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WE EPBIZ RS (central nervous system, CNS) H, Befi R BN TR, HAORKREARAE R, HE
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(oligodendrocytes, OLs) L Z:HlI5EIE pL, 1k 3 oY EARBIL ]
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1A&41ffL (oligodendrocyte precursor cells, OPCs) 43 B 5y = B B TR AT > — 29 5 e TR A
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iUk B 2 YRR R P I T 48 M2 (fibrous
astrocytes) 44 THB, SR, FEMTIL
¥ S e AR 2T AT 7

FEIE IS B A B AE rh A ol 28 R e vh HoA 207 1)
HEIRE. Flan, EAER A MR AT AR AR
F (platelet-derived growth factor, PDGF) A Ifil %
W B2 A= ¥ (vascular endothelial growth factor,
VEGF) , 4% i ik 5 B ) K% 4, B IbA F Y
Ji5i% ; FESSMMAT AR, BIEHE TT A IRl —
#2 I (adenosine triphosphate, ATP) #l D-22 %
MRAE(E 500, WIS, DM i R
i#  (long-term potentiation, LTP) 14 s A2 417
(long term depression, LTD) FFERL *', FERGHERIR
AT, BIREFEEL AN FR  (interleukin,
IL) -6. MRS ER T o (tumor necrosis factor-a,
TNF-0) %2550 ROV FASREJRES . i, fER
IR BRI (Alzheimer’ s disease, AD) T, &
TE JG2 T 248 P 368 2k s I P 16 A 17 B BT s A R 1 3k
Po, iz Bt 7EMA< A0 (Parkinson’ s
disease, PD) iR, H o hph 25 FR K+
NS 5 A4 e U P p 2205 SR I F (glial cell-derived
neurotrophic factor, GDNF) ik 4 #2895 73 A
¥ (brain-derived neurotrophic factor, BDNF), f#
R 2 O 2 on e aziR A6 . Ak, BIBI
Jo 240 R A A PN R AN [) DX 8 e R e D fig . TR )R
H, BT IS S e 2T A REE LN 7E/INIG
PTG MG 2 LA SRR s S ARSI
22N, I TR 2 R R s B [ T R
By TEAL R R, ok AR R R I A R RN AR
B A

TERER Z B AT, BRI Tt
HEAEN . RESIE RN, R AR R B4 A
PR TR B, [RI42R R OPCs [ B 5 FliE S
L1 YR BLY e T 40 i 0 5] 5 OPCs - 48 H Al € 5
RERSIE B, R M B Jie 5 4 il o A ik D-
22 R T, JRT REMTTr AR, SR
S AR 2805 OLs Z W AE5 58T, A RE A 7
TE AR TR E SR, SR 4ErE R IE R T2 i
WP b N EURR , RN RERIRY 2 5 5 st
FEREPURIEE BT TERERTE UG, R R IR
5 24 368 3 R R AN B VR B AR R 2 T TR R
MartE, DR RBER AR I RE SR, EF 4k
FEIE R T A L AE BRI s, o R e

TIBERIL, AEFERER LS AT AR

SRS, BIER AU TR 2 R 450
IEHRERIAZ AT, AERERE I & & it E
(A TP A AR . IRAWF ST IR A
YERIBLE, ¥ 2 B LAE (multiple sclerosis,
MS) S5 RERT BN TR T S AT Y BRI

