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Progress in the study of multiple sclerosis and potential therapeutic targets
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[ Abstract]Multiple sclerosis is an autoimmune disease of the central nervous system,which is prone to develop in young and middle—
aged patients. The disease can lead to a variety of dysfunctions,such as problems with cognition, movement, sensation, and language.

It is of great significance to explore the pathogenesis of multiple sclerosis and identify effective drug targets. By analyzing and summa-

rizing recent advances in the study of multiple sclerosis at home and abroad,the purpose of this paper is to provide a reference for

further elucidating the pathogenesis and potential therapeutic targets of this disease.

[Key words ]Jmultiple sclerosis;innate immunity ; pathogenesis ; potential target

gﬁ‘@ﬁﬁﬂﬁ(multiple sclerosis, MS) & AX 125 22 58 (cen—
tral nervous system, CNS) [¥ 12 14 5 i 1 JI8 B 5 1R A7 PR 505
R R B ERE LA S a8 Oy e B A 45
i PRAE R BAFAEAR He 5 728 | 2 4k O M i 2 405 /5 57 i 4
BRI “RBERM SN . MS B AU
R, BRSO A TERURR 28 IR /N IRFIAE BE A, XS
FHIELR IS R e S 2 S0 i F1 iR . S8 A B i
PG HE A (experimental autoimmune encephalomyelitis, EAE)
AL MS BRI —FhSh P . 5 MS AL EAE &
T 1L % 57 % (blood —brain barrier, BBB) A4 i YR 5 2 48 4 411 i
B 28 R G RIS NR 120 58 5 o 40 M AL
MS BT IR R I& 2 7 WY, H AR L AN A SCER

YEE N 4B 4% B R, Email ; 1358295493@qq.com,
R Ir @) R R A R 67
BEEE: % &, Email;mq301@sina.cn,
EEWHE:BRAAMAFALFTYAB (%5 .81460188),
155 H AR : http://kns.cnki.net/kems/detail/50.1046.R.20180615.1111.012.html
(2018-06-15)

IIMTILAFER MS BRI HIL S EIG S AT T R

1 MSHIDEREFIE

ARG RF AL, MS 53 4 250 DR L G 1
MS(relapsing remitting MS, RRMS) , L, DL ek B g
fiE SR IETR A s TR E . QIR & ilF 7 MS(primary pro—
gressive MS, PPMS) , 10%~15%¥#) MS & A1 F 4 PPMS,
HIGIREA e 2 A W B2 s SR AT, D4k
Iz iR MS(secondary progressive MS,SPMS), RILUHER
RBrB LR ANRETE G T BT R0 5 BEUAE |, B 14
AR, @UERA AR MS(progressive relapsing MS,PRMS) ,
MS /0 DAY SR B U 2 5 GRS HEA T,
FerhA DB SR it R,

MS — B AEAE 20~40 2 AR A, JLEE MS B9 KA R
BART A AL MS ARER 2%~5%, {H MS LA TS
B AZE, HEARE RN LR, JUR MS B A mbLE R 2%
H TR UESE 2, T2 AT R SR8 2R 585 BRI 2 IRl A AH



BERERKZFIR 2020 £5 4555 1 85 ( Journal of Chongging Medical University 2020.Vol.45 No.1 )

HAEHKZESEAY (4 Epstein—Barr 52284 W) | I H R
G3 W T ARG Bl (A NS VA b s I8 2R 3R D Bk
Z)8, LT MS MIGIKFIMEFPZHE 12 5 D 10 L —ek
R A ST AN 2 D) REBIAR , ARG RIRST 25 A5 AE , S5 UL i)
JE SR S aBRAE BREE | LA R/ IMIRZE B, SR, X TFARRS
BINGY LB U, 3R R BHGE 2 2 kM0 B A %
AT REAS ) 5 AR M i 4 28 X A3 Pk

