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Introduction Since the gastrointestinal system plays an important role in the function of the
immune system, its role in the control or treatment of autoimmune diseases cannot be ignored.
Therefore, the intestinal strengthening, which much of gastrointestinal function depends on
it, can be effective in this direction. Also, because the intestine plays an important role in the
immune system in addition to digestion, it can help maintain the immune system’s function by
keeping its bacteria balanced. In this regard, probiotics and prebiotics can be useful, which this
issue was investigated in the present study.

Conclusion Probiotics have an important role in the prevention and control of multiple
sclerosis.

Keywords Multiple Sclerosis; Probiotics; Prebiotics

CITATION LINKS

[1] The “gut feeling”: Breaking down the role of gut microbiome in multiple sclerosis [2]
The different drummer: Non-traditional therapeutic approaches [3] Vitamin D and disease
activity in multiple sclerosis before and during interferon-f3 treatment [4] The microbiome
and regulation of mucosal immunity [5] Expansion of intestinal Prevotella copri correlates
with enhanced susceptibility to arthritis [6| Dysbiosis in the gut microbiota of patients with
multiple sclerosis, with a striking depletion of species belonging to clostridia XIVa and IV
clusters [7] Close encounters of the first kind: Innate sensors and multiple sclerosis [8] A
microbial perspective of human developmental biology [9] Multiple sclerosis patients have
a distinct gut microbiota compared to healthy controls [10] The microbiota in adaptive
immune homeostasis and disease [11] Microbiota modulate behavioral and physiological
abnormalities associated with neurodevelopmental disorders [12] Alterations of the
human gut microbiome in multiple sclerosis [13] A novel probiotic mixture exerts a
therapeutic effect on experimental autoimmune encephalomyelitis mediated by IL-10
producing regulatory T cells [14] The immunology of inflammatory demyelinating disease
[15] Role of HLA class II genes in susceptibility and resistance to multiple sclerosis: Studies
using HLA transgenic mice [16] Identification of T cell epitopes on human proteolipid
protein and induction of experimental autoimmune encephalomyelitis in HLA class II-
transgenic mice [17] HLA class Il transgenic mice mimic human inflammatory diseases [18]
HLA-DQ8 (DQB1* 0302)-restricted Th17 cells exacerbate experimental autoimmune
encephalomyelitis in HLA-DR3-transgenic mice [19] Two discreet subsets of CD8 T cells
modulate PLP91-110 induced experimental autoimmune encephalomyelitis in HLA-DR3
transgenic mice [20] Are we really vastly outnumbered? Revisiting the ratio of bacterial to
host cells in humans [21] The yin yang of bacterial polysaccharides: Lessons learned from
B [22] Linking long-term dietary patterns with gut microbial enterotypes [23|PEAR: A fast
and accurate [llumina Paired-End reAd mergeR [24| Human gut-derived Prevotella histicola
suppresses inflammatory arthritis in humanized mice [25] Dysbiosis in the gut microbiota
of patients with multiple sclerosis, with a striking depletion of species belonging to clostridia
XIVa and IV clusters [26] A polysaccharide from the human commensal Bacteroides fragilis
protects against CNS demyelinating disease [27] The ‘hygiene hypothesis’ for autoimmune
and allergic diseases: An update [28] Recognition of commensal microflora by toll-like
receptors is required for intestinal homeostasis [29] Hygiene hypothesis and autoimmune
diseases [30] Inducible Foxp3+ regulatory T-cell development by a commensal bacterium
of the intestinal microbiota

Copyright© 2019, TMU Press. This open-access article is published under the terms of the Creative Commons Attribution-NonCommercial
4.0 International License which permits Share (copy and redistribute the material in any medium or format) and Adapt (remix, transform,
and build upon the material) under the Attribution-NonCommercial terms.