2 CONSE#HHNABEEESE

21 CNSHEHEF

CNS ' {4 B8 85 1 OPCs 2r kT 2K . OPCs i 3of
— RN ARG R, |AIE R OLs, Jo &t
PoohhsE, WM EESES, hPa (s i m sl
MR, FEMIG AT RI, M IMRIEPEAE KA
F RS EFdEdn i A K A F  (fibroblast growth factor,
FGF) %4 K15 OPCs M R M2 A4 4, i
1% Ras/MAPK il PI3K/Akt {55 5 i % 2224, it 7k 40
P35 I AR R IR . [FIRE, OPCs 5
TG EL TR IR 0 240 9 1 AR B AE F 0N Noteh {5 538
%, i Hes Fl 1d 85 25 14 1 B S AL i) 1 75 55
OLs 73 AL AH SC Ay G JE A (Olig2 Fl Sox10) 3R
ik, DI A — 203858, DA ORAT 84k
% OPCs Z 5 JR 8L /L MBE i IE A 2, FE g E
A, OPCs il i 4 it 2 i 28 2 75 CNS Wit H |
TR R DI A S 2 T Al R A A BE A R
M. ML FEA (C-X-C motif ligand , CXCL)
1 A1 CXCL12 #E3X — i # v B G E T, 51 %
OPCs iER I HER N o [FIRT, JHO AL o v A £F 2
TR AR RN 2 2637 B8 1 AR o S AU S R (R i 4
MIiERs 27, 4 OPCs i & HbR XIS, I/ Mk ik
PAERKET . g d KR B EEEK
F -1 (insulin like growth factor-1, IGF-1) A
CXCLI2 ¥F 5 o G aRm ik, #—10
I mTOR Fl Wnt {5538 [ . mTOR if 1} PI3K/Akt i
B A A AR, (R ERE SN A OC B T (MBP I
PLP) WA AL; 2 Wt 5 5@l 306 BEREH (B
-catenin) , A ¥% 5 OLs 43k A G 3L A (Olig2 .
Sox10 Ml Nkx2.2) Wy ik; LM wnt 55 5
mTORC2 H:[A/EH , W4 & AL 41, 1Y om
OPCs i Rl J) FIZE A A fift 122 28590 3 S 5455
B EEIVE, WPk OPCs A 434k A LA OLs .
HCEARY OLs i i SR FUM il i 28 oe it os . — B3
5G4 ik, OLs iy 5 ke i 25 [l St 5 B e Ik 2
58, W ZZRREH . BEE BZEsEn, #EHE
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HES L TR RE R A5 A B D Re S .
MS S AR e, R MBI ) . EARTR
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M EZFHZ —, RERGE RGN A=
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(Pelizacus-Merzbacher disease, PMD) . 5 4% 1 fiKi
H it E #* N R (metachromatic leukodystrophy,
MLD) DL K ARG 5 ] 3 BosE i A2 e A2 4
B PR AL Ot 2 RO IR R P,
Ao BRI, R R TP AR AR OK
mr, IEPESEZS (reactive oxygen species, ROS) %
I ER R ™ A 2 L A B i IR IR 2 ol
HZER T RE 20 5 S0 I W 7 ok 2 P 3 i
IL-1B. IL-6 FI1 TNF- o 25 1 5l 5 5 1E A 56 35 A £
ik SR ITIBE R E G, L he it
N, B B A 2R L R e 4 B ) 2 ORI R A e
WAL, M miE i 4E R, fEAD
AR FERIE T A ITS OLs Z M IME 538,
TG/ N TR, 51 A RIE SN, RS AE AR
ZRMEYI T, PUHEESR, tau SEHSW BRI
B2 IR AT AE g2, Senn s I s, i RE
AR RBRYEFRCFE ) TEPDHY, a R fili%E
HEREY T OLs WINE A Ba, FEONM YL
W, SR MR, T S e i 1) 1 G ISR B
B, 22 UL RE P 28 0 A8 P A 2 [ 42 52 i 5 8 119 5
B sl

