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E  ZRMEME (multiple sclerosis, MS) J&—F [ S ey, FERMMMBER I Z I MENER AR
TR R PERERIF A, MS 7E2 BRI FE N S B800A 7 A . MS M8 U1 R AL R o W, BRTICi @ k. m
TRIKE REHEWE (chondroitin sulfate proteoglycans, CSPGs) E—ZRIHIPEA AL 1, HAZIRE A AR RE o
(protein tyrosine phosphatase 6, PTPc) 7E CSPGs /-4l 5 FiAE il i S E T . 53R W], CSPGs/PTPo 7E MS & AE
g R B EZAEA, e MS RS XIS A SRS rh B8R, s &3, 0l CSPGs/PTPo {5 5 &4 1l LI E />
RELTRATRANM (oligodendrocyte precursor cells, OPC) [¥ifE#s . 4tk BE¥EFA, JKEZsIIRE, T HiBIT MS 3%
JIo ASCEFIR T CSPGs/PTPo 75 X 28 REERERH AL DR i BTk i, B 78y MS BYR YT S (LT 1 Mg R A

KigiA PTPo, MMRPCHREARM, ZAVERILE, A, DR

FESES Q55, Q74

Z RAMEAEASE  (multiple sclerosis, MS) J&—
PR AUl T AN F TP 2 240 (central
nervous system, CNS) ¥%, J& ThH WA S
BVl . RIEPEM S RIT IR Z — 1 HF %
RRIE AL 4G /D 2 i B 4l Bt (oligodendrocytes, OLs)
SR | RRER . /NN B A T A DL R R
YRS K 0 ARAE SN, T BN Al 3 P 4 R GE AR
P MS FESE T AR, JEBRAMESMER K
NECH W AR AEBOR RN 2 —, Xt g r=4E
FEE G S Bk 200 T MS B, IFHITAR
KRR BT

JRAE MS B U090 DR i AN BH A, 5 DA Ry ot
ERMIAE R R P EZ A A 7, MS %S
PRHLHPE e A B e KON . T Ik 200 b RN 2 4 i
A RAETR ,  HLRRAE 2 ik A6 P A% 22 2 B R i
REWS o IRIT MS B9 EEHR IR AE TP R RENS AESE |
TBH B e i e ik . LB — HAR, —
TR AT AT ) SR M A1 ) G952 5 I Py [ ESf 1 i A 5
RERS A, IR R 248 37 b7 1k A gaR 17 10
EHEEORT, CNSZHi)5, LTI (neural
stem cell, NSCs) £xiE#% 232401 X I 71k A i
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f OLs, =% /DR IR A4 (oligodendrocyte
precursor cells, OPCs) 43k i OLs, 25
REMEIEE . SR, FEMS T, BEAY B A2 BIH
fi Yo BFSEERI, RN A O AR 2 B AR XY
AN AL BEAT ARG, P R RR KR R R R
(chondroitin sulfate proteoglycans, CSPGs) J&—>
PN R N R . CSPGs J& T 41 g b 3 it
(extracellular matrix, ECM) ZrFZJ%, &8
270 %% (perineuronal nets, PNNs) f%) 3257,
BENY N & U= Tl ARl
(glycosaminoglycan, GAG) 4% 7+ 48 I i g IR
RN, PSR B E 1, CSPGs it
ZRZ A, N AR FEHUFARSCZ 1A (leukocyte
antigen-related protein, LAR) ., fiZeA:= KM 132
&1 (Nogo-A/Nogo-66 receptor 1, NgR1), fHZ K
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HIHIRF521K3 (Nogo-A/Nogo-66 receptor 3, NgR3).,
fi% % PR W IR ¥ o (protein tyrosine phosphatase o,
PTPc), KFEAMEH ™, Jh, PTPoJ& CSPGs (1 +:
BEZARZ —, dE ek R Bl PR R T CSPGs /7
AP EDIRE . IEAERYRTSER ], CSPGs/PTPo
W Z PR OLs AR, DA 5E i B P-4
MIRETT, X MS MREHES A2k A B OCREH . A
SCERIR T CSPGs/PTPo i 5l i (142 ML i) B
MS Z 8] i) 5 R FE T O, 5 108 MS 36
ST AT AL R A 0 T PR A5

