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Regulatory B cells and their role in the pathogenesis of multiple sclerosis: A
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Abstract

Multiple sclerosis (MS) is an autoimmune disorder of the central nervous system which is
caused by impaired immune response against self-antigens (2). In 2016, more than 2 million
MS patients were reported worldwide (3). The prevalence of the disease in Iran is estimated
to be 29.3 and its incidence 3.4 per 1000 (4). The disease usually occurs in adults in the age
range of 20 to 40 years and is twice as common in women as men (5).

Despite extensive efforts to identify the mechanisms involved in the disease process, the
cause of the disease remains unknown. However, it is believed that of genetic factors, viral
infections and some other environmental factors increase the risk of the disease (7). Most
studies show high titers of anti-EBV antibodies in the serum of patients as well as an
increased risk of MS in people with a history of mononucleosis (9, 8). Although there have
been conflicting reports, other infectious agents including herpes virus type 6, retroviruses
and Chlamydia pneumoniae are reported to involved in the development of MS (10-13). In
addition to environmental factors, many evidences showed that genetic factors can also be
effective in the incidence of the disease. There is a strong association between DQBI * 0602,
DQAI * 0102, DRBI * 1501, HLA-DRBI * 03 alleles and MS, while HLA-DRBI * 01 and
HLA-DRBI1 * 11 alleles reduce the risk of disease. (15, 16). It also appears to be a link
between genes involved in the immune system responses, such as genes for T cells beta
receptor, cytokines, TIM3, NLRP3, and MS, which need further investigation (14: 17-19).
Both innate and acquired immune responses against self-antigens are involved in the
development of MS. CD4 + T, CD8 + T lymphocytes, B lymphocytes, NK cells, NKT and
mast cells and molecules such as antibodies, TLRs, complement and cytokines have been
reported to be major mediators of disease progression. In the past, it was mostly thought that
MS is caused only by T lymphocytes, but proving the presence of B lymphocytes in the
meninges of patients, provided important evidence for playing an essential role of B
lymphocytes in the disease process. (24). B lymphocytes are involved in the progression of
MS in three pathways: 1) the production of antibodies against self-antigens. 2) Antigen
delivery to specific CD4 + and CD8 + T cells by MHC class I and II expression 3) Cytokine
production including IL-4, IL-6, IL-10, IFN-y, and TGF-f (32-34).

Some studies have suggested the presence of abnormal lymphoid follicles containing B
lymphocytes and plasma cells in the meninges of groups of secondary progressive MS (SP-
MS) patients. The presence of lymphoid-like structures in the brains of patients with MS can
be a site for the proliferation and maturation of B cells, which eventually leads to locall
production of immunoglobulins which is associated with the severity and clinical signs of the
disease (36, 37).

More than two decades ago, it was discovered that B cells in experimental autoimmune
encephalomyelitis (EAE), the animal model of MS, could have regulatory properties. Several
studies have shown that B cells secrete a variety of anti-inflammatory factors such as IL-10
and IL-35 in response to autoantigens stimulation to prevent disease progression (59). In the
absence of IL-10-producing cells, the Thl-mediated pro-inflammatory immune response
persisted and mice did not recover from the disease (60). These findings eventually led to B
cells being considered as important cells in the production of IL-10 for control of EAE.
There are also supporting evidence for regulatory B cell (Breg) abnormalities in the MS
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patients (25, 26). Therefore, the present study reviews the latest findings provided for the
subsets and roles of the Bregs contributing to the MS pathogenesis.

Regulatory B cells (Bregs) have been functionally defined mostly due to their capacity to
produce anti-inflammatory cytokines including transforming growth factor beta (TGF-p),
interleukin-35 (IL-35) and more importantly interleukin-10 (IL-10) following stimulation
most often by toll-like receptor 9 agonists, CD40 ligand, and B cell receptors (59, 68, 72).
Numerous studies suggest that regulatory B cells are formed at different stages of B
lymphocyte development and are involved in the homeostasis of immune responses (61).
The phenotype and mode of action of these cells vary depending on the cell from which they
are derived. Thus, Transitional, mature and memory B cells in the germinal centers are the
origins of CD19 + CD20+ CD24hi CD38hi CD27-, CD19 + CD20low/int CD24- CD38-
CD27int and CD1dhiCD5+ CD19+ CD20+ CD24hi CD38low/int CD27+ regulatory B cells
respectively. The regulatory activity of these cells is mainly through the production and
secretion of IL-10 (62)

Transitional Breg cells which express high levels of IL-10, can play an inhibitory role in the
autoimmune diseases (73). One of the most important activities of these cells is to suppress
the proliferation and production of inflammatory cytokines from Thl and Th17 cells (74).
This observation suggests that functional defects of Bregs during disease may have reduced
their effectiveness.

Plasmablast Breg cells are regulatory B cells was first identified and introduced in two
consecutive reports in 2014. In humans, their surface markers are CD19 + CD20low / int
CD24-CD38-CD27int and produce and secrete IL-10, IL-35, IRF4 and Blimpl (78, 79).
During induction of EAE in mice, the above cells form in the lymph nodes and suppress
inflammation through IL-10 production (78).

Another class of regulatory B cells known as B10 were first identified in contact
hypersensitivity with the CD1dhiCD5 + phenotype. These cells suppressed inflammation
induced by T lymphocyte activity through secreting IL-10 (80). IL-10 is produced by
regulatory B cells following stimulation of TLR2 and TLR4 (80). In a study on patients with
lupus (SLE), human regulatory B cells with CD19 + CD24hiCD38hi phenotype were
isolated from peripheral blood. The cells produced IL-10 under CD40L stimulation, which in
turn inhibited CD4 + T cells producing IFN- y and TNF-a (87).

In addition to producing soluble factors such as IL-10, physical contact between T CD4 +
and regulatory B cells is also necessary to exert an inhibitory effect by B cells. This means
that antigen detection by regulatory B cells is one of the essential processes and antigen
stimulation is important for complete inhibition of Thl cells differentiation (88). Recent
findings point to the fact that Bregs have lower quantity and IL-10 producing capacity in MS
patients particularly in relapse phase (66). Many studies show that disease modifying drugs
(DMDs) which have been approved for the treatment of multiple sclerosis, are able to
improve the function and number of regulatory B cells in multiple sclerosis patients and EAE
(63-72).

Overall, this study demonstrates the importance of proper regulatory B cell activity in
preventing autoimmune reactions, especially MS. Modulation of these cells may be a way to
prevent the progression of MS in the early stages of the disease. Better understanding the
origin and specific markers for the separation and improving the function of Breg cells is one
of the most essential issues that will touch the subject of regulatory B cell therapy. These
changes should affect goals such as increasing the number and secretion of anti-
inflammatory cytokines such as IL-10 and TGF-f.

Conflicts of interest: None
Funding: None

[ Downloaded from rjms.iums.ac.ir on 2026-06-26 ]

Cite this article as:
Baharlooi H, Seraji B, Izad M. Regulatory B cells and their role in the pathogenesis of multiple sclerosis: A
review article. Razi J Med Sci. 2021;28(3):80-94.

*This work is published under CC BY-NC-SA 3.0 licence.

AY

http://rjms.iums.ac.ir VErrsls 5 O oyt YA ,ss gil) g Sunj oglealan



https://rjms.iums.ac.ir/article-1-6051-fa.html

[ Downloaded from rjms.iums.ac.ir on 2026-06-26 ]

o=l AL ol 31 7A L E W MS 550 10 A 9590
DOl Aties Ojged 593 B sl Jobe 50 1) (g ns
AL C )3 (Jg 039 hrd LUel (Sog8 j0 ighe
100,58 oo oLl Sgde e tlSgigie )9 oan
prw 3 EBV 0 s ool 1 oYL s olallas
SLAl L 1 MS Bl jlas ol 3l eizmen 5 Lo
(A A)aas o Lt elS gigie 4 Dl 4z )6 L
delge 510l 0929 5 (pall g 05 SLL IS ax S
3ol i ilae MS 555 50 457 508 (Sshe
ddgagiy LowadlS g lewg g ) Foad (w99
o8 A i dilgl o Julge (VYY) o 6l
ade el sladsl 5l ely il (el by
MS ol 395 (6 ks 59 Buled 5 6395 sy
g
Mo e TV O-T+ 45 Loold 4l osalie
2 ogdbe &5 was oo Glad (V) o ISl Jidse
2 SSlg e s (S5 Sl eSS Jalge
O s a5 (6,500 s il S5 s bens 592
O bl esalie cul (gl 59 5o S

ol T g T oW HLA (slagy5.251 g MS (5 lows
e 698 blo )l SO as aes o lid Olllas
DQA1*0102 .DQB1*0602 : Sabla
@, 04— >¢ MS ¢ HLA-DRB1*03 DRB1*1501
HLA-DRB1*01 and HLA- LgL:eJ_ﬂ asS >0
ol Sy g e a DI Sy, DRB1#11
J_Ej 4 HLA L;L.a:u) = 05)1_C (\F ‘\A)a_maso
e 53 76559 5500 Slass o (b5, a5 oy o

