orf72 HRE to test 

whether any of the abovementioned pathological hallmarks can be detected, and whether BV-2 cell function is 

altered upon the HRE expression. To this end, we have used biochemical and fluorescence microcopy-based 

approaches and assessment of BV-2 cell viability and functionality, such as responses to inflammatory stimuli, 

autophagy and phagocytosis at different time points. We found that BV-2 cells produce DPR proteins but do not 

show accumulation of RNA foci when expressing the C9orf72 HRE. Also, the HRE-expressing BV-2 cells are 

able to acquire the pro-inflammatory phenotype after lipopolysaccharide and interferon-γ stimulation. In the 

future, mouse primary microglia expressing the pathological C9orf72 HRE will be used to assess similar 

outcome measures. These models will serve as platforms to identify factors and mechanisms associating with 

the C9orf72 HRE in microglial cells and potentially underlying neurodegeneration. 
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Inherited peripheral motor-sensory neuropathies can be classified as demyelinating, axonal, or intermediate 

forms. Although suggestive, this clinical classification cannot always define precisely the individual contributions 

of all the different cell types that are potentially involved in the disease mechanisms, especially within the 

neuromuscular circuit. Dynamin 2 (DNM2) is a ubiquitously expressed large GTPase required for the 

development of Schwann cells and skeletal muscles. Diverse dominantly-inherited mutations have been mapped 

to DNM2. They can either cause Charcot-Marie-Tooth (CMT) neuropathy or centronuclear myopathy (CNM), 

highlighting that both nerves and muscles are potentially sensitive to DNM2 malfunction. Based on diverse 

studies with mutated proteins and structural investigations, it is assumed that at least some CNM-causing DNM2 

mutations are related to a state of ectopic hyperactive protein, which can bypass the proper need for membrane 

localization and lipid anchoring before activation. Conversely, CMT-causing mutations, including the DNM2 

K562E point-mutant, have rather been associated with hypoactive properties, showing defects in lipid anchoring 

and lower GTPase hydrolysis potential.  

In the current study, we aimed to understand the impact of the DNM2 CMT-causing mutation K562E in the 

neuromuscular circuit since these patients are affected by a neuropathy coupled with muscle weakness. To this 

end, we generated a mouse model carrying this mutation using an appropriate knock-in strategy. We found that 
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resulting heterozygous mutant mice showed no striking neuropathy based on ultrastructural and functional 

assays. Surprisingly, however, further analysis revealed morphological and molecular signs of an enduring 

primary myopathy. When Schwann cells of Dnm2 K562E-expressing animals were further challenged through 

Schwann cell-specific deletion of the remaining healthy Dnm2 allele, the nerves developed striking hallmarks of 

a peripheral neuropathy. Interestingly, this effect differed from the phenotype of complete Dnm2 deletion in 

Schwann cells.  

Our data suggest that human patients carrying heterozygous K562E mutations might be affected by a form of 

primary myopathy that is likely masked by the overlying neuropathy. 

 

T05-041B 
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neuropathology in a murine model of Krabbe’s disease. 
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Globoid cell leukodystrophy (Krabbe’s Disease, KD) is a rare infantile neurodegenerative disorder, caused by 

mutations in the galactocerebrosidase (galc) gene. A subsequent decreased enzymatic activity leads to a brain 

accumulation of the toxic metabolite galactosylsphingosine (psychosine). This causes profound demyelination 

and severe loss of oligodendrocytes, usually accompanied by neuroinflammation. Currently, clinical practice 

lacks a curative treatment and is mostly directed towards symptomatic relief. Recent findings give rise to the 

sphingosine 1-phosphate receptor agonist fingolimod, a therapy for multiple sclerosis, as a potential therapeutic 

agent for KD. Our lab has previously shown that fingolimod attenuates psychosine-induced cell death of human 

astrocytes in vitro and demyelination in mouse organotypic cerebellar slices(1). This data thus prompted the 

current preclinical study investigating the effects of fingolimod in twitcher mice, an animal model of KD.  

The direct impact of in vivo fingolimod-treatment was assessed via immunohistochemistry with markers for 

myelination, astrocytes, microglia and neurons. Additionally, western blots were carried out to quantify proteins 

of myelination and inflammation. Furthermore, PAS-histology was conducted to assess infiltrating multi-

nucleated macrophages, a pathological hallmark of KD. Results indicate that treatment of twitcher mice with 

fingolimod significantly rescues myelination and regulates astrocyte and microglial reactivity. Furthermore, 

decreases in non-phosphorylated neurofilaments indicate that attenuation of demyelination is accompanied by 

neuroprotective and neurorestorative processes. These positive results are reflected in phenotypic 

improvements of treated twitcher mice. In conclusion, findings of the current study suggest that fingolimod’s 

mechanism of action reaches beyond that of immunomodulation, highlighting sphingosine 1-phosphate receptors 

as reliable drug targets for the devastating childhood illness KD. 
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On the role of astrocytes upon Aβ-mediated neurotoxicity 
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Alzheimer’s Disease (AD) is an aged-dependent neurodegenerative disease characterized by progressive 

deterioration of cognitive function. Amyloid beta (Aβ) accumulation is considered the principal hallmark of AD 

and this is associated with the disruption of synaptic transmission and plasticity (such as long-term potentiation 

(LTP)) (1). Astrocytes are key cellular partners to neurons, being responsible for the modulation of synaptic 

transmission and LTP (2). Aβ aggregation induces a Ca2+-signaling dysregulation in astrocytes (3), which can be 

associated with the abnormal Ca2+-dependent release of gliotransmitters. In turn, this anomalous Ca2+-

dependent release of gliotransmitters can be linked to the increase in neuronal excitability that leads to the 

disruption of synaptic transmission and plasticity.  

Thus, knowing that Ca2+-dependent release of gliotransmitters can occur in a SNARE-dependent manner, the 

aim of the present work was to investigate the role of SNARE-dependent gliotransmitters release from astrocytes 

upon Aβ-mediated excitotoxicity.  

fEPSP were recorded from CA1 area of hippocampal slices derived from WT and dn-SNARE transgenic mice (8-

12 weeks) in which the SNARE-dependent release of gliotransmitters was selectively impaired in astrocytes, and 

where the SNARE domain expression can be suppressed by doxycycline (Dox) administration. Before fEPSP 

recordings, hippocampal slices were incubated with Aβ1-42 oligomers (200 nM) for 3h. LTP was induced by θ-

burst stimulation in the Schaffer collaterals/CA1 area.  

The θ-burst stimulation increased fEPSP slope by 38±7,1% in WT (Dox +) mice and by 31±8,9% in dn-SNARE 

(Dox +), whereas in the presence of Aβ1-42 oligomers (200 nM) the same induction paradigm leads to an 

impairment of LTP on both WT (Dox +) and dn-SNARE (Dox +). In dn-SNARE (-Dox) mice, the LTP magnitude 

was 35±7,4% in the absence of Aβ1-42 oligomers (200 nM) and 31±3,8% in its presence (p>0.05, n=5).  

These results indicate that astrocytes participate in the modulation of synaptic plasticity under physiological and 

pathological conditions, being, in part, responsible for the LTP disruption caused by the hippocampal exposure 

to Aβ oligomers, since in dn-SNARE (-Dox), where the vesicular release of gliotransmitters is impaired, we 

observed a recover of LTP magnitude in the presence of Aβ oligomers.  
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Myotonic dystrophy type 1 (DM1) is a trinucleotide repeat expansion disorder that affects multiple tissues, 

notably the CNS. Brain involvement is demonstrated by debilitating neurological symptoms and structural 

changes, including predominant white matter lesions. DM1 is caused by the abnormal expansion of a CTG 

repeat in the 3’UTR of the DMPKgene. Expanded DMPK transcripts are toxic to the cell: they accumulate in RNA 

aggregates (foci), affect RNA-binding proteins and deregulate the RNA processing and metabolism of 

downstream transcripts. However, we still do not know which cell types and molecular pathways are primarily 

affected in the brain to explain the etiology of the neurological manifestations.   

To address this question we are using a transgenic mouse model of DM1. The DMSXL mice express expanded 

DMPKtranscripts in multiple tissues. In addition to the accumulation of RNA foci in neurons and astrocytes, we 

have found toxic RNA accumulation in oligodendrocytes (OLs) in vivo, as well as missplicing in OLs isolated 

from adult DMSXL brains. To investigate the functional consequences of RNA toxicity in OL physiology, we 

investigated primary OL cultures by videomicroscopy. Despite normal proliferation in culture, DMSXL OLs 

precursors exhibit signs of defective migration and impaired differentiation into ramified OLs. Interestingly OLs 

show pronounced splicing defects that recreate the profiles of precursor cells. We then investigated if the 

differentiation defects in cultured OLs were found in vivo. Young DMSXL mice show lower expression of myelin 

protein markers (myelin basic protein, MBP), as well as a decreased number of mature OLs, reduced thickness 

and lower density of myelinated axons in the corpus callosum. Together these results suggest a myelination 

delay in response to the DM1 repeat mutation.  

To decipher the mechanisms behind OL and myelin phenotypes, we have combined proteomics and RNA 

sequencing approaches, to find events and pathways specifically deregulated in this cell type. Interestingly, 

myelin misregulation may be accounted for, at least partially, by a significant increase in the protein levels of 

myelin expression factor 2 (MYEF2), a repressor of MBP. Furthermore, gene ontology analysis suggests the 

abnormal expression of structural and regulatory components of the cytoskeleton, as well as critical signaling 

pathways involved in cell motility and differentiation.  

Revealing the mechanisms of OL impairment in DM1 will help us better understand brain disease symptoms and 

identify new therapeutic targets. 
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High glucose concentrations induce oxidative stress in retinal Müller cells by altering Nrf2 

J. Albert-Garay, R. Salceda 

Neurodesarrollo y Fisiología, Universidad Nacional Autónoma de México, México, MX 

 

A variety of diseases, including diabetes, has been associated to oxidative stress. Hyperglycemia has been 

reported to induce retinopathy. Retinas from long term diabetics have shown increase production of reactive 

oxygen species (ROS) causing oxidative stress. The erythroid nuclear factor 2 related to factor 2 (Nrf2), is one of 

the main regulators of cellular redox homeostasis, in response to oxidative stress. Because the major role of 

Müller retinal cells is to maintain the structural and functional stability of retina, in the present work we analyze by 

western blot the nuclear and cytoplasmic levels of  Nrf2  in retina glial Müller cells in culture, and the effect of 

high glucose concentrations on them. The expression levels of Nrf2 decreased significantly (48%) in both 

cytoplasmic and nuclear fraction, at 6 h incubation in 25 mM glucose; while cytoplasmic levels remains constant 

up to 48 h, nuclear Nrf2 levels increased, showing values 69% higher at 48h. Unexpectedly, an increase in ROS 

production was observed from 12 to 48 h in the presence of 25 mM glucose. These results suggest that high 

glucose concentrations leads to alteration of the redox regulatory capacity of Nrf2, probably by changes in its 

binding to the antioxidant response element. However, other regulatory mechanisms are not excluded. 
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Microglia-mediated inflammation is closely associated with obesity-related hypothalamic inflammation, metabolic 

complications, and pathologies of neurodegenerative diseases. In this study, we investigated filbertone, a main 

aroma compound of hazelnuts, on microglia-mediated inflammatory responses in vitro and in vivo. Filbertone 

significantly inhibited nitrite oxide production, inducible nitric oxide synthase expression, and inflammatory 

cytokines production in BV2 microglia cells stimulated with lipopolysaccharide (LPS) and/or free-fatty acid. 

Filbertone also reduced LPS-stimulated activation of inflammatory signaling molecules; mitogen-activated 

protein kinases and nuclear factor kappa-light-chain-enhancer of activated B cells in BV2 microglia cells. 

Moreover, in the high-fat diet-fed obese mice, filbertone supplementation markedly suppressed the expression of 

inflammatory cytokines and microglia activation marker in the hypothalamus and hippocampus. These findings 

suggest that filbertone inhibits microglia-mediated inflammatory responses through inactivation of the 

inflammatory signaling pathway. Filbertone may have a potential to protect against hypothalamic metabolic 

dysregulations and neurodegenerative pathologies in obese condition.  
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Sex-dependent changes in glial morphology and animal behavior in mouse model of hypothyroidism 
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Thyroid hormones (THs) are essential for the development and function of the central nervous system (CNS). In 

adult CNS, both hypo- and hyper-thyroidism may affect psychological condition and potentially increase the risk 

of cognitive impairment and neurodegeneration including Alzheimer’s disease (AD). We have reported non-

genomic effects of tri-iodothyronine (T3) on microglial functions and its signaling in vitro (Mori et al., 2015). In 

addition, we have observed sex- and age-dependent differences in neurological and psychological symptoms in 

mouse model of hyperthyroidism (Noda, 2015; Noda et al., 2016). Here we analyzed the effects of opposite 

thyroid dysfunction, hypothyroidism, on glial cells in vivo using young and old male and female mice. We 

observed that hypothyroidism also induces sex-dependent changes in glial morphology and animal behavior. 

These results may help to understand physiological and/or pathophysiological functions of THs in the CNS and 

how hypothyroidism affects behavioral, psychological and cognitive conditions in sex-dependent manner. 
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Neuroinflammation has become one of the main hypotheses that explain the neurodegenerative change in 

neurological disorders.  

The real involvement of neuroglial cells in this process has been widely studied in last decades. In particular, 

astrocytes have been demonstrated to play an essential role in neuroinflammation on the basis of their capability 

to react against central nervous system damage.  

We previously established how astroglial cells present in cerebellum showed evident morphological changes in 

prion diseases which might represent different states as neural progenitors for neuroglial cells. Similar 

observations were described in cerebellar samples from patients affected by other neurodegenerative diseases 

named prion-like disorders. They include Alzheimer’s, Parkinson’s and Huntington’s diseases, frontotemporal 

dementia and amyotrophic lateral sclerosis.  

This morphological approach was extended to frontal cortical area where interlaminar glia has been described. 

This term interlaminar was coined in order to describe specific astroglial morphology as a long palisade present 

in supragranular layers of cerebral cortex. This citoarchitectonic feature being exclusive of anthropoid species 

included healthy human. The disruption of this ‘cable-like’ process and their replacement by classical astroglial 

stellate has been considered as neuropathological condition associated to Alzheimer’s disease or Down´s 

syndrome. Here it is described for first time in samples corresponding to patients affected by other 

neurodegenerative diseases.  

At present, morphological studies are falling into disuse. However, by means of observation of alterations of glial 

cells, reliable conclusions in order to get approach to determine their function are possible to be drawn. 
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Diabetic encephalopathy is a severe diabetes-related complication in the central nervous system (CNS) that is 

characterized by degenerative neurochemical and structural changes leading to impaired cognitive function. 

While the exact pathophysiology of diabetic encephalopathy is not well-understood, it is likely that 

neuroinflammation is one of the key pathogenic mechanisms that cause this complication. Lipocalin-2 (LCN2) is 
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a glial protein known to promote neuroinflammation via the recruitment and activation of immune cells and glia, 

particularly microglia and astrocytes, thereby inducing proinflammatory mediators in a range of neurological 

disorders. In this study, we investigated the role of LCN2 in multiple aspects of diabetic encephalopathy in 

mouse models of diabetes. Here, we show that induction of diabetes increased the expression of both Lcn2 

mRNA and protein in the hippocampus. Genetic deficiency of Lcn2 significantly reduced gliosis, recruitment of 

macrophages, and production of inflammatory cytokines in the diabetic mice. Further, diabetes-induced 

hippocampal toxicity and cognitive decline were both lower in Lcn2 knockout mice than in the wild-type animals. 

Taken together, our findings highlight the critical role of LCN2 in the pathogenesis of diabetic encephalopathy. 
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Later-life Alzheimer’s-related tauopathy in white matter: An Electon Microscopy (EM) study of rTG4510 

murine model.    
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Tauopathies, such as Alzheimer’s disease (AD), are increasingly recognized to be associated with white matter 

(WM) alterations. Brain imaging and biomarker studies reveal WM changes as an early and prominent clinical 

manifestation. Furthermore, models of tauopathy show significant myelin and glial pathology with altered WM 

architecture and function. These changes may act to disrupt network connectivity in disease and contribute to 

age-related cognitive decline. Notably, these models tend to focus on early pathogenesis and progression, with 

little work examining the effect of induced tauopathy on long-term viability of WM structures. This has clinical 

significance as dementias are frequently diagnosed later in life following prominent disease manifestation and 

WM alterations. This work examines the effects of life-long tauopathy induction on WM structure and function. 

Tissue was collected from rTG4510 mice at 12-18 months of age following transgene induction at 1 month of 

age. Perfusion fixation was followed by embedding, ultra-sectioning of optic nerve and corpus callosum and 

examination blind via TEM.  Myelin g-ratio, semi-qualitative injury scoring, axon diameter profile spectra and glial 

reactive changes were then determined.   
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Microtubule associated protein tau is thought to be involved in pathogenesis of Alzheimer’s disease. Until 

recently most of investigations were directed towards understanding of neurotoxicity of intracellular tau 

aggregates. However, accumulating evidence suggests that tau protein can be actively secreted from neurons 
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but its role in pathological processes is not clear yet. In this study, we aimed to investigate whether tau2N4R 

isoform can cause neurotoxic effects when added to primary rat brain cell cultures and whether microglial cells 

mediate the effect. We found that in mixed neuronal-glial cerebellar granule cell cultures, extracellular tau2N4R 

independently of its aggregation state promoted proliferation of microglia, but production of pro-inflammatory 

cytokines (TNF-a, IL-1b or IL-18) or NO (measured by accumulation of nitrite in cell culture media) was not 

observed. There were no signs of neuronal death over 2-5 days of treatment with exogenous tau, though tau-

affected neurons exposed phosphatidylserine on the outer surface of their membranes, and numbers of neuronal 

cells in cultures substantially decreased during 2 days treatment with tau. This tau-induced neuronal loss was 

supressed by selective elimination of microglia from cultures. Tau–treated microglia exhibited enhanced 

phagocytic activity which was sensitive to inhibitors of protein kinase C (Ro32-0432) and neutral 

sphingomyelinase (GW4869). These inhibitors, as well as inhibitors of MERTK and caspase-1, prevented tau-

induced loss of neurons. Our results suggest that extracellular tau2N4R causes activation of microglia resulting in 

elimination of viable neurons by primary phagocytosis. 
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In vitro modelling of human microglial alterations associated with Alzheimer's disease polygenic risk. 
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Alzheimer’s disease is the most common form of neurodegenerative disorder, currently without any effective 

treatment. The vast majority of patients (̴90%) are affected by late-onset AD (LOAD), developing symptoms at 

age older than 65. LOAD is considered to be multifactorial, however it involves a strong genetic predisposition. 

The strongest genetic risk factor, known for over 20 years, is the ε4 isoform of the APOE gene which encodes a 

polymorphic glycoprotein involved in the transport of cholesterol and other lipids. Possession of one or two 

copies of ApoE4 increases AD risk by 3- to 12-fold relative to the neutral ApoE3, which is the most common 

isoform and is thus considered the standard for the general population. During the past few years, large-scale 

collaborative GWAS have significantly enlarged the knowledge regarding the genetic underpinnings LOAD by 

identifying more than 30 additional genetic risk loci with common variants that have small effects on AD risk. 

Novel statistical approaches allow polygenic risk score for AD to be assigned, allowing the identification of 

individuals at highest and lowest risk. Bio-statistical analysis of these risk loci most strongly implicates innate 

immunity and microglia function as target pathways involved in AD etiology. The aim of the project is to 

understand the impact of polygenic risk genotype in microglia function on AD onset and progression. In order to 

achieve this object, in the first part of the project, induced pluripotent stem cells (iPSCs) will be derived from 

peripheral blood mononuclear cells (PBMCs) collected from individuals identified at the extremes of polygenic 

risk of AD, all carrying the ε3 isoform of the APOE gene. Subsequently, we will established iPSCs-derived 

microglial models, which will be analysed and compared to detect potential differences between high and low 

polygenic risk groups. Moreover, APOE4 iPSCs will be used as comparison for the strongest AD phenotype. 

Further understanding of the role of microglia cells into AD pathophysiology may be key for future therapeutic 

intervention. 
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Neuroinflammation and demyelination are implicated in many neurodegenerative diseases, thus is important to 

search new drugs capable to control these conditions. Here, we investigated the neuroprotective, myelinogenic 

and anti-inflammatory effects of the flavonoid agathisflavone (FAB). Firstly, co-cultures of neurons/glial cells 

were exposed for 24 h to LPS (1 µg/mL) or IL-1β (10 ng/mL) and then treated with FAB (1µM) for additional 24 h. 

Immunocytochemistry (ICC) for caspase-3/β-tub III and Fluro-Jade B staining demonstrated that FAB protects 

neurons against neuroinflammation and, additionally, increase the number of in βIII-tubulin+ neurons and neurite 

outgrowth. In addition, FAB significantly decreased microglial proliferation (Iba-1+/BrDU+) and the proportion of 

microglia with an M1 pro-inflammatory phenotype (CD68/NFκB+), as well as controlling astrogliosis (GFAP ICC). 

qPCR analysis showed that FAB controlled the expression of the inflammatory molecules Ccl5, Ccl2, Il6 and 

Il18, and increased the expression of the regulatory molecule Arginase. Secondly, demyelination was examined 

in cerebellar slices were prepared from Sox10-EGFP and Plp1-DsRed transgenic reporter mice aged postnatal 

day P10-P12. After 7 days in vitro (DIV), demyelination was induced with lysolecithin (LCT, 0.5 mg/ml), and 

slices were then treated with FAB (5 or 10µM) for 2 days. Our results showed that LCT did not alter the number 

of oligodendrocyte lineage cells identified by expression of the reporter Sox10-EGFP, but increased Plp1-DsRed 

cells as well as NG2+ positive oligodendrocyte progenitor cells (OPCs). However, LCT significantly reduced the 

proportion of myelinated axons (MBP-Neurofilament ICC). Notably, treatment with FAB increased the number of 

OPCs and protected against demyelination. Furthermore, LCT induced a shift in microglia to a more 

inflammatory phenotype (M1/M2 ratio, CD16/32/CD206), and this was reverted by FAB. Similarly, RT-qPCR 

showed that FAB reduces Tnfa, Il1b and Nos2 and increases Arg1, Tgfb, Cntf and Acvr1b expression. Finally, 

using calcium imaging in the mouse optic nerve model we demonstrate a significant increase in ATP-response 

following FAB. Further investigation by qPCR showed that FAB increases the G-protein-coupled purinergic 

receptor P2y2 expression. Together these findings provide evidence that FAB has a significant protective effect 

against neuroinflammation and demyelination and implicates purinoceptors in these effects. However, more 

studies are necessary in order to provide a better understanding of the main mechanism involved in its 

protection. 
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Mitochondrial dysfunction is a prominent feature of neurological disease, including demyelinating disorders such 

as multiple sclerosis (MS), Leber’s hereditary optic neuropathy, and Charcot-Marie-Tooth type 2A disease. In 

MS specifically, most studies have focused on neuronal mitochondrial dysfunction, even though 

histopathological evidence has identified the presence of mitochondrial pathology in oligodendrocytes as well. 

Given that degeneration of myelinating oligodendrocytes is the hallmark of MS, we sought to investigate whether 

mitochondrial dysfunction occurring in oligodendrocytes could lead to cell death and demyelination, contributing 

to MS pathogenesis. To do so, we generated a mouse model where mitochondrial DNA (mtDNA) double-strand 

breaks (DSB) can be specifically induced in myelinating oligodendrocytes via the expression of the 

mitochondrial-targeted endonuclease mtPstI (PLP:mtPstI mice). Using this model, we showed that induction of 

mtDNA DSB causes oligodendrocyte loss leading to impairments consistent with an MS-like phenotype, 

including demyelination and axonal damage in the spinal cord (Madsen et al., 2017). To better understand the 

pathological correlates of mtDNA DSB induction in oligodendrocytes, we performed a histological and 

biochemical characterization of PLP:mtPstI mice at various times post mtDNA DSB induction. We assessed the 

profile of demyelination using black-gold staining and observed progressive demyelination with the continuous 

induction of mtDSB (up to 6 months). This was most evident in myelinated tracks such as the corpus callosum 

and spinal cord, but was seen also in cortex and cerebellum. Demyelination was confirmed by western blot for 

the myelin proteins MOG and MBP. We also observed progressive astrogliosis and microgliosis with mtDNA 

DSB induction, as shown by increased GFAP and Iba1 immunostaining. This was accompanied by extravasation 

of immune cells, higher in the spinal cord, likely as a secondary consequence of increased CNS inflammation 

initiated by oligodendrocyte cell death.  

Ultimately, our data indicate that PLP:mtPstI mice represent a model of demyelination that may prove useful to 

study specific aspects of MS pathology (oligodendrocyte death, axonal injury, remyelination) without the 

confounding factor of primary immune activation. It could be a valuable tool to model progressive MS forms 

where demyelination and axonal injury often occur in the absence of overt immune activity. 
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Following traumatic injury to the central nervous system, initially undamaged tissue can succumb to damaging 

reactive species, oxidative stress as well as cell dysfunction and death, in a phenomenon known as secondary 

degeneration. Blood brain barrier disruption accompanies secondary degeneration, both adjacent to and remote 

from the primary injury, and leads to increased neuroinflammation and damage. NG2+ glia are an integral 

component of the blood brain barrier, and include both pericytes and oligodendrocyte precursor cells that 

contribute to the oligovascular niche. However it is not yet known if oxidative damage to NG2+ glia occurs to a 

greater degree at sites of blood brain barrier breach than sites where the barrier is intact, thereby perhaps 

contributing to secondary degeneration. Here we use the partial optic nerve transection model of secondary 

degeneration in adult female Piebald Viral Glaxo rats and semi-quantify 8-hydroxy deoxyguanosine (8OHdG) 

immunoreactivity as an indicator of oxidative damage to DNA in NG2+ glia and glial fibrillary acidic protein 

(GFAP)+ astrocytes, together with Immunoglobulin G (IgG) immunoreactivity as an indicator of blood brain 

barrier breach. 8OHdG immunoreactivity was increased 1 day after injury in both NG2+ glia and GFAP+ 

astrocytes in ventral optic nerve vulnerable to secondary degeneration (p≤0.001). However, 8OHdG 

immunoreactivity was only higher in sites of blood brain barrier breach in NG2+ glia (p≤0.01). 

Ethynyldeoxyuridine delivered in vivo to label proliferating cells was used to demonstrate that the percentage of 

proliferating NG2+ cells around RECA+ blood vessels was increased after injury (p≤0.05), whereas the 

percentage of proliferating RECA+ endothelial cells did not increase in response to injury at this time point. The 

data indicate that NG2+ glia may be particularly vulnerable to oxidative damage at sites of blood brain barrier 

breach, associated with a proliferative response. 
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Alzheimer’s Disease (AD) is characterized by accumulation of the β amyloid protein (Aβ) and increase of 

inflammatory response mediated by microglia and astrocytes, which once activated, release pro-inflammatory 

cytokines such as IL1β, resulting in neurodegeneration. This study evaluated the neuroprotective and 

neuroimmunomodulatory potential of flavonoid apigenin in in vitro models of neuroinflammation associated with 

AD.  Co-cultures of neurons and glial cells were obtained from the cortex of newborn and embryonary Wistar 

rats. After 21 days cultures cells were exposed for 24 h to LPS (1µg/mL) or IL-1β (10ng/mL) or for 4 h to Aβ 

oligomers (500 nM) and then treated with apigenin (1µM) for more 24 h. It was observed by Fluoro Jade B and 

caspase 3 immunostaining that apigenin was not neurotoxic and has a neuroprotector effect against 

inflammatory damage. The immunocytochemistry analysis revealed that apigenin reduced microglial activation 

after inflammatory stimulus with LPS, IL-1β or Aβ oligomers, characterized by decrease in expression of M1 

inflammatory marker CD68, inhibition of proliferation (BrdU+ cells), and by modulation of microglia morphology 

(Iba-1+ cells). Moreover, apigenin treatment also preserved neurons and astrocytes integrity, determined by 
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immunocytochemistry for β-tubulin III and GFAP proteins, respectively. The immunomodulatory effect of 

apigenin, also evaluated by RT-qPCR, demonstrated that the flavonoid alone did not induce changes on 

expression of mRNA for Il-6, Il-1β and Ccl5, but induced increase in the expression of mRNA for Bdnf. 

Inflammatory stimulus with Il-1β induced increase in expression of mRNA for Il-1β, Il-6 and Ccl5, and decrease 

in the expression of mRNA for Il-10 and Bdnf. However, the pre-treatment of cultures with apigenin before IL-1β 

stimulus induced decrease in the expression of mRNA for Il-6 and Ccl5 and increase the expression of mRNA 

for Il-10 and Bdnf. Together these data demonstrate that apigenin presents neuroprotective and 

neuroimmunomodulatory effects in vitro, which may be considered for pre-clinical studies as adjuvant for the 

treatment of neurodegenerative diseases. 
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Kainic acid, an analogue of the excitatory neurotransmitter glutamate, can trigger seizures and neurotoxicity in 

the hippocampus and other limbic structures in a manner that mirrors the neuropathology of human temporal 

lobe epilepsy (TLE). However, the mechanisms associated with the neurotoxicity remain unclear. Since amyloid-

β (Aβ) peptides, which play a role in Alzheimer’s disease, can mediate toxicity by activating glutamatergic NMDA 

receptors, it is likely that the enhanced glutamatergic transmission that renders hippocampal neurons vulnerable 

to kainic acid treatment may involve Aβ peptides. Thus, we seek to establish what role Aβ plays in kainic acid-

induced toxicity. Our results show that systemic injection of kainic acid to adult rats triggers seizures, gliosis and 

loss of hippocampal neurons, along with increased levels/processing of amyloid precursor protein (APP), 

resulting in the enhanced production of Aβ peptides. The changes in APP levels/processing were evident 

primarily in activated astrocytes, implying a role for astrocytic Aβ in kainic acid-induced toxicity. Accordingly, we 

showed that treating rat cultured astrocytes and human U-373 astrocytoma with kainic acid can lead to 

increased levels of APP and its cleaved products including Aβ peptide by selectively activating kainate receptor 

without any compromise in cell viability. Additionally, we revealed that kainic acid reduces neuronal viability more 

in neuronal/astrocyte co-cultures than in pure neuronal culture, and this is attenuated by precluding Aβ 

production. Collectively, these results indicate that increased production/secretion of Aβ peptides from activated 

astrocytes can contribute to neurotoxicity in kainic acid-treated rats. Since kainic acid administration can lead to 

neuropathological changes resembling TLE, it is likely that APP/Aβ peptides derived from astrocytes may have a 

role in TLE pathogenesis. 
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Astrocytes are multifunctional cells, which play essential roles in the brain development, physiology and 

pathology. The age-related morphological changes and loss of normal astrocyte functions may contribute to the 

onset and progression of various neurodegenerative pathologies and dementia. In the present study, we have 

focused age-related changes in astrocyte functioning, predominantly on astrocyte ability to regulate their volume 

in response to pathological stimuli. The aim of this project is to identify changes in the expression and function of 

astrocytic membrane transport proteins triggered by ageing using three dimensional confocal morphometry, 

immunohistochemistry and gene expression profilling in the hippocampal astrocytes from 3month- (3M), 9month- 

(9M), 12month- (12M) and 18month- (18M) old GFAP/EGFP mice. The volume changes of hippocampal 

astrocytes were quantified using 3D-confocal morphometry in acute brain slices isolated from 3M, 9M, 12M and 

18M old GFAP/EGFP mice. The slices were exposed either to 20-minute hypoosmotic stress or to severe 

hyperkalemia (50mM K+). During the application of hypoosmotic stress the volume changes trend was same in 

all age groups as well as the extent of astrocytic swelling. Interestingly, the exposure to high K+ concentration 

evoked similar swelling in 3M and 12M old animals (by 65-70%), while in 9M and 18M old animals the swelling 

was markedly smaller (by 35-40%). Based on previous findings that described alterations in glutamate uptake in 

aged astrocytes as well as K+ buffering, we hypothesized that distinct astrocyte volume changes observed 

during aging might be caused by alterations in astrocyte ability to take up glutamate, K+ or even by compromised 

ability to regulate their volume via volume regulated anion channels (VRACs). To approve our hypothesis, here 

we employed three different inhibitors; an inhibitor of the excitatory amino acid transporters EAAT1 and EAAT2 

(TFB-TBOA), bumetanide, an inhibitor of Na+-K+-Cl- co-transporters (NKCC1) and an inhibitor of VRACs 

(DCPIB). Our pharmacological experiments we combined with imunohistochemical analysis. We focused on 

quantifying protein levels of transporters and ion channels that take part in processes underlying astrocyte 

volume changes, namely glutamate transporters GLAST and GLT1, co-transporter NKCC1 and VRACs. Their 

protein levels were again quantified in hippocampal astrocytes of 3M, 9M, 12M and 18M-old GFAP/EGFP, with 

main focus on astrocytic soma and also whole astrocyte. 
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Astrocytes are deeply involved in the maintenance of extracellular brain homeostasis and failure of their 

homeostatic functions may contribute to the progression and outcome of neuropathological processes, including 

Alzheimer’s disease (AD). Recent evidence suggests that early stages of AD are accompanied by astrocytic 

atrophy and by a dis-balance in neurotransmitter homeostasis, which results in neuronal death, and also in an 

increased uptake of osmotically active substances, predominantly provided by astrocytes. Here, we aimed to 

elucidate to what extent the progression of AD affects astrocyte volume changes and their regulatory volume 

mechanisms in response to various pathological stimuli, such as hypoosmotic stress or increased extracellular 

K+ concentration in the mouse hippocampus using three-dimensional confocal morphometry in situ. We 

quantified the changes in total cell volume as well as changes in processes and soma volume in astrocytes from 

3, 9, 12 and 18 months old mice. In order to visualize individual astrocytes, we used GFAP/EGFP mice 

(controls), in which astrocytes are fluorescently labelled. We also generated new transgenic mice (GFAP/EGFP-

3xTgAD) by crossbreeding GFAP/EGFP mice, with triple transgenic mice, in which amyloid precursor protein, 

presenilin and tau are mutated (3xTgAD mice). In our experiment, it was revealed comparable swelling of 

hippocampal astrocytes from 3M-old controls and aged-matched GFAP/EGFP-3xTgAD mice in response to 

hypoosmotic stress, however in astrocytes of 9M- and 12M old GFAP/EGFP/3xTgAD mice a slower/smaller 

swelling was observed when compared to that of controls. After astrocyte exposure to elevated K+, we detected 

similar slower/smaller astrocytic swelling already at 3M old GFAP/EGFP-3xTgAD mice. We hypothesize that the 

same swelling of hippocampal astrocytes of GFAP/EGFP and GFAP/EGFP-3xTgAD mice at 9M might be 

caused by alterations in astrocyte ability to take up glutamate, K+ or even by compromised ability to regulate 

their volume. To approve our hypothesis, we employed three inhibitors; an inhibitor of the excitatory amino acid 

transporters EAAT1 and EAAT2 (TFB-TBOA), bumetanide, an inhibitor of Na+-K+-Cl- co-transporters (NKCC1) 

and an inhibitor of VRACs (DCPIB) on the astrocytes from 9M, 12M and 18M-old mice. In addition, a single cell 

RT-qPCR profiling was carried out to reveal possible differences in the expression profiles of astrocytic ion 

channels/transporters that participate in maintaining ionic/neurotransmitter homeostasis. 
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Astrocytes are large and star-shaped neuroglial cells that extend many branches around synapses and along 

blood vessels. Increasing evidence has indicated that astrocyte dysfunction and neuroinflammation are 

important factors in multiple pathologies of the central nervous system. Parkinson's disease (PD) is a 

progressive neurodegenerative disease characterized by motor and non-motor symptoms, including 

disturbances in mood, memory and executive function. For decades, research on PD has focused on the two 

pathological hallmarks of the disease: the death of dopaminergic neurons (DAn) in the substantia nigra (SNc), 

and aggregation of abnormal protein alpha-synuclein. However, an extensive and consistent neuroinflammation 

component has been also described in PD, including an increased microglial activation, reactive astrocytes and 

lymphocyte infiltration in post-mortem PD brains as well as elevated levels of inflammatory cytokines in 

cerebrospinal fluid and serum of PD patients. To investigate the role of astrocyte function and neuroinflammation 

on the initiation and progression PD pathology, here we generated induced pluripotent stem cell (iPSC)-derived 

astrocytes from familial mutant LRRK2 G2019S PD patients and age/gender-matched controls (Ctrl). PD 

astrocytes displayed alterations in autophagy and mitochondrial dynamics, as well as a progressive 

accumulation of α-synuclein, when compared with Ctrl astrocytes. Analysis of transcriptome from iPSC-derived 

astrocytes indicates that the PD-derived astrocytes have a distinct expression signature compared to Ctrl. 

Additionally, PD-derived astrocytes were found to be robustly reactive, since they expressed high levels of GFAP 

along with an extreme retracted morphology, suggesting that they could also sustain inflammation by producing 

pro-inflammatory cytokines themselves. Follow-up analysis will identify the impaired pathways in PD glial cells 

that can potentially be targeted for future therapies focusing on inflammation pathways. These results represent 

an important step for modeling a complex disease such as PD with an inflammatory component, allowing for the 

investigation of the role of diseased astrocytes in neuronal function. 
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Aminoglycoside antibiotics, used in clinical settings to treat life-threatening bacterial infections, can cause severe 

nephrotoxicity and ototoxicity. Aminoglycoside-induced ototoxicity is believed to be mediated by reactive oxygen 

species (ROS), but the exact source of radicals and the mechanism leading to hair cell and sensory neuron 

degeneration in the inner ear is still unclear. Sialic acids on the neuronal glycocalyx are known to inhibit 

macrophage activation and increased neuronal phagocytosis and can be released by exposure to radicals. Thus, 

recovering the protective sialylation might prevent aminoglycoside-induced macrophage activation and hair cell 

degeneration in the inner ear.  

Here, we show that the human milk oligosaccharide and sialic acid precursor molecule 6’-sialyllactose has anti-

inflammatory and anti-oxidative effects on cultured human macrophages (THP1-macrophages). 6’-Sialyllactose 

prevented the lipopolysaccharide-induced increase of the pro-inflammatory cytokine tumor necrosis factor-alpha 

and the cellular debris triggered production of superoxide. Therefore, we treated aminoglycoside-induced 

damage of the auditory system with 6’-sialyllactose in mice. Treatment of mice with the aminoglycoside 

neomycin induced activation of macrophages in the spiral ganglion of the auditory system and was partially 

prevented by subcutaneous application of 6’-sialyllactose. Preliminary data also indicate that subcutaneous 
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application of 6’-sialyllactose could reduce the neomycin-induced loss of the hair cells in the middle layer and the 

sensory neurons in the cochlea of the mice.  

In summary, we show that the human milk oligosaccharide 6’-sialyllactose has anti-inflammatory properties and 

can prevent the aminoglycoside-induced damage of the auditory system in mice. Thus, 6’-sialyllactose might be 

a possible candidate for dampen the inflammatory side-effects of aminoglycoside therapy. 
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Lysosomal Storage Diseases (LSD) are genetic, early onset, neurodegenerative diseases that result in systemic 

and nervous system dysfunction. All LSDs are associated to leukodystrophy or myelination problems.  

We have recently shown that the Lipocalin Apolipoprotein D (ApoD) is essential for the maintenance of 

lysosomal functional integrity in glial cells. ApoD function ensures processes as diverse as cell survival upon 

oxidative stress (reverting membrane permeabilization and loss of pH gradients), adequate compaction of myelin 

(controlling glycolipid recycling processes), or proper phagocytic activity after nervous system injury. The crucial 

role of ApoD within the lysosome led us to study its effects on the Niemann Pick type A disease (NPA), caused 

by loss of function mutations in the acid sphingomyelinase gene, and resulting in sphingomyelin accumulation in 

lysosomal and plasma membranes. NPA patients rapidly develop progressive neurodegeneration, cerebral and 

cerebellar atrophy, significant Purkinje cell loss, and myelin deficiencies.  

Using NPA-patient derived fibroblasts cell lines and healthy control lines, we demonstrate that, as in glial cells 

and neurons, ApoD is targeted to lysosomes of NPA fibroblasts. While oxidative stress induces an accelerated 

entry of ApoD into the lysosomal compartment of healthy cells, such accelerated targeting is lost in the diseased 

cells, contributing to the vulnerability of NPA lysosomes. We assessed lysosomal functional integrity and cell 

survival, using L-leucyl-L-leucine methyl ester as positive control for lysosomal membrane rupture, and pre-

treatment of healthy control cells with sphingomyelin as a phenocopy of NPA disease.  

By measuring cathepsin B activity, galectin-3 subcellular location, and lysosomal pH (Lysosensor Yellow/Blue 

DND-160 ratiometric assay), we demonstrate that exogenously added ApoD is able to significantly reduce 

lysosomal permeabilization and NPA-promoted lysosomal alkalinization. ApoD addition reverts the accumulation 

of oxidized products in lysosomes and the overall lipid peroxidation of NPA cells, resulting in a significant 

increase in cell survival. ApoD influence on myelination, gliosis, behavioral performance, and survival of 

cerebellar Purkinje cells in a NPA mouse model, are currently being studied.  

Our results reveal that ApoD protection of lysosomal integrity is able to counteract biological deterioration of NPA 

cells, and open therapeutic opportunities for this devastating disease. 
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Intracellular Ca2+ oscillations are a major signaling mechanism in astrocytes, which are sustained by an 

autocrine release of ATP, recognized as an important physiologic and pathologic signal in the brain. Amyloid-β 

peptides (Aβ), a causative agent of Alzheimer´s disease (AD) can affect astrocytic function, contributing to 

synapse loss that underlie AD memory deficits, which are attenuated by adenosine A2A receptor (A2AR) 

blockade. We now investigated how Aβ affect ATP release and Ca2+ dynamics in astrocytes and tested if A2AR 

regulate these processes. We used cultures of astrocytes, obtained from Wistar rats (P1-P2), exposed to Aβ1-42 

(1µM) for 1h, and measured extracellular levels of ATP and intracellular Ca2+ oscillations. Astrocytes exposed to 

Aβ1-42 released significantly more ATP (154.6±23.5%, p<0.01, n=10) than control cells (100%), mainly through 

hemichannels composed by connexin 43 (Cx43) and by exocytosis. Aβ also significantly (p<0.05) affected 

intracellular Ca2+ response to 100 µM ATP (37.5±10.7 a.u. without and 92.0±16.3 with Aβ1-42; n=9), an increase 

mostly due to an increased duration of the Ca2+ response, rather than an increased amplitude. Using 

pharmacological tools, we identified that both Ca2+ influx and Ca2+ efflux from IP3 receptors ER were involved in 

the Aβ1-42-induced increase of Ca2+ responses in astrocytes. The selective A2AR antagonist, SCH58261 (50nM), 

significantly prevented Aβ1-42-induced increase of ATP release (p<0.01, n=6) and of the magnitude of Ca2+ 

response to ATP stimulation (p<0.05; n=6). A2AR blockade also prevented the augmented Cx43 levels (20±5%, 

n=9, p<0.05 versus control) caused by Aβ1-42 exposure (24h). Notably, A2AR and Cx43 are in close proximity, 

suggesting a possible functional interaction between hemichannels and A2AR. Overall, the data showed that 

A2AR blockade prevents increased ATP release and Ca2+ waves deregulation triggered by Aβ1-42. Thus, 

astrocytic A2AR can be a valid target to manage astrocytic dysfunction under AD conditions. 
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Mitochondria are critical for the function and maintenance of myelinated axons notably through ATP production. 

A by-product of this activity is reactive oxygen species (ROS), which are highly deleterious for neurons. While 

ROS and metabolism are involved in several neurodegenerative diseases, it is still unclear how axonal activity or 

myelin modulates ATP and ROS production in axonal mitochondria. We imaged and quantified mitochondrial 
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ATP and hydrogen peroxide (H2O2) in resting or stimulated peripheral nerve myelinated axons in vivo, using 

genetically-encoded fluorescent probes, two-photon time-lapse and CARS imaging. ATP and H2O2 productions 

are intrinsically higher in nodes of Ranvier even in resting conditions. Axonal firing increased both ATP and H2O2 

productions but with different dynamics. In neuropathic MFN2R94Q mice, mimicking Charcot-Marie-Tooth 2A 

disease, defective mitochondria failed to upregulate ATP production following axonal activity. However, H2O2 

production was dramatically sustained. Mimicking demyelinating peripheral neuropathy resulted in a reduced 

production of ATP while H2O2 level soared. Taken together, our results suggest that ATP and ROS productions 

are decoupled under neuropathic conditions, which may compromise axonal function and integrity. 
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Alzheimer's disease (AD) is a progressive, age-related neurodegenerative disorder characterized by memory 

loss and cognitive decline, with loss of global functioning over time eventually leading to death. At the molecular 

level, it is recognised that the aberrant aggregation and accumulation of both β-amyloid 1-42 into fibrillar 

plaques, and hyperphosphorylated tau into neurofibrillary tangles are the two major contributors to the axonal 

degeneration, synapse loss and eventual neuronal cell death that are characteristic of disease 

pathology. Current therapies for AD are symptomatic and seek to redress the neurotransmitter imbalances that 

contribute to memory-cognitive deficits, but cannot stop or reverse disease progression. More recently, CNS 

neuroinflammation in AD has been recognised as a third major branch of pathology contributing to neuronal cell 

death. Chronic activation of glial cells confers a pro-inflammatory phenotype in the CNS, propagating the release 

of pro-inflammatory cytokines and further glial activation. Therefore, immune modulation in the CNS consitutes a 

promising therapeutic target for the amelioration of the inflammatory profile in AD. FTY720, an 

immunomodulatory pro-drug used for relapsing-remitting multiple sclerosis, is a potent sphingosine-1 phosphate 

receptor (S1PR) agonist. Binding of the drug to S1PRs on the surface of lymph nodes leads to receptor 

internalization and prevention of the egress of lymphocytes, subsequently preventing the infiltration of immune 

cells into the brain parenchyma.   

We utilised the McGill-R-Thy1-APP rat model of AD to assess the effects of FTY720 on the neuroinflammatory 

profile of AD. At 6 months of age, rats were orally treated with 1mg/kg FTY720 for 6 months, before subjection to 

Morris Water Maze (MWM) and Novel Object Localization (NOL) behavioural assessments, with sacrifice at 12 

months. FTY720 was found to improve spatial memory in APP animals in both the MWM and NOL task, while 

object recognition measured by discrimination index in the NOL test was also improved. Western blot analysis of 

GFAP and Iba1 astrocyte and microglial markers in the hippocampus showed no significant difference in the 

expression levels of these proteins between wild-type and APP animals, and FTY720 also had no significant 

effect on their expression. Expression levels of myelin basic protein, but not myelin oligodendrocyte glycoprotein 

were reduced in APP animals, and FTY720 was unable to protect against this myelin protein loss. Taken 

together, these results suggest that FTY720 can ameliorate behavioural aspects of AD in vivo but its effect on 

molecular indicators of reactive gliosis is inconclusive. We aim to carry out immunohistochemistry and PCR on 

these markers to corroborate these findings.  
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Diabetic retinopathy is the most common diabetic eye disease and a leading cause of vision loss in working age 

adults in developed countries. It causes progressive neuronal and vascular damage to the retina. Exendin-4 (Ex-

4), a glucagon-like peptide1 (GLP1) analog, is a drug widely used in type 2 diabetes treatment. However, it has 

been demonstrated that Ex-4 exerts neuroprotective effects in the diabetic retina, independently of its 

antihyperglycemic effects. Our group has also previously shown that Ex-4 prevents blood-retinal barrier (BRB) 

breakdown and inflammation in the retina by inhibiting inflammatory cytokines production by microglial cells in an 

animal model of retinal ischemia-reperfusion, which mimics the main features of diabetic retinopathy 

(neurodegeneration, neuroinflammation and increased vascular permeability).  

In this study, we aimed to clarify whether Ex-4 is able to modulate microglia activation, thus preventing retinal 

microvasculature dysfunction triggered by diabetes. Microglial reactivity was evaluated in terms of their migratory 

ability in the retina as well as their morphological changes. Streptozotocin (STZ)-induced diabetic Wistar rats (4 

weeks diabetes duration) were treated with Ex-4 by subcutaneous injections (10 μg/kg twice a day) during the 

last three weeks of diabetes.  

Ex-4 did not affect the insulin levels of diabetic animals. However, Ex-4 prevented the breakdown of BRB and 

had an anti-inflammatory effect in the retinas of diabetic rats, preventing the increase of intercellular adhesion 

molecule 1 (ICAM-1) protein levels. Moreover, Ex-4 prevented the changes in distribution and morphology of 

retinal microglia induced by diabetes. These protective effects were not correlated with an increase in GLP1 

receptor protein levels.  

Overall, our results suggest that Ex4 has beneficial effects in the diabetic retina, by an independent mechanism 

of improved glucose control. These findings provide new clues on mechanisms underlying the protective effects 

of GLP-1R agonists in diabetic retinopathy, including prevention of BRB breakdown and modulation of microglial 

cells reactivity. 
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Mitochondrial diseases are a highly variable group of severe human diseases, often manifesting with brain 

pathology, but the mechanisms underlying the clinical variability are poorly understood. Mitochondria are not 

only powerhouses of the cell producing ATP through OXPHOS (oxidative phosphorylation), they are also 

essential for other metabolic processes, such as fatty acid metabolism, Ca2+ signaling, production of intermediate 

metabolites, and others. Although astrocytes, unlike neurons, survive OXPHOS deficiency via glycolysis 

upregulation in vivo, it does not support the view of mitochondrial metabolism being dispensable for the 

astrocytes.   

We generated astrocyte-specific postnatal knockout of nuclear-encoded mitochondrial DNA helicase Twinkle 

(TwKOastro), which leads to premature death at ~8 months of age. Loss of mtDNA in astrocytes caused little cell 

death, but led to remarkable gliosis and progressive spongiotic encephalopathy, similar to the findings in human 

infantile mitochondrial encephalopathies (Alpers-Huttenlocher syndrome).  

We have found the induction of mitochondrial integrated stress response (ISRmt) in TwKOastro brain – a complex 

transcriptional and metabolic response mediated by mTORC1 and previously mostly characterized in vitroand 

upon mitochondrial insult in muscle. The hallmarks of this response in TwKOastro are: 1) upregulated levels of 

activating transcriptional factors (ATFs) involved into the regulation of ISRmt, 2) upregulated levels of serine and 

glycine, with serine de novo synthesis being induced, 3) activated transsulfuration pathway involved in cysteine 

metabolism and glutathione production. Among other changes, we have found accumulation of carnitines and 

lipid species upon mtDNA depletion in astrocytes.  

Since ISRmt inhibition with rapamycin has been previously shown to be beneficial in other mitochondrial disease 

models and further clinical trials are currently ongoing, we have applied this treatment to TwKOastro. Surprisingly, 

it leaded to accelerated body weight loss without prominent effect on the brain pathology. Next, we have applied 

ketogenic diet as a mean to supply brain with alternative energy source. Treatment resulted in accelerated body 

weight loss, higher gliosis and vacuolation of the brain, and also stronger induction of ISRmt. Both rapamycin 

treatment and ketogenic diet can currently be applied in various human mitochondrial diseases, but deeper 

understanding of the mechanisms is essential for the safety.  

These results highlight the possible involvement of astrocytes in mitochondrial diseases, the difference of 

metabolic demands of the different cell types in condition of mitochondrial dysfunction, and a need to develop 

alternative treatment strategies. 
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Exosomes from microglia under elevated pressure promote retinal neuroinflammation and degeneration 
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Glaucoma is a leading cause of blindness characterized by retinal ganglion cell (RGCs) loss and optic nerve 

degeneration. In parallel with neural cell loss, glaucoma, encompasses a strong inflammatory component mainly 

mediated by microglia. However, how microglial cells communicate with each other and spread the inflammatory 

signal in the retina is not clear. Exosomes are extracellular vesicles released by most cells that participate in cell-

to-cell communication. Herein, we focused on the role of microglial exosomes as a vehicle for spreading the 

neuroinflammatory milieu in the retina.  

Exosomes from microglial cells that were exposed to elevated hydrostatic pressure (EHP, 70 mmHg above 

atmospheric pressure) to mimic elevated intraocular pressure, a risk factor of glaucoma, for 24 hours or 

maintained at normal pressure were isolated by sequential ultracentrifugation and characterized.  

The intravitreal administration of microglial exosomes resulted in vascular leakage as analyzed by fluorescein 

angiography and in the presence of vitreous immune cell infiltrates as observed by optic coherence tomography 

E240 POSTERS

GLIA



  

 

 

24 hours after injection. Also, at this time point there was an increase in microglia reactivity without evident 

Müller cell gliosis. However, only the exosomes derived from microglia under EHP increased retinal cell loss 

and decrease the number of RGCs. At 7 days after injection only the exosomes released by microglia under 

EHP sustained the presence of vitreous immune infiltrates, microglia reactivity, RGC loss and caused Müller cell 

gliosis as determined by GFAP immunoreactivity.  

These results demonstrate that both microglial exosomes released under normal pressure or EHP conditions 

promote short term inflammation in the retina. However, only the vesicles released by microglia under EHP 

conditions are able to sustain the inflammatory environment and to promote RGCs loss, suggesting a role for 

microglial exosomes in glaucoma. 
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The role of astrocytes in Alzheimer’s disease – focus on cholesterol and Aβ deposits 
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Although Alzheimer’s disease (AD) is the most common cause of dementia in the elderly, the molecular and 

cellular mechanisms behind the disease remain unclear. The key neuropathological hallmarks of AD are amyloid 

plaques, mainly consisting of aggregated amyloid beta (Aβ), intracellular neurofibrillary tangles, composed of 

hyperphosphorylated tau and chronic neuroinflammation. The Aβ protein is very aggregation prone and forms 

soluble aggregates, which aggregate further to insoluble fibrils and deposit as plaques. For a long time it was 

believed that the plaques were the toxic feature in AD, but in recent years the focus has been shifting towards 

the soluble aggregates of Aβ, since there is no clear correlation between the number of plaques and the severity 

of the disease.   

Accumulating evidence indicates that astrocytes can play a central role during AD progression. Our group has 

previously demonstrated that astrocytes ingest large amounts of aggregated Aβ, but then store, rather than 

degrade the ingested material. The incomplete digestion results in a high intracellular load of neurotoxic Aβ 

species, lysosomal dysfunction and secretion of extracellular vesicles (EVs), carrying N-truncated Aβ. In addition 

to Aβ, the EVs secreted from astrocytes exposed to Aβ protofibrils contain higher levels of ApoE than EVs from 

untreated astrocytes.  

Cholesterol has been suggested to play a role in AD development, but the mechanism behind this link is still 

unclear. Brain cholesterol is synthesized by astrocytes and oligodendrocytes and is almost completely isolated 

from other pools in the body. The aim with the present study was to investigate if Aβ accumulation in astrocytes 

affect their cholesterol homeostasis. Interestingly, we found that the cholesterol expression pattern in astrocytes 

was changed following Aβ exposure. While the cholesterol in control astrocytes was evenly distributed in the 

cells, cholesterol in Aβ exposed astrocytes was mainly concentrated around the Aβ inclusions. Next, we will 

study the mechanisms behind the cholesterol deposits in astrocytes in more detail and investigate in which way 

they affect the cells. In addition to the in vitro experiments, we will include analyses of tissue sections from AD 

patients and age-matched controls, to investigate the connection between Aβ pathology and cholesterol deposits 

in astrocytes. 
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Astrocytic thiol supply protects neurons from proteotoxic and oxidative stress 

A.-S. Spreng1,2, S. Gutbier1,3, M. Leist1 
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Neurodegenerative disorders are marked by a progressive neuronal loss, often induced by proteotoxic and 

oxidative stress. Since many approaches to specifically block neuronal cell death pathways have failed in clinical 

trials, the modification of astrocytic support for stressed neurons should be pursued as an alternative strategy. 

Following this concept, we investigated astrocytic support during various neuronal stress conditions. We 

developed an in vitro co-culture model of human neurons (LUHMES) with astrocytes, and compared this to 

neuronal mono-cultures. Neurons in mono-culture were highly sensitive to proteotoxic (protein aggregates; ATF-

4 induction) and oxidative (GSH depletion; NRF-2 induction) stress, triggered with the frequently used 

proteasome inhibitor MG-132 or the mitochondrial toxicant 1-methyl-4-phenylpyridinium (MPP+). The presence of 

astrocytes protected the neurons, and drastically reduced neurodegeneration. The transcription factor ATF-4 

was identified as a coordinator of the neuronal stress response, and its upregulation was attenuated in the 

presence of astrocytes, while NRF-1/NFE2L1, the transcription factor counter-regulating neuronal proteotoxic 

stress, was upregulated. We identified thiols, secreted by astrocytes, to be the triggers for the stress response 

adaption. Addition of GSH, transfer of astrocyte-conditioned medium and also the presence of astrocytes in 

direct co-cultures resulted in increased intracellular GSH levels of neurons. Additionally, cysteine depletion in 

neurons, occurring upon proteasomal inhibition, was reversed upon co-treatment with GSH. The improved thiol 

supply did not only attenuate oxidative stress and modify several other stress response pathways, it also 

increased the ability of neurons to degrade aggregated poly-ubiquitinated proteins. Thiol supply by astrocytes 

therefore results in an attenuation of cell death-related stress response with an enhanced recovery from 

proteotoxic stress and eventually in decreased neurodegeneration. Having established the important role of 

astrocytes during neuronal stress response, we further refined the experimental model. Neurons and astrocytes 

were cultured in form of 3D organoids, into which iPSC-derived microglia are incorporated as a third relevant cell 

type. We currently investigate the effect of quiescent vs activated microglia on astrocytic thiol supply and 

neuronal stress response. 
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Mutations in the LRRK2 gene represent one of the most common causes of familial Parkinson’s disease (PD). 

LRRK2 is expressed in multiple cell types of the central nervous system, including astrocytes, and has been 

shown to play an important role in the endo-lysosomal pathway. The aim of this study is to clarify the impact of 

LRRK2 on the uptake and clearance of aggregated alpha-synuclein in astrocytes. As the most numerous glial 

cell type in the central nervous system, astrocytes have a great impact on the brain environment and may 

constitute a very potent treatment target. Astrocyte cultures derived from LRRK2 knock-out and wild-type mice 

were exposed to synthetic, sonicated alpha-synuclein pre-formed fibrils (PFFs). Alpha‑ synuclein PFF uptake, 

accumulation and degradation was investigated by immunocytochemistry, ELISA, time-lapse microscopy and 

Western blot analysis. Additionally, astrocyte cultures from wild-type mice exposed to LRRK2 inhibitors were 

also investigated. Our results demonstrate that wild-type astrocytes readily internalize alpha-synuclein PFFs and 

only partially degrade the ingested material via the lysosomal pathway. The incomplete degradation leads to a 

high intracellular load of alpha-synuclein, resulting in mitochondrial abnormalities and spreading of alpha-

synuclein to neighbouring cells. First results of the LRRK2-deficient cells show a reduction in the uptake of 

alpha-synuclein. LRRK2 is considered an attractive therapeutic target in PD and the role of LRRK2 for astrocytic 

uptake and degradation of alpha-synuclein is therefore of high interest. 
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Astrocytes contribute to synaptic dysfunction induced by extracellular tau oligomers 
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The role of tau oligomers (oTau) in synaptic dysfunction has been widely recognized. Of note, oTau are also 

present in the extracellular medium (ex-oTau) due to activity-dependent secretion from neurons and release 

from dead cells. We previously demonstrated that astrocytes internalize ex-oTau more rapidly and abundantly 

than neurons. Once internalized in astrocytes oTau affect Ca2+-dependent gliotransmitter release thus altering 

synaptic transmission in neighboring neurons. We also found that the function of wild-type neurons co-cultured 

with astrocytes derived from amyloid precursor protein knock-out (APP-KO) mice that are unable to upload ex-

oTau was unaffected by 1-h ex-oTau application [1].   

Here we report that 1-h treatment with ex-oTau (200 nM) also impaired extracellular glutamate uptake from 

astrocytes. In fact, ex-oTau reduced (-41%; P<0.01) the amplitude of glutamate-induced, EAAT2-mediated 

intracellular Na+ transients in cultured astrocytes. This effect was accompanied by a significant reduction of 

EAAT2 expression (-40%; P<0.05). Time to return to basal Na+ levels ([Na+]i) after the transient was longer for 

ex-oTau-treated astrocytes than for controls (τ: 11.3±0.9 vs. 5.3±0.2 s; P<1×10-6), likely depending on Na+/K+-

ATPase pump (NKA) dysfunction. Accordingly, a significant increase of basal [Na+]i was found in astrocytes 

exposed to ex-oTau (from 11.4 to 36.0 mM; P<1×10-6) along with membrane depolarization. Ex-oTau treatment 

did not alter NKA expression but markedly affected its cellular distribution.  

These effects depended on tau uploading from astrocytes given that they were not observed when ex-oTau were 

applied to either APP-KO astrocytes or WT astrocytes pre-treated with heparin (2 mg/mL), that impedes their 

interaction with heparan sulfate proteoglycans (HSPGs) mediating tau internalization.  

Glypican-4 (GPC4) is a HSPG involved in the formation of excitatory synapses and it is highly expressed in 

astrocytes. We found that pre-treatment of cultured astrocytes with an antibody raised against GPC4 significantly 

reduced oTau uploading. Moreover, anti-GPC4 treatment of hippocampal organotypic brain slices prevented the 

reduction of long-term potentiation and the downregulation of the synaptic proteins synapsin and synaptophysin 

observed after 1-h ex-oTau treatment (200 nM).  
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Collectively, our results indicate that astrocytes internalizing oTau contribute to synaptotoxicity via Ca2+-Na+ 

dyshomeostasis and disrupted gliotransmitter availability impairing the synaptic machinery. 
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Microglia (MG) have been strongly implicated in the pathological process of neurodegenerative diseases. It is 

still unclear whether a damaging phenotype, or a failing protective function contributes to disease. Several 

studies have begun to unveil the complexity and heterogeneity of microglia states and phenotypes associated 

with aging and different neuropathological conditions. Most importantly, human genetic studies have indicated a 

crucial role for MG in Alzheimer’s disease (AD). Therefore, modulating the function of MG may be a viable new 

therapeutic approach for the treatment of AD.  To facilitate this, in vitro MG model systems are required.  Despite 

their limitations, MG primary cultures remain an important resource. While complexity in vitro is reduced, various 

culturing conditions and challenges can elicit different functional states of MG which may reflect eg. homeostatic 

and activated phenotypes.  These may be suitable for subsequent disease modelling and, potentially, phenotypic 

screening to identify novel approaches to modulating MG function.  

We obtained primary MG from rodent brains. P14 rat MG were separated on a Percoll gradient, mouse MG were 

obtained after shaking mixed glia cultures from P0-3 brains. Primary MG were cultured in 96-well format -

suitable for screening- in serum-free defined medium (Bohlen et al., 2017) as well as various challenging 

conditions. We have carried out longitudinal studies over time, to assess MG morphology, expression and 

transcriptome profile, and function via a suite of assays using high-throughput techniques. As previously 

described, MG cultured under serum-free defined-medium conditions exhibit a resting phenotype, with highly 

ramified morphology. Serum exposure promoted an amoeboid morphology, increased proliferation and 

phagocytosis. Further studies are ongoing to characterise the system, by determining the secretome profile and 

gene expression. By using RNAScope, we confirmed detection of key MG genes associated with risk of 

Alzheimer’s disease, including TREM2 and PLCG2 (Magno et al., 2019).  

To model MG functional states, we have developed a platform to assess primary MG function in vitro in different 

states of activation. We will further validate the platform with an array of pharmacological and genetic tools 

targeting various MG relevant pathways. 
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Gaucher disease is a lysosomal storage disorder generated by loss of function mutations in the 

glucocerebrosidase (GCase) gene, GBA1. Since it can display neurodegeneration, and mutations in the GBA1 

represent also the major risk factors for developing Parkinson’s disorder (PD), this gene is subject of studies to 

elucidate the etiopathological mechanism of PD.  The majority of studies have been focusing on the effects of 

these mutations on neuronal cells, while little is known about the consequences of GBA1 impairment on other 

brain cells and its role in the neurodegenerative process; in this respect, the effects on microglia may be of 

particular interest because these are cells enriched in lysosomes and they express high levels of GBA1. 

Microglia are dynamic and plastic cells displaying different morphologies related to their multiple functions, 

including synaptic pruning, waste clearance, and brain defense. In accordance with a key role of these cells in 

the maintenance of brain homeostasis, impaired microglia has been correlated to ageing and different neuronal 

pathologies. In the current study, with the aim to investigate whether GCase inhibition could affect specific 

microglia functions, we developed an in vitro live-imaging morphometric analysis to correlate shape descriptors 

with selective microglia functions. To mimic the microglia brain environment we setup a primary co-culture of 

pups-derived neurons with microglia isolated from adult mice. Co-culture were differently treated to induce well 

characterized microglia phenotypes that were taken as standards to identify selective shape and dynamic 

descriptors: to this aim image data obtained with time-lapse microscopy were processed with Fiji software and 

statistical analysis was carried out in order to cluster cells in functional categories. Once established the 

standard descriptors, this method was used to analyze the effects of GCase inhibition. Collectively, our data 

demonstrate that GCase inhibition produces changes in microglia sub-populations characterized by specific 

morphological and dynamic parameters, suggesting that GCase may play a functional role in these cells and its 

impairment may contribute to the neurodegeneration produced by GBA1 mutations. Biochemical characterization 

of these microglia sub-populations may provide novel insights on the role of GCase-mediated microglia-neuronal 

cooperation in physio-pathological conditions. 
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The megalencephalic leukoencephalopathy with subcortical cysts (MLC) is a rare, incurable genetic 

leukodystrophy characterized by macrocephaly, epilepsy, myelin vacuolation, deterioration of motor and mental 

functions. In the majority of patients (about 80%), MLC is caused by mutations in MLC1 gene. In the central 

nervous system, MLC1 protein expression is restricted to astrocytes, the glial cells with a primary role in the 

maintenance of brain homeostasis. To date, more than 100 mutations in the MLC1 gene have been described, 

without genotype-phenotype correlation. Studies in cultured astrocytes and null-mice indicate that MLC1 

participates to cell volume regulation and ion exchange processes. Using astrocytoma cells engineered to 

express pathological MLC1 mutations, we have shown that MLC1 modulates specific intracellular signalling 

pathways (EGFR/Erk pathway) with a key role in the control of volume changes during astrocyte proliferation 

and activation in response to stress stimuli, leading to hypothesize that dysregulation of these signals leads to 

brain damage in MLC patients. Elucidation of MLC1 protein function and mutation-induced alterations in a more 

physiologically relevant disease model is essential to understand MLC pathogenesis and provide the rationale to 

develop specific therapies for patients. With the purpose to model MLC disease in vitro using patient-derived 

cells, we generated iPSC-derived astrocytes by reprogramming skin fibroblast cells obtained from control 

subjects and MLC patients. The expression of MLC1 and of specific astrocyte markers (GFAP, EAAT2, 

Vimentin, Kir4.1) indicated that the human iPSC-derived astrocytes obtained in our laboratory had a mature 

astrocyte phenotype. By using these cells, we confirmed and extended the knowledge on MLC1 role in the 

modulation of intracellular signalling pathways involved in astrocyte activation in response to brain stress, finding 

that ERK/EGFR pathway components were upregulated in patient-derived cells when compared to controls. We 

expect that these results will allow to identify possible drug targets and, eventually, to test potential therapeutic 

compounds. 
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xCT protein is the specific subunit of System xc-, a multi-proteic complex importing cystine into cell while 

releasing extracellular glutamate. Although xCT protein expression is detected in brain glial cells, its expression 

in the spinal cord and during spinal cord disorders remain elusive. According to our preliminary data, 

xCT/Slc7a11 mRNA is upregulated in the early phase following spinal cord injury (SCI) in mice. The aim of this 

study is to examine the contribution of xCT to functional and histological outcomes following SCI, using wild-type 

mice (xCT+/+) and genetically-invalidated mice (xCT-/-). While xCT+/+ and xCT-/- mice partly recovered motor 

functions, contused xCT-/- mice recovered muscular grip strength as well as pre-SCI weight substantially faster 

than xCT+/+ mice. Histology of injured spinal cords revealed increased number of motor neurons in xCT-/- mice at 

multiple distances around lesion epicenter. As xCT has been demonstrated as a regulator of microglial function 

(Mesci et al., Brain, 2015), we assessed markers of microglial activation. At 2 weeks post-SCI, the number of 

type A Iba1+ cells was unexpectedly much higher in contused xCT-/- than in xCT+/+ spinal cords. Analysis of 

M1/M2 polarization showed that contused xCT-/- spinal cords contained higher mRNA levels of Ym1 and IGF-1 

(M2) while lower levels of NOX2 and TNF-a (M1). Additionally, the number of astrocytes and oligodendrocytes 

were unchanged between the two injured groups. Levels of total glutathione did not differ between both groups. 

This study suggests that, following SCI trauma, an early xCT upregulation (if confirmed at the protein level) 

exacerbates microglia-driven inflammation and compromises spinal motor neuron survival. 
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cognitive deficits in β amyloid-induced neurodegeneration. 
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Alzheimer's disease (AD) is characterized by chronic deposition of β-amyloid (Aβ) in the brain, progressive 

neurodegeneration and consequent cognitive and behavioral deficits that typify the disease. Astrocytes are 

pivotal in this process because they are activated in the attempt to digest Aβ which starts a neuroinflammatory 

response that further contributes to neurodegeneration. The intestine is a good source of astrocytes-like cells-

referred to as enteric glial cells (EGCs). Here we show that the autologous transplantation of EGCs into the brain 

of Aβ-injected rats arrested the development of the disease after their engraftment. Transplanted EGCs showed 

anti-amyloidogenic activity, embanked Aβ-induced neuroinflammation and neurodegeneration, and released 

neutrophic factors. The overall result was the amelioration of the pathological hallmarks and the cognitive and 

behavioral deficits typical of Aβ-associated disease. Our data indicate that autologous EGCs transplantation may 

provide an efficient alternative for applications in cell-replacement therapies to treat neurodegeneration in AD. 
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Machado-Joseph disease (MJD) is a genetically determined neurodegenerative disease of adult onset, caused 

by expansion of a polyglutamine tract within the protein ataxin-3. Neuropathological analysis of the brain of MJD 

patients reveals major neuronal loss in the deep cerebellar nuclei, nuclei of the pons, subthalamic and red 

nuclei, and involvement of the spinocerebellar tracts. Astrogliosis is observed in brains of MJD patient’s post-

mortem, but it has classically been interpreted as a reaction to neuronal demise. Our goal in this study is to 

determine the contribution of glial cells for disease initiation and progression in MJD, using a well characterized 

animal model of the disease, the CMVMJD135. We found a region-specific astrocytic pathology in symptomatic 

mice (34 weeks of age); whereas in the substantia nigra and spinal cord (affected regions) a classical astrocytic 

reactivity is present, in the pontine nuclei (affected region) we found a general hypotrophy of the astrocytes. 

Nevertheless, no differences in the expression levels of the glutamate transporter EEAT2 were detected in the 

brainstem and spinal cord, suggesting functional astrocytes. These results point to a time- and region-dependent 

astrocytic pathology. Interestingly, mRNA expression analysis in young symptomatic mice of inflammation-

related molecules revealed an up-regulation of anti-inflammatory molecules such as arginase-1 and Il4, 
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suggesting an earlier M2-like phenotype. Interestingly, as the disease progresses, we observed a shift to a M1-

like/mixed phenotype, 34 weeks-old animals showing an up-regulation of Tnfa, Il1b, Ccl2, CD86 and Il10 in the 

brainstem and spinal cord. Intriguingly, the mRNA expression levels of arginase 1 and peroxiredoxin-2, anti-

inflammatory-related enzymes, were significantly decreased. Furthermore, flow cytometry showed an increase of 

classical microglia activation markers, as well as an increase of macrophages in the brain of CMVMJD135 mice 

at 34 weeks of age, which is in accordance to the increased Ccl2 expression. The assessment of microglia 

functional changes, made in cultured cells isolated from neonatal CMVMJD135 or control mice (WT), after 3 

days in vitro (DIV), 10 DIV and 16 DIV, allowed us to explore differences in functional response characteristics 

associated to “young” and “aged” microglia phenotypes. Our results show that while – as expected - 3 DIV 

(young) microglia has a higher phagocytic capacity when compared with the 16 DIV (aged) microglia, in the 

three different timepoints, both in the absence/presence of LPS, the microglia cells from CMVMJD135 mice 

showed a lower phagocytic capacity when compared with WT. Altogether, these results support an involvement 

of astrocytes and microglia in the pathogenesis of MJD. 
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The process of physiological aging is greatly accelerated in Alzheimer’s disease (AD), which is one of the most 

common and intensively studied neurodegenerative diseases. However, first behavioral symptoms occur in the 

late stage of AD development associated with already marked deterioration of the tissue. It has been suggested 

that the onset of AD is accompanied by functional changes of glial cells and their homeostatic mechanisms. The 

aim of this study was to reveal alterations in cell swelling/volume regulation between AD and physiological aging 

and detect early signs of AD progression.   

Experiments were performed in 3, 9, 12 and 18 month-old (3M, 9M, 12M and 18M) tripple transgenic mice (3x 

Tg) and age-matched GFAP/EGFP animals (controls). The extracellular space (ECS) diffusion parameters 

volume fraction α (α = ECS /total tissue volume) tortuosity λ (λ2 = free/apparent diffusion coefficient) were 

detected by the real-time iontophoretic method in the hippocampal CA1 region in situ during hypotonic stress 

and severe hyperkalemia (50 mM K+). ECS diffusion parameter changes were recorded before and during the 

20-minute application of the experimental solutions and 20-minute reperfusion.   

During physiological aging, we observed a continuous α decrease and λ increase in 12M and 18M mice. In 3M 

3x Tg mice, α and λ values were similar to those in control mice. In contrast to control animals, we did not detect 

any age-related decrease in α in 3x Tg mice. In control animals, exposure to 50 mM K+ evoked a significant 

decrease in α in all age groups with a partial recovery in 3M, 9M and 12M and no recovery in 18M animals. 

Increase in λ was observed in 12M and 18M mice. The relative α decrease was more profound in 3M and 12M 

than in 9M and 18M mice. During hypotonic stress, inter-age differences were detected in washout, where α 

recovered to basal values in all ages but 18M with the fastest recovery in 9M mice. No inter-age differences in α 

during hyperkalemia or following washout was observed in 3x Tg mice. After hypotonic stress in 3x Tg mice, α 

did not recover to basal values in 12M and 18M mice and recovery in 9M was slower than in age-matched 

control animals.   

We showed that sensitivity to cell swelling-evoking stimuli as well as the efficacy in the volume regulation differ 

during aging. Recovery of α in 18M was markedly impaired indicating irreversible tissue damage in aged tissue. 

In 3x Tg animals, a failure of recovery was already detected in 12M mice, which can be connected with altered 

cell volume regulation and changes in astrocytic transport mechanisms during AD progression. 
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Adenosine is widely recognized as an endogenous anticonvulsant via adenosine A1receptor (A1R) activation and 

we have recently unraveled the key role of adenosine A2Areceptors (A2AR) to control convulsions-induced 

neurodegeneration. However, the relative contribution of neuronal and/or astrocytic A2AR, each differently 

controlling neuronal function, in the neurodegeneration associated with epilepsy is unclear. In a model of 

kainate-induced mesial temporal lobe epilepsy, mice with selective deletions of either neuronal or astrocytic 

A2AR, displayed an opposite phenotype: neuronal A2AR knockout (KO) mice (CaMKIIα-driven A2AR-KO, n=6) 

display a lower convulsive profile (-34.4±13.8%, p<0.05; scored with the modified Racine’s scale) and a 

neuroprotection (-70.9±11.4%; p<0.001 of neurodegeneration in the CA3 region, assessed 7 days after kainate 

exposure upon Cresyl staining of hippocampal sections) together with an attenuated astrogliosis-like profile (-

57.5±6.9% of GFAP immunoreactivity, p<0.05) and attenuation by 89.1±15.1% (p<0.01) of the kainate-induced 

increase (+61.5±15.1%, p<0.01) of the immunoreactivity of the glutamate transporter GLT-I in the hippocampus; 

in contrast, astrocytic A2AR-KO mice (Gfa2-driven A2AR-KO; n=6) displayed a more severe convulsive profile 

(+73.5±9.2%, p<0.001), a larger hippocampal neurodegeneration (+82.6±25.5%, p<0.05), increased GFAP 

immunoreactivity (+152.3±52.7%, p<0.01) and a significantly increased GLT-I immunoreactivity 

(+1561.0±128.8%, p<0.001) in the hippocampus at 7 days post-kainate injection. In conclusion, neuronal and 

astrocytic A2AR have crucial, but opposite roles in epilepsy. This implies a differential and delicate coordinated 

action of astrocytic and neuronal A2AR to fine-tune glutamatergic transmission that may be disrupted in epilepsy, 

possibly through a dysfunctional glutamate uptake caused by A2AR.  
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γ-Synuclein (γ-syn) was originally identified as breast cancer specific gene-1, with increased expression also 

noted in the progression of other cancers, including glioblastoma.  Conversely, elevated γ-syn has also been 

observed in the cerebrospinal fluid of patients with Alzheimer’s disease and dementia with Lewy bodies.  In 

human primary cortical astrocytes, internalization of extracellular γ-syn results in cellular proliferation, followed 

by astroprotection and increased brain-derived neurotrophic factor expression and release.  It has also 

been demonstrated that γ-syn mediated cellular proliferation in cancer cell lines can be reduced with lentiviral-

delivered siRNA. To better understand the role of γ-syn in primary cells, human cortical astrocytes were 

synchronized and treated with chimera RNAi targeting γ-syn expression after release back into the cell 

cycle.  mRNA levels of γ-syn observed through qPCR increased 48 hrs after release from cell synchronization, 

while γ-syn RNAi treatment successfully resulted in a decrease in relative mRNA levels.  γ-Syn protein levels 

were also diminished after RNAi treatment as demonstrated with western blot at 48 hours after release from cell 

cycle synchronization.  In conjunction with decreased γ-syn, Ki67 and BrdU analysis exhibited a reduction in 

cellular proliferation of astrocytes treated with RNAi.  Coinciding with reduced proliferation and expression, 

examination of histone H3 pSer10 (pHH3) and cyclin-dependent kinase 2 pTyr15 after RNAi treatment only 

revealed increases of pHH3, indicating M-phase cellular arrest and not G1/S cellular arrest.  Additionally, 

cleavage of caspase-3 was increased in RNAi treated astrocytes relative to vehicle control.  Caspase-3 

activation, decreased proliferation marker expression and increased pHH3 may indicate apoptosis associated 

mitotic arrest after suppression of γ-syn expression in human cortical astrocytes.  
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Bergmann glia is essential for neuronal migration during development, and in adult life the glutamatergic 

transmission mediated by these cells is important for Purkinje neurons to execute the control of fine movements. 

Cortical dysplasias are alterations in the organization of the layers of the brain which rise due to problems in 

neuronal migration during development. Dysplasias can generate epilepsies. The neuronal component has been 

widely studied in experimental models of cortical dysplasia, in contrast very little is known about how glia is 

affected. The aim of this study was to characterize the morphology and intracellular calcium dynamics of the 

Bergmann glia and its modifications in the model of cortical dysplasia induced by carmustine (BCNU). The study 

focuses on the lobule X, which is relevant for maintaining the body balance.   

Whole cerebellum from postnatal day 5-7 carmustine-treated transgenic mice GFAP-eGFP were clarified by 

CLARITY and processed by optical sectioning by light sheet microscopy (LSM) to determine the sites of cortical 

dysplasias. The Golgi-Cox technique was developed to reveal the morphology of Bergmann glia cells. Ca2+ 

imaging was performed in slice preparations to determine the spontaneous activity Bergmann cells.   

LSM revealed the presence of cortical dysplasias and heterotopias on the lobule X. Golgi-Cox staining showed 

no significant differences in the area or diameter of soma, neither in the number or length of the processes; 

however significant differences in the relative length of lateral protrusions (Ctrl 3.88 ± 0.30 mm, BCNU 2.05 ± 

0.22 mm)** were found. Ca2+ imaging showed differences in the Bergmann cells of the BCNU treated group: 
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more spontaneous intracellular Ca2+ transients (Ctrl 2±0.70, BCNU 3.75±0.85), frequency of transients events 

(Ctrl 0.00516± 7.31E-4 Hz, BCNU 0.00333±5.83E-4 Hz)**, reduced duration of transient events (Ctrl 13.95±1.12 

s, BCNU 10.58±1.37 s)** and kinetics of rise and fall of each transient (Ctrl 2.50±0.49, BCNU 1.67±0.57 

s; Ctrl4.32±0.10, BCNU 3.39±1.06 s). The data is represented as the mean ± SEM. The ** indicates significant 

difference (P <0.05) compared to the control group.   

These results  show an association between morphological changes in the protrusions of the Bergmann cells 

and an increase in the number of cells that present spontaneous Ca2+ transients. 
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Sample image of the cytoarchitecture of the lobe X of the cerebellum processed by 

Golgi-Cox 
A and B. Coronal section of male mouse cerebellum P5 control and carmustine. B. The 

presence of a dysplasia is shown on the roof of the fourth ventricle. C and E. Drawing with 

lucid camera of Bergmann cell control and carmustine respectively. C. The complexity of the 

processes is shown, as well as multiple protuberances (red arrow head). In contrast, the 

one treated with carmustine (D) shows less complex processes decrease in the relative 

length of the protuberances (red arrow head). D. The data is represented as the mean ± the 

standard error of the mean. The ** indicates significant difference (P <0.05) compared to the 

control group. 
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Map of heat and traces of the basal activity of the Bergmann glia of the X-lobe of the 

cerebellum. 
A. Coronal section of transgenic mouse P5 cerebellum (control). Some of the cells showing 

activity in the Purkinje cell layer (white / green regions) are observed. B. Coronal section of 

transgenic mouse P5 cerebellum (carmustine). An increase in the activity of the cells of the 

Purkinje cell layer is observed as in the granular and ependymal layer (red regions). Color 

calibration bar, the red color represents greater cellular activity, while the blue color 

represents the minimum value of it. C and D. Traces representative of the basal activity of 

the Bergmann glia. G-K. The data is represented as the mean ± the standard error of the 

mean.The ** indicates significant difference (P <0.05) compared to the control group. 
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Background and aims: It remains controversial if microglia have beneficial and/or detrimental effects in 

Alzheimer’s disease (AD). Single-cell RNA sequencing has unveiled a wide heterogeneity of microglia 

expression patterns, which are influenced by many factors such as species, age, brain region and/ or health 

condition. This wide heterogeneity complexifies our understanding of the role of microglia in AD progression and 

appeals for a precise characterization of microglia signatures in AD patients’ brains. The hippocampus is one of 

the most vulnerable brain regions in AD. To evaluate the contribution of microglia in its deterioration, we have 

analyzed the phenotypic variations of microglia in Cornu Ammonis (CA) 1, CA3 and Dentate Gyrus subfields in 

post-mortem brain samples from AD patients and age-matched controls.  

Methods: Fixed human hippocampal sections were first immunostained for the microglia morphological marker 

Iba1 and 3D stack images were subsequently acquired with a confocal microscope. Using our innovative image 
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analysis pipeline called MIC-MAC (Microglia and Immune Cell Morphological Analysis and Classification), 

morphological microglia subtypes were classified and compared between the three subfields and conditions. To 

understand how these microglia subgroups relate to a potential function, we have co-immunostained the 

sections with some molecular markers, such as phagocytic triggering receptor expressed on myeloid cells 2 

(TREM2) and fat-binding protein Apolipoprotein E (ApoE), and/or for neurodegeneration hallmarks such as 

neurofibrillary tangles, amyloid-beta plaques and astrogliosis. To precisely define microglia aggregates, we have 

used stimulated emission depletion (STED) microscope.  

Results: Here, we report a general high diversity of morphological subtypes with the characterization of ten 

distinct clusters and variations of cluster distribution between subfields and conditions. We describe a high 

proportion of distinct types of microglia aggregates, some surrounding amyloid-b plaques and being part of 

Reactive Glial Nets (RGN), but also others forming coffins around pyramidal neurons and especially enriched in 

the CA1 subfield. Furthermore, we found that TREM2 is highly expressed in RGN and coffin microglial 

aggregates.  

Conclusion: In conclusion, some subgroups of microglia might be directly involved in disease progression and 

could contribute to CA1 vulnerability. 
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Sirtuins 1 and 3 (SIRT1 and SIRT3) and angiotensin II (AngII) play a major role in the modulation of 

neuroinflammation, oxidative stress and aging-related dopaminergic vulnerability to damage. Sirtuins have 

been related to healthy aging and longevity. On the other hand, hyperactivation of the Renin Angiotensin 

System (RAS), via the AngII type 1 receptor (AT1 receptor), has been associated with decreased longevity 

and aging-related disorders. Here, we investigated the possible regulation of SIRT1 and SIRT3 expression 

by modulating RAS in the MES 23.5 dopaminergic neuronal and the N9 microglial cell lines. We treated cell 

lines with AngII for 4 and 16 hours. Both MES23.5 and N9 cells showed increased levels of SIRT1 4h after 

treatment, which decreased to control levels after 16 hours. SIRT3 expression decreased 4h after treatment 

in N9 microglial cells and reached control levels after 16h. In MES 23.5 neuronal cells SIRT3 decreased 

after 16h (and showed control levels after 4h of ANGII treatment). Changes in SIRT1 and SIRT3 levels were 

inhibited by treatment with the AT1 antagonist ZD 7155, indicating involvement of AT1 in the AngII -induced 

modulation of SIRT1 and SIRT3 expression. The in vitro observations were confirmed in vivo by using 

young adult rats that received a single intraventricular injection of AngII. Treatment with AngII increased 

SIRT1 and decreased SIRT3 protein levels in the nigral region 16 hours after the injection. The results 

suggest that AngII/AT1-derived ROS may induce an early increase in SIRT1 levels that may initially block 

an AngII-induced decrease in SIRT3 levels in neurons. The decrease in SIRT3 levels 4 hours after 

treatment of N9 microglial cells, may be involved in an early triggering of the neuroinflammatory response. 

However, high or persistent oxidative stress induced by overactivation of the AngII/AT1 pro-oxidative axis 

induces a more delayed decrease in nigral SIRT3 levels. Moreover, a decrease in SIRT3 levels may induce 

further increase of AT1 activity, which may lead to a feed-forward mechanism. The present results suggest 

that indirect targeting of SIRT1 and SIRT3 by AT1 antagonists, may be useful for the development of 

neuroprotective treatments. 
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Microglia are brain macrophages, capable of phagocytosing synapses and neurons. Damaged neurons release 

UTP and UDP, and UDP activates the P2Y6 receptor (P2Y6R) on microglia, stimulating microglial phagocytosis 

of those neurons.  

It is generally assumed that microglia only phagocytose dead or dying neurons, however, we find that under 

inflammatory conditions microglia can also phagocytose stressed-but-viable neurons and thereby kill them. We 

found inflammatory activation of neuronal-glial co-cultures with LPS, TNF-α, β-amyloid or TAU results in 

progressive loss of neurons (without any apoptosis or necrosis), which is accompanied by microglial 

phagocytosis of neurons, and is prevented by blocking P2Y6R. Activating P2Y6R with UDP was sufficient to 

induce microglial phagocytosis of live neurons, while blocking P2Y6R was sufficient to prevent inflammatory 

neuronal loss in culture. Inhibition or knockout of P2Y6R reduced microglial phagocytosis of isolated synapses.  

In vivo, an inhibitor of P2Y6R, MRS2578, prevented inflammatory neuronal loss induced by injecting LPS into 

the brain. In an inflammatory model of Parkinson’s disease, genetic knockout of P2Y6R prevented neuronal loss 

induced by chronic, peripheral LPS. In an amyloid model of Alzheimer’s disease, genetic knockout of P2Y6R 

prevented neuronal loss and neuronal uptake into microglia induced by β-amyloid injection into brain ventricles. 

In a TAU model of Alzheimer’s disease, genetic knockout of P2Y6R prevented memory deficits (but not motor 

dysfunction) in mice expressing TAU P301S. In natural mouse ageing, genetic knockout of P2Y6R prevented 

memory deficits induced by ageing the mice to 16 months.  

Microglial phagocytosis of stressed-but-viable neurons may contribute to inflammatory neuronal loss in a variety 

of brain pathologies, and may be prevented by blocking the P2Y6 receptor. 
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Parkinson’s disease (PD) is the second most common neurodegenerative disease, affecting more than 10 

million people worldwide. The olfactory bulb (OB) is one of the first places affected in PD and it is thought to be 

involved in the disease pathogenesis [1]-[2]. Herein, we combine OB organotypic slices and DOPAL, a 

metabolite of dopamine involved in PD progression [3], to create a new platform for testing new therapeutic 

strategies.   

OB organotypic slices (300 µm thick) have been obtained from postnatal SD rats (p10) with a McIlwain tissue 

chopper. The slices have been cultured for 7 days in vitro (DIV) followed by 3 DIV of DOPAL treatment and other 

4 DIV of recovery. Slice viability has been assessed using the alamarBlueⓇ assay and the media collected for 

analysis of nitrite and reactive oxygen species (ROS) at DIV 7, 10, 14. The effects of DOPAL on the bioenergetic 

performances of OB cells have been studied using the MitoStress Test assay and the Seahorse XFp analyser. 

Furthermore, the OB cell composition has been characterized using immunohistochemistry.   

OB slices preserve the 3D anatomical structures during culture (figure1). DOPAL treatment significantly 

increases the content of ROS and nitrites (p<0.05), resulting in a reduced viability of treated slices. A possible 

mechanism of action is through the damage of mitochondria and the impairment of physiological energy 

homeostasis in the cells. Signs of mitochondrial damage,such as increased proton leak or decreased coupling 

efficacy and lower spare respiratory capacity, appear minutes after DOPAL is added to the cultures. The 

bioenergetic health index (BHI) is significantly (p<0.001) reduced upon DOPAL exposure (figure 2)  

Exposure of cultured olfactory bulb slices to DOPAL causes toxicity that mimics some aspects of PD pathology, 

in particular increased oxidative stress, mitochondrial dysfunction and, lastly, neurodegeneration. This novel 

experimental platform shows great promise as an innovative, easy and accessible technology for the 

development of new restorative and regenerative treatments for PD, furthermore raising the enticing possibility of 

early-stage intervention. 
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Figure 1 
OB slices maintain the typical layered structure over the culturing period. GL = glomerular 

layer, EPL = external plexiform layer, MCL = mitral cell layer, IPL = internal plexiform 

layer, GCL = granule cell layer, RMS = rostral migratory stream. Scale bar 1000 µm. 
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Figure2 
BHI is decreased in DOPAL-treated cells, a clear 

sign of impaired mitochondria  
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Alzheimer’s disease (AD) is a progressive neurodegenerative disorder associated with pathogenic amyloid-β 

(Aβ) accumulation in the brain. Extensive literature implicates synaptic dysfunction as an early mechanism 

affected in AD, that involves increasingly larger areas of the brain overtime. However, how synaptic dysfunction 

starts and propagates throughout the brain is largely unclear. Several lines of evidence suggest a role for 

extracellular vesicles (EV) in AD. Among all, our previous data revealed that EV released by microglia exposed 

to Aβ fibrils carry neurotoxic Aβ (AβEV) and dysregulate synaptic proteins (Joshi et al., 2014). Moreover, our 

recent findings showed that glial EV are able to move along the neurites of cultured neurons (unpublished). 

Thus, we hypothesized that Aβ-EV may induce synaptic dysfunction and spread it among connected brain 

regions, by moving from neuron-to-neuron along their projecting axons. To explore this possibility, we first 

analysed spine morphology and synaptic strength in basal conditions and after induction of chemical long-term 

potentiation (LTP) in cultured hippocampal neurons exposed to AβEV or EV from untreated microglia, finding 

that AβEV, but not EV, induce alteration of dendritic spine morphology and density and LTP impairment. Then, 

we tested the possibility that AβEV may propagate synaptic dysfunction from the entorhinal cortex (EC), the 

starting point of AD degeneration, to its main target region, the dentate gyrus (DG). To this aim, we 

stereotaxically injected AβEV or EV into mouse EC and measured LTP both in the EC and the DG through 

extracellular recordings on cortico-hippocampal slices. 1h after AβEV injection, LTP was impaired in the EC, 

whereas it was reliably elicited in EV injected EC. However, 24h after AβEV injection, LTP was impaired also in 

the DG, indicating a spreading of synaptic dysfunction between the two connected regions. Furthermore, patch-

clamp recordings showed a significant decrease of the amplitude of miniature excitatory events, with no 
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alteration in their frequency, in EC layer II pyramidal neurons, 1h after AβEV injection, and in their target, the 

granular cells of the DG, 24h later. Taken together, our data indicate that the Aβ cargo of microglial EV affects 

synaptic plasticity and propagates LTP impairment among connected brain regions primarily affected in AD, 

mainly acting at the post-synaptic site of the synapse. Our results provide strong evidence for the involvement of 

microglial EV in the rise and propagation of synaptic dysfunction at early stages of the disease. 
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Heavy metal exposure is frequently associated with cognitive and neurological deficits. In particular, 

methylmercury (MeHg) causes severe neurological damage in the central nervous system, affecting the 

hippocampus and related cognitive and memory performance.Toxicity with heavy metals, in particularly due to 

mercury, has been reported in Brazil following major environmental disasters in Minas Gerais and Amazonia. 

MercuMemory is a collaborative research project between teams in Coimbra (Portugal) and Fortaleza (Brazil) to 

better understand the neurological toxicity due to MeHg poisoning. In particular, MercuMemory will address the 

impact of MeHg in the neuroinflammatory response and in neural stem cells-derived cell fate.  In the present 

study, we use microglial cell line N9 as the biological model, challenged with lipopolysaccharide (LPS) to test the 

responsiveness capacity of these cells following MeHg exposure.  The methods which are being optimized for 

the implementation of MercuMemory include: 1) production and measurement of reactive oxygen species (ROS) 

through a lipophilic dichlorodihydrofluorescein diacetate acetyl ester (H2DCFDA) based assay; phagocytosis of 

fluorescent beads; scratch wound assay to evaluate cell motility, sholl analysis,  among others.Similarly to LPS 

response, we hypothize that MeHg could induce a pro-inflammatory signature in microglial cells, contributing to 

neurotoxicity and to an inflammatory microenvironment, with a concomitant adult neurogenesis impairment. This 

may underlie an important component of neurotoxicity mediated by methylmercury related with impairment of 

neurogenesis and chronic inflammation. We expect that the results, to be presented in the Euroglia meeting, will 

support this working hypothesis. 
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Alzheimer disease (AD) is a neurodegenerative disorder characterized by the presence of neurofibrillary tangles 

and senile plaques. Its diagnosis is difficult, requires invasive and expensive methods and it is usually confirmed 

after post-mortem analysis. Therefore, it is vital to identify early biomarkers of this pathology. The retina as a 

window to the brain is a concept that has been explored since the retina is more easily assessed and AD 

patients present some visual complaints even before the first symptoms of dementia. Understanding whether AD 

affects the retina and brain similarly is still a matter of debate. Giving the importance of glial cells in the 

maintenance of tissue homeostasis, we aimed to unravel whether the retina and brain present similar glial 

patterns in an animal model of AD.  

Retina, hippocampus and cortex homogenates from male triple transgenic (3xTg-AD, AD model) and age-

matched controls (WT, C57BL6/129S) mice at 4, 8, 12 and 16 months-old (M) were used to assess the protein 

levels of amyloid-beta (Aβ), phosphorylated-tau (p-tau) and glial fibrillary acidic protein (GFAP). The number and 

distribution of glial cells were assessed in retinal and brain slices by immunohistochemistry.  

The 3xTg-AD mice presented increased Aβ levels in the hippocampus and cortex at 4, 8, 12 and 16M. 

Nevertheless, Aβ was not detected in the retina of 3xTg-AD mice. Increased p-tau levels were observed in the 

hippocampus of 3xTg-AD, at all time-points. In the retina and cortex, the increase in p-tau levels was not 

detected at all time-points. The levels of GFAP (marker of astrocytes) in the hippocampus increased in all time-

points, except at 8 M, while in the cortex a significant increase was detected only at 12M. Conversely, in the 

retina, GFAP protein levels were significantly reduced at 8 and 16M. No changes were detected in vimentin 

protein levels (Müller cells marker) and distribution. The number of microglial cells (Iba-1+ cells) was also 

evaluated in the hippocampus and retina as a potential indicator of microgliosis. No changes were detected in 

the number of microglial cells in CA1 hippocampal subregion of 3xTg-AD mice. In the retina of 3xTg-AD a 

transient increase in microglial cell number was observed at 12M.  

These data demonstrate that 3xTg-AD mice present glial changes both in the brain and retina. However, these 

alterations were not consistent along time and between the regions analyzed, suggesting a differential glial 

pattern among retina and brain during the course of AD. 
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The prevalence of diabetes worldwide is at pandemic levels, with the number of patients increasing by 5% 

annually. Diabetic neuropathy (DN) is the most common complication of diabetes, with a prevalence as high as 

50% and characterized by damage to neurons, Schwann cells (SCs) and blood vessels within the nerve. With 

this project, it is our main goal to expand the concept of Schwannopathy as an integral factor in the pathogenesis 

of type 2 DN and evaluate how disruption of p75 neurotrophic (p75NTR) signaling in SCs contributes to disease 

progression. MPZ Cre mice were crossed with p75NTR fl/fl and the resulting SC-p75NTR-KO mice, together with the 

control littermates, were feed with a high fat diet (HFD) to induce type 2 diabetes. Presence of neuropathy was 

confirmed by mechanical allodynia and decreased sensory and motor conduction velocities in both controls and 

SC-p75NTR-KO. Segmental demyelination was more pronounced in mice lacking p75NTR and although there was 

no difference regarding myelinated fiber density or g-ratio, a significant decrease of C-fiber density was found in 

diabetic SC-p75NTR-KO animals as compared with diabetic littermates. Pre-clinical signaling alterations in the 

peripheral nerve were studied by RNA sequencing to disclose genetic regulation depending on p75NTR signaling. 

Data showed some commonly signaling activation by DN between strains, such as PPAR signaling pathway, 

genes involved in the glycerolipid metabolism or defense response, but genes associated with peroxisomes, 

lysosomes and phagosomes were mainly detected in the SC-p75NTR-KO mice nerves, which might be indicative 

of oxidative stress. When analyzing these nerves with electron microscopy, we observed that C-fibers from SC-

p75NTR-KO mice feed with the HFD presented increased number of lysosomes and phagosomes, leading to the 

hypothesis that lack of p75NTR expression in the SCs impairs lysosome function which in turn contributes for C-

fiber loss and neurodegeneration in DN. 
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Subtype 3 metabotropic glutamate receptors (mGlu3R) promote several neuroprotective effects, especially in 

glial cells. We have previously demonstrated that mGlu3R activation in astrocytes promotes the non-

amyloidogenic cleavage of amyloid precursor protein and induces the release of neurotrophin sAPPα, whereas it 

also increases Aβ uptake by astrocytes, which consequently improves neuron survival in co-culture systems. It is 

known that a truncated version of the receptor, called mGlu3Δ4R, which lacks the transmembrane domain and 

has been linked to a schizophrenic status, acts as a negative modulator of mGlu3R. In fact, mGlu3Δ4R is able to 

interact with canonical mGlu3R thereby inhibiting the functional mGlu3R homodimerization. We aimed to study 

whether mGlu3R alternative splicing could also be associated with Alzheimer’s disease (AD) progression in the 

AD mice model PDAPP-J20 and whether Aβ could favor the mentioned splicing in astrocytes.  

Our results from western blot analysis show that mGlu3R protein levels remain stable at 5, 9, and 14 months old 

in non-transgenic (NTg) mice hippocampus, whereas levels of both monomeric and dimeric forms of mGlu3R 

progressively decrease with age in PDAPP-J20 (Tg) animals (p<0.05). mGlu3Δ4R levels increase with age in 

NTg mice hippocampus, but they are significantly elevated in 5 months old Tg mice compared to NTg mice 

(p<0.001) without further changes thereafter. When analyzing mGlu3Δ4R/mGlu3R ratio, it is significantly higher 

in Tg mice as early as 5 months old (p<0.01) whereas it increases with age in NTg animals.  

Next, we sought to determine if Aβ could be the leading cause of mGlu3Δ4R production in the brain. Primary 

cultured astrocytes were treated with Aβ25-35 (25 μM) or Aβ1-42 (0.5 μM) and mGlu3Δ4R and mGlu3R expression 

were determined. We found decreased mGlu3R levels (p<0.01) and increased mGlu3Δ4R/mGlu3R ratio 

(p<0.05) in astrocytes exposed to both Aβ isoforms.  

In conclusion, altered mGlu3Δ4R/mGlu3R ratio could constitute a novel early biomarker for AD. Moreover, Aβ 

E259POSTERS

GLIA



  

 

 

overproduction in early AD might lead to altered mGlu3Δ4R/mGlu3R ratio in astrocytes. Since mGlu3Δ4R acts 

as a negative modulator of the canonical isoform, its overexpression could lead to reduced mGlu3R-dependent 

neuroprotective effects. 
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Several lines of evidence point to astrocytes as important contributors to the neurodegenerative component of 

multiple sclerosis (MS). Here, we aimed to study whether the microenvironment of different activity phases of 

MS: (i) at the time of the first neurological symptoms (clinically isolated syndrome, CIS) and (ii) progressive 

course (primary progressive MS, PPMS) induces neurodegenerative or neuroprotective signatures in astrocytes 

that generates neuronal damage or protection. First, we optimized the stimulation and secretome collection 

conditions activating a purified primary culture of mouse cortical astrocytes with cerebrospinal fluid (CSF) from a 

CIS patient with high inflammatory radiological phenotype. Then, a primary culture of mouse cortical embryonic 

neurons was exposed to astrocyte secretomes for 72h. Neurons were fixed and immunostained with MAP2 

antibody. The effect of astrocyte secretomes on neuronal survival and functionality, by neurite length 

quantification, were evaluated. 6h of CSF-stimulation and 24h of secretome collection displayed more extended 

neurotoxic effect and were chosen for the following experiments (Fig.A-C). Next, cultures of astrocytes were 

stimulated with CSF from the following paired groups of MS patients: (i) CIS patients with high (n=6) and low 

(n=6) inflammatory radiological phenotypes, and (ii) PPMS patients with fast (n=6) and slow (n=6) disease 

progression. We also included a group of non-inflammatory neurological disease controls (NINDC) (n=6). From 

each group, we generated 3 CSF pools containing samples from 2 different patients. As a negative control, we 

included secretomes generated from basal astrocytes exposed only to medium. RNA and secretome samples 

from activated astrocytes were collected to perform transcriptomic and proteomic characterizations of astrocyte 

reactive phenotype. Then, we explored whether astrocytes propagate neurotoxic / neuroprotective signals to 

neurons by assessing neuronal survival and functionality as above mentioned, but including immunostaining for 

DCX to study potential neuroprotective mechanisms of neurite length elongation.   

Regarding PPMS-derived astrocyte secretomes, no significant changes in neuronal damage or protection were 

observed in patients with fast and slow disease progression (Fig.D-F). These results suggest that astrocytes 

may not change its activation status in the presence of PPMS-specific milieu. At present, we are performing 

experiments of CIS-derived astrocyte secretomes exposure to neurons, in which we expect a modulation of 

basal astrocytes that may lead the propagation of neurotoxic signals. 
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Cellular senescence (CS) was previously suggested to play a role in aging and age-related diseases. Among the 

prominent senescence-associated changes is the senescence-associated secretory phenotype (SASP), which 

include the secretion of pro-inflammatory cytokines. Impairment in astrocytes activity was suggested to 

aggravate progression of neurodegenerative diseases such as Alzheimer's disease (AD). We previously showed 

that aged astrocytes from 5XFAD mice fail to support neurons and clear Aβ (Iram et al, 2016). Here, we aimed to 

address the role of astrocyte senescence in 5xFAD mice. We found that astrocytes surrounding Aβ plaques 

enter senescence and using an in vitro system, we show that fibrillar Aβ1-42 induces astrocyte senescence. 

Moreover, we show that astrocytes isolated from 9 months old 5xFAD mice exhibit a pro-

inflammatory phenotype and fail to support neurons. Inhibition of the SASP led to a reduction in the pro-

inflammatory phenotype and increase the ability of 5xFAD astrocytes to support neurons. Our results may 

suggest that astrocyte senescence plays a significant role in the progression of AD and that inhibition of CS 

pathways or preventing the induction of astrocyte senescence may ameliorate disease progression. 
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Aquaporin-4 reduces neuropathology in a mouse model of Alzheimer’s disease by remodeling 
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Redistribution of the water channel aquaporin-4 (AQP4) away from astrocyte endfeet and into parenchymal 

processes is a striking histological feature of Alzheimer’s disease (AD) and other neurological conditions with 

prominent astrogliosis. AQP4 redistribution has been proposed to impair bulk Ab clearance in AD, resulting in 

increased amyloid deposition in the brain; however, this finding is controversial. Here, we provide evidence in 

support of a different and novel role of AQP4 in AD. We found that Aqp4 deletion significantly increased amyloid 

deposition in cerebral cortex of 5xFAD mice, with an increase in the relative number of diffuse vs. dense core 

plaques. AQP4 deficient 5xFAD mice also showed a significant reduction in the density of GFAP labelled peri-

plaque astrocyte processes. Microglial plaque coverage was also significantly reduced, suggesting astrocyte 

involvement in organizing the peri-plaque glial response. The alterations in periplaque glial structure were 

accompanied by increased neuronal uptake of Aβ and an increase in the number of dystrophic neurites 

surrounding plaques. On the basis of these findings, we propose that redistribution of AQP4 into the 

parenchymal processes facilitates astrocyte structural plasticity and the formation of a reactive glial net around 

plaques that protects neurons from the deleterious effects of Aβ aggregates. AQP4 redistribution may thus 

facilitate plaque containment and reduce neuropathology in AD. 
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Astrocytic Ca2+ signaling and cerebrovascular contractility are reported to be dysregulated in transgenic mouse 

models of Alzheimer’s disease. Specifically, anaesthetized mice show Ca2+ hyperactivity around amyloid plaques 

and reduced contractility in plaque-burdened arterioles. Since anesthetics severely suppress astrocytic Ca2+ 

signaling and affect vascular tone it is necessary to revisit these observations in un-anesthetized mice. Here we 

performed two-photon imaging of astrocytic Ca2+ signaling and vascular dynamics in awake head-fixed Tg-

ArcSwe mice (age 16-17 months) and controls through a chronic cranial window. This model carries the Swedish 

(KM670/6701N) and Arctic (E693G) mutation and expresses abundant extracellular amyloid-ß deposits and 

severe cerebral amyloid angiopathy.   

Mice were injected with methoxy-X04 to visualize amyloid plaques and Texas Red dextran to outline the 

vasculature. Astrocytic Ca2+ signals were revealed by the genetically encoded Ca2+ indicator GCaMP6f delivered 
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by recombinant adeno-associated virus and by using the glial fibrillary acidic protein promotor to drive sensor 

expression. The head-restrained animals were allowed to move on a spinning wheel during the imaging session 

and were given air-puffs to induce startle responses. Animal behavior was monitored by infrared surveillance 

camera. We found that astrocytic Ca2+ signaling is largely preserved in Tg-ArcSwe mice, both during startle and 

running. We failed to detect prominent Ca2+ hyperactivity in relation to plaques. In both transgenic and control 

mice the arteriolar cross-sectional area increased during running. Further investigations will reveal whether 

arteriolar dilation differs between genotypes. We conclude that astrocytic Ca2+ signaling and cerebrovascular 

reactivity are only modestly affected in awake Tg-ArcSwe mice. 
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Neurodegenerative disorders are characterized by high levels of oxidative stress. Ascorbate is a powerful 

intracellular antioxidant that counteracts accumulation of reactive oxygen species and consequently contributes 

to reduce oxidative damage. In neurons and glia ascorbate cellular uptake is mediated by the plasma membrane 

sodium-vitamin C co-transporter 2 (SVCT2). Ascorbate antioxidant activity is particularly important in neurons, 

while glia cells, mediate its recycling from dehydroascorbate (DHA) ensuring ascorbate bioavailability. Ascorbate 

supplementation in humans prevents onset of neurodegenerative disorders, like Alzheimer and Parkinson´s 

disease. To study the impact of ascorbate uptake and bioavailability on neurodegeneration, we modulated the 

levels of the unique ascorbate transporter in Drosophila melanogaster, under homeostatic conditions and in flies 

expressing Aβ42, a model of Alzheimer´s disease. We observed that upon SVCT downregulation, both in 

neurons and glia cells, flies are more susceptible to oxidative stress and their lifespan is severely affected. 

Downregulation of SVCT in fly neurons elicits neurodegeneration–associated phenotypes, like brain 

vacuolization and locomotor impairment. In addition, SVCT downregulation in flies expressing Aβ42 contributes 

to an increase of these flies climbing impairment. In conclusion, our work provides evidence that deficient 

ascorbate uptake can trigger neurodegeneration-associated phenotypes and enhances neurodegenerative 

phenotypes as observed in an Alzheimer fly model. Our model provides a framework to address the impact of 

ascorbate in brain brain homeostasis and neuronal function during aging associated neurodegeneration and in a 

disease context. 
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Maternal n-3 fatty acid deficiency induces a differential vulnerability in the substantia nigra (SN) and striatum of 

the young progeny. This study hypothesized that this effect involves changes in the expression of astrocyte 

markers and a reduced gene expression of protective factors such as calbindin-1, glial-derived neurotrophic 

factor (GDNF), insulin-like growth factor (IGF-1), leukemia inhibitory factor (LIF), Aldehyde dehydrogenase 

(Aldh1a1) and the serine/threonine protein kinase PINK-1 in the SN of neonates. Female adult rats were fed 

from 60 days prior to mating and during gestation on control or n-3 deficient diets (n3D) group. Reduced tyrosine 

hydroxylase levels in the SN (~20%) and GFAP in both regions (~30%) were found in the n3D offspring at 

postnatal day 3. PINK-1 gene expression was increased (~30%) in the striatum of the n3D group. LIF and 

calbindin-1 genes were less expressed (36 and 52% respectively) in the SN of n3D neonates, but not in the 

striatum. Higher levels of IGF-1 gene were found in both regions while the Aldh1a1 gene was increased in the 

SN of the n3D group. The findings suggest that a differential resilience of the progeny`s SN and striatum owing 

to a maternal n-3 deficiency involve the striatum's ability to maintain or increase the gene transcription of 

neuroprotective molecules also related to glial reactivity. Reduced LIF and calbindin mRNA levels and increased 

Aldh1a1 and IGF-1 expression in the SN indicate novel molecular mechanisms induced by n-3 deficiency 
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Multiple findings earned in the past decade pinpoint to the aetiology of Alzheimer's disease (AD) as that of a 

complex disease, possibly ensuing from a combination of different risk factors and mechanisms. This also 

applies to the widely supported hypothesis that AD pathogenesis could result from alterations of amilyoid beta 

(Aβ) homeostasis, which is believed to set off a chain of events that leads to Aβ plaque formation and 

accumulation of toxic forms of tau that would ultimately cause downstream synaptic loss and neuronal death. 

Significantly, Aβ accumulation is known to occur early in preclinical stages of the disease, in concomitance with 

excitotoxicity which correlates with an alteration of glutamate uptake transport. Consistent with this observation, 

we report that extracellular oligomeric Aβ can decrease total expression of astrocytic glutamate transporters in 

cultures, yet in a time- and concentration-dependent fashion. Acute application of Aβ oligomers in concentrations 

in the nanomolar range or above, only reduced transporter expression for application duration longer than 24 

hours. This is in contrast to previous reports that showed how reduction of astrocytic glutamate uptake by 

subnanomolar Aβ concentration occurs yet with a conservation of astrocytic transporter levels. Accordingly, we 

develop a computational model for Aβ-dependent trafficking of glutamate transporters in astrocytic processes. 

By numerical simulations and mathematical arguments borrowed from buifurcation theory we show how multiple 

modalities of transporter diffusion could coexist at the same perisynaptic location, with one mode prevailing on 

the other based, from time to time, on both extracellular and intracellular environmental factors. 
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The peripheral nervous system (PNS) harbors a remarkable potential to regenerate after acute nerve injury but 

fails to maintain proper nerve function in a broad spectrum of chronic acquired and inherited neuropathies. In 

acute and chronic nerve injury, the PNS glia, the Schwann cells, share a stereotype molecular fingerprint that 

reflects de- or trans-differentiation. We previously observed a de novo expression of the growth factor 

neuregulin-1 type I (Nrg1-I) after acute injury in Schwann cells, a transient signal that supports remyelination and 

nerve repair. In stark contrast, we now identified a similar but chronic expression of Nrg1-I in Schwann cells in 

demyelinating neuropathies to drive disease pathogenesis. Genetic disruption of Nrg1 in Schwann cells in a 

rodent model for the most frequent inherited neuropathy, CMT1A, suppresses the hallmarks of disease 

manifestation including motor impairment on the behavioral level and hypermyelination and onion bulb 
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formations on the histological level. This data indicate, that interference with Nrg1/ErbB signaling may constitute 

a promising therapeutic target in chronic CMT1A. However, pharmacological as well as genetic silencing of ErbB 

signaling in Schwann cells of adult CMT1A rats and mice, respectively, revealed only a transient phenotypical 

improvement and even deterioration of neuropathy later in the disease course. Specifically, de- and 

remyelination events in the late degenerative phase of CMT1A neuropathy may be impaired due to diminished 

integration of axonal Nrg1, that becomes important again only later during disease course. Taken together we 

conclude that Nrg1/ErbB signaling turns into an antithetic response in chronic demyelinating neuropathy, 

pointing to the complexity as well as necessity of Nrg1/ErbB signaling in chronic nerve disorders such as 

CMT1A. 
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Background: Microglia are activated in glaucoma, but we lack understanding of their role and functional state. 

They are also key effectors of complement signaling. Complement dysregulation is associated with early 

glaucoma, and C3-targeted complement inhibition (AAV2.CR2-Crry) is neuroprotective (Bosco et al. 2018, 

Molecular Therapy), but how microglia are involved is not known. Aim: We addressed this by analyzing the 

transcriptome of retinal microglia in DBA/2J mice before and during neurodegeneration, and following 

complement inhibition.   

Methods: Microglia (CX3CR1+/CD45+/CD11b+/CCR2-) were FACS-sorted from 4 retinas each, from female 

DBA/2J mice in 4 experimental groups: a) 5 month-old (mo) naïve (pre-degeneration), b) 10mo naïve 

(degeneration), c) 10mo treated at 7mo with intravitreal AAV2.CR2-Crry (neuroprotection), and d) 10mo non-

glaucoma GpnmbWT controls (aged). We then performed RNA sequencing and differential expression analysis 

using DEseq. Expression of selected genes was verified by qRT-PCR of purified microglia (n = 4/condition; 

ANOVA test) and by multiplex in situ hybridization chain reaction (HCR) and confocal microscopy on retina 

flatmounts (n = 6/condition).   

Results: Flow cytometry showed a 2-fold increase in microglial numbers in 10mo naïve retinas vs. 5mo naïve 

and 10mo GpnmbWT, and 3-fold in AAV2-CR2-Crry-treated vs. 10mo naïve retinas. Naïve 5mo and 10mo 

GpnmbWT retinal microglia had a largely homeostatic gene expression profile. Naïve 10mo retinas showed a shift 

to a disease-associated microglia (DAM) profile shown in brain neurodegeneration with upregulation (>1.5 fold) 

of genes related to phagocytosis and lipid metabolism (Apoe, Cst7, Igf1, Ank, Itgax and Spp1), and 

downregulation of select homeostatic genes (Il16, Mef2a, Cst3 and Cybb1) vs. 5mo retinas. AAV2.CR2-Crry 

treatment resulted in further upregulation of select DAM genes (Clec7a and Axl), and further downregulation of 

homeostatic genes (Tmem119, P2ry12, Cx3cr1 and Cst3) relative to naïve 10mo. HCR analysis confirms DAM 

gene expression to subsets of microglia in 10mo naïve mice.  

Conclusions: Retinal DAM cells arise and expand during neurodegeneration in DBA/2J age-related glaucoma, 

with concurrent downregulation of homeostatic gene expression. Whether DAM are detrimental or protective is 

unknown, but we found a more pronounced DAM gene expression signature after neuroprotective complement 

inhibition, suggesting a potential protective role.  
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Research in both animals and humans shows that some nutrients are important during pregnancy and the first 

years of life to support brain and cognitive development.   

The aim of this study was to evaluate the role of selenium (Se) in favouring brain microglia protective functions 

and behavioural plasticity and maturation, even under adverse environmental challenges, in light of its 

neuroprotective, anti-inflammatory and anti-oxidant properties.  

To this purpose, pregnant and lactating female rats and their offspring until adulthood were fed with isocaloric 

diets differing in Se content (Se-deficient, Se-suboptimal, and Se-optimal diet), andneurodevelopmental and 

neuroinflammatory markers were analyzed.   

Interestingly, early behavioral changes in neonatal and adolescent rats were observed only at the sub-optimal 

Se dose. In addition, sub-optimal Se diet reduced glial activation and induced a pattern of gene expression 

suggestive of microglia malfunctioning.   

As a second step, we analyzed the effects of prenatal/lactation exposure to an environmental stressor able to 

affect cognitive development such as lead (Pb), at doses mimicking human exposure, on behavioural and 

inflammatory responses sensitive to sub-optimal Se diet. Motor, social/emotional and cognitive end-points as 

well as neuroinflammatory markers were analysed at the juvenile stage and adulthood. Our preliminary data 

suggest that Se sub-optimality and developmental exposure to Pb converge on pathways involving inflammation 

and neuroplasticity, and worsen the behavioral and cognitive deficits caused by Pb.   

In parallel to the in vivo study, we established purified microglial cultures from neonatal cortex,and organotypic 

hippocampal cultures (OHSC) from pnd 5-6, to better characterize the functional properties of glial cells in the 

different experimental groups. RT-PCR analysis and biochemical assays revealed that cultures obtained from 

the Se-suboptimal/Pb group display a higher susceptibility to an immune challenge (LPS) than cultures from the 

Se-optimal/Pb group, further supporting the idea that Se-deficiency can exacerbate the toxic effects of Pb, by 

altering the brain immune cell properties.   

The indications coming from these integrated approaches will be instrumental to verify in prospective 

epidemiological studies the link between diet, early exposure to chemical stressors and child neuropsychological 

health.  

E267POSTERS

GLIA



  

 

 

Acknowledgement 

This study was supported by a grant to LM (Selenius) within the frame of the European joint programming 

“Healthy Diet for Healthy Life" (JPI-HDHL). 

 

T05-103C 

Investigating the role of the delta (δ) subunit of eIF2B during stress and disease. 
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Initiation of protein synthesis is predominately regulated by the multi-subunit protein eIF2B, a guanine nucleotide 

exchange factor required to recycle eIF2 into its GTP-bound active state. Active eIF2 binds to Met-tRNAi to form 

the ternary complex, hence allowing initiation of translation.  Upon specific cellular stresses, global protein 

synthesis is repressed through phosphorylation of eIF2α and subsequent inhibition of eIF2B, known as the 

integrated stress response (ISR). Abnormalities in the ISR have been reported in neurodegeneration (e.g. 

Alzheimer’s and Parkinson's diseases) and disorders of myelination glia (e.g. Pelizaeus-Merzbacher disease). 

Mutations in eIF2B are associated with leukoencephalopathy with vanishing white matter (VWM), a fatal 

neurodegenerative disease which selectively targets glial cells.  

Previous studies in our lab have identified that eIF2B localizes in cytoplasmic foci complexes in yeast and 

mammalian cells - termed eIF2B bodies - which display different sizes. Further investigation highlighted a 

correlation between different sized eIF2B bodies and varying composition of eIF2B subunits (αβγδε). Larger 

bodies included all subunits whereas smaller bodies contain predominantly catalytic subunits (γε). We have 

shown that, upon induction of the ISR, the delta (δ) subunit of eIF2B increases its distribution to small-sized 

bodies in astrocytes, suggesting this action may be an important feature of the ISR. Current preliminary data 

suggests neurons and glial cells have significantly different body size patterns, providing novel insights towards 

the pathology of VWM. Further experiments aim to cross-compare size pattern of eIF2B bodies with δ subunit 

localisation between neurons and glial cells upon exogenous stress induction, in order to understand its potential 

dual role in VWM-associated glial sensitivity and the ISR pathway. 
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Microglia in aged brain switch to a glycolytic phenotype. 
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Several studies have reported that a chronic inflammatory state develops in the brain with age (Howcroft et al., 

2013) and one of the changes that typify this is an increase in microglial activation.  A recent study reported that 

inflammatory stimuli that trigger activation of microglia also induce the cells to adopt a glycolytic phenotype 

(Holland et al., 2018); the evidence suggests an important role for 6-phosphofructo-2-kinase/fructose-2,6-

biphosphatase 3 enzyme (PFKFB3), the master regulator of glycolysis, in driving this change.  Here we 

investigated whether microglia from aged animals exhibited a glycolytic signature and whether this effect might 

be attributed to the inflammatory environment of the brain.   

Methods: Microglia were isolated from the brains of young (4 month-old) and aged (17 month-old) mice (n=8) for 

analysis of glycolysis using Seahorse technology.  A second cohort of mice was used to analyse inflammatory 

markers in the hippocampus using western immunoblot and RT-qPCR.  

Results and conclusions: The expression of IL-1β and TNF-α was increased in the hippocampus of aged 

animals whilst IL-10 was decreased, and these results were correlated with an increase in expression of the 

chemokines MIP1-α, MCP-1 and RANTES and microglial activation markers, CD68 and CD11b. These findings, 

that are indicative of neuroinflammation,  were accompanied by an increase in glycolysis of microglia isolated 

from the brain of aged, compared with young, mice and these cells were PFKFB3+ suggesting a role for PFKFB3 

in driving glycolysis. Importantly, IL-1β increased glycolysis in microglia suggesting that this may contribute to 

the age-related switch to glycolysis. The data suggest that the microglial activation and associated inflammation 

which occurs in the brain during aging switches microglia into glycolytic phenotype that, in turn, may aggravate 

the inflammatory status.  
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VWM disease is a recessive genetic neurodegenerative pathology, characterized by a progressive loss of brain 

white matter. It is caused by mutations in any of the five genes encoding the subunits of eIF2B, a translation 

initiation factor. A recent study using the eIF2B5R132H/R132H (Mut) mouse model provided evidence that the 

mutations in eIF2B cause lack of tight coordination between the cytosolic and mitochondrial translation 

machineries, resulting in impaired oxidative phosphorylation.   

The need of astrocytes to synthesize and secrete large amounts of proteins in a short time frame and their 

challenging energy metabolism to support brain homeostasis, explain why translation impairments and lack of 

available energy take their toll on astrocytes and render them extremely sensitive to eIF2B mutations.   

Glucose has an important role in astrocytes metabolism. It is the main fuel used to satisfy their energy 

requirements and to serve as energy reserves when stored as glycogen. Given the metabolic role of astrocytes 

in the brain and the mitochondrial involvement in VWM disease, we checked the effect of glucose starvation in 

primary astrocytes isolated from Mut and WT mice.  We found that while upon glucose starvation both WT and 

Mut astrocytes obtain energy through fatty acids oxidation, Mut astrocytes do it less efficiently. Moreover, Mut 

astrocytes exhibit impaired response to glucose deprivation via AMPK activation pathway, resulting in lower ATP 

levels compared to WT. Our data reflects the increased sensitivity of Mut astrocytes to glucose concentrations 

and the importance of proper glucose levels in the brain. 
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Astrocytes respond to energetic demands by upregulating glycolysis, lactate production and respiration. This 

study addresses the role of respiration and calcium regulation of respiration as part of the astrocyte response to 

the workloads caused by extracellular ATP and glutamate. Extracellular ATP (100 µM-1 mM) causes a Ca2+-

dependent workload and fall of the cytosolic ATP/ADP ratio which acutely increases astrocytes respiration. Part 

of this increase is related to a Ca2+-dependent upregulation of cytosolic pyruvate production. Conversely, L-

glutamate (200 µM) causes a Na+, but not Ca2+, dependent workload even though glutamate-induced Ca2+ 

signals readily reach mitochondria. The glutamate workload triggers a rapid fall in the cytosolic ATP/ADP ratio 

and stimulation of respiration. These effects are mimicked by D-aspartate a non-metabolized agonist of the 

glutamate transporter, but not by a metabotropic glutamate receptor agonist, indicating a major role of Na+-

dependent workload in stimulated respiration. Glutamate-induced increase in respiration is linked to a rapid 

increase in glycolytic pyruvate production, suggesting that both glutamate and extracellular ATP cause an 

increase in astrocyte respiration fueled by workload-induced increase in pyruvate production. However, 

glutamate-induced pyruvate production is partly resistant to glycolysis blockers (iodoacetate), indicating that 

oxidative consumption of glutamate also contributes to stimulated respiration. As stimulation of respiration by 

ATP and glutamate are similar and pyruvate production smaller in the first case, the results suggest that the 

response to extracellular ATP is a Ca2+-dependent upregulation of respiration added to glycolysis upregulation. 

The global contribution of astrocyte respiratory responses to brain oxygen consumption is an open question. 
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Astrocytes upregulate glycolysis and mitochondrial respiration in 

response to ATP demand. 
ATP-stimulated respiration and pyruvate formation is Ca2+-dependent, but 

the response to glutamate is Ca2+-independent. 
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The psychiatric risk gene Cacna1c regulates mitochondrial function in LPS-stimulated microglial cells 
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Affective disorders such as major depression and bipolar disorder are among the most prevalent forms of mental 

illness, but their underlying pathophysiological mechanisms are still largely unknown. However, multiple lines of 

evidence indicate the involvement of neuroinflammation and its primary mediators, the brain-resident microglia, 

in the neurobiology of psychiatric diseases [1,2]. During the past decade, several genome-wide association 

studies (GWAS) have identified CACNA1C, which codes for the α1C subunit of the L-type calcium channel 

(LTCC) CaV1.2, as one of the strongest and most replicable genetic risk factors for affective disorders [3,4]. 

Moreover, it has recently been shown that L-type calcium channels play a specific role in controlling microglial 

pro-inflammatory activity [5].  

In the present study, we investigated the effects of modified Cacna1c gene expression on neuroinflammatory 

responses upon Lipopolysaccharide (LPS) stimulation in primary microglia cultures. The microglial cells were 

obtained from neonatal Cacna1c+/- Sprague Dawley rats and their wildtype littermates. LPS-induced 

morphological alterations of the microglial cells were studied in real-time via electrical impedance readout 

(xCELLigence). Furthermore, the metabolic switch from oxidative phosphorylation towards glycolysis in response 

to LPS (100 ng/ml) was assessed using a Seahorse XFe96 Analyzer. Additionally, nitric oxide and pro-

inflammatory cytokine (IL-1α, IL-1β, IL-6, TNF-α) release were determined in the supernatants of the activated 

rat microglia.  

In LPS-stimulated microglia cultures, both Cacna1c haploinsufficiency and treatment with the LTCC blocker 
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nimodipine were associated with reduced morphological changes, glycolytic metabolism, and secretion of 

inflammatory mediators.  

Overall, these results suggest that the GWAS-confirmed psychiatric risk gene CACNA1C plays a significant role 

in the neuroinflammatory activation of microglia, thereby adding to a better understanding of the intracellular 

processes likely involved in the pathophysiology of CACNA1C-associated disorders. 
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Involvement of LTCCs and mitochondria in microglial activation and inflammatory 

signaling. 
The scheme illustrates the major intracellular mechanisms contributing to the inflammatory 

activation of microglia. PAMPs, pathogen-associated molecular patterns; LPS, 

lipopolysaccharide; DAMPs, damage-associated molecular patterns; PRR, pattern 

recognition receptor; NLR, nucleotide-binding oligomerization domain (NOD)-like receptor; 

TLR, Toll-like receptor; ox-mtDNA, oxidized mitochondrial DNA; ROS, reactive oxygen 

species; NLRP3, NOD-, leucine-rich repeat (LRR)- and pyrin domain-containing 3; NF-κB, 

nuclear factor κB; IL, interleukin; TNF-α, tumor necrosis factor α; ΔΨm, mitochondrial 

membrane potential; OXPHOS, oxidative phosphorylation; L-Arg, L-arginine; iNOS, 

inducible nitric oxide synthase; NO, nitric oxide; LTCC, L-type calcium channels; P2X7, 

ATP-binding purinoceptor; ATP, adenosine triphosphate [2]. 
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Detection of intracellular ATP levels in neurons and astrocytes in organotypic slice cultures of the 

mouse brain 
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The major energy consumer of the brain is the Na+/K+-ATPase which maintains the Na+ and K+ gradients across 

plasma membranes and compensates for activity-related changes in Na+ and K+ concentrations. Despite their 

considerable energy consumption, neurons themselves do not contain significant energy stores, but depend on 

close metabolic interactions with astrocytes. To better understand neuron-glia interaction, detection of cellular 

metabolites in both cell types is desirable.   

Here, we prepared organotypic tissue slice cultures of the mouse hippocampus using standard procedures 

(Stoppini et al., 1991). To detect changes in cellular ATP, we employed the FRET sensor ATeam1.03YEMK 

(“ATeam”) using a viral vector (AAV5-GFAP-ATeam) for expression in astrocytes. For expression in neurons, a 

neuron-specific promotor (AAV-9/2-hSyn1-ATeam) was used. In addition, slices obtained from transgenic mice, 

expressing ATeam under the hGFAP promoter were used. FRET-imaging experiments were routinely performed 

at room temperature (~22 °C).  

We first tested the sensitivity of ATeam to changes in intracellular pH, but only found negligible pH sensitivity 

under our conditions. Inhibition of cellular metabolism by perfusion with blockers of glycolysis and mitochondrial 

respiration resulted in a rapid decrease in the ATeam signal, indicating nominal depletion of ATP in both cell 

types. Mimicking neuronal activity by increasing the extracellular potassium concentration ([K+]e) to 8 mM caused 

an increase in ATP levels in astrocytes, but not neurons. In vitro, ATeam has a Kd of 0.2 mM at room 

temperature; this value increases to 1.2 mM at 37 °C (Imamura et al., 2009). To probe if the absence of a 

response of neurons to elevated [K+]e was related to a saturation of the sensor, we performed experiments at 

higher temperature (32 °C). Under these conditions, neurons still did not respond to high [K+]e and exhibited a 

similar decrease in ATeam fluorescence upon chemical ischemia. In astrocytes, elevating [K+]e induced an 

increase in ATeam fluorescence which was similar to that obtained at room temperature.  

Taken together, our results show that FRET-based imaging with ATeam enables detection of changes in cellular 

ATP in neurons and astrocytes in brain tissue slice cultures. Moreover, they demonstrate that increases in [K+]e 

such as observed with moderate neuronal activity, differentially affect ATP levels in neurons and astrocytes. 
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Circadian disruption is associated with adverse metabolic consequences, internal desynchrony is believed to be 

the main factor underlying these adverse consequences. Hypothalamus is the key brain region that controls 

energy metabolism through orexigenic-anorexigenic neural circuits. It is reported that microglial activation in the 

hypothalamus is involved in hypercaloric diet-induced obesity. In our previous study, we have observed that 

microglial activity rises in the active and feeding phase during day-night cycle. Whether this circadian microglial 

activity is controlled by intrinsic biological clock is unknown; furthermore, whether this microglial clock machinery 

is affected by hypercaloric diet is also unclear. We hypothesize that the intrinsic biological clock in microglia is 

essential for timely clearing-up the cell debris produced by neurons in the microenvironment, interruption of the 

clock machinery in microglia will lead to hypothalamic neuronal dysfunction and consequently impair systemic 

energy homeostasis.  

Bmal1 is a key player of intracellular clock machinery. We generated microglia-specific Bmal1-knockout (KO) 

mice by crossing Bmal1-fl/fl mice with Cx3cr1-creERT mice, using Cx3cr1-creERT mice as the control, and 

profiled the metabolic phenotype on chow or obesogenic high fat diet (HFD).  

On chow diet, WT and KO mice did not show difference in food intake and body weight, in both males and 

females. However, when mice were challenged with HFD, male KO mice gained significantly less body weight 

than WT. More surprisingly, female KO mice were completely resistant to HFD-induced obesity. These suggest 

that interruption of the endogenous biological clock might bring more flexibility in microglial clearance activity to 

deal with the metabolic stress in microenvironment induced by obesogenic diet. 

 

Body weight of male and female mice 
On chow diet, WT and KO mice did not show difference in body weight, in both males and females. However, when mice were 

challenged with HFD, male KO mice gained significantly less body weight than WT. More surprisingly, female KO mice were 

completely resistant to high fat diet-induced obesity. 
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Stressful life events impact on memory, cognition and emotional responses and if prolonged are known to 

precipitate mood/anxiety disorders. Hypothalamic-Pituitary-Adrenal (HPA) axis is at the centre of stress 

response that is coordinated by glucocorticoids (GCs). Tremendous effort has been dedicated to reveal 

mechanisms of feedback regulation of HPA axis by GCs and on their impact on neuronal compartment. In 

contrast, little is known on how GCs regulate metabolism of the brain. Recent data showed that glucocorticoid 

receptor (GR)-mediated signalling in astrocytes is critical for central effects of stress, such as a formation of fear 

memory. Astrocytes have a crucial role in controlling brain energy metabolism. Furthermore, earlier studies have 

shown that astrocytes are primary target of transcriptional effect of GR activation, with a proportion of affected 

genes related to metabolism. We hypothesized that stress-induced release of GCs alters brain energy 

metabolism through modifying metabolic profile of astrocytes. We therefore performed a systematic study of 

specific effects of GCs on astrocytes metabolic pathways. We have exposed primary mouse astrocyte cell 

cultures to agonist of GR, corticosterone, for 4h or 48h. We found that GCs treatment induced dose- and time-

dependent metabolic plasticity in astrocytes, with prominent effect on mitochondrial function, glycolysis and 

selective fuel usage. We propose that these effects form a functional basis of alteration of energy supply to 

neurons, while prolonged activation of these pathways may lead to permanent shift in astrocyte metabolic profile 

negatively affecting neuronal function. Comprehensive understanding of these mechanisms might help to design 

novel therapeutic strategies of stress-related disorders. 
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Lactate is considered a major communication factor between astrocytes and neurons in the so-called Astrocyte 

Neuron Lactate Shuttle. One of the main elements of lactate export to the extracellular medium is the 

monocarboxylate transporter 4 (MCT4), which is expressed in astrocytes. In hypoxic situations, MCT4 

expression is upregulated in astrocytes by the hypoxia inducible factor 1α (HIF-1α), giving rise to the idea that 

MCT4 is only regulated by this transcription factor. However, while HIF-1α is rarely found in normoxia, MCT4 is 

upregulated in hippocampal training and after b-adrenergic stimulation in normoxic conditions, in correlation with 

improved performance in learning and memory tests. In the present work we tested the hypothesis that cAMP 

Response Element Protein (CREB), which is activated by adrenergic transmitters in astrocytes, may mediate the 

increase in MCT4 seen in normoxia. We evaluated whether CREB-dependent transcription induced by the 

adrenergic agonist noradrenaline (NA) as well as the constitutively active CREB construct VP16-CREB, 

increases MCT4 mRNA and protein expression and lactate release. Our results show that activation of CREB-

dependent transcription in astrocytes increases MCT4 expression in vitro and in vivo. Importantly, MCT4 

upregulation is independent from hypoxia and HIF-1a. Thus, our results demonstrate that astrocytic CREB 

regulates MCT4 expression, a novel molecular pathway that could be behind the potentiation of adrenergic-

induced modulation of learning and memory. 
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Chronic L-serine supplementation improves cognitive behavior and long-term potentiation in 3xTg-AD 
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Subtle losses of memory or changes in behavior are the first outward signs of Alzheimer’s disease (AD). AD 

patients often display concomitant reduced glucose metabolism as observed by ¹⁸F-fluorodeoxyglucose PET. 

Whether such energy metabolism deficit contributes to cognitive impairment in AD is still not known. In the brain, 

oxidative use of glucose provides most of the ATP required to fuel synaptic activity. However, recent 

observations suggest that changes in aerobic glycolysis prevail in the early phase of AD. Some glycolytic 

intermediates can be used as substrates for other metabolic pathways. The phosphorylated pathway diverts 3-

phosphoglycerate from the glycolytic flux, to produce de novo L-serine through the action of three enzymes 

(Phgdh, Psat1 and Psph). We and others have found that astrocytes are the main source of L-serine in the brain. 

Amongst other fates, L-serine can be racemized by serine racemase into D-serine, which is recognized as the 

major co-agonist of N-methyl-D-aspartate receptors in the hippocampus, making it a mediator of long-term 

synaptic plasticity (LTP and LTD). We made the hypothesis that a dysfunction in astrocyte L-serine production, 

resulting from an altered energy metabolism, could participate in the synaptic and cognitive deficits observed in 

AD. We used 3xTg-AD mice, a mouse model that recapitulates metabolic and synaptic deficits in addition to 

classical AD hallmarks such as neurofibrillary tangles and amyloid plaques. We confirmed that young 3xTg-AD 

mice display an impaired synaptic plasticity, with a reduced HFS-induced LTP when compared to controls. To 

test our hypothesis, we supplemented our mice (control and 3xTg-AD) with a 10%-L-serine-enriched diet during 

2 months and performed electrophysiological recordings. We found that L-serine diet rescued 3xTg-AD LTP to 

control levels. We then performed the Morris Water Maze (MWM) task which involves hippocampus-relying 

spatial memory. During the training phase, 3xTg-AD mice learned the task as controls but are unable to 

distinguish between the four quadrants during the probe test, 72h after the training phase. L-serine 

supplementation rescued these deficits, and 3xTg-AD mice spent the same time in the target quadrant as control 

mice. Together, these results suggest a critical role for astrocyte L-serine in long-term synaptic plasticity and 

spatial memory. 
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In Drosophila, as in mammals, glial cells play important roles in brain metabolism. We show that glial cells play a 

central role in energy metabolism. Drosophila glial cells are highly glycolytically active. Glia-specific knockdown 

of glycolytic genes induces severe neurodegeneration, while neuronal knockdown has no phenotypic 

consequences. This indicates a strong metabolic division of labor between the glycolytic glial cells and oxidative 

neurons in Drosophila. Indeed, primary glial cells secrete lactate and alanine that can both be metabolized by 

Drosophila neurons. Lactate production by the glial cells further seems to be regulated by neuronal activity, 

underlining the strong evolutionary conservation of the ANLS. Adult animals with a glial knockdown of glycolytic 

genes live up to 4 weeks before they die from progressive neurodegeneration. We now present evidence that 

these glycolytically impaired glial cells switch to β-oxidation to further support neuronal metabolism. 

 

T06-011A 

Regulation of carbohydrate transport in the Drosophila nervous system 

E. McMullen, H. Hertenstein, S. Schirmeier 

Institute of Neuro- and Behavioral Biology, Universtiy of Münster, Münster, DE 

 

The brain is a highly energy-demanding organ, requiring a disproportionately large amount of energy compared 

to its size. The majority of this energy is supplied from dietary sugars meaning there must be mechanisms in 

place to transport these sugars from the circulation across the blood-brain barrier (BBB) into the nervous system 

where they can be utilised. In Drosophila the BBB is formed by the perineural and subperineurial glial cells, 

which effectively separates the brain from the surrounding haemolymph, maintaining a constant 

microenvironment. The transporters involved in metabolite transport are still largely unknown, here we address 

which sugars are transported across the BBB and the transporters involved in the uptake and distribution of 

these sugars within the nervous system.   

Tret1-1 has been identified as an essential perineurial glia specific transporter of trehalose, the most abundant 

haemolymph sugar. MFS3 and CG4797 are also expressed in perineural glial cells. Despite knock out of the 

genes leading to viable flies, they do show a  neurodegenerative phenotype presumably due to the reduced 

passage of sugar.  

With the use of Förster resonance energy transfer (FRET) based genetically encoded metabolite sensor we are 

able to study the influx of glucose into the CNS of live third instar larvae, across the different glial subtypes. With 

this technique we can evaluate whether the knockout of CG4797 and MFS3 leads to a decreased efficiency in 

glucose transport across the BBB. We are further able to address whether other putative carbohydrate 

transporter influence glucose transport efficiency into different neural cell types. 

 

T06-012A 

Stress stimuli induce lipid droplet formation in astrocytes 

T. Smolič1, P. Tavčar1, A. Horvat1,2, R. Zorec1,2, N. Vardjan1,2 
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2Laboratory for Cell Engineering, Celica Biomedical, Ljubljana, SI 

 

Astrocytes regulate central nervous system (CNS) metabolism. While astroglial glucose handling has been the 

subject of many studies, mechanisms underlying regulation of lipid metabolism, in particular the biogenesis of 

lipid droplets (LDs), that is upregulated in astrocytes during some CNS pathologic states, are largely unknown. 
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LDs are dynamic organelles composed of phospholipid monolayer and a core of triglycerides and sterol esters 

that play an important role in intracellular lipid metabolism and energy storage. To study whether astrocytes form 

LDs in pathological stress settings characteristic for neurologic disorders, we exposed astrocytes in culture and 

organotypic brain tissue slices to nutrient deprivation, hypoxia, excess of extracellular L-lactate or fatty acids, 

and to various adrenergic receptor (AR) agonists. LDs were labeled with the fluorescent markers (Nile Red, 

BODIPY 493/503) and monitored by confocal microscopy to assess their structure, mobility and biogenesis. 

Nutrient deprivation, hypoxia, addition of excess L-lactate or oleic acid, and activation of astroglial ARs with 

noradrenaline, typically released in the CNS from the locus-coeruleus noradrenergic neurons in response to 

stress, increased the amount of LDs over 2-fold in cultured and brain tissue astrocytes. This indicates stimulated 

biogenesis of LDs in astrocytes by these stressors. β- and α2-AR agonists increased, while α1-AR agonist did 

not affect LD content, indicating a role for cAMP signaling in noradrenaline-induced LD biogenesis. The mobility 

of LDs was reduced in astrocytes under nutrient deprivation, indicating their static positioning at mitochondria, an 

arrangement that is key for β-oxidation of fatty acids. Thus, astroglial LD biogenesis both in vitro and in situ is 

tightly regulated by extracellular stress-related stimuli, which may under pathologic states lead to the formation 

of LDs also in vivo. 
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Inbred mouse strains are essential animal models in scientific laboratories in many research fields. These mice 

are homozygous at all genetic loci and the expression of recessive alleles results in formation of unique 

phenotype for every strain. Thus one must keep in mind the characteristic differences among strains when 

selecting an appropriate model. It is therefore extremely important to obtain new knowledge of strain specific 

differences to enrich our understanding on appropriate model selection.  

The purpose of this study was to describe the changes occurring in blood plasma metabolite levels after 

lipopolysaccharide (LPS) stimulation in two widely used 129S6/SvEvTac (129Sv) and C57BL/6NTac (Bl6) inbred 

mouse strains. We investigated the early (1.5 h) and late (24 h) acute inflammatory response in acylcarnitine, 

amino acid, glycerophospolipid, sphingolipid and biogenic amine profile. Early after LPS treatment metabolomic 

analysis revealed decreased levels of short-chain acylcarnitines (SCACs) in both mouse strains. Comparison of 

strains demonstrated that in Bl6 acylcarnitines (C3:1, C4:1, C5:1 C12-DC, C14:2-OH), amino acids (alanine, 

proline, serine) and biogenic amines (alpha-aminoadipic acid and putrescine) were all significantly decreased in 

early inflammatory response. Whereas in 129Sv the reduction of C2, increase in sphingolipid SM (OH) C16:1 

and phosphatidylcholine diacyl PC aa C30:2 was observed. For the late inflammatory response group, we 

identified a total of 67 altered metabolites. 34 of them specific for LPS treatment independent from strain 

background and 33 strain-specific of which 8 were specific to Bl6 (acetyl-ornithine, putrescine, hexoses, various 

glycerophospholipids) and 25 to 129Sv strain (acylcarnitines, amino acids and various glycerophospholipids).   

Therefore, under inflammatory conditions, Bl6 and 129Sv mouse strains show markedly different metabolic 
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phenotypes. Described alterations reflect distinct immunological activation in response to LPS among Bl6 and 

129Sv strains. 
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Interactive volumetric visual analysis of glycogen-derived energy absorption in nanometric brain 

structures 
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Digital acquisition and processing techniques are changing the way neuroscience investigation is carried out. 

Emerging applications range from statistical analysis on image stacks to complex connectomics visual analysis 

tools targeted to develop and test hypotheses of brain development and activity.   

Here we focus on the neuroenergetics, a field where neuroscientists analyze nanoscale brain morphology and 

relate energy consumption to glucose storage in form of glycogen granules.   

We describe a customized pipeline for visual analysis of nanometric-level reconstructions based on electron 

microscopy image data. Our framework supports analysis tasks by combining i) a scalable volume visualization 

architecture able to selectively render image stacks and labelled data merged together, ii) a method for 

highlighting distance-based energy absorption probabilities in form of glow maps, and iii) an hybrid connectivity-

based and absorption-based interactive layout representation able to support queries for selective analysis of 

areas of interest and potential activity within the segmented datasets.   

This working pipeline is currently used in a variety of studies in the neuroenergetics domain. Here, we discuss a 

test case in which the framework was successfully used  for the analysis of aging effects on glycogen 

metabolism, extracting knowledge from a series of nanoscale brain stacks of rodents somatosensory cortex. 

 

Pipeline overview 
The proposed framework takes as input Electron Microscopy stacks representing brain cells at nanometric resolution, labelled 

structures, and glycogen energy sources. After computing volumetric absorption maps and abstract connectivity information, it 

provides real-time interactive visual exploration of brain structures augmented with absorption metadata. 
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Visualization framework 
The interactive visualization framework integrates two main views, one for real time visualization of composed volumes, and 

one for showing abstract layouts of neural structure connections. The GUI contains also widgets for various visualization 

options, and for changing transfer functions. 

 

 

T06-015A 

Metabolic control of astrocyte maturation by mGluR5-mediated signaling 
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Mechanisms controlling the postnatal maturation of astrocytes have a crucial role to ensure a proper postnatal 

formation and development of synapses. During the first three weeks of postnatal maturation, astrocytes 

continue to divide while differentiating and undergo dramatic molecular, morphological and functional changes 

(Allen and Eroglu, Neuron, 2017; Petrelli and Bezzi, Curr Opinion Neurobiol, 2018). Therefore, en route to their 

postnatal maturation, they undergo extensive changes in proliferative activity and cellular growth which are likely 

to impose distinct metabolic demands, as recently shown for neurons (Beckervordersandforth et al., Neuron, 

2016; Zheng et al., eLife, 2016; Knobloch et al., Nature, 2013). Whether postnatal proliferative activity and 

maturation of astrocytes are coupled to specific metabolic programs in order to assure a proper development of 

astrocytes is largely unknown. Here we show that postnatal development of astrocytes is critically dependent on 

the mitochondrial oxidative phosphorylation (OxPho). Perturbation of OxPho by deletion of PPARγ coactivator 

1α (PGC1α), a key transcriptional regulator of several metabolic pathways including oxidative metabolism, 

decreases proliferative activity and modifies molecular and morphological properties of developing astrocytes. 

Interestingly, the levels of PGC1aand of OxPho are positively controlled by metabotropic glutamate receptor 5 

(mGluR5) signaling that by regulating postnatal maturation of astrocytes is crucially involved in the regulation of 

synapses formation and circuits function. We identify a functional coupling between the regulation of astrocytic 

mitochondrial metabolism and the postnatal maturation of astrocytes and of associated synapses.  
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Glioblastoma multiforme (GBM) is the most malignant type of primary brain tumor in humans and it is often 

associated with a poor prognosis. High levels of estrogens exhibit oncogenic potential in various organs such as 

breast, prostate, endometrium and lung through their classic receptors ERa and ERb. To this regard, ERb has 

been described as a possible tumor suppressor, whereas ERa is involved in cancer progression. Several studies 

showed that glioblastoma cells express higher ERa receptor levels than the ERb subtype. The aim of the present 

study was to evaluate in vitro the role of 17b-estradiol (E2) in GBM cell proliferation and metabolism. We 

observed that E2 was able to regulate positively mitochondrial dynamics, increased OXPHOS genes and 

mitochondrial biogenesis. In conclusion our data support the hypothesys that locally produced estrogens in 

glioblastoma cells may act as autocrine factors. In particular, E2 may affect glioblastoma cells by different 

possible mechanisms, including the regulation of estrogen receptor-mediated transcription of genes involved in 

cell survival, proliferation, tissue invasion and rewiring mitochondrial fitness in GBM cells. 

 

T06-017A 

Investigating the metabolic link between astrocytes and demyelinated axons in the central nervous 

system. 

G. Campbell, N. Tricaud 

Université de Montpellier, Institut des Neurosciences de Montpellier, Montpellier, FR 

 

Neurons within the central nervous system (CNS) are metabolically demanding cells that require an 

uninterrupted supply of energy in the form of ATP. It has been proposed that glycolytic oligdendrocytes and 

astrocytes play a role in supporting CNS neurons through the production of lactate and in exporting it to axons, 

where it can be readily used in axonal mitochondria in the process of oxidative phosphorylation.  The importance 

of this support mechanism may be even more important in the event of demyelination where evidence suggests 

that demyelinated axons have an increased energy demand compared to their myelinated counterparts. 

Demyelinated axons are a pathological hallmark of multiple sclerosis (MS), a chronic disease of the CNS, and 

indeed the loss of these axons correlates strongly with disease progression and irreversible neurological 

disability. The mechanisms of the chronic loss of demyelinated axons in MS are not well understood.   

Here, we hypothesise that glycolytic astrocytes play an important role in the preservation of demyelinated axons 

in the CNS. Using the lysolecithin model of demyelination we show that in lesions lacking oligodendrocytes and 

at peak demyelination, proliferating astrocytes highly express enzymes of glycolysis, hexokinase and pyruvate 

kinase, with no change in enzymes involved in oxidative phosphorylation. In particular we explore the role of 

pyruvate kinase M2 (PKM2), responsible for the Warburg effect in cancer cells. We show that astrocytes readily 

express PKM2 and the loss of this enzyme in vitro results in a decreased production of lactate. Interestingly this 

enzyme appears to be downregulated in chronic lesions of MS suggesting a loss of lactate production in these 

lesions. We believe the results of this investigation can give us insights into chronic axon loss in MS and 

possible unexplored therapeutic avenues involving glia metabolism.      
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Physioxia is necessary for HIF-1α to regulate its metabolic target genes in astrocytes. 
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The physiological levels of oxygen in the body (physioxia; 3-5% oxygen in brain) are significantly lower than 

normal oxygen levels (21%) in the air (normoxia) due to the dramatic decrease in blood oxygen levels across the 

lung and to organs throughout the body. Oxygen levels below the physiological range (hypoxia; 1% Oxygen) can 

result in disturbed functions of organs, tissues and cells, leading to injury. In response to hypoxia, Hypoxia 

Inducible Factors (HIFs) are activated, stabilised and HIF-1/2α enter the nucleus, where they heterodimerise 

with HIF-1β and bind to a conserved DNA sequence known as the hypoxia responsive element (HRE), leading 

to an increase of transcription of HIF target genes such as glucose transporter 1 (GLUT1), hexokinase (HK), 

phosphofructokinase (PFK) and lactate dehydrogenase A (LDHA), monocarboxylate transporter 4 (MCT4).   

Aims: We investigated whether HIF-1α is stabilised in primary astrocytes by NO under physioxia as we have 

shown before for normoxia. We investigated whether that HIF-1α is active under physioxia without further 

stimulation by NO. We also address whether further studies of HIF-1α are best conducted under physioxia.  

Methods: Cortical astrocytes obtained from 1 day old pups in primary culture are treated with nitric oxide donor 

DetaNONOate (Deta), Interleukin 1-Beta and HIF-1α was knocked down by siRNA independently under 

normoxia, physioxia and hypoxia. HIF-1α and HIF-1α target gene expression was analysed at mRNA and protein 

levels by RT-qPCRs and Western blots respectively.  

Results: HIF-1α is not only active under normoxia but also at physioxia by DETA treatment. Following HIF-1α 

knockdown, MCT4 is selectively downregulated but not GLUT1 or HK. Interleukin 1 Beta requires physioxia to 

regulate the target genes of HIF-1α.  

Conclusions: Under physioxia HIF-1α is stable and active and differentially regulates its target genes. We also 

conclude that further HIF-1α investigations  like with Interleukin 1 Beta, in astrocytes should be done in 

physioxia. 
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Metabolic pathways in adult OPCs activation state 
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Oligodendrocytes Progenitor Cells (OPCs) are a large population of progenitors cells that reside in the adult 

CNS. During development, these cells are the source for generating myelinating Oligodendrocytes (OLs), a role 

they continue to hold throughout adulthood, albeit at a much lower rate. Following demyelination (loss of myelin) 

events, OPCs are activated through a complex process which ends with the generation of new OLs and the 

regeneration of myelin wrappings (remyelination) in adult mammals (Franklin and ffrench-Constant, 2017).   

Similar to other adult tissue resident stem cells, OPCs are also maintained in a slow cycling resting state. In 

recent years it has been shown that metabolic processes can control the activation state of resting stem cells, 

and furthermore, that changes in the metabolic activity of stem cells can drive stem cell activation and 

differentiation (Ito and Suda, 2014), specifically in the CNS (Knobloch et al., 2017).   

In this research, we use advanced adult primary culture systems of OPCs to study the metabolism pathways 

which are active in adult OPCs.  

Using the Seahorse system, we show that adult OPCs maintain a similar metabolic signature to that of other 

tissue resident stem cells. I.e. they show lower oxygen consumption when compared to their differentiated 

counterparts – mature adult Oligodendrocytes. Moreover, we show that the use of a single metabolite is 

sufficient to activate adult OPCs in vitro.  

The next stage of our studies will include the testing of FDA approved drugs that will mimic the effects we have 

discovered so far, as well as testing these results in in vivo demyelination settings.  
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We believe that our results show that the alteration of metabolic pathways might be a favourable target when 

attempting to promote OPC activation, a key target in the research to enhance remyelination in demyelinating 

diseases, such as Multiple Sclerosis. 
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Axon-glia metabolic coupling of peripheral nerves in a rodent model of Charcot-Marie-Tooth 1A (CMT1A) 
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Axon-glia interaction extends beyond myelination itself. In the PNS, Schwann cells (SC) support axons with 

metabolites and trophic factors. In numerous disease models, primary glial mutations result in the collapse of 

normal nerve conduction. Understanding the details of metabolic coupling in health and its alteration in diseases 

may promote novel therapeutic targets. In patients as well as in the rat model of Charcot-Marie-Tooth disease 

type 1A (CMT1A) ("CMT rats"), an overexpression of peripheral myelin protein 22 (Pmp22) in SC results in 

severely reduced nerve conduction velocities and muscle weakness. Studies in CMT rats have shown 

pathological alterations in SC integrity secondarily leading to axonal dysfunction and eventually muscle atrophy. 

We hypothesized that under disease conditions the challenged SC is no longer able to metabolically support the 

axonal function. RNAseq analysis in CMT rats revealed differential regulation of metabolic pathway related 

genes. Metabolomics confirmed alterations in the metabolic steady state in nerves of nine weeks old CMT1A 

rats. Combining these two "omics" approaches, we could show a down regulation of the polyol pathway, 

glycolysis and TCA cycle. EM based analysis of axonal mitochondria in CMT1A motor fibers revealed increased 

numbers and an increase in size of the mitochondria in demyelinated fibers. Together, this suggests a failed 

energy status of the glial compartment. Interestingly, Glucose levels were significantly increased in whole nerve 

lysates, prompting closer investigation of glucose transporter 1 (GLUT1) in peripheral nervous tissue. We could 

localize GLUT1 to SC membranes and Schmidt-Lanterman incisures (SLI), indicative of a "direct" glucose supply 

to the axon.  We hypothesize that in disease state the SC no longer supplies the axon with glycolysis end 

products. Free glucose may be used in the axonal compartment directly to uphold nerve conduction. However, 

with progressing demyelination energy needs may no longer be met, leading to axonal failure. 
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Enhancement of cortical activity triggers astrocytic lactate release 
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3Centro de Estudios Cientificos, Valdivia, CL 

 

In a previous study, we showed that astrocytes have higher intracellular lactate levels compared to neurons 

(Mächler et al., 2016). Furthermore, we observed a biphasic lactate response in astrocytes upon electrical 

stimulation (Sotelo-Hitschfeld et al., 2015). However, the temporal relationship between cortical activity and 

compartment-specific lactate levels in astrocytes, neurons and the extracellular space in vivoare poorly 

understood.   

Using AAV delivery of biosensors and optical recordings with 2-photon microscopy from somatosensory cortex, 

we recorded substrate levels upon electrical stimulation in anesthetized and during arousal-induced activation in 

awake mice. Electrostimulation induced lactate surges in neurons and astrocytes, while glucose levels only 

showed a decrease in astrocytes. Faster measurements in the awake animal revealed an immediate drop in 

astrocytic lactate upon activation correlating with a subsequent lactate increase in the extracellular space and a 

bit more delayed rise in neurons and astrocytes. The neuronal lactate rise coincides with a significant slowing of 

the extracellular lactate rise.   

These results provide evidence for astrocyte-to-neuron lactate shuttling in awake mice. To further check possible 

involvement of monocarboxylate transporters in astrocytic lactate release we study in ongoing experiments the 

effect of cortical activation on lactate dynamics in MCT2 knock out mice. In addition, lactate has also been 

discussed to have neuromodulatory functions beside its use as an energy substrate. Therefore, we will 

investigate the effect of increased lactate concentrations on neuronal excitability in vivo. 
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The brain critically relies on glucose metabolism to sustain its high energy demands. Astrocytes are suggested 

to play a pivotal role in neuroenergetics by providing lactate as an energy source to neurons. However, how 

neurons and astrocytes differ in their glycolytic activity and glucose uptake capacity remains poorly understood. 

Here, we show by using genetically encoded metabolite sensors and two-photon imaging in adult brain slices 

that astrocytes have a significantly higher glycolytic rate as well as a faster glucose uptake compared to 

neurons. To study the impact of astroglial glucose metabolism on brain function in vivo, we generated astrocyte-

specific glucose transporter 1 (GLUT1) mutants by crossbreeding the inducible GLAST-CreERT2 driver line with 

Slc2a1-flox mice. Surprisingly, successful deletion of GLUT1 in astrocytes did not cause overt 

neuroinflammation, cell death and behavioural abnormalities. And we did not observe any major upregulation of 

other glucose transporters in GLUT1 deficient brains. However, we provide evidence that in adult brains GLUT3 

is also abundantly expressed in astrocytes, which could explain the subtle phenotype in our GLUT1 mutants. 

Astrocyte-specific GLUT3 knockouts as well as GLUT1/GLUT3 double mutants are currently being generated to 

further investigate which glucose transporters are essential for glial glucose metabolism and metabolic support 

to neurons in vivo.  
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A role for translocator protein 18kDa (TSPO) in immunometabolic regulation in astrocytes 
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Translocator protein 18kDa (TSPO) is expressed on the outer mitochondrial membrane (OMM) of many cell 

types including astroglia. This highly conserved protein has multiple proposed functions including cholesterol 

transport for steroidogenesis. TSPO is upregulated in the CNS during inflammation, cancer, and traumatic brain 

injury, and TSPO inhibitors are anti-inflammatory and anti-cytotoxic in multiple pre-clinical models. Recent data 

from TSPO knockout murine steroidogenic cells implicates TSPO in the regulation of mitochondrial fatty acid 

oxidation (FAO). Together these data led us to hypothesise that the anti-inflammatory actions of TSPO inhibitors 

are mediated through regulation of cellular metabolism. We further proposed that, given the location of TSPO on 

the OMM, this mechanism may be mediated through an interaction with carnitine palmitoyltransferase 1A 

(CPT1A), the rate limiting step of long chain FAO.   

Primary mouse astrocytes were used to examine the metabolic and inflammatory responses to 100ng/mL 

lipopolysaccharide (LPS), a pro-inflammatory stimulus, using Western blotting, the seahorse bioanalyser XFe96 

(Agilent) and Glucose-Uptake Glo assay (Promega).  LPS induced an increase in extracellular acidification rate 

(ECAR; measured by the seahorse bioanalyser) and in glucose uptake in astrocytes, suggesting increased 

glycolytic rate. No alteration in mitochondrial oxidation was observed. LPS significantly increased TSPO 

expression after 24 hours of exposure but did not impact the expression of other markers of cellular metabolism 

such as CPT1A. Together these data suggest, in common with peripheral immune cells, that primary mouse 

astrocytes display metabolic responses to inflammatory stimuli.   

In human astroglioma (U373) cells, co-immunoprecipitation studies indicated that CPT1A and TSPO interact. 

TSPO ligands did not attenuate TNF-α release from mouse primary astrocytes in 3 hours after LPS treatment, as 

measured using ELISAs. In mouse primary astrocytes TSPO agonist XBD-173 decreased glucose uptake and 

ECAR whereas TSPO antagonist PK11195 increases glucose uptake and ECAR. XBD-173 attenuates the 

increase in glucose uptake caused by LPS. Together these data suggest that astrocytes display metabolic 

responses to pro-inflammatory stimulation and modulation of TSPO signalling impacts cellular metabolism and 

metabolic responses to inflammation. 
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Microglia mediate neonatal weight gain and early-life programming of adult glucose control. 
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Microglia in the mediobasal hypothalamus (MBH) are activated by excess saturated fat consumption in adult 

mice, and this activation stimulates food intake and body weight gain. Here we examined the neonatal period, 

when mice rely on maternal milk, which is rich in saturated fat. Histological analysis revealed progressive 

accumulation of microglia with activated morphology in the MBH of mice from postnatal day 2 (P2) through P10, 

with spontaneous resolution by P16, when individual foraging commences. To test the importance of neonatal 

MBH microgliosis, we used both a genetic (diphtheria toxin-responsive) and pharmacologic (CSF1 receptor 

inhibition) approach to eliminate microglia from P6-P16. Remarkably, depleting microglia either way reduced 

body weight gain, measured until P21, vs. controls. This reduction resulted from diminished body fat accrual and 

was more prominent when the lactating dams were fed a HFD vs. low-fat chow. CNS microglial repopulation 

occurred rapidly upon discontinuing CSF1 receptor inhibition, and was associated with accelerated weight gain 

and equalization of body weights with those of control mice over the next 3 days (P24). Interestingly, however, 

mice lacking microglia specifically between P6-P16 had notably worse glucose tolerance when tested at 8 weeks 

of age than did mice retaining their microglia throughout neonatal life. Together, these findings indicate that the 

early neonatal period recapitulates the MBH microgliosis driven during adult life by HFD consumption, and that 

neonatal microglia are required for normal fat accrual and weight gain. Moreover, we show that microglia during 

the neonatal period play a role in programming normal systemic glucose responsiveness later in life. 
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Poster topic 07 | Extracellular matrix and cell adhesion molecules 

 

 

T07-001A 

Structural basis for the dominant character of GLIALCAM mutations found in Megalencephalic 

Leukoencephalopathy with subcortical Cysts type 2 (MLC2B) patients. 

X. Elorza-Vidal1, E. Xicoy-Espaulella1, A. Pla-Casillanis1, T. Arnedo1, M. Alonso-Gardón1, H. Gaitán-Peñas1, C. 

Engel1, J. Fernández-Recio2, R. Estévez1 

1Physiological Sciences, University of Barcelona, L'Hospitalet de Llobregat - Barcelona, ES 
2Barcelona Supercomputing Center (BSC), Barcelona, ES 

 

Megalencephalic Leukoencephalopathy with subcortical Cysts (MLC) is a rare type of genetic leukodystrophy 

characterized by white matter oedema. It is caused mainly by recessive mutations MLC1 or GLIALCAM genes. 

These variants are named MLC1 and MLC2A, with both patients sharing the same clinical phenotype. In 

addition, dominant mutations in GLIALCAM have also been identified in MLC patients with a different remitting 

phenotype, classified as MLC2B. GLIALCAM gene encodes of a homonymous adhesion protein containing two 

immunoglobulin (Ig) domains. GlialCAM protein is needed for MLC1 and for the chloride channel ClC-2 to be 

targeted at astrocyte-astrocyte junctions. Most mutations identified in GLIALCAM abolish protein targeting to 

junctions. Furthermore, co-expression studies reveal that MLC2B mutants affect targeting in a dominant manner. 

Currently it is not fully understood why some mutations behave as recessive and others as dominant. In this 

work we used a combination of computer-based docking and biochemistry methods employing double-mutants 

and cysteine cross-links to create a structural model of GlialCAM homo-dimerization. Using this model, we could 

suggest that dominant mutations affect different GlialCAM-GlialCAM interacting surfaces in the first Ig domain, 

which may occur between GlialCAM molecules present in the same cell (CIS) or present in opposite cells 

(TRANS). Our results provide a framework that can be used to understand the molecular basis of pathogenesis 

of MLC-related GLIALCAM mutations. 

 

T07-002A 

Astrocytes exhibit immature properties and produce a stem cell niche-like extracellular matrix after laser 

lesion in the mouse visual cortex 

L. Roll1,2, U.T. Eysel2,3, A. Faissner1,2 

1Department of Cell Morphology and Molecular Neurobiology, Ruhr-University Bochum, Bochum, DE 
2International Graduate School of Neuroscience, Ruhr-University Bochum, Bochum, DE 
3Department of Neurophysiology, Ruhr-University Bochum, Bochum, DE 

 

The limited regeneration capacity of the mammalian central nervous system (CNS) leads to impaired recovery of 

patients suffering from CNS lesions such as stroke or brain injury. Efficient regeneration of lower species like 

amphibians shows that the restoration of complex tissues, including the CNS, is possible in principle. Therefore 

the poor repair mechanisms seen in mammals result from a restricted behavior of the cells, caused either by an 

altered intrinsic capacity, by inhibitory environmental cues or by a combination of both. With regard to 

environmental signals, the extracellular matrix (ECM) represents an important regulator of events like cell 

E287POSTERS

GLIA



  

 

 

survival, proliferation, migration, differentiation or neurite outgrowth. Accordingly, the postlesional ECM and the 

cell types that produce this matrix are promising targets for new treatment strategies.   

Focal lesions were inflicted to the visual cortex of adult mice by an infrared laser beam through the exposed 

skull. Numerous plasticity studies have been performed in this brain region, as it is easily accessible and allows 

modification of sensory input as well as direct manipulations. In this study, reactive gliosis and the ECM 

expression were analyzed via immunohistochemistry and RT-PCR.  

Immunohistochemical analysis of cell type-specific markers revealed different astroglial subtypes in the 

penumbra after injury, with a distinct spatial organization. The astrocytic marker glial fibrillary acidic protein 

(GFAP) was found broadly up-regulated after three and 14 days after injury, whereas only few of these cells co-

expressed the markers vimentin and nestin. Cells positive for two or three of the markers were confined to the 

area near the lesion core. The glycoprotein tenascin-C and the DSD-1 chondroitin sulfate epitope, two ECM 

factors associated with neural stem/progenitor cells during development, were found on astrocytes in the 

penumbra. The up-regulation of tenascin-C was confirmed on mRNA level by RT-PCR.  

The expression of progenitor markers like vimentin and nestin by astrocyte subpopulations in combination with a 

postlesional ECM containing tenascin-C and the DSD-1 glycoepitope indicates that an immature cell fate is 

facilitated in the laser-lesioned visual cortex. Interestingly, reactive astrocytes were the main source of these 

ECM components that are typically associated with neural stem/progenitor cells. This suggests that a niche-like 

environment is formed by the cells, which in turn promotes stem/progenitor cell properties in the penumbra. 
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Regional heterogeneity in TLR3 agonist-induced fibronectin aggregation by astrocytes: a role of 

cytokine priming and fibronectin splice variants 

I. Werkman, E. Sikkema, J. Versluijs, J. Qin, P. de Boer, W. Baron 

Biomedical Sciences of Cells & Systems, section Molecular Neurobiology, University Medical Center Groningen, 

Groningen, NL 

 

Multiple sclerosis (MS) is a chronic demyelinating disease of the central nervous system which eventually results 

in axonal loss mainly due to failure of remyelination. Remyelination is a process in which new myelin membranes 

are formed, and is among others regulated via transient expression of astrocyte-derived signaling cues. For 

example, local upregulation of the extracellular matrix molecule fibronectin supports proliferation of 

oligodendrocyte progenitor cells (OPCs), while its timely removal is crucial to allow OPC differentiation into 

mature, myelinating oligodendrocytes. In MS lesions, astrocytes form fibronectin aggregates that persist and 

impair OPC differentiation, thereby contributing to remyelination failure. Here, we examined the underlying 

mechanism of fibronectin aggregation taking into account regional differences in astrocytes and the role of 

inflammatory mediators.   

Our findings show that exposure to Poly I:C, a TLR3 agonist, induced fibronectin aggregation by white matter 

astrocytes, and to a lesser extent by grey matter astrocytes, by decreasing cell binding to fibronectin. In 

organotypic cerebellar slice cultures, Poly I:C induced fibronectin aggregation only upon a demyelinating event, 

indicating that only activated astrocytes are susceptible to Poly I:C-mediated fibronectin aggregation. Indeed, 

priming astrocytes with pro-inflammatory cytokines enhanced Poly I:C-induced fibronectin aggregation by grey 

matter astrocytes to a comparable extent as observed by white matter astrocytes. RT-PCR analysis revealed 

that priming with pro-inflammatory cytokines favors inclusion of the alternatively spliced EIIIA over the EIIIB 

domain of fibronectin. Consistently, fibronectin aggregate forming MS astrocytes have a higher EDA/EDB mRNA 
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ratio than control astrocytes. Remarkably, deposited fibronectin aggregates from cytokine primed and Poly I:C-

treated astrocytes were intensely stained for fibronectin that lacks EIIIB, indicating that in the absence of EIIIB, 

fibronectin is more prone to aggregate. Hence, the altered EDA/EDB mRNA ratio in MS astrocytes may 

contribute to remyelination failure, and therefore interfering with alternative fibronectin splicing may open 

therapeutic pathways that promote remyelination in MS lesions. 

 

T07-004A 

The investigation on the connection between the central canal lining cells and extracellular matrix of 

postnatal rat spinal cord 

A. Alexovic Matiasova, J. Zrubakova, J. Sevc, Z. Daxnerova 

Department of Cell Biology, Institute of Biology and Ecology, Pavol Jozef Safarik University in Kosice, Faculty of 

Science, Kosice, SK 

 

In the early postnatal rat spinal cord, the central canal lining is formed by the population of cells, which develop 

to ependymal cells separating the cerebrospinal fluid from the surrounding neuropil. Despite the advances in this 

topic during the past decades, the function of ependymal cells in spinal cord is not completely understood. Our 

study describes the development of cells present in the central canal lining and their association to the specific 

extracellular matrix in its vicinity. In early postnatal rat SC (postnatal day 8, P8), the lateral walls of the central 

canal lining is formed by the population of cells, which are in contact with the cerebrospinal fluid by their apical 

pole and to the basal lamina of blood vessels by their basal process. We observed the presence of basal 

process in the cells of lateral walls in all of the studied time points throughout the postnatal life (P8, P29, P90). 