BER AR FIKE CNSTIfE R R HE, &£
PR EER P TAYIT I A UBEIE AT, AR
ZUREG ATP, = iE# 8 11 Bl (high mobility
group box-1 protein, HMGB1) Fil # Ik v & H
(heat shock proteins, HSPs) 551G {5 5 MAE R4
AL A7 (W IL-18. TNF-a. IL-6), 8 %% OPCs
TERS ZHOERAL, /e JoT 200 e R I 2 YA 3
1 7 7 JF B 2R 1< X1 IGF-1 Hl BDNF fig i 7t
A sl B TR IS T A0 LT R A P A A AR
ORI R BT, BRI 5T A AT AR Y R B
(clusterin, CLU) 1] PI3K-Akt-mTOR 15 5 i f
#E—2DAf OPCs Hl OLs YA 1=, Il IR sl ik b A2 T2

e A L %) CLU, BRS04 JE P4 1 i i o 22 v
OPCs % i, HEINBEHIEREE . Moo, WA R
1 %, AE PD AF 5 AR AR G Y i 2R AT R
BRIV M e R, HAMIE S K,
pl6 FRIRIGIR, 2 AHIC B FLN T B IS PR
TEA WA (senescence-associated secretory
phenotype, SASP) Zplb¥Efn, #E—2LmeE e K
fE. P, VRABFREERIN & T SHAENR, AU
A BT R CNS B [R5 1, 8 A JIod i e 9 5 11
Il PRYAYT $ A2 2L A PR AR A 2o SE ¢
3 ERKRAMEHEHLZTEIEDRNIAE
1ER
TEREMS & B R, OPCs IOf7is . H%H 14y
B EEAER], W ERY], B B4 i i 55
WS Fh A M R e F X —ad 2 (&1 1) . BDNF it
5 TrkB 2Z{R45 A, #4075 PI3K/Akt fil MAPK/ERK {5
S, AR OPCs FUAFIE Ao AL I3 1 i 25 v 9
PE; BEAR M4 E F2 I F  (ciliary neuronotrophic
factor, CNTF) itid HA2 5 5 (R3% JAK-STAT
TS IEE, U OPCs IYIEFH . Jr AL FNBEENIE 1 5
WA e A [HF 2 (fibroblast growth factor 2,
FGF-2) [A]FE#47% MAPK/ERK 38 [ {2 i/F 241 Jita 384 5
IFEREHAE AR OIRE s IGF-1 9845 Akt 5538 [
AR T AR AR R A K TS . IkAh, AR
i N A 7 T N D R M 1 e 1 N A N S i
(extracellular matrix, ECM) B4 F1 B 58 DL K
PEOCACIH S FF R 422 OPCs; I I B4 A i) 22
ARG AT DLAEfH 2] OLs Al 1 ), 5 OLs i id i
#4258 1 Cx32 A1 Cx47 B B Y 38 18 T2 1 5 5% 1Y) 2%
file, DT ELEERZMA OLs AT, XA B A TR
A7 P9 o fi T3 200 B i 0 Pk i 7 S AR R R AR Ak
FrUpEETIRE; RIERAN S A4 & FiE
RV T AR S IR S, AERF S 74, 52
OLs (RS LS RIS AP, LR e dz (A DA Il ¥ sl i
W AR ORI LA (CInFLER . AR ) 45
OLs, XELfCIHXTF OLs [ RE /AL A A D RE 4 4
ROCHEZ; [N, RIS E RS bR o fil
[EBRrh A ph s it (ANA 2R ), B 1k AR 4R A
Brrbod AR, DTSR SR dE kN, ORI 22
WA ARty . PRZERREE) I8 mT i@t 45 OLs
5 T i, SEmmHIEGE | o fb RN RS TP i
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Fig1 The regulatory role of astrocytes in myelin development
E1 ERKRMAMERHELE PHEEER

