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Abstract 

 

Neurons in the central nervous system of higher vertebrates lose their ability to regenerate their 

axons at a stage of development that coincides with peak circulating thyroid hormone levels. 

Here we examined whether this peak in thyroid hormone is involved in the loss of axonal 

regenerative capacity in Purkinje cells (PCs). This event occurs at the end of the first postnatal 

week in mice. Using organotypic culture, we found that the loss of axon regenerative capacity 

was triggered prematurely by early exposure of mouse PCs to thyroid hormone (T3), while it was 

delayed in the absence of T3. Analysis of mutant mice showed that this effect was mainly 

mediated by the T3 receptor alpha1 (TRα1). Using gain- and loss-of-function approaches, we 

also showed that Krüppel-like factor 9 (KLF9) was a key mediator of this effect of T3. These 

results indicate that the sudden physiological increase in T3 during development is involved in 

the onset of the loss of axon regenerative capacity in PCs. This loss of regenerative capacity 

might be part of the general program triggered by T3 throughout the body, which adapts the 

animal to its postnatal environment.  
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Introduction 

In higher vertebrates there is a period of development during which central nervous system 

(CNS) neurons can regenerate their axon after injury (1). The molecular mechanisms underlying 

the subsequent loss of this ability are not fully understood, but the onset of an inhibitory 

environment in the developing CNS is known to prevent axon regeneration (1-3), together with 

intrinsic neuronal maturation (4-6). In mice, this event takes place during the first postnatal week 

for neurons of the enthorinal cortex and motor cortex as well as retinal ganglion cells, and 

Purkinje cells (7-11). Interestingly, this loss of regenerative capacity coincides with a strong 

increase in circulating thyroid hormone levels. Thyroid hormone levels in serum are low during 

mouse prenatal development but increase sharply (more than 1000-fold) during the first week 

after birth before decreasing to adult levels during the second week (12-14). This hormonal burst 

leads to profound changes in gene expression, that are required to adapt the physiology of 

various organs to postnatal life (15).  

We suspected that the loss of axonal regenerative ability might be one of these critical 

physiological changes. We therefore investigated the involvement of high T3 levels in the onset 

of the loss of regenerative capacity of postnatal Purkinje cells (PCs). As Klf9 is a transcriptional 

target of T3 in some neuronal cell types (16, 17) and is involved in the developmental loss of 

regenerative ability of retinal ganglion cells (5), we also examined whether T3 acts on PCs by 

regulating Klf9 expression.  
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Results 

Early exposure to T3 accelerates the loss of ability to regenerate PC axons 

To investigate the effect of early T3 exposure on axon regeneration ability, we used a coculture 

assay to quantify the regenerative capacity of PCs (18, 19). PCs from newborn mice (P0) were 

grown in organotypic culture for 7 days (div), then axotomized and placed in front of the ventral 

half of a cerebellar slice taken from age-matched (P0 + 7div) calbindin-deficient mice (Calb1-/-) 

for another 7 div to allow for regeneration (Fig. 1A). Hence, all Calb1-immunoreactive axons in 

the ventral half of the slice corresponded to regenerative axons. Two parameters were measured 

to determine regeneration capacity: the area covered by Calb1+ regenerating axons, and the mean 

length of the three longest regenerating axons in the Calb1-/- slice (Fig. S1). Hereafter, we refer 

to the area of regeneration as an indirect index for the number of PCs able to regenerate, while 

the mean length of the three longest axons serves as an indirect index for the growth rate of 

regenerating axons. 

When 30 nM T3 was added to the culture medium throughout the cell culture period, the 

regenerative capacity of PC axons was strongly inhibited (Fig. 1B, C). The differences with 

untreated cultures were statistically significant both for the number of regenerating PCs and for 

the axon growth rate (Fig. 1F-G). However, PC survival was very low in this experiment (Fig. 