As the development of spinal cord proceeds (P29, P90), the populations of cells, which contact ventral and 

dorsal poles of the central canal lumen reduce and the lateral walls shorten leading to the change of central 

canal lining morphology. The number of blood vessels present in the area around the central canal lining 

increases from 162.57±45.48 (P8) to 445.14±72.87 (P90) per mm2 and branch especially in the parallel manner 

to the longitudinal axis of the developing spinal cord. The cells of the lateral walls maintain the contact to the 

blood vessels basal lamina in all of the studied time points, however their basal processes appear shorter and 

undulated. In addition to the basal lamina contacts, we observed the relationship between the central canal lining 

cells and the extracellular matrix, which develops to the labyrinthine structures located between the central canal 

lining cells usually at the lateral or basal side of the their bodies. This extracellular matrix, also known as 

fractones, was identified in the central canal lining throughout the spinal cord as laminin positive globules using 

confocal microscopy or as electron dense material in transmission electron microscopy. Interestingly, we 

observed that the material forming Reissner´s fiber passing from the subcommissural organ throughout the 

central canal lumen of spinal cord is composed of CD31 glycoprotein, also known as PECAM-1, which is present 

on the surface of platelets, macrophages and endothelial cells of vasculature. Although the relationship between 

the central canal lining cells, Reissner´s fiber, fractones and blood vessels in spinal cord is not clear, our results 

indicate that the cells could play an important role in the connection between the blood and cerebrospinal fluid. 
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PMP22 as a link between focal adhesions and myelin growth in the peripheral nerve 
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3Center for Nanoscale Microscopy and Molecular Physiology of the Brain, University Medical Center Göttingen, 

Göttingen, DE 
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5Department of Neuropathology, University Hospital Leipzig, Leipzig, DE 

 

Peripheral Myelin Protein 22 (PMP22) is an integral transmembrane protein in the Schwann Cell (SC) myelin 

sheath. The correct gene dosage of PMP22 is crucial for proper myelination and its overexpression causes 

Charcot-Marie-Tooth disease 1A (CMT1A) which is characterized by a dysmyelination and shortened internodes 

accompanied by a reduced nerve conduction velocity (NCV). In turn, PMP22 heterozygosity leads to tomacula 

formation, a focal thickening of myelin at the nodes of ranvier and the clinical hallmark of hereditary neuropathy 

with liability to pressure palsies (HNPP). Previously, we demonstrated a decrease in PI3K/Akt/mTOR pathway 

activation in a Pmp22 transgenic rat model of CMT1A and an increase in a mouse model of HNPP, indicating 

that PMP22 is involved in myelin growth signaling via PI3K/Akt/mTOR. However, the molecular interaction 

partners of PMP22 and the mechanism how these change intracellular signaling pathways remain unknown. 

Immunoprecipitation and cross-linking experiments reveal PMP22 interacting with molecules involved in cell 

adhesion. One candidate is Vinculin, an actin binding protein that is part of cell-matrix focal adhesions and cell-

cell adherens junctions. Interestingly, Vinculin is known to interfere with the expression of the PI3K inhibitor 

phosphatase and tensin homolog (PTEN). We observed increased levels of Vinculin and PTEN in the PMP22 

overexpressing SC and decreased levels in the HNPP situation. PTEN and Vinculin are localized in the abaxonal 

cytoplasmic Cajal bands of the Schwann cell. We hypothesize that PMP22 interacts with cell adhesion 

molecules and PTEN at the abaxonal site of the myelinating SC, thereby controlling myelination via signaling 

through the PI3K/Akt/mTOR pathway. 

 

T07-006A 

Proteoglycans and RhoA/ROCK/PTEN signaling pathway in astrocytes forming the surface compartment 

in synapses after spinal cord injury. 

I. Kabdesh1, T. Povysheva2, Y. Mukhamedshina1,2, S. Sabirova2, Y. Chelyshev2 

1OpenLab "Gene and cell technologies", Kazan (Volga region) Federal University, Kazan, RU 
2Departmen of Histology, Kazan State Medical University, Kazan, RU 

 

Expression of proteoglycans, markers of astrocytes and synaptic contacts, as well as molecules of the 

Rho/ROCK/PTEN signaling pathway was investigated injured spinal cord in caudal thoracic region of rats with 

using immunofluorescent confocal microscopy and western blot. On 7th days post injury the small GTPases 

RhoA and cdc42, phosphorylation of known molecular forms of ROCK, which in turn support the activity of 

phosphatase and tensin homologue deleted on chromosome 10 (PTEN) increases by 2.5 folds. At the same 

time, the dynamics of increase in small GTPase cdc42 repeats the dynamics of increase in chondroitin sulfate 

proteoglycan 4 (CSPG4/NG2). The expression of lecticans in the perineuronal net and the perisynaptic 

extracellular matrix progressively decreases in injured spinal cord of the morphologically undamaged areas in 
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VH is adjacent to injured area.   

We found out that synaptophysin in the synapses near perikaryon of neurons was 2 folds less than in the 

synapses of dendritic spines in ventral horn (VH) of injured (30 days post injury) and non-injured spinal cord. In 

comparison to non-injured spinal cord, on 30th day post injury in VH the total area occupied by synapses located 

near the perikaryon of neurons and dendritic spines decreases by ~2.4 and ~2.1 folds, respectively. Western blot 

shows a gradual decrease the content of synaptophysin and postsynaptic density protein-95 (PSD-95) in the 

damage area from 3 to 30 days post injury. On 7th day post injury, a decrease was established of the glutamate 

transporter 1 (GLT-1) expression in synapses both at a distance from and near the perikaryon of neurons. GLT-1 

expression at a distance from the perikaryon of neurons normalizes on 30th day post injury. Meanwhile, GLT-1 

expression near the perikaryon of neurons continues to decline, having a significant difference with the intact 

spinal cord. We found out that GFAP expression in astrocytic processes which are located near the synapses 

was ~60% less than at a distance from synapses in injured (30 days post injury) and non-injured spinal cord. 

These data confirm the idea of reducing the presence of intermediate filaments in astrocytic processes as their 

diameter decreases up to the complete disappearance of GFAP-positive in thin peripheral/perisynaptic 

processes. Work funded by Russian Foundation for Basic Research grant 19-015-00018. 
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T08-001A 

Defining the heterogeneity of astrocytes upon spinal cord injury via ex vivo single-cell RNA sequencing 

R. Hamel1, A. Braga1, B. Yu1, A. Lun2, L. Peruzzotti-Jametti1, S. Bandiera1, J. Marioni2, S. Pluchino1 

1Clinical Neurosciences, University of Cambridge, Cambridge, GB 
2CRUK, University of Cambridge, Cambridge, GB 

 

Traumatic spinal cord injury (SCI) is a devastating pathology that affects thousands of individuals each year. 

After the primary mechanical insult, the damage is further exacerbated by a cascade of biological events, 

referred to as the secondary injury. The secondary injury is comprised of inflammatory responses, continued cell 

death, demyelination, Wallerian degeneration, and glial scarring, each of which have a unique timeline and 

molecular mechanism that remain poorly characterized. Activated astrocytes are one of the main contributors to 

the secondary injury. Upon activation, astrocytes change their morphology and function and these 

transformations have been shown to correspond with impaired recovery and tissue generation. However, the 

ablation of astrocyte reactivity does not have beneficial outcomes as reactive astrocytes also play a role in 

neuroprotection, preventing the spread of inflammation, and promoting regrowth. Our understanding of astrocyte 

activation upon SCI lacks temporal continuity and single cell resolution, thus it is unsurprising that therapeutic 

approaches to modulate astrocyte reactivity remain unsuccessful. SCI remains an incapacitating pathology with 

a relatively long life expectancy, resulting in substantial financial consequences for the patients and society. The 

aim of this project is to utilize the novel, high throughput technique of single cell RNA sequencing to investigate 

and further characterize the magnitude and kinetics of gene expression in isolated astrocytes in an experimental 

model of SCI throughout different stages of pathology (the acute, sub-acute and chronic phases). A more 

thorough understanding of the mechanisms underlying the complex response to CNS injuries, such as SCI, will 

be invaluable to the development of future therapeutic interventions. 
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Mechanism and function of lncRNAs involved in oligodendrocyte lineage development 
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The main function of oligodendrocytes (OL) is to provide support and insulation for axons in the central nervous 

system through wrapping them in sheets of myelin. The functional, myelin forming OLs differentiate from the 

progenitor cells by carrying out a transcriptional and epigenetic program. These programs have been extensively 

studied in the past and now it is also well-established that lncRNAs are particularly relevant in the development 
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of the OL lineage and the whole central nervous system.   

We have generated an extensive set of single-cell transcriptomic and epigenetic data, letting us to characterize 

the development of myelinating oligodendrocytes at molecular level and predict the probable regulators of this 

process including several lncRNAs. Perturbation of a candidate lncRNA using CRISPR-Cas9 knock-out and 

CRISPRi leads to changes in gene expression of important regulators of oligodendrocytes lineage specification 

and differentiation such as Sox9 or Fgfr2. We also found, that expression of Sox9 and Sox9-regulating lncRNA is 

mutually exclusive in individual cells, suggesting strong regulatory role of the lncRNA. Finally, we have examined 

chromatin architecture and modifications in oligodendrocyte progenitor cells (OPCs), and found that the 

boundaries of topologically associated domains (TADs) might be affecred upon upregulation of the lncRNA. 

Altogether we propose a novel role for an OPC-expressed lncRNA in regulation of important developmental 

transcription factors during mouse neuronal development. 

 

T08-003A 

Identifying the chromatin accessibility states of oligodendrocytes during development and in disease 

with scATAC-seq 

M. Meijer1, E. Agirre1, X. Chen2, A. Heskol1, H. Gezelius3, S. Linnarsson1,3, H. Chang2, G. Castelo-Branco1 

1Laboratory of Molecular Neurobiology, Department of Medical Biochemistry and Biophysics, Karolinska 
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3Eukaryotic Single Cell Genomics Facility, Science for Life laboratory, Stockholm, SE 

 

Oligodendrocytes (OLs) are cells in the central nervous system (CNS) that myelinate neuronal axons and 

thereby facilitate communication between neurons. OLs are formed from oligodendrocyte precursor cells (OPCs) 

during development and can still be formed in adulthood from remaining quiescent OPCs. In multiple sclerosis 

(MS), a disease characterized by demyelination, the myelin layers are attacked by the immune system which 

results in degeneration of the myelin sheaths and ultimately the underlying neuronal axons. OPCs that reside in 

the CNS after development, can be recruited to lesion sites and contribute to remyelination. We are interested in 

the differentiation trajectories of OPCs into myelin forming OLs both in development and in disease. Based on 

single-cell transcriptomics, we previously identified 12 distinct populations of OLs along the lineage (Marques et 

al., Science 2016). We also found disease specific transcriptional states of OPCs and OLs in the MS mouse 

model experimental autoimmune encephalomyelitis (EAE) (Falcao et al., Nature Medicine 2018). However, how 

the differences in gene expression levels in these populations are established and what regulatory mechanisms 

are involved on the chromatin level is much less understood. In the present study, we identify the chromatin 

accessibility states of the OL lineage with assay for transposase accessible chromatin using sequencing (ATAC-

seq) applied to single cells. We investigate the differences in chromatin accessibility both in mouse development 

and in EAE. With this technique we aim to unravel which regulatory elements are important in different OL 

stages and which transcription factors and chromatin modifying enzymes are involved in regulating 

transcriptional activity within different OL subtypes. With applying the method to single cells, we are able to study 

heterogeneity on the chromatin level within the OL lineage, both during development and in disease. We then 

compare the chromatin accessibility profile to previously identified populations found with single-cell RNA-seq. 

These results could lead to the discovery of new regulatory mechanisms involved in OL differentiation. 

 

T08-004A 

RADICL-seq identifies cell-type specific RNA-chromatin interactions in mouse oligodendrocyte 

progenitor cells 
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Mammalian genomes are pervasively transcribed with the most abundant fraction being represented by 

noncoding RNAs. Recently, long noncoding RNAs have gained increased appreciation for their functional 

importance. Most noncoding transcripts exhibit nuclear localization and several have been shown to play a role 

in the regulation of gene expression and chromatin remodeling. Although methods to specifically identify RNA-

chromatin interactions have been developed, tools to massively map the genomic interacting sites of multiple 

transcripts are still scarce. To address this challenge, we developed RNA and DNA interacting complexes ligated 

and sequenced (RADICL-seq), a novel technology that maps genome-wide RNA-chromatin interactions in intact 

nuclei. RADICL-seq is a proximity ligation-based methodology that broadly identifies the target genomic regions 

for coding and long noncoding RNAs, uncovering similarities and differences between both classes. Comparison 

of RNA-chromatin interactions in mouse embryonic stem cells and oligodendrocyte progenitor cells (mOPCs) 

revealed cell-type specific genome occupancy for key regulatory transcripts.  Here we describe novel global 

interaction patterns identified by RADICL-seq, highlighting the role of distinct classes of transcripts in the 

establishment of nuclear structure and gene expression programs in mOPCs. 
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Cell specific DNA methylation and gene expression changes in early epileptogenesis 
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Background and aims: Mesial Temporal Lobe Epilepsy (MTLE) is characterized by time dependent cellular 

changes of both neurons and glia, also referred as to epileptogenesis. No causative treatment options, apart 

from surgery, are available. DNA methylation (DNAm) is a potentially important upstream mechanism in 

epileptogenesis and may serve as a novel therapeutic target. This is the first study to investigate DNAm, gene 

expression and their possible correlation in neurons and glia separately.  

Methods: We used the intracortical mouse model of MTLE, as described by Bedner P et al, Brain, 2015. At 

24hrs post status epilepticus, hippocampi from 8 kainate- and 8 saline injected mice were extracted, shock 

frozen and separated into neurons (NeuN+) and glial (NeuN-) cells via flow cytometry. DNAm and gene 

expression changes were analysed via RRBS and RNA-sequencing.  

Results: Our preliminary results hint at significant changes in both DNA methylation and gene expression in 

both neurons and glia at 24 hours after status epilepticus.   

Conclusion: In our model, we found significant neuron and glia specific changes in both DNA methylation and 

gene expression in early epileptogenesis. These results refine current understanding of DNAm, gene expression 

and their possible correlation in epilepsy. 
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Myrf as a molecular switch for target gene selection of Sox10 during oligodendroglial development 
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Myelin is essential for rapid saltatory conduction in the nervous system. In oligodendrocytes, the myelination 

process is induced during terminal differentiation and is regulated by a complex network, which involves several 

transcription factors including Sox10 and the myelin regulatory factor (Myrf). Myrf is a transcription factor that 

plays an important role during oligodendrocyte differentiation and maturation. Previous studies have investigated 

the molecular mechanism by which this transcription factor regulates the expression of myelin genes and 

reported that Myrf protein is activated by undergoing a post-translational cleavage that separates the 

transcriptionally active N-terminal domain from a C-terminal region that retains Myrf in the membrane of the 

endoplasmic reticulum (ER). The transcription factor contains different domains including the N-terminal DNA 

binding domain (DBD), the central localized intramolecular chaperone domain (ICD) which mediates 

autoproteolysis, and a C-terminal transmembrane domain. After autoproteolysis, the N terminal fragment 

translocates as a homotrimer into the nucleus where the DBD can bind to regulatory elements of several 

oligodendrocyte-specific genes promoting maturation and myelination. Previous observations revealed that Myrf 

expression does not occur in oligodendrocytes progenitors (OPC), but it is induced in the promyelinating stage of 

oligodendrocytes and is a direct target of Sox10. Sox10 is another critical transcription factor that belongs to the 

SoxE subclass of high-mobility-group domain containing transcription factors together with Sox8 and Sox9. The 

SoxE factors are differentially expressed during oligodendrocyte development and are involved in the regulation 

of several processes, including oligodendroglial differentiation and CNS myelination. When expressed Myrf 

cooperates with Sox10 in promoting oligodendrocyte myelination, as shown by the synergistic activation of 

myelin specific genes. Here we study, whether Myrf additionally has an impact on genes that are regulated by 

Sox10 in OPCs, and whether it also interacts with the other SoxE factors Sox8 and Sox9. We also try to further 

dissect the functionally relevant structural features of Myrf. 
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Epigenetic regulation in myelinating glia: the role of histone 2b monoubiquitination in Schwann cells 
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Fast saltatory nerve conduction in the vertebrate peripheral nervous system depends on the formation of myelin 

sheaths around axons by Schwann cells. The differentiation process of these myelinating glia goes along with 

structural changes in the state of chromatin through numerous and substantial epigenetic alterations such as 

histone modifications. Monoubiquitination of histone 2b (H2B), mediated by the heterotetrameric E3 Ring finger 

ubiquitin ligase complex Rnf20-Rnf40, has been shown to increase gene expression by stimulating 

transcriptional elongation. In vitro analyses furthermore suggest a role in oligodendrocyte differentiation and 
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myelin production. Here, we show that conditional knockout of Rnf40 in Schwann cells at the precursor state 

prevents H2B monoubiquitination in mutant nerves. Expression of the major myelin genes Mbp and Mpz is 

strongly reduced, resulting in a dramatic myelination defect characterized by thinner myelin sheaths and 

aberrant nodes of Ranvier. Expression of several stage specific transcription factors is disturbed while levels of 

the lineage marker Sox10 are normal. Currently we are analyzing the interaction of Rnf40 and Rnf20 with 

Schwann cell-specific transcription factors and perform RNA-Seq and ChiP-Seq studies to identify the 

mechanism underlying the function of the Rnf20-Rnf40 complex. Overall, our data suggest that the Rnf20-Rnf40 

complex is required for Schwann cell differentiation, likely by influencing H2B monoubiquitination and 

transcriptional elongation of genes relevant for Schwann cell differentiation and myelination. 
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Astrocytes are a major cell type in the mammalian brain. They perform a wide array of functions crucial for brain 

physiology and function, including potassium homeostasis, neurotransmitter uptake, synapse formation, 

modulation of neurotransmission and regulation of the blood brain barrier [1]. The plethora of astrocyte 

morphology, physiology and function suggest they are heterogeneous cells [1-3], and yet astrocyte subtype 

classification based on their molecular profiles is highly underdeveloped [4-7]. Here, adopting cutting-edge 

technology of single cell sequencing and in-situ transcriptomics, we provide detailed evidence for inter- and 

intraregional heterogeneity of astrocytes and show both distinct cortical layering and hippocampal 

compartmentalization of molecularly distinct astrocyte subtypes (see Figure 1). Our work provides a highly 

resolved roadmap for future investigations of astrocyte development and function. 
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Figure 1: The summary of astrocyte subtype 

positions in adult mouse cortex and 

hippocampus. 
Differential patterning of astrocyte subtypes (AST1-5) 

in adult mouse brain mapped based on multiplex ISH 

performed on 3 brain sections from 3 animals of age 

P56-P60. Positions are marked on a representative 

sagittal section of adult mouse brain (adapted from 

the Allen Mouse Brain Atlas). Subtypes are 

colorcoded. Scale bar, 500 μm. 
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Oligodendrocytes (OLs) are mechanosensitive cells, since their differentiation, migration, survival and 

proliferation are influenced by mechanical cues. Our group demonstrated that rat brain-compliant substrates 

(6.5kPa) enhanced the differentiation of OLs in vitro and this effect was potentiated in presence of laminin-2, an 

extracellular protein that promotes OL differentiation. Recently, using the non-invasive technique magnetic 

resonance elastography, it was shown that brain softening occurs with physiological ageing. Strikingly, 

individuals with multiple sclerosis (MS) present exacerbated softening when compared with age- and gender-

matched controls, presumably due to deregulated extracellular matrix, cell death and consequent loss of 

mechanostasis (mechanical homeostasis). Taken together, these evidences suggest that changes in mechanical 

properties of the brain might have an important impact on cellular processes of OLs (namely their differentiation), 

with specific relevance in the context of MS.   

The mechanotransduction mechanisms involved in OL differentiation have not yet been fully elucidated, but it 

was reported that mechanical forces induce changes in chromatin structure, namely through mechanisms 

dependent on histones methylation. Gene expression and cell fate are controlled by epigenetic mechanisms, 

which play a key role on OL biology. Hence, we are dissecting the mechanisms underlying the enhancement of 

OL differentiation by mechanotransduction focusing on epigenetic modifications, namely citrullination by peptidyl-

arginine deiminase 2 (PADI2).  

We observed changes on epigenetic markers through mechanisms dependent on histones citrullination and 

PADI2 protein level in OLs differentiated on substrates with distinct degrees of stiffness, suggesting a novel 

chromatin regulation mechanism on OLs in response to mechanical cues.  Multiple sclerosis patients present 

higher levels of PADI2 and enhanced enzyme activity in normal appearing white mater with higher citrullination 

of myelin basic protein (MBP) and histones, which indicates that our findings may be relevant for MS. 
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It is known from deletion experiments that loss of Sox9 leads to an enhanced and extended neurogenesis and a 

concomitant reduction in the total number of glial during spinal cord development. This has led to the assumption 

that Sox9 regulates the properties of neuroepithelial stem cells and bestows gliogenic potential upon them.  

To complement these loss-of-function with gain-of-function studies, we generated transgenic mice that allowed 

inducible overexpression of Sox9 throughout the spinal cord from E9.5 onwards. Compared to the control, the 

Sox9 overexpressing spinal cord showed a significant premature and increased generation of oligodendrocyte 

and astrocyte precursor cells. Furthermore, neuronal progenitors and mature neurons were drastically reduced 

in the transgenic spinal cord from E11.5 onwards. Additionally, the neuroepithelial organization of the ventricular 
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zone was altered and the number of neuroepithelial precursor cells was drastically decreased. Apoptosis was 

significantly increased. Current studies focus on mechanisms that allow Sox9 to inhibit neurogenesis and 

influence its ability to generate oligodendrocytes versus astrocytes. 
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Whole transcriptome analysis of brain tissue from Lafora disease mouse models reveals dysregulation 
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Lafora disease (LD) is a rare, fatal form of progressive myoclonus epilepsy. It is characterized by epilepsy, 

neurodegeneration and the accumulation of insoluble aberrant forms of glycogen in brain and other peripheral 

tissues. The molecular basis of this devastating disease is still poorly understood and no treatment is available 

yet, which leads to the death of the patients around 10 years after the onset of the first symptoms. In order to 

gain a general view of the genes involved in the pathophysiology of LD, in this work we have carried out RNA-

Seq transcriptome analyses of whole brain tissue from two mouse models of the disease, namely Epm2a-/- and 

Epm2b-/- mice. Our results provide strong evidence for three major facts: first, the number of genes whose 

expression was upregulated more than 1.5 fold outnumbered the genes that were downregulated more than 0.5 

fold, in both LD mouse models; second, most of the upregulated genes were common in both LD mouse models; 

and third, a high proportion of the common upregulated genes encoded mediators of inflammatory response. 

These results indicate that inflammation is an important trait to be considered in order to fully understand the 

pathophysiology of LD. In addition, as the vast majority of upregulated genes are expressed by activated 

microglia, we propose that the activation of these cells may trigger the initial steps of inflammation, and 

therefore, they could be considered as new therapeutic targets in LD. 
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The role of Ino80 and Smarca5 chromatin remodelling complexes in oligodendrocytes 
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The bHLH transcription factor Olig2 is expressed at all stages of oligodendrocyte (OL) lineage development and 

has been shown to play critical roles in both the initial specification of OL precursors (OPs) and their terminal 

differentiation into myelinating OLs.  Olig2 regulation of transcription appears to be context dependent, being 

important for both repression and activation of genes.  Furthermore, Olig2’s genomic occupancy and protein 

interactions are distinct in OPs versus OLs.  This suggests that Olig2 is able to switch genomic targets and 

recruit transcriptional complexes to regulate transcription both positively and negatively in a developmental 

stage- and context-dependent manner.  Olig2 has been shown to interact with chromatin remodelling complexes 

– protein complexes that modify nucleosomes to silence or activate surrounding genes.  For example, Olig2 
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recruits the BAF complex to activate differentiation-inducing genes in OPs.  Does Olig2 interact with other 

chromatin remodeling complexes?  We aimed to address this question using mass spectrometry.  By immuno-

precipitating Olig2 from OL lineage specified neural stem cells, we showed that Olig2 interacts with four 

chromatin remodelling complexes – the BAF and NuRD complexes, which previously have been shown to 

regulate OP differentiation, as well as the ISWI and INO80 complexes.  Western blot analysis of key protein 

components of the latter complexes (Smarca5 and Ino80, respectively) in cultured OPs revealed distinct 

temporal regulation during early differentiation in vitro, suggesting developmental stage-specific roles for these 

complexes.  Conditional knockout of Ino80 in mouse OPs and CRISPR-Cas9 mediated knockout of Ino80 in 

cultured OPs resulted in lower OP numbers due to reduced proliferation.  Further analysis of OP cell cycle time 

revealed that OPs lacking Ino80 had a slower rate of proliferation.  Interestingly, ablation of Ino80 only affected 

OP self-renewal and did not affect OP differentiation into CC1+ OLs.  Conditional knockout of Smarca5 in mouse 

OPs and CRISPR-Cas9 mediated knockout of Smarca5 in cultured OPs does not affect OP proliferation or 

differentiation, suggesting it may have a redundant role in the lineage and compensated for by other chromatin 

remodelling complexes. 
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A microarray analysis approach to identify mechanisms underlying the pathogenesis of age-associated 

periventricular white matter lesions 
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Introduction: Periventricular lesions (PVL), reflecting white matter (WM) injury, are a common feature of the 

ageing brain.  The aim of this study was to evaluate the transcriptomic profile of PVL using microarray analysis, 

in order to identify which pathways and/or gene expression changes may contribute to the pathogenesis of these 

lesions.  

Materials & Methods: Total RNA was extracted from the laser capture microdissected periventricular region of 

11 PVL and 12 non-lesional control snap-frozen cases (obtained from the Cognitive Function and Ageing Study 

neuropathology cohort). Gene expression was analysed by hybridisation to Affymetrix Human Genome U133 

microarrays. Genes were considered differentially expressed if they showed a 1.2-fold change and p<0.05 

across replicates of the WM groups. Microarray data was analysed using Transcriptome Analysis Console (TAC) 

software and the microglial gene expression changes identified using GeneMania.   

Results: The expression of 2256 genes were significantly altered in PVL compared to non-lesional control WM: 

878 genes upregulated and 1378 genes downregulated. The genes were functionally grouped according to 

biological process, identifying significant gene expression changes associated with immune activation, antigen 

presentation and inflammatory pathways.  

Conclusions: Our findings reveal a complex pattern of gene regulation in PVL. Besides an altered balance of 

immune gene expression, there is evidence that tissue damage may be mediated via expression of inflammatory 

cytokines and disruption of other immune-related pathways. Characterization of the mechanisms underlying the 

formation of PVL may identify novel therapeutic targets for age-associated white matter pathology and dementia. 
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The role of Tcf4 in oligodendrocyte development 

M.N. Wedel, M. Wegner 
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Oligodendrocytes are the myelinating glia in the central nervous system. The differentiation from oligodendrocyte 

precursor cells to myelinating oligodendrocytes depends among other factors on the expression of class II basic 

helix-loop-helix (bHLH) proteins such as Olig2 and Mash1/Ascl1. Class II bHLH proteins are known to form 

heterodimers with class I bHLH proteins. Tcf4, a class I bHLH transcription factor, is expressed at substantial 

levels in the oligodendroglial lineage. To investigate the function of Tcf4 during oligodendrocyte development, we 

analyzed a Tcf4 knockout mouse model at embryonic stages. At 18.5 dpc, Tcf4-deficient knockout mice show a 

substantial reduction in the expression of myelin related genes such as Myrf, Mbp and Plp1 whereas OPC 

markers appear normal. This indicates that Tcf4 is important for the terminal differentiation of oligodendrocytes 

and might therefore be an essential heterodimerization partner for one or several class II bHLH factors. Current 

studies focus on the underlying molecular network and the identification of potential class II bHLH interaction 

partners. 
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The influence of Ep400 on Schwann cell development in mice 

F. Fröb, E. Sock, M. Wegner 
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Schwann cells are the myelinating glia of the PNS.  Development and differentiation of peripheral glia depends 

on transcription factors such as Sox10, Oct6 and Krox20 as well as chromatin remodelers such as Brg1 and 

Chd4. Many chromatin modifying factors have not yet been analyzed during Schwann cell development and 

myelination. One of those is the ATPase Ep400 which is a subunit of the Tip60/Ep400 chromatin remodeling 

complex. This complex fulfills its function mainly by exchanging histone H2A with its variant H2A.Z in promoter 

regions. Ep400 is known to be involved in differentiation processes, senescence and DNA damage response in 

various cell types. To analyze important functions of Ep400 in myelinating peripheral glia, we selectively deleted 

Ep400 in immature Schwann cells by Cre-mediated recombination. Postnatally, Ep400-deficient animals develop 

signs of hypomyelination and peripheral neuropathy with a reduction of mature, myelinating Schwann cells and 

myelinated axons. Loss of Ep400 provokes an increase in cell proliferation, cell death and immune response. 

RNA-Seq studies in early postnatal sciatic nerves of control and Ep400-deficient mice confirm reduced 

expression of myelin genes. Furthermore, transcription factors that are normally restricted to early Schwann cell 

stages such as Tfpa2a and Pax3 are still expressed in late stages and exhibit increased H2A.Z occupancy at 

their transcriptional start sites. Deletion of one of these factors in Ep400-deficient mice leads to a partial rescue 

arguing that a failure to downregulate early regulators is causal to the phenotype. 
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Influence of chromatin remodeler Ep400 on oligodendroglial development 
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Oligodendrocytes are the myelinating glial cells of the central nervous system. Their specification, proliferation 

and differentiation are highly regulated by high-mobility-group, bHLH and homeo-domain transcription factors. 

These transcription factors interact with chromatin remodelers to get access to different chromosomal regions as 

already observed for Olig2 and Brg1 or Sox10 and Chd7. The role of the ATPase Ep400 in oligodendroglia was 

not investigated so far. Ep400 is the catalytic subunit of the Tip60/Ep400 chromatin remodeling complex. To 

investigate the impact of Ep400 on oligodendroglia, we deleted Ep400 at different time points during 

oligodendroglial development in the mouse. Loss of Ep400 in late oligodendrocyte precursor cells results in a 

severe hypomyelination and reduced survival of oligodendrocytes. In contrast, loss of Ep400 in mature 

myelinating oligodendrocytes shows no phenotypic alterations indicating that Ep400 is important during the 

phase of terminal differentiation but not during myelin maintenance. Similar to Sox10, Ep400 is localized at the 

ECR9 enhancer of the Myrf gene and induces expression of this central regulator of the myelination process. 

Additionally, Ep400 promotes survival during terminal differentiation, probably by supporting repair of double 

strand breaks. 
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Single-cell RNA-sequencing is increasingly being applied to study cellular heterogeneity under homeostatic or 

disease conditions. To isolate viable human microglia, fresh brain tissue is required which is difficult to obtain in 

large numbers. As an alternative, we focused on the isolation of nuclei from frozen human brain tissue, and 

performed single-nucleus RNA-sequencing. In this study, we used frozen cortical brain tissue from human 

donors, which presented with either Alzheimer’s disease or non-neurodegenerative pathology. We isolated the 

nuclei from the tissue by mild lysis of cryosections, followed by sucrose gradient centrifugation to remove myelin 

and cellular debris. The nuclei were sorted as DAPI+with NeuN as a marker for neurons and Olig2 for 

oligodendrocytes. NeuN+nuclei, and NeuN-Olig2-nuclei were collected and barcoded libraries were generated 

with 10x Genomics. After sequencing, the data was clustered and we identified all the expected cell types based 

on well-known markers such as GFAP for astrocytes, MBP for oligodendrocytes and PDGFRA for OPCs. 

Inhibitory and excitatory neurons could be distinguished based on GAD2 and SLC17A7 expression, respectively. 

As expected, NeuN specifically identified neuronal nuclei, with very little contamination by other cell type nuclei 

in the NeuN+population. Additionally, we used a negative gating strategy with Olig2, in order to enrich for the 

other CNS cell types. We indeed successfully removed most of the oligodendrocyte nuclei. We performed 

clustering analysis on the neuronal nuclei to determine AD-associated changes in gene expression patterns. 

Although we detected several significantly different neuronal clusters, the clustering seems highly influenced by 

donor variation. Single-cell and single-nucleus RNA-sequencing is a promising method to determine cellular 
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heterogeneity in the human CNS, however overcoming donor-variation will likely require the analysis of a 

significant number of donors. 
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Microglial development in the human fetus 
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Groningen, NL 
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Microglia are the immune cells of the nervous system. They colonize the human central nervous system (CNS) 

prior to all other brain cells and the formation of the blood-brain-barrier, indicating pivotal roles for microglia in 

CNS development. Interestingly, microglial dysfunction during early development, induced by environmental 

perturbations, is associated with neuropsychological disorders in later life. Murine microglia undergo three 

developmental stages. They show developmental stage-specific gene expression profiles involved in cell cycle, 

synaptic pruning and homeostatic surveillance during early embryonic, postnatal and adult development. Due to 

ethical constraints and scarcity of the tissue, there is recently only very limited data about human fetal microglia 

and it is not yet well understood how microglia develop in the human fetus.   

We aim to investigate microglial gene expression profiles, gene regulatory mechanisms and heterogeneity in the 

human fetus by means of bulk RNA sequencing, ATAC (Assay for transposase accessible chromatin) 

sequencing and single-cell RNA sequencing. We collected a range of early- to mid- gestational human fetal CNS 

tissue samples (9- 19 weeks of gestation). These samples were obtained after elective pregnancy termination 

due to social indications with medical ethical approval and informed consent. Microglia were isolated by 

mechanical dissociation and sorted by FACS based on CD11B and CD45 expression. Known microglial markers 

(e.g. CX3CR1, AIF1, AXL, CSF1R) are enriched in this cell population. The expression of those markers is 

absent in the cell population negative for CD11B and CD45. In addition, this CD11B-/CD45- population was 

enriched for neuronal (e.g. SNCA, CALM2), astrocytic (e.g. HAB2, SLC25A37) and oligodendrocytic (e.g. 

ALAS2, FBXO7) genes. This data indicates that already early during development, human fetal microglia 

express CD11B and CD45 and that these markers can be used to distinguish microglia from other brain cells 

during development. This is in line with murine microglial development since the first yolk sac-derived embryonic 

microglia at E7.5 already express CD45. Microglia gene expression profiles during early human development 

and the transcription factors driving these genes will be presented. 
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miRNAs attenuate peripheral neuropathic phenotype of Charcot-Marie-Tooth disease mouse 

Y.B. Hong1, J.-S. Lee2, B.-O. Choi2 

1College of Medicine, Biochemistry, Dong-A University, Busan, KR 
2School of Medicine, Neurology, Sungkyunkwan University, Seoul, KR 

 

Charcot-Marie-Tooth disease (CMT) is one of major inherited peripheral neuropathies with various genetic and 

clinical heterogeneity. The major type of CMT, CMT1A, is caused by duplication of PMP22 gene whose 
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overexpression causes structural and functional abnormalities in myelination. To develop a therapeutic strategy 

for CMT1A, we evaluated potency of miRNA in regulation of PMP22 expression. We isolated several miRNAs 

such as miR-381 that were down-regulated in a CMT1A mouse model. Overexpression of miRNAs in Schwann 

cell reduced PMP22 expression. In vivo efficacy of miRNAs was assessed by administration of miRNAs 

expressing lentiviral vectors (LV-miRNAs) into the sciatic nerve of CMT1A mouse model. Administration of LV-

miRNAs reduced expression level of PMP22 along with elevated level of miRNAs in the sciatic nerve. Rotarod 

performance analysis revealed that locomotor coordination of LV-miRNAs administered C22 mice was 

significantly enhanced from 8 weeks post administration. In addition, improvement of myelination was observed 

by electrophysiological and histologic findings. Thus miRNA-mediated regulation of PMP22 expression could 

reduce the expression level of PMP22, thereby alleviating the demyelinating neuropathic phenotype of CMT1A. 

These data suggest that miRNA can be used as a potent therapeutic strategy to control the disease phenotype 

of CMT1A. 
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Cultured Schwann cells of human origin differ from those isolated from experimental animals in both phenotype 

and function. However, the basis for this divergence and its significance to potential clinical applications of the 

primary cells are not fully understood. In this study, we used RNA-seq to comprehensively analyze the human 

Schwann cell transcriptome and compare it to that of rat cells. We also studied the transcriptomics profiles of 

human Schwann cells subjected to: (1) the pro-mitogenic effect of growth factors in cells undergoing serial 

passaging in vitro, and (2) the pro-differentiating action of cAMP, a signal known to promote myelin gene 

expression in rodent cells. Despite the human Schwann cell transcriptome differed as much as 44% from that of 

rat Schwann cells established under identical conditions, the human cells maintained their expected Schwann 

cell identity regardless of sub-culture and the continued influence of mitogenic factors. Strikingly, the 

transcriptomes of low passage (proliferative) and late passage (senescent) human Schwann cells were 

essentially undistinguishable with the exception of roughly 100 differentially expressed genes in the 

senescent populations. On the contrary, the human Schwann cell transcriptome was readily and persistently 

shifted in response to a single treatment with cAMP analogs as highlighted by the >1,300 genes that were 

upregulated and the >1,700 genes that were downregulated within 1-day post-stimulation. In sum, these results 

confirmed that human Schwann cells maintain their typical gene expression profiles in culture unless challenged 

with a strong pro-differentiating stimulus. The observed stability of the human Schwann cell transcriptome in the 

face of expansion and mitogenic stimulation adds a level of safety for the use of these glial cells in clinical 

transplantation. 
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IgLON superfamily of neural cell adhesion molecules (LSAMP, NTM, OPCML, NEGR1, IgLON-5) facilitates the 

assembling of the tuned groups of neurons during the formation of neuronal circuits throughout development and 

adulthood. Glial cells possess a major role in shaping the synaptic connections during neural circuit formation 

through various mechanisms. All IgLON family members are expressed both in neurons and oligodendrocytes 

except for NTM, which has been found to be expressed specifically in neurons and microglia. Lsamp and Opcml 

have also been shown to be expressed in astrocytes. Opcml has been shown to be a powerful regulator of cell 

size and proliferation of astrocytes. Only Ntm is expressed in the endothelial cells in the mouse brain. 

Polymorphism and expression studies have indicated the role of IgLON family in neuropsychiatric disorders. 

Recent evidence has shown the significance of glial cells in the etiopathology of neuropsychiatric disorders. In 

order to obtain better understanding of the developmental roles and possible interactions between IgLON family 

members, we undertook a comparative study to analyse the expression profiles of Lsamp, Ntm, Opcml, and 

Negr1 in the course of mouse brain development. The expression of family members was first detected just prior 

and at the time of the initiation of neurogenesis in the telencephalon. In the course of the formation of brain 

structures, the expression domains become distinct, being either highly overlapping or complementary. At the 

postnatal stage, the overall expression was stronger before gaining maturity compared to adult brains. Our 

results suggest the highest impact of Iglon members on brain maturation during the timeframe of active synaptic 

formation and pruning. The specific allocation of each IgLON molecule may contribute to the neuron-neuron or 

neuron-glia interactions during this critical period. 
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The development of myelin-forming oligodendrocytes (OLs) in the central nervous system is regulated by a 

network of transcription factors and microRNAs. Using bioinformatics and meta-analyses of high throughput 

datasets we generated a comprehensive gene regulatory network that connects experimentally validated with 

novel predicted interactions. For proof of principle we confirmed some of the novel transcription factor-

microRNA-target interactions experimentally. The analysis of evolutionary conserved regions in the genetic loci 

of several candidate microRNAs showed that the transcription factor Sox10 can activate regulatory regions of 

miR-335, miR-338 and miR-155. We found that these microRNAs have transcription factors among their targets 

that need to be downregulated during OL development to ensure proper myelination. One regulatory interaction 

includes Sox9: the microRNAs miR-335 and miR-338 recognize the 3'-UTR of Sox9 mRNA and may thereby 

contribute to the reduction of Sox9 that naturally occurs during maturation of OLs. The second predicted 

regulatory interaction that we validated extends to Tcf7l2, which has a transient peak of expression during the 

process of OL development. We found that Sox10 can activate expression of Tcf7l2 via two newly identified 

evolutionary conserved enhancers. But with miR-155 and miR-338, Sox10 also activates expression of two 

microRNAs that can repress Tcf7l2. As predicted in our model, Sox10 activates first expression of Tcf7l2, which 

is downregulated after a transient peak as soon as the microRNAs miR-155 and miR-338 reach sufficient levels. 

Thus, the network that we created is a valuable tool to detect novel regulatory relationships and to get a deeper 

understanding of the functional interactions in the process of OL development. 
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Schwann cells (SCs) are critical for successful peripheral nerve regeneration, but their dysfunction, which occurs 

in chronic injury, disease, or ageing, limits their capacity to support endogenous repair, preventing optimal 

patient outcomes. Identifying a renewable source of SCs that can be transplanted to enhance repair is thus 

urgent. During development, SCs arise from neural crest cells (NCCs) that first give rise to SC precursors, then 

immature SCs, pro-myelinating SCs, and finally, non-myelinating or myelinating SCs. After nerve injury, mature 

SCs ‘de-differentiate’, downregulating their myelination program while transiently re-activating early glial lineage 

genes. Previous work has demonstrated that embryonic SCs transplanted in the injured adult PNS have greater 

expansion, migration and myelination capacity compared to adult SCs. To better understand molecular parallels 

between developing and de-differentiated SCs, we first characterized the expression profiles of a panel of 12 

transcription factors (TFs) from the onset of NCC migration through postnatal stages, as well as after acute 

nerve injury. We report that de-differentiated SCs in the injured nerve do not display a profile corresponding to a 

specific stage in the SC lineage, rather they exhibit transcriptional aspects of several different embryonic stages. 

We thus propose that the lineage conversion of somatic cells into ‘repair-like’ SCs will require re-activation of a 

precise array of embryonic glial-lineage genes. Using mouse embryonic fibroblasts as the starting cellular 

source, we transiently mis-expressed several combinations of glial-TFs that are normally expressed in 

embryonic and repair SCs, including Sox2, Sox10, Jun, and Pax3. We find that certain combinations of TFs are 

more effective than individual TFs alone at inducing the expression of a panel of embryonic SC markers in 

fibroblasts. The transformed cells (p75NTR+ O4+) were collected post three weeks of treatment in a SC 
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supportive environment. These cells are now being assessed with respect to their functional myelinating capacity 

using the in vitro dorsal root ganglion myelination assay and in vivo nerve transplant assays. Thus, with this 

study, we aim to determine which TFs play a role in inducing a ‘repair-like’ SC phenotype in mouse embryonic 

fibroblasts. 
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Neuropathic pain is a chronic condition seen in patients suffering a direct injury to the peripheral or central 

nervous system or an indirect injury due to, e.g., diabetes. Current treatment options fall short of preventing or 

completely relieving patients of their pain. To enable development of new and better treatments we need to 

increase our understanding of the underlying mechanisms responsible for the pathogenesis.  

For years, research has focused on understanding the role of neurons in neuropathic pain pathogenesis while 

overlooking the role of supportive cells in general and satellite glial cells (SGCs) in the dorsal root ganglion in 

particular. These cells not only buffer the neuronal microenvironment they are also believed to be involved in 

controlling the electrical activity flowing through the neurons and in neuropathic pain pathogenesis.  

The aim of this project is to understand the role of SGCs in neuropathic pain and thereby aid the identification of 

new drug targets. The SGCs turned out to be challenging to study with traditional neuroscience methods so we 

decided to develop a protocol for fluorescently activated cell sorting (FACS). This proved to be difficult but we 

finally succeeded in purifying SGCs from adult mice. We then ran RNA sequencing on SGCs after peripheral 

nerve injury to compare their transcriptome to that of uninjured cells at different time points. The results have 

confirmed that the SGCs react to peripheral nerve injury and have for the first time identified the regulated 

genes, which turned out to be involved in cholesterol biosynthesis and immune system regulation.  

Further research into the SGC functions identified by our research will deepen our understanding of how SGCs 

contribute to neuropathic pain and can lead to identification of new treatment options. 

 

T08-025A 

Integrated mRNA and microRNA transcriptional analysis reveals altered regulatory networks following 
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Current understanding of the mechanisms underlying spinal cord injury (SCI) is limited. Traditional therapeutic 

methods lack a molecular approach that would minimize both short-term and long-term cellular damage. Recent 

studies demonstrate that microRNAs– short non-coding RNAs that modulate protein expression levels by 

antagonizing mRNA – are dysregulated following a variety of CNS injuries and they are emerging as potential 

therapeutic targets. Here, we performed integrated temporal transcriptional analysis of mRNA and miRNAs at 
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five time points following contusion spinal cord injury in rats. We assessed differential gene expression across 

time and injury status, performed detailed pathway analysis and unsupervised co-expression analysis, identifying 

several modules of genes with various response to injury. We complemented these results with estimation of 

cell-type proportion changes using computational deconvolution techniques and assayed our results with 

findings from previous studies. Next, we integrated mRNA expression with the microRNA expression data and 

identified potential mRNA-miRNA regulatory networks involved in the processes of tissue damage and 

regeneration. Our results highlight several candidate miRNAs that may be exploited as novel therapeutic targets 

for the treatment of spinal cord injury. 
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Transcriptome analysis of tuberous sclerosis complex and vanishing white matter astrocytes upon 

inflammatory or oxidative stress challenge: focus on circular RNAs 
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Astrocytes are specialized glial cells that probably represent the most versatile class of glia. There is mounting 

evidence for a key role of astrocytes in the development of the central nervous system and in both the 

establishment and progression of many neurological diseases, including developmental disorders associated 

with white matter (WM) pathology. Tuberous sclerosis complex (TSC) is a genetic disorder that results from a 

mutation in the TSC1 or TSC2 gene leading to constitutive activation of the mammalian target of rapamycin 

complex 1. TSC is associated with autism, intellectual disability and severe epilepsy. Increasing evidence 

indicates that astrocytes, in both grey and WM, are affected in the TSC brain and likely contribute to both 

structural and functional abnormalities seen in this disorder. Vanishing WM (VWM) is a fatal leukodystrophy that 

is caused by mutations in genes encoding subunits of the translation initiation factor eIF2B and characterized by 

progressive motor dysfunction and cognitive decline. WM astrocytes are selectively impacted in VWM and recent 

studies demonstrate that astrocytes are central players in VWM pathomechanisms. Thus, in both TSC and VWM 

astrogliopathology plays a central role in the disease pathomechanisms and constitutes a potential therapeutic 

target.   

Circular RNAs (circRNAs) are a recently rediscovered class of endogenous non-coding RNA. CircRNAs are 

highly abundant in the human brain, including in WM, where they demonstrate developmental stage-specific 

expression patterns. CircRNAs have not been studied in the context of developmental disorders, and overall 

functional studies of circRNAs studies are scarce, however recent studies indicate that they can act regulators of 

gene expression.  

We hypothesize that VWM and TSC astrocytes have dysfunctional and distinct responses when exposed to 
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stress inducing conditions and want to determine the involvement of circRNAs in these mechanisms. We 

therefore treated VWM, TSC and fetal astrocytes (N=3 donors each) with interleukin 1 beta or H2O2 to induce 

inflammatory or oxidative stress, respectively, and processed these cells for coding and non-coding ribosomal 

depleted RNA sequencing. Analysis of coding and non-coding RNA expression will be performed, with a focus 

on differentially expressed circular RNAs. Selected targets will be validated using RT-qPCR on the 

aforementioned cell cultures and human brain tissue. We propose that understanding astrocytic dysfunction in 

TSC and VWM represents an essential step towards developing novel therapies that specifically target 

astrocytes.   

 

T08-027A 

Development of a predictive test of the efficacy of drugs for the treatment of multiple sclerosis 

D.P. Birmpili1,2, M. Van der Heyden2, V. Jolivel2, L.D. Pham-Van1,2, D. Bagnard2,3,4 

1University of Strasbourg, Strasbourg, FR 
2INSERM U1119, Illkirch, FR 
3LabEx Medalis, Strasbourg, FR 
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Multiple sclerosis (MS) is an autoimmune disease affecting the brain and spinal cord that is associated with 

chronic inflammation leading to demyelination and neurodegeneration. Disease-modifying therapies (DMT) have 

significantly advanced the treatment of MS; however, the variability in patient’s responses to DMT creates a 

strong unmet need for biomarkers to identify likely responders. Our group has previously characterized a new 

method to predict anti-cancer drugs efficacy. This patented approach (Fritz et al., WO2015) is based on the RT-

QPCR determination of a restricted molecular signature being subjected to successive series of normalizations 

allowing to rank molecular targets according to the amplitude of their deregulation. The relationship between the 

obtained molecular hierarchy (named score of expression) and therapeutic effect has been validated in four 

preclinical models for cancer and in retrospective clinical studies. This concept will now be developed at the 

preclinical level to predict drug efficacy in the context of MS animal models. The main characteristic of this new 

test is to include in the molecular signature, genes already targeted in clinical use with drugs exhibiting known 

efficacy in mouse. The predictive value of the test will be challenged by correlating the score of expression of a 

given target in the signature post-normalization with the response to the corresponding drug. The first step is to 

generate an EAE mouse model to collect the brain, spinal cord, lymph nodes, serum as well as the brain and 

spleen-resident immune cells from mice at different stage of the disease (onset/peak vs recovery) to generate 

the appropriate set of reference samples used to determine the molecular signature. Key genes reflecting MS 

activity were targeted such as NFL/NFH, MBP, CHI3L1 as well as treatment-response genes such as CD20 and 

S1PR1. Results of the first molecular signatures will be presented here and discussed with regards to their 

potential use to test drug efficacy. If successful, this approach will confirm the possibility to develop predictive 

tools of drug efficacy in CNS diseases. Hence, this will need the development of a test based on circulating 

DNA/RNA biomarkers. 
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Evaluation of promoters for use in astrocyte-specific gene delivery in vitro 
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Cell-type specificity and expression efficiency in vitro and in vivo are determined by different factors, the main of 

which are type of promoter and gene delivery method. For in vitro applications, when the dissociated cell culture 

primarily contains cells of interest or cells which can be distinguished easily by their morphology or other linage 

markers, the efficiency of transfection maybe the major problem. This study was performed with the purpose to 

compare different promoters by their specificity, expression level, and transfection rate in combination with 

standard transfection protocol for astrocyte-specific gene delivery in vitro. Primary cortical astrocyte culture was 

prepared from the cerebral cortices of 2-day-old Wistar rats and transfected by lipofection with constructs 

containing enhanced green fluorescent protein (eGFP) as a reporter and one of three investigated promoters: 

cytomegalovirus early genes enhancer/chicken β actin (CAG) promoter, mouse glial fibrillary acidic protein 1.7 

kb (mGFAP) promoter, and novel 681 bp gfaABC1D promoter generated by Y. Lee and coauthors (2008). The 

expression level of delivered constructs was analyzed by estimation of gray value mean of eGFP 

epifluorescence and constituted to 200.2±28.1 arbitrary units (a. u.) (n=53 cells), 1358.4±116.8 a. u. (n=57 cells), 

and 1267.4±123.9 a. u. (n=65 cells) for GFAP, gfaABC1D, and CAG promoters, respectively (M±SE, p < 0.0001, 

Kruskal-Wallis test). The rate of transfection was expressed as number of transfected astrocytes normalized to 

the total number of astrocytes in the field of view. For GFAP, gfaABC1D, and CAG promoters it was 9.6±2.2, 

17.9±1.6, and 22.8±2.6, respectively (M±SE, n=20 fields of view, p < 0.0001, Kruskal-Wallis test). The astrocyte 

specificity, calculated as percentage of transfected astrocytes from all transfected cells (including neurons), was 

about 100% for all promoters and had no statistically significant differences. On the basis of obtained results we 

recommend gfaABC1D and CAG promoters for effective astrocyte-specific gene delivery in vitro. 

 

T08-029A 

Glia subtype-specific alternative splicing events revealed from large-scale analysis of public RNA-Seq 

data 

W. Xin1, J. Ling2 
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2Neuroscience, Johns Hopkins School of Medicine, Baltimore, US 

 

Public archives of next-generation sequencing data are growing exponentially, but the difficulty of marshaling 

this data has led to its underutilization by scientists. Here we present ASCOT, a resource that allows researchers 

to summarize, visualize, and query alternative splicing patterns in public RNA-Seq data. ASCOT enables rapid 

identification of splice-variants across tens of thousands of bulk and single cell RNA-Seq datasets in an 

annotation-indepndent manner. Neurons are known to exhibit complex levels of alternative splicing, but less is 

known about splicnig in glia. We use ASCOT to identify alternative splicing events that are highly specific to 

different glial subtypes (astrocytes, OPCs, mature oligos, microglia, etc). We further underscore this specificity 

by comparing these glial-specific exons against datasets from hundreds of other cell types, and validate these 
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results at the single-cell level. These results exemplify how large-scale analysis of public RNA-Seq datasets can 

yield key insights into cell type-specific control of RNA splicing. ASCOT splicing and gene expression data 

tables, software, and interactive browser are available at http://ascot.cs.jhu.edu. 
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Oligo-specific alternative exons 
(A) Oligo-specific exon in Exoc6b. NAUC = 

normalized area under the curve (aligned base 

coverage), PSI = Percent Spliced-in. (B) Basescope 

ISH validation of a mature oligo-specific exon in 

Aatk. 
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Rapid and efficient generation of microglia from human pluripotent stem cells: a versatile human in vitro 

platform to model the role of microglia in neurological diseases 
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Microglia are the resident immune cells of the central nervous system (CNS). They derive from primitive yolk sac 

macrophages that colonize the developing CNS during embryonic development. Once established, the microglia 

population is self-maintained throughout life by local proliferation, and not replaced by bone-marrow derived 

myeloid cells. In the past, in vitro studies of human microglia relied on post-mortem brain tissue or scarce 

specimen from surgical biopsies.  
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Recently, the first protocols for the generation of microglia-like cells from human pluripotent stem cells (hPSCs) 

became available. They rely on classical differentiation approaches following the sequel of embryonic 

development, are highly informative, and promise for the first time, the scalable production of human microglia-

like cells for drug discovery und disease-modelling. However, the published protocols are also characterized by 

long culture durations (up to 75 days) and the need for mechanical manipulation or fluorescent-activated cell 

sorting to enrich for intermediate progenitor populations, thus hampering their widespread application.  

We present a novel approach for the rapid and efficient generation of microglia-like cells from hPSCs by 

transient overexpression of key transcription factors in conjunction with specific extracellular cues. This approach 

yields pure populations of microglia-like cells in less than 3 weeks, without the need for cell enrichment steps. 

The microglia-like cells express typical and extensive sets of microglial markers on mRNA- and protein-level, 

exhibit phagocytotic activity, and react with typical physiological responses (intracellular calcium transients, 

reactive oxygen species production, oxygen consumption, cytokine secretion) upon appropriate external stimuli. 

The microglia-like cells can be kept in monoculture for reductionist studies or in coculture with hPSC-derived 

cortical neurons or 3D cortical organoids for the study of cellular interactions in more complex environments in 

health and disease. 
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Vanishing White Matter (VWM) disease is one of the most common congenital disorders of myelin and primarily 

affects young children. It is caused by mutations in the 5 genes that encode the subunits of the eukaryotic 

translation initiation factor protein complex (eIF2B), the pathogenic effects of which manifest almost exclusively 

in the CNS. VWM is unique in its susceptibility to stress events, such as fever or minor head trauma, which 

typically precede a rapidly progressive demyelination and clinical deterioration.   

Despite its association with white matter loss, the cellular basis of VWM has remained unclear. Since both 

astrocytes and oligodendrocytes have been implicated in this disorder, we asked if bipotential human glial 

progenitor cells (hGPCs) might manifest pathology in the setting of EIF2B mutations. To that end, we engineered 

a human embryonic stem cell line (GENEA19) with homozygous single point missense mutations associated 

with distinct VWM phenotypes (a severe form, EIF2B5 cG584A>R195H; a classic form, EIF2B4 cC728T>P243L; 

and a milder form, EIF2B5 cG338A>R113H). These lines exhibited normal karyotype and no significant genetic 

abnormalities by aCGH. Cells were instructed to glial fate as previously described (Wang et al., Cell Stem Cell, 

2013), so as to generate VWM hGPCs, which were isolated by CD140a-based FACS, and then subjected to 

RNA-sequence analysis, and their gene expression patterns was compared to untransduced controls.  

VWM GPCs of all 3 lines expressed higher levels of pro-apoptotic genes (TP53I3, BAK1, BAX, FAS), and 

exhibited dysregulation of genes involved in cell proliferation (CCNA1, CDKN2D, CDKN1B, SIX3). VWM-derived 

GPCs upregulated a large number of genes involved in inflammation/immune response (ANXA1, ANXA2. HLA-

A, HLA-B, HLA-C, IFITM2, IFITM3, TRIM5, TRIM22) as well as in extracellular matrix remodeling (CD44, MMP2; 

the integrins ITGB1, ITGA3, ITGA7; and the laminins LAMA5, LAMB1). In addition, several genes regulating cell-

adhesion were dysregulated (CDH20, the protocadherins PCDHB5 and PCDHGB7, and GJA1, encoding 

connexin 43). The cell line corresponding to the most severe phenotype exhibited the higher number of 

dysregulated genes.   

VWM-derived hGPCs thus manifest intrinsic pathology at a stage preceding their differentiation as astrocytes or 

oligodendrocytes. They express pro-apoptotic transcripts at baseline in cell culture, suggesting differential 

vulnerability to cell stress, and similarly upregulate inflammatory response genes, which suggest their differential 
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susceptibility to fever in vivo. In addition, their dysregulation of genes involved in both matrix adhesion and cell-

cell interactions suggest the potential for aberrant intercellular signaling patterns among glial cells within VWM 

white matter. 

 

T08-032A 

Phosphorylation state of ZFP24 controls oligodendrocyte differentiation 

B. Elbaz, A. Kolarzyk, B. Popko 
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Myelin is a multilayer lipid membrane structure that ensheaths and insulates axons. In the central nervous 

system (CNS), myelin is formed by oligodendrocytes. During CNS development oligodendrocyte progenitor cells 

terminally differentiate to mature oligodendrocytes, produce myelin and wrap axons. The differentiation of 

oligodendrocytes and their expression of myelin protein gene transcripts are under tight transcriptional control. 

Zinc finger protein ZFP24, formerly known as ZFP191, is necessary for oligodendrocyte maturation and CNS 

myelination. We have demonstrated that ZFP24 binds to a consensus DNA sequence in proximity to genes 

important for oligodendrocyte differentiation and CNS myelination, and we have shown that this binding 

enhances target gene expression. We have also demonstrated that ZFP24 DNA binding is controlled by 

phosphorylation. Phosphorylated ZFP24, which does not bind DNA, is the predominant form in oligodendrocyte 

progenitor cells. As these cells mature into oligodendrocytes, the non-phosphorylated, DNA-binding form 

accumulates. Our data also suggest that ZFP24 is important for CNS remyelination. Our findings provide a 

mechanism by which dephosphorylation of ZFP24 mediates its binding to regulatory regions of genes important 

for oligodendrocyte maturation, controls their expression, and thereby regulates oligodendrocyte differentiation 

and CNS myelination. We are currently identifying kinases, expressed by oligodendrocyte progenitor cells, that 

have the potential to phosphorylate ZFP24, with the expectation that their inhibition might enhance 

oligodendrocyte maturation and promote CNS remyelination. 
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Glial cells expressing the chondroitin sulphate proteoglycan NG2 are unique as they form synapses with axons 

in all areas of the brain. NG2+ cells are the precursors of myelinating oligodendrocytes and are found in both 

grey and white matter. They express ionotrophic AMPA and GABAA receptors which can transmit synaptic input 
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to the NG2 cells. This unusual glutamatergic synapses between presynaptic-axon and postsynaptic-NG2 cells 

can regulate the proliferation, mobilization and the differentiation of NG2 cells to oligodendrocytes. Synapses 

forming between neurons enables spatiotemporal regulation of gene function to neuronal activity. Distinct 

mRNAs are transported and localize in the neuronal cell processes. Upon a synaptic signal, local protein 

translation takes place to ensure fast, temporal, site-specific modulation in the cell processes. Considering the 

local translation in the neuronal synapses, we have characterised localized mRNAs in postsynaptic NG2+ cells 

and have observed that an mRNA encoding the histone variant localizes in the glial processes. Proteins 

encoded by these mRNAs are localized in both the cell body and in the processes. Incubation of cultured NG2+ 

cells with glutamate, results in an increase of protein levels in the processes, although the expression of the 

mRNAs appears unchanged in total. Current work is analysing fate of the newly synthesized histone variant 

protein in the cell processes and downstream functions. Our long-term goal is to decipher the role of activity-

dependent regulation of local translation in NG2+ cells and the functional consequences of this for the cell and 

the network. 
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Spontaneous regeneration following an injury is a well distinguished capability of peripheral nerves. 

Unfortunately, this process is not always satisfying and complete functional recovery is rarely achieved, thus a 

better and deep understanding of the molecular bases behind the process of regeneration is crucial, aiming to 

obtain a better nerve regeneration outcome.   

It was demonstrated from previous data from our lab and others that the expression of the trophic factor 

Neuregulin1 (NRG1) is highly up-regulated, reaching its peak just one day post injury; suggesting a solid role 

played by it in immediate nerve response to injury possibly by controlling the expression of other genes, in the 

injured nerve site.  

To identify these genes, Schwann cells were stimulated 6 hours with recombinant soluble NRG1, RNA was 

extracted and RNA deep sequencing analysis was performed followed by Gene Ontology analysis.  

Stimulated Schwann cells demonstrated differential gene expression. NRG1 down-regulated genes belong to 

categories of axonal myelination, glial cell differentiation, positive regulation of apoptotic process and regulation 

of macrophage activation. Up-regulated genes belong to rRNA metabolic processes. We also found that several 

genes regulated by NRG1 (96.7% of down-regulated and 59.4% of up-regulated) show the same regulation 

pattern in vivo after injury.  

Our data suggest that NRG1 plays a major role in the immediate response to nerve injury by regulating the 

expression of many genes that are involved in the process of Schwann cell de-differentiation which is an 

essential step to start the process of peripheral nerve regeneration.  
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Signaling between neurons and NG2 glia: synaptic signal integration and local glial protein synthesis 
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The mammalian central nervous system (CNS) comprises different types of neurons and glial cells. Among 

them, the oligodendrocyte precursor cells (OPCs or NG2 glia) are a unique glial cell type that forms synapses 

with neurons, are proliferative and migratory even in the adult brain and give rise to myelinating oligodendrocytes 

(1).   

In neurons (3), radial glial cells (4), astrocytes (5) and oligodendrocytes (6), transcription and translation can be 

spatiotemporally separated (local protein synthesis) (3). Since this principle is conserved in polarized cells (7), 

we suggest this mechanism to be present also in the OPCs.  

Here, we focus on the expression, localization and regulation of the basic helix-loop-helix (bHLH) transcription 

factor Olig2 mRNAs and newly synthesized proteins in OPCs after stimulation in vitro and in vivo. In OPCs, Olig2 

is known to be localized to the nucleus and to act as a key transcription factor to regulate OPC specification and 

differentiation. Interestingly, with the use of Fluorescence in situ hybridization and Puromycylation-Proximity 

Ligation Assay, Olig2 mRNA and newly synthesized proteins could be visualized in the cellular periphery. 

Furthermore, stimulation of dissociated OPCs in cell culture induced an upregulation of newly synthesized 

OLIG2, suggesting not only the somatic and peripheral expression of OLIG2 but also the regulation of OLIG2 

synthesis upon cellular activity. 

References 

1. Meijer, D. H. et al. Separated at birth? The functional and molecular divergence of OLIG1and OLIG2. Nat. 

Rev. Neurosci. 13, 819-831 (2012) 

3. Holt, C. E. & Schuman, E. M. The Central Dogma Decentralized: New Perspectives on RNA Function and 

Local Translation in Neurons. Neuron 80, 648-657 (2013) 

4. Pilaz, L. et al. Dynamic mRNA Transport and Local Translation in Radial Glial Progenitors of the Developing 

Brain Report Dynamic mRNA Transport and Local Translation in Radial Glial Progenitors of the Developing 

Brain. Curr. Biol. 1-10 (2016). 

5. Sakers et al., Astrocytes locally translate transcripts in their peripheral processes. PNAS, 2017 

6. Müller, C., Bauer, N. M., Schäfer, I. & White, R. Making myelin basic protein -from mRNA transport to 

localized translation. Front. Cell. Neurosci. 7, 169 (2013) 

7. Martin, K. C. & Ephrussi, A. mRNA Localization: Gene Expression in the Spatial Dimension. Cell 136, 719-730 

(2009). 

 

T08-036A 

Making sense of genetic risk factors in Multiple Sclerosis 

A.I. Boullerne 

Anesthesiology, University of Illinois at Chicago, Chicago, US 

 

E315POSTERS

GLIA



  

 

 

Aiming to determine the genetic burden of a family heavily affected by multiple sclerosis (MS), we undertook a 

search for reliable risk factors. Over the past decade, the International Multiple Sclerosis Genetics Consortium 

(IMSGC) has considerably invested to crack MS genetic susceptibility, enrolling thousands of patients and 

healthy subjects, coordinating the collaborative international effort of hundreds of clinicians, as well as providing 

enormous financial resources. A number of high profile publications resulted in a provisional list of 110 

autosomal non-hla risk factors. These genetic variants were warrantied by the largest patient-control populations 

of European ancestry possibly attainable throughout the world to reach statistical significance by genome-wide 

association study (gwas). However, an ultimate addition of few thousands subjects (from 29k to 47k cases and 

51k to 68k controls) drastically changed the latest list for MS susceptibility to 200 new autosomal non-hla 

variants. Strikingly, we discovered that only 8 single nucleotide polymorphisms (snp) were shared between the 

newest and former list of 110 snps published by IMSGC in 2013. Assuming such a discrepancy would be 

resolved at the locus level, we launched a careful investigation of all 302 IMSGC snps, using the most up-to-date 

NCBI graphical viewer based on the latest human reference genome version. Using a liberal 10 kb window for 

each snp within a protein-coding gene (from 5 kb upstream to 5 kb downstream), we surprisingly found that only 

50 loci were shared between the 2013 and 2017 IMSGC lists. Some 23 intergenic loci and 31 genes were 

abandoned by the new 200 snps. Among them, GALC gene (Fig.) was not retained, despite being formerly 

selected several times, and most recently again by an IMSGC exomic array for rare variants. In parallel, variants 

significant for MS susceptibility and/or severity are routinely published by independent investigators, using 

smaller patient-control cohorts of narrower ancestry in the diverse European mosaic, and hypothesis-driven snp 

selection as opposed to gwas exploration. None of these ‘independent’ snps is among the mighty IMSGC 302 

set. Complicating further, gwas-derived minor alleles giving MS susceptibility do not always correspond to world 

minor alleles reported in 100 Genomes and HapMap projects. It is currently not realistic to determine the genetic 

burden of an individual with MS. This work was supported by a VA Merit Award to Douglas L. Feinstein. 

 

GALC gene risk factor variant selection over the 

years for multiple sclerosis 
Location of snp variants for GALC gene from IMSGC 

gwas started outside the gene in a non-coding RNA 

(LOC, 2011), then moved to intronic (2013), and 

most recently (2018) is exonic.  
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Noradrenergic modulation of microglial dynamics and synaptic plasticity 
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Microglia, the innate immune cells of the central nervous system (CNS), respond rapidly and dynamically to 

homeostatic perturbations of the CNS milieu. In the healthy unperturbed brain, microglial processes make 

frequent contacts with neurons at synapses, impacting synaptic remodeling and turnover of dendritic spines. 

However, it remains unclear what receptors and signaling pathways govern microglial surveillance and synapse 

monitoring. Noradrenaline is a powerful signal that can affect many aspects of synaptic function and plasticity. 

Because microglia express high levels of β2 adrenergic receptors (ARs) compared to other cell types in the 

brain, we asked whether noradrenergic tone could alter microglial behavior with respect to synapses through 

β2 AR signaling. To test this hypothesis we have manipulated β2 AR signaling pharmacologically using the 

following agents: Nadolol (blood brain barrier (BBB) impermeant β AR antagonist), Clenbuterol (BBB permeant 

β2 AR agonist), and ICI 118-551 (BBB permeant β2 AR antagonist). We paired nadolol with clenbuterol to 

stimulate β2 ARs centrally without concomitant peripheral stimulation.  We then evaluated changes in basic 

microglial physiology through a combination of in vivo two-photon microscopy and immunohistochemical staining 

for Iba-1, a microglia-specific protein.  We have found that stimulation of β2 AR signaling in vivo reduces 

microglial motility and pseudopodia formation and causes microglia to assume a less ramified morphology.  We 

also found that stimulation of β2 ARs leads to impaired microglial responsiveness to focal tissue injury. These 

experiments show that β2 AR signaling can affect microglial physiology and immune responses. We next 

examined whether these changes in basic microglial function could impact microglial interactions with neurons 

and functional experience-dependent plasticity.  Using intrinsic optical signal imaging we have shown that 

pharmacological manipulation of β2 AR signaling impairs ocular dominance plasticity in the visual cortex during 

the visual critical period in mice.  We have shown that microglia are directly involved in this impairment through 

cre-mediated excision of β2 AR specifically in microglia, which eliminates the effect of AR signaling on plasticity. 

Based on our results we believe that β2 AR signaling serves important roles in modulating microglial physiology 

in the context of synaptic refinement and our future experiments will address how the endogenous ligand, 

norepinephrine, mediates these processes. These results and future findings will improve our understanding of 

the signaling mechanisms that govern microglial interactions with synapses and how they impact activity-

dependent synaptic modifications. 
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Epilepsy is a disorder of the brain characterised by unprovoked, recurrentseizuresand affects about 1% of the 

population worldwide.A deeper understanding of the cellular mechanisms leading to epilepsy is essential for the 

identification of novel targets for therapeutic intervention.Growing evidence suggests that dysfunctional 

astrocytes are crucial players in the development of temporal lobe epilepsy (TLE). In a mouse model of TLE with 

hippocampal sclerosis (HS) we found a transient but significant reduction in the number of GFAP-positive 

astrocytes in the CA1 stratum radiatum (SR) of the ipsilateral hippocampus, starting 4 hours after kainate-

induced status epilepticus. The goal of the present study was to elucidate molecular mechanism(s) which are 

responsible for astrocytic loss. We used immunohistochemical staining and semiquantitative RT-PCR analysis to 

identify markers of cell death mechanisms, 4 hours after epilepsy induction. We did not find any cleaved-

caspase 3 or TUNEL positive astrocytes in the epileptic tissue, ruling out the involvement of apoptotic death. A 

contribution of autophagic cell death could also be excluded since we observed only low/negligible expression of 

autophagy-related genes and proteins (lc3-a, b; lamp2,becn1,LC3-B). However, we found a significant increase 

of receptor interacting protein kinase 3 (RIPK3)- and mixed lineage kinase domain-like protein (MLKL)-positive 

astrocytes, as well as enhanced expression of the corresponding necroptosis-related genes (ripk3and mlkl) in 

the ipsilateral CA1 SR of kainate-injected mice. Moreover, using phospho-specific antibodies ipsilaterally we 

observed phosphorylation of MLKL (pMLKL) and the formation of necrosome complexes between RIPK3 and 

pMLKL in kainate-injected animals. Co-localization analysis showed translocation of pMLKL to the nucleus and 

the plasma membrane in astrocytes of the ipsilateral hippocampus.Taken together, the present study suggests 

that a considerable proportion of hippocampal astrocytes undergo necroptotic cell death during early 

epileptogenesis. 
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Effects of APOE genotype on microglial phagocytosis of synapses in human post-mortem tissue in 

Alzheimer’s disease 

M. Tzioras1,2, K. Popovic1,2, C. Henstridge1,2, C. Smith3, B. McColl1, T. Spires-Jones1,2 
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Alzheimer’s disease (AD) is a lethal neurodegenerative disease of the elderly, marked by the accumulation of 

pathological protein aggregates, synaptic degeneration, reactive gliosis, and progressive cognitive decline. 

Despite knowing for over 20 years that synapse loss is the best correlate to cognitive decline (DeKosky and 

Scheff, 1990), the mechanisms by which synapses are lost remain elusive and there are no effective treatments 

to halt their degeneration. Recently, the resident immune cells and primary phagocytes of the brain, microglia, 

have been implicated as drivers of synaptic loss in AD by aberrantly re-activating the physiological synapse 

pruning mechanisms found in development (Paolicelli et al., 2011) (Hong et al., 2016). Furthermore, the epsilon 

4 allele of the apolipoprotein E gene (APOE) confers the greatest genetic risk for developing sporadic AD and 

patients with an APOE4 allele show exacerbated synapse loss. Here, we investigated whether in human post-

mortem (PM) tissue of patients with AD, microglia phagocytose pre-synaptic elements as observed in murine 

models of AD, and whether the APOE genotype influences this process. We hypothesize that given the 

increased reactivity of APOE4 microglia as well as the early synapse loss in APOE4 patients, the reduced 

synapse numbers in these patients is in part due to microglial-mediated phagocytosis. To address this question, 

we are examining PM tissue from non-demented control and AD cases of APOE3 and APOE4 backgrounds 

using immunohistochemistry and confocal microscopy to assess co-localization of synaptic markers and 

microglia. Both control and AD microglia were positive for pre-synaptic proteins in their lysosomes (CD68) 

confirming the observations from animal models but our research on whether AD status and APOE plays a role 

in this process is still ongoing. 
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Peripheral axonal ensheatment is regulated by Ral GTPase and the exocyst complex 

J. Silva-Rodrigues, C. Patricio-Rodrigues, A. Fernandes, P. Augusto, V. Sousa-Xavier, B. Santos, A. Farinho, R. 

Teodoro 

CEDOC, Nova Medical School| Universidade Nova de Lisboa, Lisboa, PT 

 

The peripheral nervous system (PNS) is responsible for the innervation of the body musculature and organs, and 

its development requires coordinated glial and neuronal growth. To reach their target tissue, neuronal axons are 

grouped in fascicles that together with glial cells form the nerve bundle. Glial cells ensure proper conduction of 

nerve impulse, provide metabolic support to axons, and establish the blood nerve barrier (BNB). Neurons and 

glial cells must be coordinated to provide correct fasciculation and axonal isolation for proper function of the 

nervous system. We identified Ral GTPase, as a key element in the axon ensheathment in Drosophila larval 

peripheral nerves. We observed that two independently generated ral mutants have thicker nerve bundles, 

axonal fasciculation defects, disrupted BNB and impaired locomotion. Detailed analysis of ral mutant axons and 

glia, showed that wrapping glia do not develop in the mutants, therefore failing to enclose the axons in bundle. 

We demonstrate, by genetic analysis that Ral action through the exocyst complex is sufficient and necessary in 

wrapping glia cells to regulate their development. Altogether, our study establishes Ral GTPase as a novel factor 

required, cell autonomously, for glia development. 

 

T09-005A 

Heterogeneity of activity- induced sodium transients between astrocytes of the mouse hippocampus and 

neocortex 
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1Institute of Neurobiology, Heinrich Heine University Duesseldorf, Duesseldorf, DE 
2Neural Information Processing Group & Bernstein Center for Computational Neuroscience, Technical University 
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Recent work has shown that glutamatergic activity evokes transient sodium elevations in astrocytes, which may 

encompass perisynaptic processes, somata and perivascular endfeet. The main pathway for the generation of 

activity-induced sodium transients in hippocampal astrocytes and cerebellar Bergmann glial cells is its influx 

through high-affinity glutamate transporters. Astrocytes, however, exhibit considerable molecular and functional 

heterogeneity. Among others, astrocytes of the neocortex, as opposed to the hippocampus proper, also express 

ionotropic glutamate receptors, which might provide additional sodium influx pathways. To address this question, 

we compared activity-related sodium transients in astrocytes and neurons within the neocortex and the 

hippocampal CA1 region employing quantitative imaging with the sodium indicator SBFI in acute tissue slices of 

the mouse brain.  

 Glutamate application or stimulation of glutamatergic afferents evoked induced sodium signals that were twice 

as large in neocortical as in hippocampal astrocytes, despite similar neuronal responses. Blocking NMDA 

receptors reduced sodium transients of astrocytes in the neocortex by ~50%, while not affecting astrocytes’ 

responses in the hippocampus. NMDA application evoked marked sodium increases in neocortical, but not 

hippocampal, astrocytes. These key differences in sodium signaling were maintained throughout postnatal 

development and persisted in adults. In addition to sodium, NMDA also evoked local calcium transients in 

processes of neocortical astrocytes. These were accelerated when blocking sodium/calcium exchange (NCX) 
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with KB-R7943 or SEA0400. Mathematical computation based on our data predict that NMDA-induced sodium 

increases drive the NCX into reverse mode, resulting in calcium influx.  

Taken together, our study reveals a considerable regional heterogeneity in astrocyte sodium signaling: i. cortical 

astrocytes respond with larger sodium transients to glutamatergic activity than hippocampal astrocytes; ii: 

NMDAR-activation mediates prominent sodium influx into cortical, but not hippocampal, astrocytes; iii: NMDAR-

mediated sodium increases promote transient calcium influx through reversal of the NCX in the neocortex. The 

latter pathway thereby links sodium to calcium signaling and represents a new mechanism for the generation of 

local calcium influx in neocortical astrocytes. 
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Unravelling the impact of seizure activity in epileptogenesis and brain damage - a correlation towards 
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3Stichting Epilepsie Instellingen Nederland (SEIN), Amsterdam, NL 
4Center for Neuroscience, Swammerdam Institute for Life Sciences, Amsterdam, NL 

 

Epilepsy is a neurological disorder associated with social stigma and co-morbidities. Sustained seizure activity is 

thought to be responsible for altering both neuronal and glial function, thus influencing the process of 

epileptogenesis and ictogenesis. This has not been definitively demonstrated since seizures and brain damage 

develop in parallel in many epilepsies. The present study aims to evaluate if seizure activity per se could be 

sufficient to induce the expression of brain damage biomarkers and consequently worsening of epileptogenesis.  

To achieve this, we used an animal model in which status epilepticus (SE) was evoked in guinea pigs by 

unilateral injection of kainic acid (KA) in the hippocampus (Hpc)1,2 with continuous video-EEG recording for 3 

days (n=9). Moreover, to differentiate the effects of KA alone, another group was added in which KA-injected 

animals were treated with diazepam (DZP, n=5) which blocks SE, generating a sub-group that only had a 

residual amount of seizures. KA animals exhibited a non-convulsive SE with seizures lasting from 4 up to 12 

hours. The advantage of this model is to have a contra-lateral Hpc that has as much seizures as the ipsi-lateral 

side but without the cytotoxic effects of KA and, in fact, 76% of all seizures were focal but bilateral. We 

then performed immunohistochemical analysis on neuronal (NeuN and MAP2) and astroglial (GFAP) markers. 

KA-injected animals stained with neuronal markers exhibited a significant reduction in the number of neurons in 

the ipsi-lateral Hpc compared to sham controls (n=5) in CA1/CA3, whereas with DZP this reduction was still 

present but in a less severe manner. On the contra-lateral side, the number of neurons did not differentiate 

between sham and both KA- and DZP-injected animals, supporting our hypothesis. GFAP staining revealed an 

astrogliosis-like state in animals administrated with KA and DZP in the ipsi-lateral Hpc (CA1/CA3) compared to 

sham. Contralaterally, even though there was no significant cell loss, there was a higher number of reactive 

astrocytes in CA3.  

Astrocytes react to subtle changes in neuronal function as evidenced by their activation following seizure activity 

but seizures per se were not sufficient to induce neuronal death. These findings suggest that there’s seems to be 

a correlation between seizure activity and glia-mediated mechanisms that ultimately could lead to brain damage. 

Nevertheless, this study may lead to an important change of concept in the epileptology field. 
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Introduction: Astrocytes play important roles in neuronal development and in plasticity throughout life. To 

investigate the effect of astrocytes on the neuronal transcriptome during development we carried out RNA 

sequencing on cortical neurons grown with and without astrocytes. We used these results to guide further 

investigation into the functional consequences of astrocyte-controlled gene expression. Amongst the strongest 

effects of astrocytes on neurons was a significant down-regulation of the inward rectifier family of K+ channels 

(Kir), which we hypothesised would have important functional consequences.  

Methods: Cell culture: Primary rat cortical neurons were prepared from E20.5 rats, and plated either alone 

(mono-culture), or on a bed of established astrocytes prepared from E17.5 mice (co-culture). Cells were treated 

with cytosine arabinoside to prevent rat glial proliferation from neuronal DIV0.  

RNA sequencing: Samples were prepared at DIV 8 and DIV 14 and sent for RNAseq, with returned reads sorted 

into either rat (neuron) or mouse (astrocyte) using methods described in Hasel et al., 2017.  

Electrophysiology: Neurons were whole-cell patch-clamped with K-gluconate based internal solution. A current 

voltage relationship was recorded with cells voltage-clamped at -60 mV, and a frequency-current relationship 

was recorded with cells current-clamped at -60 mV.  

Results: Nearly 2,000 genes were either significantly up or down-regulated by a factor of >1.5 in neurons grown 

with astrocytes. Of these, the Kir family was down-regulated, with a total average FPKM of 84 in mono-culture 

neurons compared to 38 FPKM in co-culture neurons at DIV 8. The greatest effect was on Kir3.1 (KCNJ3) and 

Kir2.3 (KCNJ4), going from combined FPKM of 51 to 15. Functionally, this corresponded to a small but significant 

depolarisation in the resting membrane potential, and a significant increase in the membrane resistance of 

neurons. In addition, there was a leftward shift of the fi curve, and a significant reduction in the rheobase of co-

cultured neurons. Applying the Kir3.1 and Kir2.3 antagonists Tertiapin-Q and ML 133 to mono-culture neurons 

produced a similar effect as astrocytes on these properties. Conversely, co-cultured neurons transfected with 

Kir2.1 had significantly fewer spontaneous action potential events compared to globin transfected controls. 

Overall, we find that astrocytes reduce expression of Kir channels in cortical neurons, which functionally alters 

neuronal properties resulting in increased excitability. 
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Astrocytes regulate neuronal gene expression 
Gene expression (FPKM) in cortical rat neurons 

grown with mouse astrocytes compared to gene 

expression in neurons grown without astrocytes. 

Almost 2,000 genes are significantly regulated by 

astrocytes >1.5 fold.    
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Myelination is an essential step to ensure the rapid propagation of the nervous influx by saltatory conduction, a 

mechanism that relies partly on the nodes of Ranvier. These short unmyelinated domains are highly enriched in 

voltage-gated sodium channels (Nav), which allow the regeneration and propagation of action potentials by 

depolarization of the plasma membrane. In demyelinating diseases such as Multiple Sclerosis, nodes of Ranvier 

are disrupted, which participates in slowing conduction velocity and leading to functional deficits.   

Our aim is to decipher the mechanisms of nodal clustering during development and repair in the central nervous 

system. We recently showed that nodal markers are observed at discrete, evenly spaced domains before 

myelination both in vitro in mixed hippocampal cultures and in vivo in the hippocampus. Importantly, node-like 

clusters are associated with an increased axonal conduction velocity in absence of myelin (Freeman, 

Desmazières et al, PNAS 2015).  

Our work aimed at identifying which intrinsic mechanisms govern the assembly of node-like clusters, using live-

imaging approaches in mixed hippocampal cultures. We first determined the molecular motors involved in nodal 

protein trafficking, and demonstrated that a partial pre-assembly of nodal components can occur prior to 
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membrane targeting. We then provided evidence for the key role of the nodal protein β2Nav in the initiation of 

node-like clustering. We further unraveled the fate of node-like clusters, which participate in node formation, but 

also seem to have an unexpected role in guiding myelin deposition. Altogether our results shed a new light on 

our understanding of the mechanisms underlying nodal assembly and myelination initiation. 
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Glutamate is the major excitatory neurotransmitter in the brain. Glutamate uptake and degradation are critical for 

neuronal signaling and prevention of excitotoxicity, and perturbations of these processes accompany numerous 

pathological states, including epilepsy, stroke, and ALS. Currently, glutamate uptake and degradation within the 

brain are thought to occur exclusively in astrocytes - ubiquitous glial cells that express glutamate transporters as 

well as the glutamate metabolizing enzyme glutamine synthetase (GS). We show here that oligodendrocytes, the 

myelinating glia of the central nervous system, also express high levels of GS, particularly in caudal regions like 

midbrain and spinal cord. Although we did not detect glutamate transporters in oligodendrocytes, dye filling in 

astrocytes revealed widespread gap junction coupling between astrocytes and oligodendrocytes. Selective 

removal of oligodendrocyte GS in mice led to reduced brain glutamate and glutamine levels and impaired 

glutamatergic synaptic transmission. Furthermore, animals lacking oligodendrocyte GS displayed deficits in 

cocaine-induced locomotor sensitization, a behavior that is dependent on glutamatergic signaling in the 

midbrain. Thus, oligodendrocytes play a previously unrecognized role in brain glutamate homeostasis and may 

represent a novel therapeutic target for pathological conditions related to brain glutamate dysregulation. 
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Pain is rated by oral cancer patients as the worst symptom and significantly impairs a patient’s ability to eat, talk, 

and drink. Mediators, secreted from oral cancer microenvironment, excite primary afferent neurons, which in turn 

generate pain. Oral cancer cells release TNFα which induces acute inflammation and nociception in mice. We 

hypothesize that TNFα activates Schwann cells to amplify pain signals. First, we confirmed the involvement of 

TNFα in oral cancer pain in patients and animal models. We found that oral cancer tissues collected from 

patients have higher TNFα concentration compared to anatomically matched normal tissues. Differences in 

TNFα concentration between the tumor and anatomically matched normal tissues correlate positively with total 

pain scores. In a Nitroquinoline 1-oxide (4NQO) mouse oral cancer model we demonstrated reduced mechanical 

hypersensitivity (P<0.05, N=8) with the dolognawmeter gnawing assay when TNFα was neutralized with C-87. 

Using a non-contact co-culture model, we found that HSC-3 cells induced a more activated human primary 
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Schwann cells phenotype with increased proliferation (P<0.05) and migration (P<0.05); introduction of C-87 in 

the co-culture reduced Schwann cell proliferation (P<0.05) and migration (P<0.05) induced by HSC-3 cells. After 

removal of the co-cultured cancer cells, cancer-activated Schwann cells secrete greater amounts of TNFα and 

nerve growth factor (NGF), another known nociceptive mediator in the oral cancer microenvironment, compared 

to Schwann cells initially co-cultured with DOK (P<0.05) or naïve Schwann cells (P<0.05). To determine whether 

activated Schwann cells mediate oral cancer pain, we cultured Schwann cells in hypoxic conditions – a known 

cancer stimulus that induces robust Schwann cell activation. Schwann cell supernatant was then collected and 

injected into the mouse cheek. Supernatant from hypoxia-activated Schwann cells induced greater facial 

allodynia (measured with von Frey filaments) in mice (P<0.05, N=7), compared to supernatant from Schwann 

cells cultured in normoxic conditions (N=5). C-87 significantly reduced facial allodynia caused by hypoxia-

activated Schwann cells (P<0.05, N=5). We infer from our results that TNFα plays a role in the activation of 

Schwann cells and that cancer-activated Schwann cells are a source of nociceptive mediators in the cancer 

microenvironment. Inhibition of Schwann cell activation might be clinically useful for alleviating oral cancer pain. 
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Astrocytes are non-professional phagocytes that engulf synapses in order to remodel neuronal circuits. 

Neuropsychiatric disorders such as major depressive disorder (MDD) display disrupted synaptic communication 

and neuronal connectivity, which are reversed by antidepressants (ADs). This suggests a role for astrocytes in 

the pathogenesis of these disorders and in response to ADs. Aim of this work was to identify astrocyte-

dependent molecular mediators of AD action and examine their involvement in synaptic remodelling upon AD 

treatments. MEGF10 recently emerged as a mediator of astrocyte-dependent synapse elimination in the 

developing mammalian brain. MEGF10 activation depends on the induction of the ERK/MAPK pathway, a 

regulator of cellular plasticity. Our results showed that treatment of astrocytes and neurons with different ADs led 

to a “re-juvenalization” effect in these two cell types. Furthermore, we observed a reduction in neuronal synaptic 

densities after AD treatment, but only in the presence of intact astrocytes. This astrocyte-dependent synaptic 

pruning also occurred in the adult rat prefrontal cortex after short-term treatment with the AD fluoxetine and 

correlated with an increased MEGF10 expression in cortical astrocytes. We therefore propose that ADs favour 

the remodelling of neuronal circuits in the adult brain by reactivating a ‘’juvenile-like plasticity program’’ 

characterized by an astrocyte-mediated synaptic reshaping associated with an elevated expression of MEGF10. 

We suggest MEGF10 as a potential novel candidate to develop alternative treatment options for diseases 

characterized by synaptic aberrancies, such as MDD.  
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Increased synapse elimination by microglia in schizophrenia patient-derived models of synaptic pruning 
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The primary etiology of schizophrenia remains largely elusive. Studies have shown regional reductions in 

synaptic density in postmortem brains from individuals with schizophrenia. One putative mechanism of 

decreased synaptic density is aberrant synapse elimination by microglia during neurodevelopment. Rodent 

studies have also indicated a role of the complement system in synaptic pruning by microglia. Further, the most 

strongly associated locus in genome-wide genetic studies of schizophrenia involves structurally diverse alleles of 

the complement component 4 (C4) genes. Therefore, our hypothesis was that schizophrenia subjects would 

display excessive microglia-mediated synapse elimination in patient-derived models of synaptic pruning and that 

C4 deposition might explain the mechanism. To this end, we developed and validated high throughput image-

based assays methods that enable us to model synaptic pruning in vitro using synaptosomes from induced 

pluripotent stem cell (iPSC)-derived neural cultures and microglia-like cells (Sellgren et al., Mol Psych, 2016). 

Applying these models to schizophrenia we observed excessive synapse elimination in patient-derived models 

using synaptosomes as well as a validating co-culture system (Sellgren et al., Nat. Neurosci, 2019). The 

increased elimination of synaptic structures in schizophrenia-derived models reflected independent abnormalities 

in microglia-like cells as well as synaptic structures. Further, we observed that C4 schizophrenia risk variants, 

leading to increased expression of C4A, selectively increased complement deposition on iPSC-derived neurons 

and uptake of synaptic structures in microglia-like cells. Finally, we observed that minocycline dose-dependently 

decreased uptake of synaptic structures in microglia-like cells as well as the risk of schizophrenia in electronic 

data records from more than 20,000 individuals who had received chronic treatment with either minocycline or 

another antibiotic during adolescence. In summary, specific pharmacologic interventions that target pruning merit 

further studies for their capacity to delay or prevent the onset of schizophrenia in high-risk individuals. 
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Myelination of axons is an essential step to ensure the rapid propagation of action potentials by saltatory 

conduction, which relies on the nodes of Ranvier, short unmyelinated domains highly enriched in voltage-gated 

sodium channels (Nav). In demyelinating diseases such as Multiple Sclerosis, nodes of Ranvier are disrupted 

and nodal and paranodal markers become diffusely expressed along the axons. This participates in slowing 

down axonal conduction velocity, leading to functional deficits. It has been shown that nodal reclustering is an 

early event which can occur prior to myelin redeposition (Coman et al, 2006), the potential impact of this 

reclustering on repair being however unknown. Furthermore, it has been described that microglia, the resident 

immune cells of the central nervous system, is a major modulator of remyelination processes (Miron et al, 2013). 

We recently observed in mouse models in vivo and ex vivo that microglial cells can contact mature nodes of 

Ranvier in myelinated tissues, as well as immature nodal structures in myelinating and remyelinating contexts. 

Using immunochemistry on fixed tissues as well as live imaging approaches, we show in vivo that these contacts 

are stable and increase in a remyelinating context, suggesting a potential impact on repair processes. Using our 

ex vivo model we further demonstrate that microglial process dynamics is reduced at the site of contact, 

suggesting the existence of a dialog between the two partners. We are presently pursuing this study to 

characterize the neuronal signal(s) attracting microglia and developing approaches to understand the functional 

impact of this interaction. 
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We successfully developed an acute retinal detachment model by region specific injection of hyaluronic acid in 

mice. By utilizing this specific model system, we investigated the molecular mechanisms how cell death of 
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photoreceptors was triggered by retinal detachment. We focused on the TRPV4 ion channel, which is a 

thermosensor, an osmosensor, a mechanosensor or a lipid sensor. We analyzed the retinal expression of 

TRPV4 by in situ hybridization, immunohistochemistry, a Ca2+-imaging method or a whole cell patch clamp 

recording, and confirmed the TRPV4 was functionally expressed in Müller glia as previously shown (J. Neurosci. 

2012). We previously reported that TRPV4 is expressed in ~30% subpopulation of astrocytes in brain, and the 

TRPV4 activation leads to gliotransmitter (ATP and glutamate) release and increases synaptic transmission 

(Shibasaki et al. JBC 2014). Because Muller glia performs many astrocyte-specific functions within the retina, we 

hypothesized that TRPV4 channels might contribute to the transduction of mechanical stress associated with 

retinal detachment. Retinal detachment in wild type mice induced apoptosis of rod photoreceptors but the 

numbers were significantly reduced (approximately 50%) in Müller glia specific TRPV4CKO mice. These results 

indicate that the TRPV4 activation was involved in photoreceptor cell death by the retinal detachment. 

Furthermore, we found that the TRPV4 in Müller glia can be activated by mechanical stimuli through their 

swelling, resulting in release of the inflammatory cytokine MCP-1. The MCP-1 recruited many macrophages, and 

those cells attacked and killed photoreceptor neurons. We propose that retinal detachment adversely impacts 

the viability of photoreceptors via TRPV4-dependent MCP-1 release. Our study identified a novel molecular 

pathway that could exacerbate the effects of hypoxia on photoreceptor survival following detachment of the 

retina. 
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Müller glial TRPV4 activation accelerates photoreceptor death 
The green color represents the morphology of the Müller glial cells in normal 

or RD retinas. In normal retina, TRPV4 is activated by body temperature and 

contributed to the homeostatic functions of Müller glial cells. In contrast, RD 

induced significant Müller glial swelling, and this caused further activation of 

TRPV4 by membrane stretch in addition to that by body temperature. TRPV4 

activation induced the Ca2+ influx, and evoked MCP-1 release from the 

Müller glial cells. The MCP-1 recruited many macrophages, and those cells 

attacked and killed photoreceptors (shown by gray color). Thus, RD 

adversely impacts photoreceptor viability via TRPV4-dependent MCP-1 

release from Müller glial cells. 

 

 

T09-015A 

Regulation of mitochondrial metabolism in astrocytes at the level of PDC, by glutamate, mGluR5 and 

PKCδ 

K. Mohammad Nejad Farid1, E. Maronde2, A. Derouiche1 

1Institute of Anatomy II, Goethe University Frankfurt, Frankfurt am Main, DE 
2Institute of Anatomy III, Goethe University Frankfurt, Frankfurt am Main, DE 

 

As part of the tripartite synapse, astrocytes play important roles in synaptic signaling, neurotransmitter synthesis 

and recycling; they are also involved in control of nutrient uptake and local blood flow. Many of these processes 

depend strongly on local energy utilization. In response to increased neuronal activity and energy demands 

astrocytes not only upregulate anaerobic glycolysis –they also possess significant capacity for oxidative 

mitochondrial metabolism. While mechanisms underlying the regulation of mitochondrial metabolism as well as 

their role in organismic physiology have been characterized in e.g. hepatocytes and muscle fibres, the role of 

glial oxidative metabolism and its regulation are less well understood. A known signaling pathway in hepatocytes 

is the regulation of the mitochondrial key enzyme pyruvate dehydrogenase complex (PDC) by protein kinase Cδ 

(PKCδ).  

To investigate a possible influence of synaptic activity on glial mitochondrial activity, we stimulated primary 

astrocytes with glutamate. Using fluorescent immunocytochemistry with anti-PKCδ, anti-PDC and anti-phospho-

PDC antibodies and object oriented image analysis, we demonstrate glutamate-induced mitochondrial 

translocation of PKCδ and subsequent dephosphorylation of PDC, indicating its activation. We identify the 

metabotropic glutamate receptor 5 (mGluR5) as the key receptor inducing mitochondrial PKCδ translocation, 

applying glutamate and/ or mGluR ligands. Thus, the glutamate-induced translocation of PKCδ seems to 

mediate activation of PDC, which would allow local modulation of glial mitochondrial activity and ATP production, 

by glutamate. Astrocytes, especially when in proximity of synaptic activity must maintain ATP-consuming 

processes such as fast glutamate uptake and recycling. We postulate that glutamate serves both, as a 

metabolite for the TCA cycle and a signaling molecule to enhance TCA activity and concomitantly overall 

mitochondrial oxidative activity. Using luminometric ATP assay and subtype-specific inhibitors of PKC and 

mGluR5, we demonstrate that the enormous initial drop in intracellular ATP following glutamate application is 

dramatically counteracted by the described mGluR5/PKCδ-dependent mitochondrial activation.  

Our in vitro finding that extracellular glutamate regulates glial oxidative energy metabolism by 

mGluR5/PKCδ/PDC activation might represent a mechanism for astrocytes to turn up their energy metabolism 

only on demand, during increased glutamatergic synaptic activity. 
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Activity-dependent myelination is thought to contribute to adaptive neurological function. However, the 

mechanisms by which activity regulates myelination and the extent to which myelin plasticity contributes to non-

motor cognitive functions remain incompletely understood. Using a mouse model of chemotherapy-related 

cognitive impairment (CRCI), we recently demonstrated that methotrexate chemotherapy induces complex glial 

dysfunction at which microglial activation is central. Here we demonstrate that remote methotrexate exposure 

blocks activity-regulated myelination. Methotrexate decreases cortical BDNF expression, which is restored by 

microglial depletion. BDNF-TrkB signaling is a required component of activity-dependent myelination. Loss of 

activity-dependent myelination through inducible, oligodendrocyte precursor cell (OPC)-specific TrkB deletion in 

chemotherapy-naïve mice results in impaired cognitive behavioral performance. A small molecule TrkB agonist 

rescues both myelination and cognitive impairment after MTX chemotherapy. This rescue after MTX depends on 

intact OPC-TrkB expression. Taken together, these data demonstrate a molecular mechanism required for 

adaptive myelination that is aberrant in CRCI due to microglial inflammation. 
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Neurons form both excitatory and inhibitory synapses with oligodendrocyte precursor cells (OPCs), but the circuit 

context of these “axon-glial” synapses is under-explored. Neuronal activity regulates OPC proliferation, 

oligodendrogenesis and myelin sheath structure in adulthood. These activity-regulated responses of 

oligodendroglial cells confer adaptive changes in motor function and are crucial for some forms of motor 

learning. Such plasticity of myelin has drawn attention to axon-glial synapses as a line of communication by 

which OPCs could adapt to activity-dependent neuronal signals. However, no afferent neuronal projections to 

OPCs have been mapped, hence our understanding of the neuronal territories accessed by these neuron-OPC 

synapses has been limited. Here, we employ a modified rabies virus-based monosynaptic tracing strategy to 

elucidate a map of neuronal synaptic connectivity to OPCs in the sensorimotor system in vivo.  

We identified extensive afferent synaptic inputs that primarily arise from functionally-interconnecting 

sensorimotor cortical areas and thalamic nuclei. OPCs residing in secondary motor cortex and underlying corpus 

callosum of adult mice receive comprehensive afferent connectivity from motor cortex and thalamic motor nuclei, 

demonstrating that motor system OPCs have synaptic access to brain-wide projection networks engaged in 

planning and execution of motor tasks. Similarly, mapping inputs to primary sensory cortex OPCs demonstrate 

inputs from functionally-interconnected sensory cortex and thalamic nuclei. Synaptic integration of OPCs to both 

cortical and thalamic networks may help to sense synchronized neuronal activity patterns and to coordinate 
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adaptive myelination of the sensorimotor circuitry by linking these territories. This discovery of widespread and 

functionally-associated neuronal afferents to OPCs indicates a need to investigate the potential modifications in 

neuron-OPC synaptic connectivity in response to alterations in neuronal circuitry, which is currently an ongoing 

part of this study. 
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Myotonic dystrophy type 1 (DM1) is a multisystemic condition that affects many tissues, as well as age groups. 

Compelling clinical evidence clearly demonstrates the impairment of the central nervous system (CNS), through 

cognitive/attention deficits, executive dysfunction, prevalent hypersomnia, behavioral changes and intellectual 

disability in the most severe cases. The neurological manifestations are highly debilitating and distressing for 

patients and their relatives, and there is no cure for this devastating condition.  

DM1 is caused by the abnormal expansion of a non-coding trinucleotide CTG repeats. Expanded CUG 

transcripts accumulate in toxic RNA aggregates or foci in the cell nucleus, perturbing the activity of key RNA-

binding proteins and deregulating the splicing and general RNA metabolism of downstream targets. However, 

important gaps exist in our understanding of the disease mechanisms in the brain. In particular, we do not know 

the cell types primarily affected or the molecular pathways mostly dysregulated by the repeat expansion in the 

CNS.  

Using a transgenic mouse model of DM1 we found preferential accumulation of toxic RNA foci and missplicing in 

cortical astrocytes relative to neurons, pointing to glia pathology. We then used our DM1 mice as a source of 

primary neurons and astrocytes to resolve cell type-specific phenotypes and their associated molecular 

abnormalities. DM1 primary astrocytes show greater RNA foci accumulation and missplicing, relative to neurons, 

in association with defective cell growth, adhesion, cell spreading, polarization and migration. In contrast, the 

growth profile of DM1 primary neurons remained unaltered, but late neurite arborization was significantly 

impaired. Interestingly, defects in neuritogenesis were aggravated by the presence of DM1 mouse astrocytes in 

co-culture systems. To dissect the molecular mechanisms behind astrocyte dysfunction we performed global 

proteomics and transcriptomics approaches on homogenous astrocyte cultures. In line with the cell phenotypes 

described, we found relevant splicing and expression changes in critical regulators of cytoskeletal dynamics and 

cell adhesion.  

In conclusion, the DM1 repeat expansion has a deleterious impact on glia cell biology, which may in turn affect 

neuronal physiology through defective glial-neuronal crosstalk. Our results provide new insight into the cellular 

and molecular mechanisms of DM1 brain disease. 
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Neuronal activity facilitates microglia to find “eat-me” signal on synapses 
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The brain-resident immune cells microglia could phagocytose synapses to prune them. Phagocytosis of 

synapses by microglia, which is regulated by “find me” and “eat me” signals, has been shown to be fundamental 

for the reorganization of neural circuits both in health and disease. The complement C1q has been highlighted to 

serve as both “find-me” and “eat-me” signals: less active synapses are opsonized by C1q secreted from more 

active synapses and microglia detect accumulated C1q on the synapses to engulf them. However, we found 

that, under certain circumstances such as neonatal seizures, C1q can be spread randomly in brain parenchyma. 

The finding led us to investigate the mechanisms how microglia decide which synapse to phagocytose. Here, we 

established a live imaging system of microglia-synapse interactions in vitro in which neuronal activity can be 

modulated. Microglia were prepared from CX3CR1GFP/+ mice and cultured with both neurons and astrocytes so 

that the real-time imaging of ramified morphology of microglia is possible. Additionally, neurons were transfected 

with synaptophysin-mCherry to label pre-synaptic structures and/or DREADD proteins to regulate their activity. 

Using this coculture system, we successfully captured an actual moment of synaptic pruning by microglia. We 

further found that microglia contacted neurons more frequently and engulfed more synaptic puncta when 

neurons were activated. Next, we used a mouse model of febrile seizures which develops epilepsy after 

hyperthermia-induced seizures in neonatal periods to examine the role of microglia and neuronal activity in the 

synapse excitatory/inhibitory imbalance in vivo. We found that C1q was robustly deposited on both the excitatory 

and inhibitory synapses in the dentate gyrus after hyperthermia-induced seizures, while mainly the inhibitory but 

not the excitatory synapses were pruned by microglia, resulting in the hyperactivity of dentate neural circuits. 

Using the DREADD system, we determined that increased activity of the dentate inhibitory neurons during 

hyperthermia-induced seizures resulted in the preferable interaction between microglia and inhibitory synapses. 

Thus, it is likely that microglia contact more active synapses and engulf them only when C1q is present. Overall, 

our findings suggest that C1q could serve as an “eat-me” signal but not a “find-me” signal and that increased 

neuronal activity itself serves as a “find-me” signal in the process of synaptic pruning by microglia. 
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Schizophrenia is a chronic neurodevelopmental disorder that leads to a wide array of symptoms including 

psychosis, disordered thought, and deficits in social interactions. Several lines of evidence provide strong 

support for the involvement of immune molecules in neuronal development and brain pathology. In particular, the 
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immune gene complement 4, located in the MHC locus, is highly associated with schizophrenia such that 

specific structural variants and regulatory regions increase expression of the gene and confer greater risk for this 

brain disorder. Studies have linked microglia to complement-dependent pruning by showing that microglia play a 

role in selective synapse elimination. It is not clear how overexpression of C4 could lead to changes in synaptic 

refinement of developing cortical circuitry. Using gene transfer approaches, we studied the role of increased 

levels of complement 4 in microglia chemotaxis and microglia-neuron interactions in prefrontal cortex during 

early postnatal development. We also examined how altered microglia-neuron interactions contribute to 

prefrontal cortex dysfunction. Our findings implicate a previously unknown role for C4 in microglia-dependent 

refinement of cortical circuits and prefrontal cortex function. 
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Regulation of cholesterol, an essential brain lipid, ensures proper neuronal development and function, as 

demonstrated by links between perturbations of cholesterol metabolism and neurodegenerative diseases, 

including Alzheimer disease (AD). The central nervous system (CNS) acquires cholesterol via de novo 

synthesis, where glial cells provide cholesterol to neurons. Both lipoproteins and lipoprotein receptors are key 

elements in this intercellular transport, where the latter recognize, bind and endocytose cholesterol containing 

lipoproteins produced by glia. CNS lipoprotein receptors are similar to those in the periphery, among which 

include the apoB,E lipolysis stimulated lipoprotein receptor (LSR). Complete inactivation of murine lsr gene is 

embryonic lethal, but studies on lsr+/- mice revealed altered brain cholesterol distribution and cognitive function. 

LSR profiling by immunoblots of murine tissue homogenates from different CNS regions revealed regio-specific 

expression of LSR. This was confirmed by qPCR analysis and immunocytostaining using primary cultures of 

mature murine neurons or glial cells isolated from different CNS regions, with strong LSR expression 

predominantly in glial cells. We postulate that glial LSR may play a role in feedback control of cholesterol 

synthesis, limiting circulating cholesterol in brain extracellular fluid, thus maintaining cholesterol homeostasis. To 

pursue this hypothesis, we obtained glia-specific LSR KO animals by crossing GLAST-CreER (glia specific 

inducible) mice with floxed LSR mice (fl/fl-lsr); adult mice were treated with tamoxifen. Behavioral phenotyping of 

these animals revealed a deficit in olfactory function affecting social memory as well as visual memory (despite 

no effect on vision), as well as changes in short (Y-maze) and long term (Barne’s maze) memories, 

demonstrating that glial LSR is important for working, spatial and social memory related to sensorial input. 

Studies have reported olfactory deficits in early AD, and since aging lsr+/- mice show increased susceptibility to 

amyloid stress, we propose that LSR represents a novel pathway to study the link between cholesterol 

trafficking, olfaction and age-related neurodegeneration. 
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development of the medial prefrontal cortex in rats 
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Clinical and epidemiological data clearly show that early-life stress (ELS) increases the risk of anxiety and mood 

disorders in both young subjects and adults. Growing number of studies shows that ELS may affect development 

and maturation of specific brain regions. The medial prefrontal cortex (mPFC) is a brain area highly implicated in 

the pathophysiology of affective disorders. The mPFC shows prolonged developmental trajectory. Postnatal 

maturation of the mPFC involves the processes of neurodevelopmental apoptosis and formation and pruning of 

neuronal projections and synaptic contacts. All these processes are controlled and executed by astrocytes and 

microglial cells. The aim of the present study was to find out whether ELS, modeled in rats by the maternal 

separation (MS) procedure, affects the neurodevelopmental apoptosis and proliferation processes and, in 

consequence, the numbers of neurons and glial cells in the mPFC of juvenile (postnatal day, PND, 15) and 

adolescent (PND 35) male rats. The MS procedure was conducted from PND 1 to 14. To evaluate the numbers 

of specific population of cells in the mPFC we applied immunohistochemical methods and stereological 

estimations; whereas the RT qPCR techniques were used to examine the gene expression of apoptotic and glia 

markers. We found that both juvenile and adolescent MS rats displayed increased numbers of neurons and 

astrocytes in the mPFC. Additionally, both MS juveniles and adolescents showed reduced expression of 

microglia markers, such as Aif1 or Itgam; however, only in adolescents decreased numbers of microglial cells in 

the mPFC were revealed. The analysis of the expression of genes engaged in apoptosis showed that juvenile 

MS rats displayed increased levels of pro-apoptotic Casp3 and Casp9 and decreased expression of anti-

apoptotic Bcl2 in the mPFC. The opposite effects were observed in adolescents, i.e., decreased expression of 

pro-apoptotic genes and elevated expression of Bcl2 in MS rats. We did not observe the impact of MS on the 

numbers of Ki67+ cells which reflect proliferative potential of glia during postnatal development. The results 

strongly implicate that ELS disturbs neurodevelopmental apoptosis processes and astrocyte and microglia 

functions during critical period of postnatal development of the mPFC. ELS-induced disturbances in mPFC 

maturation may underlie pathophysiology of early-onset anxiety and mood disorders in children and adolescents. 

The study was supported by a grant Opus 13, 2017/25/B/NZ7/00174 from the National Science Centre, Poland. 
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Astrocytes have been shown to be functionally and molecularly diverse in different central nervous system 

(CNS) regions1,2. Since proteins are the main macromolecules that mediate both structure and function, 

assessment of the astrocytic proteome will elucidate how astrocyte diversity plays a role in the physiology of 

different brain circuits. Throughout the brain, astrocytes are remarkably complex cells with branches and bushy 

territories that conduct a myriad of functions. However, when these cells are dissociated for downstream 

proteomic analyses, their functional branches are lost and their integrity is almost completely disrupted. To 

circumvent this limitation and to reliably assess the astrocytic proteome, we have developed an astrocyte 

specific protein labeling system using the promiscuous biotin ligase, BioID2, for use in various genetically-

defined astrocytic sub-compartments in vivo. In short, this BioID2 system uses proximity-dependent biotin 

labeling to tag proximal proteins, which can then be purified and identified upon the addition of streptavidin, a 

strong biotin binder. Preliminary validation in vitro shows that cells expressing cytosol-localized BioID2 contain 

substantial amounts of biotinylated proteins compared to control via Western blot and immunohistochemical 

analyses. In vivo validation with our astrocyte-specific cytosol-localized BioID2 construct in mouse striatum 

demonstrates both BioID2 expression solely in astrocytes and a high level of biotinylated proteins restricted to 

astrocytes upon the addition of biotin. Subsequent biotinylated protein isolation and identification with liquid 

chromatography-mass spectrometry (LC/MS) reliably shows major known astrocyte proteins present in striatal 

astrocytes including Crym, Aldh1l1, Glt-1, and GFAP. Taken together, we present a method that will allow 

comprehensive study of the proteomic profiles of astrocyte sub-compartments across brain regions in order to 

understand their functional roles in the central nervous system. Chai, H. et al. Neural Circuit Specialized 

Astrocytes: Transcriptomic, Proteomic, Morphological, and Functional Evidence. Neuron 95(3), 531-549 

(2017).John Lin, CC. et al. Identification of Diverse Astrocyte Populations and their malignant analogs. Nat. 

Neuroscience 20(3), 396-405 (2017). 

 

T09-024A 

Ultrastructure of glial cells and neuron-glia interaction in the amygdala of the autistic rat model  

T. Lordkipanidze, M. Zhvania, G. Lobzhanidze, N. Pochkhidze 

School of Natural Sciences and Engineering, Ilia State University, Tbilisi, GE 

 

Autism is a common neurodevelopmental disorder characterized by impairments in social, behavioral, and 

communicative functions. Neuropathological studies have shown abnormalities in cytoarchitectural organization 

and ultrustructure in some parts of the brain. Extensive neuroglial responses characterized by microglial and 

astroglial activation were observed in brain tissues of autistic patients. The amygdala, the main component of 

Social Brain (large interconnections of fronto-limbic neural system), plays important role in social 

interaction/communications thus, the dysfunction in this part of the brain contributes a lot in socio-emotional 

impairments in ASD. Gut microbiota plays pivotal role in the etiology of autism. Propionic acid (PPA) is one of 

the most abundant short-chain fatty acids, produced by enteric bacteria following fermentation of dietary 

carbohydrates. Usually PPA performs many positive functions and is considered as a major mediator between 

nutrition, gut microbiota and physiology. However, excessive levels of PPA can produce adverse effects, 

including developmental delay, seizures, mitochondrial dysfunction, or negative metabolic and immune changes. 

In our experiments we used propionic acid mediated autism like rat model and investigated the short-term effect 

of single dose PPA administration on social behavior, emotional sphere, and morphological and ultrastructure 

changes in the central nucleus of amygdala in adolescent male Wistar rats. Histological analysis revealed 

decrease of the total number of neurons (5%) and the increase of the glial cells (16%). In both cases, the effect 

was significant (p=0.025; p=0.000). The normal ultrastructure of neurons was mostly maintained, moderate 

swelling of endoplasmic reticulum and the destruction of some mitochondria were the main abnormalities found 

in the neurons. Changes in glial cells were more prominent. Significantly swelled and proliferated astrocyte 

processes, myelin-like or orsmiophilic inclusions, multivesicular bodies, degenerative mytochindria, signs of 

chromatolyses in oligodendrocytes and astrocytes - all these obstructive changes were observed in glial cells. 
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Glial processes ensheathed blood vessels were considerably swallen. Microglial cells were activated and their 

number was slightly increased.  Our results revealed, that even a single, low dose of PPA affects social 

communication/interest, provokes modifications in social communication, and causes some cytoarchitechtonical 

and ultrastructural alterations in central nucleus of amygdala in PPA mediated autism like rat model brain, while 

emotional sphere of experimantal animals was not changed. 

 

T09-025A 

Local and dynamic protein synthesis in perisynaptic processes of hippocampal astrocytes 

N. Mazaré1, M. Oudart1, J. Moulard2, G. Cheung2, A.-C. Boulay1, A. Bemelmans4, S. Le Crom3, N. Rouach2, M. 

Cohen-Salmon1 

1Physiology and physiopathology of the gliovascular unit, Center for Interdisciplinary Research in Biology, 

Collège de France, Paris, FR 
2Neuroglial Interactions in Cerebral Physiopathology, Center for Interdisciplinary Research in Biology, Collège de 

France, Paris, FR 
3Plateforme Génomique, Ecole Normale Supérieure/PSL Research, Paris, FR 
4Département de la Recherche Fondamentale, Institut de Biologie François Jacob, MIRCen, : Commissariat à 

l'Energie Atomique et aux Energies Alternatives, Fontenay-aux-Roses, FR 

 

Astrocytes are the most numerous neuroglial cells in the central nervous system. Through specific physical 

coverage of neuronal processes, they control the formation, maturation and activity of synapses through 

integration of neuronal inputs and modulation of neighboring synaptic elements. Astrocytes also possess 

endfeet-terminated processes that contact blood vessels and fully sheath the brain vascular system. At this 

interface, they display a specific molecular repertoire, which enables them to regulate perivascular homeostasis, 

blood-brain barrier integrity, crosstalk with the peripheral immune system and vessel contractility in response to 

neuronal activity. How astrocytes integrate and regulate neuronal and vascular signals is a question of prime 

importance. Notably, alteration of astrocyte polarity is associated with several neurological diseases, including 

epilepsy and ischemic brain damage. In our laboratory, we recently identified the presence of astroglial 

polysomes distributed in astrocyte perisynaptic (PAP) and perivascular processes. We also showed that local 

protein synthesis occurs in astrocytic perivascular endfeet and characterized the pool of polysomal mRNAs at 

the vascular interface. This study demonstrated that, as described in neurons, astrocytes locally synthesize 

proteins to perhaps temporally and spatially control their protein delivery and abundance in distal processes in a 

rapid and activity-dependent manner.  

Here, we characterized the PAP-enriched polysomal transcriptome of astrocytes in the mouse dorsal 

hippocampus. To achieve this goal, we used a transgenic mouse line expressing eGFP-tagged ribosomes under 

the Aldh1l1 astrocyte-specific promoter, combining isolation of synaptogliosomes with TRAP (Translating 

Ribosome Affinity Purification) to isolate polysomal mRNAs from astrocyte perisynaptic processes specifically.  

We isolated polysomal mRNAs from whole astrocytes and PAPs from the dorsal hippocampus of adult mice and 

performed RNA Sequencing. We identified the presence of known markers of astrocytes such as Gfap and 

Aqp4, but found no contamination from markers of other neural cell types, demonstrating the specificity of the 

extraction. 

Comparison of transcripts present in whole astrocytes to those present in PAPs allowed for identification of 137 

PAP-enriched transcripts. Interestingly, some of the most enriched transcripts in PAPs are involved in processes 

such as translation, cytoskeleton dynamics and iron homeostasis. The particular role of these mRNAs at this 

interface needs to be further explored. Our next objective is to study the relevance of this local repertoire by 

characterizing its possible variation in response to physiological changes. 
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The role of glial monocarboxylate transporters in the peripheral nervous system 

F. Bouçanova1, A. Temporão1, E. Domènech-Estévez1, H. Baloui1, J.-J. Médard1, L. Pellerin2, R. Chrast1 

1Department of Neuroscience, Karolinska Institutet, Stockholm, SE 
2Department of Physiology, University of Lausanne, Lausanne, CH 

 

In the peripheral nervous system, Schwann cells (SC) provide neurons with electrical insulation and 

trophic/metabolic support. The presence of monocarboxylate transporters (MCTs) on both neurons and glia 

suggests that lactate/pyruvate (high-energy substrates) could be important energy sources for long peripheral 

axons. We hypothesize that glial MCTs are relevant for long-term maintenance of axonal function. To test this 

hypothesis, we are characterizing two novel conditional knockout mouse models in which MCT1 or MCT4 are 

ablated from SC by MPZ-Cre-driven recombination. Early results indicate that while absence of MCT1 leads to 

changes in motor fibers, inactivation of MCT4 seems not to have any detectable effect on the structure and 

function of the PNS. These data add to the growing body of evidence that lactate/pyruvate are important for 

energy homeostasis of the nervous system and provide insight into the role of individual MCTs in the PNS. 

 

T09-027A 

Functional and proteomic analysis of perisynaptic astrocyte processes during memory consolidation 

A. Badia Soteras, A. Smit, M. Verheijen 

Molecular and Cellular Neurobiology/ Center of Neurogenomics and Cognitive research, Vrije Universiteit, 

Amsterdam, NL 

 

In the recent years, astrocytes have emerged as crucial regulators of synaptic transmission and plasticity; they 

respond to neurotransmitters and in turn release gliotransmitters. Structurally, astrocytes cover the synaptic 

neuropil through their perisynaptic processes, which are highly dynamic filopodia-like structures that shape the 

synapse in an activity-dependent manner.  Accordingly, activity-dependent morphological changes of 

perisynaptic astrocyte processes (PAPs) are of great significance when studying synaptic plasticity, especially 

since synaptic remodelling is an important player in learning and memory. Nonetheless, these PAPs are 

extremely thin, making them very challenging to study from a physiological and biochemical perspective. Here, 

we used fear conditioning, a well-established paradigm for hippocampus-dependent spatial memory, to 

investigate PAP proteins regulated during synapse consolidation. Hippocampal synaptosomes were isolated and 

analysed with mass spectrometry using FASP-SWATH analysis. We found several astrocyte-specific proteins to 

be regulated upon synapse consolidation. Cas9-mediated genome editing was performed to permanently knock 

out (KO) Ezrin specifically in adult hippocampal astrocytes, and to determine their function in memory 

consolidation. Ongoing experiments are focus on better understanding how the manipulation of Ezrin, and 

thereby PAPs morphology, affects synaptic transmission and synaptic coverage during an hippocampus-

dependent memory task. 
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Aging axons become more vulnerable to aglycemia despite proficient regulation of ANLS by aging 

astrocytes 

S. Baltan1, C. Bastian1, C. Franke1, J. Quinn1, B. Ransom2, A. Faris1, C. Doherty1, S. Brunet1 

1Neurosciences, Cleveland Clinic, Cleveland, US 
2Neurology, University of Washington, Seattle, US 

 

The astrocyte-neuron lactate shuttle (ANLS) is an essential metabolic support system for the uptake of vascular 

glucose, storage as glycogen in astrocytes, and providing glycogen-derived lactate for axon function when there 

is need for increased activity or when glucose is unavailable. Aging intrinsically increases the vulnerability of 

white matter (WM) to injury. Therefore, we investigated the regulation of this shuttle to understand vascular-glial 

metabolic coupling to support axon function during aging in different WM tracts. Aging astrocytes displayed 

larger cell bodies and thicker processes that extended parallel to axons, in contrast to shorter, thinner processes 

of young astrocytes that vertically transected axons. Aging axons recovered less following aglycemia in mouse 

optic nerves (MONs) compared to young MONs, although providing lactate during aglycemia equally supported 

young and aging axon function. Incubating MONs in high glucose (30 mM for 1h) to upregulate glycogen stores 

in astrocytes delayed loss-of-function during aglycemia and improved recovery in both young and aging MONs. 

Interestingly, glycogen-derived lactate benefited aging axons more compared to young axons. Surprisingly, 

providing lactate during recovery from aglycemia suppressed recovery of young axon function, while it had no 

effect on aging axons. Unexpectedly, a mixture of myelinated and unmyelinated axons of corpus callosum 

showed greater resilience to aglycemia and sustained their function fully when lactate was available during 

aglycemia. Aging axons become more vulnerable to aglycemia despite sustained and proficient ANLS 

performance of aging astrocytes, and lactate is a universal substrate buffer for axons independent of their 

myelination content and age. 
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Astrocytes in the ventromedial hypothalamus modulate anxiety behavior through regulating SF-1 neuron 

activities 
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The steroidogenic factor-1 (SF-1) neuron in ventromedial hypothalamus (VMH) is important in regulating anxiety 

behavior. Accumulating evidence has revealed that astrocytes play key roles in anxiety modulation in several 

brain areas, including hippocampus and amygdala. However, the exact role of astrocytes in VMH to regulate SF-

1 neurons’ activities and modulate anxiety is unclear. Based on our previous electrophysiological recordings, SF-

1 neurons in VMH could be divided into three subtypes (silent, tonic and burst). All three subtypes distribute 

equally in wild type mice, whereas burst firing SF1 neurons become dominant in chronic stress-induced anxiety 

mice. In present study we employed pharmacogenetic technique to bi-directionally regulate VMH astrocytes in 

S100β-Cre mice. Activation of astrocytes in VMH resulted in anxiolytic effects, whereas inhibiting these 

astrocytes induce anxiogenic effects in these mice. Furthermore, brain slice recording showed that optogenetic 

activation of VMH astrocytes induces excitatory response of SF-1 neurons, implying that astrocytes might 

modulate anxiety behavior through regulating bursting SF-1 neurons in VMH. Taken together, our study defined 

the important role of VMH astrocytes in regulating mice anxiety behavior, through modulating SF-1 neurons firing 

patterns. Further study is needed to dissect the underlying mechanism of VMH astrocytes regulation of SF-1 

neurons firing patterns. 
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Astrocytes and neurons generated from induced pluripotent human stem cells derived from psychiatric 

patients in 3D co-culture. 
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Astrocytes interacting with neurons play an important role in maintaining synaptic function. For studying their 

contribution to the development of psychiatric diseases, we developed a disease relevant cellular 3D model 

based on astrocytes and neurons generated from iPSCs, which were derived from psychiatric patients.   

In this study, we generated neuronal progenitor cells (NPCs) from iPS cells of psychiatric patients using dual 

SMAD inhibition. After neuronal induction and embryoid body formation cells were dissociated and NPCs could 

be cultivated over several passages.  

For astroglial differentiation, NPCs were treated with CNTF and FGF2 for 10 days and maturated in astrocyte 

maintenance media for additional 30 days. Immunocytochemistry was performed at different time points of 

differentiation, using astrocyte and neuronal markers such as GFAP, S100, Tuj, MAP2, ALDH1L1, EAAT1, 

glutamine synthase and Itgb5. Functional analysis was performed using glutamate uptake assay.  

For neuronal differentiation, NPCs were patterned into midbrain direction using sonic hedgehog signaling. The 

maturation of neurons was supported by adding the neurotrophic factors GDNF, BDNF and TGF beta. To verify 

neuronal phenotype, immunocytochemistry was performed using neuronal markers such as MAP2, Tuj and 
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tyrosine hydroxylase. For functionality testing Calcium imaging was done.  

To study astroglial and neuronal interaction, both cell types were seeded together on Cellevate 3D NanoMatrixTM 

plates. The growth area of these cell culture plates consists of a highly porous and consistent network of 

nanofibers, which allow the cells growing and interacting in three dimensions. Neurons and astrocytes matured 

faster in 3D culture compared to conventional 2D culture and the co-cultures could be maintained for several 

weeks without affecting cell viability. First stainings indicate that neurons develop a very dense neuronal network 

and surrounding astrocytes are in close interaction with them. The Cellevate 3D plates provided an efficient 

matrix for studying neurons and astrocytes in a tissue-like environment. Mounting, staining and high-resolution 

3D imaging is currently under optimization. 

 

T09-033A 

Impact of the life and death of embryonic oligodendrocyte progenitors and interneurons on cortical 

circuits 
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Oligodendrocyte precursors cells (OPCs), also named NG2 cells, are the progenitors of oligodendrocytes (OLs), 

the major myelin-forming cells of the central nervous system (CNS). Regulation of OL cell number is a key 

process allowing for the dynamic myelination of the CNS that highly depends in OPC proliferation and 

differentiation. Our team has shown the existence of a close partnership between cortical GABAergic 

interneurons and oligodendroglia, illustrated by the fact that OPCs mainly receive synaptic input from local 

GABAergic interneurons in the somatosensory cortex. In addition, cortical OPCs form a transient and structured 

synaptic network with interneurons (Orduz et al., 2015). Interestingly, most GABAergic interneurons and the first 

wave of OPCs (firstOPCs) share a common embryonic origin, deriving from two different embryonic regions: the 

Medial Ganglionic Eminence (MGE) and the Preoptic Area (POA). FirstOPCs are believed to completely 

disappear at the end of cortical development while up to 40% of interneurons coming from the same embryonic 

regions are eliminated in the first postnatal week.  

Here we hypothesize the existence of a fine-tuned balance between oligodendrocyte progenitors and their 

ontogenetically related interneuronal partners that can represent an essential step for cortical myelination and 

neuronal circuit maturation during postnatal development. In order to assess the functional impact of the strong 

relationship between firstOPCs and interneurons, we genetically disrupted the balance between these two 

ontogenetically-related cell populations by inducing their survival. We examined how the aberrant persistence of 

firstOPCs and interneurons leads to a dysfunctional myelination, circuit formation and excitatory/inhibitory 

imbalance in the adult. 
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Non-random formation of the ‘tripartite synapse’ in layer 2/3 of rat barrel cortex. 
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The goal of this work was to examine whether the contact of peripheral astrocytic process and a chemical 

synapse is established by chance. In order to check it the actual frequency distribution of contacts between 

astrocytic and perisynaptic neurite membranes in L2/3 of rat barrel cortex was compared with the modelled 

frequency distribution of this event calculated for the case of random meeting of the two membranes.  

Materials and methods: Adult male rats (9-11 weeks; Sprague Dawley, SFedU, Russian Federation), 280-

320 g, a total of 5 animals were used. From each animal, 3 samples of the barrel cortex were examined, from 

which 10-15 ultrathin sections were made for TEM. The pre-embedding step was carried out by an IHC reaction 

with antibody specific to astroglial marker s100β (PA0900, Leica) and with a peroxidase label. A test system, 

which is a 500nmX500nm cell grid with a total area of 100 µm2, was randomly superimposed on neuropil images 

(magnification x 25 000) (Fig. 1A).  

Results: We have assumed that in case of random meeting of astrocyte and synapse the frequency distribution 

of this event obeys the Poisson law (as it is best suited for rare events) with mathematical expectation (λ) 

numerically equal to the probability of astrocytic and perisynaptic neurite membranes meeting (PPSAM) while 

moving along an imaginary line through a neuropil. This probability could be determined as doubling of the 

product of the probabilities of two independent events (since there could be two variants of the joint event: 

astrocyte membrane / neurite membrane and vice versa) numerically equal to mean frequencies of astrocyte 

membrane (PAM = 0.108) and perisynaptic neurite membrane (PPSM = 0.012) intersections relative to total 

number of intersections with test system in 350 tests (Fig. 1B).   

[РPSAM= 2РAM*РPSM]  

Therefore, the value of λ for the theoretical distribution was λ=2.6 for L 2/3 of rat barrel cortex. This is expressed 

as the number of favorable events per total of 1000 events (λ=1000*РPSAM).  

Another 350 tests were taken to determine the real frequency distribution of two membranes meeting. Resulting 

frequencies of contacting membranes intersection with test system were also recalculated for the total of 1000 

events. The  obtained experimental frequency distribution do not correspond to the calculated distribution and is 

clearly shifted to the right (χ2 = 11232.113, df = 3 (adjusted), p = 0.000), i.e. the actual frequency of the two 

membranes meeting is higher than the calculated one (Fig. 1C).  

This observation proves that the contact between chemical synapse and astrocytic process is not established by 

chance in L2/3 of rat barrel cortex. 
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How does neuronal activity regulate multiple aspects of myelination in vivo? 
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Neuronal activity can adaptively regulate oligodendrocyte development and myelination: for instance, disrupting 

activity-regulated neuronal vesicle release in the zebrafish spinal cord reduces oligodendrocyte number and 

myelin sheaths, while stimulating it increases myelination. However, the exact cellular and molecular 

mechanisms by which neurotransmitters relay activity-related information to oligodendrocytes and regulate their 

development and myelination is incompletely understood, especially at a single-axon level. This is due to the 

difficulty in imaging both phenomena concurrently in vivo. Furthermore, whether adaptive alterations to 

oligodendrocytes and to myelination are mediated by the same or separate mechanisms is unknown. For 

instance, release of neurotrophin-containing vesicles (e.g. BDNF) could mediate some aspects of activity-

regulated myelination, but its role remains largely unexplored in vivo.    

We use the transparent developing zebrafish as an imaging platform to investigate these interactions in vivo. We 

first visualized vesicle release concomitant with myelination by expressing an optimized synaptic vesicle 

reporter, SypHy (which only fluoresces upon exocytosis), in individual axons. By timelapse imaging, we were 

able to resolve vesicle release events along individual CNS axons and their branches in vivo. We found synaptic 

vesicle release not just in unmyelinated presynaptic terminals, but also along the main axonal shaft. With our 
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axonal reporter of myelination, we verified that vesicle release occurs along the axon both prior to and during 

myelination, and in myelinated and unmyelinated segments. We are now employing glutamate sensors to 

confirm that oligodendrocytes detect glutamate contained in these synaptic vesicles. Our data indicate that direct 

synaptic vesicle release at the axon-sheath interface is well poised to regulate the formation, growth and stability 

of myelin, and we are now investigating how axonal vesicular release contributes to calcium activity signatures in 

developing myelin sheaths. In agreement with a stimulatory role, we found that chemogenetically increasing 

neuronal activity along individual reticulospinal axons accelerated sheath growth.  

In parallel, we genetically disrupted snap47, a SNARE protein dispensable for synaptic release but necessary for 

neurotrophin exocytosis (e.g. of BDNF). In snap47 mutants, we found fewer spinal cord oligodendrocytes, with 

no derangement to their myelinating capacity, suggesting that neurotrophins can regulate oligodendrogenesis 

independently of myelination. We are now investigating the role of candidate peptidergic vesicle cargoes, 

including BDNF and other neuropeptides, in oligodendrogenesis. 
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Maintaining higher social rank is critical for the survival in animal society. It has been suggested that neuronal 

potentiation mechanisms in the dorsomedial prefrontal cortex (dmPFC) are involved in the maintenance of 

dominance hierarchy, yet putative role of astrocyte in dominance hierarchy has not been investigated. In this 

study, we discovered that astrocyte enhances excitatory synaptic inputs of pyramidal neuron at layer V of 

dorsomedial prefrontal cortex (dmPFC) by glutamate release without affecting action potential firing rate. This 

synaptic strength change made the subordinates to be dominant by increasing endurance behavior to the 

opponent. Interestingly, contrary to neuron, dmPFC astrocyte manipulation to subordinate mice in the home 

cage induced both hierarchical rank change and its maintenance without prior winning experience. These 

provide that higher rank in the social group can be reached via astrocyte modulation. 
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In vivo imaging of microglial-mediated synaptic pruning in the Xenopus laevis retinotectal circuit and 

modulation by the complement system 
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There is mounting evidence that microglia shape synaptic circuits by engulfment of unwanted synapses. This 

hypothesis is supported mainly by histological and immunohistochemical evidence demonstrating that microglia 

contain engulfed synaptic material. However, because apoptosis is a common developmental event, synaptic 

material found in microglia could instead be debris from degenerated neurons. We therefore developed an assay 

to measure synaptic pruning from living neurons in intact Xenopus laevis tadpoles and examined the possible 

participation of complement activity.  

Microglia were labelled by intraventricular injection of an IB4-isolectin conjugated fluorophore. Small numbers of 

retinal ganglion cells (RGC) were electroporated with plasmids encoding: pH-stable GFP, synaptophysin::pH-

stable GFP, pH-stable GFP and amphibian regulator of complement activation protein 3 (ARC3), or pH-stable 

GFP and synaptobrevin::complement component 3 (VAMP2::c3). Images in the optic tectum were captured by 2-

photon microscopy.  

Microglia appeared to survey and interact with RGC axons. Real-time imaging of microglia demonstrated 

interactions of microglia with pH-stable GFP labelled axons resulting in increased green fluorescence within 

interacting microglia. Daily imaging studies using pH-stable GFP also demonstrated a significant accumulation of 

green fluorescent material in microglia over days. Animals in which apoptosis of a GFP-expressing axon was 

detected were excluded. Similar results were observed when axons expressed a synapse localized pH-stable 

GFP, synaptophysin::pH-stable GFP.  

Microglial depletion with a CSF1R antagonist resulted in increased RGC axon branching, but no change in axon 

length. PCR demonstrated that ARC3 was expressed in whole tadpoles and in the retina. By 

immunohistochemistry, ARC3 was colocalized with SV2, demonstrating that ARC3 can be found within or near 

synaptic vesicles. Overexpression of ARC3 in RGCs increased axon branching and axon length. Conversely 

expression of VAMP2::c3 reduced axon branching and axon length.  

The data in this study support the hypothesis that microglia accumulate synaptic material during normal 

development by trogocytosis. Depletion of microglia resulted in enhanced RGC axon branching, consistent with 

the hypothesis that microglial trogocytosis suppresses axonal branching during healthy development. Inhibition 

of the complement system with ARC3 increased RGC axon branching and length, consistent with a reduction in 

trogocytosis. Enhancement of the complement system with VAMP2::c3 resulted in reduced axon branching and 

length, consistent with an increase in trogocytosis. These results support the hypothesis that the complement 

system regulates microglial trogocytosis of axons. 
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Astrocytes are increasingly being recognized as active players for neuronal synaptic communication, with 

multiple functions for central nervous system physiology. Nevertheless, astrocytes are typically considered as 

modulators of core mechanisms driven by the neuronal components, or are thought to provide metabolic fine-

tuning for neuronal function.  

We have now found conclusive evidence that challenges this view, specifically for a form of synaptic plasticity 

involved in cognitive function: NMDA receptor-dependent long-term depression (LTD) in the hippocampus. Even 

though the molecular mechanisms for LTD are still being elucidated, the basic sequence of events that leads to 

synaptic depression appears to be well established (and widely accepted): prolonged, low-frequency release of 

glutamate from the presynaptic terminal, activation of postsynaptic NMDA receptors and engagement of specific 

signaling cascades that lead to the removal of AMPA receptors from the postsynaptic membrane.  

We show that astrocytes are integral components (necessary and sufficient) for this form of synaptic plasticity 

and limits memory persistence in vivo. We found that LTD induction (low frequency presynaptic activity) triggers 

calcium signaling in the astrocyte and enhances astrocytic glutamate release. This source of glutamate is then 

responsible for the activation of postsynaptic NMDA receptors and synaptic depression. In fact, presynaptic 

activity can be completely bypassed by optogenetic activation of astrocytic glutamate release, which is then 

sufficient to induce LTD. Importantly, using cell type-specific genetic deletions, we demonstrate that astrocytic 

(but not neuronal) p38a MAPK mediates glutamate release from the astrocyte, and is required for LTD. 

Furthermore, astrocytic p38α MAPK has an impact on long-term memory in vivo consistent with its role in LTD.  

This result also serves to clarify the role of p38 MAPK in LTD, which had been rather controversial because of 

the failure to identify the neuronal locus (presynaptic or postsynaptic) where it was acting. We now conclude that 

p38a MAPK signaling for LTD is confined within the astrocyte. 
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NG2 glia in grey matter receives direct synaptic input from glutamatergic and GABAergic neurons. However, the 

functional consequence of this input is not yet understood. During development, NG2 glia upregulates Kir4.1 

channels, leading to low membrane resistance and a resting potential close to the K+ equilibrium potential. To 

test if Kir currents regulate the efficiency of synaptic activation of NG2 glia, we generated NG2-CreERT2 knock-

in mice where conditional knockout of the Kir4.1 gene upon tamoxifen administration is induced. Functional, 

molecular, morphological and behavioral consequences were subsequently characterized.  

In tamoxifen-treated mice, semi-quantitative RT-PCR of FAC sorted NG2 glial cells proved a downregulation of 

Kir4.1 mRNA to 13% in the hippocampus. NG2 glia devoid of Kir currents displayed more positive resting 

potentials as compared to Kir-expressing cells and a significantly increased membrane resistance. Monitoring 
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responses upon Schaffer collateral stimulation revealed similar EPSC amplitudes in Kir-deficient NG2 glia 

compared to control cells. Interestingly, short-term plasticity of neuron-NG2 glia synapses was affected as the 

presynaptic transmitter release probability at neuron-recombined NG2 glia synapses was enhanced. 

Moreover,  mEPSP amplitudes were enhanced and the time constant of voltage decay was prolonged in Kir4.1 

deficient glial cells. To investigate the impact of Kir4.1 deletion in NG2 glia on neural signaling, field potentials 

were recorded in the hippocampus after stimulation of Schaffer collaterals. Long term potentiation (LTP), 

induced by theta-burst stimulation, was significantly impaired in the hippocampal CA1 region of mice with NG2 

glia-targeted Kir4.1-deficiency. Despite impaired LTP, Kir4.1-deficient mice showed increased novelty preference 

in the object location recognition test, and improved new partner preference in the partner recognition test. 

These findings suggest an improved declarative and social memory of mice lacking Kir4.1 in NG2 glial cells. In 

the hippocampus, NG2 glia-targeted deletion of the Kir4.1 gene entailed an increase of MBP and MAG mRNA in 

recombined cells and an upregulation of MBP protein 8 weeks after tamoxifen injection. These findings show 

that Kir4.1 channels in NG2 glial cells regulate their excitability, influence myelination and are important for 

proper hippocampal synaptic plasticity and behavior.   
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Astrocytes build networks via the gap junction channel (GJC) proteins connexin (Cx)43 and Cx30, which allow 

for dissipation of extracellular ions, preventing neuronal hyperactivity1. In human temporal lobe epilepsy (TLE) 

with hippocampal sclerosis (HS) astrocytic coupling is completely lost2. We have previously shown in a kainate 

(KA) model of TLE-HS, that loss of astrocyte coupling precedes neuronal death and seizure generation and is 

caused by cytokine-induced phosphorylation at the C-terminus of Cx43. However, the precise time point at which 

astrocyte uncoupling is initiated following KA injection remains unknown. Here, we examined astrocyte coupling 

1 h post KA injection using whole-cell patch clamp recordings in acute hippocampal (CA1) brain slices. Our 

results demonstrate impaired GJ coupling on the injected compared to the non-injected hemisphere. However, in 

contrast to the 4 h post KA time point, neither an increase in IL-1ß or TNF-a nor any indication for a release of 

HMGB-1 could be detected 1 h post KA injection. Interestingly, however, application of the soluble TNF-a 

inhibitor XPro1595 prior to KA injection prevents GJ uncoupling at 1 h. Importantly, we observe significant 

cytoskeletal changes of GFAP+ astrocytes and increased phosphorylation at the Cx43 C-terminus on the 

injected- vs. non-injected hemisphere. As a next step, we will investigate whether interactions between TNF-α 

and purinergic signaling cause GJ uncoupling in astrocytes by applying both agonists (MRS-2365) and 

antagonists (MRS-2179) of the P2Y1 receptor together with TNF- α in situ as well as in vivo in our KA model. 

Additionally, to determine the source of TNF-α in our model, we currently apply the colony-stimulating factor 1 

inhibitor PLX5622 which depletes about 60% of microglia in the brain of KA-injected mice following 21 days of 

oral application. Together, our data suggest that dysfunctional astrocytes are responsible for the initiation of 

epileptogenesis. 
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Synapses consisting of pre- and post-synaptic part are elemental units of information processing in the brain. 

Recent findings indicate that astrocytes, as well as, extracellular matrix (ECM) components, are essential 

elements of the ‘tetrapartite synapse’. Astrocytic processes are associated with synapses, enwrapping and 

interacting with dendritic spines and synaptic terminals. While studies on structural synaptic plasticity have 

focused on neuronal elements, the molecular mechanisms underlying structural–functional plasticity of 

astrocyte–neuron relationships remain poorly understood. The CD44, a transmembrane receptor for hyaluronan 

is highly expressed in astrocytes in the CNS. However, the role of CD44 in astrocytes in physiological conditions 

in the brain, remains largely unknown. The aim of our work was to determine whether specific CD44 deficiency 

in astrocytes affects morphology of dendritic spines located on hippocampal neurons. In order to ablate CD44 

specifically in astrocytes, we injected adeno-associated virus (AAV) viral particles expressing GFP or Cre 

recombinase protein under control of the GFAP (glial fibrillary acidic protein) promoter into the hippocampi of 

CD44fl/fl transgenic mice.  

We compared dendritic spines of the hippocampal neurons of adult control (WT) or GFAP-Cre infected 

(CD44KO) mice. Using diolistic labeling of neurons, confocal microscopy and custom-developed SpineMagic 

software, we analyzed dendritic spine morphology.  

We observed decrease in dendritic spine length and head width in dentate gyrus neurons in astrocyte-specific 

CD44 knockout mice comparing to controls. Our results suggest that astrocytic CD44 can play a role in the 

regulation of dendritic spine morphology of hippocampal neurons. 
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Huntington's disease (HD) is a genetic, adult-onset, neurodegenerative disorder caused by the expansion of the 

CAG tract in the gene encoding the huntingtin (HTT) protein. The main symptoms include motor, cognitive and 

psychiatric decline and they are associated with neuronal dysfunction, striatal atrophy and progressive loss of 

striatal and cortical neurons.  

One of the pathways affected in HD is related to brain cholesterol metabolism (Valenza and Cattaneo, Trends 

Neurosci 2011). Cholesterol plays many fundamental roles in the brain and it is essential for axons and dendrites 

formation and maintenance. Circulating or dietary cholesterol cannot cross the blood-brain barrier (BBB), thus 

cholesterol homeostasis in the brain totally depends on the endogenous biosynthesis. Cholesterol biosynthesis 

and content are reduced in the brain of seven different HD models (Valenza et al., J. Neurosci 2005; Valenza et 

al., Hum Mol Genet 2007; Valenza et al., J. Neurosci 2010; Shankaran et al., Neurobiol Dis 2017). This 

dysfunction is measurable also in HD patients (Leoni et al., Brain 2008; Neurobiol Dis 2013).  The underlying 

molecular mechanism is a reduced activity of Sterol Regulatory Element Binding Protein 2 (SREBP2), the 

transcription factor that activates the expression of many genes involved in cholesterol synthesis (Valenza et al., 

Cell Death Differ 2015).  

In the adult brain, cholesterol is produced by astrocytes and it is delivered to neurons (Mauch et al., Science 

2001). Our previous findings demonstrated that HD astrocytes produce and release less cholesterol bound to 

ApoE-containing lipoproteins into the medium, compared to control astrocytes, leading to neuritic defects. Of 

note, the over-expression SREBP2 in astrocytes rescued neuritic defects in HD neurons (Valenza et al., Cell 

Death Differ 2015), suggesting that astrocyte-mediated cholesterol homeostasis could be a potential target to 

ameliorate neuronal dysfunction in HD. Similarly, we demonstrated that cholesterol supplementation to the brain 

was able to ameliorate synaptic defects and prevent cognitive decline in HD mice (Valenza et al., EMBO Mol 

Med 2015).  

Our aim is to enhance endogenous cholesterol biosynthesis in the striatum in order to ameliorate neuronal and 

synaptic dysfunction in HD mice. To this end, we produced an adeno-associated viral vector carrying hSREBP2 

fused to TdTomato under the control of the minimal GFAP promoter (AAV2.5-gfaABC1D-hSREBP2-TdTomato). 

Here we show that the hSREBP2 transgene is expressed in glial cells and is able to stimulate endogenous 

cholesterol biosynthesis by 4 weeks post striatal injection in HD mice. 
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Epilepsy is one of the most common neurological disorders, affecting approximately 1% of people worldwide 

across the age-span. It is characterized by spontaneous recurrent seizures. Despite many studies about the 

involvement of microglial cells in the pathophysiology of epilepsy and their comorbidities, it is still unclear 

whether microglial functions are beneficial or harmful for hyper excited neurons.  

By combining a genetic model of epilepsy in zebrafish with transgenic lines expressing fluorophores in microglial 
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cells as well as a fluorescent calcium sensor in neurons, we monitored neuronal activity as well as microglial 

phenotypes in real-time. We also looked at the effect of microglial depletion on the neuronal activity through 

calcium imaging. Finally we assessed the consequences of the brain hyperactivity on the locomotor behavior of 

the larvae.  

Our work shows real-time microglial dynamic in a living hyper-excited zebrafish brain and demonstrates the 

modulation of the brain activity by microglial cells, underlying the interest of targeting these cells in order to 

develop new anti-epileptic treatments. 
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Homeostatic synaptic plasticity (HSP) is a form of synaptic plasticity which promotes neuronal circuit stability by 

inducing compensatory changes in synaptic strength. Pre and postsynaptic mechanisms underlie HSP including 

changes in the probability of neurotransmitter release and the abundance of postsynaptic receptors, 

respectively. Glial cells are active partners of pre and postsynaptic neurons during synaptic transmission at the 

so called ‘tripartite synapsis’. In particular, astrocytes are capable of sensing and modulating synaptic activity by 

the release of gliotransmitters (glutamate, ATP, D-serine, TNF-alpha). However, until now little is known about 

the molecular mechanisms that mediates the role of glial cells in the homeostatic regulation of presynaptic 

function. In this scenario, we aimed to determine the importance of astroglia in presynaptic HSP and to 

investigate whether glial connexin 43 hemichannels (Cx43HCs) and pannexin 1 (Panx1) channels, recently 

involved as release pathways for gliotransmitters during neuron-glia interactions, participate in this form of 

synaptic plasticity. Dissociated murine hippocampal cultures were used and changes in presynaptic function 

were assessed by measuring the abundance of synaptic vesicular glutamate transporter 1 (vGlut-1) in different 

experimental conditions. To investigate the involvement of Cx43HCs and Panx1 channels, specific inhibitors 

were used. Changes in the expression of Cx43 and Panx1 and in hemichannels/pannexons activity were studied 

by immunofluorescence and by ethidium bromide uptake, respectively. Our results suggest that: 1) astrocytes 

are essential for the induction and/or maintenance of presynaptic HSP induced by chronic inactivity of the circuit, 

2) soluble factors released by glial cells mediate this process, 3) Cx43HCs and Panx1 channels are necessary to 

trigger the homeostatic adjust in presynaptic function. Together, these results highlight an important role of 

neuron-glia crosstalk in the homeostatic modulation of presynaptic function, with an essential participation of 

Cx43 and Panx1 channels in this process.  
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Regulatory role of astrocytes in a neural network model in response to different types of neuronal 

activity. 
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Increasing evidences indicate that astrocytes have an important role in epilepsy. In fact, a loss of gap junctions 

has been seen to promote spontaneous neuronal hyperactivity. Here, we study the role of astrocytes to balance 

the hyperactivity using computational approaches. Previously, an in-silico neuron-astrocyte model has been 

developed in our group. The model simulates the communications between astrocytes and pre- and a 

postsynaptic neurons in synapses, and also between astrocytes through gap junctions. To model the functions of 

astrocytes in a neural network, we ran simulations with 250 neurons and 107 astrocytes. Firstly, to evaluate the 

response of the network to different presynaptic stimuli, we ran simulations with two different trains of pulses - at 

2 and 5 Hz – in a time window of 30 s. We tested the two cases with and without astrocytes in the network and 

we analysed the spike rates in three time windows – before, during and right after the stimulus. Moreover, we 

evaluated the role of the astrocytic network in counterbalancing neuronal hyperactivity by varying the average 

number of gap junctions per astrocyte. In this second study, no stimulus was presented but three different noise 

levels have been used to simulate intrinsic low, medium and hyperactivity.  

The results of the first set of simulations showed that the response of the neuron-astrocyte network is correlated 

to the frequency of the stimulus. As expected, the neuronal spike rate increased when increasing the frequency 

of pulses. Before the stimulus, the spikes rates in the cases with and without astrocytes were not statistically 

different. During and right after the stimulus, the spike rate was lower when astrocytes were present in the 

network, showing a regulatory effect on the activity. In the second set of simulations, the spike rates between the 

different levels of astrocytic connectivity were not significantly different in case of low neuronal activity. In case of 

medium and hyperactivity, astrocytes showed an increased capability of down-regulating neuronal activity when 

the average number of gap junctions per astrocyte was increased.  

Our results suggest a controlling role of astrocytes on the neuronal activity by downregulating it when it gets 

high. The regulatory effects depended on the connectivity of the astrocytes. Our results are in accordance with 

several in vivo experiments from different laboratories, which confirmed the regulatory role of astrocytes on the 

neuronal network activity. 
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There is increasing evidence for the importance of microglia in regulating brain development and function. Yet 

we lack a deep understanding of the full impact these cells have on the brain as well as the molecular 

mechanisms that govern their interactions with their surrounding environment. Here, we investigate the role of 

Signal Regulatory Protein Alpha (SIRPα) in regulating microglial biology. Our previous work revealed that via 

interaction with its canonical binding partner CD47, SIRPα can modulate microglial engulfment of synapses 

(Lehrman et al. Neuron 2018); however, interaction with CD47 alone does not explain all our observed microglial 

phenotypes. For instance, in microglia that lack SIRPα, even the simple engulfment of latex beads was 

increased, demonstrating SIRPα can modulate microglial engulfment independent of CD47 signaling.  

In order to gain insight into previously undescribed, cell autonomous functions of SIRPα in microglia, we purified 

primary mouse microglia, immunoprecipitated SIRPα, and identified its interacting proteins with mass 

spectrometry. These experiments revealed numerous interactions between SIRPα and proteins involved in 

endosome biology; a novel finding as SIRPα was not known to associate with or to regulate endosomes. 

Building on these results, we showed that SIRPα is enriched on early endosomes and regulates the maturation 

of a specific subpopulation of endosomes - the recycling endosomes. Examining the molecular properties of the 

early-recycling endosome population, our data suggested that without SIRPα, recycling endosomes fail to lose 

early endosomal properties in a timely manner. Thus, SIRPα has an important, previously underscribed cell-

autonomous role in microglial endosomal function, a vital pathway for these phagocytic cells. 
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Alzheimer’s disease (AD) is a neurodegenerative disorder characterized by cognitive decline and the deposition 

of amyloid beta plaques and tau tangles. Activated glia cells, such as astrocytes and microglia, surround the 

amyloid plaques. This activation of glia cells, called gliosis, might be neuroprotective in the removal of the 

plaques, while also detrimental by the release of cytokines by both types of glia leading to damage of neuronal 

structures. The aim of this study is to determine to which extent gliosis contributes to synaptic dysfunction, and 

how this ultimately leads to cognitive impairment in AD. The commonly used AD mouse model APPswe/PS1dE9 

was used to study the disease. Using immunohistochemistry and Western blotting, we found that specific 

markers of activated astrocytes and microglia were altered in expression in pre-plaque stages. In addition, 

electron microscopy analysis of astrocyte-synapse interactions revealed an altered tripartite synapse 

morphology in early stage AD APP/PS1 compared to controls. Ongoing studies are focused on the 

morphological and molecular process that underlies gliosis-mediated synaptic dysfunction and cognitive 

impairment. 
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Progressive myoclonus epilepsy, EPM1, is an autosomal recessive neurodegenerative disorder characterized by 

age of onset at 6-16 years, stimulus-sensitive and treatment-resistant myoclonus, tonic-clonic seizures and 

ataxia. EPM1 is caused by mutations in the CSTB gene encoding a cysteine protease inhibitor cystatin B. The 

expression level of CSTB in patient lymphoblasts is about 10% of the normal, while a predicted total loss of 

CSTB leads to a neonatal-onset severe progressive encephalopathy. Significant progress has been made in 

understanding the cellular biology of CSTB, however, its physiological function still remains largely unknown.   

The phenotype of the Cstb-/- mouse model correlates with EPM1 disease: myoclonic seizures develop by one 

and progressive ataxia by 6 months of age. Neuropathology is characterized by early-onset post-natal day (P)14 

microglial and P30 astroglial activation, followed by progressive neuron loss. Alterations in the 

electrophysiological properties of GABAergic system are seen already in P7 Cstb-/- mice. Microglia is known to 

use the complement pathway in mediating pruning of synapses in early postnatal development and brain 

maturation. Genes of the complement pathway are upregulated in developing Cstb-/- brain and microglial 

activation manifests as an imbalance between pro-inflammatory and anti-inflammatory polarization as well as 

compromised functional properties including impaired phagocytosis. This study aims to elucidate the role of 

CSTB in the microglia-mediated synaptic pruning and development of neuronal circuits.  

Using histological staining with synaptic and complement markers, confocal microscopy and image analysis with 

Imaris and ImageJ softwares, we studied the synaptic pruning in the Cstb-/- mouse brain, and in a microglia-

neuron co-culture system. In this system the cultured microglia are added on top of the already formed neuronal 

network where they can recognize and internalize synapses marked with complement proteins. Preliminary 

results imply that cultured Cstb-/-microglia have altered pruning capacity and phagocytosis of synaptic material. 

We also found increased number of complement-tagged synapses in the somatosensory cortex of the Cstb-/-

 mice during development, as well as sustained complement protein C1q expression in adulthood. Our results 

suggestthat defective microglia-mediated synaptic pruning affects the formation of neuronal connections thereby 

contributing to neuronal hyperexcitability associated with CSTB deficiency. 
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Through glia-to-neuron communication astrocytes contribute to many higher brain functions. They are able to 

release gliotransmitter such as glutamate and D-serine in response to neuronal activity. Our previous findings in 

cultured astrocytes suggest that gliotransmission might be associated with Rab6. We have shown that cultured 

astrocytes are rich in Rab6A puncta, putative organelles. Further, by subcellular double-immunolabelling Rab6A 

is associated with the trans-Golgi-network (TGN) and primarily with those TGN-derived organelles directed to the 

plasma membrane; they may also display synaptobrevin 2. These organelles are thus identified as exocytosis 

organelles of the constitutive pathway. Since they may also contain glutamate or D-serine, the Rab6a organelles 

might be linked to gliotransmission.  

In order to check the relevance of the cell culture findings we have investigated here the presence of Rab6A in 

situ. The immunostaining of mouse tissue sections shows massive, uniform and ubiquitous presence of Rab6A 

in all brain regions. At higher resolution, the dense Rab6A+ puncta appear in periphal astrocyte processes 

connected to GFAP+ glial stem processes, but astrocytes are not readily recognized at medium magnification. 

Blinded analysis of co-labeling demonstrated that 100% of the cells labelled with the established astrocytic 

markers GFAP, glutamine synthetase, Aldh1L1, or Sox9 are also positive for Rab6A. Of these established 
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astrocyte markers, only with GFAP can Rab6A-single labelled cells be observed (cortex, thalamus), 

demonstrating that Rab6A is contained in all astrocytes. Further blinded colocalization analyses of Rab6A with 

markers of other glia cell types excluded Rab6A localization in microglia (Iba1), NG2 cells (NG2) and white and 

gray matter oligodendrocytes (CNPase). Rab6A, thus is a protein selectively and specifically associated with 

astrocytes. The published astrocyte transcriptome analyzes cannot be used for confirmation because no subtype 

specific Rab6A probe is contained in the gene chip. Rab6A was found to adopt varying subcellular distribution 

patterns, which were classified into four types. In order to check whether these findings can be transferred in 

principle to the human, cortex tissue from epilepsy surgery was examined. Again, Rab6A stains astrocytes.  

In summary we establish Rab6A as an astrocyte-specific marker. Rab6A might thus constitute an organelle 

system for glia-neuron communication also in situ, with a potential role of Rab6A in neuropathological and 

physiological processes. 
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In mammals, the suprachiasmatic nucleus (SCN) of the hypothalamus is the pacemaker which coordinates 

circadian rhythms in the central nervous system (CNS) and across the entire body. However, little is known 

about how the different cellular clocks in the CNS are effectively synchronized. Astrocytes have persistent 

circadian clock gene expression and a series of recent works have revealed their important roles in entraining 

rhythmicity in neurons. Hence, we hypothesized that astrocytes might also define communication channels to 

synchronize distant neural populations. To prove this, we adopted an in vitro research approach based on a lab-

on-a-chip microfluidic device developed in our laboratory. This device allows growing and compartmentalizing 

distinct neural populations connected through a network of astrocytes. By taking advantage of our device, we 

synchronized neural clocks in one compartment and analyzed the astrocyte role in spreading molecular clocks to 

a distant neural network grown in a second compartment. Quantitative real-time polymerase chain reaction 

(qPCR) profile of clock genes expression over time indicates that synchronous neurons can synchronize 

astrocytes and, in turn, these astrocytes can synchronize the distant neuronal population. To investigate the 

mechanism underlying astrocyte-to-astrocyte intercellular signaling, we used Gap26 as a blocker of 

hemichannels and gap junctions between astrocytes. Interestingly, our results show that in presence of Gap26, 

the two neuronal population remained asynchronous. These findings suggest that astrocyte networks can 

synchronize the clock of segregated neuronal populations and that intercellular communication between 

astrocytes is required. 
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Myelination in the central nervous system depends on axon-oligodendrocyte lineage cell (OLC) interaction. We 

have suggested that local [Na+]i and [Ca2+]i signaling occurring in OLC processes can influence local myelin 

synthesis in OLCs. Experiments were performed in cultured OLCs at day in vitro (DIV) 2-6. Myelin basic protein 

(MBP) is an essential component of myelin and its absence results in severe hypomyelination. Synthesis of 

MBP, an “executive molecule of myelin”, was used as readout of myelination in OLC cultures. 

Immunohistological data revealed that MBP synthesis in cultured OLCs starts around DIV4. Similarly, transient 

elevations of resting [Na+]i and [Ca2+]i were observed at DIV4-5. Treatment of OLCs with the culture medium 

containing elevated [K+] (+5 mM, 24 hours) decreased resting [Na+]i  and facilitated MBP synthesis. Blockade of 

Na+,Ca2+ exchanger (NCX) with KB-R7943 (1 µM, 12 hours) elevated resting [Na+]i and decreased MBP 

synthesis, indicating that NCX influences the latter. Blockade of Na+,K+-ATPase (NKA) with ouabain (100 nM, 12 

hours) stimulated MBP synthesis. As OLCs express the α2 isoform of NKA (α2-NKA) that has a high affinity for 

ouabain, we hypothesized that α2-NKA mediates this effect. Knockdown of α2-NKA with small interfering 

(si)RNA (α2-siRNA) significantly potentiated MBP synthesis at DIV4 and 5. This effect was completely blocked 

by KB-R7943 (1 µM), an NCX antagonist. α2-NKA ablation increased the frequency of NCX-mediated 

spontaneous Ca2+ transients ([Ca2+]t) at DIV4, whereas in control OLC cultures comparable frequency of 

[Ca2+]t was observed at DIV5. At DIV6 almost no [Ca2+]t were observed either in control or in α2-siRNA-treated 

cultures. Immunocytochemical analyses showed that α2-NKA co-localizes with MBP in proximal processes of 

immature OLCs but is only weakly present in MBP-enriched membrane sheets. Knockdown of α2-NKA in cortical 

slice cultures did not change MBP levels but reduced co-localization of neurofilament- and MBP-positive 

compartments. We conclude that α2-NKA activity in OLCs affects NCX-mediated [Ca2+]t  and in turn the onset of 

MBP synthesis. We suggest therefore that neuronal activity, presumably in form of local extracellular [K+] 

changes, might locally influence NCX-mediated[Ca2+]t  in OLC processes thus triggering local MBP synthesis in 

the vicinity of an active axon. 
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Neuromyelitis optica spectrum disorder (NMOSD) is a relapsing inflammatory CNS disease for which there is no 

cure. Immunoglobulin-G autoantibodies specific for the water channel aquaporin-4 are a serum biomarker, 

believed to induce complement-dependent astrocyte damage with secondary demyelination. To investigate the 

effect of angiotensin AT2-receptor (AT2R) stimulation on NMOSD-like pathology and its underlying mechanism, 

NMOSD-like pathology was induced in mice by intracerebral injection of Immunoglobulin-G isolated from 

NMOSD patient serum, with complement. This mouse model produces the characteristic histological features of 

NMOSD. A specific AT2R agonist, Compound 21 (C21), was given intracerebrally at day 0 and by intrathecal 

injection at day 2. Loss of aquaporin-4 and glial fibrillary acidic protein was attenuated by treatment with C21. 

Administration of C21 induced mRNA for interleukin-10 in the brain. NMOSD-like pathology was exacerbated in 
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interleukin-10-deficient mice, suggesting a protective role. C21 treatment did not attenuate NMOSD-like 

pathology in interleukin-10-deficient mice, indicating the protective effect of AT2R stimulation was dependent on 

interleukin-10. Our findings identify AT2R as a novel potential therapeutic target for the treatment of NMOSD. 

Interleukin-10 signaling is an essential part of the protective mechanism counteracting NMOSD pathology. 
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Sex specific microglia response to transient reduction of neuronal activity 
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Microglia, the immune cells of the brain, actively interact with neurons. In adulthood, surveillant microglia have 

been shown to screen synapses every hour and they respond to neuronal activity as it has been reported for 

neuronal hyperactivity in epilepsy. Anesthetics are used during surgical procedures to induce an unconscious 

state. These drugs act on defined receptors of neurons that temporarily reduce their firing activity. How do 

microglia respond to this change in neuronal activity?  

Here, we report that microglia respond in a sex- and brain-region-specific manner upon administration of the 

anesthetics ketamine/xylazine/acepromazine (KXA). In vivo imaging shows that microglia of both sexes retract 

their processes and rearrange their overall morphology. When we investigated the expression of  the 

endosomal-lysosomal marker Cd68, we found that Cd68 is only upregulated in females after KXA treatment. 

Furthermore, Cd68 relocates from the soma to the distal processes suggesting increased phagocytic activity. 

Selective pharmacological inhibition of the P2Y12 receptor reversed the phenotype and confirms that the effect 

is ATP-mediated. Interestingly, we observed that female microglia are phagocytosing parts of the perineuronal 

nets, which is a physical barrier surrounding parvalbumin-positive cells. This suggests that microglia act on 

inhibitory interneurons to counteract the lack of neuronal excitation under KXA.  

In summary, we show that microglia respond to KXA-induced reduction of neuronal firing in a sex- and brain 

region-specific way, which has important implications in clinical research. 
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During fetal development, cholinergic signaling is necessary for the generation of spontaneous neural activity 

(SNA) in many areas of the central nervous system of vertebrates, including humans. In the spinal cord, SNA 

corresponds to waves of giant depolarizing potentials (GDPs) propagating in cholinergic motoneurons (MNs) 

along the entire length of the spinal cord. Spinal SNA is needed for the proper guidance of motor axons to their 

target muscles, the segregation of motor pools and the formation of intra-spinal motor networks. However, the 

cellular and molecular mechanism underlying its propagation has yet to be resolved. Indeed, while cholinergic 

signaling is known to initiate SNA, MNs are unable to directly activate one another during SNA.   

Radial glial progenitors have previously been shown to facilitate SNA propagation through the release of glycine. 
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Here, we show that radial glial progenitors are depolarized during episodes of SNA. More importantly, we found 

that depolarization of radial glial progenitors result from the ability of a specific subpopulation of these cells to 

generate an action potential (AP) during episodes of SNA. This subpopulation of glial cells was found to be 

contacted by cholinergic fibers from MNs.  Application of acetylcholine or optogenetic stimulation of cholinergic 

MNs (Chat:ChR2-YFP mouse line) was sufficient to trigger a glial AP. Conversely, the initiation of glial APs could 

be blocked by applying antagonists to nicotinic acetylcholine receptors. Once it was triggered, the propagation of 

glial AP along the spinal did not involve any neurotransmitter but relied on the direct electrical coupling of radial 

glial cells by gap junctions. Indeed, in presence of a cocktail of antagonists to cholinergic, glutamatergic, 

GABAergic and glycinergic receptors, a glial AP could still be triggered by direct electrical stimulation and 

propagate along the spinal cord. By contrast, AP propagation was completely blocked by addition of gap junction 

blockers. Finally, we found that optogenetic stimulation of radial glia progenitors (GLAST:CreER x Ai32 mouse 

line) could not only trigger an AP in the radial glia syncytium but also evoke GDPs in MNs. These evoked GDPs 

were identical to spontaneous GDPs observed during SNA.   

Taken together, our results suggest that spinal SNA rely on the unique ability of the radial glial syncytium to 

generate and propagate glial APs in response to cholinergic inputs from MNs. 
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Loss of L-type Ca2+ channels Cav1.2 and Cav1.3 in NG2 glia affects synaptic plasticity 
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NG2 glia are uniformly distributed in gray and white matter of the central nervous system (CNS). They are the 

major proliferating cells in the brain and have the ability to differentiate into oligodendrocytes. NG2 glia do not 
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only receive synaptic inputs from excitatory and inhibitory neurons, but also can secrete gliotransmitters and 

growth factors, which may modulate CNS homeostasis. In presynaptic neurons, Ca2+ influx via voltage-gated 

Ca2+ channels (VGCC) initiates neurotransmitter release. We found that NG2 glia express L-type VGCCs in 

white and gray matter during development as well. However, the functions of VGCCs in NG2 glia remains 

elusive. Therefore, we deleted Cav1.2 and Cav1.3 genes conditionally in NG2 glia by crossbreeding NG2-

CreERT2 knock-in mice to floxed Cav1.2 and flexed Cav1.3 transgenic mice. Three weeks after tamoxifen 

administration at postnatal 7 and 8 days, L-type Ca2+ currents were significantly reduced in mutant NG2 glia. The 

proliferation of cortical NG2 glia was greatly decreased after recombination, but the differentiation was not 

affected. Furthermore, deletion of Cav1.2 and Cav1.3 significantly eliminated NMDA-dependent long-term 

depression in hippocampus and medial prefrontal cortex (mPFC) while the synaptic input to NG2 glia from axons 

remained unaltered. Notably, spontaneous inhibitory postsynaptic currents of pyramidal neurons in the mPFC 

were much larger than controls. These data indicate that L-type VGCCs of NG2 glia are also involved in synaptic 

plasticity. We suggest that Ca2+ influx into NG2 glia via L-type VGCCs mediates the release of gliotransmitters 

and modulates neuronal network activity. 
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The mesolimbic dopamine system originating from the Ventral Tegmental Area (VTA) and projecting to different 

nuclei plays a prominent role in the cognitive processing of aversion, motivation, pleasure and reward, including 

the development of addiction. Glutamatergic synaptic transmission onto VTA dopaminergic neurons is a key 

signalling pathway for the excitability of these neurons driving the switch in the pattern of action potential 

discharges of DA neurons from a tonic, low firing frequency to a phasic, high frequency bursts. DA neuron burst 

firing is a central aspect for the function of brain reward system and it causes both an increased DA release in 

the VTA projecting structures and a local release of DA and endocannabinoids (eCBs) acting within the VTA. 

The glial cells astrocytes are important regulatory elements in the function of different brain areas. They respond 

to different neurotransmitters with Ca2+ elevations through a mechanism that involves the production of IP3 and 

Ca2+ release from IP3-sensitive intracellular stores. In turn, these Ca2+ elevations in astrocytes evoke the release 

of gliotransmitters that regulates neuronal function. Whether a similar mechanism operates in VTA networks 

remains unexplored. To investigate whether and how astrocytes contribute to the modulation of glutamatergic 

synaptic transmission in the reward VTA circuitry, we combined patch-clamp recording techniques and Ca2+ 

imaging experiments in horizontal VTA slice preparations from young mice. We found that astrocytes respond to 

DA and endocannabinoids - that are released from DA neurons - with Ca2+ elevations and in response to this 

signal release glutamate that induces type 1 metabotropic glutamate receptor-mediated long-term potentiation of 

excitatory synaptic transmission onto DA neurons. In conclusion, we propose here that astrocyte signaling 

contributes to long-term plastic changes of glutamatergic transmission in VTA circuitry opening new perspectives 

for the understanding of modulatory mechanisms in brain reward circuits. 
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Independent regulation of targeting and growth orchestrates myelination by oligodendrocytes in vivo 

A.-M. Ristoiu, A. Klingseisen, P.J. Brophy, D.A. Lyons 
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Myelination of central nervous system (CNS) nerve fibres by oligodendrocytes promotes rapid nerve impulse 

conduction due to the clustering of voltage-gated sodium channels (Nav) at the nodes of Ranvier. Axonal 

ensheathment with myelin by oligodendrocytes requires initial axonal selection while avoiding non-axonal targets 

such as neuronal dendrites and cell bodies. Following axonal selection, formation of adhesion complexes 

comprising glial Neurofascin 155 (Nfasc155) and axonal Contactin and Caspr, which normally flank mature 

nodes of Ranvier at paranodes, is necessary to ensure timely node of Ranvier formation but also to regulate 

myelin sheath growth. However, the possibility that this important adhesion complex might regulate axonal 

selection and determine myelin sheath length has not been fully explored.  

Recently, a genetic screen was carried out in zebrafish in which we identified a role for glial neurofascin in 

regulating both myelin targeting and myelin sheath elongation. Thus, we have also studied the relationship 

between the formation of this adhesion complex and both target selection and myelin sheath growth in mice 

lacking intact axoglial junctions. These mice either expressed neuronal Neurofascin (Nfasc186), which is 

required for Nav clustering at the node, on a Neurofascin null background (T186/Nfasc-/-) or they lacked Caspr 

(Caspr -/-). Aberrant myelination of neuronal cell bodies was observed in the dorsal horn of the spinal cord of 

T186/Nfasc-/-; they also had shorter myelin sheath lengths in teased fibres from the ventral funiculus of the spinal 

cord. In contrast, ectopic ensheathment was not observed in Caspr -/- mice, although their myelin sheaths were 

shorter. These results were recapitulated in zebrafish where a neurofascin b (nfasc b) mutant, the ortholog of 

mammalian Nfasc155, showed aberrant myelination of neuronal cell bodies in the spinal cord and reduced 

myelin sheath lengths of single oligondendrocytes. Similar to mice, the absence of Caspr in zebrafish caused 

significant reductions in myelin sheath length, but myelin targeting was much less affected in these animals 

when compared to fish lacking nfasc b.  

Thus, the data indicate that both Nfasc155/nfasc b and Caspr are important in determining myelin sheath length 

whereas Nfasc155/nfascb seems to have a specific role in myelin targeting to axons. 
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24(S)-hydroxycholesterol is a potent modulator of cholesterol metabolism in rat retinal Müller glia   
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Communication between neurons and glia is a major actor of cerebral homeostasis. Tuning cholesterol 

homeostasis to fit with the need  is a critical issue for neuronal health. Indeed, defects in cholesterol metabolism 

have been linked to several neurodegenerative disorders. 24(S) hydroxycholesterol (24(S)-OHC) is the most 

abundant brain oxysterol synthetized by neurons, as an elimination product of cholesterol. It has also been found 

to act as a signalling molecule that participates to cholesterol metabolism regulation in astrocytes, the main 

cholesterol provider for neurons. In the retina, similarly to the brain, 24(S)-OHC is almost exclusively produced 

by neurons, especially the retinal ganglion cells. However it is not known whether 24(S)-OHC is a signal 

molecule in Müller cells, which are the major macroglial cells of the retina.  

