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The Neuroprotective Effects of Microglial Exosomes

on Central Nervous System Injury
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Abstract  Central nervous system injuries, encompassing stroke, spinal cord injury, traumatic brain injury,
brain tumors, and neurodegenerative diseases, constitute a significant global health challenge. As the primary im-
mune cells in the brain, microglia rapidly respond to pathophysiological alterations induced by central nervous sys-
tem injuries, playing a complex yet pivotal role in neurological disorders. Research indicates that microglia regulate
pathological progression of neurological diseases through multiple mechanisms, among which exosome-mediated

neuroprotective mechanisms have emerged as a crucial research direction for therapeutic interventions. Recent
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studies have demonstrated that microglia-derived exosomes exert multifaceted neuroprotective effects through
their bioactive molecular cargo (nucleic acids, proteins, etc.). These vesicles not only effectively suppress neuronal
programmed death and modulate neuroinflammatory responses, but also inhibit astrocyte overactivation and glial
scar formation, while promoting synaptic remodeling and axonal regeneration, thereby creating a favorable mi-
croenvironment for neural repair. Furthermore, exosomes contribute to the maintenance of neural homeostasis by
facilitating blood-brain barrier structural remodeling. These pleiotropic effects collectively form a critical molecu-
lar network underlying neuroprotection, significantly ameliorating pathological progression and clinical outcomes
in various neurological disorders, and demonstrating significant therapeutic potential. This review systematically
elaborates recent advances in microglial exosome research within central nervous system diseases, comprehensively
analyzes their molecular mechanisms, and provides novel theoretical foundations and research perspectives for de-

veloping exosome-based targeted therapeutic strategies.
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Fig.1 The formation of exosomes and its contents

OGDJ5 £ TCIH T2, PR B M s a0 5. b ah,
miR-124-3pid GE % [m] $0 1) HT22 4 i H 1 % 52 4
B35 K F4(nuclear receptor coactivator 4, NCOA4)
HIFRIE , I/ A A Fe? FiE P4 %4 (reactive oxygen
species, ROS) A 2, /> I — % (malondialdehyde,
MDA) 7= A4 I8 = 2 Bt H I (glutathione, GSH) )
K, T/ OGD/RE FIIH £ Uk FET: ), LI
SEPONE R R N ARG R B, OIP5-AS1/E M2-Exos !
FILH . L, OIPS-AS1AiE I8 35 E3i2 RikH:
BEITCH(itchy homolog E3 ubiquitin protein ligase)if
Fi 48 B A HL/E A 85 1 (thioredoxin-interacting
protein, TXNIP)JZ 2 AV A FEAE, 5711875 TXNIPE& F A3
SENE, IR T M B T, (R A D) REKE

IS &A= i I G 57 52 (BBB) AR 2 5 80U E
) 11 N N 5 A R ve K v i N Pt s Y A
Reox it — B R EUN 7, I 4E4 BBBSE B0 IS
Wja 0 EE . TIANSE PUL L, MG-Exos F] 22 fi#
BBBA R4 G/EM - ¥ LLE A1 3 -4(interleukin-4,
IL-4)F 15 [n] M2 38 B A A6 (1) BV 2 40 fitd # 48 i3k
MCAO/) AR P £ (2 3 B i KM o ofi 587 28 1 3R 1)
FIK, (R A A s, AT el 5t L R S ) 45
F, H o UAI) Exos W] ZE AR AMIE i2E P R 40 8 s T
X W] g5 M2-Exos 1 £E Y miRNA-26a13 5%, {HE
PEHLRIAT A R it — B 5T .

ERTT S, MG-ExosfE S i i 46 o 7 11
HREMRE. —J7H, EREEXTE TTH 2 FhAET:

Jia, BARE T BRAE T DL AR T AT A R, [H]
I O/ Al SRAG 0, R SR S 70, D LA A B
A5 5, 2 AR T B AR R L A e 2 i A
RGP BIRARDTRE L , A2 0 RIAT i AR E 61
AR KA. 53— J71H, MG-Exosit BEAR R L k5%
i TR RS, SR IR P A R, 3 e i e 3
PR LR, D9 e AT D Re R R SR ity
I, AEGYER T IR T S5 IR R T R R
BREEMMEM.

