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    Chapter 10   
 Gut Microbiota: A Possible Role 
in the Pathogenesis of Multiple Sclerosis                     

       Takashi     Yamamura     

    Abstract     Multiple sclerosis (MS) is an autoimmune disease affecting the central ner-
vous system, in which both genetic and environmental factors are involved. Prevalence 
of MS is increasing remarkably in Asian countries including Japan, indicating a role 
of environmental factors related to westernization of lifestyle. Recent studies in immu-
nology have demonstrated the dependency of pathogenic or regulatory lymphocytes on 
the gut microbiota component. Based on the epidemiological data in human and 
mouse immunology studies, we have been hypothesizing that alterations in the gut 
microbiota may underlie the pathogenesis of MS at least in Japan. Very recently, anal-
ysis of the bacterial 16S ribosomal RNA (rRNA) gene by using a high-throughput 
culture-independent pyrosequencing method provided evidence of a moderate dysbi-
osis in the structure of gut microbiota in Japanese patients with MS. Furthermore, we 
have identifi ed 21 species that showed signifi cant differences in relative abundance 
in MS as compared with healthy subjects, 2 increased and 19 reduced. The taxa reduced 
in MS comprised primarily of clostridial species belonging to  Clostridia  clusters 
XIVa and IV. Correcting the dysbiosis and altered gut microbiota might deserve 
consideration as a potential strategy for the prevention and treatment of MS.  
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      Introduction 

 Human gut is inhabited and colonized by trillions of commensal bacteria, fungi, and 
viruses, which are collectively referred to as the gut microbiota. Recent studies have 
demonstrated that gut microbiota interacts with the host immune system and plays 
an essential role in keeping the health and preventing disease conditions [ 1 ]. Previous 
works in the fi eld of gastroenterology showed that compositions of fecal microbiota 
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are signifi cantly biased in infl ammatory bowel diseases (IBD), including ulcerative 
colitis and Crohn’s disease [ 2 ,  3 ]. Parallel research in rodent demonstrated that 
intestinal bacteria are involved in the pathogenesis of IBD models [ 4 ,  5 ]. More 
recently, it has been revealed that an alteration in the gut commensal fl ora is not only 
associated with IBD, but also with obesity, diabetes, cancer, and autoimmune dis-
eases like multiple sclerosis (MS) [ 6 ,  7 ]. Curiously, patients with these diseases are 
increasing in developed countries, including Japan, where “westernized” lifestyle, 
higher intake of high-fat, low-fi ber food, or early exposure to antibiotics is prevail-
ing over last decades [ 8 ]. Nowadays, dysbiosis of human gut microbiota can be 
demonstrated by comprehensive genome analysis for bacterial 16S sequences or 
metagenome analysis. In this short review article, current understanding on the role 
of gut microbiota in MS is overviewed.  

    What Is the Relationship Between MS and Infl ammatory 
Bowel Disease? 

 MS is a chronic autoimmune disease of the central nervous system (CNS), typically 
characterized by recurrent episodes of neurological disabilities and presence of mul-
tiple demyelinating foci in the CNS. MS is continuously increasing in developed 
countries over last decades [ 8 ,  9 ]. Although MS used to be a very rare disease in 
Japan, we are witnessing a very remarkable increase of patients with MS in Japan 
(Fig.  10.1a ). This increase could not be explained by better awareness of the disease 
or advancement in diagnostic skills or facilities [ 10 ], and therefore nongenetic, envi-
ronmental factors should be considered. Known environmental risk factors for MS 
include lower exposure to sunlight resulting in vitamin D3 defi ciency, EB virus infec-
tion, and cigarette smoking [ 11 ]. There is no evidence that Japanese are exposed more 
signifi cantly to these risk factors during last decades. High salt intake is also proposed 
to be a risk factor for MS [ 12 ]. However, salt intake is actually decreasing in Japan.

