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Progress of signaling pathways abnormal in multiple sclerosis

ZHENG Na ', WANG Qi', YIN Lin-lin?
(1. Xuan-Wu Hospital of Capital Medical University, Beijing Geriatrics Medical Research Center, Beijing 100053, China;
2. Institute of Clinical Pharmacology, Guangzhou University of Chinese Medicine, Guangzhou 510405, China)

[ Abstract] The pathogenesis of multiple sclerosis ( MS) involves alterations to multiple pathways and processes,
which represent a significant challenge for developing more-effective therapies. In MS, abnormalities have been identified in
several cytokine-signaling pathways, as well as those of other immune receptors. Among the downstream molecules
implicated are Jak/Stat, NF-kb, ERK1/2, p38 or Jun/Fos, current MS drugs target some of these pathways. This article
will with the aid of the latest research results of systems biology approaches that study pathway dysregulation in the process
of MS development, targeting these relevant MS-signaling pathways, offers the opportunity to accelerate the development of
novel individual or combination therapies for the future of new drug research.

[ Key words)

Multiple sclerosis ; Signaling pathways ; Drug research and development

Z R AEM AL AE (multiple sclerosis, MS) f& LA H
FX 22 250 ( central nervous system, CNS) %4EPE
R 2O B 1Y A B e M . BT MS
(8 A AL o AN B A, A SOREE B R e A= 2 O vk
X m RAT BB (85 IR 255 AT AR )
AR, ST AR AT DA 515 5 38 3 19 £ FE 5T MS

(8 2 ML A2 4 1 G 20 140 A5, DA R 3T 00
PZHRIIAIR T i FFA B T RERT 7k

1 MSHESESERNRE

1.1 JAK/STAT E5£ESEBERES MS
Janus BB/ 15 S5 % S 5 % F 05 F (JAK/

[BEETIHE] HEHAR =AW H (81341088;81273817) ; AL Bt A AHE B 2 114 (Z12111000250000)
[1EE R 1989 — ), & WA WFFE 7 1] . TR TT PR RGP . E-mail ; 371747985@ qgq. com,
[BIREE ] T HEIR (1977 - ), Lo, BIWFSE 5L WF9E 07 1) TP 8 RAE 1Y Fh 25 T TR . E-mail: yinll913@ 126. com,,



78 i He R AR AR

2015 4F7 HE525 85 7 Chin J Comp Med, July 2015, Vol. 25. No. 7

STAT) J&t— 2% Fh 22 % 40 it X 1 Fn A e PR 7 3 ] A 2
MG, iz S S A s ol JH T R g
PR S A R S 0 I R R T R
MEAH G2 {R JAK F1 STAT 415, £4C LN JAK
FE ML 5 A JAKL  JAK2 | JAK3 | TYK2, H 1 JAKI |
JAK2 I TYK2 J 7 ZAE1E T4 Fh 4 i A ZH 21 JAK3
WAL T HBEFIR L R g h ) STAT K Y
800 NEFEIR , HIXT /3T 89 ~97kDa, STAT Z i h
STATI, STAT2, STAT3, STAT4, STATSA, STAT5B,
and STAT6 3t 7 MMM, JAK/STAT {5 514 &
T PR ORI B, AN T IAME S 1 A
i, AR s AR K PR TS 0 RS L A2 A 4
A R U5 B8 5 R R A I T Y JAKs B AR
A AR JAKs AH EBE R AL T 8% 0 , B S JAKSs
BERR AL Z A L AR R o, (52 AR = 55 STATs 4
AR, STATs ik SH2 4540 506 STAT A3 5
ZARG AW R IR AL RE 52 07 55, EET JAKs 2
UL STATs Fffff STATs ) —> 2 FE 0 Z R BE R 1k, A\
TG STATs, 1% 165 (9 STATs 552K 85 B —
RRFAT A%, S50 1) DNA B Bl & PR s 3L A
Mo A RS STAT FEA% P 1% 22 R i 18 1l 14 4 FH
AL, 2 R TR AR R ) R ks
MUt JAK/STAT {55 38 B bR 1 76 4% Fl 48 g 15 30 v
I B AR I A1, 38 5 TUFR SS9 9% 1) & 9 HIL il
X,