AV A ol in cwyp ks as o)l
B Gl s 02 SIS MS (5l 555 50
il oo Jeo 6095 oyl ade SlusST v
B slacawgad T CD8" T CD4" slacowgad
oj)l_cc\_’ l_bd_w u_..uLo 9 NKTNK 6L®J91_.u
OlelaS” o TLR o (50l ‘_5’;.;1 Oed 2 J9Sdge
S5t Sy ol S eyl eySstle
4S5 (S rg e 5l ($850) SS9 S b
S o (smaf s & (Sl Sl S5k 095 51 Bl

AY

e 5 ag)ley (s

dodfo
&l S (MS) e 59,8l Jdlo (5,

WJB&QM‘WQTP aS ol paslogs>
9 03,5 dle> (635 10 (cmas i slagygyy Sl
OE N N A DU pune v
cel colesye g 00,5 el ae JUSKw culon
Yorg Jlow ;o uY) 00,5 o Dlac cans ¢ Slgils
153 ool ;0 MS a0 Mo jlon J85 (ygekee ¥ 51 i
5 YAY o=l 5o oolam gonds (Ml ooy (ji))55
0A— 00 (ypad i \; co o O YE T e,
oga e, YLS 1 10 Yeers (5 ke ol (Tl
39 5055 0 ol Slyhd gesls #y JLFr B Y
35 oot sl Sl a1 (0) el (e
o S e Ll el Dglae calizes of 4
il 0l Al MS (5o (sl calizee

Relapsing-remitting) oo sl og—pso0aiS dge-)
sdU m8 ol ohlews 7A0-2 + Ly a5 :(MS- RRMS
Secondary) 4, gl oadg iy -V oo o olis |
Ohlews ¥ -0+ o L.,,m (progressive MS-SPMS
! 4 solew 905 5l am JLo Ve (ope ;0 RRMS
SIPL oot St L aS Wsdioe hiad 0,8
Sl of o

primary progressive MS-) a_Jgl oaig, iy -V
oy i olle 1 aiws (pl o (PPMS
03,5 o0 osalia 392 (93 S)lem £958 5l Syl
b |y (Sedls oS ml e Y e L s
RS o

Progressive relapsing) oo _uSsge—odig o -F
d iy« s)lon £5,5 51 OLilere Gl {(MS-PRMS
Sl 99 0,55 55 L o 5 Wl |y Sl (o2 ya
101y SedS 08l 00,5 o daline oyl yo 5
(F) X200 lis ol )l

CSld sl 00 S Lo S v925 Lo
& olew ol e (g Lo Wi,y yo LB sl pnilSo
ey =l Ll oasile S asl s U 5o
R VC S PSP E R B SV I A
S e Jolse K05 (B p g (wang slatigie
A2 o il ol 3l o 1y 6 les 4y (Dl S

s Jole SGEBV Lo lgie 45 (V) o,ls 042


https://rjms.iums.ac.ir/article-1-6051-fa.html

[ Downloaded from rjms.iums.ac.ir on 2026-06-26 ]

reislSol Jele (s lowt 555 0 Wl i 5 (sodss B (slo oo

B sleJolo 4y onds ol J! by Jobo L -aily
s J=b o CD24°CD21'B220" (Mature) P —
ol ail B slaolo b 5 s5lad sus slo J5Sids8
Lo sl digs co J19.5 CD1d"CD23" Cosgid L
CD19" CD20" CD24™ 5435 L (native) soiee B
L 3,05 » sl 5l e CD38™ IgD" IgM" CD27
S8 sladsSge Gla Ol g 00 Jlb (53]
ApS o a3l |, 355 CD86 5 CD8O S ,55
am Jld o sladobw (=l 5l (5 2 G
Loy asil ploes olssS ae L ols cudblowdl
L sl oslad ba plast bl 8100 & &2 lee
(Cognate reaction) yiiSly —olaslT slo Jol
sl STy 51 ol Al Ll5 55T j0 oo o
Somatic  hypermutation Jol & 56l giganl
(class WS Aag—=i g Affinity maturation
w23 s, JL8 B sle sl o switching)
a g Al ;iS5 ol s jsSi e sla sl
CD19" CD20" CD24') Ysb yoe b slo fulonsdly
o, bl sla Jobuw Ly 4 (CD38" CD27" CDI138"
& 2l (CD19" CD20° CD24" CD38"™ CD27")
sla sl 5551 plon b saze lo 5,95 5 j0 ol
ke 3 Vb ae Uy sladalendly oy o,bls
5 s Lk Jyts o5 Wig o i olysd
ON-YY) ail oo (SYob Soe gl oy gL

Solos Ng) 3 ydey ;9 ee 4 I B slacgad
ol ade ol (Bladg (Vs )ls (285 MS
T 3T CD4" sla sl 4 (sl 4y (¥ o055
511 g1 WIS MHC )Ly adawly & oolais| CD8'
oS gnln s (F acdse ,o Lag T s L
Lo nS g Elsl adgs L (e B sl 5l
2l Eil 95 5 o JLad gl )l sl
S S Sl sl 48 s (sle Jshe
Ul g0 o, Sles £ laiaiils >y wlal oo
e ) 45 WS (o0 Sl 50 B slacensid (o
lasdl o gl 5l sadss (plgnle ggi 4 ety
IL- dL-6 dL-4 4o o5 o o plSgnle opl alex
(FE-YY) 3,5 oLl TGF-B 4 [FN-y .10

o iz (38T iz s5UsS Slalllas o
bug olull cya luails Glge 4 MS (g)les o

At

http://rjms.iums.ac.ir

Slacawsid ohgdr Sl losha g 0ol (098 o0
DS o EL56 g e gmac <L Bl 4 T CDh4"
S ez Olse o |y adie ool Lo sk ()
) Wiy e o] w55 4 e 5 005 (Lol
b Slalp g Sleidl 9,5 Sl el 4 alo>
Lol 5l amd e Jlome sl J5SUse adgs g ook
Wy, dalol ;0 (YV) 00,5 0 (635 po (om0
Elosl adsi L 5 oot Jlad Laslog Sle «(slore 53555
Sy e slagesn el g Sl slageS shle
Bl (8 o 3l ol po S oo i ] Sledl
Sg-dis Jmo ] )0 oS olml a4 e (ks
B3V YY) sl 6, la S )3 g ol 5l oS
o=l 4 0 ] el ity 4LB3S )0l SO
Sl T sloacewgid abauly b Lads Slal )lore
» B leceusad jodam SISy bl 0l o
e R s =K R
30 .(VF) el cews (5 low Xig, 0 B slacawgadl
o Shes (b 092 5l (Sl Slallae (Gl o
5 i il e eelats CJled LB sla Jsbes
dauly (el GuilJgs Lade g jliwgien Cudgias
o R O S A I SEE S P PUNREIN L
59 Sl Y aee) ool (nl g0 Soe ai
A= s ool 8 ) e ASl Jdle wiile (6 loce
i OS> Lla Jolw opl i dalol jo (Y7 YO)

D90 TS

Loy ] sloog p5pj B (sl sl folSF

B sl Jplu i b b yo il sloisl
MS s la

3O =i 0,90 ;0 ol,8l dan 0 B sla Jol JWlSS
Aol oo anlol lgseiul e ;0 o g 0a 5T oS
Hematopoietic) jlaigs golcs Jokw gy ol jo
Dol oo pled LU B sla ol 4 sl (stem cell
CD19" CD20" CD24" 545 L UL B (sla ok
O] alwlid jew, «€D38™ Igu” CD27
A5 yemas lesiul jae 0 900,55 a1, (BCR)
4o Syxles 9 O 4 99)9 5l am b 5l 095 0l
CDI19" (Transitional B) Sl sle Jokw 4 08
— ples CD20" CD24" CD38" IgM" CD27°