1B-C, and S2). PC death induced by axotomy can be prevented by inhibiting protein kinase C 

(PKC) with Gö6976 (18). When similar experiments were carried out in the presence of 1 µM 

Gö6976 (S2, and Fig. 1D-E), the two parameters reflecting regenerative capacity were enhanced 

in both the presence and absence of T3 (Fig. 1D-G). In the presence of T3, no considerable 

regeneration was observed in slices with very high PC survival (Fig. 1E), whereas slices with 

lower survival showed marked regeneration in absence of T3 (Fig. 1D). Thus, independently of 
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the survival effect of Gö6976, T3 significantly reduced the capacity of axons to regenerate (Fig. 

1F-G). Remarkably, mean axonal length in slices grown in the presence of T3 was only 28% of 

that observed in the absence of T3 (Fig. 1G). Thus, T3 not only reduced the number of PCs 

capable of promoting axon regeneration, but it also limited the axon growth rate of those that 

were able to regenerate. 

We then investigated the time dependency of this effect by performing axotomy in the presence 

of Gö6976 at various time points (0, 3, 5, 7 and 14 div) and analyzing PC regeneration 7 days 

later. In the absence of T3, the capacity of PCs to regenerate axons decreased with time, as shown 

by the gradual decrease in the area of regeneration from 0 to 14 days (Fig. 1H) and the decrease 

in the average length of the 3 longest regenerative axons between 5 and 7 days (Fig. 1I). 

Addition of T3 throughout the cell culture period reduced the number of PCs able to regenerate 

(area) and the axon growth rate (longest axons) when axotomy was performed after 3 div (Fig. 

1H-I). Thus, early exposure to T3 accelerates the loss of PC regenerative capacity in our in vitro 

conditions.  

 

The absence of T3 in vivo delays developmental loss of PC axon regenerative ability in 

organotypic culture  

We then investigated whether the absence of T3 in vivo delayed the loss of regenerative capacity 

beyond P10, the age at which it is normally completed (9, 18). Cerebellar explants were prepared 

from three groups of P10 littermates (euthyroid, hypothyroid and hyperthyroid pups; Fig. 2A). 

The blood level of thyroid hormones was measured in each group of animals to validate their 

thyroid status (S3). In coculture assays (Fig. 2B-C) performed in the absence of T3, the area 

covered by regenerating GFP+ PC axons was 12-fold higher in hypothyroid than in euthyroid 
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cerebella (Fig. 2D-G, J) and the regenerated axons were 77% longer (Fig. 2D–G, K). 

Hyperthyroidism had no significant additional influence (Fig. 2H-K). Addition of T3 to the 

culture medium strongly reduced axon regeneration by PCs from hypothyroid animals, while it 

did not affect PCs from euthyroid or hyperthyroid animals (Fig. 2J-K). Thus the absence of T3 in 

vivo prolonges the period during which PC are able to regenerate in organotypic culture assays, 

while excess of T3 does not seem to have any influence on this ability.  

 

TRα1 is involved in the T3-induced loss of PC axon regenerative capacity in organotypic 

cultures 

T3 acts directly on gene transcription by binding to the TRα1 or TRβ1/2 (THRA1 and THRB1/2 

according to the MGI nomenclature) nuclear receptors, encoded by the genes TRα and TRβ 

(Thra and Thrb; 20). Both receptors are expressed by PCs (21-23). We used a mouse model 

(TRαAMI line) in which CRE/loxP recombination is used to trigger the expression of a dominant 

negative mutant receptor, TRα1L400R (24). Cerebellar slices from newborn TRαAMI mice were 

transduced with a lentiviral vector expressing Cre recombinase driven by the CMV promoter 

(S4A, B), and were grown in the presence of T3. Gö6976 was added at the time of axotomy for 

48h to increase survival (S4C). It is important to note that the regenerative axons elongated in a 

wild-type TRα1 environment (Calb1-/- slices). T3 exposure failed to inhibit the regenerative 

ability of PCs expressing mutated TRα1L400R (Fig. 3A-B), whose axons covered an area 4 times 

larger than those of control PCs, and whose axons were more than twice as long (Fig. 3C-D).  