1 CSPGsFIPTPoBI4E Y45

1.1 CSPGsHIZhEE4FIE

CSPGs JE: i 7L 34 CNS H #5351 25 1 R p
Z—, HELOLEHAREM ST AR KT R
(chondroitin sulfate, CS) & ¥4/ ) GAG &%
. CSPGs FE MR ERIRILIE: 6-filzfk
(C6S) M 4-FilRfk (C4S). C4S Ml 4 i b % A
T, 1M CeS WIZRIL A B AR o ARIEAZ O
FIBT AR, CSPGs A] 43 24505, A Lectican
Fk (R REH LW (aggrecan) . £ 1k
FIZRME (versican) . P& IR WY (neurocan) Fl
FNEH R (brevican) ). & E H M C
(neuroglycan C) . NG2. AZ{RHBUHE [ & 22 R W 172 ity
RPTPB M H 5§ 4 48 = 1K #f M2 & 11 R B
(phosphacan) . #%.0> & FI R M (decorin) . AU 4
B H R (biglycan) FlUE By A B 85 2R b
(appican) *', CSPGs ) GAG 8 &4 6 F AR Y
CS BN, HBR IR A AN ] 1 0B 22 i 2
# ¥ fiti  (chondroitin sulfotransferase, CSSTs) #H
A, HEIMTSENE CSPGs 45 & FEMERTIRE ', GAG
HELE A4 CSPGs I il A e b & CHE T, &
Bk GAG % AT 9 2 A ORI F 2 p 2k 77
BN, {8 A 40 # 4R s E B ABC  (chondroitinase
ABC, ChABC) ff§fit GAGHE Il 55 CSPGs 4l il
YEH, (R Sk %€ 154, o3& CONS i 13 5 19 T fig
Wedg 1

CSPGs & CNS 4 Jifd /1 & Jo 1) H 2 20 i AR 4
fE CNS B R B Al b R CHHE . BB o
Hr, CSPGs P AR IT R AN I AR 1 s U4
Ja, ENSS5AEmanT 8, fEREEL T,
CNSHitiJ, CSPGs Je /U BUlIR i) I B 2H 77
M2 . fEEBE# (spinal cord injury,
SCI) 200 g 12 4w MS 2 R CSPGs (A

aggrecan Al versican) YKL R ZE L, BUOMHZ
BRI FEE R, A ERY, CSPGsiliid 5213
& (UWNLAR. NgR1. NgR3 fIPTPc) 454, BT
Rho/ROCK {5 538 % , - 17T 5% Wi 5 5 2 B A Ao 22 7
A, Hir, NgR1 FI NgR3 A @& 2% 1 45 &
CSPGs ) GAG#%, IF-Z 5 HMGI & A K . WE
sk NgR1 Fl NgR3 ] {2 g 52 ML w28 544, R W
EA TR AN SN 1 BRI I A B = A i A
PR A EAE M. Lee % ) il i ffF 58 4 22 S0 i 28 F1
BERY A0 IS R B, NgR1 0 BE Y 1 FA E g 4y
YEH. NgR1i#id 5 Nogo-A . LINGO-1 &4l [5 5
454, WS RhoA/ROCK {5 Fil i, FEUM R K
SZRE, AT B AR A T RE A Y
i NgR 1A T R s BB SR AR R 254, T
WD RIVER, fEHE OPCs RS . 4 ik FiE
R0, S MS FIHA CNS B0 7697 $ 8T
(IR . A, CSPGs Z k2 — LAR FEREHS 154
MMS HIVE A2 56T . BFoER W], #E1m LAR
AI AT CSPGs (i A5, 3 17040 2 8 A
fEMS iY@ LAR 5 CSPGs 456,
AT DA HAMHIE T, {2 2F OPCs BT A5 M or 1k,
WK Z M 2 Dife . [FIAF, LAR A#0idsn]
50 OLs (D REFAH SN T 3Rk, a4k
fRUEBERF A . X R LAR B — e RIEYT
RS, A B FARRTIT AR ISR FAE 1R YT RN
1.2 PTPoRIEMZINEE