In the present study, primary cultures of rat Müller cells were treated with 24(S)-OHC at 0.5µM or 1.5 µM during 

48 hours. Cholesterol, precursors (desmosterol and lathosterol) and oxysterols (24(S)-OHC and 27-

hydroxycholesterol) levels were quantified by gas chromatography coupled to flame-ionization detector or mass 
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spectrometry. In addition, the expression of key genes related to cholesterol metabolism was analyzed by RTq-

PCR.  

We show for the first time that 24S-OHC activates a range of cholesterol-lowering pathways in Müller cells, 

leading to cholesterol depletion (-40% compared to control). This goes through a decrease in cholesterol 

synthesis, as illustrated by reduced levels of cholesterol precursors, such as desmosterol (-40%), and a lower 

expression in the key enzyme of cholesterol biosynthesis HMG-CoA reductase (-70%). It is associated with a 

60% reduction in the expression of LDL receptor, suggesting a decrease in cholesterol uptake by cells. There is 

also a dramatic overexpression of ABCA1 transporter, mediating probably an increase in cholesterol efflux.  

As a whole, our results demonstrate that retinal glial cells are able to sharply adjust their cholesterol metabolism 

in response to 24(S)-OHC, a signal molecule of  neuronal cholesterol status. To determine how some 

dysregulations in this neuron/glia crosstalk contribute to neuronal death would provide powerful clues to better 

understand brain and retinal neurodegenerative diseases.   
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Immune surveillance and phagocytosis are essential functions of microglia both in health and disease. We have 

previously shown that the two-pore domain K+ channel THIK-1 regulates microglial surveillance, but is not 

needed for targeted motility (chemotaxis) which is regulated by P2Y12 receptors (Madry et al., 2018). We now 

investigate whether interfering with either mode of microglial motility, or with microglial [Ca2+]i, affects 

phagocytosis in situ, using fluorescent microspheres as the phagocytic substrate. The THIK-1 blocker 

tetrapentylammonium (TPA) significantly reduced phagocytosis, whereas blockade of Ca2+-activated K+ 

channels with charybdotoxin had no effect. ATP stimulated phagocytosis of microspheres, but blockade of P2Y12 

receptors with PSB-0739 did not impair phagocytosis, suggesting that ATP acts via another purinergic receptor. 

Buffering microglial [Ca2+]i with BAPTA-AM reduced phagocytosis. These data suggest that phagocytosis, like 

surveillance, depends on microglial membrane potential, which is regulated by THIK-1, but also depends on 

[Ca2+]i. In animals lacking THIK-1, preliminary data suggest that less excitatory synapses were present in the 

hippocampus during development (at P20), possibly because the decrease in surveillance induced by loss of 

THIK-1 leads to less synapse induction by microglial contact with neurons (Miyamoto et al., 2016). However, at 

P120 the number of synapses was the same as in wildtype mice, possibly because THIK-1 loss induces a 

decrease in late synapse phagocytosis by microglia. These results will be used as a basis for studying 

surveillance and phagocytosis by microglia in Alzheimer’s disease (AD), using APPNL-G-F knock-in mice to mimic 

the disease and knockouts for the AD-linked phagocytic receptor TREM2 which may affect its progression. 
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Local protein synthesis is an essential mechanism in neurons, so that neurites can rapidly react to environmental 

stimuli. Recently, studies have shown that local protein synthesis has a key role not only in Nervous System 

development but also in cell death due to neurodegenerative signals such as β-amyloid1-42 (Aβ1-42) oligomers. 

Our laboratory analysed the contribution of astroglia to local translation and results showed that neurites and 

axons increase the number of translational hotspots in the presence of astrocytes in physiological conditions 

while in amyloid-induced conditions, translation is blocked in the presence of glia. These effects were seen at 

neurites distant from astrocytes which suggests this regulation could be mediated by secreted factors. Thus, we 

aim to determine if astrocytes modulate the local proteome in hippocampal neurons by releasing factors in both 

basal and amyloid-induced conditions. We have used conditioned media from primary neurons cultures with or 

without astrocytes and treated or not with Aβ1-42 oligomers. We show that conditioned medium from neuron-

astroglia cultures is able to increase local protein synthesis in naïve neurons, as the presence of astroglia does 

in co-cultures. Moreover, we analysed this astroglia effect using cultures in modified-Boyden chambers where 

there is no direct contact between cells type. Western blot results reveal that the presence of astroglia increases 

protein synthesis in neurites in both basal and amyloid-induced conditions, suggesting that glial-secreted factors 

regulate local translation in neurites. Together, this work suggests an important role for astroglia in local protein 

synthesis, what could be relevant for therapeutic strategies for neurodegenerative diseases. 
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Fasting induces astroglial plasticity in the olfactory bulb glomeruli of rats: evidence for a role of 

astrocytes in the sensory regulation of food intake 
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Astrocytes adjust their coverage of neuron surfaces and synapses in response to environmental or physiological 

changes by deploying or retracting their main and peripheral processes (Reichenbach et al., 2010). This 

morphological plasticity plays an active role in several situations requiring adaptive changes in 

neurotransmission. We have hypothesized this may occur in the modulation of olfactory sensitivity involved in 
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food intake regulation. The detection of food odors by the olfactory system, which plays a key role in elaborating 

the hedonic value of food, is reciprocally influenced by the metabolic state, being more active in starving 

animals, whereas satiety reduces both olfactory activity and acuity (Aimé et al. 2007). These changes in olfaction 

contribute to the sensation of hunger and satiety.  

Astrocytes are particularly important in the glomerular layer of the olfactory bulb (OB), where olfactory sensory 

neurons form synapses with the dendrites of mitral/tufted cells (projecting to the olfactory cortex) and 

periglomerular neurons.  

To test whether OB glomerular astrocytes are involved in the metabolic sensing of the olfactory system, we 

compared the astroglial processes expansion by quantifying the GFAP-labelled area in fed and fasted rats. 

Astroglial spreading was markedly increased in fasting rats (+40% in average, p<0.01), as compared to fed rats, 

in the glomeruli of all regions of the OB. Intra-peritoneal administration of the anorexigenic peptide PYY3-36 or 

glucose in fasted rats respectively decreased their food intake or restored their glycemia, and both reversed the 

increased astroglial deployment induced by fasting. Direct application of the orexigenic peptides ghrelin and NPY 

on OB acute slices, resulted in an increased astroglial deployment, whereas application of PYY3-36 triggered 

astroglial retraction within the glomeruli. These results demonstrate that astrocytes of the OB glomeruli change 

the deployment of their processes according to the metabolic state of the rats, under the influence of food intake 

regulatory peptides. This plasticity may be part of the mechanism by which the olfactory system adapts to food 

intake.  

Our study highlights a new implication of the morphological plasticity of astrocytes in an adaptive 

neurophysiological process, in the context of feeding regulation. The plasticity we evidenced can be considered 

as a marker of the metabolic modulation of olfaction, providing a useful tool to explore alterations in the sensory 

regulation of food intake, that may occur in malnutrition or obesity. 
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Astrocytes are key players in the regulation of brain development and function. They sense and respond to 

neuronal activity by elevating its intracellular Ca2+ levels, which derive from different sources and display 

complex spatio-temporal properties. Ca2+ elevations appear spatially distributed in global (soma and main 

processes) and/or focal regions (microdomains). The IP3 receptor type 2 knockout (IP3R2 KO) mouse model 

lacks global Ca2+ elevations in astrocytes. Since this model is a constitutive KO, the absence of the IP3R2 could 

trigger developmental adaptations that could mask potential behavioral alterations in the adulthood. Therefore, 

we performed a detailed neurodevelopmental evaluation of male and female IP3R2 KO mice, during the first 21 

days of life. This evaluation consisted in a detailed examination of somatic parameters and neurological reflexes. 

Our results show that male and female IP3R2 KO mice display a normal development, as compared with wild-

type (WT) mice. Therefore, the IP3R2 KO mouse model is reliable to study the functional impact of global IP3R2-

dependent astrocytic Ca2+ elevations in adulthood. Furthermore, we assessed the cognitive aging of these mice. 
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For that we analyzed the cognitive performance in an episodic-like memory task at adult and aged stages. We 

found that aged IP3R2 KO mice present a preserved performance in a prefrontal cortex (PFC)-dependent task, 

as compared with aged WT mice. Moreover, aged IP3R2 KO mice display altered densities of NeuN+ and 

S100β+ cells and a neuronal dendritic refinement in the PFC. These results point to an IP3R2-related 

maintenance of PFC-dependent behavioral phenotype during aging. 
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Astrocytes are actively involved in the regulation and response to changes in the microenvironment, namely by 

increasing intracellular Ca2+ levels through the activation of inositol 1,4,5-trisphosphate receptors type 2 (IP3R2). 

The modulation of astrocytic Ca2+ signaling might have implications in neurotransmission, metabolism and brain 

homeostasis, with consequences for learning and memory processing. The hippocampus plays a key role in the 

computation of complex forms of memory. Here, we use the IP3 receptor type 2 knockout (IP3R2 KO) mouse 

model that lacks global Ca2+ elevations in astrocytes, to disclose its implications in the hippocampal morphology. 

We assessed CA1 neuronal and astrocyte morphology using the Neurolucida (MBF) and Simple Neurite Tracer 

(SNT) (Tavares et al., Brain Structure and Function, 2017), and GFAP+ cell densities in CA1 pyramidal and 

radiatum layers. This characterization provided us with additional information on roles for astrocytic calcium 

signaling in the modulation of hippocampal networks that underlie cognitive processes. 
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Our previous findings demonstrate that disturbance of the neuron-astrocyte dialogue in hippocampus (HIP)-

prefrontal cortex (PFC) circuit associates with cognitive impairments typical of psychiatric disorders, 

neurodegenerative diseases or aging.Thus, it is urgent to further investigate these events. However, the lack of 

better methodological approaches allowingspecific targeting of astrocytes has been precluding further 

elucidation of these mechanisms.  
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Here, we evaluated the potential of Mini Singlet Oxygen Generator (miniSOG) as a promising tool for both 

temporal and spatial control of astrocytic properties. Adeno-associated viruses (AAV), containing a miniSOG-

Synaptobrevin construct, were injected in dorsal hippocampus of young-adult mice in order to inactivate the 

coupled synaptobrevin proteins and impair exocytosis. Specific promotors allowed the targeting of either 

astrocytes or neurons. Weeks after, an optic fiber coupled to an electrode was placed in the dHIP for both light 

stimulation and recording of local field potentials (LFP). A second electrode was placed at the PFC to allow 

evaluation of coherence between the two regions. Preliminary results suggest that light-induced generation of 

reactive oxygen species (ROS) indeed affects exocytosis in these mice, having an impact on 

electrophysiological measures. Detection of the reporter protein enabled the important confirmation of cell-

specificity for both viruses.  

The observed functional outcome of this genetic approach corroborates with previous data obtained from cell 

cultures and hippocampal brain slices, but importantly this represents the first piece of electrophysiological 

evidence in living animals. We conclude that MiniSOG strategy provides the chance for combined optogenetics 

and electrophysiology which has great potential particularly for a controlled manipulation and a better 

understanding of astrocytic functions. 
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Astrocytes are emerging as important actors in synaptic transmission and plasticity. Their unique morphology 

and phenotype allow them to monitor their neighborhood and dynamically respond to changes individually. We 

hypothesize that astrocytic modulation is different according to brain region and we propose to dissect astrocytic 

role in cortico-limbic processing and its functional impact in behavior by characterizing the neuronal activity in 

cognition-related networks during behavior in mice with an astrocytic dysfunction. Currently, we are 

implementing one system to record neuronal activity in freely moving animals, and signal processing algorithms 

to analyze electrophysiological data. In previous works, we used the Fourier Transform to compute the power 

and spectral coherence of neuronal signals of anesthetized animals. We are now testing alternative algorithms 

using Wavelets to extract more information from the same signals, enhancing the quality of our analysis. This 

new methodology which provides us further temporal information will help us to unfold the role of astrocytes in 

neuronal modulation in each brain region, opening new windows for the understanding of the astrocytic 

implications to behavior performance. 
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Characterization of microglial cells subsets based on multiple parameters measurement: a live cell 

imaging study. 
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The behavior of microglia is tightly related to their environmental conditions. They are constantly surveying the 

environment to detect any presence of pathogens to destroy them. In physiological conditions, microglia get rid 

of dysfunctional synapses (pruning) and neuronal molecules bind to microglia receptors to maintain the latter in a 

harmless state. However, after a brain damage, the balance can be disrupted. Under pathological situations 

such as neurodegeneration or stroke, damage-associated molecular pattern molecules (DAMPs) are released by 

injured neurons or astrocytes and activate microglia. The microglia response promotes the regeneration of the 

tissue or inflammation and neuronal death. Recent studies identified a sub-population of “neuroprotective” 

microglia among activated microglia in animal models of neurodegenerative diseases. Microglia is very 

heterogeneous and the identification of different populations, particularly in a cell culture, can be very 

challenging. Software are available to perform tracking and morphometric analysis. However, they are often not 

sophisticated enough to segment overcrossing cells and quantifications are usually very time-consuming. In 

order to characterize microglia behavior, we performed live cell imaging in cortical neuron/glia cultures prepared 

from embryos, resulting from the crossing between ROSA-CAG-tdTomato flox/flox and CX3CR1-CRE-ERT2 mice, 

in control conditions and after an excitotoxic challenge. In these cultures, microglia express tdTomato after 

addition of 4-OH-tamoxifen and neuron debris were stained with SYTOX green. Time-lapse images were 

acquired in a Laser Scanning Confocal microscope and we measured motility parameters (velocity and 

displacement) and phagocytosis of neuron debris with ImageJ and macros we developed. We observed that 

excitotoxicity increased phagocytosis and modified microglia motility. We are presently developing new 

algorithms and image analysis tools to segment microglia and to automate the quantification in order to provide a 

classification of the microglia according to multiple parameters such as motility, morphology, branching and 

phagocytosis. In this meeting, we would present the preliminary results of both types of analysis. 
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Oxidative stress is a pathological hallmark of Alzheimer ’s disease (AD) and is associated with areas of high beta 

amyloid depositions, called senile plaques, in the brain of AD patients. The oxidative damage is thought to impair 

synaptic functions and contribute to neurodegeneration. Using the genetic redox indicator roGFP1 dystrophic 

neurons around senile plaques were previously observed to be highly oxidized and that dendritic oxidation 

precedes neuronal death in an animal model of AD in vivo. However, the source of reactive oxygen species 

(ROS) leading to oxidative stress is not known. Microglial cells are attracted and accumulate around plaques in 

AD patients and mouse models of AD. Their roles in AD pathology are highly debated since they can either be 

neuroprotective or under some circumstances become neurotoxic, for example at later stages of amyloidosis. 

Activation of microglia can trigger ROS production, a process that can be harmful if dysregulated. It is not known 

how microglia interact with oxidized neuronal structures around senile plaques.  

Here we show that a novel next generation ROS indicator (rogRFP2, developed by Mathew Tantama’s lab) and 

CX3CR1-EGFP mice can be used to visualize neuronal redox states and microglia at the same time. We 

confirmed that the sensor is functional in acute brain slices and developed a protocol to conserve the redox state 

of rogRFP2 after paraformaldehyde fixation. Crossbreeding CX3CR1-EGFP with 5xFAD mice following a viral 

delivery of the rogRFP2 construct allowed us to image microglia around plaques and monitor neuronal redox 

states simultaneously. We confirmed that areas around plaques are highly oxidized in the 5xFAD mouse model 

even hours after acute brain slice preparation.  

Interestingly, we found that microglial cells surround and enwrap highly oxidized neuronal structures around 

plaques. This finding raises the question whether microglia are responding to oxidative stress or causing it by 

uncontrolled production of ROS in their close proximity to neurons. Using this tool we aim to get a better 

understanding of how synaptic dysfunction and neurodegeneration is linked to oxidative damage and whether 

we can find mechanisms to interfere with this deadly process. 

Acknowledgement 

We would like to thank Mathew Tantama and his group for generating and sharing the rogRFP2 construct. 

 

T09-068B 

Involvement of astrocyte histamine H1 receptors in the regulation of behavior 

A. Karpati, T. Yoshikawa, K. Yanai 

Grad. School of Medicine, Dep. of Pharmacology, Tohoku University, Sendai, JP 

 

Histamine is an important neurotransmitter, which is involved in learning and memory, stress response and the 

sleep-wake cycle. It is released from histaminergic neurons, which originate in the tuberomammillary nucleus 

and project throughout the brain. In the CNS histamine binds to membranous histamine receptors, namely 

histamine H1-H3 receptor (H1R-H3R). H1R is a Gq/11-coupled receptor and is abundantly expressed on neurons 

and astrocytes. Previous research using H1R gene (Hrh1) knock out mouse models highlight the importance of 

histamine, as sleep disturbances, impaired spatial memory and changes in locomotor activity were observed. 

Our most recent in vitro study indicated that astrocytes showed H1R-mediated release of glutamate, suggesting 

the involvement of astrocyte H1R in more complex functions in vivo.   

However, while previous behavioral studies indicated significant changes in mice lacking Hrh1, these studies 

employed an unselective Hrh1 knock out mouse model, and the contribution of H1R on neurons and astrocytes, 

respectively, to different physiological processes remains elusive.  

Using the Cre-LoxP system we generated novel astrocyte (GFAP-Cre Hrh1f/f) and neuron (CaMKII-Cre Hrh1f/f) 

conditional knock out mouse models. These mice showed selective recombination and reduced Hrh1 expression 

levels in the targeted cells. A behavioral test battery revealed significant changes in the conditional knock out 

mice compared to the control group. Results from the novel object recognition test indicated the importance of 
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neuronal H1R in memory function. On the other hand astrocytic H1R regulated aggressive behavior. Moreover, 

deletion of astrocytic H1R significantly altered home cage locomotor activity. While these mice showed a delayed 

onset of nocturnal activity, their overall activity during the dark phase remained similar to the control group. We 

also tested the exploratory behavior using the open field test, but no differences were observed.  

Since the circadian rhythm was severely affected by the deletion of H1R from astrocytes, we are now conducting 

sleep analysis of the conditional knock out mice. Furthermore, we are utilizing adeno-associated virus to mediate 

conditional gene deletion in the suprachiasmatic nucleus to mimic previously observed results and better 

understand the role of astrocytic H1R in circadian rhythm.  

Our findings shed light on the importance of H1Rs on astrocytes and support the concept that both cell types are 

a target of histamine and contribute to distinct physiological processes. 
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Astrocytes are now emerging as key participants in many aspects of brain function and disease. Recent studies 

in rodents have suggested that astrocytes exist heterogeneity in different brain areas and can refining the 

neuronal connections within the circuit. Here we demonstrated the effects of astrocytes on the modulation of 

neuron’s function for treatment of risk avoidance deficiency.  

We choose disrupted-schizophrenia-1 (DISC1) truncated mouse model since Disc1 is a general risk factor in 

psychiatric disorders. These mice exhibited the deficiency phenotype in risk avoidance and innate anxiety 

expression. Through a whole brain c-Fos mapping after behaviour tests, BLA has been proved to be involved in 

the risk avoidance deficiency of DISC1 mice. Then light stimulation of engineered channelrhodopsin 2 (ChR2) 

expressing astrocytes in BLA, the deficiency of risk avoidance in DISC1 mice were significantly compensated. c-

Fos mapping implicated that nucleus accumbens (NAc) might be the downstream target for the BLA astrocyte’s 

activation.  

In order to exclude the effects of gliosis induced by virus injection, we selectively controlled astrocytes by using 

DISC1+/GFAP+/ChR2+ triple transgenic mice, further confirmed the contribution of astrocytes to modulating 

neurons responsible for the abnormal risk avoidance in DISC1 mice.  

Through whole cell patch clamp recordings, we further found that there was only one type of neurons responsing 

to optogenetic activated astrocytes. These neurons showed different electrophysiological profiles. We herein 

hypothesize there are different subtypes of BLA excitatory neurons which exhibited different responses to 

activated astrocytes.  

In conclusions, a better understanding of how astrocytes modulate neural circuits and whether they have 

heterogeneity might lead to the development of new therapeutic strategies to treat brain diseases like anxiety 

disorder. 
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Oligodendrocytes are metabolically coupled to the axons they myelinate. They provide trophic support through 

the shuttling of lactate, and are necessary for the long term health of axons. With advanced aging in both the 

rodent and human CNS, myelin content declines and could leave axons vulnerable to dysfunction and ultimately 

loss. However, it remains unclear whether diminished myelin maintenance is a major driver of subsequent 

neurological decline and axonal damage. To investigate this, we used a mouse genetic model of impaired myelin 

maintenance in which the transcription factor Myrf is inducibly deleted from oligodendrocytes, which ablates 

myelin transcription and results in subsequent oligodendrocyte loss. Myrf fl/fl PLP CreERT, and and Myrffl/fl 

controls were injected with tamoxifen at eight weeks of age. Extensive demyelination is observed throughout the 

entire CNS by ten weeks post tamoxifen in Myrffl/fl PLP CreERT, followed by subsequent remyelination. Electron 

microscopy was performed on the optic nerve to determine the percentage of axons myelinated, its thickness 

and total axon number at 10 weeks post tamoxifen (during demyelination), 20 weeks post tamoxifen (following 

remyelination) and with aging at 60 weeks post tamoxifen. The extent of ongoing axon damage at each time 

point was examined with the markers βAPP and SMI32. Retinal flat mounts were stained with the pan-retinal 

ganglion cell (RGC) marker RBPMS to examine somal survival. While βAPP positive spheroids were found in 

the optic nerve suggestive of axonal transport deficits, we found no overt RGC or axonal loss in the optic nerve 

at ten weeks post tamoxifen. However, remyelination was highly efficacious so extending the knockout to all 

oligodendrocyte lineage cells using the Sox10 CreERT, should chronically suppress myelin transcription. 

Collectively, these experiments demonstrate that the impairment of myelin maintenance via the deletion of Myrf 

from oligodendrocytes offers a novel model to interrogate neuronal responses to demyelination. 

 

T09-071B 

Critical contributions of astrocytes to motor learning in vivo 

C. Delepine, K. Li, M. Sur 

Picower Institute for Learning and Memory, Massachusetts Institute of Technology, Cambridge, US 

 

Astrocytes, long thought to operate only as a support network for neurons, are now emerging as key players in 

the modulation of brain information processing. Astrocytes influence synaptic transmission via glutamate 

transporters, and respond to, as well as modulate, neuronal activity with calcium signaling. However, many 

questions remain in understanding the contribution of astrocytes in vivo to complex behaviors and cognition. 

During motor learning, primary motor cortex (M1) is functionally and structurally reorganized. The learning of a 

new movement is associated with changes in neuronal activity and dendritic spine turnover. We hypothesize that 

astrocytes are modulators of learning-associated neuronal network reorganization by influencing synaptic 

strength through glutamate clearance and calcium signaling. Here we investigate the role of cortical astrocytes in 

a motor learning, lever-push task in vivo. Using the engineered human muscarinic G protein-coupled receptor 

DREADD-hM3Dq activated by low doses of clozapine-N-oxide (CNO), we find that modulation of astrocyte 

calcium activity perturbs performance of the animal in the lever-push task. Moreover, we use a transgenic mouse 

line in which the expression of the glutamate transporter GLT1 can be inhibited locally in M1 and show that 

decreasing astrocyte glutamate clearance prevents learning of stereotyped motor trajectory. Using genetically 
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encoded calcium indicators and high-resolution two-photon imaging, we then show that perturbation of astrocyte 

calcium activity and GLT1 knockout modulate the correlation structure of neuronal population activity and the 

movement trajectory encoding. This project utilizes cutting-edge imaging techniques to unravel astrocyte 

function during a physiologically relevant task involving motor cortex plasticity. 
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Caloric restriction (CR) has positive effects on brain function and lifespan.  A role of astrocytes in these effects is 

still unknown. We performed the study of changes in astrocytes in 4 months old mice after one month of 

calorically restricted diet consisting in 70% calories of ad libitum fed group. CR mice presented a small weight 

loss, while the control group receiving food ad libitum showed a small weight gain. No significant changes in the 

astrocyte density were observed in stratum radiatum of hippocampal CA1 in both groups. Astrocytes were 

recorded in whole-cell voltage-clamp mode for electrophysiological analysis and simultaneously loaded with 

Alexa Fluor 594 for two-photon microscopy morphological study. CR did not produce significant remodeling in 

astrocytic branches resolved with the diffraction limited microscopy. However, estimated volume fraction of 

unresolved presynaptic leaflets was significantly increased after CR. The number of cells coupled through the 

gap-junctions in the astrocytic syncytium was however significantly reduced after CR, but no difference in the 

length constant of coupling was detected. Morphological remodeling was accompanied by activity-dependent 

facilitation of synaptically-induced K+ current and faster K+ clearance in CR astrocytes. The activity-dependent 

facilitation of glutamate transporter current was not different in CR and control mouse astrocytes. However, 

activity-dependent prolongation of transporter current was abolished in CR. These findings suggest that reduced 

glutamate spillover and increased K+ clearance occur due to enhanced astrocytic coverage of synapses in CR 

mice. Next, we performed confocal Ca2+ imaging in astrocytes stained with Oregon Green BAPTA-AM in CA1 

stratum radiatum of hippocampal slices. Spontaneous Ca2+ event size decreased in astrocytic network after CR. 

However, the event duration was increased. Hence, not significant difference was observed in the Ca2+ event 

integral. The long-term potentiation was significantly enhanced in CA1 after CR. We suggest that CR increases 

astrocytic coverage of synapses and promotes synaptic plasticity. These results may explain the effects of CR 

on the brain function. 
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In the hippocampal formation, navigational information is encoded by neural place cells which modulate their 

firing rate as a function of the animal’s location in the environment. Increasing evidence indicates that glial 

networks are active elements in sensory information processing, but whether spatial information is encoded in 

glial networks or exclusively encoded in neural circuits is currently unknown. Here we determined whether 

astrocytes, the major class of non-neural cells in the brain, encode navigational information in their intracellular 

calcium signals. To this aim, we trained head restrained mice to navigate in a virtual linear track and we 

combined astrocyte-specific expression of genetically encoded calcium indicators with two-photon functional 

imaging to capture subcellular calcium dynamics of hippocampal CA1 astrocytes during spatial navigation. We 

observed that astrocytic calcium signals were significantly modulated by the animal’s spatial position in the 

virtual track. Calcium events occurred in topologically restricted regions of the astrocyte, including the cell body 

and the proximal processes, and these calcium signals clustered at preferred spatial locations within the virtual 

track. Importantly, using a support vector machine decoder we found that astrocytic calcium signals could be 

efficiently used to decode spatial information and to infer the animal’s spatial location. Altogether, these findings 

indicate that astroglial networks encode navigational information, suggesting for the first time that the cellular 

substrate of spatial cognition is composed of neuronal and glial circuital elements. 
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Dravet Syndrome (DS) is a particular genetic form of epilepsy associated with de novo loss of function mutations 

of the Scna1 gene encoding for the α subunit of the voltage-dependent sodium channel Nav1.1. The early 

symptoms appear in the first year of life and include different seizure types, often thermally induced, cognitive 

impairments and ataxia. 
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Preliminary results from our laboratory show that in a mouse model which resembles the phenotype of Dravet 

patients (Scn1a-/+ mouse line), the principal neurons of the entorhinal cortex (EC) exhibit a reduced GABA tonic 

current. Since this current represents a persistent form of inhibition that is fundamental for the regulation of 

network excitability, the main goal in our study is to understand whether in Scn1a-/+ mice an impairment in 

GABA tonic current is a key player in seizure generation. Specifically, in EC/hippocampal slices of Nav1.1 +/- mice 

we evaluate changes in brain circuit excitability due to alterations in the properties of the neuronal extrasynaptic 

GABA receptor (that mediates the tonic GABA current) and of the GABA transporter (GAT) in astrocytes (that 

regulates extracellular GABA levels) . To measure GABA tonic current, we perform whole cell, patch clamp 

recordings from pyramidal neurons in brain slices containing EC and hippocampus from postnatal day (PD) 15-

18 Scn1a-/+ mice. The statistical analysis revealed a significant decrease in the GABA tonic current in EC 

pyramidal neurons of Scn1a-/+ with respect to WT mice, which may contribute to the network hyper-excitability 

in this DS model. The same experiment was performed in the dentate gyrus (DG) which is recognized to be 

involved in the epileptogenesis process. In this area, obtained data showed that with respect to age-matched WT 

littermates in granule cells of Scn1a-/+ mice the GABA tonic current is increased, rather than decreased.   

In conclusion, our findings suggest that the GABA tonic current is involved in the network excitability unbalance 

present in Scn1a-/+ mice, with different contribution in different brain areas. The direction of our future 

experiments will be to restore normal GABA tonic currents in Scn1a-/+ mice in vivo and see if this is sufficient to 

prevent seizures.  

Results obtained in this project may provide new insights into the mechanisms of seizure generation in the 

Dravet Syndrome, thereby opening novel therapeutic perspectives for this disorder.  
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Tumor necrosis factor (TNF) is a pleiotropic cytokine implicated in key physiologic and pathologic processes in 

the central nervous system (CNS). These range from modulating synaptic plasticity, thereby regulating memory 

and cognitive function, to participating in the pathophysiology of neurologic disorders such as multiple sclerosis, 

Alzheimer’s, stroke.   

TNF exists in two forms, transmembrane (tmTNF) and soluble (solTNF), whose functions are mediated by 

TNFR1 and TNFR2. The signals activated by the two receptors are often opposite: TNFR1 mediates apoptosis 

and inflammation, while TNFR2 mediates cell survival, immunity and myelination. Studies with knockout mice 

have implicated TNFR2 in the regulation of cognitive function in physiological conditions. However, the cell type 

that contributes to this effect is still unknown. Given that astrocytes are key players in synaptic function and 

express TNFR2, we sought to investigate whether astroglial TNFR2 could play a role in regulating cognition and 

memory. 

To do so, we generated inducible conditional knockout mice to selectively ablate TNFR2 in GFAP expressing 

astrocytes of adult mice (GFAPcreERT2:Tnfrsf1bfl/fl mice). GFAPcreERT2:Tnfrsf1bfl/fl mice showed deficits in 

learning and memory functions, measured with the novel object recognition and Morris water maze tests, 

respectively. Additionally, they displayed anxiety-like behaviors assessed with the light-dark transition test. In 

parallel, GFAPcreERT2:Tnfrsf1bfl/fl mice showed increased numbers of GFAP+ (and ACSA2+) and Iba1+ cells in the 

hippocampus, indicative of astroglial and microglial activation. Finally, ablation of astroglial TNFR2 in 

GFAPcreERT2:Tnfrsf1bfl/fl mice resulted in reduced expression of SNARE complex synaptic proteins and 
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glutamate receptors in the hippocampus, which may explain, at least in part, the cognitive and memory 

impairments observed in these mice.  

Taken together our data point at a role for astroglial TNFR2 in hippocampal homeostasis, cognition, memory and 

anxiety. Further studies are warranted to better understand the mechanisms of these effects, and whether they 

are maintained under CNS disease conditions. 
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Astrocytes can regulate the strength of synaptic connections between neurons, which constitutes the 

neurophysiological basis of learning and memory. We now compared the impact of acute and chronic astrocytic 

dysfunction in mouse hippocampal synaptic plasticity (long-term potentiation, LTP), and in memory, using a 

gliotoxin L-α-aminoadipate (L-AA), which was administrated ex-vivo (acutely) or in vivo (chronically). Slices 

exposed for 2 hours to L-AA (100 µM) displayed a lower LTP amplitude (43.4±5.3% vs. 74.3±8.2% in control, 

n=6), without changes of basal synaptic transmission in Schaffer fiber-CA1 pyramid synapses. This condition of 

acute L-AA exposure also caused reactive astrogliosis, as heralded by the increased glial fibrillary acidic protein 

(GFAP) immunoreactivity and by alterations in the complexity and length of ramifications of 3D-reconstituted 

astrocytes. To assess the impact of this gliotoxin on memory, we administrated intracerebroventricularly (icv) L-

AA (1 µmol/4 µl) for three consecutive days  in cannulated C57BL/6 adult mice. Icv L-AA mice had a significant 

(p<0.05, n=9-10) reduction of memory performance, in the object displacement and in modified Y-maze tests, 

when compared with icv-saline mice (control). These impairments in hippocampal-dependent memory were 

accompanied by a significant (p<0.05, n=5) reduction of LTP amplitude (52.4±6.2% compared to control: 

77.0±8.5%). However, in contrast to that observed for acute L-AA exposure, chronic L-AA administration 

significantly (p<0.05) decreased by circa 10% the number of GFAP-positive cells in different hippocampal 

subregions, and also reduced the levels of astrocytic proteins (GFAP and connexin 43). Altogether, these 

studies uncovered the time course of changes triggered by L-AA in the hippocampus and contributed to 

establish that astrocytes are crucial to regulate hippocampal synaptic plasticity and memory, which might be 

relevant to design potential therapeutics towards brain disorders associated with memory decline. 
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Myelin, a critical central nervous system component, is now recognised as a dynamic and adaptive structure. 

Myelin plays an important role in maintaining synchronicity across key neural networks and alterations to the 

myelination pattern constitutes a form of ‘plasticity’. Neural activity is known to influence the myelin-forming 

oligodendrocytes (OL) in adulthood, however the underpinning cellular and molecular mechanisms are unknown. 

We provided non-invasive neural stimulation to young adult mice via a 6-week Environmental Enrichment (EE) 

paradigm and comprehensively assessed oligodendroglial lineage production, progression and subsequent 

myelination. We also investigated whether the BDNF-TrkB signalling pathway is a candidate molecular axis 

mediating EE-induced myelination, through using an inducible, neuronal-specific, knockout mouse; (Thy1-

CreERT2-/+-EYFP-TrkBfl/fl).  

We found that EE induced significant myelinogenesis accompanied by an increase in axonal calibre in the 

corpus callosum, shifting the distribution of myelinated axons such that after EE 55% of axons were of diameter 

>0.7um, compared with standard housed (SH) controls 26%.  

Interestingly, the density of post-mitotic oligodendrocytes in the corpus callosum increased significantly by 

approximately 60% in EE animals, coupled by a significantly reduced density of progenitor cells by 

approximately 30%. Moreover, EE exerted no significant effect upon the density of newly-derived 

oligodendrocytes labelled by thymidine analogue EdU, suggesting the increase in post-mitotic cells occurred via 

promoting existing cells to differentiate, without first inducing proliferation of a progenitor cell. Deleting TrkB from 

young adult neurons revealed no obvious role for neuronal BDNF-TrkB signaling in mediating EE-induced 

myelination.  

This study is the first to systematically investigate EE-induced myelin plasticity in the young adult brain and our 

data indicate that EE both stimulates the differentiation of pre-existing oligodendrocytes and promotes adaptive 

myelination. 

 

T09-078B 

Astrocyte-mediated dysregulation of glial-neuronal purinergic signalling in Fragile X Syndrome 

K. Reynolds, C. Wong, L. Doering, A.L. Scott 

Pathology and Molecular Medicine, McMaster University, Hamilton, CA 

 

Neural communication and the intricate choreography of signals required for the formation and preservation of 

neural connections is heavily dependent on reciprocal neuronal and glial interactions. Astrocytes are key 

participants in neurodevelopmental processes and defects to astrocyte signalling are implicated in many 

disorders, such as Fragile X Syndrome (FXS). In FXS, the loss of the Fragile X mental retardation protein 

(FMRP) expression from astrocytes is associated with improper circuitry activity and synapse formation. These 

findings emphasize the importance of astrocyte-derived signals to the establishment and maintenance of 

neuronal connections. During development astrocytes release a wide range of gliotransmitters; however, the use 
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of purines or pyrimidines is one of the predominant means of communication between astrocytes and neurons 

within the CNS. ATP is a fast, excitatory neurotransmitter known to act on astrocytes, modulate glial-neuronal 

transmission, and in this way regulate synaptic function. Given the integral role of ATP and its various 

metabolites to the regulation of synaptic development and function, we applied exogenous purinergic stimulation 

and compared the physiological responses of astrocytes isolated from either postnatal wild-type (WT, fmr1+/+) 

mice or from transgenic fmr1knockout (KO, fmr1-/-), a genetic animal model of FXS. Analysis of intracellular 

calcium ([Ca2+]i)levels revealed a significantly greater flux of intracellular calcium in KO astrocytes in response 

to ATP (and UTP) than observed in WT astrocytes. Interestingly, application of a P2 receptor antagonist, 

Suramin, returned abnormal astrocytic calcium flux to wild-type levels. We also found significant elevations of 

several P2Y, namely P2Y2 and P2Y6, in KO cortical astrocytes over their wildtype counterparts. Activation of 

these via UTP lead to greater levels in astrocyte-mediated signalling factors that drive synaptic development in 

the brain, such as thromobospondin-1 (TSP-1). FXS is often associated with hyperexcitability within cortical 

regions, which correlates to enhanced levels of TSP-1 within the cortex of KO mice over WT. In addition, 

enhanced expression of P2X7, an ionotropic channel responsive to ATP, was also evident in the fmr1-/-cortex. 

Blockade of P2X7 receptors prevented the elevations of spontaneous activity (via [Ca2+]i waves) noted for KO 

astrocytes in vitro. The differential expression of purinergic receptors may underlie the enhanced activity and 

sensitivity of fmr1-/-astrocytes, leading to atypical neural communication. Our findings help shed light on current 

on the underlying mechanisms of purinergic dysregulation and work to inform current therapeutic approaches 

being evaluated for those afflicted with Fragile X Syndrome. 

 

T09-079B 

Astrocytes from caudal medulla contribute to central respiratory chemoreception 
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Question: Central respiratory chemoreception contributes to the adaptation of breathing to the metabolic 

demands. This property is distributed along several brainstem nuclei. It has been described that astrocytes at the 

retrotrapezoid nucleus can sense CO2/H+, and in response, they release ATP, which excites the respiratory 

neural network. Our aim was to evaluate whether astrocytes in caudal brainstem nuclei, like the ventral 

respiratory column (VRC), nucleus tractus solitarius (NTS), and raphe nuclei (RN), also contribute to the 

respiratory response to hypercapnia and acidosis.  

Methods: Using calcium imaging, we evaluated calcium changes induced by acidosis in caudal medullary 

astrocytes in primary cultures. In slices obtained from caudal medulla in neonatal CF1 mice, fictive respiration 

was recorded from the VRC while were superfused with normocapnic (5%-CO2) or hypercapnic (10%-CO2) 

aCSF. Local acidification restricted to different brainstem nuclei was performed by microinjection of aCSF-Pipes 

buffer (pH 6,5) during superfusion with either basal aCSF or aCSF containing fluoroacetate/glutamine (FA/Gln), 

a selective metabolic inhibitor of astrocytes, for 30-min. In conscious adult CF1 mice, injection of saline or 

FA/Gln was performed through a guide cannula, implanted 4 days before, into the RN while ventilation was 

recorded by plethysmography during normocapnia or hypercapnia.  

Results: Normo- and hypercapnic acidosis increased calcium concentration in a fraction (less than 30%) of 

astrocytes in culture, and increased the respiratory frequency (fR) in slices. Global acidification increased the fR 

about 30% whereas local acidosis of the RN, NTS and VRC with aCSF-Pipes increased the fR in about 15-21%. 

Application of FA/Gln reduced both the basal fR and the hypercapnia-induced increase in fR in about 20%. In 

conscious adult mice microinjections of FA/Gln into the RN, decreased the hypercapnia-induced ventilatory 

response in tidal volume and fR.  

Conclusions: These results show that a subpopulation of astrocytes from caudal medullary region are sensitive 
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to  CO2/H. In addition, they show that metabolic inhibition of astrocytes reduce the contribution of NTS, raphe 

and VRC to the central respiratory chemoreception. As a whole, these results are compatible with the notion that 

caudal medullary astrocytes are interoceptors contributing to the central respiratory chemoreception. 
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AAV mediated trans-cellular tagging of astrocytes: A novel tool for studying neuron-astrocyte 

interactions 
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One of the most exciting modern hypothesis is that astrocytes respond to neuronal signaling and then in turn can 

influence neuronal activity. However, it is controversial whether astrocytes respond reliably to neuronal signals 

in-vivo. Our objective was to develop a novel method to study mouse neuron-astrocyte interactions in-vivo. We 

show that recombinant adeno associated viruses (rAAVs) have trans-cellular properties that can be exploited to 

reliably label axon-astrocyte pairs at high contrast and record their calcium activity simultaneously  in-vivo.  

rAAV capsid labelling by antibodies reveals that the virus particles transfer from the injection site (VPM) to 

astrocytes and neurons in the projection site (somatosensory cortex). Using a combination of rAAV vectors 

injected in the thalamus and cortex we developed different strategies of leveraging the trans-cellular properties 

of rAAVs to study astrocyte-neuron interactions.  

We use these strategies combined with genetically encoded calcium indicators to study axon-astrocyte 

interactions with two-photon microscopy through a chronic cranial window in awake, head fixed mice. We show 

that astrocytes exhibit fast calcium signals at the microdomains. These signals change their characteristics with 

the state of the animal. Simultaneous recording of thalamocortical axon and neighboring cortical astrocyte 

microdomain calcium activity reveals that astrocytes do not respond reliably to axon activity in-vivo.    

We conclude that the trans-cellular properties of rAAVs can be leveraged to study circuit specific neuron-

astrocyte interactions. 
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Structural analysis of 3D cellular models of cortical glia, neurons and vasculature from serial block-face 

electron microscopy of p14 rat cortex 

C. Cali'1, K. Kare1, M. Agus2,3, H. Lehvaslaiho1,4, D.J. Boges1, M. Hadwiger2, P.J. Magistretti1 

1BESE, KAUST, Thuwal, SA 
2VCC, KAUST, Thuwal, SA 
3Visual Computing, CSR4, Pula, IT 
4CSC, IT Center for Science Ltd, Espoo, FI 

 

E373POSTERS

GLIA



  

 

 

The acquisition of terabyte-sized datasets is becoming increasingly common, thanks to the advancement of 

high-throughput microscopy techniques. Serial block-face imaging (SBEM), for instance, allows segmentation 

and reconstruction of biological structures to reveal spatial features inaccessible with two-dimensional images. 

Here, we imaged a 750000 cubic micron volume of the somatosensory cortex from a juvenile P14 rat. 186 nuclei 

were reconstructed and classified as neuronal or glial, based on features of the soma and the processes. We 

then performed quantitative analysis exclusively on the three-dimensional models of the reconstructed objects: 4 

neurons, 4 astrocytes, 4 microglia, 4 pericytes, including their mitochondria, 186 nuclei, and 213 myelinated 

axons. Out of the data that we generated, we observed that neurons have larger nuclei, which correlated with 

their lesser density, and that astrocytes and pericytes have a higher surface to volume ratio, compared to other 

cell types. All reconstructed morphologies represent an important resource for computational neuroscientists, as 

morphological quantitative information can be inferred, to tune simulations that take into account the spatial 

compartmentalization of the different cell types. 
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Neuro-glia morphological interaction 
3D reconstruction from automated Serial-Block Face 

electron microscopy (SBEM) of one astrocyte (green) 

whose soma is in close proximity to one neuron 

(grey), in contact with a blood vessel (red). 
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Autism spectrum disorders (ASD) affect about 1% of the population and are often caused by mutations affecting 

synaptic proteins, thus leading to alterations in neuronal synapses. Interestingly, apart from neurons, also NG2-

glia show the remarkable feature that until recently had only been assigned to neurons, namely to act as a 

postsynapse. NG2-glia, also known as oligodendrocyte progenitor cells, comprise about 5-10% of all cells in the 

adult brain and are, as their name implies, able to generate new oligodendrocytes throughout life. The discovery 

of the synaptic association between NG2-glia and neurons in multiple regions of the developing and adult brain 

lead to widespread interest in this cell population and suggested that in addition to acting as a plastic progenitor 

pool for more differentiated cells, NG2-glia may form a unique glial network that continuously communicates with 

neurons. However, the role of the NG2-glia synapses in the healthy brain and in ASD is still largely unknown. 

One example of an ASD associated disease is the Phelan-McDermid syndrome. It is caused by a mutation or 

deletion of one copy of the gene ProSAP2/Shank3 which encodes the postsynaptic scaffold protein Shank3, 

leading to synaptic deficits.  

In order to study the function of NG2-glia synapses, we generated a mouse line with a conditional mutation of 

Shank3 specifically in oligodendroglia. Recombination of these mice in adult ages lead to progressive motoric 

abnormalities, that we are currently further characterising. Using various tools such as immunohistochemistry, 

proteinbiochemistry, electrophysiology and behaviour testing in this novel mouse line, we will reveal new insights 

into the role of oligodendroglia in ASD as well as the physiological function of axon-NG2-glia synapses in the 

CNS. 
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PHLDA3 overexpression in astrocytes causes endoplasmic reticulum stress 
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Amyotrophic lateral sclerosis (ALS) is a progressive neurodegenerative disease with a fatal outcome 

characterized by the loss of spinal cord and brain motor neurons (MNs), which control voluntary muscles. 

Previous studies have shown that astrocytes (ACs) contribute to MNs degeneration and death in ALS. However, 

the mechanisms underlying the behavioral change of ACs during the pathogenesis of ALS remain unclear. 

Recent evidence suggests that pleckstrin homology-like domain, family A, member-3 (PHLDA3) could participate 

in astrocyte-specific degeneration process in ALS. PHLDA3 was shown to be significantly upregulated in the 

ACs in ALS. In additional, PHLDA3 was recently discovered as a molecule implicated in p53-dependent 

signaling and is activated in endoplasmic reticulum stress (ER stress). ER stress is one of the mechanisms 

implicated in the pathogenesis of ALS. The aim of this study is investigating the role of PHLDA3 in the interaction 

of MNs and ACs during activation of ER stress in ALS in vitro model. In this study, we used an optimized 

isolation protocols suitable for ACs isolation from the cortex of mouse pups of postnatal day 1-3 (P1-P3) and 

MNs derived from embryonic day 14 mouse spinal cord. The functional effect of PHLDA3 on primary ACs 

cultures was demonstrated using plasmid delivery of PHLDA3 gene fused with a green fluorescent protein 

(GFP). The expression of PHLDA3, marker of ER stress (p-eIF2alpha) and p53 were evaluated using Western 

blot and fluorescence microscopy. To test that PHLDA3 overexpression in ACs may cause astrocyte-mediated 

toxicity to MNs, we cultivated MNs with conditioned medium collected from ACs overexpressing PHLDA3. We 

demonstrated that overexpression of PHLDA3 resulted in an increased level of p-eIF2 alpha and decreased 

survival of transfected ACs, while overexpression of PHLDA3 directly in motor neurons had no effect on 

activation of ER stress. Our results suggest that overexpression of PHLDA3 in astrocytes causes their death by 

ER stress and the modulation of PHLDA3 expression may be exploited in designing new strategies to control 

astrocytic death in ALS disease. 
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A traumatic childhood is among the most important risk factors for developing stress-related psychopathologies 

such as posttraumatic stress disorder or depression later in life. In rodents, it can be modeled by juvenile stress, 

resulting in increased anxiety and impaired coping with stressful challenges in adulthood.  

In the current study, we found that juvenile stress led to a reduced synaptic efficacy, as indicated by decreased 

ratios of field excitatory postsynaptic potential slope to fiber volley amplitude at Schaffer collaterals in the ventral 

CA1. However, this was associated with increased long-term potentiation (LTP) of synaptic transmission after 

high-frequency stimulation.  

Recent studies suggest that the active neurotransmission at excitatory terminals is maintained by the glutamate-

glutamine cycle in astrocytes. We therefore tested whether these processes also guide the lasting changes on 

plasticity observed after juvenile stress by blocking a key enzyme, the astrocytic glutamate degrading enzyme 

glutamine synthetase (GS). Indeed, the pharmacological inhibition of GS by methionine sulfoximine in slices 

from naïve rats mimicked the effect of juvenile stress on vCA1-LTP. Supplying glutamine to overcome the GS 

deficiency normalized vCA1-LTP in slices from juvenile stressed rats to control levels. This functional GS 

deficiency was further paralleled by an allostatic reduction of GS mRNA expression levels in the ventral CA1 

Stratum radiatum in rats with a history of juvenile stress.  

Together, our results suggest a critical role for the astrocytic glutamine/glutamate cycle in mediating long-term 

effects of juvenile stress on plasticity in the ventral CA1, a region associated with anxiety and emotional memory 

processing. 

 

T09-085B 

ATP, astrocytes and central respiratory control in the lamprey 

L. Iovino, E. Cinelli, D. Mutolo, F. Bongianni 

Dept Experimental and Clinical Medicine, Division Physiological Sciences, University of Florence, Florence, IT 

 

The paratrigeminal respiratory group (pTRG) is a brainstem region responsible for the respiratory rhythm 

generation in the lamprey, a lower vertebrate that has proved to be highly useful to demonstrate that the basic 

features of rhythmogenic networks have been conserved throughout vertebrate evolution. Experiments were 
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performed on the isolated brainstem of the adult lamprey to investigate the respiratory role of ATP and 

astrocytes. The vagal motor output was used to monitor respiratory activity. Bath application and microinjections 

(30-50 nl) of several drugs were employed. Bilateral microinjections of 1 mM ATP-γ-S, a nonhydrolyzable ATP 

analog, performed into the pTRG caused marked increases in respiratory frequency. Bath application of the P2 

receptor antagonist PPADS (100 µM) did not alter respiratory activity, but prevented the increases in respiratory 

frequency in response to microinjections of ATP-γ-S into the pTRG. We investigated the possible involvement of 

astrocytes in the ATP-induced effects. The contribution of astrocytes to the modulation of the respiratory activity 

was ascertained by using the gliotoxin aminoadipic acid (AAA). Bath application of 1 mM AAA caused increases 

in the frequency and amplitude of vagal bursts followed by progressive decreases in both these respiratory 

variables and abolished the responses to ATP-γ-S microinjected into the pTRG, indicating that pTRG astrocytes 

play a key respiratory role. Consistently with the glial function of providing glutamine to neurons for glutamate 

synthesis, bath application of 5 mM glutamine (Gln) caused a rapid recovery of baseline respiratory variables. In 

addition, to ascertain whether ATP and astrocytes contribute to acidification-induced increases in respiratory 

activity the pH of the perfusing solution was reduced from 7.4 to 7.0. Marked low pH-induced increases in the 

respiratory motor output were still present after bath application of PPADS, but were completely abolished after 

AAA application. However, bath application of Gln in the presence of AAA restored the low pH-induced 

responses. The results show that astrocytes are involved in the modulation of respiratory activity and that their 

role is highly conserved throughout vertebrate evolution. The results also reveal the existence of a central, ATP-

independent, pH sensitivity that requires astrocyte metabolic support. 
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Glial cells, and more importantly astrocytes play an important role in cognitive functions, behavior states and 

cerebral pathologies. They are indeed involved in brain information processing via the modulation of neuronal 

excitability, synaptic activity and plasticity [1]. A typical feature of astrocytes is their prominent interconnection via 

gap junction channels formed by connexins, i.e. connexin 30 (Cx30) and connexin 43 (Cx43), which provide 

direct electrical and metabolic coupling. Remarkably, Cx30 is expressed postnatally in the CNS and mostly by 

astrocytes, and not only controls the functional extent of astroglial networks, but also modulates synaptic 

transmission [2]. However, the impact of a temporally- and spatially-restricted modulation of astroglial 

connectivity on astroglial network and neuronal activity is yet unknown.  

The aim of our study is to investigate the impact of increased Cx30 levels specifically in astrocytes on 

hippocampal synaptic efficacy.   

For this purpose, we used stereotaxic injections of adeno-associated viruses (AAVs) to increase Cx30 in 

astrocytes from the CA1 hippocampal area of juvenile wild-type mice (P15). Using this strategy, we investigated 

the impact of Cx30 overexpression on the size of the astroglial network, cellular properties and on neuronal 

network compare to wild-type mice injected with AAV-GFAP-GFP as control. In particular, we show that 

injections with CX30- AAVs lead to : (1) the increase of the levels of Cx30 expression in hippocampus visualized 

by immunolabeling and western blot; (2) the increase of the size of astroglial networks, highlighted by dye 

coupling experiments with biocytin locally injected in one astrocyte and diffusing to connected astrocytes by gap 

junctions, (3) the change of astroglial and neuronal properties of pyramidal cells and parvalbumin (PV) 
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interneurons highlighted by patch clamp recordings; and (4) to the decreased of the  field potentials at CA1 

Schaffer collateral synapses in hippocampus slices.  

Altogether, these results provide new insights into the role of Cx30 overexpression in the modulation of astrocyte 

and neuronal networks. 
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Local protein synthesis allows neurites to react to extracellular stimuli in a precise manner. Although local 

translation has been extensively studied in developing neurons, much less is known about the role of locally-

produced proteins in the diseased adult brain. Recent studies have shown that local protein synthesis in axons 

plays an active role in amyloid-induced neurodegeneration, and that intra-dendritic translation contributes to the 

missorting of Tau from axons to dendrites and its hyperphosphorylation. Thus, dysregulation of local protein 

synthesis might be more relevant in the pathogenesis of Alzheimer´s Disease (AD) than previously expected. 

Despite the relevance of local protein synthesis in neuronal function and dysfunction is increasingly being 

acknowledged by the scientific community, there are still essential mechanistic questions that remain 

unanswered. For instance, it is unclear that local protein synthesis in neurons is fully regulated in a cell-

autonomous manner. Studies suggest that glial cells might contribute to the local neuronal translatome by 

delivering RNAs, ribosomes and other bioactive molecules to neurites. Our general aim is to determine the 

contribution of astrocytes to local protein synthesis in Alzheimer´s disease. So far, we have observed that the 

presence of glia enhances translation in neurites under basal conditions, but its blocks it under pathological 

conditions induced by amyloid oligomers. Additionally we have observed a differential pattern of RNA 

recruitment to neurites if neurons are cultured in the presence or absence of astrocytes. Together, our work 

suggests an important role for astroglia in neuronal local protein synthesis and might help uncover new 

therapeutic strategies for neurodegenerative diseases in which local protein synthesis might be dysregulated.  
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The serine shuttle sustains neuronal D-serine synthesis and regulates NMDAR synaptic activity 
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D-Serine is a physiologic co-agonist of NMDARs synthesized by the enzyme serine racemase (SR). Although 

originally assumed to be produced by astrocytes, D-serine and its biosynthetic enzyme were reported by several 

groups to be preferentially expressed by neurons. We now monitored the synthesis of D-serine from glucose in 

acute brain slices following selective deletion of SR in glutamatergic neurons by crossing SR fl/fl mice with 

CAMKII-Cre mice. We report that glutamatergic neurons produce around 80% of the D-serine in slices, indicating 

they are the main source of D-serine. Since astrocytes are the site of L-serine production by the 3-

phosphopglycerate dehydrogenase (Phgdh) pathway, we raised the possibility that these cells export L-serine to 

fuel the neuronal synthesis of D-serine. In agreement, we now report that inhibition of the L-serine biosynthesis 

pathway by a Phgdh inhibitor decreases the de novo synthesis of both L- and D-serine in astrocytes and cortical 

slices. To investigate if acute inhibition of the Phgdh pathway affects NMDAR activity, we monitored the isolated 

NMDAR potentials at the Schaffer collateral-CA1 hippocampal synapses. We found that Phgdh inhibition 

decreases the NMDAR fEPSPs and the expression of the NMDAR-dependent LTP, without affecting basal 

neurotransmission or paired pulse facilitation. Our data suggest a model we called the serine shuttle whereby 

astrocytes export L-serine to fuel the synthesis of D-serine by the neuronal SR. Our data also indicate that 

glycine synthesis through the Phgdh pathway is a physiologic regulator of the neuronal D-serine synthesis. 

Glycine strongly competes with L-serine for SR and its levels directly affect the rate of the neuronal D-serine 

synthesis, indicating and new link between D-serine and glycine metabolism. 
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The C-Jun N-terminal kinase (JNK) pathway participates in several physiological and pathological mechanisms 

by phosphorylation of downstream effectors. JNK is expressed in three isoforms and, in particular, JNK1 exerts 

pleiotropic roles during brain development such as control of regional apoptosis, of microtubule dynamics during 

dendrite morphogenesis and cortical interneuron migration. Moreover, JNK1 KO mice show alterations of the 

corpus callosum suggestive of myelin defects.   

Therefore, we investigated the role of JNK1 in the development of myelinated tracts. In particular, we focused on 

oligodendrocyte (OL) development. The somatosensory cortex of JNK1 KO mice was stained with anti-

PDGFRalpha antibodies to label oligodendrocyte precursor cells (OPCs), and with anti-APC (CC1) and anti-

myelin basic protein (MBP) antibodies to label the mature, myelinating OL. Immunohistochemical and 

quantitative analyses revealed a significant increase in the density of OPCs at P7 and P15 in KO mice compared 

to WT, with no changes in their distribution throughout the supragranular and infragranular cortical layers. 

Furthermore, JNK1 KO mice at both early postnatal and adult ages showed a lower extent of MBP expression, 

both in infragranular and in supragranular layers, indicative of abnormal myelin deposition. Inspection of the 
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staining suggested that MBP expression was also altered in the corpus callosum. Based on these data, we 

analysed more deeply the structure of myelinated axons and examined the nodes of Ranvier by labelling for 

contactin associated protein 1 (CASPR), one of the proteins of the adhesion complex that mediates their 

assembly. We found that JNK1 KO mice display a higher density of nodes and that the nodes are longer 

compared to the WT. With the aim to assess cell autonomous defects of JNK1 KO OLs, we performed in vitro 

cultures of rat OPCs treated with DJNKi (a specific inhibitor of the three isoforms of JNK that partly mimics JNK1 

KO). Results suggest alterations in proliferation rate and cell morphology of OL treated with the inhibitor, 

compared to the non-treated ones.  

Our findings suggest for the first time that JNK1 takes part in oligodendocyte development and in the axo-glial 

interplay. Further experiments will be devoted to examine the ultrastructural alteration of JNK1 KO myelin and 

nodes and to disentangle, with a specific JNK1 inhibitor, the relative contribution of JNK1 in OLs or neurons to 

the observed phenotype. 
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J.M.G. Verdugo5, S. Pluchino4, B. Marchetti1, N. Iraci1 
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2Oasi Research Institute-IRCCS, Troina, IT 
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Astrocytes (AS) are key players in the regulation of dopaminergic (DA) neuron homeostasis both in health and 

disease. Parkinson’s disease (PD) is a chronic neurodegenerative disorder characterized by the progressive 

degeneration of DA cell bodies in the subtantia nigra pars compacta of the ventral midbrain (VM) and their 

terminals in the striatum (Str). Our previous work identified a crucial role of AS-neuron crosstalk and 

underscored AS key contribution to DA neuroprotection in preclinical models of PD. Specifically, chemokine-

activated AS, such as Ccl3, were shown to exert robust DA neuroprotection against the PD neurotoxin, MPTP, 

but the mechanism(s) underlying this complex intercellular signalling remain elusive.  

Recent experimental evidences suggest that extracellular vesicles (EVs) are important players in the cell-to-cell 

communication. EVs are released by virtually all cells in the microenvironment and include exosomes, 

microvesicles and apoptotic bodies, different for size and biogenesis.  

We herein characterized AS-derived EVs from both the VM and Str, and addressed the effect of the Ccl3 vs. 

degenerative conditions (MPP+).  

EVs have been characterized for their dimension and concentration by electron microscopy and nanoparticle 

tracking analysis. We observed that the basal EV secretion rate is specific for each brain area, with VM releasing 

more EVs than Str. Moreover, Ccl3 treatment affects both AS morphology and their EV secretion, in absence of 

any influence on cellular viability and proliferation. In fact, Ccl3-treated AS show much more membrane 

protrusions that reflect an increased secretive activity, as confirmed by the higher number of EVs released by AS 

after Ccl3 treatment. The amount of EVs resulted increased also after MPP+ treatment, especially in the Str. The 

appearance of MPP+-EVs differs from Ccl3-EVs suggesting the presence of different class/cargoes in response 

to specific stimuli.  

In particular, we found an enrichment of EVs in the size range of exosomes (~100 nm). Also, several exosomal 

markers (Cd63/9, Alix1) have been analysed by WB and confirmed the enrichment of exosomes in the AS-

derived EVs. Finally, the presence of mRNAs and miRNAs has been evaluated by qPCR, finding both of them 
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associated with AS-derived EVs. These findings suggest a possible involvement of EVs in the horizontal transfer 

of RNAs in the context of glia-neuron communication. This in-depth characterization was preliminary to our next 

steps of investigation that aim to evaluate, in vitro and in vivo, the impact of AS-EVs on PD target cells. 

 

Figure 1. Ultrastructural characterization of 

astrocyte-derived exosomes 
Scansion Electron Microscopy of astrocytes in basal 

(A) and after Ccl3 treatment (B); Transmission 

Electron Microscopy on astrocyte-derived EVs in 

basal (C) and after Ccl3 treatment (D). 
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Vesicle-mediated transfer of ribosomes from glia to axons 
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Neurons are highly specialized and polarized cells with processes that function partially independent of the cell 

body. Axonal mRNA transport and local protein synthesis are crucial for axon regeneration. Building on our 

recent publication on the transfer of ribosomes from Schwann cells to peripheral axons upon injury (Müller et al, 

2018), we hypothesized that this new principle of axonal support may also occur in the CNS. In the experimental 

autoimmune encephalomyelitis (EAE) model, we observe an increase of axonal ribosomes in the corticospinal 

tract and dorsal columns during neuroinflammation. Using our conditional RiboTracker mice, we now show that 

these axonal ribosomes originate from oligodendrocytes. Furthermore, we have evidence for transfer 

mechanisms via extracellular vesicles. Our work suggests that injured CNS axons recruit ribosomes from 

oligodendroglia during neuroinflammation, which may be important for axonal maintenance or repair. 

E381POSTERS

GLIA



  

 

 

References 

Müller K*, Schnatz A*, … , Vogelaar CF. A predominantly glial origin of axonal ribosomes after nerve injury. Glia 

(2018) 66(8):1591-1610. 

 

Ribosome transfer from glia to axons 
The use of conditional transgenic RiboTracker mice to investigate the origine of axonal ribosomes. Neuronal expression of 

RiboTracker leads to rare axonally localized labelled ribosomes (upper panel). Glial RiboTracker mice display numerous tagged 

ribosomes in axons after injury. 
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The influence of the microglia in Aβ-induced local translation in neurons 
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Microglial cells are the brain´s immune cells, and as such, they recognize foreign bodies, swallow them, and act 

as antigen-presenting cells. They are also involved in brain maintenance, they scavenge the CNS for plaques, 

unnecessary neurons and synapses, and infectious agents. Microglia also contributes to the inflammation of the 

brain. Biochemical and neuropathological studies of the brain have demonstrated the connection between 

inflammation and Alzheimer Disease (AD). Moreover, one of the earliest pathological changes in the AD brain 

are synaptic dysfunction and loss of synapses. Several evidences indicate that microglia plays a critical role in 

the engulfment of damaged synapses. More recently, dysregulation of local protein synthesis, both in dendrites 

and axons, has been linked with Aβ pathology, one of the hallmarks of AD. Thus, dysregulation of local protein 
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synthesis might underlie synaptic dysfunction in AD.  Taking these evidences into account, our main objective is 

to determine the influence of the microglia in Aβ-induced local translation in neurons and upon treatment withand 

inflammatory (MCSF) stimuli. So far, our results suggest that the presence of microglia enhances local 

translation in neurons under basal conditions. On the contrary, priming microglial cells with MCSF enhances Aβ-

induced local translation in neurites. Finally, several evidences indicate that both astroglia and oligodendroglia 

also produce proteins locally in their distal processes. However, local translation in microglia or macrophages 

has never been described. Thus, we are studying whether microglia can produce proteins locally both upon 

stimulation with neurodegenerative and inflammatory stimuli, and whether microglia-neuron communication can 

influence the glial local translatome. 

 

T09-093C 

Neuronal activity drives microglial Ca2+ signaling 

G. Cignitti, E. Audinat 
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It is now clearly established that microglial cells reciprocally interact with neurons. Increasing evidence indicates 

that these interactions are activity-dependent and influence the maturation, fate and activity of synapses. 

However, the mechanisms through which neuronal activity triggers microglial responses are not fully elucidated. 

We therefore used acute hippocampal and cortical slices of Cx3cr1-CreERT2::floxed-GCaMP5-Tomato mice to 

study the impact of neuronal activity on microglial Ca2+ signalling.  

In standard artificial cerebro-spinal fluid (aCSF ; 33°C), we observed Ca2+ transients occurring spontaneously at 

a low frequency (0.33 ± 0.08 events/min) in the soma or main processes of hippocampal microglia. Triggering 

epileptiform activity by bath applying low Mg2+ and 4-AP (200 µM)-containing aCSF induced an increased in the 

frequency of microglial Ca2+ transients (2.03 ± 0.22 events/min, p<0.05 paired t test ; n=11). Remarkably, these 

Ca2+ transients occurred simultaneously in all microglial cells of the field of view (200 µM in diameter) and in 

synchrony with neuronal bursts monitored by extracellular field recordings. In parallel experiments, we also 

tested whether the activity of a single neuron influenced Ca2+ signalling in microglia. Whole-cell recordings of 

cortical neurons were performed in standard aCSF and 100 ms depolarizing pulses (resulting in the emission of 

15 ± 2 action potentials) were delivered at 1Hz while monitoring Ca2+ transients in microglia.  We observed that 

after 1-2 minutes of stimulation, the frequency and the amplitude of Ca2+ transients were increased by 20% 

±  6.94%  (p=0.047 paired t test ; n=11) and by 59% ± 22.97% (p = 0.005 paired t test ; n=11) respectively. The 

frequency of Ca2+ transients induced in microglia by epileptiform activities or by single neuron stimulations was 

largely reduced upon bath application of the ATP/ADP-degrading enzyme apyrase (25 U/ml). These 

observations indicate that neuronal network activity enhances Ca2+ signalling in microglia through mechanisms 

involving purinergic signalling. 
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Myelin facilitates fast impulse propagation, but also deprives axons from direct access to extracellular 

metabolites, necessitating a glial metabolic support of rapidly firing axons. Oligodendendrocytes generate 

pyruvate and lactate by aerobic glycolysis, and transfer these energy-rich metabolites to the underlying axon via 

monocarboxilate transporters. What are the mechanisms that regulate oligodendroglial trophic support of axon 

function? Hypoxia inhibitory factor 1α (HIF1α) is a transcription factor that promotes the expression of all but two 

glycolytic enzymes, as well as the cellular import of glucose. Through its many transcriptional targets HIF1α is a 

plausible candidate to promote oligodendroglial glycolysis for trophic support of axons. To test this hypothesis, 

we selectively and inducibly deleted HIF1α from oligodendrocytes in adult Plp-creERT2*HIF1αflox/flox mice. This 

caused decreased expression of glycolytic enzymes in the corpus callosum and reduced levels of glucose 

transporters in myelin, suggesting that HIF1α is necessary to maintain normal rates of glycolysis. By electron 

microscopy, Plp-creERT2*HIF1αflox/flox mice exhibit enlarged inner tongues and mild but sustained demyelination. 

Interestingly, deletion of oligodendroglial HIF1α led to severe morphological perturbations of axonal 

mitochondria, most likely as sign of ‘starvation’, as early as 10 days post tamoxifen administration. These 

abnormalities increased with time, and eventually led to axonal swellings and neurodegeneration. Axonal 

pathology preceded neuroinflammation as microgliosis and lymphocyte infiltration were observed only a year 

after tamoxifen administration. At the functional level, loss of oligodendroglial HIF1α resulted conduction blocks 

of optic nerves when challenged with either increasing stimulation frequencies or glucose deprivation ex vivo. In 

vivo, this function was reflected in auditory temporal processing deficits in anaesthetized mice. We propose that 

HIF1α is necessary to maintain oligodendroglial glycolysis at the rate required to fully support axonal energy 

metabolism. 

 

T09-095C 

Astrocyte glutamate transporter GLT-1 as a possible therapeutic target in Rett syndrome 

E. Albizzati1, L. Taiarol1, A. Frasca1, N. Landsberger1,2 

1Dept. Medical Biotechnology and Translational Medicine, L.I.T.A., University of Milan, Segrate, IT 
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Rett syndrome (RTT; OMIM# 312750) is a rare devastating neurodevelopmental disorder that with an incidence 

of ~ 1:10,000, represents the most common genetic cause of severe intellectual disability in girls. Mutations in 

the X-linked methyl-CpG-binding protein 2 gene (MECP2), encoding for a multifunctional protein mainly acting as 

a transcriptional regulator, have been reported in over 95% cases of classical forms of RTT. No cure is currently 

available and patients are treated only to ameliorate secondary phenotypes. It has, however, been established 

that phenotypic rescue is possible in Mecp2-deficient mice upon reactivation of the endogenous Mecp2 gene, 

therefore raising the possibility of therapeutic intervention.  

Initial studies have supported an exclusive neuronal role for MeCP2 in RTT; however, recent data suggest that 

astrocytes play a major role in the disease throughout a non-cell autonomous effect. In particular, it was 

demonstrated that wt astrocytes exert a positive effect on Mecp2 null neurons and the exclusive re-expression of 

Mecp2 in astrocytes significantly improves the phenotype and lifespan of the otherwise null mice. Although these 

studies prove that RTT involves impairments in both neurons and astrocytes and support the possibility of 

targeting astrocytes as a complementary strategy for improving the RTT condition, to date it remains obscure 

which key molecules in astrocytes affect neuronal structure and function and the molecular alterations that 

characterize RTT astrocytes.  

In order to fill this gap of knowledge, we molecularly characterized Mecp2 KO astrocytes, reporting a significant 

reduction of the glutamate transporter-1 (GLT-1) both at the transcriptional and translational levels. This 

molecular defect observed in cultured astrocytes was confirmed in brain of younger and symptomatic Mecp2 KO 

mice. Considering the importance of glutamate homeostasis for proper neuronal maturation and functioning we 

tested the ability of selected drugs to revert ‘in vitro’ and ‘in vivo’ GLT-1 defective expression. Our data report the 
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capability of these drugs to rescue GLT-1 expression, thus emerging as an interesting avenue to be tested in 

preclinical studies. 

Acknowledgement 

We are grateful to Pro RETT Ricerca for the financial support.  

 

T09-096C 

Embryonic macrophages and microglia regulate the development of dorsal root ganglion sensory 
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Microglia are known to regulate several aspects of the development of neuronal networks. We previously shown 

(Rigato et al. 2011) that microglia interact with growing central axons of dorsal root ganglion sensory neurons in 

the mouse embryo when they colonize the spinal cord, which suggests that they may have some functions in SN 

development.  

To address this issue we analyzed the effect of immature macrophage ablation on the early development of SN 

from E11.5 to E15.5 (embryonic age; days) in the mouse embryo. We used two models of macrophages 

ablation, the PU.1 knockout (-/-) mouse and an immune cell ablation procedure (anti-CSF-1R monoclonal 

antibody AFS98; Squarzoni et al., 2014).  

We first discovered that in addition to embryonic microglia, embryonic macrophages contact TrkC+ TrkB+ and 

TrkA+ sensory neuron peripheral neurites from E11.5. All embryonic macrophages contacting sensory neuron 

peripheral neurites expressed IBa1, CXCR1 and CD68. 34.6% of these embryonic macrophages only expressed 

CD11b while few embryonic macrophages contacting peripheral sensory neuron neurites at E12.5 expressed 

Mac-2 or MHCII (<5%).  

Ablation of embryonic macrophage and microglia resulted in an initial reduction of TrkC+ sensory neuron and 

TrkB+ sensory neuron populations at E11.5 that was unrelated to an alteration in their developmental cell death 

(DCD). This decrease in TrkC+ sensory neuron and TrkB+ sensory neuron populations at E11.5 was followed by 

a transitory increase in their number at E12.5. Ablation of embryonic immune cell also resulted in a reduction of 

TrkA+ sensory neuron number from E11.5 to E15.5, although we did not observed any change in their DCD. 

Proliferation of neuronal progenitors (BFABP−) was increased at E11.5, while their proliferation was decreased 

at E12.5 in the absence of embryonic macrophages/microglia, which could partly explain the alterations of 

sensory neuron subtype production observed from E11.5. In addition, we observed alterations in the proliferation 

of dorsal root ganglia glial cell progenitors (BFABP+ cells) in the absence of embryonic macrophages. By 

showing that embryonic macrophage/microglia ablation alters the early development of sensory neurons in 

several ways at the onset of dorsal root ganglia development, our study indicates for the first time that embryonic 

macrophages and/or microglia may be involved in the regulation of peripheral nervous system development. 
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Astrocyte-derived L-lactate (LL) is thought to act as an additional metabolic supply to neurones during periods of 

high activity. LL also has signalling roles in the brain and its release can affect sleep/wake cycle, learning and 

memory, and cardiorespiratory control. We have previously shown that astrocyte-derived LL induces 

noradrenaline (NA) release in the LC in vitro, and that this action was abolished by the enantiomer D-lactate 

(DL)1. Moreover, LL application in the brainstem or pons in vivo increased sympathetic nerve activity, or caused 

cortical desynchronization, respectively1,2.  

In order to better understand LL action in the brain, we are developing a range of viral vectors to inhibit the 

release of LL selectively from astrocytes. The vectors induce expression of bacteria-derived enzymes that either 

reduce the intracellular LL pool by metabolising LL (LL monooxygenase – LMO, E.C. 1.13.12.4; LL oxidase – 

LOX, E.C. 1.1.3.15) or interfere with LL signalling by production of DL (DL dehydrogenase – DLDH, EC 

1.1.1.28). The FRET nanosensor Laconic3 was used to monitor intracellular LL dynamics in rat primary cultured 

astrocytes and the intracellular LL pool was estimated following LL depletion by trans-acceleration with 10mM 

pyruvate. The intra-astrocytic LL pool was significantly decreased in LOX-, LMO- and DLDH-expressing 

astrocytes (reduction by 70%, 35% and 56%, respectively; p<0.05, One-way ANOVA). Constitutive release of LL 

from astrocytes to the extracellular space measured with a quantitative fluorimetric assay was significantly 

decreased in LOX- and LMO-expressing astrocytes to ~87% of control (p<0.05; One-way ANOVA). DLDH 

expression did not affect LL release but resulted in 258% increased DL release (p<0.0001, Student t-test). To 

evaluate the impact of the new constructs on NA release, a cell-based noradrenaline fluorescent engineered 

reporter4 approach was used. NA-sensitive CNiFERs cells were plated on top of LC-containing organotypic 

slices and their response to pyruvate-induced LL release was recorded and normalised to the response evoked 

by 2mM LL. In LOX-expressing slices, NA release in response to pyruvate-induced LL extrusion was reduced by 

59% as compared to the effect of 2mM LL (p<0.05, paired Student t-test; in control slices p=0.8).  

Thus, microbial LL-processing enzymes modify LL release and action in brain when specifically expressed in 

astrocytes. These tools show promise for future studies into the roles of astrocytic LL in the brain. 
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The serotonergic (5HT) system plays crucial roles in several brain functions. Although recent evidences have 

shown that astrocytes actively contribute to neuronal function by exchanging substances with the synaptic 

elements, the contribution and impact of serotonergic system to the neuron-astrocyte signaling is poorly known. 

Therefore, we aim to investigate the role of serotonin (5-HT) onto astrocyte-neuron signaling in layer 2/3 of 

mouse medial prefrontal cortex (mPFC) by using electrophysiology and Ca2+ imaging techniques in mPFC 

slices. We have found that local application of 5-HT (1 mM; 1 bar, 10 s) reliably stimulate astrocytic Ca2+ 

elevations that were sensitive to the 5-HT2 receptor antagonist cyproheptadine (1µM). These Ca2+ elevations 

were absent in astrocytes from Ip3r2-/- mice, which show a downregulated astrocyte Ca2+ signaling. Moreover, 

the 5-HT-induced Ca2+ events triggered glutamate release from astrocytes and the generation of slow inward 

currents (SICs) in nearby principal neurons. Additionally, local application of 5-HT promotes a transient synaptic 

depression of excitatory postsynaptic currents (EPSCs) via presynaptic 5-HT1B receptors (Kjaerby et al., 2016; 

Guo et al., 2017). However, the 5-HT2 receptors blockage evoked a significant synaptic depression after 5-HT 

stimulation, similar to the observed response in Ip3r2 -/- mice, which might indicate the contribution of astrocytes 

to the 5-HT-induced EPSC modulation in wildtype mice. Likewise, in the presence of LY367385 (100 µM), a 

selective blocker of group I metabotropic glutamate receptors, 5-HT induced a prolonged EPSCs depression in 

wildtype mice, similar to those results obtained from Ip3r2 -/- mice. These data suggest that glutamate released 

by astrocytes after 5-HT stimulation would activate the neuronal group I mGluRs that would enhance synaptic 

transmission.  

Altogether, these results suggest a prominent role of astrocytes in the modulatory effects of 5-HTergic system. 

Thus, dysfunctions of astrocyte-neuron signaling triggered by 5-HT might be involved in the pathology related 5-

HTergic system. 
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evidence indicated that astrocytes Ca2+signaling and water transport via play a key role in brain homeostatic 

processes and communication signaling in vitro and in vivo. In this view, there is a need of novel tools enabling 

to investigate/modulate mechanistic underpinning astrocytes function to clarify their role in brain physiology and 

pathology [1]. Infrared neural stimulation (INS) has been shown to be an efficient label-free optical method to 

photostimulate/modulate neuronal firing. However, deep investigation on the effect of INS on astrocytes is 

lacking. Here, we address this issue by photostimulation of astrocytes with Infra red laser. We found that INS 

elicits Ca2+signalling in primary rat cultured astrocytes grown on Poly-D-lysine [2]. By pharmacological study and 

siRNA technology, we clearly identify a role for extracellular calcium influx in the response, mediated by TRPV4 

and TRPA1 channels. Notably, the response of primary astrocytes from AQP4-KO-/- was delayed compared to 

the one observed in astrocytes from WT animals. Surprisingly, INS elicit water transport in astrocytes plated on 

PDL. When astrocytes were grown on hydrotalcyte, a nanostructured substrate enabling astrocytes 

differentiation [2], INS elicits Ca2+oscillation in astrocytes cell body and in microdomains.  

Our results show that thermal response and water influx might underpin the observed effect. Collectively they 

open the view for the use of INS to modulate astrocytic biophysics at subcellular scale. 
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Amyotrophic lateral sclerosis (ALS) is a neurodegenerative disorder characterized by motor neuron (MN) loss 

and glia reactivity in the brain and spinal cord. A dysregulated expression of microRNAs (miRNAs) have been 

associated both to neurodegeneration and neuroinflammation in ALS. MiRNA(miR)-124, one of the most 

abundant in the central nervous system, was found elevated in the cerebrospinal fluid of ALS patients and in the 

spinal cord of an ALS mice model with the G93A mutation in superoxide dismutase 1 (mSOD1). Our recent 

studies demonstrated that miR-124 is upregulated in the MN-like cell line NSC-34 overexpressing human 

mSOD1 and in small extracellular vesicles (exosomes) isolated from cell secretome [1].  

Here, we aimed to explore the effects of miR-124 upregulation in the MN-like cell line NSC-34 (WT), together 

with those produced by its downregulation in the mSOD1 MNs, in terms of loss and gain of MN function, 

respectively. Moreover, we purposed to assess the consequences of such modulation in the cell-secretome 

mediated impact on microglia activation or, alternatively, in supporting their functionality. For that, we transfected 

WT MNs with pre-miR-124 and mSOD1 MNs with anti-miR-124, and assessed the consequences on the cell. 

MN secretome was collected and incubated for 4 h in N9 microglial cells.  

Our results demonstrated that the upregulation of miR-124 in WT NSC-34 cells mimic many pathological 

features of mSOD1 MNs. Indeed, both mSOD1 MNs and pre-miR-124 WT MNs presented a specific pattern of 

inflammatory-associated miRNAs (increased miR-125b and decreased miR-146a/-21), together with synaptic 

dysfunction (increased synaptophysin and decreased PDS-95), neurite loss, reduced mitochondria viability and 

axonal transport deficits (increased dynein and decreased kinesin). Importantly, downregulation of miR-124 was 

able to prevent those dysfunctionalities in mSOD1 MNs. When incubated in microglia, the secretome from 

mSOD1 MNs and from pre-miR-124 treated WT MNs led to increased cell activation, manifested by 

morphological alterations (enlarged cell body and decreased circularity) and  upregulated iNOS, arginase, TNF- 

α and IL-1β. In contrast, anti-miR-124 modulation in mSOD1 MNs had marked benefits in preventing the 

activation of microglia into heterogeneous phenotypes.  

Overall, our work highlights the targeting of miR-124 in mSOD1 MNs as a promising and broad therapeutic 

strategy for ALS treatment, once its modulation can simultaneously prevent MN impairment and secretome-

mediated microglial activation. 
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Oligodendrocyte precursor cells (OPCs) form heterogeneous cell population regarding their ion channels 

expression, dependent on the brain region and animal age. Their K+ conductance is different in white and grey 

matter (WM and GM, respectively) and it is increasing with age and OPCs maturation. OPCs in GM display 
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lower membrane resistance and more hyperpolarized resting membrane potential (RMP) compared to OPCs in 

WM. GM but not WM OPCs develop large inward and outward currents with maturation, presumably because 

OPCs in the GM increase their Kir4.1 expression postnatally. Moreover, inward K+ conductance was higher in 

non-proliferating OPCs, whereas outward K+ currents, including A-type and delayed rectifier, were higher in 

S/G2/M phase of the cell cycle. GM OPCs can sense extracellular fluctuations of K+ induced by neuronal firing. 

Incubation of mouse brain slices in Mg2+-free solution caused spontaneous long inward currents (SLICs) in 

OPCs which were dependent on neuronal activity and resting K+ conductance in OPCs. To study the relationship 

between these inputs and neuronal activity we patched OPCs and neurons simultaneously in Mg2+-free solution. 

Mg2+-free solution caused spontaneous discharges in neurons and coinciding SLICs in OPCs. Application of 

2mM Mg2+ inhibited both neuronal discharges and SLICs in OPCs. However, Ba2+ application blocked only 

SLICs but not neuronal inputs. It suggests that SLICs are K+ currents caused by elevated extracellular K+ 

concentrations due to neuronal activity. A specific blocker of Kir channels, nortriptyline, abolished these currents 

in OPCs supporting the idea that it is Kir4.1 responsible for OPCs sensitivity to extracellular K+. However, not all 

cortical OPCs had SLICs in our experiments. Those without inputs had on average less negative RMP and 

higher membrane resistance. Their inward currents at hyperpolarising potentials were lower. OPCs without 

inputs had on average fewer neurons around them, suggesting that high neuronal density around OPCs drives 

them to develop higher inward K+ conductance. We tested what the functional role of these inward K+ 

conductance is. Incubation of acute brain slices in Mg2+-free solution did not cause excessive cell death 

compared to physiological concentrations of Mg2+ and did not increase cell proliferation. Our data indicate 

existence of a subset of OPCs that have become more quiescent OPCs with high K+ conductance, shaped by 

neurons, presumably taking on other role than only being a progenitor for oligodendrocytes. 
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Astrocytes are indispensable for neuronal synchronization 

L. Héja, Z. Szabó, R. Vincze, M. Péter, J. Kardos 
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A unique feature of the astrocyte network is that cells are extensively interconnected by gap junctions. Due to 

the effortless transport of ions and small molecules through this pathway, the astrocytic syncytium can be quickly 

synchronized in large areas, making the astrocytes ideally positioned to introduce or extend neuronal 

synchronization. We explored the potential role of astrocytes in two distinct, characteristic synchronized neuronal 

activity, the physiological slow wave activity (SWA) and the pathophysiological, high frequency epileptiform 

activity. Importantly, the mechanism by which synchronized neuronal firing emerges is not identified in either of 

these processes. To address the possibility of astrocytic involvement in SWA, we used a transgenic rat line 

expressing a calcium sensitive fluorescent protein in both astrocytes and interneurons and simultaneously 

imaged astrocytic and neuronal activity in vivo. We demonstrated, for the first time, that the astrocyte network 

display synchronized recurrent activity in vivo coupled to UP states measured by field recording and neuronal 

calcium imaging. Furthermore, we presented evidence that extensive synchronization of the astrocytic network 

precedes the spatial build-up of neuronal synchronization. Similarly, long-range astrocytic synchronization, 

spatiotemporally coupled to the synchronized neuronal activity was also observed in the low-[Mg2+] in vitro 

epilepsy model. Since blockade of astrocytic gap junctional communication reduces the ratio of both astrocytes 

and neurons involved in SWA in vivo as well as prevents the appearance of seizure-like events in vitro, we 

conclude that the astrocytic syncytium plays a causal role in the generation of different types of neuronal 

oscillations. 
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Lactate, mainly produced by astrocytes in the brain, has been shown to be used as a substrate to maintain 

synaptic activity. It was recently discovered that neurons of the central nervous system express the 

hydroxycarboxylic acid receptor 1 (HCAR1), a Gi protein coupled receptor (GPCR) with lactate as its 

endogenous ligand, pointing out to additional non-metabolic effects of lactate on neuronal network activity. We 

found that L-lactate and two non-metabolized agonists of HCAR1 (3,5-DHBA and 3-Cl-HBA), reversibly 

decreased spontaneous network activity of primary cortical neurons of wild-type (WT) mice, but not of neurons 

prepared from HCAR1 knock-out animals. Using electrophysiological recordings, we show that HCAR1 

activation with 3-Cl-HBA decreases mEPSCs frequency but not amplitude, and induces a change in the paired 

pulse ratio of WT neurons. In addition, HCAR1 activation induced hyperpolarization of the resting membrane 

potential, reduction of the input resistance and of the time constant, together with an increase of the rheobase, 

leading to a decrease in the action potential firing frequency. Thus, we demonstrate that HCAR1 modulates 

neuronal activity at the presynaptic level and alters neuronal intrinsic properties. We further demonstrate that the 

downstream pathway induced by the activation of HCAR1 in neurons involves the inhibition of adenylyl cyclase, 

decrease of cAMP levels and of PKA activity, confirming the involvement of the upstream Gαi subunit. However, 

the blockade of the Gβɣ subunit partially reversed HCAR1 effect on WT neurons, indicating that both Gαi and Gβɣ 

subunits are involved in the HCAR1 mechanism of action for the modulation of network activity. Together, our 

results demonstrate the consequence of HCA1R activation as a non-metabolic action of lactate on neuronal 

activity, providing evidence that lactate can act as a gliotransmitter and a neuromodulator. 
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Weaving a brain, one step at a time:Glia initiate circuit assembly through molecular crosstalk with 

pioneers of defined identity 

G. Rapti, M.E. Hatten, S. Shaham 

The Rockefeller University, New York, US 

 

Proper neurodevelopment and circuit assembly is key to faithful nervous system function. It relies on coordinated 

events of cell polarity, interactions, fate specification, process morphogenesis and navigation. Impairment of the 

underlying events leads to pathologies ranging from birth defects, epilepsy and autism, to Alzheimer’s and 

Parkinson’s disease. Despite extensive neurodevelopment studies, the mechanisms of circuit assembly initiation 
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are challenging to study and remain unclear. Pioneer axons are thought to form paths to guide later axons, by 

extending over non-neuronal cells in glia proximity. Yet molecular and functional underpinnings of this initiation 

remain elusive. What are the molecular identities and properties of pioneers? What are their guidance 

substrates? What roles, if any do glia play in circuit initiation? Why do the known molecular factors explain only 

limited number of brain assembly events?  

To dissect cellular and molecular mechanisms initiating circuit assembly, I pursue a multidisciplinary approach of 

in vivo live imaging, genetics, molecular, functional and protein interaction assays. I study brain-like circuit of C. 

elegans, aiming at a cross-species investigation for general principles of assembly. This circuit consists of~180 

axons and glia of defined identities, yet the cues and cells initiating its assembly were long-standing mysteries. I 

recently demonstrated defined glia, similar to radial-glia and astrocytes, initiate circuit assembly by guiding 

pioneer and follower axons, through distinct conserved cues. I identified molecular signatures and functional 

roles of glia-guided pioneer neurons. I developed approaches to identify synergistic roles of circuit assembly 

factors that were previously missed. I will present recent and new findings on circuit assembly initiation: 1. 

neuron-glia cellular  and molecular interactions driving circuit assembly, 2. molecular signatures of pioneer 

neurons and glia, 3. signaling pathways driving distinct pioneer and follower axon navigation, 4. molecular 

synergies in glia-mediated assembly initiation, 5. new glial roles and cue trafficking mechanisms, 6. cellular and 

molecular analogies in invertebrate and vertebrate circuit assembly initiation, 7. new approaches for gene-

function discovery in circuit assembly initiation through genetic, genomic approaches and cross-species 

investigation. My work illuminates how a live embryo assembles its brain and, alongside recent mouse studies, 

suggests unexplored glial roles and conserved principles of circuit assembly initiation from C. elegans to 

vertebrates. 

References 

Rapti, G., Li, C., Shan, A., Lu, Y. & Shaham, S. Glia initiate brain assembly through noncanonical Chimaerin--

Furin axon guidance in C. elegans. Nat. Neurosci. 20, 1350–1360 (2017). 

 

T09-105C 

The myelinic channel: a highway to the axo-glial junction 
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In the CNS, most axons are surrounded by compact myelin. Post-myelination oligodendrocytes (PMOs) provide 

support for myelinated axons, at least in part by supplying glycolytic products to fuel oxidative phosphorylation in 

axonal mitochondria (1). This, in order to meet the axon’s high metabolic demands. Little is yet known about how 

axons signal their support requirements to oligodendrocytes or how glial factors reach the axo-glial junction.  

We used ‘myelinating’ cell cultures, from mouse embryos expressing td-tomato fluorescent protein in 

oligodendroglia and photo-switchable EOS2-tagged oligodendroglial peroxisomes; as well as conditional Kif21b 

knockout mice, to address these questions.  

In cell cultures, td-tomato, being a soluble protein, labelled the PMO soma, processes and myelinic channel – 

the cytoplasm-filled space at the periphery of the compact myelin sheath. EOS2-tagged oligodendroglial 

peroxisomes were observed within all tomato-rendered spaces, as was oligodendroglial specific b-tubulin 4. 

Using pharmacological modulators, we found that neuronal electrical activity, a surrogate for axon energy 

consumption, positively modulated the density of peroxisomes in the myelin sheath, suggesting that axon 
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electrical activity acts as a signal (direct or indirect) to mediate functional changes in the PMO. Using live 

imaging, we found that myelin peroxisomes were motile, moving at rates compatible with motor protein-

dependent transport, on microtubules. Indeed, the microtubule disruptors, colchicine and nocodazole, blocked 

the movement of myelin peroxisomes. To further examine the role of microtubule-based transport in PMOs, we 

targeted KIF21B, a regulator of microtubule dynamics (2), by conditionally knocking out Kif21b in 

oligodendroglia. Very preliminary data suggest this leads to late-onset axon pathology in mice. Together, these 

data demonstrate the myelinic channel acts as a transport route between the oligodendrocyte soma and the 

glial-axonal junction.  

These data have implications for understanding the bidirectional communications that mediate glial-axonal 

support, and for understanding the process that leads to the degeneration of axons following oligodendrocyte 

injury in disorders like multiple sclerosis and the motor neuron diseases. 
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Myelin peroxisomes are motile 
Time-lapse images of two td-tomato (grey) rendered 

paranodes, separated by a node of Ranvier.  In the 

upper paranode, one of several EOS2- (green) 

labelled peroxisomes, is motile (white arrow).  
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Exposure to psychostimulants has been classically associated with damage to neuronal terminals. However, it is 

now accepted that addiction results from the interaction between neuronal and glial cells. We hypothesize that 

the long-term adverse consequences occurring within the brain’s reward circuitry under psychostimulant 

exposure may be due, at least in part, to the underlying neuroinflammatory process, and that limiting 

inflammation may be relevant to control the addictive behavior.  

We have verified that Meth cannot stimulate microglia in a cell-autonomous manner, and therefore, we 

hypothesized that a crosstalk with other types of cells is likely necessary to activate microglia in such conditions. 

Here, we are interested in clarifying the crosstalk between neurons and microglia under Meth exposure.  

To explore this issue we have evaluated the microglial activation profile in co-cultures of microglia and neurons 

performed in microfluidic devices. Our results seem to indicate that neurons under Meth-exposure may attempt 

to shift microglial cells to an anti-inflammatory profile, decreasing iNOS expression. We further exposed 

microglial cells co-cultured with neuronal cells to the conditioned medium obtained from astrocytes treated with 

Meth. We show that neurons still attempt to induce an anti-inflammatory profile in microglia, as evidenced by the 

increase of arginase and the decrease of Il1-β expression.  

To further dissect the modulation of microglia activation by neurons, neuroimmune regulatory molecules 

expressed by neurons and which target receptors are present in microglia cells were addressed in the 

hippocampus and striatum of mice submitted to a binge administration of Meth. The results show that several of 

these molecules are altered differently in these two regions (CD200-CD200r; CD47-CD172a and CD95), in 

which we have previously observed a neuroinflammatory process under Meth exposure. These neuroimmune 

regulatory molecules are presently being explored in neuron-microglia co-cultures in order to clarify the 

importance of such regulators in the neuroinflammatory process caused by Meth.  

In summary, our results indicate that neurons play an important role in shifting microglia to a less inflammatory 

profile under Meth-exposure, which may be an important neuroprotective pathway. 
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Inorganic polyphosphate (PolyP) is a biopolymer composed of tens to hundreds orthophosphate residues linked 

by the phosphoanhydride bonds. PolyP is found in all living organisms and plays numerous physiological 

functions. Micromolar concentrations of PolyP is known to present in mammalian brain but its role in the brain 

cells remains unclear. In this study we explore reactions of neurons and glial cells on inorganic PolyP with 

different lengths (14 and 130 residues).  

Crayfish stretch receptor (CSR) consisting of only two neurons surrounding by glial cells was used as an object. 

Extracellular recordings were used to observe electrophysiological reactions of the neurons. Cell death was 

controlled with the aid of Propidium Iodide and Hoechst 33342. Fluo-4 AM was used to study changes in 

concentration of cytosolic calcium.  

We found that long PolyP (100 µM) can modulate the firing in neurons. It also induced glial and neuronal 

necrosis probably via P2Y receptors activation as pre-incubation of CSR with inhibitor of P2 purinoceptors 

PPADS (100 µM) decreased PolyP-induced necrosis but did not influence ion channels operation and 

electrophysiological reactions of neurons on PolyP.  Short PolyP (100 µM) did not influence firing and neuronal 

or glial viability, but induced calcium elevation in glia and dendrites that can trigger subsequent signaling. Thus, 
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long PolyP can be involved in firing modulation and neuronal and glial death and, in general, PolyP can be 

considered as signaling molecule with functions dependent on PolyP length. 
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Background/Aims: Expression of miR-124 in neurons has been associated with brain regeneration and glial 

signaling. We found up-regulated miR-124 in SH-SY5Y cells transfected with the Swedish mutation APP695 

(APP-Swe), as an Alzheimer’s disease (AD) model [1]. Ongoing experiments suggest that miR-124 upregulation 

by APP-Swe neurons exerts a supportive role by maintaining cell morphology and inhibiting inflammatory-miRNA 

dissemination via exosomes (unpublished). However, whether such neuronal miR-124 overexpression has 

immediate consequences on microglia immunoregulatory properties remains unclear. Here we aimed to explore 

the neuron-microglia crosstalk in co-culture and, more specifically, how up-/down-regulation of miR-124 in APP-

Swe cells may affect immunoregulatory properties of microglia.  

Methods: Modulation of miR-124 levels in APP-Swe cells was done by transfection with anti/pre-miR-124. 

Switch of human CHME-3 microglia into the M1-phenotype was performed by IFN-g stimulation. APP-

Swe/CHME-3 cells were cultured (or co-cultured) for 2, 12 and 24 h. Gene expression was accessed by RT-

qPCR.  

Results: CHME-3 microglia exhibited a classical M1 phenotype upon IFN-g stimulation, with consistent 

overexpression of classical markers as RAGE, HMGB1, TNF-α and MHC-II. When IFN-g-stimulated CHME-3 

microglia were co-cultured with APP-Swe cells down-regulated for miR-124, we observed an early exacerbation 

of the expression of M1 pro-inflammatory mediators like RAGE, HMGB1 and IL-1β, but also a reduction on the 

M2 markers Arginase-1 and IL-10, particularly after 12h of co-culture. In contrast, IFN-g-stimulated CHME-3 

microglia co-cultured with APP-Swe cells overexpressing miR-124 showed a fast reduction of HMGB1 and MHC-

II gene expression that was recovered upon 24h. Interestingly, while levels of IL-1β, RAGE, IL-10 and Arginase-

1 were similar to control microglia, iNOS and TNF-α expression was inhibited, suggesting the activation of pro-

resolving cascades. To finally note that despite being considered a specific miR-124 target, we only found the 

expected decrease of microglial C/EBPα gene expression after 24h of co-culture with pre-miR-124 APP-Swe 

cells.  

Conclusions: Our results indicate that besides the beneficial effects in APP-Swe neurons, miR-124 

overexpression by neuronal cells exerts a paracrine-mediated role on microglia by inducing a 

regenerative/repairing phenotype. It remains to be understood how effectively these microglia benefit bystander 

cells and counteract neurodegeneration, an important step for developing new therapeutic strategies for AD. 
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The myelination of axons can adaptively change in response to neuronal activity, which frequently involves the 

differentiation of oligodendrocyte precursors cells (OPCs). OPCs express neurotransmitter receptors through 

which they can sense neuronal activity, and it has also been shown that OPCs are heterogeneous in various 

ways. Therefore, it is not clear whether all OPCs communicate with axons in the same way, or whether 

differences exist to adaptively regulate myelination.  

We have generated transgenic reagents to specifically label OPCs and axons with fluorescent reporters and 

genetically encoded calcium indicators in zebrafish. We have identified two subpopulations of OPCs with distinct 

cellular behaviours (see also abstract by Hoche et al). Both subpopulations contact myelination competent 

axons. However, one group of OPCs shows rapid process remodelling dynamics and these cells readily 

myelinate axons. In contrast, another group of OPCs shows much slower remodelling dynamics and this group 

only rarely myelinates axons. Given these different cell behaviours and fates, we wondered whether OPCs also 

differentially communicate with axons.  

Analysis of OPC calcium signaling at the single cell and population level using light-sheet imaging of the 

genetically encoded calcium sensor GCaMP revealed different types of GCaMP signals. Most OPCs showed 

GCaMP transients in process microdomains. However, in some OPCs, calcium transients spread throughout the 

entire cell. Using dual colour calcium imaging in OPCs and axons, we show that both types of OPC transients 

can occur in response to neuronal calcium rises. The frequency of OPC GCaMP signals was increased in the 

presence of 4-AP and revertible with TTX. Investigation of OPC GCaMP signalling at the population level 

revealed that whole cell GCaMP signals could appear in different patterns, in which only single cells, groups of 

cells, or the entire OPC population light up. Interestingly, probability and amplitude of somatic calcium transients 

was significantly higher in the subgroup of non-myelinating OPCs. In our current work, we investigate how OPC 

behaviour and differentiation are affected by neuronal activity and we will present data on pharmacological and 

genetic manipulation of OPCs calcium signaling.  

Together, our studies show that OPCs show different types of calcium transients and that they differentially 

communicate with axons. This give new insights into mechanisms of axon-OPC communication and the 

regulation of adaptive myelination. 

E396 POSTERS

GLIA



  

 

 

T09-110C 

Tonic inhibition in thalamus 
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The firing mode of a thalamocortical (TC) neuron, which is crucial for determining the nature of encoded 

information, has been widely studied. It has been known to greatly affected by tonic inhibition as well as phasic 

inhibitory inputs from thalamic reticular nuclei (TRN). Thalamocotical (TC) neurons in the thalamus is known to 

display a large tonic inhibition as well as frequent IPSC from TRN. However, the source of tonic GABA in TC 

region and its releasing mechanism remain unclear. Here we investigated the source and releasing mechanism 

of GABA which mediates tonic inhibition in TC neurons. Blocking the vesicular release with extended duration 

abolished phasic IPSCs, but did not affect the tonic GABA current in TC neurons. This is contradictory to the 

previous hypothesis that the tonic GABA originates from synaptic spillover of TRN inputs. We found that GABA-

containing astrocytes in the thalamus. Here I will discuss the novel mechanism how tonic GABA is mediated in 

the thalamus. 
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Myelin, produced by oligodendrocytes, is essential for normal brain function, as it provides fast signal 

transmission, promotes synchronisation of neuronal signals, and helps to maintain neuronal function. Alterations 

in myelination, including both myelination of unmyelinated axons and changes of myelin structure on existing 

myelinated fibers, are increasingly being implicated as a mechanism for learning. In humans, remodelling of 

myelin has been shown to occur more frequently than the myelination of unmyelinated axons, and this is 

possibly an important component of myelin plasticity. In fact, myelinating oligodendrocytes have been shown to 

sense neuronal activity and to increase myelin wraps in response to neuronal activity. Moreover, we and others 

have shown that oligodendrocyte precursor cells (OPCs), which differentiate into myelinating oligodendrocytes, 

receive synaptic input from axons and express glutamate receptors. Additionally, neuronal activity can regulate 

myelination by activating glutamate receptors. Thus, we hypothesise that neuronal activity is a driver for myelin 

plasticity, either through increasing OPCs differentiation or altering myelinating oligodendrocytes.  

To test the role of activity on myelin changes in fully myelinating tracts, we infected retinal ganglion neurons 
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(RGCs) with either Gq (hM3Dq) and Gi (hM3Di), designer receptor exclusively activated by designer drugs 

(DREADDs), which increase or decrease neuronal activity, respectively. However, recent studied showed that 

the inert DREADD ligand Clozapine N-oxide (CNO) does not cross the blood brain barrier, and that its metabolite 

clozapine is responsible for DREADD activation in vivo. Clozapine is an antipsychotic drug that affects multiple 

endogenous receptors at high concentration. Thus, a prerequisite of this work is to determine the dose of 

clozapine, CNO, and other similar compounds that regulate RGC activity in vivowithout acting on endogenous 

receptors. This was assessed with in vivoelectroretinogram recordings on dark-adapted animals. We have thus 

identified that 1.31mg/kg alters neuronal activity without affecting endogenous receptors. We are currently 

testing the effects of altering neuronal activity on OPC differentiation using PDGFRα-CreERT2:Tau-mGFP mice 

and on existing myelin using OPALIN-iCreERT2:Tau-mGFP transgenic mice. These results will determine to 

what extent neuronal activity regulates myelination in fully myelinated tracts. 
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Previously we demonstrated that rat Li+/Pilocarpine-induced status epilepticus (SE) induces atrophy of astrocytic 

branches and astrocyte uncoupling in the hippocampus. However, the volume fraction (VF) of perisynaptic 

astrocytic leaflets (PALs) does not change. This finding does not rule out re-arrangement of PALs within synaptic 

microenvironment. Here we analyzed 3D reconstructions of astrocytic processes and dendritic spines obtained 

from serial section electron microscopy images of CA1 hippocampal neuropil in 3 weeks old Sprague-Dawley 

rats in 3 months after SE induction. We found a significant reduction in the density of dendritic spines compared 

with controls. Astrocytic branches had a similar surface-to-volume ratio (SVR) after SE, while SVR of PALs was 

significantly decreased. This suggests that PALs became thicker, which may reflect their retraction from the 

synapses. Indeed, although overall VF of the PALs did not change, it significantly decreased in the immediate 

vicinity of dendritic spines. The overall surface of the direct contact of PALs with a spine also significantly 

decreased after SE. In agreement with astrocytic branches atrophy, the integral VF of astrocytic branches 

became smaller. The reduction of astrocytic coverage of synapses correlated with enhanced glutamate spillover, 

which was detected as activity-dependent prolongation of glutamate transporter currents measured in whole-cell 

voltage-clamped CA1 astrocytes in response to extracellular stimulation of Shaffer collaterals. In addition to 

retraction of PALs, enhanced spillover may occur due to impaired glutamate uptake or glutamate-glutamine 

shuttle. Thus, we analyzed the subcellular distribution of astrocytic glutamate transporter (GLT-1) and glutamine 

synthetase (GS) with immunocytochemical staining. Our results suggest that SE induces retraction of PALs and 

promotes glutamate spillover which may make the tissue prone to epileptiform activity. 
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Neurons and astrocytes cultivate a highly dynamic dialog with each other. Astrocytes are critical for normal brain 

function, as they are involved in a plethora of processes, such as the supply of neurons with energy metabolites, 

the regulation of synaptic neurotransmission, brain plasticity and memory consolidation. They are interconnected 

via gap junctions comprised of connexin 30 (Cx30) and connexin 43 (Cx43). The astroglial network is suggested 

to facilitate intercellular exchange and distribution of ions and metabolites. Developmental disruption of astrocytic 

gap junctions has been shown to cause white and grey matter pathologies. However, little is known about the 

impact of gap junction coupling on neuronal function and energy metabolism in vivo.  

Here, we circumvent developmental perturbations by generating inducible, astrocyte-specific Cx30/Cx43 double 

knockouts. Successful deletion of Cx30 and Cx43 in various brain regions in adult mice was achieved following 

tamoxifen treatment. Loss of Cx30/Cx43 causes widespread and progressive neuroinflammation and leads to 

impairments in learning and memory. Whether and how astrocytic gap junction coupling impacts glial and 

neuronal energy metabolism in vivo is currently being studied by two-photon imaging of metabolite sensors in 

awake mice. 
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Chronic high-fat Western diet (WD) produces weight gain and obesity. How it affects the brain function remains 

elusive. We performed the study in hippocampal slices of 4 months old mice after one month of WD. No 
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significant changes in the astrocyte density were observed in CA1 str. radiatum after WD. Astrocytes were 

recorded in whole-cell voltage-clamp mode for electrophysiological analysis and simultaneously loaded with 

Alexa Fluor 594 for two-photon microscopy morphological study. WD induced significant remodeling in astrocytic 

distal branches as well as an increase in volume fraction of perisynaptic astrocytic leaflets unresolved with 

diffraction limited optical microscopy. The number of cells coupled through the gap-junctions in the 

astrocytic syncytium was not significantly different after WD, and no significant difference in the length constant 

of coupling was detected. The activity-dependent facilitation of glutamate transporter current and facilitation of 

synaptically-induced K+ current were not different in astrocytes after WD. However, the activity-dependent 

increase in transporter current decay time was abolished after WD. These findings suggest that enhanced 

astrocytic coverage of synapses may prevent glutamate spillover after WD. Next, we performed confocal 

Ca2+ imaging in astrocytes stained with Oregon Green BAPTA-AM in CA1 str. radiatum. Spontaneous 

Ca2+ event size decreased in the astrocytic network after WD. However, the event duration was increased, as 

well as Ca2+ event integral. The long-term potentiation was significantly enhanced in CA3-CA1 synapses after 

WD. Thus, along with astrocyte remodeling and enhanced Ca2+ signaling, temporary WD promotes synaptic 

plasticity in young mice. Our results are consistent with the beneficial effects of high fat intake in young age. 
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Myelinating oligodendrocytes are critical in maintaining long-term axonal integrity and they were recently 

highlighted to provide metabolic support to the axons they ensheath. However, little is known about how 

oligodendrocytes sense axonal spiking activity and how axon-glial metabolic coupling is regulated. Here, we 

have combined electrophysiological recordings and two-photon imaging of acutely isolated optic nerves to study 

activity-dependent calcium dynamics in oligodendrocytes and metabolite fluxes in myelinated axons. Axonal 

stimulation evoked a biphasic calcium response in oligodendrocytes in a stimulus frequency-dependent manner, 

which could be completely blocked by TTX or removal of extracellular calcium. Interestingly, the stimulus-

induced calcium response in oligodendrocytes appeared largely mediated by activity-dependent elevations of 

extracellular potassium concentrations and the facilitation of inwardly rectifying potassium channels. Next, we 

studied activity-dependent lactate, glucose and ATP dynamics in optic nerve axons expressing the respective 

genetically encoded metabolite sensor. Strikingly, upon acute nerve stimulations axonal lactate levels strongly 

increased whereas ATP levels dropped. The activity-induced rise in axonal lactate levels may result either from 

an increase in axonal glycolytic activity and/or from a lactate supply of surrounding glycolytic glial cells. Indeed, 

when lactate transporters were pharmacologically blocked the stimulus-evoked axonal lactate rise was 

substantially diminished, providing evidence for an activity-dependent lactate uptake into axons. Moreover, 

activity-induced axonal lactate surges were significantly reduced when glial Kir4.1 channels were inhibited. 

Taken together, our study provides a working model of how axonal spiking activity and extracellular potassium 

elevations stimulate oligodendrocytes and metabolic support to myelinated axons. 
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Complement targets newborn retinal ganglion cells for phagocytic elimination by microglia 
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Microglia have been implicated as active participants in regulating neuron number, however their role in various 

contexts, and the mechanisms involved, are not fully defined. Here, we investigate microglia function during 

embryonic mouse retina development. Using B6.CX3CR1gfp/+ mice we assess microglia distribution at e12.5, 

e16.5 and P0, and found that the majority of microglia in embryonic retina were directly contacting Brn3+ RGCs.  

To investigate their function, we pharmacologically inhibit microglia activity by administering minocycline 

(120mg/kg) to pregnant dams. To deplete microglia, we conditionally knockout Csf1r in Cx3cr1-expressing 

microglia by administering 3mg tamoxifen to pregnant dams and analyze Cx3cr1creERT2;Csf1rfl/fl embryos versus 

control Csf1rfl/fl embryos lacking Cre. We then analyze retinal ganglion cell (RGC) density at e14.5, e16.5 and P0 

by Brn3 immunostaining. We performed immunostaining for cleaved caspase 3 (CC3) to assess cell death, and 

BrDU and EdU labeling to assess RGC genesis. Depletion of microglia resulted in a 22% increase in RGC 

density at e14.5 (n=5, p<0.001) that was sustained at birth (n=5, p<0.01). Pharmacological inhibition also results 

in increased RGCs (n=6, p=0.03), with no significant effect on retinal progenitor proliferation, RGC genesis, 

apoptosis, or other cell types. Thus microglia are regulating RGC number.  

We found that microglia in the embryonic retina are enriched for phagocytic markers (CD68+) and we observe 

engulfment of non-apoptotic (CC3-) Brn3+ RGCs. We use qRT-PCR to analyzed changes in the expression of 

microglia recognition signals after inhibition. By qPCR (n=8) we test molecular pathways that mediate cell 

engulfment by microglia and find selective downregulation of complement genes Cd11b (p<0.01), C1q (p<0.01) 

and C3 (p=0.011) with microglia inhibition, and show that C1q protein marks a subset of RGCs in the embryonic 

retina.  Knockout of complement receptor 3 (CR3; Itgam), which is only expressed by microglia, results in 

increased RGC density at birth (n=10, p<0.01), similar to that observed after depletion or inhibition of microglia. 

Thus microglia regulate neuronal elimination by complement-mediated engulfment of non-apoptotic neurons.  

These findings reveal a previously unknown mechanism of RGC cell elimination during retina development and 

suggest a new role for complement in mediating the phagocytosis of non-apoptotic newborn RGCs by microglia. 

In addition, these findings may shed light on mechanisms of microglia involvement in the context of retinal injury 

and disease. 
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Increasing evidence points to identify the endocannabinoid (eCB) system among signallings regulating microglia-

neuron communication. Microglia express components of the eCB system, including receptors, ligands, and 

metabolic enzymes. In particular, the cannabinoid (CB) type 2 receptor (CB2R) is strongly regulated in microglia 

during several disease states. The selective stimulation of CB2R suppresses microglial activation and promotes 

a microglial anti-inflammatory phenotype. However, direct evidence on the functional expression of CB2R in 

microglia is still missing, also due to the lack of specific antibodies anti-CB2. To overcome this issue, in the 

present study we have carried out whole-cell patch-clamp recordings of GFP –expressing microglia cells from 

acute Cx3cr1+/- cortical slices, to directly detect the presence of functional CB2R in these cells. A voltage ramp 

protocol was used to measure the current–voltage relationship before and after the application of the highly 

selective CB2R agonist, JWH 133. In these conditions, we observed CB2R modulation of microglial currents, 

thus suggesting that functional CB2Rs are likely present in microglia cells. Notably, stimulation of CB2R also 

increased excitatory postsynaptic currents onto cortical pyramidal neurons by a presynaptic mechanism. This 

effect was blocked by minocycline, an antibiotic that exerts anti-inflammatory and antimicrobial effects by 

preventing microglia activation. Altogether these data suggest that the enhancement of glutamatergic 

neurotransmission by JWH is possible due to the activation of CB2R expressed by microglia cells. In the end, we 

propose CB2R signalling as a new route for microglia –neuron communication. 
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Astrocytes: mediators of adult visual cortex plasticity   
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By modulating synaptic transmission and controlling neuronal activity, astrocytes present themselves as the 

innate guardians of healthy brain functioning. Their specialized star-shaped morphology allows them to be in 

close proximity to multiple synapses at once, making them ideal targets for therapeutic intervention. Astrocyte-

derived gliotransmitters provide surrounding neurons with structural, metabolic and trophic support. At the level 

of the tripartite synapse, astrocytes can steer synaptic activity and therefore might be interesting plasticity 

mediators. Considering the emerging role of astrocytes in various brain disorders more fundamental research is 

needed to further characterize and understand these cells.  

By using the well-characterized monocular enucleation (ME) model, we are able to study the cellular 

underpinnings of lesion-induced visual cortex plasticity in adult mice. This project aims at revealing all aspects of 

astrocyte contributions to the plasticity-induced recovery of the deprived cortical area. A cortical upregulation of 

astrocyte amount shortly after the onset of ME already indicates they might be the first ‘helpers’ on site. Through 

the use of cell-specific omic approaches we can reveal how they are molecularly involved in boosting the 

recovery of neuronal function. In addition, by making use of the DREADD system, we attempt to steer plasticity 

by directing astrocyte activity. With this anatomical, molecular and functional approach we will delineate 

astroglial contribution to visual cortex plasticity and aim at revealing astrocyte-specific targets for plasticity 

modulation. 
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Pharmacological modulation of glia activation and polarization affects dopamine turnover and 

behavioral compensation of locomotor deficits in rat model of early Parkinson’s disease. 
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Introduction: The pathogenesis of Parkinson’s disease (PD) and mechanisms involved in early compensation of 

motor deficits remain unknown. Previously we described importance of astrocytes in the process of 

compensation and observed that their degeneration in substantia nigra (SN) coincided with strong microglia 

activation and increase in dopamine (DA) turnover rate. Now, to broaden this issue, we focus on microglia 

contribution to the progressive neuronal damage, and ability of partially lesioned nigrostriatal system to recover.  

Methods: Single dose of 6-OHDA was injected bilaterally into the medial forebrain bundle to induce partial 

dopaminergic neurons loss in SN. To achieve astrocyte dysfunction, animals were implanted with ALZET® 

osmotic minipumps and received stable chronic fluorocitrate (FC) infusion directly into SN for 7 days. 

Minocycline (MC) was used in our experiments to suppress microglia activation, and fasudil (FAS) to shift 

microglia polarization from M1 to M2 phase. Both substances were administered twice a day for 7 days. 

Locomotor activity and rearing were measured in automatic cages on days 3 and 6 after operations. Animals 

were sacrificed on day 7 and tissue was collected for biochemical analysis.  

Results: Rats activity (rearing) was reduced 3 days after 6-OHDA lesion, however results obtained on day 6 

showed its spontaneous elevation comparing to control group, indicating functional compensation. Constant, 

lasting 7 days infusion of FC into the SN temporarily stressed DA neurons, which was reflected in decreased 

locomotor activity. MC treatment improved locomotor activity at 6th day after lesion in group without astrocyte 

degeneration but did not prevent the movement disorder after combined 6-OHDA and FC treatment. On the 

other hand, FAS improved locomotor activity of rats after FC infusion, both with or without 6-OHDA.  

Conclusion: Obtained results suggest that pharmacologically modulated activation and polarization states of 

microglia in 6-OHDA-induced rat model of early progressing PD influence DA metabolism and behavioral 

compensation at the early stages of nigrostriatal system degeneration. FAS treatment and shifting the 

polarization state of microglia seems much more beneficial than purely inhibition of microglia activation by MC. 
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Astrocytes release signalling molecules to support neuronal functions. Exosomes are small vesicles (50 to 100 

nm in diameter) generated within the multivesicular bodies (MVBs). Huntingtin (Htt) acts as a scaffold protein 

interacting with several partners and thus modulating the transport of vesicles and membrane proteins through 

the secretory and endocytic pathways. The small GTPase Rab27a is involved in the fusion of MVBs with the 

plasma membrane to release the exosomes. The aim of this work was to demonstrate the participation of Htt 

and Rab27a in the exosomal secretion from astroglial cells. WT immortalized fetal human astrocytes (FHAs) and 

KD Rab27a FHAs were used. We studied exosomal secretion and localization of Rab27a and Htt by means of 

Western blot, nanosight particles analysis, immunofluorescence and co-immunoprecipitation (Co-IP) assays. 

The absence Rab27a showed a decrease in the relative levels of exosomal markers in FHA cells. Co-IP and co-

localization assays suggested a Htt/Rab27a and HAP1/Rab27a interaction in FHA cells. Electron microscopy 
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analyses from brain slices from mice expressing mutant Htt revealed that MVBs morphology was altered. Thus, 

exosomal secretion is dependent on Htt and Rab27a. Identifying key components responsible for exosomal 

secretion such as the putative Huntingtin-Rab27a complex could lead to the design of new therapeutic strategies 

in Huntington’s Disease. 
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Alterations in astrocytic Glu uptake can play a role in synaptic plasticity and neurodegeneration. Until now, 

sensitivity of synaptic responses to pharmacological transport block and the resulting activation of NMDA 

receptors were regarded as reliable evidence for a mismatch between synaptic uptake and release. But the latter 

parameters are interdependent. Using the new genetically encoded sensor iGluu to monitor [Glu] at individually 

activated corticostriatal synapses we can now quantify the time constant of perisynaptic [Glu] decay and the 

maximal [Glu] elevation next to the active zone. The results provide a positive answer to the hitherto unresolved 

question whether neurodegeneration (e.g. Huntington’s disease) associates with a glutamate uptake deficit at 

tripartite excitatory synapses.  

We report findings from PT-type corticostriatal synapses in acute slices from mice aged >1 year. Wild-type (WT) 

synapses were compared with synapses from Q175 heterozygotes (HET), a model of Huntington's disease 

(HD). It was found that in HD the iGluu transients were reduced and prolonged, respectively. The pixels with the 

highest stimulus-induced elevations of DF/F were always located within or immediately next to the boundaries of 

the resting terminal. The maximal amplitude Amax derived from the largest single pixel transient can be 

regarded as a measure of the Glu output while TauDmax would reflect the clearance at the site of release 

minimizing the influence of Glu diffusion.  Considering the Amax and TauDmax distributions in WT and HET and 

the largest TauDmax values encountered in WT (15 ms), it was concluded that at least 40% of PT terminals 

tested in symptomatic Q175 HET revealed signs of functional insufficiency. This conclusion is corroborated by 

the quantification of synaptic EAAT2 immunofluorescence (IF) which revealed an about 25 % decrease in the 

level of EAAT2 protein next to single vGluT1-positive corticostriatal terminals. Accordingly, the Na+ elevations 

generated in HET astrocytes in response to bath-applied L-aspartate (1 mM) were lower than in WT.  

At an age of 1 year and older Q175 HET exhibit motor deficits, such as prolonged escape latency and reduced 

total run time in an open field test. Intracranial injection of a viral construct encoding the C-terminal-edited 

EAAT2 isoform 4KR, but not the native EAAT2, resulted in an alleviation of motor symptoms of HD, along with a 

recovery of EAAT2 IF and an increase of aspartate-induced Na transients. Ongoing experiments will clarify 

whether corticostriatal synapses can be rescued as well. 
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The remodeling of circuitry is a fundamental aspect of brain function, contributing both to the initial wiring of the 

brain during development and to critical processes such as learning and memory in the adult. Changes to neural 

network function rely on structural and functional chages at synapses, and mechanisms which modulate synaptic 

changes critically contribute to cognitive function throughout the lifespan. Recently, microglia have come into the 

spotlight as regulators of synapses. These immune cells have been shown to display dynamic interactions with 

synapses in the non-pathological brain, but to understand microglial effects on synapses it is important to 

determine the molecular players that mediate the interaction between microglia and synaptic elements. Multiple 

signaling pathways well studied for their neuroinflammatory roles have now been implicated in mediating 

microglial function in the physiological process of synaptic re-arrangement. We have previously shown that the 

purinergic P2Y12 receptor is critical for experience-dependent plasticity in primary visual cortex, a late form of 

developmental plasticity. However, we now show it is not required for re-organization of retinogeniculate 

projections in the lateral geniculate nucleus, an early developmental form of visual system plasticity. This 

indicates that purinergic signaling through P2Y12 is not a global molecular mediator of synaptic plasticity and 

underscores the need to examine the function of this pathway in other forms of plasticity in a region and age-

dependent manner. Given this, we examined whether loss of this signaling pathway has an impact on functions 

dependent on other brain regions. In tests of two different forms of hippocampal-dependent memory, preliminary 

results indicate no impact on fear conditioning, but a mild defect in novel object recognition. This confirms the 

regional heterogeneity of molecular processes employed in the process of plasticity, and indicates that these 

processes can be heterogeneous even within the same brain region, but varying by specific function. 
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ADAM proteins in the assembly of voltage-gated potassium channel complexes at the cerebellar pinceau 
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The pinceau formation is a specialised cerebellar structure composed of 5-7 descending GABAergic basket cell 

terminals (BCTs) surrounding the initial segment of the Purkinje cell (PC) axon. As the sole cerebellar output, 

PCs integrate cortical and sensory inputs to regulate the initiation and coordination of movement, balance and 

posture. The pinceau has been suggested to tightly regulate PC outputs. Previous research suggested the 

GABAergic BCTs exert a strong inhibitory control through axo-somatic synapses but not axo-axonic synapses on 

E405POSTERS

GLIA



  

 

 

the PC axon initial segment (AIS) as the latter are extremely rare. Moreover, astrocytic processes cover most of 

the PC AIS thus preventing direct interaction between the BCT and PC-AIS membrane. It has been suggested 

that the pinceau modulates PC output through ephaptic inhibition via the enriched presence of the voltage-gated 

potassium channel subunits Kv1.1 and Kv1.2. Mutations in Kcna1 and Kcna2, the genes encoding Kv1.1 and 

Kv1.2 have been associated with ataxia and human cerebellar disease, highlighting their functional importance 

in the cerebellum.   

The molecular mechanisms underlying the assembly of the pinceau structure and the localisation of Kv1 

channels remains poorly understood. Kole et al., (2015) showed that loss of the catalytically inactive a disintegrin 

and metalloprotease (ADAM) protein 11 resulted in the loss of Kv1.1 and Kv1.2 subunit accumulation at the 

pinceau and thus a loss of electrical (ephaptic) transmission. More recently, ADAM23 has been shown to be 

necessary for the clustering of Kv1 channel complexes at the juxtaparanode of peripheral axons, however, 

whether ADAM23 may play a role in Kv1 channel clustering at the pinceau remains unexplored.  

Here we show that ADAM23 is localised to the pinceau. Furthermore, loss of ADAM11 prevents its 

accumulation, highlighting ADAM11 as a key mediator in the formation of the pinceau region. Selective loss of 

ADAM23 from BCTs and PCs does not affect ADAM23 localisation at the pinceau, which could suggest that 

ADAM23 is expressed in the astrocytic processes that ensheath the PCs AIS. We will present our ongoing 

studies into the role of ADAM23 into pinceau assembly and function. 
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Sensory neurons in the dorsal root ganglia (DRG) recognize tactile stimuli and transmit signals as action 

potentials to the CNS. DRG neurons exhibit a distinctive pseudounipolar morphology (PM); one stem axon 

emanates from the soma and bifurcates to central and peripheral branches, forming a T-junction. Interestingly 

during evolution, PM replaced the primitive bipolar morphology (BM) in higher vertebrates suggesting that PM is 

advantageous for sensory processing and pain detection. Similar to the evolutionary process, DRG neurons 

transition from BM to PM during development. However, the mechanisms regulating this transition are not 

known. Static images from in vivo preparations suggest the following sequence. Initially, two axons project out 

from the soma of a new DRG neuron. Then, the soma elongates to form a stem process. As the stem process 

further lengthens and thins out, the soma is attached to this axon-like stem process with two axons going in 

opposite directions, which creates a PM.  

In contrast to the phenomenon in vivo, cultured DRG neurons usually exhibit a BM and 2-5% have PM. These 

data suggest that formation of PM depends on non-cell autonomous factors. Since DRG soma are ensheathed 

by satellite glial cells (SG) and DRG axons are ensheathed by Schwann cells (SC) during development, I 

hypothesize that SG or SC provide signals to DRG neurons for the formation of PM.  

To determine if neurons adopt PM in the presence of glia in vitro, I established glia-neuron cocultures, where I 

plate DRG neurons on a substrate of DRG-derived glial cells. Strikingly, when DRG neurons that are in contact 

with glia in these cocultures are compared to DRG neurons in neuron cultures, there is more than 30-fold 

increase in the proportion of neurons with PM. Such drastic effect is not seen when DRG neurons are cultured 

with other cell types suggesting that glial cells provide a specialized factor to DRG neurons. Culturing neurons 

with glial conditioned medium or culturing glia in inserts that share the same medium with neuron cultures didn’t 

trigger an increase in PM. Also, on fixed glial cells, which cannot secrete any molecules, neurons still adopted 

PM. These data suggest the signal(s) being a membrane-tethered molecule. These data indicate that DRG glia 

induce PM formation.  
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In order to identify the signal(s) that direct PM and characterize the development of peripheral glia, we performed 

scRNA-seq on peripheral glia. Our data suggest that there is a greater diversity of the known peripheral glia 

subclasses- SG and SC. In addition to providing candidates for the molecular mechanism of the formation of PM, 

this dataset will also allow us to characterize unique peripheral glial subsets and markers for them. 
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Cell death and subsequent phagocytic clearance are essential processes for proper neural development and 

tissue homeostasis. In the brain, glia function as the primary phagocytes, responsible for the engulfment and 

degradation of apoptotic neuronal cell bodies. We have previously shown in Drosophila that the absence of glial 

Draper, a trans-membrane phagocytic receptor, results in an accumulation of neuronal cell corpses during larval 

development that persist in an unchanging quantity throughout adulthood. Furthermore, the absence of Draper 

ultimately yields age-dependent neurodegeneration in adults. Therefore, we are interested in elucidating the 

mechanisms by which impaired glial phagocytosis precipitates neural degeneration. To that end, increasing 

attention has been paid to understanding the role of cellular protein glycosylation profiles in regulating 

intracellular miscommunication and disruption of normal cell function. In order to more fully understand the role 

that protein glycosylation may play in mediating glial phagocytosis, we are characterizing the glycosylation profile 

of the Draper protein. Previous work in Drosophila and other organisms has established highly conserved 

consensus sequences for the O-linked protein glycosylation of extracellular EGF-like domains with beta-N-

acetylglucosamine (O-GlcNAc). Sequence analysis of the fifteen EGF-like repeats comprising the extracellular 

domain of Draper revealed seven potential O-GlcNAc modification sites. While nuclear and cytosolic proteins are 

often found to be dynamically modified with O-GlcNAc, instances of this extracellular glycoprotein modification 

have been limited to a handful of Drosophila proteins, namely Dumpy, Notch, and the Notch receptors Delta and 

Serrate. Thus, we hope to identify Draper as an additional substrate for this novel post-translational modification. 

Ultimately, this work aims to establish mechanistic links between altered glycoprotein glycosylation in neural 

tissue and neurodegeneration mediated by defective glial phagocytosis. 
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Using Transgenic-BioID to define the interactome of ADAM proteins in the nervous system 
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Defining a protein’s interactome is arguably one of the most important criteria for fully understanding its function. 

Accordingly, there has been a continuous development of ever more sophisticated proteomic approaches. Most 

recently, strong efforts have focused on developing proximity-based assays, such as BioID, an elegant tool 

capable of mapping entire protein neighborhoods. Unfortunately the development of such technology has had 

limited impact in the neurosciences field, due to a number of technical challenges, the most prominent of which 
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is limited tissue availability. Here, we have generated transgenic mouse lines expressing BioID-ADAM22 and 

BioID-ADAM23, using a nervous system specific promoter. Both ADAM22 and ADAM23 play a critical role in the 

development and maintenance of the nervous system, however, their functions at the molecular level remains 

poorly understood. This is in large part due to the lack of recognized interaction partners and, more importantly 

the inability to discriminate between their interactomes within different compartments of the nervous system.  We 

have used our Transgenic-BioID animals to not only map the protein neighborhoods of ADAM22 and ADAM23, 

but also dissect their interactome between both the PNS and CNS. We expect that both the technological and 

biological advances demonstrated in our studies will have an influential impact in the neurosciences field as we 

seek to identify new pathways to act as targets for therapeutic intervention. 
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Exosomes are small extracellular vesicles secreted from multivesicular endosomes that regulate cell to cell 

communication. Exosomes are secreted from many cell types, including glia, and are potentially involved in the 

transmission of neurodegenerative diseases.  In the peripheral nervous system (PNS), the role of exosomes 

derived from Schwann cells (SC) on axon-glial communication and pain outcomes are unknown. Plasma 

exosomes were extracted and precipitated from naïve mice and mice that received a painful chronic constriction 

injury (CCI), using ExoQuickÔ. A biotinylated P0 antibody, which identifies both myelinated and unmyelinated 

SC phenotypes, was used to enrich SC-derived plasma exosomes by magnetic bead immunocapture and 

fluorescent activated cell sorting (FACS). Identification of SC exosomes was further confirmed by 

immunoblotting for the membrane binding exosome marker flotillin-1.  FACs sorting of plasma revealed the 

presence of SC exosomes in naïve plasma (FITC+ events), which was increased by nearly two-fold in rodents 

that received CCI (n=7/group).  Pain related behaviors, including tactile allodynia, assessed by von frey 

filaments, were increased in rodents with CCI. Collectively, these findings suggest that SC exosomes in the 

plasma of neuropathic animals could present as a biomarker of pain states.  In addition, we added plasma 

derived naïve or CCI SC exosomes to cultured PC12 cells that were differentiated on laminin.  Naïve SC 

exosomes induced minimal changes in neuronal sprouting and cell viability compared to controls. SC exosomes 

from CCI plasma induced PC12 sprouting and improved viability similarly to NGF treatment.  Similar 

neurotrophic effects were observed when we added exosomes purified by ultracentrifugation from TNFa treated 

primary SCs. Nanoparticle tracking and electron microscopy confirmed primary SC exosome identity. We 

conclude that SC exosomes are present in naïve plasma, and are increased in neuropathic animals.  Plasma 

derived SC exosomes act as cell independent entities, carrying bioactive substances capable of regulating 

neuronal physiology that may contribute to chronic pain states. 
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Neuronal activity and proliferation of NG2 cells 
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NG2 cells, the precursor cells of oligodendrocytes, receive direct synaptic input from neurons and are known to 

proliferate and differentiate throughout their lifetime. Their synaptic input is translated into graded intracellular 

calcium signals, by several voltage gated ion channels expressed on the surface of NG2 cells. 

Pharmacologically manipulating the cytoplasmic calcium concentration has previously been shown to govern 

proliferation and differentiation of cultured NG2 cells but it has remained unresolved whether vesicular 

gluatamatergic transmission onto native NG2 cells may serve the same role. Here, we tested which pattern of 

neuronal activity and transmitter release on NG2 cells may stimulate or reduce their proliferation and what the 

time frame of such a response may be. We used NG2-DsRed mice (P7 - P15) just prior to myelination and 

prepared frontal brain slices (500 µm) which were perfused in an interface chamber and kept at 35ºC in ACSF. 

We electrically stimulated callosal axons in these slices at different frequencies (0.1 Hz, 1.5 Hz, 20 Hz and 100 

Hz) for three and six hours to induce glutamterigc synaptic input to NG2 cells. We perfused 10 µM EdU to label 

proliferating NG2 cells (NG2 cells in S-phase). Around 10 % of NG2 cells (NG2 cells in S-phase) took up EdU in 

a three hour incubation period and 15 % in a six hour incubation period throughout all stimulation treatment 

groups. Perfusing the brain slices with CNQX for 3 hours did not affect EdU uptake. Incubation in the presence 

of Aphidicolin decreased EdU uptake. In contrast, incubation with PDGF did not increase proliferation within the 

time frame of our experiments (6 hrs) and required longer exposure times. Our data suggest that proliferation of 

NG2 cells is not under control of AMPA receptors activated by ambient levels of glutamate and that a 

proliferative reponse of NG2 cells to altered neuronal actvity, if existing, will require far more than six hours to 

take effect. 

 

Hypothesis of neuronal activity governing NG2 cell proliferation 
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Investigating glia-neuron protein interactions in purified neuronal cultures using BONCAT and SILAC 

metabolic labelling 
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Glial cells continually secrete proteins into the extracellular space which alone or in synergy mediate biologically 

relevant effects. Recent experiments from our lab have revealed an important difference in the way glia-secreted 

signals influence the development of GABAergic and glutamatergic networks (Turko et al. 2018); while glia-

secreted proteins are required for the establishment of glutamatergic synaptic transmission, they are not 

essential for GABAergic transmission. Our results further suggest that glial proteins may be important promoters 

of neuron morphology and survival. To study glia-secreted proteins relevant for these effects we have 

established metabolic labelling techniques, including bioorthogonal non-canonical amino acid tagging (BONCAT) 

and stable isotope labelling with amino acids in cell culture (SILAC). Our primary goal is to identify glia-secreted 

proteins which differentially influence the development and function of GABAergic and glutamatergic neurons 

and their synapses. Our preliminary results reveal the extensive uptake of tagged glial proteins by both 

GABAergic and glutamatergic neurons. Surprisingly, glutamatergic neurons appear to have a greater affinity for 

tagged proteins than do GABAergic neurons. Furthermore, tagged proteins appear to accumulate and are 

transported within both cells types, suggesting a continued function after uptake. On-going experiments are 

focused on the identification of specific interacting proteins using mass spectroscopy. Overall, a thorough 

understanding of how glial cells and neurons use protein secretion to communicate may prove to be valuable, 

especially in the context of health and disease, where dysfunctions in glia-protein secretion may underlie certain 

neurodevelopmental disorders. 
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Response of rat glial cells to temporal oxygen-glucose deprivation: in vitro model of perinatal asphyxia 
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Glial cells that play supporive roles for neurons are extremely important elements of the nervous system. As 

known, oligodendrocytes are myelin sheaths producing cells around neuronal axons, thus acting as an electrical 

insulator and providing mechanical protection. Microglia are cells of immune response, able to proliferate and 

move. Perinatal asphyxia leads to brain damage as a result of a temporary reduction in the supply of oxygen and 

glucose, which causes a lot of impairments. The disruption of the flow of oxygen and nutrients significantly 

impairs the differentiation of oligodendrocytes progenitors (OPCs) into mature, myelinating cells. This episode 

disturbing homeostasis in the nervous tissue leads to, among others, change in the morphology of microglia. 

Therefore, it is important to study the survival, morphology and interactions between glial cells. To study the 

issues mentioned earlier, an in vitro model of perinatal asphyxia was used. Primary mixed glial cultures were 

established from the brains of one- to two-day old Wistar rats. After 12 days of mixed culture, individual cellular 

fractions were isolated. Then, depending on the variant of the experiment, individual fractions were subjected to 

the oxygen-glucose deprivation procedure (OGD) for 50 minutes. After this period, co-cultures of OPCs with 

microglia were placed or individual fractions were cultured. The cells were fixed and subjected to 

immunocytochemistal analysis at three time points (24h, 72h and 5-6 days after OGD). To check the purity, 

proliferation, morphology and polarization of each glial fraction, the specific cell markers were used (i.e. anti-

NG2, anti-GFAP, anti-ED1, anti-IL10, anti-IL1β). In co-cultures observations of migratory potential of the cells 

were also carried out, using Cell Observer SD (Zeiss). In conclusion, it appears that even short-term lack of 

access to oxygen and glucose affects the polarization of microglia, probably due to paracrine signalling of 

oligodendrocyte. Signals derived from OPCs have been shown to increase the number of cells engaged in 

immunological response. Probably the interaction between these cells underlie the initiation of endogenous 

repair processes in the nervous tissue damaged as a result of the hypoxic-ischemic episode. 
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Calcium is important for astrocytes health and function. Under chronic hypoxia, calcium homeostasis is disrupted 

and contributes to cell death. In this study, we report that calcium influx in astrocytes is enhanced following 

chronic hypoxic treatment, possibly via none voltage-gated gated calcium channels. A novel Ca2+-permeable 

transient receptor potential (TRP) channel TRPV5 was found upregulated in cultured astrocytes exposed to 

oxygen glucose deprivation, as well as in a rat middle cerebral artery occlusion model. Constitutively active 

TRPV5 channel is a calcium selected TRP channel which is involved in calcium reabsorption. Application of 

TRPV5 specific siRNA or a TRPV5 blocker Ruthenium Red significantly improved astrocyte survival after 

hypoxia. Conversely, Overexpression of TRPV5 in astrocytes accelerated hypoxia-induced cell death. We 

hypothesize that an enhanced calcium entry via TRPV5 upregulation in astrocytes under hypoxic conditions 

contributes to cell death. Blocking TRPV5 could be a novel way of managing ischemic diseases such as stroke. 

 

T10-003C 

Topical administration of a soluble TNF inhibitor reduces infarct volume after focal cerebral ischemia in 

mice 

M. Yli-Karjanmaa1, B.H. Clausen1, M. Degn2, H.G. Novrup1, D.G. Ellman1, D.E. Szymkowski3, M. Meyer1, R. 

Brambilla4, K.L. Lambertsen1 

1Department of Neurobiology Research, University of Southern Denmark, Odense C, DK 
2Pediatric Oncology Laboratory, University Hospital Rigshospitalet, Copenhagen, DK 
3Xencor Inc, Monrovia, US 
4The Miami Project to Cure Paralysis, University of Miami Miller School of Medicine, Miami, US 

 

Background: Tumor necrosis factor, which consists of both soluble (solTNF) and transmembrane (tmTNF), 

plays an important role in post-stroke inflammation. The objective of the present study was to test the effect of 

topical versus intracerebroventricular administration of XPro1595 (a solTNF inhibitor) and etanercept (a solTNF 

and tmTNF inhibitor) compared to saline on output measures such as infarct volume, behavior and post-stroke 

inflammation in mice.  

Methods: Adult male C57BL/6 mice were treated topically (2.5 mg/ml/1µl/hr for 3 consecutive days) or 

intracerebroventricularly (1.25 mg/kg/0.5 ml, once) with saline, XPro1595 or etanercept immediately after 

permanent middle cerebral artery occlusion (pMCAO). Mice were allowed 1 or 3 days survival. Infarct volume 

(IFV), microglial and leukocyte profiles, along with inflammatory markers were evaluated 1 and 3 days after 

pMCAO.  

Results: We demonstrate that topical, not intracerebroventricular, administration of XPro1595 reduces edema 

formation at 1 day and IFV 3 days after pMCAO. Etanercept had no effect. We observed no changes in 

microglial or leukocyte populations. XPro1595 increased gene expression of P2ry12 at 1 day and Trem2 at 1 

and 3 days, while decreasing Cx3cr1 expression at 1 and 3 days after pMCAO, suggesting a change in 

microglial activation towards a phagocytic phenotype.  

Conclusions: Our data demonstrate that topical administration of XPro1595 for three consecutive days has the 

potential to decrease infarct volumes after ischemic stroke, while modifying microglial activation and the 

inflammatory response post-stroke suggesting that inhibitors of solTNF hold great promise for future 

neuroprotective treatment in ischemic stroke. 
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Apoptosis and changes in expression of histone deacetylases in neurons and astrocytes in the 

penumbra after photothrombotic stroke in the rat cerebral cortex 
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In ischemic stroke vascular occlusion rapidly induces tissue infarct. During next hours cell damage spreads to 

surrounding tissue and forms the transition zone (penumbra), which is potentially salvageable. Epigenetic 

regulation of the chromatin structure controls cell survival and death. We studied acetylation of histone H3 that is 

known to reduce global protein synthesis in the cell and expression of histone deacetylases HDAC1, HDAC2 

and HDAC4 in the penumbra (1.5-mm width ring around the Ø3-mm infarct core) at 4 or 24 hours after 

photothrombotic stroke (a stroke model) that was induced by administration of Rose Bengal and local laser 

irradiation of the rat brain cortex. Reduced acetylation of lysine 9 in histone H3 in penumbra could be associated 

with upregulation of HDAC1 and HDAC2 but not HDAC4, which resided in the cytoplasm. HDAC1 localized in 

neuronal nuclei and cytoplasm, and about twofold less in astrocytes. Its overexpression in penumbra at 24 h 

after PTS was associated with redistribution from the neuronal nucleus to the cytoplasm. In astrocytes its 

expression and localization did not change significantly. HDAC2 localized exclusively in the neuronal nuclei. 

However, in astrocytes it was also found in prospects. The increase in HDAC2 expression in neuronal nuclei was 

not accompanied by its redistribution. Stroke-induced upregulation of HDAC2 in astrocytes occurred both in 

nuclei and prospects. Histone acetyltransferases HAT1 and PSAF were also up-regulated, but lesser and later, 

at 24 h after photothrombosis.  Photothrombotic stroke significantly increased the number of apoptotic neuronal 

nuclei in the penumbra that were revealed by TUNEL staining. The TUNEL-stained apoptotic neurons were co-

localized with HDAC2 but not HDAC1. This suggests that apoptosis in the photoinduced penumbra may be 

associated with the over-expression of HDAC2 in the rat brain cortex. HDAC2 may represent the potential target 

for anti-stroke therapy. 
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Improved neonatal care of children with birth asphyxia in recent years reduced the mortality rates of newborns, 

but still has not managed the neurevelopmental disorders evolving after injury. Every change in brain tissue 

microenvironment, resulting from decreased oxygen and nutrients’ supply may have a huge impact on 

intensively developing central nervous system. One the most susceptible neuronal fraction is oligodendroglia. 

Oligodendrocytes are responsible for myelin forming and thus, facilitate efficient and fast action potential 

propagation. Decreased blood supply results in inhibited or altered maturation of these cells, leading to 
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hypomyelination.    

The aim of our study was to determine the changes in levels of selected neurotrophic factors in brain tissue after 

injury and focus on their impact on oligodendrocyte maturation.  

We performed the ELISA analyses of tissue homogenates obtained in selected time points after hypoxia-

ischemia induced in 7-day old rat pups. We analyzed the concentration of IGF-1, BDNF and GDNF. We 

presumed, that decreased level of these factors the next day after injury may affect oligodendrocyte maturation. 

To verify this assumption we performed the organotypic hippocampal slice culture, treated with OGD (oxygen-

glucose deprivation) for 50 min. Slices were then grown in culture media supplemented with IGF-1 at 

concentrations 10 – 50 ng/ml. To verify the impact of IGF‑ 1 on oligodendrocyte maturation, slices were fixed in 

4% PFA and immunoflourescently labeled with oligodendrocyte markers Olig2 and CNP and proliferation marker 

Ki67. OGD treatment resulted in 49,4% reduced proliferation of neural cells in general (p<0.01). But in case of 

Olig-2 preoligodendrocytes, we observed an increased proliferation of thereof (p<0.05), especially, when 

cultured with 50 ng/ml IGF-1 (p<0.0001); Percentages of Ki67+ preoligodendrocytes after 7 days in culture were 

respectively: control - 2.3%±1.,16%; OGD – 8.,48%±3.,53%; OGD+50ng/ml IGF-1 – 16.,27%±5.,20%.  

Obtained results suggest the involvement of IGF-1 in regulation of oligodendrocyte maturation process. 

Neurotrophic growth factors should be considered as possible treatment of birth asphyxia. Through their 

pleiotropic functioning, they may be beneficial for maturing oligodendrocytes and other neural cells affected by 

the injury. 
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We recently demonstrated that NG2 glia, the fourth type of neuroglial cell in the central nervous system, undergo 

proliferation and morphological changes in the striatum of rats administered the mitochondrial toxin 3-

nitropropionic acid. The present study was designed to further substantiate the nature and the time course of 

reactive NG2 glia in the selectively vulnerable CA1 region of rat hippocampus subjected to transient forebrain 

ischemia. In control hippocampus, NG2 immunoreactivity was restricted to resting NG2 glia with thin processes, 

and the density of NG2 glia in the CA1 dendritic subfield, particularly, in the stratum radiatum was higher 

compared with that in the pyramidal cell layer (somatic region). In the ischemic CA1 hippocampus, the numbers 

of NG2 glia in both the pyramidal cell layer and the stratum radiatum were significantly increased at 3 days post-

lesion, and remained elevated until 28 days, and this increase was due to new cells generated via proliferation. 

In addition, reactive NG2 glia were localized in association with activated microglia/macrophages expressing 

NG2. However, morphological features of reactive NG2 glia showed characteristic time- and strata-dependent 

patterns in the ischemic CA1 hippocampus. The morphologies of reactive NG2 glia in the stratum radiatum were 
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altered with time: the thick and multiple processes of these cells at 3 days were transformed into shorter and 

highly ramified processes forming a dense network on days 7-14 days, but returned to the morphology of 

characteristic of NG2 glia observed at 3 days after reperfusion. By contrast, NG2 glia in the CA1 pyramidal cell 

layer transformed into irregular cell bodies with thick and short processes and this transformation was 

maintained during the post-ischemic period. These temporal differences of reactive NG2 glia in 2 strata of the 

CA1 hippocampus, the pyramidal cell layer and the stratum radiatum could be attributed to the degenerating 

processes that occur in the somata or dendirtes of pyramidal neurons. Thus, our data demonstrated in a rat 

model of transient forebrain ischemia that NG glia undergo proliferation and dynamic structural changes in the 

CA1 hippocampus, suggesting that activation of NG2 glia may be involved in the degeneration and subsequent 

tissue repair and reorganization in the ischemic hippocampus. This research was supported by the National 

Research Foundation of Korea (NRF) [grant number NRF-2017R1A2B4002922]. 
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Impaired myelination is a key feature in neonatal hypoxia/ischemia (HI), the most common perinatal/neonatal 

cause of death and permanent disabilities, that is triggered by the establishment of inflammatory and hypoxic 

environment during the most critical period of myelin development. This process is dependent on 

oligodendrocyte precursor cells (OPCs) and their capability to differentiate into mature oligodendrocytes.  

In this study we investigated the response of OPCs derived from fetal neural stem cells (NSCs) to inflammatory 

and HI insults, focusing on survival and differentiation. Since the same pathological mechanisms are in common 

with demyelinating diseases in adult life, we used the same protocols on OPCs derived from NSCs isolated from 

the sub-ventricular zone of adult brain. Both fetal and adult brain-derived OPCs were exposed to cytokines, to 

mimic inflammation, or to oxygen-glucose deprivation (OGD), to mimic HI condition. The differentiation of both 

fetal and adult OPCs is completely abolished after exposure to inflammatory cytokines, while only fetal-derived 

OPCs degenerate when exposed to OGD (Figure 1).  

We then investigated three possible mechanisms involved in OGD-mediated toxicity: i) T3-mediate cell cycle exit 

and maturation induction by deiodinase-3 upregulation; ii) glutamate excitotoxicity; iii) glucose metabolism. We 

found that a severe glucose metabolism perturbation occurs, while no contributions of deiodinases 3 activation 

and glutamate excitotoxicity were found.  

These results indicate that the biological response of OPC to inflammation and demyelination are different in 

fetal and adult cells, and that the glucose metabolism perturbation in fetal OPCs may heavily contribute in 

different neonatal CNS pathology. The understanding of the underlying molecular mechanism will strongly 

contribute to differentiate myelination enhancing and neuroprotective therapies for neonatal and adult CNS 

lesions. 
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Figure 1. OGD effect on viability of fetal and adult NSCs-derived OPCs  
OGD effect on fetal and adult NSCs-derived OPCs (A) analysed at the end 

of the differentiation phase (12 DIV). Effect of OGD was analyzed in terms 

of cell number and total cell death (B, C), differentiation/maturation (D, E) 

and lineage specific vulnerability (F, G). 

Representative pictures of the cultures are included in the figure (H-O). 
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NEDD9 (neural precursor cell expressed, developmentally down-regulated 9) is a member of the CAS (Crk-

associated substrate) family of scaffolding proteins that regulate cell adhesion and migration. However, to date, 

there is no information regarding the relationship between NEDD9 and neuroprotection in the brain. In the 

current study, we discovered the highly expression of Nedd9 on neuron in Rose Bengal strokes model. We 

examined the expression of Nedd9 on hypoxia using both in vivo and in vitro models and simultaneously 

explored the underlying neuroprotective mechanisms of Nedd9. Finally, we demonstrated that Nedd9 was highly 

expressed in neuronal death and that inhibition of Nedd9 could protect neuron from hypoxia-induced cell injury 

and apoptosis both in vitro and in vivo by preventing endoplasmic reticulum stress-mediated apoptosis. Our 

results provide important evidence that Nedd9 may be a potential therapeutic protein for a range of neuronal 

pathologies. 
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Ischemic cerebral stroke is the first cause of disability and the third cause of death in industrialized countries. 

Ischemia is a multifactorial pathology characterized by a cascade of molecular and cellular events evolving 

during time. Ischemia causes massive increase of extracellular glutamate, followed by activation of microglia and 

release of inflammatory mediators. Extracellular adenosine levels increase significantly from about 50 nM to 30 

μM (Latini and Pedata, 2001), causing activation of all the purinergic receptors subtypes, including the A2B (EC50 

= 24 μM). The A2B agonist BAY60-6583 (BAY, 1 mg/kg, i.v.), given during reperfusion after ischemia induced by 

tMCAo in the rat, reduces significantly the lesion volume, brain swelling and blood brain barrier disruption (Li et 

al., 2017).  

Thus, aim of our study was to investigate the effect of BAY (0.1 mg/kg, given i.p. twice daily for 7 days starting 4 

h after the occlusion) on the ischemic damage 1, 5, and 7 days after 1 h-tMCAo, evaluating parameters such as 

neurological deficits and body weight. BAY significantly reduced the neurological deficit 1, 5 and 7 days after 

tMCAo (score at day 7: 2.8±0.5 in treated, and 6.08±0.9 in untreated rats; P<0.001). BAY did not reduce the 

body weight loss at any of the 3 times investigated. Seven days after the ischemic insult, BAY reduced the 

volume of the ischemic damage in the Cortex (volume at day 7: 12.60±2.30 mm3 in treated, and 21±1.70 mm3 in 

untreated rats; P<0.04) but not in the Striatum. We evaluated neuronal damage, apoptosis and glia activation in 

the Striatum and Cortex by fluorescent immunohistochemistry and confocal microscopy. Neurodegeneration was 

evaluated quantifying Low Density Nuclei neurons (LDN, Fusco et al., 2018). We found a significant increase of 

LDN neurons in Striatum and Cortex of tMCAo rats vs control rats (P<0.01). BAY prevented the increase of LDN 

neurons in the Cortex only (P<0.01). Astrocytes significantly decreased in the Striatum of tMCAo rats (P<0.05), 

and administration of BAY prevented this effect (P<0.05). Moreover, we found a tendency of increase of IBA1+ 

microglia in the Cortex of tMCAo rats. These data demonstrate that BAY protected from neurological deficit up to 

7 days after 1 h-tMCAo and reduced the cellular modifications after the ischemic insult. 
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Astrocytes posses a wide range of functions within the brain, most of them somehow related to their main role, 

maintenance of ionic and neurotransmitter homeostasis. In response to ischemic conditions astrocytes swell due 

to increased uptake of osmolytes and they are mainly responsible for cytotoxic edema formation. However, they 

are also able to regulate their volume by releasing osmolytes together with water via the process of regulatory 

volume decrease (RVD). The Aquaporin 4 (AQP4) channel and Transient receptor potential vanilloid 4 (TRPV4) 

channel are suspected to be strongly involved in these processes of brain edema formation. The goal of the 

present study was to clarify the role (and possible cooperation) of both channels in astrocytes in situ.  

For our experiments we used a subpopulation of green fluorescent protein‑ labelled astrocytes from Aqp4‑ /-, 

Trpv4-/- and control mice. Cell volume alterations were induced in acute brain slices by hypoosmotic stress or by 

oxygen-glucose deprivation (OGD). Data were quantified using fluorescence intensity‑ based approach in the 

whole cells and in astrocyte endfeet.  

Our results indicate, that there is no difference in astrocytic swelling or cell volume recovery between astrocytes 

from Aqp4-/-, Trpv4-/- and control mice when exposed to hypoosmotic stress and all the cells reacted similarly. On 

the contrary, volume changes induced by OGD varied significantly between the experimental groups. Astrocytes 

from Aqp4-/- mice showed only a weak increase in their volume in response to OGD, while they were unable to 

recover their volume when returned to normal arteficial cerebrospinal fluid (aCSF). Interestingly, the swelling of 

astrocytes from Trpv4-/- mice was comparable to that observed in controls. However, they were unable to 

recover their volume when returned to normal aCSF as observed in astrocytes from Aqp4-/- mice. 
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Traumatic brain injury (TBI) engages a series of events that develop over time involving CNS resident cells, such 

as microglia and astrocytes. The release of inflammatory mediators results in chronic neuroinflammation and 

promote neuronal damage. Chemokines are known to orchestrate inflammation in injured tissues. Due to 

promising but still incomplete data, the aim of the studies was to elucidate the pattern of genes expression of 

CCR2, its ligands (CCL2, CCL7, CCL12) and glial cells markers (C1qa, GFAP) in cortex of TBI-mice (by 

controlled cortical impact) at different times after injury. We also investigated the influence of minocycline (MC) 
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and fluorocitrate (FC) on CCL2, CCL7, CCL12 expression in cortical primary microglial and astroglial cell 

cultures. CCL2 up-regulation was observed at all time points, while that of CCL7 only at 24h and 4 days and that 

of CCL12 at 24h, 4 and 7 days after TBI. The strongest expression of all chemokines was noticed 24h after TBI 

and this effect decreased time-dependently. CCR2 examination showed an increased expression at all time 

points, but the highest level was observed at day 4. We have also observed strong activation of C1qa and GFAP 

after TBI starting from 24h with the highest activation at days 4 and 7. Interestingly, both glial cells share similar 

pattern of activation, which was correlated with CCR2. We detected the expression of CCL2, CCL7, CCL12 in 

both glial cell cultures and all chemokines were up-regulated after LPS. In un-stimulated microglia MC reduced 

the mRNA of all tested chemokines, while co-treatment with LPS decreased only CCL2 and CCL7. In astroglia 

MC reduced CCL2 and CCL7 only in LPS-activated cells. FC did not affect the expression of chemokines in 

microglia, but it regulated CCL2 and CCL12 in astrocytes. Our data showed up-regulation of CCL2, CCL7, 

CCL12 expression, which have similar pattern of activation. In vitro studies showed that microglia and astroglia 

are the cellular source of examined chemokines, and that MC modulates their activation. We provide evidence 

that CCL2, CCL7, CCL12 play an important role in the early stages of inflammation after TBI. Our data suggest 

that MC might be a promising tool for pharmacological intervention.  
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Traumatic brain injury (TBI) is a common cause of death, and in western world is hard and expensive to 

manage, therefore new approaches holding potential for novel therapies are urgently needed. Inflammatory 

reactions initiated and regulated by chemokines play a crucial role in TBI progression and such changes are 

associated with microglial cell activation. Participation of the chemokine-C-motif ligand (XCL) subfamily in TBI 

remains unknown. Therefore, the aim of our study was to examine the pattern of expression of glial markers and 

in parallel chemokine-C-motif ligand 1 (XCL1)–chemokine-C-motif receptor 1 (XCR1) in mouse model of TBI at 

different time points (24 h, 4 and 7 days, 2 and 5 weeks) in cortex. Moreover, we analysed the influence of 

minocycline (MC) on the mRNA and protein levels of XCL1 and XCR1 in cortical microglial and astroglial cell 

cultures. We used an animal model of TBI (by controlled cortical impact), and primary cortical microglial and 

astroglial cell cultures. Gene expression was assessed by RT-qPCR and changes in protein level by Western 

blot. We observed in cortex strong up-regulation of both XCL1 and XCR1 at all tested time points. The strongest 

expression of the ligand was 2 weeks after injury, while that of the receptor, at day 4 and 7. In parallel, we 

observed up-regulation in the CD40 level after TBI, which was strongest at day 7. In in vitro studies, we 

observed that the mRNA level of Xcl1 increased after lipopolysaccharide (LPS) stimulation in both glial cell 

cultures, and that MC treatment prevented this up-regulation. The expression of Xcr1 in microglia was 

downregulated after LPS treatment, but MC did not change this effect. No changes were observed in astrocytes. 

XCL1 and XCR1 protein levels in microglia cultures were up-regulated after LPS stimulation, and MC treatment 
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prevented these changes. In the astroglia cultures, XCL1 expression did not change after LPS stimulation and/or 

MC treatment, while XCR1 protein was not detected. Summing up, we report a concomitant and time-dependent 

expression of XCL1 and XCR1 after TBI which might be correlated with microglia activation. Our in vitro results 

suggests that activated microglia are the cellular source of XCL1 release and that minocycline can have 

beneficial effects. The results of our studies propose that XCL1/XCR1 pathway is an attractive therapeutic target 

in TBI pathology. 
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Diffuse white matter injury (DWMI) is a major form of brain injury, which results in chronic neurological and 

behavioral disabilities in prematurely born infants, including a broad spectrum of cognitive and learning 

disabilities until young adulthood. Using a mouse model of neonatal hypoxia, we previously shown that hypoxia 

delayed oligodendrocyte (OL) maturation in white matter controlled by the p27Kip1/FoxO1 pathway. Since Sirt2 is 

implicated in OL maturation, we determined whether neonatal hypoxia altered Sirt2 expression and function in 

white matter. We found that hypoxia reduced Sirt2 expression and the number of Sirt2+ cells in white matter 

along with the number of Sirt2+CC1+ and Sirt2+Olig2+ cells. Since Sirt2 siRNA treatment of cultured OLs reduced 

percentages of Olig2+, GalC+, and O4+ cells, it is likely that hypoxia-induced decrease in Sirt2 prevents OL 

differentiation. To investigate whether Sirt2 regulates OL differentiation after hypoxia, we performed loss- and 

gain-of-function experiments in two strains of transgenic mice. In Sirt2fl/flPDGFRcre and Sirt2StopPDGFRcre mice, 

Sirt2 was ablated or overexpressed in PDGFR-expressing oligodendrocyte progenitor cells, respectively, after 

tamoxifen injection at P12. We found that under normoxic conditions, Sirt2 ablation in OPCs reduced the number 

of OLs expressing CC1, as compared to wild type mice. Also, the percentage of CC1+ and Olig2+ cells 

expressing Sirt2 decreased in white matter of Sirt2fl/flPDGFRcre mice. In the absence of Sirt2, hypoxia further 

reduced OLs in white matter. Conversely, Sirt2 overexpression elevated the percentage of CC1+ OLs, as well as 

the percentage of Sirt2+CC1+ and Sirt2+Olig2+ cells in white matter. Under hypoxic conditions, Sirt2 

overexpression increased the number of mature OLs over wild type controls. These findings demonstrate that i) 

Sirt2 promotes OLs differentiation under normoxic and hypoxic conditions, ii) Sirt2 overexpression partially 

rescues the effect of hypoxia on OL maturation in white matter. 
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Perinatal hypoxic/ischemic injury (PHI) remains a major cause of mortality and morbidity that can generate 

permanent neurological and/or mental deficits later in life. Our previous studies showed increased vulnerability of 

the dopaminergic neurons of the human substantia nigra (SN) to prolonged PHI (Pagida et al., 2013,72:337). In 

SN neurons, we observed a dramatic reduction of tyrosine hydroxylase (first and limiting enzyme in dopamine 

synthesis) and of their cellular size. In order to investigate if the above observations represent an early stage of 

SN degeneration, we studied immunohistochemically cleaved caspase-3 (CCP3, marker of apoptosis) and 

Apoptosis Inducing Factor (AIF, death marker), Iba-1 (marker of microglia activation) and GFAP (marker of 

astrocytes) in the SN of the human neonate in relation to the severity/duration of PHI, as estimated by 

neuropathological criteria. Our material included mesencephali of 22 autopsied neonates (corrected age ranging 

from 34 to 46.5 weeks of gestation) obtained after written parental consent. Our results showed rare CCP3-

positive neurons and glia, while few neurons were found dying through an AIF-mediated pathway. Morphological 

variety of microglial phenotypes was revealed in the SN, indicating a variable degree of microglial activation, with 

a particular increase in cases with acute PHI. Extensive astrogliosis was observed not only in the SN, but also in 

the whole mesencephalon of neonates with acute PHI, while astrocytes were limited in the mesencephalic gray 

matter in neonates with prolonged PHI. Our study showed a widespread activation of microglia and astrocytes in 

the absence of extensive neuronal death in the SN of the human neonate. By contrast, experimental studies in 

rats and sheep had revealed inflammation (Ezquer et al.,2006,197:391) with an increased number of apoptotic 

neurons in the SN after PHI (Oo et al., 1995,69:893; Castillo-Melendez et al.,2004,55:864). The activation of 

microglia and astroglia observed in human neonates could therefore be neuroprotective for the mesencephalon 

supporting the viability of SN neurons after PHI. Our study provides additional insights into the protective role of 

microglia and astrocytes in the SN of the human neonate under PHI. 
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Brain ischemia induces cell death via multiple mechanisms in which activation of microglia plays an important 

role. However, there is still lack of knowledge about the mechanisms and consequences of microglial activation 

during ischemia. Mitochondria are thought to be affected by ischemia however the link between mitochondrial 

dysfunction and inflammatory responses mediated by the activated microglia are not fully clear yet.  

The aim of this study was to investigate effects of simulated ischemia and antidiabetic drug - potential effectors 

of mitochondrial oxidative phosphorylation system – phenformin - on primary rat microglial cell cultures. Microglia 

cells were incubated under hypoxic conditions (2% O2) in the absence/presence of deoxyglucose (DOG). In the 

absence of DOG, hypoxia stimulated proliferation of microglia which was inhibited in the presence of 

DOG.  Phenformin in the absence of DOG stimulated microglia proliferation and tended to increase microglial 

proliferation in presence of DOG in hypoxic conditions comparing with DOG –treated cells. Morphological 

changes of microglial cells exposed to hypoxia were observed such as appearance of multinuclear cells as well 

anuclear cells, ameboidic phonotipe with processes, round and flat shape with thick bundles underneath the 

membrane. These data suggest that hypoxia stimulates microglial activation in a glycolysis dependent manner 

whereas phenformin-stimulated microglial proliferation is less sensitive to glycolytic activity of the cells. 
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Cerebrovascular pathology such as that caused by stroke increases risk of cognitive decline and dementia by 

mechanisms including inflammation and oxidative stress. Nrf2 is a transcription factor and master regulator of a 

battery of antioxidant and anti-inflammatory genes. Nrf2 activation in astrocytes has previously been shown to 

confer protection in models of neurodegeneration. We hypothesised that overexpression of Nrf2, specifically in 

astrocytes, would attenuate neuronal damage following stroke by reducing oxidative stress and inflammation.  

GFAP-Nrf2 male mice (2 to 3 fold increase of Nrf2 expression in GFAP-astrocytes) and C57Bl/6J (wild-type; WT) 

littermates controls (3-4 months old) underwent ischaemia (transient middle cerebral artery occlusion for 60 

mins) (n=7-15/group) or control sham surgery and brains were collected at 24 hours. Indices of cellular 

neuroinflammation (Iba1, microglia; GFAP, reactive astrocytes) and oxidative stress (3-Nitrotyrosine) were 

quantified in the peri-infarct area using immunohistochemistry. Neuronal damage was assessed histologically. 

Gene expression for Nrf2 and Nrf2-related genes hmox1, nqo1 and slc7a11 were analysed by qRT-PCR (n=7-

11/group) in the peri-infarct region of the cortex.  All surgeries and analyses were carried out blinded to 

experimental groups.  

There was a significant reduction in neuronal damage in GFAP-Nrf2 mice compared with WT mice following 

ischaemia (p=0.048). 3-Nitrotyrosine immunostaining was increased after ischaemia but there was a marked 

reduction in GFAP-Nrf2 compared with WT mice after ischaemia (p=0.003). Microgliosis was increased following 

ischaemia but not altered between WT and GFAP-Nrf2 mice.  Reactive astrocytes were increased in the peri-

infarct area after ischaemia, and furthermore were significantly increased in GFAP-Nrf2 compared with WT 

stroke mice (p=0.0007). Nrf2-related gene expression was unchanged after ischaemia in WT mice compared to 

shams but significantly increased in GFAP-Nrf2 mice following ischaemia.  

We have shown that the overexpression of Nrf2 in astrocytes reduces neuronal damage and oxidative stress 
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following stroke and this was paralleled by increased reactive astrocytosis and expression of Nrf2-related genes. 

We are currently investigating gene changes induced by stroke and overexpression of Nrf2 in an astrocyte 

specific cell population. 
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Treadmill exercise post-stroke has been demonstrated in enhancing sensorimotor and cognitive functional 

recovery in patients and experimental animals. It is well known that neurogenesis plays an important role on 

functional recovery after stroke. However, whether neurogenesis contribute to exercise promoting functional 

rehabilitation after stroke and its underlying molecular mechanism remain unclear. Our study will investigate 

possible molecular mechanisms of treadmill exercise enhancing rehabilitation by a rat model of transient middle 

cerebral artery occlusion (tMCAO). Treadmill exercise was started at day 3 after tMCAO for 7 or 28 days. 

Neurological functions were examined by Beam walking test, Corner test, Novel object recognition test and 

Morris water maze. Neurogenesis were detected by immunofluorescence and western blot. The results showed 

that treadmill exercise facilitated sensorimotor and cognitive functional recovery after tMCAO. Meanwhile, 

treadmill exercise enhanced the proliferation of neural stem/progenitor cells (NSPCs), differentiation, and 

migration of new-born immature and mature neurons to peri-infarct in ipsilateral subventricular zone (SVZ) and 

subgranular zone (SGZ) at 7 and 28 days after tMCAO. Under this condition, we also found that treadmill 

exercise significantly increased the expression level of CD200R in ipsilateral peri-infarct region and 

hippocampus, CD200 in ipsilateral. We next speculated treadmill exercise might activate CD200/CD200R 

signaling pathway to promote neurogenesis and improve the function of rats after post-stroke. Further study 

found that lentivirus (LV) suppression of CD200R expression significantly inhibited treadmill exercise-induced 

neurogenesis and functional recovery, whereas CD200Fc (a CD200R agonist) markedly promoted neurogenesis 

and functional recovery after t treadmill exercise post-stroke. Our results suggest that treadmill exercise 

promotes neurogenesis and functional recovery via activating CD200/CD200R signaling pathway after stroke. 
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Promising stroke therapeutics discovered in animal studies have repeatedly failed to translate into successful 

clinical trials. One reason for this is the discrepancy in brain composition with the human forebrain consisting of 

50% white matter compared to just 10% in the mouse. Breakdown of ionic gradients, including uncontrolled 

release of potassium, is one of the first events to occur in stroke and leads to a host of damaging secondary 

events. Prior to this report, there has been little investigation of ion movements in white matter (WM) following 

the onset of the ischemic conditions that underlie stroke. This study will elucidate the features and mechanics of 

potassium release in grey matter (GM) and WM.  

An ex-vivo mouse brain slice model of oxygen/glucose deprivation (OGD) was employed and potassium-

selective ion-sensitive microelectrodes used to measure changes in extracellular potassium concentration. OGD 

was performed by switching the perfusion solution from artificial cerebrospinal fluid (aCSF) containing glucose 

bubbled with 95%O2/5%CO2 to that containing sucrose and bubbled with 95%N2/5%CO2. Drugs were added to 

the aCSF to manipulate potential mechanisms of potassium release.  

Maximum potassium concentration during OGD was significantly lower in WM than GM (P<0.01). While in WM, 

this peak was unaffected by calcium removal or addition of NMDA and AMPA/kainate receptor antagonists 

(MK801 and NBQX), potassium release in GM was significantly reduced by these manoeuvres (P<0.05).This 

indicates the involvement of glutamate neurotransmission in GM ischemia-induced potassium release. Addition 

of broad potassium channel blockers, BaCl and tetraethylammonium chloride (TEA), resulted in a dramatic 

attenuation of peak potassium concentration from OGD in both GM and WM (P<0.0001 and P<0.001 

respectively) but not eradication, suggesting involvement of another mechanism or potassium channel subtypes 

unaffected by the drugs.  

The mechanisms of potassium release in GM and WM are fundamentally different. In GM but not WM, maximal 

release is dependent on glutamate transmission. Concentration increase is not entirely due to release through 

channels affected by broad potassium blockage. 
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Traumatic brain injury (TBI) is a leading cause of disability and death among children worldwide. Mild TBI 

represents around 80% of all pediatric emergency visits and is associated with a higher probability to develop 

long-term affective and learning disorders through unknown mechanisms. Astrocytes are involved in various 

physiological functions and their properties are altered after brain injury. However, such alterations havenever 

been investigated in the context of juvenile mild TBI (jmTBI). We hypothesize that post-traumatic astrogliosis 

elicits a specific molecular signature impacting neural network organization and contribute to the long-term 

disorders emerging after jmTBI.  

A Closed-Head Injury with Long-Term Disorder (CHILD) was induced over the left-parietal cortex in C57BL6 

mice on postnatal day 17. In a first part, astrocytes were isolated from whole brain with MACS to perform RNA-

sequencing at 1 day post-injury (dpi). Levels of gene expression were analyzed by differential expression 

analysis and geneontology. In a second part, morphological analysis of astrocytes was performed with GFAP at 

1, 7 and 30dpi and compared to in vivo MRI.  

Results from the RNA sequencing showed that many genes were significantly differently regulated in jmTBI 
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animals. Specific genes known to be markers of reactive astrocytes were upregulated along with few A1- and 

A2-specific. A broader analysis of the upregulated genes in jmTBI animals revealed a significant 

overrepresentation of genes belonging to metabolism and extracellular matrix organization pathways. From 

these results we conclude that the jmTBI induces a reactive phenotype in astrocytes 1dpi, and may dysregulate 

their morphology and metabolism.  

According to these results, astrocyte morphology was depicted by semi-automatic skeleton analysis in the 

somatosensory cortex (SSC), dentate gyrus, prefrontal cortex (PFC) and amygdala. The morphology of GFAP-

positive cells was altered after injury in all regions suggesting that there is a progressive spread of astrogliosis 

from the injury site to remote brain regions over one month after injury.  

Furthermore, T2 imaging showed decreased values in SSC and PFC that could be interpreted as a metabolic 

change since T2* values can indirectly depend on oxygen saturation.  

