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In the last 10 years, evidence has emerged of a relationship between gut microbiota and MS not only in animal models but also in patients (Reviewed by Chu et al., 2018). In particular, gut microbiota from MS patients are different compared to 
healthy controls (Chen et al., 2016); MS twin-derived microbiota induced a significantly higher incidence of autoimmunity than the healthy twin when transplanted to a transgenic mouse model of spontaneous brain autoimmunity (Berer et al., 
2017) or derived microbiota patients enables spontaneous autoimmune encephalomyelitis in mice (Cekanaviciute et al., 2017). In addition, studies in the EAE model of MS have contributed to the knowledge that variations in the balance of the 
gut microbiome could be associated with both detrimental and protective effects in animal models of MS. For example, gut microbiota depletion reduced the onset and severity of EAE and lactobacilli mixture administration was able to mediate 
a therapeutic effect in the EAE model by IL-10 producing regulatory T cells (Ochoa-Repáraz et al., 2009; Lavasani et al., 2010).  The relevance of IL-10 has been also, recently marked, since the Gommerman group has described that recirculating 
intestinal IgA-producing cells regulate neuroinflammation via IL-10. Moreover,  the IL-10 producers, CCR9+CD4+memory T cells,  are reduced in the peripheral blood of secondary progressive multiple sclerosis patients (Kadowaki et al., 2019) 

In spite of the exponential growth of the studies on how gut microbiota modifies clinical score in the relapsing remitting model of EAE, little is known about what’s happens when the gut microbiota is altered in the primary progressive form of 
MS. Theiler’s virus induced demyelinating disease is a well stablished model of primary progressive multiple sclerosis characterized by an asymptomatic acute inflammatory phase, followed by a chronic phase characterized by motor disease, 
demyelination, inflammation and axonal damage. Recently we have described the effect of gut dysbiosis in neuroimmune responses to brain infection with Theiler’s virus, that is, in the acute phase of the model (Carrillo-Salinas et al., 2017). Now 
we asked about the relevance of microbiota during the autoimmune phase in the viral model of MS. 

Background 

Partial recolonization after cessation of ABX aggravates motor disability in TMEV-IDD. (A) Scheme of the experimental groups: 
(S) black open squares, sham mice orally administered autoclaved water; (SA) red open square, Sham mice subjected to ABX 
treatment from day 55 to 85 pi; (T) black square, TMEV mice administered autoclaved water; (TAA) red square, TMEV mice 
administered ABX from day 55 to 85 pi; (TA) pink square, TMEV mice administered ABX from day 55 to 70 pi followed by 
autoclaved water; (TAVx) green square, TMEV mice administered ABX from day 55 to 70 pi followed by oral Vivomixx 
administration from 70-85 dpi. Vivomixx is a multispecies probiotic composed of: Lactobacillus paracasei DSM 24734, 
Lactobacillus plantarum DSM 24730, Lactobacillus acidophilus DSM 24735, Lactobacillus delbruckeii subspecies bulgaricus DSM 
24734, Bifidobacterium longum DSM 24736, Bifidobacterium infantis DSM 24737, Bifidobacterium breve 24732, and 
Streptococcus thermophilus DSM 24731. This probiotic were administered by oral gavage three times a week (3x108 cfu/100µl). 
(B) At 85 dpi, the horizontal (HACTV) and vertical activities (VACTV) were evaluated for 10 min in the Activity cage, while motor 
coordination was measured for 5 min on the Rotarod apparatus. The data are presented as the means ± SEM: **p<0.01 vs S; 
***p<0.001 vs. S; #p<0.05 vs T. (n=10 S; n=5 SA; n=10 T; n=10 TAA; n=5 TA; n=5TAVx). 
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Dysbiosis and the recolonization of the gut microbiota affects spinal cord microglia 
and astrocytes. Transversal spinal cord sections (30µm) were immunostained with Iba-
1 to label microglia (A) or GFAP and Vimentin to label reactive astrocytes (C). Scale bar 
100µm. Higher magnification reconstruction images (63x) by Imaris software are also 
presented. B) Quantification of the relative area occupied by Iba-1 staining.  D) 
Manders coefficient of colocalization between  GFAP and Vimentin. Data express the 
mean ± St. error. Statistics: *p<0.05 vs. S; ##p<0.01 vs. T; +++p<0.01 vs TAA 
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ABX treatment diminishes motor deficits of TMEV mice. (A) Diagram of the experimental groups. Mice were 
subjected to oral ABX treatment from day 55 pi to 70 pi or they received the vehicle alone. (B) At day 70 pi, the 
horizontal (HACTV) and vertical motor activities (VACTV) were evaluated for 10 min in the Activity cage, while 
motor coordination was measured over 5 min on a Rotarod apparatus. The data are presented as the means ± 
SEM: ***p<0.001 vs. Sham + vehicle; #p<0.05 vs TMEV + vehicle; ##p<0.01 vs TMEV + vehicle. (n=10 Sham; n=5 
Sham+ABX; n=10 TMEV; n=10 TMEV+ABX) 
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Both dysbiosis and subsequent recolonization of the gut microbiota modify the immune response in the TME-IDD model. A single cell 
leukocyte suspension was obtained from the brain and spinal cord or from the spleen. A) Quantification of the change in number of 
CD45+CD3+CD4+ and CD45+CD3+CD8+ T cells together with the percentage of Foxp3+CD39+ cells and Foxp3-CD39+ T cells gated on 
CD45+CD3+CD4+ T cells. The data represents the change relative to S mice. B) Quantification of the change in the percentage of B220+CD19+ 
B cells and the percentage of CD5+CD1dhigh cells in the CNS gated on B220+CD19+ B cells. The data represents the change relative to the S 
mice. C) Representative flow cytometry plots of CD45+CD3+CD4+ T cells are presented along with the histogram of CD3 and CD4 fluorescence 
intensity emitted by CD45+CD3+CD4+ splenocytes from representative mice of S, T and TAA experimental groups. Groups S, T and TAA (n=10), 
and groups SA, TA, TAVx (n=5). Statistics: **p<0.01 vs S; ***p<0.001 vs. S; #p<0.05 vs. T; ##p<0.01 vs T; ###p<0.001 vs T;+p<0.05 vs TAA; 
++p<0.01 vs. TAA; +++p<0.001 vs. TAA. 
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The recolonization of the gut microbiota alters the anti-inflammatory profile induced by the ABX treatement 
Expression of the inflammatory markers (mIL-1β, mTNF-α, mIL-4 or mIL-10) was assessed by qRT-PCR in the 
spinal cord using the 2-∆∆Ct method. Data expressed as mean ± St error. One way ANOVA test followed 
Bonferroni post hoc test were used to determine the statistical significance. *p<0.05 vs S; **p<0.01 vs S; 
***p<0.001 vs S; #p<0.05 vs T; +p<0.05 vs TAA.   
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Axonal damage was prevented by ABX treatment in the TMEV-IDD model.  
A) Representative images of transversal spinal cord sections  (30µm) 
immunostained for NF-H to evaluate axonal integrity. Scale bar 100µm. B) 
Quantification of the percentage of  area occupied by NF-H staining. 
Statistics: ***p<0.0015 vs. S; ##p<0.01 vs. T 
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