3 DRI BRI P RVER

A RES (SCJE H & FhAS [ 20w R 2= 51 i 1)
HRESE DI RE R4, 1T 3 B0 I 8K ANE
L INREHA . W 7T R B MG-ExosXf SCIfIRIT A &
LR AR T 771, 24 MG-Exos HHf
Z I ER UG, HAB T I miR-151-3piEid $ m pS33E A,
il p53/p21/CDK 15 5 JH i, AT/ b & oii T,
et AR LA ) 1X — I R T DAk s /N B SCLE T g
AT R E P, Ak, M2-Exosi@ it #54 miR-672-
SpIf-HE [ 2B €0 2508 2K 52K (absent in melanoma 2,
AIM2), #lIHi| AIM2/ASC/caspase- 115 5 I8 i, MMk
b TTFETD, [FIAERRIE (2 3E SCUS /N B D) Re 14T
N ER,

UeAk, A a0 G R R AR S R TURR 1)
A VIR G o JR 0T IR 32 B b e I 2 T e It 4
FREFHEAN P /B SRATAE . 0 4 R 92 4 g



LA N AR LA A A R e e R e 4 1A DR 4 A

931

F L) i, AR B 38 I XTI 81, 74545 2
PERA, B 5 IR PT CARH L 28 RE M (an B g i
PERLZH M) I FE M 0T (0 PR . ems It 2 R TR ) In)
Je L R A 23, e S Ak R It 44D . (HAEM R I,
To 3 B RN A% 1) 4 B i 28 T8 OB IR, FELAS
WX TR R ) A, FEENRERRAG ), Kk, 5
b SCIK 2 iR Jo s I ) T2 Js ok SCII Mk &2 7] =
B WFFTRET, MBI 5T 20 73 W8 1 M i A4 (M1 -
Exos) " miR-145-5pf) T i, 181 fif Br H X Smad3
mRNAFEE 401 /E FH , f# Smad3Fl p-Smad3 4 (1%
B T, X i R R T o AT e 4
WA ITRE, B RUR BRIR . R, E R miR-145-
Sprl e I SRR IR T i, A R A, o
SCHLIATIUE WA RCTF B2, hab, fRE SR RIA 2=
i, SONEHE B TR 0T 20 A 43 9 AVRSRT A2 Y i 3
B AVRETZRR pgE it 2k 7 4 i 5 ohae, Hif
T 2P0 Rk B WA AR FH I B B, SR — Fl
TR ERA, M2, A2BY R 55 4 i
PR T MAEEFRR TR ERRIE, A
BT MAE TR S A K, TRERIE TR PEAE
BT, ZHANGE: PYHE 5% & 31 M2-Exos 1] 11 A 17
STV I 5T 4 L R p6 5 11 A% e A7 R NF-xBA5 5 38 25 11
g, VR SCLIE A1 R o 2 IR AR s, AT 98¢
NFAR TR, (2SS D RERI K S

SCIJiE B35 i it [RIFF B 2, R ik &2 if gk B 17
A LR A M R ECIRAS 2> B EH R A BOR Ca?
B, RAP M AR IR FERI R T0Ab, IR N 20 (1
AR RVE FRPIIT, SCHF AR 2 4 i 1) A7 35 A
A, Nfetma Mgz g mER. Fik, 53
M2 SCIEMA R SBEN Xz —. SCls
VRGN SR SO T B R 20 P 1 BB S RN B
M B FEE 68 1 Z R £ E R, PENGS PHE
B MG-Exos 7] PLid i 3075 Keap I/Nrf2/HO- 115 518
PRIFE SE AR, (kP R AR B R AT A D fg, T
1%/ SCUE I ML 5143, (R BARNLHIA A Fr it — Dot
Flo R HEEMAL SCUS M ThREMGE £ 2, [H
H AT AH W TR IR, AR 75 3 — 2Pt 9T LUK
NRZR H AL A2 3898 2 167 A -

A, HTMG-Exos R A JivE . mfee k.
PR 2F M SRR a1, HomT DL /N9 T2
YR EE T s Ik ) A, T R AL 2N SCIIT
Ro T LK R I DR HG T DA 2 M 2R ) 4 R i ),