PTPo & T Z A, A BR Wi i (receptor protein
tyrosine phosphatase, RPTP) LAR %%, H&5H)H
3RS AL AR AN AR B 5 3 A 1gG AR Y
BR8N I AR A B2 1 (FNID S5 k3R, X
SIS S A MBI EAER; 1NBIRX, 7T
HAEANMRE 075 2 A N B2 1 I R
e (PTP) Z5ask, drumsstil (D1) HA ML
W, mumas A (D2) WS 5 G S
S 27, PTPo i Prprs SR it , 123 K 7 i 3L 50
P BEORST, B T Y R AR X, L)
REAE AL B A 8] TOR B . PTPo #E X RSN
MG RGN ZRE, GIUENSCs, tHANM ., A2
TR AN . OL Fiph 2y 32ak . ZIiff
FEUESL, Wbk Prprs 55 PR A il FLAH Ak 05 M REAS
FE AR P, O PE PTPo fEMZ R B
PR FERAE T S UL . BLAbh, M\ Prprs 3 H RBR
SN o0 8 BRI B 2 AR 2800 7 HE il 28 A 3 8
i, R PTPo B XI A TT R B HA W25,
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1Ml Piprs K& R e B /N BUZE A= )5 48 h INR 60% YA
T2, BN ZITEE . BIREAE AL R
R Ig0 T o 28 DA G DA P SR AR 20

PTPo /& CSPGs 1 il 4l 58 A= KA FH 1 4 S M 32
K. PTPo it IR LR IKY, CHENIFER
T Ih AR b 2 AT B v R AE SRR B I R A
H, X RG W kT MR IEE 2 6EE,
AL G R, BIMEAE CSPGs AF7EINTE DL T, i
Bk Piprs B J5 , A2 o2 i AR KA IRFREE s (RN
SEYRIESE,  Peprs 5 KRR 2P 00 BE AR A4
TR e 251 SCI)F CSPGs % 4E (R X I -4k
gpr K BY I, PTPo BB = HFER
Ig YW

2 CSPGs/PTPo 31 8E 855 A R HLH

PTPo 7£ 1F & #a i b L FE rh If AR 5, (AL
AEXT T CSPGs AT {3l il OLs A& KRG T i 20
BAEXREE, fERLE CSPGs i, PTPo il # LA
TIRIRIIE AR, FLBERR IS PR AL T HLRAS
24 CSPGs 5 PTPo 455 )i, #E(PTPo UM 4 & A=
AL, AT SRR K, il PTPo 5% 728 S DI RETG BR
AR . XA AR ILTE T PTPo (1B IR S
P, T AT YR S G 0 20 R Y PR g
(B 1), Je R A 58 A R P
2.1 CSPGs/PTPo3t B /A B4 T 1ER

W55 200 B 2o R i 32 P sl 2 AR ) 2 MU 2 3 T
AV N2 2R R, AR N 8
AN B, AMAERe i, A
A FREASER BRI AW MAIERL. A
IME SRR G | RS PR B,
DB 4RI RE B OCHE 2

FAE 2011 4F, Martin 55 ' 38 i RNAI i % &
L PTPo & [ W i 1 45 A . Bl B9 pF o i
/R, 3d PTPofEM, CSPGs iy CS-E Bl fb il 5
A58 RAKHE F PTPe 454, R =R
(cortactin, Cttn) Y421 #&3Lm)Ewifeil, 52 g
WA S AR ARG, DNITTIR FH wad it B (&
la) . MEAh, 8 3 40 9 N Sigma K (intracellular
sigma peptide, ISP) 75 PTPo i HE I 25 V4 Fl A fif
cathepsin B 7K 3 346 & ME 7R T CSPGs 1E K
F W 0 A0SR 1 R R A €. ARSI 5
—IE] T PTPo X A WA 5 7 B (A i il G B &
it 25 T 1 cathepsin B 9 o #52 /E FH B, s E T
CSPGs 7EM RIS g S 240 . Jef A