HATIAK, 5 MS & 93 119 5 58 PR 22 J2 i i 5 e 1 58] 7
AL EEE T DM IR, AT CNS FEXea s, 53
FZ TS ZARE, | X BBB A 2 AN UIAH SRy 52
AR A - COMi 20 ZURI I A8 22 1) () 10 5 AN F ik 45 PA b 4 1
fibi & % 5% B (blood cerebrospinal fluid barrier, BCFB) % i JI5
PR I B 27, BBB il BCFB AR E 2K RS 4% | 78
CNS FMRYEIA Z [0 E 22 R At e, K 2804k 5 CNS
A 2 R B A S A XA 2R 4% RGeS il 1E
MS H B AR RS S SUNLEh B AN AR TR A ik

BN E I EREE A claudin=5 occludin FIZO-1 512 540

JH IV 2457 T HT 43 A, AT SR BBB 1 BCFB®, BBB 75 %
FTE AR AR K A 5 N B2 S SR e R A 22 R PR AR AL
LR ) 0 B A S G TV MRT 658 % B, BBB
BT IR B AH 28 R 56400 MS MRifEZ —P, 5T EAE
BRI AITSE 7R , BBB WU TE e A B i 0 T 1 mi kMg 28
ZR RN

WEAE B A0 RN IO A IS A, 75 S 2 AR
YA T, 40 S OB RSN R S 0 1 R — 4 Ak A B R
POt T MS KB SeRE T TR HAMS 4
PTG LA A SR AN AR (PR R ANA ) . W2 RAN AT RS
ZEA IR BBB 5 S0 12 T e 434k Thl F1 Th17 #k
ELANAR . Th 206 FIHE 5 5 58 20 A ( 322 2 10 45 TR 161 1 2
L) A EAE IS | A 20 R | £ PR R v i 4 e A
FERERL ., ANAR R 75 5 P AN A R R 43 R 9 A 5 1Y) 3%
ik, AT BBB 2544 & AL 048 | i AN A ARG 58 5
P UEAE K AR AE B2 R, Th17 bk ELAT AR EE oAb T 94k B 41 250355
BBB 8871 H 3%, CD4* T ANIEEA#F Th17 40K 7419 1L-17 B
fi5 i BBB A5, (R BE 2 (W A e 4R A . — FLiX
BB RE AN AT £ T CNS S5 A, Th17 AL RENS M i S5 4E £
TE 4% 08 v AR AT LR S A% AT AR CNS 5 | Jz 25E DT 3
F CNS Fifii,

2 RRBEEBATE MS

TEUHERT AR A0 AUR ST A A s e ad R b 4R AT
FRAIES Y, TR RGN AE AN MR A A A
AP T~ LASH SRS T AN/ an i, EAE R Amf mT LIt
BEpRAR US4 T 40, IR BBB LASLVHEALRY T 41
BRI, Bl ST, 25l 5 % /3 40 1k 240

JHL RS GEARZNME | BAZ 2R 355 1 Py /N S T 240 L A0 22 T i 4
JRLAR SR 1 S SOMEA FT LA B MSI, 46 1 iy 6 32 AR /I
5T 200 A R 200 e 7 A SR N AR A5 A5 AN o
TRIIRERERY . BEA B IR AR KRB i HEJ | S A
HE— 2RI, A0 45 /0N S5 240 JES A RS | R AT 1 2Ok A 4
(RS
2.1 EvEZafe

TRWEANAE , 4N B WA, 3 25 ST REREAR A A0 T R .
AL, ELVE A BRI B AT DA A T 2H SUE A RS T2, 78
X ad R, A B T A AL PR 2 (oligodendrocyte precur—
sor cells, OPCs) il 1 7324 75 F1 0k 520 5 it o M B f i
XA, B AN MIEE CNS Jf-38 iR o i g IR SE R
(tumor necrosis factor, TNF) iS5 EAE!S
22 ARFHmie