Taken together, astrocytes are early responders and may contribute to early neuronal network reorganization 

through changes in reactivity, morphology and metabolism, which could prime the developing brain for long-term 

affective and cognitive disorders after jmTBI. 
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Astrogliosis and hypomyelination occurred in humans that suffer perinatal hypoxia-ischemia (HI) and were 

related to glutamate excitotoxicity and chronic inflammation. Physical conditioning (PC) during pregnancy 

increases anti-inflamatory cytokines and may represent an approach to HI insults.  We developed a PC protocol 

during pregnancy to evaluate its effects in the brain of an HI rodent model. Adult Wistar female rats 

(UERJ/CEUA/06/2016) were divided in sedentary (SD), training (TR) and training pregnant (TRP) groups. TR 

and TRP were submitted to a forced swimming progressive training, from 3 to 30 minutes, in ten days. SD group 

was submitted to a single physical effort (30 minutes of swimming). Measures of glycemic and corticosterone 

levels showed that this forced swimming protocol do not cause chronic stress, has a moderate effort profile and 

improves PC. To induce HI, the protocol described in Savignon and collaborators (2012) was used. Briefly, TRP 

and SD pregnant in the 18th gestation day were anesthetized and the uterine arteries were clamped for 45 

minutes (HITR and HISD group). SHAM controls (SHTR and SHSD group) had the uterine horns exposed, but 

no arteries were clamped. Gestation proceeded, with no intervention, and the birth day is set at P0. At P2 and at 

P23, male and female pups were perfused-fixed with 4% paraformaldehyde and sections of corpus callosum (cc) 

were obtained using a criotome. PC increased the number of oligodendroglial progenitors in the cc of P2 male 

and female offspring, showed by immunofluorescence using anti-PDGF-alfa receptor. At P23, SDHI offspring 

showed a decrease in MBP immunostaining in the cc that is recovered in HITR offspring.  At the same age 

astrogliosis is observed in the cc of females of HISD offspring, however was recovered in HITR group. Male 

pups showed no significant differences concerning GFAP immunostaining. Our results showed that prenatal HI 

impaired differentially glial cells in the corpus callosum of male and female offspring and suggest that moderate 

exercises may be used as a prophylactic approach to minimize prenatal HI consequences in brain development. 
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Osteopontin (OPN) is a secreted glycoprotein that is expressed in various tissues, including brain, and mediates 

a wide range of cellular activities. In a previous study, the authors observed the robust neuroprotective effects of 

recombinant OPN and of RGD and SLAYGLR-containing OPN-peptide icosamer (OPNpt20) in an animal model 

of transient focal ischemia, and demonstrated anti-inflammatory and pro-angiogenic effects of OPNpt20 in the 

postischemic brain. In the present study, investigated the neuroprotective effect of OPNpt7 containing RGD motif 

in a rat model of focal cerebral ischemia (middle cerebral artery occlusion, MCAO). Intranasally administered 

OPNpt7 reduced mean infarct volume by compared to the treatment-naïve MCAO control animals and markedly 

ameliorated neurological deficits. we found OPNpt7 containing RGD motif exerts anti-inflammatory effect, 

although it was weaker than that of OPNpt20. When we investigated the effects on the motility and phagocytic 

activity of BV2 cells (a microglia cell line), F-actin polymerization and cell motility were significantly enhanced in 

OPNpt7-treated BV2 cells, and numbers of filopodia-like processes increased and lamellipodia-like structures 

enlarged and thickened. In addition, treatment of cells with scrambled mutant OPN heptamer showed that the 

RGD motif of OPNpt7 play critical roles in the enhancement of cell motility, and the interaction between 

exogenous OPNpt7 and endogenous αv and α4 integrin and the activations of FAK, Erk, and Akt signaling 

pathways were found to be involved in the OPNpt7-mediated induction of cell motility. Furthermore, phagocytic 

activity of microglia was also significantly enhanced by OPNpt7 in a αvb4 integrin dependent manner. These 

results indicate OPNpt7 containing RGD motif triggers microglial motility and phagocytic activity and OPNpt7-

integrin mediated signaling plays a critical role in these activities. 
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Chronic cerebral hypoperfusion is a characteristic seen in widespread CNS diseases, including 

neurodegenerative and mental disorders, and commonly accompanied by cognitive impairment. Recently, 

several studies demonstrated that chronic cerebral hypoperfusion can induce the excessive inflammatory 

responses that precede neuronal dysfunction; however, the precise mechanism of cognitive impairment due to 

chronic cerebral hypoperfusion remains unknown. Transient receptor potential melastatin 2 (TRPM2) is a 

Ca2+-permeable channel that is abundantly expressed in immune cells and is involved in aggravation of 

inflammatory responses. Therefore, we investigated the pathophysiological role of TRPM2 in a mouse chronic 

cerebral hypoperfusion model with bilateral common carotid artery stenosis (BCAS). When male mice were 

subjected to BCAS, cognitive dysfunction and white matter injury at day 28 were significantly improved in 

TRPM2-knockout (TRPM2-KO) mice compared with wild-type (WT) mice, whereas hippocampal damage was 

not observed between these two groups. There were no differences in blood–brain barrier breakdown and 

H2O2 production between two genotypes at 14 and 28 days after BCAS. Cytokine production was significantly 

suppressed in BCAS-operated TRPM2-KO mice compared with WT mice at day 28. In addition, the number of 

Iba1-positive cells gradually decreased from day 14. Moreover, daily treatment with minocycline significantly 

improved cognitive perturbation. Surgical techniques using bone marrow chimeric mice revealed that activated 

Iba1-positive cells in white matter could be brain-resident microglia, not peripheral macrophages. Together, 

these findings suggest that microglia contribute to the aggravation of cognitive impairment by chronic cerebral 

hypoperfusion, and that TRPM2 may be a potential target for chronic cerebral hypoperfusion-related 

disorders. 
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Hypoxia accompanied different pathological processes in brain cells, including ischemia, which leads to high 

mortality and disability of the population.Nowadays searching of new approaches and substances able to protect 

brain cells from hypoxic influence is of special issue in modern neuroscience and biomedicine. Active enzymes 

kinases are crucial elements in various signaling pathways regarded as one of potential therapeutic target. The 

aim of the investigation was to analyze the influence of selective and non-selective inhibitors of kinases on 

primary hippocampal cultures viability and estimate their role in realization of neuroprotective effect of Glial cell 

line-derived neurotrophic factor (GDNF) in hypoxia model in vitro.  

The experiments were carried out on primary hippocampalcultures obtained from SHK mice embryos (E18). 

Acute normobaric hypoxia was modeled on day 14 of culture development in vitro (DIV) by replacing the 

normoxic cultural medium by a medium with low oxygen for 10 min. Viability test was performed during 7 days 

after modeled hypoxia by using specific fluorescent dyes propidium iodide (Sigma-Aldrich) and 

bisbenzimide(Sigma-Aldrich) which allow the visualization of the nuclei of dead cells and the total number of 

cells in culture.  
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First, we estimate the role of key kinases (RET, RAF, MAP2K 1/2, ERK2, AKT) in sustainabilityof primary 

hippocampal cultures to hypoxic state. Our studies revealed that application of RET and AKT kinases inhibitors 

did not change the cultures viability during 7 days of the post-hypoxic period.  

Next, we investigated a degree of kinases involvement in realization of neuroprotective properties of GDNF. 

Conducted viability test showed an irreversible gradual increase in the number ofdead cells in “Hypoxia” group of 

cultures beginning on the 1st day of the post-hypoxic period. Application of GDNF (1 ng/ml) 20 min before 

hypoxia, in time and immediately after reoxygenation, effectively protected neural cells from hypoxic damage. 

The cells viability in this group of cultures did not significantly differ from the intact cultures. Notably, RET kinase 

inhibition dramatically reduced the cells survival in the post-hypoxic period when applying only RET inhibitor, as 

well as fully eliminated neuroprotective effect of GDNF. AKT inhibition decreased neuroprotective effect of 

GDNF, but it was less pronounced than RET inhibitor influence.  

Therefore, our study emphasized the important role of RET kinase in maintenance of brain cells viability under 

hypoxic influence and its active participation in realization neuroprotective properties of GDNF. 
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Astrocytic Volume-Regulated Anion Channels (VRACs) are swelling-activated chloride channels that are also 

permeable to the excitatory amino acids, glutamate and aspartate. While VRACs are primarily responsible for 

cell volume control, their ability to release neuroactive molecules may influence neuropathologies that are 

associated with cell swelling (e.g., stroke and epilepsy). In stroke, VRAC inhibitors potently alleviate ischemic 

brain damage, likely due to reductions in excitotoxic glutamate release. Yet, the latter theory has an important 

caveat: VRAC opening requires the presence of intracellular ATP, which may not be compatible with low ATP 

levels in the metabolically depleted ischemic tissue. In the present work, we explored how changes in the 

metabolic conditions of primary rat astrocytes alter the swelling-activated release of glutamate through VRAC, 

which may shed light on the actions of this channel in the metabolically inhibited ischemic brain. To mimic these 

conditions, astrocytes were exposed to 2-deoxy-D-glucose (DDG, to inhibit glycolysis) and/or sodium cyanide 

(NaCN, to block mitochondrial respiration). The effects on intracellular ATP ([ATP]i) were determined using a 

luciferin/luciferase luminescence assay and the mitochondrial oxygen consumption was quantified with a 

Seahorse analyzer. Activity of VRAC was measured as the swelling-activated release of the non-metabolizable 

glutamate analog, D-[3H]aspartate, and the specificity of the release was validated using siRNA targeting the 

essential VRAC subunit, LRRC8A. Using this methodology, we found that complete metabolic inhibition with 

DDG+NaCN reduced [ATP]i by almost 90% and abolished swelling-activated glutamate release. Surprisingly, 

astrocytes were able to fully sustain normal ATP levels and VRAC activity when mitochondrial respiration was 

blocked by NaCN, and maintained near-normal metabolism even under conditions of very low extracellular 

glucose (0.1 mM). To discriminate between the previously proposed mechanisms of non-hydrolytic ATP binding 

and MAP kinase-dependent phosphorylation in sustaining VRAC function, we used several MAPK inhibitors. The 
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highly specific MEK1/2 blocker Trametinib did not affect [ATP]i or glutamate release, supporting the idea that 

VRAC activity requires non-hydrolytic ATP binding. Overall, our findings suggest that astrocytic VRAC activity 

can be fully sustained in the ischemic penumbra via residual glycolysis and provide further rationale for pursuing 

VRAC as a target for therapeutic intervention in stroke. 
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Neonatal hypoxia-ischemia leads to white matter injuries in pre-clinical models as well as in the clinical setting. 

Therefore, modulation of endogenous white matter regeneration through proliferation and maturation of 

oligodendrocyte progenitor cell (OPC) could be a therapeutic target. OPC proliferation and maturation has been 

shown to be influenced by neuroglia (microglia and astrocytes) (Einstein et al., 2009; Pang et al., 2013), but the 

underlying mechanisms remain unknown. Here we investigate, whether conditioned media (CM) from mixed glia 

cultured in normal and glucose-deprived (GD) conditions influences OPC proliferation and maturation through 

the secretion of PDGF-AA.  

Brains for mixed glia cultures (MGC) were harvested from post-natal day 1 (p1) Sprague Dawley rats, 

dissociated mechanically into single cells and incubated for 14 days in normal medium (DMEM + Pen/Strep + 

FCS). For GD, DMEM without glucose was used. In order to characterize the different cell types, flow cytometric 

and immunocytochemical analyses were performed after 7 days in culture. CM from MGC (control) and from GD 

MGC was collected after 17 days to quantify secreted PDGF-AA level via enzyme-linked immunosorbent assays 

(ELISA). To obtain OPCs, cortices of p1 Sprague Dawley rats were isolated and dissociated mechanically into 

single cells. After 14 days, OPCs were dissociated from oligospheres and seeded into multi-well plates. 24 h 

after seeding, cells were exposed to different concentrations of PDGF-AA as well as CM of GD and untreated 

mixed glial cells. Proliferation and cell death was measured after 48 h via EdU and Annexin-V/7-AAD assays, 

respectively.  

On protein level, the CM from GD MGC contained 200 times more PDGF-AA than that from non-GD MGC 

(2,020.1±0,274 vs. 0.01133±0.0058 ng/ml, p < 0.01). Interestingly, GD leads to a highly pure (~85%) 

CD11b/CD45+ microglia/macrophage cell population. We could confirm that PDGF-AA has a critical effect on 

OPC proliferation and survival; however, the concentration of PDGF-AA inversely correlates with OPC 

proliferation (0 ng/ml: 25% proliferative cells, 10 ng/ml: 18%, p < 0.001). Moreover, the proliferation was further 

decreased, when OPCs were cultured with CM of GD MGC (9% proliferative cells, p < 0.001). Additionally, 

OPCs also show less cell death when 10 ng/ml PDGF-AA or CM were administered (10 ng/ml PDGF-AA: 25%, 0 

ng/ml: 32%, CM: 12.3%, p = 0.021).  

In sum, GD neuroglia may let OPCs go into a ‘resting’ state in vitro, indicated in the lower proliferation rate as 

well as in the decreased cell death. Whether this effect is mediated by PDGF-AA alone needs to be further 

elucidated, since the effects of CM containing only ~2 ng/ml of PDGF-AA were stronger compared to the 

supplementation with 10 ng/ml PDGF-AA. 
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Sargassum fusiforme improves memory and reduces amyloid plaque pathology in an Alzheimer's 

disease mouse model 
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Activation of liver X receptors (LXRs) by synthetic agonists was found to improve cognition in Alzheimer’s 

disease (AD) mice. However, these LXR agonists induce hypertriglyceridemia and hepatic steatosis, hampering 

their use in the clinic. We hypothesized that phytosterols as LXR agonists enhance cognition in AD without 

affecting plasma and hepatic triglycerides. Phytosterols previously reported to activate LXRs were tested in a 

luciferase-based LXR reporter assay. Using this assay, we found that phytosterols commonly present in a 

Western type diet in physiological concentrations do not activate LXRs. However, a lipid extract of the 24(S)-

Saringosterol-containing seaweed Sargassum fusiforme did potently activate LXRβ. Dietary supplementation of 

crude Sargassum fusiforme or a Sargassum fusiforme-derived lipid extract to AD mice significantly improved 

short-term memory and reduced hippocampal Aβ plaque load by 81%. Notably, none of the side effects typically 

induced by full synthetic LXR agonists were observed. In contrast, administration of the synthetic LXRα activator, 

AZ876, did not improve cognition and resulted in the accumulation of lipid droplets in the liver. Administration of 

Sargassum fusiforme-derived 24(S)-Saringosterol to cultured neurons reduced the secretion of Aβ42. Moreover, 

conditioned medium from 24(S)-Saringosterol-treated astrocytes added to microglia increased phagocytosis of 

Ab. Our data show that Sargassum fusiforme improves cognition and alleviates AD pathology. This may be 

explained at least partly by 24(S)-Saringosterol-mediated LXRb activation. 
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Specific deletion of neuronal MCT2 or astrocytic MCT4 prevents new long-term memory formation by 

disturbing the hippocampus-dependent acquisition of information 
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The astrocyte-neuron lactate shuttle (ANLS) hypothesis proposes that neuronal glutamatergic activity leads in 

astrocytes to a large increase in the production of lactate, which is released in the extracellular space through 

the monocarboxylate transporter 4 (MCT4) to be taken by neurons via MCT2 and used as an energy substrate to 

sustain neurotransmission (Pellerin and Magistretti, 1994 Proc Natl Acad Sci USA, 91:10625-9). Lactate 

released by astrocytes has been suggested to be necessary for working memory (Newman et al. 2011 PLoS 

One, 6). Further, it was demonstrated that MCT1, 2 and 4 are required for the formation of a non-spatial, long-

term (24h) memory (Suzuki et al. 2011 Cell, 144:810-23) and in the expression of plasticity genes (Yang et al. 

2014 Proc Natl Acad Sci USA, 111:12228-33). In the present work, we used for the first time the Cre-lox 

technology to induce the specific deletion of MCT2 in neurons and MCT4 in astrocytes of the dorsal 

hippocampus to evaluate their requirement for different behavioral tasks. Our results show that the deletion of 

either MCT2 or MCT4 does not alter innate behavior, but only the acquisition of new information. The short-term 

storage of information was normal, but long-term memory was significantly affected. However, if the exposition to 

the new information (training) is sufficiently repeated, it is possible to finally acquire the data and their retrieval in 

such case is normal. Our results suggest that lactate transport is a critical step in the acquisition of new 

information, either in the astrocytes or in the neurons. This could be related to the metabolic coupling proposed 

by the ANLS. Our data also indicate that intense training sessions can induce compensatory responses to 

overcome MCT deficiencies. Hence, we propose that the ANLS facilitates the acquisition of new hippocampus-

dependent information. The understanding of the role of MCTs in these fundamental cognitive functions may 

have important implications for developing novel therapeutic strategies, based on improving energy metabolism. 
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Correlating astrocytic Ca2+ microdomain activity with motor learning 
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Excitatory neurons of the primary motor cortex (M1) function as part of neuronal ensembles, which are 

populations of neurons whose activity becomes correlated as an animal learns a stereotyped movement pattern. 

The formation of neuronal ensembles during motor learning is accompanied by structural and functional plasticity 

of synapses. Astrocytes, the main type of glial cell in the cortex, have been shown to respond to and influence 

neuronal activity by transiently increasing their intracellular Ca2+ levels. Astrocytic Ca2+ transients have diverse 

spatiotemporal characteristics and can spread through the entire astrocyte cell body or be limited to primary 
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branches and/or fine processes. Emerging functional and anatomical evidence suggests that astrocytic Ca2+ 

activity in the fine processes, termed “microdomains,” are associated specifically with synaptic activity, but the 

underlying mechanism and function of this phenomenon is not well understood. Here, we test the hypothesis that 

astrocytic Ca2+ signaling in microdomains serves as a correlate for motor learning. We trained mice on an 

auditory tone-cued lever push task, a behavioral paradigm that incorporates an associative learning aspect as 

well as the acquisition of a stereotyped motor movement. We use chronic two-photon imaging of astrocyte Ca2+ 

microdomain activity in vivo to test our hypothesis and show that astrocyte microdomains are active as an animal 

learns the lever push task and develops motor stereotypy. Our results so far show that M1 astrocyte Ca2+ 

activity in microdomains is correlated with the lever push movement trace and becomes more reliable as an 

animal achieves expert performance. These results suggest that astrocyte Ca2+ microdomain activity is 

associated with the formation of neuronal ensembles and motor learning-induced synaptic plasticity. Thus, Ca2+ 

activity in microdomains may encode an astrocyte “signature” that is associated with motor learning. Future 

experiments will help identify a novel neuron-astrocyte interaction that may reflect the synaptic changes that 

underlie motor learning. 
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Hypothalamic inflammation and glial fibrillary acidic protein (GFAP) overexpression in astrocytes are well 

described in obese animals, as well as some cognitive and memory deficits. As the hippocampus plays 

important roles in the consolidation of information, this investigation aimed to observe the memory function and 

the astrocyte expression of GFAP in the hippocampus of rats that received a hypercaloric or a normocaloric diet. 

Adult male Wistar rats received a high-fat diet (cafeteria, HD group) or a standard diet for 60 days (ND group). At 

the 61st day, rats were submitted to the novel object recognition test at 3 and 24 hours after first contact with 

objects in order to assess short-term and long-term memory, respectively. After that, the rats were euthanized 

and brains were collected for GFAP immunohistochemical investigation in the hippocampus (CA1, CA2, CA3 

areas) and hypothalamus (periventricular and arcuate nuclei). Astrocytic reactivity was assessed by 

morphometry using the MetaMorph 6.3 software. Different white adipose tissue depots (epididymal, 

subcutaneous and retroperitoneal) and brown adipose tissue were weighed to calculate the adiposity index. 

Although no significant difference was seen in the final body weight between HD and ND groups, rats fed with 

the high-fat diet presented increased body weight gain, greater white (epididymal, subcutaneous and 

retroperitoneal) and brown adipose tissue weight, as well as an increased adiposity index. Rats fed with the 

high-fat diet from the HD group presented short-term and long-term memory impairments in the novel object 

recognition test. In the test performed 3 hours after habituation, it was observed that rats from group HD showed 

a shorter time of interaction with the new object when compared to those from group ND (p<0.05). The same 

result was seen in the task after 24 hours (p<0.0001). It is also noted that rats from the HD group did not present 

a different interaction time between the new and the old object, contrarily to what was observed in the ND group 

at 3 hours (p<0.001) and 24 hours (p<0.0001) after habituation. As for the GFAP astrocyte expression, rats from 
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the HD group exhibited increased reactivity (p<0.0001) in the arcuate and periventricular nuclei of the 

hypothalamus as well as in the CA1, CA2 and CA3 areas of the hippocampus. This astrogliosis suggests that 

the neuroinflammatory response also occurs in the hippocampus and may be involved in the memory losses 

observed in obese/overweight animals. 
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Effects of optogenetic astrocyte activation in hippocampus on mouse behavior 
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Emerging data from recent investigations show that communication between neurons and astrocytes plays a 

critical role in brain functions and animal behaviors.For instance, astrocyte in brain stem and hypothalamus 

regulate respiration and mouse feeding behavior, respectively. However, the in vivo effects of astrocyte 

activation in hippocampus, a critical brain sub-region for cognitive and affective brain functions, on animal 

behaviors have not been addressed. To investigate the astrocyte function on animal behaviors in vivo, 

wegenerated hGFAPcreER/+:R26ChR2(H134R)EYFP/+transgenic mice in which ChR2 is specifically expressed in 

astrocytes in the brain. Upon elevating astrocyte calcium activity by optogenetic stimulation, we demonstrate that 

hippocampal astrocyte controls fear memory and innate anxiety behaviors by regulating granule cells activity. 

Our findings show that alteration of hippocampal astrocyte activity has a profound impact on hippocampal neural 

activity and thereby cognitive or affective behaviors.   
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The identification of the cellular and molecular mechanisms necessary for long-term memory formation have, 

thus far, mainly centered on neuronal functions. However, accumulating evidence suggests that glia are critically 

involved. Oligodendrocytes influence neuronal functions required for long-term memory formation however, their 

direct role in episodic memory formation remains unexplored. Here, using rat inhibitory avoidance (IA), we 

investigated oligodendrocyte-specific gene expression during episodic memory formation in the dorsal 

hippocampus (dHP) and the anterior cingulate cortex (ACC), two regions required for episodic memory formation 

and storage. RNA sequencing analysis of both regions one hour after IA training revealed that approximately 

10% of the learning-regulated transcripts in the ACC are specifically expressed by oligodendrocytes. Moreover, 

ingenuity pathway analysis of all learning-regulated genes in the ACC showed an enrichment of gene pathways 
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involved in myelin remodeling and oligodendrocytes differentiation. To identify the temporal progression of 

oligodendrocyte-specific transcripts and proteins during episodic memory formation, we employed RT-qPCR, 

western blot analysis and immunohistochemistry of dHP and ACC at one hour, one day and seven days after IA 

training. In the ACC, we found significant upregulation of Olig2 transcripts at one hour and Olig2 protein at one 

day after training. Immunohistochemistry one day after IA training revealed a training-dependent increase in 

Olig2 protein levels in both the ACC and dHP. Our results indicate that episodic learning increases levels of 

oligodendroglial gene expression in the dHP and ACC in a temporal and regional specific manner. 
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Episodic memories encoded during infancy appear to be rapidly forgotten, a phenomenon believed to explain 

infantile amnesia, the inability of adults to remember early life experiences. Using the inhibitory avoidance (IA) 

paradigm in infant post-natal (PN) day 17 rats, our laboratory found that memories formed during infancy are not 

lost, but are stored for a long period of time in a latent form. In contrast, pre-adolescent PN24 rats are fully 

competent in forming and expressing long-term memories. The formation of episodic memories across the 

lifespan required the hippocampus (HPC), a region known to be metabolically active during this cognitive 

process. Furthermore, the metabolic energy requirements of the brain greatly vary over its extended post-natal 

ontogeny, suggesting that different metabolic regulatory mechanisms underlie the formation of memory during 

development. However, very little is known about how development and learning influence the metabolic profile 

of the HPC. To begin filling this knowledge gap we determined whether and how the hippocampal metabolome 

change during post-natal development and in response to learning. We conducted an untargeted metabolomic 

profiling of the rat HPC at PN1, PN7, PN17, PN24 and PN80 (young adult) in physiological condition (untrained) 

as well as 1h after a single IA training at PN17, PN24 and PN80. Our metabolomic analyses indicated that the 

HPC undergoes major metabolic changes during development in all classes of metabolites, with the highest 

diversity and quantity of metabolites measured at PN24. Most of the changes associated with learning were 

observed at PN17 with 54 metabolites significantly downregulated 1h after learning by comparison with the age-

matched untrained rats. Among the 20 top-ranked metabolites downregulated after learning at PN17, a large 

proportion are involved in the cellular defenses against oxidative stress, suggesting that learning at this age is 

accompanied by a high increase in oxidative metabolism, possibly due to very high energy consumption or 

differential metabolic regulations for memory formation during infancy. Among the antioxidant molecules altered 

after learning at PN17, the reduced glutathione GSH is the most abundant antioxidant in the mammalian brain. 

Interestingly, we provided evidence that the fast regeneration of GSH by the glutathione reductase in the HPC is 

differentially involved in memory formation across developmental ages with a critical functional requirement for 

the formation of long-term memory during infancy. Taken together, our results provide new insights on metabolic 

regulations occurring in the hippocampal memory system over development and identify new hippocampal 

pathways relevant for memory formation across post-natal developmental ages. 
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A new tool for visualization of phagocytic activity and glial engulfment of synapses upon learning-

dependent synapse elimination 
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Reorganization of the neuronal network for optimized information processing requires both formation and 

elimination of synapses. Therefore, pruning of unnecessary synapses could be considered as an essential 

process not only during development but also for memory and learning in adult animals. Nevertheless, compared 

with the synapse formation, there are still less information about the mechanisms of synapse elimination in 

physiological conditions. Recent findings suggest that astrocytes and microglia engage in pruning of materials by 

engulfment in disease. However, detection of phagocytic events, qualitatively and quantitatively, in brain tissues 

is often difficult due to the swift degradation of the engulfed materials. Here, we developed a new transgenic 

mouse line which expresses, by on demand timing, the fluorescent reporter Protein X in targeted specific cell 

types by using the KENGE-tet system. This Protein X is a genetically encoded pH sensor that has resistance to 

fluorescence quenching by acidification and to degradation by lysosomal protease. Therefore, the engulfed 

Protein X signals can still be detected in phagocytes both in live tissue and after fixation. In a transgenic mouse 

line, in which Protein X was specifically expressed in a subpopulation of neurons, we demonstrated that the 

Protein X was not only found expressed in the targeted neurons but also was well internalized by different types 

of glial cells in region- or compartment-specific manner even after development. Furthermore, we applied this 

tool to reveal the involvement of glial phagocytosis in synapse elimination upon cerebellar motor learning. 

Coincident with the timing of the learning-dependent synapse elimination, we found the enhancement of 

neuronal expressed Protein X internalization in glial cells. With the combination of 3D-EM analysis, we propose 

that enhancement of synapse engulfment by glial cells as a possible mechanism underlying learning-dependent 

synapse elimination. Altogether, Protein X mice offer a powerful new approach for visualization of phagocytic 

events and for understanding the role of phagocytosis in tissue remodeling under various circumstances in vivo. 
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Arc/Arg3.1 (activity-regulated cytoskeleton-associated protein/activity-regulated gene 3.1) is an immediate-early 

gene which is necessary for long-term potentiation and consolidation of memory. Besides being utilised as a 

cellular marker of the memory engram, Arc is known to have numerous different functions at various cellular 

compartments. Most notably, Arc has been recently reported to be able to form capsid structures that can 

mediate intercellular transfer. However, the timeline of Arc expression at various cellular locations has not been 

clearly established and previous works have focused only on neurons. We investigated the spatiotemporal 

pattern of Arc expression using in-vitro rat neuronal culture, consisting of both neurons and glia. After subjecting 

the neuronal culture to pharmacological agents that increase synchronised firing of neurons (chemical LTP), Arc 

is reliably induced in a subset of neurons, at around four to six hours after activation. This expression is mostly 

found in the neuronal nuclei and occurs later than synaptic Arc that is reported to be expressed seconds to 

minutes after neuronal activation. Following the expression of neuronal Arc, we noted an increasing 
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accumulation of Arc in glial cells surrounding the neurons, specifically in the glial fibrillary acidic protein (GFAP)-

expressing astrocytes. This astrocytic Arc can be observed for up to forty-eight hours post activation. We show 

that knock-down of Arc in these mixed cultures via shRNA can not only successfully abolish the expression of 

Arc in neurons but also subsequently eliminate the presence of astrocytic Arc at the later time point. We also 

show that naive cultures that express low levels of Arc at baseline can be induced to have high levels of Arc both 

in neurons and astrocytes after being subjected to conditioned media from actively bursting cultures. These 

taken together suggest that Arc may be released from the neurons expressing high levels of Arc during periods 

of intense network activity and is subsequently taken up by surrounding glial cells. In conclusion, we established 

the spatiotemporal expression profile of Arc in mixed neuronal cultures after chemical LTP, and describe a 

distinct order of localisation, not only in neuronal sub-cellular locations but also from neurons to glia. 
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New myelin-forming oligodendrocytes (OLs) continue to be generated in the mouse CNS for at least the first 

year of life.  We have been studying the function of these newly-generated OLs in the adult.  We knocked out the 

transcription factor Myelin regulatory factor (Myrf) conditionally in OL precursors (OPs) by tamoxifen 

administration to Pdgfra-CreERT2: Myrf(flox/flox) mice during adulthood.  This prevented differentiation of new 

OLs from OPs without affecting pre-existing OLs or myelin, and prevented the mice from learning a new motor 

skill (running at speed on a "complex wheel" with unequally spaced rungs).  We also found that the rate of 

production of newly-forming OLs (Enpp6++) was accelerated in the sub-cortical white matter within hours of wild 

type mice starting to self-train on the complex wheel.  These and other observations suggest that motor skill 

learning stimulates and requires newly-forming OLs and myelin, in keeping with MRI studies that reveal altered 

white matter structure in people as they learn new motor skills such as juggling or playing the piano.  

Microstructural changes in white matter have also been detected in human subjects undertaking working 

memory training or learning a second language – raising the question, are new OLs and myelin required also for 

non-motor, "cognitive" learning and memory?  To address this question, we assessed the performance of 

Pdgfra-CreERT2: Myrf(flox/flox) (cKO) mice in a range of non-motor tasks.  We detected no differences in the 

performance of cKO versus control mice in tests of novel object recognition memory or object location 

memory.  However, we found that cKO mice, unlike controls, were unable to improve their performance over one 

week of training in a T-maze “rewarded-alternation” task, a test of spatial working memory performance.  This 

was not due to a deficit in spatial short-term memory per se, as the cKO mice were unaffected in a single trial 

test of spatial novelty preference.  

We asked whether working memory training accelerates OL generation in phenotypically wild type mice.  We 

identified newly-differentiating OLs by EdU labelling during training in the T-maze and subsequently double-

labelling for EdU and the differentiated OL marker CC1.  We found that the number of EdU+CC1+ newly-formed 

OLs was increased in the anterior corpus callosum of trained mice, relative to littermates that did not undergo 

E436 POSTERS

GLIA



  

 

 

training.  Taken together, these findings suggest that the efficiency of working memory can be increased by de 

novo myelination, stimulated by appropriate training. 

 

T11-013B 

Activation of gap junctions enhances memory consolidation 
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1Institute of Organic Chemistry, Research Centre for Natural Sciences, Hungarian Academy of Sciences, 

Budapest, HU 
2Department of Biology, Savaria University Center, Eötvös Lóránd University, Szombathely, HU 

 

There is a growing body of evidence for the involvement of astrocytes in oscillatory brain activity, both in 

physiological and pathophysiological processes. By exploring various molecular interactions between neuronal 

and astrocyte networks, we have previously shown that blocking astrocytic gap junctions suppresses slow wave 

activity in rats, suggesting a possible causal relationship between astrocytic and neuronal synchronization 

(Szabó et al. 2017). Since slow wave sleep is associated with memory consolidation, perturbation of the 

astrocytic syncytium during this process may impact the working memory of rats. In this study we tested this 

hypothesis in further detail. We applied trimethylamine (TMA), a known activator of astroglial gap junctions and 

determined its effect on slow-wave sleep and memory consolidation using local field potential measurements 

and novel object recognition tests, respectively. Our results show that opening of gap junctions by TMA 

significant enhances memory formation. We conclude that large-scale synchronization in the astrocyte network 

through gap junctions play a previously unrecognized, essential role in higher cognitive functions. 
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Toluene is a more widely used inhalant with euphorigenic effect. Toluene affects different levels of the organism 

and its consequences are under profound investigation. One of the questions, which needs further elucidation is 

the fine alterations provoked by toluene chronic exposure on the brain.  

In the present study we investigate short and long term effect of toluene inhalation on spatial short-term memory 

and the ultrastructure of the hippocampus of adolescent rats. Spel accent was made on glial cells and neuron-

glia interactions. Adolescent male Wistar rats were used. For toluene inhalation each rat was placed separately 

in the glass cylindrical chamber and was exposed to toluene vapor at the concentration 2000 ppm or clean air 

(control animals) for 3-5 min/d, during 1, 20 or 40 days (d) (8 rats in each group). Behavioral tests: Four-arm plus 

shaped maze was used. The number and sequence of arms entered were recorded to determine alternation 

scores. An arm entry was defined as the entry was defined as the entry of all four paws into one arm.  

Electron microscopy: The ultrastructure of neurons, glial cells, and synapses of CA1 area on ultrathin sections 

(60 nm) was described using tramsnission electron microscope JEM 14000. Results: Short-term memory was 

significantly affected only by 40 d toluene inhalation. Specifically, the impairment of memory was shown.  

Fine alterations were observed also only after 40 d of toluene exposure. Thus, moderate (mainly) destructions of 

mitochondria and endoplasmic reticulum (mainly) in some pyramidal cells and interneurons as presynaptic 

terminals with rare synaptic vesicles were revealed. Rarely irreversible pathologies - degeneration of pyramidal 

neurons and presynaptic terminals were seen. Glial cells were the most altered. Particularly, proliferated 

astrocyte processes and activated microglia were relatively common. In addition, reaction of astroglia was 

prominent around the degenerated neurons and some dendrites with single dendrotubules.The data indicate that 

toluene chronic exposure affects spatial memory. Such impairment is reflected on ultrastructural level of the 

hippocampus. The data also confirm that the role of the hippocampus in spatial memory. 
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T12-001A 

Endoplasmic reticulum associated degradation is required for the myelinating function of adult mature 

oligodendrocytes 

W. Lin 

Neuroscience, University of Minnesota, Minneapolis, US 

 

Actively myelinating oligodendrocytes must produce an enormous amount of myelin proteins to assemble myelin 

sheath during development. Mature oligodendrocytes in adults need to produce a substantial amount of myelin 

proteins to maintain myelin structure homeostasis. Myelin proteins are synthesized, modified, and folded in the 

endoplasmic reticulum (ER). Maintaining ER homeostasis is essential and necessary for the myelinating function 

of oligodendrocytes. Currently available data indicate that actively myelinating oligodendrocytes are more 

sensitive to disruption of ER homeostasis than mature oligodendrocytes, due to the rate of myelin protein 

production. Nevertheless, the mechanisms by which oligodendrocytes maintain ER homeostasis remain 

unexplored. The ER-associated degradation (ERAD) is the primary ER quality control mechanism that 

recognizes and degrades misfolded/unfolded proteins. The Sel1L-Hrd1 complex consisting of the E3 ubiquitin 

ligase Hrd1 and its adaptor protein Sel1L is the best-characterized ERAD machinery. Importantly, Sel1L is 

necessary for the ERAD activity of this complex. We generated oligodendrocyte-specific Sel1L knock-out mice 

and found that Sel1L inactivation in oligodendrocytes led to impairment of the ERAD activity of the Sel1L-Hrd1 

complex, resulting in disruption of ER homeostasis and activation the unfolded protein response (UPR) in 

oligodendrocytes. Surprisingly, we found that Sel1L inactivation in SCs had no effect on actively myelinating 

oligodendrocytes during development. Unexpectedly, we found Sel1L inactivation in SCs led to adult-onset 

demyelination in the CNS. Moreover, we showed that inactivation of the PERK branch of the UPR had no effect 

on developmental myelination, but attenuated adult-onset demyelination in the CNS of mice with Sel1L deletion 

specifically in oligodendrocytes. Thus, these data suggest that ERAD is essential for maintaining ER 

homeostasis and the myelinating function of adult mature oligodendrocytes, but is dispensable for actively 

myelinating oligodendrocytes during developmental myelination. 
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Oxidative stress is a pathological condition defined as an imbalance between production and removal of reactive 

oxygen species (ROS). This process can cause structural cell damage, disrupt DNA repair and induce 

mitochondrial dysfunction, all of which are implicated in neurodegeneration. Additionally, evidence shows that 

oxidative stress can modulate sphingosine 1-phosphate (S1P) metabolism, which can ultimately affect the 

sphingolipid signalling balance between levels of pro-apoptotic ceramide and sphingosine and the pro-survival 

S1P. Furthermore, Fractalkine/CX3CR1 signalling has been implicated in many neurodegenerative and 

neurological diseases of the central nervous system (CNS). The Fractalkine signalling pathway plays an 

important role in regulating ROS, as well as itself being altered in conditions of oxidative stress. Here, the effects 

of oxidative stress on myelination state were examined using two different methods to generate H2O2. 

Organotypic Cerebellar slices were treated with either bolus concentrations of H2O2 (0.1-1mM) or low-continuous 

H2O2 (~20μM) generated from glucose oxidase and catalase enzymes (GOX-CAT). Using the S1P receptor 

agonist, pFTY720, an oral therapy used in relapsing-remitting multiple sclerosis and recombinant fractalkine 

(rCX3CL1), we also investigated the potential protective effects of S1PR and CX3CR1 activation. Our results 

show that pre-treatment with pFTY720 significantly attenuated both bolus and GOX-CAT induced demyelination 

in cerebellar slices without reducing the levels of certain pro-inflammatory cytokines. Furthermore, GOX-CAT 

induced a significant change in microglial morphology, from ramified to amoeboid, which was not affected by 

treatment with pFTY720. We observed similar protective effects of rCX3CL1 on myelination using the markers 

for MBP and MOG. Overall, this study establishes a new model of oxidative stress induced demyelination 

through the use of GOX-CAT enzymes and suggests that pFTY720 can attenuate oxidative stress induced 

demyelination. We also highlight the potential for fractalkine receptor modulation as a new therapeutic avenue 

for demyelinating diseases. 
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Netrin-1 regulates mitochondrial dynamics and bioenergetics in oligodendrocytes 
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Mitochondria are dynamic organelles that produce energy and molecular precursors vital to the synthesis of 

myelin by oligodendrocytes. Mitochondria rapidly fuse and divide, modifying their morphology and bioenergetics 

in response to cellular cues. In demyelinating diseases, such as multiple sclerosis, mitochondria become 

dysfunctional leaving oligodendrocytes more susceptible to oxidative damage than astrocytes or microglia1,2. 

Although a small number of studies have reported that mitochondria behave differently in oligodendrocytes and 

neurons, no studies have described the signaling pathways regulating mitochondrial dynamics in 

oligodendrocytes. Here, we show that oligodendrocyte mitochondria are able to freely traverse MBP+ compacted 

membranes by squeezing through cytoplasmic channels with diameters substantially thinner than the 

mitochondria themselves. Interestingly, individual mitochondria were identified that appeared to be entirely 

surrounded by MBP+ membrane, suggesting that such mitochondrial islands might support distal regions of 

myelin membrane. We detect mitochondria in distal cytoplasmic compartments in oligodendrocytes in vivo, such 

as within paranodal loops. We therefore investigated if the paranodal organizing protein netrin-1 might function 

as an extracellular cue that influences mitochondrial localization and function. An unbiased proteomic screen 
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supported by live-cell imaging identified mitochondrial and myelin proteins that are rapidly recruited to a 

restricted source of netrin-1. Via regulation of Src-family kinase and ROCK activity, netrin-1 increased 

mitochondrial length, hyperpolarized mitochondrial membrane potential, and enhanced live-cell rates of 

glycolysis. Taken together, our findings reveal a critical signal transduction pathway that regulates the dynamics, 

localization and function of mitochondria in oligodendrocytes. 
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Multiple sclerosis (MS) is an inflammatory demyelinating disease of the central nervous system (CNS). In MS, a 

long disease duration is known to be a strong risk factor for converting the clinical course of the disease from 

relapse remitting MS to secondary progressing MS. There is a hypothesis that long sustained demyelination may 

exhaust neurons, however, pathological changes induced in neurons following demyelination remain unknown. 

Cuprizone administration can induce and sustain demyelination in the mouse CNS. We examined pathological 

changes in mice following long sustained demyelination caused by up to 34-week cuprizone administration. 

Twelve-week cuprizone administration induced severe demyelination in the cerebral cortex, corpus callosum and 

deep cerebellar nuclei. Demyelination persisted up to 34 weeks, as shown by myelin basic protein 

immunohistochemistry. In contrast, cuprizone administration developed demyelination in the striatum by week 

34. In these demyelinated regions, no neuronal loss was observed. However, in the striatum and deep cerebellar 

nuclei, cuprizone-induced demyelination changed the intracellular distribution of parvalbumin (PV). Furthermore, 

in the striatum, there was an increase in PV in the demyelinated axons and most PV immunoreactivity did not 

co-localize with SMI32 immunoreactivity in mice with 34-week cuprizone administration. Further, mice with 34-

week cuprizone administration showed motor coordination dysfunction in the balance beam test. However, 12-

week withdrawal from the cuprizone diet induced remyelination in the regions and motor coordination 

dysfunction recovered. These results indicate that 34-week cuprizone administration induces and sustains 

demyelination and results in reversible motor coordination dysfunction. The change of intracellular PV 

distribution suggests that PV may protect demyelinated axons by Ca2+ buffering. This model may be useful to 

investigate pathological and behavioral changes following demyelination in the CNS. 
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D‑ Aspartate treatment attenuates myelin damage and stimulates myelin repair 
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Glutamate signaling may orchestrate oligodendrocyte precursor cell (OPC) development and myelin 

regeneration through the activation of glutamate receptors at OPC-neuron synapses. Recently, D-aminoacids 

are emerging as molecules with important roles in brain cells. Among them, D-Aspartate (D-Asp) by interfering 

with glutamate receptor-dependent pathways may influence brain plasticity and learning and memory processes. 

This observation was what led us to investigate the effects of D-Asp both in vitro, during OPC differentiation and 

myelination, and in vivo, in mice fed with the copper chelator cuprizone, a model of myelin damage and repair. 

We found that 100µM D-Aspartate exposure accelerated developmental myelination in cerebellar organotypic 

slices and stimulated progenitor differentiation into myelin-producing oligodendrocytes. Behavioural testing and 

confocal and electron microscopy analyses demonstrated that oral administration of 20mM D-Aspartate solution 

during in vivo remyelination improved motor coordination, accelerated myelin recovery, and significantly 

increased the number of small-diameter myelinated axons. Chronically administered during demyelination, D-

Aspartate also attenuated myelin loss and inflammation. Functional studies demonstrated that D-Aspartate 

boosting effects on OPC differentiation involved an orchestrated stimulation of calcium signalling pathways that 

are consequent to a cooperative activation of glutamate transporters and AMPA receptors, which then leads to a 

secondary NMDA receptor and NCX3 exchanger effects. In fact, while blocking NMDA or NCX3 significantly 

prevented D-Aspartate-induced [Ca2+]i oscillations, blocking AMPA receptors and glutamate transporters 

prevented both the initial and oscillatory [Ca2+]i response as well as D-Aspartate-induced inward currents in 

OPC.  

Our findings suggest that exogenous D-Aspartate treatment might produce beneficial effects during 

demyelination and remyelination processes. 
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Axonal myelin allows rapid and efficient neural processing. Throughout life, precursor cells generate new 

oligodendrocytes, which play a critical role in the tuning of neuronal network activity. The newly generated 

myelinated oligodendrocytes improve motor learning and reinforce active pathways. However, the dynamics of 

myelin remodeling in different microenvironmental conditions and how it impacts the pathological demyelination 

insults remain poorly understood. Using high-resolution, intravital multimodal non linear microscopy (CARS and 

two-photon fluorescence) in mouse spinal cord, we highlighted and described pathological subcellular 

demyelinating events in living subjects over several days. Sensitivity was sufficient to detect changes in 
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oligodendrocytes and myelin densities induced by a sensory enrichment protocol. Finally, we shown that 

experiment-induced myelination protects neurons from demyelination and from subsequent degeneration. Such 

myelin remodeling potentially plays a critical role in pathological conditions. 
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Identification of a new missense variant in EGR2 that associates with Charcot Marie Tooth type 1 
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Charcot-Marie-Tooth (CMT) disease is produced by different mutations in one of the more than 45 causing 

genes identified so far. We have performed a next generation sequencing study of 34 of these genes associated 

with CMT disease on a patient with peripheral neuropathy and found a non-previously described mutation in 

EGR2 (p.P397H), and a non-pathogenic polymorphism in LITAF (p.T49M). Importantly, the P397H mutation is 

located in the loop than connects zinc fingers 2 and 3 in EGR2, a pivotal domain for the transcriptional activity of 

this transcription factor. Indeed, using promoter activity luciferase assays we show that this mutation decreases 

notably the transcriptional activity of EGR2. Surprisingly our segregation study shows this is not enough to 

produce CMT disease. Indeed we found that only those patients that have at the same time the LITAF T49M 

mutation develop peripheral neuropathy.  We show that this genetic interaction is not the consequence of the 

physical binding of LITAF to EGR2, neither because of the interference of the LITAF protein with the 

transcriptional activity of EGR2. Interestingly we show that p.T49M mutation in LITAF produces a decrease in 

the steady state levels of the protein in both heterologous systems and cultured Schwann cells, compatible with 

a loss of function mechanism. Taken together our data suggest that in the compound heterozygotes of this 

family the loss of function of LITAF amplify the deleterious effects of the decreased transcriptional activity of the 

EGR2 P397H mutant interfering with Schwann cell differentiation and myelin development. 
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A human pluripotent stem cell-derived in vitro model of myelination 

O.G. James1,2, B.T. Selveraj1,2, N. Vasistha1, S. Barton1, D. Magnani1,2, P. Connick3, K. Burr1,2, D. Story1,2, C. 

ffrench-Constant2, S. Chandran1,2,3 

1UK Dementia Research Institute, University of Edinburgh, Edinburgh, GB 
2MRC Centre for Regenerative Medicine, University of Edinburgh, Edinburgh, GB 
3Anne Rowling Regenerative Neurology Clinic, University of Edinburgh, Edinburgh, GB 

 

Precise myelin formation in the central nervous system (CNS) is critical for the development of rapid and 

synchronous neural networks. Changes to white matter microstructure are associated with a number of 

neurological disorders and there remains an urgent need for effective pro-myelinating therapeutics for the 

treatment of progressive multiple sclerosis. The study of human myelin in both development and disease is 

limited by the lack of a completely humanised in vitro model of myelination. Here, we present a novel induced 

pluripotent stem cell (iPSC)-derived ‘myelinoid’ culture model of CNS-derived cells, demonstrating compact 

myelin formation. Ventral neuroepithelium-patterned spheroids were generated containing NF-H+ neurons, 
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GFAP+ astrocytes, PDGFRα+ oligodendrocyte progenitor cells and MBP+ oligodendrocytes. With prolonged 

culture, myelin formation was evident, as demonstrated by (i) co-localisation of NF-H and MBP, (ii) clustering of 

paranodal and nodal proteins and (iii) compact myelin lamellae by transmission electron microscopy, with both 

myelin sheath length and compaction increasing over time. Human myelinating oligodendrocytes modulate the 

number and lengths of internodes per cell in response to pharmacological manipulation and also to changes in 

neuronal excitability. Furthermore, iPSC-derived myelinoids act as a platform for testing the effects of candidate 

drugs on myelin formation. This novel culture model provides a useful tool for understanding human myelin 

development in response to various exogenous stimuli and in the context of disease-causing mutations. 
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Introduction: Multiple sclerosis (MS) is a chronic autoimmune disease of the central nervous system (CNS). In 

the early stages of MS, endogenous repair mechanisms induce rapid remyelination of the damaged axons. 

During the progressive stages of the disease, however, this endogenous remyelination fails due to the inability of 

oligodendrocyte precursor cells (OPCs) to differentiate into mature myelinating oligodendrocytes, leading to 

axonal loss and neuronal damage. Increasing evidence shows that epigenetics, and in particular DNA-

methylation, might play a crucial role in OPC differentiation. We therefore aim to study the influence of DNA-

methylation of specific myelin-regulating genes in the context of progressive MS. We hypothesize that altering 

the methylation status of the upstream regulatory network of the myelin genes influences OPC differentiation and 

thus remyelination.  

Methodology: OPC cell cultures were treated with 5-azacytidine to decrease DNA-methylation on a genome-

wide level. The effect on OPC differentiation was assessed by qPCR and immunocytochemistry. Based on 

qPCR results, we designed and cloned a guide RNA into a specific CRISPR-dCas9-DNMT3a construct to 

selectively induce methylation within the Id4 promoter region.  

Results: Complete inhibition of DNA-methylation was associated with an increased expression of the upstream 

negative regulators (Id2, Id4) of myelin genes. In addition, we see a decreased rate of OPC differentiation upon 

treatment with the methylation inhibitor. A CRISPR-dCas9 based tool has been successfully developed to induce 

site-specific methylation in the CpG island in the promoter region of the Id4 gene and boost myelin gene 

expression.   

Conclusion: Inhibition of DNA-methylation resulted in impaired OPC differentiation due to a continuous 

expression of repressors of myelin genes. These data suggest that DNA-methylation of the upstream negative 

regulators of myelin genes is crucial to maintain normal OPC development. The CRISPR-dCas9 based construct 

is therefore an ideal tool to validate these findings. 
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YAP and TAZ regulate Cc2d1b and Purb in Schwann cells 
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Schwann cells are exquisitely sensitive to the elasticity of their environment and their differentiation and capacity 

to myelinate depend on the transduction of mechanical stimuli by YAP and TAZ. YAP/TAZ, in concert with other 

transcription factors, regulate several pathways including lipid and sterol biosynthesis as well as extracellular 

matrix receptor expression such as integrins and G-proteins. Yet, the characterization of the signaling 

downstream YAP/TAZ in Schwann cells is incomplete. Myelin sheath production by Schwann cell coincides with 

rapid up-regulation of numerous transcription factors. Here we show that ablation of YAP/TAZ alters the 

expression of transcription regulators known to regulate Schwann cell myelin gene transcription and 

differentiation. Furthermore, we link YAP/TAZ to two DNA binding proteins, Cc2d1b and Purβ, which have no 

described roles in myelinating glial cells. We demonstrate that silencing of either Cc2d1b or Purβ limits the 

formation of myelin internodes and can affect myelin thickness. These data provide a deeper insight into the 

myelin gene transcriptional network and the role of YAP/TAZ in myelinating glial cells. 
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One of the more remarkable aspects of myelination is the relationship between axon diameter and the 

correlating myelin thickness, whereby larger axons are ensheathed with more myelin. This relationship is crucial 

for the maintenance of optimal conduction velocities in axons, even small changes to myelin thickness can result 

in alterations to neural signalling. Previously, we have shown that the tyrosine kinase receptor, Tyro3, is a key 

mechanistic component involved in controlling the radial expansion of myelin, with the loss of Tyro3 resulting in 

fewer wraps on axons in the CNS. We now demonstrate that the loss of the Tyro3 receptor results in 

abnormalities in the nodes of Ranvier and the paranodal regions in white matter tracts. These deficits are 

associated with alterations in the function of cells within the retina. Together, these results suggest that not only 

does Tyro3 regulate myelin thickness, it also plays a major role in the development and maintenance of nodal 

and paranodal regions in the CNS, and that the combination of these differences results in changes in signal 

conduction in the optic nerve and the cortex. 
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Neurotrophins, acting through the Trk and/or the p75NTRreceptors, are able to regulate the regenerative capacity 

of the nervous system via their neurogenic and neuroprotective properties. Dehydroepiandrosterone (DHEA) is a 

small endogenous neurosteroid that is able to exert potent neuroprotective effects by binding with high affinity to 

the neurotrophin receptors. However, DHEA is metabolized to estrogens and androgens, affecting the endocrine 

system and increasing the risk for hormone-dependent tumors. BNN20, an analog of DHEA, exhibits strong 

neuroprotective properties, which are deprived of endocrine effects. Our aim was to investigate the possibility 

that BNN20 exerts neuroprotective and/or restorative effects in glial populations by using in vitroand in 

vivoapproaches. We took advantage of the LPC-induced demyelination model in mice, a toxic model of focal 

demyelination. Lysophosphatidylcholine(LPC) is stereotactically injected in the the corpus callosum (CC). LPC, 

as a lipophilic molecule, is incorporated in the cell membrane and induces inflammation and the phagocytosis of 

the myelin sheath. OLs degenerate soon after the injection, while remyelination follows in discrete steps.We 

performed immunohistochemistry to detect myelin, oligodendrocyte, microglial and astrocyte numbers in different 

time points during de- and remyelination in LPC-treated mice. We also used primary oligodendrocyte and 

microglia cultures to analyze the effect of BNN20 on isolated glial populations. BNN20 rescues mature 

oligodendrocytes in the LPC mouse model. BNN20 is able to reduce myelin loss and astrocytes accumulation 

during demyelination. Our data suggests that it may accelerate the process of remyelination, while it does not 

have an effect in oligodendrocyte precursor cells or microglia numbers. BNN20 reduces the number of M1 (pro-

inflammatory) microglia and increase the number of M2 (anti-inflammatory) microglia after LPS treatment in 

vitro. Our findings suggest that BNN20 may exert a protective effect on mature oligodendrocytes through 

mechanisms we are currently investigating. Our long term goal is to explore the possibility that BNN20 may 

serve as a lead molecule to develop neurotrophin-like, blood brain barrier (BBB)-permeable protective agents of 

oligodendrocyte populations and myelin, with potential applications in the treatment of demyelinating disorders. 
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Myelin speeds up action potential transmission, allowing for efficient functional integration in the central nervous 

system (CNS). In demyelinated diseases, such as Multiple Sclerosis (MS), myelin is lost in several CNS areas. 

After a demyelinated insult, there is a spontaneous repair process (remyelination) characterized by the 

migration, proliferation, and differentiation of oligodendrocyte precursor cells (OPC) into remyelinating 

oligodendrocytes (OL). In addition to this dynamic response of the oligodendroglia population, a highly 

conserved hallmark of demyelinated lesions is the massive recruitment of reactive astrocytes. Astrocytes release 

several molecules that can modify OPC proliferation and differentiation, potentially affecting OL production and 

the consequent myelin synthesis. Current evidence indicates a role for reactive astrocytes on the 

demyelination/remyelination process. However, the precise cellular mechanisms and the contribution of reactive 

astrocytes to myelin repair is not completely understood.  

To dissect the role of reactive astrocytes at different stages of remyelination, we use the lysolecithin (LPC)-

induced demyelinated lesions model in the mouse corpus callosum (CC). Thirty days before LPC stereotaxic 

injection into the CC, astrocytes are infected with a lentivirus encoding SOCS3 (lenti-SOCS3) to inhibit the JAK-

STAT3 pathway and prevent astrocyte reactivity. The effects of this genetic inactivation of astrocyte reactivity are 

being analyzed by the quantification of OPCs and OLs at different time points of the remyelination process by 

using immunohistochemistry and confocal microscopy on post mortem sections. Longitudinal magnetic 

resonance imaging (MRI) of mice injected with LPC and lenti-SOCS3 are also being performed to image and 

quantify myelin loss and repair. Finally, electron microscopy will help quantify the effects of reactive astrocytes 

on myelin properties. Our results will shed light on glia-glia interactions involved in myelin disorders such as MS. 
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Myelin sheath thickness is precisely regulated and essential for rapid propagation of action potentials along 

myelinated axons. In the peripheral nervous system, extrinsic signals from the axonal protein neuregulin 1 

(NRG1) type III regulate Schwann cell fate and myelination. Here we ask if modulating NRG1 type III levels in 

neurons would restore myelination in a model of congenital hypomyelinating neuropathy (CHN). Using a mouse 

model of CHN, we improved the myelination defects by early overexpression of NRG1 type III. Surprisingly, the 

improvement was independent from the upregulation of Egr2 or essential myelin genes. Rather, we observed the 

E447POSTERS

GLIA



  

 

 

activation of MAPK/ERK and other myelin genes such as peripheral myelin protein 2 and oligodendrocyte myelin 

glycoprotein. We also confirmed that the permanent activation of MAPK/ERK in Schwann cells has detrimental 

effects on myelination. Our findings demonstrate that the modulation of axon-to-glial NRG1 type III signaling has 

beneficial effects and improves myelination defects during development in a model of CHN. 

Acknowledgement 

This work was funded by Telethon Grant (GPP10007 to L.W., M.L.F); National Institute of Neurological Disorders 

and Stroke (R01NS096104 to L.W.); Charcot-Marie-Tooth Association (CMT1B-003 to L.W.); Peripheral Nerve 

Society Fellowship Grant for research in neuropathy 2012–2013 (to S.B.). 

 

Regulation of myelination by NRG1 type III 
In WT animals, NRG1 type III/ ErbB2/3 promotes myelination by stimulating 

several signaling pathways, including PI3K/AKT, MAPK/ERK and 

CaN/NFATc4, which are thought to converge on the activation of EGR2. In 

Nrg1t3 animals, the exogenous expression of NRG1 type III leads to the 

activation of both PI3K/AKT and MAPK/ERK pathways (red arrows) and the 

increased transcription of Pmp2 and Omg. 
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The morphogen Sonic Hedgehog (Shh) plays multiple roles in the formation of the CNS. It is implicated in the 

control of proliferation in cells with stem cell properties in several regions of the brain of embryonic, postnatal 

and adult mice, showing its requirement in neurogenesis , including oligodendrogliogenesis1-2. The blockage of 

hedgehog signaling results in diminished expression of Gli1 and reduces cell proliferation in vivo2-3.  

The role of Shh signaling has been shown to be a critical pathway in the transition from neurogenesis to 

oligodendrogenesis progenitors during late embryonic development3. It also regulates oligodendrocyte 

production in adulthood in the cortex and corpus callosum (CC)4. However data coming from different 

demyelinating models are controversial. While in the lysoleciotine one sonic genes were  increased5, using 

cuprizone Shh expressing cells were not detected in the CC.  Moreover, using SAG (agonist of both canonical 
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and non-canonical Hedgehog signaling pathways) increased proliferation and enhanced remyelination in 

cuprizone model without the involvement of Gli1 which may indicate signaling through the non-canonical 

pathway6.  

 In the current work we crossed the NG2-CreERT2TdT mice with both SmoM2 and Smofl/fl lines and 

respectively studied the gain- and loss-of-function of smoothened receptors implicated in the canonical (Gli1-

dependent) and non-canonical pathways (Gli1-independent). This system allowed us to study the direct effect of 

Shh signaling on OPC proliferation and myelination both in development and in a pathology scenario.  

We also performed OPC cultures to demostrate that Shh synergizes with PDGFAA signaling in the modulation of 

OPC proliferation in postnatal and adult. 
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Frontotemporal dementia (FTD), a common cause of presenile dementia, is characterised by behavioural and/or 

language changes and progressive cognitive deficits [1]. Brain white matter (WM) facilitates the co-ordination, 

integration and information transfer between various grey matter regions. Brain WM is composed predominantly 

of oligodendrocytes, which produce the sphingolipid-enriched myelin. Known FTD genes, including C9ORF72 

and GRN, account for approximately 50% of cases with family history. We hypothesise that mutations in WM 

disease genes would be causal of FTD. 208 FTD patients recruited through the FRONTIER research clinic 

(HREC 10/192 and 10361) underwent whole-exome or whole-genome sequencing. 35 patients were identified 

with deleterious mutations in 20 WM disease genes. Comprehensive blood-based lipid profiles comprising 1359 

distinct species [2] were generated in 40 sporadic FTD cases, 18 mutation carriers and 22 neurological controls. 

Univariate analyses identified simple hexosylceramides as being significantly different between groups 

(corrected p = 0.00027). Unsupervised Discriminant Analysis using total lipid levels (comprising 16 classes) was 

able to predict group identity with 75% correct classification of all cases (Wilks’ Lambda p value = 0.00014). We 

then compared whole brain diffusion tensor imaging with fractional anisotropy as a measure of white matter 

integrity between N = 7 mutation carriers and age, sex and education matched neurological controls. Significant 

(p < 0.05 corrected voxel p values) widespread loss of white matter integrity was found bilaterally in both 

cerebral and cerebellar regions. Affected white matter tracts include those that connect language processing 

areas in fronto and temporal lobes including inferior fronto-occipital fasciculus  and uncinated fasciculus. These 

data suggest that mutations in genes causal of WM disease contribute to FTD via direct or indirect dysregulation 

of lipid metabolism.  
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Background: The association of gut microbiota and multiple sclerosis (MS) has attracted much attention. 

Although the analysis of MS gut microbiota revealed a reduction in species producing short-chain fatty acids 

(SCFAs), the influence of these metabolites on demyelination and remyelination remains unclear.  

Methods: To investigate the relationship between demyelination and metabolites of gut microbiota, we orally 

administered SCFAs; acetate, propionate or butyrate, to mice with cuprizone-induced demyelination. After 3 

weeks of SCFAs administration, we evaluated the demyelination and accumulation of microglia using 

immunohistochemistry. To analyze the direct effect of SCFAs on demyelination or remyelination, we used an 

organotypic cerebellar slice culture. We prepared the cerebellar slice culture from P9–10 mice, and induced 

demyelination with lysolecithin (LPC). We treated slice cultures with SCFAs on demyelination or remyelination 

phase and analyzed the proportion of myelinated fibers and the maturation of oligodendrocyte precursor cells 

(OPC).  

Results: We revealed that the oral administration of butyrate significantly ameliorated cuprizone-induced 

demyelination. SCFA-treatment, especially butyrate-treatment, significantly suppressed LPC-induced 

demyelination in a dose-dependent manner. Furthermore, butyrate treatment significantly enhanced 

remyelination from LPC-induced demyelination. Butyrate facilitated MBP expression in a PDGFRα-positive OPC 

suggesting butyrate enhances the differentiation of oligodendrocytes after demyelination. The depletion of 

microglia with CSF-1R antagonist did not affect butyrate-mediated suppression of demyelination or 

enhancement of remyelination suggesting butyrate directly affected oligodendrocytes.  

Conclusion: We revealed that the treatment with SCFAs suppressed demyelination and enhanced 

remyelination in association with facilitating oligodendrocyte differentiation. Our results shed light on the 

association between gut microbiota metabolites and the CNS, especially oligodendrocytes, and provides a new 

clue to control demyelination and remyelination in demyelinating diseases such as MS. 
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Chronic stress is a well-known environmental risk factor for anxiety disorders. Environmental and genetic factors 

interact in their aetiology, but the underlying mechanisms of these interactions are unknown. Moreover, many 

individuals at high risk do not develop symptoms. Identification of mechanisms of stress-resilience as well as 

susceptibility will aid in understanding the pathological processes. To study the interaction of genetic and 

environmental factors on stress-susceptibility and -resilience we used a mouse model (chronic social defeat 

stress; CSDS, Figure 1A-C). We showed that mice from the C57BL/6NCrl (B6) strain were mostly resilient 

against stress-induced social avoidance behaviour (69 %), while mice from the DBA/2NCrl (D2) strain were 

mostly stress-susceptible (95 %). To examine the effects of CSDS on the brain, we conducted unbiased RNA-

seq and gene set enrichment analysis. We found highly significant enrichment of myelin-related genes among 

differentially expressed genes between susceptible or resilient mice compared to same-strain controls. 

Specifically, we detected lower expression levels of these genes (such as Mbp, Mobp, Plp1) in the medial 

prefrontal cortex (mPFC) and ventral hippocampus (vHPC) of stress-susceptible B6, but not D2, mice compared 

to controls. Conversely, B6 susceptible mice had higher expression levels of these genes in the bed nucleus of 

stria terminalis (BNST). Myelin-related gene expression was unaffected in regions typically not associated with 

stress, such as the cortex excluding mPFC, and the dorsal hippocampus. We also found no differences in 

corpus callosum thickness. Consistently with RNA-seq findings, the B6 susceptible mice had thinner myelin in 

the vHPC and thicker myelin in the BNST compared to controls as measured by electron microscopy. B6 

resilient mice had thicker myelin on small axons of the mPFC compared to controls, while D2 resilient mice had 

thinner myelin than controls in this region. We also asked if oligodendrocyte (OLG) cell populations were 

affected by CSDS. Using immunohistochemical labelling of oligodendrocyte progenitor cells (OPCs; 

PDGFRA+/OLIG2+) and differentiated OLGs (CC1+/OLIG2+), we found no differences in cell numbers between 

stress-susceptible, resilient and control mice. Thus, viability and proliferation of OLG lineage cells are likely not 

affected by CSDS. Our findings suggest regionally selective and genetic-background dependent association 

between chronic psychosocial stress and myelin-related gene expression and structural differences. We propose 

that this myelin plasticity may affect circuit function or spatial connectivity. Overall, our data implicates myelin-

related changes as a key brain stress response with relevance for understanding stress-related 

psychopathology. 

 

Figure 1. Schematics of the mouse chronic psychosocial stress model.  
A) Illustration of chronic social defeat stress (CSDS) and the control condition. In CSDS, intruder test mice encounter a larger 

resident mouse for max 10 min. This is followed by housing in sensory contact with the resident for 24 hours. The encounters 

are repeated with a novel resident mouse daily for 10 days. Control mice live in similar cages, but always with another control 

mouse and without physical contact phases, switching cage mates daily. B) Illustration of the social avoidance (SA) test, used 

to determine the social interaction (SI) ratio C) Depiction of how CSDS-exposed mice are phenotyped based on the SI ratio. 

Mice with SI ratios 1 standard deviation or more below the mean of the same-strain control mice are considered susceptible, 

while the remaining mice with scores similar to controls are classified as resilient. (CSDS: chronic social defeat stress, Con: 

control, Res: resilient, Sus: susceptible,). 
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Oligodendrocytes (OLs) are the myelin forming cells of the central nervous system (CNS). Myelin allows rapid 

impulse propagation and contributes to preserve axonal integrity of myelinated axons. Demyelination and 

prolonged failure to remyelinate axons can result in axonal degeneration and neuronal cell death, which 

correlates with clinical disability of several neurodegenerative disorders including multiple sclerosis (MS). MS is 

a chronic inflammatory demyelinating disease of the central nervous system characterized by progressive 

damage of the myelin sheaths. Molecular pathways involved in myelin formation during development and upon 

regeneration are in part overlapping.   

In previous study, we identify Jab1 as a molecule involved in PNS myelination and axonal integrity. Jab1 is a 

nuclear molecule acting at transcriptional and post-transcriptional levels, regulating several aspects of cell cycle 

progression, differentiation, and DNA repair. Interestingly Jab1 is expressed in OLs and is modulated in MS 

brains and EAE. Our data show that mice with conditional inactivation of Jab1 in OLs develop progressive CNS 

demyelination, axonal degeneration, and inflammatory infiltration. This is the consequence of diffuse DNA 

damage of mutant OLs, which undergo senescence promoting the release of proinflammatory cytokines, reactive 

oxygen species (ROS) and eventually neurodegeneration. Finally, we observed that loss of Jab1 also affect CNS 

remyelination. OL senescence may thus constitute the pathogenetic mechanism of neurodegenerative disorders 

such as progressive MS. 
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Convergent and distinct signaling pathways regulate oligodendrocyte cell maturation and myelination 
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Myelin maintenance and repair in the CNS depend primarily on the maturation of resident pools of 

oligodendrocyte progenitors cells (OPCs). Although OPC maturation occurs spontaneously in response to subtle 

cell and non-cell autonomous mechanisms, the process can be enhanced by modulating a number of signaling 
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pathways described to regulate the transition of progenitors into myelinating cells. This is of high relevance for 

developing novel therapies for demyelinating diseases, focused on myelin repair and neuronal protection. Such 

a complex biology is unlikely to be controlled by a central molecular master regulator, therefore we tested a 

number of small molecules targeting several different cellular pathways in OPCs. After establishing individual 

efficacy measurements and EC50 values for each small molecule, we tested whether compound combinations 

exhibit synergistic or independent responses in OPC maturation and myelin formation. Concentration-response 

curves of OPC maturation were observed after exposure to muscarinic receptor antagonists (Clemastine, 

Oxybutinin), serotonin and dopamine receptor antagonists (Quetiapine, Benztropine), thyroid hormone (T3), 

histamine receptor antagonists (Ranitidine), Rho-associated kinase inhibitor (Fasudil), translocator mitochondrial 

protein (AC5216), SERMs (Bazedoxifene, Tamoxifen), cysteinyl leukotriene receptor antagonists (Pranlukast) 

and antifungals (Clobetasol, Ketoconazole). Sub-EC50 combinatorial treatments resulted in additive OPC 

maturation and myelination of artificial fibers, indicating involvement of different signaling pathways, while not 

ruling out a potential common downstream regulator. Combination of multiple compounds modulating the 

cholesterol biosynthesis pathway revealed a higher impact on OPC biology relative to single compounds at 

higher concentrations, although the effects appear to be additive in nature. In addition to induction of myelin 

protein expression, several compounds induced distinct morphology changes in a larger OPC population. Our 

findings demonstrate that OPC maturation and myelin formation can be stimulated and regulated by converging 

or independent signaling pathways. Moreover, higher pharmacological efficacy may be achieved in vitro by 

combining factors at subthreshold concentrations. 
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Distinct members of the myotubularin-related phosphatidylinositol phosphatase (MTMR) family, which 

dephosphorylate phosphatidylinositol-(3)-phosphate [PI(3)P] and PI(3,5)P2 at the 3’-position of the inositol ring, 

are implicated in the homeostasis of myelination. Loss‑ of‑ function mutations in MTMR2/-R5 or ‑ R13 result in 

aberrant myelin formation and cause type 4B of Charcot-Marie-Tooth (CMT) disease, one of the most common 

inherited peripheral neuropathies.  

Here we provide evidence that the small GTPase Rab35, which is involved in endomembrane trafficking, 

associates with CMT-related MTMRs and that complex formation between these proteins regulates myelin 

biogenesis. We show that Rab35-GTP specifically binds to MTMR13/SBF2 and MTMR5/SBF1 and, via these 

also to the active PI‑ 3‑ phosphatases MTMR2 and MTMR1. To probe a potential role of Rab35 in regulating 

MTMR function, we generated conditional Rab35 knockout (KO) mice that allow disruption of Rab35 expression 

upon tamoxifen addition. Isolated and differentiated oligodendrocytes displayed hypermyelination after KO 
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induction, most notably increased sheath formation and elevated expression of key myelin proteins. Importantly, 

depletion of either Rab35, MTMR2 or both results in mTORC1 hyperactivity in cultured cells, which can be 

rescued by countering the accompanied excessive PI(3)P accumulation, suggesting a potential mechanism 

underlying hypermyelination.  

Current work is aimed to analyse generated conditional KO mice specifically lacking Rab35 in Schwann cells in 

the peripheral nervous system in order to unravel the molecular mechanisms by which Rab35 complex formation 

with MTMRs regulates myelin biogenesis. 
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Myelin protein zero (MPZ, P0) is the most abundant protein in myelin of peripheral nerves. The mutant 

MpzS63del causes Charcot-Marie-Tooth (CMT) 1B disease in humans and a similar demyelinating neuropathy 

in transgenic mice. MpzS63del is a misfolded protein that causes an endoplasmic reticulum (ER) stress in 

myelinating Schwann cells. This acitvates an unfolded protein response (UPR) characterized by activation of 

PERK, ATF6 and XBP1 pathways. We have previously reported that activation of CHOP and GADD34, two 

downstream mediators of PERK, is pathogenetic in MpzS63del mice (Pennuto, 2008; D'Antonio, 2013) but the 

role of the other UPR branches remains to be investigated. We generated a new mouse model with Schwann 

cells-specific ablation of XBP1 and in parallel we exploited MpzS63del dorsal root ganglia (DRG) explant 

cultures in which XBP1 signaling is modulated by gain/loss of function approaches. We observed that absence 

of XBP1 dramatically worsens hypomyelination and electrophysiological/locomotor parameters in young and 

adult S63del neuropathic animals. Interestingly we observed that a strong upregulation of PERK and IRE1-

mediated RIDD signalings in neuropathic animals lacking XBP1. This suggests that activation of XBP1 targets 

has an essential role in limiting MpzS63del toxicity, which cannot be compensated by other stress responses. 

Moreover, we demonstrated that genetic overexpression of Xbp1 ameliorated myelination in S63del DRG 

cultures and mice. Altogether, these data demonstrate that the XBP1 pathway has a critical adaptive role in 

MpzS63del neuropathy and suggest that activating this pathway may prove beneficial for CMT1B and perhaps 

for other neuropathies characterized by UPR activation. 
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Premature infants are born with an underdeveloped respiratory system, exposing them to hypoxic conditions 

during a critical developmental period of neuronal maturation, synapse formation, and extensive gliogenesis. 

This oxygenation failure predisposes preterm infants to dysmaturation of cerebral white and gray matter, which 

causes chronic neurodevelopmental impairments such as intellectual disabilities, locomotor deficits, and 

behavioral disorders. Using a postnatal hypoxia paradigm in mice that models diffuse white matter injury after 

premature birth, we have established an environmental enrichment intervention that reverses subcortical myelin 

deficits and improves locomotor coordination. In order to elucidate mechanisms of environmental enrichment-

induced recovery of subcortical myelination following hypoxia, we performed translating ribosome affinity 

purification on 2’-3’-cyclic nucleotide 3’-phosphodiesterase-expressing oligodendrocytes. mRNA was isolated 

from the subcortical white matter of mice reared in normal or hypoxic conditions, followed by recovery in a 

standard or enriched environment. RNA-seq was then performed to identify oligodendrocyte genes involved in 

environmental enrichment-induced rescue of myelination. Oligodendrocytes provide metabolic support to axons 

by exporting lactate via monocarboxylic acid transporters. Thus, we hypothesize that environmental enrichment 

rescues the translation of oligodendrocyte genes involved in metabolic support of axons following perinatal 

hypoxia. This study will provide crucial insight into the mechanisms of environmental enrichment-induced 

recovery from perinatal hypoxia, and aid in the development of more targeted and effective treatment options for 

preterm infants. 
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After nerve injury, Schwann cells (SC) convert to a repair phenotype specialized to promote nerve regeneration. 

These repair cells express factors that support neuronal survival and growth, and cytokines that recruit 

macrophages. They also activate autophagy for clearing myelin and adopt a morphology that allows them to 

form regeneration tracks for axons. It has been elegantly shown that c-Jun is an essential amplifier of this repair 

phenotype (Jessen and Mirsky 2016).  

Schwann cells (SCs) respond to cyclic adenosine monophosphate (cAMP) halting proliferation and expressing 

myelin genes. We have recently shown, that cAMP signaling shuttles the class IIa histone deacetylase 4 

(HDAC4) into the nucleus of SCs. There HDAC4 recruits HDAC3 into the promoter of c-Jun blocking gene 

expression. This is enough to up-regulate Krox20 and start SC differentiation program, inducing myelin gene 

expression. Indeed, using conditional KO mice we were also able shown that class IIa HDACs contribute to 

activate the myelin transcriptional program and the development of myelin sheath in vivo (Gomis-Coloma et al., 

2018).  

Here we show that class IIa HDACs are also pivotal for remyelination after the injury of peripheral nerves.We 

show that whereas individual elimination of HDAC4, HDAC5 or HDCA7 has no impact in nerve regeneration, the 

simultaneous elimination of these three genes in Schwann cells produces a notable delay in the remyelination of 

the sciatic nerve after crush. We also show that this delay is not produced by a fail in the elimination of myelin 

debris after the injury neither by a delay in the growth of axons through the distal stump. Thus our data show that 

class IIa HDACs are not only important for myelin generation during development but also for myelin 

regeneration after nerve injury. 
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Myelin basic protein (MBP), a major protein of the myelin sheath plays a structural role in maintaining myelin 

stability. MBP exhibits charge microheterogeneity as a result of post-translational modifications (PTM) such as 

phosphorylation, deamidation, deimination, arginine methylation, and N-terminal acylation. PTMs of MBP 

determine its conformation and affinities with several ligands, thus, they are the major regulators of its function. It 

is well established that methylation results in the formation of compact myelin. The MBP isomers fractions have 

been named from C1 to C8. C1 is the least modified and most cationic, whereas C8 is the most modified and the 

least cationic. The cause of this charge microheterogeneity is the conversion of arginine to citrulline (6 

conversions from C1 to C8), reducing the charge by +1 and the mass by 1 Da. Citrullination of MBP results in 

less compact myelin in MS patients. It has been suggested that citrullination and methylation of arginine residues 

are competing for processes and the protein-arginine-deiminases (PAD) enzymes might "reverse" the 

methylation of arginine residues by converting monomethylated arginine into citrulline. Studies have 

demonstrated that the methylase activity level is correlated temporally with myelination during brain development 

and depressed in dysmyelinating jimpy-mutant mouse brains, suggesting a possible role of the modification in 

the early stages of myelination. Methylation antagonizes the effects of citrullination. We speculate that MBP 

charge isomers change the methyl cycle and contribute to the alteration of SAM/SAH ratio in the cells. Thus, the 

purpose of this study was to elucidate the effects of MBP’s charge isomers on the methyl cycle of microglia.  

We determine the content of homocysteine in the medium of microglia and content S-adenosyl-L-methionine 

(SAM) and S-adenosyl-L-homocysteine (SAH) in the lysates of microglia by High-performance liquid 

chromatography with fluorescence detection. Our results have shown that C8 decreases the level of 

homocysteine in the medium, while C1 induce the evaluation of homocysteine. HPLC analysis has shown that 

MBP charge isomer C8 increases the SAM/SAH ratio in microglial cells.  

These data indicate that the most modified and the least cationic C8 isomer compensatory increases the 

SAM/SAH ratio in microglia. As sensors of damage in the CNS, microglia are early responders to injury, such as 

demyelination, support the regenerative process of remyelination and possibly contribute to myelin stability 

through activation of the methyl cycle. 
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In the mature central nervous system (CNS), oligodendrocytes provide support and insulation to axons thanks to 

the production of a myelin sheath. During their maturation to myelinating cells, oligodendroglial precursors 

(OPCs) follow a very precise differentiation program, finely orchestrated by both transcription and epigenetic 

factors. This second group also includes microRNAs (miRNAs), a class of small non-coding RNAs involved in 

post-transcriptional regulation, whose power is based on their ability to regulate entire pathways by fine-tuning 

the expression of single targets. For this reason, alterations in miRNA levels during OPC maturation can 

contribute to dysregulated myelination, impaired remyelination, and neurodegeneration, as it happens in multiple 

sclerosis (MS).  

Here, we identify miR-125a-3p, as a new actor in oligodendroglial development and maturation, through a 

simultaneous action on several targets including kinases, adhesion molecules, and cytoskeletal proteins. 

Moreover, a significant up-regulation in its levels was observed in the acute phase of demyelination in mouse 

models as well as in white matter lesions and in cerebrospinal fluid of MS patients. Interestingly, in the 

lysolecithin-induced demyelination in vivo, the over-expression of this miRNA by mimic infection impaired while 

its inhibition with an antago-miR stimulated oligodendroglial maturation.  

Globally our data suggest that miR-125a-3p could represent not only a master regulator of oligodendrocyte 

homeostasis, but also a hallmark of de-myelination, that, when aberrantly expressed, inhibits re-myelination.  

Thus, we postulate that a specific antago-miRNA-based therapy may help in promoting oligodendrocyte 

maturation in diseases with impaired myelin repair. Indeed, the identification of direct interactors of miR-125a-3p 

could unveil new potential pathogenetic mechanisms in MS and new potential pharmacological targets. 
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Myelin can be biochemically purified from nervous tissue and its protein composition can be systematically 

determined by mass spectrometry. Using a recently established workflow, proteome analysis now allows highly 

reproducible identification and simultaneous relative quantification of hundreds of distinct proteins in purified 

myelin. While several previous studies approached the CNS myelin proteome, we here establish an updated 

compendium of the protein composition of peripheral nerve myelin, as well as a gel-free, label-free method to 

systematically identify molecular changes in myelin-related disorders. Using several mass spectrometric 

approaches (LC-MSE, HD-MSE and DRE-UDMSE) we identify and quantify >1000 proteins in myelin purified from 

the sciatic nerves of mice. By quantitative LC-MSE, >80% of the total protein mass of purified myelin is 

composed of about 50 previously known myelin proteins, predominantly by myelin protein zero (P0/MPZ), myelin 

basic protein (MBP) and Periaxin (PRX). Cluster analysis of corresponding mRNA abundance profiles allows 

categorization into groups of genes that display co-regulated expression during postnatal development of sciatic 

nerves. Applying differential DRE-UDMSE analysis to myelin purified from the PRX-deficient mouse model of 

Charcot-Marie-Tooth disease type 4F (CMT-4F) we find a highly pathological myelin proteome profile. We 

observe reduced levels of the monocarboxylate transporter MCT1/SLC16A1, implying that impaired metabolic 

myelin-to-axon support may represent a facet of the neuropathology in this model. Unbiased proteome analysis 

provides a valuable tool in the molecular dissection of the biogenesis, metabolism and pathology of peripheral 

myelin. 
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Cyclin-dependent kinases (Cdks) are a family of serine/threonine protein kinases whose activity depends on 

their association to a regulatory subunit called cyclin. Cdk7 is a member of the Cdk family and is a component of 

the Cdk-activating kinase complex, with the regulatory subunit cyclin H and the assembly factor Mat1. In contrast 

to other Cdks, Cdk7 is involved both in cell cycle control and in transcription regulation. Indeed, on the one hand, 

Cdk7 phosphorylates and activates cell cycle Cdks. On the other hand, as a component of the multi-protein 

transcription factor TFIIH, it regulates transcription initiation by phosphorylating RNA polymerase II. Interestingly, 

mutations of the helicase XPD, a key subunit of TFIIH anchoring Cdk7 to TFIIH, result in hypomyelination both in 

human and mice, due to a downregulation of genes crucial for myelination, including Mbp and Plp. Those data 

suggest that Cdk7 might promote the expression of myelin-associated genes during oligodendroglial 

differentiation.  

The aim of this project is to study the role of Cdk7 in the differentiation of oligodendrocyte precursor cells (OPCs) 

into oligodendrocytes (OLs), and in the process of myelination.  

To do so, we used an immortalized cell line of OPCs called Oli-neu in which we inhibited Cdk7 using THZ1, a 

covalent inhibitor. We first observed that the proliferation rate was significantly reduced in cells treated with 

THZ1, which is consistent with the role of Cdk7 in the cell cycle control. To investigate Cdk7 role in myelination, 

we then induced Oli-neu differentiation. When treated with cAMP, those cells exhibit a more complex 

morphology with an increased number of processes emerging from the cell body. But when we treated the cells 

with both THZ1 and cAMP, the morphology remained mostly bipolar as in the control cells. Moreover, the 

upregulated expression of myelin protein genes such as Plp, Mag and Mog, and OLs genes such as Cnp1, was 

significantly lower in THZ1 treated cells. The same reduced expression was observed for Sox10 and Myrf, two  

E458 POSTERS

GLIA



  

 

 

transcription factors involved in OLs terminal differentiation and myelination. Taken together, these results 

indicate that Cdk7 might indeed be involved in OL differentiation and in myelination.  

We are currently generating a transgenic mouse model in which Cdk7 is invalidated under the control of the 

Cnp1 regulatory sequence active only in postmitotic OLs. This will allow us to validate the results obtained in 

vitro, and also to study the role of Cdk7 only in myelination, independently of its role in the cell cycle. 
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Multiple Sclerosis (MS), a demyelinating and inflammatory disease, affects approximately 2.5 million people 

worldwide. The destruction of the myelin sheath results in axonal degeneration and loss of function. Although 

remyelination exists in MS patients, it is restricted during disease progression.  

The proliferation and migration of oligodendroglial precursor cells (OPCs) followed by the differentiation and 

maturation of OPCs into oligodendrocytes is crucial for successful remyelination. Even though OPCs are still 

detectable in chronic MS lesions, the reconstitution of the myelin sheath fails due to an impaired differentiation of 

OPCs into mature oligodendrocytes.  

Since the underlying process is not entirely understood, it needs to be clarified.  

To address the question whether this differentiation block is mediated by intrinsic oligodendroglial factors or 

caused by the extrinsic inflammatory milieu, we generated induced pluripotent stem cell (iPSC)-derived 

oligodendrocytes (iOL) from MS patients and sex-matched healthy control individuals. By comparing these iOL 

with respect to proliferation, migration, differentiation, myelination and stress response, we examined possible 

phenotypic differences. To see whether the inflammatory environment potentially influences iOL differentiation, 

we applied the supernatant of peripheral blood derived mononuclear cells (PBMCs) to differentiating iOL of 

healthy controls.  

On the one hand, comparison of iOL from MS patients and controls revealed a similar capability to proliferate, 

migrate and differentiate and resulted in the same cell death rate after induction of oxidative stress. Moreover, to 

see whether iOL could give rise to functional oligodendrocytes, we used an in vitro myelination assay by seeding 

the cells on nanofibers showing that iOL from MS patients and controls were able to form processes along 

nanofibers.  

On the other hand, we found a significantly impaired differentiation of iOL after application of the supernatant of 

activated PBMCs during differentiation. The application of supernatants of activated single immune cell types 

indicated that this effect was predominantly caused by T cells.  

In conclusion, our data suggest that the oligodendroglial differentiation block observed in MS is predominantly 

caused by extrinsic inflammatory mediators and is not due to intrinsic oligodendroglial factors. These findings 

contribute to a better understanding of MS pathogenesis and may help to develop new treatment options to 

promote remyelination in MS. 
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Is TRPA1 involved in fatty acid dysregulation-induced myelin disorders? 
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Myelin is the most essential component for speeding up action potential propagation across long distance 

neurons. Oligodendrocytes are specialized in wrapping axons to create these myelin sheets whose defects 

occur in a wide range of degenerative diseases, such as Multiple Sclerosis and Leukodystrophies. It is known 

that myelin damage can be receptor-mediated and recently oligodendrocytes have been shown to express Ca2+-

permeable TRPA1 channels, whose activation can result in myelin damage in ischaemia. Moreover, 

accumulation of fatty acids and their metabolites induce several receptor-signalling mechanisms that are 

associated with demyelination. As TRPA1 can be activated by long chain polyunsaturated fatty acids (VLCFA) 

and their derivatives, our aim is to investigate a possible role of TRPA1 activation in fatty acid associated myelin 

damage.  

To answer this question, we are using i) patch-clamp experiments from freshly isolated brain slices to record 

oligodendrocyte currents during application of VLCFA and their derivatives; ii) Ca2+ imaging to determine the role 

of Ca2+ changes in response to VLCFA; and iii) organotypic brain slices to assess the chronic effect of VLCFA 

on myelination. 
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Multiple sclerosis (MS) is a chronic autoimmune inflammatory pathology that leads to myelin depletion and 

progressive axonal degeneration. Natural remyelination happens in a healthy central nervous system, and it 

partially works in the early stages of MS. However, once the disease becomes chronic, remyelination capability 

is lost. Current research is focused on characterizing the factors and pathways involved in remyelination in order 

to understand and prevent its failure. Between them, molecular and cellular mechanisms involved in the 

oligodendrocyte (OL) dynamics (including the proliferation and migration of these glial cells to the damage 

location in the CNS and the myelin sheet synthesis) and myelin debris clearance during MS, have received 

special attention. Therefore, novel therapeutic goals are focused not only on developing therapies with an 

immunomodulatory effect but also in promoting neuroprotection and neuroregeneration by encouraging the 

remyelination process. Cortistatin (CST) is a neuropeptide with anti-inflammatory and immunomodulatory 

functions distributed in the nervous and immune systems. In spite of our previous work, in which we 

demonstrated the immunomodulatory and therapeutic effect of CST in the experimental autoimmune 

encephalomyelitis murine model of MS, its therapeutic and endogenous role in the dynamics of glial cells during 

de-and remyelination is unknown. In order to investigate the role of CST ignoring the effects of infiltrating 

peripheral immune cells, we used the preclinical model of acute cuprizona (CPZ) intoxication. Our results 

showed that CST seemed to modulate the OL lineage through the course of the disease, and that lack of CST 

was associated with aberrant myelin patterns as observed by transmission electron microscopy in corpus 

callosum samples of CPZ mice. This atypical myelin belonging to CST-deficient mice was related to an 
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unsuccessful phagocytosis rate by microglia. According to this, in vitro OL cell culture revealed a role of CST in 

the cell dynamics, during both proliferation and differentiation processes. Besides, co-culture of dorsal root 

ganglia neurons and OL demonstrated the functionality of mature OL is also modulated by this neuropeptide. 

Together, these results bring to light the significance of knowing the factors, as CST, that play a key role in the 

crosstalk between the nervous and immune system, acting as potential therapeutic agents in immune 

neurodegenerative sickness. 
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Background: Glucocerebrosidase (GBA1) is a lysosomal enzyme that cleaves the β-glycosidic linkage of the 

molecule glucocerebroside, an intermediate in glycolipid metabolism. Mutations affecting the functionality of this 

gene cause two diseases impinging on the nervous system: Gaucher Disease (GD) and Parkinson’s Disease 

(PD). GD is a lysosomal storage disease caused by the pathological accumulation of glucocerebroside, mainly 

affecting blood cells, spleen, bones and both peripheral and central nervous system to different extents. PD is 

characterized by long-term neurodegeneration and mutations of GBA1 are numerically the most important risk 

factor for this disease. For both GD and PD, the neurodegenerative and neuropathic symptoms are often linked 

to neuronal degeneration, but the contribution of myelin was so far almost neglected, despite its fundamental 

role in neuronal and axonal support. Thus, we are exploiting both in vivo and in vitro systems to study for the first 

time the role of myelinating glial GBA1 and how this is involved in the onset of GD and PD.  

Methods: We generated a conditional mouse model crossing transgenic mice carrying the Cre Recombinase 

under the control of the myelin specific Cnp1 promoter (Cnp1-Cre) with a line in which the loxP sequences flank 

the region coding for the catalytic site of Gba1 (Gba1floxed/floxed). Recombination was checked by genomic PCR 

performed on myelinated tissues, and enzyme inactivation was confirmed by Western blot analysis and 

enzymatic activity assay.  

In parallel, to better understand the molecular alterations occurring in oligodendrocytes upon GBA1 inhibition, we 

performed in vitro analysis using undifferentiated and differentiated oli-neu cells treated with Conduritol B 

epoxide (CBE) an irreversible GBA1 inhibitor.  

Results: Our results on mice show motor and non-motor behavioural deficits in Cnp1Cre::Gba1floxed/floxed 

compared to controls, already at 3 mo of age.  

On oli-neu cultures, enzymatic activity assay confirmed the enzyme inhibition and the accumulation of 

glucocerebroside upon CBE treatment, especially on differentiated cells. Moreover, perturbed lysosomal function 

as well as alterations in the expression of myelin proteins were observed, highlighting the role of Gba1 in 

lysosomal homeostasis and CNS myelination.  

Conclusions: Our results for the first time point to the impact of myelinating glia contribution to the onset of GD 

and PD, since Gba1 is expressed by these cells types, and its absence in oligodendrocytes affects the 

lysosomal machinery and myelin proteins expression. 
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Pelizaeus Merzbacher disease (PMD) is a leukodystrophy caused by mutations in gene encodes for proteolipid 

protein 1 (PLP1). PLP1 is the most abundant myelin protein in the central nervous system (CNS) and alterations 

in PLP1 expression in the CNS can cause hypomyelination and axonal damage as exhibited by PMD patients. 

Majority of PMD patients harbor duplication of PLP1 gene which results in over-produced PLP1 protein. On the 

other hand, deletion mutations of PLP1 gene which prevents PLP1 protein production can also cause PMD. 

Therefore, tight maintenance of normal physiological PLP1 expression is crucial. In this regard, the rationale 

therapeutic approach for PMD caused by PLP1 duplication is to modulate PLP1 gene expression to normal 

range. To modulate PLP1 gene expression we utilized CRISPR/Cas9 derived from Streptococcus pyogenes 

(SpCas9) and Campylobacter jejuni (CjCas9; smallest Cas9 characterized by far) to target regulatory regions of 

PLP1. Specifically, we aim to target TATA-box of promoter region or intronic enhancer region by CRISPR/Cas9. 

Targeted deletion of these regulatory regions in oligodendrocyte-like cell line and primary oligodendrocytes 

resulted in modulation of Plp1 expression as measured by qRT-PCR or western blot analysis under 

differentiation culture condition. Furthermore AAV-mediated delivery of these CRISPR/Cas9 targeting regulatory 

regions of Plp1 reduced its expression in vivo. Taken together these gene editing strategy to modulate Plp1 

expression warrants further proof-of-principle study to evaluate therapeutic efficacy in animal models of Plp1 

duplication. 
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Charcot-Marie-Tooth 1A (CMT1A) is the most common inherited neuropathy without a known therapy, which is 

caused by a 1.4 Mb duplication on human chromosome 17, which includes the gene encoding the peripheral 

myelin protein of 22 kDa (PMP22). Overexpressed PMP22 protein from its gene duplication is thought to cause 

demyelination and subsequently axonal degeneration in the peripheral nervous system (PNS). Here, we targeted 

TATA-box of human PMP22 promoter to normalize overexpressed PMP22 level in C22 mice, a mouse model of 

CMT1A harboring multi copies of human PMP22. Direct local intraneural delivery of CRISPR/Cas9 designed to 

target TATA-box of PMP22 before the onset of disease, downregulates gene expression of PMP22 and 

preserves both myelin and axons. Notably, the same approach was effective in partial rescue of demyelination 

even after the onset of disease. Collectively, our data present a proof-of-concept that CRISPR/Cas9-mediated 

targeting of TATA-box can be utilized to treat CMT1A. 
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In the normal mammalian brain, interstitial tissue oxygen levels are low (~1 to 8 %). The brain is very sensitive to 

reductions in tissue oxygen levels, and during mild hypoxia develops adaptive mechanisms (via the transcription 

factor HIF1α and its target genes) that help sustain physiological functions, with changes in metabolism, 

angiogenesis, cell proliferation and cell death. In both human and animal models of multiple sclerosis (MS), 

neuropathological and imaging studies show the presence of tissue hypoxia and evidence of tissue adaptation to 

this hypoxia. It is within this hypoxic environment that remyelination of MS lesions occurs, but we do not 

understand whether this worsens tissue repair or whether the tissue adaptations aid repair, similarly to the 

effects of hypoxia pre-conditioning in other organs/diseases.  

To test this hypothesis, we have used two experimental paradigms: 1) exposure to hypoxia during remyelination 

and 2) exposure to hypoxia prior to demyelination, as pre-conditioning. We have used stereotactic injection of 

Lysophosphatidylcholine (LPC) into the mouse corpus callosum as a focal model of demyelination, exposed 

mice to mild hypoxia (10% normobaric oxygen) and assessed remyelination efficiency at 10 and 15 days post 

lesion by electron microscopy.    

We have shown that these demyelinated lesions show signs of tissue hypoxia and activation of the hypoxia 

pathway even at 15 days post lesion, when remyelination is occurring. Exposure to hypoxia during remyelination 

resulted in a significant decrease in the number of remyelinated axons, with no effect on the total number of 

axons compared to mice undergoing remyelination in normoxia. We will next assess whether hypoxia 

preconditioning affects subsequent remyelination.  

These results suggest that tissue hypoxia during the process of remyelination is detrimental for myelin repair 

providing possible targets for intervention to improve remyelination. 

 

T12-036B 

G protein coupled receptor 37 (GPR37) inhibits remyelination 
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GPR37 has been recognized as a negative regulator of oligodendrocyte differentiation and myelination during 

development. However, its role during remyelination under pathological condition is yet to be determined. To 

understand the function of GPR37 in remyelination, we have compared between wild type and mice lacking 

GPR37 after the induction of immune (EAE), focal toxin (lysolecithin), and systemic toxin (cuprizone) mediated 

demyelination. Lumbar spinal cords and corpus callosum were used for analysis of EAE and two toxin models, 

respectively.  

We found that the absence of GPR37 led to enhanced remyelination in all three demyelinated models. In EAE, 

clinical score of Gpr37 null mice was significantly lower than wild type animals from day 16 until day 30 post 

induction of demyelination. We observed a 1.7-fold increase in the number of remyelinated axons in lumbar 

spinal cords of Gpr37 null mice compared to wild type animals. In the focal demyelination lysolecithin model, we 

noted that while the lesioned area was similar between genotypes at day 7, a week later there was a marked 

increase in the PLP positive remyelinated area in Gpr37 null mice compared to wild type animals. In contrast to 

the comparable demyelination observed in Gpr37 null and wild type mice in the lysolecithin models, cuprizone 

induce much faster and severe demyelination in the corpus callosum of the mutant, suggesting a protective role 

for GPR37. Nevertheless, similar to the other demyelination models, we noted a significant increase in the 

presence of remyelinated axons in Gpr37 null mice compare to wild type animals. Our study suggests that 

GPR37 not only negatively regulate developmental myelination but also remyelination in the adult brain. 

 

T12-037B 

Dynamic myelinogenesis is required for spatial learning and memory in mice 

F. Wang, Y.S. Ren, F. Mei 

Histology and Embryology, Third Military Medical University, Chongqing, CN 

 

Active myelinogenesis persists throughout lifetime in CNS, but its dynamics and functional significance for 

spatial learning and memory remains unclear. By lineage-specific tracing of newly-generated oligodendrocytes 

(OLs), we demonstrated that myelinogenesis in mouse brains is gradually declining in an age-dependent 

manner. To address the functional significance of the active myelinogenesis, we inhibited oligodendroglial 

differentiation and myelination in adult mice by inducing genetically deletion of the transcriptional factor Olig2 in 

OPCs. The inhibited myelinogenesis results in impaired memory and cognitive functions in adult mice. Together, 

our data indicates that active myelinogenesis is required for maintaining neural plasticity.   
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TDP-43 aggregates in neurons and glia are the defining pathological hallmark of amyotrophic lateral sclerosis 

(ALS) and frontotemporal dementia (FTD), raising the possibility of glial damage in the disease pathogenesis. 

However, the normal physiological functions of TDP-43 in glia are largely unknown. To address how TDP-43 

may be required for oligodendroglial functions, we selectively deleted TDP-43 in mature oligodendrocytes in 

mice. Although mice with TDP-43 deleted in oligodendrocytes are born in an expected Mendelian ratio, they 

develop progressive neurological phenotypes leading to early lethality accompanied by a progressive reduction 

in myelination. The progressive myelin reduction is likely due to a combination of the cell-autonomous RIPK1-

mediated necroptosis of mature oligodendrocytes and the TDP-43-dependent reduction in the expression of 

myelin genes. Strikingly, enhanced proliferation of NG2-positive oligodendrocyte precursor cells within the white 

matter, but not the grey matter, was able to replenish the loss of mature oligodendrocytes, indicating an intrinsic 

regeneration difference between the grey and white matter oligodendrocytes. By contrast, there was no loss of 

spinal cord motor neurons and no sign of denervation at the neuromuscular synapses. Taken together, our data 

demonstrate that TDP-43 is indispensable for oligodendrocyte survival and myelination, and loss of TDP-43 in 

oligodendrocytes exerts no apparent toxicity on motor neurons. 
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Graphic summary of a cell-autonomous role for TDP-43 in mature oligodendrocytes. 
TDP-43 depletion in mature oligodendrocytes leads to RIPK1-mediated cell-autonomous degeneration. Enhanced proliferation 

of OPCs compensate for the loss of mature oligodendrocyte in the white, but not the grey, matter. In parallel, TDP-43 

regulates the expression of myelin-related genes, such as Plp1 and Mbp and Plp1, that is essential for myelin. Deletion of 

TDP-43 down-regulates myelin-related genes leading to loss of myelination capacity. 
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Schwann cells (SCs) generate myelin sheath in the peripheral nervous system (PNS), and their differentiation 

plays an important role in PNS myelination. Mature SCs are formed via a stepwise differentiation during 

development from neural crest cell-derived SC precursors to immature SCs and pro-myelinating SCs, followed 

by myelinating/non-myelinating SCs. Characteristic expression of genes, including several transcriptional factors, 

have been described in each developmental stage. However, underlying mechanisms of SC differentiation 

remain unclear. Recent studies have shown that hypoxia-inducible factor-1 alpha (HIF-1α) plays a role in 

myelination in the central nervous system. Here, we investigated the role of HIF-1α in PNS myelination. We 

found that HIF-1α can be stabilized in nuclei of SCs cultured under hypoxia (1% O2). Culturing in hypoxia or 

overexpression of HIF-1α bearing mutation to be resistant to proteasomal degradation resulted in upregulation of 

myelin related gene expressions in SCs. By immunohistochemistry, HIF-1α was localized in S100β-positive SCs 

in murine sciatic nerve during development. HIF-1α expression in protein level was higher during development 

than in adulthood in mice, while HIF-1α mRNA expression was almost constant. Moreover, HIF-1α stabilizing 

drug that inhibits prolyl hydroxylation was able to upregulate myelin protein expression and promoted 

myelination in culture. Transient hypoxic incubation also facilitated in vitro myelination. These finding suggest 

that HIF-1α induces SCs differentiation and promotes PNS myelination during development. 

 

T12-040B 

Requirement of TDP-43 in myelin-competent glia 

S. Bachofner, J.A. Pereira, C. Fimiani, J. Keller, J. Gerber, U. Suter 

Institute of Molecular Health Sciences, Swiss Federal Institute of Technology, ETH Zurich, Zurich, CH 

 

TAR DNA binding protein 43 (TDP-43) is an RNA binding protein involved in RNA splicing and stability. Typically 

found in the nucleus, it is known to interact with consecutive UG-repeats mostly found in distal intronic regions. 

Binding to these sites precludes integration of intronic sequences, designated cryptic exons, into mature 

mRNAs. The majority of such cryptic splicing events lead to frame shifts and/or premature termination codons, 

thereby reducing mRNA levels or diminishing translation to functional proteins. Cryptic splicing events are poorly 

conserved between different species and variable between cell types. Whether cells are mainly dependent on 

the cryptic splicing silencing function, or on the other functions attributed to TDP-43, remains to be systematically 

evaluated.  

TDP-43 has been mostly studied in the context of disease models and neurons, since it is frequently found in 

aggregates of frontotemporal lobar degeneration (FTLD) and amyotrophic lateral sclerosis (ALS). Mutations in 

TDP-43 have also been associated with these severe human disorders. Beyond neurons, oligodendrocytes have 

also been implicated in TDP-43 FTLD pathology. TDP-43 (TBPH) knockdown in Drosophila glia cells results in 

age-dependent motor deficits, premature lethality, and defects in motor neuron wrapping. These data argue for a 

vital function of TDP-43 in glia cells. Furthermore, mice harboring TDP-43 deficient oligodendrocytes display 

progressive motor deficits and premature lethality, at least in part associated with the death of differentiated 

oligodendrocytes. 

Despite the current published knowledge, there are still numerous questions awaiting experimental resolution. 

Does TDP-43 affect myelinating glia beyond triggering cell death, by interfering with differentiation, myelination, 

and the maintenance of the adult myelinated state? What is the impact of TDP-43 deletion on the transcriptome 

of myelin-competent glia, including on the retention of unwanted cryptic exons? Is there a detrimental impact on 

axons and neurons upon TDP-43 deletion in myelinating-competent glia?  

To address such questions, we conditionally excised mouse TDP-43 in myelination-competent glia. We 

confirmed cryptic splicing events in several described targets, supporting the successful TDP-43 functional loss 

from recombined cells. KO animals progressively develop behavioral deficits, along with vacuolation of 

myelinated fibers. 
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In vivo study on adenosine A1 receptor functions in oligodendrocyte precursor cells 

Q. Guo, Q. Liu, L. Caudal, A. Scheller, W. Huang, F. Kirchhoff 

Center for Integrative Physiology and Molecular Medicine (CIPMM), Molecular Physiology, University of 

Saarland, Homburg, DE 

 

Adenosine A1 receptor (A1AR) signaling exerts important functions in the central nervous system (CNS). Among 

all neural cell types, A1AR mRNA levels are highest in oligodendrocyte precursor cells (OPCs). However, in vivo 

data are still missing regarding the functions of A1ARs in oligodendrocyte (OL) lineage cells, largely due to the 

lack of cell specific transgenic animal models. In this study, we generated NG2-CreERT2xA1ARfl/fl conditional 

knockout (cKO) mice to specifically delete A1ARs from OPCs upon tamoxifen administration. We induced Cre 

DNA recombinase activity at postnatal day 7 (P7) or P30 and analyzed these mice at P35 (P7:P35) or P90 

(P30:P90), respectively. Immunostainings with lineage markers PDGFRα, APC CC1 and GSTπ as well as BrdU 

incorporation revealed no alterations of differentiation and proliferation in the corpus callosum (CC) and dorsal 

cortex of A1AR cKO mice. To study the functions of OPC-specific A1ARs during remyelination, we induced 

demyelination in mice at P30:P60 by cuprizone treatment for three weeks. One week after withdrawal of 

cuprizone, we observed enhanced remyelination in the CC of A1AR cKO mice compared to control mice. We 

also observed increased myelin basic protein (MBP) expression and more mature CC1+ OLs, approximately 

30% and 10% more in comparison to control mice, respectively. However, Ki67 immunostaining suggested that 

the proliferation of OPCs was not altered in the A1AR cKO mice during remyelination. Taken together, our 

results suggest that A1ARs do not significantly affect the proliferation and differentiation of OPCs during 

development, but negatively regulate remyelination after cuprizone-induced demyelination. 

 

T12-042B 

The epigenetic role of vitamin C in Schwann cell myelination 

T.C. Huff1, D.W. Sant1, V. Camarena1, S. Mustafi1, P.V. Monje2, G. Wang1 
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Peripheral neuropathies are among the most common morbidities in the United States, the most notable being 

Charcot-Marie-Tooth disease type 1 (CMT1) and diabetic peripheral neuropathy (DPN). Both diseases are 

characterized by heterogeneous sensory deficits, neuropathic pain, and pathological Schwann cell 

demyelination. Many molecular agents have been implicated in Schwann cell myelination and development. 

Among these signals critical for myelination is vitamin C, the dietary micronutrient classically implicated in the 

prevention of scurvy. Vitamin C is vital cofactor for the ten-eleven translocation (TET) enzyme family which 

promotes active DNA demethylation. This finding implicates vitamin C as a vital mediator of the epigenome. 

Although the importance of vitamin C for Schwann cell myelination in vitro has been known for decades, its 

epigenetic function in this process has been largely unexplored. We hypothesized that vitamin C promotes 

Schwann cell myelination via DNA demethylation of genes associated with the myelin program. We found that 

vitamin C deficiency in mice resulted in hypomyelination of peripheral nerves throughout development. Using 

RNA and hydroxymethylated DNA Immunoprecipitation (hMeDIP) sequencing, we discovered that vitamin C 

treatment of Schwann cells upregulated numerous genes of the myelin program while downregulating negative 

myelin regulators and precursor markers. Upregulation of myelin genes such as Krox20, PRX, and MBP 
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occurred in tandem with changes in DNA demethylation at these loci. Finally, we show that the expression of 

these genes throughout development and remyelination after injury is dysregulated in vitamin C deficiency. 

Overall, these results suggest that vitamin C-mediated DNA demethylation may be critical for peripheral 

myelination and may be a potential therapeutic target for peripheral neuropathies. 
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The role of oligodendrocyte cholesteryl esters in Alzheimer's disease 

Y. Zhang, T. Gao, H. Li 
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Myelin is the fatty multi-layered membranous sheath surrounding axons in the nervous system of jawed 

vertebrates. In the central nervous system, myelin is generated by oligodendrocytes. Myelin is a vital 

evolutionary acquisition that facilitates extremely rapid and efficient conduction of action potentials along axons. 

An essential component of myelin is cholesterol, which provides stability for the myelin structure. Cholesterol is 

known to play critical roles in the function of cell membrane and several metabolic pathways. Myelin houses 

most (70-80%). of the brain cholesterol, which is mainly synthesized de novo. In the brain, excess cellular 

cholesterol can be converted to cholesteryl esters by acyl-CoA:cholesterol acyltransferase 1 (ACAT1) and stored 

as lipid droplets in cytoplasm. Recent evidence suggests that the balance between free and esterified 

cholesterol may be an important factor in AD pathology and ACAT1 has been proposed as a therapeutic target 

for Alzheimer’s disease (AD). Given that most brain cholesterol resides in myelin, we aim to reveal the role of 

oligodendrocyte cholesterol esters in age-related neurodegenerative diseases in this project. We evaluated 

ACAT1 expression and the distribution of cholesteryl esters in the developing, aging and AD mouse brain by 

immunostaining and histochemical methods. By cross-breeding, we generated an oligodendrocyte-specific 

Sox10-iCreERT2;Acat1fl/fl mouse line, which was then bred to J20, an AD mouse line, to tailor-make an AD 

model for subsequent experiments. We are investigating if knocking out Acat1 specifically in oligodendrocytes 

can rescue AD phenotypes in this mouse model. 
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Autotaxin (ATX), also known as ectonucleotide pyrophosphatase/phosphodiesterase 2 (ENPP2) or 

phosphodiesterase-Iα (PD-Iα)/ATX, is a secreted glycoprotein primarily known for its enzymatic 

lysophospholipase D (lysoPLD) activity, which generates the lipid signaling molecule lysophosphatidic acid 

(LPA). LPA, in turn, exerts its functions through activation of a family of G protein-coupled receptors (GPCRs), 

the so-called LPA receptors. In our own studies, we identified ATX as a protein that is released by cells of the 

oligodendrocyte (OLG) lineage and functions via two mechanisms to drive OLG differentiation. Initially, we 

uncovered that ATX, via its C-terminally located modulator of oligodendrocyte remodeling and focal adhesion 

organization (MORFO) domain, promotes the establishment of a complex and expanded process network by 

post-migratory, premyelinating OLGs. More recently, we focused on ATX’s lysoPLD activity and found that the 

ATX-LPA axis promotes the expression of genes well-known to be associated with the earlier stages of OLG 

differentiation via, at least in part, the modulation of histone deacetylation. Studies undertaken in the developing 

zebrafish substantiated a critical role of ATX in regulating OLG differentiation during development. Interestingly, 

in the major demyelinating disease in humans, Multiple Sclerosis, there is evidence for reduced levels of ATX 

within the central nervous system (CNS) parenchyma. Here, we show that in a model of toxin-induced 

demyelination ATX levels are also reduced within affected CNS areas. In addition, we present data that support 

a role of OLG-derived ATX in regulating OLG differentiation not only during development but also after toxin-

induced demyelination. 
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Myelination by oligodendrocytes enables the rapid propagation of action potential and is essential for proper 

functioning of the CNS. Therefore, defects in CNS myelination cause various types of neural and mental 

disorders. However, the molecular mechanisms of oligodendrocyte development and CNS myelination have not 

been fully understood. In this study, we identified a mouse mutation caused by a transgene insertion that 

resulted in tremors and hypomyelination in the CNS, particularly in the spinal cord, but not in the PNS. 

Interestingly, myelination of small diameter axons and the number of oligodendrocytes were dramatically 

reduced in the mutant mice. We subsequently identified the transgene insertion site into the teneurin-4 (Ten-4) 

gene encoding a type II transmembrane protein, whose function was unknown. We found that Ten-4 was highly 

expressed in the spinal cord of wild-type mice and was induced during normal oligodendrocyte differentiation. In 

the mutant mice, however, the expression of Ten-4 was absent and no transgene expression was observed in 

the CNS, indicating that the deficiency of Ten-4 expression was responsible for the defects of myelination by 

oligodendrocytes. Primary oligodendrocytes from the mutant mice failed to form well-branched cellular 

processes in culture. In the oligodendrocyte progenitor cell line CG-4, suppression of Ten-4 expression by 

shRNA inhibited process formation. Further, the deficiency of Ten-4 attenuated the activation of the focal 

adhesion kinase, which is a regulator of myelination of small diameter axon in the CNS. These findings indicate 

that Ten-4 is a key regulator of oligodendrocyte process formation and is required for CNS myelination. This 

mutant mouse model will facilitate a better understanding of oligodendrocyte biology, as well as of the 

development of diagnostic and therapeutic reagents for dysmyelinating diseases. 
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Molecular interaction between oligodendrocytes and axons through Teneurins for CNS myelination 

C. Hayashi, N. Suzuki, N. Kikura, Y. Hosoda, Y. Mabuchi, C. Akazawa 
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Oligodendrocytes (OLs) form myelin in the CNS and accomplish the rapid propagation of action potential. At the 

initial stages of myelin formation is a complex sequence of the events as following; 1) adherence of 

oligodendrocyte precursor cells (OPCs) to targeted axons, 2) reception of the signals from axons, 3) extension of 

processes of differentiating OPCs into OLs to ensheathe axons, and 4) compaction with excluding uncompacted 

cytoplasm to form myelin sheath. However, molecular mechanisms of these events, particularly regarding the 

molecular interaction/signal between OL and axon, have not been well understood. In our previous study, we 

reported that Teneurin-4 (Ten-4), a type II transmembrane protein, is required for CNS myelination. Here we 

focused on Ten-4 function and aimed to elucidate the molecular mechanism of the OPCs/OLs interaction with 

axons at the initial stage of myelination. Our histological analysis of Ten-4 deficient (-/-) mice revealed that Ten-4 

-/- OLs failed to form compacted myelin because of disorganization of cytoskeleton in their extending processes 

and to maintain their number between P3 and P7, when OPCs/OLs initially contact/interact with axons. We next 

explored the binding partners of Ten-4 using mass-spectrometry for identification of co-immunoprecipitated 

proteins with Ten-4. As a result, interestingly, all of Teneurin isoforms (Ten-1 to -4) were obtained as candidates. 

Since all of Ten isoforms and only Ten-4 are expressed on neuronal axons and OPCs/OLs, respectively, we 

hypothesized that Ten-4 on OPCs/OLs binds to Ten isoforms on axons and forms cell adhesion between them. 

To verify this, we assessed the cell-cell adhesion activity between Ten-4 and Ten isoforms and found that Ten-4-

overexpressing cells formed larger cell aggregates with all of Ten isoforms-overexpressing cells, homophilically 

and heterophilically. In addition, OPCs/OLs attached to the recombinant extracellular domains of Ten-1 to -4 

(rTen-1 to -4ECD). The attachment was inhibited in the presence of soluble rTen-4ECD or anti-Ten-4ECD 

antibody, suggesting that Ten-4 on OPCs/OLs interacted with Ten isoforms presumably on axons. To examine 

the biological effect of the bindings, we cultured OPCs/OLs on rTen-1 to -4ECD and found that OL process 

formation with cytoskeletal organization and cell survival were promoted. Further, the myelination assay using 

nanofibers revealed that rTen-1 to -4 promoted myelin formation by OLs. We finally demonstrated that Akt and 

Erk signaling is responsible for the Ten-4-Ten isoforms’ activity downstream of Ten-4. From these observations, 

we concluded that Ten-4 positively regulates the OL-axon interaction together with Ten isoforms and functions 

as a platform of the signaling pathways for CNS myelination. 
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Autophagy in oligodendrocytes 
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(Macro)autophagy comprises a conserved lysosome-dependent catabolic pathway, facilitating degradation of 

cytoplasmic proteins and damaged organelles. Through its role in energy production and cellular homeostasis, 

autophagy is crucial during development as shown in many tissues and organisms, while its dysregulation has 

been linked to several disorders, including neurodegenerative diseases. Although a few studies implicate 

autophagy in CNS demyelinating pathologies, its role, particularly in oligodendrocytes, remains elusive.  
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In our study, we aim to shed light on the significance of autophagy in CNS myelin and oligodendrocytes. In a 

preliminary set of experiments, we have observed significant CNS hypomyelination in the Nestin-Cre; Atg5 fl/fl 

mouse line where autophagy is ablated in all CNS cells. We are currently examining the role of autophagy in 

both oligodendrocyte primary cultures as well as in vivo utilizing a new conditional mutant mouse line, in which 

autophagy is specifically ablated in the CNS myelinating glial cells after tamoxifen administration (Plp-CreERT2; 

Atg5 fl/fl). Using primary cultures, we showed that autophagy is active in mature oligodendrocytes and its 

pharmacological inhibition results in reduced maturation of these cells. More specifically, we showed that 

administration of SBI-0206965 resulted in a delay of oligodendrocyte differentiation over the three basic 

morphological categories that was restored by DIV8. At that time point, SBI-treated, myelin-producing 

oligodendrocytes showed a significantly altered morphology. The investigation of the underlying mechanism, as 

well as the in vivo effect of selective autophagy ablation in oligodendrocytes, is in progress. 
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Oligodendrocytes myelinate and provide support to axons. Several diseases, such as multiple sclerosis (MS), 

are characterized by abnormal of defective myelination. Spontaneous remyelination occurs at initial stages of 

MS, promoted by endogenous oligodendrocyte precursor cells. However, this process progressively starts 

occurring with less efficiency, until it eventually fails.  

In MS, demyelination in the central nervous system leads to neurodegeneration with a high variability between 

patients, which does not correlate with the extend of demyelination. One of the possible factors of such variability 

may be the oligodendrocyte heterogeneity. We previously found using single cell studies that oligodendrocytes 

are more heterogeneous than previously thought in mouse (Marques and Zeisel et al. 2016). However, the 

extent of human oligodendrocyte heterogeneity and its possible contribution to MS remains unclear.  

In this study (Jäkel and Agirre et al. 2019) we performed single nuclei RNA-sequencing (snRNA-seq) from white 

matter (WM) areas of post mortem human brain both in control (Ctr) and MS patients. We applied canonical 

correlation analysis (CCA) to integrate control and disease nuclei from the different patients allowing us to define 

different oligodendroglia cell clusters. The sub-clusters of oligodendroglia in Ctr human WM, showed similarity to 

already described subclusters in mouse, but we were also able to define new markers for these cell states 

specific of human. Strikingly, some sub-clusters were under-represented in MS tissue, while others were more 

prevalent. Showing an altered pattern of oligodendroglia types between control and disease. These differences 

in mature oligodendrocyte sub-clusters may indicate different functional states of oligodendrocytes in MS 

lesions. Differential expression analysis between sub-clusters showed upregulation of myelin genes in the 

mature MS oligodendroglia sub-clusters, indicating that mature oligodendrocytes might increase transcriptional 

programs of myelination in the context of MS. Finally, our results of an altered oligodendroglial heterogeneity in 

MS show the power of single cell technologies to study and understand human pathology. 
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L-prostaglandin D2 synthase regulates Schwann cells metabolism 
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Myelin provides trophic support to neurons and electrical insulation for rapid impulse transmission. In the 

peripheral nervous system (PNS), myelin stability strictly depends on constant and optimal communication 

between axons and Schwann cells (SC). We previously showed that in the PNS, prostaglandin D2 (PGD2), one 

of the final products of the arachidonic acid metabolism, is synthesized by neuronal L-prostaglandin D2 synthase 

(L-PGDS). We also showed that loss of L-PGDS enzymatic activity causes hypomyelination early in 

development and myelin aberrations and degeneration in adulthood.  

To identify the molecular constituents of myelin degeneration, we performed: 1) RNAseq analyses on rat SC–

mouse neuronal cocultures presenting signs of demyelination; 2) metabolic flux experiments on these cocultures 

to determine changes in metabolites’ consumption and 3) lipidomic and metabolomic studies on sciatic nerves 

from aged L-PGDS null mice. In vitro assays revealed a set of genes specifically upregulated in SC, the majority 

of which are involved in arachidonic acid transport and glucose metabolism and are under the control of PPARγ 

nuclear receptor. Further, metabolic fluxes analyses revealed pyruvate accumulation and increased acetate 

metabolism. Finally, in vivo, we observed decreased levels of phospholipids containing arachidonic acid and of 

key metabolites of glycolysis and of Krebs cycle.  

Collectively, we posit that in the absence of PGD2 myelin degeneration could arise from increased levels of 

arachidonic acid in SC leading to an up-regulation in the expression of PPARγ target genes and an overall 

impairment in glial cells metabolism. 

 

T12-050B 

Toward a comprehensive understanding of promyelinating drugs molecular mechanism of action for 

Central Nervous System remyelination. 

A. Del Giovane1, M. Tiberi1, E. Nocita1, F. Basoli2, A. Rainer2, A. Ragnini-Wilson1 

1Biology, Università degli studi di Roma Tor Vergata, Roma, IT 
2Engineering, Campus Bio-Medico, Roma, IT 

 

Myelin, oligodendrocyte losses and neurodegeneration are the hallmark of demyelinating diseases affecting the 

Central Nervous System (CNS). Pharmacological approaches to  remyelination aim to restore neurological 

function by restoring the myelin sheath covering axons in order to impair neuronal loss and neurodegeneration.  

A number of phenotypical screens, that made use of FDA-approved compound libraries and primary rat 

oligodendrocyte precursor cells (OPC), Epiblast-derived OPC or oligodendrocyte cell line expressing MyrF (Oli-

neuM), have been performed in the recent years. They led  to the identification of a handful number of biological 

active drugs (among which Clobetasol, Benztropine, Clotrimazole and Miconazole), that promote either Neuronal 

Precursor Cells (NPC) proliferation/migration and/or OPC differentiation and MBP expression. Those drugs were 

proven to promote remyelination in toxically-induced demyelination mouse model, Experimental Autoimmune 

Encephalomyelitis and/or in Neuromyelitis Optica murine model.  

All together, these studies have shown that pharmacological approaches to CNS remyelination are feasible. On 
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the other hand, their future clinical use remains strictly linked to the clarification of their mechanism of action 

(MOA), as their CNS remyelination potential is counterbalanced by their potential pharmacological activity on 

secondary targets at  therapeutic concentration. We have performed one of the phenotypical screens that led to 

the identification of Clobetasol and other pro-myelinating drugs in Oli-neuM cells line. Here, we will present  our 

current understanding of hit drugs MOA in Oli-neuM cells in an in vitro model of synthetic microfiber 

engagement. 

 

T12-051B 

PINCH proteins regulate myelination of axons in the central nervous system 

J. Paes de Faria1,2, R.S. Silva1,2, J.B. Relvas1,2 

1Instituto de Biologia Molecular e Celular (IBMC), Porto, PT 
2Instituto de Investigação e Inovação e Saúde (I3S)/ Universidade do Porto, Porto, PT 

 

In the central nervous system, myelin, which consists of the lipid-rich multilayered membrane sheath laid down 

along axons, is produced in a precise temporal sequence of events, by oligodendrocytes in response to different 

signals including those derived from the extracellular matrix (ECM). A major group of receptors for ECM 

molecules are integrins. Since their cytoplasmatic domains lack enzymatic activity, integrins require the 

recruitment of adaptor proteins such as ILK, PINCH, and parvin to form signaling hubs (focal adhesions) to 

enable the activation of intracellular pathways. Mammals display two PINCH proteins, PINCH1 and PINCH2, that 

bind in a mutually exclusive mode to ILK, and then to parvin to form the IPP complex. This complex serves as a 

molecular adaptor between integrin signaling and the actin cytoskeleton. Deletion of any of the IPP complex 

components results in disruption of the complex and has a dramatic effect on myelination. Binding of either 

PINCH confers the IPP complex specific interactors and activates potential distinct downstream targets. We 

genetically ablated PINCH1 and PINCH2 in oligodendrocytes at different stages of development, and we have 

examined in vivo progression of myelination in different white matter regions of the central nervous system. Our 

results showed that -with some degree of redundancy among them- the function of each PINCH is fundamental 

during the active phase of myelination. We also observed that PINCH2 protein acts as a negative regulator of 

myelination: we observed hypermyelinated axons in PINCH2-depleted CNS regions and hypomyelinated tracts 

upon in vivo overexpression of PINCH2. Overall, these findings reveal a critical role of PINCH in regulating 

myelin biogenesis and fine-tuning of different signaling pathways downstream of integrins during myelination. 

 

T12-052B 

The small GTPase RhoA regulates the onset of myelination and myelin production during PNS 

development 

A. Seixas1, M. Morais1, J.A. Pereira2, S. Krause2, C. Brakebusch3, U. Suter2, J.B. Relvas1 

1University of Porto, i3S/IBMC, Porto, PT 
2Institute of Molecular Health Sciences, ETH, Zürich, CH 
3Dept of Biomedical Sciences, University of Copenhagen, Copenhagen, DK 

 

In cells, control of actin cytoskeleton rearrangements mediated by classical Rho GTPase signaling is important 

for morphological plasticity governing many biological processes in development. Early postnatally, during 

development of the peripheral nervous system (PNS), Schwann cells (SCs) respond to extracellular signals by 
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extending cytoplasmic protrusions into embryonic axon bundles to contact and segregate axons destined to be 

myelinated in a process called radial sorting. This morphological plasticity of SCs, important for the interaction 

with axons and wrapping to occur, is conveyed by signaling pathways regulating actin cytoskeleton 

rearrangement. Studies using constitutively active forms or chemical inhibition of its main effector ROCK suggest 

a critical regulatory role for RhoA signaling in SC biology and axon ensheathment. Conditional mutants for 

various extracellular matrix proteins, their receptors or downstream signaling molecules showed that inhibition of 

RhoA activation is required for radial sorting.  

We sought to study the specific functions of the classical Rho GTPase RhoA in SC development and myelination 

in the PNS using a conditional RhoA mutant (RhoA-cKO, using Dhh-Cre and Cnp-Cre transgenic lines). Mutant 

postnatal sciatic nerves showed a decrease in the number of sorted and myelinated axons, suggesting an 

impairment in radial sorting and a delay in the onset of myelination. We observed no changes in survival, 

proliferation or differentiation of RhoA-cKO SCs. SCs from RhoA-cKO cultured in vitro extended less radial 

lamellipodia. Biochemical and FRET analyses suggest dysregulation of signaling molecules related to actin 

dynamics, including cofilin, RhoC and Rac1. Sciatic nerves from RhoA-cKO had thinner myelin sheaths at P15 

and P25 but after developmental myelination resumed, at P90, were hypermyelinated, indicating that RhoA 

regulates myelin production in the PNS.  

Past studies indicated that a switch in the levels of active Rho controls radial sorting. Here, we show that genetic 

ablation of RhoA specifically in SCs leads to defects in peripheral nerve development and that RhoA 

independently regulates myelination in the PNS. 

 

T12-053B 

The adhesive properties of myelin basic protein C1/C8 charge isomers and their role in microglia 

plasticity. 

L.V. Shanshiashvili1,2,3, M.V. Chikviladze1, M.M. Sepashvili1,2, I.V. Kalandadze2, E. Zaalishvili2, J.J. Ramsden3, 

D.G. Mikeladze1,2 

1Institute of Chemical Biology, Ilia State University, Tbilisi, GE 
2Department of Biochemistry, I. Beritashvili Center of Experimental Biomedicine, Tbilisi, GE 
3Collegium Basilea, Institute of Advanced study, Basel, CH 

 

Myelin basic protein (MBP), a major protein of the myelin sheath, is encoded by the Golli-MBP gene in 

myelinating glia. Several isoforms of classic MBP are formed by alternative splicing of a single mRNA transcript. 

The major MBP isoform in the adult human and bovine CNS is 18.5 kDa protein that plays a structural role in 

maintaining myelin stability. MBP exhibits charge microheterogeneity as a result of post-translational 

modifications such as phosphorylation, deamidation, deimination, arginine methylation, and N-terminal acylation. 

The fractions of MBP isomers which are isolated by cation-exchange chromatography on a carboxymethyl 

cellulose-52 (CM-52) column have been named from C1 to C8. C1 is the least modified and most cationic, 

whereas C8 is the most modified and the least cationic. Among these modifications, deimination is the most 

significant that involves the conversion of MBP arginine into citrulline by the enzyme peptidylarginine deiminase. 

This modification reduces the cationicity of the protein. Citrullinated MBP is structurally less ordered and more 

susceptible to proteolytic attacks. Thus, the reduction in cationicity of citrullinated MBP impedes the membrane 

assembly and exposes an immunodominant epitope of the membrane-bound protein to proteases. It’s important 

that the degree of deimination limits MBP’s ability to maintain compact myelin and correlates with the severity of 

multiple sclerosis.  

We have studied the association of C8 and C1 MBP isomers with the myelin lipids in a model membrane system 

using optical waveguide lightmode spectrometry. The analysis of association/dissociation kinetics to planar lipids 

under controlled hydrodynamic conditions has shown that MBP C8 isomer is less effectively adsorbed on the 

lipid membrane, than C1 isomer and packing densities for C1 MBP is higher than for C8 isomer.  
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On the other hand, we have studied the effects of C1 and C8 on the microglia plasticity.  We have found that 

MBP charge isomers take part in microglia polarization.  

These data indicate that citrullination changes the association/dissociation kinetics of MBP to planar lipids, as 

well as takes part in microglia plasticity. 
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Elucidating the repertoire of RNA-binding proteins associating with Myelin Basic Protein mRNA during 

oxidative stress conditions in oligodendroglial cells 
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Myelin Basic Protein (MBP) is one of the most abundant myelin proteins and indispensable for the formation of a 

compacted myelin sheath around target axons in the CNS. MBP expression is strictly regulated on the post-

transcriptional level and Mbp mRNA has been discovered to be transported to the myelin compartment where it 

can be locally translated dependent on neuronal signals, including neuronal activity. In white matter diseases like 

multiple sclerosis, differentiation of oligodendrocyte progenitor cells (OPC) into mature MBP+ oligodendrocytes 

(OL) is a prerequisite for remyelination. Also in neurodegenerative diseases like Alzheimer’s disease or 

Amyotrophic Lateral Sclerosis changes in white matter are suggested to contribute to pathology. A mutual 

hallmark is the presence of elevated intracellular stress levels by intrinsic (e.g. mutations, age) or extrinsic 

factors (e.g. lesion environment) that potentially also influence the OPC fate. Oxidative stress has been shown to 

prevent differentiation of OPC and we found an extensive decrease in MBP protein levels in response to stress 

preferentially during the immediate recovery phase. Activation of the integrated stress response leads to a global 

attenuation of CAP-dependent translation and the redistribution of stalled mRNAs into cytoplasmic RNA 

granules, including stress granules (SG). We found Mbp mRNA to be prominently sorted into oligodendroglial 

SG and a maturation-dependent prolonged persistence of SG in MBP+ OL during the recovery phase. We 

intended to identify the repertoire of RNA-binding proteins associating with the Mbp transcripts during oxidative 

stress, regulating the subsequent mRNA maintenance. We therefore have created stable Oli-neu cell lines 

expressing MS2-tagged isoforms of Mbp mRNA and the system served as a basis for RNA-centric affinity 

purification. We carried out a proteomic screen using SILAC to identify binding partners of MS2-labelled Mbp 

mRNA during oxidative stress. The obtained dataset includes known RNA-binding proteins as well as proteins 

previously not directly associated with RNA-binding or regulation and several candidates have been connected 

to CNS disease before. We currently analyse the function of selected candidates on Mbp mRNA localisation, 

stability and translation during acute stress situations and recovery from stress. We aim to better understand the 

regulation of MBP (and other myelin mRNAs) under cellular stress conditions and the consequences for OL 

maturation and myelination. 
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Activation of GABAB receptors promotes oligodendrocyte precursor cell differentiation and maturation 
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Differentiation of oligodendrocyte precursor cells (OPCs) is the most relevant event for myelination of axons in 

the central nervous system, and for remyelination in demyelinating diseases as multiple sclerosis. Myelination is 

a complex process mediated by neuron-glia interactions that involve several molecules such as growth factors 

and neurotransmitters like GABA. In this line, we previously reported that the expression and function of GABAA 

receptors in cultured oligodendrocytes (OLGs) is driven by axonal cues and that GABA signaling may play a 

relevant role in myelination and/or during axon-glia recognition (Arellano et al., 2016). Here, we show that GABA 

receptors, specifically GABAB subtypes, are functional regulators of OPC differentiation and myelination, both in 

vivo and in vitro models. First, we demonstrate in isolated cultures, cerebellar organotypic slices and rat brain 

sections, that OPCs express GABAB receptors (GABABRs) and maintain this expression during its maturity to 

OLGs. Additionally, OLGs express the two GABA-synthesizing enzymes, GAD65/67 and MAOB, and the GABA-

transporters GAT-1 and GAT-3. Moreover, we have detected that purified OLGs content intracellular GABA that 

may be released to the supernatant. Second, we have observed that exogenous GABA increases the number of 

myelin segments and MBP expression in DRG-OPC cultures, indicating that GABA may regulate axonal 

myelination. Surprisingly, selective GABABR activation with baclofen in a purified rat OPC culture accelerates 

OPC differentiation, enhances process branching and promotes local translation of MBP in peripheral areas. 

Moreover, chronic exposure of baclofen to isolated OPCs and cerebellar organotypic cultures promotes the 

production of MAG and MBP, effects that are attenuated in the presence of the GABABR antagonist CGP55485. 

Finally, we examine baclofen effects on oligodendroglial development by daily administration of baclofen 

(4mg/kg/day) or CGP35348 (10mg/kg/day) in developing rats, from postnatal day 6 to 12. Preliminary 

experiments show that GABABR modulation in these critical ages provokes changes in OLG differentiation and 

myelination rates in the corpus callosum and cerebellum, and increases the conduction velocity of the fibers in 

the corpus callosum, as shown by electrophysiological recordings. In conclusion, these results strongly suggest 

that GABA signaling via GABABRs is relevant to OLG maturation during development. 
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Strategies overcoming the loss of myelin sheath in central nervous system (CNS) demyelinating diseases often 

fail due to the lack of knowledge underlying the mechanisms of remyelination failure. The environment 

surrounding a demyelination lesion is seen as a hostile terrain characterized by many factors that can inhibit 

myelin production by oligodendrocyte precursor cells (OPCs). The formation of a glial scar with reactive 

astrocytes producing high amounts of altered extracellular matrix (ECM) proteins can seriously compromise 

OPC regenerative capacity.  

Our goal is to develop a novel in vitro tissue engineered platform to investigate how the alteration of mechanical 

properties caused by the glial scar following demyelination impacts the course of OPC differentiation. The 

platform consists on a structure of polydimethylsiloxane (PDMS) embed within an alginate matrix to fully recreate 

the 3D environment of the ECM.  

OPCs were shown to proliferate and differentiate into oligodendrocytes (OLs) when cultured on the PDMS 

structures. Differentiated OLs were found to extend their processes and generate spread myelin sheaths in a 

rapid and reproducible way.  

Alginate hydrogels were produced by combination of alginate formulations with cell adhesive moieties (RGD) 

and metalloproteinase-cleavable sequences (PVGLIG). RGD was grafted to the alginate by water-based 

carbodiimide chemistry and PVGLIG was conjugated to the polymer backbone either by carbodiimide chemistry 

or reductive amination. Resultant peptide incorporation was quantified by BCA assay. OPCs were shown to 

survive and differentiate into OLs expressing myelin markers (MBP, Olig2 and CNP), being the differentiation 

status conditioned by alginate- and peptide-concentration, as well as alginate crosslinking time. Modified 

hydrogels showed a stiffness comparable to brain’s (100Pa).  

Astrocytes were also embedded within the modified alginate matrices and showed capacity to extend long 

processes after day 1 in culture and create an astrocytic network. Meningeal fibroblast conditioned medium was 

used to activate astrocytes as previously reported [1] and astrocytic morphology remained similar. The effects on 

OPC differentiation will be further explored.  

Overall, this work contributes to the process of development of a new in vitro platform that can serve as a tool to 

dissect (de)myelination processes and opens further avenues towards the understanding of the impact of ECM 

mechanical properties on OPC differentiation. 
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Myelin is a spiral extension of the cell membrane of Schwann cells (SCs) in the peripheral nervous system 

(PNS) and of oligodendrocytes (OLs) in the central nervous system (CNS) which insulate axons thus increasing 

the speed of propagation of action potentials. During the development of the nervous system, both OL and SC 

precursors follow a tightly controlled process of cellular differentiation in order to become myelinating glia. It is 

known that myelination in rodents starts at around birth in the PNS followed by the CNS; however the spatio-

temporal aspect of this process remains to be clarified in both parts of the developing nervous system. We used 

the CLARITY technique in combination with light-sheet microscopy to follow the first steps of CNS myelination in 

brain and spinal cord. For PNS myelination, we chose as a model the sciatic nerve and the ventral (motor) and 

dorsal (sensory) roots that branch off the spinal cord from the transitional zone to generate the peripheral nerve. 

We concentrated on the late developmental stages (starting from E16.5) till early postnatal stages spanning the 

period of initiation of myelination in rodents. We detected the expression of myelin markers in both parts of the 

nervous system already at late embryonic stages, predominantly in the ventral side of the spinal cord in the CNS 

and in the ventral roots in the PNS. Interestingly, while our data indicate the existence of a rostro-caudal gradient 

during the onset of myelination along the spinal cord and in the roots, we failed to detect a gradient in 

progression of myelination along proximal (near spinal cord) to distal axis. Finally, we used an ex-vivo dorsal root 

ganglia neuron-SC co-culture approach based on compartmentalized microfluidic chambers in order to model 

the initiation and progression of PNS myelination. Both our in vivo and in vitro observations indicate that 

myelination starts in restricted anatomical areas and spreads quickly along axons. 
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Multiple sclerosis is a demyelinating disease of the central nervous system (CNS) characterised by immune-

mediated destruction of myelin-producing oligodendrocytes. While there is a plethora of disease modifying 

therapies to reduce relapses, there are currently no available treatments to boost myelin repair. Regulatory T 

cells secrete CCN3, a matricellular protein that promotes oligodendrocyte progenitor cell (OPC) differentiation 

and developmental myelination in murine brain slice cultures. These findings identified CCN3 as a candidate of 

interest in CNS myelination and therefore we aim to investigate the expression and role of CCN3 during myelin 

development and regeneration.  

Oligodendrocytes were quantified in the corpus callosum in the brain, and the ventral white matter in the spinal 

cord of CCN3+/+ and CCN3-/- mice. We found no difference in the number of oligodendrocytes between groups, 

suggesting that CCN3 is not necessary for the normal development of oligodendrocytes. To investigate the role 

of CCN3 in OPC differentiation in vivo, CCN3+/+ and CCN3-/- mice were injected with lysolecithin in the ventral 

white matter of the spinal cord. There was no difference in the number of proliferating OPCs at 5 days post 

lesion (dpl), or differentiated oligodendrocytes at 14 dpl. In a model of cuprizone-induced demyelination, there 
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was no significant difference in the number of oligodendroglia or differentiated oligodendrocytes in the corpus 

callosum during remyelination in CCN3+/+ and CCN3-/- mice. Interestingly, in the cuprizone model CCN3 was 

detected in the lateral septum and the corpus callosum during demyelination as well as concurrent and 

subsequent remyelination, in contrast to untreated controls. To date, it is unknown if CCN3 is actively involved in 

myelin regeneration in this model or whether this expression was a response to stress. Furthermore, the cellular 

or structural source of this CCN3 is currently unknown and under investigation. Ongoing work is examining 

whether CCN3 is required for efficient remyelination, and whether lack thereof affects myelin wrapping in the 

spinal cord. 

 

T12-059C 
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Oligodendrocytes, the myelinating cells of the central nervous system (CNS), concentrically wrap axons with 

multi-lamellar sheets of their plasma membrane both to enable rapid saltatory conduction of nerve impulses as 

well as to provide nutritional support for axons. In inflammatory or neurodegenerative CNS diseases like multiple 

sclerosis (MS) and multiple system atrophy (MSA) loss of myelin sheaths is an important structural hallmark. In 

order to maintain axons from severe degenerative processes myelin is regenerated by local proliferation and 

differentiation of oligodendrocyte precursor cells (OPCs). Since intrinsic remyelination is limited and often fails to 

restore compact myelin the exploration of remyelinating strategies is crucial. Several antimuscarinic and 

antihistaminic molecules (e.g. benztropine, clemastine) showed promyelinogenic effects in in vitro high-

throughput screenings of rodent OPCs and in different murine disease models. However, the underlying 

pathways of this promyelinogenic effect remain poorly understood. In particular, the mitogen-activated protein 

kinase (MAPK) pathway, especially the extracellular signal-related kinase (ERK) 1 and 2, influences 

oligodendroglial myelination. Interestingly, oligodendroglial activation of ERK 1 and 2 increases myelin sheath 

thickness during development. In this project, we aim to examine the link between MAPK-mediated myelination 

and different antimuscarinic molecules to gain more insights into the underlying molecular mechanisms. 

Investigating these molecular mechanisms will help to find new therapeutic approaches for inflammatory and 

neurodegenerative demyelinating diseases (e.g. MS and MSA). 
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Liver X Receptor exerts a protective effect against the oxidative stress in the peripheral nerve 
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Reactive oxygen species (ROS) modify proteins and lipids leading to deleterious outcomes. Thus, maintaining 

their homeostatic levels is vital. This study highlights the endogenous role of LXRs (LXRα and β) in the 

regulation of oxidative stress in peripheral nerves. We report that the genetic ablation of both LXR isoforms in 

mice (LXRdKO) provokes significant locomotor defects correlated with enhanced anion superoxide production, 
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lipid oxidization and protein carbonylation in the sciatic nerves despite the activation of Nrf2-dependant 

antioxidant response. Interestingly, the reactive oxygen species scavenger N-acetylcysteine counteracts 

behavioral, electrophysical, ultrastructural and biochemical alterations in LXRdKO mice. Furthermore, Schwann 

cells in culture pretreated with LXR agonist, TO901317, exhibit improved defenses against oxidative stress 

generated by tert-butyl hydroperoxide, implying that LXRs play an important role in maintaining the redox 

homeostasis in the peripheral nervous system. Thus, LXR activation could be a promising strategy to protect 

from alteration of peripheral myelin resulting from a disturbance of redox homeostasis in Schwann cell.  
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Myelination of axons is crucial for proper nervous system function by enabling fast saltatory nerve conduction. 

One important factor is the distance between the nodes of Ranvier and in consequence the length of the myelin 

sheaths. Although various factors have been identified that can affect myelin sheath length, only little is known 

about the mechanisms that control where myelin sheaths and nodes of Ranvier are positioned along an axon.  

To investigate the formation of axon myelin patterns we generated transgenic reagents to visualize axons, 

myelin and nodes of Ranvier using live cell imaging in zebrafish. We identified that distinct types of neurons get 

myelinated with different dynamics. While some neurons were fully myelinated within a few days, others 

maintained large unmyelinated stretches over long periods of time. When we followed the growth dynamics of 

individual sheaths, we found that all sheaths showed the same growth pattern characterized by an initial phase 

of rapid and variable growth, which ceased within three days after their respective initiation. This growth 

cessation was independent of whether a myelin sheath met a neighboring sheath or not. We also observed that 

the majority of nascent sheaths showed asymmetric lateral growth, again without the presence of neighboring 

sheaths that could prevent further extension in one direction. We found that some axons had collateral branches, 

and these axonal branch points were always the sites where sheaths stopped to form a node of Ranvier. 

However, the vast majority of nodes did not have axon collaterals, indicating the existence of another signal that 

could act as a barrier to prevent sheath growth. We tested different transgenic markers whose localization is 

restricted to nodes of Ranvier along myelinated axons, but which remain diffuse along unmyelinated stretches of 

the same axon. One of these markers (Neurofascin-XFP) also displayed inhomogeneous localization and 

clustered fluorescence along unmyelinated axon stretches. The position of these clusters remained stable over 

several days, in the absence of any myelination. When we correlated cluster position prior to ensheathment with 

the eventual node of Ranvier position, we found that the majority of nodes already had detectable Nfasca 

clusters at the same position. Together, our data suggest that different axonal cues control myelin sheath length 

and the positioning of nodes of Ranvier along axons. 
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Insights into control of oligodendrocyte differentiation and axonal choice for developmental and 
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Oligodendrocytes ensheath CNS axons, thereby enabling rapid signal transduction and providing their metabolic 

support. Failure of myelination and its loss in injury and disease have major consequences for axon function and 

health. Myelin can regenerate, but this process is often less efficient than developmental myelination. It is 

therefore important to understand if differences between primary/developmental and secondary/regenerative 

myelination exist, and how they might be regulated. To address this question, we have taken advantage of 

zebrafish to investigate oligodendrocytes in a choice situation of developmental and regenerative myelination in 

the same system.  

We have developed an assay for targeted oligodendrocyte ablation using 2-photon bleaching of the genetically 

encoded photosensitizer KillerRed expressed in myelinating oligodendrocytes. Time-lapse imaging revealed 

rapid fragmentation of the vast majority of observed cells within a few hours post ablation. This method also 

proved highly specific, with no bystander damage to surrounding axons.  

We used this ablation assay to demyelinate axons located in the dorsal tract of the zebrafish spinal cord by 

ablating oligodendrocytes within this tract, using the myelinated dorsal tract in the contralateral side as internal 

control. Light microscopic and ultrastructural analysis revealed robust demyelination of dorsal spinal cord axons 

on the first day post ablation. Over subsequent days, myelinating oligodendrocytes re-appeared in the ablated 

area, in conjunction with increasing numbers of myelinated axons. When we compared oligodendrocyte numbers 

in the ablated versus contralateral control side, we found that the re-population in the lesion occurred at the 

same rate as new myelinating oligodendrocytes appeared on the control side, indicating no increased 

differentiation in response to the ablation. Analysis of myelinated axon number by electron microscopy also 

revealed substantial, yet incomplete remyelination within the ablated dorsal tract. Furthermore, over the time 

course of analysis, axons adjacent to the dorsal tract became newly myelinated. When we compared myelinated 

axon numbers in this area, it was also reduced compared to the control side. Taken together, our data suggest 

that differentiating oligodendrocytes show no axonal preference for primary/developmental versus 

secondary/regenerative myelination. Our data also indicate that axonal availability is not sufficient to induce 

enhanced differentiation of oligodendrocyte precursor cells. 
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Prohibitin 1 preserves axon and myelin integrity in the peripheral nervous system 
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Schwann cells (SCs) in the peripheral nervous system (PNS) surround axons to provide trophic and metabolic 

support and to form myelin. Therefore, disruption of Schwann cell function can lead to axonal damage and 

subsequent motor and sensory impairments. We recently identified prohibitin 2 as a new regulator of myelination 

(Poitelon. Y et al., 2015). Here we report results of the related protein, Prohibitin 1. Ablation of prohibitin 1 
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specifically in Schwann cells in mice (Phb1-SCKO) leads to a progressive peripheral neuropathy characterized 

by demyelination and axonal degeneration. These alterations result in severe impairment in nerve conduction 

and gait followed by hindlimb paralysis. Prohibitins are mainly localized in mitochondria and are essential for 

their stability and function. Accordingly, Schwann cells lacking prohibitin 1 show a drastically affected 

mitochondrial morphology and function. We detected mitochondrial swelling, depletion of mitochondrial DNA and 

reduced respiratory reserve capacity. These alterations could be partially mediated by the increased proteolytic 

processing of Opa1 in Phb1-SCKO animals. Opa1 is a critical regulator of cristae morphogenesis and 

mitochondrial fusion, processes essential for mitochondrial function. In addition, Phb1-SCKO mice show a cell-

-

Jun. These results add to previous findings demonstrating that ablation of other mitochondrial proteins, such as 

Tfam and Cox10, in SCs also causes demyelination and axonal degeneration. Understanding why Phb1 in SC 

mitochondria are critical for homeostais in the PNS may have implication for several human neuropathies, 

including the peripheral neuropathy present in about 30% of patients with mitochondrial diseases, diabetic 

neuropathies and some forms of Charcot-Marie-Tooth disease in which structure and function of SC 

mitochondria are altered. 
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Myelin structure alterations and glutamatergic system impairment in a rat model for non ketotic 
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INTRODUCTION Non ketotic hyperglycinemia (NKH) is an inborn error of glycine (GLY) catabolism caused by 

mutations in genes encoding proteins of GLY cleavage system. Most patients present the neonatal form of the 

disorder, characterized by severe neurological symptoms such as developmental delay, hypotonia and seizures. 

Imaging studies show abnormalities in white matter, dysgenesis of the corpus callosum and enlargement of 

ventricles. Treatment with NMDA receptor antagonists presents varying results, suggesting that NMDA-mediated 

excitotoxicity could be a contributing pathomechanism. Furthermore, it has been shown that GLY exerts toxicity 

in rat brain, but little is known about its impacts on myelination of developing brain. Therefore, we investigated 

the effects of GLY administration on myelin structure and compaction, as well as on glutamatergic system in rat 

brain. METHODS One-day-old Wistar rats received a single intracerebral injection of GLY (0.2 μmol/g) or vehicle 

(controls) and were euthanized on post-natal day 15. Rat brain sections (40 μm) were prepared with vibratome 

and used for evaluation of myelin basic protein (MBP), myelin associated glycoprotein (MAG) and neuroglycan 2 

(NG2) by immunofluorescence. Striatum homogenates were prepared for the measurement of NeuN, GFAP, 

NMDAR1, GLT1 and GLAST protein content by western blotting. RESULTS Immunofluorescence analysis 

shows that GLY significantly decreased MBP and MAG staining and disrupted myelin pattern and level of 

compaction in rat corpus callosum and striatum. Moreover, GLY further decreased the content of MAG protein in 

striatum. In addition, we verified a trend towards the decrease in NG2 staining, suggesting injury of 

oligodendrocyte precursor cells. It was also found that GLY decreased the protein content of NMDAR1 (NMDA 

receptor subunit), as well as of GLAST and GLT1 (glial glutamate transporters) in striatum, suggestive of 

excitotoxic damage. Finally, GLY increased GFAP and decreased NeuN content, indicating that this amino acid 

induces glial reactivity and neuronal loss respectively. CONCLUSIONS Our results show that neonatal exposure 

to GLY causes alterations in myelin, and induces glial reactivity and neuronal loss, possibly mediated by 
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disturbances in glutamatergic system. Therefore, these pathomechanisms may underlie the brain abnormalities 

observed in individuals affected by NKH. 
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Transient expression of tissue-type plasminogen activator is associated to myelination processes in 

mice spinal cord. 
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During development, the oligodendrocyte lineage progression is spatially and temporally tightly regulated, by a 

multitude of intrinsic/extrinsic factors, which control oligodendrocyte development and myelination. A recent 

study reported that tissue-type plasminogen activator (tPA), a serine protease expressed in CNS, is involved in 

oligodendrocyte migration during development. Here we study the implications of tPA on oligodendrocyte 

differentiation, myelin growth and axonal ensheathment in mice spinal cord.  

First, we followed, by immunohistochemistry, the expression of tPA in oligodendrocyte lineage from embryonic 

stages until adulthood. We observed that its expression starts early at the 11th  embryonic day (E11) in neural 

stem cells. At E13, once neural stem cells from the progenitors motoneurons domain (pMN domain) become 

oligodendrocytes precursor cells (OPC), tPA expression is no more detectable. During the first stages of 

oligodendrocyte differentiation tPA is not expressed by neither OPC nor pre-oligodendrocytes. However, at the 

beginning of myelinogenesis (from E19), tPA appears in some premyelinating/myelinating oligodendrocytes. The 

number of oligodendrocytes expressing tPA increases during active myelination (from P0 to P15) and then 

decreases when myelination is well established. 

Second, to study the involvement of tPA in myelination processes, we compared the myelin basic protein (MBP) 

expression between tPA knock-out mice and their wild-type littermates. We observed in region- and time-

dependent manner a delayed MBP expression in tPA knock-out mice compared to wild-type mice.  

Here, we report that tPA is transiently expressed in premyelinating/myelinating oligodendrocytes suggesting that 

this protein is implicated in oligodendrocytes differentiation. Ongoing investigations using electronic microscopy, 

will specify its implications in myelin growth and axonal ensheathment by visualizing different parameters such 

as g-ratio. 
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Roles for collapsin resonse mediator protein 2 in EAE and OPC maturation 
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Collapsin Mediator Response Protein 2 (CRMP2) is a member of a family of proteins best characterized for roles 

in neuritogenesis, axon growth, and neuroprotection; however CRMP2 also has roles in early oligodendrocyte 

(OLG) maturation. CRMP2 activity is regulated by phosphorylation, including by Cdk5 at serine 522, which 

reduces CRMP2 interactions with targets proteins including b-tubullin, voltage gated channel calciums (VGCCs), 

and NMDARs. We previously showed that LKE (lanthionine ketimine ethyl ester) is a semi-synthetic derivative of 

the amino acid lanthionine, which inhibits CRMP2 phosphorylation, significantly reduced disease severity and 

neuropathology in the MOG peptide chronic EAE model of MS. To determine if LKE effects involve OLG or OLG 

progenitor cell (OPCs), we tested its actions on OPCs prepared from mixed glial cultulres, and from E13 neural 

stem cells. In OPCs, we found that process complexity and the average number of processes per cell were 

increased by LKE. LKE also increased expression of myelin proteins PDGFRa and MBP. To determine if LKE 

influences earlier stages of OPC maturation we prepared neurospheres from E13 mouse ventricles and used 

bFGF and PDGFa to direct them towards an OPC lineage.  After 1 day there were a greater number of cells 

migrating out from spheres due to LKE, while after 3 days, LKE reduced GFAP expression, increased Olig1 

expression in migrating cells, and increased process complexity and O4 staining. LKE also increased MBP and 

PDGFRa mRNA levels. To determine the importance of CRMP2 S522 phosphorylation, we generated mice with 

Serine to Alanine knockin (KI). In these mice, the severity of MOG peptide induced EAE was reduced; and levels 

of PLP and Olig1 were increased in the spinal cord. These results demonstrate compounds such as LKE which 

block CRMP2 phosphorylation can increase early stages of OPC committment and maturation, which may 

contribute to their beneficial effects seen in EAE. Whether LKE actions are mediated through tubulin, VGCCs, or 

NMDARs is under investigation. 
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LKE increases OPC maturation 
OPCs were prepared from P1 rat glial cultures, replated onto PDL-coated cover slips, then treated with 10 uM LKE for 3 days 

and stained for PDGFRa and a-tubulin. 
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Ether-phospholipids are required for oligodendrocyte maturation and their intrinsic capacity to 

assemble myelin 
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Plasmalogens are the most abundant form of ether-phospholipids in myelin and their deficiency causes 

Rhizomelic Chondrodysplasia Punctata (RCDP), a severe developmental disorder. Using the Gnpat knockout 

(KO) mouse as a model of RCDP, we determined the consequences of a plasmalogen deficiency during 

myelination and myelin homeostasis in the central nervous system (CNS). We unraveled that the lack of 

plasmalogens causes a generalized hypomyelination in several CNS regions including optic nerve, corpus 

callosum and spinal cord. The defect in myelin content evolved to a progressive demyelination concomitant with 

generalized astrocytosis and white matter-selective microgliosis. Oligodendrocyte precursor cells (OPC) and 

mature oligodendrocytes were abundant in the CNS of Gnpat KO mice during the active period of demyelination. 

Axonal loss was minimal in plasmalogen-deficient mice although axonal damage was observed in spinal cords 

from aged Gnpat KO mice. Characterization of plasmalogen-deficient myelin identified myelin basic protein and 

septin 7 as early markers of dysmyelination, whereas myelin-associated glycoprotein was associated with the 

active demyelination phase. Using in vitro myelination assays, we unraveled that the intrinsic capacity of 

oligodendrocytes to ensheath and initiate membrane wrapping requires plasmalogens. The defect in 

plasmalogens was rescued with glyceryl 1-myristyl ether (1-O-tetradecyl glycerol (1-O-TDG)), a novel alternative 

precursor in the plasmalogen biosynthesis pathway. 1-O-TDG treatment rescued myelination in plasmalogen-

deficient oligodendrocytes and in mutant mice. Our results demonstrate the Accepted Article This article is 

protected by copyright. All rights reserved. importance of plasmalogens for oligodendrocyte function and myelin 

assembly, and identified a novel strategy to promote myelination in nervous tissue. 
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Demyelinating diseases of the central nervous system (CNS) are often characterised by both a breakdown of the 

myelin sheath and by secondary neuronal damage. Demyelination can cause excessive calcium influx into 

neurons leading to excitotoxicity which, in turn, accelerates oligodendrocyte degeneration. Current therapies for 

demyelinating disorders, such as Multiple Sclerosis, act predominantly as immune-modulators and are 

ineffective at protecting neurons against damage in the latter stages of the disease. Furthermore, research in the 

past few years have strongly suggested a physical contribution to myelin initiation and repair. Here, we 

hypothesize that Piezo1 -a mechanosensitive cation channel- may play a role in regulation of myelination, and 

we present evidence that the peptide GsMTx4, a blocker of such stretch-activated cation channels, enhances 

developmental myelination ex vivo and prevents focal demyelination in vivo.  

Using the ex vivo organotypic slice culture model, we observed that GsMTx4 enhanced developmental 

myelination in cerebellar slices, contrary to Piezo1 activator, Yoda-1, which caused demyelination. Moreover, 

GsMTx4 prevented psychosine-induced demyelination ex vivo. This was also corroborated in vivo usgin the 

LPC-induced focal demyelination injury in young adult mice by stereotaxic surgery, where GsMTx4 prevented 

the LPC-induced demyelination, neuronal and astrocytic toxicity and microglial reactivity. Piezo1 channels are 

expressed mainly by neuronal cell types in the mouse brain while seem to be absent in oligodendrocytes. Thus, 
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our data suggest that targeting Piezo1 channels and attenuating excessive calcium influx blockage of stretch-

activated cation channels, may help to prevent secondary progressive neurodegeneration in latter stages of 

demyelinating diseases. 
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Src family kinases (SFK) are a family of non-receptor tyrosine kinases that integrate and transduce information 

about the extracellular environment to regulate downstream intracellular processes. The SFK member Fyn is 

needed for normal myelin production, with a global knockout of Fyn or loss of Fyn kinase activity resulting in 

severe hypomyelination. Conversely, we found that constitutive activation of Fyn in oligodendrocytes (via loss of 

C-terminal Src Kinase (Csk), a negative SFK regulator) leads to increased myelin wrapping (hypermyelination) in 

the brain and spinal cord. Hypermyelination in Csk knockouts was, surprisingly, not accompanied by detectable 

changes in MAPK or mTOR pathway activity, two pathways known to control the extent of myelin wrapping. 

Instead, Csk loss was accompanied by a 7-fold increase in AMP-kinase (AMPK) transcripts. AMPK acts as the 

metabolic sensor in the cell and is activated during energy intensive processes (e.g., myelination) to regulate the 

activity or expression of proteins involved in ATP synthesis. Exogenous activation of AMPK can be achieved with 

metformin, a drug used to treat type 2 diabetes. We found that metformin treatment of oligodendrocyte 

progenitor cells increases the expression of myelin proteins (MBP, CNP) and accelerates the generation of 

mature oligodendrocytes. Studies to evaluate the ability of metformin to influence myelination and/or myelin 

repair are currently underway. The ability to manipulate the SFK-AMPK signaling axis may prove to be beneficial 

in the development of remyelination therapies aimed at combating demyelinating diseases such as Multiple 

Sclerosis. 
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Cognitive dysfunction is implicated in multiple psychiatric disorders, including schizophrenia (SZ), and thought to 

arise from prefrontal cortex (PFC) dysfunction. Here we found PFC-dependent cognitive impairment in a rat 

model for SZ and revealed the neurobiological sequence of events causing this impairment. The APO-SUS rat 

line, which is selectively bred based on hyperactivity upon apomorphine injection, shows without genetic or 

pharmacological intervention similarities with SZ patients on behavioural, endocrinological and neurobiological 

level. In this rat line, we revealed, using transcriptomic analysis, decreased expression of genes related to the 

metabolism of the antioxidant glutathione in the medial (m)PFC. Levels of glutathione itself were also found to be 

significantly lower in the mPFC of the APO-SUS rats. Oligodendrocyte progenitor cells (OPCs) are extremely 

vulnerable to oxidative stress caused by decreased levels of glutathione, and we indeed identified a reduced 

proliferation and differentiation of OPCs in the APO-SUS mPFC. This was accompanied by a decrease in 

myelinated axon number and caliber, but no active demyelination was observed, indicating neurodevelopmental 

hypomyelination. Furthermore, the expression patterns of glutathione-related genes were altered from birth 

onwards, while myelin-related gene expression was decreased only from post-natal day 28 onwards. We 

conclude that oxidative stress leads to defective OPC maturation and hypomyelination, contributing to prefrontal 

cognitive dysfunction in SZ, a finding with relevance for other psychiatric disorders. 
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Central nervous system myelin is a multilayered membrane produced by oligodendrocytes to increase neural 

processing speed and efficiency. The correct targeting of myelin to axons is essential for neuronal circuit 

function, but the molecular mechanisms underlying the selection of axons for myelination are unknown. Using 

combined morphological and molecular analyses in mice and zebrafish, we show that adhesion molecules of the 

paranodal axo-glial junction and myelin-associated glycoprotein work synergistically using overlapping functions 

to coordinate targeting and wrapping of myelin. In the absence of these adhesive systems, axonal recognition of 

myelin is impaired with myelin being mistargeted on top of previously myelinated fibers, around neuronal cell 

bodies and above nodes of Ranvier. In addition, myelin layers are misarranged with the leading edge moving 

away from the axon and out of the sheath. Our data show how two adhesive systems function together to 

confine the leading edge of the extending sheath to the axon during myelin growth. This model can explain how 

specificity is generated for myelination of axons in the CNS. 
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Objective: Traumatic brain injury (TBI) induces neuroinflammation and white matter injury (WMI). It is suggested 

that neuroinflammation, more particularly microglial activation, could promote WMI over time. Depending on its 

microenvironment, activated microglia can adopt either a pro-inflammatory (M1-like) or an anti-

inflammatory/immunoregulatory phenotype (M2-like). Our laboratory contributed to show (1) that TBI induces a 

mixed population of microglial phenotypes and (2) that this microglial activation precedes the demyelination, 

which results in myelin debris production. Several studies suggest that these myelin debris might in turn increase 

neuroinflammation by promoting M1-like phenotype, thus forming a vicious circle. However, other studies 

challenge this hypothesis. In this context, we evaluated the myelin debris effects on microglial polarization on 

primary culture of murine microglia.  

Material and methods: To mimic physiological conditions, microglia were incubated with mouse myelin debris 

(40 µg of proteins/ml) for 6 or 24 hours. LPS was used as a positive control of M1-like phenotype.  

To mimic the post-TBI inflammatory environment, microglia were co-incubated with pro- or anti-inflammatory 

stimuli (TNFa 50 ng/ml or IL-4 20 ng/ml, respectively) and myelin debris for 24 hours.  

Phenotypes were characterized by RT-qPCR, western blotting, immunofluorescence staining, and nitrite assay. 

Myelin debris phagocytosis was evaluated using cytochalasin D.  

Results: Under physiological conditions, myelin debris did not modify microglial phenotypes.  

Under pro-inflammatory conditions, myelin debris myelin debris not only decreased the M1-like phenotype, but 

also promoted the M2-like phenotype. Under anti-inflammatory conditions, myelin debris increased the M2-like 

phenotype. Phagocytosis inhibition reduced myelin debris effects.  

Conclusion: Our study shows that myelin debris do not induce a M1-like phenotypic shift, but on the contrary, 

identifies, for the first time, myelin debris as potential endogenous antiinflammatory components following TBI. 

Moreover, their beneficial effect is partly mediated by their phagocytosis by microglia. Future work will have to 

identify (1) which phagocytosis pathway(s) is(are) particularly involved, and/or (2) other mechanism(s) such as 

those triggered by myelin debris lipid components. 
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Demyelination and remyelination occur after spinal cord injury (SCI) but their functional relevance is unclear. We 

assessed the role of remyelination in functional recovery after contusive thoracic SCI in mice by deleting the 

gene for myelin regulatory factor (Myrf) in platelet-derived growth factor receptor alpha positive (PDGFRα-

positive) oligodendrocyte progenitor cells (OPCs). Mice with a Myrf inducible knockout (Myrf ICKO) displayed 

roughly half the total number of oligodendrocytes  (olig2+/CC1+) within 1mm of the lesion epicenter compared to 

controls. Myrf ICKO prevented the maturation of new oligodendrocytes, whereas control mice regenerated 

oligodendrocytes lost during the secondary injury phase of SCI. OPC proliferation and density were not altered 

by Myrf inducible knockout after SCI as Myrf is not utilized by these cells. Analysis of plastic sections showed a 

44% reduction in myelinated axons at the lesion epicenter. SCI reduced the number of myelinated axons from 

around 150000 to 27000, while Myrf ICKO reduced this further to 15000 since remyelination was halted. This 

revealed that approximately 12000 axons are normally remyelinated by oligodendrocytes after moderate thoracic 

SCI. Schwann cell myelination was seen only in the dorsal column, and though many are derived from PDGFRα-

positive cells, their numbers were unchanged after Myrf ICKO. Despite remyelination failure, spontaneous 

locomotor recovery after SCI was not altered. In fact, controls with functional MYRF showed locomotor recovery 

prior to the onset of oligodendrocyte myelin regeneration. Since 27000 axons were spared after injury, we 

performed a more severe thoracic SCI using this genetic model to test whether a functional deficit becomes 

apparent when remyelination of fewer spared axons is prevented. Despite a lower total recovery in both groups 

compared to a moderate SCI, the rate of recovery and maximal recovery was unchanged after Myrf ICKO 

compared to wildtype mice following a severe SCI. Collectively, these data demonstrate that MYRF expression 

in PDGFRα-positive cell derived oligodendrocytes is indispensable for oligodendrocyte myelin regeneration 

following contusive SCI but that remyelination is not required for spontaneous recovery of locomotion. Ultimately, 

this study raises doubts whether rodent models of SCI are suitable to determine in as much remyelination is a 

target for clinical translation of cell transplantation following spinal cord injury. 
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Myelination patterns in the cerebral cortex are highly variable, with sheath content varying among different types 

of neurons and even along the length of individual axons. Despite this evidence of discontinuous myelination, 

recent in vivo imaging studies indicate that myelin sheaths in the adult CNS are remarkably stable, suggesting 
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that maintaining sheath placement is important for cortical function. The destruction and regeneration of myelin 

sheaths in the cortex is a critical component of multiple sclerosis (MS) pathogenesis. In both relapsing-remitting 

forms of human MS, and the cuprizone model of demyelination in mouse, the cortex is capable of spontaneous 

remyelination. However, it is unknown whether precise myelination patterns are restored following 

oligodendrocyte regeneration.  

To determine the specificity of myelin repair in the cortex, we performed longitudinal in vivo two-photon 

microscopy to follow individual oligodendrocytes and their myelin sheaths through de- and remyelination in 

MOBP-EGFP mice fed 0.2% cuprizone diet for 3 weeks. This protocol was sufficient to induce near-complete 

loss of oligodendrocytes within the upper layers of cortex, with complete restoration of oligodendrocytes 

occurring after 5 weeks. However, deeper layers of the cortex failed to regenerate as robustly, only reaching 

~60% of control density by 9 weeks. Regenerated oligodendrocytes were formed in different locations, but had 

similar overall morphologies and comparable sheath production, despite the larger axonal territory available, 

suggesting oligodendrocyte size is primarily determined by cell-autonomous mechanisms. Unexpectedly, myelin 

sheaths from regenerated oligodendrocytes overlapped only weakly with the territories of previous 

oligodendrocytes, and less than a randomly distributed population, suggesting that inhibitory factors may prevent 

regenerated oligodendrocytes from differentiating within the territories of degenerated cells. As a result, only 

58% of individual myelin sheaths were restored and many novel sheaths were formed along previously-

unmyelinated axon segments. However, for instances where sheaths were replaced, their placement along 

axons was remarkably conserved, suggesting that demyelinated axons retain for many weeks molecular marks 

that dictate sheath location. These studies suggest that despite efficient oligodendrocyte regeneration, overall 

myelination patterns are not preserved during remyelination, which may have consequences for sensory 

processing and cognitive function.   
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CD300f is a member of the CD300 family of immunoregulatory molecules that acts as a dual activating and 

inhibitory receptor in myeloid cells. Phosphatidylserine and sphingomyelin are described among the lipidic 

ligands of CD300f. In the central nervous system, they are concentrated in oligodendrocytes and some 

astrocytes. Studies in experimental autoimmune encephalomyelitis showed a protective role of CD300f in CNS 

inflammation. However, the direct effect of CD300f in demyelinating events has not yet been determined. 

Therefore, the aim of this work is to describe the CD300f function after cuprizone (CPZ)-induced demyelination. 

For this purpose, CD300fKO and WT male adult mice were administrated with either a 0.2% CPZ-supplemented 

diet or a normal diet. After 5 weeks of daily treatment, animals were sacrificed and samples were fixed and 

embedded in paraffin. Paraffin-microtome sections containing corpus callosum were obtained and stained with 

Luxol Fast Blue (LFB) and myelin binding protein (MBP) immunohistochemical detection to assess 

demyelination. To determine changes in glial populations, immunohistochemical detection of GFAP, Olig2 and 
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Iba-1 was performed. Our data showed that both WT and CD300fKO animals underwent similar weight loss after 

CPZ administration. Sections stained with LFB showed a remarkable reduction of myelin in the corpus callosum 

of both WT and CD300fKO being this decrease more intense in the transgenic mice (five-fold). In contrast, no 

differences in the reduction of MBP staining after CPZ treatment was found in both groups. Under physiological 

conditions, no significant differences were found between CD300fKO and WT mice, although qualitatively a 

slight increase in the number of immature Olig2-positive oligodendrocytes seemed to be found in CD300fKO 

animals. In addition, the number of Olig2-positive oligodendrocytes decreased after CPZ treatment to a similar 

extent in both WT and KO animals. Though microgliosis and astrogliosis increased after the administration of 

CPZ, no relevant differences were observed when comparing WT-CPZ and CD300fKO-CPZ. Overall, our study 

suggests that CD300f does not show any important effects in cuprizone-induced demyelination. In spite of this, 

the remarkable differences in demyelination detected with LFB in CD300fKO mice respect to WT-CPZ should be 

further studied to achieve a full comprehension of cuprizone-induced demyelination in CD300fKO mice. 
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Pharmacologic stimulation of endogenous stem cells has become an attractive alternative to cellular 

transplantation.  Metformin, a drug widely used for type 2 diabetes, has previously been shown to stimulate adult 

neurogenesis and to promote  expansion, migration and differentiation of neural stem cells as well as functional 

recovery in a model of hypoxia/ ischemia of newborn mice (Wang et al., 2012; Dadwal et al., 2015).    

Here we ask whether Metformin promotes remyelination when given after a 6 week regimen of cuprizone plus 

rapamycin to produce demyelination in the CNS, in particular the corpus callosum. Genetic fate mapping of 

oligodendrocytes in PDGFRaCreERT2: :ROSAmTomato/ mGFP mice allowed us to unequivocally identify areas 

of remyelination within the corpus callosum.  Tamoxifen was given 4x during week 5 of intoxication to induce 

recombination. Metformin was injected (200mg kg-1 day-1) i.p. for seven days starting at the end of the cuprizone 

regimen.  On day 8 the mice were perfused and processed for immunohistochemistry of Myelin Basic Protein 

(MBP), Green Fluorescent Protein (GFP) and axons (SMI-312 antibody).  Four squares (100 microns x 

100 microns) within the area of remyelination in the corpus callosum anterior to the fornix were imaged at 63x 

magnification on a confocal microscope and immuno-reactivity quantified by thresholding using Image 

J.   Metformin treatment almost doubled MBP immunoreactivity (p=0.012) while the axonal signal (SMI312 

immunoreactivity) remained the same.  GFP immunoreactivity was also significantly higher in the Metformin 

group suggesting a stimulation of the oligodendrocyte precursor pool.  We are presently performing cell counts 

of OPCs and mature oligodendrocytes in these regions of interest. Quantifications of myelinated axons in plastic 

sections of the contralateral brain hemispheres of the same mice by electron microscopy will be presented. 