Vel eled YA oy 5jly ipSiisjs pglealan


https://rjms.iums.ac.ir/article-1-6051-fa.html

[ Downloaded from rjms.iums.ac.ir on 2026-06-26 ]

» B Cuwgid slo JoSgs JSas 9 B sla ol
CFY-F ) aiied Ban glacdl,

2 Bl amgid St la JoSdsb olulis
S92y p (e sl 4,k 4 e MS 4 M Lo
Ol oleol (YY) 0l EBV cg g Cigie dine ion
)0 day Coghe SO obul L EBV &S el )] ks
pold s Lagl gl s ;iS5 ecl B slacosad
ST gl (sl ly sl Y Ak 0]
Sbo polS et S A S L og—B s
Lo JsSss EBV L s jSgie B slacossid]
3 el STy gl ks WS (o0 JS abogy e
DNA ;55 53 a5 Jol8 Glydl pae 5 EBV Ll
Sule> LYo alox 5l ohlews CSF 5 (495 55 (mgns
e el s o a5 o ST s s
EBV (slo ()5 5T o calid (FF) il o (g
LB slacowsad il ale 0ol (oukes slopi T 5
2 b SVl e 5 ool (st adg Ul
;045 T CD8" sla Joho 8,k 51 (FO) cusls walgs
(o=t JLsd Sl ey alo AES (g g 0SS
B locewsid lp 0 SS9 slo JUuSe
Sl dmgilwlondly S puis sloJsbo 5 b Julondly
L oot Sode (ol S )3 5 wimd oo plis 395
Ly allio 4y MS a See ol 31 520 4o iny EBV
L abline ausSly aoess ;0 a8 o3l (o0 Sighe
Llys  cras Gl 4 o] o (5395 sloy5 ]
(F5) o

MS Mo ol 8l o (s ol 8l Gl
CD19'CD27 cla 5 ,La by gaie B clocowsad)
S oo JSid e 93 0 1) I Come
J5-b ay L ol,81 3 Sle I3 CSF (YY)
s wil o B Jsho a0 0 JIF gol> Lawssis
Dylite alize (jhlen Glee )0 Lok cnl slass L
&b o bl B slacegid Jold lgho cnl oo 25T
a—wa CD19°CD27°CD38°CDI138" —igid L
e L Lo ce Dy w094 (FY)
JLey ok 4 45 CD19°CD38"CD77ki67 Bel-2”
@olad sldl )o (o JLowy3) L3 55150 5o Ladid
(FA) el a0l o )le CSF )0 caigd o ol
Olg g0 00 0033 CNS o a5 oo ol 50 alex

Ve sl 5 F o les YA o555 15jl) g Siibjs ogle alan

e 5 ag)ley (s

Gl U5 anled Lol sl oad lolis B sla ko
5= 5 &)l agy yo Lagl 5B i (s
Sl b cans Cwws )8 590 G e Sl
O3t (53)l5— d OlsT (oo Lo (5Tl alo
Oeee «MOG) (5985l Sy ;0308 (e
«(PLP) (g ddgS9 0 «(MBP) iy SO0
A Jralincd (MAG) elio o100 (5 558
(Y0) cusls o Lal (Galc) 039 0 e SYE
55 sole 8 3929 5 (Sb Sldlae (S
3 Jslowsdly 9 B (glocimsad (gl> (gomsad slo
secondary progressive Lo 3l ol 0,5 5iie
wby iy Jlye o 4l 45 arsl_o MS (SP-MS)
3925 Jo opml L Lol 00l o0 155 ol e
o Wimee ohlom 330 50 umstd 4l sl izl
B slaJobo g5k 5 (558 slp oo Silgs o MS
Lo edsmslSgigal adgs a2 Cales yo o5 wil,
o=l 9929 YV ¥7) 008 Jome )0 (xd90 O jg0
LS50 omae Ll ;o ST sle JoSlg?
(V) sl Lo )y (o SerialS oo 5 s
b Jslondly St (o) @l ed 2 Bolate
st (K=3) S )o Gl gigeal oaisS oy
L lilen 655 50 (s i )0 S9-250
S 5o T sleJsbow @ consi o Jsbo cnl (2l
ol e iz > (FF) a3l o 5 xS o
Cols az gl SeSUgeS (slo,eaS18 il a5 ol onyy
555U, 55 s sl ulS5aS 5l 3 CXCLI3
i dlaag | Jat ol A5 a5l e (sesid
S23 o plonil gasad slo éb 4 B slo Jobo
3 ot B sl 4 ;0B JoSdse cnl cnlnle (FA)
Sl 5olen gl )0 SgiST (Gamgad CSL arwgs
CXCLI3 ol 5 Sb o 5,155 ail oo cyarloss
st Jlab sl S 5 22 I3 (sl S5 5o
o=l YL aale uoram al o MS 4 M
LS5 L S oud osnline oyl jlaws CSF o cplSgaS
F) el oo B st 55l slo oSy
Lt il 3 s slo oalSaaS 31 5,505 gl
CCL21 4 CCL19 CXCLI2 ol B slo gl
Gt S o g LSl g0 a5 Wil e

Sl ol Sletll (b s 5 wph e o ausil

http://rjms.iums.ac.ir



https://rjms.iums.ac.ir/article-1-6051-fa.html

[ Downloaded from rjms.iums.ac.ir on 2026-06-26 ]

reislSol Jele (s lowt 555 0 Wl i 5 (sodss B (slo oo

Slaalin ol 0ed co Swgr § o>l sl alo>
sbaJosdse b B slaJslo a5 ad azess 1 4 i
S5 Sl 251y oo sl g ) amit i
4o Bl Jobo o5 a0 Sl @ cplpl taigd o
T laJslos o, Shas jtwgen ;0 T cloJsko o3l
B sla sl ololis Jlo ol b (00) %ils Sl
5 028 Job Jlo Yo g0 o] psilSle 5 soplas
ks e 3l L sl (6l Bhan ¢ Mizogoshi
Lol €0%) asa,S ool ol B slaJsbos 51 o8 ,5 51,
R N Y N R T
Jusd sty 5o B slaJsho 4 a5 ol Coogas
09,5 53 S Sl el 0als WIB (slaJolos ol
L s Cpogas onl sl B sladsbe 5l ol
L osrS ol a8 ol o5 Sl Sl J> ol
Ol elaisl g aaly g 0B B sla Jobo
ales oo g a le> ol jlga S
51 0L 09,5 55 ol (OY) oi azs CD1d"CDS”
s il o 45 Sl bn se Jlnbs 1o B sl Jsbo
758 59 T slashe ol JUad 4z g LB j5b
P el (BY) 0 G 3T gl sla ety
B Lo Jslul ols o5, ol sl 45 ol
Gyre o5 jeb 4y a5 55 B10 (gla Jol o ]
IL- s a5 54 CD1d"CDS" 5923 LB sla Jglo
hobe IL-10 b 5 i 57 (s 2305 (o0 b5 10
OA) 4305 (oarlass sloJskor i 31,531 5l
B sla sl a5l ateive oy 43 90 5l e
algi oo MS 5 lon Slom> Jow EAE (5les jo

Godxio Sladlas il adls andas Olusgas

O3Sl Sy a el 0 B gla sl wisls ol
g IL-10 aslen olgadl oo slo je518 51 cloil o
S5l 5o iy 316 08 o e L35
IL-10 oS udg slo Jobw e 10 .(09) o9d
5 428l pglas Thl abanly b bl iy (Sl Gy
a8l ol () al sed 09 SHlowm 3l o hge
Olse 4B slaJsho colgs 0 a5l gl 4 e o
EAE J,=u5 6l IL-10 adg o pte oo Jokos
ol Sl vaxio Olallas 05,5 1,8 axg 0,90
Sligily liasian 53 5 00 olagl B Cupspic] LIS