KWFFEHE— P e T CSPGs/PTPo 1 il 75 3035 SCI
P S A 2 2 Sk B A D) K T BB B PP G 1
FH B, CSPGs 7E LR iR TS (WMS) H
A, BARS OPC HYIT A% RIS FF A= I RE 5. 1k
Ak, AtgS FAWEFE OPC 74k . A7 1% e 4 v i
YERY ot 25 3R T 1 PTPo PR 1A Wi
Al BR IR UEPR AT N R 2 sh T BRI 12,

B2, WAWFSE CSPGs 5 PTPo 2 8] i AH EAF
FH B 5 Y g R AR 1) 6 A8 R 2 AL D T 3L
CNS 573 FTR 2R A PRS0 (A AL 2 G H e
2.2 N-cadherin/B—catenini& & 2 5SPTPo /I S &
EWFER

CNS (WS — 2P R, CHTE T
OPC [iE#% . R LM AIBERE i . N-cadherin /&
—ANHEZEWN T, FAUETEAR AR CNS Y, GE
SR EMHER, N-cadherin 7F OPC Fljifi T
2 B i Z6 BEE b R EE AR L A, Wt/
B-catenin {5 518 B 7E OLs [ & & FIBESHIE Wt diy
A G, I VY Tef712 Fl B-catenin AY 3L E
H AR HE OPC 434k 17

N-cadherin f*) 40 i P X 3 5 B-catenin 45 &, #F
M5 IS A B 2Ras &, (R AR ALz 3l
PEAT O AR B, N-cadherin J2& PTPo 1)
—NIEY), IS5 IR A K IERE
PTPo [ 52 23 534 B-catenin [ R A PR B 1L, M
SEM L S RER 8 1 A5 S A ST S Re, i
P& OPC M B OL iy 704k (181 1) o 3k £ L4
7~ 1 PTPo i i 4 15 N-cadherin/B-catenin i [, 7
B W OPC 1Y 4r AL BE 1, DA T 52 1l 4 4 72 119
UN
2.3 CSPGs/PTPo i& it Rho/ROCK. Aktz{ ERK
EERIEEOPCH L

CNS ZHi 5, 2 FIRE R % 725 fig ) 32 2 BR
il , 3B R & CSPGs 7645 405 5047 J& FRTE B T e
JRIR Y. BFSE R, CSPGs RERS I | 2 Fh i 42
YA AR R F oK ). Monnier 55 = [R5
7R, CSPGs it i#1% Rho M H R iEsf 4 ROCK
Pl g ze AR K, 1 B ROCK 3 il 70 v DASHS 40 2%
fit CSPGs FX —HMHIME . Pendleton %5 " k—3
K, ROCK I il 71 [ A §E 43 106 5% CSPGs *f
OPC Zr ALl /E ], W] Rho/ROCK i 75 fif
Z2ICHM OLs HHR A 4% 1 ]

SCIJ, OLs iy A% T4l 28 i Pl i 1k 22 ¢
#H M Dyck 4F 2 fiff il ChABC #8 Jr] &b 2
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CSPGs, ABIZINARENSAE SCIRIME A MEAME LR FEHLHI rh AV EHT . BT 252 A n s M

B

fieitt OLs WA AUA Tt —2047s, CSPGsilad B /N i Jit 4ff /B s 40 B A0 3k 49 4 T 46 E’Fl

PTPo {5 5 Fil Rho/ROCK il #4111 il OLs %) 7= 4 . [F] (regulatory T cells, Tregs) HI%{, Ff{2if IL-10

i

CSPGs 5 PTPo 477, ib vl FERHi 24 ferh RGN | S-FHE S N TR . Eoh, W5

Akt Fl Erk1/2 FUBER LK, #i OPC By4r1k e W, CSPGsfEMRAMNEAEHEES ML ER, (HAE
(Kl 1c). Hit, BHIKIPTPo {5 55 Rho/ROCK R #HfE % £ . ¥E CSPGs f77E /T, #] LAR Al