FROEHEM 2 T4 B (neural stem cells, NSCs)[H] f1 £
JLo, DN IT R T IR AT . BT E
FE R N 5 F KR e 22 51 R B 88 I3 T D R 4%
Kt Exos A 1B RUHIX IR . M2-Exos T H
JKEEIR TPME(TA/PPy/M2-Exos) 4 #4 48 14 56 15 17
(AL S, I S 2 S R I A 4 41 M 3
FAANEN R AR, B ESE S T SCUS IRk &P,
2% LATIR , MG-Exos?E SCIFTRIT I H T
LA X2 ST P 4 AR R
AE, I RO S TG T S TR, e
TCHIAETE TR HLIRER, RN, REWE 2 B A A RO
N, BETT RS P AN I 450 S Thg se e . L=
JE T TR R 40 B R B RS MR AR, A 0 4]
AVRIY T 20 I 0 , A 2508 J o s R 1
TE R, 1%l 5 i P A SR AL T A 0 P A S5 A 0
5] . H =T MG-Exos ] %1% BBB H A%
o8 SR I RR I, 2P SRR AL T B AR (1 B AT
&, Aed 225 32T+ 25 (R FH 805 Uk 98 RE S,
M SCIRIYR T AL 138 B 25542 5 SR w7 1l .

4 INBRFR AN TR O 65 PR IR
1 FR

AT PR k45477 (TBI) 3 22 iy A BE ) & 4 ol
gk, SR R AL R AT L A IR R
P g v il R A S5 RO VE R B AR . gk R VR
13l BOWE K AR D RE B AS . AL RIB. 400
N Ca? 3. A E IR w7 M5 1 K 42 2IE S5 AL
il o X UL B AR AR EAE A, HE 2D e R 2 e
P A 2 Dh e Ak, B AT 4k R VE SR (IR T G
N, BHFRREW, miR-124-3pXf B3 TBIK
WG AR H . g ad 55V 05 1 44
(repetitive mild traumatic brain injury, rmTBI)/
B A TR i B2 U A P ) MG-Exos 1 miR-124-3p ]
FIE KPR35 38 0 B2 WANGEE PURE AR I, B
N4 245177 A5 miR-124-3pHI MG-ExosfF ] T
rmTBI/N SR | B 4% 32 35 PRI S 2 oo I st
P4 7 R i T AR 3 B R R IR BB LR
B, miR-124-3pfe % 4L [a] 1] 3 5T I S 30R 5% 2
IRE1afI3RIE, A A P 5T o RO AE 5 8 B
0% o 534 miR-124-3pRENS il 2 4 d 48 e IR R T2
FIPE M I GE R, R B 2 4 2 on A R
FYEM . AL, miR-124-3pnf DL B B m) IR 43



932

Ji HT224H i (1) 200 kDa g 4 B0 5 e A FLAE
H M (focal adhesion kinase family interacting protein
200 kDa, FIP200) mRNA, #iil| A4 Fak, g
HPhZE s B, B5GE TBIS A2 5145 . HUANG
S5 BRI 72 2% B miR-124-3p REAE H1 1) 52 453 4 22 0 Hp
FR RE SR, HAR /N 5T 200 1 17 7 98 1 M2 2
etk o miR-124-3pE 32 4514 248 7t v il i 41 o) ol e
& 4B(phosphodiesterase 4B, PDE4B) 151k, it
I A0 1 R 27U 5 40 i M B 3R E 2R (mammalian target
of rapamycin, mTOR){& 5@ & (1135 1, FEAIK T IF4E-
BP 1 AIP70SOK WM /KT, fle st P22 R, st
MRS -

SR, miR-124-3pXkf TBIT S ) 0 A8 J=) R
Tt e rmTBIAE A Jy 2 A< 1k 22 38 4T PR B (4 B
IRIFER R E GG R . DR ER, KET
kB(nuclear factor-xB, NF-«xB)[J 1. #& Rela ] i i #I
1| %% iI§ 25 1 E(apolipoprotein E, ApoE)f) % 5 if 14
Z 55 PFHE. £ rmTBUANSMEI IR, &
F miR-124-3pHI MG-Exosi#E A& 0 f5 , A #E[A)
Rela, #ET{e it ARSE A 40, @i i#15 Rela/ApoEfE
Sl PRI AR IRAT AR, AN GE R Ik Ab,
HUANGZ4 P miR-124-3p ] #11] Rho A FI I Z83E
1T H (AB-IK A p-Tau)F ik, X rmTBIJG FIFHZE IR
AT PEAE A SN Th e B B EZ AT EH . miR-124-
3p ] 8% TBIG I BBBHR A 1E F o 7E P R 240 ff oot
15 miR-124-3pREWS 1] P9 B 20 M A A4 A R IR 4 473
JE RO, TR I e X R T 2 BR ) ZO-141 occludin
IS, NI BBBIITSIRAR L, RN Kb, 410
AN 90E , B b4t . IX Ee Ry F ]
it 5 miR-124-3p | mTORYE 5 # 5 i 5 itk
15 P9 57 41 ffd (brain microvascular endothelial cell,
BMVEC)H H W& VE 1) g 1A 5B,