AT

http://rjms.iums.ac.ir

0,5 o Ll ol 6l saisS mi i sla Joko 4
Olye 4 CD19"CD38'CD138" La cudblowndl
slwls CSFpB slocawsad 5l copn Comox
15 etrss Ul el any Lo T slaces a8 ol ous
Sloces Lial58l (FR) ol aily iulisl L
CSF s La codblonsdly § &by o,bls B sla Jsbos
(o cdld ol 8l dgM dgG odg b e
CSF ;0 05250 s CawsST ooy o SO JSis
cbile s MMP-9) 5Ly pglle 56 5le ()l
3,18 i bLI I CXCLI3 555 aY (1S gaS
B slecawsad a5 cl QT Solo o4lge cpl (B4)
Lo ceodblonsdly oyl 5 03l i sl gl o CSF
3 el See sbadsa g 0002 186 wlsi Jotne
o Ceodlowdly Jloy yob 4 o MS ol Clgzl
55 yae Jyb L 5ol (T 00 w5 sldsho
CD19" &Ly sla olawdly 4y s pos 4y a5 il o
Shlos 5 wszs ol b (O)) anly oo 3les CDI138"
SYsb Soe U b cesdblonsdly slass MS 4 Ms
S5 52y Sl 355 ol 5 o (oo B 2ot
OY) 0l (= ONS ;0 B (sla Jshor (re30 (535551
Slallas ke CNS )0 by fuslowdly jga> 5,90,
15 4S5y ol 08 gT ey gl gl cilie
5 05 Sl skl olass Slallns an
s 4l (OF) el o0ty 5,155 oo il S0
o MS & Siee oLy CSF s b Julondly g
199 0018 resgl 8 )lge (ol b Wy

e 8 b Jolesdly plolid IS ok )
Al (oo Ko gl 2 CSF o a8 (oo & j2 e

5 delaly s sl e oy ol oY
6315 e gy 5 JlS s34y ln Cesdllensdly

(YY) S 0023

sbp oS o B ylpg—ic 4o B slo Jslw
S5 B slo sl Uy VAVE JLo s L ol
U ol I3 sl e i Jlxb s
A8 = (OF) ol ools 5155 s axSg> o
Oleiils (S B sladshe oo S 5 plulis
Jao ey b 1B slo Jsho 4,155 o o 5 L

Vel eled YA oy 5jly ipSiisjs pglealan


https://rjms.iums.ac.ir/article-1-6051-fa.html

[ Downloaded from rjms.iums.ac.ir on 2026-06-26 ]

Bone marrow Periphery

Regulatory B cell Regulatory plasmablast

£4 x
{ > \>
( [s1L-10 \. |2 IL-10

X TGF-B ‘i IL-35

CD19" CD19"
CD20* CD20'ow/int
CD23* CD24
CD24" CD38lov
CD3gM CD27™
CD27

A 4

Immature B cell | Transitional B cell Activated B cell

\ \ 4 \ Antigen
~——

CD19

Mature R cel]

CD19* CD19* Loy

CD20* CD20* CD20* CD20*

CD24hi CD24" CD24int CD24

CD3ghi CD38M CD3gin CD38'

Igu* IgM* IgD* IgM*

CD27 CcD27 IgM* CcD27
CD27-

e 5 ag)ley (s

Regulatory B cell (B10)

>
\
{ . |4 IL-10
Memory B cell X

==y DI
. CDs*
‘ CD19*

CD20"

—
CD19* CD24hi
- CD3glowint
gg;gh\ CD27+ Memory B cell
. T
Germinal center CD3glew  Antigen
CcD27" recall

Short-lived plasmablast ‘. \"1
W ‘\

@

Long-lived plasmablast

@

Long-lived plasmablast

i
\. } CD19*

cD20r
cD19' CD24
D20 CD38"
cp24- €27
CD3gh CDI138"
cDp27*

CD138

gl 50 0 Snggilen 3l gl sks | B sla gl adgl dan 15,00, 5 1) sl gooly welats Uy B (sl Jolhoo Cilises (slaog,s =) JS
@l o5lad (sla pluil )3 Eob Jolye (b 3l g 003 (95 by )l transitional B cla Jsko g JU6 B sl Jolus 4ol 13 53 00 @ jg0
Srlae bl 5 obss ae Job b Jolowdly cusdlawdly slaJolos 4 (0 (51 (ol €900 50 a5l (o (Bl sitee Sppm 0F (BT L 0ys3 2 oo b
Jolos b o)Ll (sl Jobo Sl 59,5 <3 8T lom b sl slo 3)95 52 5 4l (oo 3alad 0l (sl Jsbo 5 (GYsb yos b alb Juslowsdly 4 blj 35150 4
Transitional la Joluw o )3 edss B (gl Jsho jl ol il (o 52led 88 0 )b (slo Joloo § (5Ysb yos b Juolowdly (sloJsho & it
TL- oy 4 el 0o sl S sinbo i 5 A5 b 51 b 05,5 0 el oos clled bl o Ll by )bl el Jsko 35 s Mature B B

545 mhaw »1,CD1d JoSbe Vb mlaw a5 CD19"
O (S35 5len Wy, ) il ge WS o0 e
s ytage ez 51OV i e il 5
Sdlsi 9 5SS 088 o Ol e Lok (nl o
csls o,Lal Th17 g Thl I Sleadl sl plSgnle
Transitional B sla Jolw ol a5 a5 jghilen (YY)
0 (seeats glasl 5l og 5 cnl Lice (lgin
L Slelss (s sl 5o i ) 5 558 oo b S
5 hse o Ladsbos ol Jolas i)ls SesSy
)9 o4 e =
5 039 CD21"CD23°CD24"1gM" gD 'CD1d"
transitional 2 marginal zone precursor :lsic Cou
adllas ;o (VD) Wil ouls (5,la5L Bregs (T2-MZP)
3 T2-MZP slo Jslow 3l o 45 0l attice sl
collagen-induced (CIA) s Lo 59e 516 slo Jigo
Lyl 1y 092 Jlo (5 o cdled o Lixanarthritis
o 3 358 sl ok JUIL o 5 (o S (o0

VEov sl 5 P oyled (YA 6595 Gjljbﬁjg:,ngl:n]:.ln

AY

w».!laj 09_‘>u3 u_..:}._e (?\) ..\...S‘SA u.:.n.xﬁ ‘54\.0..)‘
¢ Mature B (Transitional B sla Jolow a5, gkas
Lice e 4 bly 55150 50 09290 0,b> (sla Jobo
CDI19" CD20" CD24" LB sloa ol
CD19" CD20""™ CD24 CD38 .CD38" CD27
CD1d" CD5" CD19" CD20" CD24" 4 CD27™
ol emeshas ol aisl 0 CD38 Y™ CD27"
Oygo IL-10 s 5 g adgy 5,k 5l Lo ba Jolos
5 o plosl wlalllas () JSei) (BY) 8 i s
Slaxi g0 Slas Sgpe 20 o LtV Jgu o
J—dbe s)lom 0lgie oulas B (sla Jol

BB slo Jolw sloog 5y j Sluogas
sl Jslw yol Transitional Breg slo Jol

http://rjms.iums.ac.ir



https://rjms.iums.ac.ir/article-1-6051-fa.html

[ Downloaded from rjms.iums.ac.ir on 2026-06-26 ]

reislSol Jele (s lowt 555 0 Wl i 5 (sodss B (slo oo

w30 Lis EAE g MS (g5l 15 1) (ol B (sla Jobor (285 0 plosl (il g (ol (g lilllas (350 =) Jgu>

Sloy 56 sl Al sl a5 B le Jolo 51 ploys aely o)
Solos
Siponimod SPMS B0g) Slawd—\— pjoSihusl yginny oS pulais s g olas i3l &Y

(BAF312)

(SIPR1, SIPRS)

Transitional regulatory B
cells (CD24"CD38") and
B1 cell subsets

(CD43°CD27)
Alemtuzumab  RRMS il 4y gk ) CD527 la Jobo 3 seas B la Jsbo olas liél (55 50)
OlekeS” i Jlab CD19°CD38°CD138"
fingolimod RRMS sphingosine 1,35 ke s B gla Jolo sluss 2l 53] (FA &V)

Cladribine RRMS

sougl 4 yoxie oS DNA o5 5 jits 00 o

TGF-B 4 IL-10 sus 1y
CDI9+, (la Jsho sluss jz)58) )]

05 o Jgl CD24+, CD38+ transitional
regulatory B cells

Vitamin D3 EAE 5 6155 T 3B sl Jobo el 5 55 o »B10 sl Jsho slas Lol (v+)
Job

Glatiramer EAE IL-10 &g el aris B ela Joho 450 B b Jobs colld g slas gl )
acetate L

CPG-ProB EAE  IL-17 s IFN-y 08 0y T (cledobos sluss als B220+, (lo Jolo slass (j2l58) (vv)

IL-10 0050 B g T (sla Johos slass iljl o CD19+, IgM+, IgD+,

CD5+ CD1d+ transitional
regulatory B cells
CDA5.1+ (cla Jobo sluss iljl
IL-10061:8 g