Taken together, our data indicate that metformin stimulates oligodendrocyte turnover and remyelination and may 

be suited for clinical promotion of white matter repair. 
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Myelin (re) generation and maintenance likely impose a high energy demand on oligodendroglial cells. Yet, little 

is known about energetic requirements of oligodendrocyte progenitor cells (OPCs) and newly-generated 

oligodendrocytes. While glucose is the main energy fuel for all cells, lactate and ketone bodies, can also be used 

as sources of energy. Interestingly, lactate is considered as a preferred energy substrate for neurons. Our 

hypothesis is that lactate may also be used to fulfill energetic demands of oligodendroglia during myelin 

generation and repair. We are therefore investigating the expression of different lactate transporters 

(monocarboxylate transporters; MCTs) during oligodendrogenesis in vitro and in vivo and the role of these 

molecules in (re)myelination . 
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Myelin basic protein (MBP) is a constituent of the myelin sheath that insulates mechanosensitive 

(touch/vibration) afferent fibers of the peripheral nervous system (PNS). We here report that pure MBP84-104 

peptide (representing the central fragment released with PNS injury) administration into sciatic nerve or cultured 

dorsal root ganglia (DRG) produces significant sex-specific effects in pain behavior, transcriptional response and 

cell bioenergetics. Specifically, MBP84-104 induced sustained mechanical hypersensitivity (Von Frey test) in 

female, but not male, mice. The control scramble and mutant histidine H89G-MBP84-104 peptides produced no 

mechanical hypersensitivity. According to our RNA-seq data, sexually dimorphic were the effects of MBP84-104 

on lipid metabolism signaling, cell-mediated immunity, nociceptive and calcium signaling in the injected nerve 

and segmental DRG. MBP84-104 reduced extracellular acidification in female, but not male, DRG cultures 

(Seahorse XF extracellular flux analyses), suggestive of selective alteration in glycolysis. Using mass 

spectrometry, we identified 105 proteins that specifically interacted with MBP84-104 in nerves, including protein 

kinases, ion channels, transcriptional regulators and cytoskeletal components. Female and male rats exhibited 

sexually dimorphic peptide binding to 20 and 23 unique proteins, respectively. Together, our behavioral, 

transcriptomic, proteomic and bioenergetics data identify novel molecular mechanisms of female-prevalent 

neuropathic pain and autoimmune demyelinating disorders that follows MBP fragmentation. 
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Multiple sclerosis (MS), is a major cause of disease-induced disability in young adults. Although the etiology of 

this disease remains elusive, clinical symptoms result from an autoimmune-mediated myelin loss and 

neurodegeneration in the central nervous system (CNS). Random focal immune response in the CNS leads to 

demyelinating lesions that translate into unpredictable symptoms in patients making diagnosis delicate. Current 

treatments for MS are exclusively based on immunomodulatory drugs to slow disease progression and 

supportive therapies aimed at improving patients’ daily lives. None of the approved therapies stop neuronal 

damage and/or promote myelin repair. New technologies are needed for early medical imaging detection of 

myelin damage and to locally counteract the deleterious effects of myelin loss and neurodegeneration. We 

identified a novel peptide that specifically homes to sites of demyelinating injury. Using mouse models of chronic 

inflammatory experimental autoimmune encephalitis (EAE) and acute chemically induced focal demyelination, 

we show that this peptide when administered through the circulation specifically reaches lesion sites in the spinal 

cord. No association is observed with healthy brain or spinal cord tissue. In the EAE model, peptide homing is 

detected as early as disease onset (score of 1) and throughout disease progression. The peptide associates with 

damaged myelin and extracellular matrix components that are greatly upregulated in lesions. Current studies aim 

at determining the effectiveness of the peptide as a targeting device in a drug delivery platform. Peptide 

technology offers a promising approach for application in diagnostic imaging or locally concentrating drugs at 

lesion sites thus reducing undesirable side effects. 
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Objective: Current models used to study the mechanisms regulating myelination rely on co-cultures of 

oligodendrocyte precursor cells (OPCs) and neurons. In such models, myelination occurs in an environment that 

differs from the in vivo context, as cell-cell interactions and environmental cues are not preserved in these 

systems. To overcome these major limitations, OPC transplantation on cerebellar organotypic slices completely 

depleted of oligodendrocytes, could be an efficient alternative strategy.   

Methods: Mouse cerebellar slices are depleted of oligodendrocytes by treatments with high doses of 

bromodeoxyuridin (BrdU) during the first three days in vitro (DIV). After 7 DIV, mouse primary cultures of OPCs 

were added into the slices and their differentiation was assessed at different time-points, using 

immunohistochemistry. Myelin ensheathment and compaction were assessed by electron microscopy (EM) and 

spectral confocal reflectance microscopy (SCoRe).   

Results: We showed that exogenous mouse OPCs grafted on cerebellar slices are incorporated in these 

preparations, and differentiate into mature oligodendrocytes that efficiently myelinate Purkinje cell axons, as 

early as 3DIV. Both OPC differentiation and myelination rates increase at 7DIV and remain stable until 14 DIV. 

Furthermore, EM and SCoRe analysis confirmed that myelin produced by grafted oligodendrocytes is compact.   

Conclusion: This effective model is a powerful tool to study the cellular and molecular mechanisms of central 

nervous system myelination. Moreover, it could be also suitable for the development and validation of new 

therapies for myelin disorders, like multiple sclerosis and leukodystrophies. 
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Remyelination is the regenerative process in which myelin is restored to demyelinated axons, resulting in 

functional recovery and the alleviation of neurological symptoms that are associated with human demyelinating 

disorders, such as Multiple Sclerosis (MS). However, remyelination is known to fail – leading to chronic lesions –

, likely due to impairments in the proliferation and/or differentiation of oligodendrocyte progenitor cells (OPCs). 
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Previously, we have shown that glutamate signaling between demyelinated axons and OPCs is required for 

effective remyelination, as blocking of axon-OPC communication impairs OPC differentiation and prevents 

remyelination in vivo. In addition, immunohistochemistry analysis of MS plaques revealed that VGluT2, a marker 

for axon-OPC synapses in the white matter, is upregulated in demyelinating lesions, suggesting that axon-glia 

signaling might be a therapeutic target to overcome remyelination failure in MS. We have thus hypothesized that 

potentiation of neuronal activity can improve remyelination efficiency. To test this hypothesis, we are inducing 

demyelinating lesions in the caudal cerebellar peduncle (CCP) of adult rats and using chemogenetic tools to 

manipulate neuronal activity during the subsequent remyelination period. As a first step towards this goal, we 

have sought to identify the major population of neurons projecting through the CCP, in which levels of activity will 

be altered in our experimental paradigm. Retrograde and anterograde labeling experiments have shown that the 

Inferior Olive, which projects climbing fibres, is one such major population. We are currently testing if changes in 

neuronal activity in the Inferior Olive results in altered levels of remyelination in the CCP. We anticipate that 

these studies will define to which extent remyelination is modulated by neuronal activity and may therefore 

uncover new therapeutic venues to overcome remyelination failure in chronic white matter disorders. 
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Human oligodendrocytes (hOLs) and oligodendrocyte progenitors (hOPCs) hold great potential for both cell 

therapies and in vtiro studies of demyelinating and neurodegenerative disorders. A promising source of human 

oligodendrocyte lineage cells are human induced pluripotent stem cells (hiPSCs). Despite of significant progress 

in hOL derivation technology (Douvaras et al., 2014), the length of protocols remains a significant limitation for 

widespread application and scale-up of the technology in research and the clinic. Some key challenges are the 

heterogeneity of the derived cell populations; the inefficiency of hOPC proliferation, maturation and terminal 

differentiation in the absence of supporting cells in vitro; and limited myelin ensheathment. It is documented that 

mechanical cues in the cell environment contribute to the collection of signals that regulate stem and progenitor 

cell activity. We have previously shown that rat OPC adhesion, migration, proliferation, differentiation and 

myelination are impacted by substratum stiffness (Jagielska et al., 2012). Furthermore, we have shown that a 

10% sustained tensile strain is sufficient to accelerate terminal differentiation of rat OPCs, evident by increased 

percentage of myelin basic protein positive cells in vitro (Jagielska et al., 2017). Here we explore the existence of 

mechanosensitive pathways in the human oligodendrocyte lineage, and their involvement in critical aspects of 

their biology. Specifically, we target phenotypically distinct stages of the human oligodendrocyte lineage with 

various mechanical cues in vitro, and quantify the effects of mechanical stimuli on the progression of 

differentiation and myelin production. Using this approach, we aim to identify the mechanical thresholds, in 

combination with traditional soluble and insoluble factors, required to increase the yield and quality of human 

oligodendorocyte production, to facilitate the implementation of these cells in large-scale in vitro and in vivo 

applications such as drug screening and cell therapy.  
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Myelin is continuously formed throughout life. While recent studies show that during adulthood differentiated 

oligodendrocytes produce new myelin it remains unclear whether and how the maintenance of existing myelin 

takes place. Exploiting the biophysical properties of myelin compaction by myelin basic protein (MBP) as a tool 

to structurally visualize dynamics of the individual myelin sheath, we created an inducible MBP knock-out mouse 

line to abolish MBP biosynthesis after completion of myelination. This converts fully differentiated 

oligodendrocytes into shiverer mutants lacking the ability to produce MBP for myelin compaction. The structural 

consequences were analyzed by transmission electron microscopy and 3D volume imaging using focused ion 

beam scanning electron microscopy.  

Knock-out induction at the age of 8 weeks results in a slowly progressive demyelination by formation of shiverer-

like processes. First occurrence of these microprocesses is observed predominantly at the inner tongue at the 

time point of 2 months after induction. These indicate turnover by either defective compaction of newly formed 

myelin membranes or loss of compaction in existing myelin layers. While these ultrastructural characteristics are 

used to analyze the kinetics of turnover in different CNS-regions (nervus opticus, corpus callosum and spinal 

cord), the visualization of these structural changes in 3D along the internode of an individual myelin sheaths 

indicates the sites of myelin restructuring. We hypothesize that myelin turnover happens locally at specializations 

of the myelin sheath such as myelinic channels and paranodal loops. 
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Remyelination is a spontaneous reparative process that occurs following demyelination of the peripheral and 

central nervous system (CNS). However, in chronic demyelinating diseases of the CNS such as progressive 

multiple sclerosis (PMS), this endogenous regenerative process is mostly inefficient or impaired.  

Neural Stem Cell (NSC) transplantation has emerged as a promising therapeutic approach for several CNS 

disorders. We have shown that NSCs can foster endogenous remyelination by replacing damaged tissue and 

providing local trophic support to the injured CNS. However, major hurdles still limit the use of conventional stem 

cell therapies in clinical settings.  

Induced Neural Stem Cells (iNSCs) directly reprogrammed from skin fibroblasts have partially overcome these 

limitations by providing a source of autologous tissue-specific stem cells, which has no histocompatibility barriers 

and can be easily obtained from accessible somatic cells.  

Here we investigated the potential of mouse iNSCs to promote remyelination after transplantation in a mouse 

model of focal spinal cord demyelination.  

We found that a single injection of mouse iNSCs in the lesioned spinal cord of wild type mice led to a successful 

integration of the graft into the host spinal cord. Transplanted iNSCs were able to promote remyelination by 

increasing endogenous myelinating cells and partially differentiating into mature oligodendrocytes. When 

injected in Olig1-/- mice, which lack endogenous remyelinating response after lesion, we found that the direct 

differentiation of the iNSCs grafts into mature oligodendrocytes was able to remyelinate the injured spinal cord.  

Our results suggest that iNSCs can be used to adjuvate endogenous remyelinating responses and/or efficiently 

replace lost cells in the demyelinated CNS.  

These data further support the use of directly reprogrammed iNSCs as an effective therapeutic tool to enhance 

remyelination in chronic demyelinating CNS diseases. 
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Current status quo decrees that the human brain has a limited neurogenic capacity and therefore, an impaired 

regenerative potential. We have previously shown the existence of a population of CD271 (i.e. NGFR) 

expressing neural stem cells (NSCs) in the subventricular zone (SVZ) of Parkinson’s patients. These studies 

showed that this population of NSCs can proliferate and differentiate towards neurons and glial cells under in 

vitro conditions. To study the molecular profile of these stem cells in detail, we performed RNA sequencing and 

mass spectrometry on CD271+ NSCs isolated from human post-mortem SVZ and on whole SVZ cell population. 

We first compared molecular profiles of CD271+ NSCs to the SVZ cell population to assess their gene signature 

and finally compared these two cell populations between control donors and Parkinson’s patients to establish a 

molecular profile of NSCs following Parkinson’s disease. Transcriptome and proteome analyses reveal changes 

in the expression of genes and proteins involved in metabolism, stress response and cytoskeletal organization. 

Our results not only confirm pathological hallmarks of Parkinson’s disease (e.g. impaired mitochondrial function), 

but it is the first to suggest that NSCs transit in a primed-quiescent state, i.e. in an “alert” non-proliferative phase 

following Parkinson’s disease. Our work also provides novel candidate targets for manipulation to stimulate brain 

repair in Parkinson’s patients and in other neurodegenerative diseases. 

 

Graphical abstract 
Our transcriptome and proteome analyses suggest that NSCs from the SVZ of Parkinson's patients may attempt to activate as 

a response to the neurodegenerative lesion. 
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Although the concept of adult neurogenesis has important implications for regenerative medicine, the formation 

of new functional neurons from progenitors during adult life is rare and occurs only in confined areas of the 

mammalian brain. Because adult neurogenesis is limited, the regenerative capacity of the brain is restrained and 

the possibilities of recovery from damage are almost absent. The World Health Organization reported that up to 

1 billion people, nearly one in six of the world’s population, suffer from neurological disorders. Many of these 

disorders have the loss or malfunction of neurons in common. Alongside the rapid increase of life expectancy 

whereby it is estimated that a quarter of Europeans will be over 60 years of age by 2020, these types of 

disorders are becoming a growing burden for aging societies, in terms of both suffering and economic cost. In 

Europe, for example, the total cost of brain disorders was estimated at €386 billion in 2004 and increased to 

€798 billion in 2010.  

This project focuses on a novel approach to engineer neurogenesis, based on nuclear cell reprogramming 

technology, to induce regeneration of damaged areas of the brain. The aim is to generate new neurons in 

regions naturally devoid of neurogenesis. The approach involves the overexpression of the Yamanaka factors 

(OCT4, SOX2, KLF4 and MYC) directly in parenchymal glia, with the purpose of reprograming/rejuvenating 

these cells back in development in order to recover their stem cell potential lost during specification (see figure). 

We hypothesise that this “rewinding” to a neural progenitor-like state may rearrange the local environment and 

remodel it towards a stem cell niche that help instruct and integrate new neurons within the preexisting circuits.  

 

 

Partial reprogramming of glial cells into neural progenitor -like cells 
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In demyelinating diseases such as multiple sclerosis myelin repair activities based on recruitment, activation and 

differentiation of resident progenitor- and stem cells can be observed. However, the overall degree of successful 

remyelination is limited. Uncommitted, multipotent adult neural stem cells (aNSCs) of the central nervous system 

(CNS) have been described as an additional source for the regeneration of oligodendrocytes. In this regard, we 

and others have shown that stimulation of aNSCs with mesenchymal stem cell (MSC) secreted factors 

substantially enhances oligo-dendrogenesis by yet unknown mechanisms. Based on these previous findings, we 

investigated to what extent MSC-mediated effects are species-dependent and how stimulated cells act in vivo 

after transplantation into the grey- and white matter of mouse brains. To this end, we analyzed expression and 
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regulation of oligodendroglial- and astroglial genes and -proteins after stimulation of rat aNSCs with MSC-

conditioned medium (MSC-CM) from rat and human sources. We observed that such treatment led to elevated 

levels of 2', 3'-cyclic nucleotide 3'-phosphodiesterase (CNPase) and myelin basic protein (MBP) expression, 

reduced glial fibrillary acidic protein (GFAP) expression and was accompanied by downregulation of prominent 

oligodendroglial inhibitory differentiation factors such as Id2 and Id4. We thus concluded that MSC dependent 

promotion of stem cell dependent oligodendrogenesis is not restricted to certain species. Based on these cell 

culture findings we next evaluated the potential of rat MSC-CM stimulated NSCs in terms of tissue integration, 

differentiation and myelination in vivo. Additionally, we also examined to what degree oligodendroglial 

instruction/ is restricted to certain time windows. To this end young adult mouse brain transplantation 

experiments were conducted. We observed that transplantation of one, two and three day MSC-CM stimulated 

NSCs led to increased levels of oligodendrocyte transcription factor 2 (Olig2)-, neural/glial antigen 2 (NG2)-, 

glutathione-S-transferase-π (Gst-π)-, MBP- and reduced GFAP expression levels in grafted cells after four, 

seven and 14 days in vivo. It can thus be inferred that rat MSC-CM stimulated rat NSCs can survive and give 

rise to new oligodendroglial cells in vivo just after 24 hours of stimulation. Current experiments address their 

potential to fully mature and to establish myelin sheaths/internodes on axons of the late postnatal mouse brain. 
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Andersson1, J. Frisén1 
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Astrocytes have the intrinsic potential to generate new neurons in the striatum of adult mice in pathological 

conditions, like stroke, or following deletion of Notch signaling through the knock-out of RbpJ (Magnusson et al., 

2014). However, only a limited amount of astrocytes seems to generate neuroblast and even less will give rise to 

new neurons. To understand which steps are crucial during the differentiation of astrocytes, we performed 

single-cell RNA sequencing of reporter positive cells isolated from Cx30-CreER; Rbpj(fl/fl); R26-tdTomato mice. 

This way, we identified that EGFR expression is upregulated by astrocytes along the neurogenic trajectory, and 

injection of EGF in the striatum of RBP knock-out animals increases the number astrocyte-derived neuroblast. 

Therefore, we present our dataset as a tool that can be used to identify potential targets to improve 

neurogenesis by astrocytes. 
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Wnt signaling pathway is known for its important role in a number of cellular processes during embryonic 

development, and in regulating the proliferation and differentiation of precursor cells in the adult brain. However, 

its capability of altering the differentiation potential of neural stem/progenitor cells (NS/PCs) or NG2 glia and its 

role in ischemic brain injury is still enigmatic.  

For this reason, we employed transgenic mouse strains as a tool for manipulating Wnt/β-catenin signaling, 

middle cerebral artery occlusion as a means of inducing focal ischemic brain injury, and a series of experimental 

approaches to investigate the effect of Wnt signaling inhibition/activation on the differentiation of precursor cells 

in vitro.  

First, we tested our animal models in neonatal (P0-2) mice. Employing the patch-clamp technique, supported by 

immunochemical staining, we identified three distinct cell types, i.e., astrocytes, neuron-like cells, and bona fide 

precursor cells, and concluded that all our mouse strains are suitable for altering the output of the Wnt pathway 

since the β-catenin-dependent signaling promoted neurogenesis at the expense of gliogenesis. Next, we 

analyzed differentiated progenitors from adult (P50-56) mice. In NS/PCs we detected no significant changes in 

the incidence of distinct cell types in non-operated animals; however, in ischemic brains, we were able to identify 

changes similar to those in neonatal mice. Moreover, hyper-activation of the Wnt pathway resulted in an 

increased incidence of neuron-like cells expressing inwardly rectifying Na+ currents. Additionally, we assessed 

the effect of ischemia and Wnt signaling on NG2 glia in the adult (P75-85) brain. These cells are interesting due 

to their proliferation and differentiation potential since they are known to react to ischemia.  

In summary, we utilized three mouse strains that can be used for influencing canonical Wnt signaling in NS/PCs 

and NG2 glia. Moreover, inhibition of Wnt signaling led to a decrease in the incidence of neuron-like cells in 

neonatal mice, while no changes in the incidence of this cell type were observed in the intact adult brain. 

Nevertheless, alterations similar to those in neonatal mice were restored after ischemic brain injury. 
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During adult hippocampal neurogenesis, the majority of newborn cells undergo apoptosis and are rapidly 

phagocytosed by resident microglia in order to avoid disturbing the surrounding neurons. Here, we propose that 

phagocytosis is not merely a passive process of corpse removal but has an active role in maintaining adult 

hippocampal neurogenesis. First, we found that neurogenesis was disrupted in three defective microglial 

phagocytosis KO models in vivo (P2Y12, MerTK/Axk, GPR34). We then followed an in vitro approach to perform 

a transcriptomic analysis of microglial phagocytosis and identified genes involved in metabolism, chromatin 

remodeling, and neurogenesis-related functions. Finally, we determined that the phagocytic microglia secretome 

limits the production of new neurons both in vivo and in vitro. Our data suggest that reprogrammed phagocytic 

microglia acts as a sensor of local cell death, modulating the balance between cell proliferation and cell survival 

in the neurogenic niche, supporting the long-term maintenance of adult hippocampal neurogenesis. 
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Down-regulation of connexin43 (Cx43) in neural precursor cells (NPCs) triggers their differentiation toward 

neurons at expenses of astrocyte differentiation through the up-regulation of beta-catenin. In addition, strong 

evidences indicate that NPCs could be the origin of glioma stem cells (GSCs) and malignant glioma. Previously, 

we have shown that a cell penetrating peptide based on Cx43, TAT-Cx43266-283, reduces the activity of the proto-

oncogene c-Src and as a consequence, impairs GSC proliferation and migration. Therefore, we aimed to 

analyze the effect of TAT-Cx43266-283 in NPCs cultured from the subventricular zone of rat brains. First, we 

studied the expression pattern of alternative splicing Src isoforms by RT-PCR. Our results showed that, similarly 

to other neural cells and unlike GSCs, NPCs express the neural specific N1-Src isoform. In addition, the ratio c-

Src/N1-Src was higher in NPCs grown as floating neurospheres (Fl NPCs) as compared to those grown in 

adherent conditions (Ad NPCs). Then, we analyzed Src activity in NPCs by measuring phosphorylated Src levels 

at Tyr-416 by Western blot. Our results showed that Src activity was lower in NPCs compared to GSCs, and that 

Ad NPCs exhibited lower Src activity than Fl NPCs. Conversely, Cx43 expression was higher in Ad NPCs than in 

Fl NPCs, which was higher than that found in GSCs. After that, we analyzed the effect of TAT-Cx43266-283 on 

both types of NPCs. In Fl NPCs we observed that TAT-Cx43266-283 reduced Src activity, the size of neurospheres 

and, by immunocytochemistry against Ki67 and caspase3, we detected a decrease in proliferation and an 

increase in cell mortality. In Ad NPCs we also found that TAT Cx43266-283 reduced Src activity and, interestingly, 

it promoted their differentiation toward astrocytes decreasing the differentiation toward neurons. In fact, our 

Western blot analysis showed that TAT-Cx43266-283 reduced beta-catenin levels in Ad NPCs, suggesting that the 

effect of Cx43 on NPC differentiation toward astrocytes is mediated by Src/beta-catenin axis. In conclusion, our 

results suggest that Cx43, through the region 266-283, reduced Src activity in NPCs causing an important effect 
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on their survival, proliferation and differentiation that strongly depends on their proliferation or differentiation 

conditions, suggesting a crosstalk of several signaling pathways. 
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Hippocampal neurogenesis is essential for learning and memory. Neural precursor cells (NPCs) in the 

subgranular zone of the hippocampal dentate gyrus proliferate and differentiate into either glial cells or dentate 

granule cells, which eventually may integrate into the hippocampal neural circuitry. Melanocortins are 

neuropeptides derived from the post-translational cleavage of pro-opiomelanocortin (POMC) which signal 

through five known melanocortin receptors (MCR). In the hippocampus, there is a well described POMC-MC4R 

circuit. The melanocortin alpha-melanocyte-stimulating hormone (MSH) improves learning, memory, neuronal 

survival and plasticity in models of neuroinflammation, brain ischemia and Alzheimer’s disease, and is a mitogen 

for growth factor-deprived adult rat subventricular zone neural stem cells. Here, we studied the effect of the 

synthetic melanocortin analog NDP-MSH on rat hippocampal NPC proliferation and differentiation, as well as its 

ability to modulate phagocytosis of apoptotic neural cells by hippocampal microglia.  

For this, postnatal hippocampal NPCs were propagated in vitro as neurospheres. Cells were dispersed and 

cultured without growth factors to allow for differentiation. NDP-MSH was added on days 0 and 3. After 6 days in 

culture a large proportion of NPCs became quiescent, evidenced by loss of nuclear Ki-67 expression. Treatment 

with NDP-MSH prevented the exit from cell cycle, increasing the proportion of Ki-67+ cells, particularly Ki-

67+/Nestin+ cells (putative type-1 and type-2 proliferative precursors). Also, NDP-MSH promoted cell 

proliferation evidenced by increased proportion of BrdU positive nuclei. In turn, there was a decrease in the 

proportion of GFAP+/Ki-67- cells (putative astrocytes or quiescent type-1 precursors) and in the NS-1+ 

population (oligodendrocytes). Finally, postnatal hippocampal microglia were cultured and treated with or without 

NDP-MSH for 24 h. Simultaneously, a neuronal cell line (ST14A-Q120) was exposed to the pro-apoptotic agent 

3-nitropropionic acid for 24 h. Neural cells were then stained with propidium iodide, collected and plated onto the 

microglial cell layer and phagocytosis of dead cells was assessed 1 h. later under a fluorescence microscope. 

Treatment with NDP-MSH increased the phagocytic capacity of microglial cells.  

In conclusion, our studies suggest a role for alpha-MSH in modulating the hippocampal neurogenic niche by 

regulating NPC fate while acting on local microglia to promote clearance of dead cells. 
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The phenomenon of cellular senescence is not necessarily confined to aged tissues. Senescent cells 

permanently exit from the cell cycle and recent experimental results suggest that senescence might be a 

programmed cell process alternative to apoptosis. In epithelial-like structures, usually characterized by high 

turnover rates, homeostatic maintenance is regulated via apoptotic cell death. In contrast, in tissues with higher 

structural complexity, homeostasis could be better maintained via senescence. Here, we report our findings 

regarding the presence of senescent cells in the population of postnatal brain Neural Stem Cells (pbNSCs). 

Senescent cells are present within the Subependymal Zone (SEZ) neural stem cell niche of the postnatal rodent 

brain even in young adults. Moreover, senescent cells are observed in cultures of pbNSCs and in higher 

frequency within 3D self-organized structures called neurospheres. Finally, when we exposed different types of 

young and aged progenitor cells to oxidative stress (H2O2) we found that pbNSCs are more susceptible to 

stress-induced senescence as compared to Oligodendrocyte Progenitor Cells, another pool of progenitors that 

are more resistant to ageing and are widely distributed within the brain parenchyma driving myelin regeneration. 

Our data indicate that senescence might be a normal process in pools of neurogenic brain stem cells and 

especially those located within the niche microenvironment. 
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Glioblastoma multiforme is one of the most aggressive brain tumours worldwide. Part of its malignancy lies in a 

subpopulation of tumour cells known as Glioma Stem Cells (GSCs). Aiming to eliminate these cells, the group 

designed the cell-penetrating peptide TAT-Cx43266-283, based on the interaction between connexin43 and the 

oncogenic protein c-Src, observing significant effects of this peptide on the reduction of tumour cell proliferation 

and migration. Several studies have shown a relationship between GSCs and neural stem cells (NSCs) from the 

subventricular zone (SVZ), one of the remaining neurogenic niches in adulthood. Therefore, in this work we 

aimed to investigate whether TAT-Cx43266-283 affects SVZ NSCs in a glioma model in vivo. In order to do that we 

studied the number of SVZ NSCs by immunohistochemistry, using the marker nestin, as well as their 

differentiation to glial (astrocytes) and neural lineage using GFAP and doublecortin, respectively. Our preliminary 

results suggest that the implantation of tumour cells slightly increased nestin and GFAP levels within the SVZ, 

and that the treatment with TAT-Cx43266-283 reverted this effect. These results suggest a relationship between the 

tumour and the number of astrocytes generated in the SVZ. In absence of tumour cells, TAT-Cx43266-283 did not 

modify the levels of GFAP and doublecortin in the SVZ, suggesting that TAT-Cx43266-283 did not affect 

differentiation of SVZ NSCs under resting conditions. 
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The adult human and mouse spinal cord ependymal region maintains an embryonic-like dorsal-ventral 

regionalization with dorsal Msx1+ neural stem cells 
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Anamniotes, rodents and young human maintain neural stem cells in the ependymal zone (EZ) around the 

central canal of the spinal cord, representing a possible endogenous source for repair in mammal lesions. Cell 

diversity and genes specific for this region are ill-defined. We conducted RNA profiling of the mouse and human 

EZ which uncovered the conserved expression of 1200 genes including 120 transcription factors. Unexpectedly, 

the EZ maintains an embryonic-like dorsal-ventral pattern of expression of spinal cord developmental 

transcription factors (ARX, FOXA2, MSX1, PAX6). Mouse dorsal and ventral ependymal cells express VEGFR3 

and are derived from the embryonic roof and floor plates. A new subpopulation of quiescent dorsal radial stem 

cells expressing BMP6, GDF10, ID4 and MSX1 was identified. MSX1 and ID4 transcription factors were shown 

to negatively control spinal cord stem cell growth. This study provides a new corpus of knowledge for exploring 

this stem cell niche further. 
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Background: Nerve tissue is not only present in the brain but also in the periphery. The gastrointestinal tract 

contains a network of nerves called the enteric nervous system (ENS, the “second brain”)1. The ENS comprises 

ganglia containing adult neurons and glial cells, and enteric neural precursor cells. Glia in the adult ENS 

maintains a limited neurogenic potential, which is activated in culture and in response to injury in vivo2,3. In 

addition, glia from fetal and postnatal gut cultures is able to generate ENS progenitors4. Here we evaluated 

whether the glia-generating-progenitor potential does exist in the adult gut and in physiological conditions in 

vitro.  

Methods: Primary glial cells were isolated from rat ileum5 and cultured with glia medium (DMEM F12, fetal calf 

serum 10%) until confluence (day 14)5. Glial cells were then trypsinised and cultured in non-adherent 25 cm2 

flasks with proliferation medium [DMEM F12, containing growth factors (basal-fibroblast growth factor-bFGF and 

epidermal growth factor-EGF)]6,7. Cultures were characterized by immunostaining, using specific markers for 

glial cells (S100B, glial fibrillary acidic protein-GFAP, proteolipid protein-PLP-1), neurons (HuCD and 

neurofilament-NF-200) and neural progenitors (nestin and Tuj1).  

Results: Cultures of dissociated adult rat glia gave rise to neurosphere-like bodies when cultured with growth 

factors. In these conditions, glia cultures started to pile-up and form spherical structures which detached and 

floated in the medium. Primary glia-generated neurosphere-like bodies generated secondary and tertiary 

cultures. Immunostaining revealed that neurospheres contained progenitor cells (nestin, Tuj1, GFAP and S100B 
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positive). When glia-generated neurosphere-like bodies were cultured with specific media to induce their 

differentiation in vitro, they gave rise to cultures containing neurons (HuCD and NF200 positive) and glial cells 

(S100B and PLP1 positive).  

Conclusion: Our findings establish the feasibility of expanding ENS progenitors starting from adult primary glia 

cultures. Glia in the adult ENS can be looked at as a promising source of replacement cells for regenerative 

strategies. 
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Zeb1 has emerged as a master regulator of stemness in normal and transformed stem cells. Several studies 

have documented that this transcription factor is a key regulator of self-renewal and cell migration during 

embryonal development, and promotes neuronal fate. Its functions in the postnatal CNS remain obscure, as 

constitutive Zeb1 knockout is lethal around birth. We have generated conditional mouse models for knockout 

and targeted expression of Zeb1 in astrocytes and neural stem cells, using a GLAST-CreERT2 driver. Co-

expression of fluorescent reporters enables lineage tracing in these models, which we use to characterize the 

functions of Zeb1 in adult neural stem cells and neurogenesis. We find that Zeb1 is expressed in stem and 

progenitor cells within neurogenic niches of the subventricular zone and hippocampus, as well as in cortical 

astrocytes. Conditional ablation of Zeb1 results in loss of stem cells and aberrant neurogenesis. 
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Scorpion venom heat-resistant peptide (SVHRP) is a component purified from Buthus martensii Karsch scorpion 

venom. Although scorpions and their venom have been used in Traditional Chinese Medicine to treat chronic 

neurological disorders, the underlying mechanisms of these treatments remain unknown. We applied SVHRP in 

vitro and in vivo to understand its effects on the neurogenesis and maturation of adult immature neurons and 

explore associated molecular mechanisms. SVHRP administration increased the number of BrdU-positive cells, 

BrdU-positive/neuron-specific nuclear protein (NeuN)-positive neurons, and polysialylated- neural cell adhesion 

molecule (PSA-NCAM)-positive immature neurons in the subventricular zone (SVZ) and subgranular zone (SGZ) 

of hippocampus. However, SVHRP did not promote the proliferation and differentiation of neural stem cells 

(NSCs) in SVZ and SGZ in vitro and also have no effect on neuronal maturation. But immature neurons 

incubated with SVHRP-pretreated astrocyte-conditioned medium exhibited significantly increased neurite length 

compared with those incubated with normal astrocyte-conditioned medium. This neurotrophic effect was 

furtherconfirmed in vivo by detecting an increased average single area and whole area of immature neurons in 

the SGZ, SVZ and olfactory bulb (OB) in the adult mouse brain. In contrast to normal astrocyte-conditioned 
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medium, higher concentrations of brain-derived neurotrophic factor (BDNF) was detected in the conditioned 

medium of SVHRP-pretreated astrocytes. In SVHRP treated mouse brain, more GFAP-positive cells were 

detected. Furthermore, immunohistochemistry revealed increased numbers of GFAP/BDNF double-positive 

cells, which agrees with the observed changes in the culture system. Furtherstudy, we found that SVHRP could 

promote the proliferation and differentiation of NSCs from the reprogram of type II astrocyteby up-regulating 

transcription factors of Sox2, Oct4, c-Myc and Klf4 in vitro. Its mechanism might be through the PI3K/Akt 

pathway. These results describe novel effects of SVHRP on the stem cells and suggest the potential therapeutic 

values of SVHRP. 
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In our previous experiment we demonstrated that cells forming the central canal lining of the rat spinal cord 

during postnatal periods are capable to form neurospheres and differentiate into astrocytes, oligodendrocytes 

and neurons in vitro. Neurogenic potential of these cells declined with the age of animals. In our recent study, we 

decided to compare the neurogenic potential of spinal cord progenitors after the spinal cord injury in order to 

answer the question, whether the regenerative processes could stimulate the activity of quiescent progenitors 

residing the central canal lining. Our aim was to compare the changes in neurogenic potential of the progenitors 

after minimal spinal cord injury during postnatal ontogenesis. We performed the minimal spinal cord injury at 

lumbar segment L3 to neonatal (P7; n=5), young (P29; n=5) and adult (P120; n=5) rats and the animals were 

allowed to survive for 7 days. Subsequently, the segments with lesion were isolated and cultivated in vitro. 

Based on the results obtained by cultivation of injured spinal segments, we did not notice either increased 

capability of progenitors to form neurospheres, nor the increased size of neurospheres compared to sham 

controls at any stage of ontogenesis. However, after cultivation in medium without growth factors, the neurogenic 

potential of progenitors from samples with spinal cord injury increased in all inspected periods compared to 

sham controls. According to phenotype analysis, neurons represent 40.85±2.58% (P7; 1.18-fold increase), 

52.43±1.33% (P29; 7.71-fold increase) and 19.72±10.23% (P120; 1.37-fold increase) of all cells, respectively. 

The potential of progenitors to form oligodendrocytes in reaction to minimal spinal cord injury increased 1.38-fold 

at P7 (28.91±4.78% of all cells), 1.54-fold at P29 (14.15±9.44% of all cells) and 5.5-fold at P120 (19.55±6.99% of 

all cells), respectively. Based on the results of our in vitro study, progenitors residing the central canal lining 

during late postnatal development despite their quiescent state possess comparable neurogenic potential as 

those in neonatal pups. One can assume that this time point should be optimal for further regenerative studies 

due to the increased endogenous regenerative capacity compared to the adult animals. 
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The dentate gyrus (DG) of the hippocampus is one of the very few restricted regions in the adult mammalian 

brain, where neurogenesis persists lifelong. In this region, slow-dividing radial glia-like neural stem cells (NSCs) 

give rise to fast‑ dividing progenitor cells, which in turn generate new neurons. Recent work suggests that along 

this lineage, and in particular from the moment NSCs become activated, substantial changes in their energy 

metabolism take place, with genes involved in mitochondrial function becoming increasingly up-regulated. 

However, little is known on the physiological relevance of mitochondrial dynamics during this lineage 

progression, and in particular, whether changes in fusion and fission events (known to maintain the structure and 

function of the mitochondrial network) may regulate the fate of NSCs and their neurogenic potential. Here, we 

utilized 2-photon live imaging to show that radial glia-like NSCs are characterized by pronounced mitochondrial 

dynamics in situ. Conditional deletion of Mfn1 or Mfn2, which are the key drivers of mitochondrial outer 

membrane fusion dynamics, disrupted the structure of the mitochondrial network in adult NSCs. BrdU analysis of 

neural stem and progenitor cells revealed that these genetic manipulations did not affect the proliferative steps 

along the lineage, as similar numbers of early immature neurons were generated in presence or absence of 

either Mfn1 or Mfn2. However, by the time Mfn2‑ deficient new neurons acquired the mature marker NeuN we 

observed a marked decrease of their number. This indicates, that while mitochondrial fusion can be dispensable 

for the proliferative steps of neural stem and progenitor cells, this process becomes essential for the maturation 

and survival of new neurons later on. (Funding: ERC-StG-2015, grant 67844). 
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1Department of Pharmaceutical Sciences, University of Piemonte Orientale, Novara, IT 
2Department of Sciences and Technological Innovation, University of Piemonte Orientale, Alessandria, IT 

 

Down syndrome (DS) is a genetic disorder that occurs as a consequence of chromosome 21 trisomy. It is 

characterized by neuropathological changes occurring in the foetal and neonatal life and leading to alterations in 

brain development and intellectual disability. DS is indeed the most frequent genetic cause of cognitive 

impairment. A well-studied preclinical model for DS is the Ts65Dn mouse line which recapitulates several 

neuropathological aspects of the disease, including brain atrophy, reduced neurogenesis, synaptogenesis, 
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spinogenesis and also cognitive impairment. It is currently hypothesized that proliferative and 

differentiation alterations in neural progenitor cells (NPC) may contribute to DS pathophysiology. Previous 

studies have demonstrated that astrocytes and NPC can influence each other, but, at present, the potential 

contribution of dysfunctional astroglia in DS neuropathology is largely unexplored. Recently, through a proteomic 

approach, we could identify several novel astrocyte-derived proteins with a modulatory role on NPC proliferation 

and differentiation (Cvijetic S. et al., Glia, 2017, 65(1):169-181). Based on these initial findings, we decided to 

investigate whether astrocyte-NPC cross talk could be dysregulated in DS. To this aim, we generated primary 

astrocytes and NPC from the subventricular zone and hippocampus of Ts65Dn (Trisomic, TS) and euploid (EU) 

neonatal mice and evaluated the proliferation rate and differentiation potential of TS and EU NPC in presence of 

TS/EU astroglial-conditioned media (ACM). We could demonstrate that EU NPC were responding to soluble 

astrocytic signals, whereas TS NPC were generally unresponsive to them. Moreover, TS ACM, but not EU ACM, 

significantly reduced neuronal differentiation of EU NPC. All together these data suggested that in DS astrocyte-

NPC communication may be dysregulated due to both cell autonomous and non-cell autonomous defects. By a 

proteomic analysis we could finally identify several soluble factors which were differentially released by TS/EU 

astrocytes and we now propose that specific signaling pathways involved in astroglia-NPC cross-talk are altered 

in DS. 

 

T13-019B 

Astrocyte-generated neuroblasts functionally integrate in the QA-lesioned striatum 

G. Nato1,2, M. Fogli1,2, N. Marichal3,4, I. Ghia2, B. Berninger3,4, P. Peretto1,2, A. Buffo1,5, F. Luzzati1,2 

1Neuroscience Institute Cavalieri Ottolenghi, University of Turin, Orbassano (Turin), IT 
2Department of Life Sciences and Systems Biology, University of Turin, Turin, IT 
3Institute of Physiological Chemistry and Focus Program Translational Neuroscience, Johannes Gutenberg 

University Mainz, Mainz, DE 
4Centre for Developmental Neurobiology, King's College London, London, GB 
5Department of Neuroscience Rita Levi-Montalcini, University of Turin, Turin, IT 

 

After Quinolinic Acid lesion subsets of striatal astrocytes undergo a spontaneous neurogenic activation leading 

to the local generation of a large amount of neuroblasts up to at least months post-lesion.  Yet the fate and the 

occurrence of functional integration of these newborn cells remain essentially unexplored. Fate mapping and 3D 

reconstruction analysis show that neuroblasts undergo a maturation process in which initially, they organize in 

cluster, subsequently disperse as individual cells, and gradually attain complex morphologies often showing 

dendritic spines.  Yet, similar to other models of physiological and lesion-induced striatal neurogenesis, striatal 

newborn neurons live transiently and fail to express typical markers of striatal neurons. Nonetheless, 

monosynaptic rabies virus-based tracing technique revealed that neuroblasts receive local inputs from striatal 

projection neurons and interneurons as well as long-range inputs from Electrophysiological recordings confirmed 

the neuronal nature of these cells and their synaptic integration. Further, we found that some individual 

neuroblasts receive excitatory inputs, while others, likely consistent with a more mature status, become also able 

to receive inhibitory inputs and to fire trains of action potentials when subjected to depolarizing current steps.  

These results indicate that striatal neuroblasts functionally interact with pre-existing circuits, thus potentially 

taking part in post-lesion network plasticity supporting functional recovery after damage. 
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T13-020B 

Foxg1 antagonizes neocortical stem cell progression to astrogenesis 

M. Santo1, C. Falcone2, G. Liuzzi1, N. Cannizzaro1, C. Grudina3, E. Valencic4, L. Perruzzotti-Jametti5, S. 

Pluchino5, A. Mallamaci1 
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2Institute for Pediatric Regenerative Medicine and Shriners Hospitals for Children Northern California, Institute 

for Pediatric Regenerative Medicine and Shriners Hospitals for Children Northern California, Davis, US 
3Institut Pasteur, Institut Pasteur, Paris, FR 
4Department of Diagnostics, Institute for Maternal and Child Health, IRCCS Burlo Garofolo, Department of 

Diagnostics, Institute for Maternal and Child Health, IRCCS Burlo Garofolo, Trieste, Italy, Trieste, IT 
5Department of Clinical Neurosciences -, Department of Clinical Neurosciences - Division of Stem Cell 

Neurobiology, Wellcome Trust-Medical Research Council Stem Cell Institute and NIHR Biomedical Research 

Centre, University of Cambridge, UK, Cambridge, GB 

 

Neocortical astrogenesis follows neuronogenesis and precedes oligogenesis. Among key factors dictating its 

temporal articulation, there are progression rates of pallial stem cells (SCs) towards astroglial lineages as well as 

activation rates of astrocyte differentiation programs in response to extrinsic gliogenic cues. In this study, we 

showed that high Foxg1 SC expression antagonizes astrocyte generation, while stimulating SC self-renewal and 

committing SCs to neuronogenesis. We found that mechanisms underlying this activity are mainly cell 

autonomous and highly pleiotropic. They include a concerted downregulation of four key effectors channelling 

neural SCs to astroglial fates, as well as defective activation of core molecular machineries implementing 

astroglial differentiation programs. Next, we found that SC Foxg1 levels specifically decline during the 

neuronogenic-to-gliogenic transition, pointing to a pivotal Foxg1 role in temporal modulation of astrogenesis. 

Finally, we showed that Foxg1 inhibits astrogenesis from human neocortical precursors, suggesting that this is 

an evolutionarily ancient trait. 

 

T13-021B 

Neurogenic activation of striatal astrocytes after excitotoxic lesion: insights in the clonal dynamics of 

progenitor lineage progression 

M. Fogli1,2, G. Nato1,2, P. Greulich3, P. Peretto1,2, A. Buffo2,4, F. Luzzati1,2 

1Departement of Life Sciences and Systems Biology, University of Turin, Turin, IT 
2Neuroscience Institute Cavalieri Ottolenghi, University of Turin, Orbassano, IT 
3Mathematical Sciences, University of Southampton, Southampton, GB 
4Department of Neurosciences “Rita Levi Montalcini”, University of Turin, Turin, IT 

 

In the adult brain two subsets of astrocytes act as neural stem cells (NSCs) in the canonical neurogenic niches 

of the sub-ventricular zone and hippocampal dentate gyrus. However, comparative studies and the analysis of 

specific pathological conditions have proven that new neurons can be generated also outside these niches, in 

the mature brain parenchyma. For instance, we reported that after excitotoxic lesion, subsets of striatal 

astrocytes undergo a spontaneous neurogenic activation leading to the generation of neuroblasts. Yet, it 

remained to be established how the striatal neurogenic niche is organized and what dynamics govern the 

activation and lineage progression of striatal astrocytes.  

Here, through genetic lineage tracing and 3D reconstructions coupled with mathematical modelling we dissected 
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the transition of striatal astrocytes toward neurogenesis. In contrast to NSCs that cluster together in the 

canonical niches, activated astrocytes are scattered throughout the striatal parenchyma. Upon neurogenic 

activation, striatal astrocytes clonally expand generating independent cell clusters. Thus, numerous individual 

niches populate the striatum. Striatal astrocytes undergo activation with a constant rate, resulting in the constant 

addition of new striatal niches with time. However, the total number of niches does not appear to vary, indicating 

that individual niches have a transient existence. Of note, striatal niches are initially composed only by activated 

astrocytes and transient amplifying progenitor-like cells. These latter cells initially expand and then generate 

proliferating neuroblasts following a stochastic mode of division/differentiation. Newly generated neuroblasts first 

accumulate in the clusters, then become postmitotic, and subsequently disperse as individual cells. Thus, striatal 

neurogenesis occurs through the continuous and asynchronous transition of multiple neurogenic astrocytes from 

quiescence to an active state.  

These data suggest that the neurogenic potential may be widespread among striatal astrocytes and that the 

striatal parenchyma is largely permissive for de-novo establishment of neurogenic niches. 

 

T13-022B 

GPNMB is a negative regulator of Oligodendrogenesis in the adult brain 

J. Samanta, D.Z. Radecki 

Department of Comparative Biosciences, University of Wisconsin-Madison, Madison, US 

 

Neural stem cells residing in the subventricular zone (SVZ) of adult brains are a source of remyelinating 

oligodendrocytes. In particular, a subset of these cells which express the transcription factor Gli1 in the ventral 

SVZ, have been shown to migrate to demyelinating lesions and differentiate into oligodendrocytes in the corpus 

callosum. However in the healthy brain, these cells do not generate oligodendrocytes, instead they differentiate 

into neurons in the olfactory bulb. Using a transcriptomic analysis of neural stem cells, we identified a type-1 

trans-membrane protein, Glycoprotein nonmetastatic melanoma protein B (GPNMB) as one of the genes 

responsible for the inhibition of oligodendrocyte generation in the adult brain. Our data shows that GPNMB is 

expressed in neural stem cells and not in the oligodendrocyte progenitor cells in the adult brain. Further, in vitro 

overexpression of GPNMB in the adult neural stem cells inhibits the generation of oligodendrocytes. These 

results suggest that GPNMB inhibits the differentiation of oligodendrocytes from adult neural stem cells and may 

help guide efforts to enhance remyelination. 

 

T13-023B 

The mitochondrial peptidase YME1L controls the early proliferative steps of adult neurogenesis 

G.A. Wani1, S. Wendler1, H.G. Sprenger2, J. Göbel1, J. Seeger1, B. Fernando1, C. Frese1, T. Langer2,3,1, M. 

Bergami1,3 

1Institute of Genetics and Cologne Excellence Cluster on Cellular Stress Responses in Aging‑ Associated 

Diseases (CECAD), UniKlinik Köln, Cologne, DE 
2Max-Planck-Institute for Biology of Ageing, MPI, Cologne, DE 
3Center for Molecular Medicine, UniKlinik Köln, Cologne, DE 

 

The hippocampus is one of the few regions in the adult mammalian brain where neural stem cells (NSCs) give 

rise to new functional neurons, thus contributing to key aspects of cognition. This process involves the activation 
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of otherwise quiescent NSCs and the generation of fast-dividing, intermediate progenitor cells (IPCs) which then 

differentiate into neurons. Although the mechanisms regulating this neurogenic process are incompletely 

understood, emerging evidence suggests that changes in the metabolic state of NSCs may facilitate their 

progression towards new neurons. In particular, NSC activation and differentiation are mirrored by a 

corresponding increase in mitochondrial-related genes, suggesting that a shift towards a mitochondrial-

dependent energy metabolism underlies important aspects of neurogenesis. Yet, to which extent mitochondrial 

dynamics and quality control mechanisms regulate NSC lineage progression is unclear. Here, we show that the 

i-AAA peptidase YME1L – which regulates mitochondrial quality control– plays a central role in promoting this 

lineage progression in the adult hippocampus in vivo. Conditional deletion of YME1L induces a marked 

fragmentation of the mitochondrial network in adult NSCs, which are otherwise characterized by a tubular 

network.  Loss of YME1L (but not OMA1-mitochondrial peptidase) impaired the proliferation rate and pool 

expansion of IPCs, ultimately leading to compromised neurogenesis. Experiments conducted in primary adult 

NSCs maintained in vitro corroborate these findings and further revealed that the proliferative defects in YME1L-

deficient cells are primarily mediated by an altered mitochondrial OXPHOS and amino acid metabolism. These 

results provide evidence for the potential interplay between mitochondrial structure and function in adult NSCs in 

vivo and indicate that YME1L is required during the early stages of NSC lineage progression towards new 

neurons. (Funding: ERC-StG-2015 - grant 67844). 

 

T13-024B 

Immunomodulatory functions of endogenous neural stem cells for myelin repair 

B. Brousse1,2, P. Durbec1,2, M. Cayre1,2 

1IBDM, Aix Marseille Univ, Marseille, FR 
2IBDM, CNRS, Marseille, FR 

 

In response to an acute corpus callosum (CC) demyelination, subventricular zone-derived neural progenitors 

(SVZdNP) migrate to the demyelinated CC to replace dead oligodendrocytes. This mobilization is regionalized, 

with preferential recruitment in the rostro-lateral CC compared to caudal-medial CC (Brousse et al., 2015; Xing 

et al., 2014). Interestingly, areas with high SVZdNP mobilization correspond to those less affected by cuprizone-

induced demyelination. Although the majority of SVZdNP recruited in the demyelinated CC adopt 

oligodendrocyte identity, some stay undifferentiated and could protect the CC from demyelination and/or 

promote remyelination through immunomodulation. Indeed, several studies showed that transplantation of neural 

stem cells improve functional recovery in many pathological contexts, and do so mainly through 

immunomodulation (reviewed in Kokaia et al., 2012). In our demyelination model, we observed more activated 

microglia in areas where SVZdNP are poorly recruited (caudal-medial CC) and a more aggressive inflammatory 

profile. Thus we analyzed whether endogenous SVZdNP spontaneously recruited to the demyelinated CC could 

dialog with microglial cells to modulate their inflammatory properties and exert protective functions. Using 

genetic tracing we sorted SVZdNPs and microglia in demyelinated CC and single cell RNA drop sequencing we 

searched for ligand-receptor couples implicated in SVZdNP/microglia dialog. We identified MFGE8 secreted by 

SVZdNP and integrin β3 expressed by microglial cells as a couple implicated in cell-cell interactions to promote 

myelin debris phagocytosis, a prerequisite for myelin repair. 
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Decoding the progeny of NG2 and GFAP progenitor cells. 

A.C. Ojalvo Sanz, A. Bribián, R. Sánchez-González, L. López-Mascaraque 

Cajal Institute, Madrid, ES 

 

During cortical development, cell generation follow a sequential pattern in partially overlapping temporal waves. 

Firstly, neural progenitor cells (NPCs) derived from neuroepithelial cells divide symmetrically to expand their 

population pool, before their gradual transition into radial glia (RG) cells. RG cells initially undergo symmetric cell 

divisions and later asymmetric RG division produce neurons first, then astrocytes and at later stages 

oligodendrocytes. Recent studies support the notion that RG cells might be heterogeneous regarding their 

differentiation and fate potential. Another remarkable cell type, which could act as precursor cells, are NG2-cells. 

In vivo cell fate analyses indicate that NG2-cells are oligodendrocyte precursor cells (OPCs) but fate-mapping 

analysis, in different transgenic mice lines, also revealed different degrees of differentiation and maturation 

properties of NG2 cells depending on brain areas.  In addition, some studies suggest that in response to brain 

injury reactive astrocytes arise from endogenous progenitors located in the adult brain parenchyma like NG2 

cells.  Thus, such diversity implies that those cells conform a heterogeneous population composed by different 

subpopulations devoted to distinct functions. Then, most NG2-cells lineage is unknown and has not been 

explored to decode whether the NG2-cells is a homogeneous cell population that displays different properties 

depending on environmental influences or is an intrinsically heterogeneous cell. In order to decipher the cell 

progeny of early neural progenitors expressing either GFAP or NG2, we targeted SVZ progenitors. To this end, 

we exchanged the CMV promoter in the piggyback transposase by the GFAP (GFAP-hyPBase) or the NG2 

(NG2-hyPBase) promoters to produce specific labeling of progenitor cells that are expressing GFAP or NG2 

genes at the time of electroporation. These new transposases also recognize the terminal repeats of UbC-

StarTrack plasmids to guarantee the permanent labeling of neural cells. Then, after in vivo electroporation of the 

Ubc-StarTrack mixture along with the different transposase, we analyzed their cell progeny in adult brain mouse 

allowing to distinguish different cell subpopulations between GFAP progenitors or NG2 progenitors. Our findings 

provide fundamental aspects of the lineage heterogeneity and cell fate determination of different and specific 

progenitor cells. 
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Novel gliogenic domains in the adult V-SVZ neural stem cell niche 
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Neural stem cells (NSCs) reside in specialized niches in the adult mammalian brain. The ventricular-

subventricular zone (V-SVZ), adjacent to the lateral ventricles, gives rise to olfactory bulb neurons, and small 

numbers of glia throughout life. Quiescence and activation of adult NSCs can be regulated by both intrinsic and 

extrinsic factors, however the molecular mechanisms that regulate these states have not been fully elucidated. 

Importantly, adult V-SVZ NSCs also have a regional identity, and depending on their spatial location give rise to 

different neuron subtypes, or glia. Here, we show that Platelet derived growth factor receptor beta (PDGFRβ) is 

highly expressed by quiescent and early activated adult NSCs throughout the V-SVZ. Transcriptome analysis 

identified changes occurring as quiescent adult NSCs undergo activation. Finally, selective deletion of PDGFRβ 

in adult V-SVZ NSCs leads to robust activation of quiescent NSCs, uncovering multiple novel regional domains 

for gliogenesis in vivo. Together, our findings identify PDGFRβ as a key regulator of adult NSC quiescence and 

highlight the regional complexity of the adult V-SVZ for the generation of different types of glial cells. 
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Fibrinogen deposition in the subventricular zone stem cell niche induces neural stem cell differentiation 

into astrocytes via BMP receptor signaling 
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Neural stem/progenitor cells (NSPCs) originating from the subventricular zone (SVZ) contribute to brain repair in 

CNS disease. The microenvironment within the SVZ stem cell niche controls NSPC fate. However, the identity of 

extracellular factors within the NSPC environment triggering astrogenesis over neurogenesis in CNS disease 

remain unknown. Here we show that cortical brain injury leads to increased permeability in the distant SVZ 

vasculature resulting in rapid leakage of blood-derived fibrinogen into the stem cell niche environment. 

Fibrinogen induced activation of the BMP signaling pathway in NSPCs and inhibited neuronal differentiation in 

SVZ and hippocampal NSPCs while promoting astrogenesis in vitro. Genetic and pharmacologic elimination of 

fibrinogen reduced the number of newborn SVZ-derived astrocytes. In stark contrast to cortical astrocytes, 

fibrinogen-induced newborn SVZ-derived astrocytes, expressed and secreted the small leucine-rich repeat 

proteoglycan biglycan that promotes neuronal survival. We propose that in CNS disease fibrinogen serves as a 

critical mediator of the SVZ astrogenesis response in the NSPC environment by engaging BMP receptor 

signaling. 
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Adult enteric glial cells generate functional neurons via cognate developmental pathways dependent on 

persistent Foxd3 expression 
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Functional deficits in the enteric nervous system (ENS) undoubtedly exacerbates the morbidity of gastrointestinal 

disorders. However, our understanding of the cellular players and molecular mechanisms leading to ENS 

regeneration and repair, or the process of regeneration itself remains largely inconclusive. We took advantage of 

the progenitor potential of adult enteric glial cells (EGCs) and characterized their trans-differentiation into 

functional enteric neurons (ENs) in vitro. In the absence of exogenous transcription factor led reprogramming, 

temporal exposure to growth factors known to drive neurogenesis from neural crest cells were sufficient in 

converting EGCs into neurons. Data obtained from unbiased time-course transcriptomic analysis, together with 

studying the dynamics of chromatin remodelling suggests that EGCs undergo dedifferentiation before turning on 

neurogenic programmes that drive their conversion into ENs. Live-cell Ca2+ imaging experiments, coupled with 

patch-clamp studies confirmed the functional identity of these glial-derived enteric neurons. Further, 

perturbations of RET-signalling and the depletion of Ascl1 transcription factor was found to significantly reduce 

the efficiency of glia to neuron transition, demonstrating that the process depends on conventional 

developmental programmes critically involved in the development of the ENS. Finally, we show that the 

maintenance of neurogenic competence in adult EGCs is derived from the persistent expression of a neural 

crest cell specifier - Foxd3. Our comprehensive study unveils the remarkable ability of EGCs, acting as putative 

ENS progenitors and set the stage for developing in vivo strategies to enhance ENS regeneration to restore 

enteric neurons lost as a result of injury or disease. 
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Molecular characterization of the human and mouse adult spinal cord ependymal region reveals a 

conserved embryonic-like dorsal-ventral regionalization and identifies novel dorsal VEGFR3+ Msx1 + 

Id4+ quiescent neural stem cells. 
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Anamniotes, rodents and young human maintain neural multipotent cells in the ependymal zone (EZ) around the 

central canal of the spinal cord, representing a possible endogenous source for repair in mammal lesions. Cell 

diversity and genes specific for this region are still ill-defined. RNA profiling of the mouse and human EZ 

uncovered the conserved expression of 1200 genes with an enrichment for ciliogenesis and a conserved set of 

120 transcription factors. Unexpectedly, the EZ maintain an embryonic-like dorsal-ventral pattern of expression 

of key spinal cord developmental transcription factors (ARX, FOXA2, MSX1, PAX6). Mouse dorsal and ventral 

cells EZ cells express VEGFR3 and are derived from the embryonic roof and floor plates. A new subpopulation 

of quiescent dorsal radial stem cells expressing MSX1, ID4, BMP6 and GDF10 was identified and MSX1 and ID4 

were shown to negatively control spinal cord stem cell growth. This study provides a new detailed corpus of 

knowledge for exploring this stem cell niche further. 
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Mechanisms of myeloid cell invasion and polarization in autoimmune CNS inflammation 
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2BioMedical Centrum, LMU München, Munich, DE 

 

Context: Multiple sclerosis (MS) is a chronic disease of the central nervous system (CNS) characterized by 

multifocal invasion of inflammatory cells. Microglia/macrophages are the main cell type found in CNS lesions in 

patients and in mice suffering from experimental autoimmune encephalomyelitis (EAE), an animal model for MS. 

These cells guide disease development as damaging forces (pro-inflammatory cells) but are also contributors to 

recovery (anti-inflammatory cells). Unfortunately, given their complex heterogeneity in origin, location and 

phenotype, these cells remain elusive pharmacological targets. To shed light on myeloid dynamics during EAE, 

we recently showed that peripherally-originated phagocytes invade the CNS and dynamically adapt their 

phenotype to anti-inflammatory cells over time. We hypothesize that selectively blocking pro-inflammatory 

myeloid cell invasion and -in parallel- accelerating their anti-inflammatory phenotype evolution will be of great 

benefit to MS patients.  

Main objectives: To decrease inflammation in MS and EAE, we thus need to: (1) discover the specific CNS 

entry points of different macrophages; (2) define the signalling pathways leading to phenotype change, to 

accelerate this evolution; (3) understand the regulatory role of CNS-resident myeloid cells, and how they 

influence the phenotype of invading myeloid cells.  

Methods: We use a reporter mouse model, iNOS-Tomato-cre x Arginase-EYFP (TomY), allowing real-time 

imaging of individual macrophage polarizations. Transmigration of macrophages from TomY mice is tested using 

state-of-the-art in vitro models of different mouse CNS barriers. Myeloid cell function is studied in new transgenic 

mice carrying genetic deletion in key signalling pathways, specifically in proinflammatory cells or in CNS-resident 

macrophages. Cutting-edge immunological and in vivo microscopy techniques will be used to define myeloid 

phenotype dynamics and parallel neuronal pathology during EAE at a single-cell level.  

Impact: This approach aims at clarifying the pathogenesis of MS progression and how to ameliorate it. 

Microglia/macrophages are at the center of every chronic inflammatory process, but are difficult to study in light 

of their dynamic multilayered complexity. Our in vivo and in vitro approach can set the stage to accurately 

foresee targeted interventions altering the balance of destructive and protective myeloid cells in the inflamed 

CNS. 
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Several million people affected by chronic liver diseases (cirrhosis, hepatitis) show neurological alterations, 

named hepatic encephalopathy (HE) with cognitive and motor alterations which impair quality of life and reduce 

life span. The economic burden of hepatic encephalopathy is substantial, with an estimated cost of $1 billion to 

$7 billion per year in the US.  

Hyperammonemia and inflammation play synergistic roles in inducing the neurological alterations in HE, which 

could be mediated by neuroinflammation. However, no studies on neuroinflammation have been performed in 

patients with steatohepatitis. Also the possible relationship between cerebral infiltration of peripheral 

lymphocytes and glial activation in chronic liver disease remains unexplored, as well as the relationship between 

glial activation and neurodegeneration in these patients.  

The aim of this work was to analyze in cerebellum of patients with different grades of liver disease, from mild 

steatohepatitis to cirrhosis and hepatic encephalopathy: neuronal density in Purkinje and granular layers; 

microglial activation; astrocyte activation; peripheral lymphocytes infiltration; subtypes of lymphocytes infiltrated.  

The results show that patients with chronic liver disease show infiltration of Th17 and Tfh lymphocytes in the 

meninges in cerebellum already at early stages of steatohepatitis. T lymphocytes infiltration is associated with 

microglia and astrocyte activation, first in the molecular layer and subsequently in white matter of cerebellum. 

Glial activation is associated with loss of Purkinje and granular neurons. To this neuronal loss may contribute 

both activated microglia, by phagocytosing neurons, and activated astrocytes, which are damaged, reducing 

their ability to support neuronal cell survival.  

In conclusion, these data suggest that an early detection of MHE would allow treating the patients and 

improving, preventing or delaying neurological impairment. These results also highlight the role of glial response 

leading to neurodegenerative effects in cerebellum of these patients. This could contribute to the neurological 

impairments observed in such patients.   
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Microglia depletion in a murine model of epilepsy: effects on seizures and neuropathology 

M. Di Nunzio1, S. Scarpa1, M. Cerovic1, E. Micotti1, D. Tolomeo1, E. Palma2, T. Ravizza1, M. Bacigaluppi3, A. 

Vezzani1 

1Department of Neuroscience, Istituto di Ricerche Farmacologiche Mario Negri IRCCS, Milano, IT 
2Department of Physiology and Pharmacology, Sapienza University of Rome, Rome, IT 
3Department of Neurology and Neurophysiology, San Raffaele Scientific Institute, Milano, IT 

 

Microglia and astrocytes are both activated in seizure-generating brain areas in human epilepsy and in animal 

models. Similar to astrocytes microglia can release inflammatory molecules and generate oxidative stress during 

epilepsy development that contribute to seizures and neuronal cell loss. However, although there is evidence 

that reactive astrocytes contribute to these pathologic outcomes, the role of microglia is still unclear and may 

depend on the various disease's phases. Our hypothesis is that targeting microglia in a murine model of 

epileptogenesis will affect the neuropathology and the spontaneous seizures. We blocked CSF1 receptors, 

which govern microglia survival, with high doses of PLX3397 which was formulated in food pellet (290 mg/kg). 

Our data confirmed that PLX3397 depleted by 95% forebrain microglia in naive C57BL6 adult mice within 3 

weeks without affecting astrocytes or neurons. We found no changes in hippocampal synaptic transmission and 

neuronal excitability in microglia depleted mice, as assessed ex vivo in hippocampal slices and in Xenopous 

oocytes micro-transplanted with hippocampal membranes from microglia-depleted mice. Upon diet withdrawal, 

microglia repopulates the brain within one week.  

We depleted microglia in two phases of the disease in mice exposed to status epilepticus, which represents an 

epileptogenic injury in rodents and humans. In Experiment 1, microglia was depleted before the mice developed 

the first spontaneous seizures until the onset of the disease; in Experiment 2, microglia was depleted in chronic 

epileptic mice.  

Experiment 1 shows that microglia depletion did not modify the severity and duration of status epilepticus, and 
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the onset time of epilepsy, or the spontaneous seizures frequency and duration vs placebo diet-fed mice. 

However, mice showed a rescue in neuronal cell loss associated with prevention of cortical thinning in the 

entorhinal cortex, as assessed by post-mortem histology and 7 Tesla MRI. Experiment 2 shows that microglia 

depletion in chronic epileptic mice did not affect seizures nor the cognitive deficit in the T-maze.  

Since cortical thinning is a common hallmark of human epilepsy of differing etiologies (Whelan et al, Brain, 

2018), our data establish a causal link between this histopathological phenomenon and the activation of 

microglia during the initial disease development. The data highlight microglia as a cellular target for 

neuroprotective intervention in human epilepsy. 
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Reactive astrocytes are strongly induced by central nervous system injury and disease, but their role is poorly 

understood. We previously found that a subtype of reactive astrocytes is induced by Il-1a, TNFa, and C1q 

secreted from neuroinflammatory microglia. Further, we showed that these neuroinflammatory reactive 

astrocytes secrete a factor(s) that kills neurons and oligodendrocytes and saw upregulation of these reactive 

astrocytes in tissue from patients with neurodegenerative diseases. We are now using our serum-free system for 

astrocyte culture to determine the identity of the astrocyte-secreted toxin(s) and using genetic mouse lines that 

inhibit reactive astrocyte formation to determine if reactive astrocytes contribute to neurodegenerative disease. 
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Astrocytic expression of Glial Fibrillary Acidic Protein (GFAP) in the frontal cortex, hypothalamus and 
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Pain modulators include a wide variety of drugs, with distinct mechanisms of action, such as tricyclic 

antidepressants (e.g., amitriptyline), selective serotonin reuptake inhibitors (e.g., fluoxetine), opioid agonists 

(e.g., morphine and methadone), anticonvulsants (sodium or calcium channel blockers, such as carbamazepine 

and gabapentin, respectively), analgesics (e.g., dipyrone or metamizole), anesthetics (e.g., ketamine), 

antiparkisonian drugs (e.g., amantadine), among many others. Although pain is traditionally considered to be 
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mediated by neurons, recent research shows an important role of glial cells in persistent pain sensitization. 

Microglial cells have been implicated in such processes, but less is known about the role of astrocytes in pain 

regulation. Thus, the present study aimed to observe the expression of glial fibrillary acidic protein (GFAP) in 

astrocytes from the frontal cortex, hypothalamus and periaquedutal gray (PAG) area after administration of short 

term doses of distinct drugs used for pain management, but in the absence of any specific painful stimuli. Male 

Wistar rats were divided into the following groups, receiving for 10 days- (1) amitriptyline (Amt- 10 mg/kg/day, by 

gavage); (2) gabapentin (Gb- 60 mg/kg/day, by gavage; (3) methadone (Me- 4.5 mg/kg/day, intraperitoneal 

route- IP); (4) morphine (Mo- 10 mg/kg/day, IP); (5) carbamazepine (Cbz- 40 mg/kg/day, IP); (6) fluoxetine (Fx- 

10 mg/kg/day, IP); (7) amantadine (Ama- 10 mg/kg/day, IP);  (8) S-ketamine  (Ke- 50 mg/kg/day, IP); (9) 

dipyrone (Dip- 16 mg/kg/day, IP); or (10) 0.9% saline solution (daily, IP). Brain samples were collected for 

immunohistochemical study of the GFAP expression in the frontal cortex, hypothalamus and PAG area. 

Morphometry was done using Image Pro-Plus 6.0 software. Our results demonstrate that all drugs administered 

increased GFAP expression in the frontal cortex and hypothalamus in relation to the control group. However, at 

the PAG this expression was increased in groups treated with Amt, Me, Mo, Ama, Flx and Ke, but not with Gb, 

Cbz and Dip. Although the meaning of such changes in astrocytes remains unclear, it is important to notice that 

these cells appeared to phenotypically react to distinct classes of pain modulators in almost all investigated 

areas, probably influencing neurons and the entire central nervous system microenvironment in physiological 

conditions. 
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The synthetic steroid Tibolone is used for the prevention of osteoporosis and the treatment of climateric 

symptoms in post-menopausal women. Tibolone exerts its actions in part throught estrogens and progestogens 

receptors. Previous studies have shown that estradiol and progesterone reduce reactive gliosis after a 

penetrating brain injury so in this study we have assessed whether tibolone may also modulate reactive gliosis in 

an in vivo assay with a penetrating brain injury.  

We used three-month-old female mice which were ovariectomized to deplete circulating ovarian hormone levels. 

We did a 3 mm longitudinal stab wound cortical injury using a cannula with the aid of a stereotaxic apparatus. 

Animals received a subcutaneous injection of vehicle (corn oil), or tibolone (40 μg/Kg b.w.) after injury, a second 

injection 24 h later and a third injection 48 h after injury. Then, the animals were perfused at days 3, 7 or 14 post-

injury. The number of glial cells and neurons was assessed in the injured cerebral cortex using 

immunohistochemistry techniques. By 7 days after brain injury, tibolone reduced the number of glial fibrillary 

acidic protein (GFAP) immunoreactive astrocytes, the number of ionized calcium binding adaptor molecule 1 

(Iba1) immunoreactive microglia, and the number of microglial cells with a reactive phenotype in comparison to 
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vehicle-injected animals. These effects on gliosis were associated with a reduction in neuronal loss in the 

proximity to the wound at 14 days after injury, suggesting that tibolone exerts beneficial homeostatic actions in 

the cerebral cortex after an acute brain injury. This finding suggests that tibolone, a drug currently used in clinical 

practice, may be a therapeutic candidate to regulate reactive gliosis. 
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To date, available treatment strategies for multiple sclerosis (MS) are ineffective in preventing or reversing 

progressive neurologic deterioration, creating a high and unmet medical need. One potential way to fight MS 

may be by limiting the detrimental effects of reactive astrocytes, a key pathological hallmark for disease 

progression. One class of compounds that may exert beneficial effects via astrocytes are melanocortin receptor 

agonists. Melanocortins are highly conserved neuropeptides which exert their action through the activation of the 

family of melanocortin receptors (MC1R-5R). Among the MCR, MC4R is most abundantly expressed in the CNS 

and several studies have described that MC4R is – besides neurons - expressed by astrocytes. Activation of 

neuronal MC4R in the hypothalamus via the melanocortin alpha-melanocyte stimulating hormone (α-MSH), 

generally leads to weight loss due to a reduction in caloric intake and an increase in energy expenditure. 

Interestingly, activation of MC4R in astrocytes has shown to have potent anti-inflammatory as well as 

neuroprotective effects, suggesting that this could be a potential target to ameliorate ongoing inflammation and 

neurodegeneration in MS. However, to date, the expression of MC4R in human astrocytes as well as their 

cellular distribution in MS brain tissue has not been studied in detail. Therefore, in this study, we set out to 

investigate MC4R expression and analyze its downstream effects. Based on our immunohistochemical analysis, 

we identified the MC4R to be the dominant melanocortin receptor expressed in the human brain, particularly on 

astrocytes. Increased astrocytic MC4R expression was observed in active MS lesions. We furthermore show that 

the novel and highly selective MC4R agonist setmelanotide ameliorates the reactive phenotype in astrocytes in 

vitro and markedly induced interleukin -6 and -11 production, possibly through enhanced cAMP response 

element-binding protein (CREB) phosphorylation. Notably, stimulation of human macrophages with medium from 

astrocytes that were exposed to setmelanotide, skewed macrophages towards an anti-inflammatory phenotype. 

Taken together, these findings suggest that targeting MC4R on astrocytes might be a novel therapeutic strategy 

to halt inflammation-associated neurodegeneration in MS. 
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Osteopontin (OPN) is an inflammatory cytokine inducer involved in cell proliferation and migration in 

inflammatory diseases, injuries or tumors. To clarify the functional role of OPN in reactivation of astrocytes 

during brain injury, we compared OPN-deficient (OPN/KO) with wild type (WT) mouse brains after stab wound 

injury on the cerebral cortex as a brain traumatic injury model. Furthermore, primary culture of astrocytes and 

microglial cells from either genotype of postnatal mouse brains was prepared, and treated with 

lipopolysaccharide (LPS) to induce inflammation in the cells. By the immunofluorescent analysis on the injured 

brain sections, either astrocytes or microglial cell activation was attenuated in OPN/KO mice compared with WT 

mice confirmed with bromo-deoxy urine incorporation as a cell proliferation marker. Activation efficiency of 

astrocytes in primary culture was accessed using Western blotting analysis by examining the protein expression 

levels of glial fibrillary acidic protein(GFAP) and tenascin-C (TN-C), which are the markers for reactive 

astrocytes. The expression levels of both GFAP and TN-C were downregulated in the primary culture of 

astrocytes from OPN/KO mice compared to that from WT mice. Additionally, primary culture of astrocytes 

prepared from OPN/KO mice showed only 25% of normal shaped astrocytes in a flask were produced compared 

to that from WT mice. These data suggest that OPN is essential for proper astrocytic generation in vitro culture 

prepared from mouse cerebral cortex. Moreover, OPN is indispensable for astrocyte activation in the mouse 

brain injury model and in LPS stimulated primary culture. 
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Influenza viruses until today are a leading cause of worldwide severe pandemics and represent a major threat to 

human and animal health. Although the primary target of influenza viruses in mammals is the lung, infection can 

cause neurological disorders, including delirium and encephalopathy. We could show previously that a 

peripheral influenza A virus infection caused by a non-neurotropic virus variant leads to long-term 

neuroinflammation and synapse loss together with impaired memory formation in young adult mice (Hosseini et 

al. 2018, JNS). Processes of neuroinflammation have indeed been associated with neurodegenerative diseases 

such as Alzheimer’s disease (AD) and prolonged or excessive innate immune responses are considered a risk 

factor for AD. Therefore, in order to investigate the role of influenza infection for the development and 

progression of AD two months old APP/PS1 mice were infected intranasally with non-neurotropic H3N2 

(maHK68) influenza A virus. Whereas the infection had no effect on neuronal cell number in the CA1 region 

analysis of spine density revealed a reduction 120 days post infection in comparison to WT and also to non-

infected APP/PS1 mice. A detailed analysis of microglia density and morphology revealed neuroinflammation in 

the hippocampus already of uninfected APP/PS1 mice but microglia activation was even more pronounced in 

APP/PS1 mice upon H3N2 infection. Taken together these results demonstrate that influenza infection as a 

peripheral immune stimulation may exacerbate AD possibly by triggering microglia hyperactivation. 
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Exosome secretion from TREM2 mutant iPS microglia like cells: effect on neuron-like cells 
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Mutations in the triggering receptor expressed on myeloid cells-2 (TREM2) have been linked to an increased risk 

of developing dementia. Through downstream signalling pathways, TREM2 can regulate the microglial response 

to extracellular stimuli, such as apoptotic neurons. The secretion of exosomes, small extracellular vesicles, is 

one process through which microglia can communicate the presence of these stimuli to neighbouring neurons 

and this process has been implicated in neuronal functioning. The effect of exosomes on neurons mainly 

depends on the signals microglia receive from the environment, and so we hypothesize that TREM2 mutations, 

affecting the ability of microglia to survey the microenvironment, can influence microglial exosome profile and in 

turn the effect they have on neurons .  

Induced pluripotent stem cells from common variants and TREM2 mutants were differentiated into microglia-like 

cells (iPSMG). Exosomes were extracted using the ExoQuick protocol and their identity verified through the 

western blotting and nanoparticle tracking analysis (NTA). Following extraction, exosomes were added to 

differentiated SHSY5Y cells, a model for neuron-like cells, and their effect on intercellular stress signalling and 

synaptic changes were assessed.  

We were able to reliably extract exosomes from iPSMG, as indicated by exosomal markers and their size 

ranging from 30-120nm. Independent of iPS-MG activation with lipopolysaccharide (LPS), iPSMG exosomes did 

not affect the viability of the SHSY5Y cells. However, the presence of LPS did change the effect the exosomes 

had on SHSY5Y stress pathways, namely ER and mitochondrial stress. In addition, calcium imaging and PSD-

95 phosphorylation suggests that both TREM2 mutations and signals from the environment could lead to 

synaptic changes in the neuron-like cells.  

Exosomes from iPSMGs have a differential effect on the viability and synaptic functioning of SHSY5Y, indicating 

that changes in the extracellular environment detected by microglia can change the composition and through 

that the effect of exosomes on neurons. This supports the hypothesis that exosomes can be a sophisticated 

communication pathway between different cell types. The effect of exosomes on neuronal signalling pathways 

did not change after TREM2 mutants were challenged with LPS, highlighting the importance of TREM2 

functioning in the response to extracellular stimuli. 
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Tumor Necrosis Factor (TNF) is a pleiotropic cytokine involved in physiological and pathological processes. 

Among those, TNF has been implicated in the pathophysiology of various neurological disorders, including 

multiple sclerosis (MS). TNF exists in two forms, transmembrane (tmTNF) and soluble (solTNF), whose cellular 

effects are dependent upon which receptor TNF binds to. Due to differing binding affinities, solTNF preferentially 

binds to TNF receptor 1 (TNFR1) and mediates detrimental processes, while tmTNF preferentially binds to TNF 

receptor 2 (TNFR2) and mediates protective processes.  

Our lab has significantly contributed to elucidating the complex role of TNF in CNS autoimmunity. By ablating 

TNFR2 from all oligodendrocyte lineage cells in CNP-cre:TNFR2fl/fl mice, we showed that TNFR2 promotes 

remyelination following EAE. Furthermore, CNP-cre:TNFR2fl/fl mice showed exacerbation of the acute phase of 

EAE, which is mainly driven by immune cell infiltration, suggesting that TNFR2 might play a role in regulating the 

immune-mediated neuroinflammatory response as well (Madsen et al., 2016).  

To elucidate the mechanisms through which oligodendroglial TNFR2 regulates remyelination and 

neuroinflammation, we generated PDGFRa-creER:TNFR2fl/fl:EYFP mice to conditionally ablate TNFR2 in OPCs 

and induce concomitant expression of EYFP. In the cuprizone model of demyelination, TNFR2 ablation in OPCs 

resulted in reduced numbers of newly formed myelinating oligodendrocytes once mice resumed a normal diet, 

suggesting that TNFR2 is important for OPC differentiation into mature oligodendrocytes. Furthermore, our 

conditional knockouts maintained increased microglial numbers after withdrawal of cuprizone compared to 

controls, indicating that TNFR2 signaling in OPCs mediates neuroinflammation even without primary 

inflammatory stimuli. Transcriptomics profiling by RNA-seq of the EFYP+ oligodendrocyte population isolated 

from the corpus callosum at 10 days after cuprizone withdrawal has identified pathways and molecules regulated 

by TNFR2 during remyelination. Finally, in the MOG35-55 EAE model of MS, ablation of TNFR2 in OPCs resulted 

in earlier onset and peak disease, suggesting that oligodendroglial TNFR2 may be mediating the processes by 

which peripheral immune cells infiltrate the CNS.  

Overall, our data point at oligodendroglial TNFR2 signaling as an important pathway in the modulation of 

neuroinflammation and remyelination in CNS disease, supporting the idea that TNFR2 could be a promising new 

target for MS therapy. 
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Alzheimer’s Disease (AD) is a progressive age-related neurodegenerative disorder characterized by the 

accumulation of extracellular amyloid beta (Aβ) as well as CNS and systemic inflammation. Innate immune cells 

like CNS resident microglia use microRNAs to rapidly respond to inflammatory signals, such as soluble and 

fibrillar Aβ. MicroRNA (miRNA) profiles are altered in tissue, circulating monocytes, and serum of AD cases. 

MiR-155 is a miRNA that modulates the phasic inflammatory responses of innate immune cells, however its 

precise role in AD pathogenesis remains unknown. Using cultured neonatal microglia, we observed that 

E525POSTERS

GLIA



  

 

 

modulation of miR-155 expression impacts the internalization and degradation of fibrillar Aβ. We hypothesize 

that miR-155 participates in AD pathophysiology by modulating Aβ equilibrium and microglia function. To test our 

hypothesis we crossed tamoxifen inducible Cre-recombinase driven by the Cx3cr1 promoter with homozygous 

floxed miR-155 into the APP/PS1 mouse model of AD. We observed that tamoxifen induced deletion ofmiR-155 

reduced miR-155 expression in microglia. As expected, targets of miR-155 including cMAF, CSF1R, SOCS1, 

and SHIP1 were upregulated in microglia isolated from 6 month old animals. Deletion of miR-155 in microglia 

substantially reduced survival of APP/PS1 mice, but had no impact without transgenic expression of human 

mutant APP and PS1. In surviving animals, miR-155 target gene expression in microglia was normalized at 9 

and 12 months of age despite of sustained deletion of miR-155. Concentrations of soluble and insoluble Aβ in 

cortical and hippocampal lysateswere assessed using ELISA at 6, 9, and 12 months of age.Our results thus far 

support the hypothesis that miR-155 deletion alters innate immune gene expression and Aβequilibrium in an AD 

mouse model,further elucidating the molecular pathways regulating neuroinflammation in AD. 
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Dysregulation of immune responses in the central nervous system (CNS) is thought to underlie the development 

of several neurological disorders. Multiple sclerosis is the most common autoimmune disease of the CNS and it 

is characterized by multifocal demyelination, which is in some cases followed by spontaneous remyelination that 

activates myelin repair mechanisms and induces the production of new myelin. With the progression of the 

disease and the exposure to repeated demyelinating insults, remyelination efficiency decreases. Microglia, the 

phagocytes of the CNS and its first line of defense, continuously surveil the parenchyma through the extension 

and retraction of their cytoplasmic processes. Upon an insult these cells undergo both morphological and 

functional alterations and become activated in order to restore tissue homeostasis. However, it is still unclear if 

and how their activation status influences the outcome of a demyelinating lesion. In this study we decided to 

evaluate the role of phagocyte activation in the course of a demyelinating process. For that we have established 

a focal demyelinating model in zebrafish larvae, performing lysolecithin injections in the spinal cord and 

monitoring the degree of myelination, the kinetics of oligodendrocyte precursor cells in the lesion and their 

differentiation into mature oligodendrocytes, as well as the infiltration of phagocytes and their activation. We 

show that phagocytes are important for remyelination and that they present different states of activation during 

the course of a demyelination process. We further show that remyelination is compromised when phagocytes 

are under-activated, with delayed clearance of ingested myelin, supporting the hypothesis that an initial proper 

inflammatory response is critical for myelin repair and that inhibiting inflammation can compromise lesion 

recovery.  We anticipate our model to be a useful tool to further unravel the role of the immune system in myelin 

damage and repair, which will contribute to better understand the etiology of autoimmune demyelination 

processes, hopefully shedding light on to novel potential targets for long-term regenerative therapeutics in 

patients with relentless demyelinating disorders. 
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Sepsis associated encephalopathy (SAE) manifested by impaired perception, consciousness and cognition, 

results from multifactorial events, including high levels of systemic cytokines, microbial components and 

endotoxins, which damage the brain barriers, instigate neuroinflammation and cause homeostatic failure. The 

ultrastructure of astrocytes in the cortex and sub-cortical white matter of the parietal lobe in cecum ligation and 

puncture sepsis model established in Wistar rats was examined with transmission electron microscopy. Analysis 

of brain samples of SAE model animals at 24 hours after surgery revealed ultrastructural pathology represented 

by disintegration and destruction of nuclear and cytoplasmic structures in neurones and neuroglial cells. In 

comparison with the control group the processes and pericarya of astrocytes showed 4 - 5 times increase in the 

number of multivesicular bodies (MVBs) which appear as large (0.4 - 1 μm in diameter) vacuolar structures 

packed with 2 to 30 vesicles with diameters of 50 to > 500 nm. Accumulation of MVBs in astrocytes in SAE 

reflects increased endocytosis and possibly phagocytosis, both likely revealing elevated phagocytic activity of 

astroglia. Astroglial MVBs are highly polymorphic: some of them are densely packed with vesicles whereas 

others display relatively large vesicle-free zones, which sometimes contain loose electron-dense material or 

lamellar structures including myelin-like bodies. The MVBs contribute to the sorting, degradation, trans-cellular 

transport and recycling of various intracellular molecules and are linked to the formation of exosomes involved in 

cell-to-cell communications. Increased of the density and redistribution of MVBs into perivascular astroglial 

endfeet plausibly reflects adaptive astroglial response to sepsis-associated pathology, manifested in particular, 

by elimination and export of cytosolic molecular debris linked to cellular damage. 
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Endothelial cells (ECs) in Blood-brain barrier (BBB) have higher volume of mitochondria than endothelial cells of 

peripheral capillaries. Cerebral endothelial cells have junctional proteins to maintain BBB integrity by restricting 

toxic substances and peripheral immune cells. Although it is known that mitochondrial inhibitors cause BBB 
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disruption and decrease of tight junctions, the mechanism underlying BBB disruption by defective mitochondrial 

oxidative phosphorylation (OXPHOS) is unclear in mitochondrial related gene-targeted animal model. To assess 

the mitochondrial OXPHOS function in endothelial cells for maintaining of BBB, we tried to establish endothelial 

specific Crif1 deletion mouse. We observed encephalomyelitis-like behavior, myelin damage and leukocyte 

infiltration through the BBB disruption and decrease of tight junction protein expression. Furthermore, we 

investigated the alteration of actin cytoskeletons that interacted with junctional proteins to support BBB integrity. 

Crif1 loss leads to reorganization of actin cytoskeletons and decrease of tight junction-associated protein through 

the defect of ATP production in vivo and in vitro. We suggest that endothelial specific Crif1 defect mouse is 

encephalomyelitis genetic animal model and demonstrate that the role of mitochondrial OXPHOS as supply of 

ATP in cerebral endothelial cells (2014R1A6A1029617) (2016R1A2B4010398) (2016R1D1A1B03932766) 

(2017R1A5A2015385). 

 

T14-017A 

Comprehensive gene expression meta-analysis identifies signature genes that distinguish microglia 

from peripheral monocytes/macrophages in health and glioma 

V.C. Haage1, M. Semtner1, R. Oliveira Vidal1,2, D. Perez Hernandez3, W.W. Pong4, Z. Chen6, D. 

Hambardzumyan6, V. Magrini5, A. Li5, J. Walker5, E. Mardis5, P. Mertins3, S. Sauer1,2, H. Kettenmann1, D.H. 

Gutmann4,1 
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2Medical Systems Biology, Max Delbrück Center for Molecular Medicine in the Helmholtz Association, Berlin, DE 
3Proteomics, Max Delbrück Center for Molecular Medicine in the Helmholtz Association, Berlin, DE 
4Department of Neurology, Washington University School of Medicine, St. Louis, US 
5McDonnell Genome Institute, Washington University School of Medicine, St. Louis, US 
6Department of Pediatrics, Emory University, Atlanta, US 

 

Monocytes/macrophages have begun to emerge as key cellular modulators of brain homeostasis and central 

nervous system (CNS) disease. In the healthy brain, resident microglia are the predominant macrophage cell 

population; however, under conditions of blood-brain barrier leakage, peripheral monocytes/macrophages can 

infiltrate the brain and participate in CNS disease pathogenesis. Distinguishing these two populations is often 

challenging, owing to a paucity of universally accepted and reliable markers. To identify discriminatory marker 

sets for microglia and peripheral monocytes/macrophages, we employed a large meta-analytic approach using 

five published murine transcriptional datasets. Following hierarchical clustering, we filtered the top differentially-

expressed genes (DEGs) through a brain cell type-specific sequencing database, which led to the identification 

of eight microglia and eight peripheral monocyte/macrophage markers. We then validated their differential 

expression, leveraging a published single cell RNA sequencing dataset and quantitative RT-PCR using freshly 

isolated microglia and peripheral monocytes/macrophages from two different mouse strains. We further verified 

the translation of these DEGs at the protein level. As top microglia DEGs, we identified P2ry12, Tmem119, 

Slc2a5 and Fcrls, whereas Emilin2, Gda, Hp and Sell emerged as the best DEGs for identifying peripheral 

monocytes/macrophages. Lastly, we evaluated their utility in discriminating monocyte/macrophage populations 

in the setting of brain pathology (glioma), and found that these DEG sets distinguished glioma-associated 

microglia from macrophages in both RCAS and GL261 mouse models of glioblastoma. Taken together, this 

unbiased bioinformatic approach facilitated the discovery of a robust set of microglia and peripheral 

monocyte/macrophage expression markers to discriminate these monocyte populations in both health and 

disease. 
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T14-018A 

Understanding the role of early-life inflammation on the incidence of Alzheimer's disease 

M. Guerrero Carrasco, M. Vargas-Caballero, D. Gomez-Nicola 

Biological Sciences, University of Southampton, Southampton, GB 

 

Microglial cells are self-renewing macrophages of the brain with a highly regulated system of turnover1 and are 

the first line of defence in the central nervous system. At the onset of Alzheimer’s disease, microglial cells 

become activated and proliferate, accelerating the disease2. We hypothesise that early life insults could promote 

an accelerated proliferation of microglial cells, pre-conditioning them to Alzheimer. This may induce a phenotypic 

change characterised by a negative impact on the progression of Alzheimer’s disease. We investigate the effect 

of repeated sub-threshold inflammatory challenges in early life, similar to those that can frequently be seen in the 

human life course such as bacterial infection. We model this by injecting low-doses of LPS to young mice and 

then studying the effect that has on the severity of AD-like pathology later in life. Our preliminary results indicate 

that mild inflammation triggered by an injection of low dose LPS promotes the proliferation of microglial cells, 

which might pre-conditioning them. The outcome of this research could support future preventative approaches 

to delay the onset of clinical symptoms. 
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Exposure to early-life stress (ELS), such as that caused by maternal separation, can induce maladaptive 

behaviours and increase vulnerability to psychiatric disorders later in life.  

In this work, we used a paradigm of maternal separation (MSUS) to study the impact of ELS in microglia 

morphology and function in the pre-frontal cortex (mPFC). We have employed different behaviour tests to 

evaluate the impact of ELS in social, depressive and anxiety-like behaviours in both juvenile mice (P40) and 

adult male mice (P90). Our results strongly suggest that juvenile male mice exposed to the MSUS protocol 
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present changes in social interaction, displaying a decrease in social preference with respect to controls, as well 

as tendency towards depressive and risk-taking behaviours that is further enhanced in adulthood. Adult male 

mice also present submissive behaviours consistent with lower ranks in social hierarchy. Interestingly, female 

mice do not present significant behaviour changes, which suggests a higher resiliency to this type of stress.  

We employed stereology-based approaches and confocal microscopy, followed by 3D reconstruction, to 

investigate the impact of ELS on microglia number, morphology and function. Stereology results clearly show 

that male animals present a higher density of microglia in several sub-regions of the mPFC, while Scholl analysis 

indicated that these cells are smaller but more ramified than the cells from age-matched females. In addition, 

male microglia cells also express higher levels of Iba-1, a marker of microglia activation. Exposure to MSUS 

causes a further increase in Iba-1 signal in male microglia, as well a retraction of processes, similar to what 

would be expected upon microglia activation towards a classical M1 activation phenotype. Interestingly, this 

same protocol induces opposite changes in female microglia. Although no differences in microglia density were 

observed in the mPFC of female MSUS mice, we observed a significant increase in microglia ramification and 

total length, as well as an increase in surface area and volume.  

Finally, we have employed PV-tdTomato animals, which express the fluorescent protein tdTomato in 

parvalbumin inhibitory neurons, to dissect the possible contribution of microglia to ELS-dependent changes in 

inhibitory networks of the mPFC. Stereology of PV+ neurons revealed significant differences between males and 

females that point towards important sex dysmorphisms in mPFC circuit wiring, with juvenile MSUS males 

presenting a higher number of PV+ neurons than age and sex-matched controls.  

Taken together, our results point towards a higher susceptibility of males to the negative impacts of ELS, which 

may be directly connected with the different response of male microglia to this type of stress. 
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p38 CRISPR/Cas9 PLGA nanoparticles mitigate neuropathic pain by reducing microglial activity in the 

spinal dorsal horn 

J. Shin1,2, N. Shin1,2, H.J. Shin1,2, H.H. Kwon1,2, Y. Yin1,2, H. Park1,2, D.H. Gwon1,2, J.-A. Hwang1,2, J. Hong1,2, 

D.W. Kim1,2 
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Neuropathic pain by injuries or disease of the somatosensory system causes severe mechanical allodynia and 

hyperalgesia. Since current gene therapies for neuropathic pain are incomplete yet in the efficacy, we here tried 

a new approach with a CRISPR/Cas9 (Clustered Regularly Interspaced Short Palindromic Repeats-associated 

protein-9 nuclease) technology to remedy the weakness of old methods. Recently, a CRISPR/Cas9 has been 

known as an innovative tool to edit genes by the deletion or addition of nucleotides within organisms. The 

increase of phosphoryated-p38 in the microglia of spinal dorsal horn with neuropathic pain has been described 

as one of the key mechanisms in the initiation and maintenance of neuropathic pain. Therefore, we adopted p38 

CRISPR/Cas9 PLGA nanoparticles (p38 Cas9 NPs) to edit the p38 gene in spinal microglia for the reduction of 

microglial activation. When p38 Cas9 NPs were intrathecally injected to rats with spinal nerve ligation (SNL)-

induced neuropathic pain on day 3 post-surgery, mechanical allodynia were obviously alleviated on day 4 after 

injection by decreased microglial activity. Moreover, the expression of phosphorylated-p38 and proinflammatory 

mediators, such TNF-a, IL-1b, and IL-6, were decreased in analyses of immunostaining and quantitative PCR. 

Collectively, our findings suggest that p38 Cas9 NPs effectively attenuates chronic pain in rats with SNL by 

targeting the p38 gene of the spinal microglia. Therefore, it could be a novel tool for the treatment of neuropathic 

pain. 
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Immunomodulatory effects of FTY720 in a mice model of Social Isolation 
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University of Brighton, Brighton, GB 

 

Social isolation (SI) is a psychological stressor, causing an alteration in the communication between the immune 

system and CNS [1,2]. Therefore, this work aims to study the modulation of the crosstalk between immune 

system and CNS cells in a SI mice model. To accomplish this goal, FTY720, an inhibitor of the peripheral 

immune cell migration [3,4], was used and its effects upon depression- and anxiety-like behaviour and 

neuroinflammation induced by SI were evaluated.  

Young and Aged C57BL/6J mice were divided into 4 groups. Two groups were grouped house (GH) and the 

other two were SI for three weeks. Half of GH and half of SI received DMSO, while the other half was treated 

with FTY720.  

Depression and anxiety were evaluated through Force Swim Test (FST) and Open Field (OF), respectively. FST 

showed a decrease in immobility time in Young mice SI-FTY720 when compared to SI group, while OFT 

revealed a resilience in SI Aged mice treated group.  

Considering that neuroinflammation plays a role in mental disorders, following the behaviour tests, molecular-

based approaches were performed, specifically western blot and ELISA, to evaluate changes in 

neuroinflammatory markers in the hippocampus. FTY720 decreased Iba-1 expression in SI Aged mice, which 

might suggest a decrease in microglia activation. Besides, inflammasome NLRP3 levels, which integrates the 

stress-associated signals [5], were also diminished by the drug in SI Young mice. This inflammatory complex is 

upstream the activation of the pro-inflammatory cytokine interleukin-1β (IL-1β), which has also a key role in 

anxiety and depression [5]. Thus, IL-1β production was evaluated and results showed a decreasing tendency in 

groups treated with FTY720.  

In conclusion, FTY720 treatment promoted a significant improvement in anxiety-like behaviour and a decrease in 

inflammatory mediators. 
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Epidemiological studies show that the exposure to some pesticides, such as rotenone and paraquat -functional 

and structural analogs of 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP) respectively-, is a risk factor for 

Parkinson’s disease. MPTP and its analogs are inhibitors of the mitochondrial respiratory chain and it has been 

suggested that mitochondrial dysfunction is involved in the induction of oxidative damage in dopaminergic 

neurons in parkinsonism. However, although the toxic effect of these compounds on dopaminergic neurons has 

been widely described using both in vivo and in vitro approaches, reports of their direct effect on glial cells are 

scarce. In a previous study, we showed that 1-methyl-4-phenylpyridinium (MPP+, the active metabolite of MPTP) 

and rotenone induce alterations in the response of glial cell cultures to a pro-inflammatory stimulus (Rabaneda-

Lombarte et al., 2019). The aim of the present work was to study the effect of these agents on the development 

of an anti-inflammatory response in glial cells. To this end, we treated mouse primary mixed glial and microglial 

cultures with IL4 in the absence and the presence of MPP+ and rotenone. We observed an inhibition of the 

expression of anti-inflammatory markers by glial cells mainly in MPP+-treated mixed glial cultures. In addition, 

both MPP+ and rotenone clearly impaired the anti-inflammatory response induced by IL4 on mixed glial cultures. 

MPP+ treatment also resulted in some alterations in the expression of IL4-induced anti-inflammatory markers in 

microglial cultures. IL4, MPP+ and rotenone had an inhibitory effect on microglial phagocytosis, but the effect 

was not potentiated when the cells were exposed to both kinds of stimuli. ATP production was increased in IL4-

treated mixed glial cultures but not in microglial cultures, an effect that was inhibited by MPP+ and rotenone. 

This inhibition could be responsible for the MPP+ and rotenone-induced alterations observed in the response to 

IL4 mainly in mixed glial cultures. These results complement our previous observations on the impairment of a 

pro-inflammatory response in MPP+ and rotenone treated glial cells, and support the hypothesis that the 

exposure to agents that alter glial metabolism impair brain immune response, which may contribute to neuronal 

damage in Parkinson’s disease and other neurodegenerative disorders. 
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B cell-derived IL-10 modulates the inflammatory response of microglia and astrocytes 
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Background: Multiple sclerosis (MS) is a chronic inflammatory demyelinating disease of the central nervous 

system (CNS). Several lines of evidence indicate an important role for B cells in MS. Throughout the chronic 

course of MS, B cell-follicle like structures can be found within the meninges of MS patients. How B cells interact 
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with CNS resident cells, such as microglia and astrocytes to modulate chronic progression of MS remains 

unclear. In the present study we aimed at analyzing the role of B cells on CNS resident cells.  

Methods: Primary microglia and astrocyte cultures were generated from newborn wild type mice (C57BL/6) and 

were incubated with recombinant (r)IL-6 or rIL-10 as well as with B cell supernatant, after neutralization of IL-6 or 

IL-10 by specific antibodies. In addition, activated B cells deficient for IL-6 or IL-10 were directly co-cultured with 

primary microglia or astrocytes. Microglial and astrocytic modulation was assessed by ELISA, flow cytometry, 

immunocytochemistry and qRT-PCR.  

Results: Flow cytometry analysis of primary microglia CD45+CD11b+CD14+ revealed a purity of > 95%. Primary 

astrocytes were CD45-CD11b-CD14- and more than 75% expressed the glial fibrillary acidic protein (GFAP). 

Addition of rIL-10 resulted in decreased production of microglial TNF-α and MIP-1α while rIL-6 showed no effect. 

Incubation of primary microglia or astrocytes with B cell supernatants, neutralized with antibodies against IL-10, 

showed increased microglial TNF-α and MIP-1α production as well as microglial activation (CD69, CD40, CD80, 

CD86) and enhanced release of MCP-1, RANTES and KC by astrocytes. Co-culture of primary microglia with IL-

10-deficient B cells resulted in increased microglial activation and pro-inflammatory cytokine production.  

Conclusion: B cell-derived IL-10 diminished the inflammatory response of microglia and astrocytes. Our 

findings indicate a potential disease-relevant interaction between B cells and resident microglia and astrocytes in 

the CNS, which may influence the progression of the disease and thus provide an innovative target for 

therapeutic modulation. 
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Microglia limit lesion expansion and promote functional recovery after spinal cord injury in mice 
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Traumatic spinal cord injury (SCI) elicits a robust intraspinal inflammatory reaction that is dominated by at least 

two major subpopulations of macrophages, i.e., those derived from resident microglia and another from 

monocytes that infiltrate the injury site from the circulation. Previously, we implicated monocyte-derived 

macrophages (MDMs) as effectors of acute post-injury pathology after SCI; however, it is still unclear whether 

microglia also contribute to lesion pathology. Assigning distinct functional roles to microglia and MDMs in vivo 

has been difficult because these CNS macrophage subsets are morphologically and phenotypically similar. 

Here, to characterize the role that microglia play in experimental models of thoracic spinal contusion or lumbar 

crush injury, mice were fed vehicle chow or chow laced with a CSF1R receptor antagonist, PLX5622. Feeding 

PLX5622 depletes microglia. In both groups, spontaneous recovery of hindlimb motor function was evaluated for 

up to 8 weeks post-SCI using open-field and horizontal ladder tests. Histopathological assessment of intraspinal 

pathology was assessed in 8 week post-injury tissues. In both SCI models, microglia depletion exacerbated 

lesion pathology and impaired spontaneous recovery of hind limb function. Notably, the loss of microglia 

prevented astroglial encapsulation of the lesion core, which was associated with larger lesions, enhanced 

demyelination and neuron loss and a larger inflammatory response that was dominated by monocyte-derived 

macrophages. The neuroprotective and healing properties of microglia become obvious in the subacute phases 

of recovery; microglia depletion up to 7 days post-injury (dpi) had no apparent effect on recovery while delayed 

depletion from 8-28dpi exacerbated lesion pathology and significantly impaired functional recovery. These data 

suggest that microglia have essential tissue repair functions after SCI. Selective enhancement of microglial 

activities may be a novel strategy to preserve tissue and promote recovery of function after neurotrauma. 
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Microglia are the main phagocytes in the CNS. We recently established microglial ablation model without 

affecting other CNS-related mononuclear cells, usingmicroglia-specific diphtheria toxin receptor-knockin mice. In 

this model, microglial debris were rapidly removed even under absence of functional microglia, raising a question 

how the debris were cleared. The microglial ablation did not cause infiltration of mononuclear phagocytes, such 

as the perivascular macrophages and circulating monocytes, in CNS parenchyma, suggesting that the other cell 

populations were involved in the clearance. We found that astrocytes became activated with GFAP upregulation 

upon microglial ablation, and extended their processes to microglial debris. Confocal and electron microscopy 

showed that activated astrocytes contained a significant number of microglial debris in their cell bodies as well 

as processes. Furthermore, the microglial debris were observed in the lysosome of cultured astrocytes, when 

astrocytes were co-cultured with apoptotic microglia. Gene knockdown experiments revealed that TAM family of 

phagocytic receptors expressed by astrocytes participated in the clearance. We confirmed that the astrocytic 

phagocytosis could be observed as well in some mutant mice, in which microglial phagocytic activity was 

suppressed. Taken these results together, astrocytes have a potential to compensate for the dysfunction of 

microglial phagocytic activity. 
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Neuro-inflammation plays a major role in the pathogenesis of neurodegenerative diseases including those 

affecting the retina - retina degenerative diseases. These disease states are hallmarked by microglia activation 

resulting in morphological changes, increase in the production and secretion of cytokines, chemokines, and 

cytotoxic factors thus facilitating cell migration to the site of injury and promoting neuroinflammation. On the 

other hand, Platelet Derived Growth Factors (PDGFs) and their receptors regulate various biological responses 

including but not limited to cellular proliferation, migration and survival, angiogenesis, membrane ruffling and 

cytoskeletal rearrangements. However, over-expression of these proteins have been shown to be associated 
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with disease conditions where microglia activation has been implicated such as neovascular age-related macular 

degeneration (nAMD). Here, we aimed to investigate the intrinsic role of PDGFR signalling in microglia.  

Firstly, we characterized the expression pattern of PDGF isoforms and their receptors in microglia cells 

responding to inflammation by exposure to bacterial lipopolysaccharide (LPS). Quantitative real-time PCR, 

western blot and immunocytochemistry were used to study this expression pattern. Secondly, human 

recombinant PDGFs were used to study the functional characteristics of microglial cells: morphology, migration, 

phagocytic capacity, secretion of Nitric Oxide (NO) and Reactive Oxygen Species (ROS), neurotoxicity effect on 

photoreceptor neuronal cells.  

Our findings indicate that LPS treatment significantly increased the expression of PDGFB and PDGFβ receptor 

mRNA levels while treatment with human recombinant PDGFs significantly increased mRNA levels of PDGFβ 

receptor (but not α-receptor), pro-inflammatory cytokines and the PDGF target gene CCL-2. These effects were 

seen to have been antagonized by PDGFR-blocking antibodies. Furthermore, PDGF treatment altered microglia 

morphology into a reactive, amoeiboid state, increased migratory capacity, decreased ROS production, did not 

alter NO levels and phagocytic capacity. In addition, neurotoxicity studies using conditioned media from PDGF-

treated microglia cells significantly increased pro-inflammatory cytokine release from photoreceptor neuronal 

cells.  

Collectively, our results suggests that PDGFs activates microglia cells into a reactive state and underscores the 

critical role of the PDGF system in microglia mediated neurodegenerative disease conditions. 
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IL-37 reduces neuroinflammation after immune stimulation 
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The anti-inflammatory cytokine Interleukin-37 (IL-37) is a member of the Interleukin-1 (IL-1) family. A transgenic 

mouse model (hIL-37tg) has been described that expresses human IL-37. Previous studies suggest an immune 

modulatory role of IL-37 and demonstrate that this cytokine is able to reduce inflammation. Hence, IL-37 may act 

as an important suppressor of innate immunity. Recently, it was shown that IL-37 also reduces 

neuroinflammation in the spinal cord after spinal cord injury leading to a reduction in local tissue damage.  

In this study, we investigated the functions of IL-37 in the central nervous system. Using the hIL-37tg mouse 

strain, we explored the effects of IL-37 on neuronal architecture and function, microglia phenotype, cytokine 

production and behavior. Transgenic hIL-37 animals were injected with LPS intraperitoneally to induce a 

neuroinflammatory response and compared to non-transgenic littermates. We observed reduced spine density 

and an activated microglia phenotype in wildtype mice, whereas in contrast hIL-37tg mice showed no alterations 

in spine density and microglial activation. Further, we analyzed synaptic plasticity at the Schaffer collateral 

pathway connecting the CA3 with the CA1 subfield. Long-term potentiation (LTP) induced by TBS was impaired 

after LPS challenge in wildtype animals. Although, hIL-37tg show slightly lower LTP compared to wildtype, when 

treated with LPS LTP was not impaired as wildtype treated with LPS. In addition, primary microglia cultures 

where prepared from transgenic mice and wildtype littermates. The results showed reduced levels of pro-

inflammatory cytokines IL-6, IL-1β and TNF-α in hIL-37tg animals. Finally, in preliminary experiments we used 

Morris Water Maze behavioral assays to study the ability of spatial learning and memory in transgenic animals 

and wild-type littermates. Concluding so far, our results show a reduction in pro-inflammatory response in the 

brain after immune stimulation. 
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Inflammation as modulator of axonal regeneration: resolving the myeloid-neuroglial crosstalk 
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Despite intensive research, induction of long-distance axonal regeneration and functional recovery of the 

damaged central nervous system (CNS) remain a challenge. The ever-innovating insights into the dichotomous 

role of neuroinflammation sprouted the idea that, instead of suppressing the inflammatory machinery, directing 

and instructing it may be a better therapeutic objective to trigger axonal regrowth. The overarching goal of this 

project is to unravel the underlying cellular and molecular players that link inflammation to axonal regeneration 

using optic nerve crush (ONC) (degeneration model) and ONC combined with inflammatory stimulation 

(ONC+IS) (regeneration model).  

The responses of resident glia and invading inflammatory cells during neuroregenerative processes are still 

controversial and insufficiently described. Therefore, we investigated the kinetics of myeloid cell influx in the 

retina and optic nerve, at different time points after ONC and ONC+IS, in wild-type, 

Cx3Cr1.CreERT2xR26.STOP.YFP and LysMGFP mice combining flow cytometry and immunohistochemical 

stainings. A large influx of monocytes, monocyte-derived macrophages (MDMs) and neutrophils was detected in 

both tissues after ONC+IS from 2dpi onwards, which was not observed after ONC only. However, in both 

experimental conditions we detected a significant increase in the number of microglia at 6 and 8dpi, but microglia 

became larger and more internally complex after ONC+IS, a sign of augmented activation. To investigate the 

role of MDMs, we used Ccr2-/- mice, that are characterized by a lower number of MDMs but more neutrophils. 

Ccr2-/-  mice showed a reduced axonal regeneration upon ONC+IS, as determined via CTB tracing, as compared 

to wild-type animals suggesting either a positive regenerative effect of MDMs or a negative effect of neutrophils. 

Therefore, we also initiated experiments in Genista mice and mice treated with plexxicon to further define a role 

for the different cell population involved in inflammatory-induced axonal regeneration. In addition, we 

investigated the expression profile of pro- and anti-inflammatory cytokines after ONC and ONC+IS. In the retina, 

the expression of TNFα, IFNγ, iNOS, IL-1β, ArgI, IL-10 and Ym1 was upregulated after ONC+IS compared to 

ONC alone, correlating to the huge influx of inflammatory cells. To explain these expression data and 

disentangle the expression profile of the specific inflammatory cell populations, we are currently performing 

single-cell RNAseq.  

Taken together, these data combined with a comprehensive transcriptomics approach will enable us to pinpoint 

the inflammatory cell populations and processes that are specific to a pro-regenerative response. 

 

T14-029A 

Spinal cord inflammation and locomotor adaptations in a mouse model of traumatic brain injury 

S. Lemarchant, G. Courtand, L. Cardoit, G. Barrière 

CNRS UMR5287, Université de Bordeaux, Bordeaux Cedex, FR 

 

Traumatic brain injury (TBI) is caused by a sudden and unexpected physical insult to the brain and strikes 

predominantly young people. This results in a growing population living with long-lasting sequelae related to their 

TBI which include cognitive decline and locomotor dysfunctions affecting balance, coordination and motor 

executions. Damages to the main descending motor pathway, the corticospinal tract (CST), eventually lead to 
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chronic motor sequelae contralaterally to the trauma. We therefore hypothesized (1) that a trauma on the right 

side of the brain may cause locomotor dysfunctions, especially on the left limbs, contralateral to the lesion site, in 

a mouse model of controlled cortical impact (CCI), and (2) that glial changes in the spinal cord may contribute to 

neuroinflammation-induced neuronal damage/death and/or to the adaptation of the operation mode of spinal 

locomotor neuronal networks after TBI. Using the open-field test and a treadmill assisted-methodology, we have 

evidenced several modifications of the gait pattern after moderate and severe CCI in the acute stage post-TBI, 

including a decreased walking speed (only for severe CCI mice), an increased double-limb support time and an 

increased stance duration associated with a decreased swing duration for the four limbs. At two months post-

injury, sustained modifications of these temporal gait parameters were observed only on the limbs contralateral 

to the lesion. Locomotor changes were accompanied by a strong microglial activation in the CST contralateral to 

the trauma at 3 days post-injury, which persisted in the chronic stage post-TBI and was associated with 

astrogliosis. Remote glial activation was also observed around motoneurons in the ventral horn of the spinal cord 

in the acute and chronic stages post-TBI. Overall, this study shows that locomotor adaptations can be observed 

in a mouse model of CCI during the acute and the chronic stages post-injury. Of importance, subtle but residual 

gait changes of the limbs contralateral to the lesion are maintained for months following head injury. 

Interestingly, CCI induces a remote activation of microglia and astrocytes in the contralateral CST zone and in 

the ventral horn of the spinal cord, pathological changes that are likely to contribute to the modulation of gait 

function after TBI. 
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Neuromyelitis optica (NMO) is an autoimmune inflammatory disease affected in the spinal cord and optic nerves 

of CNS and is basically seropositive for IgG against astrocyte aquaporin 4 (NMO-IgG). Microglia/macrophages 

are accumulated at the active injury site and are play a role in the disease process. However, the origin of active 

cells is unknown whether come from circulating macrophage or from resident microglia. Recent studies have 

examined the function of microglia/macrophage in multiple sclerosis (MS) with new cell-specific markers and 

demonstrated that active cells were derived from microglia. On the other hand, the function of 

microglia/macrophage have not been studied on NMO. Therefore, in this study, we analyzed the functions of 

microglia/macrophage with new cell-specific markers on the NMO mouse model and evaluated the correlation 

with NMO pathophysiology. Mouse NMO model was made by intrastriatal injection of 3 ㎕ of isolated patient 

NMO-IgG (10mg/ml) with 30% of complement (human serum). Mice were divided into 2 groups for histological 

analysis and FACS analysis, and sacrificed at 1 day, 3 days, 1 week, 2 weeks and 4 weeks after injection. Early 

stage in active lesion, Ly6G+ neutrophil cells invaded at 3 days, and Iba1+ cells were recruited with amoeboid 

morphology and gradually increased to 1 weeks. Tmem119+ microglia was disappeared at early stage in active 
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lesion and appeared at 1 week again. FACS analysis was tested for the function of microglia and macrophage 

with M1 and M2 markers such as CD206, Arg1, IL-10, CD68, TNF-α, iNOS. Recruited macrophages at early 

stage in the active lesion were showed M1 markers, and reactivated microglia at 1 week were showed M2 

markers. In addition, myelin loss was observed at early stage of active lesion. Our study provides evidence that 

a major cell type associated with demyelination during early stage of lesion on NMO mouse model are derived 

from circulating macrophages. 

 

Distribution and activation of Iba1+ and Tmem119+ cells in active lesion 
The microglia/macrophage activation and distribution was observed by their morphology and Iba1 immunostain. Iba1+ cells 

were gradually activated toward AQP4-loss site with amoeboid cell morphology. The proliferation of Iba1+ cells were highly 

increased at 1 week and 2 weeks, and densely compactly located at axon bundles. However, Tmem119+ cells, a microglia 

specific marker, were disappeared at early stage (1 and 3 days) of active lesion, and reactivated again at 1 week.  
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Myeloid-derived suppressor cells as putative biomarker to predict the severity of the clinical course and 

the potential remyelination in multiple sclerosis 
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Myeloid-derived suppressor cells (MDSCs) have emerged as a new immune cell population with a crucial role in 

immune-related disorders, including multiple sclerosis (MS). It comprises a heterogeneous population of 

immature myeloid cells including two major subsets based on their phenotypic and morphological features: 

polymorphonuclear and monocytic (M)-MDSC. Data from our group pointed to M-MDSC level in the peripheral 

blood as a putative biomarker for the severity of the clinical course as well as of the degree of demyelination in 

the CNS of the MS murine model EAE. However, there are no data about the relationship of MDSCs and these 

two particular aspects in the human pathology. In the current work, we hypothesize that the abundance of M-

MDSCs in MS patients (labeled as CD11b+CD33+CD14+CD15-HLA-DR-/low) might also help us to predict the MS 

progression. The level of M-MDSCs in the peripheral blood of MS patients at the time of their first referred 

relapse (MS-R) was higher than in both controls and MS patients in remission. Interestingly, the abundance of 

M-MDSCs in MS-R patients inversely correlated with their EDSS at the moment of the relapse. On the other 
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hand, for the first time, we have identified putative CD14+CD15-HLA-DR-/low M-MDSCs in the CNS of MS 

patients, which were associated to demyelinated plaques. M-MDSCs were mainly circumscribed to areas with a 

spontaneous capacity of remyelination, i.e within the plaque of the active lesions and in the periplaque of 

chronic-active lesions. Moreover, the abundance of MDSCs in active lesions from MS patients with short disease 

duration showed a direct correlation with the disease length. In parallel, the density of MDSCs was higher in 

active plaques from non-acute MS patients (disease length < 6 years). Together, our data point to M-MDSC level 

as a putative biomarker of the clinical course severity as well as the degree of histopathological damage in the 

human CNS in the context of MS. 
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Parkinson’s disease (PD) is a neurodegenerative disease for which the cause, in majority of the cases, is 

unknown (idiopathic PD, IPD). It predominantly affects dopaminergic (DA) neurons in the substantia nigra of the 

midbrain, yet the molecular mechanisms underlying the neurodegeneration are not completely understood. 

Oxidative stress due to mitochondrial dysfunction has been described as one of the key pathologies in IPD. Our 

previous single-cell studies using post-mortem midbrain sections revealed that mitochondrial DNA (mtDNA) 

depletion and reduced levels of mitochondrial transcription factor A (TFAM) are associated with respiratory chain 

dysfunction in IPD. Recent non-neuronal studies showed that TFAM deficiency can promote the release of 

mtDNA into the cytosol. Additionally, authors reported that mtDNA in the cytosol engages inflammatory 

pathways, thereby activating the expression of antiviral effector molecules, resulting in increased oxidative 

stress. Furthermore, microglia play an important role in maintaining homeostasis by clearing host and non-host 

threats such as apoptotic cell debris, damage- or pathogen-associated molecular patterns (DAMPs or PAMPs) 

thereby achieving a healthy environment for proper neuronal function. Mitochondria are evolutionary 

endosymbionts and mtDNA has a bacterial origin, thus mtDNA might act as a DAMP or a potent activator of 

microglia. Depending on the input signal received from the environment, microglia can act on neurons in either a 

pro- or anti-inflammatory manner by producing a range of cytokines and chemokines. Moreover, some studies 

found higher levels of those proinflammatory mediators in the serum of PD patients compared to controls.  

Based on these findings, the first aim of our study is to elucidate the role of TFAM deficiency-mediated mtDNA 

stress and investigate the neuroinflammatory state caused by mtDNA release, intra- and extra-cellularly, in the 
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context of PD. By analyzing induced pluripotent stem cell (iPSC)-derived midbrain DA neurons from IPD patients 

and age-matched controls, we found that patient neurons with respiratory chain complex I deficiency release 

more mtDNA in the cytosol. Moreover, mtDNA isolated from IPD small molecule neural precursor cells 

(smNPCs) showed a greater potential to activate primary mouse microglia than mtDNA from control smNPCs. 

Exposure to the patient mtDNA resulted in an upregulation of the expression of proinflammatory genes such as 

Il6 and Cxcl10. To explore this phenomenon at the endogenous level, we now aim to establish genetically 

matched neuron-glia co-cultures. We believe that our study will help to clarify the relationship between 

mitochondrial dysfunction and neuroinflammation in PD. 
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Introduction: After spinal nerve ligation (SNL) injury, the ionized calcium binding adaptor molecule 1 (+) (Iba-1) 

resident macrophages from dorsal root ganglia (DRG) become activated, cluster around large A-neurons and 

possibly sensitize them to induce pain. This specific arrangement of Iba (+) macrophages is associated at 5 days 

after injury with a significant increase of Iba-1 mRNA. The aim of this study was to test if the delivery of Iba-1 

siRNA into the L5 DRG can reduce Iba-1 expression and consequently the SNL-induced pain.  

Materials and methods: (figure)  

Results. The Rat grimace scale images obtained from all experimental groups were assigned with a score of 

“0”, indicating the absence of pain. Behavioral tests revealed that intraganglionic delivery of Iba-1 siRNA reduced 

SNL-induced mechanical allodynia and cold hyperalgesia. Western blot and PCR analysis revealed a significant 

inhibition of Iba-1 expression after Iba-1 siRNA injection. Electron microscopy results showed that in normal 

conditions, the DRG neurons were closely surrounded by satellite cells, with very few macrophages around 

them. After SNL, and in some part also after silencing, macrophage’s behavior is changed in 3 different 

unexpected ways: (1) they cluster near neurons forming a ring around them, (2) they are engulfed in the 

cytoplasm of neurons or (3) they can infiltrate between the satellite cells and neuronal body.  

Conclusions. In vivo Iba-1 gene silencing with naked siRNA was highly efficient in reducing the SNL-induced 

pain due to a specific degradation of Iba-1 mRNA from DRG macrophages. 

Acknowledgement 

“This work was supported by the CRP/16/014 ICGEB Research Grant” 

E540 POSTERS

GLIA



  

 

 

 

Materials and methods 

 

 

T14-034A 
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The antitumor activity of immune cells is regulated by a mixture of pro- and anti-inflammatory signals, including 

not only cytokines and other signaling molecules but also metabolites. For instance the tumor microenvironment 

(TME) shows distinct characteristics in regards to its metabolic composition, as exemplified by the case of 

Glioblastoma (GB), a very aggressive primary brain tumor. GB cells release high amounts of glutamate, leading 

to increased concentrations in and around the tumor mass. These high concentrations of glutamate can be 

excitotoxic, creating space for tumor growth and invasion. Moreover, the existing conditions in the TME promote 

a tumor-supportive, often anti-inflammatory status of immune cells surrounding or infiltrating the tumor, such as 

Tumor-Associated Macrophages. The effects of metabolites present in the TME on macrophage metabolism and 

consequences thereof for their inflammatory profile and immune activities are still unknown. Unraveling this 

connection would provide a promising experimental basis to help circumvent or prevent tumor-induced 

immunosuppression and thereby improve the current cancer therapy.  

In the present study, we investigated changes in the composition of the metabolic environment and intracellular 

protein expression of human monocyte-derived macrophages co-cultured in low serum condition with either 

human GB cells or human primary astrocytes. The mass spectrometry-based analysis of clinically relevant 

amino acids revealed significant differences in the extracellular metabolome of macrophages co-cultured with 

GB cells or astrocytes. As expected, glutamate was present in higher amount in the metabolome after co-culture 

with GB cells. The Principal Component Analysis of these data indicated a clear separation between the two 

experimental groups. Calculation of Variable Importance of Projection highlighted five metabolites for further 

analysis. Proteomic studies revealed significant changes in the intracellular protein composition of macrophages 

exposed to GB cells or astrocytes. We used a bioinformatics approach to integrate these metabolomic data with 

the proteomic data in order to identify altered signaling and/or metabolic pathways. This network analysis 

provided a list of molecular candidates which we are now validating by testing and comparing their time-

dependent gene and protein expression in macrophages co-cultured with GB cells or astrocytes.  

Finally, loss- and gain-of function experiments will be performed to determine the biological relevance of the 

candidate proteins and related metabolic pathways for the inflammatory status of the macrophages and their 

antitumor activities. 
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Purpose: The number of Iba-1 cells in different retinal layers was quantified at different times after unilateral 

laser-induced ocular hypertension (OHT), and compared among naïve eyes, OHT eyes, and the corresponding 

contralateral eyes.  

Methods: At various times after OHT induction (days 1, 3, 5, 8 and 15), retinal whole-mounts were prepared 

from six OHT eyes and six contralateral eyes of Albino Swiss mice, as well as six naïve eyes. The mounts were 

stained with anti-Iba-1 antibody to quantify the number of Iba-1+ cells in outer segments (OS), outer plexiform 

layer (OPL) and inner plexiform layer (IPL).  

Results: At all time points except day 1, OHT eyes contained significantly more Iba-1+ cells than naïve eyes in 

all layers of the retina. In contrast, contralateral eyes showed significantly more Iba-1+ cells than naïve eyes only 

on days 3, 5 and 8 in the OS, and only on day 8 in the IPL. In the OS, the number of Iba-1+ cells in OHT eyes 

was significantly higher on day 5 than on days 1 and 3, after which it significantly decreased from day 5 to 8 and 

15. The number of Iba-1+ cells in the OS of contralateral eyes increased significantly on day 3 and decreased 

significantly on day 15. In the OPL and IPL, the number of Iba-1 + cells in OHT eyes was significantly higher on 

days 3 and 5 than on day 1, and the number decreased significantly from day 5 to 15. On day 8, the number of 

Iba-1+ cells in contralateral eyes was significantly higher than in naïve eyes only in the IPL.  

Conclusion: Unilateral laser-induced OHT increases the number of microglia in all retinal layers of OHT eyes 

and in the OS and IPL of contralateral eyes from day 3. This bilateral increase in the number of microglia may 

contribute to inflammation  associated with glaucomatous neurodegeneration. 
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Purpose: The retinal area occupied by Iba-1+ cells (Iba-1 RA) in the nerve fiber layer- ganglion cell layer (NFL-

GCL) was quantified at various times after unilateral laser-induced ocular hypertension (OHT), and compared 

among naïve eyes, OHT eyes, and the corresponding contralateral eyes.  

Methods: At various times after OHT induction (days 1, 3, 5, 8 and 15), retinal whole-mounts were prepared 

from six OHT eyes and six contralateral eyes from Albino Swiss mice, as well as from six naïve eyes from 

control mice. The whole-mounts were stained with anti-Iba-1 antibody and Iba-1 RA in the NFL-GCL was 

quantified.  

Results: Iba-1 RA was significantly higher in OHT eyes than in naïve eyes on days 1, 3, 5, 8 and 15, and it was 

significantly higher in contralateral eyes than naïve eyes on days 1, 5, 8 and 15.  Iba-1 RA was significantly 

higher in OHT eyes than in contralateral eyes at all time points. In contralateral eyes, Iba-1 RA increased 

significantly from baseline to day 1, after which it decreased significantly from day 5 to 15. In OHT eyes, Iba-1 

RA increased significantly and progressively from day 1 to 5, after which it decreased significantly until day 15.  

Conclusion: Unilateral laser-induced OHT significantly increases Iba-1 RA in the NFL-GCL of OHT and 

contralateral eyes.  This activation of Iba-1+ cells may be associated with injury of the retinal ganglion cells in the 

NFL-GCL. Future studies should investigate whether this activation is neuroprotective or neurodegenerative. 

Acknowledgement 

FUNDING: This work  was supported by Ophthalmological Network OFTARED (RD12-0034/0002 and 

RD12/0034/0014. Prevención, Detección Precoz y Tratamiento de la Patología Ocular Prevalente Degenerativa 

y Crónica), the Institute of Health Carlos III of the Spanish Ministry of Economy; PN I+D+i 2008-2011; ISCIII, 

General Subdirection of Networks and Cooperative Research Centers; by the FEDER European program  

 

T14-037A 

Tyrosine kinase inhibition with masitinib modulates Schwann cells-mediated PNS inflammation via 

CSF1/IL34 and SCF in an inherited model of ALS. 

M. Kovacs1, E. Trias1, S. Ibarburu1, V. Varela1, I.C. Moura2, J. Beckman3, O. Hermine2, L. Barbeito1 

1Institut Pasteur de Montevideo, Montevideo, UY 
2Institute IMAGINE, Hospital Necker, Paris, FR 
3Linus Pauling Institute, Oregon State University, Corvallis, US 

 

Distal motor axonopathy is a recognized pathological feature of amyotrophic lateral sclerosis (ALS). 

Degenerating ALS spinal nerves follow a Wallerian-like degeneration characterized by myelin degradation, 

reactive Schwann cells and immune cell infiltration. Drugs that inhibit CSF-1R and c-kit tyrosine kinase receptors 

expressed in macrophages and mast cells, respectively, prevent nerve pathology and prolong survival in rodent 

models of ALS. However, little is known about the molecular mechanisms underlying the local recruitment of 

these immune cells in ALS spinal nerves. In the present study, we have identified a yet unknown neurogenic 

inflammatory pathway in the sciatic nerve of SOD1G93A rats by which denervated Schwann cells expressed IL34, 
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CSF1 and SCF proteins, which are the ligands of CSF-1R and c-Kit, respectively. A sub-set of axons also 

expressed IL34 and CSF1.  The ligand expression was low in non-transgenic animals, significantly increased at 

paralysis onset and peaked at advanced paralysis. Upregulation of IL34 and CSF1 in Schwann cells was 

coincident with massive endoneurial infiltration of CSF-1R-positive macrophages. In turn, a subset of 

macrophages highly expressed SCF, which formed large clusters with c-Kit-positive mast cells. Interestingly, 

pharmacological inhibition of CSF-1R and c-Kit receptors with masitinib in symptomatic SOD1G93A rats potently 

decreased the number of infiltrating macrophages and mast cells, which could explain the protective effect of 

masitinib in sciatic nerve pathology. Taken together, our results indicate that denervated Schwann cells in ALS 

have the potential to trigger focal neuropathy, which may result in secondary axonal damage and accelerated 

disease progression. 
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A general consensus regarding neurodevelopmental disorders including Autism Spectrum Disorder (ASD) is that 

they originate from early development defects in brain formation, leading to altered neuronal circuitry responsible 

for the pathological behavior. Despite studies on genetic implication in ASDs, a causal relationship between 

genomic alteration and ASD has been difficult to explain in many cases, suggesting environmental factors might 

be involved. In fact, preterm birth is often linked to the occurrence of inflammation and preterm infants have a ten 

times higher risk of developing ADS-like symptoms than infants born at term. Moreover, some clinicial studies 

reported ongoing neuroinflammation processes in different brain regions in autistic infants including frontal 

cortex, hippocampus and cerebellum. (Figure) The major relay of the environmental response in the brain, 

including inflammatory responses, is microglia cells (MG), the brain resident macrophages that continuously 

survey their local environment. Moreover, during development microglia play a critical role during the synaptic 

pruning to contribute to the formation of the mature cerebral connectivity network. In an inflammatory context, 

MG are activated and participated to the local release of pro-inflammatory cytokines. Our hypothesis is, 

therefore, that an exposition to perinatal inflammation impacts on neurodevelopmental disorder symptoms 

leading to ASD. Using a mouse model of perinatal inflammation induced by IL1b injections between post natal 

day (P)1-5, this project demonstrates that i) there is region specific inflammation between frontal cortex, 

hippocampus and cerebellum determinate by RT-qPCR on cell sorted microglia and by immuno-histochemistry; 

ii) an impact of microglial activation on the synaptic pruning at P10 by immuno-histochemistry and at P40 using 

the DiI technology; and iii) an impact of the perinatal inflammation on the onset of ASD-like phenotypes at 

different developmental stages by UltraSonic Vocalization (P2 and P8), Nest Odor preference test (P8) and an 

adapted three-chamber test (P40). This innovative project has as objective to identify potential diagnosis 

markers to facilitate an early detection of ASD in premature infants based on inflammatory indicators. 
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Potential interplay between preterm birth and Autism Spectrum Disorders 
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Microglia are multifunctional cells in charge of maintaining cerebral homeostasis and neuronal health. During 

ageing and neurodegeneration, microglia become dysfunctional and display altered phagocytic capacity towards 

weak synapses or misfolded proteins such amyloid-β (Aβ) in Alzheimer’s disease (AD). Our group previously 

reported that microglia adopt a glycolytic phenotype when challenged with an inflammatory stimulus and that it 

affects their phagocytic function. Here, our objective was to assess the effect of ageing on microglial metabolic 

signature in cells prepared from a mouse model of AD and wild type mice.  

Microglia isolated from young (3-6 months), mature (9-12 months) and aged (18-20 months) APP/PS1 and wild 

type mice were maintained in culture and analysed ex vivo. Metabolic changes were evaluated using the 

SeaHorse Extracellular Flux Analyser. Microglial phagocytic capacity and expression of key enzymes driving 

glycolysis were assessed by immunocytochemistry and two photon microscopy.  

We report age- and genotype- related increases in glycolysis in microglia, corroborated by an increment in the 

expression of key glycolytic enzymes PFKFB3 and PKM2. This was accompanied by altered phagocytosis of 

amyloid-β.   

Microglial metabolism shifts towards a glycolytic phenotype with age and this is exacerbated by cerebral 

amyloidosis. This compromises their metabolic efficiency and may explain the reduced phagocytic function of the 

cells during ageing and in AD. Therefore, rebalancing metabolic function in microglia may restore their function 

and open new therapeutic perspectives for the treatment of AD. 
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Traumatic brain injury (TBI) is a devastating neurologic condition that affects around 10 million people worldwide 

and causes 57,000 deaths in Europe, annually. The most described and well characterized features of TBI are 

excitotoxicity and neuroinflammation, which highlights the possible involvement of astrocytes in the negative 

outcomes of TBI. In fact, it has been already demonstrated an activation of astrocytes and an impairment in 

astrocytic calcium signaling, in the foci of TBI. Despite some advances in the field, there is no therapeutic target 

capable of attenuate the clinical outcomes of TBI. Interestingly, some authors have demonstrated that 

neuropeptide Y (NPY) modulate the glutamatergic activity in several brain regions having neuroprotective effects 

in some pathological conditions. Yet, the role of NPY on TBI has never been investigated. Therefore, the aim of 

this work was to uncover the role of NPY on the TBI-induced alterations on astrocytic properties. For that, we 

used an animal model of closed-head TBI and we were able to observe an increase in cell complexity, indicating 

astrocytic reactivity, in the contralateral hippocampal CA1 subregion, with no alterations in the CA3 subregion. 

Further, by using an in vitro TBI model that consists on primary cultures of astrocytes subject to scratch injury, 

we observed a significant increase in cell death (by TUNEL assay) and in cell proliferation (by BrdU assay), 24 h 

or 48h after the scratch injury, respectively. Moreover, there was an augmentation of reactive oxygen species 

(ROS) production. Importantly, the exposure to NPY (100 µg/animal 30min after TBI, in animal studies; or 1 µM 

15min after scratch, in in vitro studies) abolished all the negative outcomes of TBI, such as astrocytes 

morphology alterations, cell death/proliferation and ROS production. In conclusion, we demonstrated that 

astrocytes are affected by TBI, and NPY seems to be a promising tool to control the negative outcomes induced 

by TBI. 

Acknowledgement 

Funding: Project PTDC/NEU-OSD/0312/2012 (COMPETE, FEDER funds); Pest-C/SAU/UI3282/2013-2014 and 

CNC.IBILI UID/NEU/04539/2013 with national funds PT2020/COMPETE 2020 and POCI (FCOMP-01-0124-

FEDER-028417, POCI-01-0145-FEDER-007440, Centro 2020 Regional Operational Programme: 

BRAINHEALTH 2020 (CENTRO-01-0145-FEDER-000008). 

 

T14-041A 
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Osteoarthritis (OA) usually occurs in the older with the cartilage damage and subsequent transformation of 

subchondral bone in knee joints, often leading to the development of neuropathic pain in a subpopulation of OA 
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patients. Since Toll-like receptor 4 (TLR4) expression is upregulated in knee joints of OA patients, it could be a 

reasonable target for the treatment of OA patients. Thus, we here addressed whether TLR4 antagonistic peptide 

2 (TAP2) could mitigate OA neuropathic pain by suppressing spinal microglial activation, which play a role in 

central sensitization. OA neuropathic pain was induced with an intra-articular administration of monoiodoacetate 

(MIA) into the left knee joint of a hind leg of rats, and verified by the reduction of mechanical threshold in von 

Frey filament test and the growth of Iba1- and p-p38-immunoreactivity in microglia of the spinal dorsal horn. 

Further, since TLR4 was upregulated in the synoviocytes and chondrocyte of the knee joints in the MIA-treated 

rats, TAP2 was delivered to the knee joint on day 7 post-injection of MIA. As a consequence, TAP2 significantly 

prevented cartilage degradation in the knee joints and dramatically alleviated OA pain for over 3 weeks. Likely, 

TAP2 decreased the number and intensity of Iba1- and p-p38-immunoreactive microglia in the spinal dorsal 

horn. Taken together, our findings suggest that TAP2 could relieve OA pain behavior by reducing the cartilage 

loss in knee joints and the following microglial activation in the spinal dorsal horn. 

 

T14-042A 

Oxysterols prevents IFN-γ-induced inflammation in microglia through disrupting raft formation and 

caveolin-mediated signaling endosome 

J.-H. Han, J. Lee, I. Jou 
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Medicine, Suwon, KR 

 

Oxysterols are bioactive lipids that act as regulators of immune and inflammatory response. Since oxysterols can 

repress or augment inflammatory signaling as the specific contexts, more studies are needed to identify their 

precise molecular mechanisms in various contexts. Here, we demonstrate that oxysterols can prevent both acute 

and prolonged inflammation by IFN-γ in brain microglia. We find that oxysterols rapidly repress the IFN-γ 

receptor trafficking to lipid raft through disrupting raft formation, thereby sufficiently suppress the expression of 

inflammatory cytokines and NO release in IFN-γ-stimulated microglia. Intriguingly, we observe that IFN-γ can 

induce expression of caveolin1, a major component of caveolae, and IFN-γ signaling sustained through the 

caveolin1-positive signaling endosome. Caveolin1 deficiency results in reduction of sustained inflammatory 

response in microglia. Oxysterols can repress the expression of caveolin1 by IFN-γ, and subsequently suppress 

the prolonged inflammatory response in microglia. Taken together, these results suggest that oxysterol 

effectively regulate inflammation status of microglia through mediating formation of raft and caveolae-dependent 

signaling endosome. 
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In the central nervous system (CNS), microglia constitute the main cell type deriving from the myeloid lineage. 

Microglia are key cellular modulators of inflammation in the CNS acting as the first line of defence towards all 

types of injury or infection. Recent single-cell RNA-sequencing studies have revealed unexpected region-, 

development- and disease-related heterogeneity of microglia. These observations indicate that microglial 

functions have to be reconsidered and may have important implications under normal and pathological 

conditions.  

Here, we applied for the first time molecular single-cell profiling of microglia to a mouse model of Parkinson’s 

disease (PD) in a region specific manner to investigate cellular heterogeneity of a common hallmark of PD 

besides the neuropathological lesions (α-synuclein inclusions and loss of dopaminergic neurons).  For this 

purpose, we compared wild type and age-matched transgenic mice overexpressing human α-synuclein 

(ThySyn14 mice) that is thought to be involved in the development of PD and analyzed the ventral midbrain 

(including the substantia nigra) and the striatum known to be affected in the typical disease-associated motor 

symptoms.  

Our initial observations indicate the presence of specific microglial subpopulations in both brain regions, whose 

expression profiles shift when exposed to abnormal levels of α-synuclein. We believe our results will contribute 

to provide a better understanding of microglial region-specific heterogeneity not only in the healthy brain, but 

also in the presence of abnormal α-synuclein, which may be relevant for PD. 
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Differential expression of alpha B-crystallin in glial cells in demyelinating lesions during autoimmune 

optic neuritis 

A. Stojic, J. Bojcevski, R. Fairless, R. Diem 

Department of Neurology, University Clinic Heidelberg, Hiedelberg, DE 

 

Alpha B-Crystallin (cryαB) is a small heat shock protein expressed in different tissues where it exerts anti-

apoptotic activity under various stress conditions. In the central nervous system, increased expression of cryαB 

is detected both in glial cells (oligodendrocytes and astrocytes) and neurons under different neurodegenerative 

conditions. This protein has a particularly interesting role in the pathology of multiple sclerosis (MS) where it was 

found to be one of the prominent gene transcripts in active demyelinating white matter lesions. In addition to its 

cytoprotective function, cryαB also has a role in shaping the immune response within MS lesions.  

Previously we have shown that cryαB is up-regulated in oligodendrocytes during the induction phase of 

autoimmune optic neuritis (AON) in myelin oligodendrocyte glycoprotein-immunised Brown Norway rats, an 

animal model used for studying pathological mechanisms of MS. Increased expression of cryαB was observed in 

oligodendrocytes of the optic nerve head prior to inflammation and subsequent demyelination of the nerve 

inferring its usefulness as an early marker of cellular stress. Here, we aimed to expand on our previous study by 

providing a more detailed examination of cryαB expression at different stages of lesion formation. We observed 

different expression patterns of cryαB in oligodendrocytes and astrocytes. At the onset of optic nerve 

inflammation increased expression of cryαB is mainly associated with Olig2-positive oligodendrocytes located 

near the edges of focal demyelinating lesions but was absent in local, reactive astrocytes (indicated by GFAP-

positive astrocytic processes). As the disease progresses and larger areas of the optic nerve become 

demyelinated, more extensive reactive gliosis is present. At this stage most cryαB-positive structures co-localize 

with GFAP-positive staining impying its up-regulation in reactive astrocytes. These data suggest that different 

glial cell populations undergo cellular stress at different stages of demyelinating lesions during AON (Fig.1). 

Phosphorylation of cryαB enhances its protective features and such modifications have been observed in cells 

under different pathological conditions. In order to characterise the role of the observed glial stress in pathology 

of AON, expression of cryαB and its phosphorylation patterns will be reported in respect to the local immune 

environment of demyelinating lesions. 
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Patterns of cryαB expression in demyelinating lesions during the 

course of AON 
Example images of optic nerves at different stages of demyelination 

(a, c, e - early, focal lesion; b, d, f - late, complete demyelination) co-

stained with cryαB and different glial cell markers. a, b - myelin basic 

protein (MBP, green) and cryαB (red); c, d - Olig2 (green) and cryαB 

(red); e, f - glial fibrillary acidic protein (GFAP, green) and cryαB (red). 

Scale bar 50 µm. 
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Hepatic encephalopathy (HE) is a neuropsychiatric syndrome which is one of the most serious complications of 

liver disease or portosystemic shunt. Hyperammonaemia has key role in the pathogenesis of HE, however 

hypermagnesemia, bacterial lipopolysaccharides (LPS) and oxidative stress also contribute to the cerebral 

disturbances including oxidative stress and neuroinflammation. It is well-known that mainly astrocytes and 

microglia are affected by the above mentioned systemically-derived factors, but the precise mechanism is not 

fully understood. While oxidative stress induced by ammonia and manganese is mainly attributed to astrocytes, 

neuroinflammation is primarily caused by microglia, however astrocytes are also able to produce cytokines. The 

separate examination of these two cell types is needed, however most in vitro models are not suitable to perform 

it. In our experiments, the HE-relevant factors (ammonia, manganese, LPS) were examined regarding to both 

the oxidative stress and the TNF-α-production of astrocytes in two distinct in vitro HE models. Primary rat 
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astrocytes were purified by eliminating the microglia either with a special chemical treatment or with shaking of 

the cultures. Absence of microglia was confirmed by immunocytochemistry.  

Having treated with the above factors, TNF-α-production and the oxidative state was assessed by ELISA and a 

fluorescent method, respectively.  

Our results showed that only the manganese was able to cause significant oxidative stress in astrocytes. TNF-α-

production was significantly increased in neither of the in vitro models.  

Our findings dispute other results regarding to the oxidative stress in HE and suggests that astrocytes do not 

contribute to the TNF-α-production during HE. 

 

T14-046A 

Comparison of pharmacological modulation of glial cells by the CCR5 and CXCR3 receptor antagonists - 

in vivo and in vitro studies 

A. Piotrowska-Murzyn, K. Kwiatkowski, E. Rojewska, K. Pawlik, A. Ciechanowska, J. Mika 

Departament of Pain Parmacology, Institute of Pharmacology Polish Academy of Sciences, Krakow, PL 

 

The complex and insufficiently understood pathomechanism of neuropathy is one reason for the lack of optimally 

efficient therapies. Nerve injury induces glia activation and thus enhances the production of numerous 

pronociceptive factors, including interleukins and chemokines. Increased release of those factors reduces the 

analgesic efficacy of opioids. Several lines of evidence, including ours, indicated that chemokine receptors are 

constitutively expressed in spinal neurons but induced in immune and glial cells after nerve injury. Thus, the goal 

of our studies was to investigate the roles of CCR5 (maraviroc) and CXCR3 (NBI-74330) antagonists on 

neuropathic pain symptoms and opioid effectiveness. In addition, the direct effect of these antagonists on glial 

cells was evaluated in primary microglia and astroglial cell cultures. Maraviroc is used in clinic to treat HIV 

infections, but not in pain therapy. NBI-74330 is a commercially available potent and selective CXCR3 

antagonist. The intrathecal injection of both antagonists not only attenuated chronic constriction injury of the 

sciatic nerve (CCI)-induced pain-related behaviors in rats but also augmented the analgesia induced by 

morphine and maraviroc also by buprenorphine. In addition, spinal CCI-elevated expression of CCR5 and its 

ligands was reversed by maraviroc, which was parallel to changes in the level of the microglia marker, IBA1. 

NBI-74330 increased the CCI-induced CXCR3 level, as well as astrocytes marker, GFAP. Using Western blot 

analysis, we demonstrated that these substances reduce the level of pronociceptive factors, such as IL-1beta, 

IL-18, released by glial cells in both in vivo and in vitro studies. In contrast to the NBI-74330, maraviroc 

upregulated antinociceptive activation markers: IL-1RA, IL-18BP and IL-10 in the spinal cord and in microglial 

and astroglial cell cultures. Surprisingly, maraviroc downregulated the levels of phosphorylated p38 MAPK, 

ERK1/2 and NF-κB proteins and upregulated STAT3 in glial cells. Thus, we showed that analgesic mechanisms 

of action of maraviroc by promoting recently discovered process of alternative polarization of glial cells and 

restoring the balance between pro- and antinociceptive factors. Our results revealed the crucial roles of CCR5, 

but also CXCR3 in neuropathic pain development and indicated that pharmacological modulation of these 

receptors may serve as a potential therapeutic target for new co/analgesics. 
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Profiling immune response of microglia and macrophages in preclinical model of glioblastoma. 
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Glioblastoma (GBM) is the most aggressive primary brain tumor showing the poorest prognosis. Despite 

intensive research, no significant improvements have been achieved in the clinic. Microenvironment of GBM has 

been proven to contribute to the aggressiveness of the tumor and to influence the overall survival. Tumor 

associated microglia and macrophages (TAMs) contribute to the biggest portion of the tumor infiltrative cellular 

component, and may drive the immune response within the tumor. Their influence in the preclinical studies has 

not been fully described. Reliable animal models are crucial to facilitate translational research and drug 

discovery. In the present study, we employed animal xenograft model, where human GBM cells were 

stereotactically implanted into the mouse brain. Early and late stage responses of TAMs were studied using 

RNA-seq, showing switch of the immune response during the course of tumor development. Epigenetic changes 

within the TAMs were assessed using Assay for Transposase Accessible Chromatin sequencing (ATAC-seq) 

and Chromatin Immunoprecipitation sequencing (ChIP-seq) for four histone modifications to further identify 

molecular alterations responsible for transcriptomic profiles. To facilitate translational discovery and 

heterogenous population of infiltrative cells, we isolated human CD11b+ cells from GBM patients and performed 

single cell RNA-seq (scRNAseq) using 10X Genomics platform. This allows us to compare expression profiles of 

preclinical model and clinical samples, and identify common pathways that can serve as potential therapeutic 

targets. 
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Millions of people suffer from neuropathic pain, however there is still no effective way of it treatment. It is known 

that an important element of neuropathy development is glia activation combined with pronociceptive 

chemokines production. The role of CXCR2 in nociception has been noted. That is why the aim of the study was 

to investigate the impact of CXCR2 and its endogenous ligands CXCL1, CXCL2, CXCL3 on the development of 

neuropathy and checked weather blocking of the receptor contributes to the pain relief. The CXCR2 antagonist 

NVP CXCR2 20 (NVP) was administered intrathecally (i.t.), preemptively before chronic constriction injury (CCI) 

and then once daily for 7 days. On the days 2nd and 7th behavioral tests were performed using von Frey and cold 

plate tests to measure mechanical and thermal hypersensitivity, respectively. Additionally, CXCR2 ligands were 
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injected i.t. into the naïve mice and the same behavioral tests were conducted. The spinal localization of CXCR2 

was checked by immunofluorescence staining. Western blot analysis of primary glial cultures were performed to 

examine protein level of the studied ligands. Behavioral analysis showed that NVP diminished mechanical (on 

the day 2nd) and thermal (on the days 2nd and 7th) hypersensitivity in neuropathic rats. The studies provide new 

evidence that the i.t. administration of CXCR2 ligands induce pain-like behavior in naïve animals and that this 

effect occur shortly after ligands injection. It could be associated with the neuronal location of CXCR2 what was 

confirmed by immunofluorescence. We observed that CXCL1 and CXCL2 are release from primary glial cells 

and NVP significantly reduced the levels of those chemokines in microglia and astrocytes after 

lipopolysaccharide (LPS) stimulation. What is more, CXCL3 was released only by LPS-stimulated microglial 

cells. NVP downregulate the level of CXCL3 in microglia. We suggests that interactions between CXCR2 and its 

chemokines can regulate nociception and glial-neuronal communication. Our data provide new evidence that 

CXCR2 and it ligands can play a significant role in neuropathic pain development. We believed that CXCR2 

blockade may have some potential therapeutic utility. 
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The blood-brain barrier (BBB) is composed by endothelial cells, pericytes and astrocytes and contributes to the 

regulation of central nervous system (CNS) homeostasis. It prevents the entrance of neurotoxic plasma 

components, blood cells, and pathogens into the brain. Under inflammatory conditions, the BBB is partially 

disrupted, which leads to penetration of blood components into the CNS. The dysfunction of the BBB can cause 

immigration of immune cells leading to neuronal malfunction and degeneration. Although, there is a growing 

interest in the characterization of pericytes, so far little is known about their general function and role in CNS 

autoimmunity. The aim of this project is to elucidate the impact of pericytes in the maintenance of the BBB. 

Furthermore, we want to investigate the influence of pericytes on immune cell invasion during CNS inflammation 

as well as the modulation of immune cell responses. To address that, we did in vitro and in vivo experiments with 

different inducible pericyte-specific Cre mouse strains. As a model for CNS related autoimmunity we induced 

experimental autoimmune encephalitis (EAE) in the genetic modified mice. Flow cytometric analysis of isolated 

pericytes from EAE mice revealed a modulation of adhesion and antigen-presenting molecules (i.e. major 

histocompatibility complex class II). In parallel, in vitro co-culture experiments indicated that T cells can adhere 

to the pericyte cell surface. Besides this interaction, pericytes can also act as antigen-presenting cells. Pericytes 

can induce antigen-specific proliferation of ovalbumin peptide-recognizing CD4+ and CD8+ T cells. Apart from 

that, we could depict that immune cells vice versa can effect pericytes. In different immunofluorescence assays 

we demonstrated that T cells and their supernatant can influence the morphology and activity of pericytes. In 

E552 POSTERS

GLIA



  

 

 

conclusion, these data indicate an important role of brain pericytes in the modulation of CNS inflammation via 

interaction with invading T cells. 
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The Immunomodulatory miR-146b-5p impedes pro-inflammatory activation of immature microglia and 

subsequent perinatal white matter injury during early inflammation exposure 

J. Van Steenwinckel1, C. Bokobza1, P. Joshi1, B. Fleiss1, P. Gressens1,2 

1Robert Debré Hospital NeuroDiderot UMR 1141, INSERM/Paris 7 university, Paris, FR 
2King's College London, London, GB 

 

The functional repertoire of microglia extends beyond immune surveillance. In the neonatal brain, microglia are 

necessary for basic developmental processes. Microglial activation during neonatal life could affect critical 

phases of brain development, with long-lasting consequences for neurological health. Perinatal inflammation is 

the leading cause of preterm birth and neurodevelopmental injuries including periventricular white matter injury 

(PWMI), the major form of preterm brain injury. In these neuroinflammatory diseases associated to prematurity, 

microglial activation is the prominent process. Investigating the regulators of microglial activation could be an 

effective strategy to prevent PWMI. It has been suggested that distinct microRNA expression patterns may play 

a significant role in microglial function. The goal of the present study was to identify miRNAs that could regulate 

microglial activation during perinatal neuroinflammation. MiRNome analysis of magnetically sorted microglia from 

a PWMI mouse model induced by IL-1bexposure identified the miRNA-146b-5p as a candidate due to (1) its 

robust up-regulation during development and inflammation and (2) its belonging to the immunomodulatory 

miRNA-146 family whose anti-inflammatory and pro-myelinating properties are described in literature. Using 

primary microglia cultures, we showed that miRNA-146b-5p is overexpressed by pro-inflammatory stimuli to 

resolve inflammation. However, under these pro-inflammatory conditions, the miRNA-146b-5p contained in 

microglial extracellular vesicles (EVs) is drastically decreased. Employing 3DNA nanocarrier that delivers 

synthetic miR-146b-5p specifically to microglia we demonstrated that (1) overexpression of miR-146b-5p 

significantly decreased LPS-induced microglial activation by down-regulation of IRAK1 and (2) strongly 

increased the miRNA-146b-5p content in EVs. in PWMI model, 3DNA miR-146b-5p significantly prevented 

microglial activation and ROS releasing induced by IL-1band impeded brain inflammation. Finally, 3DNA 146b-

5p treatment significantly prevented IL-1β-induced hypomyelination. These findings support that miRNAs play a 

key role in neuroinflammation and could be targeted to reduce the incidence and the severity of perinatal brain 

injuries. 
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Brain ischemia is a neurological disease of cardiovascular origin representing a main cause of death and 

disability worldwide. Oligodendrocytes, the myelin-forming cells enwrapping neuronal axons and ensuring 

impulse transmission, are strongly affected by ischemia, leading to axonal demyelination which contributes to 

stroke-associated motor and neurological deficits. On this basis, enhancing myelin repair has recently emerged 

as a new therapeutic strategy to improve post-stroke recovery. Recent data obtained performing permanent 

middle cerebral artery occlusion (pMCAo) in conditional GPR17-iCreERT2xCAG-eGFP transgenic mice showed 

that the subpopulation of adult oligodendrocyte precursor cells (OPCs) expressing the P2Y-like receptor GPR17 

(GFP+-cells) actively contributes to reparative mechanisms after ischemia by increasing both proliferation rate 

and migratory ability (Bonfanti E. et al, 2017, Cell Death Dis). However, at late stages of the disease only a small 

percentage of these cells reach complete maturation, resulting in remyelination failure. This limited post-stroke 

repair is likely due to the local unfavorable inflammatory milieu mediated by blood-borne macrophages and 

resident microglia.  

Here, we aimed at understanding the time-dependent role of microglia/macrophages following cerebral ischemia 

and how these cells contribute to OPC responses after stroke. In this respect, our data showed that 

microglia/macrophages are activated early after ischemia and they assume both pro-inflammatory and pro-

regenerative phenotypes; instead, at late stages after stroke the number of pro-regenerative cells remains stable 

while pro-inflammatory cells continue to increase and become prevalent. Furthermore, we exploited a 

Gadolinium-based approach to deplete microglia /macrophages (Miron V. et al, 2013, Nat Neurosci) at different 

time points of the disease. Interestingly, partial depletion of microglia/macrophages during the early phase after 

ischemia exacerbates brain injury and reduces the amount of GFP+-OPCs in the peri-infarct region. On the other 

hand, late partial depletion of microglia/macrophages promotes GFP+-OPC reaction, but it is ineffective in 

fostering their differentiation.  

Taken together, our results suggest that microglia/macrophages exert different roles in the regulation of OPC-

mediated regenerative response during the course of the disease. 
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Microglia are central nervous system (CNS)-resident immune cells. They are implicated in neuroinflammatory 

and neurodegenerative diseases including multiple sclerosis. We have shown that numbers of microglia 

expressing CD11c, normally almost undetectable in adult CNS, significantly increase in experimental 

autoimmune encephalomyelitis (EAE)(1,2). These are effective antigen-presenting cells, but poor inducers of 

pathogenic T-cell responses (1). Interestingly, CD11c+ microglia express high levels of neuroprotective insulin-

like growth factor 1 (IGF1), suggesting their neuroprotective rather than pro-inflammatory role (2). We have 

recently shown that CD11c+ microglia cells predominate in primary myelinating areas of the developing brain and 

express genes for neuronal and glial survival, migration and differentiation, and they control primary myelination 

via IGF1 production (3).  

Here we show that upon adoptive transfer into the cerebrospinal fluid of adult mice with symptomatic EAE, 

neonatal microglia migrate to inflammatory lesions in the spinal cord. This intervention suppressed disease 

symptoms and reduced leukocyte infiltration and demyelination. Although unfractionated neonatal microglia 
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suppressed the disease, the CD11c+ microglial subset was significantly more effective. We therefore identify a 

unique phenotype of neonatal microglia that have re-myelinating and anti-inflammatory potential. Understanding 

mechanism for these protective effects will enable therapy for neuroinflammatory diseases 
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Introduction: Schizophrenia (SCZ) is ranked among the top 25 leading causes of disability worldwide(1). There 

is increasing knowledge of the impact of glia on the neuropathophysiology of SCZ, with all three glial cell types 

showing structural and functional abnormalities(2). An active area of research examines the effects of typical and 

atypical antipsychotics on these neuropathophysiological mechanisms. The purpose of this study was to 

examine if typical and atypical antipsychotics (the main pharmacological treatment for SCZ) alter the expression 

of the pro-inflammatory cytokine IL-6 in human astrocytes under pro-inflammatory conditions.  

Methods: Given the evidence for glial cell abnormalities and neuroinflammation being associated with SCZ, 

these conditions can, in part, be simulated for experimental purposes in a laboratory. Human astrocytes were 

cultured under aseptic technique and treated with the atypical antipsychotic clozapine and the typical 

antipsychotic haloperidol after exposure to pro-inflammatory conditions (TNFα and IL-17). Supernatant was used 

to measure protein levels of IL-6 via ELISA.  

Results: A statistically significant increase in IL-6 was observed when astrocytes were exposed to pro-

inflammatory conditions, TNFα and IL-17 at a concentration of 10ng/ml compared to control (one way ANOVA, 

n=5, **p<0.01). Clozapine and haloperidol at a concentration of 10µM significantly reduced the expression of IL-

6 compared to those not treated with the drugs (paired one-tailed t-test, n=5, *P<0.05). No significant difference 

was observed between the two drugs. 
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Introduction: Prenatal insults (including maternal infections with viral agents) are considered as one of the 

factors implicated into the development of schizophrenia. They disturb natural neurodevelopmental processes 

and change physiological neuron – microglia communication. It suggests a potential contribution of this system 

to the pathogenesis of this severe mental disorder. Recent studies demonstrate that microglia activation is not 

only a hallmark of neuroinflammation but also plays important roles during brain development. Consequently, it 

seems that the changes of microglia activation caused by maternal immune challenge during pregnancy could 

be responsible for the schizophrenia-related changes in the offspring.  

The aim of the study: The study was designed to examine the impact of maternal immune activation on the 

mRNA expression of cd40, cd68, il-1β, stat6 and tnf-α in the frontal cortex of young offspring rats. The research 

was conducted in the neurodevelopmental animal model of schizophrenia, based on the administration of the 

viral component – polyinosinic:polycytidylic acid (Poly I:C).  

Materials and methods: On the 15th day of gestation, pregnant Wistar rats received a single intravenous 

injection of Poly I:C (4 mg/kg of body weight). The control group received the appropriate amount of vehicle 

(saline solution). At 7 days of age, male offspring animals were sacrificed to dissect frontal cortices. The mRNA 

levels of cd40, cd68, il-1β, stat6 and tnf-α were measured using qRT-PCR.  

Results: The data obtained from qRT-PCR analysis demonstrated that the young offspring male rats after 

prenatal exposure to Poly I:C exhibit elevated mRNA expression of cortical cd40, cd68, il-1β, stat6 and tnf-α in 

comparison to the control group.  

Conclusions: Our results indicate that the maternal immune activation, caused by Poly I:C, upregulates M1 

microglia activation in the frontal cortex of young offspring. The observed changes may be the cause of 

excessive inflammation and potential disturbances in neuron – microglia communication, leading to 

schizophrenia in adulthood. Therefore, our study clearly supports the need for further investigation in the raised 

matter. 
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Mesoporous silica particles are phagocytosed by microglia and induce a mild proinflammatory response 
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Mesoporous silica particles (mPSPs) exhibit a series of properties that make them promising particulate peptide 

carriers. Intraparenchymal injection of peptide-loaded mPSPs could be used to deliver bioactive peptides to sites 

of cell damage. Local injection of mPSPs into the CNS parenchyma entails the interaction of mPSPs and 

peptides with all neural cell types. It is therefore important to ascertain the responses of non-neuronal cells to 

mPSPs. In this study we have analyzed the responses to mPSPs of astrocytes and microglia, the two main 

cellular players in the neuroinflammatory response.  Primary murine cortical mixed glial cultures were treated 

with rhodamine B-labelled mPSPs. Treatment of mixed glial cultures with 285.000 mPSP/mL for up to 14 days 

did not affect glial cell viability or morphology. mPSPs were avidly taken up by microglial cells and to a much 

lesser extent by astrocytes. Internalization kinetics showed that both the number of mPSPs/cell and the number 

of cells with particles peaked at 24-48h and remained stable for at least 14 days. mPSPs did not affect basal 

metabolic activity, assessed by Alamar blue, nor did they induce marked oxidative stress, assessed by Green 

CellRox staining. qRT-PCR experiments showed that mPSPs did not affect  mRNA levels of the proinflammatory 

genes TNFα, IL-6, IL-1β and COX2 nor did they potentiate LPS-induced upregulation of these mRNAs, although 

some not significant trends were observed. Finally, mPSPs did not induce changes in TNFα, IL-1β or IL-6 protein 

levels in the conditioned media, as assessed by ELISA. In combination with LPS, mPSP did not affect the levels 

of TNFα and IL-6 but it significantly increased IL-1β levels in the conditioned media. These data show that 

mPSPs are well tolerated and do not induce marked cellular stress or proinflammatory reaction in astrocytes and 

microglia. Microglial mPSP internalization could be drawback for the use of mPSPs loaded with peptides 

targeting other CNS cell types, e.g. neurons. This could be circumvented by mPSP loading with phagocytosis 

blocking agents. Interestingly, these results suggest that mPSPs could be powerful tools for specific delivery of 

peptides or other agents to microglial cells. 

Acknowledgement 

Supported by Instituto de Salud Carlos III (AC14/00016), Euronanomed II, cofinanced with FEDER funds. 

 

T14-056B 

Genetic manipulation of NEMO reveals glial cell type-specific effects of NF-κB activation following brain 

injury 

E. Engelhardt1, J. Göbel1, H.M. Jahn1, J. Altmüller2, M. Bergami1,3 

E557POSTERS

GLIA



  

 

 

1CECAD, University Hospital, Cologne, DE 
2CCG, University of Cologne, Cologne, DE 
3CMMC, University of Cologne, Cologne, DE 

 

Neurodegenerative diseases that are characterized by a strong inflammatory component are invariably 

accompanied by a prominent reactivity of microglia and astrocytes, as following traumatic and ischemic brain 

injury. Recent studies have shown that both reactive microglia and astrocytes are characterized by distinct 

populations or multiple cellular states mostly defined by their inflammatory outcome. Typical hallmarks of glial 

reactivity include morphological (e.g. hypertrophy and polarization), and activity changes (including gene up-

regulation and cell proliferation), which are all believed to contribute to scar formation and tissue repair within the 

injured area. However, the specific molecular pathways involved in both initiating and maintaining different 

reactivity states in these cell types are poorly understood. Here, we focus on the NF-κB pathway, which is 

thought to be central in neuroinflammation. We utilized a recently generated knock-in mouse line expressing a 

GFP-labelled p65 (NF-κB subunit) to monitor NF-κB nuclear translocation following controlled cortical stab-

wound (SW) injury in vivo. NF-κB activation was found to be mostly restricted to microglia and astrocytes, 

although with markedly distinct temporal dynamics. In particular, microglia displayed p65 nuclear translocation 

as early as 1h after injury, whereas NF-κB-mediated astrocyte activation appeared delayed, suggesting that 

astroglial cells mostly contribute to later stages of the inflammatory response. In order to reveal the selective 

contribution of this temporally shifted activation of NF-κB, we generated two mouse lines to conditionally ablate 

the master regulator of NF-κB activation (NEMO) either in microglia or astrocytes during injury. We demonstrate 

differential changes in proliferation and survival in each of the glial cell types upon deletion of NEMO. 

Accordingly, single-cell RNAseq analysis revealed the NF-κB-dependent gene expression changes in microglia 

and astrocytes following injury, corroborating their preferential contribution to distinct temporal phases of the 

inflammatory response. 
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Aims: Sleep deficient in duration and quality is a common problem in the modern society. Studies have shown 

that sleep is beneficial for the efficient brain homeostasis and that chronic insufficient sleep leads to low grade 

inflammation. However only little is known about the effects of insufficient sleep on microglia, the brain resident 

macrophages.  

Our main hypothesis is that sleep is crucial for microglial functions. If sleep is restricted, microglial physiological 

functions are impaired.  

As microglial morphology changes with their functional state, we study the impact of acute sleep deprivation 

(SD) and chronic sleep fragmentation (SF) via the characterization of microglia morphology by confocal 

microscopy.   

Methods: SD (9h; gentle handling) and SF (14d; Sleep Fragmentation Chamber (Lafayette, USA)) were 

performed in mice. After the treatments the animals were sacrificed and perfused. The brain tissue was sliced, 
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immunostained for microglia (anti-IBA1 and Alexafluor 568, Synaptic Systems) and imaged with a confocal 

microscope (Leica TCS SPX, Germany). Morphometric analyses of the fluorescent images (Z-stacks: 55-85 x 

0.2 µm) from the somatosensory cortex, the hippocampus and the basal forebrain were accomplished using Fiji 

(ImageJ, NIH) Simple Neurite Tracer.  

Results: We found significant differences between SD and SF as well as in SF and its control group in the 

average branch length and the number of branches in the somatosensory cortex.  

Conclusions: First results show a statistical significant change in the morphology during chronic sleep 

fragmentation. 
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The blood-brain barrier (BBB) is a highly dynamic and complex structure that separates the Central Nervous 

System and the Circulatory System and regulates brain homeostasis. BBB disruption is frequently associated 

with most neurodegenerative and neuroinflammatory disorders, such as Parkinson, Alzheimer or brain ischemia, 

where the BBB breakdown enhances the progression of these disorders. Therefore, it is crucial to characterize 

factors able to maintain a healthy BBB after damage as new therapeutic approaches for these diseases. Based 

on its anti-inflammatory, immunomodulatory and neuroprotective properties, and its expression in peripheral 

endothelium, where it is able to regulate immune cell migration, we propose that the neuropeptide cortistatin 

(CST) could be a key factor regulating BBB physiology either in health or disease. In order to study the role of 

CST in the integrity and permeability of the BBB in neuroinflammatory diseases, we used an in vitro BBB 

monoculture model (endothelial cells only) or a co-culture model (astrocytes and endothelial cells in a transwell 

system) where we simulated the neuroinflammatory/neurodegenerative environment found in ischemic damage 

with two different insults: energetic failure (hypoglycemia) and inflammatory damage (endotoxin administration). 

Our results showed that glucose deprivation and endotoxin damage increased BBB permeability, raised the 

production of inflammatory mediators and induced BBB tight-junctions disruption. However, exogenous 

administration of CST restored BBB permeability basal levels, decreased inflammatory mediators and regulated 

alterations in junctional proteins. In addition, we observed that endogenous lack of CST altered BBB permeability 

and tight-junctions physiology under conditions of damage. Taken all together, our results show that CST plays a 

key role in the structural and functional viability of the BBB, since the lack of CST is associated with its 

dysfunction and a non-physiological behaviour. Taking into account that CST treatment can modulate some 

parameters that restore BBB normal dynamics after vascular and inflammatory damage, CST could be a novel 

therapeutic agent for the treatment of neurodegenerative diseases. 
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The relationship between Alzheimer’s disease (AD) and neuroinflammation has become stronger since the 

identification of several genetic risk factors related to microglial function. Though the role of microglial cells in the 

development/progression of AD is still unknown, a dysfunctional response has recently gained support. In this 

sense, we have reported an attenuated microglial activation associated to amyloid plaques in the hippocampus 

of AD patients, including a prominent degenerative process of the microglial population in the dentate gyrus, 

which was in contrast to the exacerbated microglial response in amyloidogenic models. This microglial 

degeneration could compromise their normal role of surveying the brain environment and respond to the 

damage. Here, we have further analyzed the phenotypic profile displayed by the damage-associated microglial 

cells by immunostaining and qPCR  in the hippocampus of postmortem samples of AD patients (Braak V-VI) and 

control cases (Braak 0-II). Damage-associated microglial cells of Braak V-VI individuals were clustered around 

amyloid plaques and expressed Iba1, CD68, Trem2, TMEM119 and CD45high. A subset of these cells also 

expressed ferritin. On the contrary, these microglia down-regulated homeostatic markers, such as Cx3cr1 and 

P2ry12. The homeostatic and ramified microglial cells of non-demented Braak II cases were characterized by 

Iba1, CX3CR1, P2ry12, TMEM119 and CD45low expression. The dynamic of the microglial molecular phenotypes 

associated to AD pathology needs to be considered for better understand the disease complexity and, therefore, 

guarantee clinical success. Correcting dysregulated brain inflammatory responses might be a promising avenue 

to prevent/slow cognitive decline. 
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During Alzheimer’s disease (AD) progression, astroglial cells go through a severe activation process. Despite 

their location in close contact with neuritic plaques, the precise role of reactive astroglial cells in disease 

pathogenesis remains elusive. Here, we examined astroglial phagocytosis of amyloid-beta (Abeta) and 

dystrophic neurites in the hippocampus of APP751SL/PS1M146L transgenic mouse by immunohistochemistry at 

both confocal and electron microscopy. Astroglial cell cultures were performed to test their phagocytic capacity 

and immunocytochemistry experiments were carried out. The hippocampus of APP/PS1 mice was characterized 

by an intense astroglial response. Reactive astrocytes closely surrounded amyloid plaques and astrocytic 

processes were observed contacting Abeta fibrils. Ultrastructural analysis showed amyloid fibrils within reactive 

astroglial processes, and the presence of Megf10 receptor in the plaque-astroglia contact area suggests an 

active role of these glial cells in the phagocytosis of Abeta. In addition, reactive astrocytic processes enwrapped 

and internalized dystrophic neurites. However, the increase of dystrophies around plaques during disease 

progression suggests that the efficiency of the astrocyte phagocytic process might be limited or impaired. In vitro 

studies with astroglial cells co-cultured with synaptosomes from wild-type and APP/PS1 mice proved the 

phagocytic capacity of these cells. Nevertheless, astrocytes incubated with APP/PS1 synaptosomes displayed 

deficient phagocytic function. Although the phagocytosis of dystrophic neurites could support a neuroprotective 

role for reactive astrocytes, this phagocytic dysfunction of astrocytes may contribute to the progression of AD 

pathology and may be, at least partially, responsible for the neuronal vulnerability. Therefore, exploring how to 

increase/restore the phagocytic function of astrocytes may represent a novel therapeutic avenue for this 

neurodegenerative disease.  
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IL-33, an IL-1 family member, is highly expressed at steady-state in the central nervous system (CNS), 

especially in glial cells such as astrocytes and oligodendrocytes. Extensively described in many 

neuropathologies, IL-33 may be either pro- or anti-inflammatory, with either protective or deleterious effects on 

cognitive functions. Given this apparent discrepancy, using intra-hippocampal injection of recombinant IL-33 in 

mice, we addressed the specific role of IL-33 per se in neuroinflammation and cognition.  

At 48h post-surgery, we show that intra-hippocampal IL-33 administration induces a defect in long-term memory 

during a habituation test to a new environment, while short-term memory of mice was not significantly affected. 

Our RT-qPCR experiments showed a strong and transient expression of IL-1β, notably expressed by microglia 

cells. Moreover, the expression analysis of pro- or anti-inflammatory markers showed that IL-33 administration 

yielded an unresolved neuroinflammatory state 48h post-treatment. Based on these data, immunohistochemical 

experiments were performed to explore microglial morphology in the hippocampus. The results showed a 

specific reactive state of microglia with an amoeboid and ramified morphologies after IL-33 administration. The 

flow cytometry analysis of hippocampal dissociated cells confirmed a significant increase of microglial cell 
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number associated with an overexpression of IL-1β pro-form after IL-33 treatment. Moreover, we showed that IL-

1αβ KO mice were resistant to deleterious effects of IL-33 in cognitive function, highlighted the key role of IL-1β. 

Thus, in neuropathological conditions, IL-33 could orchestrate a microglial reactivity state causing an IL-1β 

release by microglia cells. All of these data highlight IL-33 function at the hippocampal level and its deleterious 

effects on neuroinflammatory processes and cognition. This finding open new perspectives to understand the 

duality of IL-33 effects in the CNS. 
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Neurodegeneration, the progressive neuronal loss and dysfunction in the central nervous system (CNS), is a key 

feature of acute and chronic neurodegenerative conditions such as Huntington’s disease (HD), Parkinson´s 

disease (PD), and Multiple Sclerosis (MS). Despite different pathological mechanisms affecting these disorders, 

evidence support that chronic immune activation mediated by glial cells is a common trait. Far away from its 

detrimental role, it has been suggested that immune responses are also critical for neuroregeneration. 