9K A5 401 (natural killer cell, NK) 28 5 42 41 g
PSR LA R4, 72 MS P NK 4HAESe RO b R e 2
YER . EATRT LAZR AL 5 At bk U 240 B AN [) slgAR AL i 2R 2
— ELRI , T LAGE 370 e 2 1855 A PR 1 Ak A R 7
W RPERIRAE SN, IF AR SEHBLRML i — B9 U]  NK 40
MIAE CNS HS I 5 0 2 8020 i b R R AR & &, 3= W
NK I MS & CNS AT fE ], e I BER PR
VEFHIZ AT, H IR AN I AFE T2 EAE i i A58
TR, AW, 76 NK 405208 1 sh ) b A I
ZHMIFR I (CNS SEAEFHBEERT A0 ik Lo 25 RSB NK 21
TP HE S5 h R AR AP BLIA AR
2.3 Toll # &4k

Toll ¥E3Z A (Toll like receptorS,TLR)%f?ﬁﬁﬁE%%*
T T, SR A B AR AR 2B A T s
FK., TLR 3225 ad de MR S5 5C 705 O PR ST 454
X S AR SHEATT SRR OO A G e 2K, Dl o B
53 20 0 A T Y AR o SO I R AE R TS TLB
VR LS 2B S5 A , DT AT 38 07 P B A R 520, (HdL A AT ST
W], TLR2 R BEAEE Th2 40 ST, LA K w2 Ak HOfios 5 7
MS R AE PRI EAE IR, A, 2 AR Hefe 6 1) 6 55
TLR bR EZANE BN, 56 25 don] DL A B w2
 TLR4 751 S N, IR - AR T 2 BT RAE T 31
A 2 2E O TLR 79 6008 55 S B0 2 A0 R 7 7= 2R sl D
XA REXE FA R ER

3 MS HIEfr PR FNBTE IR T R I

3.1 MS #9357 Ik

MS FCIERIA AL, B T 09TR YT 7k JUR S M e RO
HEGEPEIF IR, PR RSN T I e U 1 VR 2 B T Yk
W) EZAE PR, e 2 JU AR a) B AR 22 b 2 fo e 25
YRR C 2 Ll s e TR R B, % 1 3
28 1 JURE FITIRYT MS (254,



BERERKZEFIR 2020 £5 45 55 1 81 ( Journal of Chongqing Medical University 2020.Vol.45 No.1 )

®1 MSHIRTEY

b ) R

T I bt L
kBB

T R 20004F 1l S FDA - Aozl 7]

BERRME I T 20044F i 61 FDA  fRilEht R A 17 Ak

ABMBEREAST  20044F Bli 2R FDA  REIRARAE S
S At 20104F Bl 3¢ FDA - S
AL IR 20124F T 25 FDA  Seie il il
P B p I A TIT 44 Ga P PH AT

IR BRGNS R R R R R AN
Jte , PR A2 e -G g MIS A5 e I 19357 o B MS
FAEPGIAR—AEEZ T RARFEREIR™, KAT R —Fh
RN 258 , C LR TR Pt i =2 R MgE Tk MS,
5. BBB £ i 5338 i el 2 58 A PR 5 (2 TNF—-) Y
GIUWRIEBRBTR TN, WA L-TN R LR L-A &
PR L— i 2 PR A S 2R U WA 138 R T LAy 1k i A ik
P (myelin basic protein, MBP)Ji)Ji 5 T HH LB
A 11 2 (major histocompatibility complex, MHC 11 ) [ 41 H.
YRR, IF ELAT LI TIPN—y 7 4E XA fRAF BBB (58 B A
IIREME B R TARKROVE IR, e Sr gl e — A FLIE R A
T AR R) , AT LD/ DNA 5 R, 376 T 40 A0 B 40 5
Fr A AR D 7 00 20 M ) 286 B O3 1 B 7 A R R T
SR -ZRAH T MS [ " 225y, A5 MS IR TA MR Ui
B R I IR 1) o, O L E 28 107 3 S Al 22 Tk fe T L
SRBBB, P A il 4 22 e ) 7 2 T 2 ik MIS LAY T AE BT
B BRI, B B D) 0 25 9 T LA D o 28 e B O sl A2 kLA
5, MS HIR YT A AT St 52 5 T AMIRTT |
TEGTT \BBB DRI U5 252,