https://link.springer.com/article/10.1007/s13311-017-0588-x
https://link.springer.com/chapter/10.1007/978-3-319-53763-4_12
https://n.neurology.org/content/79/3/267.short
https://onlinelibrary.wiley.com/doi/full/10.1111/imm.12231
https://cdn.elifesciences.org/articles/01202/elife-01202-v1.pdf
https://www.ncbi.nlm.nih.gov/pubmed/26367776
https://www.ncbi.nlm.nih.gov/pubmed/26732593
https://www.nature.com/articles/nature18845
https://www.nature.com/articles/srep28484
https://www.nature.com/articles/nature18848
https://www.sciencedirect.com/science/article/pii/S0092867413014736
https://www.nature.com/articles/ncomms12015
https://www.ncbi.nlm.nih.gov/pubmed/20126401
https://bit.ly/323WDNz
https://www.sciencedirect.com/science/article/pii/S0896841111000436
https://onlinelibrary.wiley.com/doi/full/10.1002/eji.200324597
https://www.sciencedirect.com/science/article/pii/S0065277608000023
https://www.ncbi.nlm.nih.gov/pubmed/19342694
https://www.sciencedirect.com/science/article/pii/S0896841112000273
https://www.sciencedirect.com/science/article/pii/S0092867416000532
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1600-065X.2011.01075.x
https://science.sciencemag.org/content/334/6052/105.abstract
https://academic.oup.com/bioinformatics/article/30/5/614/247231/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5125894/
https://www.ncbi.nlm.nih.gov/pubmed/26367776
https://www.nature.com/articles/mi201029
https://onlinelibrary.wiley.com/doi/full/10.1111/j.1365-2249.2010.04139.x
https://www.sciencedirect.com/science/article/pii/S0092867404006610
https://link.springer.com/article/10.1007/s12016-011-8285-8
https://www.ncbi.nlm.nih.gov/pubmed/20566854
https://www.ncbi.nlm.nih.gov/mesh/68009103
https://www.ncbi.nlm.nih.gov/mesh/68019936
https://www.ncbi.nlm.nih.gov/mesh/68056692

955 bayls wlSys; 4sile B

Hoo 0N 9 039y Gmb ysls biax g [iglen slocgSae
iio 0 slag S hisT sy sbaeiileySan cal Bl
0395 ¥ iS5 gly YL RIS 45 As lajaie o SGS
el o5y (b o8 JUS )y 0njj lagineny gl Ayl
Slosh il Gz g oad gh Gl e coeled bis
2 B Sesags oalily S oo 2Wel [ glijue 0395 )3 39290
WS B g el oSy 23 bisisal Jelge o3
JaSo plyicay oslitl (sl @Y Jomily iz 5 4185 )58 il
olses izl ulsice LSuisngn 131Gl 55 gyl
bl &5 3 b ) She 5 ReSwasSan slaz B 9 lapado
&lg)> dituds (hagl e S WS hasi g Gilbywas @l
Giblax (sla@abil 18 GilBl 4 szie o daSe ol Bpae
JolS5 5 Th2 @ Th Giayl eubiis 45 SaS 5 (ilsS o) s
4613550 ol (5100 ysbay 5 S9mgS1s g o1 ThO

039 poydin )3 L Suigng sy oy @il wabelxil glagwn
s )les e LocSiligng n pwige el 03ls a3 1) nadpdsai
b oS Golen wie Jsb Wilgie g oad el (sbadsSUge
L7835 HiualS

b il Syigleily Jolas Ll byt wde slaog)S
Ol g gy Jelse s @ile Bdloe s lsicay
das 4 go,d Ugi 5l amy (iylsS Ayl (19,Sae pgmeliisls
0253 g My sl oKolz pyilel (slosy Jley el A (se
wosis [y Th2 couwsin) colled o el Gblie Granl piucuw
Gl B Ils Granl glayialily Slae 5 ago @il g 038
slagslan cuasuals | bSiisngn Spae oWagy
oo il &5 Wile el el oS eagET § (1S
i slapiagdy 41 5l i 6y sln of plej 5 Oyae
7915515

sile Graglsgd (glags e 45 wlosls olid 3l slagtmgds
ohan Suij o Ghume delse 5l S5 b oSl Jpnidge
o2l P08l 039) porg e jls5 Wlgise of 93U oS cunl
Gileys (sladeliy o5 15 SaS plolibrac 4 lgige 4wl
sladolyy Sl Spge 9 1S =hb MS (hlew gl i
DMlasy sy ohlew 0l Geub g oslw a6 S
oalsplid (Ulgs 3,3 ,m T claobe 45 1sb ol 1 ol aieddils
L0115 18 ]y cwnys b ,lus,