To determine whether this effect was cell autonomous, we compared the behavior of Cre 

transduced PCs versus non-transduced PCs on slices from wild-type and TRαAMI animals (S5). 
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The majority of PCs expressing TRα1L400R were able to regenerate while the majority of those 

expressing TRα1 did not regenerate (Fig. 3E). Although our results do not exclude the 

involvement of TRβ1/2, they clearly show that T3 acts on TRα1 and inhibits PC axonal 

regeneration in a cell autonomous manner in organotypic culture.  

 

Klf9 mediates the inhibitory effect of T3 on PC axon regeneration 

Krüppel-like factor 9 (Klf9) is a T3 target gene in several neuronal cell types (16, 17). It encodes 

a transcription factor identified as an inhibitor of axonal regeneration in murine retinal ganglion 

cells (5). To determine whether Klf9 is under the control of TRα1 in PCs, we crossed the 

TRαAMI mouse line with the R26YFP floxed and Ptf1a Cre-deleter line (S6A). After dissociating 

the cerebella of P7 animals, YFP expressing cells (PCs and interneurons) were sorted out by 

FACS to measure the expression of Klf9 mRNA by qRT-PCR. Among the cells expressing 

KLF9, only PCs express TRα1L400R and YFP (S6B). They showed a considerable reduction of 

Klf9 mRNA by 75% (Fig.4A).  

To address the possibility that KLF9 might mediate the inhibitory effect of T3 on PC axon 

regeneration, we then compared Klf9 expression between hypothyroid and euthyroid animals by 

in situ hybridization at P10. Klf9 mRNA was detected in both PCs and inner granule cells (Fig. 

4B), and its level was markedly decreased by T3 depletion in both neuron populations (Fig. 4C). 

Similar results were obtained when the expression of ß-galactosidase was quantified in the Klf9 

knockout mice. In this mouse line Klf9 was replaced by the reporter gene lacZ and is therefore 

driven by the Klf9 promoter (S7). 

To determine whether T3 acts on PCs through KLF9 expression, we compared the effect of T3 on 

regeneration of PCs from Klf9-/- and WT mice on Cabl1-/- slices in presence of Gö6976 (Fig.4 D-
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G). Klf9-/- PCs displayed a smaller T3-induced decrease in regenerative capacity than WT PCs: 

the area and length of regenerative PC axons elongating in a wild-type environement for KLF9 

were respectively 2-fold and 1.45-fold higher (Fig. 4F-G). These moderate effects contrasted 

with the dramatic effect of T3 on wild-type PCs (S9).  

We finally investigated whether KLF9 overexpression itself inhibited PC axon regeneration in a 

wild-type KLF9 environment in vitro. When newborn cerebellar slices were transduced with a 

lentiviral vector encoding Klf9 and grown in the absence of T3, the capacity of PCs to regenerate 

axons was markedly lower than that of PCs expressing GFP (Fig. 4H-K, in presence of Gö6976). 

To determine whether this effect was cell autonomous, we compared PCs transduced with either 

Lv-KLF9 or control Lv-GFP, as well as non-transduced PCs of the same slices. Almost 90% of 

the Lv-KLF9 transduced PC were unable to regenerate even in absence of T3, whereas in all 3 

control PC-populations, the majority of PCs regenerated (S8).  

Together, our findings demonstrate that the T3-induced developmental loss of PC axon 

regenerative capacity is largely mediated by KLF9.  

 

Discussion 

 

This study shows that T3 is a key factor to determine the time at which PCs lose their ability to 

regenerate their axons in organotypic cultures. This function of T3 is mainly mediated by the 

TRα1 receptor and involves its downstream target Klf9. This effect of T3 on developing 

mammalian CNS neurons is a new finding, as T3 had previously been shown to promote axon 

regeneration in sectioned adult mammal nerves in the peripheral nervous system (25). 

 



 9

Role of T3, TRα1 and KLF9 in the developmental loss of PC axon regenerative ability 

We have previously shown that newborn mouse PCs lose the ability to regenerate their axon by 

the end of the first week in organotypic culture (18, 19). In these experiments, T3 was present in 

the culture medium, through the addition of 25% horse serum. Here in the absence of T3 (using 

serum-free medium), PCs lose their ability to regenerate later. Thus, T3 determines the onset of 

the loss of PC regenerative capacity, an event that coincides with peak circulating levels of 

thyroid hormone.  