Therefore, research about both harmful and beneficial functions of neuroinflammatory processes are currently an 

emerging field. Cortistatin (CST) is a neuropeptide produced by brain cortex and immune cells with an 

immunomodulatory and neuroprotective role. Interestingly, decreased levels of CST are found in animals with 

experimental autoimmune encephalomyelitis (EAE), in Alzheimer´s patients, and in the retina of diabetic 

patients, suggesting a relationship between CST reduction, inflammation and neurodegeneration. Thus, we 

investigate the role of CST in peripheral and central immune activation that underlies neurodegenerative 

conditions. By using preclinical models, we observed that CST-deficient mice showed increased vulnerability to 

3-NP toxin model of HD, increased mortality to MPTP-model of PD, and early onset with high score for the EAE 

model of MS. Also, lack of CST correlated with augmented gliosis and neuroinflammation in the target brain 

regions for these diseases. In addition, we observed that naïve CST-deficient mice showed a prompted 

inflammatory state in periphery and nervous system with reduced levels of trophic factors. Correlated with this, 

we showed that lack of CST induced an activated phenotype in peripheral immune cells, microglia and 

astrocytes, which showed deregulated responses to inflammatory stimulation. To note, we found that treatment 

with CST reduced inflammatory mediators and modulate glial cells in order to maintain the tissue-surveying 

functions of them as in a healthy brain. Here, we outline a key role for CST in the bi-directional communication 

between CNS and immune responses and pointed its potential as a new biomarker of neurodegenerative 

diseases with an immune component. These results also aimed to recognize potential targets and develop 

innovative therapeutic approaches against chronic neurodegenerative diseases focused on this brain immune 

cross-talk. 
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A role for microglia in neuropsychiatric diseases, including major depressive disorder (MDD) has been 

postulated. Regulation of microglial phenotype by immune receptors has become a central topic in many 

neurological conditions. The CD300f immune receptor has gained attention due to its dual activating and 

inhibitory signaling motifs. Here, we explored pre-clinical and clinical evidence for the role of this receptor in the 

fine regulation of microglial phenotype and its contribution to MDD. CD300f-/- mice displayed several 

characteristic MDD traits such as increased microglial numbers, alteration of a few innate immunity mediators 

(such as IL6 and IL1rn), alterations in synaptic strength, and females showed persistent depressive-like and 

anhedonic behaviours reversible by bupropion treatment, and decreased hippocampal noradrenaline content. 

This behavioural phenotype could be potentiated inducing the LPS depression model. Microglial RNASeq 

studies revealed an association with impaired metabolic fitness. Importantly, a prevalent non-synonymous single 

nucleotide polymorphism (C/T, rs2034310) of the CD300f receptor cytoplasmic tail, that impairs the 

phosphorilation of a threonine by PKC, was associated with protection against MDD, mainly in women. In 

conclusion, we report a clear association that links the function of microglia/myeloid cells CD300f immune 

receptor with MDD in humans and depressive-like and anhedonic behaviours in female mice. 
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In recent years, a number of immune receptors have been described as new potential targets for the control and 

modulation of the microglia/macrophages response. Among these, the interaction between CD200 and its 

receptors (CD200R1-4) has been elucidated as a positive or negative regulator of these immune cells. In 

particular, the CD200R1 receptor is an inhibitory immune receptor, which has anti-inflammatory and 
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neuroprotective properties in murine models of multiple sclerosis, neuropathic pain and spinal cord injury. CD200 

is expressed in lymphoid and neural tissue, whereas CD200R1 is expressed in myeloid line cells, such as 

microglia and macrophages, monocytes, granulocytes and dendritic cells. Recently, it has been suggested that 

CD200 may play an important role in preventing inflammation and neurological deficits in spinal cord injury and 

nerve injury.  In the present study, we evaluated if the modulation of the interaction between the pair CD200-

CD200R1 has any role on functional and inflammatory outcome after nerve injury in mice. To this purpose, we 

first characterized the dynamic spatio-temporal expression of CD200 and CD200R1 in normal sciatic nerve and 

after crush injury. Then, we injected a blocking antibody against CD200R1 or against CD200, into the sciatic 

nerve immediately after injury and evaluated its effects on functional and histological outcomes as well as on 

inflammation. Interestingly, the blockade of the CD200-CD200R1 interaction worsened the recovery of locomotor 

function measured by the walking track sciatic functional index test after sciatic nerve crush injury. Finally, we 

injected CD200R1 agonists into the sciatic nerve and evaluated its effects on the functional and histological 

outcomes. Our results suggest that in vivo the interaction between CD200 and CD200R1 may play a role in 

limiting inflammation after nerve injury. 
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Alzheimer’s disease (AD) is a neurodegenerative disorder where neuronal degeneration is associated with 

gliosis and infiltration of peripheral immune cells, PBMCs, that participate to neuroinflammation. PBMCs 

migration towards the CNS is facilitated by defects at the blood brain barrier (BBB), and in particular CD4+ T 

cells have been found in areas severely affected in AD. However, the role of T cells, once they migrate into the 

CNS, is not well defined. Astrocytes are directly involved in innate CNS immunity, and although their ability to 

prime T cells seems relatively weak, they release several factors and cytokines that can modulate T cell 

polarization; further, their properties may be modulated after interaction with T cells. Using an in vitro BBB 

model, constituted by a human endothelial cell line co-cultured with astrocytes and exposed to beta amyloid 

(Aβ1-42, 2.5 μM), we observed increased PBMCs migration with a slight enrichment in the CD3+CD4+ T cell 

population. This was associated with higher expression of the endothelial adhesion molecule ICAM-1. We co-

cultured for 48 h magnetically isolated CD4+ cells with astrocytes previously exposed to Aβ (2.5 μM). The 

number of CD4+ cells increased in particular in the presence of Aβ-exposed astrocytes.  Using flow cytometry 

technique, the expression of specific markers for Th polarization was then evaluated. While the expression of 

Foxp3 was barely detectable on CD4+ cells, specific markers for both Th1 (IFNγ) and Th2 (IL-4) appeared 

modified after 48 h of co-culturing with astrocytes. Specifically, the percentage of IL-4+ cells was significantly 

increased when CD4+ cells were co-cultured with Aβ-exposed astrocytes. On the other hand, the presence of 

astrocytes reduced the percentage of IFNγ+/CD4+ cells and Aβ-treated astrocytes did not increase CD4+ 

polarization towards a Th1 phenotype. The expression of specific cytokines was further evaluated in astrocytes 

co-cultured with CD4+ cells: the percentage of IFNγ+ astrocytes was reduced, while IL-4+ cells were increased, 

pointing out that CD4+ T cells may modulate astrocytic activity. The idea that there is a reciprocal crosstalk 

between infiltrating peripheral cells and astrocytes seems to be very appealing, in particular because astrocytes 

are the first cells that lymphocytes interact with, after crossing the BBB. As astrocytes are among the principal 

players in neuroinflammation occurring in AD, understanding this crosstalk may be potentially very useful in AD 

and other neurodegenerative disorders. 
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T14-066B 

C3- and CR3-dependent microglial clearance protects photoreceptors in retinitis pigmentosa 

W.T. Wong, S.M. Silverman, W. Ma, L.T. Zhao 

Section on Neuron Glia Interactions, National Eye Institute, NIH, Bethesda, US 

 

Complement activation has been implicated as an inflammatory driver of neurodegeneration in retinal and brain 

pathologies. However, its involvement and influence of photoreceptor degeneration in retinitis pigmentosa (RP), 

an inherited, largely incurable blinding disease, is unclear. We discover that markedly upregulated retinal 

expression of multiple complement components coincided spatiotemporally with photoreceptor degeneration in 

both the rd10 mouse model and in human specimens of RP, with increased complement C3 expression and 

activation localizing to infiltrating microglia near photoreceptors. Genetic ablation of C3 in the rd10 background 

resulted in accelerated structural and functional photoreceptor degeneration and altered retinal expression of 

inflammatory genes. These effects were phenocopied by the genetic deletion of CR3, a microglia-expressed 

receptor for the C3 activation product C3b, implicating an adaptive microglial-mediation mechanism involving 

C3-CR3 interaction. Deficiency of either C3 or CR3 resulted in deficient in vivo microglial phagocytosis of 

apoptotic photoreceptors, as well as increased in vitro microglial neurotoxicity to photoreceptors.  These findings 

demonstrate a novel adaptive role for complement activation in RP that facilitates microglial clearance of 

apoptotic photoreceptors, without which increased proinflammatory microglial neurotoxicity results.  These 

positive contributions of complement via microglial-mediated mechanisms are important in the design of 

immunomodulatory therapeutic approaches to neurodegeneration. 

 

T14-067B 

Identifying a dark microglia specific marker   

M.-K. St-Pierre, F. González Ibáñez, S. Belhocine, M. Carrier, D. Gosselin, M.-E. Tremblay 

Molecular Medicine, CRCHU de Québec-Université Laval, Université Laval, Quebec, CA 

 

Dark microglia, a recently discovered subtype of microglia, has been associated with ultrastructural alterations 

caused by oxidative stress, as well as down-regulation of microglial homeostatic proteins such as CX3CR1, 

P2RY12, and IBA1.These cells were shown to be abundant in mouse models of psychiatric (schizophrenia, 

chronic stress-induced depression) and degenerative (Alzheimer’s) diseases, as well as in post-natal 

development. Predominantly localized in the vicinity of blood vessels, this microglial subtype was observed in 

some brain regions including the hippocampus. Although dark microglia can be identified by electron microscopy 

due to their electron dense cytoplasm and nucleoplasm, the impossibility to study these cells with other 

techniques has left many questions unanswered. Therefore, our goal was to identify a marker that labels these 

cells selectively, in order to analyze their molecular signature and their regional density, localization, 

morphology, dynamics, and ultrastructure in a myriad of pathologies. The specificity of a putative dark microglia 

marker was assessed using correlative immunocytochemical light and electron microscopy. Furthermore, series 

of brain sections providing a non-biased representation of the brain of young male and female CX3CR1-/- mice 

(P14 and P21) were imaged using a slide scanner to reveal the distribution of putative dark microglia. Our 

preliminary results revealed that dark microglia are found in unexpected regions in the grey (e.g. striatum) and 

white matters (e.g. arbor vitae of the cerebellum). Moreover, we found that only a sub-population of dark 

microglia were stained for our putative marker, suggesting that multiple sub-populations of dark microglia co-

exist. While dark microglia were associated with an upregulation of complement receptor 3 (CD11b) and appear 

E565POSTERS

GLIA



  

 

 

to be involved in synaptic modulation, their close association with myelinated axons in the white matter suggest 

a new potential role for these cells. Further studies will be carried out to investigate the role of dark microglia in 

the white matter of young mice. 

 

T14-068B 

Regional specificity of microglia in hypertension 

B. Wei1, Q. Bi1, X. Liu2, P. Shi1 

1Institute of Translational Medicine, Zhejiang University, Hangzhou, CN 
2Department of Neurology, Zhejiang Hospital, Hangzhou, CN 

 

Microglia, the resident immune cells in the CNS, is the first defensing line to react to disturbance and maintain 

the brain homeostasis. Our previous work shows that microglia are activated in hypertension. Loss of naïve or 

activated microglia oppositely regulates blood pressure in response to hypertension induction. To further 

understand the characteristic of microglia in the progress of hypertension, we performed transcriptional analysis 

in microglia dissociated from cardiovascular-regulatory brain sites (hypothalamic PVN and brain stem NTS and 

RVLM) in both normotensive, 3-day- and 14-day-hypertensive mice. Bulk RNA sequencing results shows that 

there is a unique genome spectrum in microglia in specific brain regions in normotensive condition. Moreover, 

microglia display uniform pattern in both hypertensive models, distinct from the ones dissociated from 

normotensive mouse brains. The morphology of microglia in above brain regions also show distinct patterns. 

Taken these together, our results provide a novel perspective of microglia in the development of hypertension. 

Further studies will be carried out to investigate the crosstalk between activated microglia and autonomic 

neurons in hypertension. 

 

T14-069B 

Serum cytokine profile in MOG-Ds compare to MS, NMOSD-AQP4 and other inflammatory demyelinating 

disease of CNS 

Y.N. Kwon1,2,3, B. Kim4, J. Seo1, S. Ahn1, K. Oh5,6, H.J. Kang7, Y.S. Choi8, S.-M. Kim1,4 

1Department of Neurology, Seoul National University Hospital, Seoul, KR 
2Department of Neurology, Seoul National University Seoul Metropolitan Government Boramae Medical Center, 

Seoul, KR 
3Department of Medicine, Graduate School, Kyung Hee University, Seoul, KR 
4Department of Neurology, College of Medicine, Seoul National University, Seoul, KR 
5Department of Neurology, College of Medicine, Hanyang University, Seoul, KR 
6Cell Therapy Center for Intractable Disorders, Hanyang University Hospital, Seoul, KR 
7Department of Life Science, Chung-Ang University, Seoul, KR 
8Departmentof Medicine, College of Medicine, Seoul National University, Seoul, KR 

 

Objective. To evaluate serum cytokine profiles in myelin oligodendrocyte glycoprotein antibody associated 

disease (MOG-Ds) in adult patients.  

Methods. This is a cross-sectional study in inflammatory demyelinating disease (IDD) of central nervous system 

(CNS). MOG-Ds (n=21), multiple sclerosis (MS) (n=24), neuromyelitis optica spectrum disorder with aquaporin 4 

IgG positive (NMOSD-AQP4) (n=38) and other IDD (n=18) patients were included, and we measured 8 cytokines 
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in the serum of all participants.  

Results. In MOG-Ds, the ages were older (mean 45.1 years, range 17-70) than MS (33.8, 19-63) and there was 

no female predominance (female 42.9%). MOG-IgG positive patients had significantly elevated levels of 

interleukin (IL)-10, IL-1ß and IL-12p70 compared to MOG-IgG negative patients. In MOG-Ds patients, IL-10 

levels were elevated compared to MS and other IDD group and the levels of IL-1ß and IL-12p70 were elevated 

compared to NMOSD-AQP4 patients. In comparison of samples of acute and chronic phases of MOG-Ds, IL-1ß 

levels were significantly elevated in acute phase. Furthermore, Th1/Th2 related cytokine ratios were significantly 

higher in MOG-Ds patients compared to MS or other IDD patients. Many elevated cytokines were correlated with 

each other in MOG-Ds and NMOSD-AQP4 but not in MS. The levels of cytokines in MOG-Ds had no correlation 

with the severity or phenotype of disease, MOG antibody titer, annualized relapse rate and time to relapse.  

Conclusion. The profiles of serum cytokines in MOG-Ds were characterized by upregulation of regulatory T cell 

and microglia related cytokines, and T helper 1 (Th1) dominance compared to MS and other IDD patients. In 

part, there was similarity in serum cytokine profiles between MOG-Ds and NMOSD-AQP4 patients. 

 

Serum cytokine/chokine levels in MOG-Ds, MS, NMOSD-AQP4 and 

other IDD 
Dots represent serum cytokine/chemokine levels in individual patients in 

MOG-Ds, MS, NMOSD-AQP4 and other IDD groups. 
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Th1/Th2 ratio of related serum cytokines 
The serum cytokine ratios of Th1/Th2 were significantly higher in MOG-

Ds compared to MS and other IDD patients. 

 

 

T14-070B 

Microglial and astrocyte priming in the APP/PS1 model of Alzheimer’s disease: increased vulnerability to 

acute inflammation and cognitive deficits 

A.B. Lopez-Rodriguez, E. Hennessy, C. Murray, A. Lewis, N. de Barra, S. Fagan, M. Rooney, A. Nazmi, C. 

Cunningham 

TBSI (Biochemistry), Trinity College Dublin, Dublin, IE 

 

Neuroinflammation contributes to Alzheimer’s disease (AD) progression and secondary inflammatory insults 

such as acute trauma or infection accelerate cognitive decline, but the underlying mechanisms remain still 

unclear. Using the APP/PS1 (Tg) model of AD (19±3 months), we demonstrate that microglia are primed by β-

amyloid to induce exaggerated IL-1β responses to the intracerebral (i.c) administration of LPS (1μg/μl) or IL-

1β (10ng/μl). Several genes showed an exaggerated increase in Tg animals after secondary challenge, including 

Il1b, Il1a, Cd14, Nlrp3 and C1qa. Furthermore, we present evidence of the inflammasome assembly in Aβ-

associated microglia that is not apparent in WT mice (ASC presented “speck” formation within these cells in Tg) 

and we demonstrate that the nuclear translocation of NFκB-p65 (key component of the inflammasome and 

essential to initiate Il1β expression) only occurs after secondary challenge in Tg mice. Examining astrocyte 

activation, we observed that disease per se produced significant nuclear translocation of STAT3 in GFAP-

positive astrocytes and induction of STAT3-dependent genes Socs3, Lcn2 and Stat3. However, we also 

demonstrate, for the first time, that these astrocytes show a primed phenotype and produced an exaggerated 

chemokine response to IL-1β including transcription of Ccl2, Ccl3, Ccl4, Cxcl1, Cxcl10 and localisation of CCL2, 

CXCL1 and CXCL10 protein in astrocytes proximal to Aβ plaques.  

Therefore, AD brain shows multiple vulnerabilities to secondary inflammatory challenge, and this has direct 

consequences on cognitive deficits, as demonstrated with the increased incorrect trials per block in the Y-maze 

of Tg mice treated with systemic LPS (100 µg/kg i.p.). The findings have implications for understanding the 

inflammatory vulnerability of the AD brain and for delirium. 

 

T14-071B 

Dietary carnosine intake improves outcomes in Experimental Autoimmune Encephalomyelitis 

J. Spaas1, W. Franssen2, T. Vanmierlo1, J. Bogie1, W. Derave3, B. O Eijnde1 
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1BIOMED Biomedical Research Institute, Faculty of Medicine and Life Sciences, Hasselt University, 

Diepenbeek, BE 
2REVAL Rehabilitation Research Institute, Faculty of Rehabilitation Sciences, Hasselt University, Diepenbeek, 

BE 
3Department of Movement and Sports Sciences, Faculty of Medicine and Health Sciences, Ghent University, 

Ghent, BE 

 

Background: Carnosine (C9H14N4O3) is a naturally occurring dipeptide synthetized from histidine and β-alanine 

that is mainly found in excitable tissues such as skeletal muscle and the central nervous system (CNS). Here, 

carnosine serves versatile functions to protect the CNS and preserve homeostasis (e.g. antioxidant, 

antiglycation, reactive aldehyde quenching). We investigated the effect of carnosine treatment in Experimental 

Autoimmune Encephalomyelitis (EAE), an animal model for neuroinflammation and demyelination that mimics 

multiple sclerosis (MS).  

Methods: To induce EAE, female C57/BL6 mice were actively immunized with MOG35-55 followed by i.p. injection 

with pertussis toxin. Mice receiving carnosine (0.3%, 1.5%, or 3%) in their drinking water were compared with 

mice receiving normal tap water. All mice were sacrificed 56 days post immunization.  

Results: Dietary carnosine intake (3%) reduced clinical EAE severity compared to controls, 0.3% carnosine and 

1.5% carnosine. Immunohistochemistry revealed a reduced number of T lymphocytes (CD3+) and 

microglia/macrophages (F4/80+) in the spinal cord. TNF-α mRNA abundance decreased and brain-derived 

neurotrophic factor (BDNF) increased in animals treated with 3% carnosine.  

Conclusion: Carnosine treatment effectively reduced clinical EAE severity, which was paralleled by changes in 

bio- and histochemical analyses. Future research is warranted to unravel the underlying mechanisms of 

carnosine treatment for neuroinflammatory and demyelinating disorders. 

 

T14-072B 

Upregulation of cathepsins in the spinal cord of mice with experimental autoimmune encephalomyelitis 

Y. Choi, J. Kim, M. Ahn, P. Ekanayake, T. Shin 

Department of Veterinary Anatomy, Jeju national university, Jeju, KR 

 

Cathepsins, the representative proteolytic enzymes, are classified into three different types, including aspartate, 

cysteine, and serine cathepsins according to the catalytic site. Cathepsins plays a key role in the pathological 

processes through the increasing of proteolytic enzyme activity under neurodegenerative disease, however little 

is known to the pathological involvement of cathepsins in the spinal cord of mice with experimental autoimmune 

encephalomyelitis (EAE), an animal models of human multiple sclerosis. We evaluated the expression of 

aspartic cathepsin (cathepsin D), cysteine cathepsin (cathepsin B, C, H, and S), and serine cathepsin (cathepsin 

A and G) in the spinal cord of mice with EAE. Western blotting results demonstrated that the cathepsins 

significantly increased in the spinal cords at paralytic stage, compared with those of normal control group, and 

then decreased the expression level at recovery stage. We also investigated the immunoreaction of all 

cathepsins, and confirmed that the up-regulation of expression level in neurons, microglia and astrocytes of 

spinal cord at the paralytic stage. In addition, immunofluorescent results confirmed the cathepsins increased in 

the microglia, astrocytes, and inflammatory cells. These results suggest that increased cathepsins in the spinal 

cord may be related to inflammation and gliosis in EAE-induced mice. 
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Evaluation of microglial morphology in Alzheimer’s disease and after amyloid-beta-immunotherapy 
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2Memory Assessment and Research Centre, Southern Health Foundation Trust, Southampton, GB 
3Department of Cellular Pathology, University Hospital Southampton NHS Foundation Trust, Southampton, GB 

 

Background: The function of microglia, the immune cells of the brain, is dependent on their morphology, which 

vary from a ramified, with several processes and branches, to an amoeboid form. In Alzheimer’s disease (AD), 

microglia cluster around amyloid-beta plaques presenting an altered morphology that suggests impaired motility. 

Immunotherapy in AD show plaque removal via phagocytic microglia with loss of microglial clusters. Therefore, 

we hypothesise that microglial morphology and motility affected in AD are restored by immunotherapy.  

Aim: To explore 2D and 3D microglial morphology in human brain.  

Methods: Post-mortem brain sections of 32 controls, 44 AD and 16 immunised (i)AD cases were 

immunolabeled for the microglial protein Iba1. 2D microglial morphology and number of cells was assessed 

according to number of processed and cell body shape. Microglia were then classified into three categories: 

ramified, reactive and amoeboid. In a subgroup of 10 selected cases for each cohort, individual microglial cells 

are currently reconstructed in 3D to evaluate detailed morphological features. The neuroinflammatory 

environment, which impact on microglial function, was assessed via MesoScale Discovery.  

Results: Total number of Iba1-positive microglia showed no difference between AD and controls, but was 

increased in iAD compared to the AD group (P<0.001). The proportion of ramified microglia was decreased in 

AD compared to the control group (9%, P=0.012), and increased in iAD (14%) compared to AD (5%, P<0.001). 

Pro- and anti-inflammatory proteins were increased in AD, whereas iAD cases were characterised by an anti-

inflammatory environment. The 3D assessment of microglial morphology is ongoing.  

Conclusions: Our 2D findings shows reduced ramified microglial population in AD implying a functional 

impairment consistent with the inflammatory environment. Immunotherapy promote ramified microglia maybe 

due to the anti-inflammatory environment. Our 3D study will provide more insight into the changes in the 

morphological features of microglia in relation to the environment. 

 

T14-074B 

Alleviation of neuropathic pain by AAV9 mediated expression of a soluble colony stimulating factor-1 

receptor  

S. Gushchina1,2, P.K. Yip1, G.G. Parry1, H. Sivakumar1, M. Liu1, X. Bo1 
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Proliferation and activation of microglia have been implicated to play an important role in the development of 

neuropathic pain following peripheral nerve injury, therefore, attenuation of microglial proliferation and activation 

may alleviate neuropathic pain. In this study, we designed and produced an adeno-associated viral vector 

(serotype 9) expressing a non-functional soluble colony stimulating factor-1 receptor (AAV9/sCSF1R). 

AAV9/sCSF1R and the control vector AAV9/GFP were intrathecally injected into the lumbar spine of adult 

C57BL/6 mice. Two weeks later, these mice were subjected to partial sciatic nerve ligation or sham operation. 

Three other groups: normal, sham-operated, and sciatic nerve ligated, were also used as control. Before and 

after the surgery on sciatic nerves, mice were subjected to behavioural tests for thermal and mechanical pain 

sensation. We found that GFP and sCSF1R were highly expressed in lumbar DRG and spinal cords in AAV9-

injected mice. Significant increase in the number of macrophages in lumbar DRG and microglia in the dorsal and 

ventral horns of lumbar spinal cords were observed in the mice subjected to partial sciatic nerve ligation or 

AAV9/GFP injection plus nerve ligation. In the AAV9/sCSF1R injected mice with sciatic nerve ligation, the 

microglial densities in the dorsal and ventral horns and macrophage density in DRG were significantly lower 

compared with those from the mice subjected to sciatic nerve ligation or AAV9/GFP plus nerve ligation. 

Behavioural tests showed that the expression of sCSF1R in the DRG and spinal cord significantly reduced the 

nerve ligation-induced thermal and mechanical pain sensation. The results implicate that viral vector mediated 

expression of sCSF1R may represent a novel strategy in long-term alleviation of neuropathic pain.    

 

T14-075B 

Immunophenotyping microglia and macrophages on schizophrenia brain tissue 

G. Mendez Victoriano1, S. Lyons1, G. Buckland1, T. Tofani1,2, L. De Picker3, J. Nicoll1, D. Boche1 

1Clinical Neurosciences, Clinical and Experimental Sciences, Faculty of Medicine, University of Southampton, 

Southampton, GB 
2Psychiatric Unit, Department Health Science, University of Florence, Florence, IT 
3Collaborative Antwerp Psychiatric Research Institute, University of Antwerp, Antwerp, BE 

 

Introduction: Schizophrenia afflicts 1% of the adult population and current pharmacological therapies fail to 

alleviate symptoms in one third of patients.  Genetic studies have underlined the importance of the immune 

system in the schizophrenia etiopathogenesis, suggesting a role for microglia, the immune cells of the brain.  

Aim: To immunophenotype microglia/macrophages using markers associated with specific function in order to 

explore the role of these cells in schizophrenia.  

Method: Frontal cortex of 37 schizophrenia and 40 control cases were immunolabelled and quantified in the 

grey and white matter for Iba1 and P2RY12 (homeostasis and motility); CD68 (phagocytosis); HLA-DR (antigen-

presentation); Fcg receptors (CD64, CD32a, CD32b and CD16); and CD163 and CD206 (perivascular 

macrophages).  

Results: Significantly increased CD64 load was observed in grey matter in schizophrenia (p=0.015); while no 

difference was observed between the two groups for the other markers. Analysis of CD32b, CD163 and CD206 

are currently ongoing.  

Significant correlations were detected in the grey matter in controls for Iba1 with CD68 and P2RY12, HLA-DR 

with P2RY12 and CD16. In schizophrenia, the associations with HLA-DR were maintained, and CD32a was 

correlated with CD16.  

In the white matter, the Iba1 association with CD68 was lost in controls.  The schizophrenia group showed 

correlations for Iba1 with P2RY12 and CD16 and for HLA-DR with P2RY12.  

Associations between the grey and white matter for each marker were significant within each group except for 

CD64 and CD32a that did not correlate in the schizophrenia group.  

Conclusion: Our findings suggest a role for the FcgRs, especially for the CD64, a receptor with high affinity for 

antibodies.  This supports the involvement of the systemic immunity in schizophrenia. 
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Downregulation of GABAergic transmission in the olfactory bulb of mice with experimental autoimmune 

encephalomyelitis 

J. Kim, M. Ahn, Y. Choi, P. Ekanayake, T. Shin 

Department of Veterinary Anatomy, Jeju National University, Jeju, KR 

 

Gamma-amino butyric acid (GABA) is a representative inhibitory neurotransmitter of the adult central nervous 

system, but it plays an excitatory role during development and peripheral nerve injury. To determine the role of 

GABA in olfactory dysfunction, we induced experimental autoimmune encephalomyelitis (EAE) in mice, as an 

animal model of human multiple sclerosis. The intensity of glutamic acid decarboxylase 65/67 immunoreactivity 

was markedly decreased in the olfactory bulb of EAE-affected mice compared with normal mice. On the other 

hand, there was no difference in vesicular GABA transporter or GABA transporter expression. We also examined 

the expression of cathepsins, endosomal/lysosomal proteases, in the olfactory bulb. Increased immunoreactivity 

of cathepsins including cathepsins A, D, and S was detected in the microglia, astrocytes, and inflammatory cells. 

Furthermore, the number of terminal deoxynucleotidyl transferase dUTP nick end labeling-positive cells was 

increased in the olfactory bulb of EAE-affected mice. These results suggest that suppression of GABAergic 

transmission via increased cathepsin activity in the olfactory bulb of EAE-affected mice may be related to 

olfactory dysfunction. 
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Genetically perturbed myelin as a risk factor for neuroinflammation-induced axon degeneration. 
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Our main objective is to characterize the impact of neuroinflammation in mutants of the peripheral and central 

nervous system (CNS), representing serious neurological diseases with poor treatment options. In this context, 

we previously identified neuroinflammation as substantial amplifier of neural damage in various CNS mutants 

including distinct Plp1 mutant mice (Groh and Martini, 2017; Glia). Here, we specifically addressed the question 

how inflammatory cells damage myelinated axons in these models.   

Plp1-overexpressing mutants displaying substantial demyelination in the CNS showed long-term survival of 

retinal ganglion cells and their axons despite an immune-driven impairment of axonal transport (Ip et al., 2012; 

PLoS One). By contrast, mice carrying human PLP1 point mutations (Groh et al., 2016; Human Molecular 

Genetics) and lacking substantial demyelination, showed robust immune-mediated axon degeneration and 

neuron loss, which was also preceded by impaired axonal transport and correlated with clinical impairment. 

These observations suggested that persisting mutant myelin ensheathing axons is a risk factor for axon 

degeneration.  

Small axonal spheroids formed at myelinated juxtaparanodal aspects in all mutants but developed into larger 

structures and became transected only in mutants lacking substantial demyelination. Importantly, the perturbed 
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myelinated axons displayed reduced diameters in the region of cytoplasmatic paranodal loops, suggesting local 

axonal constriction by these glial compartments. Formation of axonal spheroids and paranodal constrictions 

were diminished in the absence of adaptive immune cells, resulting in preserved axonal transport and neuron 

survival. 

Since CD8+ T-lymphocytes localize at juxtaparanodal regions and mediate neural damage via cytolytic perforin 

and granzyme B, we propose that these agents may cause paranodal constriction that hampers axonal transport 

and leads to the focal accumulation of organelles. In vitro data support the idea that perforin and granzyme B 

promote oligodendroglial actin polymerization, possibly mediating paranodal constriction.  

Our data suggest that adaptive immune cells target mutant oligodendrocytes and lead them to constrict and 

eventually transect axons by inducing cytoskeletal plasticity. This may explain why demyelination could rescue 

axons by abolishing both the myelin-related immune target(s) as well as the putative constricting compartments. 

Understanding the underlying mechanisms in more detail may pave the way for attenuating axonal degeneration 

in neurological diseases associated with white matter inflammation. 
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Axonal spheroid formation and paranodal constriction in PLP1 

mutant mice. 
Electron micrographs of longitudinally sectioned optic nerves from (a) 

Wildtype and (b) PLP1 mutant mice. Perturbed myelinated axons 

displayed reduced diameters in the regions of the cytoplasmatic 

paranodal loops (pseudocoloured in red) and progressive 

accumulation and disintegration of organelles such as mitochondria 

(pseudocoloured in blue) at the neighbouring juxtaparanodal domains. 

Paranodal constriction was also observed in (c) cross-sections of optic 

nerves from PLP1 mutants. Scale bars: 0.5 µm. 
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Introduction: In recent years, the immune hypothesis of depression has gained a new interest due to 

inflammasomes. Among them the best known inflammasome NLRP3 is a protein complex, which activation 

leads to stimulation of the enzyme caspase 1 responsible for generation of active form of proinflammatory 

cytokines, mostly IL-1β and IL-18. The main source of IL-1 β in the Central Nervous System are microglial cells. 

Microglia are equipped with the intracellular multimolecular NLRP3 complex and were able to produce IL-1β in 

response to different classical inflammasome activators (e.g. stress, LPS). What is more, the inflammasome-

mediated caspase-1 activation results also in a proinflammatory form of programmed cell death known as 

pyroptosis.  

Aim: The aim of this study was to investigate the effects of selective inhibitor of caspase-1 – AC-YVAD-CMK – 

on the protein level of the inflammasome NLRP3 subunits (NLRP3, ASC, caspase-1), cytokines (IL-1β, IL-18) 

and pyroptotic cell death in the primary microglial cultures obtained from prenatally stressed animals in basal as 

well as lipopolysaccharide (LPS) stimulated conditions.  

Methods: Female Sprague-Dawley rats were paired with males. Pregnancy was confirmed the next morning. 

Pregnant rats were subjected to three stress sessions from 14th day of pregnancy until the delivery. Primary 

microglia cultures were prepared from cortices of 1-2 days old control and prenatally stressed offspring. 

Moreover, the microglia were exposed to nonspecific immune system activator – LPS (100 ng/ml). Inhibitor of 

caspase-1 were added at a dose of  10 μM for 24 hours. Pyroptotic cell death was determined by LDH test. The 

protein level of NLRP3 subunits, IL-1β and IL-18 was measured by ELISA kits.  

Results: We found that prenatal stress procedure increased proinflammatory cytokine synthesis (IL-1β, IL-18), 

concentration of NLRP3 subunits and induced pyroptosis. Exposure to stress during pregnancy also increased 

sensitivity of the microglial cells to stimulation by bacterial endotoxin (LPS). Treatment with caspase-1 inhibitor – 

Ac-YVAD-CMK evidently suppressed the pyroptotic cell death and NLRP3 inflammatory activation.  

Conclusion: In summary, our present study demonstrated that AC-YVAD-CMK, a caspase-1 inhibitor, has an 

ability to inhibit NLRP3 inflammasome activation and pyroptosis. Preventing cleavage of caspase-1 into 

activated form by Ac-YVAD-CMK could, therefore, be a new way to attenuate neuroinflammation observed in 

animal model of depression. 
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The activation of microglia which are the first to respond to spinal cord injury (SCI) is one of the essential events 

of post-traumatic reactions. Activated microglia can release not only trophic biomolecules, such as 

neurotrophins, glutamate transporters and antioxidants, but also such effectors as nitric oxide and pro-

inflammatory cytokines that can be potentially neurotoxic. The phagocytic function of microglia, which is 

necessary for clearing the cellular debris, rearranging or destroying synaptic connections, also plays a critical 

role. A possible contribution to the development of the dichotomy of microglia responses is the degree of 

nervous tissue damage. The purpose of the research is to study the fundamental processes of microglia 

phenotype modulation depending on the severity of SCI and the period of the post-traumatic process.  

We provided investigation of microglia behavior using an in vitro model of SCI. Microglia were isolated from 

neonatal rat cerebral cortex. Spinal cord extracts were received at Days 3, 7, 14 and 60 after SCI of varying 

severity: light (1.5 m/s), moderate (2.5 m/s) and severe (4 m/s) (Impat One ™ Stereotaxic Impactor, Leica). After 
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that spinal cord extracts were added immediately after isolation of microglia or 4-5 days of its cultivation. 

Investigation of proliferation, phenotype modulation and phagocytic activity was assessed by 

phagocytosis/immunohistochemical/flow cytometry analysis, RT-PCR and multiplex assay.  

In the study, the time of М1/M2-polarization, secretory phenotype and phagocytic activity of microglia were 

depended by the severity and post-traumatic period of SCI. The results of microglia activation at different periods 

of injury and different severity of injury on in vitro SCI model were correlated with structure of spinal cord and 

functional recovery outcomes at late time points in vivo. 
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As the resident immune cells in the central nervous system (CNS), microglia provide immune surveillance and 

have regulatory functions in the brain. These cells are engaged in an intense interplay between neurons, and 

also support the survival and differentiation of neuronal progenitors whereby secreting various neurotrophic 

factors during development. When activated, microglial cells can be polarized to form differential phenotypes of 

M1 and M2. There is growing evidence that physiologic levels of reactive oxygen species (ROS) are essential for 

the propagation of neurogenesis and neural differentiation, while low levels or ROS overload impairs brain 

development. Microglial polarization is presumed as a potential link between redox signaling and neurogenesis. 

Thus, our study was aimed to study the effects of supra- and sub-physiological concentrations of ROS on 

microglial polarization.  

In this project, N9 mouse microglial cell line was used. To mimic supra-physiological ROS, we used 10-200 µM 

hydrogen peroxide (H2O2). On the other hand, in order to create sub-physiological ROS concentrations, NADPH 

oxidase inhibitor Diphenyleneiodonium (DPI) has been utilized. Using qPCR, mRNA expression of genes 

particular for M1 and M2 phenotypes were analyzed after modulation of redox signals. As a positive control of 

M1 and M2, cells were treated with lipopolysaccharide and Interleukin (IL)-4, respectively.  

Here, we showed that higher concentrations of hydrogen peroxide caused upregulation of M1 related mRNAs 

including TNF-alpha, IL-1beta and IL-6. However, DPI incubation resulted in increased M2 related mRNA such 

as Fizz-1.  

Taken together, our results suggest that alternation of ROS switch microglial phenotypes, and may alter 

neurogenesis. 

Acknowledgement 

This study was funded by The Scientific and Technological Research Council of Turkey (Project number: 

118S406).  

E575POSTERS

GLIA



  

 

 

T14-081B 
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Microglial cells are the resident immune cells of the CNS and act as sensors of neural activity. Neurons play a 

relevant role in maintaining microglial cells in a non-activated/surveilling state under physiological conditions, 

through a series of inhibitory mechanisms. However, chronic glial activation/neuroinflammation has been 

described in neurodegenerative diseases, suggesting that these mechanisms have been overloaded. We 

focused our interest on the study of one of the mechanisms of control of microglial activation, the CD200-

CD200R1 system. In the CNS, CD200 ligand is mainly expressed by neurons (but also by astrocytes), and the 

inhibitory receptor CD200R1 by microglia. Both in mouse and human, CD200 ligand is represented by the 

CD200full isoform, which interacts with CD200R1 to inhibit pro-inflammatory microglial activation, and the 

CD200truncated isoform (CD200tr), which acts as an antagonist of CD200full. However, murine CD200R1 gene 

encodes a single CD200R1 protein, while the human CD200R1 gene can generate four mRNA variants through 

alternative splicing: V1 and V4, encoding transmembrane protein-isoforms, and V2 and V3, encoding soluble 

protein-isoforms. Decreased expression of CD200 and/or CD200R1 has been described in the brain of 

Alzheimer's disease (AD) and multiple sclerosis (MS) patients. These studies do not discriminate CD200full from 

CD200tr nor among the different CD200R1 mRNA variants and resulting protein isoforms. In this study, we 

determined CD200 and CD200R1 expression in post-mortem brain samples of substantia nigra, hippocampus 

and frontal cortex of Parkinson’s disease (PD) patients, identifying mRNA variants and protein isoforms. We 

observed increases in the expression of CD200tr and CD200R1 transmembrane and soluble forms in PD 

samples. The pattern of alterations differed among regions, probably reflecting different degrees of neural 

damage and inflammatory response. An increase in the expression of CD200tr may be associated with the 

inhibition of CD200-CD200R1 system. As regards CD200R1, an increase in the expression of the membrane 

forms could be interpreted as a potentiation of the CD200-CD200R1 system in the context of inflammation 

resolution and reparative response. Although the physiological meaning of the CD200R1 soluble forms is still 

unknown, an increase in the CD200R1 soluble forms may result in the inhibition of CD200-CD200R1 system. 

The results here obtained show that alterations in CD200-CD200R1 system in PD differ from those observed in 

AD and MS, suggesting that mechanisms associated with neuroinflammation differ among neurological 

disorders. 
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The presence of neuroinflammation is a hallmark in neurodegenerative diseases as Alzheimer’s (AD). The 

microglial activation plays a crucial role responding to toxic aggregated amyloid peptides and participating in 

their clearance. The mechanisms implicated are still elusive. Although most studies assessing the role of 

autophagy in neurodegeneration and brain aging have focused on neurons, emerging studies suggest that 

autophagy may also modulate the glial cell function. Here, our aim was to study the role of autophagy in 

microglia during the neurodegenerative process. The hippocampus of 15 month-old PDAPPJ20 mice, transgenic 

model of AD, showed hyper reactive Iba1+cells mobilized around amyloid deposits. Compared with age matched 

controls, microglia in AD mice lost the phagocytic marker CD68 (p<0.05). The content of amyloid beta (Ab) 

inside Iba1+cells decreased with aging but ubiquitin labeling was stronger, and co localized with the autophagy 

substrate p62, particularly in plaque associated-microglia.  

Fibrillar (f) Ab1-42 was able to induce the formation of LC3+vesicles in BV2 microglial cells. These vesicles also 

contained amyloid. A short exposure (2h) to fAb1-42 promoted a significant reduction in the LC3 II/LC3 I ratio 

(p<0.05) and a decrease in p62 levels, assessed by WB. A recovery was verified when Bafilomycin A1 –an 

autophagic efflux disruptor- was added to the cell culture. When the Ab exposure was longer (24h) -a condition 

closer to a chronic disease like AD-, the LCII/LC3I ratio increased, suggesting an accumulation of 

autophagosomes. In this case, Bafilomycin A1 treatment at the end of the culture showed only a tendency to 

decrease this ratio and no changes in p62 levels. An additional experiment with BV2 transfected with a plasmid 

carrying LC3-GFP-mCherry and exposed to fAb1-42 corroborated an impairment in the autophagic flux. 

Preliminary data analyzing human brain tissue showed the presence of LC3 puncta on microglial cells from AD 

patients. Our data suggest that autophagy deficiency on glial cells in the AD context may contribute to 

its pathophysiology. 
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Ontogenic, transcriptomic and phenotypic differences suggest that microglia and monocyte-derived 

macrophages may exert diverging functions during central nervous system (CNS) injury. Indeed, differential 
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roles of these two cell types have been recently shown in autoimmune diseases and in CNS tumors. However, 

little is known on the role of microglia in bacterial CNS infection.  

Our former studies suggest that different populations of microglia and macrophage participate in neurolisteriosis, 

a frequently fatal CNS infection caused by the Gram-positive bacterium Listeria monocytogenes (LM). The aim 

of this project is to comparatively dissect the infection of microglia and monocyte-derived macrophages (MDM), 

respectively, with LM to uncover possibly different roles of microglia and MDM during neurolisteriosis. To this 

end, we established a protocol to isolate and culture primary microglia from bovine cerebral cortex in DMEM 

supplemented with 10% FCS and bovine m-CSF for 14 days. At this point, microglia were infected with GFP-LM 

at a MOI of 5 using a gentamicin protection assay. Intracellular bacteria were quantified by CFU and imaged with 

confocal microscopy. LM efficiently infected microglia and increased in number over time. Within the first 24h, 

intracellular LM clearly expressed GFP demonstrating their viability and metabolic activity. Additionally, most LM 

exhibited polar actin tails indicating efficient escape from microglial phagosomes and intercellular spread. 

However, both bacterial GFP signal and actin tails decreased after 30h of infection indicating the entry into 

latency. After infection, microglia significantly changed their shape from amoeboid to strongly ramified at 

approximately 14h. Between day 2 and 3 of infection, heavy bacterial load was associated with significant 

microglial death and loss.  

Our preliminary results suggest that microglia are not able to eliminate LM, but allow its intracellular replication. 

Hence, microglia might rather be a cellular niche for LM during CNS infection than an efficient defense arm 

against it. These results have to be confirmed by comparison to infection of macrophages with LM. 
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Divergence in ATP-induced calcium transient responses from naïve and activated microglia expressing 
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During viral encephalitis, activated microglia produce cascades of inflammatory cytokines that adversely affect 

neuronal excitability, leading to acute seizures and an increased risk of chronic epilepsy. In order to develop 

novel therapies, we have developed methods to monitor calcium activity of microglia and infiltrating 

macrophages in living brain tissue. This is the first study to selectively express a genetically encoded calcium 

sensor (GCaMP5G) and a cytosolic marker (TdTomato) in CX3CR1 immune cells and to measure intracellular 

calcium activity and phenotype changes during viral-induced seizure development.  

Male and female mice were bred to express GCaMP5G and TdT (JAX 024477) using tamoxifen (TAM)- inducible 

Cre expression under the CX3CR1 gene (JAX 021160). Mice were injected intracortically with 2x105 plaque 

forming units of Theiler's murine encephalomyelitis virus (TMEV) or PBS, and acute brain slices made at 2, 5, 

and 14 days to image the hippocampus with 2-photon microscopy. To assess the sensitivity of naïve and 

activated microglia to damage signals, 1 mM ATP or aCSF was focally and repetitively applied with varying time 

intervals via a micropipette. ATP-evoked calcium transients were measured in cellular ROIs (selected with 

GECIquant), intensity changes calculated (ΔF/F), responses integrated (ΔF/(F*s)), and response ratio to the first 

puff calculated. TdT microglia morphology was assessed for soma size, process thickness (ImageJ), cell 

volume, cell territory, process endpoints, branches, and branch length (3DMorph).   

Microglia in brain slices from infected and uninfected mice at 14-16 days, displayed a robust ability to detect 

extracellular ATP and respond with intracellular calcium transients which were significantly different than the 

response to aCSF (t-test TMEV p=0.015; PBS p=0.003). The ATP response ratio diminished to 3% at 15 s for 

PBS mice, and restored to 95% after 5 min of no ATP application. However, the ATP response ratio for TMEV 

mice decreased to only 45% at 15 s, but returned to mearly 11% after 5 min. Morphologically, microglia in TMEV 
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brain slices have an ameboid shape with significantly shorter and less branched processes, and larger cell 

bodies (PBS: 158 cells from 8 mice; TMEV: 211 cells from 6 mice).  

Naïve and activated microglia have ATP-induced calcium transients and yet have significantly different response 

profiles. Ongoing experiments will address the functional relevance of these differences. These tools and data 

will further the understanding of activated microglia’s role in CNS infection. 
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Chronic production of interleukin (IL)-6 or interferon (IFN)-alpha in the human CNS are a cause of neurological 

diseases, termed cerebral cytokinopathies, exemplified by neuromyelitis optica or Aicardi-Goutières syndrome, 

respectively. Transgenic mice with astrocyte-targeted production of IL-6 (GFAP-IL6) or IFN-alpha (GFAP-IFN) in 

the CNS replicate many aspects of the respective human cerebral cytokinopathies. Microgliosis is a prominent 

feature in the CNS of GFAP-IL6 and GFAP-IFN mice and is implicated in the pathogenesis of these cytokine-

mediated neurological diseases. To define further the role of microglia in these cytokinopathies here we 

analysed and compared the phenotype of these cells in the GFAP-IL6 versus GFAP-IFN mice.  

Compared with WT, GFAP-IL6 mice had significantly increased numbers of microglia in the cerebellum, 

hippocampus, and cortex; while the number of hippocampal and cortical microglia was also increased but not as 

prominent in GFAP-IFN mice. GFAP-IL6 microglia were highly proliferative, pY-STAT3 positive, and were 

smaller and had stunted processes; while GFAP-IFN microglia were pY-STAT1 positive and were significantly 

larger with hyper-ramified processes. GFAP-IL6 and GFAP-IFN microglia had divergent expression of markers 

known to define the specialised function of microglia, including P2RY12, FCRLS, CSF1R, CD68, CD80, and 

CD86. RNA-seq analysis of cerebellar microglia ex vivo showed that compared with WT, both GFAP-IL6 and 

GFAP-IFN microglia acquired a core immune transcriptional program, with upregulated expression of known 

disease-associated microglia genes. Finally, a large number of genes were differentially regulated which, for 

GFAP-IL6 microglia, were enriched in processes including proliferation and endocytosis, while those for GFAP-

IFN microglia were enriched in processes including viral response, response to type I IFN and antigen 

presentation.  

We conclude that the microglia response to each cytokine environment is wide-ranging and results in 

morphologic, proliferative, molecular and transcriptomic alterations that are both specific as well as shared. In 

particular, the acquisition of unique phenotypic features may impart microglia with distinct functions in the 

cerebral cytokinopathies mediated by IL-6 and IFN-alpha. 
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Background: Microglia, the brain’s resident immune-cells, are critically involved in normal brain developmental 

processes including the shaping of connections between neurons by pruning superfluous synaptic spines. This 

important task is thought to involve the ligand CX3CL-1 (Fractalkine), which is highly expressed by neurons, and 

its only known receptor (CX3CR1) expressed predominantly on microglia. Using a prenatal inflammation model 

we demonstrated a significantly higher spine density in the Granule Cells of the Dentate Gyrus (DG) in the male 

offspring's Hippocampus at post natal day 15 that was accompanied by a reduction in the expression of 

CX3CR1 mRNA. In order to identify mechanisms underlying these changes we assessed microglia phenotype 

and have specifically focused on the role of CX3CR1 receptor expression.   

Objective: To identify the inflammatory changes in our prenatal infection model and how these relate to altered 

microglial phenotype in particular altered CX3CR1 expression.   

Methods: Pregnant mice were injected with a single dose of bacterial Lipopolysaccharide (LPS) at embryonic 

day 15 and levels of an array of immune mediators, cytokines, were measured in the maternal plasma 2 and 4 

hours post-injection. We further quantified microglia density and phenotype in de DG area by Fluorescent 

Immunohistochemistry and measured relative CX3CR1 expression via Fluorescent Activated Cell 

Sorting. Importantly, we assayed Hippocampus-dependent behavioral function with a Barnes Maze reversal 

learning paradigm. In separate studies CX3CR1+/- dams mated with CX3CR1+/- males to generate litters with all 

the different genotypes and we are assaying the expression of the membrane associated scaffolding protein, 

PSD95, in the Hippocampus to determine how different doses of CX3CR1 gene affect synaptic protein 

expression in the progeny following prenatal LPS treatment. Sex effects were considered in all experiments.  

Results: Prenatal LPS induced a significant short-lasting increase in pro-inflammatory cytokines IL-1β, IL-6 and 

TNF-α and anti-inflammatory cytokine IL-10 in the maternal plasma. These changes are indicators of significant 

alterations in the inflammatory milieu during late gestation, which we believe are linked to the changes in 

microglial function in general and the fraktalkine pathway specifically. We show that CX3CR1 receptor 

expression was reduced in males only but not microglia number or distribution. Similarly, only male LPS-treated 

offspring took longer to escape in the Barnes Maze reversal learning phase.   

Conclusion: Our results provide an early indicator that microglial function is altered in the brain of maternally 

challenged progeny and that the effects in the brain appear to be specific along sex lines.  
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Age-related changes in Smad- and non-Smad TGFβ signaling in neuroinflammation 
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Aging is the main risk factor for several neurodegenerative diseases, including late onset Alzheimer’s disease 

(LOAD). Our “glia-dysregulation” hypothesis proposes the participation of age-related impairment of microglia in 
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AD pathogenesis, with aberrant microglia activation leading to neuroinflammation and increased cytotoxicity. In 

aged mice, microglia show increased expression of cytokines and an exacerbated inflammatory activation. 

Interestingly, whereas the regulatory cytokine TGFβ1 is increased in the aged brain, aged individuals show a 

persistent neuroinflammatory activation. We have reported that TGFβ1 and Smad3 signaling induced by 

inflammatory stimulation are reduced in adult mice. However, there is insufficient understanding of non-Smad 

signaling. Here, we evaluate the participation of Smad- and non-Smad TGFβ1 signaling pathways, on the 

regulation of glia activation at 3- and 12-month old mice. We assessed microglia mediated neurotoxicity, in vitro 

and in vivo production of inflammatory mediators, and the activation of non-Smad (ERK, P38, JNK, and PI3K) 

pathways. There were decreased basal levels of AKT, JNK and ERK in older animals, a 50-80% reduction from 

levels in young mice. However, phospho-AKT, p-ERK and p-JNK (activated forms), were elevated in 

unstimulated SRA-KO mice (mouse model showing impaired regulation of neuroinflammation), although their 

response to LPS stimulation was reduced. In addition, reduced activation of TGFβ1-Smad was associated with 

functional changes on the activation of microglia; effect that was potentiated in SRA-KO mice; being associated 

with altered cytokine profiles in the hippocampus as mice age. We observed that LPS induced a different pattern 

of microglia activation in older mice, compared with young mice. Induction of inflammatory signaling and TGFβ1 

were impaired in microglia, as well as in the hippocampus of older animals. Modulation was dependent both on 

Smad3 and non-Smad pathways and was impaired by inflammatory preconditioning. Our results show that 

changes in TGFβ1 signaling affects the expression of scavenger receptors and the activation pattern of 

microglia, which are affected both by aging and chronic inflammatory preconditioning. Those changes could, at 

least partially, mediate age-associated microglial changes, and could result in the facilitation of the cytotoxic 

activation of microglia and promotion of neurodegenerative changes. Furthermore, our results show that SR-A 

participates in the activation of signaling pathways mediating the inflammatory activation of glial cells and is 

needed to regulate neuroinflammatory cell activation. 
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Microglia are activated to release nitric oxide (NO) and proinflammatory cytokines, resulting its neuropathology in 

several neurodegenerative diseases such as Alzheimer’s disease (AD). Several evidence suggests that dietary 

supplementation of coconut oil (CnO) reduces the cognitive deficits associated with AD; however, the 

mechanism(s) underlying the beneficial effect of CnO is unknown. It is known that CnO contains large amount of 

medium-chain fatty acids (MCFAs, C8–12) about 60% of total fat; in which 80% lauric acid (LA, C12) and 10% 

octanoic acid (OA, C8) are contained. In this study, the effects of MCFAs were examined on microglia 

experimentally activated with lipopolysaccharide (LPS), using mouse microglial cell line BV-2 and primary 

cultured rat microglia.  

Both MCFAs, LA and OA, decreased the LPS-induced NO production in a dose-dependent manner in BV-2, 

significantly more than 100 µM LA or 1 mM OA, although cell viability was not affected. Inhibitory effect of LA 

was also confirmed in the LPS-treated primary microglia. Both MCFAs attenuated the expression of iNOS 

protein in a dose-dependent manner. Both MCFAs decreased the intracellular production of ROS at 6 h after 

LPS treatment in BV-2 cells. Both MCFAs suppressed the LPS-induced phagocytic activity in BV-2 cells. The 

reduced NO production by LA was partially recovered in the presence of GW1100, an antagonist of G protein-
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coupled receptor (GPR) 40, which is an LA receptor on the plasma membrane. The reduced phagocytosis by LA 

was completely reversed by co-treatment with GW1100.  

These results suggest that attenuation of microglial activation by CnO-derived MCFAs may alleviate glial and 

neuronal damages partially via the GPR40-mediated pathway in AD. 
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Glial cells activated after peripheral nerve injury contribute to induction and maintenance of neuropathic pain by 

releasing neuromodulators such as cytokines and chemokines. Activation of astrocytes, microglia and cellular 

detection of CCL2 and CCR2 was investigated in the trigeminal subnucleus caudalis (TSC) following unilateral 

ligature of the infraorbital nerve (IONL).  

The IONL- and sham-operated rats were left to survive for 1, 3, 7 and 14 days (n=6 each group). Touch-Test 

Sensory Evaluator (Semmes-Weinstein Monofilaments) was used for measurement of mechanical allodynia. The 

rats were perfused with Zamboni solution and the brainstem was dissected. Transverse cryostat sections (12µm) 

were immunostained to identify activation of astrocytes (GFAP) and microglial cells (OX42) as well as to explore 

cellular distribution of CCL2 and CCR2. The quantification of glial cell activation and immunofluorescence 

intensity was performed by image analysis NIS-elements.  

Mechanical allodynia was induced in the vibrissal pad ipsilateral to IONL at 7 days and bilaterally during next 

days compared to control group of rats. A significant increase of astrocyte and microglial cell activation was 

found bilaterally in the superficial lamina of TSC compared to TSC of naive and sham-operated rats. Activation 

of astrocytes increased gradually over a period of 1 day to 14 days in TSC ipsilateral to IONL, while it was similar 

from 3 to 14 days in contralateral TSC. In contrast, activation of microglial cells was peaked at 7 days and 

dropped significantly at 14 days in TSC ipsilateral to IONL. Contralateral TSC revealed significantly less 

activation of microglial cells that peaked at 3 days. CCL2 immunostaining was found bilaterally in TSC neurons 

up to 3 days, but it was detected in astrocytes in later periods of survival. In contrast, CCR2 was present only in 

astrocytes during all periods of survival with significant increase from 3 to 14 days in TSC ipsilateral to IONL 

compared to naïve and sham-operated controls or contralateral TSC.  

In summary, our results revealed bilateral activation of astrocytes and microglial cells in TSC after unilateral 

IONL. Moreover, temporal alteration and cellular distribution of CCL2 and CCR2 was found in TSC. Induction of 

bilateral mechanical allodynia in the vibrissal pad did not correlated with activation of glial cells, but it was related 

with changes of CCL2 from neurons to astrocytes. 
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Neuromyelitis optica (NMO) is a rare autoimmune disease of the CNS with lesion development predominantly in 

the optic nerve and spinal cord. Most of the patients also exhibit an auto-antibody response against Aqaporin-4 

(AQP4), a water channel on astrocytes. The pathogenicity of the AQP4 antibody as well as B cells themselves 

have been in the focus of recent research and seem to be a major driving force of disease pathogenesis. 

However, it could be demonstrated, that T cells from NMO patients show a higher reactivity towards AQP4 

peptides, but not much is known about the role of T cells during lesion development and disease pathogenesis. 

Therefore, we characterized in detail immune cells in the periphery and the CSF of NMO patients in order to gain 

more insight into their role in NMO disease pathogenesis.  

PBMCs from NMO patients were immune - phenotyped by multi parameter flow cytometry and compared to 

healthy donors and MS patients. In addition, the T cell receptor (TCR) repertoire of CD4+ T cells and CD8+ T 

cells purified from peripheral blood, CSF and CNS tissue was analyzed by deep sequencing of the beta chain of 

the CDR3 region.  

Immune phenotyping revealed distinct differences in immune cell subsets in the NMO cohort compared to MS 

patients or healthy controls. In detail, NMO patients have more terminal differentiated T cells, which also show 

higher cytolytic activity. Moreover, TCR sequencing showed a more clonal repertoire in the CD4 as well as in the 

CD8 compartment. TCR repertoires from NMO patients were highly perturbed and differed significantly from MS 

patients or healthy controls. Clonal expansion was also prominent in the CSF as well as in CNS tissue and 

seems to be caused by local antigen-driven processes.  

Our data confirm, that the role of T cells in NMO disease pathogenesis is more substantial than previously 

thought and further studies providing more insight into the mechanisms will potentially lead to new treatment 

options in NMO. 
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V-type immunoglobulin domain-containing suppressor of T-cell activation (VISTA) is a negative checkpoint 

regulator (NCR) involved in inhibition of T cell-mediated immunity. VISTA is also involved in various myeloid cell 

functions including efferocytosis and cytokine response. Expression changes of other NCRs (PD-1, PD-L1/L2, 

CTLA-4) during inflammation of the central nervous system (CNS) were previously demonstrated, but VISTA 

expression in the CNS has not yet been explored.  

Here, we report that in the human and mouse CNS, VISTA is most abundantly expressed by microglia, and to 

lower levels by endothelial cells. Upon TLR stimulation, VISTA expression was reduced in primary neonatal 

mouse microglia in vitro. In mice, microglial VISTA expression was reduced after lipopolysaccharide (LPS) 

injection, during experimental autoimmune encephalomyelitis (EAE), and in the accelerated aging Ercc1Δ/- 

mouse model. After LPS injection, decreased VISTA expression in mouse microglia was accompanied by 

decreased acetylation of lysine residue 27 in histone 3 in both its promoter and enhancer region. ATAC-

sequencing indicated a potential regulation of VISTA expression by Pu.1 and Mafb, two transcription factors 

crucial for microglia function. Furthermore, our data shows that VISTA expression varies in different types of 

multiple sclerosis lesions including preactive, active, chronic active, and inactive lesions, and in Alzheimer's 

disease. Finally, we observed a reduced ramification of microglia in VISTA knockout mice, concomitant with an 

increase in phagocytic ability of VISTA-deficient microglia in vitro.  

This study is the first to demonstrate that in the CNS, microglial VISTA expression is differentially regulated 

during disease, and that knockout of VISTA affects microglia biology. 
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In vitro model for inflammatory activation of human iPSC-derived astrocytes 

T. Hyvärinen, S. Hagman, K. Veijula, L. Sukki, M. Ristola, P. Kallio, S. Narkilahti 

BioMediTech Institute and Faculty of Medicine and Health Technology, Tampere University, Tampere, FI 

 

Astrocytes are essential in supporting central nervous system (CNS) homeostasis and function. However, in 

pathological states such as multiple sclerosis and stroke, astrocytes transform into reactive inflammatory 

phenotype. The role of reactive astrocytes in CNS disorders is controversial, but they may affect disease 

progression by inducing axonal damage and limiting neuronal repair. For future studies, a specific platform is 

required to evaluate the inflammatory responses of human astrocytes and their role in pathologies. Here, we 

induced a reactive phenotype in human pluripotent stem cell (hPSC)-derived astrocytes and characterized their 

inflammatory nature. To establish reactive phenotype, we treated astrocytes with inflammatory cytokines tumor 

necrosis factor (TNF)-α and interleukin (IL)-1β. Cytokine treated astrocytes experienced a gradual change in 

morphology from filamentous to flattened shape and showed increased gene expression of common 

inflammatory factors. Moreover, astrocyte activation induced widespread protein secretion profiles of 

inflammatory mediators. Thereafter, the effect of reactive astrocytes on the neuronal network activity and axonal 

growth were studied. Application of reactive astrocyte conditioned medium to hPSC-derived cortical neurons 

resulted to functional changes in neuronal networks. Finally, we engineered a novel microfluidic device for co-

culture of neurons and reactive astrocytes to study their inflammatory actions on neuronal axons. In conclusion, 

an in vitro model encompassing neurons, astrocytes and inflammatory component was developed that could be 

used to study human astrocyte reactivation and in the future model human disease in a dish. 
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Introduction: Brain implants may be used for direct drug application to the target side, reducing the drug 

concentration to its minimum, specifically addressing the target cells by a time-dependent release of the drug 

and therefore overcoming systemic toxicity.  

However, implantation of any kind of materials into the brain can elicit a harmful tissue response, leading to an 

alteration of the neurochemical environment in the brain and the formation of a glial scar1,2.  

By forming this barrier between implant and healthy tissue, the efficiency of the brain implant suffers due to an 

altered release kinetic of the drug and therefore loses in in vivo efficacy3. Thus, tissue reactions towards implant 

materials need to be investigated more closely in suitable in vitro models4,5.  

Methods: Different implant materials have been studied for their cytotoxicity as well as inflammatory and glial 

scarring response to different brain in vitro models. Therefor, an indirect contact model with human astrocytes or 

microglia (SVGA respective HMC3), murine primary astrocytes or murine acute brain slices was chosen. Cell 

and tissue reactions were studied on RNA or protein level. In order to inhibit inflammation and glial scarring 

reaction towards the materials, the anti-inflammatory and –fibrotic compound Curcumin was employed.   

Results: Comparing different culture models, human cell lines provided more robust, but less pronounced 

inflammatory and glial scarring responses than murine primary cultures in indirect co-incubation experiments 

with established or newly developed neuro implant materials. Acute murine slice cultures were more complex to 

handle, but represent a suitable 3D-cellular environmental system, which preserves cell-to-cell interactions and 

therefore is most close to in vivo conditions.  

Through all species and culturing techniques, we could examine distinct inflammatory and glial scarring 

reactions towards the materials, which were reduced by co-stimulation with Curcumin.  

Conclusion: The results indicate that acute murine brain slices might be the most convincing in vitro model to 

study brain specific foreign body reactions. Knowing the reactions towards the implant material might help to 

improve implant material design and therefore reduce tissue reactions towards them. 
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A leading cause of preterm birth is the exposure to systemic inflammation (maternal/fetal infection, infection 

occurring during their time in hospital), which induces neuroinflammation and white matter injury (WMI) within the 

brain. Despite the prominent role exerted by microglia in orchestrating the response induced by infiltrating 

immune cells from the periphery it is now clear that oligodendrocytes (OLs) may play an equally important 

immunomodulatory role. Indeed, they upregulate several inflammatory markers following systemic inflammation 

such as CXCL10, CCL2, CCL5 and CXCL9.  

Here, we focus our study on TLR3, an endosomal -nucleic acid–sensing receptor that can detect endogenous 

ligands and promote neuroinflammation. Despite increased efforts to elucidate its function in microglial cells 

during classical neuroinflammation diseases, such as multiple sclerosis, its expression and role in OLs remains 

unclear. Specifically, our goal is to study whether TLR3 activates different pathways in two critical populations of 

premyelinating oligodendrocytes: the PDGF+ OL precursor cells (OPCs) and the O4+ immature OLs (immOLs).  

Firstly, our in vivo experiments demonstrated that perinatal WMI induced by intraperitoneal injections of 

interleukin-1β between P1 and P5 was accompanied by the upregulation of Tlr3, Ccl2 and Cxcl10 in both 

PDGF+ and O4+ sorted cells. Of note, this upregulation was higher in O4+ immOLs as compared to PDGFα+ 

OPCs, suggesting a different sensitivity to neuroinflammation of the two populations. These observations were 

confirmed in OLs primary cultures: cells treated with TLR3 agonist Poly (I:C) during differentiation showed a 

higher upregulation of CCL2 and CXCL10 compared to cells treated during proliferation which resulted in defects 

in reaching the more mature phenotype. Finally, we observed that conditioned medium derived from primary OLs 

treated with Poly (I:C) during proliferation induced the expression of anti-inflammatory Socs3 in microglia.  

In conclusion, we demonstrate important differences between the OPCs and immOLs populations in response to 

an inflammation induced-white matter injury. These differences are particularly important from a therapeutic point 

of view, since immunomodulatory treatment may affect the two populations differently over the course of the 

disease. 

Acknowledgement 

Fondation pour l'aide à la recherche sur la sclérose en plaques (Fondation ARSEP)  

  

E586 POSTERS

GLIA



  

 

 

T14-095B 

Probing functional contributions of microglia and non-parenchyma CNS macrophages in physiology and 
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The recent past has seen major advances in our understanding of brain macrophage contributions to physiology 

and pathophysiology. Reporter- and Cre / loxP system-based mouse models allowing fate mapping, intra-vital 

imaging, targeted mutagenesis and cell ablation, complemented by advanced transcriptome, translatome and 

epigenome profiling, have provided insights of unprecedented depth. One important conclusion from these 

studies is that tissue macrophages should to be studied in their physiological context since their identities are 

defined by environmental cues (1).  

However, much still remains to be learned. One particular challenge remains the dissection of functional 

contributions of parenchymal CNS macrophages, the microglia, and cells located at the CNS interfaces with the 

periphery, including perivascular, meningal and choroid plexus macrophages. Specifically, single promoter-

based Cre approaches have proven insufficient to target these subpopulations (2). Here we will report on our 

recent efforts to develop novel approaches aimed at defining microglia and non-parenchymal CNS macrophages 

and their respective responses to challenges using a binary transgenic Cre approach relying on the co-

expression of split Cre fragments (3). 
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Recent genome wide association studies (GWAS) and systems biology approaches have identified several 

Alzheimer’s disease (AD) risk associated genes; with many expressed in microglia, regulating functions such as 

motility, proliferation, survival and phagocytosis. Activation of the TREM2 signalling cascade mediates a 

protective phenotype, and variants of signalling molecules in the cascade are known to confer AD risk or 

protection. SHIP1 is a regulator of TREM2 signalling, acting as an inhibitor of the cascade by opposing Syk and 

PI3K phosphorylation, to prevent over-stimulation of the pathway. A SHIP1 variant (rs39349669) has been 
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identified that confers AD risk by increasing SHIP1 expression, thereby inhibiting the TREM2 signalling cascade 

and reducing phagocytic signalling. We therefore hypothesise that inhibition of SHIP1 could restore the 

protective signalling pathway associated with TREM2.  

Utilising human WT TREM2 and TREM2 KO iPSC macrophages, we are working towards understanding the role 

of SHIP1 in regulating TREM2 mediated signalling cascades. We are investigating the effects of a SHIP1 

inhibitor (3AC) on pSyk, pAkt, Ca2+ flux and phagocytosis following TREM2 stimulation with an activating 

antibody. In parallel, we have initiated screening activities to identify SHIP1 inhibitors. We have obtained a 

crystal structure of the phosphatase and C2 domains of SHIP1, and there is an ongoing effort to crystallise the 

protein with known inhibitors. We also plan to utilise the structure to initiate a fragment screen. Furthermore, a 

cell-free screening assay (Malachite green) has been developed to detect levels of inorganic phosphates 

released after SHIP1 mediated dephosphorylation of PI(3,4,5)P3 to PI(3,4)P2.  

We aim to demonstrate that SHIP1 regulates TREM2 signalling; is a druggable target; and that screening assays 

can be developed to identify inhibitors that will increase TREM2 – mediated protective signalling in microglia. 

Targeting SHIP1 could therefore represent a novel therapeutic strategy for the treatment of AD. 
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Blocking of CSFR1 impairs oligodendrocyte differentiation 
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Glial cells are predominant in number in the central nervous system (CNS), playing very important roles in CNS 

development and disease, and crosstalk between the different types of glial cell, as well as with neurons, is 

essential for CNS functioning. In CNS, the cytoplasmic membrane of oligodendrocytes ensheaths axons with 

spirally wrapped multi-layered myelin sheets, thus enabling fast saltatory conduction and helping maintain axon 

integrity. Microglial cells play a very important role in the maintenance of oligodendrocyte progenitor cells 

(OPCs) by providing trophic support, and they can also modulate oligodendrocyte differentiation. It is therefore 

important to understand the underlying mechanisms of their interaction, as unravelling how microglia influence 

oligodendrocyte differentiation and myelination is critical to developing novel strategies for myelin repair. Growth 

factor colony stimulation factor 1 (CSF-1) regulates microglia proliferation and survival through the activation of 

its receptor CSF-1R (a tyrosine kinase transmembrane receptor) expressed in microglia during CNS 

development and in adulthood. Our project focuses on the role of microglia in oligodendrocyte differentiation and 

maintenance. By using Plx5622, a highly specific pharmacological inhibitor of CSFR-1, we found that lack of 

microglia in early oligodendrocyte development impaired oligodendrocyte differentiation in embryonic spinal cord 

of mice. However, after birth, Plx5622 treatment did not prevent the emergence of a new wave of microglia 

accompanied by the recovery of oligodendrocyte differentiation. With this CSFR-1 inhibitor, we will be able to 

further analyse the effects of microglia depletion on OPCs and mature oligodendrocytes at different stages of 

CNS development and in adulthood with a view to developing new therapies for treatment of demyelinating 

diseases of CNS. 
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Preterm birth has a significant impact on cognition and neurobehavioral development, and it coincides with 

increased risk for psychiatric symptoms such as attention deficits and autism. Current studies suggest the 

cerebellum as a key player in IQ, motor and language development during childhood which is disturbed in 

preterm infants with lower volumes of the cerebellum. Perinatal inflammation has been recognized as a major 

cause of impaired neurodevelopment in premature infants. Besides infection, medical interventions and 

mechanical ventilation may also lead to elevated levels of pro-inflammatory cytokines in the CNS.  

In a mouse model of perinatal neuroinflammation induced by systemic interleukin-1β (IL-1β) injections, subtle 

pathologies of subcortical white matter mimic the phenotype commonly found in preterm infants, including 

maturational delay of oligodendroglia, hypomyelination, and behavioral deficits. Using this model, we elucidate 

the impact of IL-1β injections from postnatal day 1 to day 5 on myelination, astroglial and microglial activation of 

the cerebellum.  

As a result of olig2 immunostainings (IHC) to label oligodendroglia in co-staining with PCNA as proliferation 

marker, we found significantly reduced numbers of olig2+PCNA+ oligodendroglia in the cerebellar white matter 

at P5 after IL-1β (P=0.0286) and also after further 5 days recovery at P10 (P=0.0317). IHC and Western blotting 

for myelin markers MAG and MOG at ages P10, P45, P60, revealed clear deficits in myelin synthesis. The 

density of Iba1+ microglia was significantly higher at age P5 (P=0.0159) after perinatal inflammation, which 

persisted until adulthood at age P45 (P=0.0048). Microglial proliferation as determined by Iba1+BrdU+ labeling 

was increased in the cerebellar white matter at ages P5 and P10 (each P<0.05) in IL-1β treated animals. In 

immunostainings for GFAP and for glutamine synthase (GS) at the Purkinje cell layer an increase of GFAP and 

GS intensity was found at ages P10 and P45 (P<0.001), indicating maintained Bergmann glia reactivity after the 

perinatal stimulus.  

Overall, we found decreased proliferation and maturation of oligodendroglia leading to myelin deficits, increased 

density and activity of microglia until adult age and prolonged Bergmann glial reactivity in the cerebellum after 

postnatal inflammation. In near future, changes in functional clusters of the expressional program of microglia 

and astroglia will be investigated through RNA-Seq in order to determine long-term functional shifts in the glial 

network of the cerebellum. 
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Myelin remodelling is essential for learning and for cognition, and dysregulation of myelination is associated with 

neuropsychiatric disorders such as schizophrenia and bipolar disease and pathological changes to myelin are 

observed in demyelinating diseases such as multiple sclerosis (MS). But how this remodelling occurs remains a 

mystery. Recent discoveries have shown that microglia play an important role in the development of 

oligodendrocytes and ultimately, albeit indirectly, in myelination. But how do microglia influence myelin at the 

molecular level? One distinct possibility we have been investigating is Mertk, a member of the TAM family of 

receptor tyrosine kinases. We have found that disruption of signalling via Mertk,  a known risk gene for multiple 

sclerosis, and a key regulator of microglial behaviour, leads to abnormal myelination. We used our recently 

developed floxed-Mertk mouse line in combination with the cre-driver Cx3Cr1 to specifically delete Mertk from 

microglia. We observed fewer microglia in mixed glial cultures derived from neonatal Mertk cKO mice. 

Assessment of the number of microglia in the mouse corpus callosum showed that this depletion of microglia 

persisted in the adult brain.Examination of the ultrastructure of myelin in the adult mouse brain revealed that in 

the absence of Mertk, myelin showed abnormal morphology such as numerous gaps within otherwise normally 

compacted myelin. This decompacted myelin is evident as a significant decrease in g-ratio. Alterations in myelin 

were accompanied by a reduction in the expression of the myelin specific genes myelin basic protein and 2',3'-

cyclic nucleotide 3'-phosphodiesterase. We then investigated the effect of the loss of microglial Mertk upon 

cuprizone-induced demyelination. We found that while, as expected, cuprizone significantly reduced the number 

of myelinated axons in the corpus callosum, the loss of microglial Mertk did not significantly alter the extent of 

demyelination. In contrast, we observed a significant increase in the g-ratio of myelinated axons in the Mertk 

cKO mice. Taken together, these data suggest that Mertk-expressing microglia are a key component of the 

establishment of appropriately compacted myelin, and that the failure to establish appropriate mature myelin is 

associated with increased damage during demyelination. 
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Background: The ATP-sensitive inward rectifying potassium channel KIR4.1 expressed by glial cells is 

suspected as a target autoantigen since high seric levels of IgG against its extracellular domain (e1) were 

reported in some multiple sclerosis (MS) patients. Here we investigated the encephalitogenicity of e1 in mice.   

Methods: 8-10 weeks old C57Bl6 female mice were immunized with e1 peptide. The development of anti-e IgG 

antibodies and neuropathological signs of experimental autoimmune encephalomyelitis (EAE) were followed 

after immunization challenge.   

Results: Detection of seric anti-e1 KIR4.1 IgGs by ELISA from blood sampling at one month and two months 

after immunization indicates that tolerance to e1 could be broken as high seric anti-e1 antibody levels were 

induced during this period. Strikingly, one third of the mice developed signs of typical EAE with later signs of 

atypical EAE. Accordingly, neuroinflammation and demyelination in sick mice occurred widely in the CNS from 

forebrain, cerebellum to the spinal cord with immune cell infiltration mainly T cells and macrophages localized in 

the white matter tracts. Another observation of KIR4.1(e1)-immunized sick mice was the abundance of B cells in 

brain periventricular and white matter perivascular regions as well as in spinal cord meninges. Moreover, in the 

cerebellar lobules of two severely affected mice, we observed large demyelinated foci with inflammatory cuffs 

that were associated with adjacent alterations in Purkinje neuron layer and Bergman fiber integrity with the 

molecular layer also infiltrated with numerous T cells.   

Conclusion: Taken together, like the classical myelin oligodendrocyte glycoprotein MOG35-55 peptide, the 
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encephalogenicity of e1 peptide in mice supports the first extracellular loop of KIR4.1 as a candidate antigen for 

CNS autoimmunity. 
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Ischemic brain injury causes inflammation, which involves activation of microglia, leukocyte and monocyte 

infiltration. Specific subpopulations may differentially contribute to neuroinflammation and final outcome. Identity 

and involvement of immune cell subpopulations in ischemia-induced damage/repair are not fully 

characterized.Using flow cytometry we isolated microglia, bone marrow (BM)-derived macrophages and 

perivascular/meningeal macrophages at days 1, 3, and 7 after middle cerebral artery occlusion (MCAo) in rats. 

Global gene expression profiling was performed by RNA sequencing and selected findings were confirmed by 

qPCR and  immunocytochemistry. We found that inflammatory microglia predominate in the ischemic brain after 

MCAo. At day 3 BM-macrophages accumulate in the ischemic hemispheres and display a unique transcriptomic 

profile indicative of the pro-regenerative, immunosuppressive phenotype. Transient depletion of peripheral 

macrophages with clodronate-filled liposomes reduced the number of Arg1 expressing macrophages in the 

ischemic brain. Despite global gene expression modification by environmental clues, the respective cell 

subpopulations expressed microglia or macrophage signature genes. At day 7, infiltrating BM-macrophages 

exhibited inflammatory gene expression and the expression of inflammation mediators suggesting a switch 

toward a pro-inflammatory phenotype. Moreover,  we successfully isolated and characterized transcriptomes of 

CD163+ perivascular/meningeal macrophages that showed unique signature genes distinct form other myeloid 

cells. We found that CD163+ cells proliferate and accumulate in the ischemic parenchyma, where they began to 

express inflammation related genes. Our findings reveal transcriptomic and functional heterogeneity of myeloid 

infiltrates in ischemic brains. We propose that while inflammatory microglia accumulate at damaged sites, BM-

macrophages recruited to the injured brain early after ischemia are pro-regenerative but they switch toward a 

pro-inflammatory phenotype in the ischemic parenchyma. CD163+ perivascular/meningeal macrophages 

proliferate, accumulate and adapt inflammatory phenotype in the ischemic parenchyma. 
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Microglia, the ‘resident immunocompetent cells’ of the central nervous system (CNS), are key players in innate 

immunity and tissue homeostasis. However, dysfunctional microglia contributes heavily to the creation of a toxic 

inflammatory milieu, a common driving force for the pathophysiology of several CNS disorders. Thus, strategies 

have been postulated to tackle exacerbated tissue inflammation by modulation of microglial function. Carbon 

monoxide (CO) is an endogenous gaseous molecule, produced by the degradation of free haem. Long 

considered a catabolic waste product, it has now emerged as a player in neurobiology, having shown 

neuroprotective properties in in vivo and in vitro models. We aimed at studying CO as a modulator of microglial 

reactivity, focusing on its communication with neurons by limiting inflammation and consequently providing 

neuroprotection. For this, we used a BV2 microglia-CAD neuron cell line conditioned media protocol. Treating 

LPS-activated BV2 microglia with CO limited expression and secretion of inflammatory cytokines (TNF-alpha, 

NO). Neurons subsequently challenged with inflammatory media displayed high cell death and dysfunction 

levels. This is partially reverted whenever microglia is pre-treated with CO, indicating the gas promotes 

neuroprotection in a non-cell autonomous mode. Likewise, CO stimulated the expression of neuronal 

glycoprotein CD200 and its microglial receptor CD200R1 via PPAR-γ transcription factor. The CD200-CD200R1 

axis is involved in the fine regulation of microglial function, and we are elucidating how CO-driven modulation of 

this tight contact alters cell function, fate and homeostasis. Altogether, this is a stepping stone to understand 

CO’s impact on novel cell-cell regulatory mechanisms. 
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Purpose: The expression of different cytokines (IL-1β, IL-4, IL-6, IL-10, IL-17, IFN-ϒ, BDNF, VEGF and 

Fractalkine) released by retinal glial cells were quantified after unilateral laser-induced ocular hypertension, at 
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different time points (1, 3, 5, 8 and 15 days) both in ocular hypertension (OHT)-eyes and their contralateral eyes 

in comparison with naïve.  

Methods: Two groups Albino Swiss mice: naïve (n=12) and lasered (n=60). At each time-point analyzed, were 

used 12 OHT-retinas (grouped 3 by 3, so we obtained four samples), 12 contralateral retinas (grouped 3 by 3, so 

we obtained four samples) and 12 naïve retinas as control (grouped 3 by 3, so we obtained four samples). After 

lysate and centrifugation of each sample, multiarray kits (MILLIPLEX MAP Mouse Cytokine/Myokine Magnetic 

Bead Panel) were used to determinate the expression of the different proteins studied.  

Results: In comparison with naïve, in OHT eyes, were observed a significant increase of the expression of 

BDNF (in 1, 3, 7 and 15 days), VEGF (at 1 days), IL-4 (in all time points except 15 days), IL-6 (at 1, 3 and 5 

days), IFN-ϒ (in 3, 5 and 15 days), IL-10 (3, 5 days) and Fractalkine (only at 1 days). In contralateral eyes, were 

observed a significant increase of IL-6 (1, 5 and 7 days), IL-1β (1 and 3 days), IL-4 (7 and 15 days), IL-10 (only 

at 7 days) and IL-17 (only at 15 days).  

Conclusion: In OHT eyes and in contralateral eyes, unilateral laser-induced ocular hypertension produces 

changes at the expression of different factors related with inflammatory process, mainly 3 days after laser 

induction. These factors could have protective or degenerative effects, because we observed an increased in the 

expression of both, anti and pro inflammatory cytokines/myokines. These proteins can be release by activated 

macroglia and microglia cells. 
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Microglia are the primary immune-competent cells of the CNS contributing to normal brain function and 

orchestrating immune defense in response to pathogens and injury. While the role of microglial actions in health 

and disease is increasingly recognized, most commonly used stimuli to activate microglia (such as cytokines, 

endotoxin or nucleic acids) also have direct effects on other cell types in the brain. To directly manipulate 

microglial cells, we generated a new, tamoxifen-inducible transgenic line (Cx3Cr1CreER2-hM3Dq DREADD, 

named MicroDREADDDq) to induce the expression of hM3Dq DREADD in a fractalkine receptor (CX3CR1)-

dependent manner. Microglial cells isolated from the brains of MicroDREADDDq mice could be readily activated 

by micromolar-submicromolar concentrations of CNO (clozapine-N-oxide) or C21 (DREADD Agonist 21). 

Microglia responded to CNO/C21 by prolonged intracellular [Ca++] elevation, secretion of inflammatory cytokines 

(such as KC, Il-6, TNFa and G-CSF) and reduced or ceased motility followed by marked morphological changes. 

Repeated in vivo CNO administration led to behavioral alterations and sustained morphological changes of 

microglia, characterized by massive process-retraction, as revealed by detailed 2D Sholl-analysis. In turn, acute 

chemogenetic activation of microglia resulted in altered cerebral blood flow (CBF) responses after whisker 

stimulation as measured by Laser Speckle Contrast Imaging. In conclusion, MicroDREADDDq mice represent a 
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powerful model to investigate the direct effects of microglial manipulation in various experimental models. 

Ongoing studies aim to investigate the role of microglia in the modulation of CBF responses, neuronal activity, 

behavior and the outcome after different experimental models of acute or chronic brain injury. 
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Glaucoma is a retinal degenerative disease characterized by the loss of retinal ganglion cells and damage of the 

optic nerve. Retinal microglia become reactive early in the course of the disease and contribute to glaucomatous 

degeneration. We previously demonstrated that a selective agonist of adenosine A3 receptor (A3R) confers 

protection to the retina, in particular to retinal ganglion cells. However, in the context of retinal injury the effect of 

A3R activation in microglial cells still needs to be clarified. Thus, the aim of this work was to investigate whether 

A3R activation prevents microglia inflammatory response induced by elevated hydrostatic pressure (EHP), which 

mimics increased intraocular pressure, the main risk factor of glaucoma. 

BV-2 microglial cell cultures and primary retinal microglial cell cultures were pre-treated with 1 µM 2-Cl-IB-

MECA, a selective A3R agonist, and were then exposed to EHP (70 mmHg above normal atmospheric pressure) 

for 4h or 24h. Control cells were maintained at normal atmospheric pressure. Exposure to EHP increased the 

protein levels of iNOS, as determined by immunocytochemistry and Western Blot. Pre-incubation with the A3R 

agonist reduced the effect of EHP on the protein levels of iNOS. Microglia migration induced by EHP for 4 h was 

prevented by the activation of A3R, as evaluated by the scratch wound assay and Boyden chamber migration 

assay. Exposure to EHP for 4 h increased the number of microglia proliferating cells, as evaluated with the EdU 

proliferation assay, and this effect was prevented by A3R activation. Moreover, the increase in microglia 

phagocytic efficiency, determined by the phagocytosis of fluorescent latex beads, induced by exposure to EHP 

was also prevented by A3R activation.  

Our results demonstrate that the A3R agonist prevents microglial reactivity triggered by EHP, devising a potential 

new therapeutic strategy for the treatment of glaucoma. 
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On the last decade, cumulative evidence reported a relationship between gut microbiota and MS. Both gut 

microbiota eradication and probiotic administration attenuated the clinical severity of autoimmune models of MS 

(EAE). However, an unresolved question is to what extent manipulations of gut microbiota affect the course of 

the disease. Particularly, the relevance of gut microbiota on the progressive forms of MS is a field little explored. 

Here, we addressed how gut microbiota manipulation by antibiotics and/or probiotics influences the 

establishment of clinical symptomatology in the TMEV-IDD model of progressive MS. Experimental groups are 

showed in the scheme below. Main results reveal that motor disability can be prevented in TMEV-mice treated 

with antibiotic mix (ABX) during the presyntomatic stage (55-70dpi); the attenuation of motor deficits was 

maintained in mice treated with ABX until day 85dpi (symptomatic phase). The beneficial effect was less 

powerful in ABX-mice that stopped the treatment at day 70pi and gut microbiota started recolonization in the 

presence of the probiotic (Vivomixx) for 15 days. Accordingly, the increased regulatory CD39+ T and CD5CD1high 

B cells in the CNS of ABX- treated mice was reverted after ABX cessation an probiotic administration. Likewise, 

the proinflammatory cytokines IL-1β and TNF-α increased and the anti-inflammatory cytokines IL-4 and IL-10 

decreased in the CNS of TMEV mice that interrupted oral ABX and received Vivomixx. In this scenario, microglia 

also undergoes morphological changes upon the different microbiota challenges. Mainly, cells show transitioning 

morphology from thin cell bodies with numerous branched extensions to round, amoeboid cells with fewer 

branches in TMEV-ABX mice increasing the percentage of Iba-1 staining area versus TMEV mice. Astrocytes 

also show morphological changes under microbiota manipulation.  

We also addressed the therapeutic effect of oral Vivomixx on the symptomatic stage. Similarly to ABX, the 

probiotic treatment improves motor disability of TMEV-mice; however, the underlying mechanisms were different: 

Thus, regulatory B cells acquired more prominence and microglial cells spread more branches than observed in 

the CNS of ABX-TMEV-mice.  

Our results support the relevance of the gut microbiota-CNS axis on neurodegenerative diseases particularly, on 

the progressive forms of MS. 
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Neuronal loss is a major cause of clinical symptoms in patients affected by inflammatory diseases of the central 

nervous system (CNS). In many cases, axonal damage is the initiator of degenerative cascades within the 

neuron; its origin is, however, only poorly understood. As neurons and oligodendrocytes are tightly 

interconnected, we asked whether in an autoimmune inflammatory disease, oligodendroglial perturbation might 

precede and induce “secondary” axonal damage. To test this hypothesis, we analyzed a new myelin mutant 

mouse with a reduced expression of MBP, termed hMBP (MBP hypomorph), which is characterized by an 

elevated number of amyelinated and thinly myelinated axons in the CNS. Indeed, when challenged with 

experimental autoimmune encephalomyelitis, hMBP animals showed a mildly ameliorated disease course and a 

reduced number of damaged axons at disease peak compared to wildtype EAE animals. Interestingly, in both 

hMBP and wildtype mice, axonal damage was almost solely found in myelinated axons, despite a significantly 

increased number of unmyelinated axons in hMBP mice, thereby suggesting a damage-mediating role of 
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oligodendrocytes. These data support the need for oligodendrocyte-specific treatment in inflammatory diseases 

of the CNS. 
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Microglia are resident immune cells of the central nervous system (CNS) and their functions are critical for brain 

physiology. Although microglia activation is crucial for tissue repair in the healthy brain, their chronic activation or 

deregulation might contribute for the pathophysiology of neurodegenerative diseases. Understanding better the 

mechanisms underlying microglia activation is therefore important for defining targets and develop appropriate 

therapeutic strategies to control their chronic deregulation. Profilin-1 is an actin binding protein that controls 

assembly and disassembly of actin filaments and is important for several cellular processes associated with the 

reorganization of the actin cytoskeleton including changing in cell shape, motility and proliferation. Here, we 

studied the role of Profilin-1 in microglial cell function. For that, we used a Cre-lox system to induce microglial-

specific tamoxifen-inducible Profilin-1 gene ablation in mice. We show an essential role for Profilin-1 in regulating 

microglial physiology and resulting microglia-associated brain tissue homeostasis. We report that microglia-

specific ablation of Profilin-1 reduces the resident microglial population, driving dramatic changes both in 

microglial cell morphology and in expression of their cell surface markers. We also found that loss of Profilin-1 in 

microglia leads to the disruption of the blood-brain barrier, astrocytosis in the cerebral cortex and hippocampus. 

Using the elevated plus maze and open field behavior tests, we also observed a decrease in anxiety-like 

behavior with no changes in locomotion and cognition. Overall, our results demonstrate that Profilin-1 plays a 

key role in controlling microglial physiology in the adult brain, which is, essential for brain tissue homeostasis. 
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The continuing failure to develop an effective treatment for Alzheimer’s disease (AD) reveals the complexity for 

this pathology. Increasing evidence indicates that neuroinflammation involving particularly microglial cells 

contributes to AD pathogenesis. The actual view, based on the findings in APP based models, gives a 

cytotoxic/proinflammatory role to activated microglia. However, we have previously reported a limited activation 

and microglial degeneration in the hippocampus of AD patients in contrast with that observed in amyloidogenic 

models. Here, we evaluated the microglial response in a different region of AD brains, the frontal cortex. Post 

mortem tissue from controls (Braak 0-II) and AD patients (Braak V-VI) including familial cases, were obtained 

from Spain Neurological Tissue Banks. Cellular (immunohistochemistry and image analysis) and molecular 

(qPCR and western blots) approaches were performed. Frontal cortex of AD patients (Braak V-VI) showed 

strong microglial activation similar to that observed in amyloidogenic mice. These strongly activated microglial 

cells, predominantly located surrounding amyloid plaques, could drive the AD pathology and, in consequence, 

could be implicated in the pathology progression. Furthermore, different microglial responses were observed 

between sporadic and familial AD cases. These findings in the frontal cortex were highly in contrast to the 

attenuated activation and degenerative morphology displayed by microglial cells in the hippocampus of AD 

patients. Regional differences in the microglial response suggest different functional states of microglial cells in a 

region-specific manner. All together, these data provide a better understanding of the immunological 

mechanisms underlying AD progression and uncover new potential therapeutic targets to fight this devastating 

neurodegenerative disease. 
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confluence of Alzheimer’s disease and type 2 diabetes 
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Alzheimer’s disease (AD) and type 2 diabetes (T2D) are two chronic progressive pathologies with an alarming 

increase in their prevalence worldwide. Many epidemiological studies suggest that both diseases are 

interconnected, and great efforts are being made to elucidate the common mechanisms underlying both 

pathologies.  

Our research is focused on trying to understand how microglial cells, vigilant monitors of the functional states of 

the brain, are affected by different pathological situations that occur in T2D and AD such as hyperglycemia, 

amyloid oligomers, oxidative stress and inflammatory events. As our first step, we are studying the ability of the 

murine microglial cell line BV2 to survive to these insults, the inflammatory response that such conditions trigger 

in these immune cells and how this can affect to the expression of the insulin degrading enzyme (IDE). We are 

particularly interested in IDE since it is a metalloprotease shown to be able to degrade both insulin and amyloid 

beta in vitro, which makes it an interesting target to be studied at the confluence of AD and T2D. We also 

compare microglial behavior with macrophages (murine cell line Raw264.7), to better understand the specific 

functional responses of the glial cells.  

Our preliminary data show that exposure of microglial cells to chronic hyperglycemia switches them towards a 

mild pro-inflammatory phenotype, with an increase in IL-1β mRNA expression. This condition doesn´t seem to 

modify IDE protein levels. Surprisingly, chronic LPS treatment significantly reduces the amount of IDE protein in 

microglial cells, suggesting that a strong pro-inflammatory phenotype can decrease IDE expression. In both 

cases, macrophages are less sensitive than microglia to these situations. Our next aim is to manipulate IDE 

expression levels in both cell lines to decipher whether IDE up- or down- regulation has a significant role in 

microglial function, followed by histological studies of the brain of IDE-knockout mice, to address whether IDE 

absence in vivo can have functional consequences on the whole brain in terms of gliosis and myelination. 
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Alzheimer’s disease (AD) is a complex neurodegenerative disorder and a leading cause of late-onset dementia. 

AD pathology is thought to rely on extracellular amyloid-β peptide deposits and intracellular, neuronal tau 

aggregates, leading to neuronal cell loss and cognitive decline. AD is accompanied by a strong 

neuroinflammatory response, driven by brain myeloid cells and most notably by microglia, the tissue-resident 

macrophages in the central nervous system. Furthermore, aging results in a phenomenon called microglial 

priming, which is characterized by altered microglial responses such as hypersensitivity towards pro-

inflammatory stimuli. It is believed that this primed state exacerbates neurological diseases such as AD. 

Recently, a single cell RNA-sequencing (scRNA-Seq) study led to the discovery of a novel microglial subset that 

is induced in AD (1). These disease-associated microglia or DAM express high levels of phagocytic and lipid 

metabolism pathways, and their existence has been confirmed in our own scRNA-Seq datasets on various AD 

mouse models carrying either the amyloid (APP/PS1) or the tau pathology (PS19). Our datasets furthermore 

reveal the presence of distinct microglial transcriptional profiles depending on age and/or disease burden. It 

currently remains unclear however, whether DAM serve a beneficial or detrimental role in AD pathology or 

perhaps both, depending on the disease stage. Indeed, during aging and disease progression DAM may shift 

from a protective towards a detrimental phenotype that may exacerbate pathology and neurodegeneration. We 

aim to understand which gene regulatory programs and master regulators underlie such transitions. To this end, 

we have generated single cell transcriptome and epigenome atlases comprising of tens of thousands of CD45+ 

brain immune cells sampled across age, anatomical location and disease stage (amyloid and/or tau pathology). 

Our aim is to identify the cell types, their interactions, and the corresponding gene regulatory networks that drive 

neuroinflammation and pathology in AD. Understanding this regulation will be imperative for developing novel 

strategies to modulate microglial activation and neuroinflammation in order to combat neurodegenerative 

diseases. 
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The Na+-K+-2Cl- co-transporter (NKCC1) belongs to the cation-chloride co-transporter family and mediates Cl- 

uptake in a large variety of cells, including neurons and glial cells. Research indicates that NKCC1-mediated 

actions are involved in the pathophysiology of common neurological disorders, including cerebral ischemia and 

epilepsy. Inhibitors of NKCC1 are known to attenuate brain injury, produce antiepileptic effects and regulate 

brain edema. These effects are commonly attributed to neuronal NKCC1-mediated actions. Since the role of the 

extracellular potassium concentration in the regulation of microglial immune surveillance and cytokine release is 

well-known, we hypothesized that NKCC1 may play a role in shaping microglial inflammatory responses. To 

study the relationship between microglial activation, cytokine production and extracellular potassium levels, we 

have generated a transgenic line in which microglial NKCC1 has been deleted (NKCC1f/f ΔCx3CR1). We found that 

high potassium levels potentiated, while 10 µM bumetanide (a specific NKCC1 inhibitor) reduced LPS-induced 

production of inflammatory cytokines and chemokines (e.g. G-CSF, IL-1α, IL-1β, IL-6, MCP-1) in primary 

microglia in vitro. Depending on the age of the cells and cell culture conditions, inflammatory responses of 

NKCC1-KO microglia are also altered. In C57BL/6 mice, LPS-induced cytokine levels in vivo were increased by 

intracortically administered bumetanide and also in the absence of microglial NKCC1 in the brain, but not in 

peripheral tissues (spleen, liver). Interestingly, NKCC1f/f ΔCx3CR1 animals exposed to experimental stroke showed 

an increase in infarct size and worse neurological outcome 24h after MCAo. Further investigations are required 

to explain the mechanisms behind NKCC1-dependent regulation of microglial activity as well as the cell-specific 

impact of NKCC1 inhibitors, both in vitro and in vivo. A better understanding of the role of microglial ion 

transporters and channels may provide new drug targets in CNS diseases. 
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Herpes Simplex Virus 1 (HSV-1) is a neurotropic virus of the Herpesviridae family that affects the majority of the 

global population. In most individuals, HSV-1 establishes latency in the trigeminal ganglia. After reactivation in 

rare cases the virus can enter into the central nervous system (CNS) causing severe encephalitis, which is 

typically associated with neurological sequelae. Upon HSV-1 infection, type I interferon signaling is of key 

relevance to control the viral replication. Recently published in vitro studies implied that microglia are the CNS 

resident cells that during herpes encephalitis produce IFN-β. However, it is known that microglia may change 

their transcriptional profile upon isolation from the brain. Therefore, the objective of this study was to determine 

the source of protective IFN-β within the CNS during herpes encephalitis under in vivo conditions. We analysed 

the survival of mice with selected ablation of the IFN-β gene in CNS cell subsets including neurons, astrocytes 

and long-lived CNS resident myeloid cells following intracerebral injection of HSV-1. Wildtype mice survived the 

infection without signs of severe disease, whereas mice that lacked the IFN-β gene only in long-lived CNS 

resident myeloid cells showed an enhanced susceptibility to lethal infection. Mice with a selective ablation of the 

IFN-β gene in neurons or astrocytes displayed an even further enhanced susceptibility to lethal infection. These 

data indicated that IFN-β produced by neurons and astrocytes is critically required to protect against 

intracerebral HSV-1 CNS infection. Finally, to address which cell types have to be stimulated by IFN-β in order to 

promote survival, we infected mice that lack the type I interferon receptor (IFNAR) in cells of the 

neuroectodermal lineage and mice with a selective IFNAR ablation in long-lived CNS myeloid cells. Wildtype 

mice survived the infection, whereas conventional IFNAR-/- mice succumbed to infection within 3 days. Mice with 

a selective ablation of IFNAR in cells of the neuroectodermal lineage or in long-lived CNS myeloid cells showed 

enhanced susceptibility to infection and died within 5 days. These data indicate that IFNAR signaling of several 

CNS resident cells plays an important role during HSV-1 infection. Taken together we found that neurons and 

astrocytes are essential IFN-β producers during herpes encephalitis and that IFNAR signaling mediated by 

neurons, astrocytes, and long-lived CNS myeloid cells such as microglia is important to control intracerebral 

HSV-1 infection. 

 

T14-116C 

Proinflammatory T cells drive distinct inflammatory astrocyte profiles 

S. Schmaul, N. Hanuscheck, B. Wasser, F. Zipp, S. Bittner 

Neurology, Johannes Gutenberg University Medical Center, Mainz, DE 

 

Highly proinflammatory CD4+ Th1 and Th17 T cells are able to infiltrate CNS tissue and to initiate an 

inflammatory cascade involving innate immune activation, oligodendrocyte and neuronal damage. The role of 

astrocytes during autoimmune CNS inflammatory diseases such as multiple sclerosis, however, is still poorly 

understood. It is especially unclear how they interact with invading immune cells and what drives astrocytes to 

overtake proinflammatory or neuroprotective roles in tissue inflammation.  

During tissue invasion, Th1 and Th17 cells require antigenic restimulation to exert their encephalitogenic 

potential. Because astrocytes do not express MHC class II under physiological conditions, T cell stimulation in 

the CNS is yet considered to be mainly provided by local myeloid cells. Here, using two-photon live imaging, we 

show that pathogenic T cells directly interact with astrocytes in Aldh1l1-eGFP reporter organotypic hippocampal 

slice cultures (OHSCs). We demonstrate that T cell infiltration induces MHC class II expression on astrocytes, 

indicating an antigen dependent interaction of T cells with astrocytes (Fig 1). Indeed, interacting CNS-

autoantigen-specific T cells (2d2) showed prolonged interactions with astrocytes as compared to ovalbumin-
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specific T cells (OT2). Antibody-mediated blocking of MHC class II significantly increased T cell motility of MOG-

specific T cells indicative of the acquisition of undirected search behaviour, while it did not alter OT2 T cell 

motility. Strikingly, we could identify distinct differences between Th1 and Th17 cells as astrocytes gained 

different adhesion molecule signatures upon their presence. In summary, we show that proinflammatory T 

lymphocytes initiate an inflammatory phenotype in astrocytes as a potential new modulator of neuroinflammatory 

pathways. 

 

T14-117C 

Depletion of T helper 17 T-cells ameliorates Alzheimer's disease like pathology 

K.W. Im1,2, M. Uchoa1, O. Finucane2, M. Guillot-Sestier2, M. Lynch2, K. Mills2, T. Town1 

1Biophysics and Neuroscience, University of Southern California, Los Angeles, US 
2Neuroscience, Trinity College Dublin, Dublin, IE 

 

Previous data from our lab suggests that the interaction of microglia and adaptive immune T helper 17 (Th17) 

cells diminishes phagocytic clearance of amyloid beta via the interleukin17/23 (il-17/23) pathway in vitro. 

However, Il-17/23 signaling on Th17 cells in response to amyloid beta in vivo and implications for AD 

etiopathology remain unclear. To investigate this, we bred APPswePSEN1ΔE9 mouse model of cerebral 

amyloidosis (APP/PS1) with a cre-lox recombination of CD4-Cre+Stat3f/f (Th17 KO) mouse that inhibits the 

differentiation of Th17 cells. Remarkably, our data reveal that deletion of Th17 T cells in APP/PS1 mice at 12 

months of age resulted in cognitive restoration, decreased amyloid burden, decreased astrogliosis, and 

increased phagocytic uptake of amyloid beta from mononuclear phagocytes. Additionally, RNAseq analysis on 

hippocampal/cortical tissue revealed significant alterations in antigen processing, leukocyte infiltration, cytokine 

production from T cells, and negative regulation of amyloid beta formation. Our results suggest that inhibition of 

Th17 cells in AD elicits an efficient programming to ameliorate AD-like pathology. Taken together, this raises the 

intriguing possibility that Th17 cells may promote immune tolerance in mononuclear phagocytes and exacerbate 

cerebral amyloidosis. Future translational studies currently include administering neutralizing antibodies against 

Il-17 in APP/PS1 mice to test for preventative and therapeutic treatments for AD. 

 

T14-118C 

Nose-to-brain delivery of prostaglandin D2 glycerol ester-loaded lipid nanocapsules to reduce neuro-

inflammation 

A. Mwema1, A. des Rieux1, G. Muccioli2 

1Advanced Drug Delivery and Biomaterials, Université Catholique de Louvain, Brussels, BE 
2Bioanalysis and Pharmacology of Bioactive Lipids, Université Catholique de Louvain, Brussels, BE 

 

Neuro-inflammation is a physio-pathological process associated with disorders of the central nervous system 

(CNS). Despite intense efforts, unmet medical needs remain for most CNS diseases. Reaching the CNS to 

target neuro-inflammation is hindered by the presence of the blood brain barrier (BBB). It is thus imperative to 

develop new systems to efficiently deliver drugs to the CNS. Intranasal delivery enables a direct transport of 

drugs to the CNS, avoiding the BBB and reducing systemic side effects. Furthermore, the encapsulation of 

bioactive molecules within colloidal carriers would improve their availability and provide a sustained release of 

the drug. Intranasal administration of nanoparticles loaded with anti-inflammatory compounds is one promising 
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strategy to increase accumulation of bioactive molecules in the CNS.  

We have selected a promising bioactive molecule, prostaglandin D2 glycerol ester (PGD2G), an endogenous 

bioactive lipid having anti-inflammatory properties [1]. We hypothesize that intranasal delivery of PGD2G-loaded 

lipid nanocapsules (LNC) could reduce inflammation in the CNS.  

PGD2G encapsulated in LNC showed a higher anti-inflammatory effect than free PGD2G on LPS-activated BV2 

microglial murine cells. We also demonstrated that PGD2G-loaded LNC are able to cross an in vitro primary rat 

olfactory cell monolayer model and subsequently still induce an anti-inflammatory effect. In addition, we have 

observed that LNCs can accumulate in the brain after nasal delivery. Together, these results indicate that our 

nanomedicines are an interesting therapeutic strategy to target neuro-inflammation and proposes PGD2G-

loaded LNCs as a novel anti-inflammatory tool against inflammatory degenerative CNS diseases. Future studies 

will aim at improving the transport of these PGD2G-loaded LNC by modifying their surface with cell-penetrating 

peptides. 
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Dynamic responses of enteric glia cells following intestinal helminth infection 
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Enteric glial cells (EGCs) are a distinctive population of peripheral glia within the intestinal wall that provide 

nourishment and support to neural networks of the enteric nervous system (ENS).In addition to the close 

proximity to enteric neurons within ganglia, EGCs are found in the inter-ganglionic space, smooth muscle layers 

and intestinal mucosa, where they interact with multiple cell types, including immune cells. Consistent with their 

widespread distribution and extensive interactions, EGCs are thought to contribute tocellular barrier fitness and 

host defense, but the cellular and molecular mechanisms that control the dynamic responses of EGCs to 

intestinal injury or disease remain poorly defined. Here, we studied infection by Heligmosomoides polygyrus, an 

intestinal helminth parasite, to assess the response of EGCs to disruption of the intestinal wall. We demonstrate 

that helminth-induced intestinal inflammation and tissue damage leads to an increase in the inter-ganglionic 

EGC network and aproliferative activation of EGCs which requires immune cell derived signals. Using this 

model, we will employ functional genomic strategies tounderstand the in vivocellular source and identity of 

immune cell derived mitogenic signals since the dynamic changes and spatiotemporal regulation of EGC number 

may be critical for restricting pathology and/or enhancing the tissue repair following acute or chronic gut disease. 

We anticipate that understanding the molecular link between the immune system and the nervous system of the 

intestine will be critical for elucidating the pathogenesis and developing novel treatments of gastrointestinal 

disorders. 

 

T14-120C 

Dimethyl Fumarate ameliorates NLRP3 inflammasome activation in murine microglia 

B. Tastan1, B.I. Arioz1, K.U. Tufekci1, S. Genc1,2 
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Inflammasome activation is a developing process differently from classical inflammatory responses. It has been 

known that inflammasome activation is induced by both microbial agents -  PAMP (Pathogen-associated 

molecular patterns) or metabolic stress products- DAMP (Damage-associated molecular patterns). Once 

activated, caspase-1 in the inflammasome complex leads the maturation and secretion of pro-inflammatory 

cytokines IL-1β, IL-18 Furthermore, inflammasome activation may cause cell death via pyroptotic pathway. 

Therefore, inflammasome activation is needed to be inhibited. Dimethyl fumarate (DMF) is an anti-inflammatory 

molecule that has pro-metabolic effects, such as anti-oxidation, immunomodulation, neuroprotection. It has been 

shown that DMF provided improvement for multiple sclerosis in clinical parameters and decreased frequency of 

attacks.  

In this study, we assessed the effects of DMF on NLRP3 inflammasome activation, oxidative stress and cell 

death were investigated in murine microglia in vitro. Furthermore, we checked effects of DMF on miR-223 which 

targets NLRP3 inflammasome. Our results demonstrated that DMF significantly suppressed LPS and ATP 

induced NLRP3 expression, Apoptosis-associated speck-like protein containing a CARD (ASC) speck formation, 

caspase-1 cleavage and interleukin 1 beta maturation and secretion suggesting that DMF ameliorates LPS and 

ATP induced NLRP3 inflammasome activation in N9 microglial cells. Furthermore, dimethyl fumarate prevented 

production of cellular and mitochondrial reactive oxygen species (ROS) and protected microglial cells against 

pyroptotic cell death. Additionally, we showed that dimethyl fumarate upregulated miR-223 expression.  

In summary, Dimethyl Fumarate inhibits microglial inflammasome activation, pyroptotic cell death and ROS 

production induced by LPS and ATP. Furthermore, DMF upregulates miR-223 expression which is 

downregulated by NLRP3 inflammasome activation in N9 microglia. 
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Altered glycolysis contributes to dysfunctional macrophages in a murine model of Alzheimer’s disease. 
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Introduction: Inflammation drives Alzheimer’s disease, with a progressive infiltration of peripheral immune cells, 

such as macrophages, observed in the brain. Macrophages from APP/PS1 mice, a murine model of AD, exhibit 

an inflammatory phenotype. Recently a link between inflammation and metabolism has been uncovered wherein, 

under inflammatory conditions, macrophages undergo a metabolic switch known as “Warburg metabolism” and 

produce ATP through glycolysis instead of traditional oxidative phosphorylation. This study aims to examine the 

metabolic phenotype of macrophages from APP/PS1 mice and establish whether aberrant metabolism 

contributes to altered macrophages function.  

Methods: Bone marrow macrophages (BMDM) were harvested from 12 and 20 month old APP/PS1 and 

wildtype (WT) mice. BMDMs (5 x 105 cells/well) were stimulated with LPS (100ng/ml) + Aβ1/40-1/42 (10µM) 

overnight and the SeaHorse Extracellular Flux (XF24) analyser was used to carry out bioenergetic analysis of 

cells. Supernatant samples were assessed for concentrations of IL-1β, TNFα, IL-6 by ELISA. MitoSOX™ Red 
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assay was used to measure reaction oxygen species (ROS) production. Cells were stained for F4/80, and Aβ 

and the ability of mice to engulf Aβ was measured by confocal microscopy. Two-way analysis of variance with 

post hoc Bonferroni tests, or two-tailed student t-test, was performed using Graphpad Prism and reported as 

mean ± SEM, p < 0.05.  

Results and Conclusions: Macrophages from 12 and 20 month-old APP/PS1 mice exhibited an increased 

glycolysis compared with macrophages from WT mice. Stimulation with LPS+Aβ increased glycolysis in 

macrophages from WT mice of both ages. However while LPS+Aβ increase glycolysis in macrophages from 12 

month-old APP/PS1 mice, this effect was not observed in macrophages from 20 month-old APP/PS1 mice and in 

these samples, LPS+Aβ also failed to stimulate production of IL-6 and IL-1β production. ROS production 

increased in macrophages from 12 month-old APP/PS1 mice compared to WT mice, however no difference in 

ROS production between mice was observed at 20 months. Significantly, macrophages from 20 month-old 

APP/PS1 mice exhibited a decreased ability to phagocytose Ab compared with macrophages from WT mice. 

These data indicate that, with age, macrophages demonstrate a genotype-related decrease in plasticity, and 

specifically show an inability to respond to LPS+Aβ. 

 

T14-122C 

Astrocyte activation in Alzheimer’s disease: Role of protein kinase C 

A. Muraleedharan1,2,3, N. Rotem-Dai1, A. Monsonego1,2,3, E. Livneh1 

1The Shraga segal department of Microbiology and Immunology, Ben Gurion University of the Negev, Beer 
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Alzheimer’s disease (AD) is the most common age-related neurodegenerative disorder. Misfolded proteins, 

produced primarily by neurons, are considered a major cause for neurotoxic inflammation and 

neurodegeneration in AD. Astrocytes play a key role in neuronal survival and homeostasis and their impact on 

AD progression is just beginning to be appreciated. Protein Kinase Cs (PKCs) were implicated in the activation 

of astrocytes in response to CNS injury or pathological conditions. In this study, our aim was to determine the 

spatial distribution of PKCs in the brain of mice with AD-like pathology. We demonstrate that one of the novel 

PKC isoforms (PKC type eta) is specifically expressed in astrocytes and is elevated in cortical astrocytes 

associated with aging and AD-like brain pathology. We also show that the active form of this PKC - indicated by 

its phosphorylation - is increased in brain cell lysates as well as in astrocytes derived from a mouse model of AD. 

Our results suggest that PKCs play an important role in regulating cytokine production by reactive astrocytes, a 

phenomenon which may play a key role in the neurotoxic inflammatory milieu evident in the AD brain. 

 

T14-123C 

The effect of Cannabidiol (CBD) on microglial roles in a model of epilepsy 
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Epilepsy is a chronic disorder characterized by abnormal electrical activity and brain cell function that leads to 

recurrent seizures. Anti-epileptic drugs (AED’s) are commonly used to treat epilepsy, although approximately 

30% of patients do not respond to them. The recently FDA-approved compound Cannabidiol (CBD) has seen 

increased usage as a treatment for intractable pediatric epilepsies. CBD, a non-psychotropic component of 

Cannabis sativa, is reported to lessen the severity of experimentally induced seizures in animals and to suppress 

neuroinflammation in culture. This compound has been able to provide therapeutic options for many of those 

who do not respond to traditional medications. While effective, the mechanism by which CBD exerts its anti-

epileptic effects is still poorly understood. Our lab has demonstrated that microglia, the immune cells of the 

central nervous system (CNS), act as important mediators of seizure severity. The ability of microglia to 

modulate seizures has been associated with the activation of Toll-like receptors (TLRs). Microglia contribute to 

neurogenic processes, synapse maturation and the inflammatory response, all of which contribute to the 

formation functional neuronal circuits and are altered in the progression of epilepsy. We postulate one 

mechanism of action of CBD in seizure onset and propagation involves modulation of microglia activity. Our data 

suggest that CBD is effective as a therapeutic agent in a kainate model of induced epilepsy by suppressing 

subsequent seizure events, and that it modulates microglial activation. In this study, we evaluate the effects of 

CBD on microglia mediated processes which include cell death, inflammation and neurogenesis post seizure.     

 

T14-124C 

Live-cell analysis of engulfment of neuropathology-associated peptides by human iPSC-derived 

microglia 

G. Lovell1, M. Bowe2, S. Lopez Alcantara1, J. Rauch2, L. Oupicka2, A. Overland2, C. Schramm2, T. Dale1, D. 

Trezise1 

1Essen BioScience (Sartorius Group), Welwyn Garden City, GB 
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Microglia are the resident macrophage of the brain, and as such play a pivotal role in the neuro-inflammatory 

response. Pro-inflammatory stimuli induce an M1 phenotype which is potentially neurotoxic, while the anti-

inflammatory M2 microglia are phagocytic, exerting a protective effect on surrounding tissue. Aggregated 

peptides, known to induce neuropathology, are rapidly phagocytosed by microglia. Here we characterise 

microglia morphology and phagocytic potential using live-cell analysis.  

Differentiation of human iPSC-derived microglial precursors (Axol Bioscience) and cell/peptide phagocytosis 

assays were monitored using IncuCyte® S3 live-cell analysis. Precursor cells were seeded in 96- or 384-well 

plates, differentiated for 14 d and images acquired every 12h. Morphological changes were observed with small, 

round cells transforming to ramified or amoeboid mature microglia. To verify phagocytosis apoptotic Neuro-2A 

cells or aggregated peptides were labelled using the IncuCyte® pHrodo® Orange Cell Labelling Kit and added to 

the iPSC-derived microglia. Phase-contrast and orange fluorescence images were captured and quantified every 

15 min. Increases in signal fluorescence indicated target cell/peptide engulfment.  

Aggregated β-amyloid was rapidly phagocytosed by iPSC-derived microglia in a time- and concentration-

dependent manner. The extent of phagocytosis was related to the duration of aggregation. Importantly, little or 

no phagocytosis was observed when aggregated β-amyloid was added to undifferentiated (non-phagocytic) SH-

SY5Y cells. Phagocytosis of β -amyloid by BV-2 microglia was attenuated by the actin polymerisation inhibitor 

Cytochalasin D, yielding an IC50 value of 980 nM. Inhibition was also observed when blocking scavenger 

receptors using fucoidan (a general scavenger receptor inhibitor) or monoclonal antibodies against scavenger 

receptors A (CD204) or B (CD36). Myelin and α-synuclein were also phagocytosed. The degree and rate of 

engulfment of myelin was comparable to β-amyloid, whereas the response to α-synuclein appeared smaller and 

less rapid.  

Live-cell analysis and IncuCyte® pHrodo®-labelling techniques provide a powerful, integrated solution to 
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characterise iPSC-derived microglia and the phagocytosis of disease relevant aggregated peptides in a 96/384 

well format. This approach should prove useful in the hunt for novel neuro-therapeutics that target microglial 

function. 

 

T14-125C 

The cytokine IL-27 shapes the properties of human astrocytes and neurons and impacts on their 

interactions with human T lymphocytes in the context of multiple sclerosis. 

F. Lemaître1, A.C. Moratalla1, N. Farzamkia1, E. Haddad2, N. Arbour1 

1Neurosciences/ CrCHUM, Université de Montréal, Montreal, CA 
2Department of pediatrics/ CHU-St Justine, Université de montréal, Montreal, CA 

 

Multiple sclerosis (MS) is a chronic inflammatory disease of the central nervous system (CNS) characterized by 

immune cell infiltration, demyelination, and neuronal cell death. Several publications underscore altered 

properties of astrocytes and neurons associated with MS pathobiology. Notably, enhanced expression of 

immune molecules by astrocytes and neurons in MS brains is observed. Whether immune mediators produced 

by astrocytes and/or neurons shape the on ongoing MS neuroinflammation is still unresolved. The cytokine 

interleukin-27 (IL-27) triggers both pro and anti-inflammatory responses upon binding to its receptor (IL-27R). IL-

27 can reduce disease severity in mouse models of MS but its role in MS patients is unknown. We previously 

showed that IL-27 expression is elevated in MS brains compared to controls and that human astrocytes both in 

MS lesions and in-vitro express its cognate receptor IL-27R. We posit that local CNS IL-27 production alters 

immune related functions of astrocytes and neurons in MS brains. We use primary cultures of human astrocytes 

or neurons generated from fetal material. We demonstrated that IL-27 triggered the STAT1 and NF-kB pathways 

in human astrocytes. We investigated the impact of IL-27 on protein levels of immune molecules by astrocytes. 

We observed that IL-27 enhanced expression of the immunoregulatory molecules PDL-1 and IDO-1, which could 

dampen T cell activation. IL-27 increased ICAM1 levels, an adhesion molecule involved in T cell infiltration and 

astrocyte/T cell immunological synapse formation. Moreover, in response to IL-27, human astrocytes secreted 

key immune mediators such as CXCL9, 10 and 11, and IL-18BP. Using co-culture assays, we showed that the 

immune profile of human CD4 and CD8 T cells was altered upon contact with IL‑ 27 treated astrocytes. Treated 

astrocytes increased the proportion of T cells exhibiting Fas and PD1, known to respectively trigger apoptosis 

and inhibitory signal in T cells. Astrocytes also modified chemokine and cytokine receptor expression (i.e. 

CXCR3, IL-18Rα) on T cells. We also assessed the impact of IL‑ 27 on human neurons, which expressed 

IL‑ 27R, and detected STAT1 phosphorylation upon addition of this cytokine. However, IL‑ 27 induced a 

different response in neurons compared to astrocytes. Indeed, IL-27 augmented PD-L1 expression but did not 

induce IDO-1 by neurons. Our results support the notion that IL-27 distinctly alters functions of human astrocytes 

and neurons that have an impact on infiltrating T cells, which are abundantly present in MS patients’ brains. 

 

T14-126C 

Developing and mature grey matter oligodendrocytes are more sensitive to pro-inflammatory cytokines 

than white matter oligodendrocytes 

J.M. Jongsma, W. Baron 

Biomedical Sciences of Cells & Systems, Section Molecular Neurobiology, University Medical Center Groningen, 
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Multiple sclerosis (MS) is a chronic demyelinating disease of the central nervous system characterized by 

inflammation and neurodegeneration. Remyelination is the regeneration of myelin membranes and is a natural 

response to demyelination that is more efficient in grey matter (GM) than white matter (WM) lesions. Also in MS 

demyelination is not always permanent, given the presence of remyelinated lesions. However, remyelination 

often fails at later stages of the disease. In previous work, we have shown that cultured neonatal GM 

oligodendrocyte progenitor cells (OPCs) are less mature and less sensitive to interferon-gamma (IFNg) than WM 

OPCs, and therefore may be better equipped for remyelination. Here, we extended these studies to more mature 

oligodendrocyte stages and examined whether transient exposure to pro-inflammatory cytokines elicits also 

different responses in developing and mature GM and WM oligodendrocytes. Our preliminary findings revealed 

that IFNg, but not tumour necrosis factor-alpha (TNFa) exposure to developing oligodendrocytes decreased the 

percentage of MBP-positive cells to a greater extent in GM than in WM oligodendrocytes. Remarkably, similar to 

IFNg treatment, the percentage of MBP-positive cells also decreased upon TNFa exposure to mature GM 

oligodendrocytes, which may be a reflection of a slight toxic effect of TNFa to mature GM oligodendrocytes 

compared to WM oligodendrocytes. Hence, in contrast to what was previously observed for OPCs, developing 

and mature GM oligodendrocytes appear to be more sensitive to pro-inflammatory cytokines than WM 

oligodendrocytes. We are currently investigating the underlying mechanism(s) of the distinct response of 

regional oligodendrocytes to pro-inflammatory cytokines. A better understanding of regional oligodendrocyte 

biology in a demyelinating and inflammatory environment will aid to the development of therapeutics that 

overcome remyelination failure. 
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S100B plays an active role in the pathogenesis of the in vivo model of Multiple Sclerosis 
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Multiple Sclerosis (MS) is an autoimmune, chronic and neuroinflammatory disease of the central nervous system 

that cause physical and cognitive disability in young adults. MS is characterized by the formation of 

demyelinated plaques due to auto-reactive immune cell infiltration across the BBB that elicits inflammation, 

gliosis and axonal degeneration. S100B, a small inflammatory molecule, has been studied concerning 

neurodegenerative and neuroinflammatory disorders. Studies have showed that this protein was present in the 

CSF and serum of MS patients and, recently, we directly correlated increased levels of S100B with 

demyelination and inflammatory processes. Moreover, using an ex vivo demyelination model, its inhibition by 

pentamidine, an S100B-binding drug, showed promising results indicating S100B as an emerging therapeutic 

target in MS.  

Here, we aimed to target S100B in the in vivo model of MS, the experimental autoimmune encephalomyelitis 

(EAE), and understand whether we could ameliorate MS-like pathogenesis.  

EAE induction was performed in female C57BL/6J wild-type mice and two groups were formed: vehicle group 

(saline) and treated group (pentamidine, 4mg/kg, i.p., daily). Then, we evaluated clinical score and body weight 

during 30-days of experiments, and further CNS pathogenesis at end-point.  

Our results demonstrated that disease appearance was delayed in EAE-treated animals, reaching a lower 

clinical score and having a faster recovery. EAE-induced animals have an increased percentage of 

demyelination, which was significantly reduced upon pentamidine treatment. Moreover, we also observed that 

pentamidine can act either in the prevention of oligodendrogenesis impairment, but also in calming the reactivity 

of both astrocytes and microglia. As we reverted the glial reactivity scenario, we were able to prevent the 

exacerbated expression of inflammatory factors (TNF-α/IL-1β) and increase that anti-inflammatory ones (IL-10), 
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suggesting the anti-inflammatory properties of pentamidine. Furthermore, preliminary data show that, in EAE-

treated animals, we have a decrease cell infiltration in lumbar and thoracic regions of the spinal cord, when 

comparing with EAE-control animals.  

Overall, our results indicate that S100B is involved in MS pathology and that its inhibition may be a new 

therapeutic strategy not only to reduce damage but, hopefully, to improve a faster recovery. 
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Noradrenaline (NA) is a major modulatory neurotransmitter of the central nervous system (CNS). The reduction 

of brain NA levels is associated to the initiation of Alzheimer ́s disease (AD) and contributes to its progression. 

This seems to be due mainly to the anti-neuroinflammatory actions of noradrenaline. Therefore, treatments to 

increase NA levels may be beneficial and this could slow down the progression of AD through the reduction of 

neuroinflammation and neurodegeneration. The analysis of NA effects on brain cells demonstrates that it also 

regulates the production of the chemokine CCL2. In the present study, we analyzed the effect of the selective 

noradrenaline reuptake inhibitor, reboxetine, on the inflammatory and neurodegenerative alterations present in 

5xFAD mice, and how the genetic removal of CCL2 affects reboxetine actions. We observed that the removal of 

CCL2 reduced the memory impairments in 5xFAD mice as well as the neuroinflammatory response, the 

accumulation of amyloid beta plaques and the degeneration of neurons in the brain cortex. The administration of 

reboxetine with osmotic pumps for 28 days also resulted in anti-inflammatory and neuroprotective changes in 

5xFAD mice, even in the absence of CCL2. Yet, 6 months old CCL2KO mice presented a significant degree of 

neuroinflammation and neuronal damage. These findings indicate that reboxetine treatment prevents the brain 

alterations caused by prolonged overproduction of amyloid beta, being some of these effects independent of 

CCL2, which is a mediator of the damage caused by amyloid beta in brain cortex, but necessary for the 

prevention of the development of neurodegeneration in normal healthy conditions. 
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Effects of specific α7nAChR agonists AR-R17779 and PHA 568487 on pro-inflammatory cytokine release 
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Background: Inflammation is a key mediator in ischemic brain injury, and microglia, the “macrophage of the 

brain” place a central role in providing immunosurveillance. The alpha 7 nicotinic acetylcholine receptor 

(α7nAChR), present on peripheral macrophages can regulate immune responses in the periphery.  The 

α7nAChR are also expressed in the brain were they contribute to regulation of neuronal plasticity and 

neuroprotection. The aim of this study was to evaluate the effect of two different specific agonists for the 

α7nAChR on  cytokine release in microglia.   

Methods: Primary microglia was isolated from C57BL6Jrj mice pups, 0-3 days old. The microglia was stimulated 

with LPS (10ng/ml) with or without AR-R17779 for 4 hours, or with LPS  with or without PHA 568487 (0.5 µM) for 

24 hours. Supernatants were analysed for TNFα and IL-6 levels using ELISA.   

Results: Stimulation with the specific α7nAChR agonist AR-R17779 significantly decreased  TNFα levels at 4 

hours compared with LPS stimulated samples (p < 0.05). There was no significant difference in TNFα or IL-6 

levels in supernatants from cells stimulated with LPS without and in combination with PHA for 24 hours.   

Conclusion: The specific α7nAChR agonist AR-R17779 exhibits anti-inflammatory effects in microglia after 4 

hour activation with LPS, while no statistical difference was seen after stimulation with PHA 568487 for 24 hours. 

However, it is possible that the difference in treatment time accounts for the difference in cytokine response. 
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L. Blasco-Agell1,2, M. Pons-Espinal1,2, G. Carloa1,2, C. Calatayud1,2, I. Fernández-Carasa1,2, E. Tolosa3, A. Raya4, 

A. Consiglio1,2,5 

1Institute of Biomedicine of the University of Barcelona, Universitat de Barcelona, Barcelona, ES 
2Department of Pathology and Experimental Therapeutics, Universitat de Barcelona, Barcelona, ES 
3Institut d'Investigacions Biomèdiques August Pi i Sunyer, Hospital Clínic de Barcelona, Barcelona, ES 
4Center of Regenerative Medicine in Barcelona, Hospital Duran i Reynals, Hospitalet de Llobregat, ES 
5Department of Molecular and Translational Medicine, University of Brescia, Brescia, IT 

 

Parkinson’s disease (PD) is a progressive neurodegenerative disease characterized by the loss of dopamine 

(DA) neurons in the substantia nigra pars compacta (SNc) and accumulation of insoluble cytoplasmic protein 

inclusions known as Lewy bodies and Lewy neurites. In addition, microglial activation and an increase in 

astroglia and lymphocyte infiltration also occur in PD. The mechanisms of PD pathogenesis remain poorly 

understood partially due to the lack of relevant human models that can comprehensively recapitulate the 

intercellular interactions occurring in human PD brains. Thanks to the development of induced pluripotent stem 

cells (iPSCs) technology, we have been able to previously model neuronal cell death and α-synuclein 

accumulation in DAn and more recently have demonstrated neurodegenerative phenotype in iPSC-derived 

neurons due to non-cell autonomous effect of abnormal PD astrocytes. In order to mimic neuron-glia interactions 

in neuroinflammation and the hallmarks of human PD brains, here we generated iPSC- derived human microglia 

(hMG) cells from two familial mutant LRRK2 G2019S PD patients and two age/gender-matched controls. Over a 

week in culture, microglia cells expressed key microglia-specific markers, developed dynamic ramifications and 

were functionally phagocytic. Interestingly, LRRK2 G2019S PD iPSC-derived hMG cells overexpressed several 

pro-inflammatory mediators and were more proliferative compared to the control-derived hMG cells, indicating an 

active phenotype within the mutated microglia-derived cells that could generate inappropriate chronic cytokine 

responses and neuronal damage. Over the next weeks, damage responses will be evaluated in the co-culture 

model of microglia and neurons. So far our results represent an important step for investigating the role of 

diseased microglia in PD and  may serve as a valid human cellular model to identify compounds that can 

improve microglial homeostatic clearance functions and reduce chronically activated microglia. 
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Defective cholesterol clearance limits remyelination in the aged central nervous system 
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Age-associated decline in regeneration capacity limits the restoration of nervous system functionality after injury. 

In a model for demyelination, we found that old mice fail to resolve the inflammatory response initiated after 

myelin damage. Aged phagocytes accumulated excessive amounts of myelin debris, which triggered cholesterol 

crystal formation and phagolysosomal membrane rupture and stimulated inflammasomes. Myelin debris 

clearance required cholesterol transporters, including apolipoprotein E. Stimulation of reverse cholesterol 

transport was sufficient to restore the capacity of old mice to remyelinate lesioned tissue. Thus, cholesterol-rich 

myelin debris can overwhelm the efflux capacity of phagocytes, resulting in a phase transition of cholesterol into 

crystals and thereby inducing a maladaptive immune response that impedes tissue regeneration. 
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Oligodendrocytes insulate axons in the central nervous system (CNS) with myelin sheaths, providing metabolic 

support and improving saltatory conduction. In multiple sclerosis (MS), myelin sheaths are stripped from axons in 

a process termed demyelination. Oligodendrocyte progenitor cells (OPCs) then migrate to the site of injury, 

proliferate, differentiate into mature oligodendrocytes, and carry out the regenerative process known as 

remyelination. Unfortunately, this is not always successful, resulting in a lack of functional recovery and 
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subsequent disease progression. Research has shown that immune signalling is important in facilitating effective 

remyelination, and our group has shown that regulatory T cells (Tregs) are required for successful myelin repair. 

Treg-conditioned media enhance OPC differentiation, but the OPC intracellular signalling underlying this effect is 

unknown.  

The aim of this study is to address this gap in knowledge by investigating the transcriptome of murine OPC 

cultures treated with conditioned media versus controls, and validating the resulting candidates by assessing 

oligodendrocyte differentiation in vitro, and remyelination in ex vivo and in vivo models. To date we have 

validated the bioactivity of our conditioned media by confirming that Treg-conditioned media increase 

oligodendrocyte differentiation significantly. We profiled mRNA from OPC cultures treated with these conditioned 

media by RNAseq and validated selected candidates through qPCR. The functional effect of these candidates 

on OPC differentiation was investigated through loss of function studies in pure OPC cultures. To date, addition 

of TRPC4 antagonist abrogated the increase in MBP production in pure OPC cultures treated with Treg-

conditioned medium, whereas blocking ADRA1D had no effect. These results will generate new knowledge 

regarding the molecular mechanisms of immune-mediated oligodendrocyte differentiation, as well as identify 

potential novel therapeutic targets for myelin repair in MS and other demyelinating diseases. 
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cells chemoattraction in FAP nerves 
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Familial amyloidotic polyneuropathy (FAP) is an autosomal dominant neurodegenerative disorder with 

extracellular deposition of mutant transthyretin (TTR) aggregates and fibrils, leading to degeneration of cells and 

tissues, particularly in the peripheral nervous system (PNS). The most common TTR mutation is a substitution of 

a methionine for a valine at position 30 (TTR V30M) that predisposes TTR to form aggregates and fibrils [1].  

V30M human FAP nerve biopsies display increased cytokine production, but intriguingly no immune 

inflammatory cellular infiltrate is observed around TTR aggregates, and this lack of response contributes to 

disease aggravation [2]. Moreover, in response to nerve injury, a V30M transgenic mouse model displays a 

downregulated innate immune response when compared to wild type (WT) mice [3]. Recent studies show that 

genes that are directly involved in the immune response, like CCL20, are upregulated early post-injury in murine 

nerves [4].  

In this study, we show by cDNA array that the expression of CCL20, a chemokine responsible for the 

chemoattraction of immature dendritic cells and effector/memory T-cells and B-cells, is impaired in sciatic nerve 

of mice with the V30M mutation in a deficient heat shock factor (HSF-1) background. In line with this, we found 

that CCL20 mRNA levels were downregulated in the transgenic mouse model, when compared to the control 

group. In addition, CCL20 protein levels were highly decreased in both human skin biopsies of FAP patients and 

in sciatic nerve of HSF V30M mice, as compared with HSF WT mice. Furthermore, by ELISA we found the 

protein levels of CCL20 downregulated in plasma samples from HSF V30M mice.  

In conclusion, the presence of V30M TTR impacts CCL20 expression in PNS of FAP patients and in the mouse 

model of the disease, which may in turn impair the immune and cellular activation and infiltration in nerves. 

CCL20 plays important roles in both immune homeostasis and immune activation, so a possible misregulation in 

its expression could contribute for the neuronal dysfunction present in the disease. 
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Methamphetamine (METH) is a widely abused psychostimulant, characterized by monoaminergic disruption and 

high oxidative stress. However, the role of neuroinflammation in the build up of addiction is gaining increased 

attention. Recent studies pointed microglia as a possible mediator of METH-induced neurotoxicity, but the 

molecular mechanisms underlying this process are still unknown. Here, we explored how METH treatment could 

regulate microglia activation. While METH induced a pronounced microgliosis in the mice brain, in culture METH 

failed to induce primary microglial activation. Importantly, we found that METH activates microglia via astrocytes. 

Conditioned media from astrocytes exposed to METH triggers a pro-inflammatory signature in microglial cells, 

significantly increasing ROS production, iNOS expression and mRNA levels of classical pro-inflammatory 

markers. In order to isolate the factor(s) responsible for activating microglia under METH, we used FRET-based 

nanosensors in primary astrocytes and found a huge increase in glutamate release. Next, we explored the 

pathways involved in this astrocytic glutamate release. We show that TNF controls glutamate release from 

astrocytes. Accordingly, in astrocytes from TNF knockout mice, METH-induced glutamate release is largely 

attenuated. We further verified that METH and TNF regulate astrocytic glutamate-release via mobilization of 

Ca2+ from the endoplasmic reticulum in an IP3R-dependent manner. The cytosolic Ca2+ rise induces IP3R 

activation and promotes the release of glutamate, which largely occurs via SNARE-dependent exocytosis. 

Confirming our in vitro findings, TNF knockout mice exposed to METH did not display a METH-induced 

behavioural response when tested in the elevated plus maze, nor presented increased neuroinflammation. 

Taken together, our findings suggest that METH activates microglia via glutamate release from astrocytes in a 

TNF/IP3R-dependent Ca2+ mobilization pathway, which may be relevant to devise new therapeutic approaches. 
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Sexual differentiation of microglia and neurodegenerative diseases 
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Sex plays a role in the incidence and outcome of neurological illnesses, also influencing the response to 

treatments. In the recent past, our laboratory developed several tools, including cellular and animal models, 

aimed at investigating the sexual differentiation of microglia and its impact on brain physiology, allowing us to 

demonstrate that these cells show a sex-specific phenotype that is maintained all-through the life of the animal: 

in details, while male microglia showed a tendency towards pro-inflammatory activation, female microglia 

revealed a more neuroprotective phenotype. In culture, the cells maintained the characteristics derived from the 

sex of origin: morphological analyses revealed that most of the male microglia in culture show ameboid shapes 

and fewer branching extensions. On the other hand, the shape of female microglia is more complex and ramified 

(See Figure below). With this in mind, we decided to develop simplified in vitro models of selected neurological 

and neurodegenerative diseases, with the aim of assessing whether microglia could play a role in the sex-biased 

incidence, severity, progression of specific neurodegenerative diseases. Therefore, to mimic the microglia brain 

environment we setup a primary co-culture of pups-derived neurons with microglia isolated from adult mice; 

then, we applied a systematic high-content screening approach based on time-lapse fluorescence microscopy to 

assess the dynamics of microglia phenotype in control and diseased conditions. This approach allowed us 

generating cell shape-index (CSI) maps useful for the quantification of changes in cell morphology, which are 

potentially related to deviations in microglia function induced by the treatments. CSI analyses confirmed the 

differences in microglia phenotype related to the sex of origin and evidenced more frequent contacts of microglia 

with neuronal dendrites. Treatment with the prototypical stimuli used to modulate the inflammatory state of 

immune cells (e.g. LPS) induced differential CSI changes in male and female cells, suggesting the existence of a 

sex-bias in the microglial response.  Moreover, preliminary experiments evidenced that exposure to 

neurodegenerative stimuli led to the acquisition of different morphological phenotypes depending on the sex of 

origin of microglia. Taken together, these results suggest a direct involvement of microglia in the sex differences 

in the incidence and progression of specific neurological disorders 
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Multiple Sclerosis (MS) is a chronic immune-mediated disease of the central nervous system (CNS), 

characterized by a reaction against the myelin sheath that surrounds the axons. Consequently, demyelination 

and posterior neuronal and axonal damage occur. There is growing evidence that T cell-mediated inflammatory 

mechanisms alone cannot explain neurodegenerative processes. Several studies have suggested that the innate 

immune response of resident CNS cells also plays a role in oligodendrocyte injury and axonal degeneration. 

More specifically, astrocytes were described has playing both detrimental and beneficial roles in MS. On one 

hand, they contribute to the migration of leukocytes to lesion sites, by secreting both cytokines and chemokines 

and also metalloproteinases, they also secrete molecules that inhibit oligodendrocyte precursor cells maturation 

and the presence of the gliotic scar is detrimental for axonal regeneration. On the other hand, astrocytes are also 

an important source of factors involved in lesion repair, and the gliotic scar forms a physical barrier between the 

lesion and the surrounding healthy tissue. Astrocytic activity is highly dependent on intracellular calcium (Ca2+) 

increase that can occur spontaneously or in response to extracellular signaling molecules. These increases are 

predominantly associated with Ca2+ release from the endoplasmic reticulum, via inositol-1,4,5-triphosphate 

receptors (IP3Rs) activation through IP3 binding. Mice lacking the IP3R2, which is mainly expressed in astrocytes, 

in the CNS, display silent astrocytes, that lacks global Ca2+ elevations (soma and main processes). In this work, 

we used the most common animal model of MS, the experimental autoimmune encephalomyelitis (EAE) model, 

to investigate the effect of impaired astrocytic IP3-dependent Ca2+ signaling in the development of disease. 

IP3R2 KO and wild-type female littermates were induced with EAE, and their clinical score was evaluated daily. 

At the sacrifice we evaluated different disease parameters, like demyelination and astrocytic activation. 

 

T14-138C 

Protein profiling of CD11b+ CNS myeloid cells from aged APPSWE/PS1DE9 and wildtype mice points to the 

involvement of cathepsin Z in Alzheimer’s disease 
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Larsen3, B. Finsen1 

1Institute of Molecular Medicine, University of Southern Denmark, Odense C, DK 
2Department of Medicine (Neurology and Geriatric Medicine), and Department of Medical Neuroscience, 

Dalhousie University, Halifax, CA 
3Department of Biochemistry and Molecular Biology, University of Denmark, Odense M, DK 

 

Neuroinflammation, characterized by a chronic activation of the myeloid-derived microglia, is a hallmark of 

Alzheimer’s disease (AD). Recent studies characterizing microglial RNA expression profile in mouse models of 

AD have pointed to a specific microglial disease associated phenotype in AD. However, the translation of RNA to 

functional cell phenotypes is tricky since transcription to translation does not show a linear relationship. Thus, to 

support the RNA data on microglial disease associated phenotypes, characterising the protein profile of cells 

would be of importance. In this study we therefore aimed to analyse the protein expression profile in samples of 

cortical CD11b+ myeloid cells, isolated from twenty-four-month-old APPSWE/PS1DE9 (APP/PS1) transgenic and 

littermate wild type mice using magnetic-activated cell sorting (MACS) and state-of-the-art quantitative 

proteomics. By this method, we were able to quantify 467 proteins (≤ 2 unique peptides) including proteins 

translated from suggested microglial specific genes hexb, crybb1, fcrls, c1qa, itgam, and aif1. From these 52 

proteins were differentially expressed in APP/PS1 CD11b+ myeloid cells and clustered in Gene Ontology 

pathways including “regulation of beta-amyloid clearance”, “response to oxidative stress” and “the complement 

pathway”. Proteins having the largest increase in APP/PS1 CD11b+ myeloid cells included known AD-associated 

proteins such as apolipoprotein E (APOE), amyloid precursor protein (APP) and clusterin (Clu). Furthermore, the 

lysosomal protease, cathepsin Z (CtsZ) was significantly increased in APP/PS1 CD11b+ myeloid cells. The 

E616 POSTERS

GLIA



  

 

 

altered protein level of CD11b+ cell expression of APOE, APP, Clu and CtsZ was validated in CNS tissue from 

APP/PS1 and wild type mice as well as in primary murine microglial cells using proteomics, double-

immunofluorescence staining and/or qPCR. In addition, APOE, APP and CtsZ proteins showed an altered 

immunoreactivity pattern in neocortex tissue from human AD cases relative to cognitively healthy subjects, by 

immunohistochemistry. Interestingly, CtsZ was found expressed in aggregates of CD68+lysosome-like 

structures, which appeared to be associated with plaques and in microglial-like cells exclusively in AD cases. 

Taken together, our data attract attention to the potential involvement of CtsZ expressed in myeloid-derived 

microglial cells in human AD pathogenesis. 
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Background: Neuroinflammation occurs in the central nervous system as a result of pathogen invasion or tissue 

injury. Glial cells (microglia and astrocytes) facilitate inflammatory responses by reacting to pathogen associated 

molecular patterns (PAMPs) or damage associated molecular patterns (DAMPs). Their over-activation lead to 

chronic neuroinflammation, thus to the pathogenesis of several neurodegenerative disorders. Microglia 

expression of orphan nuclear receptors; Nur77, Nurr1 and NOR-1 increase upon lipopolysaccharide (LPS) 

stimulation, a type of PAMP. Communication between activated microglia and astroglia is bidirectional, yet 

poorly studied. The endogenous expression of orphan nuclear receptors that have anti-inflammatory roles is 

promising to tailor an anti-inflammatory therapy that tackles microglia and astrocytes prolonged activation and 

consequentially affect neuronal survival. Here we studied astrocytes expression of these molecules.  

Methods: Cortical or spinal cord microglia or astrocytes primary cultures were established from P 0-2 rats while 

P-40 rats were used for cortical or spinal cord adult primary microglia cultures. Cortical neurons were isolated 

from E18 rats. Serum or serum free media were used to evaluate the effect of serum on gene expression. 

Microglia were treated with 100 ng/ml LPS. Astrocytes were exposed to LPS-stimulated microglia-conditioned 

media (MCM) at 1, 3, 6 and 24h. Real-time qPCR was performed to evaluate Nur77, Nurr1, NOR-1 and IL-1β 

transcript levels. Primary cortical neurons were incubated with serum-free MCM-stimulated astrocyte’s 

conditioned media for 24 hours.  

Results: LPS stimulation rapidly increases the expression of orphan nuclear receptors in microglia. Astrocytes 

orphan nuclear receptors mRNA levels drastically increase when stimulated with neonatal or adult MCM for 24 

hrs. Adult MCM tend to increase the level of IL-1β in a higher manner compared to astrocytes stimulated with 

neonatal MCM. Level of NOR-1 mRNA is higher than Nur77 and Nurr1 transcript levels. Morphological 

observations based on neuronal axons suggest that neonatal cortical microglia promote proliferation in cortical 

neurons sustained by cortical astrocytes conditioned media (ACM). Cell proliferation assay confirmed that 

neonatal cortical MCM-ACM increased the viability of cortical neurons in comparison to controls and adult MCM-

ACM treated.  

Conclusion: Adult microglia could release molecules that increase the pro-inflammatory phenotype of neonatal 

astrocytes. 
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Effect of Adult or neonatal spinal MCM on noenatal spinal astrocytes 
Effect of treatment with LPS-stimulated adult (a) or neonatal (b) MCM on neonatal astrocytes expression of IL-1β mRNA. 

Relative expression of IL-1β mRNA (normalised to GAPDH) in astrocytes isolated from neonatal rat spinal cords. Treatment 

groups involved controls (astrocytes media only), MCM control media + astrocyte media and MCM stimulation for 24hours. 

Bars represent the mean S.E.M of the values. Statistically significant differences with controls: **p < 0.001, n=4. (one-way 

ANOVA followed by Bonferroni’s multiple comparisons). 

 

 

Effect of Adult or neonatal cortical MCM on neonatal cortical Astrocytes 
Effect of treatment with LPS-stimulated adult (a) or neonatal (b) MCM on neonatal astrocytes expression of IL-1β mRNA. 

Relative expression of IL-1β mRNA (normalised to GAPDH) in astrocytes isolated from neonatal rat cortices. Treatment 

groups involved controls (astrocytes media only), MCM control media + astrocyte media and MCM stimulation for 24hours. 

Bars represent the mean of the values. Statistically significant differences with controls: *p < 0.05, **p < 0.001, n=4. (one-way 

ANOVA followed by Bonferroni’s multiple comparisons). 
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The decline in brain noradrenaline levels is associated with the progression of certain neurodegenerative 

diseases. This seems to be due, at least in part, to the ability of noradrenaline to limit glial activation and to 

reduce the damage associated with it. Our previous studies of the mechanisms involved in this process indicate 

that noradrenaline induces the production of the chemokine CCL2 in astrocytes. While CCL2 can protect 

neurons against certain injuries, its overproduction has also proven to be harmful and to prevent noradrenaline 

neuroprotective effects. Therefore, in this study, we analyze if the modifications caused to astrocytes by 

excessive production of CCL2 may alter their response to noradrenaline. Using primary cultures of rat cortical 

astrocytes, we observed that CCL2 enhances the production of beta 2 adrenergic receptors in these cells. While 

this potentiates noradrenaline signaling through cAMP, the activation of the transcription factor CREB is inhibited 

by CCL2. Furthermore, although CCL2 potentiates noradrenaline induction of glycogenolysis, this does not 

translate into an augmented release of lactate, one of the processes through which astrocytes help support 

neurons. Additionally, other neuroprotective actions of noradrenaline, such as the production of brain-derived 

neurotrophic factor and the inhibition of the inducible nitric oxide synthase in astrocytes were modified by CCL2. 

These data suggest that some of the central nervous system alterations related to CCL2 could be due to its 

effects on adrenergic receptors and its interference with noradrenaline signaling. 
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Introduction: traumatic brain injury (TBI) leads to neuroinflammation, mainly originating from microglial 

activation. Positron emission tomography (PET) imaging appears as a promising method to visualize its 

activation following TBI. For PET imaging, the 18 kDa translocator protein (TSPO) is used to target microglia 

using specific radiotracer. In this context, the objective was to explore the microglial activation using PET 

imaging in a mild TBI mice model in which we already demonstrated microglial activation through rt-qPCR on 

brain cell sorting microglia.  

Methods: after a craniotomy, a controlled cortical impact was performed onto the left temporoparietal cortex of 

adult male mice. PET was performed with [18F]FEPPA, a TSPO specific radiotracer, on TBI, sham-operated 

(craniotomy only) and non-operated mice at day 1, 3, 7 and 14 with a 30-min static acquisition 90 min after 

injection. Ratio of ipsi/contralateral mean and maximum Standard Uptake Value (SUV) were analyzed on both 

hemispheres and 7 different brain regions. Thereafter, immunohistochemistry (IHC) was processed on the mice 

brain slices using antibodies specific to TSPO, microglia (Iba1), endothelial cells (IB4) and collagen. 

Immunostainings were also proceeded on microglial and endothelial cells culture.  

Results: ROI quantification of [18F]FEPPA did not reveal any difference after TBI, except mean SUV in the 

amygdala at day 14 (sham-operated versus TBI, p<0.05), suggesting an increased expression of microglial 

TSPO. Iba1+ cells (microglia) and TSPO+ quantification with IHC in the amygdala did not confirm PET results. 

Moreover, IHC clearly showed a vascular-like staining of TSPO, regardless of mice group or time after surgery. 
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In addition, TSPO was expressed by both endothelial and microglia cells in our primary cell cultures.  

Conclusion The use of PET, with [18F]FEPPA, on a static mode acquisition does not seem enough sensitive to 

highlight the microglial activation in a mild TBI model on mice. This acquisition would be more efficient either, in 

a more severe TBI model inducing more microglial activation, or in an animal model with bigger brain regions. In 

the future, a dynamic acquisition associated with the determination of an input function to quantify the cerebral 

fixation of [18F]FEPPA while taking into account its vascular fixation may let us highlight a microglial activation in 

our TBI model. The endothelial expression of TSPO makes harder the use of its ligands in clinical routine 

because of the need to use a dynamic imaging protocol. The development of new radioligands that target other 

biomarkers of brain inflammation would allow easier monitoring of neuroinflammation by PET imaging. 

 

T14-142C 

Regulation of immune regulatory gene expression in cultured mouse brain glial cells by Gas6 

S.E. Gilchrist, S. Goudarzi, S. Hafizi 

Pharmacy and Biomedical Sciences, University of Portsmouth, Portsmouth, GB 

 

Background: The TAM (Tyro3, Axl, Mer) subfamily of receptor tyrosine kinases are involved in many cellular 

systems, including those of the CNS that are important in multiple sclerosis (MS): promoting oligodendrocyte 

survival, phagocytosis of myelin debris and resolution of inflammation. Gas6 is an endogenous ligand for these 

receptors, and our research is centred on exploring this system in glial cells of the CNS, with a focus on 

regulation of immunity. The aim of this research is to investigate the cytokine expression profile of microglia in 

response to immune challenge with the hope of relating this to the immune response observed during MS.  

Methods: Organotypic cultures of adult C57/BL6 mouse optic nerves were maintained in vitro for several days, 

and during experiments were treated, or not, with recombinant Gas6 protein for 72h. Also, neonatal mouse 

brains were dissected to set up primary brain cell cultures, out of which pure microglial cells were derived 

through selective plating. All animal procedures were approved under a UK Home Office project licence. 

Microglia were treated with Gas6 or lipopolysaccharide (LPS) for the stimulation of TAM receptors or induction of 

an immune challenge, respectively, for different time periods. Total RNA was extracted from all samples after 

conclusion of experiments, and qRT-PCR was employed to measure changes in expression of specific genes, 

with Gapdh gene as reference gene.    

Results/Discussion: Gas6 caused a 2.5-fold increase in expression of the IL-10 gene in mouse optic nerve. In 

microglia, LPS stimulation caused over 20-fold up-regulation of both TNF-α and IL-10 genes whilst concomitantly 

downregulating the MerTK gene. Gas6 treatment (endogenous Mer ligand) had little effect on the receptor 

expression levels, but caused a reduction in cytokine expression, suggesting that it may limit the immune effects 

of microglia.  

Conclusion: These data reinforce the role of CNS microglia as key immune regulatory cells, and that they are 

able to be studied in in vitro primary cultures for investigating both pro- and anti-inflammatory responses within 

the brain. Furthermore, a role for Gas6 in brain immune regulation has emerged from these experiments, 

indicating its potential as a therapeutic target for MS treatment. Further work will investigate the link between 

Gas6 role in brain immunity and myelination. 

Acknowledgement 

This research is funded by the UK MS Society and through a University of Portsmouth PhD Bursary.  

E620 POSTERS

GLIA



  

 

 

T14-143C 

Activation of NLRP3 inflammasome in A1 astrocytes 
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Microglia and astrocytes are the immune effectors of the Central Nervous System (CNS), being involved in 

inflammatory responses. In a chronic or exacerbated milieu of neuroinflammation, microglia and astrocytes 

acquire a reactive, pro-inflammatory state, resulting in neuronal damage. This state is associated with an 

increased Interleukin-1beta (IL-1beta) secretion, mainly through the activation of the NLRP3 inflammasome 

(NLRP3), a multiprotein complex involved in cytoplasmic surveillance. NLRP3 activation requires two inputs to 

produce mature IL-1beta: 1) a priming signal, that induces an increased production of pro-IL-1b and NLRP3 

protein, and 2) an activation signal, that promotes the oligomerization of the inflammasome subunits [1].   

Emerging evidence shows that microglia and astrocytes can determine each other’s fate and display a reciprocal 

modulation in CNS insult and injury [2]. However, NLRP3 assembly in astrocytes as not yet been fully asserted. 

Thus, this work aims to explore the expression and activation of NLRP3 in astrocytes and whether these events 

are microglia-dependent.  

Using newborn Sprague-Dawley rats, primary cultures of astrocytes, microglia and co-cultures were prepared. 

After 17 days in vitro, pharmacological treatments were performed to induce NLRP3 activation: LPS (100 ng/ml) 

was added for 24h, as a priming stimulus, with or without ATP (1mM), an oligomerization-inducing agent.  

Morphological alterations in glial cells and NLRP3 expression were visualized by immunocytochemistry. 

Astrocytes display a more reactive phenotype and an increased NLRP3 expression, upon LPS/ATP stimuli, 

when co-cultured with microglia than when cultured alone.  

The effect of LPS/ATP stimuli upon microglia-induced A1 astrocytes is now being addressed. A1 phenotype is 

induced for 24 h with IL-1α (3 ng/ml), TNFα (30 ng/ml), and C1q (400 ng/ml) [3], before the LPS/ATP stimuli, 

followed by assessment of IL-1beta levels and NLRP3 assembly in astrocytes, through ELISA and 

immunoprecipitation, respectively.  

Our results suggest that astrocyte-microglia interaction is indeed important for NLRP3 assembly and activation in 

astrocytes. However, whether a cell-to-cell contact is necessary still needs to be elucidated. 
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Astrocytes and microglia are key glial cells for the maintenance of neuronal function and brain homeostasis. 

Exacerbated neuroinflammation, mitochondrial failure and cell death are hallmarks in several brain pathologies. 

On the other hand, mitochondria have widely described key roles in cell fate and metabolic reprogramming, 

which modulates inflammatory response and promote cytoprotection. Thus, strategies targeting mitochondria in 

glial cells are promising for neuroprotection.  

Carbon monoxide (CO) is an endogenous molecule and results from heme degradation by heme oxygenase. 

Exposure to low doses of CO, have been widely described as cytoprotective in several in vitro and in vivo 

models of brain pathologies, particularly against cerebral ischemia. Mitochondria are a main target of CO and 

CO is known for its anti-apoptotic and anti-inflammatory properties, and its ability to improve mitochondrial 

metabolism. Despite its great potential for biomedical application, CO’s downstream players and the molecular 

mechanisms underlying CO’s protection are not fully disclosed. Neuroglobin (Ngb) is a hemoglobin-homologous 

protein, considered an O2-senser. Ngb upregulation activates antioxidant defences and preserves mitochondrial 

function, in vitro. Furthermore, Ngb interaction with mitochondria contributes to its anti-apoptotic effect. Ngb 

upregulation can also reduce brain lesion size in an animal cerebral stroke model. Thus, it is hypothesized that 

Ngb may be a downstream player of CO, since in non-biological systems CO binds to Ngb and both molecules 

are cytoprotective against similar insults.  

Thus, to evaluate the potential role of Ngb in CO’s cytoprotection in glia cells, carbon monoxide releasing 

molecules (CORMs) are used to deliver CO in cell models: mouse microglia cell line (BV-2) and mouse primary 

cultures of astrocytes. CO limits neuroinflammation in microglia and prevents cell death in astrocytes. Moreover, 

Ngb expression increases in response to CO treatment. Our data suggests Ngb may be involved in CO’s 

induced cytoprotection. 
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Viruses transmitted by arthropods, the so-called arboviruses, belong to a variety of virus-families including 

Flaviviridae, Togaviridae, Bunyaviridae and others. Infection by members of the Flaviviridae family - e.g. Dengue 

virus and Zika virus - can lead to severe diseases that involve the nervous system, such as Dengue fever 

encephalitis and Congenital Zika Syndrome (CZS), respectively. Zika virus infection was recently also linked to 

peripheral neuropathy, Guillain-Barré syndrome (GBS) in adults in Zika virus epidemic areas. We showed 

previously, using Ifnar1 -/- mouse derived nervous system cultures, that a Brazilian Zika virus strain - a clinical 

isolate from a patient in Brazil - infects cells of the nervous system with CNS cells being more susceptible than 

PNS cells. In particular, oligodendroglia were affected, leading to failure in myelin formation. Although neuronal 

cell processes (axons and dendrites) were also markedly diminished, according to a variety of antibody stains, 

most neuronal cell bodies were not infected and their nuclei appeared viable. Here, we investigated in a time-

course study, how the viral infection and the injury of cell processes -of oligodendrocytes and neurons- are 

related to each other in the same in vitro model. We generated CNS myelinating cultures from a reporter mouse 
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(Thy1-YFP) on the Ifnar1 -/- background. A proportion of neurons and their processes are positive for YFP in 

those cultures, which enabled us to visualize single neurons. Cultures were infected with the Brazilian Zika virus 

strain (PE243) at an MOI of 0.3 and cultured for up to 6 days post infection. To assess the progression of Zika 

virus infection, we used an antibody for the envelope protein of Zika virus. We observed that the neuronal cell 

processes were affected as early as first clusters of infected glial cells appeared. Only late during the time-

course were neuronal cell bodies compromised by the infection, i.e. some neurons were infected and showed a 

disrupted membrane. Furthermore, neuronal markers, such as Thy1-YFP and NeuN, were reduced, as detected 

by immunofluorescence. To analyze the interrelation of neurons and myelin further, cultures were labeled with 

an antibody recognizing proteolipid protein. We found that the myelin got injured as early as neuronal processes. 

These results suggest that the injury to neuronal processes might be a consequence of the infection of the 

primary target of Zika virus: oligodendroglia. These data help us to understand disease pathogenesis of Zika 

virus infection of the CNS, and whether there is a time-window to intervene therapeutically. Furthermore, this 

gives an insight how viral infection of glial cells can affect neuronal processes such as axons. 
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Effects of astrocyte targeted IL-6 overproduction after peripheral nerve injury in old mice 
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Barcelona, ES 

One of the main features of aging is a chronic neuroinflammatory process, also known as “inflammaging”, which 

importantly affects the central nervous system. As a result of this process, microglia show, among others, a 

different phenotype characterized by dystrophic morphology, priming, production of pro-inflammatory mediators 

and impairment of phagocytosis functions. Interleukin-6 (IL-6) is a main cytokine controlling neuroinflammatory 

processes and microglial activation, whose levels increased during aging. Previous results from our group 

showed that, after facial nerve axotomy (FNA), adult mice with astrocyte-targeted overproduction of IL-6 (GFAP-

IL6Tg) showed dysfunctional microglia activation that correlated with higher facial motor neuron death. In the 

present work, we aimed to study the role of IL-6 overproduction on aged microglia after FNA. For this purpose, 

21-23-months-old GFAP-IL6Tg mice and their corresponding wild-type (WT) littermates were subjected to FNA 

lesion. At 14- and 21-days post-injury (dpi) animals were sacrificed and sections of the brainstem containing the 

facial nucleus were analyzed using toluidine blue and immunohistochemical techniques with antibodies against 

GFAP, CD3, Iba-1, CD68, MHC-II and CD11b. In non-lesioned mice, aged transgenic animals presented higher 

Iba1, CD11b and CD68 expression than aged WT, but no differences in GFAP and T-cell infiltration were found. 

Interestingly, after FNA, there was no remarkable differences between WT and aged GFAP-IL6Tg. In both 

genotypes, the peak of microglia and astrocyte activation was observed at 21dpi in both aged WT and GFAP-

IL6Tg mice, without remarkable differences between genotypes. Additionally, no differences in either T-

lymphocyte infiltration or facial motor neuron survival were found between old WT and GFAP-IL6Tg mice. Data 

obtained in this work show an absence of the deleterious effects derived from IL-6 overproduction after FNA 

lesion in aged animals. 
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Neuroinflammation plays a central role in multiple sclerosis (MS) by impairing remyelination and causing 

neuronal injury. Brain resident microglia (MG) and infiltrating macrophages (MP) are among the main effector 

cells of the inflammatory response associated to MS (Mallucci et al, 2015; Verderio et al, 2012). They contribute 

to MS onset and outcome, including secondary progressive phases, butalso to the restorative phase of the 

disease (Rawji et al, 2013). However, it is still unclear whether all inflammatory myeloid cells are detrimental in 

the disease (Cao et al, 2013)and the possibility exists that the inflammatory activity of brain resident MG and 

peripheral MP may be distinct in MS, as reported in other brain diseases (Dibaj et al, 2011).  

Recent data of the laboratory show that both inflammatory and proregenerative MG, through the secretion of 

extracellular vesicles (EVs) i) attract oligodendrocyte precursor cells (OPCs) in primary cultures, the glial cell 

type able to generate myelinating oligodendrocytes ii) favor OPC differentiation towards mature myelinating cells 

and ii) enhance myelin deposition in oligodendrocytes-DGR neuron co-cultures. To compare the action of MP 

and MG on oligodendrocytes I explored the action of EVs shed from pro-inflammatory MP or pro-regenerative 

MP on the migration and the differentiation of oligodendrocyte precursor cells (OPC).  

OPC migration was assessed by a classical transwell-based chemokinesis assay. Quantification of migrating 

OPCs revealed that MP-derived EVs never attract OPCs, independent of the phenotype of donor MP. 

Specifically, EVs released by pro-inflammatory MPtend to limit OPC migration, albeit the difference didn’t reach 

a significant difference. Sphingosine phosphate (S1P), a known chemoattractant agent, was used as positive 

control.  

Immunocytochemistry analysis for the marker of mature oligodendrocytes MBP revealed that MP-EVs were not 

able to promote OPC differentiation as compared to MG-derived EVs. In particular, EVs released by pro-

inflammatory MP significantly inhibited in vitro OPC maturationinto myelin forming cells.  

Collectively these results indicate thatinfiltrating macrophages, rather than resident microglia, may be 

responsible for block of OPC maturation and remyelination failure in the progressive phase of MS. 
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After TBI, astrocyte-targeted production of IL-10 has an effect on microglia/macrophage population and 

reduces neuronal death 
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Interleukin 10 (IL10) is an anti-inflammatory cytokine with a well-reported neuroprotective role in different 

neuroinflammatory and neuropathological conditions. To better understand the role of IL10 in the central nervous 

system (CNS) we have generated a transgenic mouse with overproduction of IL10 under the astrocytic GFAP-

promoter (GFAP-IL10Tg). Previous studies in our group demonstrated marked changes in the phenotype of 

microglial cells under both basal conditions and after acute injuries. The main objective of this study is to 
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determine the impact of local overproduction of IL10 on the microglia/macrophage response and the neuronal 

death associated with traumatic brain injury (TBI). To achieve this, adult (4-5 months-old) GFAP-IL10Tg and 

their corresponding wild type littermates (WT) were subjected to cryogenic lesion on the right cerebral cortex. At 

1, 3 and 7 days post-injury (dpi) animals were sacrificed and processed for the immunohistochemical analysis of 

Iba1 (microglia/macrophage reactivity), Pu.1 (myeloid cell density, including microglia/macrophages), CD68 

(lysosomes), phospho-histone H3 (PHH3) (cell proliferation), myeloperoxidase (MPO) (neutrophils) and 

FluoroJade B (FjB) (neuronal degeneration) in both the core and the penumbra areas of the lesion. Our results 

showed no modifications in the lesion size between WT and transgenic mice. However, remarkable differences 

in the microglia/macrophage response were found in GFAP-IL10Tg animals. Specifically at 3dpi in the lesion 

core , microglia/macrophages in transgenic animals showed higher Iba1 expression, higher number of Pu.1+ 

cells and higher CD68 expression, a lysosomal marker closely related to the phagocytic capacity. In addition, 

also at 3dpi, the number of proliferating-PHH3+ cells in GFAP-IL10Tg animals was lower than in WT. Regarding 

neutrophil infiltration, TBI-lesioned animals showed an increase of MPO+ cells at 1dpi that gradually decreased 

from 3 to 7dpi. No significant differences between WT and GFAP-IL10Tg mice were observed in the number of 

MPO+ cells. Finally, a significant reduction in the number of degenerating-FjB+ neurons located in the penumbra 

area was observed in GFAP-IL10Tg animals at 1 and 3 dpi. In conclusion, these findings indicate that IL10 has 

an impact on microglia/macrophage population after TBI, modifying its pattern of activation and possibly its 

phagocytic capacity. Additionally, transgenic IL10 overproduction induces a decrease in cell proliferation as well 

as a reduction of neuronal death. 
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Multiple sclerosis (MS) is an inflammatory disease of the central nervous system (CNS) characterized by focal 

demyelination, axonal loss and immune cell infiltration. Our group has identified the NKG2D pathway as a 

relevant player in MS pathobiology. NKG2D is an activating receptor expressed by several immune effector 

cells, including T lymphocyte subsets which have been implicated in MS pathobiology. In humans, this receptor 

recognizes multiple ligands (NKG2DL), which are differentially induced in a cell type and stress specific manner. 

Recognition of NKG2DL by NKG2D-expressing immune cells triggers cytotoxic and inflammatory responses. We 

have previously shown that human oligodendrocytes express NKG2DL in vitro and in post-mortem MS brain 

tissues. Moreover, we demonstrated that in vitro blockade of NKG2D reduce oligodendrocyte killing by immune 

effector cells. As not only demyelination but also neuronal death and perturbed astrocyte functions are key 

hallmarks of MS, we aim at investigating the role of the NKG2D pathway in these other neural cells. In addition 

to inflammation, multiple cellular stressors such as endoplasmic reticulum (ER) and oxidative stress have been 

implicated in MS-related CNS disturbance. Therefore, we hypothesize that human neurons and astrocytes 

exposed to the stress conditions involved in MS pathology also upregulate NKG2DL and consequently become 

susceptible to NKG2D-mediated responses by immune effector cells. Our goal is to characterize the expression 
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of each NKG2DL in MS brains and in primary cultures of human CNS cells and to determine the impact of such 

expression on the neural-immune cell interactions. We observed that both neurons and astrocytes express 

different NKG2DL at the mRNA level. However, only one ligand, named ULBP4, was detected at the protein 

level on astrocytes and such expression was increased in the presence of inflammatory cytokines or after ER 

stress induction. Moreover, we detected astrocytes expressing ULBP4 in post-mortem MS brains. Using in vitro 

assays, we observed that NKG2DL on astrocytes can be recognized by NKG2D-expressing activated immune 

cells. In contrast, neurons expressed the same NKG2DL (ULBP4) but did not increase such expression upon 

exposure to the stressors tested. Our results suggest that not only oligodendrocytes, but also human neurons 

and astrocytes, can express specific NKG2DL and consequently become susceptible to NKG2D-mediated 

immune responses by effector cells. 
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Background: Microglia reactivity is a major hallmark of various neurodegenerative diseases of the brain and 

retina. Aryl hydrocarbon receptor (AhR) is expressed in a variety of cells in the immune system. A number of 

AhR ligands play an important role in immune-modulation. Indole 3 Carbinol (I3C) is a metabolite of 

glucosinolate, which is a major component of broccoli and cauliflower. I3C has immune-modulatory and anti-

inflammatory effects in different diseases. 2,2′-aminophenyl indole (2AI) is a potent synthetic ligand of AhR that 

protects the retina from stress and also maintains homeostasis. Here we hypothesize that AhR ligands may 

reduce microglia reactivity.  

Methods: Murine and human microglia cell lines were cultured and treated with I3C or 2AI at different 

concentrations and time periods to examine the effect of various doses. Once dose range was determined, qRT-

PCR was conducted to analyse the regulation of pro-inflammatory genes in response to treatments. For this, 

BV2 or SV40 cells were pre-incubated with I3C, 2AI or vehicle control, and cell lines were stimulated with 

lipopolysaccharide (LPS) or phorbol 12-myristate 13-acetate (PMA) and zymosan. Following the analysis of 

mRNA expression levels, pro-inflammatory proteins like IL-1beta were analysed by western blotting to determine 

the molecular targets of I3C and 2AI. Genome-wide mRNA expression patterns were also analysed using DNA-

microarrays. In addition, different assays for nitric oxide (NO) measurements, caspase activity (apoptosis), 

scratch (migration) and phalloidin-TRITC staining (morphology) were performed using different microglia cell 

lines.  

Results: Pro-inflammatory gene expressions were significantly reduced by I3C and 2AI in murine and human 

microglia which were induced by LPS or PMA and zymonsan. 2AI reduced IL-1beta protein levels. I3C and 2AI 

inhibited NO production in LPS induced microglia. I3C and 2AI reduced caspase activtiy in LPS induced BV2 

and PMA and zymosan induced SV40 cells. I3C and 2AI has antioxidant activity. I3C and 2AI also induce 

neuroprotective phenotype and reduced migration in microglia.  
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Conclusions: We could demonstrate that AhR ligands reduce microglia reactivity and therefore, might have 

therapeutic potential for age related macular degeneration. 
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Neurodegenerative diseases (NDs) are a growing public health concern. As the aging population grows, the 

incidence of Alzheimer’s disease, Parkinson’s disease, and others are expected to increase dramatically. The 

lack of effective therapies to slow or halt the progression of these diseases highlights a need for a better 

understanding of their underlying causes and disease mechanisms. One emerging avenue of research is the 

role of glia in ND. Several lines of evidence point to the importance of glia in ND progression. Glia have been 

shown to phagocytose protein aggregates and cell corpses, both of which form during neurodegeneration. 

Variants in phagocytic genes expressed in glia have been identified as major risk factors for ND, suggesting that 

glial phagocytosis may be neuroprotective. However, as the brain ages, glia decline in phagocytic ability, and 

become more pro-inflammatory.  

We are using Drosophila melanogaster to study the role of glial phagocytosis in neurodegeneration. Specifically, 

we are using the phagocytic receptor Draper to investigate how impairments in phagocytosis can lead to and 

exacerbate neurodegeneration. In Drosophila lacking glial Draper, cell corpses formed in development persist 

into adulthood. These flies also exhibit progressive neurodegeneration as they age. Currently, we are exploring 

the hypothesis that in drpr mutants, the persistence of cell corpses leads to an increased innate immune 

response, resulting in neurodegeneration. 
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Hippocampus is one of the brain regions more vulnerable to age-related neuronal deterioration. Several studies 

have shown that neurogenesis in the subgranular layer of the dentate gyrus (DG) decreases dramatically with 

age in rodents, affecting the hippocampus-dependent memory and learning processes. The process of 

neurogenesis is intimately affected by the microenvironment, thus, inflammation and microglial activation reduce 

the promotion of new neural cells. Microglial phenotype depends not only on the cytokine environment but also 

on the communication they establish with neurons and other glial cells. During aging, the brain presents a pro-

inflammatory microenvironment with high glial activation that could produce alterations in the microglia-neuron 

E627POSTERS

GLIA



  

 

 

communication, negatively interfering with the neurogenesis process. The objective of this study was to analyse 

the impact that overproduction of the anti-inflammatory interleukin-10 (IL-10) exerts in the hippocampal neuronal 

population during physiological aging. For this purpose, adult (4-5 months) and aged (18-20 months) transgenic 

mice with astrocyte-targeted production of IL-10 (GFAP-IL10Tg) and their wild-type (WT) littermates were used. 