CLUFSE JAK/STAT 15 5% S i 55 5 MS 11
KR IBFIAED FE MS 552k [ B et
& E 4 (experimental autoimmune encephalomyelitis
EAE) KB & B 59 ey 06 1) 30 1 ik 4 2 JAKY
STAT {5557 30 [ OC B A (1 Wl 1 A S 2 189 5 0 o)
JAK/STAT {55 5t 25 R TL BB 8 AR S 5 3 1
KRR W RR R R X R S B4 T R )
AEREATA —EMCE EA™ T WL, il JAK/STAT
15515 Sl % 10 58 15 Ak X MS 36T 43 A 5%,
JAK/STAT A Ml MS 1857 B—ANEre 55
1.2 NF-xB ES&SERBRRES MS

NF-kB J2& NF-kB/Rel & [ Z %W 601 2 —, BT
ERE 5 Ff NF-kB/Rel £ H , f135 p50 (NF-kB1) |
p52 (NF-kB2) .RelA (p65) .RelB F c-Rel, & —1>
NF-kB/Rel # KGN B N il &4 —BLh Y
300 > & R 4 B9 Rel A JE X ( Rel
homologydomain, RHD) , H: i &H B Mg 5 F
51 " BALIX I DNA 454 X R IkB 45407 0, Hop
p65 Fl pSO 20 B AR E S WtEtede )z,
LA T B 2SI NF-kB LAAETG AR S AETE T 40

Jif 5, L 5 LAJCTEYE R p65/pS0 /NF-kB 1]
F a(inhibitor of NF-kB-a, IkB-a) =& E & WE
KAEETFAE T, = RIKE YT D 2 FiH R
PG, LRG0 I B 4 40 Y R 6 (interleukin6,
IL-6) F1 IL-17 , i IR H T « ( tumor necrosis
factor-a, TNF-a ). 40 W W 7 K g £ B
(lipopolysaccharide ,LPS) |2 1 ¥ i C I3 ALK R
(X 2k AR R ALST 259 7)) 46, NF-xB Z
AV IKKo A1 IKKB 98775, IKKB FF il 2 R
IxB MBI AL 72 F Ak, I i 268 B4 R A,
TS NF-kB 751k .

B LR NF-kB A5 7 IL-17 9875 T ir4fefs
SR, 10 NF-xB {5 538 B (15 1L-17
V53 1Y AR A M B -1 (MIP-1 o) 3R3A B 3 B
fi6, 1M MIP-1a 25 T 435 MS 7E N B9 2 Floie B i
i, BN, 78 EAE SC50sh 0 DRIGAAR o B2 0 1 o 4
MG IF AR MIP-1o 235 W2 HG 0, 1IL-17 A] 35
EIE IR AN T MIP-1a B R 1K ; [A]E, NF-B 55
B S TS AL AT S 3R MIP-10c 2235 14 38 B 14 i, 41
il NF-xB {5 5 18 % 0] BRI MIP-1oc 19 32 25 DI X
MSEIEIFE Y, IR, NF-kB {5 5 £ 5 & IR
RS —A~ MS EEIR TR,

1.3 ERK ES&SHEKREES MS

4 M Hh 15 5 7 3% B ( extracellular signal-
regulated kinase , ERK) J& 745 22 43 24 J 1% 16 &5 1 I il
( mitogen-activated protein kinases, MAPKs) % ji% it —
AHE G, ERKL A1 ERK2 2o il i 4 0 35 i
BRI o R 0N 44 x 10° 1 42 x 10°, ERK
I R 3 R DO SR ZH A, B 22 B4R Ak
)28 TRV ( MAPKKK) | 22 24500 Ak 1 2R
P38 9 B ( MAPKK ) 120 i A0 15 5 8 59 384 il
(ERK) "' ERK (5 % J8 T I 2 R 26 1 IR, It
PR W R AL UG A B A A/ AT R (5 5
M5 S ERK {5 5 1% 530 1% 52 22 F PR 22 000 380
BOE , Hob Ras-Raf-MEK-ERK 2 30% ERK 38 #% 1
FERE, ERK {5 53 I 76 AR K R4 s 3 22 il
SEARR BT R ) AR K S SR G A R O
ik G2 R TR , B T B B PR 51538 45 Ras T,
Ras-GTP H 1% 5 Raf #H45 6, U ML — 1> 8 1Y) FEE
SELERE . ALY Raf 31 B IR AL AR 43 24 JEU 380G 1) 2
FI I Y S ( MEK) 005 38 b 9 22 5 R 5% 3k
MEK PR 70 24 S0 19 85 1 e ( ERK) 300, iF
TR IR AL 1/F 22 5 it 5 0 AR % A IS4 . ERK L
AWML DIEE, 5 g 3 5E | 1k iE
B R7E T SRR SEEYIAEY  fE ET