A] e 2 7 Ik CSPGs X OPC 43k Rl s 7 A= 41 il A PTPcﬁEHﬁ/J NI R AR M A A WE RN S L AE f1, AT
AR R VAT RAE SN . CSPGs i1 ##7% LAR Al PTPo I jif

2.4 CSPGs/PTPo i it & & 8 = (8] 3 3] # 5% 2% Y Rho/ROCK H #, HIFTT T /NI B4l B A 15 Pk .

=

o Lecticans J& CSPGs Wy & % W B , I §§
MS Y = BAFE Z — & T IR 40 0 1F A CNSS, brevican, neurocan. aggrecan fil versican 4§ ¥, i3 .
X R RN 2 35 L 5 Thl i TR &K y, TEMSHEZEHT, Lecticans Zeih N, il 541

Th17 40" E 9 2 -17 (interleukin-17, IL-17),  J@RMESZRRIFEAER, 0 OPC 734k i Y

XIS Ry B 22 A FBE R B 5 1 = 28K OLs, MIMIBHASBERT FEAE % o0 =, ey, il

L

g E P R MS BLE R A A R RER . CSPGs G L. i dzﬁ?w%,v, R TS
ARV, AHX —i BRI AN BRI, ATRERRLER) WEEOGE, A B TR SRR gl os e vl Hhuk
PR A RE TR R A s PR 25 1 e g 15+ CSPGs I & Wik 2 15k CNS H LI QEHB@E’JLM—JF

/NI AR LA E MS FP%@Z%EE%@ oM fedEfe RAME TR A (A TNF-a FIL-6) €

X R AR R U, BRRET IR M RAE, o Pk, CSPGs RS HE T REMIR SEAE S 15
RERIEIRER] 7. Karimi-Addolrezace 5803 ™ X —{RA R #HE— IR

FIBFSE &K L, LAR F1PTPo 52 1E SCI H i) f i 1
SPGs W) L, Ay,
N Ay AR : i Y W e, A
AQ@ :Y :\J o | v AN ANy i
PTP ) L Q PTPo \ PTP \
‘L’Eﬁz}ﬁc ,(2,84 | % /_Q\L%//\\L%/ W /'Q\Q, {%f(?ﬁc ‘ ﬁ <

EE ST RRTn I
S ERRCCEATRRY

-

%ﬁ FEEEEERRREEECAIN mw% TR f:;ﬁf*fmmwmmmm 11 1

DI
D14 MR A LA
PGB R BRI

B
Poo B-catenin

7 S\
A\
>
W th / NS4 Y
LRI KR R A LA e s E A
0054 s

il ; O-catenin \ [ \
Y ke / ¢ X
T oge l MAEE | | (CrmP2) (APC) (MAPIB) (TOR (CREB)
i

PIGIP | | e i . tIN-cadherin, 80 D40 MO Wi O : 8% O -y

(b)

PTPc* PI(3)P

L
OPC/Mt. H5H. L5, f7ihfE
G N
Fig. 1 Mechanistic insights into CSPG/PTPo modulation of remyelination
El1l CSPG/PTPoiE=BEsHRE £S5 FHLE

(a) CSPGs/PTPoAF14 [ W0 1 7E CNSEERS A= M U E . (b) CSPGs/PTPoiili i N-cadherinig A2 P41 BEHS 142 . 24 PTPoHl BT I,

‘B e 2852 Ik N-cadherin, Jf-#i55p-cateninfE i E G, HiN-cadherin 795 WLshE AN B 048 &, oE il BE s f .