The respective functions of the T3 nuclear receptors TRα1 and TRβ1 in PCs are controversial. In 

vivo PC dendritogenesis is reduced in mice expressing the dominant negative TRα1L400R or 

TRα1R384C (26, 27), and ex vivo in TRα knock-out mice (28). However, TRβ1 dominant negative 

mutation also affects PC differentiation (29). Here, we found that TRα1L400R expression by PCs 

was sufficient to protect them from the inhibitory effect of T3 on axon regeneration. This effect 

was cell autonomous since the behavior of PCs was dependent on which form of TRα1 was 

expressed; TRα1L400R expresssing PCs were able to regenerate, while wild-type TRα1 expressing 

PCs were not. Thus, our work demonstrates the involvement of TRα1, but does not rule out an 

eventual implication of TRβ. 

Several lines of evidence suggest that Klf9 is a direct transcriptional target of T3 (17). Here we 

show that it is also likely to be the case in PCs. The Klf9 gene encodes a transcription factor 

which, together with Klf4, regulates the developmental loss of regenerative capacity of retinal 

ganglion cell axons (5). We used gain- and loss-of-function approaches to establish that KLF9 

largely mediates the T3-induced loss of PC regenerative ability during development. Altogether, 

our results show the implication of the T3/TRα1/KLF9 pathway in the loss of PC axon 

regenerative ability during development. 
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T3 orchestrates a general change in vertebrate brain properties, reducing plasticity 

The role of T3 in PC dendritic development and synaptogenesis has been clearly demonstrated in 

vivo (30, 31) and in vitro (21, 32). T3 also acts on other cell types (30, 31). In particular, it 

promotes the differentiation of oligodendrocytes (33), which express molecules that inhibit axon 

growth (2, 3). Furthermore, the loss of axonal regenerative capacity coincides with myelination 

(1, 34). Thus, T3 could indirectly abrogate PC regenerative capacity by promoting 

oligodendrocyte differentiation and myelin formation. However, we have previously shown that 

PCs lose their ability to regenerate their axons in the presence of T3, even in the absence of 

oligodendrocytes (19). In our coculture essay, the environment in which axotomized axons 

elongate is independant of other conditions, i.e slices from Calb1-/- being wild-type for TRα1 or 

KLF9 expression. We show that the action of T3 via TRα1 and KLF9 on PC regenerative 

capacity is cell-autonomous. The transition from the ability to the inability to regenerate axons is 

likely due to profound modifications of both neuron differentiation and the environment. 

Interestingly, our results also reveal that this transition is permanent, since once the P10 animals 

have been exposed to T3, the regenerative ability cannot be reversed by omiting T3 in the slice 

culture medium. Thus, T3 controls at least two important processes that reduce brain plasticity. 

We found recently that the promotion of myelin formation by T3 is not a cell autonomous 

process, but secondary to some events taking place in neurons (35). T3 would thus orchestrate a 

complex network of cellular interactions, which all contribute to determine the correct timing for 

PC to loose their regenerative capacity suggesting that the loss of axonal regenerative ability 

could be part of a general process of brain maturation. It remains to be shown whether this 

maturation also involves other neuronal cell types. 
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The role of T3 in terminating axon regeneration during development seems to be conserved 

across many vertebrate species. Xenopus laevis, for example, displays robust regeneration of 

neural structures as larvae but partly or totally loses this capability after T3-induced 

metamorphosis (36, 37). In chicks, circulating T3 levels increase before hatching (38), and this 

coincides with the loss of axon regenerative capacity (39). Birds are classified as precocial or 

altricial according to their degree of maturation and physiological capabilities at hatching. In 

precocial birds, thyroid function is already well developed during the later part of incubation, and 

hatchings have relatively mature sensory and locomotor capabilities, whereas thyroid maturation 

occurs mainly after hatching in altricial birds, as also is the case of their sensory and motor 

functions (38). Interestingly, in sheep, which are mature at birth, the increase in circulating TH 

levels occurs before birth (40) and axon regenerative ability is lost in the late embryonic period 

(41). This implies that humans likely lose their axon regenerative ability before birth, as the TH 

peak occurs prenatally (40). 