P LA B A 2 2015 4R 7 A 25 5 7 1 Chin J Comp Med, July 2015, Vol. 25. No. 7 79

R, MAPKs 356 P 34 i, I 98 1 98 A 4R kG,
I, MAPKs A e 5 ST R IG Iy b 2z —1"
ERK {55538 B 50 Be 65 Ik 2 EAE A7 3 4 52
KA R AT A DI BE B A%, 0 BTl LR
HITTHES ERK #4615 2 A R =2 6] Th17 F1 Thi
LA RE R A A 5 il ERK 5554 538 %
ek BE AR R T MS BARYT .
1.4 p38MAPK ES5&E@EERES MS

p38 S 360 /™ E LR 4 I 24 A i A X 40 T I
38 x 10° MESE5 A8, 5 INK [AlJ@ SAPK, J&
22 24 I 05 A6 25 11 B8 ( mitogen-activated protein
kinases, MAPK) K& A Z —, [FII, p38MAPK &
MAPK ZZJ5 g E 224 BT 41, 312 5 20 5
P 5 Z M A M . p38MAPK &K Ji% AL 4
p38a . p38B . p38y. p38d 4 Ff S K W & Han
SFINIHRE R, p38B . p38y M p38S FEAK I — %
5Ky B 5 p38a 43l B 73% (63% Fl 62% 1T 5
R M, p38 AN [A] 3 7Y 1) 43 A B A 1 215 5 1
p38a TE I AMAE I AL /NG B DR S G A rh
Iz 363k HoK 80 p38 B =5 B O IE A A ik 41 41
MR R s p38y EEAE BN R ik ; p38d F
FENT B M %) 2 B A0 R RN S AL DR B b R RN AR
ik, p38MAPK 15 51 [ 5 HAth MAPK i %
—FF, HR AR SE ) = SRR G B N MAPK 334 il
( MAPKKK )-MAPK % @ ( MAPKK )-MAPK,
p38MAPK {555 4% S al 42 7R 2 41 it PN 1 1R 1k % 16
= i a4 3. MEKKs/TAK-MKK6/MKK3-
p38MAPK , Hir p38 3 i Y S il A7 MAPK I il
'] MKK3 \MKK4 MKK6 LA} MAPK 34§25 TAK |
ASK MLK % H:rh MKK3 5 MKK6 J& 722kl p38
Ui, A AT] R L R L R L 2 R T
FRHRFE I 1% p38, MKK3 H i 1% p38a Fl p38B, Ifi
MKK6 M REMS 55 Z1 306 T A p38MAPK A&, ff25
NS , p38 ML A A A | G 2 Fh AR 1 i
i RN 53 DR, 7E 90 SN | 40 1L 534 | 44t e ) 1
YA JR TR R R A T TR R R A R A A
B4, 246 G i (COX) -2, i B — S AL A &
(iNOS) I/ % 10 (1L-10) 55 R 4 A 5 1) 7= A #BAK
T p38 f5S-HEEJE ST, p38 MAPK A9 i1 br Bk
12 kB B AR I 77 A TNF-o IL-1 14 IL-6 IL-8 |
IL-12 R PER F A5, 6 0] B 35 A2 340 R K7 10-10
fr=AE , TL-10 76 MS ol B Z AR, A SCk
MS FEE AN M B 415 T B 1L-1051L-10 7£
YL T XF EAE AT S SR A — I AE
™, p38MAPK {551 34 I AEAE 15 S 1L-10 Y