PTPoZRLE & )5, BT Rho/ROCKAS Sl i, Bt M ARt HIEk /2B RR Ak, iy e

(c) CSPGs5
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AN TR 2 7Y B9 T 248 J ST o) 5 A8 P A 1) 5% i) AN
[[l. Treg A {2 PEBERS FFA=, 10 Th17 20 g D) 40 ]
X —af R e R R, FESCRE A B e
M A 8 4  (experimental
encephalomyelitis, EAE) HIMSJi§Zs i, =HAY
Th17 4 i i B A 2R, 32 OLs I T F1 #-4
B AL AZ BH 7. Th17 28 M 53 WA 19 TL-17 38 8006 T
OPCs 11y NOTCHI {5 53d@ i, B4l Ja =53
B2 45 . FEMSF kL, versican-V1 [ 43k 2
AN Y B R EF AR Th17 20 S e e
. TE5IREG CSPGs F4ifk 1) versican-V1 HL 85 77
B, CD4+ T4HMIS (8 Th17 ZHMa i A= g, 3=
W] CSPGs 7E Jry 5 (0P 52 Hh X6) 4928 240 it i) A A A o
HTAEH . #E— 0o RBH, versican-V1 5 Th17 4
MBS, 2xh8an =X OPCs 234k A5 1 0 il 4
' i BT, versican-V1 1 5 ik AV H 1%
RHAT T OPCs (4 AL FISEAE , i3 1 3558 Th17 2 it
(Y IRE SN, 152 e S AR

3 H[ECSPGs/PTPoHIMSIE T 5K BE

HAT, MSHEIRIT BRI R Y . il
TRV GRS . S TSR B A, T AE R
IR BB, A G 28 R 55 R 2R ke me: 70 BRI,
Bt 22 by 7 . 06 728 IX BT £ 30K e il 2 it e
o BESY AR 9RO AE T OPC RUBLTE . /8 . 1
FEAAE . MS BEAFIE Y OLs FRAE IR 59, H.
B AR R RN U R, RE PR RE s
XHEN, i 25 W i N R OPCs AP 4E RE ) ki
i i AMEYE OPCs B MR e HEREM P2, AT RBJRIA
7 MS SE R BE B A RGERE . o, )
CSPGs/PTPo 4 1 il 551 ] 38 4o i HE BEHE F 2, A
MS PRI R AT R 5 1
3.1 PFEMESNEHICSPGSIRIATEHBEAE

CNS#ifhi)5, CSPGs/K¥- % LJt, FrEd
YiJ5 10~14 d Ik 06 ), ChABC 2 — b M 18 A8
AT (Proteus vulgaris) "B RN R ™', BE
i L 24 CSPGs i GAG £, 2B HG FA: (4 i
YERL, D8/ G I N I 3G 5 CNS (1) n] 38 1 7
ChABC SR . AR FIRTT SR I A &
R TC R PMRIVER . 4R, ChABC H kR
B Ak CSPGs 1Y GAG i, HXT 42 241 Jitd 11 OLs 1)
SMBEMAERE . BIRE LRI, —HASLME
A/ CSPGs A=, fit itk EAE /N B RERS P4
Jf- 38 o 40 ) Th17 240 2 (9 R 5 2 i 42 #F OPCs 43

autoimmune

b BAEMREY, Rl (protamine, PRM)
YEMAFZEFETUR], BBA 20 CSPGs I PIHIAE A,
& #F OPCs (1) 4 4k FN 86 5 1 /E . PRM i 2d 45 &
OPCs L) PTPRZ Z M4k, 4t CSPGs HHK
SRR 4, H998 OPCs UEVFI A4k 71 BRI,
TF & HhFT CSPGs 1 245 Al B A& 67 Bl & B b
IR B 105 7 RACRE S
3.2 HIHEICSPGsEME BB B BEEH B &£