TEFRRZ R G4, OPCHESE . EAH H AR XIS/ M EIOL, 28 sty . et i, BB ARRYIME 250 W IGF-1, BDNF
PAKIL-1, TNF-ofFGF-2% T IEOPCHYIEEE . iTH ML LI KBEMRIE . SR H Sk BOrHE NI . FERRZICHG ShIE# HAE TR 70 2 LA
Fe— SR R T B, RIS T 530 — ZR B R 2 T A A T ST Sk ROTRE N R IR 7. 7E S8 0E R 38 SO0y LA B SR AR 2% 1
T, BRIV RSN P PP . IGF-1: BB FEAEA K71 (Insulin-like growth factor 1); NT-3: MIZE IR T
-3 (Neurotrophin-3) ; BDNF: [ #2252 A F (brain-derived neurotrophic factor) ; GDNF: i BT 4l i 5 #h 225 3= N F  (glial cell-
derived neurotrophic factor) ; EGF: AN A K B F (epidermal growth factor) ; TGF-B: ¥ 4t/E K FF-B (transforming growth factor
beta); FGF: WF4E4NfEid: K [FF (fibroblast growth factor ); Retinoic acid: 4EAFR; PDGF-AA: [M/MrlatEd: K FF (platelet-derived
growth factor); Adiponectin: JEEKZE; IL: FH/ZFE (Interleukin); TNF-o: PJRIIRFIEIA F-a (tumor necrosis factor-o); CXCL10: THEFK y
PG HEH (C-X-C motif chemokine 10) ; Endothelin-1: P Z-1; LIF: HIMEHHI [T (leukemia inhibitory factor) ; IFN-y: T3 Z-y
(Interferon-y); ROS: IfM#:%(JE (reactive oxygen species)

T, il R B A e R e e
R G2 R AR, BRI o A i AR
R e E S R TR (XL R
PRrERR A Z A EREACAE ), IR T2

4 EERFAMEEEFTETERNIEE
ER
4.1 ERRRAREIEL

FEMPZE R G052 BT BCRAERT , AN B

Z oy, B AR 7 F AL (damage
associated molecular patterns, DAMPs) . %4 [H T
IR E SR AT, X85 BRI B 4 i 4 im
Y Toll FE3Z4&  (Toll like receptors, TLRs) FINOD
FEZ 4K (nucleotide-binding oligomerization domain-

like receptors, NLRs) Z&45 A, #MiGH 5T

PEAT RZFRRONMOIRES, RAESHINGE BT
A, RIBUVHMIEERZR . HsGREIIEZ . 4
MM EE R i 2 R etk s ) s,
DAY AR T 2R AE AL, BXRRES N 9 2 IR 5
ARMIRERR N S PR R AR, e A
e G T E i

(experimental autoimmune
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encephalomyelitis, EAE) /NFRBLRI R, fz iy 4 AL T Jiee o 41 B it TNF-a, IL-1B. ROS., —% LA
TE I S5 248 B 7 ke O 2 N R 28 ARE L T AE 2 1 (nitric oxide, NO) G EEERN T, HAEESEE
EAE/NRUBLRI ) YRR RN R AT LA E Lo, 153U Z R S i 2 ﬁ}ﬁlﬁgﬁqﬂ

R RAE RN ), X RIITEA PR T , BowiMe éxfl:i‘-fﬁﬁ , i"“j][l OLs i 1=, BH 5 %# 45 17
BB SRR, Rtk MRS R AR A, RS TER 1ﬁl:i"ﬁi‘€|3ﬁ/ﬁiﬂxﬁﬁﬂ§
AL AL IR A2 Y (18]2) IR (ghal scar) ", AR AT ARG B A, B Ik

TELVEB G R BT R AP B R FIONE B L, [ W]t 23 LA P 28 P A RIS P2
W F, BRIEREAMEEE e A2 B AR IR TR E T S A R R E R E R
TR AL, 43 BDNF, GDNF, NT-3, TGF-B. (chondroitin sulfate proteoglycans, CSPGs) 54l
FGF. IGF-1. LIF. VEGF %+, 4% ik & (Kl F-23BH 1 OPCs FiE 4%, #l e Al Tate A48 407 DX I
SiE . VEBRIAOIRE . SCRRBERS A, BRI RRZ DR RORERS, MM DRk 2B, TERNZRIR
REWE EHIIRE. M/ EBE M EmtEN  ArPERR SIS T E 25T, SO B8 I 5T 4t
T, WIRTRE ey AV R O B B AEA, fE S T oAk AL B, DT BORK 28 45 1Y
AN A A S B AR A M AR R I FAER R, A2 IR e
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— L= CNTF. LIF,
BONE. IGF-1.
FGF2, PDGF-
AR, TGF-B.
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TNFa,
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Fig2 Regulatory role of astrocytes in remyelination
E2 ERKREMERHEERNAREER

