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M2 microglia promote oligodendrocyte precursor cell differentiation.
an effective therapy for stimulating remyelination in multiple sclerosis

LIU Li, LI Qi, DU Xinke, RAN Qingsen, SUN Lidong, YANG Qing, LI Yujie, CHEN Ying, WANG Yajie,
WENG Xiaogang, CAI Weiyan, ZHU Xiaoxin "
(China Academy of Chinese Medical Sciences Institute of Chinese Materia Medica, Beijng 100700, China)

[ Abstract]  Demyelination and autoimmune chronic inflammation in the central nervous system are the typical
pathological features of multiple sclerosis (MS). A range of immune and nerve cells participate in the disease process of
MS. The regulation of inflammation and remyelination is mainly performed by microglia ( MG) and oligodendrocyte

precursor cells (OPCs) , respectively. In non-repairing lesions of MS patients, an imbalance of MG polarization and a
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failure of OPC differentiation are likely to contribute to inefficient remyelination. Previous researchers have emphasized that

these are independent functions. However, it has recently been reported that MG polarization is closely connected with OPC

differentiation, an imbalance of MG polarization can inhibit OPC differentiation. Conversely, OPCs can also interfere with

the inflammatory response of MG. Taken together, interactions between MG and OPCs form a holistic entity and function as

a crucial mechanism of remyelination. Currently approved treatments for MS mainly target the aberrant immune response,

and are able to improve the disease-related symptoms but do not cure MS, particularly intractable secondary progressive

multiple sclerosis ( SPMS ). Therapeutic strategies or agents that promote remyelination remain under extensive

investigation. This review summarizes the interactions between MG polarization and OPC differentiation, and provides

strategies to overcome the failure of OPC differentiation by attempting to rebalance MG polarization, which will be beneficial

for the development of demyelinating diseases including SPMS.

[ Keywords ]

cell differentiation

Z K AVEM AL IE (multiple sclerosis, MS) f& A H
HX#H28 250 (central nervous system, CNS) %4 &8
B N T RO A B S PR | A T A A
200 ZJ7 B H A R 25 KRR XTE TR
7, ANREMARAS b 56 42 BHIE B0 5 X Fh ol 28 R G0 1Y
IRAT PRI A | K3 B 28 M 400 0 B 1 i 2k | S B
ST PEFZE T, R I iz 3l AR 8 T RE
BT o

MS FESREE PR CNS kb P K R M4 i
=21 S /0 58 g Ji 4l MY ( oligodendrocyte, OLs) #ET- 5
BOWBERILR N L T EAR TR R A X T A AR
MEFFA SIS T2 AH B 55 7T LUE G — 1 3)
REHL T, R AE R 1 B R R Iy /N B BT AN i
(microglia, MG) /-5 1Y 44 2 i % A5 50 9 2
P, TR A i 32 3R I A 2 5% I o AH 4
(oligodendrocyte precursor cells, OPCs) 43b3ZBH

TELPBT A AN v i 25 )+ TR 4% MG
6] M2 (475 Ak , S 80 AR A -1, R A2 i#E OPCs
9534, AR BT S BT 58 1 240 L 3 ) R A8 e 2 14 3

SN AR RGAEH S RHME S B
BB UE TR MZE R GE MS AR BRI, 72N
AR PR QG BRRE S5 H A b 2R A T R FE A A8
WAl b & AR L 2L B E R T
—SL[R]E BER I, S R 15 2L R A ) e 2R AT
PRIAT T WA ORI &3 o

1 MS HRMERGSHBEHESRS

M I R e BRI ANTR], MS 1] 430 5 K% — 2 fi AY
MS(RRMS) , 4k & -1t 2 4 MS (SPMS) , Ji & — i Jig
B MS(PPMS) ik Jié — &2 % %1 MS ( PRMS) 4 Fh&
W KAy N K - iR MSP | {H B 2 1
B KNG, ZEEBETE 10 ~20 4E N L5 H

multiple sclerosis therapy; remyelination; microglia polarization; oligodendrocyte precursor