RRMS: relapsing remitting multiple sclerosis; SPMS: secondary progressive multiple sclerosis; EAE: experimental

autoimmune encephalomyelitis

2014 Jlo po ol 5155 99 59 5k olsl (eelas B
CD19" CD20°V™ CD24" CD38" & 50 4 oxbaw
)‘ LSc‘ﬁ_" C_.w).: 9 A_Jy A g 00— (_‘113‘271[1t
s Blimpl ¢ IRF4 JL-35 JL-10 sla plSgslow
(og—o ;0 BEAE Ll o> (YA ,YA) aS3lo
slanl (Jxb 5 5) solad slo 0,5 55 392 sloJobo
..\.:9_....:&5.0 ul.e‘.J‘ g,:ssj.m (e IL-10 Ly)'b )‘ 9 0L
5 sl o Blimpl 5 IRF4 i,
30 g 00 399 sld Cewdllowdy o IL-10 S gule
YA S o Ll bl s o] JalSS
GA.._L:...; B 6LQJ5l‘a )| L;)ip 0o, :B10 6LQJ51.~J
el b Jokw (ol sl ouls izl BI0 (ylaie cms
e b ol Coiles 58l 6 5le 50 L

AA

http://rjms.iums.ac.ir

B sladolw ,555 anl jlon slo 05,5 4 ol
B sla sho 4 JLUB slaJol oo b g oulass
FB 26 o 395 ol (nl g 995 o0 @ ped (ouiis
et JU] sl aalgs 6 Lo g, o (sl abi>dla
539 5 oot 4] e 53 o5 ol e o ko
SS9z ylem Lé iy S e la igo 4
Yaio] a5 Cal )] ,Silo odalice ol (V) 0SS oo
@b 5l solen 590 (e 63, 8es sl (a5 59
558 6la sk ¢ o eyl dolsl o sl ALlS L]
)8 CDA0L G ,o55 s (im0 vitro) olKiglesl jo 1,
00y s hge s 4 dasme JWS I ey g aisls
5 00l ol ooyl (60, Sles jali a5 W S cnalive
sy Jss alyoo)ly slo ol 2ol g iy a9l
YY) el
sl Jsko 5l oo, ol Plasmablast Breg sls Jslo

Vel eled YA oy 5jly ipSiisjs pglealan


https://rjms.iums.ac.ir/article-1-6051-fa.html

[ Downloaded from rjms.iums.ac.ir on 2026-06-26 ]

GIFTIS Ly suds Sy,o0 omopiti B sla sl o
0 S Jlge |y EAE (6 e Cd iy aig, aiiiuslys
oekis B ol Jshos 5l 03, ol 4 35 ) Lo i
L sk 5 B10 sldslus ool coigid (ollo
Sl u._io.c aS J.Q-)‘So ul.w.n LJ"‘ 9 asls T2MZPB
\)5_‘>5 .L:_w‘ﬁ = Lng 09)5 gp.l.a_?m 6&05;}1) u.a..)
B Lo ko 5l (o500 08,5 5 (AT AT) aisly azils
drs BB IS5 5 83l (0 CDS ol &4 45 (garlass
Lg. CD95L) FasL Jj_ijyo Sg—>g 09, U—" Syg—0 4O
ol o g JsSIge ol (AD) el (CDI78
ool S5ise 0032 sla sk & oris B Jslo g5
Syl dmgiley) selost (5ol 5o )k sl oy
03— (S, c\_,el;‘).g sfj_/a ‘_gLS.” Cel a5 o euud
(AP) S oo Sigm 5,1 T slaJoke 15 GotysD
o=l Ll as coul soid (asuin i, e 4l
Lo Jsl Jsl | ail oo alflaz 05, Sylo sk
et Uy cankis B gla sl ] cly Sifassy]
Ol 69, &5 (sl asdllae )5 05000 (o257 Jolos

e 5 ag)ley (s

5 b ol a8 was lwlis CD1dMCDS*
Jidb B slo Jolw )0 ¥ I sg0> 0 .(A+) 8,8
J55 1, o pse i B sl Jolo ao s A JIV
L g shaemme (595 )0 45 dsy (o0 Hla0 4y 5 i e
B10 sl Jokw .(AY) wiil ailas jga> (gglad sas
2 eo b STl asly e slo,S L Hlas sl
Jl_:l.’}i.: LgLQJQLw dlo> )‘ B LgLQJjLu sl 05;
siisb oo T2MZP Breg 3 CD5'Bla £D21°CD23
T2MZPB 4 B10 sla Jolw alie 5o S Lo .(AY)
Lol ol o CD38 4 CD24 .£D20 D19 Jols
2 CD23 ladé Jokw 05 55 (nl (D3l (2 ot
TLR2 S5 00 gl JLis a4 sondats B sla Jglos
00, g0 U_" Lsi‘_“"’b (/\’) d)_:f = a_.\)yaTLR4
So LB le Jobw G yow wls srlie (gl dsllao
SIS S eSS g IL-15 oty (5
GIFT15 IS pb L (GMCSF) Copwglgil 3—5184 5 Lo

ey ” e

TLR2/4 & BCR
stimulation

M1 Microglia
polarization

Tolerogenic dendritic cell
induction

( ﬁ!ﬂ (
IL 10 5 IL 10

IL-35

/ : w @h
3] Th1, Th17 inhibition
IL-10 IL-10
IL-10 TGF-p
T lIL-4
11L-12 .

O;l‘,%
| 7IL-10
| 1TGF-p
1L-10

| TIL-13 Regulatory T cell differentiation

invariant NKT cell

maturation

Lyl ) 3,5 (e &m0 A= 5ty (sl JtiSom 2 g S gl Sl ol b 5 2kl ofg 4 oulit B ool (6)lae (slacdld =Y S5
s ThT ol claJshs (b 3 )Slas 5 5655 )lae (V) g (2luiST ol s
135 sln Js > sl 6 cow TH17 5 THT sl Jsbo g PD1 b o5 B csls Jybos g PD-L1 tiSion o o § g o T17

5 (o el 15 e el sl g b jlonis (e T la Sl el 5 5les I (V) 2295 (oo 55T,
Sy ke Jobw plos dnvariant NKT b Jobo gsb e IL-10 0y 520 jl o390 (a5 B (slo Jshoo )5V glogigou] cllab owiznon
Oiel33l g (! ey Sl e 4y bsas ol gy Jols i ol aebdl 53 033,5 (o MT Caigid 4 L9 ,Se slo b cosisli) Vs 55 5 Sl
S (o 355l el 393 Gs)len o 5l 9335 (o0 el 05 (slo Fly

VEov sl 5 P oyled (YA 6595 Gjljus.l.i'.lﬂ,ngj.:nlu

AQ

2 el 15 sl el sl ilosliT b oss B ela sl ¢ Loy

http://rjms.iums.ac.ir



https://rjms.iums.ac.ir/article-1-6051-fa.html

[ Downloaded from rjms.iums.ac.ir on 2026-06-26 ]

ortisslSe o (sl 5554 > o i 3 (o5 B sloJolo

(Y US3) (00) axsly ansls

Jl ool L conkiii' B slo Joliw (5 lgo0 o1
ol ol
oo ools LAY g ¥V sla JSi o a5 jshilen
B sla sk bawsi s)lee 151 Jloel sl cen
IL- oz (Jodoe slo )5S osi o ogdle sopdas
5 eoeas B g T CD4 s o5 wles (10
el a5 ceul goe Glay cplabl oo 59,0
aulyd ader 5l endas B (slaJobo alwsy (555
ol e sl G5BT Sy g 008 (55900 Sl
(ol = ogdle (AY) 315 Coenl Th slaJsbo 5Les
—obas B sl Jolu a5 il o] 51 S wlaalis
5T L o o5wigel (ol g j 45 T2MZPB
o Sles (ali (6 ke Wig) Hlee j0 Wog o lax

\

‘w

Myelin 8

B sla Joluw 8,5 alsul (SLE) Lwgs) 4 Mo
5/ CD19°CD24"CD38" Cigid Ly Sl onlass
L S 20 5l e Wb cnliad o anee 55
5) TNF o IFN-y uJo5 JL-10 o—Js5 L, CD40L

(V8) 3,5 oo |, T CD4" sla Jokos

ot | gewly BT O TGF-f 9 IL-10 i
OO 5o g olRiulejl o aid F alowl lallas b jo
AS Sl ouls sdlive (in VIVO g in Vitro) Sloe>ge
Fo sk 4 IL-10 oy alewsy sarlas B glo Jsbos
Jlte |, T CD4" sleJgbw 5/ IFN-y 3 TNF o_Jgs
gl aS 0,00 vezg wo gl 4k >l b oS o
B sleJsbo 5t ol 5 ool (55an TL-10
doe oelas gl (U gl Koo 5 wils oonlass
ot sebas B gla Jsbo (5 ke 5T 0 TGF-B

specificTer™ "
. I
b
Thl s

LPS,...