BT A LA AN ] (o 3R AR N A R AT AR DI RERFPE I A TRV RI A2 AL, 7R ZRA T IR T, BRI B A 3 fk ALY, it
RSB, W S22 AR, LTk ROrHEN IR 7 ATELDRIE IS AN AR 23— ZR 51 B - dl OPCIA s AN oAk, BHASHE
WA . SRk OTREN YT A2BS BB IS AL 73— FR A R T OE s BERE #5245 o TNF-o: BEIRSER F-o (tumor necrosis factor-
a); IL: FI/rZE  (Interleukin); ROS: #H1E%ZE (reactive oxygen species); NO: —Z%fb%&( (nitric oxide); CXCL10: #fkETFHifA10 (C-
X-C motif chemokine 10); PGE2: Fij5Ii#% E2 (prostaglandin E2 ); Endothelin-1: P %-1; FGF-2: WEF4E4Nin K KT 2 (fibroblast
growth factor 2); CNTE: BERMZEFRATF (ciliary neuronotrophic factor); LIF: ML ANHI[AF (leukemia inhibitory factor); BDNF: i
T 25 95 F  (brain-derived neurotrophic factor); IGF-1: [il& Z 4K K F-1 (Insulin-like growth factor 1); PDGF-AA: [Ifil/MRIR
H K B F (platelet-derived growth factor) ; TGF-B: ¥4t/ 4 [FF-p (Transforming growth factor beta) ; VEGF: L4 N 4K KHF
(vascular endothelial growth factor); NRG-1: T &A1 (Neuregulin 1); NT-4: #£EF: K F-4 (Neurotrophin-4),
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4.2 EBRERRMAMEAEESHA

RERE AR R — R REFERY T R, OLsHE 2
I ZRLAR RE Tk Az BB A RE R o 2 TR ot 240 i 1ot
HIZMEFE 124K (glucose transporters, GLUTs) MM
WS A, BE R AR FLIR SO A A5
Y, fRib s u M OLs i ™. FLIAE N 2
TR A ™= A ) 2 ZAC = 4, BENEAE o AR R
# iz K (monocarboxylate transporters, MCTs) %
1% 4 OLs I 28 5T >7" . OLs I 48 oo Hk B L iR
Ji, I LR A AL R ATP, i BRI A 22
UIREMIRE BT oK . XA B /EE = pk ik ol BB
Ji& BT 4 B - 25 o6 3L R M2 T (astrocyte-neuron
lactate shuttle, ANLS) %7,
43 EERRHARMNERIER

TERERS A R T, BEIR R A & i
YEH, FERRAERRERERIAE R A R . Bi0i)E 1Y
REFI IR R 52 J dl PR BRSO , BRI I o 4 M i ot A
WA E IR IG BRI S Fr, HERF 7 X S8 5 1
HioE, e FEYR (InsErEee R ey ig s
AR =) AR, X —w i, BEPR
T2 B — R AN AL F (1 TGF-B. IL-1B
GE), IR LR 7E Ry A Sy R B E AR
H, TGF-B el B pd s e s g, /> RAE A
FRRREL, PEHEIEAE T IL-1B WA ) e i g
AR EIHEsh Ve, A B FROE HALR S,
Ab, BRIV T 40 M 3E L e B R R (i
IGF-1 F1BDNF) , #t—Pfie #t OPCs f3§ 5 . 1L4%
5ok, IR A OLs, NS
R AR SO SR, BRI T B A A A E
TES SO T AT REXT RS FA 7 A AR5 . G
HORTERE LS VR S M S BIRASTS , EERY
AW N AT g2 T 3R P IS o 4R AR A 2005, 31X
i, BIERBAMRGT Z e, SBURH
RIS, S DAHISERE AR, [y, Hrsk
WG 2l AR R TR BTG AL, S EUR BURIR Y
R R A A 4 BLE B ) g U B A OPCs 1)
S50k, I EHINE OLs iEFH , DI 52 M HE i
A
44 BREEKRMMESHMHMaEREEER