gl Wiyl byl g sliwl (1T csale jgudyy wisS 4
il hls 0 Yoo 5l Gl 098l S aS e (539dsaud9,95
ol Gy 5 5T el Lol clonds bl MS ay cobus
ool g ST 48b @dly 3925 gladsl Syme o 1l g)lew
sl Mewl SeSin gladime 9 Jolse I S 03g) 9l
Eige pllaraSle Sogag) olisly olitime cphai ol bl
Simlhd 53 SuSle Sl 9 lslsmsisenl gt
Do lell jtudge o5l g gSuomiliple Liadls oKl

WAA 5l oF olads o oy9n

Golags S g (e 53 LnSiguig g hdis
oudigsSeol Juatdgo

MSc Sy 4sile
ol «0les 92,8 31> Sl SpinlS
PhD 5923 (s5ig35l>
ol «0les 92,8 31> Sy SpinlS

oS>

Gl s (D153 (sage ey G (GilsS tucnn 45l I 140t
03030 Graglass glagrleny lopd b g JyuS 3 | ol G glgied ol
iy of 4 GiylsS 38lac I (53L Gl o 039 washi 5) ol Sl e85
yogde 039y 4SSl s 4 izman A0 yiga yuawe (il 43 Wilgise wawl
Plaie b glgie wiSee bl Gage GMS Gl mlwsw 5> @an Jas
S8 ool @ zumvo 3Shec 4 (63335 U o (slasyiSh ol
P &S Ngd @Bly suhe wlgie L Sgn 5 b Sgngn ol ool 3 2
A By £9b90 (o Guyy 4 ols asllhe

Glan bS5 oxSin » bSdsgn  Grae iguSamn
I3 (5850 U8 oSl didge

SRR Sisnion oSl dnidse Laoflynls

WAY/O/Y redlys auyls
\WAA/Y/YY U»)J_\J '&g)l_‘i

hani.kalhor1991@gmail.com :Jgiue oxiuwggs

doddo

¥ @ ey |y (MS) GujoslSanl dgailgo 4y Sl el 31 G
Gy d9ad ol szl )3 lagys (il g diuls e bz (St
Lol coduwy wldl @ (gylen ol 5> Ghy Jolge (hds cubls
e yMas > i |y Ghame Jelgs QU (lgiad o9l
oz I Galse Jolge 8 oanl Gu el el
Sy ey wiilgie ;03 Jelge b Loy 9 (o (slopids,y
95 Gl sbedsbw gom 5l obidl Gully sl g Ghenl i

e gy 4 dla>
S e GOV caw @ ol jgbay LQ:UJ)L‘ MS g5len 5
‘cLu Jlwyl (g5 el g osids oy ol &Lw wlacl o_\.ljhﬁ%
63l ol Judsdy cunlie 4d85 g0 cuac Job )3 Gras
el g &Bged g umo ekl 4 e hedl piuew JL0 350
sl )3 1) age Gl 5 oad w8 (slaygisls 5 GLols Jelge
ol 53 sl cuizen 0S50 Ll egl i gume ySlac
odd (93 dzgl Suignn 9 LSuigngn Gl 4 e
0035 L_gl_rz:‘c)’,}jl.f)'g)gﬁ.n olgied L;‘m_iug.ug)J 5 oslasiwl el
Ll (il (5 ) (S3la (g 335 e 593 sl slaosw 4

L2l ciw] oais dgi
@l 45 el 015 (sloesil)ly e &l @3lgys (o3 Saisug
el gl Sl aSsle 3 9 3l e (gaiedgu

oo s olSdily (559lid )