Thus, our results indicate that the physiological T3 burst in mammals is involved in the 

developmental loss of PC axon regenerative capacity. This effect may be part of a more general 

process of T3-dependent maturation that readies the animal for its postnatal environment. 

 

Materials and Methods 

For a complete description of  material and methods, see SI Methods 

Animals: All animal procedures were approved by the Ile de France ethics committee 

(p3/2009/020). Swiss mice (Mus musculus, Janvier, Le Genset St Isle, France) were used at 

various ages (day of birth (P0), P3, P5, P7 and P10). Calb1 knockout mice (Calb1-/-) were 

generated by mating homozygous mutants, and L7-GFP-BAC mice were generated by mating 
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heterozygous male mutants (kind gift from Dr M Meyer and Dr N. Heintz respectively) with 

female wild-type Swiss mice. Klf9 knockout mice (Klf9-/-) were obtained by mating genotyped 

heterozygous mutants (42). TRαAMI mice heterozygous for a knock-in mutation of the TRα allele 

(encoding the TRα1L400R dominant-negative receptor) were crossed and genotyped (24). Animals 

had ad libitum access to food and water with a 12-h light-dark cycle in the IFR83 animal 

facilities. 

Euthyroid, hypothyroid and hyperthyroid P10 littermates were studied; blood levels of thyroid 

hormone were measured in each group of animals to validate their thyroid status (S3). To reduce 

the number of animals required for the experiment (Fig. 2), we used pups of Swiss females 

mated with transgenic L7-GFP-BAC heterozygous males. Thus, in the same litter, half the 

animals expressed GFP in their PCs while the other half were GFP-negative. The number of 

animals (N) used in each experiment is given in the figure legends, together with the statistic 

tests.  

Slice culture: Cerebellar organotypic cultures were prepared from newborn (P0) and P10 Swiss 

mice as previously described (19, 32). Each experiment was performed 3 times with at least 4 

animals each. For each experiment the number of slices (n) is given in the figure legend. Slices 

were maintained in six-well plates containing 1 ml of nutrient medium per well at 35°C with 5% 

CO2. The nutrient medium consisted of basal medium with Earle's salts (BME, Invitrogen), 1 

mM L-glutamine, 5 mg/ml glucose, 0.5 mg/ml BSA (SIGMA A-4503) and supplements 

including 5 µg/ml insulin, 5 µg/ml transferrin and 5 µg/ml sodium selenite (SIGMA I-1884). The 

medium was replaced every 2–3 days. Axotomy was performed by transecting the slices with 

dissecting needles under a stereomicroscope. The ventral part was then replaced by an age-

matched ventral part taken from a calbindin-deficient mouse (Calb1-/-) and cultured for another 7 
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days to allow regeneration to proceed. Slices from P10 L7-GFP-BAC mice were apposed to 

halves from P10 Swiss mice. When indicated, Gö6976 (PKC inhibitor 1 µM; Calbiochem) was 

added to the medium 1 hour before axotomy and for the first 48 hours after axotomy, to protect 

PCs from cell death (18). These procedures allowed a more precise analysis of the fate of 

regenerating axons, by Calb1 and GFP immunostaining, respectively. 

Antibodies and slice staining: The cultures and cocultures were fixed by incubation in 4% 

paraformaldehyde in phosphate buffer (0.1 M, pH 7.4) for 1 hour at room temperature. Slices 

were washed in PBS and incubated for 1 hour in PBS containing 0.25% Triton-X-100 (PBST), 

0.1 M gelatin (PBSTG) and 0.1% sodium azide. Primary antibodies, consisting of a rabbit 

polyclonal antibody against Calb1 (diluted 1/5000; Swant) and a mouse monoclonal antibody 

against GFP (1/500, Chemicon, Millipore), were applied overnight. After washing in PBST, the 

slices were incubated with CY3-conjugated donkey anti-rabbit (diluted 1/200, Jackson 

ImmunoResearch Laboratories, Inc, West Baltimore Pike, PA), and Alexa Fluor 488-conjugated 

donkey anti-mouse (1/400 dilution, Invitrogen) for 2 hours at room temperature in PBSTG. 