CSPGs T #iE SEAE RS MI il OPCs [T A2 42
PR, FHAERNAM S BER R 7 ARk,
VW5 2 T 34k 50 Ik CSPGs X OPCs A= K 41l il
(T HE o RS RFLFE Sl AR e 45 25 e DI 4%
£ N R iF OLs M BL, (HE TR fig A 2 4t
CSPGs By /EH 7™ . ChABC 1y —Ff 41 B K
TR AR, 78 SCLAA Bk iR v iR 1 ol
LB 2 I RERYZR . SR, T ChABC
T LR B B IRRAL, KT MS 2 BE R G
FEARBLAL, HEONRRAR 2 40 AR T Kk F0 B .
Keough & "% WF5¢ & B, FRUHeIE £ 4101 4-epimerase
PG, FRAIR T 85 5% AL P e S 40 e e CS AT CSPG
RO B S i RN A HE A R I AT R 7 A Y
ECM X} OL & & Wyl VE /D, H6 BT 4
M ITE M. WF5EiR & B, EXTL2 3N 7E CSPGs 4=
Y& b SRR, R S S B0 GBI
BERIREIR ' Bz, Wb CSPGs WA 914 i nl fE
JEAEIE CN'S B A 1) SRR e
3.3 iMFIPTPoRIAS AR H BEEE A

CSPGsifiid 55 OLs I ) PTPc SZ 1R Z5 A, 4l
BESS L. WF9Y 7R, PTPo 4 5k shRNA ZbFH (1)
OLs, DL PTPo MilHY OLs, XF CSPGs ()3 i 1F
FHAREUR, UESE T PTPo 183X — i B Fh AN A ml e iy
YEH BV, Silver SEH % ™ kT —Fp & 452511
A UK ISP, & PTPo LI 45 My 3k 1) 38 B 1 £
KBRS, fENSS PTPo 454 KR CSPGs /1Y
. AR EI, EMS S BRI ISP ] il
CSPG/PTPo {5 5 i i, 358 MMP-2 3 ¥, {2 i
OPCs WL # . UL K B i, PR 423y
fE ) Mohammad Javan SC 56 & B #E— L E ST,
36l PTPo AI LUIE #F OPCs 43 fb FBERS Fi2E, BuE
TISPYE NG BERS . LU P AR A RO, FEK
2T MSHLRL/IN R B0 2255 S IhBE . BT &
], ISP 4% PTPo 47 Y RhoA/CRMP2 {55
i, B S BE AR R Y S, 5 — A
CSPGs {5 52 /&K LAR 7E 4% OPCs 431k th i £ 5¢
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FHHE, &: HEICSPGs/PTPs: % & EBELERTHFIZE +597-

BEUER B ®L FIEHDH LAR 1 PTPo {55, AEW
FAEiE OPCs 1434k, HesmAEET Pk ™,
34 BT E @ CSPGs/PTPe TR 2R BB
HEWFE

Rho &5 . [ WH MMP-2 2 CSPGs/PTPo 1
M Z R . DR RI, 0] Rho sl RiRHE
15 ROCK BE % Jl A 28 0 1 BE W i 5k CSPGs 5
R AN, B C3 #4850 K G Rho, 5]
Y27632 ¥l ROCK, 1] LA i B 4F /N B SCLE 1Y
BT G IS I RE 1, X SERF I A SRR
Rho/ROCK {5 51 %1 CSPGs/PTPo Y R Ui #E 5,
J& SCI 5 B ¥ - AE B AE IRYF T 14428 . Bankston
A BT R B, HWEFE OPC/OL 44k . A A7 LA
RS IEH R E RO . i s
Beclin-1/Vps34 & &) 1¥) Tatbeclinl JKIE5E W%, 7]
PIAE o #8808 B . AH B, fft FH KUS55933 4111 i
Beclin-1/Vps34 Z &%y, ol fii F Verteporfin # [n] #1j
il p62, ZsPHWT A MEIF IR RERIE . XRW, A
M2 R S R BB B I 2R TR . SERT
(ORIFFE 2 B0, 2R 1 MMP-2 14 b 87T A3 B 40
AR A B 7 CSPGs YA 28 i O X3k ), Ik
RS TS it P 4 i X D B 2 1) R AL
T IIRFFEE—A W, PTPo 44 1Y MMP-2 1% %
M9 5 OPCs fHOG, X —HE A B T OPCs Ik MS
Pk 75 o A B BB Y CSPGs. MMP-2 /4 PTPo £
OPCs "I il 4 4 i, L b A R 6% 3 2o filg fi
CSPGs, fEuF#fH FHA4 . Wik, W CSPGs/
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Abstract Multiple sclerosis (MS) is a chronic autoimmune disease of the central nervous system (CNS)
characterized by progressive demyelination and neuroinflammation, leading to axonal damage and neuronal