08 oSl fesiloa (solass J5uS 3 68y )3 SiTgang g (BES

GEn DS ol ) POLsGe GLES Gesd lzd 63y oylsad
S Sl g pgamw daaiiyd w0 b oo 5l 0dg; 0lgay (slaolu
gl ga03z wlbleidl g oad ST (3 53 039 gy Sljhs
Wiro hlan slosgy wileail g J2b gl colellao Gub 215 50

el Sajglsigar wiledil g Jb gl 9 039y wlled 4

26, 27]))|) 3929 (509

097 S 4298 Galite sloedl 4 Wb MS b 4p2lye oK
b Ghenl g @23 390 @bl i3 gilew ol el pSeo
ola il Glel ¥s I oSy wld e 5 4l cod
015 Hlazy o 4 IS oS5 oSl ol (siler ol (sl ke
L 4293 b 28290014185 )18 (s 90 ols sladl L g
&9 ol Sran Lo Signoaw (ely> 9 MS lisslen piuilSo
it i g Yl 1 Sy 53 Wlgie Rl Slse
&8ly subo pujgylSuldpilye dlaz 5l Glaalye> glag len

[3015g.

EFNLERE
Gl S 5 xaKin LSSy Sras
IS (5390 (U ujg Sl Jaidge

el 0285 (IS S Sl (59w 5l (5290 13I8 5 S
aal 0add S oS angl sow 5 (5290 EISIaal
el 0285 Gl S tiengd (s9m I S350 s@8le ()la

oy (sl oviagl) xS aile iBaugl aew
39my3 Ghoals  H(00%)  Glol  Smgi/wliibbsy/ 4eie
(05%) SaS Sitingsy (09 okas)

el 0285 (Bl B gl (59w 5l 5290 il @ilie

&lie

1- Freedman SN, Shahi SK, Mangalam AK. The “gut
feeling”: Breaking down the role of gut microbiome in
multiple sclerosis. Neurotherapeutics. 2018;15(1):109-
25.

2- Yen EF. The different drummer: Non-traditional
therapeutic approaches. In: Cohen RD, editor.
Inflammatory bowel disease. Cham: Humana Press; 2017.
pp- 205-16.

3- Lgken-Amsrud KI, Holmgy T, Bakke SJ, Beiske AG,
Bjerve KS, Bjgrnara BT, et al. Vitamin D and disease
activity in multiple sclerosis before and during interferon-
[ treatment. Neurology. 2012;79(3):267-73.

4- McDermott A], Huffnagle GB. The microbiome and
regulation of mucosal immunity. Immunology.
2014;142(1):24-31.

5- Scher JU, Sczesnak A, Longman RS, Segata N, Ubeda C,
Bielski C, et al. Expansion of intestinal Prevotella copri
correlates with enhanced susceptibility to arthritis. Elife.
2013;2:e01202.

6- Miyake S, Kim S, Suda W, Oshima K, Nakamura M,
Matsuoka T, et al. Dysbiosis in the gut microbiota of
patients with multiple sclerosis, with a striking depletion
of species belonging to clostridia XIVa and IV clusters.

Modares Journal of Biotechnology

G5 &S 10303 18 Gy e |y Gl plusy slaglys I iz
Bl | of 6,508 o5 s 53 g MS a4y Yie LT
aglllas ;3 Sui) 915 g5 o dluce ol 45 135 Vel litize
wilize Jolge e Jul=i g ayjad apie o 3l ) W
o5 3l i | LaglBgs o olaie o3lslges Lol Lijm (slaveglas
«slasdlas 5> .[14])94 039 69,5_39)&544 wlad iy Jolge 51 SO
613655 ool it 53 o (S oadzduol (slasbge (538
S laghge iad ools (g Sl UswgySao b iadi0
wleyls witdls jl8 MS @ e glagludl 039y jol8 (Byme 3
15171455y Led [y MS @ duis (690