WANG %5 P8 5 R 30, A I Ab B2 n] o548 i 22
B (lipopolysaccharide, LPS)¥#i [¥] BV2 /)N & Jifi 41
Exos*H miRNAKFKIA#E ., H+, MG-ExosH miR-
20b-5pii 3 B AL, 1l I B A 0] PTEN - 3E PI3K-
AKTIE 5@, /2t TBIG#E o & RAE KR
il 2, A BEEIEE IR (HEA B FRVIEIL
) /I8 JB52 Joit 48 J w40 TBY i S P 1) b 28 SR AR K A
R, X T2l T 45147 1 MG-ExosH! miR-
5121335 F AT, 7E MG-ExosHid 1A miR-5121
A UG X A AR T . miR-512 1 3 #215] RhoA-

Rho 4 il 8 4 b 37 B0 771 RGMa sk g k#4858 A4 K
A, S Exos 1 ) miR-5121/K“F Al fiE
FCARTT TBIFHT 58,

R, 7E TBIR LG, MG-Exos EEHL T £ 7 T
KHAER . EREREREUHEME R T W M RO 2, A
ZECHI ] A R DX N R A I RE R B2 R A 48 T )
T K B, R4 A G i A (R ph R A
K, Wk FEoNRE BB B S AR ). A
4Ntk , MG-Exosit BE4% TBUG I & IR T HEAR
BN RE . AN, MG-ExosRERS M5 17 )5 A
B ARMO R T, AERE N B 40 AR E P, [E1SBBBI £
PR CARRLE , T IRCAR 7K T, $a) 98 0 Je B, Fe A4l
HETBUG PR DI RE RS

5 BEERE

ZIN B 5 4 M 2 CNS [ A7 G 22 40 i, % CNS ¥
(R AT S A 143 B B IR 2, 3 5 e 1 B
BB Exos L L) . MG-ExosfE V597 CNS¥ER
HHEA RERS, B RIFFAEMEAENE. KR
PEIR M. B, g E AR BE BRI BE )%, X SRR
PEAE L B OR IR T BRI PE A A B 440 RN B4 1
WP S AR 2 RGU BRI A AT Se i T . 78
CNSHEIH KA 5 AR B, /0N o 48 i 2 7344 A
AR E, BSO8R SRR RIM2EY, B
T A 2 AR 3R P I M2-Exos . [ 35 I 18] 1) $E
B8, /0Nt o 44 L 326 v 4 7 R A2 96 ML Y, SR o
Al Be IR L 2R 453455 1 M 1-Exos. [, (3R /N R
4 ) M2 AR AL, FEER AR FE MG-Exos il # CNS
P Ii UG IR 53 AL, 2 MRr i A E s . H RTAT
FERW], MG-Exos Al L@ #ifl & e T, B
Wi AR, IR SO RN, R ERRE RAK, HiI
JRIRIRTE L, 4E9 BBBSE 3155 2 Fh oy P 48
I, R BAG E M AThRE R R (K12). #t B A it
FU4E R 5, MG-Exos 1] DLl i 32§ AH 5< 2 7
miRNA. IncRNAZEY) i o 38 5% Tl fa , Rk, i
2 Exos N W) 0T LA RN VR I HH AKX #2822 G0 5 093 1Y)
— B % . H MG-Exos (137 FH 2 1 Il — L6 4k
o R S LR SR 5 NG - SN N P ]
ZE S FIEAMG 27 KR s 6] A BT
AR ZE L KA RO AN 2 AP B A S 1 DA R R
A A L, X e PR ZR PR ) T AR IR PR IE I )2
RLFH, Of 75 St — B et AR AL . ER H AT I



ZRHEE MR B A A AT AR e R e 1 R AR

933

I

B2 NRBEERESNL AR AR R R G R A a T AR AL

Fig.2 Mechanisms of action of microglial exosomes in the treatment of central nervous system injury

AR 2 1 8L, (BARAE R 2 A RS R AE RN

WEFE, BATAT LATE AR I BBk, 9 CNSHRp 2 it
IR YT S .