32 #fEiei R

32.1 RNA & 1 Zilkha—Falb FP9F5T & BT H RNA
R4 1(polymerase 1,POLI) &4 ] LIA R EE MS HIFRAE
PRI A T S PR /D R B AR £ 11 (myelin oligoden—
drocyte glycoprotein, MOG35-55) i (1)ibk 2 4L i Ek POLI
AHIC) RNA B4 T #%56FF 3(RNA polymerase [ transcrip—
tion factor 3, RRN3) , & A &R IN — fR H KT Z 45 8 H
(leucine —rich pentatricopeptide repeat motif —containing pro—
tein, LRPPRC ) Fil RNA 4 [ Z ik D(RNA polymerase [

polypeptide D,POLRID) %R, I 074 Hoi@ i 4k sh % 8 15 =
EAE BYREFORAME] POLL i4%  BF5E A B, POLT FEPIDCER, A
WK T CD4 IL-17+ Ik EL AR R L i), [ id % BRPOLI
JENTUBR MOG35-55 51 & (93 UL A0 () i sh e s am il 1
/NELY EAE R, AAER A AR A EAE WPARFEAIS. AT A9 BF
FEHIRSCRF POLY #e g A i) BB ) /R ] EAE JAE
FRSREME , NI R MS YR YT SRS 1 %

322 HFERE RS —FIIR O BT R, 2515
TP A B AR A4 AN RS i Kt A AR F R
FESFP, M T HAE A0S R SEAE T i 2 RERT, 7 MS

i S ER AT BEXT IR T T 40 AR 2% R [0 4H L 1% fh ke 5 AH 1)
FIFER . BRI, BIA ST E s AR & 4 UL
RNZE PSS B I RIR CBEIT 2B, 7T LA 22/ EAERL,
RX-111 ZbBER B EAE A8 JfAE MG B NS /INVr T8
F 5 R A5G BRI, BT E T AR U S R B R
HIZE G 15 EAE K BRABER AN SRR EE . sk, A6 )
Bl T AT 250 2R 72 MS JR B 4120 B/ R FLU AN
TR, 326 DI AT LA BN E S AN A SEE |, SR
i, WA R R QB R EA B FINE EAE A8k R,
JIT LA T 2 i 00 ) 7002 5 A 20k EAE 51 MS {545 Ff
MEL
323 HRETRH A3 HLFRAT A3(anemoside A3,AA3)
TP AR =, T A 2EE UE I e AE A 2 AR
SR T HAT — 2 A7 A0 Ip SEPIFSE 6 AA3 HATHL
JEWEHE AT LI 4R Th 1 Th17 B2, I MOG35-55 F-i
WG , 28 AA3 bR EAE /NS EAE XFRRZ/ NG LG, i
H B IR A R AY TFN—y 1 IL-17 WA /b, it
A ,MOG35-55 FE-H380)5 Il AA3 4bH%E S EAE /N, TL-4
Mg h ek, FEU7E MOG ME T 40P BT AA3
25 2l)5 , N Th 5675k Th2 Bi%& ., Th1/Th2 4R R TR P 7e
EAE 1 MS 1) &AL e Ve, BRSP4 Th1/Th2 2
Vi) ) 2 R 06 Bl s EL A R RS ), AT B 45 SR SR R
Th1/Th2 *F#i%5 T EAE BRI R EERY, JF B AA3 75 EAE/D
BLAP B03A 7 S0 T LA S Thi1/Th2 P47 15 Th2 448 7 ) 3
I, WSS AA3 BIEIRIER, GE EAE B/ H
AA3 JRYTHH AR EAE /N BROEHE R™ 372 B R E R
i, B, X AA3 PR FHLE I ilE— 2P A B T
ALFXT MS AIETTRICR .