   At the turn of centuries, the role of commensal bacteria in shaping lymphocyte 
repertoire started to attract the attention of immunologists [ 1 ], opening the gate to the 
research into microbiota-immune interactions. We are aware that Crohn’s disease and 
ulcerative colitis are also increasing in Japan in parallel with MS (Fig.  10.1b ). Is it rea-
sonable to hypothesize that MS and IBD may share common pathways leading to occur-
rence of the infl ammatory destruction? Although even nonexperts accepted the possible 
pathogenic role of altered gut environments in IBD, it took some more years till peo-
ple started to consider if a brain disease MS could be associated with altered gut fl ora.  

    Roles of Gut Commensal Flora in Animal Models of MS 

 It remained obscure for years whether the gut microbiota could affect systemic 
immune responses beyond the gut. To answer the question, an animal model of MS, 
experimental autoimmune encephalomyelitis (EAE), has signifi cantly contributed 
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to our understanding. In 2008, we investigated if antibiotic treatment altering gut 
fl ora compositions might affect development of EAE. As reported by Yokote et al. 
[ 13 ], we induced EAE with MOG 35–55 peptide in B6 mice. Before and during 
induction phase, drinking water, containing nonabsorbing antibiotics kanamycin, 
colistin, and vancomycin, was given to the mice. The antibiotics treatment signifi -
cantly altered the composition of intestinal microbiota but also reduced the clinical 
and pathological signs of EAE [ 13 ]. The suppressed signs of EAE were associated 
with reduced Th1 and Th17 responses to MOG35–55 in the draining lymph nodes. 
T cells isolated from the gut-associated lymph nodes showed a selectively sup-
pressed IL-17 production. Interestingly, the effect of antibiotics was not observed in 
mice whose invariant NKT (iNKT) cells are genetically depleted, indicating the role 
for iNKT cells in this antibiotic-mediated suppression of EAE. In 2011, Lee et al. 
[ 14 ] reported that although germ-free mice are very resistant against induction of 
EAE, colonizing the mice with segmented fi lamentous bacteria (SFB), that is essen-
tial for induction of Th17 cells in mice [ 15 ], would restore the susceptibility to 
EAE. Berer et al. used T cell receptor (TCR) transgenic mice that spontaneously 
develop EAE to address the role of gut microbiota in EAE [ 16 ]. They showed that 
the commensal fl ora greatly affects the development of disease in their spontaneous 
EAE model created by genetic engineering.  

    Analysis of Fecal Samples of MS 

 These results obtained from rodent EAE experiments indicate a role for the indige-
nous gut microbiota in the pathogenesis of EAE, and raised the possibility that an 
altered gut microbiota might be an environmental risk factor for MS. However, 

0

2000

4000

6000

8000

10,000

12,000

0

20
04

20
01

19
98

19
95

19
92

19
89

19
86

19
83

19
80

19
77

19
74

20
02

20
01

19
99

19
95

19
97

19
91

19
93

19
89

19
87

19
85

19
83

19
81

19
79

19
77

19
75

30,000

20,000

10,000

40,000

50,000

60,000

70,000

80,000

MS Crohn’s disease

  Fig. 10.1    Increase of multiple sclerosis ( MS ) and Crohn’s disease in Japan       
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analysis of human fecal commensal microbiota has been a challenge till lately, as the 
large majority of the gut bacteria is anaerobic and has not been isolated in culture. To 
overcome the problem, we have used a high-throughput culture- independent pyrose-
quencing method to compare the gut microbiota of MS patients and healthy subjects 
[ 17 ]. Samples were obtained from 20 patients with relapsing-remitting type of MS 
during remission and from 40 healthy subjects. In addition, we used 158 control 
samples from 18 healthy subjects who repeatedly provided the fecal samples. 

 Bacterial 16S ribosomal RNA (rRNA) gene analysis of fecal DNA revealed that 
species diversity and richness were not altered in MS (Fig.  10.2 ). This feature is in 
striking contrast to the gut microbiota of patients with infl ammatory bowel disease 
(IBD), which is characterized by lower species richness compared with healthy 
 controls. However, UniFrac analysis revealed a signifi cant difference in the overall 
gut microbiota structure between MS and healthy subjects (Fig.  10.3 ), indicating 
that the gut microbiota in MS is signifi cantly altered.