(1

[2]

B3]

[4]

[3]

B Hk (References)
HORNBY T G, REISMAN D S, WARD I G, et al. Clinical prac-
tice guideline to improve locomotor function following chronic
stroke, incomplete spinal cord injury, and brain injury [J]. J Neu-
rol Phys Ther, 2020, 44(1): 49-100.
SANTIAGO J V, NATU A, RAMELOW C C, et al. Identifica-
tion of state-specific proteomic and transcriptomic signatures of
microglia-derived extracellular vesicles [J]. Mol Cell Proteomics,
2023, 22(12): 100678.
COLONNA M, BUTOVSKY O. Microglia function in the central
nervous system during health and neurodegeneration [J]. Annu
Rev Immunol, 2017, 35: 441-68.
XUE Y, NIE D, WANG L J, et al. Microglial polarization: novel
therapeutic strategy against ischemic stroke [J]. Aging Dis, 2021,
12(2): 466-79.
LIAN L, ZHANG Y, LIU L, et al. Neuroinflammation in isch-
emic stroke: focus on microrna-mediated polarization of microg-
lia [J]. Front Mol Neurosci, 2020, 13: 612439.

(6]

(7

(8]

9]

[10]

[11]

[12]

ALAM A, THELIN E P, TAJSIC T, et al. Cellular infiltration in
traumatic brain injury [J]. J Neuroinflammation, 2020, 17(1):
328.

PENG J, YU Z, XIAO R, et al. Exosomal ZEB1 derived from
neural stem cells reduces inflammation injury in OGD/R-treated
microglia via the GPR30-TLR4-NF-kB axis [J]. Neurochem Res,
2023, 48(6): 1811-21.

BAO H, MAO S, HU X, et al. Exosomal miR-486 derived from
bone marrow mesenchymal stem cells promotes angiogenesis
following cerebral ischemic injury by regulating the PTEN/Akt
pathway [J]. Sci Rep, 2024, 14(1): 18086.

LI N, SHU J, YANG X, et al. Exosomes derived from M2 mi-
croglia cells attenuates neuronal impairment and mitochondrial
dysfunction in Alzheimer’s disease through the PINK1/Parkin
pathway [J]. Front Cell Neurosci, 2022, 16: 874102.

HERING C, SHETTY A K. Extracellular vesicles derived from
neural stem cells, astrocytes, and microglia as therapeutics for
easing TBI-induced brain dysfunction [J]. Stem Cells Transl
Med, 2023, 12(3): 140-53.

WANG Y, LIU W, GENG P, et al. Role of crosstalk between glial
cells and immune cells in blood-brain barrier damage and pro-
tection after acute ischemic stroke [J]. Aging Dis, 2023, 15(6):
2507-25.

WANG Y, XIAO T, ZHAO C, et al. The regulation of exosome



934

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

(21]

[22]

(23]

[24]

[25]

[26]

generation and function in physiological and pathological pro-
cesses [J]. Int J Mol Sci, 2023, 25(1): 255.

HE C, ZHENG S, LUO Y, et al. Exosome theranostics: biology
and translational medicine [J]. Theranostics, 2018, 8(1): 237-55.
RAPOSO G, STOORVOGEL W. Extracellular vesicles: exo-
somes, microvesicles, and friends [J]. J Cell Biol, 2013, 200(4):
373-83.

PAN J, WANG Z, HUANG X, et al. Bacteria-derived outer-
membrane vesicles hitchhike neutrophils to enhance ischemic
stroke therapy [J]. Adv Mater, 2023, 35(38): €2301779.

ZHANG D, CAI G, LIU K, et al. Microglia exosomal miR-
NA-137 attenuates ischemic brain injury through targeting
Notchl [J]. Aging, 2021, 13(3): 4079-95.

LIS S, WU JJ, XING X X, et al. Focal ischemic stroke modifies
microglia-derived exosomal miRNAs: potential role of mir-212-
Sp in neuronal protection and functional recovery [J]. Biol Res,
2023, 56(1): 52.

SONG Y, LI Z, HE T, et al. M2 microglia-derived exosomes
protect the mouse brain from ischemia-reperfusion injury via
exosomal miR-124 [J]. Theranostics, 2019, 9(10): 2910-23.

XIE K, MO Y, YUE E, et al. Exosomes derived from M2-type
microglia ameliorate oxygen-glucose deprivation/reoxygenation-
induced HT22 cell injury by regulating miR-124-3p/NCOA4-
mediated ferroptosis [J]. Heliyon, 2023, 9(7): e17592.

LI Z, PANG Y, HOU L, et al. Exosomal OIP5-AS1 attenuates
cerebral ischemia-reperfusion injury by negatively regulating
TXNIP protein stability and inhibiting neuronal pyroptosis [J].
Int Immunopharmacol, 2024, 127: 111310.