Our results demonstrated that, although the total number of hippocampal neurons was not affected, the number 

of neuroblasts in the DG of adult and aged GFAP-IL10Tg mice was reduced respect to WT mice, in agreement 

with deficits in spatial learning and memory. Moreover, we observed a high microglial/macrophage cell density 

and phenotype activation in the hippocampus of adult and aged transgenic mice. The analysis of different 

receptors involved in the microglia-neuron communication demonstrated an increase of both CD200R and 

SIRPα as well as a decrease of CX3CR1 expression in the microglial/macrophage population of adult GFAP-

IL10Tg. Interestingly, these results were similarly observed in aged WT mice. In conclusion, our data suggest 

that chronic overexpression of IL-10 mimic the physiological age-related changes produced on microglial-neuron 

communication and hippocampal neurogenesis. 
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Objective: Perinatal stroke leads to long-term neurobehavioral disorders. Number, morphology and activation of 

microglia are different during brain development depending on the gender, suggesting that male and female 

might respond differently to injury. Moreover, infiltrating cells induced by neonatal ischemia may also be different 

according to gender and could contribute differently to neuroinflammation. Our objective was to study, in both 

gender, neuroinflammation, microglial activation and infiltrating cells following a neonatal ischemia.  

Material and methods: male and female P9 Swiss mice were submitted to permanent occlusion of the left 

middle cerebral artery. At 3 days after ischemia, infiltrating cells, microglial activation and inflammation have 

been investigated using 1) MACS cell sorting technology followed by microarray transcriptomic analysis, rt-

qPCR, 2) flow cytometry, and 2) fluorescent in situ hybridization evaluating mRNA of TNFa and IL1b. Moreover, 

Iba1+ and TUNEL+ cells and brain lesion volume were evaluated.  

Results: Microarray transcriptomic analysis on microglia revealed strong sex differences after ischemia. 

Analyzes are currently being ongoing and will be presented at the GLIA meeting. No sex differences were 

observed on neuronal loss and lesion size after ischemia. Moreover, there was significantly more myeloid cell 

infiltration in male versus female brains 3 days after ischemia. No difference in the percentage of total resident 

microglia was seen between control and ischemic tissue whatever the sex. In the ipsilateral cortex corresponding 

to the somatosensorial cortex, microglial activation was increased in males compared to females after ischemia. 

In the peri-ischemic region, an increased density of Iba1+ reactive phagocytic morphology was observed in 

males compared to females.  

Conclusion: Altogether, both central and peripheral immune responses showed a differential pattern in males 

and females as early as 3 days after neonatal stroke although an equivalent primary brain injury. 
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Glial cells shape the complement homeostasis the healthy and diseased murine retina 
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The immune-privileged retina is under regular immune surveillance by microglia and proteins of the complement 

system. The systemic liver-derived complement controls homeostatic functions that include modulating 

opsonization for phagocytosis, formation of membrane attack complexes (MACs) and recruitment of immune 

cells. However, the local regulation of complement within the retina is poorly understood. Dysregulation of the 

complement homeostasis is a feature of many retinal diseases. Still, there is a lack of knowledge about which 

retinal cells may express complement and, thus, could modulate retinal complement activity.  

Having performed single cell RNA sequencing on 92,000 mouse retinal cells and validated the results in five 

major purified retinal cell types, we identified a distinct cell type-specific retinal complement. Müller cells, the 

major retinal macroglia, were found to be the highest contributor of complement activators c1s, c3, cfb. 

Interestingly, they also expressed highest transcript levels of the soluble complement regulator cfh, whereas cfi 

and cfp transcripts were most abundant in neurons. Aging enhanced c1s, cfb, cfp and cfi expression while cfh 

expression decreased. Similarly, transient retinal ischemia induced dramatic changes in the expression of 

complement components. Primarily Müller cells and microglia increased c3 and cfb expression following 

ischemia, while cfp was upregulated specifically in microglia. The complement inhibitor cfi also showed 

enhanced mRNA levels in microglia and retinal neurons, whereas expression of the complement inhibitor cfh 

was significantly reduced in Müller cells. These expression changes imply augmentation of the complement 

pathway 24 hours after the ischemic event.  

Given the unique complement expression signature for murine retinal cell types and glia cells, specifically, we 

infer that local complement expression is critical in maintaining normal retinal integrity and that glial cells may 

play a key role in this process. Our data also imply that modulations in local complement expression during 

aging and acute stress can facilitate retinal degeneration independent of the systemic complement system. Our 

study provides a novel perspective on how expression of complement genes, such as those identified by GWAS 

for AMD and diabetic retinopathy, in various retinal cell types including glial cells might explain the disease 

mechanisms in question. The tightly orchestrated reaction of distinct retinal cell types to distinct conditions of 

tissue stress suggests that cell type-specific responses must be considered for successful development of novel 

therapeutic strategies targeting the retinal complement activity in the future. 
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Effects of the overproduction of IL-6 on “Do-not-eat-me” signalling after facial nerve axotomy in mice 

A.R. Gómez-López, G. Manich, B. González, B. Castellano 

Cell Biology, Physiology and Immunology. Institute of Neurosciences, Universitat Autònoma de Barcelona, 

Barcelona, ES 

 

Interleukin-6 (IL-6) is a pleiotropic regulatory cytokine whose high expression has been related to neuronal 

damage and neurological disorders. Elevated levels of IL-6 are described to modulate inflammation and induce 

microglial activation. One of the mechanisms that regulates microglial activation through microglia-neuronal 

crosstalk is the “Do-not-eat-me” signalling, which consists in the interaction of microglial inhibitory receptors (like 

CD200R, CX3CR1 and CD45) with their corresponding neuronal ligands (CD200, CX3CL1 and CD22, 

respectively). Research developed in our group showed that, after facial nerve axotomy (FNA), animals 

overexpressing IL-6 (GFAP-IL6Tg) had an increase in motor neuron cell death, which was related to changes in 

microglial activation pattern. In this study, we aimed to analyse the regulation of “Do-not-eat-me” signalling after 

FNA and to explore the effects of IL-6 overproduction on this signalling. To accomplish that, adult GFAP-IL6Tg 

and wild-type (WT) mice were lesioned and sacrificed at 3, 7, 14, 21 and 28 days post-injury (dpi). Single and 

double immunohistochemistry, as well as flow cytometry techniques were used to detect and quantify microglial 

receptors and neuronal ligands.  Our results showed that in the facial nucleus of non-lesioned WT an GFAP-

IL6Tg mice, CD200, CX3CL1 and CD22 were mainly expressed on neurons, whereas their receptors were 

mostly located on microglia. Besides, CD200R and CD45 were also found on perivascular macrophages and 

lymphocytes. After FNA in WT mice, neuronal ligands were upregulated at early stages (7 dpi), followed by a 

downregulation at later time-points (14-28 dpi) when the neuronal death peak takes place. Likewise, in WT mice, 

there was an increase of microglial CD200R and CD45 at early time-points and a decrease at later stages. In 

GFAP-IL6Tg animals, IL-6 overproduction induced a basal increase of CD45 expression respect to WT mice. 

After FNA in these transgenic animals, no significant effects were observed on neuronal CD200 and microglial 

CD45 levels at all timepoints, but a downregulation of neuronal CD22 and microglial CD200R levels were found 

at later time-points. These results suggest that, after FNA, “Do-not-eat-me” signalling intends to regulate 

microglial activation at early time-points, and that IL-6 does not importantly modify this signalling. Overall, 

exploring Do-not-eat-me signals may constitute an interesting target for controlling neuroinflammation. 
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Microglia has been implicated in the pathology of protein aggregation diseases including Alzheimer‘s (AD) and 

Parkinson‘s disease (PD). Identification of numerous risk genes in AD that are highly expressed in microglia 

points to an altered microglia function in the pathology. Further studies suggest that impaired microglial 

phagocytosis in the disease leads to an inefficient removal of protein aggregates from the extracellular space 
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and thereby promotes the neuronal transmission of protein aggregation. Additionally, chronic microglial 

activation leads to neurotoxicity mediated by excessive pro-inflammatory cytokine release.  

Thus, modulating microglia activity to increase protein aggregate degradation and decrease neuroinflammation 

may be a promising strategy for pharmacological intervention.  

Here, we used THP-1 cells and human primary microglia isolated from post-mortem brain to assay uptake of 

disease-associated proteins and its effect on cytokine release. Microglia cultures were validated by the presence 

of established microglia markers (IBA1, TREM119, CD68) and the Fc-γ receptor I, II, and III. We assessed 

uptake of aggregated and fluorescently labeled abeta and α-synuclein by FACS analysis and determined time 

and concentration-dependency. Further, we measured the release of pro and anti-inflammatory cytokines in the 

presence of the aggregates. In summary, this model is suitable to test compounds that interfere with microglia 

activity. 
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Expression of genes of the vitamin K cycle in the mouse brain 
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Multiple sclerosis (MS) features immune and inflammatory damage to the myelin sheath. The vitamin K-

dependent protein (VKDP) Gas6 has been shown to stimulate CNS myelination. Gas6 functionality depends on 

a post-translational modification in a vitamin-K driven process, involving several enzymes of the vitamin K cycle. 

While this system is well characterised in the liver, little is currently known about the role of vitamin K in the 

brain. The aim of this study is to determine the expression of the VKDPs Gas6 and ProS1, and vitamin K cycle 

factors, in the mouse brain at different ages as well as CNS glial cells in culture.  

Mouse whole brain and liver tissue were obtained at different ages: P0, P7, P14, adult. In vitro primary cultures 

of neonatal mouse glial cells were set up, and microglia and astrocytes were separated through selective plating. 

All procedures were carried out under an approved UK Home Office project licence. Microglia cultures were also 

stimulated with lipopolysaccharide (LPS) to investigate the effects of immune challenge on gene expression. 

Total RNA was extracted from cells and tissues, and qRT-PCR was used to measure gene expression using 

Gapdh as reference gene. In addition, western blot was carried out to detect γ-glutamyl carboxylase (GGCX) 

protein, the key vitamin K-driven enzyme that functionally activates Gas6.  

In the liver, gene expression of the VKDPs Gas6 and ProS1 and the vitamin K enzymes NQO1, UBIAD1, 

VKORC1, GGCX were increased by severalfold throughout postnatal development. In the brain, the expression 

of these genes was lower. ProS1 and VKORC1 expression was stable at all ages tested; however, Gas6, 

GGCX, NQO1 and Ubiad1 expression decreased in the postnatal brain. The alternative vitamin K epoxide 

reductase gene, Vkorc1l1, a paralogue of the Vkorc1 gene, was higher in expression in the early postnatal brain 

than in the liver. All of the above genes were expressed in cultured mouse astrocytes and microglia, with Gas6 

being particularly highly expressed in microglia. Also, western blot revealed expression of GGCX protein in 

astrocytes. LPS challenge of microglia suppressed expression of all genes except NQO1, which was 

upregulated. In contrast, LPS did not alter expression in astrocytes.  

These results show for the first time that key factors of the vitamin K cycle are expressed in the brain, including 

in specific glial cells, and furthermore are altered by inflammatory conditions. Therefore, they indicate a potential 

role for endogenous, brain-derived, Gas6 in regulating the damage response in the MS brain.   
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Influence of microglia PPARγ activation in the control of purinergic-mediated astroglial proliferation 
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Laboratory of Pharmacology, Department of Drug Sciences, Faculty of Pharmacy, University of Porto, Porto, PT 

 

Astrocytes and microglia are the main cells coordinating the inflammatory response in the brain. During 

inflammation, damaged cells release ATP that, acting on P2 receptors, induce astroglial proliferation, which is 

important to form a glial scar preventing widespread inflammation and neurodegeneration1. Microglia have been 

shown to release interleukins and prostaglandins that impair P2 receptors in astrocytes, assuming pivotal roles 

in the coordination of astroglial responses, including astrocyte proliferation elicited by ATP2,3.  

The present study aims to identify the mechanisms behind microglia-astrocyte communication that modulate 

ATP-induced astroglial proliferation.  

Two types of primary glial cultures were prepared from cortical hemispheres of newborn rats (P0-P2): co-

cultures of astrocytes containing approximately 10-15% of microglia, and astrocyte cultures, containing 1% of 

microglia2. These cultures were used to evaluate the effect of drugs on methyl-[3H]-thymidine incorporation.  

In astrocyte cultures, ATP and its more stable analogue ATPγS (both at 0.1 mM) increased astroglial 

proliferation up to 266 ± 42% (n=6; P<0.05) and 185 ± 5% (n=3; P<0.05), respectively. However, in co-cultures 

of astrocytes containing 10-15% of microglia, the proliferative effect of ATP and ATPγS was abolished. In these 

cultures, the effect of ATPγS (0.1 mM; 105 ± 10%; n=7) was not restored by the non-selective cyclooxygenase 

inhibitor, acetylsalicylic acid (0.01-1 mM), nor by the 5-lipoxygenase inhibitor, zileuton (0.001-0.1 mM), but it was 

restored by indomethacin (0.01 mM; 180±12%; n=6, P<0.05) and by the PPARγ agonist, rosiglitazone (0.01 mM; 

166 ± 20%; n=4, P<0.05). Indomethacin (0.01 mM) did not change the ATPγS proliferative effect in astrocyte 

cultures.  

Microglia impairment of ATPγS-mediated astroglial proliferation is independent of eicosanoids produced by 

cyclooxygenase activation, but may involve other inhibitory messengers released by microglia which are 

modulated by PPARγ activation. This microglia-astrocyte communication may be relevant to a fine tune 

modulation of the inflammatory response, before glial scar formation. 
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Human genetics and neuropathology point to a role for microglia in Alzheimer's disease risk and development, 

but studying their activation in human tissue is exceedingly difficult. We combined microglial gene expression 

profiles from 18 different mouse studies to define modules of co-regulated genes, and used single-cell RNA-Seq 

data to confirm that these modules represent distinct activation states. We then analyzed bulk tissue RNA 

expression data from human patients and found that genes in both the pure "Disease-associated" module as 

well as other gene modules not elevated in mouse AD models, are elevated in human tissue, hinting at 

differences between mouse models and actual human disease.  

Knowing the limitations of bulk tissue analysis, we set out to produce gene expression profiles from purified 

microglia from archival Alzheimer's disease patient and control tissue. We identified a robust gene expression 

response associated with AD, reproducible with an orthogonal technology and a second brain region. 

Surprisingly, this response was almost completely distinct from that seen in mouse model microglia. Further 

understanding these discrepancies will be essential to successfully translate neuroinflammation-targeting 

therapeutics into the clinic. 
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A scaffolding protein Gab2 is involved in postnatal development and lipopolysaccharide-induced 

activation of brain microglia of the mice. 
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The Grb2-associated-binding protein-2 (Gab2) is a member of the Gab/DOS family located in the cytosol until 

phosphorylation occurs which then causes migration to the plasma membrane where they function as adapter 

proteins. Gab2 is important for development of mononuclear phagocytes and for regulation of macrophage 

activation. However, the role of gab2 in the development of brain microglia is not known yet. Herein, we report 

that Gab2 is involved in the postnatal development of microglia in mice. Western blot analysis displayed that 

Gab2 expression in the brain was detected at postnatal day 1 (P1) and was observed to increase until P14 but 

decrease thereafter. The tyrosine phosphorylation of Gab2 (pGab2) was also detected at P1 and was observed 

to increase until P14. We next examined the microglial development in Gab2 knockout (-/-) and heterozygote (+/-

) mice. No differences were detected in the cell body size of Iba1-labeled microglia between Gab2(+/-) and 

Gab2(-/-) mice at P14 and P56, but analysis of CD68 immunolabeling, an indicator of microglial activation, within 

Iba1+ cell displayed that the percentage area value of CD68 in microglia in Gab2(-/-) mice was significantly 

lower than that of Gab2(+/-) mice at P14 and P56. There were no differences in the cell body sizes of 

lipopolysaccharide (LPS)-activated microglia between Gab2(+/-) and Gab2(-/-) mice, but the percentage area of 

CD68 of them in Gab2(-/-) mice was significantly lower than that of in Gab2(+/-) mice. Our findings suggest that 

Gab2 is involved in postnatal development of microglia and microglial activation by LPS. We are working on the 

molecular mechanisms by which Gab2 regulates microglial development and activation. Since Gab2 has been 

known to be related to the development of Alzheimer diseases, further studies examining the roles of Gab2 in 

microglia will provide insight into the molecular mechanisms of brain inflammation and neurodegenerative 

disease such as dementia.  
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MyD88 inhibition rescues anxiety-like behavior induced by LPS and skews microglia polarization in the 

medial prefrontal cortex of mice 
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Microglia activation phenotype plays important roles in neuroinflammation and emotion modulation. 

Lipopolysaccharide (LPS) induced anxiety-like behavior in mice activated microglia through TLR4/MyD88 

signaling. Our work was designed to see the effect of MyD88 inhibition on microglia polarization and anxiety-like 

behavior in mice, using MyD88 inhibitory peptide (MIP). Adult C57 mice received intraventricular injection (icv) of 

LPS or LPS following MIP, and the behavior tests such as open field and elevated plus maze were conducted 48 

hours later. Then the animals were euthanized and the brains were removed for immunohistochemistry and 

western blot detections. The results indicated that LPS treatment induced significant anxiety-like behavior 

including significantly reduced time in the central area of open field and time in the open arm of elevated plus 

maze, while MIP administration rescued these changes in the behavior tests. Meanwhile, LPS significantly up-

regulated pro-inflammatory cytokines IL-1β and TLR4 protein levels in the brain, inducible nitric oxide synthase 

(iNOS) was significantly increased, compared with control animals. But in the MIP-LPS group, cytokines and 

iNOS were reduced to the similar levels to that of control group, and arginase-1 (ARG-1) protein level was 

elevated. Immunohistochemistry also shown microglia were dramatically activated in mPFC area and iNOS 

labeled microglia are significantly increased, while MIP administration rescued the number of iNOS positive 

microglia, and significantly increased the number of ARG-1 labeled microglia in mPFC. Our data suggest that 

MyD88 inhibition may rescue anxiety-like behavior induced by LPS and skew the microglia polarization to M2 in 

the brain. MyD88 could be serve as a target for regulating microglia polarization and emotions. 
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Myelination can be disrupted by exposure to environmental stressors, including maternal high-fat diet (mHFD), 

which can lead in some cases, to the development of brain disorders in the offspring. Recent studies in mice 

revealed that mHF, in particular, induces, in the offspring, hypomyelination and neuroinflammation, associated 

with behavioral deficits relevant to developmental disorders like autism spectrum disorders. Considering that 

microglia – the brain resident macrophages – coordinate neuroinflammatory response and contribute to 

myelination and circuit formation, we hypothesized that neuroinflammation may disrupt these crucial microglial 

functions causing abnormal myelination, altered functional connectivity, and behavioral deficits in the offspring. 

To investigate this, female mice were fed with control or HFD for 4 weeks before mating, during gestation, and 
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until weaning of their litter. Phenotypic characterization of male and female offspring was performed using an 

open field, 3-chambers assay, marble burying assay, elevated-plus maze and prepulse inhibition at adulthood. 

Blood and brain of the offspring were collected at postnatal day 30 to evaluate myelination and microglial 

function using reverse transcription quantitative PCR and immunohistochemistry. Our results reveal that mHFD 

induces chronic maternal inflammation and leads to the development of stereotypic behaviors in the adult 

offspring. This behavioral phenotype was associated with long-lasting disrupted integrity of the corpus callosum 

as assessed by Sudan Black B stain. Gene expression analyses identified sex-specific changes in the 

hippocampus of males exposed to mHFD, suggesting that the underlying mechanism are sexually dimorphic. To 

further characterize microglial function into the pathological onset, we sacrificed another cohort of animal for 

electron microscopy and are presently conducting analysis to assess ultrastructural changes of microglial 

interactions with myelinated axons and synapses. Our study will provide new insights into the impact of mHFD 

exposure on microglial function and their role in pathological brain development. 
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Cerebral malaria is an inflammatory disease, induced in Human by Plasmodium falciparum parasite, causing 

each year almost of 445 000 deaths. The physiopathology results from the sequestration of P. falciparum 

parasitized red blood cells in cerebral microvessels and an exacerbated inflammatory response including glial 

cell activation, brain infiltration by pathologic T CD8+ lymphocytes and high pro-inflammatory cytokines and 

chemokines production. In experimental cerebral malaria model (ECM), it has been shown a transfer of parasitic 

microvesicles (MVs) to astrocytes, a major brain cell population playing a fundamental role in homeostasis of the 

central nervous system, the maintaining of brain blood barrier integrity and local innate immune response. In this 

study, we show that an autophagy process is involved in the transfer of parasite microvesicles in primary culture 

of Astrocyte upon contact with Plasmodium berghei ANKA.  These parasite microvesicles can in turn induced a 

TLR3-mediated proinflammatory response of astrocytes characterized by an increased expression of NFkB and 

a high production of IP-10 and MCP-1.  Pretreatment of astrocytes primary cultures with 3-Methyladenine inhibits 

the autophagy process. These results strongly suggest a key role of astrocytes in the neuroinflammation 

associated with malaria. 
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Introduction : In Europe, traumatic brain injury (TBI) is a public health problem because it is the most common 

cause of disability in patients under 40 years of age (1). Recently, several study have demonstrated the 

development of tertiary lesions occurring up to several years after the TBI, during which a microglial 

neuroinflammatory phenomenon persists that may be responsible for post-concussive syndrome (2). The long-

term consequences of the TBI on microglial persistent activation suggest the role of epigenetic 

mechanisms.  Material & methods : We studied microglia epigenetic changes at forty-five days of moderate head 

trauma in male OF-1 mice at post natal day height; the microglial cells were extracted by magnetic sorting and 

we studied the chromatin status using the ATAC-seq method (Assay for Transposase-Accessible Chromatin with 

High Throughput Sequencing) (3).Results : The ATAC-seq method has highlighted 90 differentially accessible 

regions in the TBI versus control (Sham) groups. One of the identified genes by the annotation is Fkbp5 

described in the literature as a gene coding for glucocorticoid receptor co-chaperone protein, thus regulating the 

sensitivity of the Glucocorticoid receptor (GR). The analysis of the expression of Fkbp5 mRNA in qPCR revealed 

a subexpression of the gene in the group of TBI mice, in agreement with the decrease in accessibility observed 

near this gene by the ATAC-seq method. Finally, the glucocorticoid receptor response element is enriched in the 

90 TBI-affected regions. All of these results suggest the involvement of the GR in the long-term consequences of 

TBI.Conclusion : These results are very promising and encourage the study of the mechanisms involved in post-

concussion syndrome and more particularly the involvement of the microglial GR pathway. This study could 

allow the identification of signaling pathways and possibly new therapeutic targets. 
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Drug repositioning for new CNS injury treatment: Targeting on protection of blood-brain barrier 
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Introduction: Although accumulated evidences show that disruption of blood-brain barrier (BBB) contributes to 

the pathological mechanisms in many disease conditions in central nervous system (CNS), the therapeutic 

strategy to protect BBB functions from harmful stresses remains to be developed. The purposes of the current 

study are 1) to develop high-throughput screening assay (HTSA) for identifying candidate drugs to protect 

human brain endothelial cells (ECs) from oxidative stress, 2) to identify potential drugs to protect BBB functions 

from toxic stresses in CNS disease conditions and 3) to verify the protective effect of candidate drugs in mouse 

CNS injury model.  

Methods: Human brain EC cells (hCMEC/D3) on 96 well plates were incubated with various concentrations of 

hydrogen peroxide (H2O2) for 6 hours, and viability, cytotoxicity, and live/dead ratios were measured to 

determine the optimal condition for the HTSA. 1,600 existing drugs were screened using this new HTSA, and 

one of the top hit drugs were subject to subsequent dose dependency and oxygen-glucose deprivation (OGD) 

tests. Then, mixture of ECs, astrocytes, and pericytes from rat brains were cultured with or without a candidate 

drug under the OGD condition and trans-endothelial electrical resistance (TEER) and Na-F permeability were 

measured. Finally, C57BL/6 adult mice received intraperitoneal injections of a candidate drug or control, followed 

by cortex or spinal cord injury by wire-knife one day later. Next day, subjects were perfused, and brain and spinal 

cord sections were immunolabeled for IgG.  

Results and Discussion: 450μM was determined as the optimal concentration of H2O2 for HTSA, based on the 

fact that its Z’-factor, S/B ratio, and CV were 0.75, 2.9, and 4% respectively. . Actual HTS identified 44 existing 

drugs (2.7%) as candidates for BBB protection. One of the potential existing drugs, Berberine, an alkaloid 

compound extracted from natural herb, protected human ECs from OGD stress in dose dependent manner. 

Moreover, Berberine maintained TEER and Na-F permeability significantly more than a control under OGD 

condition. Further, subjects treated with Berberine had significantly smaller IgG positive area than control 

subjects after cortex injury, indicating its BBB protective effect. Collectively, these findings indicate that the newly 

developed HTSA can successfully identify candidate drugs to protect human brain ECs from toxic stresses and 

identifies Berberine as a potential drug to protect BBB functions from brain and spinal cord injury. Currently, 

further screening is ongoing to identify other potential drugs to protect BBB functions. 
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Berberine reduced IgG leakage after brain and spinal cord injury 
Berberine reduced IgG immunoreactivity area in both traumatic brain 

injury model and spinal cord injury model. Scale bar: 100µm. 
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Early-life stress alters the expression of genes related to glial and neurovascular functions in juvenile rat 

brain 

A. Solarz, I. Majcher-Maślanka, A. Chocyk 

Department of Pharmacology, Laboratory of Pharmacology and Brain Biostructure, Institute of Pharmacology, 

Polish Academy of Sciences, Cracow, PL 

 

Clinical and animal studies indicate that early-life stress (ELS) induces abnormalities during neurodevelopment 

contributing to childhood and adult psychopathology. Recently, research is increasingly concerning on the 

importance of glial cells in brain development and maturation as well as in pathology. Especially microglial cells 

strongly contribute to these early events through their involvement in neurodevelopmental apoptosis, facilitation 

of angiogenic sprouting, synapse pruning and engagement of glia-derived cytokines in synaptic plasticity. 

Furthermore, together with the blood-brain barrier (BBB), glia play a major role in maintaining the stable 

environment required for normal brain maturation.  

Focusing on relationship between glia and blood vessels, we hypothesize that ELS may affect the glial and 

neurovascular functions within selected brain regions implicated in the pathophysiology of neurodegenerative 

and mental disorders. To model ELS, the maternal separation (MS) procedure was conducted during the first 

two weeks of rodents’ life. Then, fluorescent tracer, sodium fluorescein dye (NaF), was used to study quantitative 

permeability of the BBB on postnatal day 15 in juvenile males. Additionally, using qRT-PCR we aimed to 

quantitate the transcript levels of glial markers, pro-inflammatory cytokines and thigh junctions proteins in the 

medial prefrontal cortex (mPFC), striatum and hippocampus.  

We found that BBB permeability was increased in the striatum of MS juvenile males, while it remained 

unchanged in the mPFC and hippocampus. However, we showed that in the hippocampus MS induced changes 

in mRNA expression of thigh junctions components representatives, i.e., Cldn3, Cldn5 and Jam3. Moreover, we 

found that MS caused a significant downregulation of glial markers expression, such as Aif1, Itgam and Gfap, in 

the mPFC and striatum. In contrast, astrocyte markers expression was increased in the hippocampus of MS 

juveniles. Additionally, as a consequence of MS, we observed disturbances in pro-inflammatory cytokines mRNA 

levels in all studied brain regions of juveniles.  

These findings demonstrate that ELS alters glial cells and BBB functioning during critical period of brain 

development and maturation what could lead to the impairment of several neurodevelopmental processes 

controlled and mediated by the glia. Such ELS-triggered effects may underlie pathophysiology of 

neurodegenerative and mental disorders. 
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Glial and vascular morphology in mouse model of Ataxia telangiectasia 
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Ataxia telangiectasia mutated (Atm) protein kinase is one of the most important master regulators of the DNA 

damage response, as it takes part in DNA double strand break repair. Loss of Atm activity causes ataxia 

telangiectasia (A-T). A-T is characterized by cerebellar degeneration and telangiectasia, formation of small 

dilated blood vessels. Such vascular alterations contribute to brain homeostasis imbalance. As the brain 

depends on a constant blood supply for proper function, vascular alterations cause changes in blood flow and 

lead to cellular dysfunction through changes in nutrient supply. Here, we established the glial and vascular 

morphology in the cerebella of A-T mouse models, using high throughput histology and in vivo two-photon 

imaging. We found blood brain barrier impairments specifically in Atm-/- cerebella but not in the cerebral cortex. 

Our data show that malfunction glial cells play a crucial role in vascular abnormalities in Atm-/- mice. 
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Characterization of local translation mechanisms in astrocyte perivascular endfeet 
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Interdisciplinary Research in Biology (CIRB), Paris, FR 
2Doctoral school n°158, Sorbonne Université, Paris, FR 
3INSERM U1050, Institut National de la Santé et de la recherche Médicale, Paris, FR 
4Mass spectrometry platform, Institut Curie, Paris, FR 

 

Astrocytes are the most numerous glial cells in the brain and are highly polarized. They display long processes 

contacting both synapses and blood vessels. At the vascular interface, astrocytes form perivascular endfeet and 

regulate several functions such as blood-brain-barrier integrity, neurovascular coupling or perivascular 

homeostasis. At the neuronal interface, perisynaptic astrocytic processes (PAP) along with the neuronal 

compartments form the tripartite synapse and participate in synapse formation, gliotransmission, recycling of 

neurotransmitters and ion homeostasis among other functions. This morphological and functional polarity are 

underlined by a molecular polarity, with specific and enriched molecules at each interface. How such polarity is 

set is unknown.  

Compartmentalization of mRNAs allowing local translation is one the most conserved mechanism for cell polarity 

and has recently been characterized in astrocytic perivascular 1 and perisynaptic processes 2. Based on these 

data, it was proposed that local translation might set molecular polarity in astrocytes.  

To explore how local translation is set and regulated in astrocytes, we aimed identifying the proteins bound to 
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polysomes (PBP). We developed a technique combining Translation Ribosome Affinity Purification in astrocytes 

using the Aldh1l1-eGFP/RPl10a mouse strain and Mass Spectrometry (TRAP-MS) to immunoprecipitate and 

identify astrocyte PBPs.  

We identified 249 proteins preferentially or specifically immunoprecipitated in Aldh1l1-eGFP/RPl10a astrocytes 

therefore possibly associated with polysomes. They belonged to the translational machinery, cytoskeleton or 

known RNA Binding Proteins, thus validating our approach.  

We are now focusing on the astrocyte vascular interface, taking advantage of the gliovascular purification 

technique developed in the laboratory 3. Our optimized TRAP-MS technique will be applied on copurified 

Aldh1l1-eGFP/RPl10a gliovascular units to identify the PBPs involved in local translation in astrocyte endfeet.  

Understanding how local translation is set in astrocytes at the gliovascular interface could reveal how 

cerebrovascular functions are regulated by astrocytes in physiological and pathological contexts. 
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MMP-3 suppresses neuroinflammatory processes by tightening the glia limitans upon optic nerve injury  
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Functional interactions between neurons, glia and the vascular endothelium of the blood-brain barrier (BBB), 

together forming the neurovascular unit (NVU), are affected in neurodegenerative and neuroinflammatory 

disorders of the central nervous system (CNS). Although matrix metalloproteinase-3 (MMP-3) has been 

associated with neuroinflammation and BBB disruption, its explicit involvement in the neuron-glia-vasculature 

crosstalk in the NVU has not been studied. As the neurosensory retina is an eminent model to study neuron-glia 

(dys)function, we investigated the role of this proteinase in an experimental mouse model of retinal 

neurodegeneration induced by optic nerve crush (ONC).  

Quantitative polymerase chain reaction (qPCR), immunohistochemistry and western blot analysis, revealed 

MMP-3 mRNA and protein expression to be highly upregulated in the radial processes and end-feet of the Müller 

glia/astrocytes at early time points after ONC. This augmented MMP-3 expression upon axonal injury seems to 

play a prominent role in the preservation and even tightening of the glia limitans, as evidenced by an increased 

mRNA and protein expression of specific astrocytic tight junction molecules (claudin1, claudin4, occludin and 

ZO-1) in wild type (WT) but not in MMP-3 deficient (Mmp3-/-) retinas. Our data further showed that this tightening 

is important to attenuate neuroinflammatory processes upon ONC. Indeed, Mmp3-/-mice showed an increased 

intravascular leukocyte adhesion, visualized by FITC-Concanavalin A lectin, as well as an increased myeloid cell 

infiltration, which was evaluated by flow cytometry. In addition, investigating retinal mRNA and protein levels via 

respectively qPCR and Bioplex analysis of inflammatory cytokines and chemokines revealed higher expression 

levels in Mmp3-/- mice compared to WT animals after ONC. Interestingly, these neuroinflammatory features have 

a prominent impact on retinal ganglion cell (RGC) survival analyzed using Brn3a immunostaining on retinal 

whole mounts, as MMP-3 deficiency/inhibition leads to an acceleration of neurodegeneration after ONC.  

Overall, our findings emphasize the relevance of MMP-3 in attenuating neuroinflammatory responses at the level 
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of the retinal NVU by tightening the glia limitans and as such protecting RGCs from neurodegeneration. Hence, 

our study points to a novel and intriguing role of MMP-3 in preserving the integrity of the retinal NVU upon axonal 

injury. 
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What are the mechanisms of white matter damage in CADASIL? 
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Cerebral small vessel disease (SVD) is among the leading causes of stroke and dementia. Cerebral autosomal 

dominant arteriopathy with subcortical infarcts and leukoencephalopathy (CADASIL) is the most common 

inherited form of SVD and is caused by a mutation in the NOTCH3 gene, which is exclusively expressed in 

pericytes and smooth muscle cells. Here we investigated the mechanism of white matter lesions (WMLs), which 

is among the earliest pathologies in CADASIL patients.  

It has been suggested that there is a loss of blood brain barrier (BBB) integrity in sporadic SVD, which may lead 

to a death of oligodendrocytes and white matter loss. This has not been shown in CADASIL. We first studied 

post-mortem tissue from CADASIL patients and found that there is significant heterogeneity between WMLs. 

Areas with lacunar or micro infarcts displayed an increase in fibrinogen extravasation, however WMLs without 

other tissue damage showed no sign of BBB leakage. To further investigate this we used a mouse model of 

CADASIL which develops WMLs but does not develop infarcts. In this model we found no extravasation of 

endogenous fibrinogen, nor of injected small or large tracers. We further found that there is no loss of pericyte 

coverage, which had previously been suggested as a cause of BBB leakage, nor is there a loss of 

oligodendrocytes or oligodendrocyte precursor cells, which has been suggested as a link between BBB leakage 

and WMLs. Together, these data suggest that while CADASIL patients may have some regional loss of BBB 

integrity, this is not a trigger for WMLs.  

The absence of a BBB or oligodendrocyte defect suggests that WMLs in CADASIL may begin with damage to 

the myelin sheath itself. To investigate this possibility, we used high pressure freezing electron microscopy to 

allow us to study the ultrastructure of myelin in both older CADASIL mice, and those at an earlier stage of the 

disease. 

 

T15-007B 

A role for PDGF-B in the stimulatory effect of exosomes from cerebral microvascular endothelial cells on 

proliferation of oligodendrocyte precursor cells. 

Y. Ishizaki1, M. Kurachi1, B. Xu1, T. Matsuzaki2 

1Molecular and Cellular Neurobiology, Gunma University Graduate School of Medicine, Maebashi, JP 
2Anatomy and Cell Biology, Gunma University Graduate School of Medicine, Maebashi, JP 

 

We previously reported transplantation of cerebral microvascular endothelial cells (MVECs) into cerebral white 

matter infarction model improved remyelination, when assessed by Luxol fast blue staining, and the animal's 

behavioral outcome, when assessed by the footprint test1. We also found that improved remyelination was 

accompanied by the increase in the number of oligodendrocyte precursor cells (OPCs)2. We also revealed 

exosomes (EVs) from MVECs promoted survival and proliferation of OPCs in vitro3. In this study, we 
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investigated the mechanism how exosomes from MVECs (MVEC-EVs) contribute to OPC survival and 

proliferation in vitro. As EVs from Rat fibroblast-like cell line (Rat-1) cells (Rat-1-EVs) promoted neither survival 

nor proliferation of OPCs, we compared the contents of MVEC-EVs and those of Rat-1-EVs.  

Protein mass spectrometry revealed 1,388 proteins in MVEC-EVs and 695 proteins in Rat-1-EVs, and 869 

proteins were found only in MVEC-EVs. Among these 869 proteins, we focused on PDGF-B, which is well known 

to promote OPC survival and proliferation. Enzyme-linked immunosorbent assay (ELISA) revealed 

approximately 10 pg PDGF-B in 1 μg of MVEC-EVs, while it was undetectable in Rat-1-EVs by ELISA. Western 

blotting using an anti-PDGF-B antibody revealed a clear band in the samples prepared from MVEC-EVs, while 

no clear band was seen in those from Rat-1-EVs. A neutralizing antibody against PDGF-B significantly reduced 

the promoting activity of MVEC-EVs on OPC proliferation, while it did not affect their activity on OPC survival. 

These lines of evidence suggest that PDGF-B in MVEC-EVs plays a role for their promoting activity on OPC 

proliferation.  

We are now trying to reveal the localization of PDGF-B in MVEC-EVs by immunoelectron microscopy. 
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Rapid intraperitoneal water injection causes acute hyponatremia that creates an osmotic gradient driving for 

water entry into the brain, leading to subsequent cerebral edema. Paravascular space has been suggested to 

participate in the fluid circulation in cerebral cortex, however, it has not been clarified whether it changes during 

the development of cerebral edema by water intoxication. Here we have established an in vivo imaging method 

with a closed cranial window (Tomita-Seylaz method) under isoflurane anesthesia to observe the paravascular 

space and astrocytes using CAG-GFP transgenic mice and intraperitoneal injection of sulforhodamine 101, 

respectively. In addition to the morphological assessment of paravascular space and astrocytes, we 

simultaneously monitored electro-corticogram (ECoG), cerebral blood flow (CBF), heart rate, and arterial blood 

pressure to examine physiological responses up to 40 min after the bolus injection of water. We found that water 
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injection (10% body weight) induced hyponatremia and biphasic responses; the transient systemic response 

such as reduction of CBF, heart rate and blood pressure, followed by the continuous response in ECoG and 

CBF. In the continuous response, heart rate and arterial blood pressure were stable at the same level as pre-

water injection. Cell body of astrocytes continuously swelled since the water injection, whereas paravascular 

space did not change in the acute response but got narrower gradually during the continuous responses. Further 

analysis of the biphasic responses may lead to the better understanding of physiological function of paravascular 

space and pathological mechanisms of cerebral edema. 
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The neurovascular unit (NVU) is a dynamic interface ensuring physiological CNS functioning, that gets affected 

and contributes to the pathology of neurodegenerative diseases. Neuroinflammation is a common feature of 

neurodegenerative diseases. It primarily relates to the activation state of perivascular microglia and astrocytes, 

two major cellular components of the NVU. Our studies focus on monitoring morphological changes of 

perivascular astrocytes, as well as their dynamic interactions with microglia, under physiological conditions and 

following systemic neuroinflammation. To this end, employing 2-photon laser scanning microscopy (2P-LSM) for 

intravital imaging of the cortex of transgenic mice we visualized microglia and astroglia dynamics following 

neuroinflammation induced by systemic administration of the endotoxin lipopolysaccharide (LPS). We evaluated 

cellular volume, arborization, cell body and processes motility as spatiotemporal changes of astrocytes and 

microglia. Our results point to a significant activation of perivascular astrocytes which become hypertrophic and 

highly proliferative, while they extend longer processes polarized towards the blood vessel walls during the first 

24h of LPS administration. In addition, we observed transient opening of the blood-brain-barrier (BBB) and 

concomitant infiltration of circulating blood cells into the brain parenchyma during the first hours after LPS 

administration. Immunohistochemical analysis revealed a translocation of the water channel receptor aquaporin-

4 (AQP4) from the astrocytic end-feet attached to the blood vessels to the astrocytic body and processes. 

Finally, our findings indicate that chemical ablation of microglia under neuroinflammatory conditions results in 

delayed activation of perivascular astrocytes, implying the contribution of microglia in the control of astrocytic 

activation. Our in vivo imaging approach reveals important new information related to the dynamics of the 

healthy and diseased NVU and the contribution of each cell type in brain’s inflammatory response. 

Acknowledgement 

We acknowledge support of this work by the projects “Infectious, autoimmune and neurodegenerative diseases: 

study of the pathogenetic mechanisms and development of diagnostic, prognostic and therapeutic approaches” 

(MIS 5002486) and “A Greek Research Infrastructure for Visualizing & Monitoring Fundamental Biological 

Processes” (MIS 5002755) .  

E643POSTERS

GLIA



  

 

 

T15-010B 

Glutaric acid effects on capillary contractility and pericyte migration: implications for GA-I pathogenesis 
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Glutaric Acidemia type I (GA-I) is an inherited neurometabolic childhood disease characterized by striatal 

neurodegeneration upon brain accumulation of millimolar concentrations of glutaric acid (GA) and related 

metabolites. Vascular dysfunction, including abnormal cerebral blood flow and blood-brain barrier damage are 

early pathological features in GA-I, although the affected cellular targets and the underlying mechanisms remain 

unknown. In the present study, we have assessed the effects of GA on capillary contractility in cerebral cortical 

slices and in pericyte cultures, as well as on the survival, proliferation and migration of cultured pericytes. GA 

induced a significant reduction in capillary diameter near pericyte somata (at a distance less than 10 um), 

suggesting that GA affects capillary diameter regulating pericyte contractile tone. However, GA did not affect the 

contractility of cultured pericytes, suggesting that the response elicited in slices involves GA evoke pericytes 

contraction by acting on other cellular components of the neurovascular unit. Moreover, GA indirectly inhibited 

migration of cultured pericytes, an effect that was dependent on soluble glial factors since it was observed upon 

application of conditioned media from GA-treated astrocytes (CM-GA), but not by direct GA addition to the 

medium. Remarkably, CM-GA showed increased expression of cytokines and growth factors  such as TIMP-1, 

VEGF-A, ICAM-I, among others, that might mediate the effects of increased GA levels not only on pericyte 

migration but also on vascular permeability and angiogenesis. These data suggest that some effects elicited by 

GA might be produced by altering astrocyte-pericyte communication, rather than directly acting on pericytes. 

Importantly, GA-evoked alteration of capillary contractility may account for the reduced cerebral blood flow 

observed in GA-I patients. 
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Activated microglia disrupt the blood-brain barrier and induce chemokines and cytokines in a rat in vitro 

model. 
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Severe neuroinflammation is associated with blood brain barrier (BBB) disruption in CNS diseases. Although 

microglial activation and the subsequent changes in cytokine/chemokine (C/C) concentrations are thought to be 

key steps in the development of neuroinflammation, little data are available concerning the interaction of 

microglia with BBB cells. In this study, we investigated this interaction by adding LPS-activated microglia (LPS-

MG) to the abluminal side of a BBB model composed of endothelial cells (EC), pericytes ( Peri) and astrocytes 

(Ast). We then examined the abluminal concentrations of 27 C/Cs and the interactions between the LPS-MG and 

BBB cells. LPS-MG caused collapse of the BBB, revealed by decreases in the trans-endothelial electrical 

resistance (TEER) and by changes in the expression levels of tight junction (TJ) proteins. Under these 
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conditions, 19 C/Cs were markedly increased on the abluminal side. Unexpectedly, although LPS-MG alone 

released 10 of the 19 C/Cs, their concentrations were much lower than those detected on the abluminal side of 

the BBB model supplemented with LPS-MG. Co-culture of LPS-MG with Ast caused marked increases in 12 of 

the 19 C/Cs, while co-culture of LPS-MG with EC and Peri resulted in a significant increase in only 1 of the 19 

C/Cs (fractalkine). These results suggest that C/C dynamics in this system are not only caused by activated 

microglia but also are due to the interaction between activated microglia and astrocytes. 
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Study of functional interactions at the astrocyte-vascular interface with fast 3D two-photon Ca2+ imaging 

in awake mice. 
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Cerebral blood flow is increased during neuronal activity. The blood is recruited to the capillary bed from the 

brain surface via penetrating arteries and arterioles. These vessels are continuously covered by astrocytic end-

feet, independent on cortical layer or vessel size. Since enhanced blood flow is generated by neuronal activation 

in deeper layers of the brain, the basis of vessel dilation differs between the cortical layers. The function of the 

astrocytic end-feet in this blood recruitment is not clear. Controversy exists over whether changes in astrocyte 

activity are rapid and prevalent enough to contribute to the control of blood flow in the brain (reviewed in Kisler et 

al., Nat. Reviews, 2017). Recent publications suggest that the discrepancy can be explained by a variance in 

astrocytic contribution at different positions in the vascular tree, with efficacy at capillary but not arteriole level 

(Biesecker et al., J. Neurosci., 2016; Mishra et al., Nat. Neurosci., 2016). Another source of misunderstandings 

are substantial variabilities in how the Ca2+ changes in astrocytes are studied with regards to size, timing and 

incidence. Often the time-resolution of the experiments is limited by the method of imaging. We have shown that 

using appropriate settings allows for detection of a fast Ca2+ response in astrocytes, notably in their end-feet, to 

somatosensory stimulation (Lind et al., PNAS 2013; Glia, 2017). This was done in anaesthetized mice. Since 

both astrocytic Ca2+ (Bindocci et al., Science, 2017) and blood flow responses (Takuwa et al., Brain Res., 2012) 

are severely affected by anesthesia, we decided to study the dependency of vascular responses on fast 

astrocytic Ca2+ changes in awake mice. In particular, we compared the vascular response in cortical layer I to 

layer II/III. For this, we took advantage of the 3D Ca2+ imaging approach recently developed in our lab (Bindocci 

et al., Science, 2017) and monitored dynamics in vessels and astrocytic end-feet simultaneously, on multiple 

focal planes were 1st order capillaries branch from the penetrating arterioles (Figure 1). Vessels were loaded 

with a red fluorescent dye, while astrocytes genetically expressed the Ca2+ sensitive indicator GCaMP6f. 3D 

scanning conditions were set to allow quasi-simultaneous monitoring fast local Ca2+ increases in astrocyte end-

feet at arteriole and capillary level, while spatial-temporal resolution was sufficiently high to monitor and define 

their temporal sequence with respect to vascular diameter changes. These experiments are ongoing, and the 

results will be presented at the meeting.  
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Neuron-glia interactions in neurovascular coupling 
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A large diversity of interneurons in terms of morphology, connectivity, molecular and functional properties 

warrants a signalling specificity to surrounding neurons that is crucial to generate the functional heterogeneity 

that characterizes brain circuits. Recently, we provided in vivo evidence of an interneuron type-specific signalling 

to astrocytes in the mouse somatosensory cortex (Mariotti et al. 2018). Astrocytes may, therefore, represent 

functional non-neuronal components of inhibitory circuits. The main goal of my project is to understand whether 

GABA-activated astrocytes are directly involved in neurovascular coupling mechanisms. Cerebral blood flow is 

controlled by the neuro-vascular unit which comprises different cells including astrocytes. The astrocytic fine 

processes and the end-feet are strategically positioned to contact neuronal synapses and cerebral blood 

vessels, respectively, and their Ca2+ changes in response to glutamatergic signalling have been reported to 

contribute to local cerebral blood flow (CBF) changes evoked by high neuronal activity (Zonta et al. 2003). We 
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here advance the hypothesis that Parvalbumin-expressing (PV) interneurons - that are rapidly activated by 

sensory stimulation - signal directly to astrocytic end-feet where they activate GABA receptor-mediated Ca2+ 

elevations and, in turn, the release of vasoactive molecules. To address this hypothesis, in anaesthetized mice 

we apply a combination of optogenetics, electrophysiology and single/2-photon laser scanning microscope Ca2+ 

imaging in neocortical neurons and astrocytes expressing genetically encoded Ca2+ indicators. Preliminary 

results suggest that optogenetic PV interneuron activation induces an overall increase in astrocytic Ca2+ signals 

at soma and small processes around capillaries and arterioles (4-11 μm diameter), whereas no responses of 

endfeet in contact with larger arterioles (15-25 μm diameter) were detected. These data needs to be validated in 

a larger number of experiments.  
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Pools of postnatal brain Neural Stem Cells are clustered in specialized microenvironments called stem cell 

niches. One such niche is located at the Subependymal Zone (SEZ) of the lateral walls of the brain’s lateral 

ventricles. We have previously shown the specific aggregation of platelets (PLTs) within the vasculature of the 

niche in response to a focal demyelinating lesion in the adjacent corpus callosum and the pro-survival effects 

that PLT-derived factors exert on pbNSCs in vitro (Kazanis et al., 2015). Here, we extend our investigation by 

co-culturing SEZ-derived pbNSCs and PLTs in order to assess the effects of their cell-to-cell interaction. Our 

data revealed that pbNSCs co-cultured with high densities of PLTs, but in the absence of the necessary mitotic 

factors EGF and FGF2, retain normal levels of proliferation. Moreover, the presence of PLTs led to increased 

percentages of oligodendrogenic progenitors (immunopositive for Olig2) under proliferation conditions, but did 

not result in differentiation bias after removal of growth factors. Finally, when co-cultures were set up using PLTs 

isolated form the Nbeal2-/- mice, in which α-granules are not functional, the effect on the oligodendrogenic 

lineage of pbNSCs was abolished. Altogether our results reveal a role of PLTs in the regulation of pbNSCs that 

is partly dependent on α-granules. 
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Reactive oxygen species mediate amyloid β-evoked brain pericyte constriction and capillary blood flow 

compromise in Alzheimer’s disease 
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Vascular dysfunction occurs early in Alzheimer’s patients, leading to reduced energy supply and 

neurodegeneration. Amyloid β (Aβ) has been shown to cause pericyte-mediated brain capillary constriction, via 

oxidative stress and endothelin signalling (unpublished work from the Attwell lab), but the origin and identity of 

the reactive oxygen species (ROS) affecting the capillaries have not been determined. By measuring capillary 

diameter changes at pericyte locations on rat cortical brain slices under a bright field microscope, we show that 

Aβ 1-42 (72 nM) evokes pericyte-mediated constriction of ~20% after one hour. This process is associated with 

NADPH oxidase (NOX)-induced oxidative stress, since blocking NOX with diphenyleneiodonium (DPI, 10 µM) 

completely abolished this effect of Aβ. To define the subtypes of NOX involved, we used ebselen and 

GKT137831 to inhibit NOX2 and NOX4 respectively. Blocking NOX2 with ebselen (2 µM) blocked only 45% of 

the Aβ-evoked vasoconstriction, whereas blocking NOX4 with GKT137831 (0.45 µM) completely inhibited the 

vasoconstriction. We then tested the effect of H2O2, the main product of NOX4, which evoked a pericyte-

mediated capillary constriction of ~20% after 20 minutes, consistent with NOX4 activation leading to 

vasoconstriction. Hydroxyl radicals, arising from the reaction of hydrogen peroxide and iron, may mediate this 

process, because applying deferoxamine (100 µM), an iron chelator, blocked the decrease in capillary diameter 

evoked by Ab. Aβ-evoked capillary vasoconstriction was not produced by peroxynitrite, nor by depletion of 

vasodilatory nitric oxide upon reaction with superoxide, since inhibition of nitric oxide synthase by L-NNA (100 

µM) had no effect on the Aβ-induced vasoconstriction. To identify the cells generating the ROS that evoke 

capillary constriction, we used dihydroethidium imaging. Surprisingly we found that, while Iba1-expressing 

immune cells increased their ROS production by a factor of 1.8, the majority of ROS were generated by 

pericytes (increased by a factor of 7.3).  Taken together, these findings indicate that Aβ exerts its effect on 

pericytes through a pericyte NOX4-mediated increase in the concentration of hydroxyl radicals, which act on 

pericytes to constrict capillaries. This suggests that NOX4 and hydroxyl radicals might be important therapeutic 

targets for inhibiting Aβ-induced pericyte constriction, vascular compromise and neurodegeneration in 

Alzheimer’s disease. 
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The Ca2+-gated Cl- channel TMEM16A is a crucial mediator of pericyte contraction in the CNS 

microvasculature 
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2Department of Pharmacology, University of Oxford, Oxford, GB 

 

Active neurons increase their blood supply (to receive more oxygen and glucose) in part by signalling via 

astroglia to contractile pericytes wrapped around capillaries. Pericytes constrict capillaries in response to rises of 

[Ca2+]i caused: by Ca2+ release from internal stores (by agonists such as thromboxane A2 or endothelin-1), by 

depolarisation-evoked Ca2+ entry via voltage-gated Ca2+ channels, or in ischaemia when a lack of intracellular 

ATP slows Ca2+ pumping. We now show that the Ca2+-gated anion channel TMEM16A is expressed on 

pericytes, and plays an essential role in mediating the pericyte contraction evoked by [Ca2+]i rises. Consistent 

with transcriptome data, immunohistochemistry demonstrated that TMEM16A is expressed on capillary pericytes 

in cerebral cortex. The reduction of capillary diameter evoked by thromboxane A2 or endothelin-1 was 

significantly reduced in the presence of the TMEM16A blockers Ani9 or MONNA. Removing the depolarizing Cl- 

gradient across the cell membrane by blocking NKCC1 with bumetanide also abolished the contraction, and this 

was restored by lowering [Cl-]o to re-introduce a depolarizing gradient of Cl- ions. Blocking TMEM16A improved 

cerebrovascular perfusion after ischaemia in vivo. These data suggest that an initial elevation of [Ca2+]i triggers 

the opening of TMEM16A channels, via which Cl- exit depolarises the cell and evokes a large contraction by 

opening voltage-gated Ca2+ channels. Thus, TMEM16A may play an essential role in regulating pericyte tone 

and hence cerebral blood flow. Targeting TMEM16A could open up novel therapeutic approaches for treating 

disorders of cerebral blood flow. 
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Capillary endothelial cells respond to neural activity 
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Capillary changes could have a particularly important effect on cerebral blood flow, because the majority of the 

resistance to blood flow within the brain is located in capillaries, and because local regulation of cerebral blood 

flow occurs at the capillary level. Endothelial cells cover capillary walls entirely and may participate in the local 

control of cerebral blood flow by propagating retrograde dilating signals to arterioles, and inward rectifier K+ 

channel located on capillary endothelial cells may contribute to functional hyperaemia (1). We have thus 

developed a transgenic mouse expressing a GCaMP calcium indicator specifically in endothelial cells, to 

investigate how endothelial [Ca2+]i may contribute to regulating cerebral blood flow in health and disease.  

We find that [Ca2+]i  increases in capillary and arteriole endothelial cells during functional hyperaemia evoked by 

somatosensory stimulation in vivo. Capillary endothelial cells in cortical slices also respond to endothelin, the 
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release of which is increased in pathologies such as diabetes mellitus and Alzheimer’s disease. Application of 

endothelin constricted both capillaries (at pericyte locations) and arterioles (after an initial dilation), and 

increased the [Ca2+]i in endothelial cells of both capillaries and arterioles.  

Endothelial [Ca2+]i  also changed during haemodynamic changes evoked by spreading depolarization and anoxic 

depolarization in vivo. As for neurons and astrocytes (2) [Ca2+]i increased in endothelial cells during the dilation 

evoked by KAc -evoked spreading depolarization, both at capillaries and arterioles. Anoxic depolarization 

triggered by anaesthetic overdose evokes a vasoconstriction at capillary pericytes (3) and we found that [Ca2+]i is 

increased in capillary endothelial cells during this constriction.  

These [Ca2+]i changes, by releasing endothelium-derived messengers or propagating into mural contractile cells, 

may contribute to the regulation of cerebral blood flow. 
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Blood vessels regulate oligodendrocyte precursor specification via a bidirectional crosstalk 

I. Paredes Ugarte1, J.R. da Cruz Vieira1, H. Adler1, E. Giannakouri3, H.G. Augustin1,3, C. Ruiz de Almodóvar1,2 

1European Center for Angioscience, Heidelberg University, Mannheim, DE 
2Institute for Transfusion Medicine and Immunology, Heidelberg University, Mannheim, DE 
3Division of Vascular Oncology and Metastasis, German Cancer Research Center, Heidelberg, DE 

 

Research over the past two decades has revealed that the vascular and the central nervous systems (CNS) 

influence reciprocally via an intricate crosstalk for assuring proper development, sustaining tissue homeostasis 

and instructing repair. This communication is achieved in both systems by sharing signaling molecules that play 

parallel roles in processes like guidance, neurogenesis/gliogenesis, angiogenesis, and neurological disorders. 

Furthermore, a growing amount of evidence supports that communication between oligodendroglia and the 

vasculature sustains oligodendrogenesis and tissue homeostasis.  

Notably, we found that the prototypic angiogenic factor Angiopoietin 1 (Ang1) is expressed in neural progenitor 

cells (NPCs). This expression pattern highly correlates with oligodendrocyte precursor (OLP) specification at the 

time when OLPs emerge from the motor neuron progenitor domain (pMN) in the mouse embryonic spinal cord. 

We show that the pMN express Ang1 in a dynamic spatiotemporal manner and that Shh regulates Ang1 

expression, which is required for Shh-induced OLP specification. Deletion of Ang1 in all NPCs or pMN 

progenitors results in defective OLP specification. Notably, ablation of the Ang1 receptor (Tie2) in endothelial 

cells (ECs) of blood vessels mimics the phenotype, indicating the requirement of an NPC-vascular crosstalk for 

OLP generation. Mechanistically, we found that Ang1/Tie2 signaling regulates EC-derived factors that are 

required for OLP specification. In summary, our data demonstrate for the first time that OLP specification 
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requires a bi-directional neural-vascular crosstalk involving Ang1/Tie2 signaling and brings new mechanistic 

insights of how angiocrine factors shape and guide CNS development. 

 

T15-019B 

Caveolin-1 in neovaccularization and astrogliosis after stroke and effects of cavtratin as a 

neuroprotectant 

L. Buscemi1, C. Blochet1,2, T. Clément2, J. Badaut2,3, L. Hirt1 

1Department of Clinical Neurosciences, Lausanne University Hospital, Lausanne, CH 
2CNRS UMR 5287, University of Bordeaux, Bordeaux, FR 
3Basic Science Department, Loma Linda University School of Medicine, Loma Linda, US 

 

After stroke, complex cellular and molecular events occur in the neurovascular unit (NVU) that contribute to 

neuronal death, neurological deterioration and mortality. Caveolin-1 (Cav-1), mainly present in brain endothelial 

cells, has a dual mode of action associated with 1) caveolae formation (involved in endocytosis and transcytosis) 

and 2) modulation of signaling pathways through its scaffolding domain. Although Cav-1 is likely to be an 

important player in the context of NVU dysfunction, its role after stroke is still controversial. The goal of the study 

was to investigate a role of Cav-1 in the acute phase of stroke and evaluate its potential as a neuroprotective 

agent using Cavtratin, a cell-permeable peptide containing the scaffolding domain of Cav-1. We first compared 

wild type (WT) and Cav-1 knock-out (KO) mice after ischemia-reperfusion using a transient Middle Cerebral 

Artery Occlusion (tMCAO) model. Outcome measures including lesion volume, behavioral tests, and 

immunofluorescence staining were collected up to 7 days after injury. After tMCAO, Cav-1 expression was 

increased in new blood vessels within the lesion and we show for the first time its presence in reactive astrocytes 

in the perilesion. Cav-1 KO mice exhibited a more severe post-stroke outcome with larger lesions and worse 

behavioural scores than WT mice in all tests. Cav-1 KO mice exhibited reduced neovascularization and modified 

astrogliosis compared to WT mice 3-days post injury, associated with the aggravated functional deficits. We then 

performed blinded randomized IP injections of Cavtratin or control scrambled peptide (2.5 mg/kg) 3 hours after 

reperfusion and evaluated the same outcome measures. Preliminary results show that mice injected with 

Cavtratin perform better in behavioral tests and display some features of neuroprotection. These results point 

towards a potential protective role of endogenous Cav-1 in the first days after ischemia by promoting both 

neovascularization and astrogliosis, and that single injection of Cavtratin may facilitate post-stroke recovery. 
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Low sulfated heparins target multiple proteins for central nervous system repair. 
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The poor repair that follows CNS injury leads to permanent disabilities for which effective treatments are limited. 

After injury, the glial scar that forms is one factor-preventing repair. Previously, we demonstrated that heparins 

modified by selective desulphation (mHeps) reduce features of astrogliosis. mHeps are a class of 

glycomolecules with structural similarities to resident heparan sulfates (HS) that comprise repeating disaccharide 

units with variable sulphation patterns. HS are key modulators of cell signalling by both sequestering ligands 

(including chemokine/cytokines) in the ECM and acting as cofactors in the formation of ligand-receptor 

complexes. To assess whether mHeps would affect other neural cell types, we treated mixed neural cultures to 

determine their effect on myelination and neurite outgrowth. Using myelinating co-cultures (MC) we demonstrate 

that the degree and positions of the sulphate moieties on mHeps are crucial for their biological effects. 

Specifically, monosulphated compounds at C2 and N positions have the greatest effect on promoting neurite 

outgrowth and (re)myelination, whereas, highly sulphated heparin isoforms had detrimental effects. No effects of 

mHeps were seen on naturally developing MCs (MC-Dev), suggesting that the beneficial/detrimental effects of 

mHeps were due to interactions with factors secreted during the injury process. Comparison of the secreted 

factors from the various MCs illustrated differences in the profile of chemokines/cytokine released. To identify 

factors that interact with the most effective mHep (mHep7) we carried out a TMT-LC-MS analysis on affinity 

purified conditioned media. Numerous factors were identified including amyloid beta A4, further investigation 

established the ability of amyloid beta peptide (1-42) to inhibit myelination, this effect could be overcome with co-

treatment of mHep7. We propose that desulphated mHeps may be novel therapeutics for CNS repair. 
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Gene expression in rejuvenated repair Schwann cells in aged mice or in chronic injured nerves. 
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Rodent peripheral nerves have a striking regenerative potential. In larger animals however, including humans, 

regeneration frequently fails, representing a significant clinical and economic problem. A number of factors 

contribute to this problem, including in particular the adverse effects of long-term denervation on Schwann cells 

(SC), but also target atrophy, axonal misrouting and the inability of neurons to sustain axon growth.  

Aging also represents a major obstacle to successful nerve repair both in humans and in many animal species. 

Analysis in mice has shown that this is not due to reduced neuronal activation of regeneration–associated genes 

or reduced ability of older neurons to grow axons (Painter et al, 2014). Rather, the SCs of older animals fail, to 

fully activate repair-supportive genes in response to injury, including c-Jun, and these cells provide reduced 

support to growing axons. Thus, aging results in subdued expression of the repair SC phenotype, resulting in 

regeneration failure.  

This work shows that the strength of Schwann cell support for regeneration might be expected to be sensitive to 

c-Jun levels in SCs. This notion is supported by the observation that removal of c-Jun from SCs results in 

functionally impaired repair cells and regeneration failure (Arthur-Farraj et al, 2012). We find that SC in injured 

nerves of aged mice and in long-term denervated nerves express subdued levels of c-Jun. On this basis it is 

possible that poor regeneration through older or long-term denervated nerves, is due to the inability of SC in 

these nerves to maintain high levels of c-Jun. To test this, we generated a mouse (c-Jun OE/+ mouse), that 

maintains high c-Jun levels in aged and long-term denervated SC. In these mice, the regeneration defect seen in 

aged or long term denervated nerves is corrected, as measured by backfilling and fibre counts. We also report 

on global changes in SC gene expression due to aging and long-term denervation and how this is affected by 

elevated c-Jun expression in c-Jun OE/+ mice.  

The results highlight the c-Jun pathway as a possible target for improving aged regeneration. 
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Repair Schwann cells but not Schwann cell precursors have axon regeneration effects after peripheral 

nerve injury 
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Although peripheral nerve can regenerate, clinical outcomes after peripheral nerve injuries (PNI) are still 

unsatisfactory, especially in severe and proximal injury cases. Accumulated evidences show that Schwann cell 

(SC) graft is one of potential approaches for regenerative therapy after PNI. While the graft of glial precursors 

supports axon regeneration in adult central nervous system (CNS), it remains to be elucidated that SCs at 

developmental stages promote regeneration of adult axons after PNI. The purpose of the current study is to 
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elucidate the axon promoting effects of developing SCs after PNI. Total of 4 types of SCs were tested, including 

1) SC precursors (SCPs), 2) immature SCs (ISCs), and 2 types of mature SCs, which were 3) repair SCs 

(RSCs) and 4) non-RSCs. All cells were prepared from RFP transgenic Lewis rats. SCPs, ISC, and non-RSCs 

were harvested from intact sciatic nerves at embryonic day 14 (E14), E18, and postnatal 10-12 weeks. RSCs 

were isolated from transected adult sciatic nerves at 1 week after injury. One million of prepared cells were 

grafted into 25 mm long cell-free region with crush injury in a sciatic nerve of a syngeneic Lewis rat. Cell-free 

area was achieved by repeated freeze and thaw procedures with liquid nitrogen. Injury alone (no cell-free region) 

and no cell graft groups were used as positive and negative controls respectively. Two weeks after injury and 

grafts, the RSCs group showed the greatest axon regeneration among all cell graft groups, although its extent 

was still significantly reduced compared to the positive control. Non-RSCs was the next effective cell type. 

Surprisingly, SCPs and ISCs failed to support axon regeneration at all, even though they maintained high 

proliferative ability after grafting. Further, in vitro culture of dorsal root ganglion (DRG) neurons at adult and 

embryonic (E14) stages in combination with RSCs and SCPs demonstrated that RSCs but not SCPs promoted 

neurite outgrowth of adult DRG neurons and that RSCs and SCPs didn’t stimulate neurite outgrowth of E14 DRG 

neurons. The molecular mechanisms underlying this marked difference of axon promoting effects between RCSs 

and SCPs were partially verified by transcriptome analysis showing a distinct difference of gene expression 

profiles and by ELISA of neurotrophic factor productions. These findings indicate that, unlike CNS, SCs at 

developmental stages don’t support regeneration of adult axons after PNI and that mature SCs, especially 

RSCs, are good candidates as a graft cell type for regeneration therapy after PNI. 
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M.-D.-M. Romero-Alemán, J.-E. Hernández-Rodríguez, J.-M. Pérez-Galván, M. Monzón-Mayor 

Instituto Universitario de Investigaciones Biomédicas y Sanitarias, Universidad de Las Palmas de Gran Canaria, 

Las Palmas de Gran Canaria, ES 

 

The nervous tissue regulates the homeostasis, inflammation and healing process in all the body organs 

(Parfejevs et al., 2018). In addition, natural and synthetic materials mimetizing the microscopic organization of 

the extracellular matrix (ECM) in healthy tissues can provide suitable bioscaffolds for cell growth and tissue 

regeneration. Our purposes were 1) To compare the neuritogenesis response of dorsal root ganglion (DRG) 

neurons in culture media containing aligned and non-aligned electrospun matrices of the biocompatible and 

biodegradable polymer PHBV [Poly(3-hydroxybutyrate-co-3-hydroxyvalerate)] as a pure component as well as 

using blends of PHBV/Aloe vera and PHBV/Honey, 2) To perform a preliminary in vivo study on the their effect in 

the skin regeneration, a peripheral target organ of DRG neurons. Neonate rat DRG neurons were cultured in 

DMEM/F12 (1:1) media containing aligned and non-aligned electrospun nanofibers of PHBV, PHBV/Aloe vera 

and PHBV/Honey. At the 7th day, the neuritogenesis response was detected using anti-neurofilament 

immunostaining. Data were quantified using the image-J software (NIH, USA) and analysed statistically. 

Comparisons of media and standard deviations were considered significant at p < 0.05. Full-thickness excisional 

wound splinting model was performed in three groups of adult mice to mimic human skin wounds (Davidson et 

al., 2013). The non-aligned matrices mentioned above, simulating the dermal ECM, were inserted in the wound 

beds and permanently covered by sterile band-aids for 37 days. Then, skin biopses were histologically 

E654 POSTERS

GLIA



  

 

 

processed for Masson's trichrome staining. In all the in vitro experiments the orientation of nanofibers specified 

the direction of DRG neurite growth. However, the intensity of anti-neurofilaments immunostaining was higher in 

presence of PHBV/Aloe vera and PHBV/honey than with PHBV which indicates a more effective neurite 

outgrowth in presence of these hybrid nanofibers. At 37 days postlesion, all the in vivo groups showed recovery 

of the epidermis, hair follicles and sebaceous glands. Moreover, a mixture of granulation tissue and foreign body 

reaction to these three matrices was observed in the deep dermis, which needs further studies to be interpreted. 

We conclude that hybrid nanofibers containing Aloe vera or Honey could play roles in neuronal polarization 

and neuritogenesis and have potential uses as scaffolds for axon guidance, tissue regeneration and for tissue 

engineering applications (WO2017153619A1). 
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Investigating oligodendrocytes plasticity after nerve lesion 
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The peripheral nervous system (PNS) has a high regenerative capacity after nerve lesion. This capacity is 

largely due to the high plasticity of Schwann cells (SCs), the myelinating glia of the PNS. Indeed, after lesion, 

SCs are able to clear axonal debris, initiate myelin breakdown, dedifferentiate, and convert into repair cells that 

promote axonal regrowth. Subsequently they are able to remyelinate regenerated axons. In contrast, the central 

nervous system (CNS) shows an extremely limited regenerative ability. After a CNS lesion, oligodendrocytes 

(OLs), the myelinating glia of the CNS, do not undergo de-differentiation and do not participate to myelin 

clearance. They remain inactive or undergo apoptosis and myelin debris, which contain several myelin-

associated inhibitory molecules, impair axonal regrowth. Therefore, an efficient clearance of myelin debris could 

be essential for axon regeneration. Previous work of our group indicates main gene regulation differences in OLs 

and SCs after nerve injury. Particularly, RNA sequencing analysis revealed that 7 genes were oppositely 

regulated after lesion. Analysing these differences may provide some insights in order to understand how to 

induce a SC-like behaviour in mature OLs. In the PNS, myelin clearance after a nerve lesion is initiated by SCs 

before macrophage invasion, throughout a particular type of selective autophagy called myelinophagy. It has 

been proposed that during myelinophagy, SCs forms a phagocytic cup-like structure which engulfs myelin 

fragments into the SC cytoplasm where they can be selectively recognized or addressed to the phagopore for 

the autophagic destruction. To date, myelinophagy has not been described and does not appear to occur in OLs 

after a CNS lesion. Therefore, by analysing differences in cell behaviour, cell- cell interaction, gene expression 

and regulation occurring in SCs and OLs after nerve lesion we aim to induce myelinophagy in mature OLs. For 

this purpose, we are employing an in vitro model of myelinating neuron/SCs and neuron/OLs primary co-cultures 

that our lab has previously established, which showed recapitulation of the main CNS and PNS behaviours after 

lesion. We will then validate our findings in vivo in mouse models of PNS and CNS lesions. 
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Control chromatin remodelling enzymes in Schwann cells to improve peripheral nerve regeneration 
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The capacity of the peripheral nervous system (PNS) to regenerate is largely promoted by the PNS myelinating 

glia, namely Schwann cells (SCs). After an injury, myelinating SCs show a high plasticity and convert into repair 

SCs, displaying regeneration-supportive features. Those features include the secretion of neurotrophic factors, 

the degradation of the myelin sheath, and the recruitment of immune cells. Furthermore, they form a scaffold 

called bands of Büngner, which provides a substrate for elongation of regenerating axons from the injury site to 

their previous targets. Once axon regrowth is completed, repair SCs re-differentiate into myelinating SCs and 

remyelinate axons. The transition from one phenotype to the other is controlled by a complex interplay between 

positive and negative regulators of myelination, which requires a fine-tuned regulation of their transcription. 

Together with transcription factors, chromatin remodelling enzymes control the phenotypic switches occurring in 

SCs after lesion. A previous study in our group highlighted two paradoxical functions of histone deacetylase 2 

(HDAC2) during the regeneration process. On one hand, HDAC2 slows down axonal regrowth by delaying the 

conversion of SCs into repair SCs. On the other hand, HDAC2 acts as a positive regulator of remyelination. This 

study also proposes a new therapeutic strategy to improve PNS regeneration. Indeed, a short-term inhibition of 

HDAC2 early after lesion improves functional recovery. Enhancing axonal regrowth rate after large distal PNS 

lesions, especially in humans, is crucial because axons have to regrow over long distances. A critical time 

window has to be observed since chronically denervated SCs no longer support axonal regeneration. Our 

current project focuses on another chromatin remodelling enzyme, which is strongly upregulated in SCs after 

sciatic nerve crush. We now aim at identifying the functions of this enzyme during the regeneration process. For 

this purpose, we carried out sciatic nerve crush lesions in mice lacking our candidate protein specifically in SCs. 

Western blot, BrDU proliferation assay and electron microscopy analyses suggest a faster demyelination in the 

knockout mice, which could promote the speed of axonal regrowth. Furthermore, behavioural tests reveal a 

faster sensory and motor recovery. We are now studying the mechanism of action of our candidate. To this end, 

we will perform mass spectrometry analysis to identify potential binding partners. We will also carry out 

chromatin immoprecipitation and luciferase gene reporter assay to determine the target genes of our candidate 

protein. Taken together, a combined, short-term inhibition of HDAC2 and our new target protein may further 

enhance axonal regeneration and functional recovery. 

 

T16-007B 

Phosphodiesterase 4D inhibition boosts remyelination in multiple sclerosis 

M. Schepers1,2, D. Paes1,2, A. Tiane1,2, E. Houben1, O. Bruno3, C. Brullo3, N. Hellings1, J. Prickaerts2, T. 

Vanmierlo1,2 

1Neuro-Immune Connection and Repair, Hasselt University (Biomed), Diepenbeek, BE 
2School for Mental Health and Neuroscience, Maastricht University, Maastricht, NL 
3Department of Pharmacy, University of Genova, Genova, IT 

 

Progressive multiple sclerosis (pMS) is a chronic demyelinating disorder of the central nervous system (CNS). 

pMS is featured by failing remyelination processes due to the inability of oligodendrocyte precursor cells (OPC) 

to differentiate into myelin-forming oligodendrocytes.  Phosphodiesterase 4 (PDE4) is a family of enzymes that 
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hydrolyze and inactivate cyclic adenosine monophosphate (cAMP), a second messenger crucially involved in 

OPC differentiation. We recently found that the aspecific PDE4 inhibitor roflumilast induces in vitro and in vivo 

remyelination. Yet, the use of aspecific PDE4 inhibitors coincides with emetic side-effects at the repair-inducing 

dose. Therefore, we hypothesize that selective inhibition of PDE4D promotes remyelination at non-emetic doses. 

The PDE4D inhibitor Gebr32a (5µM) accelerated in vitro OPC differentiation and showed accelerated ex vivo 

remyelination in lysolecithin-demyelinated mouse brain slices. Next, 10-week-old male C57bl6 mice were 

subjected to demyelination in the cuprizone model (6 weeks, 0.3% cuprizone w/w). Upon withdrawal of the 

cuprizone, mice were treated with either with Gebr32a (7days: 0.1mg/kg or 0.3mg/kg) or vehicle. Compared to 

vehicle, Gebr32a 0.3mg/kg treatment displayed an enhanced remyelination by yielding an increased expression 

of myelin basic protein (MBP) in the corpus callosum and dendate gyrus while improving memory performance in 

the object location task (OLT) .  

The improved remyelination and spatial memory performance following Gebr32a treatment at a non-emetic 

dose, prompt us to conclude that PDE4D inhibition boosts the endogenous repair mechanisms in cuprizone fed 

mice and thereby improves cognitive performances. 

 

T16-008B 

Characterization of the cellular and molecular mechanisms that mediate perineurial glial bridging 

following peripheral nerve injury in zebrafish 

K. Arena, S. Kucenas 

Biology, University of Virginia, Charlottesville, US 

 

Motor axons are necessary for organismal locomotion and survival and in zebrafish and most vertebrates, these 

peripheral nervous system (PNS) axons naturally regenerate following injury. However, the cellular and 

molecular mechanisms that mediate this process are poorly understood. Our lab has demonstrated that one 

crucial cell type—perineurial glia (PG)—is necessary for the earliest regenerative steps by establishing glial 

bridges across the site of injury that are later followed by axon regrowth. Intriguingly, without PG bridging, 

regeneration is impaired. While the presence and importance of these glial bridging events is known, the 

mechanisms that underlie them remain a mystery. My studies aim to elucidate the mechanisms that mediate PG 

bridging following axonal injury in zebrafish. Previous studies from our lab demonstrate that in the absence of 

Schwann cells (SC), PG exhibit perturbed bridging, suggesting that there is communication occurring between 

these two cell types during the injury response. I hypothesize that SC and PG interact both physically and 

chemically during the injury response to direct successful regeneration. Using pharmacological perturbation, 

laser axotomy, and in vivo imaging, I assessed the role of transforming growth factor-beta 1 (TGF-β1), a factor 

upregulated by SC following nerve injury, on PG bridging behaviors. In my preliminary experiments, I observe 

that inhibiting TGF-β1 receptors perturbs PG bridging. My future studies aim to dissect the mechanism through 

which TGF-β1 is communicating with PG and SC during peripheral nerve regeneration. I hypothesize that TGF-

β1 is signaling between SC and PG to activate the bridging injury response. Using cell specific dominant 

negative constructs, I aim to determine which cell type is secreting, and which is receiving, TGF-β1. 

Understanding the TGF-β1 signaling pathway in perineurial glial bridging is crucial to unlocking the mechanisms 

underlying the motor nerve regenerative process. Together, my studies aim to provide further insight into 

regeneration of motor axons in the PNS and the crucial role that glial cells play in this process. 
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T16-009B 

Impaired myelin repair in the brain of young adult mice following repeat-insult demyelination 

J.L. Fletcher, R. Wood, H. Nguyen, O. Ehrlich, A. Govier-Cole, J. Xiao, S. Murray 

Department of Anatomy and Neuroscience, University of Melbourne, Parkville, AU 

 

Failed myelin repair in chronically demyelinated lesions contribute to progressive disability in multiple sclerosis 

(MS). This has driven the search for ‘remyelinating therapies’ that are often tested in the cuprizone mouse model 

of demyelination. In the standard model, feeding of 0.2% cuprizone commences at 8-10 weeks old; after 5-6 

weeks cuprizone is removed and mice rapidly and robustly remyelinate. However, this does not accurately 

reflect MS lesions and in normal ageing mice, continue to rapidly deposit a 1.5-fold increase in myelin from the 

age of 13 to 16 weeks. To create an in vivo environment refractory to myelin repair mimicking the failed 

remyelination in MS, we altered the cuprizone paradigm by (1) commencing 5 weeks of 0.2% cuprizone feeding 

at 16 weeks of age, and (2) repeating cuprizone administration in 8-week-old mice as follows: 3 weeks cuprizone 

followed by 1-week remyelination, repeated three times. At the end of all experimental periods mice, including 

healthy unchallenged mice were 24 weeks old.   

In the repeated challenge all mice demonstrated clear, but sporadic signs of neurologic dysfunction at least 

once. Using spectral confocal reflectance microscopy (SCoRe) both the 5-week and repeated cuprizone groups 

demonstrated significant (p<0.01) loss of compact myelin in the corpus callosum and somatosensory cortex 

compared to age-matched controls. Following 7 days recovery, remyelination occurred more rapidly in the 5-

week group with a 66-fold increase in compact myelin. Intriguingly, in the repeated challenge mice, there was no 

change in the extent of remyelination after 7 days (p=0.96). Oligodendrocyte counts revealed a dramatic loss of 

~99% of Olig2+CC1+ cells in the 5-week paradigm, whereas in the repeated challenge, a higher density of 

Olig2+CC1+ cells persisted when cuprizone was finally withdrawn. In both paradigms, oligodendrocyte cell 

densities returned to healthy levels within 7 days.  The 5-week cuprizone paradigm resulted in significant 

(p<0.0001) increase Olig2+PDGFRα+ cells that did not occur in the repeat insult group or healthy controls. From 

these initial results we conclude that the 5-weeks cuprizone demyelination robustly promotes myelin repair. In 

contrast, repeated cuprizone administration from the early adulthood in mice significantly reduces remyelination 

efficiency, suggesting repeat-insult demyelination may provide a model of impaired myelin regeneration. 
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Purpose: Microglia are the resident tissue macrophages of the retina. Under pathophysiological conditions, 

microglia can signal to Müller cells, the major glial component of the retina, affecting their morphological, 

molecular, and functional responses. Microglia-Müller cell interactions appear to be bi-directional shaping the 

overall injury response in the retina. Hence, microglia and Müller cell responses to disease and injury have been 

ascribed both positive and negative outcomes. However, Müller cell reactivity and survival in absence of immune 

cells after injury have not been investigated in detail in adult zebrafish.   

Methods: A model of focal retinal injury combined with pharmacological treatments for immune cell depletion in 

zebrafish was employed. The retinal injury was induced by a 532 nm diode laser to damage photoreceptors. Two 

pharmacological treatments were used to deplete either macrophage-microglia (PLX3397) or selectively 

eliminate peripheral macrophages (clodronate-liposomes). Retinal degeneration and regeneration was examined 

at different time points post injury induction by in vivo imaging (OCT) and morphological analysis (H&E staining). 

Furthermore, immunohistochemical analyses (e.g., GS, GFAP, and PCNA) were used to characterize how 

microglia affect Müller cell response to the laser injury.  

Results: PLX3397 treatment induced immune cell depletion hindering retinal regeneration in zebrafish, which is 

reversed by microglial repopulation. On the other hand, selective macrophage elimination did not affect the 

kinetics of retinal regeneration. The absence of retinal microglia and macrophages leads to dysregulated Müller 

cell behavior. Unlike the untreated fish, where Müller cells were activated after injury induction, 

immunosuppressed animals showed no activation. However, the re-entry in the cell cycle was not affected in the 

PLX3397 treated fish.   

Conclusion: Without microglia signaling Müller cells can still dislocate into the damage area despite not being 

activated. This dysregulated Müller cell behavior results in impaired regeneration in the retina of 

immunosuppressed fish. Thus, microglia and Müller cell signaling is pivotal to unlock the regenerative potential 

of Müller cells in order to repair the damaged retina. 

 

T16-011B 

One neural stem cell at the time: enhancing adult oligodendrogenesis as a putative target for MS therapy 

J.M. Mateus1,2, M.A. Gomes1,2, R. Soares1,2, S.L. Paulo1,2, A.F. Chora2, A.M. Sebastião1,2, S. Xapelli1,2 

1Faculdade de Medicina, Universidade de Lisboa, Instituto de Farmacologia e Neurociências, Lisboa, PT 
2Faculdade de Medicina, Universidade de Lisboa, Instituto de Medicina Molecular João Lobo Antunes (iMM), 

Lisboa, PT 

 

Oligodendrocytes (OLs), the myelinating cells of the Central Nervous System (CNS), are generated upon 

differentiation of oligodendrocyte precursor cells (OPCs), which possess proliferative and migratory capabilities 

and are present in the CNS postnatally. Under pathological conditions such as in Multiple Sclerosis (MS), there 

is a depletion of OLs, but the OPCs present in the brain parenchyma or derived from subventricular zone (SVZ) 

neural stem cells (NSCs) can differentiate, migrate and partially remyelinate the lesioned areas. Herein, we 

aimed at characterizing the MS mouse model, experimental autoimmune encephalomyelitis (EAE), studying 

animal behaviour as well as the process of adult oligodendrogenesis. For this, the EAE mouse model was 

developed, and behavioural tests (open field, rotarod, pole test) were performed to evaluate motor function. 

Cellular differentiation was assessed by immunohistochemistry assays for bromodeoxyuridine (BrdU) 

colocalization with oligodendrocytic markers in brain regions of interest. Western blot and ELISA assays were 

used for myelin protein levels and inflammatory cytokine quantification.  

Results for clinical scores and behavioural characterization of the EAE model suggested that motor impairment 

is proportional to the score of the disease. Moreover, an increase in the levels of the pro-inflammatory cytokine 

TNFα (n=5, p<0.01), and a tendency for increased IL-1β were observed in EAE mice. Importantly, a tendency for 

increased BrdU+ cells in the SVZ, corpus callosum (CC) and cerebral cortex (CT) was observed, 

accompaniedby a significant increase in NG2+BrdU+ cells in the CC of EAE mice (n=3, p<0.05), hinting at the 

migration of precursor cells from the SVZ to the CC.  
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Altogether, this work allowed the characterization of the oligodendrogenesis process and of the EAE model 

throughout time, supporting future studies involving the modulation of adult oligodendrogenesis as a putative 

therapy for MS. 

 

T16-012B 

High-throughput screening for pharmacological compounds promoting p57kip2 nuclear shuttling in 

oligodendroglial precursor cells 

A. Manousi, P. Göttle, P. Küry 

Department of Neurology, Heinrich-Heine-University, Düsseldorf, DE 

 

Drug repurposing is currently considered as a promising approach to overcome the inefficient regeneration 

capacity in demyelinating diseases of the central nervous system (CNS). In multiple sclerosis (MS) autoimmune 

attacks to oligodendrocytes and myelin sheaths lead to transient axonal impairment and eventually to axonal 

degeneration and permanent neurological deficits. In the adult CNS, a widespread population of resident 

oligodendroglial precursor cells (OPCs) retains the capacity to generate myelinating oligodendrocytes (OLs) 

throughout adulthood contributing to myelin repair. However, the myelinating capacity of those cells is limited 

and decreases during the disease course due to lack of stimulatory cues and the presence of inhibitory signals. 

We revealed that the subcellular localization of the p57kip2 protein (nuclear vs. cytoplasmic) is closely 

associated to the state of OPC differentiation in that nucleocytoplasmic shuttling constitutes a rate limiting step in 

cell maturation and myelination (Göttle et al., J. Neurosci. 2015). This research project is directed towards 

understanding of the underlying signaling pathways responsible for the nuclear export process, which might lead 

to the identification of new pharmacological compounds that could be used for the development of novel 

regenerative therapies for the diseased CNS. To this end, we have established and performed a high-throughput 

screening for pharmacologically active compounds to assess their impact on OPC differentiation (in vitro) 

reflected by p57kip2’s subcellular localization. Leflunomide, an analog of teriflunomide, which has been 

approved as a first-line treatment for RRMS in the USA and the EU, emerged as a first hit-compound from 

screening. Teriflunomide mainly acts via inhibition of de novo pyrimidine synthesis exerting a cytostatic effect on 

proliferating B and T cells. However, we could successfully show that it also exerts positive effects on OPC 

differentiation and myelination in vitro (Göttle, Manousi et al., J. Neuroinflam. 2018) proving the efficacy of our 

screening strategy. Apart from this compound, 22 additional substances were identified as promoting nuclear 

exclusion of the p57kip2 protein. We are currently following the same workflow to assess their potential in terms 

of oligodendroglial cell differentiation and myelination. Moreover, bioinformatics analysis is conducted in order to 

identify (common) protein targets which are most likely involved in the regulated shuttling process. 

 

T16-013B 

The peripheral blood content of myeloid-derived suppressor cells is a bioindicator of a greater capacity 

for spontaneous remyelination in multiple sclerosis 

I. Sánchez-de Lara, R. Lebrón-Galán, I. Machín, C. Camacho, M.C. Ortega, D. Clemente 

Neuroimmune-Repair group, Hospital Nacional de Parapléjicos-SESCAM, Toledo, ES 

 

Multiple sclerosis (MS) is a chronic, autoimmune and demyelinating disease of the central nervous system 

(CNS). MS is characterized by the presence of demyelinated lesions in the CNS, being some of them 
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spontaneously repaired by oligodendrocyte precursor cells (OPCs). Apart from OPCs, it has been described that 

successful remyelination needs from both adaptive and innate immune regulatory cell activity. Myeloid-derived 

suppressor cells (MDSCs) have emerged as an immune cell population from the innate immune response with a 

crucial role in immune-related disorders, including MS.  Using the murine model of MS, EAE, our group 

established an inverse correlation between the abundance of MDSCs (labeled as CD11b+Ly-6ChiLy-6G-, also 

known as Ly-6Chi-cells) in the peripheral blood the first day of symptom manifestation and i) a more severe 

clinical course and ii) a higher demyelination at the peak of the disease. Due to the fact that OPC mobilization as 

well as their proliferation is crucial for myelin repair after a demyelinating insult, in the present work we 

interrogate whether the density of OPCs associated to the demyelinated area is related to the severity of the 

EAE clinical course. Moreover, we have carried out a prospective study to analyze if the level of Ly-6Chi-cells in 

the blood is indicative of a higher mobilization/proliferation of OPCs closely associated to the lesion area. Our 

results have shown a direct correlation between Ly-6Chi-cells in the peripheral blood at the onset of the disease 

and the density of Arg-I+ (MDSCs) and NG2+ cells (OPCs) in the spinal cord at the peak of the disease. The 

higher Ly-6Chi-cell content in the peripheral blood the first day of symptoms, the higher density of Arg-I+ cells in 

the demyelinated plaque together with a higher density of NG2+ cells in the adjacent periplaque. In sum, our data 

point to MDSCs peripheral load at the onset of the symptoms as a putative bioindicator not only of a milder 

severity of the future clinical course but also of a less damaged CNS prone to spontaneous remyelination. 
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Soluble Neuregulin1 switches on the expression of genes strongly involved in the early response to 
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Neuregulin1 (NRG1) is a multifaceted factor playing pivotal roles both in the central and in the peripheral 

nervous system during development and after injury. In the peripheral nerves, axons express transmembrane 

NRG1 isoforms which direct Schwann cell myelinating fate, while soluble isoforms are released after injury by 

distal nerve Schwann cells to promote their survival and trans-differentiation.    

To better investigate the expression pattern of soluble NRG1 immediately after injury, we carried out a time 

course analysis of gene expression at early time points. Our data show that, at mRNA level, NRG1 expression 

significantly increases in the distal portion of injured nerves already a few hours after the lesion, thus suggesting 

that soluble NRG1 might regulate the expression of several genes necessary for the early response of the nerve 

to the lesion.  

To identify the genes regulated by soluble NRG1 in Schwann cells, we previously carried a deep sequencing 

analysis on primary Schwann cells stimulated 6 hours with recombinant soluble NRG1β1 (1). We found that the 

behavior of most genes regulated in Schwann cells following NRG1 stimulation corresponds to the behavior of 

genes regulated in vivo in the injured nerve, where NRG1 increases early after injury. Nevertheless, for some 
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genes the behavior was deeply different.  

This discrepancy could be due to: (i) the activity of other factors (besides NRG1) released after injury, (ii) the 

presence of different cell types (besides Schwann cells) in the injured nerve, (iii) the time point chosen for the 

analysis (6 hours, corresponding to a single snap shot).  

Because not only Schwann cells, but also fibroblasts and other cell types may contribute to the gene expression 

pattern observed after nerve injury, primary cultures of both nerve Schwann cells and nerve fibroblasts were 

obtained from adult peripheral nerves for the following experiments.  

Since the analysis of earlier time points might better reflect the gene expression pattern regulated by soluble 

NRG1 after injury, both cell types were stimulated with soluble NRG1 and analyzed at early time points after 

stimulation. 

Our data show that the expression of several regeneration associated genes is strongly regulated in Schwann 

cells by soluble NRG1 immediately after ligand stimulation and that their behavior is similar to what observed in 

the injured nerve, thus highlighting the important role played by this factor in peripheral nerves immediately after 

injury. 
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Direct conversion of hESC-derived glial progenitors into midbrain dopaminergic neurons 
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Direct in vivo conversion is emerging as a novel route for generating new neurons for brain repair. 

Oligodendrocyte progenitor cells (OPCs) present an interesting target for direct neuronal conversion since these 

cells are replenishable and since they are found in relative abundance throughout the adult brain. To date, all in 

vivo conversion studies have been conducted using resident rodent glia and the outstanding question whether 

human glia can be converted into neurons within the adult brain remains to be resolved. To address this 

question we have differentiated human embryonic stem cells (hESCs) into glial progenitor cells (GPCs) (Wang et 

al., 2013), to obtain a human glial cell source that is highly expandable and possible to cryopreserve. Using 

these hESC-derived GPCs we have identified a conversion factor combination that efficiently convert human 

GPCs into midbrain dopaminergic (mDA) neurons, the cell type that selectively degenerates in Parkinson’s 

disease (PD). The resulting neurons express markers characteristic of DA neurons and are functionally mature. 

Building on our in vitro data, we are now transplanting our hESC-derived GPCs into a rat model of PD to convert 

them into mDA neurons in vivo using a doxycycline inducible system. This study will provide us with novel insight 

of the possibility to directly convert human glial cells into subtype specific neurons in vivo, and to assess the 

therapeutic potentials of this approach. 
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Multiple sclerosis (MS), is the most frequent neuroinmune demyelinating disease of the central nervous system 

(CNS) characterized by loss of motor and sensory function, that results from immune-mediated inflammation, 

demyelination and subsequent axonal damage1. The diagnosis of multiple sclerosis is based on neurological 

symptoms and signs, alongside evidence of dissemination of  CNS  lesions  in  space  and  time. Advances in 

MRI and serological and genetic testing have greatly increased the accuracy in distinguishing multiple sclerosis 

from others disorders,  but  misdiagnosis  can  occur2. To avoid it, optical coherence tomography (OCT) has 

been recently included as a new diagnostic tool. This methodology allows the real time quantification of retinal 

damage, including the ganglion cells and their axons3.  

In the present work, we present a retrospective study trying to establish a correlation between OCT data and the 

clinical course of one of the most used animal models for MS, i.e experimental autoimmune encephalomielitis 

(EAE). Besides, this tool has been used for evaluating the effect of the new promising remyelinating drug VP 

3.15, previously studied in vitro and in vivo4,5. To reinforce these data, a complete histological analysis of 

oligodendroglial cells, axons, microglia and myelin was performed. The results presented here add new insights 

into the strategies for both diagnosis and treatment of multiple sclerosis. 
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In multiple sclerosis (MS), chronic demyelination initiated by immune-mediated destruction of myelin, leads to 

axonal damage and neuronal cell death, resulting in a progressive decline in neurological function. The 

development of interventions that potentiate remyelination could hold promise as a novel treatment strategy for 

MS. To this end, our group has demonstrated that neural precursor cells (NPCs) residing in the subventricular 

zone (SVZ) of the adult mouse brain contribute significantly to remyelination in response to CNS demyelination 

and can regenerate myelin of normal thickness. However aging takes its toll on the regenerative potential of 

NPCs and reduces their contribution to remyelination. In this study, we investigated how aging could affect the 

NPCs contribution to oligodendrogenesis during the remyelination process and whether the delivery of growth 

factors into the brains of aged mice could potentiate the oligodendrogenic potential of NPCs. To enable us to 

map the fate of NPCs in response to demyelination induced at different postnatal ages, Nestin-CreERT2; 

Rosa26-LSL-eYFP mice were gavaged with tamoxifen at either 8 weeks, 30 weeks or one year of age before 

being challenged with cuprizone for a period of six weeks. Using osmotic minipumps, we infused epidermal 

growth factor (EGF) and/or heparin-binding EGF-like growth factor (HB-EGF) or artificial cerebrospinal fluid 

(vehicle) into the cisterna magna for a period of two weeks beginning at the peak of cuprizone-induced 

demyelination (n=8 mice per group). Mice were perfused six weeks after cuprizone withdrawal and the 

contribution of NPCs to oligodendrocyte regeneration in the corpus callosum was assessed. Our data reveal that 

although NPC-derived oligodendrocyte generation declined dramatically with aging, this decline was at least 

partially reversed by growth factor infusion. Notably, co-infusion of EGF and HB-EGF increased oligodendrocyte 

regeneration by two to three-fold in some regions of the corpus callosum. Our results shed light on the beneficial 

effects of EGF and HB-EGF for increasing the contribution of NPCs to remyelination and indicate their 

therapeutic potential to combat the negative effects of aging upon remyelination efficacy. 
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Introduction: The remarkable plasticity of Schwann cells (SCs) allows them to transform into dedicated repair 

cells after peripheral nerve damage. This transient repair SC phenotype is specialized to the needs during 

wound healing such as the autophagic clearance of myelin, attraction of phagocytes and the expression of cell 

surface proteins and trophic factors to promote axon re-growth and pathfinding. However, there is still a lot to 

learn about their neuroprotective and regenerative strategies and how those can be exploited to improve 

therapeutic approaches for nerve regeneration. Especially the accumulating evidence for an immunomodulatory 

role of SCs holds yet to be determined implications in regenerative medicine. Repair SCs can act as non-

professional antigen presenting cells, hence, understanding the underlying phagocytic mechanisms and resulting 

response is of valuable interest to assess how repair SCs affect immune cells after injury.  

Aim: We aim to investigate the phagocytic competences and resulting inflammatory response of human repair 

SCs to shed light on their immunoregulatory effects during peripheral nerve regeneration.  

Methods & Results: We developed a comprehensive phagocytosis assay, comparing receptor mediated and 

receptor independent phagocytic processes, and established a flow cytometry based read-out that quantified the 

phagocytic potential of human primary repair SC cultures in vitro. The phagocytized material was validated by 

3D confocal laser scanning microscopy and an imaging flow cytometer, the internalization process was 

visualized by live-cell imaging. Furthermore, expression data of human repair SCs suggested a receptor 

mediated phagocytosis pathway similar to microglia, which was confirmed by pathway inhibition experiments.   

Conclusion & Outlook: We quantified and validated the phagocytic potential of human repair SCs and could 

demonstrate that it goes beyond the well-known clearance of myelin with yet unknown consequences. Acting as 

non-professional antigen presenting cells with a profound phagocytic capacity, we expect repair SCs to emerge 

as important players in regulating inflammatory processes during nerve regeneration. We are currently analyzing 

the expression of immunomodulatory molecules of human repair SCs in reaction to different stimuli. 
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After Wallerian degeneration (WD), peripheral nerves in the peripheral nervous system regenerate with the help 

of de-differentiated Schwann cells. In contrast, the central nervous system (CNS) are hard to regenerate for 

several reasons: glial scar formation by astrocytes, blocked myelin clearance process after injured, which 

represses axons to regenerate and fluid-filled cystic cavity, which hinder regeneration of axons. To overcome the 

age-old problem, recently, a number of studies have been carried out, focusing on transplantation of Schwann 

cell to regenerate axons in CNS. However, there were some drawbacks to the use of Schwann cells within the 

CNS: i) migration, ii) survival and iii) the complex interplay between astrocytes and Schwann cell myelination. 

Here, we introduce transplantation of de-differentiated Schwann cells to efficiently differentiate Schwann cells 

and their application to regenerate injured axons in CNS. We used primary Schwann cell culture gained from rat 

sciatic nerves. Then, we pharmacologically regulated to differentiate de-differentiated Schwann cells. In addition, 

we constructed co-culture system to make in vitro environment for Schwann cell transplantation into brain with 

primary Schwann cell and brain-consisting cells to investigate ability of Schwann cells to regenerate injured 

axons in brain. Finally, we found that in vitro pharmacologically differentiated Schwann cells affected regrowth 

and we also confirmed effect of Schwann cells on regeneration of axons via in vivo Schwann cell transplantation 

into injured brain. Taken together, these findings could be a key role in regeneration of CNS and helpful for 

treatment of brain neurodegenerative diseases such as Alzheimer’s diseases, Parkinson’s disease and 

Huntington’s diseases.  
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Multiple sclerosis (MS) is a chronic demyelinating disease of the central nervous system. Remyelination can 

happen, but is inefficient in MS. Examination of human post mortem tissue from MS patients, shows that one of 

the reasons that remyelination is inefficient is that 30% of demyelinated lesions (especially chronic lesions) 

contain reduced numbers or an absence of oligodendrocyte precursor cells (OPCs), which are needed to mature 

into remyelinating oligodendrocytes. Single nuclei RNA-sequencing data from MS tissue also supports a lack of 

OPCs. One reason for this may be high levels of chemorepellent factors such as Sema3A in chronic MS lesions. 

Enhancing oligodendrocyte precursor cell (OPC) migration into these lesions is therefore of therapeutic interest 

to promote remyelination and neuroprotection. Recent work however, is suggesting that OPCs and 

oligodendrocytes in MS brains are inherently dysfunctional, therefore targeting the endogenous cell population 

may be redundant. We hypothesised that it may instead be preferable to transplant exogenous ‘improved’ OPCs, 

for example which are genetically edited to be unresponsive to the chemorepellent environment, to promote 

remyelination.  

To test this, we first generated clinical grade human embryonic stem cell lines (hESC) constitutively expressing a 

membrane targeted green fluorescent protein (GFP) tag, using a neuromodulin tagged GFP under a CAG 

promoter placed into the AAVS1 locus. Clones were screened for GFP expression and gene insertion at the 

AAVS1 locus and selected for sufficient proliferation. We then verified that these modified cells can be 

successfully differentiated into oligodendrocytes in culture, allowing tracking of the GFP+ cells and their GFP+ 

myelin in vivo, and in vitro. As a proof of principle, we then chose to knockout the neuropilin1 receptor (NRP1) 

which is the exclusive receptor of Sema3A and is expressed in OPCs, aiming to generate human GFP+ OPCs 

that are unresponsive to the chemorepellent Sema3A and therefore better recruited to demyelinated lesions. We 

did this in the GFP-hESC line using CRISPR/Cas9 technology targeting multiple locations in the NRP1 coding 

sequence. We next ensured that these NRP1 KO-GFP cells were still able to form OPCs, and assessed their 

functional phenotype in the presence of Sema3A in vitro and in vivo, especially regarding cell migration and 

remyelination. This data will generate proof of principle information about genetically editing human OPCs to 

enhance remyelination. 
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Olfactory ensheathing glia (OEG) is a unique cellular type that surrounds growing axons of sensory olfactory 

neurons. Previous studies have shown that these cells are able to promote in vitro axonal regeneration of adult 

neurons from the central nervous system (CNS). In vivo, they can induce functional recovery through axonal 
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repair/reconnection in animal models of spinal cord injury. If we add to this capacity the possibility of converting 

some of these cells into neurons, to bridge the gap of the injury, we would considerably improve the recovery of 

the damaged area. In order to achieve that goal we will make use of cellular reprogramming techniques.  

Cellular reprogramming consists in generating a differentiated cellular type, from a somatic cell, through the 

expression of one or more transcription factors. Transdifferentiation is a direct cellular reprogramming in which 

the cell does not pass through a pluripotent state.  

In this work, we present the results of reprogramming OEG into neurons –induced neurons-, through the 

expression of the transcription factor NeuroD1. Induced neurons have been characterized by analyzing the 

expression of neuronal markers, such as Tuj1 and NeuN. Furthermore, we have improved the reprogramming 

efficiency by adding small molecules to the differentiation medium. 
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Direct reprogramming of OEG into neurons. 
Adult human OEG were infected with a lentivector containing NeuroD1. GFP-

tagged induced neurons are observed, expressing Tuj1 and NeuN marker. 
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Microglia are very plastic cells that can acquire multiple activated phenotypes in response to brain insults, 

participating not only in mechanisms of injury, but also in tissue remodeling by releasing a variety of factors that 

promote endogenous reparative processes. A dualistic role for distinct polarized cell populations has been 
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associated with several neuropathological conditions, including ischemic stroke (Hu X et al., 2015 Nat Rev 

Neurol). In particular, during the acute phase of brain ischemia, microglia assume a protective phenotype. 

However, at late stages, they acquire a prominent detrimental role that has been suggested to hinder the post-

stroke reparative response sustained by oligodendrocyte progenitors (OPCs), the glial cell type able to generate 

myelinating oligodendrocytes. In this respect, our in vitro data showed that extracellular vesicles (EVs) released 

from activated microglia promote OPC myelination, highlighting EVs as key players in microglia-OPCs cross-talk. 

However, whether EVs shed from activated microglia could improve the endogenous remyelination capability of 

OPCs after brain ischemia is still not known.  

Here, we investigated in vivo the effects of EVs produced in vitro by microglia polarized toward a pro-

inflammatory or pro-regenerative phenotype on OPCs, in a murine model of permanent middle cerebral artery 

occlusion (pMCAo). Briefly, pMCAo was performed as previously described (Bonfanti E et al., 2017 Cell Death 

Dis) in GPR17-iCreERT2:CAG-eGFP mice, in order to visualize the sub-population of GPR17-expressing OPCs 

thanks to GFP expression following tamoxifen administration. EVs produced by microglia with different activation 

states were infused in the ipsilateral corpus callosum of ischemic mice to analyze GFP+-OPC differentiation by 

immunohistochemistry. Results pointed out that EVs derived from pro-regenerative microglia increase OPC 

maturation, unveiling their use as a tool to implement tissue repair. Dissecting EVs content will be indispensable 

to design engineered-EVs for therapeutic purposes. 
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Schwann cells promote nerve regeneration by adaptation of a regenerative phenotype referred to as repair 

mediating Schwann cells characterized by lower abundances of myelin proteins, myelin clearance, formation of 

Bungner´s bands and trophic factor secretion. We have previously shown that the sphingosine-1-phosphate 

receptor (S1PR) agonist Fingolimod/FTY720P promotes the generation of this particular Schwann cell 

phenotype by activation of de-differentiation markers and concomitant release of trophic factors resulting in 

enhanced neurite growth of dorsal root ganglion neurons (Heinen et al., Exp. Neurol. 2015). To characterize the 

secretome of FTY720P treated Schwann cells in detail and to define the impact of FTY720P on enhancing 

neurite growth, we applied a label-free quantitative mass spectrometry approach. Both, neonatal and adult 

Schwann were found to release a complex composition of proteins associated with development, axon growth 

and regeneration. Our data further suggest that the adaptation of the repair mediating phenotype depends, at 

least partially, on the activation of the TGFβ/Smad pathway (Schira et al., FASEB J. 2018). However, it is 

unknown which of the S1PR subtypes is responsible for the observed phenotypic changes since FTY720P is 

known to interact with 4 out of 5 S1PRs. Additionally, for translational aspects, stimulation of single S1PR is 

mandatory to prevent potential side effects. Therefore, we stimulated S1PR subtypes with specific agonists and 

investigated typical repair Schwann cell markers. Preliminary results indicate that the stimulation of S1PR1 and 

S1PR3 leads to an upregulation of GAP-43, PDGF-BB and downregulation of Krox-20, Oct-6, Mal and Tyrp1 
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reflecting the expression pattern of a repair Schwann cell phenotype. Future in vivo experiments will provide 

information about the applicability of specific S1PR agonists to treat the impaired peripheral nervous system. 
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Olfactory ensheathing glía (OEG) is a unique cellular type that surrounds growing axons of sensory olfactory 

neurons. Previous studies have shown that these cells promote axonal regeneration in models of central 

nervous system (CNS) injury, as spinal cord injury or optic nerve sectioning.  

However, primary cultures of OEG require time for expansion and they cannot be maintained indefinitely. 

Therefore, our group generated reversibly immortalized rat and human OEG cell lines (iOEG) both from human 

and rat primary cultures, which maintained the regenerative properties of the primary population and were able 

to divide indefinitely in vitro.  

Using functional genomics studies, we identified several molecules, the expression of which correlated positively 

or negatively with the regenerative ability of iOEG. These molecules are implicated in different signalling 

pathways. We have tested some of them in a model of axonal regeneration of adult retinal ganglion neurons 

(RGN) in co-culture with iOEG. By means of this model, we obtained evidences of a significant role for the 

Wnt/β-catenin signalling pathway in OEG-dependent axonal regeneration of these adult CNS neurons.  

In this work, we studied the role of Wnt/β-catenin pathway in the neuroregenerative properties of human and rat 

iOEG. For such purpose, we have generated iOEG with the pathway constitutively active or inactive, by lentiviral 

transduction. We transduced i) EβC vector, that drives expression of a non-degradable form of β-catenin, that 

constitutively activates Wnt pathway; and ii) EdTC vector, that drives expression of a dominant negative form of 

the transcription factor TCF (Figure 1A).  

Thereafter, we have performed co-culture of these iOEG lines with adult RGN to quantify axonal regeneration, 

by measuring the number of RGN with axons and the mean axonal length (Figure 1B). 
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FIGURE 1 
A. TS14 cells were modified by lentiviral infection to to express a non-

degradable form of β-catenin, that constitutively activates Wnt pathway 

(EβC;red), or a dominant negative TCF4 constitutively inhibiting Wnt/ 

β-catenin signaling (EdTC;red). Infected cells were selected by sorting 

(purple). B. Axonal regeneration on OEG cell lines monolayers was 

quantified after 96 hours of co-culture (PLL: Poly-L-Lysine, negative 

control). 
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Many axons of the peripheral and central nervous systems (PNS and CNS, respectively) are myelinated. Myelin, 

which is formed by Schwann cells in the PNS and oligodendrocytes in the CNS, is essential for axonal insulation 

and fast conduction of electric signals along axons. In humans, demyelination can occur after lesions of the 

nervous system, either due to trauma or neurodegenerative diseases. To be able to enhance the efficiency of 

remyelination, it is critical to understand how these processes are controlled. In this work, we studied the 

mechanisms that regulate the expression and activity of Sox10, a transcription factor essential for Schwann cell 

and oligodendrocyte myelination and remyelination. Indeed, Sox10 activates the transcription of promyelinating 

and myelin genes such as Krox20 and myelin protein zero (P0) in Schwann cells and Myrf and myelin basic 

protein (Mbp) in oligodendrocytes. We previously showed that histone deacetylase 2 (HDAC2) controls Sox10 

activity and expression, however the underlying molecular mechanism of this regulation remained partially 

understood.  

Here, we identify an HDAC2 deacetylation target, which negatively regulates PNS and CNS remyelination by 

sequestering Sox10 away from its target genes and inducing its degradation. By deacetylating this factor, 

HDAC2 prevents its interaction with Sox10, thereby protecting Sox10 from degradation and maintaining the 

activity of Sox10 target genes. Promoting this mechanism by increasing HDAC2 expression and activity 

enhances remyelination of the PNS and CNS after lesion. 
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Introduction: Accumulated evidences show that inflammation plays important roles in nerve regeneration and 

that macrophage (MA) is one of major players in inflammation. MA can be divided into two subtypes, M1 and 

M2, which are generally involves in tissue damage and r repair respectively. However, the role of M2 MA in axon 

regeneration after peripheral nerve injury (PNI) remains to be elucidated. Therefore, the objectives of the current 

study are 1) to investigate spatiotemporal distribution of M2 MA after PNI and 2) to determine whether M2 MA 

has axon-promoting effect.   

Methods: Adult Lewis rats received crush injuries in sciatic nerves, followed by perfusion at 1, 3 days, 1, 2, and 

4 weeks later. Sagittal sections of dissected nerves were subject to immuno-labeling with beta3 tubulin, SCG10, 

CD163, and CD68. The regenerating axons, M2 and pan-MAs were quantified at every 5mm points from injury 

sites. Next, we prepared a half million of M2 MAs from syngeneic RFP Lewis rats and grafted them into 25 mm 

long cell-free region in a sciatic nerve with crush injuries. As negative controls, fibroblast grafts and no cell grafts 

were performed respectively. Two weeks after injury and grafts, subjects were perfused for histological analysis.  

Results：M2 MAs started showing up in the region distal to the injury site at 3 days post injury (PI), peaked at 2 

weeks, and declined at 4 weeks PI. Interestingly, the M2 high density region shifted from the proximal to the 

distal region as the function of time, while the densities of pan-MAs didn’t show such a region dependency. 

When quantifying tips of regenerating axons by growth-cone like morphology, their densities shifted in the similar 

manner as M2 MAs. The graft of M2 MA induced significantly more axon regeneration than the fibroblast graft 

and no cell graft group, indicating that M2 MA has axon-promoting effect.  

Discussion: The similar distribution pattern of M2 MA and regenerating axons in injured peripheral nerve 

suggests that M2 MA involves with regeneration process of injured axons, further supported by the fact that M2 

MA has axon-promoting effect. Elucidation of the molecular and cellular mechanisms of the effect of M2 MA in 

axon regeneration might lead to the new therapeutic strategy for PNI.  
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The neuromuscular junction (NMJ) can regenerate upon injury. Regeneration relies on an intense interplay 

among motor axon terminal (MAT), muscle fibers (MF) and perisynaptic Schwann cells (PSC), which exchange 

signals and release mediators to sustain the process. To unravel such a complex communication we performed 

a transcriptome analysis of soleus NMJs during the acute degeneration and regeneration of the MAT induced by 
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the presynaptic neurotoxin α-latrotoxin, obtaining an integrated picture of the mRNA changes occurring within 

the cellular components of this synapse. We found that: i) the transcript encoding for the Connective Tissue 

Growth Factor (Ctgf) is up-regulated during MAT degeneration and re-growth, ii) the encoded protein is 

produced and released by schwann cells, and iii) Ctgf is a strong promoter of peripheral nerve regeneration both 

upon degeneration induced by α-latrotoxin and upon severe nerve injury, caused by the cut/crush of sciatic 

nerve. We propose the NMJ transcriptome profiling during nerve terminal degeneration and regeneration as a 

powerful source of candidate molecules with pro-regenerative capabilities, like Ctgf, to be tested and validated in 

different models of peripheral nerve injuries. 
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Melatonin is produced by the pineal gland in a photoperiod controlled mode and then released in the blood flow 

and the cerebrospinal fluid, thus reaching different organs and tissues in the body. It is a major regulator of the 

sleep/wake cycle via its binding to plasma membrane G-coupled receptors MT1 and MT2. Beside the pineal 

gland, many other body tissues produce and accumulate melatonin, reaching concentrations much higher than 

in the pineal gland. Once in body fluids, this hormone displays a broad range of actions: free radical scavenger, 

anti-oxidant, circadian rhythm regulator and oncostatic agent.  

It has been reported that melatonin deploys a strong neuroprotective activity in a variety of neuronal models; 

furthermore it has been shown that melatonin directly acts on peripheral nerve regeneration, although the 

underlying molecular mechanisms haven’t been elucidated yet. To dissect the role of melatonin in peripheral 

nerve regeneration we have exploited an experimental model recently set up by our group, based on the action 

of the spider neurotoxin α-latrotoxin (α-LTx), which causes the selective and reversible degeneration of motor 

axon terminals. This toxin binds specifically to the presynaptic membrane, where it forms channels, leading to 

massive  Ca2+ influx, triggering their complete degeneration, similarly to the intial stages of dying back motor 

neuron diseases such as amyotrophic lateral sclerosis. Mice completely recover from α-LTx intoxication within a 

week. Here we have investigated the role of melatonin as pro-regenerative molecule in an acute and a more 

prolonged model of peripheral nerve injury such as the compression or the transection of the sciatic nerve. We 

found that melatonin administration significantly fastens the process. We then moved to a more traditional and 

prolonged traumatic form of damage, the crush of the sciatic nerve, where we could confirm the pro-regenerative 

action of the molecule. Melatonin acts via MT receptors: indeed, injection of a receptor antagonist abolishes the 

pro-regenerative activity of the hormone at the NMJ. We could detect MT1 expression by the MAT in control 

NMJs, and by PSCs upon injury. MT1 activation leads to the engagement of ERK signaling, a well-known pro-

regenerative pathway for both the NMJ and for peripheral motor axons. Injury-induced ERK phosphorylation is 

more sustained and prolonged upon melatonin administration, both in PSCs at the NMJ and in myelinating SCs 

of the sciatic nerve close to the damage site. Endogenous melatonin appears to be produced by mitochondria of 

the muscle fibers underneath the NMJ, as one of its biosynthetic enzyme, AANAT, co-localizes with 

mitochondrial markers. 
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ERK phosphorylation in NMJ/sciatic nerve induced by melatonin treatment 
A) Immunofluorescence of soleus muscle for the phosphorylated form of ERK (in red) and Schwann cells (in green); 

B) mmunofluorescence of sciatic nerve for the phosphorylated form of ERK (in red) and Schwann cells (in green) 

 

 

Expression of MT1 receptor in NMJ/sciatic nerve, and functional recovery upon melatonin treatment 
A) Immunofluorescence of melatonin receptor 1 (in red), Schwann cells (in green) and motor axon terminal (in gray) at the 

level of neuromuscolar junction upon intoxication with a-ltx; B) Sciatic nerve Immunofluorescence of melatonin receptor 1 (in 

red) and Schwann cells (in green) upon traumatic injury; C) Compound Muscle Action Potential recording after sciatic nerve 

injury in mice daily treated with melatonin D) Evoked junction Potential recordered in soleus muscle upon a-ltx intoxication in 

mice daily treated with melatonin 
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Introduction: Microglial cells in the CNS respond early following peripheral nerve injury. Intense proliferation 

begins within hours followed by migration towards injured neurons. The role of microglial cells is associated to 

innate immunity with impact on cell survival and regenerative events. Repeated injury of peripheral nerves may 

occur in sport activities and in patients subjected to multiple surgical interventions for various reasons. However, 

there is a knowledge gap describing the microglial response after repeated injuries.  

Aim:The aim of the study is to characterize and evaluate the temporal pattern of microglia proliferation in a 

multiple lesion model of axotomy. Hypothesis: Microglia will respond differently following a second axotomy of a 

peripheral nerve.  

Method:In a first step of surgery the hypoglossal nerve in adult rats was exposed unilaterally and divided. 

Animals received EDU 0,2mg/ml in the drinking water. Animals were reanaesthetized at day 14 or 28 and 

underwent a second axotomy proximal to the initial injury. After the second injury animals received Brdu i.p. 

10mg/ml for 3 days until sacrifice. Tissue blocks from the brainstem including the hypoglossal nucleus were 

processed for immunohistochemistry and examined in the confocal microscope (Zeiss LSM 880).  

Results:Intense proliferation of microglial cells was found after the first lesion as expected. The second axotomy 

resulted in a similar proliferative response within the same microglia population. The results indicate that the 

progeny of divided microglia remain within the injured hypoglossal nucleus after a first set of proliferation and 

possess capacity to respond with proliferation 2-4 weeks later.  

Conclusion: Microglia renew and maintain the number and density of cells in the CNS after repeated injuries. 

Temporal pattern and impact on neuronal survival and astrogliosis following multiple lesions will be discussed. 
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In response to injury, microglia (MG) can acquire multiple activated phenotypes, participating not only in 

mechanisms of damage but also in tissue remodelling. In multiple sclerosis, activated MG play a role in 

remyelination impairment and neuronal injury, but also exert beneficial effects in the restorative MS phase 

through secretion of neurotrophic factors and phagocytosis of myelin debris. Moreover, detrimental MG 

phenotypes are attenuated and directed toward pro-regenerative types by exposure to mesenchymal stem cells 

(MSCs). These effects may be mediated by extracellular vesicles (EVs) that have been proposed as mediators 

of intercellular communication between microglia and brain cells and as transporters of toxic agents in 

neurodegenerative diseases.  

In the attempt to develop effective strategies to prevent the deleterious effects of MG in MS and instruct 

neurosupportive phenotypes, we set out to examine whether and how the administration of EVs released from 

different phenotypes of MG affects myelin production and remyelination operated by oligodendrocyte progenitor 

cells (OPCs).  

Here, we injected EVs produced in vitro by pro-inflammatory MG (inflammatory EVs, i-EVs) or pro-regenerative 

MG (pro-regenerative EVs, IL4-EVs) or pro-inflammatory MG pre-conditioned with MSCs (MSCs-EVs) in 

lysolecithin-induced focal demyelinated lesions of the mouse corpus callosum.  Immunofluorescence analysis 

revealed that while EVs produced by inflammatory microglia inhibit OPC differentiation, EVs derived from MSCs-

treated microglia favour both recruitment and differentiation of OPCs into mature post-mitotic oligodendrocytes 
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and myelinating oligodendrocytes. These results show the relevant role of EVs in MG-oligodendrocyte crosstalk 

and that the phenotype acquired by MG greatly impacts the differentiation of OPCs. 
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1Wellcome Wolfson Institute for Experimental Medicine, Queen's University Belfast, Belfast, GB 
2Centre for Genomic and Experimental Medicine, MRC Institute of Genetics and Molecular Medicine, University 

of Edinburgh, Edinburgh, GB 

 

Multiple sclerosis (MS) is an immune-mediated inflammatory disorder of the CNS that is characterised by 

demyelination and oligodendrocyte death. This leaves axons vulnerable to neurodegeneration, leading to 

impaired cognitive and motor function. Remyelination, the restoration of myelin sheaths, occurs early in MS, but 

ultimately fails. Remyelination efficiency decreases with age, due predominantly to a reduced efficiency of 

oligodendrocyte progenitor cell differentiation. Currently, there are no therapies that act to enhance 

remyelination.  

The inflammatory response in MS and its animal models involves inflammasomes. Following tissue 

damage/stress, sensor molecules (e.g. NLRP3) oligomerise and form a platform for caspase-1. Upon 

recruitment, caspase-1 is cleaved, allowing mature caspase-1 to mediate cleavage and release of the pro-

inflammatory cytokine interleukin (IL)-1 beta (b). Elevated levels of caspase-1 and IL-1b have been detected in 

MS plaques, however whether this is cause or correlation is unknown.  

Definite roles for inflammasomes in CNS demyelination and remyelination remain poorly understood. This 

project aims to investigate the impact of inflammasomes and their product IL-1b on myelination and 

remyelination.  

Murine organotypic brain slices (OBS) were used to investigate ex vivo (re)myelination. OBS myelinate ex vivo 

facilitating investigation of mechanisms of tissue development, damage and regeneration. OBS cultures lack 

cells from the periphery and therefore facilitate investigation of CNS-specific cells including oligodendrocytes and 

microglia. Following immunofluorescent staining for axonal and myelin markers, axonal ensheathment with 

myelin was quantified by determining axonal/myelin overlap.  

Our data show that inflammasome product IL-1b enhances developmental myelination ex vivo mediated via its 

respective receptor, IL-1R1, on CNS cells. Moreover, IL-1b increases remyelination following myelin damage. 

Preliminary data show that caspase-1 deficiency does not impact on developmental myelination, indicating that 

the enzyme is not required for this developmental process.  

Here, we describe a pro-myelinating role of the inflammasome product IL-1b in development and regeneration, 

an effect that is mediated through IL-1R1. Yet, caspase-1 is not required for efficient developmental myelination. 

Future analysis will further unravel the underlying mechanisms, which might lead to the development of IL-1 or 

inflammasome-targeted therapies for MS. 

 

T16-032C 

Inflammasomes: novel players in OPC proliferation and myelin regeneration 

L. Gritti1, E. McKay1, D. Crooks1, A.-L. Boinet1, S. Fleville1, D.C. Fitzgerald1, P. Bankhead2, Y. Dombrowski1 

1Wellcome-Wolfson Institute For Experimental Medicine, Queen's University Belfast, Belfast, GB 
2Centre for Genomic and Experimental Medicine, University of Edinburgh, Edinburgh, GB 
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Multiple Sclerosis (MS) is an immune-mediated demyelinating disease affecting about 2.5 million people 

worldwide. MS is characterised by a progressive loss of myelin and by the death of oligodendrocytes in a 

process called demyelination, which can ultimately lead to degeneration of neurons. In early stages of MS, the 

neurodegeneration can be prevented by the regeneration of myelin (remyelination). Although the molecular 

mechanism underlying this process is poorly known, it has been demonstrated that inflammation is required for 

efficient remyelination. Inflammation associated proteins, and in particular pro-inflammatory interleukins such as 

interleukin-1β (IL-1β) and interleukin-18 (IL-18), are abundant in plasma and CNS tissue of MS patients. The 

active forms of IL-1β and IL-18 are released by inflammasomes, innate immune danger sensor complexes 

composed of a sensor protein (e.g. NLRP3), an adaptor protein (ASC) and Caspase 1, the enzyme that cleaves 

pro- IL-1β and pro-IL-18 into their active forms. Given the high expression of IL-1β and IL-18 as well as proteins 

forming inflammasome complexes such as NLRP3 both in MS patients and murine models of MS, this study 

aims to understand whether inflammasomes are involved in remyelination of CNS lesions. Using a lysolecithin-

induced demyelination model, we are able to study the different stages of remyelination that occur in response to 

myelin damage.  

Our preliminary data indicate that inflammasome components are present within demyelinated CNS lesions from 

early stages of remyelination suggesting involvement in this regenerative process. Using mice deficient of the 

inflammasome sensor NLRP3 we observed reduced numbers of proliferating oligodendrocytes progenitor cells 

(OPC) within CNS lesions. Moreover, we also observed a reduction of all oligodendrocyte lineage cells as well 

as of proliferating OPC in lesions of IL-18 deficient mice compared to controls.  

All together, these data suggest that NLRP3 and inflammasome product IL-18 may have an active role in OPC 

recruitment and/or proliferation after demyelination, which could impact on remyelination. Further analyses into 

the underlying mechanisms will help to define their role in remyelination and might uncover molecular targets to 

boost remyelination. 

 

T16-033C 

Re-defining the Glia limitans layer of the olfactory nervous system 

L. Nazareth1,3, M. Chen1,2,3, T. Shelper1,3, M. Shah1,3, J. Tello Velasquez2,3, I. Beacham4, M. Batzloff4, H. 

Walkden1,3, K. Beagley5, J. St John1,2,3, J. Ekberg1,3 

1Menzies Health Institute Queensland, Griffith University, Southport, AU 
2Griffith Institute of Drug Discovery, Griffith University, Nathan, AU 
3Clem Jones Centre for Neurobiology and Stem Cell Research, Griffith University, Nathan, AU 
4Institute for Glycomics, Griffith University, Southport, AU 
5Institute for Health and Biomedical Innovation, Queensland University of Technology, Kelvin Grove, AU 

 

The glia of the olfactory nerve, Olfactory Ensheathing cells (OECs), are thought to be part of both the peripheral 

and central nervous systems (PNS and CNS). However, the olfactory PNS-CNS border is not well defined. Here, 

we aimed to define this border by determining the cellular constituents of the olfactory nervous system glia 

limitans, the layer of glial cells which constitutes a physiological and immunological border between PNS and 

CNS.  

To understand which cells formed the glia limitans in the olfactory system, we compared the olfactory bulb glia 

limitans to the glia limitans in other nervous system regions. We analysed cryostat sections from S100βDsRed 

mice, in which all glial cells fluoresce red. We then defined which cells formed the immune barrier in the olfactory 

bulb by intranasally inoculating mice with Burkholderia pseudomallei bacteria and analysed how cells in the 

olfactory glia limitans reacted to the bacteria. Finally, we compared OECs and SCs in their interactions with 

astrocytes in two- and three-dimensional cultures to understand if they differed in their interactions.  

We found that the olfactory nervous system glia limitans was morphologically similar to the glia limitans 

elsewhere, with a comparable degree of intermingling between peripheral glia (OECs/SCs) and astrocytes. We 

showed that astrocytes in the olfactory glia limitans constituted a defined immunological barrier to bacterial 
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infection. We also found that OECs and SCs interacted similarly with astrocytes in vitro in 2D cultures. However 

in 3D co-cultures we observed subtle differences in the interactions between OECs and SCs with astrocytes.  

Thus, we suggest that the olfactory nervous system glia limitans is similar to the glia limitans elsewhere, and 

consists of astrocytes with OECs being mainly restricted to the PNS. 

 

T16-034C 

Neural cell membrane-coated nanoparticles for targeted and enhanced drug delivery to cells of the 

nervous system 

S.Y. Chew1,2, N. Zhang1, J. Lin1, K. Wang1, M. Wang1 

1School of Chemical and Biomedical Engineering, Nanyang Technological University, Singapore, SG 
2Lee Kong Chian School of Medicine, Nanyang Technological University, Singapore, SG 

 

Drug delivery to cells of the nervous system plays important roles in treating specific neurological disorders. 

However, the presence of many other cell types within the nervous system, such as microglial and astrocytes, 

may lead to non-specific uptake and subsequent side effects. Coating synthetic nanoparticulate cores with a 

biologically derived membrane has emerged as a new class of drug nanocarriers. Given the close interaction 

and communication among neuron-glial and glial-glial cells within the nervous system, we hypothesize that 

coating drug-delivery nanoparticles (NPs) with neural cell membranes can facilitate targeted drug delivery and 

enhance the uptake efficiency of drugs by cells of the nervous system. Polycaprolactone (PCL) doped with 

highly fluorescent di(thiophene-2-yl)-diketopyrrolopyrrole conjugated polycaprolactone (DPP-PCL) nanoparticles 

were synthesized by nanoprecipitation. Primary rat microglial, astrocytes, cortical neurons, oligodendrocyte 

progenitor cells (OPCs) and Schwann cells were isolated and their membranes (Table 1) were coated onto DPP-

PCL NPs through an extrusion process.  These NPs were then added into all the different cell types in culture to 

evaluate uptake efficiency. DLS, zeta potential measurements and TEM confirmed successful NP fabrication and 

membrane coating. Uptake in microglial was the most efficient for uncoated DPP-PCL NPs, followed by 

membrane-coated NPs. Cell membrane coating did not facilitate NP uptake by cortical neurons but effectively 

prevented astrocyte uptake (i.e. 40% decrease vs. uncoated particles). More importantly, membrane-coated NPs 

were able to significantly enhance uptake by OLs, especially for DPP-PCL-A Mem (i.e. ~100% uptake efficiency, 

p < 0.001). The presence of Schwann cell membrane facilitated the uptake by Schwann cells but the extent of 

cellular uptake was not as much as DPP-PCL-A Mem (Figure 1). We successfully fabricated membrane-coated 

fluorescent NPs. Our findings suggest that cell membrane coating effectively prevents astrocyte uptake. Besides 

that, DPP-PCL-A Mem could significantly facilitate uptake efficiency of OLs and SCs. Future works will be tested 

on in vivo spinal cord injury models. Such neural cell membrane coated NPs may find useful applications for 

effective and targeted delivery of drugs in the nervous system. 
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Table 1 
Naming convention of membrane-coated nanoparticles. 

 

 

Figure 1 
(A) Image of uncoated DPP-PCL and membrane coated DPP-PCL. (B) 

Uptake in oligodendrocytes. (C) Table to summarize efficiency and 

extent of uptake of uncoated and membrane-coated DPP-PCL by 

different nervous system cells. 

 

 

T16-035C 

Contactin-2 role in axon regeneration 

M. Savvaki, G. Kafetzis, C. Theodorakis, D. Karagogeos 

IMBB, FoRTH, Heraklion, GR 

 

Contactin-2 (CNTN2) is a cell adhesion molecule of the immunoglobulin superfamily that is highly regulated 

during development in the central and the peripheral nervous system. In adulthood, it is expressed by neurons 

as well as Schwann cells and oligodendrocytes. It plays a critical role in the clustering of repolarizing voltage-

gated potassium channels (VGKCs) at the juxtaparanodal area of myelinated fibers. Cntn2-/- mice show 

significant hypomyelination in the CNS during development that is partially restored in the adult. This defect 

arises from reduced maturation capacity of oligodendrocytes. In the optic nerve in particular, CNTN2 absence 

E678 POSTERS

GLIA



  

 

 

from the mutants results in a reduction of the number of axons as well as in a redistribution of axon diameters.  

Previous studies have implicated CNTN2 in axon regeneration but its role remains largely undiscovered. In the 

present study our aim is to uncover a possible role of the protein of interest in the optic nerve crush model in 

mice. This model is widely used as a model for CNS injury and has yielded significant results in the field.  

Young adult wild type and Cntn2-/- mice were subjected to optic nerve crush and the survival of retinal ganglion 

cells (RGCs) in the retina was examined 5 days later. This analysis showed no difference in the cell number 

between the two genotypes. When regeneration was tested at 2- and 3-weeks post injury, mutant animals 

displayed a significantly higher number of regenerating axons, suggesting that CNTN2 negatively regulates this 

process. In order to test whether slight hypomyelination that is present in the mutants could affect the progress 

of regeneration, we used two transgenic mouse lines expressing low and high levels of glial CNTN2 exclusively 

(not axonal) and show restored myelin levels. Our analysis showed similar levels of regeneration in these 

transgenics when compared with the mutant, proposing that axonal CNTN2 is the one that negatively regulates 

axon regeneration. Moreover, we showed that this effect is mediated by regulating Akt phosphorylation and this 

analysis is in progress.  

Our data so far propose an important role of axonal CNTN2 in regeneration after trauma in the CNS and its 

mechanism of action is currently under investigation. Surprisingly, slightly lower myelin levels and glial CNTN2 

expression levels do not affect this process. 

 

T16-036C 

Intrinsic DNA damage repair deficiency results in progressive microglia loss and replacement 
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Boddeke, B.J. Eggen 
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Aging is a process accompanied by a decrease in overall fitness and performance. Increasing evidence 

suggests that changes in microglia contribute to the age-related deterioration of the CNS. In generic Ercc1-

deficient mice, an accelerated aging mouse model, microglia are morphologically and functionally different with 

increased phagocytosis, proliferation and sensitivity to lipopolysaccharides (LPS) induced peripheral 

inflammation. However, the consequence of microglial aging or accumulated DNA damage by microglia-specific 

deletion of Ercc1 and the effects on the surrounding CNS cells are unclear.  

Ercc1ko/flox:Cx3cr1CreERT2 mice were treated with tamoxifen to induce microglia-specific deletion of Ercc1. Flow 

cytometric and immunohistochemical analyses indicated a reduction of approximately 40% in microglia numbers 

as a result of Ercc1 deficiency. A dystrophic morphology was observed in Ercc1 knockout microglia both in vivo 

and in organotypic hippocampal slice cultures. Microglia were progressively lost as a result of Ercc1 deficiency 

and during this period, the proliferation rate of microglia from Ercc1ko/flox mice transiently increased. Ercc1 

knockout microglia were progressively lost and replaced by microglia carrying an Ercc1loxP allele, from a small, 

CNS endogenous population of ‘wild type’ microglia. In summary, microglia-specific, conditional Ercc1 deletion 

resulted in aged microglia that were replaced by ‘wild type’, CNS endogenous microglia. This model, unlike other 

rapid microglia depletion models, allows for a gradual replacement of microglia without overt microgliosis. 
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Ercc1-deficient microglia are gradually replaced 

by microglia carrying an Ercc1loxP allele 

 

 

 

T16-037C 
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Remyelination of adult axons is known to provide trophic support, rescue the lost function and protect neurons 

from subsequent axonal degeneration. Our previous data showed that transplantation of mouse and human 

induced pluripotent stem cells (iPSCs)-derived neuroglial precursors in adult demyelination condition results in 

functional remyelination of host axons. Integration of the grafted cells so far has been evaluated based upon 

axo-glial interaction (re/myelination) but not on glial-glial interaction. This is of major importance since glial-glial 

interactions are essential for myelination maintenance and full repair. In this respect, astrocytes and 

oligodendrocytes are known to make tight glial network junctions providing trophic, structural and metabolic 

support to neurons. Oligodendrocytes, as part of the glial syncytium, are extensively coupled to astrocytes 

through making heterologous gap junctions on their somata or outer surface of myelin. Molecular disruption of 

this communication (loss of Connexin43/Connexin47 connectivity) and thus its effect on neuronal function occurs 

in demyelinating diseases. Loss of Cx43 in astrocytes is directly correlated with the extent of demyelination and 

disease severity in Multiple Sclerosis and Neuromyelitis Optica.  

The objective of this work was to investigate how exogenous mouse and human iPS derived progenies can help 

reconstruction of lost glial syncytium in demyelinating conditions. First, we studied the dynamics of Cx47 

expression during the demyelination-remyelination process. Second, we questioned how the grafted cells 

contribute to the panglial network via Cx expression.  

We found that deconstruction of the panglial network following LPC-induced demyelination was more extensive 

in size than demyelination. Oligodendrocyte-astrocyte disconnection following demyelination was rescued over 

time. Moreover, it was accelerated by grafted neuro-glial precursor cells. Interestingly we observed that both 

grafted mouse and human iPS-derived oligodendrocytes express Cx47 that colabeled with endogenous and 

exogenous astrocyte Cx43. The functional glial-glial connectivity was confirmed by dye-coupling studies. Our 
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current study investigates whether remyelination correlates with reconstruction of the panglial network.  

Transplantation of iPS derived myelin forming cells capable of not only generating functional myelin but also 

(re)constructing the panglial network is of promise for myelin disorders and provide a suitable tool to study 

myelin pathology and repair in vivo. 
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Research on demyelinating disorders has consistently demonstrated that cannabinoid agonists have the 

potential to relieve symptomatology and to control inflammatory-mediated neurodegeneration in Multiple 

sclerosis (MS) animal models and patients. Thus, the contribution of oligodendroglial cannabinoid receptors to 

the beneficial effects of cannabinoids in MS animal models has mostly focussed on their capacity to prevent cell 

survival of oligodendrocytes (OLs) and their progenitors (OPs) against excitotoxic injury. However, very few 

attention has been paid to the potential of targetting OPs by cannabis-based compounds to promote OL 

regeneration and functional recovery in demyelinating disorders. Here, we studied the effect of administering Δ9-

Tetrahydrocannabinol (Δ9-THC) in OPs cell cycle dynamics and OL differentiation, both, during the critical 

periods of postnatal CNS myelination and under demyelination condition, by using the Cuprizone model.  

First, we studied the effect of administering Δ9-THC at early postnatal ages in the process of OL development 

during the critical periods of subcortical white matter (SCWM) myelination. We found that acute Δ9-THC 

administration induced OPs cell cycle exit and differentiation, accelerating the process of OL maturation, SCWM 

myelination, and motor function development at postnatal ages. Further, by using the Cuprizone animal model, 

we also found that acute Δ9-THC administration following demyelination induced OPs cell cycle exit and 

differentiation, and accelerated the processes of OL regeneration and SCWM remyelination and motor function 

recovery. Moreover, THC effects on OL differentiation and regeneration involved the activation of CB1 and CB2 

cannabinoid receptors, both, during postnatal development and during remyelination.  

Overall, our results show that acute Δ9-THC administration induces OP cell cycle exit and differentiation, and 

accelerates OL development during CNS myelination, but also accelerates OL regeneration during CNS 

remyelination. This study addresses the therapeutic potential of targetting cannabis-based compounds to 

promote OL regeneration, myelin repair and functional recovery in demyelinating disorders. 
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Multiple Sclerosis (MS) is a chronic immune-mediated demyelinating disease, in which loss of myelin appears 

during both an initial relapsing-remitting phase and a subsequent secondary progressive phase. Demyelination 

is linked to clinical disability, including sensory and motor impairment. Remyelination, the formation of new 

myelin in demyelinated areas is possible due to oligodendrogenesis – the process by which new 

oligodendrocytes are generated.  

A better understanding of the factors and mechanisms that drive oligodendrogenesis and remyelination are thus 

crucial for the development of myelin-regenerative therapies.  

We have recently identified the endogenouse mouse Chitinase like protein Chi3l3 as a key player in inducing 

oligodendrogenesis in during EAE, the mouse model of MS. Silencing of endogenous Chi3l3 lead to a decrease 

in oligodendrogenesis accompanied by early onset of EAE and increased clinical signs during chronic EAE.  

Here we tested whether systemic application of Chi3l3 modulates EAE clinical signs and the underlying 

pathophysiological processes. We found that treatment prior disease onset, resulted in a delayed disease onset 

compared to controls, while treatment at peak disease resulted in attenuation of disease severity compared to 

controls. Histological analysis of central nervous system (CNS) tissue of these mice revealed no changes in the 

level of CNS inflammation, while the level of oligodendrogenesis was increased in Chi3l3 treated mice.  

Our results show that Chi3l3 can modulate EAE without affecting the degree of inflammation present in the CNS, 

providing further evidence of Chi3l3’s role in regenerative processes in EAE and its implications as a potential 

therapeutic target in the treatment of MS. 
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How does MIF regulate CNS glia? 
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Macrophage Migration Inhibitory factor (MIF) is a highly conserved 12.5-kDa pleiotropic cytokine that exhibits a 

unique combination of hormone-, cytokine-, and enzyme-like properties MIF is highly expressed in the CNS and 

it is both produced and stored by glial cells as well as certain neurons. MIF operates via intra- and extracellular 
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protein-protein interactions as well as via CD74/CXCR2/CXCR4 receptor-mediated pathways regulating many 

cell functions. All cells of the CNS have MIF receptors and some also produce proteins that bind to MIF.  

Increased expression of MIF in the adult CNS has been reported as both good and bad: MIF has neuroprotective 

properties in spinal cord injury and peripheral nerve regeneration as well as depression (good). However, an 

increased expression of MIF has been described as detrimental in brain injury and diseases, such as 

Alzheimer’s, Parkinson’s disease and Multiple Sclerosis (bad).  

We have found a new binding partner to MIF—the serine protease HTRA1—that digest certain growth factors 

and extracellular matrix components (ECM). MIF inhibits the enzymatic action of HTRA1 and can thereby 

modulate glial functions. When investigating the expression of MIF, MIF receptors, and HTRA1 in the different 

cells of the CNS, we have found that MIF can promote and inhibit migration, as well as enhance phagocytosis 

and proliferation depending on the cell type and receptor involved. In the poster we will discuss MIFs 

implications in MS based on these findings. 
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TACE is a metalloprotease implicated in the cleavage of several molecules, including Notch, p75NTR and 

Neuregulin1. In the peripheral nervous system (PNS), TACE is expressed on neurons and Schwann cells (SCs) 

and tightly inhibits developmental myelination by inactivating axonal Neuregulin1. After damage, axons in the 

PNS regenerate and regrow and regeneration is supported by the trans-differentiation of Schwann cells, 

following a process termed Wallerian Degeneration (WD).  

To determine the role of TACE during regeneration and remyelination, we performed sciatic nerve injury in two 

different animal models: P0-Cre//TACEfl/fl mice, lacking TACE expression specifically in SCs and Chat-

Cre//TACEfl/fl mice in which TACE is ablated in neurons. Next, we analyzed injured nerves morphology and 

performed biochemical analyses to identify TACE effector(s) and mechanism of action. Our data indicate a 

specific role for glial TACE during late nerve regeneration, as we observed impaired remyelination only in P0-

Cre//TACEfl/fl nerves 60 days after crush.  

p75NTR, a known TACE substrate, modulates fibrinolysis thus regulating nerve regeneration and remyelination. 

Indeed, in injured nerves, fibrin accumulates favoring degeneration and the upregulation of p75NTR in SCs 

inhibits fibrin degradation to facilitate the process. Conversely, during regeneration, p75NTR is downregulated to 

allow fibrin degradation. In P0Cre//TACEfl/fl nerves, p75NTR abnormally accumulates during remyelination, 

suggesting a defective processing of this molecule in the absence of glial TACE. Accordingly, we observed 

excessive fibrin accumulation in P0Cre//TACEfl/fl mutant nerves, possibly reflecting increased p75NTR and 

determining the impairment in remyelination.  

Collectively, we posit that during nerve regeneration, unlike what happens in development, glial TACE promotes 

remyelination regulating p75NTR–mediated fibrinolysis. 

 

T16-042C 

Innovative pre-clinical research developing a cell-based therapy for spinal cord injury 
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Worldwide, approximately 2.5 million people live with a spinal cord injury (SCI) and more than 130,000 new 

injuries are reported each year. SCI has a significant impact on quality of life and is a significant economic 

burden. Many strategies have been examined in an attempt to promote recovery or restore functional ability to 

those living with a SCI including pharmacological approaches (neuroprotective molecules), electronic strategies 

(electrical stimulation) and cellular approaches. Cell-based therapies are one of the most promising strategies for 

repairing SCI via cellular regeneration. In particular, the regenerative potential of the olfactory ensheathing glial 

cells (OECs) has widely been demonstrated. However, even though multiple studies using OECs in humans 

have shown functional benefits with no safety liabilities, preliminary clinical trial outcomes remain inconsistent. 

Here at Griffith University, our team, which is composed of biologists, physicians, veterinary surgeons, and 

engineers from around the world, is currently conducting pre-clinical research to develop a highly robust cell-

based therapy for SCI using OECs. We have developed new techniques to purify OECs from nasal biopsies and 

use pharmacological stimulation of the isolated cells to improve function. In order to improve cell integration into 

the injury site, the purified cells are encapsulated in a three-dimensional construct using naked liquid marbles to 

protect the cells from the hostile injury site. The OECs within the 3D constructs rapidly interact with each other 

and produce extracellular matrix to form robust spheroids. In this format, the 3D constructs are easily handled 

and can be transplanted into the injury site using accurate delivery methods to promote cellular integration. Our 

project aims to overcome previous challenges that OEC transplantation methods have faced in pre-clinical 

model studies, with the ultimate goal of translation to human clinical trials in the near future. 
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The peripheral nervous system (PNS) harbours an exceptional plasticity to regenerate. After acute nerve trauma, 

nerve fibers distally to the injury site degenerate in the process of Wallerian degeneration and resident Schwann 

cells mediate nerve repair and remyelination. Previously, we could demonstrate that after nerve crush the 

Schwann cells in mice sharply induce a de- novo- expression of the growth factor Neuregulin-1 type I (Nrg1-I), a 

transient signal which supports remyelination. Therfore, we used transcriptional profiling in order to gain insight 

into the molecular mechanisms downstream of Nrg1-I expression in Schwann cells that mediate nerve repair. In 

injured peripheral nerves of mice with ablated Nrg1 in Schwann cells, we identified a cluster of lipid metabolism 

associated differentially expressed genes, including genes encoding for members of the leptin signalling 

cascade.  

Leptin is well known as a cytokine secreted by adipocytes that controls satiety and food intake in the central 

nervous system (CNS). However, much less is known about leptin signalling in peripheral organs including the 

PNS. Global knock-out mice for leptin (Lep) or leptin receptor (Lepr) cause hyperphagia induced diabetes 

mellitus and hence, diabetic neuropathy. In these mice, however, it is not clear to which extent the global 

metabolic syndrome or rather specific consequences in Schwann cells contribute to nerve dysfunction. To 

precisely investigate the role of leptin signalling in Schwann cells during nerve injury and repair, we generated 

conditional knock out mice by crossing Lep or Lepr floxed to Dhh-Cre mice that we analyse after experimental 

nerve crush injury. 
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X-linked adrenoleukodystrophy (X-ALD) is a rare hereditary genetic disorder due to mutations on the ATP-

binding cassette transporter subfamily D member 1 (ABCD1) gene located in the peroxisome which results in the 

accumulation of very long-chain fatty acids (VLCFA) in plasma and tissues. In the CNS, X-ALD is characterized 

by two main phenotypes: the cerebral inflammatory form (cALD) exhibits aggressive neuroinflammation and 

demyelination leading to early death and its onset is typically at childhood although it may also affect adults; all 

patients reaching adulthood present adrenomyeloneuropathy (AMN), which is characterized by progressive 

spinal cord axonopathy leading to severe motor dysfunction. Even though PPAR gamma agonists have shown 

promising results in multiple preclinical models of neurodegenerative diseases, their insufficient brain penetration 

has hampered their clinical development in this field. We show in this study that MIN-102, a selective PPAR 

gamma agonist with improved profile for CNS diseases, exhibited efficacy in multiple preclinical models relevant 

for both phenotypes of X-ALD. This supports the use of MIN-102 for the treatment of the two CNS phenotypes of 

X-ALD and potentially other neuroinflammatory and/or neurodegenerative diseases. MIN-102 is currently in a 

phase 2/3 clinical trial for the treatment of AMN in Europe and United States and results are expected at the end 

of 2020. 

 

T16-045C 

Targeting the LINGO1, p75, AMIGO3 and TROY receptor platform to favour remyelination using 

transmembrane domain interfering peptides 

L.D. Pham-Van, F. Biname, M. Van der Heyden, D. Bagnard 

INSERM U1119 Myelin Biopathology, Neuroprotection and Therapeutic Strategies, University of Strasbourg, 

Illkirch, FR 

 

Multiple sclerosis (MS) is a neuroinflammatory and neurodegenerative disease characterised by axonal 

damages and massive loss of oligodendrocytes. Although spontaneous remyelination occurs, very few 

oligodendroglial progenitor cell (OPCs) reach demyelinated lesion to restore the myelin sheath.  

This remyelination failure is triggered by microenvironmental dysregulation leading to accumulating inhibitory 

molecules such as Semaphorin 3A, and NogoA interfering with OPCs proliferation, migration and differentiation.  

Semaphorin 3A binds to Neuropilin 1 associating in turn with Plexin A1 to inhibit OPCs migration and 

differentiation. We recently developed a membrane targeting peptide (MTP Plexin A1) to cancel this inhibitory 

process. Besides in vitro assay demonstrating the counteraction of Sema3A functions in Oligodendrocytes, we 

also found in the cuprizone mouse model for MS that MTP Plexin A1 exhibit protective effect exemplified by 

preserved myelin content and lack of locomotor deficits demonstrating the target relevance and its therapeutic 
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potential. NogoA exhibits similar effects on remyelination when binding to Nogo receptor and its co receptors 

LINGO1 p75, AMIGO3 and TROY. We transposed the MTP technology to those targets. In silico analysis using 

PREDDIMER served to analyse the potential of TM domains interactions for these targets.  A second approach 

with PISA identified the amino acid residues involved in the identified interactions. Results are suggesting a clear 

contribution of TMD in the formation of receptor complexes involving the different receptors. Hence, we designed 

and produced four membrane targeting peptides (MTP) targeting LINGO1, p75, AMIGO3 and TROY TMD 

sequences. Current investigations are challenging the possibility to modulate these TMD interactions in a BRET 

assay. In addition, MTPs are being analysed in an automatize in vitro assay of migration (Xcelligence) with Oli 

neu cell line in the presence of NogoA as an inhibitor of migration.  

Overall, this study is paving the way for the use of TMD peptides as novel therapeutic compounds favouring 

remyelination by counteracting the inhibitory molecular barrier preventing spontaneous repair. 
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Soluble factors derived from brain pericytes promote neural stem cells to generate oligodendrocytes 
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Myelin is an insulating substance, mainly composed by lipids and proteins, that wraps around the axons 

facilitating the transmission of the electrical impulses. In the central nervous system myelin (CNS) is provided by 

oligodendrocytes. Multiple sclerosis (MS) represents the most common demyelinating disease in young adults. 

In response to demyelination, oligodendrocyte progenitor cells (OPCs) proliferate, migrate and differentiate into 

mature oligodendrocytes. However, OPCs are not the only cellular source for new myelin in the CNS. Neural 

stem cells (NSCs) are undifferentiated cells able to generate neurons and, therefore, being essential for adult 

neurogenesis. However, NSCs may also respond to demyelination and contributes to the generation of new 

oligodendrocytes. We have previously demonstrated that CNS-resident pericytes (PCs) respond to 

demyelination, proliferate and secrete Laminin alpha2 (Lama2) promoting OPC differentiation (1). Here, we 

aimed to determine whether PCs may influence the fate of NSCs, favouring the production of new myelin-

producing cells. After the exposure to conditioned medium derived from PCs (PC-CM), NSCs mainly 

differentiated into oligodendrocytes at expense of the generation of astrocytes. Moreover, PC-CM increased the 

expression of the oligodendrocyte fate determinant Olig2, while it decreased the expression level of the astrocyte 

determinant ID2. PC-CM did not affect NSCs proliferation, indicating that the increase in the generation of 

myelin-producing cells is mainly due to an instructive signal that promotes fate choice and differentiation towards 

oligodendrocytes. Pre-exposure of PC-CM to an anti-Lama2 antibody avoided oligodendrocyte differentiation in 

NSCs. Our findings indicate that soluble factors derived from PCs and, specifically, Lama2 instruct NSCs to an 
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oligodendrocyte fate favouring the generation of myelin-producing cells at the expense of astrocytes. This study 

encourages to reveal the role of PCs during myelin repair and suggests that PCs might represent an attractive 

therapeutic target for the development of new pro-remyelinating treatments for MS. 
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Progressive multiple sclerosis (pMS) is a debilitating disease in which demyelinated lesions form in the central 

nervous system (CNS). Normally, demyelination leads to recruitment of oligodendrocyte progenitor cells (OPCs), 

which differentiate into oligodendrocytes (OLs) to regenerate lost myelin. However in pMS, OPCs fail to 

differentiate despite their active recruitment. One characteristic of pMS lesions is abnormally high expression of 

microRNA miR-145a-5p. In OPCs, miR-145a-5p is also expressed at high levels but is strongly downregulated 

as they begin to differentiate. This downregulation may be required as OPCs transition to OLs, and thus high 

levels of miR-145a-5p play into the OL differentiation block observed in pMS. We aimed to determine how 

altering normal expression of miR-145a-5p affects OL maturation.  

In vitro, primary differentiating OLs overexpressing miR-145a-5p showed severe defects in branching and myelin 

protein expression, and increased apoptosis. Conversely, OLs in which miR-145a was knocked out showed 

enhanced differentiation. Following a course of chronic exposure to the demyelinating agent cuprizone, in 

vivo analyses revealed that miR-145a knockout mice excitingly experience striking levels of remyelination while 

wild-type littermates remain chronically demyelinated. Further, behavioural assessments showed that the 

remyelination in miR-145a knockout mice leads to functional recovery of both motor deficits and 

anxiogenic behaviours caused by cuprizone exposure.  

Taken together, these data suggest that downregulation of miR-145a-5p is required for OL differentiation, and 

that loss of that downregulation – as is observed in pMS - is detrimental to OL differentiation. Excitingly, loss of 

miR-145a expression in our mouse model allows extensive remyelination and full functional recovery following 

chronic demyelination.Thus, the overabundance of miR-145a-5p in the pMS lesion microenvironment may be a 

factor in the OL differentiation block observed there, and miR-145a-5p may serve as a relevant therapeutic 

target to help overcome this aspect of remyelination failure. 
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The repulsive guidance molecule Semaphorin 3A expression in Multiple Sclerosis (MS) lesions represents an 

obstacle to remyelination. We identified overexpression of its receptor Plexin A1 in oligodendrocytes of MS 

patients, making of this pathway a potent negative regulator of oligodendrocytes recruitment into lesions and 

therefore an inhibitor of remyelination. Current treatments modulate the inflammatory part of MS but no drug is 

available to repair lesions. We aim at blocking Semaphorin 3A/Plexin A1 pathway to demonstrate its role in 

inhibition of remyelination and to offer new therapeutic perspectives. We have developed a Plexin-A1 peptidic 

antagonist disrupting transmembrane domain-mediated oligomerization of the receptor to block subsequent 

signalling and functional activity. Our peptidic antagonist counteracts Semaphorin 3A inhibitory effect on 

migration and differentiation of oligodendrocytes in vitro. The use of this compound in a mouse cuprizone model 

of induced demyelination/remyelination demonstrates a protective effect at several levels. It strongly reduces 

demyelination in DTI-MRI studies confirmed at the histological level. Moreover, this effect correlates with 

locomotor performances fully preserved in treated animals. Our results show that disruption of the inhibitory 

molecular barrier allows normal myelinating cells to exert their spontaneous remyelinating capacity. This opens 

new therapeutic opportunity for patients suffering MS for which no curative options are yet available. 
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Despite the presence of oligodendrocyte progenitor cells (OPC) capable to regenerate myelin after its loss, 

chronic MS lesions in the brain and spinal cord are characterized by incomplete repair and yet the underlying 

cause remains unknown. To begin understanding potential mechanisms behind remyelination failure in MS, we 

hypothesize that the MS lesion environment may alter the mechanical properties of the brain tissue and 

therefore negatively impact the ability of OPC to make new myelin. Within this context, our lab and others have 

found that OPC grown in “high-stiffness” conditions are not capable of forming myelin.  

We have implemented the use of Atomic Force Microscopy (AFM) to obtain accurate and detailed 

measurements of the mechanical properties of CNS tissue at the micrometer scale, from animal models of acute 

and chronic demyelination as well as from human MS post-mortem tissue. By comparing the mechanical 

properties of brain regions with successful myelin formation with those of regions with defective myelin repair we 

found that acute and chronic demyelinated lesions have different mechanical properties, with chronic lesions 

exhibiting increased stiffness.  
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Using biomimetic materials, we are currently investigating what are the “optimal mechanical properties for 

remyelination” with the idea that OPC exposed to materials of the “right stiffness” will be capable of remyelinating 

even if transplanted in a chronically demyelinated lesion. Our findings could help to optimize new cell-based 

therapies involving transplantation of human-derived OPC to promote myelin repair and neuroprotection, and 

also impact the design of bio-compatible materials supportive of neuronal and glial development that incorporate 

optimal mechanical stimulation of these cells. 
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Preterm birth is a public health concern and impairs adaptation to extrauterine life, leading to long-term sequelae 

in terms of lung structure and function due to hypoxia. Immediate morbidity and mortality levels are high 

(neonatal death encephalopathy affects 1-2 per 1,000 live births), and a large percentage of babies that survive 

develop long-term cognitive and motor impairments, such as mental retardation, epilepsy, cerebral palsy or more 

anxious/depressed behaviors requesting a long-term mental health monitoring through adolescence). The 

appropriate health support of these children throughout to adulthood has a very significant socio-economic 

impact on the society. Both in humans and rodents, the developmental period around birth is a time of active 

generation of oligodendrocytes, myelination, and axonal organization that is strongly perturbed in many preterm 

children. Indeed, hypoxia dramatically affects survival and maturation of oligodendrocytes precursor cells. 

Because of the long-term consequences of perinatal hypoxia and the absence of current treatment, there is an 

urgent need to develop novel therapeutic approaches promoting oligodendrocyte regeneration. To reach this 

goal, we aims to characterize the main regulators of gene networks promoting oligodendrogenesis and 

myelination, and to device non-invasive therapeutic strategies to foster these processes in regenerative 

contexts. We have therefore chosen a pharmacogenomics strategy to identify small bioactive molecules 

promoting oligodendrogenesis in the mouse brain. To do so, we have used genome-wide gene expression 

datasets, levering the power of mouse genetic tools, to determine the key gene-networks involved in 

oligodendrogenesis (specification and differentiation steps) as well as for neurogenesis. This has allowed us in 

one hand to characterize the main gene-nodes involved in specification, proliferation, differentiation and survival 

and in other hand to identify potential drugs acting specifically on these networks. Functional analyses of these 

key gene-nodes are currently on-going. The effects of the more promising drugs will be determined using in-vitro 

strategies, and molecules having the highest therapeutic potential will be injected in a model of premature brain 

injury hypoxia mouse model. We expect that this refined pharmacogenetics analyses will allow us to identify 

molecules fostering oligodendrogenesis. 
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Traumatic brain injury (TBI) induces a complex interaction between glial and immune cells leading to their 

accumulation at the injury site and the modification of extracellular matrix (ECM) components (glial scar) 

hampering successful regeneration. The re-establishment of the proper homeostatic interactions between glial 

and immune cells may be the way to control the whole pathogenic process, abolish the scar formation and 

promote the regeneration. Therefore, we investigated pathways that could be controlling the interaction of glial 

with immune cells.  

Indeed, we observed that inhibition of Toll-like receptor 2 (Tlr2) and C-X-C motif chemokine receptor 3 (Cxcr3) 

innate immunity pathways reduce the number of proliferating oligodendrocyte progenitor cells (OPCs) at the 

injury core of the murine cerebral cortex, 3 days post injury (dpi), without significant changes in the reaction of 

astrocytes and microglia. Additionally, proteome analysis showed changes in the ECM components shortly after 

injury. These initial changes in the ECM were associated with a persistent reduction in glial scar including a 

decline in collagen deposition. Furthermore, the analysis of transcriptomes of reactive OPCs purified from the 

injured area revealed the involvement of Cxcr3&Tlr2 pathways in increased proliferation, apoptosis and 

extracellular matrix organization, as genes involved in regulation of these processes were induced after the TBI 

but failed to be up-regulated upon inhibition of the two pathways. Importantly, the inhibition of Cxcr3&Tlr2 

interfered with the activation of innate immunity pathways in OPCs, indicating that innate immunity pathways 

including Tlr2&Cxcr3 can cell-autonomously regulate the reactivity of OPCs in response to TBI. However, both 

receptors are not exclusively expressed in OPCs and those observations could be a consequence of Tlr2&Cxcr3 

miss-regulation in other cell populations. Therefore, we assessed their role in pure primary OPCs cultures, 

where the proliferation of OPCs was reduced after blocking the two pathways. Moreover, the CRISPR/Cas9 

mediated knockout of Tlr2&Cxcr3 in an OPCs cell line leads to reduced proliferation rate, further supporting the 

concept that Tlr2&Cxcr3 mediated accumulation of OPCs at the injury site is the prime mechanism leading to the 

glial scar formation.  

Taken together, our data support a specific role for the injury-induced Tlr2&Cxcr3 signalling pathways in 

controlling OPCs reactivity and reorganization of the extracellular matrix, thus correlating with their role in scar 

formation. 
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Zebrafish, in contrast to mammals, regenerate spinal neurons after injury. Immune system activation promotes 

regeneration in the larval spinal cord, but the mechanistic basis for this is unclear (Ohnmacht et al., 2016, 

Development 143: 1464-74). We have previously shown that the pro-inflammatory cytokine Tnf-a is mainly 

produced by blood-derived macrophages in the injury site (Tsarouchas et al, 2018, Nat Commun. 9, 4670). 

Using pharmacological and gRNA-mediated interference with Tnf-a signalling, we show that up-regulation of 

hdac1, a known epigenetic regulator of neurogenesis, is impaired in progenitor cells. Moreover, proliferation of 

progenitor cells and regeneration of motor neurons is strongly reduced in the absence of Tnf-a signalling. 

Recombinant human Tnf-a stimulates expression of hdac1 in isolated progenitors and genetically inhibiting 

hdac1 function only in progenitor cells reduces regenerative neurogenesis in vivo. These results suggest direct 

signalling from blood-derived macrophages to progenitor cells to effect essential gene regulation for regenerative 

neurogenesis. We are now analysing Tnf-a induced gene expression changes in spinal progenitor cells in 

unbiased approaches. Our data reveal a signalling axis from immune response to regenerative neurogenesis in 

a vertebrate spinal cord, providing targets for future interventions in non-regenerating mammals. 
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Spasticity is a significant complication associated with SCI. Up to 90% of individuals with SCI, including US 

veterans, experience clinically significant spasticity, which can negatively impact quality-of-life. Spasticity is a 

symptom of hyperexcitability within the injured spinal cord motor-reflex system. Current spasticity management 

strategies only treat the superficial symptoms and fail to target the underlying cause for spasticity. Management 

with conventional therapeutics, such as Botox or baclofen, carry the potential for tolerance development and 

adverse effects associated with long-term use. Thus, there continues to be an unmet medical need for more 

effective and safe treatments for managing spasticity.  

We have previously shown that the Rac1-Pak1 molecular pathway contributes to abnormal dendritic spine 

plasticity underlying hyperexcitability disorders, such as pain and spasticity. An obvious limitation of these 

studies, however, was the use of the systemically administered Rac1 inhibitor. This small molecular GTPase 

inhibitor was non-selective for neurons and glia, which precluded our ability to elucidate the spasticity 

mechanism. To assess the contribution of neuronal Rac1 to the development of spasticity following SCI, we 

used a conditional knockout system (i.e., viral-mediated cre-lox approach) to specifically target neuronal Rac1. 

Specifically, we will deliver cre-expression construct using an AAV vector (2/9 serotype) through an injection into 

the soleus muscle group of Rac1-floxed mice. AAV-2/9 specifically infects neurons within the monosynaptic 

spinal stretch reflex (e.g., H-reflex).  

Our interim data demonstrates several key findings: First, electromyography (EMG) recordings reveal that viral-

mediated knockout of Rac1 normalizes H-reflex rate dependent depression (RDD, e.g., a measure of spasticity) 

in SCI animals. Second, Rac1 knockout attenuates the presence of dendritic spine abnormalities on ventral horn 

motor neurons associated with hyperexcitability and spasticity after SCI. Taken together, these findings reveal 

that knockout of neuronal Rac1 can reduce the abnormal structure and function associated with spasticity. As a 

next step to complement this study, we will assess spasticity outcome in a conditional knockout of Rac1 in 
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astrocytes. Together, these paired neuronal and astroglial Rac1 knockout studies will advance our 

understanding of spasticity following SCI. 
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Excitotoxicity is a common phenomenon in several neurological diseases, associated with an impaired clearance 

of synaptically-released glutamate by astrocytes, leading to an overactivation of post-synaptic glutamate 

receptors. This starts an intracellular cascade of neurotoxic events, including exacerbated production of H2O2 

and NH4
+ toxicity. Several therapeutic approaches focus on limiting glutamate release or blocking post-synaptic 

glutamate receptors. This type of permanent blockage interferes with physiological glutamate functions, 

generating side effects.  

We report the assembly and characterization of microreactors equipped with platinum nanoparticles (Pt-NP) that 

counteract cellular excitotoxicity in a neuroblastoma cell line. Pt-NP-based microreactors were biocompatible, as 

seen through a membrane integrity assay, were able to attach to cells, observed with an immunocytochemistry 

assay, and were able to rescue cell viability when the cells were exposed to 100 and 250 µM H2O2, and when 

cells were exposed to 2.5 and 5 mM NH4
+.  

The activity of the microreactors in primary neuronal cultures was also explored. Cortical neuronal cultures were 

obtained from Sprague Dawley fetuses (embryonic day 18/19) and cultured for 14 days. At this time point, the 

same assays were performed (cell viability to ensure biocompatibility, immunocytochemistry to study cell 

adherence, and a biological activity assay). We found that the microreactors remained biocompatible, with high 

cell adherence, and were able to ameliorate cell survival when cells were exposed to 10 µM H2O2 or to 10, 25, 

and 50 mM NH4
+.  

Furthermore, we also report the successful co-encapsulation of two enzymatic pathways with up to five enzymes 

into compartmentalized microreactors, in an attempt to increase the complexity and efficiency of the 

microreactors. Specifically, we confirmed the activity of an encapsulated enzymatic cycle that conjugates the 

actions of glutamate dehydrogenase and glutathione reductase, using NADP+/NADPH as a common co-factor, 

as well as an encapsulated enzymatic cascade combining β-galactosidase, glucose oxidase, and catalase, 

representing a relevant advancement in encapsulated catalysis toward the assembly of therapeutic cell mimics.  

Taken together, our work represents the first attempt to create and optimize a simple artificial astrocyte to 

counteract excitotoxicity and it is, to our knowledge, the first study that focuses on enzyme and Pt-NP-based cell 

mimics as a therapeutic approach in a neuronal setting. 
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Astrocytes are of vital importance for all aspects of brain physiology, and comprise a diversity of subtypes which 

regulate various functions specific to their location. Moreover, preclinical studies in rodents revealed a 

surprisingly heterogeneous astrocyte reaction in the injured murine cerebral cortex grey matter (GM), with only a 

subset resuming proliferation in vivo and acquiring stem cell properties in vitro. This proliferation of GM 

astrocytes is selectively elicited upon an invasive injury involving alterations of BBB (e.g. traumatic or ischemic 

damage), and is critical for restricting both the injury size and inflammation. Keeping in mind the ultimate goal of 

translational applications, it is important to assess the interspecies relevance of this specific subtype of reactive 

astrocytes. Therefore, we first determined the phenotypic heterogeneity of cortical astrocytes in tissue samples 

obtained from patients with a sporadic form of supratentorial cerebral cavernous malformation (CCM), 

undergoing surgical resection of non-neoplastic tissue adjacent to the hemorrhagic core. Our findings provide 

clear evidence for the gradual transition of human astrocytes into reactive state in a manner that varies with 

distance from lesion. Although the structure, morphology and diversity of reactive astrocytes in the human 

cerebral cortical differ greatly from that of rodents, similar to the injured murine GM, only a subset of human 

reactive astrocytes became proliferating and strongly up-regulated expression of well known regulators of 

astrocyte proliferation, such as cyclin D1, Galectin 1/3. Most important, however, in human and rodents alike, the 

acquisition of proliferative activity in reactive astrocytes correlated with the emergence of stem cell capacity at 

the lesion site, mirrored by generation of self-renewal multipotent neurospheres in vitro. We will present further 

comparative analysis of patient samples not eliciting thus stem cell response. The challenge, therefore, will be to 

determine the specific “on” mechanisms, which trigger reactive astrocyte plasticity in the human cerebral cortex. 
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Proliferative activity of reactive astrocytes has a significant impact on post-traumatic behavior 

M. Chen1, O. Sommerfeld1, B. Popper2, S. Sirko1,3 

1Biomedical Center, LMU, Physiological Genomics, Munich, DE 
2Biomedical Center, LMU, Core Facility Animal Models, Munich, DE 
3Helmholtz Center Munich, Institute of Stem Cell Research, Neuherberg, DE 

 

E693POSTERS

GLIA



  

 

 

Astrocytes actively participate in almost all neurophysiological processes and display a large spectrum of 

functions keeping the mammalian brain working, developing, and learning. It is thus obvious that all forms of 

pathogenic conditions, which disturb complex astrocytic network throughout the brain parenchyma, can 

profoundly compromise neuronal functionality and affect brain circuitry. Therefore, restoration of the astroglial 

equilibrium represents an essential step to ensure certain repair mechanisms following brain injury. Given that 

induction of proliferative activity has the potential to exert powerful and long-term influences on regenerative 

processes, especially in the injured cerebral cortex gray matter (GM), as in this brain region recruitment of post-

traumatic astroglial population relies solely on proliferation in a specific niche, we investigated neurophysiological 

consequences of decrease or increase in reactive astrocyte proliferation within the injured GM of various genetic 

mouse models. Based on results from a large battery of behavioral tests focusing on different neurophysiological 

aspects, including learning, memory and social behavior during acute and chronic stages after traumatic GM 

injury, we found that temporal dynamics of post traumatic recovery is highly dependent on the rate of 

proliferating astrocytes in the penumbra. Furthermore, the drop of proliferating astrocytes correlates not only with 

diminished post-trauma recovery, but also with abnormal formation of scar-like tissue as well as significantly 

increased injury size, thereby affecting astrocyte homeostasis in the damaged area. 

 

T16-058C 

Striking differences in the localization of the AQPs 1 and 7 between rat and mouse sciatic nerve 

E. Segura, M. Dent, A. Martinez-Gomez 

Neuroscience, Universidad Autonoma del Estado de Mexico, Toluca, MX 

 

Aquaporins (AQPs) are a family of small, integral membrane water-transporting proteins, found in prokaryotes 

and eukaryotes implicated in mediating bidirectional movement of water across cell membranes in response to 

osmotic gradients. There are at least 13 different members of the AQP family described in mammals. In the 

nervous system, most of the work has been focused on the central nervous system, but very little attention has 

been given to the peripheral nervous system (PNS). In this work we studied the localization of the aquaporin 

AQP1 and the aquaglyceroporin AQP7 in mouse and rat sciatic nerve. We have previously reported that AQP1 

is present in both myelin and non-myelinating Schwann cells of the rat sciatic nerve. In myelin internodes, AQP1 

is enriched in the Schmidt-Lanterman incisures and in the paranodal region of the nodes of Ranvier 

(Neuroscience (2015) 285:119-127). However, in mouse, AQP1 is only present in non-myelinating Schwann 

cells. AQP7 also shows differences between these rodents; in rat, perinuclear localization is seen in myelin 

internodes and it is also present in non-myelinating Schwann cells. However, in mouse, AQP7 is enriched in the 

Schmidt-Lanterman incisures and the paranodal region of myelin internodes and also observed in non-

myelinating Schwann cells. Therefore, these two closely related rodents show differences in the localization 

pattern of AQP1 and AQP7 in the sciatic nerve, suggesting a possible difference between the regulation of these 

AQPs in the nerve between rat and mouse. 
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Modelling in vitro lineage reprogramming of human glia into induced neurons 
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Studies during last decade have shown that the genetic programs underlying cell identity are plastic even in fully 

differentiated cells. Direct lineage reprogramming takes advantage of this plasticity to induce cell fate 

conversions from one cell type into another. The feasibility of in vitro and in vivo glial cell reprogramming into 

induced neurons opens an alternative approach to face neuronal lost in brain injury and neurodegenerative 

diseases. Murine glial cells, such as astrocytes, have been successfully reprogrammed in different neuron 

subtypes both in vitro and in vivo via forced expression of neurogenic transcription factors. These studies have 

largely focused on murine glia, while there is only sparse evidence that also human glia can be reprogrammed 

into induced neurons. This question is of particular interest with respect to human astrocytes which differ 

markedly in their complexity from their murine counterparts. Using cutting edge technology, we have analyze the 

feasibility of human astrocytes reprogramming in vitro. For this aim, we have differentiated human-derived 

astrocytes from human induce pluripotent stem cells (hIPSc). These human astrocytes express specific 

astrocytic markers such as GFAP or S100β. Using different transcription factors and combination of them, we 

have tested the efficiency of human derived astrocyte to neuron conversion. Furthermore, we have checked the 

maturation and profile of markers expressed in the induced neurons. 