degeneration. It is the most prevalent non-traumatic cause of neurological disability in young adults, affecting
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millions of people worldwide. MS manifests with a wide range of symptoms, including motor dysfunction,
sensory deficits, and cognitive impairment, which can severely impact the quality of life. Despite extensive
research, the exact pathogenesis of MS remains unclear, and currently available treatments primarily focus on
reducing inflammation and relapse rates rather than reversing neurological damage. Thus, one of the major
therapeutic challenges is to develop strategies that can not only suppress the aberrant immune response but also
enhance endogenous myelin regeneration and neurorepair, ultimately halting or even reversing disease
progression. Recent studies have highlighted the critical role of chondroitin sulfate proteoglycans (CSPGs), a
family of inhibitory extracellular matrix (ECM) molecules, in regulating CNS repair processes. CSPGs
accumulate at the sites of demyelinated lesions and form a dense, inhibitory matrix that impedes the migration
and differentiation of oligodendrocyte precursor cells (OPCs), thereby preventing effective myelin regeneration.
CSPGs exert their inhibitory effects through several cell surface receptors, including leukocyte common antigen-
related receptor (LAR), Nogo receptors (NgR1 and NgR3), and protein tyrosine phosphatase ¢ (PTPc). Among
these, PTPc is a predominant receptor that mediates the biological activities of CSPGs via its phosphatase
domains, which regulate downstream signaling pathways involved in cell proliferation, differentiation, and
cytoskeletal organization. The CSPGs/PTPc axis has been identified as a major molecular pathway contributing to
the inhibition of remyelination in MS. The upregulation of CSPGs and PTPc in MS lesions has been associated
with a failure of OPCs to remyelinate damaged axons effectively. Preclinical studies have shown that
pharmacological inhibition or genetic ablation of PTPc can alleviate the inhibitory effects of CSPGs on OPC
migration and differentiation. For instance, systemic administration of the PTPc inhibiting peptide intracellular
sigma peptide (ISP) has been shown to enhance OPC differentiation, promote remyelination, and restore motor
function in animal models of MS, highlighting the potential of targeting CSPGs/PTPc as a therapeutic approach
for MS. Furthermore, CSPGs and their receptors have been implicated in modulating other biological processes
such as immune cell infiltration, synaptic plasticity, and axonal regeneration, which are relevant to the
pathogenesis of MS and other neurodegenerative diseases. CSPGs are known to activate downstream signaling
pathways, such as the Rho/ROCK, Akt, and ERK pathways, which regulate cytoskeletal dynamics and gene
expression in OPCs, ultimately affecting their ability to mature into myelinating oligodendrocytes. Additionally,
CSPGs can interact with the N-cadherin/B-catenin pathway, influencing cell adhesion and signaling in OPCs,
thereby modulating myelin repair capacity. Given the multifaceted roles of CSPGs/PTPc in CNS pathology,
targeting this pathway represents a promising therapeutic strategy. This article aims to provide a comprehensive
overview of the biological properties of CSPGs and PTPo, focusing on their roles in the inhibition of myelin
regeneration. Specifically, it discusses how CSPGs/PTPc signaling modulates various aspects of OPC biology,
including autophagy regulation and immune modulation. Moreover, the review explores potential therapeutic
strategies aimed at disrupting CSPGs/PTPo interactions, such as the use of small-molecule inhibitors, neutralizing
antibodies, or gene therapies. In summary, a deeper understanding of CSPGs/PTPc-mediated signaling in OPCs
and other cell types within MS lesions may reveal novel therapeutic targets for promoting remyelination and
functional recovery. This review provides a detailed analysis of current findings and highlights the need for

further research to translate these findings into effective treatments for MS patients.

Key words PTPo, CSPGs, multiple sclerosis, remyelination, oligodendrocyte
DOI: 10.16476/j.pibb.2024.0293 CSTR: 32369.14.pibb.20240293