 

Figure legends 

Fig 1: T3 accelerates the developmental loss of PC axon regenerative capacity  

A: Slice culture regeneration assay. Cerebellar slices from newborn mice (P0) were cultured, 

thus preserving PCs and their targets (deep cerebellar nuclei neurons) in the same slice. Axotomy 

(axt) was performed in vitro. After 7 days in vitro (div), the ventral halves containing the deep 

cerebellar nuclei neurons were amputated and replaced by the ventral half of a cerebellar slice 

taken from age-matched (P0 + 7 div) calbindin-deficient mice (Calb1-/-). Hence, all Calb1-

immunoreative axons in the ventral half of the slice were regenerative axons. These slice 
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cocultures were kept for another 7 div to allow regeneration to proceed. B-E: Photomicrographs 

of cocultured slices immunostained with Calb1 antibodies: untreated  coculture (B), T3-treated 

cocultures (C, E), and Gö6976-treated cocultures (D-E). The dotted lines indicate the sites of 

axotomy, and arrowheads show regenerating axons. Note that the axons are thicker in T3-treated 

cultures than in untreated cultures. Scale bar is 475 µm. F-G: Quantitative analysis of 

regeneration in the presence and absence of T3 and Gö6976. Axotomy was always performed 

after 7 div. H-I: Quantitative analysis of regeneration to determine the time-dependency of the 

T3 effect. Axotomy was performed at various time points (0, 3, 5, 7 and 14 div). All cultures 

were grown in the presence of Gö6976, with T3 (black bars) or without (white bars). Area 

covered by Calb1+ regenerating axons (F, H) and mean length of the three longest regenerating 

axons in the Calb1-/- slice (G, I). Values are means ± SEM (***p<0.001; non-parametric 

Kruskal-Wallis one-way ANOVA with the Mann-Whitney post-hoc test (F-G) and two-way 

ANOVA (T3 effect and age) with post-hoc PLSD of Fisher (H-I)). In F and G, n was 27, 27, 34 

and 46 for Ctrl, T3, Gö6976, Gö6976+T3 respectively. In H and I, n was 24, 32, 24, 22, 23 in 

absence of T3 and n= 23, 36, 20, 21, 22 in presence of T3 for axt at 0, 3, 5, 7 and 14div 

respectively. 

 

Fig 2: T3 depletion prolongs the period of developmental plasticity of PC axons 

A: To study PC regenerative capacity in P10 animals in T3-depleted conditions, we generated 

euthyroid (Eu-TH), hypothyroid (Hypo-TH) and hyperthyroid (Hyper-TH) pups of the L7-GFP-

BAC line. Thyroid status can be detected visually: euthyroid pups are bigger than hypothyroid 

pups but smaller than hyperthyroid pups. B-C: Only half the litter expressed GFP in all PCs 

when Swiss females were crossed with transgenic L7-GFP-BAC heterozygous males. The dorsal 
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half of cerebellar slices from L7-GFP-BAC mice were cultured and apposed to the ventral half 

from their GFP-negative littermates. Thus, all the GFP immunoreactive axons present in the 

ventral half were regenerative PC axons. The ventral half was visualized by immunostaining 

with anti-Calb1 antibodies (C). D-I: Photomicrographs of euthyroid (D, E), hypothyroid (F, G) 

and hyperthyroid (H, I) cocultures. E, G and I are magnified views of D, F and H, respectively. 

The arrowheads indicate regenerating axons, and the dotted lines the sites of axotomy. J-K: 

Quantitative analysis of the area of axon regeneration (J) and the longest regenerative axons (K). 