UERERS T, /MBS B4R A AT LA 5 PR Ah i B
AHR ) AR R R AR, TS 20 AR U o) /]
JRZ Joit A4 %o SR A R P WV E R BT T A
JH R B TE S PR B R v 5 /N o 4 AR AR
M, Sem SR LIS RRIE A BRI B4 A N

JoT A0 A X i 28 2R 0 A B A B R A L
A OCHERENA o T 20 B A A B AR SOV
RGBT A E S A R AU, I [E A R
A

/N JE JB 240 e 2 i 7 4 A A 47, ek TR
DAMPs ' J& Bl S0 N o FE IR 58 1 20 i R+
U TNF-a, TL-1B Ml IL-6 45, fRiEapg s, LA
PRz BRdl SURBESNEE o B T AN AE /NI 4
W99 I BN, 38 I A WAL A8 PR Al ML IR - IL-10,
IL-4 SRR SR R R AE SO, 7 Lk B AR 15 1y
RPN TEREBRIF A AT FE T, /MR T4 MR Tk
MIPE R A, Mg | Hofh e g, dF—2bAe gk A
MR BT T AR A e A WA o 1 -, ant
4 R A, S AN, A5 Bl
S B G AR, E BRI R IR s B R
(13 AN irdpied il % 275 e i AP e e R ER=%1 4 i
MG YE, D BRI B A M AR S AT
I TR Y . AR ERRAET, /NI T4
DIRER 5 2 P BUR Y e o4t ff et B 1 AL YR
B, dE— A BH AR A o B

BTV I 0 4 55 i 28 50 2 B) R A BV R A R A
PR AR R 2 OCEZEEH . BB R T4
43U BDNF, FGF-2 Hp 48 521, X s =
TR S R TTR T R SZ AR, S oo
PE(G 5%, U0 TrkB A2 ARG , (R E M2 oo&
BRI, gz it , et
ZETCHYAAIG FIINREIRIE s IeAh, BRI o 400 ffe el ik
YRR T B (y-aminobutyric acid, GABA) "% fll
AN (glutamate) 0 ZE 2838 O A28 T T 14
HATSERPRG AR, RIER B4 2 5 GABA R
W, AR AR e, REEM TR, H
S SBMATT By JTE I s R ORI R
A EIR, BEReaoclartE i, s 5wl
RALATHEREE, W I TR T e Y

T PR 52 R A VR A AR UL ORI B
i, RIPRT A A R A EAEH],
Bl 0 gt SRR SR AN o R I o 248 L %) AR v
GIAE BN E A E, B ERN CmE R
(Endfeet) ', i Bl 435 i i 5t e () 52 2 v, wf
FEBER A I AR R X e 28 R ST RS AR T AL B L
WAEN , FEBA AT F W B ARG [ sl 38 e 45 25
FE ST BN Y oK Bas, B IR BEE A
SN U AN IR 2R A (T |7 o 1) 0 % S
ot 4¥ W CCL2 . CCL3, CCL5. CXCLI10,
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MXEE, &: PRHBERGPHERKRAMED SMILGEEEEAETNEE <7

CXCLI2 458 LA~ 51 oME S i (hn st
AR AN BEA IR RS, S S hEET
DaJe BT R, RIS, R o 4 e e 3 4
PEARMIA TP, B 1k B R SR SO | R it — 2P Y
RS LTI