\

‘ 2% (D2S/CTLA-
| B7 ‘
|

|
|

S 4 5ol ol (Bl 355 csloiol & SasSIyT sloJoho MS 5 (adiss B slo Joho colled e (slounslSe 1 S5
CD40 4 CDA0L Jlasl 5551300 el ccloselS szl s 5 555 & g 00 CDAOL JsSlgo ol Sl las st oS ass e (gla Jskos
o JLsd cnge Toll like receptor (TLR) 2,4 (cls 51K dawly 6,56 b 5 (51 paitone (lolids b olyon onai B (gla Jolos pedaw
6L Jslw o 3395 6l 005,85 Uy adas B sl Jobo ghaw PDIL  FasL oy (2iSony 4ol 3 (V) 33,5 oo (oorkei B (sla Job
5 555 oo s maitins yobo 41 cadas B slo Jolo b sudg o ol sl slasho 55 9 005 T (slaJsls 1o sl Wl o StiSTgoss
P S5s 5 eists sl 5 5 odst T (sbasbo 08 b b s B (sl Jsho el o5 iz (i (oo SiSlings slo oo s

(F) 3950 St s obo ol o o i i S50 & (1) S5 slo sk

9.

http://rjms.iums.ac.ir

VErrsls 5 O oyt YA ,ss gil) g Sunj oglealan


https://rjms.iums.ac.ir/article-1-6051-fa.html

[ Downloaded from rjms.iums.ac.ir on 2026-06-26 ]

Study 2016. Lancet Neurol. 2019;18(3):269-85.

4. Azami M, YektaKooshali MH, Shohani M,
Khorshidi A, Mahmudi L. Epidemiology of multiple
sclerosis in Iran: A systematic review and meta-
analysis. PLoS One. 2019;14(4):¢0214738.

5. Leray E, Moreau T, Fromont A, Edan G.
Epidemiology of multiple sclerosis. Rev Neurol
(Paris). 2016;172(1):3-13.

6. Hauser SL. GD. Multiple sclerosis and other
demyelinating diseases. 15th ed: New York, McGraw
Hill inc; 2001.

7. Kaminska J, Koper OM, Piechal K, Kemona H.
Multiple sclerosis - etiology and diagnostic potential.
Postepy Hig Med Dosw (Online). 2017;71(0):551-63.

8. Bar-Or A, Pender MP, Khanna R, Steinman L,
Hartung HP, Maniar T, et al. Epstein-Barr Virus in
Multiple ~ Sclerosis:  Theory and  Emerging
Immunotherapies. Trends Mol Med. 2020;26(3):296-
310.

9. Abrahamyan S, Eberspacher B, Hoshi MM, Aly
L, Luessi F, Groppa S, et al. Complete Epstein-Barr
virus seropositivity in a large cohort of patients with
early multiple sclerosis. J Neurol Neurosurg
Psychiatry. 2020;91(7):681-6.

10. Munger KL, Peeling RW, Hernan MA, Chasan-
Taber L, Olek MJ, Hankinson SE, et al. Infection
with Chlamydia pneumoniae and risk of multiple
sclerosis. Epidemiology. 2003;14(2):141-7.

11. Engdahl E, Gustafsson R, Huang J, Bistrom M,
Lima Bomfim I, Stridh P, et al. Increased Serological
Response Against Human Herpesvirus 6A Is
Associated With Risk for Multiple Sclerosis. Front
Immunol. 2019;10:2715.

12. Antony JM, Izad M, Bar-Or A, Warren KG,
Vodjgani M, Mallet F, et al. Quantitative analysis of
human  endogenous  retrovirus-W  env  in
neuroinflammatory diseases. AIDS Res Hum
Retroviruses. 2006;22(12):1253-9.

13. Ryan FP. Human endogenous retroviruses in
multiple sclerosis: potential for novel neuro-
pharmacological research. Curr Neuropharmacol.
2011;9(2):360-9.

14. Dyment DA, Ebers GC, Sadovnick AD.
Genetics of multiple sclerosis. Lancet Neurol.
2004;3(2):104-10.

15. Isobe N, Keshavan A, Gourraud PA, Zhu AH,
Datta E, Schlaeger R, et al. Association of HLA
Genetic Risk Burden With Disease Phenotypes in
Multiple Sclerosis. JAMA Neurol. 2016;73(7):795-
802.

16. Mamedov A, Vorobyeva N, Filimonova I,
Zakharova M, Kiselev I, Bashinskaya V, et al.
Protective Allele for Multiple Sclerosis HLA-
DRB1*01:01 Provides Kinetic Discrimination of
Myelin and Exogenous Antigenic Peptides. Front
Immunol. 2019;10:3088.

17. Yaghoobi E, Abedian S, Babani O, Izad M.
TIM-3 Rs10515746 (A/C) and Rs10053538 (C/A)

VEov sl 5 P oyled (YA 6595 Gjlj._.,S.lf.lj.;,ngl:n]:’l.n

1)

e 5 ag)ley (s

B10 sl Joku 0)90 10 (pizman aidls o olis g5
La Jobow ol a5 sl o] 51 S Sldllae S 5
L ool ojganl sl s 3l ol o> & a0 o
S=alog 3 6 )lews o Jlge a4 Hol8 5 T les
Soe 55 CD86 4 CD8O (sl JsSIse )l -onisly oo
i B slaJolo wled 4 aily sl 50 o
ahw ;5 CD28 Ly 4 CTLA-4 o JLsl abla s,
90l Ciorer bl a il pm & T slo Jolw
oobas B sl Jsko s ;5 FasL 3 PD-L1 Wi
S92 slasl o) juel Ll 055 g oy
S_eS 0l ol (AR AR asS e LT RS
Lio 5 Sl slasbo Bi> (sl GbLs

Rgr dels ool jliwges

& 5 Aol
cmlis codled Connl Kily aslllas () Egame 5o
Sl STy 595 5l 5ol 50 sorlas B slo Jobo
o=l ey ail o MS (g les o594 cpeul 05>
Cdrta 5l s nTrl Gl ol eanl e s o sle
Ol il pase i gl Jale o MS (6l
3, Slas g olasy (iuli8l emren Sloal b Ol s
TGF- §IL-10 Jio ol as sla pSgnlo mi s
g Lice jign clis 8,k 5laws 8 5t cou |, B
332 sladshe silulazr cuzr polaisl slo 5L
Ja{—w E3-o50 45 Sl hlie (25 55978 oz
U ey s B o Jolo SeS L Glo o

ol salegs> 13

References

1. Gholamzad M, Ebtekar M, Ardestani MS, Azimi
M, Mahmodi Z, Mousavi MJ, et al. A comprehensive
review on the treatment approaches of multiple
sclerosis: currently and in the future. Inflamm Res.
2019;68(1):25-38.

2. Nasios G, Messinis L, Dardiotis E,
Papathanasopoulos P. Repetitive  Transcranial
Magnetic Stimulation, Cognition, and Multiple
Sclerosis:  An  Overview. Behav  Neurol.
2018;2018:8584653.

3. Collaborators GBDMS. Global, regional, and
national burden of multiple sclerosis 1990-2016: a
systematic analysis for the Global Burden of Disease

http://rjms.iums.ac.ir



https://rjms.iums.ac.ir/article-1-6051-fa.html

[ Downloaded from rjms.iums.ac.ir on 2026-06-26 ]

Gene Polymorphisms and Risk of Multiple Sclerosis.
Iran J Public Health. 2016;45(5):644-9.

18. Izad M, Vodjgani M, Niknam MH, Amirzargar
A, Shahbeigi S, Heidari AB, et al. Cytokines genes
polymorphisms and risk of multiple sclerosis. Am J
Med Sci. 2010;339(4):327-31.

19. Imani D, Azimi A, Salehi Z, Rezaei N,
Emamnejad R, Sadr M, et al. Association of nod-like
receptor  protein-3  single  nucleotide  gene
polymorphisms and expression with the susceptibility
to relapsing-remitting multiple sclerosis. Int J
Immunogenet. 2018;45(6):329-36.