TIANY, ZHU P, LIU S, et al. IL-4-polarized BV2 microglia cells
promote angiogenesis by secreting exosomes [J]. Adv Clin Exp
Med, 2019, 28(4): 421-30.

LIC, QINT, LIUY, et al. Microglia-derived exosomal microrna-
151-3p enhances functional healing after spinal cord injury by
attenuating neuronal apoptosis via regulating the p53/p21/CDK1
signaling pathway [J]. Front Cell Dev Biol, 2021, 9: 783017.
ZHOU Z, LI C,BAOT, et al. Exosome-shuttled mir-672-5p from
anti-inflammatory microglia repair traumatic spinal cord injury
by inhibiting AIM2/ASC/Caspase-1 signaling pathway mediated
neuronal pyroptosis [J]. J Neurotrauma, 2022, 39(15/16): 1057-
74.

CHEN W, SU G, CHAI M, et al. Astrogliosis and glial scar in
ischemic stroke-focused on mechanism and treatment [J]. Exp
Neurol, 2025, 385: 115131.

CLIFFORD T, FINKEL Z, RODRIGUEZ B, et al. Current ad-
vancements in spinal cord injury research-glial scar formation
and neural regeneration [J]. Cells, 2023, 12(6): 853.

YE Y, HAO J, HONG Z, et al. Downregulation of microrna-
145-5p in activated microglial exosomes promotes astrocyte pro-

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

liferation by removal of Smad3 inhibition [J]. Neurochem Res,
2022, 47(2): 382-93.

ESCARTIN C, GALEA E, LAKATOS A, et al. Reactive astro-
cyte nomenclature, definitions, and future directions [J]. Nat
Neurosci, 2021, 24(3): 312-25.

ZHANG J, HU D, LI L, et al. M2 microglia-derived exosomes
promote spinal cord injury recovery in mice by alleviating Al
astrocyte activation [J]. Mol Neurobiol, 2024, 61(9): 7009-25.
PENG W, WAN L, LUO Z, et al. Microglia-derived exosomes
improve spinal cord functional recovery after injury via inhibit-
ing oxidative stress and promoting the survival and function
of endothelia cells [J]. Oxid Med Cell Longev, 2021, 2021:
1695087.

LIU H, FENG Y, CHE S, et al. An electroconductive hydrogel
scaffold with injectability and biodegradability to manipulate
neural stem cells for enhancing spinal cord injury repair [J]. Bio-
macromolecules, 2023, 24(1): 86-97.

GUAN P, FAN L, ZHU Z, et al. M2 microglia-derived exosome-
loaded electroconductive hydrogel for enhancing neurological
recovery after spinal cord injury [J]. J Nanobiotechnology, 2024,
22(1): 8.

WANG Y, LI D, ZHANG L, et al. Exosomes derived from mi-
croglia overexpressing miR-124-3p alleviate neuronal endoplas-
mic reticulum stress damage after repetitive mild traumatic brain
injury [J]. Neural Regen Res, 2024, 19(9): 2010-8.

LI D, HUANG S, YIN Z, et al. Increases in miR-124-3p in mi-
croglial exosomes confer neuroprotective effects by targeting
FIP200-mediated neuronal autophagy following traumatic brain
injury [J]. Neurochem Res, 2019, 44(8): 1903-23.

HUANG S, GE X, YU J, et al. Increased miR-124-3p in microg-
lial exosomes following traumatic brain injury inhibits neuronal
inflammation and contributes to neurite outgrowth via their trans-
fer into neurons [J]. FASEB J, 2018, 32(1): 512-28.

GE X, GUO M, HU T, et al. Increased microglial exosomal mir-
124-3p alleviates neurodegeneration and improves cognitive
outcome after rmTBI [J]. Mol Ther, 2020, 28(2): 503-22.

ZHAO J, WANG Y, WANG D, et al. MiR-124-3p attenuates
brain microvascular endothelial cell injury in vitro by promoting
autophagy [J]. Histol Histopathol, 2022, 37(2): 159-68.

WANG C, J1'Y, ZHANG H, et al. Increased level of exosomal
miR-20b-5p derived from hypothermia-treated microglia pro-
motes neurite outgrowth and synapse recovery after traumatic
brain injury [J]. Neurobiol Dis, 2023, 179: 106042.

ZHAO C, DENG Y, HE Y, et al. Decreased level of exosomal
miR-5121 released from microglia suppresses neurite outgrowth
and synapse recovery of neurons following traumatic brain injury
[J]. Neurotherapeutics, 2021, 18(2): 1273-94.