G5 o LT 45 133)5 lo il (sl Jae oamlice b oylaradils
oSas 45 (638 oheslic wisle wile (gloriS yigate Jolge
ol 03,5 Bis |y 39 (g8 dmuit Siludl slagialoil 5 el
varin b T gladsle (giludled g 0395 s5l o dhaily aalis
bas (sl ofaga el (5435 o9 S (6,8 waenl g 1S e
as _\lelg)) uLmn .[18]_\3:)‘:4 ULAMJ |) 039 694_19;4.,4 d)l&.\
sleglen gl 4 Llgice @loygy slawgSae jI G
5l 0ayy s ySL 19,201 4.5 (SaS MS dles> 5l ealags
L oablio 5 Jlw! olos (ilsS Juud sy Gl boise
loazaly Lol sxlons oslituol igie oauiSalal ydo (clags S
losla ldd 1y (glosgyyue lasslans 2 o Siigug s ol 523U
w Gl 9 Gy 4 galo SlS it I (29,5 o5 3y
L dzgie (iSlay MS 4 Mine (hge S )3 (absSh 4igS
b Gebs> olew Wlgice LSt ol 51 o
slalon prasio (shee Sisr sS4 212215 OgS )
O &S cwl ol GaS SO el gale SoudS 3 oame g 039
S isth ylgn )fl .[23]))|) CL.§E->' S wlsllhe ﬁl_?_’al
4 5 slodsgyne slagilenm plops sl b plwdl 53 9290
9> olgiear g ySh g gy I plo Ghlied p )
ol b aeles 5l Sy (b 4 (i 4z oS eslaiul
'SU Al 93 oSyl S aelipe 'Sl ) i 3550,
o (5518l ()13) "Sha" 5 (slosg) 1o (slaesilS)lg Sao)
RO

oslaiwl agludl buwg Gy Juo ghbe I leSiismgn Sl b
2l Ll caglie syl (K58s 390 )3 (65 wleMbl (Wloass
ladigad Gy 5l e GIlEd=T ead SOyl 92y g lan
<« sy MS @ Wie slagsibge (595 oblew lodg) 19,50
el GgSyw I (syige yebau (Prevotella histicola wg,500
4251355 e (S5l MS (55lems 53

Sgaion Sk oSl o Yol e Glegh
LT (s olaws Aig) 45 250 azgia MS @ Wie slaige 4y ol
Wie MS @ 1) lagbge aSiyl pame @ aizad S &S
9 sz MS «y bg_j)a o.\_'\_'\S@.lé ‘QJ)LC )9@]5 )l LJ"B ‘AJ))SU_A
S asby e &y LT Glods) pitunn 53 (318 wYlsdil

Volume 10, Issue 4, Fall 2019



395 Ubgyls lSgs 4ila BAY

Th17 cells exacerbate experimental autoimmune
encephalomyelitis in HLA-DR3-transgenic mice. ]
Immunol. 2009;182(8):5131-9.

19- Mangalam AK, Luckey D, Giri Sh, Smart M, Pease LR,
Rodriguez M, et al. Two discreet subsets of CD8 T cells
modulate PLP91-110 induced experimental autoimmune
encephalomyelitis in HLA-DR3 transgenic mice. ]
Autoimmun. 2012;38(4):344-53.

20- Sender R, Fuchs Sh, Milo R. Are we really vastly
outnumbered? Revisiting the ratio of bacterial to host
cells in humans. Cell. 2016;164(3):337-40.

21- Surana NK, Kasper DL. The yin yang of bacterial
polysaccharides: Lessons learned from B. fragilis PSA.
Immunol Rev. 2012;245(1):13-26.

22- Wu GD, Chen ], Hoffmann Ch, Bittinger K, Chen YY,
Keilbaugh SA, et al. Linking long-term dietary patterns
with gut microbial enterotypes. Science.
2011;334(6052):105-8.

23- Zhang |, Kobert K, Flouri T, Stamatakis A. PEAR: A fast
and accurate Illumina Paired-End reAd mergeR.
Bioinformatics. 2014;30(5):614-20.

24- Marietta EV, Murray JA, Luckey DH, Jeraldo PR, Lamba
A, Patel R, et al. Human gut-derived Prevotella histicola
suppresses inflammatory arthritis in humanized mice.
Arthritis Rheumatol. 2016;68(12):2878-88.

25- Miyake S, Kim S, Suda W, Oshima K, Nakamura M,
Matsuoka T, et al. Dysbiosis in the gut microbiota of
patients with multiple sclerosis, with a striking depletion
of species belonging to clostridia XIVa and IV clusters.
PLoS One. 2015;10(9):e0137429.