20. Filippi M, Bar-Or A, Piehl F, Preziosa P, Solari
A, Vukusic S, et al. Multiple sclerosis. Nat Rev Dis
Primers. 2018;4(1):43.

21. Ransohoff RM. Immune-cell crosstalk in
multiple sclerosis. Nature. 2018;563(7730):194-5.

22. Arima Y, Kamimura D, Sabharwal L, Yamada
M, Bando H, Ogura H, et al. Regulation of immune
cell infiltration into the CNS by regional neural
inputs explained by the gate theory. Mediators
Inflamm. 2013;2013:898165.

23. Dutta R, Trapp BD. Mechanisms of neuronal
dysfunction and degeneration in multiple sclerosis.
Prog Neurobiol. 2011;93(1):1-12.

24. Sospedra M, Martin R. Immunology of multiple
sclerosis. Annu Rev Immunol. 2005;23:683-747.

25. Staun-Ram E, Miller A. Effector and regulatory
B cells in Multiple Sclerosis. Clin Immunol.
2017;184:11-25.

26. Vasileiadis GK, Dardiotis E, Mavropoulos A,
Tsouris Z, Tsimourtou V, Bogdanos DP, et al.
Regulatory B and T Ilymphocytes in multiple
sclerosis: friends or foes? Auto Immun Highlights.
2018;9(1):9.

27. Fraussen J, Vrolix K, Martinez-Martinez P,
Losen M, De Baets MH, Stinissen P, et al. B cell
characterization and reactivity analysis in multiple
sclerosis. Autoimmun Rev. 2009;8(8):654-8.

28. Marshall-Clarke S, Tasker L, Parkhouse RM.
Immature B lymphocytes from adult bone marrow
exhibit a selective defect in induced hyperexpression
of major histocompatibility complex class II and fail
to show B7.2 induction. Immunology.
2000;100(2):141-51.

29. Martin VG, Wu YB, Townsend CL, Lu GH,
O'Hare JS, Mozeika A, et al. Transitional B Cells in
Early Human B Cell Development - Time to Revisit
the Paradigm? Front Immunol. 2016;7:546.

30. LeBien TW, Tedder TF. B lymphocytes: how
they develop and function. Blood. 2008;112(5):1570-
80.

31. Hoffman W, Lakkis FG, Chalasani G. B Cells,
Antibodies, and More. Clin J Am Soc Nephrol.
2016;11(1):137-54.

32. Guerrier T, Labalette M, Launay D, Lee-Chang
C, Outteryck O, Lefevre G, et al. Proinflammatory B-
cell profile in the early phases of MS predicts an

ay

e 5 ag)ley (s

active disease. Neurol Neuroimmmunol Neuroinflamm.
2018;5(2):e431.

33. Sospedra M. B cells in multiple sclerosis. Curr
Opin Neurol. 2018;31(3):256-62.

34. Li R, Patterson KR, Bar-Or A. Reassessing B
cell contributions in multiple sclerosis. Nat Immunol.
2018;19(7):696-707.

35. Owens GP, Bennett JL, Lassmann H, O'Connor
KC, Ritchie AM, Shearer A, et al. Antibodies
produced by clonally expanded plasma cells in
multiple sclerosis cerebrospinal fluid. Ann Neurol.
2009;65(6):639-49.

36. Pikor NB, Prat A, Bar-Or A, Gommerman JL.
Meningeal Tertiary Lymphoid Tissues and Multiple
Sclerosis: A Gathering Place for Diverse Types of
Immune Cells during CNS Autoimmunity. Front
Immunol. 2015;6:657.

37. Magliozzi R, Howell O, Vora A, Serafini B,
Nicholas R, Puopolo M, et al. Meningeal B-cell
follicles in secondary progressive multiple sclerosis
associate with early onset of disease and severe
cortical pathology. Brain. 2007;130(Pt 4):1089-104.

38. Blauth K, Owens GP, Bennett JL. The Ins and
Outs of B Cells in Multiple Sclerosis. Front
Immunol. 2015;6:565.

39. Londono AC, Mora CA. Role of CXCL13 in
the formation of the meningeal tertiary lymphoid
organ in multiple sclerosis. F1000Res. 2018;7:514.

40. Krumbholz M, Theil D, Cepok S, Hemmer B,
Kivisakk P, Ransohoff RM, et al. Chemokines in
multiple sclerosis: CXCL12 and CXCL13 up-
regulation is differentially linked to CNS immune
cell recruitment. Brain. 2006;129(Pt 1):200-11.

41. Bielecki B, Jatczak-Pawlik I, Wolinski P,
Bednarek A, Glabinski A. Central Nervous System
and Peripheral Expression of CCL19, CCL21 and
Their Receptor CCR7 in Experimental Model of
Multiple Sclerosis. Arch Immunol Ther Exp (Warsz).
2015;63(5):367-76.

42. Cook-Mills JM, Marchese ME, Abdala-
Valencia H. Vascular cell adhesion molecule-1
expression and signaling during disease: regulation
by reactive oxygen species and antioxidants.
Antioxid Redox Signal. 2011;15(6):1607-38.

43. Franciotta D, Salvetti M, Lolli F, Serafini B,
Aloisi F. B cells and multiple sclerosis. Lancet
Neurol. 2008;7(9):852-8.

44. Kakalacheva K, Lunemann JD. Environmental
triggers of multiple sclerosis. FEBS Lett.
2011;585(23):3724-9.

45. Bray PF, Luka J, Bray PF, Culp KW, Schlight
JP. Antibodies against Epstein-Barr nuclear antigen
(EBNA) in multiple sclerosis CSF, and two
pentapeptide sequence identities between EBNA and
myelin basic protein. Neurology. 1992;42(9):1798-
804.

46. Lomakin Y, Arapidi GP, Chernov A, Ziganshin
R, Tcyganov E, Lyadova I, et al. Exposure to the


https://rjms.iums.ac.ir/article-1-6051-fa.html

[ Downloaded from rjms.iums.ac.ir on 2026-06-26 ]

Epstein-Barr Viral Antigen Latent Membrane Protein
1 Induces Myelin-Reactive Antibodies In Vivo. Front
Immunol. 2017;8:777.

47. Aktura SD, Yilmaz V, Ozkan-Yasargun D,
Ulusoy C, Tuzun E, Turkoglu R. Peripheral blood
memory B cell frequency predicts conversion from
clinically isolated syndrome to multiple sclerosis.
Mult Scler Relat Disord. 2018;23:9-14.

48. Corcione A, Aloisi F, Serafini B, Capello E,
Mancardi GL, Pistoia V, et al. B-cell differentiation
in the CNS of patients with multiple sclerosis.
Autoimmun Rev. 2005;4(8):549-54.

49. Eggers EL, Michel BA, Wu H, Wang SZ,
Bevan CJ, Abounasr A, et al. Clonal relationships of
CSF B cells in treatment-naive multiple sclerosis
patients. JCI Insight. 2017;2(22).

50. Jelcic I, Al Nimer F, Wang J, Lentsch V, Planas
R, Jelcic 1, et al. Memory B Cells Activate Brain-
Homing, Autoreactive CD4(+) T Cells in Multiple
Sclerosis. Cell. 2018;175(1):85-100.e23.

51. Cepok S, Rosche B, Grummel V, Vogel F,
Zhou D, Sayn J, et al. Short-lived plasma blasts are
the main B cell effector subset during the course of
multiple sclerosis. Brain. 2005;128(Pt 7):1667-76.

52. Weber MS, Hemmer B, Cepok S. The role of
antibodies in multiple sclerosis. Biochim Biophys
Acta. 2011;1812(2):239-45.

53. Winges KM, Gilden DH, Bennett JL, Yu X,
Ritchie AM, Owens GP. Analysis of multiple
sclerosis cerebrospinal fluid reveals a continuum of
clonally related antibody-secreting cells that are
predominantly plasma blasts. J Neuroimmunol.
2007;192(1-2):226-34.

54. Neta R, Salvin SB. Specific suppression of
delayed hypersensitivity: the possible presence of a
suppressor B cell in the regulation of delayed
hypersensitivity. J Immunol. 1974;113(6):1716-25.

55. Peng B, Ming Y, Yang C. Regulatory B cells:
the cutting edge of immune tolerance in kidney
transplantation. Cell Death Dis. 2018;9(2):109.