FEA S N MS Fr SR i A REH
1.5 Jun/Fos ESESERRES MS

Jun FGEALSE c-Jun JunB 1 JunD, Jun %%
BT B BE R 25 R AR AL, FR R AR — A A B (H R
UIRBAAAE 25 5%, c-Jun fR2 0 40 M 3G 58, 5 3005 1Y ras
FE DR — B2 AT LA 240 B Ak, T JunD 952 238 0] LAY
AN K 5T ras SE AL LVE T . Fos
P A 200 B D s i R e 0] A 7 ) PR 98 4 L v
KIH AR R, Kk ZEH R — R
T SR 7 20 B 0 R e A T T R AR T AR
Fos K JGAFE c-Fos . FosB fra-1 fra-2, c-Fos S Ath
Fos G H 5 Jun RGN c-Jun 5598 WL 5
TR AR DL AP-1 (B R FEE R Hor e-Fos Al
c-Jun R IE — RIK AR E, AP-1 FAY Jun K
TR R T R SR A AT 5 Fos S0 A% 51 53 R 2R
45T Fos ZE M HES Jun & ik A IE W7 IR
TRIEM AP-1 B, WU EE (AP-1) 25 T
A RAE A PR T AR A DA 2
S BRAE PSR . R, Fos 25 185 M4t i B4 5 40
fb FiEAL 5% REZE A L, 7 MS 59 R B
Fos #EH 1) RNA E3GK T Pif%, $&7R Fos & H 7
MS 9 Pl g & 5 Ak Y

2 FESESEBRSTEIERD S @

AN 22 2515 5 1 3 I 18] A7 B Py 52 S
SR R — SR Bl R i 2 5 24 E 54 20l
FEAGIR R, NI, 51 S5 g% 04 20 A P AT
SR FORPR AR, G, A — 40 P A5 1R 5 o i
(] Fé) R 2 A2 2% ), (SOAR 4 BT 552 Bk £ 60 AR X
FE 5 AR TE 2 S8 JZ 11 18] 9 RN AN fif e £ g 5 S 4
TR SN 5 K, H T MS F2 e By A b i oy 52 %
PIPIN L ZY S B R GE, RO RE 22 G0 AP A M 22
GE, R T B MS BClE AR IR 28 00, R 2
REfR B SE . il UL, S0 B A 2 LA it
— AT RIS B HUAMAE BY | BELAS 1 X8 915 5
B AT

3 ZACHESERNTAME

S ITARRBH R o MS R4 fE TR
A OCEE , (2 MS 250 & AT5 AL B AR . 58 HL
, BRI T A A B ] 5 A0 3 > R e
A TR AT A5 2 ffp Bk, B 25 00F A2 32 22 4 T LA
TIUAT5 R BT B R E B A
AR IO 5 AN S B P R DR 5% 0 o 5 0 B
TRIT Y SN 5 5 A 37 5 ¥ o R RIS AU Y B 4%



80 i He R AR AR

2015 4F7 HE525 85 7 Chin J Comp Med, July 2015, Vol. 25. No. 7

M, A HH R M4

BEAN, 22 7 24 Wy p 98] 3Bk 5 1o T LA [R] s 3 1 22
A5 15 Tl IR e — DA AR YT R, A RAE
FHATLAN fr) 258y I [ 20000 m] 4 v T 8k | 4 Pk F i 32
Mo PR AR MR 2R 24 25 Kt mlod i 3 ST Y
BRI 2 AT ORI R0, o B, e Y
WIBIE A R0 B8 5 — A~ S Rt e 0 3% 25 iR 7
RORIFE o A= 38 o A 25 ) 2 1 190 295 m] LA fikE AL
i 2] W7 R T E AL LA 25 ) W 25 T Y
2 W AE T T

4 FHitE5REZ

2 RNEREARAE B A HLR o0 S 2%, 5 e 2 2
R 1 I BB A A SN AN |, Hoak S8R
FIEE P B 5 ] AR5 o F) A2 R AN BT 22 1, AN [R] 7 9%
Xtk S DR A1 A AR 52 0 A AN [ A b 22 BE i
ANFEBRL, RV FRE T 5 R,
SR 2 DI S5 07 5 DR 2 0 ) 9 47 25 0K A PR %
AITIRE . DRI, B — At 25 07 2 PR 24 5 1) B O 38
A 57 S (LT A AU S5 07 5 [N SR AR AE 40 € 11
A HR ] BE S W] S R T I A B R R G K
FEITIRE, X LE R A REA B TR A B R
JOE AR T FI0N  [RL R, A R AT AT B — X
B L R 2590 0 2, AR 2RAT I (436 97 SR RE
L) 22 A P RSP AT O 5 TR R 458 2 1) 114 A ) 3k
fE, LR OLA Al REAE , — S8R T i A
RGO E RO L, BT R Tz
TN 2 Wy B A A A B S R A 45 5 3 B 4 BF Y
it — BRI B R R A S B TR
FEVFRN AT LA DA A8 i3 ) 35 IX) 2 19 o A 240 22 1]
MR AR, REAEY A6 B BRI SR 4
RAE 2B, 4555 MS KA R A KR T 1%
S MR MS A R ZR G B AR T AT
S B MS AR AL, B MS 3657 (1907 1 Al
EP ALY/ iR

SE 0k

[1] Smimova OV, Ostroukhova TY, Bogorad RL. JAK-STAT
pathway in carcinogenesis; is it relevant to cholangiocarcinoma
progression? [J]. World J Gastroenterol, 2007, 13 (48) .6478
—-6491.