    More strikingly, we detected a signifi cant difference in the abundance of 21 bac-
terial species; two increased and 19 decreased in MS. On comparing MS samples to 
the 158 longitudinal samples from 18 healthy subjects, the differences were found 
to be reproducibly signifi cant for most of the species. The taxa reduced in MS com-
prised primarily of clostridial species belonging to  Clostridia  clusters XIVa and IV 
and  Bacteroidetes . Among the reduced clostridial strains, the proportions of 
 Faecalibacterium prausnitzii  and  Eubacterium rectale  were reduced in fecal and 
mucosa-associated microbiota in patients with IBD and were associated with a 
higher risk of postoperative recurrence of ileal Crohn’s disease [ 18 ,  19 ]. 
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  Fig. 10.2    Bacterial 
species diversity and 
richness were not altered in 
MS. Number of 
operational taxonomic 
units (OTUs) generated by 
clustering of 3000 16S 
reads of gut microbiota 
samples from 40 healthy 
control subjects and 20 
patients with multiple 
sclerosis (Revised from 
Ref. [ 17 ])       
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  Clostridial  species including  Faecalibacterium prausnitzii  [ 18 ] are involved in 
fermenting digestion of diet fi ber, which leads to production of short chain fatty acids 
(SCFA), including acetate, propionate, and butyrate. Butyrate is known to exert anti-
infl ammatory functions via inhibition of NF-κB activation and IκB degradation [ 20 ]. 
Interestingly, Atarashi et al. [ 21 ] have succeeded in identifying 14 clostridial strains 
from human feces that are capable of inducing foxp3+ regulatory T cells. Although 
most of these strains were reduced in IBD samples, they were not phylogenetically 
close to those that were reduced in MS.  

    Implications 

 Results of experimental works as well as epidemiological studies prompted us to 
evaluate the importance of gut microbiota in MS. As described above, we have 
found that potentially immunosuppressive clostridial strains are reduced in the gut 
microbiota from Japanese patients with MS [ 17 ]. We could now speculate that the 
remarkable increase of MS in Japan might result from alterations in the gut micro-
biota due to the change of lifestyle. If all the bacteria reduced in MS have immune- 
regulatory potentials like  Faecalibacterium prausnitzii  [ 18 ], not only diet therapy 
but more drastic therapy such as fecal transplantation may deserve consideration for 
preventive or therapeutic strategies in MS. 
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  Fig. 10.3    Moderate dysbiosis found in the gut microbiota of MS. Open and closed circles indicate 
individual subjects from Healthy controls and MS, respectively. ( a ) The two components of the 
unweighted PCoA plot explained 6.96 and 4.30 % of the variance. ANOSIM statistic,  R  = 0.239, 
 P  ≤ 0.0009. ( b ) Mean unweighted UniFrac distances for HC-HC, HC-MS, and MS-MS subjects 
(Revised from Ref. [ 17 ])       
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 Gut commensal microbiota are not harmful, but accomplish benefi cial functions 
for promoting and maintaining health. For example, they would serve for hosts 
through synthesizing vitamins and producing short chain fatty acids (SCFA) with 
anti-infl ammatory activity. Of particular interest, nutritional factors previously 
reported to show protective effects on MS include vegetable protein, dietary fi ber, 
cereal fi ber, vitamin C, thiamin, ribofl avin, calcium, and potassium [ 22 ]. Dietary 
fi bers are a source of butyrate capable of maintaining intestinal homeostasis. It is 
also of note that green vegetables contain ligands for aryl hydrocarbon receptor 
expressed by Th17 cells [ 23 ]. Along with rapid progress in basic research, anecdotal 
or fragmental works, supporting diet therapy of MS, could be now re-evaluated 
based on more solid scientifi c background [ 24 ,  25 ]. Ongoing works may lead to 
development of sophisticated approaches for correcting dysbiosis that may lead to 
cure of MS in the future.     
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