56. Mizoguchi E, Mizoguchi A, Preffer FI, Bhan
AK. Regulatory role of mature B cells in a murine
model of inflammatory bowel disease. Int Immunol.
2000;12(5):597-605.

57. Yanaba K, Bouaziz JD, Haas KM, Poe JC,
Fujimoto M, Tedder TF. A regulatory B cell subset
with a unique CD1dhiCD5+ phenotype controls T
cell-dependent inflammatory responses. Immunity.
2008;28(5):639-50.

58. Bouaziz JD, Yanaba K, Tedder TF. Regulatory
B cells as inhibitors of immune responses and
inflammation. Immunol Rev. 2008;224:201-14.

59. Wolf SD, Dittel BN, Hardardottir F, Janeway
CA, Jr. Experimental autoimmune encephalomyelitis
induction in genetically B cell-deficient mice. J Exp
Med. 1996;184(6):2271-8.

60. Sokolov AV, Shmidt AA, Lomakin YA. B Cell
Regulation in Autoimmune Diseases. Acta Naturae.

VEov sl 5 P oyled (YA 6595 Gjlj._.,S.lf.lj.;,ngl:n]:’l.n

v

e 5 ag)ley (s

2018;10(3):11-22.

61. Claes N, Fraussen J, Stinissen P, Hupperts R,
Somers V. B Cells Are Multifunctional Players in
Multiple Sclerosis Pathogenesis: Insights from
Therapeutic  Interventions. Front  Immunol.
2015;6:642.

62. Mauri C, Menon M. Human regulatory B cells
in health and disease: therapeutic potential. J Clin
Invest. 2017;127(3):772-9.

63. Wu Q, Mills EA, Wang Q, Dowling CA, Fisher
C, Kirch B, et al. Siponimod enriches regulatory T
and B lymphocytes in secondary progressive multiple
sclerosis. JCI Insight. 2020;5(3).

64. Traub J, Hausser-Kinzel S, Weber MS.
Differential Effects of MS Therapeutics on B Cells-
Implications for Their Use and Failure in AQP4-
Positive NMOSD Patients. Int J Mol Sci.
2020;21(14).

65. Hyun JW, Kim Y, Kim G, Kim SH, Kim HJ.
Severe B cell-mediated disease activation despite two
cycles of alemtuzumab in a patient with multiple
sclerosis. Mult Scler. 2019;25(14):1942-5.

66. Kim Y, Kim G, Shin HJ, Hyun JW, Kim SH,
Lee E, et al. Restoration of regulatory B cell
deficiency following alemtuzumab therapy in patients
with relapsing multiple sclerosis. J
Neuroinflammation. 2018;15(1):300.

67. Grutzke B, Hucke S, Gross CC, Herold MV,
Posevitz-Fejfar A, Wildemann BT, et al. Fingolimod
treatment promotes regulatory phenotype and
function of B cells. Annals of clinical and
translational neurology. 2015;2(2):119-30.

68. Blumenfeld-Kan S, Staun-Ram E, Miller A.
Fingolimod reduces CXCR4-mediated B cell
migration and induces regulatory B cells-mediated
anti-inflammatory immune repertoire. Mult Scler
Relat Disord. 2019;34:29-37.

69. Baker D, Pryce G, Herrod SS, Schmierer K.
Potential mechanisms of action related to the efficacy
and safety of cladribine. Multiple sclerosis and
related disorders. 2019;30:176-86.

70. Xie Z, Chen J, Zheng C, Wu J, Cheng Y, Zhu S,
et al. 1,25-dihydroxyvitamin D3 -induced dendritic
cells suppress experimental autoimmune
encephalomyelitis by increasing proportions of the
regulatory lymphocytes and reducing T helper type 1
and type 17 cells. Immunology. 2017;152(3):414-24.

71. Kala M, Rhodes SN, Piao WH, Shi FD,
Campagnolo DI, Vollmer TL. B cells from glatiramer
acetate-treated  mice  suppress  experimental
autoimmune encephalomyelitis. Experimental
neurology. 2010;221(1):136-45.

72. Korniotis S, Gras C, Letscher H, Montandon R,
Megret J, Siegert S, et al. Treatment of ongoing
autoimmune encephalomyelitis with activated B-cell
progenitors maturing into regulatory B cells. Nat
Commun. 2016;7:12134.

73. Mauri C, Menon M. The expanding family of

http://rjms.iums.ac.ir



https://rjms.iums.ac.ir/article-1-6051-fa.html

[ Downloaded from rjms.iums.ac.ir on 2026-06-26 ]

reislSol Jele (s lowt 555 0 Wl i 5 (sodss B (slo oo

regulatory B cells. Int Immunol. 2015;27(10):479-86.

74. Evans JG, Chavez-Rueda KA, Eddaoudi A,
Meyer-Bahlburg A, Rawlings DJ, Ehrenstein MR, et
al. Novel suppressive function of transitional 2 B
cells in experimental arthritis. J Immunol.
2007;178(12):7868-78.

75. Carter NA, Vasconcellos R, Rosser EC, Tulone
C, Munoz-Suano A, Kamanaka M, et al. Mice
lacking endogenous IL-10-producing regulatory B
cells develop exacerbated disease and present with an
increased frequency of Th1/Th17 but a decrease in
regulatory T cells. J Immunol. 2011;186(10):5569-
79.

76. Mauri C, Blair PA. Regulatory B cells in
autoimmunity: developments and controversies. Nat
Rev Rheumatol. 2010;6(11):636-43.

77. Liu Z, Dang E, Li B, Qiao H, Jin L, Zhang J, et
al. Dysfunction of CDI19(+)CD24(hi)CD27(+) B
regulatory cells in patients with bullous pemphigoid.
Sci Rep. 2018;8(1):703.

78. Matsumoto M, Baba A, Yokota T, Nishikawa
H, Ohkawa Y, Kayama H, et al. Interleukin-10-
producing plasmablasts exert regulatory function in
autoimmune inflammation. Immunity.
2014;41(6):1040-51.

79. Shen P, Roch T, Lampropoulou V, O'Connor
RA, Stervbo U, Hilgenberg E, et al. IL-35-producing
B cells are critical regulators of immunity during
autoimmune and infectious diseases. Nature.
2014;507(7492):366-70.

80. Tedder TF. B10 cells: a functionally defined
regulatory B cell subset. J  Immunol.
2015;194(4):1395-401.

81. Matsushita T, Tedder TF. Identifying regulatory
B cells (B10 cells) that produce IL-10 in mice.
Methods Mol Biol. 2011;677:99-111.

82. Matsushita T, Horikawa M, Iwata Y, Tedder
TF. Regulatory B cells (B10 cells) and regulatory T
cells have independent roles in controlling
experimental autoimmune encephalomyelitis
initiation and late-phase immunopathogenesis. J
Immunol. 2010;185(4):2240-52.

83. Deng J, Galipeau J. Reprogramming of B cells
into regulatory cells with engineered fusokines. Infect
Disord Drug Targets. 2012;12(3):248-54.

84. Rafei M, Hsieh J, Zehntner S, Li M, Forner K,
Birman E, et al. A granulocyte-macrophage colony-
stimulating factor and interleukin-15 fusokine
induces a regulatory B cell population with immune
suppressive properties. Nat Med. 2009;15(9):1038-
45,

85. van Rensburg IC, Loxton AG. Killer (FASL
regulatory) B cells are present during latent TB and
are induced by BCG stimulation in participants with
and without latent tuberculosis. Tuberculosis (Edinb).
2018;108:114-7.

86. Ray A, Dittel BN. Mechanisms of Regulatory B
cell Function in Autoimmune and Inflammatory

q¢

http://rjms.iums.ac.ir

Diseases beyond IL-10. J Clin Med. 2017;6(1).

87. Khoder A, Sarvaria A, Alsuliman A, Chew C,
Sekine T, Cooper N, et al. Regulatory B cells are
enriched within the IgM memory and transitional
subsets in healthy donors but are deficient in chronic
GVHD. Blood. 2014;124(13):2034-45.

88. Yang M, Rui K, Wang S, Lu L. Regulatory B
cells in autoimmune diseases. Cell Mol Immunol.
2013;10(2):122-32.

89.  Wortel CM, Heidt S. Regulatory B cells:
Phenotype, function and role in transplantation.
Transpl Immunol. 2017;41:1-9.

Vel eled YA oy 5jly ipSiisjs pglealan


https://rjms.iums.ac.ir/article-1-6051-fa.html
http://www.tcpdf.org