Kisseleva T, Bhattacharya S, Braunstein J, Schindler CW.
Signaling through the JAK/STAT pathway, recent advances and
future challenges[ J]. Gene,2002,285 (1 -2):1 - 24.
Benveniste EN, Liu Y, McFarland BC, et al. Involvement of the

janus Kinase/signal transducer and activator of transcription

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

signaling pathway in multiple sclerosis and the animal model of
experimental autoimmune encephalomyelitis [ J ]. Interferon
Cytokine Res, 2014, 34(8) . 57 7 —588.

Yin L, Chen Y, Qu Z, et al. Involvement of JAK/STAT
signaling in the effect of cornel iridoid glycoside on experimental
autoimmune encephalomyelitis amelioration in rats [ J ].
Neuroimm- unol ,2014,274(1 -2) ;28 - 37.

Liu Y, Holdbrooks AT, De Sarno P, et al. Therapeutic efficacy
of suppressing the Jak/STAT pathway in multiple models of

experimental autoimmune encephalomyelitis [ J J. Immunol,

2014, 192(1) :59 -72.
Lawrence T. The nuclear factor NF — kB pathway in inflammation
[J]. Cold Spring Harb Perspect Biol,2009 ,1(6) :1 -10.
Yi H, Bai Y, Zhu X, et al. IL - 17A induces MIP - la
expression in primary astrocytes via Src/MAPK/PI3K/NF-kB
pathways: implications  for  multiple sclerosis [ J ].
Neuroimmunol , 2014, 274 (1 -2) .28 —-37.
Yoav D. Shaul, Rony Seger. The MEK/ERK cascade: From
signaling specificity to diverse functions [ J ]. Biochimica
Biophysica Acta , 2007,1773 (8) 1213 - 1226.
Bonvin C, Guillon A, van Bemmelen MX, et al. Role of the
amino-terminal domains of MEKKSs in the activation of NF kappa
B and MAPK pathways and in the regulation of cell proliferation
and apoptosis[ J]. Cell Signal ,2002,14(2) :123 - 131.
WA, ERK1/2 BFoTHE I ML S M I BURAHSCE D],
A 2011 ,22:121 - 124.
Kaminska B. MAPK signalling pathways as molecular targets for
anti-inflammatory therapy —from molecular mechanisms to
therapeuticbenefits[ J]. Biochim Biophys Acta, 2005,1754 (1
-2):253 -262.
Brereton CF, Sutton CE, Lalor SJ, et al. Inhibition of ERK
MAPK suppresses IL — 23 — and IL - 1 — driven IL - 17
production and attenuates autoimmune disease [ J]. Immunol,
2009,183(3) . 1715 - 1723.
SRATEE , RSB, BN, p38 MAPK 15 5 4% 53 5 S HAm il
FUBBTFTBUR[T]. ZeHR25,2010,14(5) :596 - 598.
Ireland SJ, Monson NL, Davis LS. Seeking balance: Potentiation
and inhibition of multiple sclerosis autoimmune responses by IL —
6 and IL —10[J]. Cytokine,2015,73(2) : 236 —244.
Rajgopal A, Rebhun JF, Burns CR , et al. Immunomodulatory
Effects of Lippia sidoides Extract: Induction of IL — 10 Through
c¢AMP and p38 MAPK-Dependent Mechanisms[ J]. Med Food,
2015, 18(3) :370 -377.
Malnou CE, Brockly F, Favard C, et al Heterodimerization with
different Jun proteins controls c-Fos intranuclear dynamics and
distribution[ J]. Biol Chem. 2010,285(9) :6552 - 6562.
Liu M, Hou X, Zhang P , et al. Microarray gene expression
profiling analysis combined with bioinformatics in multiple
sclerosis[ J]. Mol Biol Rep, 2013 ,40(5): 3731 —3737.
Kholodenko B, Yaffe MB, Kolch W. Computational approaches
for analyzing information flow in biological networks [ J]. Sci
Signal ,2012,5(220) ;1 - 14.

(1&E B #1)2015-06-25