26- Ochoa-Reparaz ], Mielcarz DW, Wang Y, Begum-Haque
S, Dasgupta S, Kasper DL, et al. A polysaccharide from the
human commensal Bacteroides fragilis protects against
CNS demyelinating disease. Mucosal Immunol.
2010;3(5):487-95.

27- Okada H, Kuhn C, Feillet H, Bach JF. The ‘hygiene
hypothesis’ for autoimmune and allergic diseases: An
update. Clin Exp Immunol. 2010;160(1):1-9.

28- Rakoff-Nahoum S, Paglino ], Eslami-Varzaneh F,
Edberg S, Medzhitov R. Recognition of commensal
microflora by toll-like receptors is required for intestinal
homeostasis. Cell. 2004;118(2):229-41.

29- Rook GA. Hygiene hypothesis and autoimmune
diseases. Clin Rev Allergy Immunol. 2012;42(1):5-15.

30- Round JL, Mazmanian SK. Inducible Foxp3+
regulatory T-cell development by a commensal bacterium
of the intestinal microbiota. Proc Natl Acad Sci U S A.
2010;107(27):12204-9.

WAA 5l oF olads o oy9n

PLoS One. 2015;10(9):e0137429.

7- Fernandez-Paredes L, De Diego RP, De Andrés C,
Sanchez-Ramoén S. Close encounters of the first kind:
Innate sensors and multiple sclerosis. Mol Neurobiol.
2017;54(1):101-14.

8- Charbonneau MR, Blanton LV, DiGiulio DB, Relman DA,
Lebrilla CB, Mills DA, et al. A microbial perspective of
human developmental biology. Nature.
2016;535(7610):48-55.

9- Chen], Chia N, Kalari KR, Yao JZ, Novotna M, Soldan MM,
et al. Multiple sclerosis patients have a distinct gut
microbiota compared to healthy controls. Sci Rep.
2016;6:28484.

10- Honda K, Littman DR. The microbiota in adaptive
immune homeostasis and disease. Nature.
2016;535(7610):75-84.

11- Hsiao EY, McBride SW, Hsien S, Sharon G, Hyde ER,
McCue T, et al. Microbiota modulate behavioral and
physiological abnormalities associated with
neurodevelopmental disorders. Cell. 2013;155(7):1451-
63.

12- Jangi S, Gandhi R, Cox LM, Li N, Von Glehn F, Yan R, et
al. Alterations of the human gut microbiome in multiple
sclerosis. Nat Commun. 2016;7:12015.

13- Lavasani Sh, Dzhambazov B, Nouri M, Fak F, Buske S,
Molin G, et al. A novel probiotic mixture exerts a
therapeutic effect on experimental autoimmune
encephalomyelitis mediated by IL-10 producing
regulatory T cells. PLoS One. 2010;5(2):e9009.

14- Wekerle H, Lassmann H. The immunology of
inflammatory demyelinating disease. In: Compston A,
McDonald I, Noseworthy ], Lassmann H, Miller D, Smith K,
et al,, editors. McAlpine’s multiple sclerosis. 4th Edition.
Amsterdam: Elsevier; 2006.

15- Luckey D, Bastakoty D, Mangalam AK. Role of HLA
class II genes in susceptibility and resistance to multiple
sclerosis: Studies using HLA transgenic mice. ]
Autoimmun. 2011;37(2):122-8.

16- Mangalam AK, Khare M, Krco C, Rodriguez M, David C.
Identification of T cell epitopes on human proteolipid
protein and induction of experimental autoimmune
encephalomyelitis in HLA class II-transgenic mice. Eur |
Immunol. 2004;34(1):280-90.

17- Mangalam AK, Rajagopalan G, Taneja V, David CS. HLA
class II transgenic mice mimic human inflammatory
diseases. Adv Immunol. 2008;97:65-147.

18- Mangalam A, Luckey D, Basal E, Jackson M, Smart M,
Rodriguez M, et al. HLA-DQ8 (DQB1* 0302)-restricted

oo s olSdily (559lid )



	1154
	1154-TXT