3.2.4  BEMPT X #M A 7 X P U EE 2% 5
PR 0 B Bl = A D FT LADHAS: EAE A5 v () S i i 24712
Stolz SFPIE IMAEAE R K FEPUIARZARE T Xa M 57 A1) £
VPPEE EAE M BEAHTARFRE . B PR EAE £ 5
SR I PTEE RO ZS Gk, S5 RR, Sz bkt
FUR X IR b, AR AL R A /N BT EAE PEARFRAIE,
FIETD B 5 0 RIRE AR FHROR o AZHE U324
i ARV BRI TR MR 5 EAE /N A BE
A PEASIA3 ) ekt HLBAIR T R 1 e P R

4 R 2

MS J2 55 42 By G e SR R AH S A CNS P8 58 S il 2278
PRSI, HA R 1 AN, — BN, Spie sy e AL sp RIEREE
R AAR AR FHRE T B0 5 S . A T AR LR
JEITEARIGTT XA F B e MEphs , (HE T I AR T
HHERTE AR, BT LRI PRGN N 5 AT TE25 ) Y
BT 7 TS AT RERE HERI 28 TT I RER MR IRl et 2245405
R AT R RGENRE . AR MS BIFFERY 25 TN E
GeA i FR A OB A R 3R, O APl 1 g SRS Rl AR



BERERKZFIR 2020 £5 4555 1 85 ( Journal of Chongging Medical University 2020.Vol.45 No.1 )

MBI R MZ A OCZR , PURE A= PIpRic YA B Fil RS
Wt SR PTR80S HEA TR ST, A6 I PR R D TR
HARSEL,

& £ x M

[1] Popescu BF,Pirko I,Lucchinetti CF. Pathology of multiple sclerosis:
where do we stand?[J]. Continuum (Minneap Minn),2013,19(4 Multi—
ple Sclerosis) :901-921.

[2] Walker ME, Hatfield JK,Brown MA. New insights into the role of
mast cells in autoimmunity :evidence for a common mechanism of ac—
tion?[J]. Biochimi Biophys Acta,2012,1822(1):57-65.

[3] Vermersch P,Benrabah R,Schmidt N, et al. Masitinib treatment in
patients with progressive multiple sclerosis:a randomized pilot study[J].
BMC Neurol ,2012,12(1):36.

[4] Harding KE, Liang K, Cossburn MD et al. Long—term outcome of
paediatric-onset multiple sclerosis:a population—based study[J]. J Neurol
Neurosurg Psychiatry,2013,84(2):141-147.

[S]  Manouchehrinia A, Tench CR,Maxted J,et al. Tobacco smoking
and disability progression in multiple sclerosis: United Kingdom cohort
study[J]. Brain,2013,136(Pt7) :2298-2304.

[6] Glass CK,Saijo K, Winner B, et al. Mechanisms underlying inflam—
mation in neurodegeneration[J]. Cell,2010,140(6):918-934.

[7] Upadhyay RK. Drug delivery systems,CNS protection,and the
blood brain barrier{J]. Biomed Res Int,2014,2014(15):869269.

[8] Gongalves A, Ambrosio AF,Fernandes R. Regulation of claudins
in blood—tissue barriers under physiological and pathological states[J].
Tissue Barriers,2013,1(3).:e24782.

[9] Cramer SP,Modvig S,Simonsen HJ, et al. Permeability of the blood—
brain barrier predicts conversion from optic neuritis to multiple sclero—
sis[J]. Brain,2015,138(Pt9):2571-2583.

[10] Alvarez JI,Saint-laurent O, Godschalk A et al. Focal disturbances
in the blood—-brain barrier are associated with formation of neuroinflam-
matory lesions[J]. Neurobiol Dis,2015,74.14-24.

[11] Ricei G, Volpi L,Pasquali L, et al. Astrocyte—neuron interactions
in neurological disorders[]J]. J Biol Phys,2009,35(4):317-336.

[12] Dendrou CA,Fugger L,Friese MA. Immunopathology of multiple
sclerosis|J]. Nat Rev Immunol,2015,15(9) :545-558.

[13] Xu Y,Chen G. Mast cell and autoimmune diseases[J]. Mediators
Inflamm,2015,2015(1) : 246126.

[14] Lin Y,Wen L. Inflammatory response following diffuse axonal in—
jury[J]. Int J Med Sci,2013,10(5) :515-521.

[15] Lassmann H. Mechanisms of white matter damage in multiple
sclerosis[J]. Glia,2014,62(11):1816-1830.