 

T16-060C 

Drug like retinoic acid receptor β agonist to treat nerve injuries 

M. Goncalves, J. Corcoran 

Wolfson CARD, Kings College, London, GB 

 

Retinoic acid has been shown to be involved in neurite/axonal outgrowth. It does this by activating retinoic acid 

receptor (RAR) β. We have developed a drug like RARβ agonist. We show in a model of avulsion that the 

agonist has multiple effects on the injured nervous system. It causes axonal outgrowth by directly activating the 

receptor in the injured neurons, and indirectly modifies the glial scar making it growth persmissive. In addition it 

causes myelination of the regenerating axons. This cross talk between the glial cells and neurons is in part 

carried out by exosome signalling. The multifactorial nature of the agonist has distinct advantages over potential 

drugs that only target one aspect of nerve injury. Phase I data from the single ascending dose cohorts has 

shown that the compound is well tolerated and multiple ascending dose studies will be carried out. 
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Repair of central nervous system (CNS) myelin by oligodendrocyte precursor cells (OPCs) is often inefficient in 

combating continued degeneration and progression of demyelinating disease. Although the factors that inhibit 

successful remyelination have not been fully described, it is understood that the migration and differentiation of 

OPCs adjacent to white matter lesions is often impaired. Prompted by the clinical association between 

demyelinating disease and the presence of human herpesvirus 6A (HHV-6A), we hypothesize that OPC 

functions relevant for remyelination are impaired by the neurotropic virus and present an obstacle to repair. 

HHV-6A is a ubiquitous viral pathogen capable of infecting cells of the CNS, including glial progenitors. Primary 

infection in childhood is followed by the induction of latency, characterized by persistence of HHV-6A DNA and 

expression of the U94A viral gene product in the absence of viral replication.  

Although HHV-6A is generally believed to be benign in its latent state, our laboratory has now shown that the 

latency transcript U94A can significantly alter behavior in human OPCs. Not only does this gene impair migration 

in vitro and in vivo, but new data now also suggests that U94A expression can inhibit the maturation of these 

cells into functional, myelin-producing oligodendrocytes. This work is the first to implicate a latent, neurotropic 

virus as a potential obstacle to remyelination and will help identify unique future targets for regenerative therapy 

in demyelinating disease. 
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The role of platelets in remyelination of the central nervous system 
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Myelin is composed of water, lipids, and proteins and it has the role of insulating axons and clustering sodium 

channels into the nodes of Ranvier to increase the speed of action potentials. Myelin is essential for normal 

motor function, sensory function, and cognition, and shedding of the myelin sheath, known as demyelination, can 

impair these functions. The CNS is often considered to have little regenerative capacity, however myelin is the 

exception to the rule since OPCs/oligodendrocytes can lead a robust regenerative response after injury, re-

establishing the myelin sheath; a process known as remyelination. In the healthy CNS, remyelination is a very 

efficient process, however, there are a series of pathologies where this process is impaired. Multiple Sclerosis is 

the most common demyelinating disease, affecting approximately 2.5 million people worldwide and is a common 

cause of serious physical disability in young adults. Many current MS treatments are directed against the 

immune system, however, their efficacy is limited and are associated with significant adverse effects and lack 

repair-promoting activity. Therefore, a challenge for the MS field is the development of a therapy that targets not 

only the autoimmune/inflammatory component of the disease but can also enhance structural and functional 

myelin repair.  

Platelets are small, oval, circulating, anucleate cells that upon endothelial damage form the haemostatic plug 

and stop blood leakage. Besides, their capacity to aggregate, a number of bioactive molecules are stored in 

platelets that, under specific circumstances, are secreted to the extracellular space and can target other cell 

types, contributing to inflammation. Besides their potential role in neuroinflammation, platelets display tissue-

regenerative activities. Upon CNS damage platelet-released molecules can induce / modulate angiogenesis, 

neurogenesis, neuroprotection, and nerve regeneration. Interestingly, platelets have been found in human 

chronic active MS lesions, suggesting that they might influence CNS myelin regeneration. Therefore the aim of 

our research is to evaluate the role of platelets after spinal cord injury and if they are capable of enhancing 

remyelination. We observed that platelets interacted mainly with M1 microglia (compared to M2) in a model of 

mouse spinal cord injury induced with lysolecithin. We also cultured organotypic cerebellar slice cultures and 

induced demyelination. After injury, slice cultures were treated with different concentrations of platelet lysate and 
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we observed an improvement in remyelination compared to the untreated cultures (only lysolecithin injury) which 

was concentration dependent.   
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T17-001C 

The impact of acute astroglial uncoupling on hippocampal potassium buffering 

B. Breithausen1, S. Kautzmann1, A. Boehlen1, C. Steinhäuser1, C. Henneberger1,2,3 
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3Center for Neurodegenerative Disease (DZNE), Bonn, DE 

 

Astrocytes form large networks through gap junction coupling (via connexins, Cx). This extensive functional 

syncytium enables intercellular communication and trafficking of ions and metabolites. It has been suggested 

that astrocyte gap junction coupling facilitates potassium uptake by redistribution of K+ via the gap junction 

coupled network and thus maintains K+ homeostasis. The quantitative contribution of this mechanism to K+ 

clearance is not fully understood. To obtain further insights into the contribution of gap junctions to potassium 

buffering, the effect of acute pharmacological inhibition of gap junction on extracellular K+ transients was 

examined. To this end, we used K+-sensitive microelectrodes record K+ transients evoked by neuronal activity 

and iontophoretical application of K+ of various magnitudes, the latter providing a local and defined K+ source, in 

the CA1 stratum radiatum of acute hippocampal slices. We found that acute gap junction uncoupling had no 

effect on K+ transients evoked by neuronal activity. Only large K+ transients evoked by iontophoretic application 

of K+ loads with peak concentrations of several milimolar were further increased by gap junction blockade. 

Interestingly, this increase was most prominent for K+ transients measured close to the K+ application site. We 

conclude that gap junctions only contribute to buffering of extracellular K+ during local and large K+ loads, which 

are associated with pathophysiological conditions, but not during moderate extracellular K+ changes. 
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The putative GABAA receptor expressed in oligodendroglial cells 

R.P. Ordaz Ramos1, E. Garay1, C. Matute2, R. Arellano1 
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The γ-aminobutyric acid (GABA) is a key neurotransmitter in the central nervous system. GABA acts through 

activation of pentameric receptor-channels permeable to Cl- ions, known as GABAA receptors, and through 

metabotropic receptors named GABAB. In oligodendrocytes (OL), GABAA receptor expression is controlled by 

their interaction with neurons, thus, it has been proposed a role of GABAergic signaling during the myelination 

process. Functional characteristics of the GABA-response in OL from the rat optic nerve, have indicated a 

specific subunits combination conforming the GABAA receptor (GABAAR), being different to receptors expressed 

in other neural cells. Determination of the subunits that comprise the GABAAR expressed in OL is essential to 
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achieve its pharmacologic and genetic control. Here, GABAA subunits (α3, β2, β3, γ1-γ3) were cloned from OL 

and, heterologously expressed in Xenopus laevis oocytes in distinct combinations, then GABA-response for 

each combination was studied electrophysiologically using the two-electrode voltage-clamp technique. Results 

showed that α3β2γ1 co-expression mimicked the functional and pharmacological pattern described for the 

endogenous GABA-response in OL. For example, the α3β2γ1 GABAAR showed similar GABA sensitivity to that 

displayed by the endogenous receptor, as well as to a variety of positive and negative allosteric modulators, 

including a distinctive robust potentiation by butyl β-carboline-3-carboxylate, a β-carboline that has only a weak 

effect on the GABAAR expressed in cortical neurons, and it was inhibited by Zn2+. The putative GABAA receptor 

α3β2γ1 represents a novel combination of subunits expressed in the nervous system, which displays distinctive 

pharmacological characteristics compared with the main receptors expressed either in neurons or astrocytes; 

this information might be used to analyze in detail the GABAergic signaling role in myelination, and its probable 

involvement in various pathologies. 
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Role of astrocytic GABAB receptors on γ-hydroxybutyric acid induce absence seizures 
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Absence seizures are non-convulsive epileptic events characterized by brief losses of consciousness, 

unresponsiveness to stimuli and commonly observed in pediatric or juvenile epilepsies. The weak GABAB 

receptor agonist γ-hydroxybutyric acid (GHB) mimics generalized spike and slow wave discharges (SWDs) 

characterizing absence epilepsy and is therefore used as a pharmacological model of absence seizures. Given 

the role of astroglia in modulating and sustaining neuronal synaptic activity and their involvement in many 

different pathological scenarios, we investigated the role of astrocytic GABAB receptor in the genesis and 

progression of GHB-induced absence seizures. To this aim, we took advantage of the CreERT2-LoxP system to 

induce time-controlled astrocyte-specific gene deletion of the GABAB1 subunit resulting in lack of functional 

GABAB receptors in astrocytes. Ex vivo GHB administration induced longer intracellular Ca2+ signals with higher 

amplitudes in astrocytes expressing the genetically encoded Ca2+ indicator GCaMP3 and imaged by two-photon 

laser-scanning microscopy (2P-LSM). Mice lacking functional astrocytic GABAB receptors showed Ca2+ signals 

with lower amplitudes compared to baseline. Moreover, loss of astrocytic GABAB receptors resulted in the 

alteration of GHB-induced dose-response assessed through in vivo telemetric electroencephalographical 

recording of brain activity and behavioural video monitoring. GHB-induced alterations lasted shorter 

independently of the administered dose. Taken together, these results suggest a role of astrocytic GABAB 

receptors in the mechanisms underlying GHB-induced absence seizures. This makes this receptor a promising 

target for the treatment of absence epilepsy, which is still effective in only half of the patients. 

E699POSTERS

GLIA



  

 

 

Acknowledgement 

This project has received funding from the European Union’s Horizon 2020 research and innovation programme 

under the Marie Sklodowska-Curie grant agreement No 722053 

 

T17-004C 

Role of Kv1.4 during remyelination and neuroinflammation 

M.N. González Alvarado1, S. Hasse1, S. Seubert2, K. Kuhbandner1, D.-H. Lee2, R. Linker2 

1Neurology, Friedrich Alexander Universität Erlangen-Nürnberg, Erlangen, DE 
2Neurology, Regensburg University, Regensburg, DE 

 

Remyelination, the innate process of repair after demyelination, remains a most anticipated target in multiple 

sclerosis (MS) therapy. However, the underlying mechanisms are not yet fully understood and therapies related 

to neuroprotection and remyelination remain unavailable so far. Previous studies have shown that 

oligodendrocyte precursor cells are recruited into demyelinated plaques and are able to differentiate into 

myelinating oligodendrocytes (OLs) thus forming new myelin layers. Understanding OL physiology during such 

processes is key to develop remyelination enhancing therapies.  

Here we analyze the role of the shaker type potassium channel sub-unit Kv1.4 in MS animal models. Despite 

being a developmentally restricted channel, it is re-expressed in OLs during experimental autoimmune 

encephalomyelitis (EAE), suggesting a role in remyelinating processes. We isolated OL from young Kv1.4 

deficient (Kv1.4 -/-) and wild-type (WT) mice and cultivated them under proliferating conditions for 2 and 7 days. 

Kv1.4-/- OL showed a marked decreased in proliferation at day 2, represented by percentage of ki67+/Olig2+ 

positive cells in the culture (WT= 42,2 %, Kv1.4-/-= 9.88 %, p=0,001). The same effect was observed at day 7 

(WT=26, 48%, Kv1.4-/-= 10.53%, p=0,008). No significant effect in differentiation was found. To shed light on the 

in vivo significance of these results, we employed the cuprizone model of toxic demyelination which did not 

reveal differences in demyelination after 5 weeks or remyelination after 5,5 or 6 weeks between Kv1.4 -/- and WT 

mice. The number of proliferating oligodendrocytes was not affected by genotype in this model. Yet, mice lacking 

Kv1.4 exhibited a much milder EAE phenotype and reduced macrophage/microglia infiltration as well as reduced 

astrocyte activation. In an ex vivo recall assay Kv1.4 deficiency led to lower levels of T cell related cytokines. 

However there was no expression of Kv1.4 in T cells or in related immune cells such as macrophages and 

dendritic cells (DCs). Further research will be needed to understand how the lack of Kv1.4 is exactly related to 

the phenotype observed in the EAE model. 
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Complexity of Ca2+ signals in astrocytes -contribution of astroglial GABAB receptors- 
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Astrocytes are decisively involved in synaptic transmission and thus equipped with transmitter receptors capable 

of sensing neuronal activity. One of these receptors is the metabotropic GABAB receptor, a target of the main 

inhibitory neurotransmitter γ-aminobutyric acid (GABA). Neuronal activation of GABAB receptors leads to an 
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activation of inhibitory G proteins, resulting in prolonged opening time of Ca2+ channels or inhibition of potassium 

channels, depending on the localization of the receptors. First reports on the function of astrocytic GABAB 

receptors have been published, but the downstream signaling and the influence in astrocytic communication 

remains unclear. Therefore, a genetically modified mouse model where an astroglia-specific deletion of the 

essential GABAB1 subunit could be induced was generated by crossbreeding GLAST-CreERT2 with floxed 

GABAB1 mice (GLAST-CreERT2 x GABAB1 fl/fl). A subset of these mice also expressed the genetically encoded 

Ca2+ indicator GCaMP3 for in vivo Ca2+ imaging. After induction of gene ablation by tamoxifen, 

immunohistochemical stainings revealed a significant reduction of GABAB1 protein in the membrane of 

astrocytes from cortex, hippocampus and cerebellum. To reveal the impact of GABAB receptors on Ca2+ 

signaling, anesthetized and awake animals were analyzed by two-photon laser scanning microscopy (2P-LSM). 

The results revealed altered Ca2+ signals (reduced amplitude and signal duration) in mutant mice, irrespective 

whether signals were recorded in awake or anesthetized animals. In summary, GABAB receptors contribute to 

the complexity of Ca2+ signals. 
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Connexin 43-rich gap junctions allow for direct intercellular communication by the mean of calcium waves. In the 

retina, such a process is observed between Müller glial cells and astrocytes. Müller glia is a retina-specific 

macroglial cell, and preliminary research conducted by our team showed that they are enriched in particular 

phospholipids called “plasmalogens”. Plasmalogens are characterized by the presence of a vinyl-ether bound 

and by the presence of polyunsaturated fatty acids (PUFAs), making that they are considered as reservoirs for 

PUFAs in nervous tissues. Interestingly, previous studies have revealed that plasmalogen deficiency in mice is 

associated to a reduction of tissue connexin 43 content. In this study, we wanted to evaluate the impact of 

plasmalogen deficiency on calcium-mediated intercellular communication between retinal Müller glia and 

astrocytes. We have also evaluated MAPK signaling pathways, as they are both regulated by PUFAs and 

involved in intracellular calcium metabolism. Primary Müller glial cells from rats were transfected with siRNA 

directed against DHAPAT, the key enzyme of plasmalogen biosynthesis. These cells were further co-cultured 

with primary rat cortex astrocytes. Connexin 43 and MAPK protein levels were assessed by western blotting, 

whereas calcium-based communication to neighboring astrocytes was recorded using fluorescence imaging 

after ATP stimulation. To check for the reversibility of the effects observed, part of cells were supplemented with 

the plasmalogen precursor alkylglycerol coupled to PUFAs from n-6 or n-3 family. The data showed that the 

siRNA against DHAPAT successfully lowered plasmalogen content in Müller glial cells (-60%), which was 

associated to a significant decrease in cellular connexin 43 levels. Depleting plasmalogens in Müller cells did not 

only alter calcium waves initiation steps but also modified its propagation to neighboring astrocytes by lowering 

calcium waves velocity by about 50%. Supplementation with alkylglycerols and PUFAs restored at least partly 

wave velocity and modulated the intensity of response of cells to stimulation. Taken together, these data suggest 

that plasmalogen metabolism influences gap junction intercellular communication between retinal macroglial 

cells. 
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Astroglial cells play a critical role in the Central Nervous System (CNS) homeostasis regulating water and ions 

flux through protein channels strategically placed at their endfeet. Aquaporin-4 (AQP4) and the swelling sensitive 

Transient Receptor Potential Vanilloid 4 (TRPV4) control swelling-induced signalling while the syncytium formed 

by gap junctions, predominantly connexin-43 (Cx43), allows water and ions to be cleared from neuropil to the 

vascular side. AQP4 is the autoantigen of Neuromyelitis Optica (NMO) autoantibodies causing optic neuritis, 

myelitis and, rarely, brain lesions. The aim of this study has been to investigate the expression of AQP4-TRPV4-

Cx43 functional complex during development in both brain and retina, and the effect of AQP4 deletion on their 

expression pattern. In rat and WT mouse, TRPV4 was at its maximum expression level at postnatal day (PD) 7 

and then downregulated during development in both brain and retina. Differently, AQP4, Cx43 and the glial cell 

marker GFAP increased their expression during development. As for brain and retina, undifferentiated floating 

neurospheres showed higher TRPV4, and lower GFAP and AQP4 expression, compared to neurospheres 

induced to differentiate into astrocytes. The analysis of AQP4 KO mice revealed no difference in Cx43 

expression between WT and AQP4 KO brain and retina, but a higher level of Cx43 phosphorilation at PD7 in 

AQP4 KO retina. Interestingly, TRPV4 expression was strongly downregulated in AQP4 KO retina from PD7 to 

adult while no alteration was found in AQP4 KO brain. Preliminary evidence on calcium dynamics, suggested 

that an alteration in the response to hypotonic challenge occurs in neurospheres from AQP4 KO. In conclusion, 

the distinct temporal expression pattern for TRPV4 compared to AQP4 and Cx43 in the brain and retina is likely 

related with a different need of cell signalling and volume regulation dynamics during development. In addition, 

the strong impact of AQP4 deletion on TRPV4 expression in the retina and not in the brain suggests a different 

mechanism of TRPV4 and AQP4 functional interaction which might be the key for a different involvement of 

brain and retina in NMO. 
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Membrane excitability depends largely on the distribution and biophysical properties of expressed ion channels. 

Voltage-gated potassium channels (Kv) constitute the largest ion channel family which includes the Shaker-type 

Kv1 channels. Kv1 channels cluster at the juxtaparanode (JXP) of myelinated axons where they are thought to 

regulate nodal membrane potential and prevent axonal hyperexcitability. Mislocalisation or faulty activity of Kv1 

channels has been reported in neurological diseases including epilepsy, peripheral neuropathies and 

neuropathic pain. Their loss from the JXP is also an early sign of axonal demyelination. Hence, it is essential that 

we understand the processes that govern the targeting, clustering and maintenance of these channels. For years 

the only model of Kv1 clustering at the JXP involved the Caspr2 and Tag-1 interactions with the axonal 

cytoskeleton through the 4.1B protein. However, current research has identified new juxtaparanodal proteins 

which have been shown to be associated with Kv1 channels, namely Adam23 and its ligand – Lgi3. We used 

mouse molecular genetics (including Adam23-/-, AvCreERT2:Adam23LoxP/LoxP as well as Lgi3-/-) to investigate 

the involvement of Adam23-Lgi3 interactions in Kv1 clustering and maintenance at the JXP as well as its 

regeneration after axonal injury. Our data indicate that both proteins are essential for juxtaparanodal 

organization of myelinated axons. 

 

T17-009C 

GABAB receptors of NG2 glia promote myelination in health and disease 

X. Bai, L. Fang, W. Huang, A. Scheller, F. Kirchhoff 

Molecular Physiology/CIPMM, University of Saarland, Homburg, DE 

 

NG2 glia are widely accepted as oligodendrocyte precursor cells (OPCs) since they keep proliferating and 

differentiating into myelinating oligodendrocytes (OLs) throughout their life. Proliferation and differentiation of 

OPCs are modulated by growth factors, and by direct communication between the non-myelinated axons and 

the developing oligodendrocyte lineage cells. OPCs receive glutamatergic and GABAergic synaptic input from 

excitatory and inhibitory synapses. In the neocortex, a large fraction of cortical myelin in layer 2/3 and layer 4 are 

axons of inhibitory neurons, suggesting respective signaling pathways between inhibitory axons and 

oligodendrocyte lineage cells. In vitro, the activation of GABABR increased proliferation and migration of OPCs. 

However, how GABABRs of OPCs affect myelination in vivo is yet unknown. Using NG2-CreERT2 x GABAB1Rfl/fl 

conditional knockout (cKO) mice, we specifically deleted GABABRs from OPCs and their progeny, i.e. from 

mature OLs. In addition, reporter mouse lines Rosa26-GCaMP3 or Rosa26-tdTomato were used to visualize 

recombined cells. Mice were injected at postnatal day 7-8 and analyzed at 9 week. BrdU assays showed that 

OPC proliferation was suppressed in the cortex of cKO mice. By performing PDGFRα (OPC marker) and APC 

CC1 (OL marker) immunostaining, we found that in parallel cell densities of both OPC and OL were drastically 

decreased in cortex and corpus callosum. In addition, Western blot and RT-PCR results showed reduced levels 

of myelin basic protein (MBP) in the mutant cortex, indicating impaired myelination. These results suggest that 

GABABR activation in OPCs contributes to myelination in the healthy brain. To further investigate whether OPC 

GABABR signaling also suppresses myelination in demyelination and remyelination, we employed the cuprizone 

model. In the demyelinated cortex, the density of OPCs and OLs did not differ between cKO and control mice. 

However, during the remyelination process after withdrawal of cuprizone, cKO mice failed to regain the density 

of OPCs and OLs to a similar extent as control mice in cortex and cc. We also found that MBP was further 

decreased in cuprizone-treated mutant mice, however, only in cortex and not in the corpus callosum. These 

results suggest a decisive, but distinct role of GABAB receptors for remyelination. In summary, our data strongly 

suggest that GABABR signaling of OPCs is essential for myelination in health and disease. 
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Membrane properties of olfactory ensheathing cells harvested from rats and humans 

K. Smith1, K. Whitcroft1,2, S. Law3, P. Andrews1,2, D. Choi3, D. Jagger1 

1UCL Ear Institute, University College London, London, GB 
2Royal National Throat Nose & Ear Hospital, London, GB 
3Institute of Neurology, University College London, London, GB 

 

Transplantation of Olfactory Ensheathing Cells (OECs) is a widely promoted therapeutic approach to encourage 

regrowth of damaged axons in the central nervous system1,2.  Their regenerative properties support normal 

performance of the sense of smell by allowing continual turnover of olfactory neurons, and their glial-like 

functions ensure ongoing homeostasis of the peri-neuronal space in the olfactory bulb (OB) and olfactory 

musosa (OM).  Surprisingly though, little is known about their physiological behaviour and their membrane 

properties2.  Here, we have carried out whole-cell patch clamp recordings from OECs cultured from the OB and 

OM of the adult rat, and from the human OM.  

OECs from rat OB, cultured 1-3 days in vitro (DIV), had properties comparable to those reported in slice 

preparations of the mouse OB3, with barium-sensitive strongly rectifying inward currents at hyperpolarised 

membrane potentials and strongly rectifying outward currents at depolarised potentials.  OECs cultured from the 

rat OM had quite distinct characteristics though, with larger and more weakly rectifying currents.  These currents 

were sensitive to barium and desipramine, a blocker of Kir4-family channels.  Consistent with this observation, 

Kir4.1 immunofluorescence was prominent within cells co-immunolabelled for the OEC marker S100 adjacent to 

olfactory neurons of the OM, but not those of the OB.  

For a final set of experiments, human OECs were harvested via endoscopic biopsy from the OM of normosmic 

adults, and cultured 1-3 DIV.  These had membrane properties comparable to those we describe for the rat OM, 

i.e. dominated by large weakly rectifying currents.  Kir4.1-immunopositive cells were resident within these 

human-derived cultures, and these cells were co-immunolabelled for S100.  

The results show that OECs harvested from the OB are functionally distinct to those from the OM, and that 

OECs may express ion channel subtypes that reflect regional specializations of function.  We propose that the 

rat represents a promising experimental model for studying the electrophysiological properties of harvestable 

human OECs. 
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Oligodendrocyte precursor cells are regionally and temporally diverse 
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In the Central Nervous System, oligodendrocytes produce myelin, which is essential for fast neurotransmission 

and normal brain function. The importance of myelin is made clear by white matter disorders such as multiple 

sclerosis, where many of the motor and cognitive symptoms arise from the degeneration of the myelin sheath. 

Oligodendrocyte precursor cells (OPCs) can sense and respond to neuronal activity, as they express ion 

channels, including voltage-gated sodium channels (NaV), voltage-gated potassium channels (KV) and the 

glutamate-activated NMDA, AMPA, and kainate (KA) receptors. Neuronal activity can regulate OPC proliferation, 

differentiation and myelination in health and disease. In particular, NMDAR activation regulates activity-

dependent myelination and remyelination. While the functional expression of NaV, KV, and AMPA/KAR is often 

described as a hallmark of OPCs, not all OPCs display these electrophysiological properties. We show that NaV, 

KV, AMPA/KAR, and NMDAR functional expression in OPCs is region and age-dependent, and correlates with 

cell cycle state and myelination potential. In particular, NaV current density is highest in proliferating OPCs, while 

peak NMDAR current density follows timepoints in which myelination rate is highest, and NMDARs disappear in 

areas by the time myelination has ceased.  

In all regions and all ages OPCs display varied functional ion channel expression, suggesting that OPCs exist in 

different functional states. The mechanisms orchestrating OPC state transition remain unknown, but candidates 

include growth factors, cytokines, and G protein-coupled receptor signalling. In particular, neurotransmitter-gated 

G protein-coupled receptors modulate glutamate receptors in OPCs, as well as OPC proliferation and 

differentiation. Understanding OPC functional states and state transitions may provide a better understanding of 

activity-dependent OPC myelination, in both health and disease. 

 

T17-012C 

Ultrastructural changes in Connexin 43 gap junctions in primary astrocytes after oxygen-glucose 

deprivation and upon stimulation with hyperosmolar sucrose 

A. Beckmann, J. Recktenwald, S. Wolf, A. Grissmer, C. Meier 

Anatomy and Cell Biology, Saarland University, Homburg / Saar, DE 

 

In the intact brain, astrocytes perform several important tasks, including the spatial buffering of potassium, the 

maintenance of calcium homeostasis, neurotransmitter release, and the regulation of cerebral blood flow. A 

proven instrument for their regulatory function is to control the intercellular communication via gap junctions 

(GJIC), with Connexin (Cx) 43 as the major astrocytic gap junction protein. Morphology and assembly of gap 

junction plaques are determinants of their function and thus of the extent of GJIC. In many cases, however, the 

impact of pathologic stimuli on the ultrastructural assembly of gap junctions is not clear.  

We therefore investigated gap junction morphology in murine primary astrocytes after temporary oxygen and 

glucose deprivation with subsequent reoxygenation (OGD-R) as a metabolic inhibition model for hypoxia, 

resembling the early phase of hypoxia. Freeze-fracture replica immunolabeling (FRIL; 1,2) was used to analyse 

assembly and disintegration of Cx43 gap junctions. Even short-term OGD-R (1% O2 and glucose-free medium 
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for 6 hours, followed by 2 hours of reoxygenation) resulted in an activation of ERK1/2, downregulation of Cx43 

protein expression. At the ultrastructural level, a loosening of Cx43 particle clusters was observed within gap 

junction plaques. The compactness of gap junctions was determined by nearest-neighbour distance (NND) 

analysis, quantifying the distance of intramembrane particles in replicated membranes (3). These events were 

associated with phosphorylation of Cx43 at Serine (S) 368. In a short-term treatment of astrocytes with a 

hyperosmolar sucrose solution (0.5 M) as a model for osmotic opening of the blood brain barrier, FRIL analyses 

revealed a widening of gap junction clusters and an increased NND as well as the phosphorylation of Cx43 at 

S368.  

Both short-term models showed that gap junctions are fast reacting components of the intercellular 

communication system, with pathophysiological stimuli resulting in changes of gap junction protein assembly. 
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Changes of gap junctional assembly in response to OGD-R and 

hyperosmolar sucrose 
Freeze-fracture images of astrocytic Cx43 gap junctions. Cx43 

particles are immunogold-labelled (12 nm colloidal gold; black dots) in 

freeze-fracture replicas of cultured astrocytes, treated with OGD-R (left 

panel; gap junction with red overlay), under control conditions (central 

panel; gap junction with green overlay) and after 5 min treatment with 

a hyperosmolar 0.5 M sucrose solution (right panel; gap junction with 

blue overlay). Assembly and compactness of gap junctions changed 

significantly in response to the pathophysiologic conditions OGD-R 

and sucrose. Scale bar 100 nm. 
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Schwan cells (SCs) synthesize GABA and express GABA receptors, possessing functional roles in cell 

differentiation, proliferation and myelination. GABA classically inhibits synaptic transmission in the central 

nervous system while its function in peripheral axons is unclear.  

Therefore, we performed an electrophysiological characterization of GABAA receptors in peripheral axons, 

concentrating on unmyelinated C-fibers. GABAA receptor activation resulted in axonal depolarization. Using 

conditional NaV1.8 GABAA-β3 null mice we demonstrated that this effect was mediated by GABAA receptors and 

restricted to nociceptors.  

We functionally identified axonal GABAA as a novel player in neuron-glia cross talk by demonstrating that axonal 

GABAA can be modulated directly and indirectly by endogenous agonists, such as GABA and the neuroactive 

steroid allopregnanolone (ALLO) synthesized by Schwann cells. We showed that endogenous GABA can 

mitigate the loss of axonal excitability observed in C-fibre nociceptors during sustained firing. Furthermore, ALLO 

exerts dual actions on C-fibers excitability. On the one hand, ALLO allosterically modulates axonal 

GABAA receptors increasing the efficacy of GABA agonists. Over a longer time course, ALLO activates a 

paracrine mechanism able to desensitize GABAA at a later stage. Indeed, ALLO causes the enhancement of 

BDNF production by SCs and the subsequent trk-B mediated up-regulation of PKCε in DRG neurons, leading to 

GABAA phosphorylation and desensitization.  

Overall, we suggest that SCs are actively involved in the local regulation of peripheral nociceptive signaling 

along peripheral axons targeting axonal GABAA receptors through the synthesis of GABA, ALLO and BDNF. 
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The adenosine A2A and dopamine D2 receptor-receptor interaction (RRI) at the striatal neurons have opened up 

new perspectives on the molecular mechanisms related to neuropsychiatric disorders pathogenesin (e.g. 

schizophrenia) or Parkinson's disease. Since the importance of glial involvement in neuropsychiatric or 

neurodegenerative disease vulnerability is being increasingly recognized, we investigated the expression and 
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the functional role of RRI on the astrocytes and on their processes (gliosomes) isolated from adult rat striatum. 

To this aim, we performed biochemical analysis and immunoassay to demonstrate the existence of the A2A-D2 

heteromers on striatal astrocytes and on gliosomes.  

Previously, we focused our attention on glutamate release and the modulation mediated by A2A and D2 

receptors. On gliosomes, we obtained evidence of the A2A-D2 RRI, by assessing the interference by the 

synthetic peptide VLRRRRKRVN (corresponding to the D2 region involved in electrostatic interaction underlying 

A2A-D2 heterodimerization) or intracytoplasmic homocysteine (Cervetto et al., 2017; 2018).  

Here we report direct biochemical and biophysical data providing the evidence of the A2A-D2 RRI and 

heteromerization. The co-immunoprecipitation experiments on A2A and D2 receptors in astrocyte processes 

demonstrated their co-expression on the astrocytic plasma membrane. The proximity ligation assay (PLA), used 

to assess heteromerization of native receptors, was able to detect their strict co-localization (less than 40 nm) on 

astrocytes in adult striatal slices.  

In conclusion, our findings indicate, for the first time, not only that A2A and D2 receptors physically and 

functionally interact but also that they form heterodimers that could play a crucial integrative role at the striatal 

astrocyte processes. 
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Astrocytes form large networks throughout the brain. In the hippocampal CA1 region, astrocytes are connected 

by gap junctions that are mainly composed of GJα1 (connexin 43) and GJβ6 (connexin 30). Together, these 

proteins form a hexameric structure called connexons which can connect two adjacent cells by forming gap 

junctions. This astroglial gap junction coupling and network formation is important for various processes and 

mechanisms such as energy supply and regulation of synaptic transmission and plasticity.  

Previous experiments performed in our laboratory showed that induction of long-term potentiation and 

epileptiform activity changes the astrocyte morphology and the diffusion within and between astrocytes in acute 

hippocampal slices. Therefore, we investigated the fundamental relationship between astrocytic structure and  
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the strength of astroglial coupling using combinations of two-photon excitation fluorescence microscopy and 

electrophysiology.  

We found that the primary morphological determinant of coupling strength is the complexity of the astroglial 

branching pattern rather than the total intracellular volume available for diffusion. Moreover, we could also reveal 

in experiments measuring the fluorescence recovery after photobleaching that changes of intracellular diffusivity 

do not explain the link between astroglial morphological complexity and coupling. We are now investigating if 

astrocyte structure defines the pattern of gap junction formation between astrocytes, thus potentially explaining 

the morphology-dependence of astroglial coupling. 
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Olfactory ensheathing cells (OECs) is a specialized population of glial cells, enwraping fascicles of axons of 

olfactory sensory neurons (OSN) in the superficial olfactory nerve layer (ONL) and thus support axonal growth 

and guidance into the olfactory bulb. Extrasynaptic release of glutamate and ATP by OSN axons initiates Gq-

mediated calcium release from internal stores in OECs via mGluR1 and P2Y1 receptors. However, confocal 

calcium imaging experiments in the mouse olfactory bulb provide evidence, that inhibition of ionotropic 

AMPA/kainate receptors additionally reduces calcium signaling in OECs, induced by axonal stimulation.  

We investigated the question wheather AMPA/Kainate receptor stimulation initates calcium signalling and 

membrane currents in OECs. We performed confocal calcium imaging and whole cell patch clamp recordings 

analyzing calcium signalling and membrane currents in response to kainate application. Kainate evoked calcium 

signalling in OECs, that persisted in the presence of TTX and Carbenoxolone (CBX, gap junction inhibitor), thus 

being direct responses. However, kainate induced calcium responses were suppressed by the AMPA/kainate 

receptor antagonist, NBQX.  

Whole cell patch clamp recordings showed that Kainate induced a robust inward current in OECs, which was 

inhibited by the AMPA receptor specific antagonist GYKI53655,  indicating that Kainate induced responses are 

attributed to AMPA receptors exclusivly. Additionally, kainat-induced inward currents were reduced by 60% in 

the presence of NASPM, which inhibits the GluA2-lacking Ca2+-permeable AMPA receptor. Studying the 

expression of AMPA receptor subunits using immunohistochemistry, we showed that, GluA1, GluA2 and GluA4 

are all present on OECs. Our results indicate that OECs express functional AMPA receptors, initiating calcium 

signalling in response to kainate application or neuronal activity. 
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Childhood Absence Epilepsy (CAE) is one of the most prevalent paediatric epilepsy syndromes, accounting for 

approximately 10 to 17% of diagnosed epilepsies in school-aged children [1]. Belonging to the family of idiopathic 

generalized epilepsies (IGE), childhood absence epilepsy is genetically determined and manifests in the form of 

typical absence seizures, defined as evanescent impairments in consciousness. Etiologically, absence seizures 

are underlied by 3Hz spike-wave discharges (SWD) in the thalamocortical network [2], which are liable to result 

from an inherent susceptibility of the circuit itself, albeit the exact cause remains uncertain. Nevertheless, an 

involvement of the GABAergic system has been widely acknowledged, with increased GABA-mediated tonic 

inhibition having been recognized as a sufficient and necessary condition for seizure genesis [3]. This 

exacerbated inhibition is likely due to GABA spill over from the synapse, as a consequence of impaired GABA 

uptake mechanisms, performed by specific GABA transporters (GATs), particularly by GAT1, the most 

ubiquitous in the brain. GABA transporters are amply expressed in astrocytes, with GAT3 being exclusively 

astrocytic [4], suggesting astrocytes might be a crucial element in the etiopathology of absence seizures.  

Thus, the activity of astrocytic GAT1 and GAT3 was assessed by performing GABA uptake assays in primary 

cultures of astrocytes obtained from the thalamus and cortex of GAERS, a well-validated model of CAE, and 

from their respective control, NECs. Uptake activity of each transporter was determined by selectively blocking 

each transporter with specific drugs, namely SKF-89976a for GAT1 (20 µM) and SNAP-5114 for GAT3 (20 µM). 

A decrease in GAT1-mediated uptake has been observed in thalamic astrocytes of GAERS, as well as a 

decrease in GAT3-mediated uptake in both astrocytes of the thalamus and cortex. These functional impairments 

are accompanied by alterations in protein expression, as a tendential increase in GAT1 and GAT3 expression 

was observed in cultured astrocytes obtained from GAERS, with the exception of thalamic GABA transporter 3, 

which appears to be decreased in astrocytes derived from epileptic animals. These results further indicate that, 

in CAE, there is a deregulation of GABA transporters’ function, thus compromising the GABAergic signalling. 
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The influence of astrocytic cell networks on neuronal network activity is an emerging issue in epilepsy. Among 

the various mechanisms by which astrocytes modulate neuronal function, astrocytic gap junction coupling is 

widely considered to be a crucial mechanism in epileptic conditions, since synchronization within the astrocytic 

network may induce recurrent epileptiform activity. Here we explored whether modulation of astrocytic gap 

junctions could alter epileptic seizures in different types of epilepsy. We found that opening of gap junctions by 

trimethylamine intensifies seizure-like events in the low-Mg2+ in vitro epilepsy model of temporal lobe epilepsy, 

while alleviates seizures in the in vivo WAG/Rij rat model of absence epilepsy. In contrast, blocking the gap 

junctions with carbenoxolone prevents the appearance of seizure-like events in the low-Mg2+ epilepsy model, but 

aggravates seizures in the non-convulsive absence epilepsy, in vivo. We conclude that astrocytic gap junctions 

are key players in the formation of epileptiform activity and have different mode of action in the convulsive and 

non-convulsive epilepsy types. 
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Pruritus is a frequently observed symptom in hepatobiliary disorders, is hard to control pharmacologically, and 

can therefore reduce the quality of life of affected patients seriously. Lysophosphatidic acid was identified as 

potential pruritogen as the levels of lysophosphatidic acid (LPA) and its forming enzyme autotaxin were 

increased in the serum of cholestatic patients with pruritus compared to those without pruritus. The levels of LPA 

also correlated with itch severity and response to treatment (Kremer, 2010). Using microfluometry, we were able 

to determine that LPA 18:1 elevates cytosolic free calcium concentrations in cell cultures from sensory ganglia of 

C75BL/6 mice. LPA elevated the cytosolic free calcium concentrations in mouse dorsal root ganglion (DRG) 

cultures. Only 1.6% of neurons were activated by LPA, whereas the majority of activated cells were satellite glial 

cells (SGC). The magnitude of LPA-responses was inversely correlated with calcium responses to potassium, 

and agonists for TRPV1, TRPA1, TRPM3 and TRPV4. In contrast, LPC showed a different pattern of activation, 

predominantly targeting neurons. However, LPA responses seem to interact with other mediators causing itch, in 

particular with INT-777 and chloroquine. Schwann cells also responded to the application of LPA. By using 

heterologously expressed human and murine TRP channels in HEK293T cells, we could demonstrate that LPA 

only marginally activates TRPV1 and TRPA1. Compared to cells from wild type mice, glia cells of TRPV1 and 

TRPA1 knockout mice showed no reduced response. Treatments of DRG cultures using thapsigargin, the 

phospholipase C inhibitor U73122 indicated a G protein-coupled LPA receptor. The LPA receptor 1 AM966 

blocker and mRNA levels suggest the observed responses are mediated by LPA receptor 1. In line with these 

findings, the respective LPA receptor 1 was only minimally expressed in neurons, but colocalized with the glia 

cell marker glutamine synthetase. The LPA-induced intracellular calcium responses were almost identical in 

absence or presence of extracellular calcium, but could be depleted by thapsigargin, suggesting a calcium 

release from the endoplasmic reticulum as downstream signalling. As a functional consequence of LPA 

exposure, isolated Schwann cells change their morphology, indicating an potential implication for glia cell 
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outgrowth or retraction. In summary, LPA is a likely pruritogene in cholestatic pruritus that activates satellite glia 

cells and peripheral Schwann cells via LPAR1. 
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P2X4 receptors (P2X4R) are ATP-gated ion channels that are implicated in several inflammatory processes. 

Indeed, P2X4R are up regulated during inflammation, as they are expressed de novo in activated microglia, the 

resident macrophages of the CNS. In light of recent studies showing the involvement of P2X4R in chronic 

inflammation, we wonder whether it could be implicated in neurodegenerative diseases, such as Alzheimer’s 

disease.  

Using APP/PS1 mice, we show that mice lacking P2X4R present better performances in several memory tasks. 

We found no differences in amyloid plaque number and size but a lower level of soluble amyloid peptide is 

observed in APP/PS1 P2X4R-/-mice. Using immuno-histochemistry, we demonstrated that P2X4R are highly 

expressed in activated microglia surrounding amyloid deposits. Moreover, we found that P2X4R co-localize and 

immunoprecipitate with ApoE, a well-known risk factor for Alzheimer’s disease. Characterization of P2X4R’s role 

on ApoE shows that the level of secreted ApoE is strongly increased in P2X4R-/-macrophages. Using 

pharmacological tools we characterized that this effect is due to an alteration of cathepsin B activity. We now aim 

to investigate the role of P2X4R on ApoE and cathepsin Bin vivo. 

 

T17-021C 

Control of microglial membrane voltage by THIK-1 K+ channels in a model of neurodegeneration 

A. Rifat, J.R.P. Geiger, C. Madry 

Institute of Neurophysiology, Charité Universitätsmedizin, Berlin, DE 

 

Microglial function is partly controlled by ion channels and cell-surface receptors, the expression of which varies 

with the many morphological and functional states that these cells can adopt. A prominent role is ascribed to 

purinergic receptor signaling, which regulates key microglial functions such as chemotactic process movements, 

phagocytosis of pathogens or dead neurons, and cell activation under pathological conditions. We have 

previously shown that extracellular ATP or ADP, acting via P2Y12 receptors, alters microglial cells’ membrane 

voltage by activating the two-pore domain K+ channel THIK-1, which regulates pro-inflammatory cytokine release 

when microglial cells become activated. In contrast, in the absence of a purinergic stimulus, tonic THIK-1 activity 

sets the microglial membrane voltage which controls microglial morphology and brain surveillance. Due to its 

involvement in microglial physiology and pathology, we now investigate the function of the P2Y12/THIK-1 

signaling complex in a model of Alzheimer’s disease (AD), APPPS1 mice, by patch-clamping microglial cells in 

brain slices. We find that the THIK-1 current increase evoked by purinergic stimuli changes depending on the 

progression and severity of the disease. At early disease stages (~4-5 months), THIK-1 current amplitude is 

smaller in amyloid-beta associated microglia compared to non-plaque-associated microglia. Surprisingly, at later 

disease stages (~9-10 months), the THIK-1 current in plaque-associated microglia is larger than in non-plaque-
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associated microglia and healthy control mice. These findings may reflect the amyloidosis-evoked inflammation 

that occurs at advanced disease stages entailing a stronger NLRP3 inflammasome-mediated interleukin-1b 

release, which could require an elevated THIK-1 function to promote K+ release from the cell. Our findings 

suggest a prominent role for purinergic signaling and THIK-1 mediated membrane voltage control in regulating 

microglia function under neurodegenerative conditions. 
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T17-022C 

Dopamine induces Ca2+-signals in olfactory bulb astrocytes 

T. Fischer, P. Scheffler, C. Lohr 

Division of Neurophysiology, University of Hamburg, Hamburg, DE 

 

Whereas it is well established that astrocytes in culture respond to dopamine (DA) with cytosolic Ca2+ rises, less 

is known about the dopamine sensitivity of astroglia in situ. It has been shown, e.g., that application of DA acts 

on astroglia of the stratum radiatum in a dose dependent manner, however, the effect of DA on olfactory bulb 

astrocytes remains unknown. To elucidate this, we aimed to establish whether astrocytes in situ respond to DA 

with an intracellular Ca2+ rise. To exclude neuronal influence, we did all experiments in the presence of Na+-

channel blocker TTX, glutamate and GABA receptor blockers (AP-5, NBQX, MPEP, gabazine). Our results show 

that DA leads to cytosolic Ca2+ rises in Fluo-8 AM bulk-loaded astroglia with constant signal amplitude over 

multiple applications of DA in the same experiment, indicating that no significant rundown occurs. DA-induced 

Ca2+ signalling was completely blocked by the mixture of the D1/5 receptor blocker SCH23390 and D2/3 

receptor blocker sulpiride. Application of the IP3 receptor blocker 2-APB completely abolished the DA-evoked 

Ca2+ response in astrocytes. Furthermore, we tested the effect of Ca2+ store depletion by the Ca2+ pump inhibitor 

cyclopiazonic acid (CPA). CPA induced a prominent Ca2+ elevation by itself, reflecting store depletion, and 

suppressed Ca2+ transients by DA. Our data show that DA evokes Ca2+ release from internal stores by activation 

of both D1/5 and D2/3 receptors in olfactory bulb astrocytes. Supported by the DFG (LO779/11). 

 

T17-023C 

Role of cholesterol and cytokines on Pannexin1 cell plasma membrane mobility 

A. Cibelli1, E. Scemes2, D.C. Spray1 

1Dominick P. Purpura Department of Neuroscience, Albert Einstein College of Medicine, Bronx, US 
2Cell biology and anatomy, New York Medical College, Valhalla, US 

 

Pannexin1 (Panx1) forms large conductance channels permeable to ATP.  In the nervous system Panx1 is 

expressed in both glia and neurons and plays a pivotal role in several pathological conditions such as epilepsy, 

migraine, inflammation and ischemia. In order to understand factors that regulate distribution of Panx1 in the cell 

membrane, we have used Fluorescence Recovery After Photobleaching (FRAP) to evaluate mobility of Green 

Fluorescent Protein (GFP)-tagged Panx1.  Cells used for these studies were Neuro2a neuroblastoma cells in 
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which Panx1 was CRISPR-deleted and astrocytes from Panx1 null mice. In initial studies we examined the 

effects of cholesterol, pro-inflammatory cytokines and cytoskeletal elements on Panx1 cell surface dynamics. 

Our experiments indicate lower lateral diffusion parameters of Panx1 in cholesterol-depleted cell plasma 

membrane caused by treatment with methyl-β-cyclodextrin (MβCD) and other cyclodextrins which was restored 

when cholesterol was added with the cyclodextrin.[S1] In addition, we found that the lateral diffusion was 

increased after Tumor Necrosis Factor-alpha (TNFα) stimulation, although effects were not seen with interleukin 

(IL)-5 or IL-1B. Panx1 mobiilty was independent of alteration of cytoskeleton as evidenced by insensitivity to 

Lantruculin B and Nocodozol[S2] , although microtubule polymerization by taxol decreased membrane 

mobility.  We conclude from these studies that cholesterol and TNFα modulates Panx1 mobility through effects 

on membrane organization. Mobility is not greatly retrained by cytoskeletal actions. Future studies will be 

focused on evaluating electrophysiologically for potential changes in Panx1 channel properties induced by 

cholesterol depletion   and by cytokine treatment. 
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T19-001B 

Chemoresistance in cerebral metastases: The role of tumor dormancy and nkg2d ligand expression. 

R. Hufnagel, M. Synowitz, J. Held-Feindt, C. Flueh 

Department of Neurosurgery, University Hospital of Schleswig-Holstein, Campus Kiel, Kiel, DE 

 

Objectives: Cerebral metastases are common intracranial lesions and have enormous prognostic impact. In 

many cases, brain metastases seem to be insensitive to chemotherapeutic treatment and are often source of 

recurrence. To date, the reasons for this are not entirely known. Dormant tumor cells are a population of non-

apoptotic, low proliferating cells, which have the ability to be reactivated and can be the source of recurrence. 

Another mechanism of tumor cell survival are immunological escape mechanisms, involving the Natural Killer 

Group 2, member D (nkg2d) receptor-ligand system. In a previous study we were able to show that human brain 

metastases of pulmonary and breast cancer harbor a significant amount of dormant tumor cells, which often 

coexpress NKG2D ligands. We now wanted to investigate, whether chemotherapeutic treatment has an effect on 

expression of dormancy markers and nkg2d ligands.  

Methods: The murine breast cancer cell line E0771 and the murine pulmonary cancer cell line LLC were treated 

with ascending doses of cisplatin and cyclophosphamid, two chemotherapeutics which are also used in humans, 

for 2 to10 days in comparison to negative controls. We performed a cytotoxicity assay. Expression of the 

dormancy-associated markers pdgf, fgf2, hif1alpha, epha5, h2bk and igfbp5 and the nkg2d ligands mult1, h60a, 

h60b, h60c and reat1b were analyzed by qrtPCR and immunocytochemistry.  

Results: Cytotoxicity assay revealed, that cells from both lines died significantly after treatment with Cisplatin in 

comparison to H2O. Whereas cyclophosphamide had no effect on dormancy marker and nkg2dl expression, 

treatment with cisplatin led to an significant upregulation of nkg2dl and dormancy marker expression in LLC and 

E0771 in a dose and time dependent manner. Results were confirmed via immunocytochemistry.  

Conclusions: Although chemotherapy with cisplatin leads to death of many cells in culture, the surviving cells 

show a high expression of dormancy markers and of certain nkg2d ligands. Not only acquisition of dormancy but 

also nkg2d ligand expression might play an important role in chemoresistance of brain metastases. Markers from 

both groups could therefore be effective therapeutic targets. 

 

T19-002B 

Function of the transcription factor Cic in oligodendrocyte development and gliomagenesis 

Y. Khenniche, J. Lerond, S. Poggioli-Meimoun, P. Dal-col, C. Parras, M. Sanson, E. Huillard 

Inserm U 1127, CNRS UMR 7225, Sorbonne Universités, UPMC Univ Paris 06 UMR S 1127, Brain and Spinal 

Cord Institute, Paris, FR 

 

Oligodendrogliomas are invasive and malignant primary brain tumors. These tumors are described to be driven 

by cells with features of oligodendrocyte precursor cells (OPCs). At the molecular level, oligodendrogliomas are 

characterized by mutations of isocitrate dehydrogenase 1 (IDH1) and co-deletion of one copy of 1p and 19q 

chromosome arms. In addition, mutations in the Capicua transcriptional repressor gene (CIC), encoding a 
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transcriptional repressor, are present in half oligodendrogliomas. Our goal is to decipher the function of CIC in 

oligodendrocyte development and gliomagenesis. To this aim, we are using a novel mouse model in which Cic is 

specifically inactivated in OPCs and we are evaluating the consequences of its inactivation on OPC proliferation 

and differentiation. We are also investigating the impact of Cic inactivation on tumor development, using a high 

grade glioma model in the mouse. Our project will lead to a better understanding of the cellular and molecular 

mechanisms underlying the development of oligodendrogliomas and may identify novel targets or biomarkers for 

these tumors. 

 

T19-003B 

The patient derived material obtained during tumor resection with used block Blue E400 of microscope 

OmniPainter™ and 5-aminolevulinic acid (5ALA) proved to be a reliable source of low-differentiated 

astrocytic tumors primary cell culture. 

S.N. Ignatov, O. Kit, A. Sitkovskaya, E. Rastorguev, N. Kuznetsova, I. Mezhevova, N. Karnaukhov, O. 

Nistratova, S. Filippova 

Rostov Research Institute of Oncology, Rostov-on-Don, RU 

 

Background: It is known that low-differentiated astrocytic tumors are characterized by pronounced necrotizing 

of tumor tissue. That’s why the generation of primary tumor cell line is not always possible due to insufficient 

number or complete absence of living cells in postoperative material. At the same time, fluorescence-guided 

resection with used block Blue E400 of microscope OmniPainter™ and 5-aminolevulinic acid (5ALA) may allow 

to obtain a sufficient number of living cells to establish them under culture conditions. The purpose of this work 

was to investigate the effect of 5ALA application on the subsequent establishment of primary tumor cell culture.  

Materials and methods: The primary tumor mass was resected during craniotomy under visual control with 

used block Blue E400 of microscope OmniPainter™ and 5ALA from a patient diagnosed with anaplastic 

astrocytoma based on the histopathological analysis. Prior informed consent was obtained, and all procedures 

were approved by the institutions’ Ethics Committee: (reference number: A 2018/34). After surgery, the native 

material was immersed in Hanks’ solution at a room temperature (Biolot). The tissue was subjected to 

mechanical dissociation into single cell suspension on BD Medimachine (Becton Dickinson) in the same solution. 

Cells were plated at a density of 2 × 106 cells in 5 mL of DMEM/F12 medium (Gibco) supplemented with 10% 

fetal calf serum (HyClone), 1% NEAA (Sigma-Aldrich) and 0.5% penicillin-streptomycin (Biolot).  

Results: From a tumor sample of 0.3 cm3 2-4*106 cells were obtained. When stained with Trypan Blue the 

calculated percentage viability was 100%. The resulting cell suspension had attached to the surface in 1 hour, 

cell processes sprawling was observed after 1-2 days (Figure 1A). The maintenance phase lasted from 3 to 5 

weeks, depending on the initial number of cells and their proliferative activity. Cytological analysis determined 

that only tumor cells with epithelial-like morphology were present at the primary culture (Figure 1C,D). During 

sub-cultivation under the same conditions the cells showed swelling and a predominance of the morphology 

characteristic of continuous cell lines (Figure 1B).  

Conclusion: The fluorescence-guided tumor resection with used block Blue E400 of microscope OmniPainter™ 

and 5ALA provides the possibility of selecting material with sufficient number of viable cells for the subsequent 

establishment of low-differentiated astrocytic tumors primary cell culture. The patient derived material obtained 

during resection proved to be a reliable source of primary cell culture, since the accumulation of porphyrins in the 

tumor cells does not interfere with their further transfer to culture. 
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Figure 1 - Astrocytic tumor primary cell culture. 
A - 2 days after tissue dissociation, passage zero culture; B - 

passage1 culture; C - cytological smear, passage zero culture, 

magnification x 100; D - cytological smear, passage zero culture, 

magnification x 1000 

 

 

T19-004B 

Tumor necrosis factor (TNF)-related apoptosis-inducing ligand (TRAIL) mediates DNA methyl 

transferase inhibitors (DNMTis)-induced immune gene activation in glioma cells 

S. Park, I. Jou 

Department of Pharmacology and Chronic Inflammatory Disease Research Center, Ajou University School of 

Medicine, Suwon, KR 

 

DNMTis such as 5-aza-2-deoxycytidine (5-Aza) exert chemotherapeutic and chemopreventive effects by 

inducing cell cycle arrest and apoptosis. DNMTis also activates immune signaling, resulting in modulate cancer 

immunogenicity and sensitivity to immune therapies. Recently TRAIL, a potent inducer of apoptosis, has been 

shown to exert immunomodulatory roles in cancer through cytokine signaling. In the context of apoptosis 

induction, TRAIL has shown to mediate anti-tumor effects of DNMTis, it remains unknown, however, whether 

TRAIL in cancer cells can affect DNMTis-induced immunomodulatory effects. In this study, we show that 5-Aza 

upregulates immune genes, at least in part, through TRAIL/TRAIL-Receptor signaling. In glioma cell line 

U373MG, 5-Aza induces TRAIL and TRAIL-Receptors (DR4, DR5, and DcR2). Interestingly, we find that, apart 

from apoptosis, 5-Aza-induced TRAIL regulates specific immune genes including CCL2, CCL20, IL8, and IL1B. 

During 5-Aza treatment, siRNA knockdown of TRAIL reduces this response, and recombinant human TRAIL 

addition enhances it. TRAIL mediates this response through NF-kB activation. Furthermore we identify that 5-

Aza induced DcR2 is required for TRAIL-mediated immune gene activation. Taken together, our results suggest 

that TRAIL may act as a novel mediator of immunomodulatory effects of DNMTis in glioma cells. 
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T19-005B 

Reactive astrocytes in glioma models: Effect of cell-penetrating peptides based on connexin43 

L. García-Vicente, M. Jaraíz-Rodríguez, S.G. Pelaz, J.M. Medina, A. Tabernero 

Instituto de Neurociencias de Castilla y León, Universidad de Salamanca, Salamanca, ES 

 

Gliomas are among the most aggressive cancers, with a median survival of approximately 15 months. These 

tumors are especially difficult to treat in part due to the support they receive from the cells within the brain 

parenchyma. One of the hallmarks of brain cancers is the formation of a layer of reactive astrocytes surrounding 

the tumor. Astrocytes in the tumor microenvironment secrete growth factors and inflammatory cytokines that 

promote tumor growth by enhancing proliferation and invasion of cancer cells, as well as protection from 

chemotherapy and the immune system. In this way, the modulation of astrocyte activity emerges as an essential 

element to control glioma progression.  

A cell-penetrating peptide based on connexin43 (Tat-Cx43266-283) exerts an antitumorigenic effect by inhibiting c-

Src activity in glioma stem cells, appearing as a promising therapeutic tool for the treatment of gliomas. In this 

work, we study the effect of this peptide in the reactive astrocytes that conform the tumor microenvironment. To 

mimic glioma-astrocyte interaction in an ex vivo model, we place glioma cells on top of organotypic brain slice 

cultures and allow them to engraft into the tissue. Using a biotinylated form of Tat-Cx43266-283 we can see the 

internalization of the peptide not only into the tumoral cells, but also into the astrocytes that surround them.  

One of the main players in astrocyte reactivity is the signal transducer and activator of transcription 3 (STAT3), 

which has been shown to regulate astrocyte activation in a variety of neurodegenerative diseases and models of 

acute injury. Nevertheless, its role in the reactive astrocytes of the tumor microenvironment is not so well known. 

Here, we study the effect of Tat-Cx43266-283 on astrocytic STAT3 activation in glioma/astrocyte cocultures. 

Characterization of the signaling cascades that lead to astrocyte reactivity in brain tumors and proposals to 

interfere them will help to restrain the progression of these cancers. 

 

T19-006B 

AMP-activated protein kinase as a regulator of glutamate transport in astrocytes and glial tumours 

I. Belo Do Nascimento Osorio de Castro1, V. Joris2, E. Hermans1 

1Institute of Neuroscience / Neuropharmacology, Universite catholique de Louvain, Brussels, BE 
2Institute of Experimental and Clinical Research, Universite catholique de Louvain, Brussels, BE 

 

There is accumulating evidence that targeting glutamate handling could constitute a promising approach in the 

management of patients with malignant astrocytomas. As compared to healthy astrocytes, astrocytoma cells in 

human tumour samples or in rodent models of brain tumours exhibit a weak functional glutamate uptake 

capacity. Furthermore, in diverse pathological conditions including tumours, astrocytes release glutamate that 

may impact on neuronal activities. Indeed, it is known that astrocytoma cells show a reduced expression of the 

high affinity glutamate transporters (EAATs), whereas the glutamate-cystine exchanger (Xc-) appears to be 

upregulated. This has been shown to confer a biological advantage to these cells, favouring tumour growth and 

causing neuronal death in the vicinity of the tumour. However, the molecular mechanisms involved in the altered 

glutamate handling in astrocytoma cells remain largely unknown. We hypothesize that the cellular energy sensor 

AMP-activated protein kinase (AMPK) could regulate the expression and function of glutamate transporters. 

Hence, the altered blood perfusion and inflammation commonly observed in the tumour environment are likely to 

influence the metabolic activity of both glioma and surrounding cells. Recent work in our laboratory revealed that 
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in primary cultures of rodent astrocytes, the pharmacological activation of AMPK considerably decreases the 

activity and cell-surface expression of glutamate transporters. Considering that AMPK has recently been 

identified as a contributor to astrocytoma growth and survival, we herein addressed this question in several 

astrocytoma cell lines. We found that even in the absence of any metabolic or inflammatory stresses, AMPK is 

constitutively activated in astrocytoma cells compared to primary cultures of astrocytes. This activity was 

essentially assigned to the AMPK-α1 isoform for which a substantial expression was evidenced whereas the α2 

isoform was barely detectable. This indeed contrasts with cultured astrocytes in which both isoforms are 

expressed. Using pharmacological (AICAR and A769662) and genetic strategies (siRNA) to manipulate AMPK 

activity and expression in astrocytoma cells and in astrocytes, we were able to confirm that the glutamate 

handling capacity was influenced by this metabolic sensor. Together these results highlight a putative crosstalk 

between metabolic adaptation and the control of glutamate transmission in the context of glial tumours. Further 

studies are needed in order to delineate the molecular mechanisms whereby individual AMPK isoforms regulate 

glial glutamate transporters and the glutamate/cystine exchanger. 

 

T19-007B 

The RNA-binding protein HuR/Elavl1 controls a core gene regulatory circuitry essential for MPNST 

growth and metastasis 

M. Tamayo Caro1, M. Palomo Irigoyen1, E. Pérez Andrés1, M. Iruarrizaga Lejarreta1, M. Varela Rey2, A. 

Woodhoo1,3 

1Nerve Disorders Laboratory, cic bioGUNE, Derio, ES 
2Liver Disease Laboratory, cic bioGUNE, Derio, ES 
3Basque Foundation for Science, Ikerbasque, Bilbao, ES 

 

Neurofibromatosis type 1 (NF1) is one of the most common genetic disorders among humans, affecting 1:3500 

individuals worldwide. The hallmark of NF1 is the development of multiple benign peripheral nerve sheath 

tumors known as dermal and plexiform neurofibromas. Approximately 10% of plexiform neurofibromas undergo 

malignant transformation into malignant peripheral nerve sheath tumors (MPNSTs), aggressive and highly 

metastatic soft tissue sarcomas that are essentially incurable. Schwann cells are the crucial pathogenic cell type 

in NF1.  

The RNA-binding protein (RBP) HuR is aberrantly expressed in several types of cancers, in which it regulates 

the expression of several cancer-related proteins. A strong correlation has been found between HuR expression 

and advancing stages of malignancy. We observed that HuR expression was significantly increased in NF and 

MPNST samples compared to normal nerves by IHC, qPCR and WB analysis, and found a strong correlation 

between HuR expression and degree of malignancy. RIP-CHIP analysis showed that the number of 

mRNAs bound to HuR increased as malignancy progresses. Amongst them, several ones with well-defined roles 

in oncogenesis were identified. Lentiviral-mediated HuR silencing in vitro and in vivo blocked both MPNST 

growth and metastasis.  

This work points to a key master regulatory role of HuR in controlling gene expression patterns in MPNST, and 

identify HuR as a possible therapeutic target for these tumours. 

 

T19-008B 

Glucose metabolism in astrocytes and glioma stem cells: Effects of a peptide based on connexin43 

S.G. Pelaz1, M. Gómez de Cedrón2, M. Tabernero2, A. Ramírez de Molina2, J.M. Medina1, A. Tabernero1 
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1Instituto de Neurociencias de Castilla y León, Universidad de Salamanca, Salamanca, ES 
2IMDEA Food Institute, Universidad Autónoma de Madrid and Consejo Superior de Investigaciones Científicas, 

Madrid, ES 

 

Connexin43 (Cx43) is the main gap junction channel-forming protein in astrocytes. In addition, the carboxy-tail of 

Cx43 contains several motifs that can regulate signaling proteins such as the oncoprotein c-Src. Astrocytes are 

characterized by high Cx43 expression and low c-Src activity, whereas glioma stem cells (GSCs), the cells 

responsible for the resistance of this type of brain cancer to radiotherapy and chemotherapy, show decreased 

Cx43 expression and increased c-Src activity, as well as increased GLUT-1, GLUT-3, HK1 and HK2 expression.  

In the present study we compared glucose uptake and metabolism of rat primary astrocytes and human GSCs 

G166. Using 2-NBDG, a widely used fluorescent glucose analog, we found that glucose uptake is similar in 

astrocytes and GSCs. However, when glucose and mitochondrial metabolism were analyzed in a cell energy 

analysis platform (Agilent Seahorse XF Technology), astrocytes had a stronger glycolytic response to 

mitochondrial inhibition by oligomycin (an ATP-synthase inhibitor) than GSCs. Inversely, when mitochondrial 

function was analyzed, GSCs maximal respiration was threefold that of astrocytes. These results suggest that 

astrocytes rely more on glycolysis than GSCs do, and that mitochondrial function is enhanced in GSCs, in 

agreement with recent reports. Immunofluorescent analysis of glucose metabolism proteins supported these 

results.  

On a different note, restoring Cx43 in GSCs reverses their phenotype and tumorigenicity through c-Src inhibition. 

We have developed a cell-penetrating peptide (TAT-Cx43266–283) containing the region of Cx43 that interacts with 

c-Src that mimics the effect of Cx43 on GSCs phenotype (Gangoso et al. 2014, Jaraiz-Rodriguez et al. 2017). 

Because TAT-Cx43266–283inhibits c-Src activity in GSCs, it is possible that this peptide could also modulate 

glucose metabolism through c-Src inhibition. Indeed, we found decreased 2-NBDG uptake and mitochondrial 

metabolism when GSCs were treated with TAT-Cx43266–283, both in vitro and in an ex vivo organotypic brain 

slice-GSCs co-culture, yet astrocyte metabolism was unaffected by the same treatment. We also found a change 

in the spatial distribution of mitochondria, HK1 and HK2 in GSCs upon TAT-Cx43266–283treatment. Interestingly, 

preliminary results showed that TAT-Cx43266–283 reduced GLUT-3 and HK1 expression specifically in GSCs in an 

in vivo model of glioma. In conclusion, in vitro, ex vivo and in vivo experiments revealed that TAT-Cx43266–

283impairs glucose metabolism selectively in human GSCs. 

 

T19-009B 

In search of alternative therapies for glioblastoma multiforme 

R. Sofi1, A. Vasilev2, A.G. Teschemacher1, S. Kasparov1,2 

1Physiology, Pharmacology, and Neurosciences, University of Bristol, Bristol, GB 
2Institute of Living Systems, Immanuel Kant Baltic Federal University, Kaliningrad, RU 

 

Glioblastoma multiforme (GBM) is an extremely malignant brain cancer which originates from astrocytes or their 

precursors. Effective therapies for GBM are lacking and hardly any progress in its treatment has been made in 

the last 15 years. This has prompted attempts to test whether any currently approved drugs might be repurposed 

for use as new targeted anti-GBM medications. Dozens of drugs have been reported to have anti-GBM 

properties in vitro but there is no solid evidence for the clinical efficacy of any of them (Vasilev et al., 2018). 

Antidepressants including imipramine (IMI), clomipramine (CLO) and fluoxetine (FLX) have been suggested for 

repurposing, based on an inverse association between treatment with tricyclic antidepressants and the incidence 

of GBM notices by some authors (Walker et al., 2012). Numerous studies in vitro and on GBM transplants into 

mouse brain in vivo have reported positive outcomes with antidepressants. These studies, however, rely on the 
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assumption that concentrations of these drugs used against GBM (in some cases in excess of 100 µM) are not 

toxic to normal astrocytes. We have compared the effects of IMI, CLO and FLX on 2 GBM cell lines obtained 

from patients and primary astrocytes from rat. A Lactate dehydrogenase assay was used to estimate cytotoxicity 

after 3 days of incubation. With none of the drugs did we detect a significant difference in EC50 between GBM 

cells and rat astrocytes. For example, the EC50 of CLO for astrocytes was ~14.6 µM, for GBM line UP007 ~18.4 

µM and for GBM line UP029 ~12µM. These results argue against specific toxicity of antidepressants to GBM. In 

a wound closure (scratch) assay again, CLO was proximately equally effective for both GBM lines and rat 

astrocytes and the effect was significant only at concentrations >25 µM. These and other results make us 

question the anti-GBM potential of antidepressants. However, these drugs could potentially be used to enhance 

effects of other therapies. Specifically, we are looking at methods for photo-ablation of GBM using chemicals 

which release reactive oxygen species when illuminated by light. If it is possible to preferably accumulate such 

chemicals in GBM cells, this might open a window of opportunity for destruction of unremovable loci of GBM in 

critical brain structures. 
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T19-010B 

Brain stem cells escape tumorigenic transformation by SOX21-induced activation of antitumorigenic 

programs 

M. Bergsland, D. Topcic, J. Muhr 

Dept of Cell and Molecular Biology, Karolinska Institutet, Stockholm, SE 

 

Stem cells in the adult body are essential for the maintenance of organ integrity, plasticity and homeostasis, but 

their presence also constitutes a potential risk as stem cells are faced with the difficult task of avoiding 

premature cell cycle exit and at the same time being prepared to escape uncontrolled proliferation associated 

with neoplasia. An important mechanism by which stem cells evade malignant transformation is the activation of 

tumor suppressor cascades. How organ-specific stem cells execute these antitumorigenic programs is however 

not well understood. To address this issue, we have examined how tumor suppressor mechanisms are activated 

in brain neural stem cells (NSCs) in response to DNA damage induced by radiation or chemical exposure as a 

model of oncogenic transformation.  

We have previously shown that the expression of the transcription factor SOX21 increase in brain stem cells 

upon oncogenic stress, whereas its expression decreases during with malignant progression of human glioma 

cells. By using a mouse brain tumor model, we have found that high levels of SOX21 is necessary to prevent 

oncogenic transformation of brain stem cells and that it is sufficient to reactivate tumor suppressor mechanisms 

in glioma stem cells. Interestingly, restoring high levels of SOX21 in human primary glioblastoma cells blocked 

their tumorigenic capacity through cellular senescence and apoptosis.  

To examine the mechanisms by which SOX21 activates antitumorigenic programs in NSCs, we induced DNA 

damage in human embryonic stem cell derived NSCs by radiation or chemical exposure. We show that SOX21 
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protein is substantially and rapidly upregulated in radiated cells as well as in cells exposed to DNA-damaging 

agents. In contrast, Sox21 gene expression is not altered by these treatments. By using ChIP-Seq analysis we 

have found that the genome wide binding pattern of SOX21 in human NSCs, changes significantly upon 

radiation and induction of DNA damage. To further understand these changes in binding profile upon DNA 

damage, we will also examine the binding pattern of SOX21 in a number of primary human glioblastomas. RNA-

seq experiments of cells before and after induction of DNA damage, in combination with ChIP-seq data, will be 

used to determine the molecular function of SOX21 during its antitumorigenic action.  

To understand the mechanisms by which stem cells evade tumorigenic transformation and unravel how tumor 

suppressor response programs can be reactivated in cancer stem cells is essential for the development of more 

efficient therapeutic approaches for the treatment of brain cancers. 

 

T19-011B 

Development of novel models of IDH1- and CIC-double mutant oligodendrogliomas 

S.E. Joppe, E. Huillard 

Inserm U 1127, CNRS UMR 7225, Sorbonne Universités, UPMC Univ Paris 06 UMR S 1127, Institut du cerveau 

et de la moelle epiniere, Paris, FR 

 

Oligodendrogliomas are primary brain tumors with morphological features of oligodendrocyte lineage cells. 

Oligodendrogliomas are characterized by mutations in isocitrate dehydrogenase 1 (IDH1) gene, 1p19q 

codeletion and mutations in the telomerase (TERT) gene promoter. In addition, half oligodendrogliomas display 

inactivating mutations in the Capicua transcriptional repressor (CIC) gene. Although the genetics of 

oligodendrogliomas is well characterized, the cellular and molecular mechanisms involved in tumor development 

are poorly defined. Tumor cells with features of oligodendrocyte precursor cells (OPCs) represent the main 

tumor-driving population in these tumors; yet, how these mutations synergize to promote tumor growth from 

these cells is unknown. Our goal is to determine the consequences of combined Idh1and Cicmutations in OPCs 

and tumor development. To this end, we have developed novel genetically engineered mouse models that allow 

us to introduce these mutations in postnatal and adult OPCs. We are currently characterizing the consequences 

of these combined mutations on OPC proliferation and differentiation. 
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Functional impact of TCF12 mutation in oligodendrogliomas 
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Paris, FR 
2Faculté de Médecine, - Université Paris Sud XI, Kremlin-Bicêtre, FR 

 

Oligodendrogliomas are one of the most malignant primary brain tumors in adults. These tumors exhibit 

morphological features of oligodendrocytes and are presumed to emerge from cells with characteristics of neural 

progenitors or oligodendrocyte precursors (OPCs). Although their molecular profile is rather well-defined, the 

mechanisms underlying their development and progression still remain elusive. Besides other alterations 

frequently found in oligodendrogliomas, recent work identified recurrent heterozygous mutations in the gene of 

TCF12 (7.5% of cases of anaplastic oligodendrogliomas), which were associated with a more aggressive tumor 
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phenotype. TCF12 encodes a bHLH domain transcription factor that can bind to DNA and mediate transcription 

by forming homo- or heterodimers via this domain. It was shown that mutations affecting the bHLH domain 

compromised the transcriptional activity of the protein. An accumulating body of research has demonstrated 

aberrant TCF12 expression in various human cancers and indicated a dual functional role either an as oncogene 

or as a tumor suppressor. This project aspires to shed light to the functional impact of TCF12 mutation on 

oligodendroglioma cells of origin and dissect its role in gliomagenesis. First, we studied Tcf12 expression in the 

mouse brain, focusing the oligodendrocyte lineage at several distinct developmental stages and observed that its 

expression seemed to peak concomitantly with oligodendrocyte differentiation. To investigate the consequences 

of Tcf12 mutation on oligodendroglioma cells of origin, we utilized a mouse line in which the region coding for the 

bHLH domain of Tcf12 is flanked by loxP sites, therefore enabling conditional inactivation of Tcf12 upon Cre 

recombination and recapitulating some of the commonly found mutations in patients’ tumors. Our first results 

from both in vitro and in vivo approaches, indicated that Tcf12 inactivation related with impaired proliferation 

phenotypes in neural progenitors and OPCs. Further analyses will address how Tcf12 mutation affects the 

interplay with known partners and epigenetic regulators, as well as what is its effect within the frame of a glioma 

model, which is already in use. 
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5Sechenov University, Moscow, RU 

 

The precise detection of tumor borders including dense cancer and infiltrated peritumoral regions is the crucial 

task to achieve the successive tumor removal with the minimal surgical intervention. Raman spectroscopy with 

633 and 785 nm laser excitation was already shown to distiguish between normal cortex and dense cancer 

regions, however, there is still lack of the accuracy in the detection of borders of the infiltrated peritumoral 

regions.  

We demonstrate that Raman spectroscopy with laser excitations at 633 and 532 nm allows to discriminate 

between normal cortex and tumor (dense cancer, grade 2-4 glioma) and to visualize the infiltration of glioma 

cells in the peritumoral region. The studied preparations were 200-250 μm thick slices prepared from the patient 

brain tissue removed during tumorectomy. For each patient (n=15) Raman spectra were recorded from three 

brain regions: cortex, peritumoral region and dense tumor (40-50 spectra for each brain region). The study was 

approved by the Ethical Committee of the Privolzhskiy Research Medical University, and informed consent was 

obtained from all patients. We showed that Raman spectra of brain slices obtained with 532 nm laser excitation 

possess peaks at 750, 1126, 1582, 1003 and 1660 cm-1 corresponding to vibrations of heme rings in 

mitochondrial cytochromes, Phe residue and peptide bonds in proteins. Raman spectra of brain slices obtained 

with 633 nm laser excitation demonstrated peaks at 1360,1450-1470, 1650-1660, 2845, 2880 and 2930 cm-1 

corresponding to vibrations of bonds in proteins and lipids. We demonstrated that the relative ratio of peaks at 

2930 and 2845 cm-1 is significantly higher in the dense tumor regions compared to the cortex, showing higher 

relative amount of proteins vs. lipids. Besides, we observed a difference in the redox state of mitochondrial 

cytochromes in the non-tumor and tumor regions. Raman images of peritumoral regions provide clear 

visualization of cancer cells infiltrated these brain parts. We suggest that the cooperative analysis of RS peaks 
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corresponding to the relative amount of proteins and redox state of mitochondria can help to distinguish 

infiltrated peritumoral regions from the healthy brain tissue. 
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Extracellular vesicles (EVs) represent a new type of inter-cellular communication, transferring a ready to use box 

of information, consisting of proteins, lipids and nucleic acids. In the nervous system, EVs participate to neuron-

glial cross-talk, a bidirectional communication important to preserve brain homeostasis and, when dysfunctional, 

involved in several CNS diseases. We investigated whether microglia-derived EVs could be used to transfer a 

protective phenotype to dysfunctional microglia in the context of a brain tumor. When EVs, isolated from 

microglia stimulated with LPS/IFNgamma were brain injected in glioma-bearing mice, we observed a phenotype 

switch of tumor associated myeloid cells (TAMs) and a reduction of tumor size. Our findings indicate that the EV 

cargo, which contains upregulated transcripts for several inflammation-related genes, can transfer information in 

the brain of glioma bearing mice modifying microglial gene expression, reducing neuronal death and glioma 

invasion, thus promoting the recovery of brain homeostasis. 
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Spatial preference and differential susceptibility of distinct mature oligodendrocyte subtypes 
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Oligodendrocytes (OLs) are the myelinating cells of the central nervous system (CNS). While the OL is thought 

to be homogenous, we recently found twelve transcriptionally distinct OL states/subtypes in the juvenile and 

adult mouse CNS. The functional consequences of the OL transcriptional heterogeneity are unknown.  

Here, we unveil spatial preference and differential susceptibility to injury of distinct mature OLs (MOLs). Using 

RNAscope in situ hybridization (ISH), we observed that a specific subtype of MOLs, MOL2, is preferentially 

distributed in the white matter of the spinal cord. In contrast, MOL5/6 were found to be most abundant in the 

corpus callosum in the brain and in the dorsal horn of the spinal cord. Furthermore, we observed that these 

subtypes also segregate in the dorsal funiculi of the spinal cord, with MOL2 and MOL5/6 preferentially distributed 

at the level of the dorsal columns (sensory ascending tracts) and corticospinal tract (motor descending tracts), 

respectively. These spatial preferences could reflect diverse developmental origins of these MOL subtypes. 

However, fate mapping and single-cell RNASeq analysis indicated that the developmental origin of the OL 

progenitors does not influence their specification into distinct MOL subtypes. However, preliminary data suggest 

that the specification of MOLs is determined after the progenitors leave their domains of origin. Indeed, 

conditional deletion of the transcription factor EB (TFEB, a transcription factor not expressed by OL progenitors) 

in premyelinating OLs, using the Olig2::Cre-TFEBfl/fl mouse line, resulted in increased and abnormal distribution 

of MOL2 and nearly disappearance of MOL5/6. In the context of disease, we observed a significant loss of 

MOL2 but not MOL5/6 following spinal cord injury, suggesting that MOL2 are more susceptible to traumatic 

injury than MOL5/6.  

Altogether, our data suggest that the transcriptional heterogeneity of the OL lineage reflects functional MOL 

subtypes, most likely dictated by their final location and environment rather than their developmental origin. 
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Currently, there are no effective treatments for glioma or for neurodegenerative diseases due, in part, to our 

limited understanding of the pathophysiology and cellular heterogeneity of these diseases. Mounting evidence 

suggests that astrocytes play an active role in the pathogenesis of these diseases by contributing to a diverse 

range of pathophysiological states. Understanding the heterogeneity of astrocytes in different physiological 

conditions and diseases can provide new avenues for improved diagnostics and therapeutics targeting specific 

astrocyte subpopulations.  

In a previous study, five molecularly distinct astrocyte subpopulations from three different brain regions were 

identified. To further delineate the underlying diversity of astrocyte populations, we obtained 42 mouse brain 

region-specific gene signatures for both protein-coding and long non-coding RNA (lncRNA) and found that these 

astrocyte subpopulations are endowed with unique molecular signatures across diverse brain regions. Additional 

gene set and single-sample enrichment analyses revealed that gene signatures of different subpopulations are 

differentially correlated with glioma tumors that harbor distinct genomic alterations. To the best of our knowledge, 

this is the first study that links transcriptional profiles of astrocyte subpopulations with glioma genomic mutations. 

Furthermore, our results demonstrated that subpopulations of astrocytes in select brain regions are associated 

with specific neurodegenerative diseases. Overall, the present study provides a new perspective for 

understanding the pathophysiology of glioma and neurodegenerative diseases and highlights the potential 

contributions of diverse astrocyte populations to normal, malignant, and degenerative brain functions. 
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Correlation between upregulated astrocyte gene signatures and 

TCGA LGG samples  
Heatmap displaying the hierarchical clustering of enrichment scores 

obtained through Gene Set Variation Analysis (GSVA). High scores 

indicate strong positive correlation between astrocyte gene signatures 

and 160 TCGA LGG samples with tumor purity > 70%. Upper bars 

indicate tumor histology and known co-ocurring genomic alterations: 

IDH mutation combined with 1p/19q codeletion subtype 

(IDH.codel.subtype), mutations in TERT promoter 

(TERT.promoter.status), TP53 mutations, and ATRX mutations. 
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Understanding the dynamics and diversity of microglia in the developing brain. 
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Microglia are the resident immune cells of the brain, with many important functions including immuno-vigilance, 

neuronal maintenance and homeostasis. The study of microglia has garnered increased interest due to their 

involvement in neurodegenerative diseases. However, there are many gaps in our knowledge with regard to the 

development and proliferative dynamics of these cells. Historically, they were thought to be derived from 

haematopoietic stem cells (HSCs). This view has been challenged with the advent of modern fate-mapping 
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techniques and it is now accepted that microglia derive from yolk sac progenitors referred to as erythromyeloid 

progenitors (EMPs). EMPs undergo a specific developmental program and invade the developing brain 

primordium around embryonic day 9 (E9), eventually differentiating into microglia. We hypothesise that specific 

proliferation and migration patterns could influence the prospective regional diversity of microglia. Therefore, the 

aim of the current study is to investigate these developmental dynamics of microglia using a fluorescence-based 

fate mapping approach. Preliminary work has involved characterising a microglial-specific multicolour reporter 

mouse model and designing an in vitro assay to analyse fluorescent colour. Future work will involve investigating 

microglial dynamics during both development and chronic neurodegeneration and the association with microglial 

heterogeneity. 
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Microglial cells appear in the brain rudiment at about 4 postconceptional weeks (pcw) (Carnegie stage (CS) 10) 

and are thought to derive from yolk-sac progenitors similarly to the rodent. By 22 pcw, colonisation of the brain is 

speculated to be complete. In the adult, these cells turnover at a slow rate (reported between 0.08% and 2% at 

any one time). Microglial spatiotemporal dynamics have not been carefully examined in the human developing 

brain particularly in the context of co-occurring developmental processes. It is also unclear when their regional 

heterogeneity is first established nor how their developmental dynamics contribute to the adult pool. We also do 

not have a baseline characterisation of microglial cells in old age in the absence of overt pathology. With the 

appropriate ethical approval, we have obtained frontal and temporal tissues from 10 participating centres in the 

UK and Europe to study microglial cell dynamics across the human lifespan. 145 individuals aged between the 

4th pcw and 90 years are being studied. Transcriptomic data available from the early and mid-fetal periods made 

it possible to examine the spatiotemporal establishment of the transcriptional signature of microglia in the 

human. In this presentation we will report on the preliminary findings of our study and how these inform our 

understanding of microglial function in the developing human brain. 
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Astrocytes are a heterogeneous group of glia. Grey matter protoplasmic and long-process astrocytes are 

morphologically and immunohistochemically distinct from each other and from white matter fibrous astrocytes in 

the human CNS. Astrocytic responses to injury display heterogeneity as well. However, the extent of astrocytic 

heterogeneity in the normal and pathological human brain is not at all understood. Furthermore, we do not know 

if astrocytic heterogeneity plays a role in neurodegenerative diseases, such as Huntington Disease (HD), where 

progressive neurodegeneration and astrogliosis both occur. To address the issue of astrocyte heterogeneity in 

the human brain, we examined transcriptional profiles of control and advanced HD cingulate cortices using 

RNAseq. We found multiple astrocytic genes upregulated in HD, including pan-astrocyte, “A2” (neuroprotective), 

and “A1” (neurotoxic) type genes (Liddelow et al., Nature541:481, 2017). To determine whether these genes are 

expressed in the same cells or different cells, we used single cell nuclear RNAseq (scnRNAseq) on frozen post-

mortem control and HD cingulate cortices. Principal component analysis and tSNE plots showed a number of 

discrete cell clusters corresponding to astrocytes, neurons, oligodendrocytes, OPCs, microglia and endothelial 

cells. Interrogating 982 astrocytic nuclei revealed heterogeneous astrocytic subpopulations that segregated 

preferentially between HD and controls. Furthermore, we found astrocyte heterogeneity in both control and HD 

tissues. We detected 25 of 39 astrocytic genes described by Liddelow et al.; three were increased in HD (GFAP, 

SRGN, and CD14). It is thus difficult to classify reactive astrocytes in HD as strictly “A1” or “A2” type. 

Significantly, the data revealed a novel signature for reactive HD astrocytes, including a downregulation of 

NOTCH signaling and fatty acid synthesis genes, and an upregulation of MHC class I and metallothionein genes. 

Our findings provide a unique resource for interrogating cell-type specific gene expression in control and HD, 

enabling identification of subset-specific therapeutic targets. 
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Microglia have critical roles not only in neural development and homeostasis, but also in the pathogenesis of the 

central nervous system (CNS) diseases. These highly diverse and specialized functions in such different 

situations may be achieved by microglia subsets that already pre-exist in situ, or by specific subsets of microglia 

that develop from a homogeneous pool of cells on demand. However, little is known about the presence of 

spatially and temporally restricted subclasses of microglia in the CNS during development or disease. Here we 

studied the heterogeneity of microglia at a single-cell level during different homeostatic conditions using single 

microglial cells from up to six different anatomical regions of the embryonic, juvenile and adult mouse CNS. 

Single-cell analysis of the CNS tissue in mice revealed specific time- and region-dependent subtypes of 

microglia during the course of development. To further compare expression patterns during homeostasis to 

those under pathological conditions, we also isolated microglia from mice with neurodegenerative (facial nerve 

axotomy) and demyelinating (cuprizone) pathologies. Interestingly, neurodegenerative and demyelinating 

diseases evoked context-dependent subtypes of microglia with distinct molecular hallmarks and diverse cellular 

kinetics. Of note, corresponding microglia subpopulations were also identified in healthy human brains, and the 

brains of patients with multiple sclerosis. The appearance of context-dependent subtypes of microglia with their 

own specific transcriptional profiles has the potential to reveal new therapeutic targets. Thus, our data not only 

provide insights into the endogenous immune system of the central nervous system during development, 

homeostasis and disease, but may also provide new targets for the treatment of neurodegenerative and 

neuroinflammatory pathologies. 
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Astrocytes are a functionally and morphologically heterogeneous glial subtype essential for the development, 

function and survival of neurons in the healthy brain. Astrocytes perform numerous roles that have been 

discovered through the use of 2D in vitro culture techniques. However, 2D environments are known to generate 

monolayers of reactive astrocytes with marked morphological differences to in vivo cells. Thus, there is a need to 

develop 3D culture methods which can better resemble the in vivo microenvironment of astrocytes. For this 

reason we have investigated the effect of different in vitro culture conditions on astrocyte morphology and 

function. Astrocytes were cultured on 2D plates with different growth media or in 3D hydrogel matrices and 

imaged using confocal microscopy. Cells were reconstructed in 3D and analysed for parameters such as 

volume, surface area, shape factor and polarity. Forskolin treatment (adenylate cyclase activator) was used to 

induce astrocyte stellation, and to assess key morphological changes in astrocytes in the different environments. 

In both 2D and 3D environments astrocytes exhibit a highly heterogeneous range of morphological parameters. 

Astrocytes cultured in 3D hydrogels exhibited morphology that more closely resembled the in vitro phenotype 

than cells cultured in 2D. Morphology was highly responsive to the composition of cell culture media, particularly 

with the presence of serum. Forskolin induced an increase in mean cell volume in 2D environments, consistent 

with the cytoplasmic enlargement and hypertrophy expected of reactive astrocytes. These results show the 

sensitivity of astrocytes to culture conditions in terms of cell morphology which will in turn influence their function. 

Furthermore, these data suggest that careful selection of culture media and hydrogel environment is essential to 

reproduce conditions similar to those in vivo. 
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Light responses of the non-visual opsin Opn3 in avian Müller cells 
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Müller cells are the main glial cell type present in vertebrates’ retina. They are located all along the inner retina 

playing a crucial role in its metabolism by debris phagocytosis, K+ uptake, and trophic factors and 

neurotransmitters release. Opsin-based pigments in vertebrates’ retina act as photoreceptors in different cell 

types regulating image- and non-image forming tasks. These lasts responses have been related to the non-

visual photopigments melanopsin (Opn4), neuropsin (Opn5) and encefalopsin (Opn3). Particularly, the 

photosensitive horizontal and retinal ganglion cells expressing melanopsin x are implicated in the photic 

entrainment of daily activity rhythms, pupillary reflex and pineal melatonin suppression observed in blindness 

conditions. The present work aims to further characterize the intrinsic photoreceptor capacity of the inner retina 

in vertebrates; therefore, the expression, localization and the light-response of the non-canonical opsin Opn3 

was addressed in primary cultures of chicken Müller cells by PCR, WB, immunocytochemistry, and fluorescence 

calcium imaging microscopy. Opn3 and Opn5 were found to be expressed in enriched Müller cell primary 

cultures, kept for two weeks from embryonic day 8. When exposed to blue light for 1h Opn3 expression levels 

were significantly increased and its subcellular localization was modified from the nucleus to the cytoplasm. 

When observed 1h after light exposure (in dark conditions), Opn3 showed further increased levels; whereas its 

nuclear localization was restored. These responses are dependent on protein synthesis as cycloheximide 

treatment prevented the light-induced increase and cellular re-distribution of the opsin. Interestingly, in another 

set of experiments, a Müller cell subpopulation in culture (~26%)  responded to a brief blue light pulse (20sec) by 

increasing intracellular Ca2+ levels up to 20% from basal levels; a response that was sustained for at least 100 

sec and was also accompanied by changes in cell volume. Furthermore, HEK-293 cells, that do not express 

Opn3, were not able to respond to blue light in the experimental conditions tested but they did so in the presence 

of ionomycin. Overall, our results show that the novel opsin Opn3 is expressed in glial cells of the chicken retina, 

with protein levels strongly regulated by light and with a direct photic responses to blue light stimulation; thus, 

suggesting new roles for Müller cells in retinal physiology, possibly in visual and nonvisual processes regulated 

by light such as the setting of the biological clock 
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Throughout life, oligodendrocyte progenitor cells (OPCs), also known as NG2-glia, proliferate and differentiate 

into myelinating oligodendrocytes.  OPCs express cell surface receptors and channels that allow them to detect 

and respond to neuronal activity, including voltage-gated calcium channel (VGCC)s.  The major L-type VGCC 

expressed by OPCs is CaV1.2, which has been shown to regulate developmental OPC differentiation.  However, 

it is unclear whether CaV1.2 similarly regulates OPC behaviour in the healthy adult central nervous system 

(CNS).  To examine the role of CaV1.2 in adulthood, we conditionally deleted this channel from OPCs by 

administering tamoxifen to P60 Cacna1cfl/fl (control) and Pdgfrα-CreERT2 :: Cacna1cfl/fl (CaV1.2-deleted) 

mice.  Whole cell patch clamp analysis revealed that CaV1.2 deletion reduced L-type voltage-gated calcium 

entry into adult OPCs by ~59%.  However, CaV1.2 deletion did not affect the number of new oligodendrocytes 

produced or influence the length or number of internodes they elaborated.  Unexpectedly, CaV1.2 deletion 

resulted in the dramatic loss of OPCs from the corpus callosum, such that 7 days after tamoxifen administration 

CaV1.2-deleted mice had an OPC density ~42% that of control mice.  OPC density recovered within two weeks 

of CaV1.2 deletion, due to replacement from surviving CaV1.2-deleted OPCs.  As the density of OPCs in the 

motor cortex and spinal cord was not affected at any time-point examined, we conclude that calcium entry 

through CaV1.2 is a critical survival signal for a subpopulation of callosal OPCs but not for all OPCs in the 

mature CNS.  
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The visual system of teleost fish has growth and regeneration capacities during the entire animal's life. Retinal 

neurogenesis continues after embryonic development by the preservation of a peripheral germinal zone (PGZ) in 

the circumferential edge of retinal tissue. Thus, the pre-encephalic visual system [retina, optic nerve head 

(ONH), and optic nerve (ON)] of adult fish serves as a model for studying neurogenesis and regeneration of the 

vertebrate central nervous system (CNS).  

Our study focused on the particular expression pattern of Sox2 in fish. Sox2 is a transcription factor known for its 

function in keeping stem cell properties, and as a regulator of cell fate during development, especially in the 

visual system.  

It is not yet clear why Sox2 expression is maintained in mature cells, but it is known that down-regulation of Sox2 

expression during development affect the expression of others transcription factors.  

We used two different fish species each with a particular advantage: Astatotilapia burtoni (cichlid fish) and Danio 

rerio (zebrafish). Cichlid fish is a model organism for behavior and visual system growth adding substantial 

retinal tissue and ON fibers throughout life, and zebrafish is an established teleost model organism.  

Staining retina, ONH and ON cryosections, with antibodies for Sox2 we found many positive cells in several 

retinal layers and in the ON. Surprisingly, we did not find any Sox2 expression in the ONH. For cell identification, 

we used co-localization with known antibodies for cell proliferation, cells of the astroglial family and neuronal 

cells. We showed co-localization of Sox2 and the different used antibodies, i.e. in proliferating and differentiated 

cells. Results are summarized and generalized for both fish in the schematic diagram.  

To determine which cell types occur in the entire extent of the pre-encephalic visual system of fish, and to 

discover their functions will be essential to understand the high plasticity that the fish show. The variety of glial 

cells is remarkable, and the unknown mechanisms of cell interaction suggest a role in the normal growth and 

regenerating processes of the vertebrate CNS. 
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Schematic summary of general Sox2 pattern expression in the 

visual system of fish. 
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The structure and the shape of a neuron determines its physiological function. In the retina, for example, we can 

predict on the spatial disposition of ganglion cell dendrites whether they respond to light on and off. Microglia 

exist in different morphological states during development, adulthood, and degeneration across various brain 

regions. We still lack knowledge how to categorize microglia in a meaningful way and to identify potential sub-

clusters of microglial population based on their morphology. Previous attempts have used one or few 

morphometrics such as total filament length, number of Sholl intersections etc. to extract morphological features 

to distinguish population. This feature selection however biases the classification because the statistical feature 

choice deeply influences the outcome and reduces reproducibility. Topology can overcome these limitations, and 

has been already successfully applied to classify cortical neurons.  

Here, we generated a morphological atlas of microglia from brain regions associated with various diseases 

during development and degeneration. Then, we generated 3D-skeleton of over 20.000 microglial filament 

structures and mathematical assessed the filaments using a topological descriptor. The generated persistence 

images allow us to quantify the diversity of microglia morphology across brain regions, their changes during 

development and degeneration, as well as the difference between sexes. First, we investigated microglia 

differences across brain regions in adulthood. Then, we focused on how much the identified populations differ 

between development and degeneration. Our analysis confirms the influence of spatial location, age and health 

condition on microglial cells morphology. We can now categorize microglia in defined clusters in an unbiased 

way.  

Our database will provide an important tool to investigate the correlation between microglia morphology and 

functional state as well as provide a platform to describe the microglial functional state within the scientific 

community. Our goal is to implement a searchable database that will allow the end-user to compare their 

microglia morphology under a defined experimental condition to our pre-defined clusters. 
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Growth and regeneration processes directly involve the participation of at least two types of glial cells, astrocytes 

and oligodendrocytes to support, guide, nourish, and myelinate the elongating axons in both processes. The 

optic nerve (ON) is a central nervous system structure formed by axons from retinal ganglion cells, and glial cells 

surrounded by meninges.  

To study the biological and physiological properties of these glial cells, cell culture tools provide several 

advantages. In addition, this approach reduces the use of animals. Currently, a specific protocol for glial cells 

from ON of fish does not exist.  

Our goal was to establish an appropriate and effective protocol to culture glial cells from fish ON. We describe 

the design and refinement of such a protocol and prove the efficacy in three fish species, A. burtoni, C. auratus, 

and D. rerio.   

The cichlid fish is a model organism for behavior and visual system growth, C. auratus is a cyprinid with an 

evident bigger ON than the cyprinid zebrafish, and D. rerio, is an established teleost model organism with 

available genetic tools.  

We used adult fish, wild type and the double transgenic Tg(sox10:TagRFPt)(gfap:EGFP) in the case of 

zebrafish. The animals were deeply anaesthetized and killed by decapitation. We removed the extraocular part 

of ON in PBS (Saline Phosphate Buffer) supplemented with antibiotics. For the enzyme treatment, we used 

trypsin with EDTA, and to the mechanical dissociation, we used double pipette tips. After stopping the trypsin 

reaction by adding FBS (Fetal Bovine Serum), we centrifuged the cell suspension for 5 min at 1400 rpm. The 

pellet was re-suspended in Leibovitz’s (L15) medium supplemented with 20% of FBS and antibiotics. Cells were 

seeded and cultured in an incubator at 28±1ºC. During the first three days in culture, the flasks were untouched 

in the incubator. Afterwards, the medium was changed every 5–7 days.  

The established protocol allows us to culture cells of the ON which were identified as glial cells using different 

known antibody markers and expressing fluorescent protein in case of transgenic zebrafish. This protocol was 

essentially feasible for all three species, however due to the ON size, the success of cultures and gain of cells 

was much higher in cichlid fish and goldfish compared to the zebrafish. 
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Amyotrophic Lateral Sclerosis (ALS) is a motor neuron disease in which glial cells and inflammatory-associated 

microRNAs trafficking by exosomes play a key role. Models based on mutated superoxide dismutase 1 (SOD1) 

accumulation are the most common to study ALS pathophysiology. Here, we used the N9 microglial cell line to 
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identify phenotype diversity upon the overexpression of wild-type (hSOD1WT) and of mutated G93A (hSOD1G93A) 

protein. Non-transduced N9 (naïve) cells were used as controls. In addition, cell response to stimulation by 

lipopolysaccharide (LPS) and modulation by glycoursodeoxycholic acid (GUDCA) and by dipeptidyl vinyl sulfone 

(VS), known by their immunoregulatory properties [1,2], was investigated. Increased cell area, perimeter and 

Feret’s diameter were observed in both transduced cells. While hSOD1WT overexpression in N9-microglia 

decreased all analyzed pro- and anti-inflammatory markers comparatively to naïve cells, hSOD1G93A 

overexpression promoted upregulation of pro-inflammatory (TNF-α/IL-1β/HMGB1) and anti-inflammatory 

markers (Arg1/SOCS1), as well as membrane receptors (MFG-E8/RAGE). A downregulation of inflammatory-

associated microRNAs in hSOD1G93A was also observed (miR-21/-125b/-146a), while only miR-155 and miR-

146a were upregulated in hSOD1G93A N9-derived exosomes. Importantly, only hSOD1G93A microglia-derived 

exosomes were enriched in HMGB1 and SOD1. Upon LPS stimulus, both hSOD1WT and hSOD1G93A cells had 

lower levels of the M1/M2 associated markers, in contrast to the M1-polarization observed in naïve cells. 

Treatment with GUDCA or VS decreased TNF-α, IL-1β, HMGB1 and S100B in hSOD1G93A microglia, as well as 

miR-155 upregulation. Only GUDCA was able to increase cellular IL-10, RAGE and TLR4 and gene expression, 

as well as cellular miR-21, while decreasing exosomal miR-155 cargo. Conversely, VS reduced MMP-2/MMP-9 

activation, as well as upregulated MFG-E8 and miR-146a, while producing miR-21 shuttling into exosomes. The 

current study supports the powerful role of overexpressed hSOD1WT in attenuating M1/M2 activation, and that of 

hSOD1G93A in switching microglia from the steady state into a reactive phenotype with low responsiveness to 

stimuli. This work further reveals GUDCA and VS as promising modulators of microglia immune response by 

eliciting common and compound specific molecular mechanisms that may promote neuroregeneration. 
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Astrocytes, oligodendrocytes and microglia communicate through Ca2+ elevations under physiological conditions, 

but also after acute brain trauma, stroke and chronic diseases. These intracellular Ca2+ signals need to be 

analyzed in further detail to uncover and understand the complexity of cell-cell interaction in vivo. Two-photon 

laser-scanning microscopy (2P-LSM) is the method of choice for in vivo imaging studies of Ca2+ transients. The 

dorsal mouse spinal cord provides access to white matter tissue with myelinated axons, oligodendrocytes, 

adjacent astrocytes and microglia. To observe spinal glial cells, a laminectomy, followed by positioning of a 

spinal cord window, was employed for acute, long lasting and chronic microscopy of transgenic mice expressing 
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cell type specific, genetically encoded calcium indicators (GCaMP3/5). After in vivo recording, automatic 

software analysis revealed distinct Ca2+ signals and allows either description of cell intrinsic Ca2+ signal 

phenotypes like amplitude, duration and spread. In order to compare astrocytes, oligodendrocytes and microglia, 

the individual cell type signals were sorted into small, intermediate and large categories and comparatively 

studied. Distinct Ca2+ transients could be detected and related to fine cell processes or somata. In addition, 

signal duration was a main parameter to discriminate individual glial cell types. The median signal duration of 

astrocytes is around 4 s with most of the signals of intermediate amplitudes, while oligodendrocytes exhibited 

longer signal durations of about 18 s. In microglia signals of intermediate and large amplitudes lasted similarly 

long (about 6 s). For the spatial propagation, Ca2+ signals in oligodendrocytes cover larger areas than microglia 

and astrocytes. Taken together, oligodendroglial Ca2+ signals are the longest lasting, cover the largest area but 

have the smallest amplitudes. Microglial and astroglial Ca2+ signals cover comparable smaller areas, have 

similar duration but microglial amplitudes are ten times larger than amplitudes from astroglial Ca2+ signals. 

Thereby, our study revealed a high diversity of glial Ca2+ signaling in the spinal cord. 
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Oligodendrocytes and Schwann cells are conventionally considered the exclusive myelinating glia of the central 

and peripheral nervous systems (CNS and PNS, respectively). These glial lineages migrate along the same 

axons and eventually myelinate distinct axonal segments restricted to their own half of the nervous system. 

However, how this segregation of glia and myelination occurs is not well understood. Recent studies from our lab 

demonstrate the existence of a novel population of centrally-derived peripheral glial cells called Motor Exit Point 

(MEP) glia. MEP glia originate from the pMN domain of the ventral spinal cord and exit into the periphery at the 

MEP, where they restrict oligodendrocyte progenitor cells (OPC) to the CNS and ultimately differentiate into 

myelinating glia, which ensheath spinal motor root axons in the periphery. From initial studies, we show that 

MEP glia exhibit both central and peripheral features and are currently investigating whether they are more like 

oligodendrocytes or Schwann cells, or alternatively, are a hybrid cell population with characteristics of both 

lineages. Additionally, we are using a combination of genetic approaches and in vivo,time-lapse imaging in 

zebrafish to dissect the mechanisms that control MEP glial function in glial cell segregation and myelination, and 

regulation of glial-glial interactions across the CNS/PNS boundary. Because MEP glia are migratory CNS-

derived cells that myelinate axons in the PNS, we are also investigating whether MEP glia can compensate for 

either oligodendrocytes or Schwann cells when the latter are not functional. 
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Astroglia are essential for the homeostasis and maintenance of the central nervous system (CNS). They are the 

most abundant neuroglia cell type and display a vast array of roles such as neurotransmitter metabolism, 

regulation of synaptic neurotransmitter clearance, extracellular ion buffering, neurotrophic release, immune 

signaling, blood-brain-barrier maintenance, and even neurotoxin secretion. It is not surprising that astroglia in 

different regions display diverse functions in order to maintain their environmental niche. Historically, astroglia 

were placed into two groups based on their neuroanatomical localization and morphological depictions: 

protoplasmic astroglia of the grey matter and fibrous astroglia of the white matter. However, recent accumulating 

evidence has suggested that astroglia consist of different subpopulations, similar to neuronal functional and 

molecular heterogeneity. Nevertheless, there still remain large gaps in our understanding of these different 

subtypes due to a lack of molecular markers to identify and study these populations and how these different 

astrocytes serve to regulate neurons and their synapses.  We recently generated a novel transgenic mouse 

model that selectively and robustly labels a specific astroglia subpopulation in the adult CNS and thru RNA and 

protein analyses, have learned that these astroglia are highly and selectively enriched in a secreted protein, 

Norrin. A mutated form of Norrin is the cause of a rare neurological degenerative disease, Norrie disease.  Our 

preliminary studies strongly suggest that astroglial Norrin plays a significant role in the local formation and/or 

maintenance of local dendrites and spines. We have early data to suggest that this astrocytic Norrin regulates 

neuronal spine density and dendritic branching in cortical layers II/III and V. Furthermore, are studies suggest 

that this astrocyte subpopulation is dramatically affected in amyotrophic lateral sclerosis pathogenesis. In 

collaboration with Jackson Lab, we recently generated a Norrie disease mouse models which can allow us to 

explore this protein function in vivo and disease. Taken together, these findings set the stage to study of this 

newly identified astrocyte subpopulation in both health and disease, including the potential to generate cell 

astrocyte-specific therapeutics for several neurological disorders. 
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BMPs are known to be essential for CNS development, and several lines of evidence point towards their 

involvement in neurodegenerative disorders (NDDs). One of the main targets of BMPs in the brain is astrocytes. 

Astrocytes are important for brain homeostastic and neuro-inflammatory processes. Recent studies have shown 

that under disease condition, astrocytes lose their polarity, measured by mislocalization of both membrane 

protein aquaporin-4 (AQP4) and members of the dystrophin-associated protein complex (DAPC), which are 

normally concentrated at the perivascular astrocyte endfeet. However, the signaling mechanisms leading to loss 

of astrocyte polarity are not yet identified.  

The aim of our study is to examine whether a link exist between BMPs and astrocytic polarity and if disruption 

exist in NDDs. To this aim, we first examined the pattern of expression of BMPs in the adult rodent brain; then, 

we examined the effect of BMPs on astrocyte reactivity and polarity by measuring the expression of GFAP, 

AQP4 and DAPC genes.  

We found different levels of expression of BMPs in the brain. Importantly, we found that their pattern of 

expression differed significantly between brain regions. Additionally, we show that canonical BMPs (all but not 

BMP3) strongly upregulated AQP4 and GFAP, while non-canonical BMPs mainly influenced the expression of 

DAPC genes.  

In future work, we will examine if BMPs and astrocyte polarity markers are altered in NDDs, with the aim to 

restore their expression to normal level, by developing innovative therapeutic strategies that could potentially be 

applied to patients with NDDs where astrocytes injury prevails. 
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Astrocytes regulate synaptic communication, support neuronal health and maintain neuronal and synaptic 

function. The membranes of specialized compartments such as astroglial endfeet harbor receptors, which are 

very similar to the receptors of the adjacent neurons, thereby allowing for the efficient detection of 

neurotransmitter release and reaction to local neuronal activity. This cooperation led initially to the model of the 

“tripartite synapse” with astrocytes as modulators of neuronal and synaptic signals, which has now been 

expanded to the “multipartite synapse” and includes further components such as the extracellular matrix and 

microglia. Biochemical, proteomic and electrophysiological studies during the last two decades provided deep 
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insight into the synaptic machinery of the pre- and postsynaptic site, however, much less is known about the 

cellular pathways and biological processes in astrocytes, especially in different astroglial compartments, which 

are not easy to separate by cell fractionation.  

To reveal astroglial-specific functions in different compartments, we extracted data of 15 proteomic and RNA-seq 

studies from ‘AstroProt’ database to perform a meta-analysis. AstroProt is a database dedicated to the proteome 

of astrocytes and available at the SynProt Portal (www.synprot.de). For the meta-analysis, we divided the 

published protein or gene lists into different cellular compartments like ‘endfeet’, ‘membrane’, ‘secretome’ etc., 

according to the information about the preparation provided by the authors. We then performed a gene 

enrichment analysis on the different and, to a certain degree overlapping, fractions utilizing in-house scripts and 

Cytoscape/ClueGO (http://apps.cytoscape.org/apps/cluego). As a result, the astroglial compartments show 

specific profiles, e.g. a high abundance of secreted proteins in the secretome of astrocytes and a significant 

enrichment of proteins related to GTPases and their regulatory proteins in the membrane fraction. Further 

incorporation of more selective proteomic and RNA-Seq studies will help to increase the robustness of meta-

analysis and will draw a more comprehensive picture of astrocytes as very active player in the synaptic 

orchestra. 
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Main cell types of the pineal gland of vertebrates are pinealocytes, astrocytes, microglia/macrophages, and mast 

cells. Astroglial cells are the second major cell type in the pineal gland, but it’s morphology and functions in the 

human pineal gland are not fully understood. The objective of this study was to elucidate morphological features 

of astroglial cells in the human pineal gland (n=6, patients of both sexes aged between 17 and 68 year) using 

immunohistochemistry for GFAP- and vimentin (as typical astroglial markers) and confocal laser microscopy 

(LSM 710 microscope (Carl Zeiss, Germany)). The study program was positively approved by the local Ethics 

Committee of the Institute of Experimental Medicine, (St. Petersburg, Russia).  

Both GFAP- and vimentin-immunoreactive cells of stellate shape were significantly fewer in number than 

pinealocytes, but were seen in all parts of the gland. Several (2-6) processes emerged from each cell, were 

extensively arborized and directed to parenchyma forming a dense network around blood vessels and 

pinealocytes. Also, we observed dense GFAP-immunopositive ring around some acervuli (brain sand), which 

has not been described in the human pineal gland earlier. Confocal microscopy of double-labeled sections 

distinctly demonstrated separate localization of GFAP- and vimentin-immunoreactive processes and cells. 

Coexpression (if any) of both antigens in structural elements of the human pineal gland was rare (Figure).  

Summarizing, 1) our study for the first time showed astroglial (GFAP-immunopositive) ensheathing of some (but 

not all) acervuli in the human pineal gland; 2) in most cases GFAP and vimentin do not coexpress in one and 

same astroglial cell, which is consistent with the view that two different astroglial populations exist in the pineal 

gland. 
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GFAP- and vimentin-immunohistochemistry of the human pineal 

gland. 
GFAP – red, vimentin – green, colocalization – yellow (arrow). 

Confocal laser microscopy. Z-stack covers a depth of 6 μm and 21 

optical sections. 
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Microglial heterogeneity is becoming increasingly evident in development, health, and disease. However, the 

signaling pathways and environmental cues that drive diverse states are incompletely understood. By deep 

sequencing FACs purified microglia from the developing retina we identified 2872 genes that were differentially 

expressed across embryonic (e16.5), postnatal (P7) and adult (P60) time points (n=3 each). Retinal microglia 

express core microglial genes (ie. P2ry12, Tmem119) and transcription factors (ie. Sall1, Mafb), and progress 

through distinct transcriptional states. By gene set enrichment analysis, we found that postnatal retinal microglia 

resemble postnatal white matter microglia (p=1.9x10-23), disease-associated microglia (DAM) (p=2.4x10-10), and 

aging and disease microglia (p=5.6x10-16). We found postnatal retinal microglia are CD11cHI (~60% by flow 

cytometry) and variably express DAM genes by in situ hybridization chain reaction (HCR). Loss of Trem2 

reduced the proportion of CD11cHI microglia (~40%, p=0.0024), decreased expression of select DAM genes 

including Itgax (CD11c) and Lpl, and increased expression of the homeostatic gene Tmem119 by HCR and 

qPCR (p<0.01 for all). Loss of Apoe also decreased the proportion of CD11cHI microglia (~45%, p=0.0267). 

Interestingly, loss of BAX greatly diminished the proportion of CD11cHI microglia (20%, p<0.0001), reduced 

expression of Apoe, Lpl, Clec7a, Csf1, and Igf1 (p<0.05), and increased Tmem119 (p<0.05). Therefore, we 

conclude that developmental apoptosis, and signaling through TREM2, drive DAM-like microglia, suggesting the 

existence of a developmental transcriptional state that may have overlapping features with microglia in disease. 

Lastly, we found the majority of postnatal microglia are not dependent on signaling through Colony-stimulating 

factor 1 receptor (CSF1R) for survival by conditional knockout of CSF1Rfl/fl using Cx3CR1Cre-ERT and 
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pharmacological inhibition with PLX3397 (65% remain, PLX vs vehicle p=0.037). Following PLX, the proportion 

of CD11cHI microglia increased to 91%, (PLX vs vehicle, p=0.013), which more highly express Lpl (p<0.01) and 

Igf1 (p<0.05) and have reduced Tmem119 (p<0.0001). Thus, the remaining cells after PLX treatment are more 

DAM-like and less homeostatic. To test whetherTrem2 signaling or developmental death may impart CSF1R 

independence, we administered PLX to Trem2 and BAX KO animals. We found more microglia were depleted 

with the loss of Trem2 (50% more than WT; n=6, 8) and the majority of microglia were depleted in the absence 

of BAX (n=6), suggesting the DAM-like state drives CSF1R independence. T Additionally, our data suggest that 

this state might confer independence from CSF1R signaling for survival. 
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Microglia are the main resident macrophages of the brain. With roles that include immune response, 

phagocytosis, synaptic pruning and neural plasticity, microglia are a heterogeneous population that varies in an 

age-specific, and sex- and region-dependent manner [1, 2, 3]. Research has shown that microglia derive from 

yolk-sac progenitors that migrate to and infiltrate into the CNS parenchyma, followed by a rapid expansion of the 

population [4, 5]. Once established, the density of the adult microglial population is stable during healthy aging, 

with local proliferation coupled to apoptosis [6]. However, how developmental population dynamics are linked to 

microglial heterogeneity is currently unknown.  

We hypothesize that the rapid developmental expansion of the microglial population is driven by individual 

progenitor sub-types that display differential localization, phenotype and function; an intertwined process of 

intrinsic and extrinsic cues. We aim to develop viral and transgenic tools to map cell fate, while exploring the 

correlation of microglial sub-types with phenotypical heterogeneity.  

Currently, we are studying microglial heterogeneity using Drop-Seq [7], a droplet-based microfluidics approach 

for single-cell transcriptomes that is high-throughput and cost-effective. In this manner, we are poised to unravel 

the transcriptional diversity in the CNS, potentially characterizing microglial sub-types associated with 

neurodevelopmental and neurodegenerative disorders. 
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Radiation-induced brain injury (RIBI) is a common complication in patients who received radiotherapy for head 

and neck cancers, and has significant impact on the patients' quality of life. The underlying mechanism of RIBI 

has not been well clarified. To characterize the pathological functions of different brain cell types during the 

disease progression of RIBI, we applied single cell RNA sequencing to analyze samples collected from (1) 

normal temporal lobe tissues removed during surgery of cerebral hemangioma, and (2) the necrotic tissue that 

was removed from RIBI patients subjected to lesionectomy due to hernia. The necrotic tissue was further divided 

into two areas: distal area that was away from the necrosis foci (distal lesion) and proximal area that was near or 

located at the necrosis foci (proximal lesion). Our results showed specific enrichment of CD44 positive 

immunocytes such as T cells, NK cells and monocytes in the proximal lesion as compared with distal lesion and 

normal tissues, indicating that they were mainly infiltrated cells instead of mixed blood cells during the 

preparation of single cell suspension. Notably, the T cells found in the proximal region were mainly CD8 positive 

cells, which also expressed perforin and granulase, two hallmark genes of cytotoxic CD8 T. The chemokine 

receptors CCR2 and CCR5 (receptors of CCL2, CCL4 and CCL8) were uniquely expressed in infiltrated CD8 T 

cells. Our data also revealed the heterogenous feature of microglia (MG) in proximal lesion, with specific 

disease-associated MG clusters marked by high CCL2, CCL4 and CCL8 transcriptal level. Accordingly,  we 

hypothesized that the CD8 T cell infiltration was mediated by the special MG subpopulation through the 

chemokine-receptor interaction. We further validated our sequencing data in additional set of clinical samples, in 

which 90.2% (37 out of 41 cases) of the slices collected from RIBI patients were confirmed with CD8 T cell 

infiltration by IHC staining. TMEM119-positive resident MG expressing CCL2 were also identified in the lesion 

area with CD8 T cell infiltration, suggesting the existence of chemokine expressing MG cluster. We then applied 

the same strategy to analyze the cortex of RIBI mouse model. We found that MG remained to be the most 

affected cell type in the irradiated brain as compared with non-radiation control, even though this RIBI mouse 

model didn't produce detectable brain lesions like human specimen. In brief, we characterized a special 

subpopulation of MG in the lesion site of RIBI patients and in the cortex of RIBI mouse model, which are likely to 

attract CCR2- and CCR5-positive CD8 T cells to infiltrate into the brain parenchyma and aggravate radiation-

induced brain injury. 
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T20-024C 

IPSCS-derived astrocytes with the PSEN1EΔ9 mutation show aberrant activation and dysregulated 

exosomal cargo in small non-coding RNAs after A1 stimulation 
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Astrocytes showing an A1 phenotype have been indicated to contribute and exacerbate neuroinflammation in 

Alzheimer’s disease (AD). To further understand their role it is necessary the use of experimental platforms that 

recapitulate AD. Indeed, generation of astrocytes from iPSCs derived from AD patients is nowadays a promising 

strategy. If astrocyte heterogeneity is considered a technological pitfall by some, others argue to better represent 

their original diversity. Here, we investigated the pathological phenotypes of astrocytes differentiated from AD-

iPSCs, before and after A1-stimulation, focusing on cell morphology and inflammatory-associated 

mediators/miRNAs in both cells and exosomes.  

In this work, iPSCs from patients with PSEN1ΔE9 mutation and controls were obtained under the JPND-

MADGIC-project (1), and astroglial differentiation was performed as previously described (2). Cells were treated 

with TNF-α+IL-1α+C1q to induce A1 polarization (3). Small extracellular vesicles (exosomes) were isolated by 

ultracentrifugation. Astrocyte morphology was evaluated by GFAP- and S100B-immunostaining. Expression of 

alarmins and inflammatory-associated miRNAs in cells and in exosomes was determined by qRT-PCR, while the 

released sAPPβ was assessed by Western Blot.  

AD non-polarized astrocytes stained positive for S100B, but only 80% for GFAP. Cells showed decreased 

arborisation, reduced HMGB1 gene expression, upregulated miR-21 and downregulated miRNA(miR)-155 that 

was recapitulated in exosomes, which had a decreased cargo in miR-21, miR-125b and miR-124. A1-activation 

of AD astrocytes caused a further decrease in GFAP+ cell number, increased number of cells with fibroblast-like 

and rounded morphologies, and an elevated sAPPβ secretion. Activation supressed miR-21 and miR-125b in 

cells, but led to their active release into exosomes, together with that of miR-124 and miR-155.  

Our data support the existence of morphological and inflammatory aberrancies in iPSCs-derived astrocytes with 

the PSEN1EΔ9 mutation, and unveil distinct miRNA repertoires in cells and in their derived exosomes, thus 

revealing their potential as biomarkers and therapeutic targets in AD. 
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At the beginning of the XXth century the growing international recognition of Santiago Ramón y Cajal peaked in 

1906, when he shared with Camillo Golgi the Nobel Prize in Physiology or Medicine "in recognition of their work 

on the structure of the nervous system". The Spanish authorities took some important step towards the support 

of Cajal´s scientific labour, like founded a state-of-the-art laboratory in Madrid (Laboratorio de Investigaciones 

Biológicas, which became officially Instituto Cajal in 1920) to continue with his research and the first posts for 

stable direct collaborators, that increased after the creation of the Junta de Ampliación de Estudios-JAE (Council 

for Extended Studies), devoted to promote promising Spanish researchers. The recognition of the most brilliant 

of these disciples, collectively known as the Spanish Neurological School (or colloquially, as Cajal School), is 

recently experienced a revival. Almost all the collaborators of Cajal were men, but some female scientists 

developed part of their respective careers in the core of the Cajal School, chronologically: Dr Laura Forster (from 

Australia/United Kingdom) worked on the traumatic degeneration after spinal cord damage; Manuela Serra 

described the neurofibrils of neuroglial cells in batracians; Dr María Soledad Ruiz-Capillas collaborated with 

Gonzalo R. Lafora studying the pathology of sleep; and Dr María Luisa Herreros worked with Fernando de 

Castro on the synaptic organization of the sympathetic system (all the last three were Spanish). It is difficult to 

understand why these female neuroscientists have not received the attention that they deserve up to date.  
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Female Neuroresearchers in the Cajal School 
Portraits of three female doctors who worked with Santiago Ramón y Cajal (upper left): the Australian Laura Forster (bottom 

left), and the Spanish Soledad Ruiz-Capillas (center) and María Luisa Herreros (right). At the background, one polychrome 

original handrawing of Cajal, illustrating different neurons in the spinal cord (reproduced with permission of Archivo Fernando 

de Castro, Censo-Guía de Archivos de España e Iberoamérica #ES.28079.AFC, Madrid, Spain; in 2017 has been included by 

UNESCO in the Memory of the World International Register of the Human Heritage, as `Archives of Santiago Ramón y Cajal 
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and the Spanish Neurohistological School´  - http://www.unesco.org/new/en/communication-and-information/memory-of-the-

world/register/full-list-of-registered-heritage/registered-heritage-page-1/archives-of-santiago-ramon-y-cajal-and-the-spanish-

neurohistological-school/ -) 
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Glial heterogeneity is an underinvestigated phenomenon, especially in the human brain. It has already been 

established that several neuronal subtypes constitute the human cortex, however our understanding regarding 

astroglial subtypes is much less comprehensive.  

Our study provides evidence for several novel astroglial subtypes constituting the human cortex not only in a 

domain-centred but in a laminar fashion which resembles to neuronal layers. Heterogeneity in glial composition 

was observed both intra- and interregional manner in the regions investigated, such as the dorsolateral and 

ventromedial prefrontal cortex and the striatum. Our results obtained by immunohistochemistry and qPCR were 

substantiated by single nuclear RNA sequencing data.  

Quantitative analyses of astroglial subtype distribution provided a map for each region investigated in the control 

cases. They will allow the comparison of glial subtype composition in conditions such as schizophrenia, autism 

spectrum disorder and Huntingon’s disease in future studies. 

 

T20-027C 

Investigating the role of oligodendrocyte precursor cells in the visual system of zebrafish 
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During development of the central nervous system (CNS), oligodendrocyte precursor cells (OPCs) can 

differentiate into myelinating oligodendrocytes, which enable rapid conduction of action potentials and provide 

metabolic support to axons. However, the large abundance of OPCs persists throughout adulthood, suggesting 

additional roles of this cell population for nervous system function. Here, we use live cell imaging of axons and 

OPCs expressing fluorescent proteins and genetically encoded calcium indicators to investigate the role of 

OPCs in the optic tectum - the major visual processing center in zebrafish which is functional by 5 days post 

fertilization (dpf) when larvae start to hunt prey. We found that OPCs extended an elaborate process network 

throughout the tectal neuropil and during the entire period of investigation between 3 and 28 dpf. During this 

time, we observed two streams of increasing myelination: one representing afferent retinal ganglion cells (RGC) 

axons in the optic nerve, the other representing connections between tectal neurons and deeper brain areas. 

However, the tectal neuropil itself remained largely unmyelinated throughout the time of analysis. The tectal 

neuropil is a highly organized structure in which RGC axons synapse in distinct lamina. Analysis of single OPC 

morphology using three-color labelling demonstrated that OPCs tiled the tectum with non-overlapping territories. 

Furthermore, three-dimensional reconstructions revealed that individual OPCs also followed this topographic 

organization by restricting their processes to distinct retinotectal layers. Given this organization, we wondered if 
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OPCs regulate the function of retinotectal connections. In order to test this, we performed calcium imaging of 

OPCs expressing GCaMP6. OPCs showed GCaMP transients in process subdomains, which sometimes spread 

throughout the entire cell, and could even affect all OPCs within the tectum. In our ongoing experiments, we aim 

to identify the trigger of such calcium activities in OPCs, and how OPCs in turn affect tectal structure and 

function. 

 

T20-028C 

Connexin 43 in tanycytes of the third ventricle floor in early postnatal development. 

D.A. Sufieva 
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Tanycytes are radial glia-like cells lining the floor of the third ventricle. Tanycytes are classified as the following 

four subpopulations - α1, α2, β1, and β2 tanycytes. Their differences based on their location in the infundibular 

recesses and cytochemical characteristics. The aim of the study was to investigate the distribution of connexin 

43 (Cx43) (one of the major gap junction protein) in different subpopulations of tanycytes in early postnatal 

development. Brain sections of Wistar rats were analyzed at each of the following ages: postnatal day 7, 14, 30, 

4 to 6 months, (n=3, at each term). Immunohistochemical method for Cx43 and GFAP and confocal laser 

microscopy (LSM710, (Carl Zeiss, Germany)) were used. The study program was approved by the local Ethics 

Committee of the Institute of Experimental Medicine, (St. Petersburg, Russia).  

Immunoreaction to Cx43 was observed in all subpopulations of tanycytes on all terms studied. However, 

predominantly gap junctions were characteristic of α tanycytes. The dense of Cx 43-positive particles was the 

greatest at the apical pole and along lateral walls of α tanycytes, and much fewer along their processes (Figure). 

In β tanycytes single Cx43-positive spots were observed. Data obtained indicate that tanycytes (α tanycytes 

predominantly) are coupled by gap junctions starting from the early stages of development.  
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The third ventricle floor. 
Distribution on Cx43-positive spots (green) and GFAP-positive α1 

tanycytes (red). Confocal laser microscopy. 3D reconstruction of 47 

optical sections (13,8 µm depth). Asterisc denotes ventricular cavity. 
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Neuroglia in the autistic brain: evidence from a preclinical model 
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Neuroglia are an extended class of cells of ectodermal (astroglia, oligodendroglia and peripheral glial cells) and 

mesodermal (microglia) origin, which provide homeostatic support and form defence of the nervous system. 

Pathological potential of glial cells has been recognised since their discovery, while recent decade highlighted 

the fundamental role of neuroglia in the progression of all types of neurological diseases. We analysed 

astrocytes, oligodendrocytes, and microglia in the brains of an animal model of autism spectrum disorder, in 

which rats were exposed prenatally to valproic acid; this model being of acknowledged clinical relevance. We 

tested the autistic-like behaviours by performing isolation-induced ultrasonic vocalizations, the three-chamber 

test, and the hole board test. To account for human infancy, adolescence, and adulthood, such tasks were 

performed at postnatal day 13, postnatal day 35 and postnatal day 90, respectively. After sacrifice, we examined 

gene and protein expression of specific markers of neuroglia in hippocampus, prefrontal cortex, and cerebellum, 

these brain regions being associated with autism spectrum disorder pathogenesis.  Obtained results 

demonstrated that infant offspring of VPA-exposed dams emitted less ultrasonic vocalizations when isolated 

from their mothers and siblings and, in adolescence and adulthood, they showed altered sociability in the three 

chamber test and increased stereotypic behavior in the hole board test. Molecular analyses indicate that prenatal 

valproic acid exposure affects all types of neuroglia, mainly causing transcriptional modifications. The most 

prominent changes occur in prefrontal cortex and in the hippocampus of autistic-like animals; these changes are 

particularly evident during infancy and adolescence, while they appear to be mitigated in adulthood. In 

conclusion, our data indicate that neuroglial pathological phenotype in autism spectrum disorder rat model 

appears to be rather mild with little signs of widespread and chronic neuroinflammation. 
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Heterogeneity in oligodendrocyte progenitor cells derived from cortex and corpus callosum 

D.H. Lentferink, M.L. Dubbelaar, I. Werkman, B.J. Eggen, W. Baron 

Biomedical Sciences of Cells & Systems, section Molecular Neurobiology, University Medical Center Groningen, 

Groningen, NL 

 

In the chronic demyelinating disease multiple sclerosis (MS) remyelination ultimately fails despite the presence 

of oligodendrocyte progenitor cells (OPCs) in most lesions. Interestingly, spontaneous remyelination is more 

pronounced in grey than in white matter lesions. We have previously shown that, even after prolonged culture in 

vitro, neonatal cortical OPCs are less mature than neonatal non-cortical OPCs, and show increased proliferation 

and decelerated differentiation. This indicates that differences in remyelination capacity may be attributed to 

intrinsic differences in regional OPCs. Here, we investigated inherent molecular differences between freshly 

isolated A2B5-positive grey (cortex) and white (corpus callosum) matter OPCs from postnatal day 7 rat brains.  

3’-RNA sequencing revealed that mRNA expression levels of oligodendrocyte differentiation markers were lower 

in neonatal cortical OPCs than in neonatal OPCs from the corpus callosum. In addition, neonatal cortical OPCs 

show enriched mRNA levels of Wnt-pathway components, and corpus callosum derived-OPCs have increased 
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mRNA levels of gene clusters involved in primary cilia formation, a cell organelle involved in signal transduction. 

Further analysis on postnatal day 2-derived cultured cells showed that primary cilia appear on more cortical 

OPCs and earlier upon differentiation compared to their non-cortical counterparts.  

Hence, regional OPCs display their own intrinsic transcriptional profile with a prominent difference in the 

assembly of primary cilia. Cortical OPCs appear to be less mature than OPCs from the corpus callosum. As 

OPCs revert to a more immature state before remyelination, cortical OPCs may be better equipped for 

remyelination. The putative role of primary cilia in (re) myelination is currently under investigation. Exploring the 

molecular processes that differ between regional OPCs will lead to a better understanding of the process of 

remyelination, and may open therapeutic avenues to enhance remyelination in MS lesions. 
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Ageing shifts the microglial phenotype towards an alternative, primed state in mice1,2. In the homeostatic 

microglia, pathways promoting neurotoxicity and oxidative phosphorylation are downregulated, whereas 

pathways promoting neuroprotection and resolving inflammation are upregulated in aged microglia1. A Weighted 

Gene Correlation Network meta-Analysis including old WT-mice (24-months) and a mouse model of accelerated 

ageing (Ercc1) showed ageing was characterized by a primed microglia phenotype enriched in gene sets for 

immune responses, stress and antigen presentation. In humans, microglia isolated from aged donors showed a 

decrease in immune activation genes and actin cytoskeleton-associated genes and an increase in cell surface 

receptors like CLEC5A and P2RY123. Here we present microglia aging genes in 4534 single-cell sequenced 

microglia isolated from human post-mortem, cortical tissue from an aged population (range 72 – 103 years).  

We investigated aging-associated genes and found that expression of chemokine gene CCL3 increased with 

higher donor age. No change was detected at the single-cell level in previously reported ageing-associated 

genes, but this could rather be a detection issue in single-cell data. Bulk RNA sequencing of microglia has better 

power to detect gene changes, however, single-cell data allows for clustering using single cells as unit. 

Clustering a population of 4534 aged microglia indicated that 11 microglia subpopulations exist in aged human 

cortex. Gene Ontology analyses of cluster marker genes showed that the largest subpopulation of aged 

microglia (~28%) are associated with proliferation and active immune responses. The second-largest population 

(16%) of aged microglia showed more general processes such as metabolic process regulation and intracellular 

transport. The third interesting subpopulation (10%) showed enrichment in genes involved in ATP production 

and responses to bacterial stimuli. We extended gene expression studies of bulk microglia by adding knowledge 

of the diversity and relative proportions of subpopulations in aged single microglia. 
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Prenatal glucocorticoid exposure alters microglia in a sex-specific manner and blunts stress-induced 

behavioral changes in adulthood 
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The prenatal exposure to stress or to stress hormonal mediators (namely glucocorticoids, GC) has a negative 

impact on brain development and has been associated with behavior alterations and psychiatric disorders later 

in life. Microglia are immune cells of the brain, responsive to GC and altered in stress-related disorders. We 

previously reported that the in utero exposure to the GC dexamethasone (iuDEX) is associated with anxiety and 

gender-specific alterations in microglia morphology. However, the effect of gender in anxious individuals 

subjected to stress conditions in adulthood and its relationship with microglia morphology is unknown.  

Therefore, we aim to clarify if iuDEX animals of both sexes cope with stress differently in terms of anxious-like 

behavior and susceptibility to depression in adulthood and to analyse the impact upon microglia morphology.  

Pregnant females (Wistar rats) were injected subcutaneously with dexamethasone (1 mg/kg in gestational days 

18 and 19). The offspring (males and females at post-natal day 90) was exposed to a chronic mild stress (CMS) 

protocol for 2 weeks and then, anxiety- and depressive-like behavior were assessed. In parallel, we quantified 

the number and length of cellular processes of microglia in the nucleus accumbens (NAc), a core brain region 

involved in emotional-related disorders.  

Both genders exposed to iuDEX presented anxious and anhedonic-like behavior paralleled by gender-specific 

alterations of microglia in the NAc (atrophy in females and hyper-ramification in males). The exposure to a 

chronic mild stress at adulthood ameliorated the behavioural phenotype, as well as microglia morphology in both 

genders. 

In summary, our results suggest that stressful events during pregnancy have an impact on behavior and 

microglia morphology and exerts a gender-specific effect in programming stress coping strategies in adulthood. 

In line with our previous results obtained in different brain areas, microglia gender-specific morphologic 

remodeling in the NAc parallels behavioral changes associated with developmental challenges. 
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Diverse types of glia exist in both the central and peripheral nervous systems (CNS and PNS, respectively), and 

each distinct population plays essential roles in the development and maintenance of each half of this organ 

system. Historically, these different types of glia have been characterized based on their function, behavior, 

origin, morphology and marker expression. In the spinal cord, migratory and proliferative oligodendrocyte 

progenitor cells (OPC) arise from pMN domain precursors and undergo several steps of maturation before 

becoming myelinating oligodendrocytes. In the PNS, distal motor axons are myelinated by neural crest-derived 

Schwann cells. Proximally, along the motor root, motor exit point (MEP) glia, a CNS-derived population that also 

arises from pMN domain precursors, migrate into the periphery and both myelinate the motor root and serve as a 

boundary to prevent OPCs from erroneously exiting the spinal cord. Motor nerves are in turn ensheathed by the 

perineurium, which is formed by perineurial glia that are born in the ventral spinal cord and migrate into the 

periphery via the MEP. In order to more thoroughly understand the mechanisms that regulate the specification, 

development and function of these glial types, we wanted to ascertain their unique gene expression profiles via 

RNA-Seq analysis. Using zebrafish transgene combinations, we were able to obtain FACS sorted samples 

containing Schwann cells, perineurial glia, MEP glia, and OPCs. The RNA-Seq data acquired from these 

samples is allowing us to do several things: 1) Identify genes for further study that are important for the 

development and function of each glial type, 2) Develop new transgenic markers that uniquely label each glial 

type for in vivo cell behavior analysis, 3) Evaluate the level of molecular heterogeneity among different glial 

types, and 4) Identify new types and subtypes of glia. So far, we have identified several novel genes that are 

uniquely expressed in particular glial populations, and some of these genes appear to label subsets of these 

populations. We are currently characterizing these genes and are creating reporter and mutant lines to help us 

understand their role in glial development, which will give us a better picture of how different types of glia 

contribute to nervous system development and function. 
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vivo imaging 
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The generation of new myelin during development and regeneration requires the differentiation of 

oligodendrocyte precursor cells (OPCs), an abundant cell population in the developing and adult central nervous 

system (CNS). If all OPCs have the same capacity to contribute to the formation of new myelin is currently not 

well understood.  

Using zebrafish as a model system we have investigated OPC behavior in the living animal. We have generated 

new transgenic reagents, which allow us to specifically visualize all OPCs at the population level as well as 

individual cells. While all OPCs extent their processes into axonal tracts and contact myelination competent 

axons, the somata of one group of OPCs reside completely within the axonal tracts (similar to white-matter 

OPCs), whereas the somata of another subset of OPCs is located in nuclear regions (the grey matter of the 

zebrafish spinal cord, where they are in tight contact to neuronal cell bodies). We found that OPCs of these two 

subgroups differed significantly with regard to their morphology, process remodeling dynamics, and likelihood to 

differentiate. OPCs that exclusively reside in the spinal cord white matter exhibited much faster process 

remodeling dynamics and lower process complexity than OPCs whose somata reside in the grey matter. Time-

lapse and long-term clonal analysis of the differentiation fates of revealed that OPCs within white matter tracts 

readily differentiated into myelinating oligodendrocytes within a few days, whereas OPCs with their somata in the  
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grey matter only rarely did so. Furthermore, we found that differentiation-competent white matter OPCs were 

often generated through symmetric and asymmetric divisions of grey-matter OPCs, suggesting that myelination 

can be controlled indirectly through regulation of cell divisions and OPC number. Taken together, our work 

shows regional, morphological and dynamical diversity within the OPC population in zebrafish and provides 

insights in the control of oligodendrocyte differentiation and axon ensheathment by local cues. 
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Gabapentin decreases microglial and astrocytes cells in rats with chronic myositis. 
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Musculoskeletal tissue is a very common site of pain. Chronic muscular affections represent a high economic 

cost and do not respond well to conventional interventions, affecting people's quality of life. We have chosen 

gabapentin as a potential treatment for chronic muscle pain because of its antinociceptive effect reported in the 

literature and also because of its wide efficacy in clinical cases of chronic pain. Studies have shown that 

gabapentin can inhibit painful responses through its binding to α2 / δ-1 subunit of voltage-dependent calcium 

channels present in neurons and reduction of substances such as glutamate, substance P, cytokines. In the 

present work, we investigated the antinociceptive effect of gabapentin in a chronic myositis model and its 

interference in central glial cells. Chronic myositis was induced by injection of Complete Freund Adjuvant (CFA) 

into the right gastrocnemius (GS) muscle of rats and tests for nociceptive behavioural.  Pharmacological 

treatment with gabapentin was administrated intrathecally (200ug/50ul). For analyzing astrocytes and microglia 

in the thalamus, immunochemistry assay was performed. Our studies showed a bilateral hyperalgesia induced 

by CFA-induced chronic myositis. Immunoreactivity results have showed an increase of astrocytes and 

microglial cells in the experimental thalamus of the animals with chronic myositis when compared to control 

animals (naive) in both side analyzed. In addition, it has been observed that there is inhibition in astrocytic and 

microglia immunoreactivity on both sides of the thalamus analyzed after pharmacological treatment with 

gabapentin. Thus, we suggest that there is contribution of astrocytes and microglia acting in the thalamic nuclei 

for generation of bilateral hyperalgesia found in animals with chronic myositis induced by CFA injection. 

Therefore, gabapentin could be used as treatment for targeting chronic muscle pain. 
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In the developing central nervous system, establishment of appropriate neuronal networks is crucial for efficient 

cognitive and sensorimotor processing. Oligodendrocytes have long been known for their ability to elaborate 

myelin sheaths around axons, allowing a rapid propagation of action potentials through saltatory conduction. In 

addition, oligodendrocytes provide complex trophic signals and/or metabolic support to neurons, but their role in 

shaping synaptic connections remains partly understood. Our recent work has shown, by using hippocampal 

neuron cultures, that oligodendrocyte conditioned medium (OCM) promote voltage-gated sodium channels (Nav) 

clusters formation along GABAergic axons prior to myelination, which is correlated with increased conduction 

velocity of action potentials.  

In the present work, to gain insight into the impact of oligodendroglial secreted factors on GABAergic neuron 

physiology, we used hippocampal cultures from E18 VGAT-Venus rat allowing direct visualization of GABAergic 

neurons. To correlate OCM-induced changes in electrophysiologial properties with gene expression, we 

performed patch-clamp recordings followed by single-cell RNA sequencing of neurons. We analysed neurons in 

different culture conditions, i.e. mixed cultures of neurons and glial cells (i.e. oligodendrocytes and astrocytes) 

and purified neuron cultures with less than 5% of astrocytes and virtually no oligodendrocytes, treated or not with 

OCM.  

We demonstrate here that oligodendroglial cues promote functional excitatory input on hippocampal GABAergic 

neurons and we quantified the presence of glutamatergic synapses. We also analysed OCM-induced 

modifications of morphology and firing properties of GABAergic neurons. We show that phenotypic changes are 

associated to specific gene expression patterns. Altogether, our results provide evidence that oligodendrocytes 

secreted factors promote GABAergic neuron maturation and may impact neuronal network function, and identify 

specific regulated genes. 

 

T21-003C 

Loss or gain of 1q21.1 locus diminishes neurotrophic function of human iPSC-derived astrocytes 

T. Singh, Y.A. Syed 

Neuroscience and Mental Health Research Institute, Cardiff University, Cardiff, GB 

 

Loss or gain of 1q21.1 locus has been associated with a range of neurodevelopmental/neuropsychiatric 

conditions such as cognitive impairment, intellectual disability, autism and schizophrenia. Among the 9 most 

critical genes present on the distal region of 1q21.1 locus, GAJ8 (Connexin50) has been found to hold a 

significant association with schizophrenia. Emerging studies in patients with mental disorders suggest 

morphological and functional alterations in astrocytes. However, the effect of 1q21.1 deletion and duplication on 

astrocyte physiology and dysfunction still remains unknown. Here we establish an efficient and rapid protocol for 

modelling astrocyte pathology using patient-derived induced pluripotent stem cells (iPSCs) carrying 1q21.1 CNV 

by successfully generating GFAP positive and functional astrocytes in 30 days. The astrocytes derived from 

different patients’ lines carrying microdeletions and microduplications showcased a difference in morphology in 

comparison to control. The metabolism assays on the other hand not only demonstrate compromised 

physiological response such as phagocytosis, glutamate uptake and calcium signalling in the astrocytes carrying 

1q21.1 CNV but also a negative influence on neuronal health when co-cultured with wild type neurons. Our 

results provide insight into molecular pathogenesis of neuropsychiatric disorders and evidences suggesting that 

astrocyte dysfunction contribute, at less in part, to the behavioural consequences of psychiatric disorders. 
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Modulation of GLAST transporters by CB1R in cortical astrocytes 

J.F. Gonçalves-Ribeiro1, T.P. Morais4, O. Savchak1,2, C. Meneses3, A.M. Sebastião1,2, S.H. Vaz1,2 

1Faculdade de Medicina da Universidade de Lisboa, Instituto de Medicina Molecular - João Lobo Antunes, 

Lisboa, PT 
2Faculdade de Medicina da Universidade de Lisboa, Instituto de Farmacologia e Neurociências, Lisboa, PT 
3Área departamental de Engenharia de electrónica e telecomunicações e de computadores, Instituto Superior 

de Engenharia de Lisboa, Lisboa, PT 
4Cardiff University, School of Biosciences, Cardiff, GB 

 

Astrocytes play an active role at the synapse since they participate in the uptake of neurotransmitters, release of 

gliotransmitters, among many other functions. Glutamate uptake mediated by specific glutamate transporters, 

GLT-1 and GLAST transporters, are the most the most relevant functions of these cells1, which can prevent 

excitotoxicity and modulate synaptic transmission. Astrocytes can communicate with surrounding astrocytes and 

neurons by changes in the intracellular Ca2+2. To do so, astrocytes express several types of receptors in their 

membranes such as the cannabinoid type one receptor (CB1R). In astrocytes specifically, CB1R activation leads 

to Ca2+ mobilization from internal cellular stores3. Thus, the aim of this work was to study the role of CB1R 

activation-mediated Ca2+ signaling upon GLAST in rat primary astrocytic cultures.  

Primary cortical astrocytic cultures were prepared from Sprague Dawley pups (0-2 days old). Ca2+ signalling and 

[3H]-glutamate uptake experiments were performed with 18-23 DIC astrocytes. Ca2+ signaling experiments were 

performed using Fura-2AM dye and the specific transport mediated by GLAST was accessed in presence of 

UCPH-101.  

It was observed that CB1R activation with ACEA, a CB1R specific agonist, led to Ca2+ transients, whose 

amplitude and frequency was dose-dependent for the two tested ACEA concentrations (0.5 and 1.0 µM, n = 3-7 

independent cultures). The occurrence of these transients were impaired in the presence of PLC antagonist 

(U73122, 3 µM) and a intracellular Ca2+ stores depletory (CPA, 10 µM). Low extracellular Ca2+ concentration 

decreased both frequency and amplitude of the transients. Regarding glutamate uptake, CB1R activation 

increased significantly the maximum velocity of transport Vmax of GLAST transporter without significant changes 

in affinity (Km). This enhancement was lost in the presence of U73122 and a Ca2+ chelant (BAPTA 20 µM), but 

not with a PKC antagonist (GF 10109203X, 1 µM).  

In conclusion, in astrocytes, CB1R activation triggers Ca2+ transients by PLC activation, in a dose-dependent 

manner enhancing GLAST activity probably by increasing the number of functional transporters at the astrocytic 

membrane. 
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Comparing the efficiency of microglia depletion strategies during adulthood and development 

B. Nagy, S. Siegert 

Institute of Science and Technology Austria, Klosterneuburg, AT 

 

Sensory perception and behavioral outcome require accurate neuronal circuit wiring. Microglia, the tissue-

resident macrophages, have been shown to remove synapses, thus fine-tuning neuronal circuits. Here, we are 

interested to identify what impact the absence of microglia has on circuit formation and function using the retina 

as a model system. We are particularly focused on the physiological maturation of retinal ganglion cells during 

postnatal development in mice.  

First, we had to find a sufficient approach to deplete microglia. We started to deplete microglia in adulthood 

using the tamoxifen-inducible mouse line Cx3cr1-CreERT2, crossed with either the Rosa26DTR or Rosa26DTA 

lines. Injection of tamoxifen is expected to lead to microlgia cell death upon a secondary injection of diptheria 

toxin in the Rosa26DTR-crossed line; or endogenously due to the diphteria toxi A-chain expression in the 

Rosa26DTA-crossed mice. Surprisingly, the depletion failed for the Rosa26DTR model. For the Rosa26DTA line, 

the depletion efficiency was below the previously reported percentages. Therefore, we investigated PLX5622, a 

CSF1R inhibitor, supplemented in chow, for which we confirmed complete microglial depletion in adult mice.  

Next, we applied Rosa26DTA and the PLX5622 depletion strategies to newborn animals. The Rosa26DTA pups 

showed an incomplete depletion with 30-70% of retinal microglia remaining. In the PLX5622 model, nursed pups 

showed a depletion efficiency of 50%. Once the pups start to feed independently microglia are fully depleted.  

In conclusion, the PLX5622 and the Rosa26DTA models show efficient depletion sufficiency; therefore these 

models allow us now to investigate the impact of microglia depletion efficiency and its timing on retinal circuit 

formation and function. 
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Effects of repetitive transcranial magnetic stimulation on brain metabolism and on glial cells 
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Repetitive transcranial magnetic stimulation (rTMS) is a noninvasive neuromodulation technique. rTMS is 

capable to produce changes in the electrical potential of neurons and allows modifying cortical excitability 

outside the skull. Nowadays, there is an increase in rTMS appliance both in clinical practice and as a 

neurophysiological tool. However, the exact cellular and molecular mechanisms underlying rTMS-based 

therapies are not completely elucidated. In addition, although rTMS has the potential to affect a great variety of 

cell types, glial cells have been less studied. Our aim was to investigate the effects of three days high-frequency 

rTMS in neuronal metabolism and its effect on glial cells. Firstly, we assessed neuronal metabolic activity by 

performing quantitative cytochrome oxidase histochemistry (COx). Then, we wanted to know the safety of rTMS 

examining glial cells. For that purpose, we explored Glial Fibrillary Acidic Protein immunoreactive cells (GFAP-

IR) and Iba1 immunoreactive cells (Iba1-IR). All administrations were performed with the stimulation coil located 

in the upper part of the skull, bregma -3.96 mm, where retrosplenial cortex is located. The animals were 

randomly split into two groups: a stimulated group (TMS) and a control group (CO). CO group was exposed to 
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the same conditions as the experimental group but without receiving real stimulation. Our results showed an 

enhancement of metabolic activity in TMS group compared to CO in cortical and subcortical areas: retrosplenial 

cortex, parietal cortex, CA1 and CA3 subfields of the hippocampus. Finally, we did not find changes between 

groups in astrocytic and microglial density in any of the immunostained regions. In the light of our experimental 

results, we can assume that three days of high-frequency rTMS applied in healthy rats does not alter neither 

astroglia reactivity nor inflammatory responses, such as microglia proliferation. Due to we have shown an 

upregulation of neuronal metabolic activity in cortical structures proximal to the stimulation focus and in inner 

structures such as the hippocampus, our work provides a novel insight into the effectiveness and safety of rTMS 

as a brain modulation therapy. Our results sum experimental evidence about the positive effect of rTMS in brain 

stimulation. 
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Amyotrophic lateral sclerosis (ALS) is a progressive neurodegenerative disease characterized by the selective 

death of upper and lower motor neurons (MNs). Several mechanisms concur to the pathogenesis and 

progression of the disease, including glutamate(Glu)-mediated excitotoxicity and neural inflammation. In this 

frame, several pieces of evidence support the role of mGluR5 in ALS. In our previous studies we demonstrated 

that double mutant mice carrying the SOD1G93A mutation and a partial mGluR5 deletion (SOD1G93AmGluR5+/-) 

displayed a delay of the pathology onset and an amelioration on survival probability and clinical symptoms. 

Although motor neuron death is the ultimate cause of the clinical output, other cells, such as astrocytes and 

microglia, play an important role in motor neuron damage. Moreover, how mGluR5s influence the different cell 

type contribution to the disease is not completely known.  

The aim of this study was to investigate the effect of the partial deletion of mGluR5 in microglia cells prepared 

from mutant mice. Microglia was acutely purified from mouse brain, motor cortex and spinal cord and it was 

analyzed by flow cytometry and Western blot. We investigated the balance between the pro-inflammatory M1 

and the protective M2 microglia phenotype in SOD1G93A mice at different stages of ALS (120, 90 and 30 day-old 

mice, that represent late-, early- and pre-symptomatic phases) and in age-matched WT mice.  

No alterations of the balance between the M1 and M2 phenotype were observed in SOD1G93A vs. WT mice from 

brain and motor cortex, even at the late stage of the disease. On the contrary, M1 polarization prevailed in 

microglia isolated from 120 day-old SOD1G93A mouse spinal cord. No significant modifications were observed in 

spinal cord at 90 and 30 day-old SOD1G93A vs. WT mice. To verify the impact of the reduction of mGluR5 on the 

microglia phenotype, the differences between WT, SOD1G93A and SOD1G93AmGluR5+/- mice were analyzed. The 

results showed that M1 phenotype was greatly increased in the spinal cord of 120 day-old late symptomatic 

SOD1G93AmGluR5+/- mice respect to both WT and SOD1G93A; whereas, no differences were present in total brain 

and motor cortex.  
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We can conclude that the reduction of mGluR5 drives microglia toward a pro-inflammatory phenotype, at least in 

spinal cord. As a whole, the data presented suggest that the in-vivo disease amelioration, observed after 

mGluR5 ablation, does not depend on a shift toward a protective phenotype of activated microglia. 
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Lrp1 (low density lipoprotein receptor-related protein 1) is a multifunctional receptor belonging to the LDL 

receptor family that is expressed in various tissues including the brain. The complete knock-out of Lrp1 is lethal 

for the embryos, therefore it is hard to study the role of Lrp1 in embryonic brain development in vivo. 

Nevertheless recent Lrp1 conditional models and in vitro studies show that Lrp1 is important for neuronal and 

oligodendrocytic functioning and neural stem precursor cell differentiation.  

Using a battery of molecular techniques, we analysed the role of Lrp1 in radial glia functioning in the novel 

Emx1Cre-Lrp1 conditional knock-out mouse model. We observed that Lrp1 deficiency in radial glia cells and 

their progeny in the dorsal telencephalon early in development results in a severe phenotype exemplified by 

deficits in myelination, ventricular volume enlargement and prominent seizures.  

As a major factor contributing to this effect we identify alterations in the astrocytic lineage. Neonatal Lrp1 knock-

out mice exhibit precocious cortical astrocyte maturation. In young adult knock-out mice, glial fibrillary acidic 

protein levels are upregulated in both the cortices and hippocampi. In vitro cultured astrocytes lacking Lrp1 

display a reduced number of focal adhesion sites. Astrocytic functionality is further impacted as tissue 

plasminogen activator uptake in Lrp1 knock-out astrocytes is deteriorated. This in turn impacts NMDA receptor-

mediated signalling in vivo and can favour excesive excitability that leads to seizures in our model.  

In conclusion, our study provides evidence that early astrocytic dysfunction is an important factor contributing to 

morphological changes during mouse brain development that lead to the build-up of hyperexcitability and 

seizures. Moreover, our results put forward the Emx1Cre-Lrp1 mouse as a novel model to study the emergence 

of spontaneous seizures and astrocytic Lrp1 itself as a promising candidate for epilepsy research. 
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Priming of microglia with interferon-g slows neuronal gamma-band oscillations in situ 

B. Chausse, T.-T. Ta, H.O. Dikmen, S. Schilling, A. Lewen, J.-O. Hollnagel, O. Kann 
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Objectives: Interferon-g (IFN-g, type II interferon) is a proinflammatory T lymphocyte cytokine that serves in 

priming of microglia – resident CNS macrophages (innate immunity) – during the complex microglial activation 

process under pathological conditions. Priming generally permits an exaggerated microglial response to a 

secondary inflammatory stimulus. The impact of primed microglia on physiological neuronal function in intact 

cortical tissue (in situ) is widely unknown, however.  

Methods: We explored the effects of chronic IFN-g exposure (72 hours) on microglia in organotypic hippocampal 

slice cultures of the rat, i.e., postnatal cortical parenchyma lacking leukocyte infiltration (adaptive immunity). We 

focused on fast neuronal network waves in the gamma-band (30-70 Hz) that were evoked by application of 

cholinergic receptor agonist, acetylcholine. Such gamma oscillations are fundamental to higher brain functions, 

such as perception, attention and memory, and exquisitely sensitive to metabolic and oxidative stress.  

Results: IFN-g induced substantial morphological changes and cell population expansion in microglia as well as 

moderate upregulation of activation markers, MHC-II, CD86, IL-6 and inducible nitric oxide synthase (iNOS), but 

not TNF-a. Cytoarchitecture and morphology of pyramidal neurons and parvalbumin-positive inhibitory 

interneurons were well-preserved. Notably, gamma oscillations showed a specific decline in frequency of up to 8 

Hz. This rhythm disturbance was caused by moderate microglial nitric oxide (NO) release demonstrated by 

pharmacological microglia depletion and iNOS inhibition.  

Conclusion: IFN-g priming induces substantial proliferation and moderate activation of microglia that is capable 

of slowing neural information processing. This mechanism might contribute to cognitive impairment in chronic 

brain disease featuring elevated IFN-g levels, blood-brain barrier leakage and/or T cell infiltration, well before 

neurodegeneration occurs. Prominent examples are (post) stroke, multiple sclerosis and Alzheimer's disease. 
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Astrocyte-dependent changes of neuronal excitability in cellular mechanisms of sleep homeostasis 

B. Pal 
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Astrocytes are known contributors of sleep homeostasis via regulating neuronal functions by gliotransmitter 

release.  Their roles were extensively demonstrated in cortical and diencephalic structures, but little is known 

about it in the reticular activating system (RAS).  In the present project we aimed to observe the astrocytic 

component of different neuromodulatory actions on the pedunculopontine nucleus (PPN), a cholinergic nucleus 

of the RAS.  We aimed to describe its actions on cellular and local network level.  

It was found that cholinergic, serotonergic and cannabinoid actions elicit tonic inward and outward currents in a 

similar proportion and sometimes overlapping way.  These actions were prevented by application of mGluR 

antagonists and preceded by increased astrocytic activity.  Optogenetic activation of astrocytes led to similar 

actions on neurons.  In parallel with tonic changes of excitability, NMDA receptor dependent slow inward 

currents (SICs) were also found on PPN neurons.  If SICs had a low frequency in control, all neuromodulatory 

actions increased their frequency; and, in case of high original SIC activity, all actions inhibited them in a uniform 

way.  The background of this phenomenon is the balance of NMDA receptor activation and 
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desensitization.  Neuromodulatory actions on SICs were independent from occurrence of tonic currents.  

In summary, two independent astrocyte- and extrasynaptic glutamate-dependent actions were identified in the 

pedunculopontine nucleus.  These actions seem to be uniformly participate in distinct neuromodulatory actions, 

probably serving as a homeostatic mechanism maintaining an intrinsic activity pattern of the PPN together with a 

certain low level of ’random’ neuronal activity. 
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Vesicular glutamate transporters (VGLUTs) are responsible for uploading glutamate into synaptic vesicles, 

thereby assuring physiological excitatory synaptic transmission. VGLUTs exist in three isoforms (VGLUT1-3) 

with non-overlapping CNS distributions. In addition to their well-established presence and role in neurons, 

VGLUT1 and VGLUT2 have been described by single-cell PCR and immuno-EM techniques also in selected 

populations of hippocampal astrocytes (Bezzi et al. Nat Neurosci, 2004; Bergersen et al., Cereb cortex, 2012). In 

particular, VGLUTs were observed in synaptic-like microvesicle structures facing neuronal elements and, based 

on indirect functional evidence, associated to astrocytic glutamate release and synaptic modulation (Jourdain et 

al., Nat Neurosci. 2007). However, a series of negative results obtained over the years in detecting VGLUTs 

transcripts in astrocytes (e.g. Cahoy et al., J Neurosci., 2008; Zhang et al., J. Neurosci, 2014; Chai et al., 

Neuron, 2017) has put these data as well as the presence and function of VGLUTs in these cells into question, 

at least until very recently (Boisvert et al., Cell Rep., 2018; Zeisel et al., Cell, 2018). In order to change gears in 

addressing the existence and role of astrocyte VGLUTs, we generated novel conditional cell-specific transgenic 

mouse lines in which VGLUTs ablation occurs exclusively in astrocytes and cells undergoing recombination are 

highlighted by fluorescent reporter (tdTomato) expression. The mice were characterized by immunochemical and 

biochemical techniques. Due to the emerging role of astrocytes, and particularly of glutamate signalling from 

these cells, in controlling epileptic seizures (reviewed in Steinhauser et al., Neurosci., 2016), we investigated 

whether genetic ablation of astrocytic VGLUTs could modify the patterns of epileptic discharges generated by an 

acute peripheral injection of kainate. Studies were performed via in vivo EEG recordings and data analysed 

looking at the interval between kainate administration and appearance of the first seizure, at the number of 

induced seizures and at their duration. We observed significant differences in the above parameters between 

mice with genetic deletion of astrocytic VGLUT isoforms and their respective controls. These findings support a 

biological role of astrocyte VGLUTs, here identified as a control on the brain circuits involved in the generation of 

epileptic discharges. 
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Chronic stress induces microglial-mediated inflammatory responses and compromises the NG2-glial 

homeostasis during depression 
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Background: Major depressive disorder (MDD) is a chronic debilitating illness affecting yearly 350 million 

people worldwide. Although the mechanisms underlying depression are still not defined, it has been suggested 

that inflammation acts as depression mediator and promotes glial and neuronal malfunctions. We have recently 

established an important association of oligodendrocyte progenitor cells (NG2-glia) with depression in an adult 

mouse model of chronic stress (repeated social defeat stress, RSDS). The aim of the present study is to 

examine if microglia modify the RSDS paradigm and determine the effects of inflammatory responses on the 

NG2-glial homeostasis.  

Methods: The RSDS paradigm (10 days) was utilized to study the early (5 days) and post RSDS stages (10+2 

days and 10+15 days) in 8-12 week old male C57BL/6J, CX3CR1-GFP+, CSPG4-EGFP+ mice. Throughout the 

RSDS, groups were administered BrdU (5-bromo-2'-deoxyuridine) ad libitum to monitor cell proliferation. Social 

interaction (SI) and other behavioral tests (BH) were performed to categorize the defeated mice to susceptible 

(S) and resilient (R) animals. The study focuses on the MDD-affected Prefrontal Cortex (PFC; n=4-6/per group).  

Results: Inflammatory responses were observed in the PFC area, as depicted by microglial recruitment (Iba1+ 

cells) and activation [reactive morphology and inflammatory markers (TSPO, CD206, CD86, iNOS, Arg-1)] 

during the RSDS in the S groups. A significant decrease of NG2-glial density (using PDGFRα marker and 

CSPG4-EGFP+ mice) and dramatic morphological alterations were observed in the PFC in S groups. Given the 

highly proliferative profiles of NG2-glia in adult CNS, the mitotic capacity (BrdU, Ki67) was examined during 

chronic stress, revealing time-dependent alterations in BrdU labeling retention and proliferation capacity in the S 

groups. Remarkably, increased NG2-glial differentiation was observed (O4+, GST-pi+) in the early RSDS stages 

of S groups, and a concomitant switch towards NG2-glial production in the post RSDS stages. Microglial ablation 

using PLX5622 (Csf1R inhibitor) during RSDS, protected the defeated groups from becoming susceptible.  

Conclusions: Chronic stress induces microglial activation and recruitment, and NG2-glial cellular homeostasis is 

swiftly compromised leading to time-dependent alterations of proliferation, viability and progeny contributing to 

the onset of depressive-like behavior in mice. 
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Microglial-mediated inflammatory responses compromise NG2-

glial homeostasis during depression 
Chronic stress induces microglial activation and recruitment, and NG2-

glial cellular homeostasis is swiftly compromised leading to time-

dependent alterations of proliferation, viability and progeny contributing 

to the onset of depressive-like behavior in mice. 
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Accumulating evidence indicates astrocytic ATP release for intercellular communication in the brain. Astrocytic 

ATP triggers responses of glial cells, because ATP receptors are mostly expressed in astrocytes and microglia. 

Subsequent conversion of ATP to adenosine by extracellular enzymes modulates functions of neurons, 

vasculature and immune cells, which abundantly express adenosine receptors. Our previous study indicated 

AQP4-dependent ATP release after hypotonic treatment and subsequent adenosine increase in hippocampal 

slices by using an originally-developed biosensor for adenosine (Yamashiro et al, J Neurochem 2017). In order 

to investigate the functional implication of the AQP4-dependent ATP/adenosine increases, this study analyzed 

adenosine and dopamine in the striatum of AQP4 knockout mice by using biosensors for adenosine or 

dopamine. Adenosine or dopamine were measured by calcium imaging of CHO cells expressing adenosine A1 

or dopamine D2 receptor together with Gqi5. An A1 receptor antagonist, DPCPX increased evoked dopamine 

release after repetitive electrical stimulation to wild type striatum, indicating tonic suppression of dopamine 

release by ambient adenosine activating A1 receptor. Meanwhile, DPCPX did not increase evoked dopamine 

release in AQP4 knockout mice, suggesting that the ambient adenosine is derived from AQP4-dependent ATP 

release from astrocytes. Since higher basal dopamine level and lack of motivation were reported in AQP4 

knockout mice, the crosstalk between AQP4-dependent increase of astrocyte-derived ATP/adenosine and 

dopaminergic neurotransmission is very likely participated in mental processes. 
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Despite expanding evidence about the contribution of astrocytes in pain perception, the role of parabrachial 

nuclei (PBN) astrocytes is unknown. Aim of the study is the evaluation of PBN astrocytes role on pain threshold 

using Designer Receptors Exclusively Activated by Designer Drugs (DREADDs) in mice.  

CD-1 mice were bilaterally injected into the PBN with 0.5 υl of Gαq-DREADD (hM3Dq) or Gαi-DREADD (hM4Di). 

Fifteen days after the microinjection, the engineered astrocytic Gαq- and Gαi-coupled receptors were acutely 

activated by clozapine-N-oxide (CNO, 3 mg kg-1, intraperitoneally), measurements of pain threshold were 

performed over time. Moreover, whole-cell electrophysiological recordings were performed on acute brain slices 

containing the PBN neurons to investigate effects of CNO 10 mM on holding current and spontaneous 

postsynaptic currents.  

The activation of astrocytic Gαq-DREADD in the PBN by the acute administration of CNO decreased the pain 

threshold of naïve animals in response to thermal noxious (hot plate test) and non noxious stimuli (cold plate 

test) and to a non noxious mechanical stimulus (von Frey test). On the contrary, the activation of the astrocytes 

Gαq-mediated cascade promoted an antinociceptive effect in a model of visceral irritative pain induced by acid 

acetic administration. The inhibition of astrocytes signalling by CNO in Gαi-DREADD-injected mice did not alter 

the pain response to both thermal and mechanical stimuli. Locomotor and exploratory activities were not altered 

by both DREADDs treatments as measured by Rota rod and Hole board tests.  

Data from electrophysiological recordings indicated that astrocytic DREADD activation by CNO resulted in an 

increase of the frequency and amplitude of excitatory synaptic inputs onto PBN neurons.  

PBN astrocytes play a role in nociceptive signalling, a protective primitive evolutionary mechanism. Gaq-

mediated activation increases pain experience in physiological conditions, evoking an inhibitory response in 

presence of a pathological alteration. 
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Introduction: The role of changes in dopamine levels in the neuroinflammatory response is controversial.  

The local renin-angiotensin system (RAS) plays a major role in inflammatory processes. Angiotensin II (AII) is 
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the most important effector peptide of the RAS. Its effects are mediated by two main cell receptors: AII type 1 

and 2 (AT1 and AT2) receptors.   

In the nigrostriatal system, previous data showed important counterregulatory interactions between angiotensin 

and dopamine, and it has also been shown that dysregulation of these interactions plays a major role in diseases 

related to inflammation and oxidative stress both in the Central Nervous System (i.e. Parkinson´s Disease) and 

peripheral tissues.  

In the present study, we investigated the possible role of the brain RAS in the effects of dopamine on the glial 

inflammatory responses.  

Methods: In primary cultures of astrocytes, C6 astroglial cell line and the N9 microglial cell line we used HPLC, 

RT-PCR, Western Blot and NAPDH-activity to analyze effects of dopamine, and dopamine D1-like and 

dopamine D2-like receptor activation on astrocytic and microglial RAS.  

Results: Our results show that astrocytes are the major source of the AGT and AII in the brain and neurotoxins 

can act directly on astrocytes to increase levels of AGT and AII. Furthermore, dopamine, via type-2 (D2) 

receptors, inhibits production of AGT, increases expression of AT2 receptors and decreases expression of AT1 

receptors in astrocytes.  

In microglia, dopamine and dopamine agonists also regulate RAS activity: via downregulation of the astrocyte-

derived AII and via dopamine-induced regulation of microglial angiotensin receptors. Dopamine decreases the 

microglial AT1/AT2 ratio what in turn inhibits the pro-inflammatory AT1/NADPH-oxidase axis. D2 receptors have 

a major role in microglial RAS inhibition in basal culture conditions. However, in activated microglia both D1 and 

D2 agonists inhibit the AT1/NADPH-oxidase axis.  

Conclusion: The results indicate that the decrease in dopamine levels observed in early stages of Parkinson's 

disease and aging may enhance neuroinflammation and disease progression via glial RAS exacerbation. 
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Astrocyte modulation of sleep 
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Endogenous rhythmic behaviors are evolutionarily conserved and essential for life. Both in mammalian and 

invertebrate models, there are known requirements for glial cells, in addition to neuronal circuits, in the regulation 

of circadian behavior and sleep 1-4. In recent studies, we have shown that fly astrocytes and an astrocyte-

enriched factor known as NKT are important for the regulation of sleep. Nkt was identified as a gene with 

astrocyte-enriched expression using Translating Ribosome Affinity Purification (TRAP) methods. NKT is a small 

Ig-domain protein with a high-quality signal sequence, consistent with secretion, and we show that an NKT:sGFP 

fusion is trafficked to puncta within astrocyte processes when expressed under control of the endogenous 

promoter. Reducing NKT function in astrocytes, either by RNAi-based knockdown or in a null mutant, selectively 

decreases night sleep and leads to severe sleep fragmentation. To further explore the role of fly astrocytes in 

sleep regulation, we have genetically activated or inhibited astrocytes and monitored sleep. Activation of fly 

astrocytes, by increasing intracellular Ca2+, promotes sleep whereas inhibition of astrocyte vesicular release 

mechanisms leads to decreased sleep. Altogether, these results provide compelling evidence that fly astrocytes 

are important for the regulation of sleep. 
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Microglia are the resident immune cell population of CNS. Emerging roles of microglia are related to their ability 

in continuously scanning the brain environment, maintaining tissue homeostasis and participating in network 

formation. More and more studies have shed light on the physiological roles of microglia during development and 

adulthood, highlighting their participation in circuit refinement and maturation].  

However, how microglia contribute to neuronal function in the mature CNS is not well understood. Depleting 

microglia from the brain or altering specific neuron-microglia signaling pathways provided evidence that microglia 

are critical for proper brain development.  

We studied glutamatergic synapses in hippocampal CA1 pyramidal neurons, to highlight functional defects in 

adult synapses associated to microglial dysfunction. On this purpose, we characterized excitatory postsynaptic 

currents  a model of microglia depletion and we found that glutamatergic transmission is strongly compromised 

and synapses show immature features. CA1 glutamatergic EPSCs were characterized by reduced amplitude, 

functional connectivity and multiplicity, associated to changes in synaptic plasticity. Our results point to a 

relevant role for microglia in the functionality of glutamatergic synapses in hippocampus during adulthood. 
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Neurological conditions such as Alzheimer’s disease, multiple sclerosis or mood disorders affect neuronal 

function in adulthood. Increasing evidence suggest the role of immune cells in disease progression, however 

animal models often fail to recapitulate specific aspects of the human condition. Human induced pluripotent stem 

cells (iPSCs) provide a promise to tackle neurological conditions by studying human cells and modelling disease 

by using cells from patients in addition to, or in the place of, animal disease models and thus speeding up 

clinically relevant discoveries. Microglia, the resident macrophages of the brain, are essential for shaping 

neuronal networks during development, for surveying the brain and to remove toxic biomolecules, cellular debris 

or to induce death of injured cells to protect the surrounding healthy tissue throughout the life of the individual. 

Lineage tracing experiments in mice confirmed that macrophages differentiated in the Yolk sac invade the neural 

tissue and mature to microglia during embryonic development.  

We aimed to differentiate Yolk sac macrophages from iPSCs in vitro and coculture them with cortical neurons to 

test microglia specification in a human neural environment. Our results show that neurons induce the activation 

of microglia specific transcriptional program in immature yolk sac macrophages. In return microglia implements 

novel functions to support cortical neuron maturation. Our data suggest that microglia and cortical neurons could 

have a specific interaction that is distinct from known postnatal neuro-immune functions. 
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Enteric glia are peripheral glia associated with the enteric nervous system (ENS) that function to orchestrate a 

variety of integrated ENS functions related to the autonomic control of gastrointestinal homeostasis. Enteric glia 

are also a key component of a complex gut-brain neuroepithelial circuit by which the brain quickly perceives gut 

sensory cues. Transcriptomics data show that enteric glia express low levels of mRNA encoding cholecystokinin 

(CCK) receptors A and B in the colon (35.16% and 19.36%, respectively vs P2RY1 mRNA expression, a known 

glia-expressed gene) and suggest that enteric glia contribute to gut-brain signalling by sensing CCK. Here, we 

tested the hypothesis that enteric glia detect CCK and that glial responsiveness to CCK differs among gut 

regions. We assessed the effects of CCK on enteric glia by using in situ Ca2+ imaging in whole-mount 

preparations of myenteric plexus from Sox10CreERT2::Polr2atm1[CAG-GCaMP5g,-tdTomato]Tvrd mice that express the 

optogenetic probe GCaMP5g in enteric glial cells. A comparable percentage of glia responded to 100µM ADP in 

duodenum and colon (82.4% and 89.2%, respectively; n=120 glial cells in the duodenum and n=130 in the 

colon), but the percentage of glia responding to 100nM CCK was higher in the colon than in the duodenum 

(66.4% vs 38.3%, respectively). Interestingly, blocking neuronal activity with 300nM tetrodotoxin increased the 

percentage of glia responding to CCK in the duodenum, but not in the colon (57.1% in the colon vs 64.8% in the 

duodenum). Despite higher numbers of glia responding to CCK in the colon than duodenum, CCK resulted a 

greater peak Ca2+ response in the duodenum than in the colon when it is compared to ADP response peak 

(24.8% of ADP-induced response in the colon; 33.8% of ADP-induced response in the duodenum). Glial 

responses to CCK in the duodenum were potentiated by blocking neuronal activity with tetrodotoxin (30% of 

ADP-induced response in the colon; 93.3% of ADP-induced response in the duodenum). Together, these data 

show that enteric glia respond to CCK and that glial responses to CCK differ in duodenum and colon. Glial 

sensitivity to CCK involves signalling with neurons, suggesting a possible region-specific mechanism to locally 

modulate gut-brain. 
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