SPMS, SPMS f3 b T 8 7 AL P12 BUw 16 0k
Wi MR & B ak e AR R A A T A R IR
7 MS (A ORI 2 —

a2 R AY OLs T A 35058 446 2% 1) BiE i B
T AL FE A S 2 B, R B ph 4 o 2h % 3 A
BRI FF 2% /E N, OLs 76 CNS h 2 i
OPCs 43k ik, k. OPCs B ALY OLs (9% B i 72
FEW K A AW BE, FE AR A PR EY . 75T 02A 1
Y, FE AR A2BS NG2; 02A 40, 3
FLFEIK A2B5 NG2 il 04 ; KR OLs, FEFLIL 04
1 O1, i34 OLs, 315 MBP( myelin basic protein,
MBP) Fl CC1'7 4HEHE 14515, OPCs Jk 32 FI| 41 21
RS J A7 10 Bl B0, P AR R L3S A 2 ik,
TR OLs™ Y R HA X R AERE S, |
MS BEE A SRAEFEBE Y B AR B B s, 76 MS i
IS A Ak R B R R OLs 1 OPCs , #2
7 OLs FOAE 6 AN 2 B 726 1) BR ) 14 PR 2% i 2 4K
OPCs 15 A 7E A B0 B B B B, OPCs 19431k
2 BHA R BEAE A R R R

MS B 55 — /4™ B A A S R 8k 0 3
FEBE A I B B k9, & B E: MG 9 300 A
T2 WD DL S AN R Y B AR 5T R
RAEFE MS 5B BB 2 F A B 07, kb
SR TRV 7 il FEE A i A ) R ] R, 7 AR T
T, P ] 4 38 A MG 0 75 & B S b 22
BT MR AS, Wl 3L T MG Y R E T8 5 O A E
OPCs ZMLINN fift e MS £8 35 B i 15 2 I 6 1n) AL A
K,
2 INRERABARAL X MS BEEHE A 01 R R AL
MR
2.1 NERBRARAR AL X BE S B A MIER

MG J& T CNS H1[EF E WA, & CNS RAE



128 P R PR A 2R A5 2022 4E 2 A4 32 %45 2 1 Chin J Comp Med, February 2022, Vol. 32, No. 2

N ) R BEAT AR, 4 4F CNS fIOABERR S, 78 MS
Mk RIEh A EE A6 LR hE
Bl I AR T s A28k, WL 1,
2,101 /NS AEAR AT A HE MS B AR

MG R H G AR ES , 1T 40 A 48 L6 L 2 (M1
B Fal AT AL (M2 2Y) M2 B MG 3] 432
M2a,M2b Fl M2c W5 M1 F1 M2 20 i o 451 i 26 i
FIRE R B MS %595 1 R B B P A= s A 170 O it 1R
B FE MS B IR kT RIULEEE] M1 AT M2
MG A He )™ B e iy, H M2 B MG 237 35040 B
PP R B R 7E MS Y SR Bl R -
SEYRPEAR A IR VPR RN BE A (EAE ) H M1/M2 LA
Thm 2B B 0 5 i S A, S A SR
1 M2 8 MG &, M1l M2 4 He )8 2SR AS Bl
B B AL IE OPCs 150 fL FIBERS (98T 4 , 2% EAE (1)
PRGREIR L IF HAT S WT, M2b 37 A AT LA 4k
g M1 I M2a/b (AN $E8 M1 MG AT M2
I MG Z 8] Al DA B 54, 76 M1/M2 B MG 2R A5 Y
MS 4§ CNS IB17HEpm b fe iF M1 B MG [7] M2 %Y
BIFEAE  ERE M1 FD M2 () FH RSP A7, S — AN T 7E 1Y)
ZiPVE R T R A
2.1.2 M2 AUNE B A AE it OPCs 731k

MG A [a] () 45 A IR 25 % OPCs 1Y 52 Wi AS TR,
MS B2 I P 45 3 SR B, 7E EAE Zh R A CNS
MG 282 B M1 R e R BT i £ b
(lipopolysaccharides, LPS) 5 3 ) M1 i MG 5
OPCs SR A28 1 (AR 200 Jf0 1) e 35 SR AR 70 vy b 22 437 A
YL OPCs 19404k B 2 32 B, 1 76 A % -
4(interleukin-4, 1L-4) 3% T 1Y M2 % MG 5 OPCs
Sl P 5 A 0 L Y R 05 SR AR R v A 2 AR 24 i
M OPCs B4 AL RE 77t BA S 3 ) ) b 1 1
L, 48 M1 R MG 85 3R AE 0 OPCs 1Y 45 1 35 97 5
it , OPCs M43 Wik 7 | 14t M2 AU MG /35 5%
WAER OPCs [ 5 AF 15 R 5E0T, OPCs W43 L 38
TEPR AR R M2 B MG ShBE=Z )5 , H: OPCs )
S EZ B, O LS 8 P AR o R A B AR R
M2 8 MG H A {27 OPCs J3 4k F1 86 5 7 4 19 1
o ) MG R Ak 26 5, £ 3 MG [ M2 B 4%k
AR R Y A O X DUBE Y A A N 3 [
3 BERLARE AIE 190 LAt bt 22 AR A7 PR 06 I VR 9T LA R
PERE S,
2.1.3 M2 BN AR E MS B8 A o HL