[16] Hemmer B, Kerschensteiner M, Korn T. Role of the innate and
adaptive immune responses in the course of multiple sclerosis[J]. Lancet
Neurol ,2015,14(4) :406-419.

[17] Franklin R],ffrench—Constant C,Edgar JM, et al. Neuroprotection
and repair in multiple sclerosis[J]. Nat Rev Neurol,2012,8(11):624—
634.

[18] Valentin-Torres A, Savarin C,Hinton DR, et al. Sustained TNF
production by central nervous system infiltrating macrophages promotes
progressive autoimmune encephalomyelitis[J]. ] Neuroinflammation,2016,
13(1):46.
[19] Kaur G,Trowsdale J,Fugger L. Natural killer cells and their re—
ceptors in multiple sclerosis[J]. Brain,2013,136(Pt 9) :2657-2676.
[20] Jae—Min Yuk,Eun-kyeong Jo. Toll-like receptors and innate im—
munity[J]. Journal of Bacteriology and Virology,2011,41(4).:225-235.
[21] Hossain MJ,Tanasescu R,Gran B. Innate immune regulation of
autoimmunity in multiple sclerosis:focus on the role of Toll-like recep—
tor 2[J]. J Neuroimmunol,2017,304 11-20.
[22] Meuth SG,Gobel K, Wiendl H. Immune therapy of multiple scle—
rosis—future strategies[J]. Curr Pharm Des,2012,18(29) :4489-4497.
[23] Cocco E,Marrosu MG. The current role of mitoxantrone in the treat—
ment of multiple sclerosis[]J]. Expert Rev Neurother,2014,14(6):607-
616.
[24] Consumers’ Association. Giatiramer acetate for multiple sclerosis
[J]. DTB,2001,39(6) :41-43.
[25] Cheng Y,Sun L,Xie Z,et al. Diversity of immune cell types in
multiple sclerosis and its animal model:pathological and therapeutic
implications[J]. J Neurosci Res,2017,95(10):1973-1983.
[26] Zilkha-Falb R,Gurevich M, Achiron A. Experimental autoimmune
encephalomyelitis ameliorated by passive transfer of polymerase 1-si—
lenced MOG35-55 lymphatic node cells:verification of a novel thera—
peutic approach in multiple sclerosis|J]. Neuromolecular Med,2017,19
(2-3):406-412.
[27] Sanderson RD,Elkin M, Rapraeger AC, et al. Heparanase regula—
tion of cancer,autophagy and inflammation:new mechanisms and tar—
gets for therapy[J]. FEBS J,2017,284(1):42-55.
[28] Juhas S,Harris N,11’Kova G,et al. RX-207,a small molecule in—
hibitor of protein interaction with glycosaminoglycans (SMIGs) ,reduces
experimentally induced inflammation and increases survival rate in ce—
cal ligation and puncture( CLP)—induced sepsis[J]. Inflammation, 2018,
41(1):307-314.
[29] Willenborg DO, Parish CR. Inhibition of passive allergic encepha—
lomyelitis by sulfated polysaccharides[J]. Ann N'Y Acad Sci, 1988,540;
543-545.
[30] Ip FC,Fu WY,Cheng EY,et al. Anemoside A3 enhances cogni—
tion through the regulation of synaptic function and neuroprotection|]J].
Neuropsychopharmacology,2015,40(8) . 1877-1887.
[31] Ip FCF,Ng YP,Or TCT,et al. Anemoside A3 ameliorates experi—
mental autoimmune encephalomyelitis by modulating T helper 17 cell
response[J]. PLoS One,2017,12(7) :e0182069.
[32] Gébel K, Pankratz S, Asaridou CM, et al. Blood coagulation factor
XII drives adaptive immunity during neuroinflammation via CD87-me—
diated modulation of dendritic cells[J]. Nat Commun,2016,7:11626.
[33] Stolz L,Derouiche A, Devraj K, et al. Anticoagulation with war—
farin and rivaroxaban ameliorates experimental autoimmune en—
cephalomyelitis[J]. J Neuroinflammation,2017,14(1) :152.

(WAERE  HAL)