5 REERE

BTV T A M AE R A B RN i 2 OB
M, RECHFZMRER T HAET IR R g
MTIRE, A EEZEZNETFERAKRR. §
S5, BIBI A0S OPCs 22 ] (A0 B A AL HI 4
ANTEaTERE . R, BRI TN i 4k
K PR~ F 4 i R 18 45 OPCs Ay 3838 . 20 Ak Fil T
B, ARG TEE . RS T LA
KB B Bl AT B sh A AR ATy 7 oE— 25
8. HIR, BRIERRAMAER S mbE L A T
LA B E AR AR T . BRI A iRl
— IR A2 AR R R X R AR 3%
P 25 B, A2 BRI R 5 40 i T e
B TSR RES Y BORN PR A, 1 AL B R R T
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Abstract In the central nervous system (CNS), the myelin sheath, a specialized membrane structure that wraps
around axons, is formed by oligodendrocytes through a highly coordinated spatiotemporal developmental
program. The process begins with the directed differentiation of neural precursor cells into oligodendrocyte
precursor cells (OPCs), followed by their migration, proliferation, differentiation, and maturation, ultimately
leading to the formation of a multi-segmental myelin sheath structure. Recent single-cell sequencing research has
revealed that this process involves the temporal regulation of over 200 key genes, with a regulatory network
composed of transcription factors such as Sox10 and Olig2 playing a central role. The primary function of the
myelin sheath is to accelerate nerve signal transmission and protect nerve fibers from damage. Its insulating
properties not only increase nerve conduction speed by 50 - 100 times but also ensure the long-term functional
integrity of the nervous system by maintaining axonal metabolic homeostasis and providing mechanical
protection. The pathological effects of myelin sheath injury exhibit a cascade amplification pattern: acute

demyelination leads to action potential conduction block, while chronic lesions may cause axonal damage and
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neuronal death in severe or long-term cases, ultimately resulting in irreversible neurological dysfunction with
neurodegenerative characteristics. Multiple sclerosis (MS) is a neurodegenerative disease characterized by
chronic inflammatory demyelination of the CNS. Clinically, the distribution of lesions in MS exhibits spatial
heterogeneity, which is closely related to differences in the regenerative capacity of oligodendrocytes within the
local microenvironment. Emerging evidence suggests that astrocytes form a dynamic "neural-immune-metabolic
interface" and play a multidimensional regulatory role in myelin development and regeneration by forming
heterogeneous populations composed of different subtypes. During embryonic development, astrocytes induce the
targeted differentiation of OPCs in the ventricular region through the Wnt/B-catenin pathway. In the mature stage,
they secrete platelet-derived growth factor AA (PDGF-AA) to establish a chemical gradient that guides the precise
migration of OPCs along axonal bundles. Notably, astrocytes also provide crucial metabolic support by supplying
energy substrates for high-energy myelin formation through the lactate shuttle mechanism. In addition, astrocytes
play a dual role in myelin regulation. During the acute injury phase, reactive astrocytes establish a triple defense
system within 72 hours: upregulating glial fibrillary acidic protein (GFAP) to form scars that isolate lesions,
activating the JAK-STAT3 regeneration pathway in oligodendrocytes via leukemia inhibitory factor (LIF), and
releasing tumor necrosis factor-stimulated gene-6 (TSG-6) to inhibit excessive microglial activation. However, in
chronic neurodegenerative diseases, the phenotypic transformation of astrocytes contributes to
microenvironmental deterioration. The secretion of chondroitin sulfate proteoglycans (CSPGs) inhibits OPC
migration via the RhoA/ROCK pathway, while the persistent release of reactive oxygen species (ROS) leads to
mitochondrial dysfunction and the upregulation of complement C3-mediated synaptic pruning. This article
reviews the mechanisms by which astrocytes regulate the development and regeneration of myelin sheaths in the
CNS, with a focus on analyzing the multifaceted roles of astrocytes in this process. It emphasizes that astrocytes
serve as central hubs in maintaining myelin homeostasis by establishing a metabolic microenvironment and
signaling network, aiming to provide new therapeutic strategies for neurodegenerative diseases such as multiple

sclerosis.
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