M1 £ MG A AR (R RAER T &k

BB, 5 T 40 AH AR FH R 6 i 48 166 I i
072, T OLs WA T, I AR T AR A4 A 2
5 M1 # MG e I 52, M2 A MG — 5 i &3
TSP AR BB, B 98 0 B, R 45 48 E S
iy, G Y T AR RO RSO Y P IR 8, AT R
OPCs M55 ML, 53— JrT , M2 AL MG 7]
WM E TR T R E OPCs 1404k, SE LA
WA EAE

SR 2 76 EAE BRGNS ], M1 Y i J57 240 ffd
mi E T, 7E EAE 19 = W 00 Je 92 i B0, I 45 & &
(Hpx) A3 37 M1 % MG [ M2 % MG A48 9
Sy M2 B MG B 2 B A B 2
M2 % MG 4% W 1L-4  IL-10, IL-13 . TGF-B 45 i i
STAT-6 i i, 73 5l 5 H MG R if Z k45 &, Bt
RGN T2 ] CNS P 5RAE R 2, I/ RAE
STREHS Ty, BT X CNS PN EREE AYIE Y Ah, M2
B MG iR IL-4 BOE R A e OPCs 194
FAFNGAE . WTE 1L-4 35500 M2 BURE BT 40 Y L3
T, AR I 2 54 I F TNF-a B99870, 3 H. OPCs
Fomil i 2 M2 MW EEIEE A 5 OPCs I
T Z 254 IL-4 7] 5T 1L-4R/PPARy i #%
Pt OPCs B AL FNBERY FEAE 022 2GR 5
T, B RAEVHT DIRE R N R R REAS 1 2 M2
TN L, {2 32 OPCs 1434k e 412 15 B Y T 2E
BUR <R

B ESRBLEI A, M2 8 MG 3 /] 38 g Ho Al AL
P SE B A T A A0 S bl 225 3R TR I R R B
WS R 1 S5 B o Zhang SE VO HIE M1 AT M2
MG, JoH R Argl + M2 B MG 77 A 1 40 458 55
A -F 3 ( neurotrophin 3, NT3) #] fit #f OPCs HY
st
2.2 OPCs /M RAM1ERA

YRR B I 9 kBB OPCs 23 B8 P
A, I HIHCE PR 3R K 3% 25 1o A8 Bl s 7 R )i
SN A R, PR R B, 7E CNS R MG
XF OPCs A il s g i Fo3G 58 2% sk fE
“PIE " 1) OPCs [ Bl 233 o 7= A= 41 Jif [ X MG
PRt BA% 40 AR B - 1 ( monocyte
chemoattractant protein-1, MCP-1) , ¥£ MS i &8 #4 7%
X, % 19 OPCs [ MCP-1 F2i5 B0 FFH . 78 MS
RESS BT, OPCs BRI MCP-1 7E 7] {2 i MG ¥
W RS R — A Ao L R R MS
BB P



e ] LA R e gk 2022 4F 2 AR 32 A 2 1)

Chin J Comp Med, February 2022, Vol. 32, No. 2 129

o=

Yo

differentiation

\ BWETF chemokines -

iEME . B Reactive oxygen « nitrogen
JOERTF  Anti-inflammatory cytokines

M2 () OO
?EA’F Q 1y cytokines

fz#%lﬂ? Nourof phic factors

MG M2 ALAZ #EOPCs 734k
Polauzed M2 microglia promotes OPCs

lf Zx 4
101erat10n < Dxffelentlatlon
»9
OPCs OPCs
) o
. X L B w}i
ﬁlﬂi : N N (S Rmyelination (%
TS Pt g ks
Demyelination Healthy myelin sheath
S
o B DABERS A RS R RS R AOMS S A w2 AT MR
S é Neurodegenerative disease characterized by obstacle to remyelinating, including MS

B 1 /MNEFAM M2 AR HE OPCs /AL A BS54

Figure 1 Polarized M2 microglia promotes OPCs differentiation and remyelination
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