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Fig. 1 The regulatory role of astrocytes in myelin development
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PRI R G, OPCHISH | 423 HARIXBUR /L IR EAIOL, feZIU EHS . FEstad e b, IR R 4NN i3 43 IGF-1, BDNF
PLMIL-1. TNF-oFIFGF-255 K T I OPCRYMITE . TR ML LB BERTIE L, Zr (T Sk MOrHE TR IR 7 TEPR ool shiE® B 7R st 2 LA
Fe—SeREE M E T B, BRIV AN — RV RERS 2 B F o 06Tk KOTREN MR F 16 JORE R Gl g LA K S AL R 4
T, BRIV AN AT I — RS RS REE . IGF-1: R ZEFEAEK 71 (insulin-like growth factor 1); NT-3: P EFEHF3
(neurotrophin-3); BDNF: JkiJE #2775 HF (brain-derived neurotrophic factor); GDNF: iRtk £ 8 75K T (glial cell-derived
neurotrophic factor); EGF: FREZ4NMIEK T (epidermal growth factor); TGF-B: #4fb/ERKFFB (transforming growth factor beta); FGF:
FET 2E 0 i A= < [ F (fibroblast growth factor) ; Retinoic acid: 4EAMR ; PDGF-AA: Il /MNP A4 < [ F-AA  (platelet-derived growth
factor-AA); Adiponectin: JEEEZ; IL: H/ZE (interleukin); TNF-a: BEIAFER Fa (tumor necrosis factor-a) ; CXCL10: C-X-CI:JFi#4
ALE FHIAR 10 (C-X-C motif chemokine ligand 10) ; Endothelin-1: Pz Z1; LIF: A IMEME EF (leukemia inhibitory factor); IFN-y: T

Y%y (interferon-y); ROS: {HPEAZ (reactive oxygen species) .
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Xy, BIER A EGE Z i RAE R T, SEUR
115 ) 1 ER s 21 S S R SO [ A 5
LRG> R IE R A M BETR AL, S EUR TURIR
TERE ™, e o i 1k 4 3Lt B 1Y) X BHAS OPCs
FAER 504k, FFHANE OLs BU3EFE, M2 il
LS i NEERE o



2025; 52 (D M3k, %: PIRMERGPHERRRAMETZHIGIREEHLFNEE 1797~

, PN //
TNF-a \_ o — CNTF, LIF,

IL-1a, ROS, . N BDNF, IGF-1,
NO WEN gz FGF-2, PDGF AA.
TGE-B, VEGF
1 )
CXCL10, CNTF, BDNF,
TNF-q, IL—la,”“ 4——] IGF-1, FGF-2,
. PGE2, TGF-B, NRG1,
o 2| Endothelin-1 IL-6
o T
¢ v AR R ST 41
L] L]
c. i3 4
o
I}EGIF-zé)T%};-% CNTF, BDNF,
o -1, ] ; IGF-1, FGF-2, .
PN YA gl PGE2  ~— ’ R <——1 TGF-B.NT4 AT BRI A

Fig. 2 Regulatory role of astrocytes in remyelination
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BT T A0 AR AN ) (o A B A5 U b HAT AR T REA R A TRURI A2 AL . 7Rl R TR T, BRI A0 M 43 fk A1
RS E G, W EE AR, Ak RO HEN I ALEYEE BT A0 43— ZR B il OPC Iy S FE A 434k, BHLASHE
BPAE . SOk ROTRE N A2 B I A A 30— R DR AR BB RS Fi2E . TNF-a: JRISRSE Fo (tumor necrosis factor-a) ;
IL: (4% (interleukin); ROS: 7142 (reactive oxygen species); NO: —% L% (nitric oxide); CXCL10: C-X-CIE/FHAfLIHFHifA 10
(C-X-C motif chemokine ligand 10) ; PGE2: %/l ZE2 (prostaglandin E2) ; Endothelin-1: P % 1; FGF-2: AEF 4k 4 i A K K -2
(fibroblast growth factor 2); CNTF: IEARMZE FEHF (ciliary neuronotrophic factor); LIF: [ IR [KF (leukemia inhibitory factor) ;
BDNF: iifMAZEFE I F (brain-derived neurotrophic factor); IGF-1: [ 2k KIAF1 (insulin-like growth factor 1); PDGF-AA: Ifil
IIMRTEMEA K F-AA (platelet-derived growth factor-AA); TGF-B: #44b4: 4K [FFB (transforming growth factor beta); VEGF: L% A B A
K MHF (vascular endothelial growth factor); NRG-1: &1 (neuregulin 1); NT-4: #LE S F4 (neurotrophin-4) .,
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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
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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
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 h: 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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