The cocultures were grown in the presence (black bars) or absence of T3 (white bars). Values are 

means ± SEM (***p<0.001; Kruskal-Wallis test with Mann-Whitney post-hoc test). Scale bar is 

450 µm in B, C; 240 µm in D, F, H; 80 µm in E, G, I. n = 17, 18, 17 for Eu-TH, Hypo-TH and 

Hyper-TH and n= 15, 18, 17 in presence of T3 for Eu-TH, Hypo-TH and Hyper-TH respectively.  

 

Fig 3: TRα1 mediates the T3-induced loss of PC regenerative capacity 

A-B: Photomicrographs of newborn (P0) cocultured slices transduced with lentiviral vector 

encoding the Cre recombinase (LvCre) and immunostained with anti-Calb1 antibodies: slice 

from a wild-type (WT, A) and a TRαAMI (B) mouse lines. The dotted lines indicate the site of 

axotomy, and the arrowheads point to regenerating axons. Scale bar is 240 µm. C-D: 

Quantitative analysis of PC axon regeneration: area of axon regeneration (C) and longest 

regenerative axons (D). All cultures were grown in the presence of Gö6976 at the time of 

axotomy to increase PC survival. Values from WT and TRαAMI animals are plotted as mean ± 

SEM (***p<0.001; Mann Whitney test). n=14 WT and 66 TRαAMI. E: Distribution of crossing 

and not crossing PC axons (see Fig. S5C). The histogram illustrates percentages of PC 

transduced or non transduced with Lv-Cre on WT or TRαAMI slices that either cross or do not 
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cross the site of axotomy. The frequency distribution of sections in the four groups was 

compared between the various experimental conditions using the Fisher exact test (*** p<0.001). 

WT: n=32 non transduced, n=15 transduced and TRαAMI: n=66 non transduced, n=77 

transduced. 

 

Fig 4: KLF9 reduces the capacity of PCs to regenerate their axons 

A: Graphic representation of Klf9 mRNA expression in the cerebellum at P7. Shown here is the 

ratio of Klf9 expression in TRαAMI/+ and TRα wild-type mice (TRα WT) both in a R26YFP/+ ;   

Ptf1aCre/+ background. The left bar represents YFP- cells (granule cells and other cell types) and 

the right bar YFP+ cells (PCs and interneurons, see S6 for experimental description). When 

TRα1L400R is expressed in PCs the Klf9 mRNA level is reduced by 4-fold as compared to wild-

type (*P<0.05, Mann-Whitney test). B-C: Photomicrographs of in situ hybridization of euthyroid 

(Eu-TH; B) and hypothyroid (Hypo-TH; C) sections from P10 mice with a Klf9 probe; the 

arrows point at the PC layers. D-E: Photomicrographs of newborn wild-type (WT; D) and Klf9-/-; 

E) dorsal slices apposed to Calb1-/- ventral slices, cultured in the presence of T3, and 

immunostained with anti-Calb1 antibodies. F-G: Quantitative analysis of the area of axon 

regeneration (F) and the longest regenerative axons (G). H-I: Photomicrographs of dorsal 

cerebellar slices transduced with GFP expressing (LV-GFP; H) or KLF9 expressing lentiviral 

vectors (LV-KLF9; I) and apposed to Calb1-/- ventral slices cultured in the absence of T3, and 

immunostained with anti-Calb1 antibodies. J-K: Quantitative analysis of the area of axon 

regeneration (J) and the longest regenerative axons (K). The dotted lines indicate the site of 

axotomy, and the arrowheads point to regenerating axons. Black bars represent cultures grown in 

the presence of T3 and white bars those grown in the absence of T3. All cultures were grown in 
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the presence of Gö6976 at the time of axotomy to increase PC survival. Scale bar in C is 60 µm 

for B-C and 240 µm for C, D, G, and H. Values are means ± SEM (**p<0.01; ***p<0.001 

Mann-Whitney test). n= 32 WT, 41 KO, 14 Lv-GFP, 13 Lv-KLF9. 
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