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[Abstract] Traumatic brain injury (TBI) is a multifaceted disease with a complex pathogenesis for which there are

currently no effective therapeutic interventions. Research has shown that bone marrow mesenchymal stem cell-derived

extracellular vesicles (BMSC—EVs) may play a therapeutic role in TBI. They attenuate neuroinflammatory responses at the

site of the lesion and promote neurovascular regeneration. However, the exact mechanisms underlying their actions are not

fully understood. This article aims to review the current state of research on the therapeutic mechanisms of BMSC-EVs in

TBI. It also aims to discuss possible future research directions and potential clinical applications of BMSC-EVs.

[Key words] Traumatic brain injury Neuroinflammation Neural regeneration Bone marrow mesenchymal stem

cells Extracellular vesicles MicroRNA

B 1 151 % #7455 (traumatic brain injury , TBI) 42 {H 53
FEINEOE SOk R . H AT TBL Y 3= 2R it f 45
HMERFAR AT v R AR 3R TR I DA S 2
WA . TBLAGHE A I B ™ AR A A HTH], B TG
I7 77 2OME LA BIRAR AR T ROCR o PRI, (D8R 5 2 SR

doi:10.3969/j.issn.1002-0152.2023.11.011

OAEA TR AR 4R S E (465 B2022129) 5 1L ES
2yt NA TR 31470 H (45 : 2018QDJZR15) 5 462 1A= fekt
R A28 I H (%% : WI2019F055) ; T HE TR R 5| S0
TH (% %5 :22Y18)

WG BE 2 B B KR Bt #2541 B) (12 442000)

O B (72T 5

17 S N

© SE{EVEH (E-mail :29872780@qq.com)

YR YT 7 28 LAFR =5 TBL YT AL, B Bl ) 58 )5 1 48 Ff2 (bone
marrow mesenchymal stem cell , BMSC) E7 3 i [ 30 35 57
RE 1 AN Z 1) 43 AL T RE , 7040 28 R GL i (3R 97 h A AR A 1Y)
I R O FH AT 512 BP9 *HE B, BMSC #% 4 AT LA E # 21
5495 X SR 3 oAy Al 2 0 RIS I 40 L, 2 3 it A4 X 3k
&R (A0S 1 e PR R B, T B — 251
I PR 38 UE o W 5% & B0 B i I 7 O T 440 >k 7 S0 s A
(bone marrow mesenchymal stem cell derived extracellular
vesicles, BMSC—EVs) FJ 4l il TBTJ& (Y #f1 28 S AE i 1 bt 22 11
A R AR R FE A 2 ORI R T, O BB A R0EE S 40 i AS Al
S AN B S ZSSC LA TBI B9 BE AR BEAL IR A3 T
PR AT, 1HE BMSC-EVs 78 TBLIA T AR Y8 58 b J
BRI RCR 53 F AL B2 RIS i, A B a4
FHBL G Foles PRI 4R (b4 52



HE RO e EE 2023 4F 4549 % 45 11 1)

1 B AR 53 4 B T 32 A SR AL 1 B 38 7 B

TBIAR I 40 & 2E 04 B ] 4 5G4 mT 43k ik i P 2 R 45
3 i A4 A0 R A Y i 5 D A P G 405, i 2 R
07 At 28 3R AT 32 9 R 3R o 2 ST B T S A A e 45
13, gk & AL E TBI AR S ] B R il S 45 44 AN D5 g
T BO™ H AYIZ B R )RR FEAT DL AN AT R T
REA 050 WIS T, Ak 2KV P R 46 47 v Aok 2 S SN A
KR P A A, TBIA RS T 5 /N B4l
Jit (microglia, MG) 52 B J¢ J5 40 S 38 75 , FF - 38 Jie g S 6 141
F (tumor necrosis factor, TNF). [ 41 % (interleukin, IL) 5
PGS 2 R A DGR TR . R, kA 28 4 RE N
M TCHE | bR 2 O B 7 R 2R3k, P RE SR —FR A &L TBI
Wk

H AT TBIAYARYT A H 2R TR W&l 25 A
JRLIRYT™ A T PRl A R 0 B SIEAT TR A 9T B A L
P TBLS 51N & He , (HX T 324500 28 14 18 52 e LA A 1 2R
ROR o PRLLAN AR A AR S AR A5 245 40, e AR A g
BRI A W 2 O 4P 1 AR R 1 25 5L Mk LGS 2ot i i
26 Ry B , 7 TBI 41l PR 245 ) 52 36 v AR R I W 397 A
WF5ER ], BMSC IR AEIR YT A 8500800 T s P 8 i b 22
B3NS YR R U2 0 S B N 2 | | KERG o
e TR, (H BMSC B AHIR YT W BT
PEHE TR B i Ied T B AR A A S AR 2 A LA K% A i s
IMLEEA R A 22 AT R R A PRI ke JoriiE™

2 & 8 7T 5T 2 A SR TR 80 Sh i 4k 5 1 4 1 A

1

F O

T HIIE AN, BE LAY BMSC REBE B2 4 BI04,
I H E B AZ AN, R ORI . A%
TR X FIBYT A 5 8O AT B2 55 BMSC 43 WA (1 S WA R AH
SR AN 2 — b A R TR AR G N R
PR s R 1) P S 2RO R, 2 AR S A I R I A
S K F AR WA N SO B B R RN S AR
PR LRGNV SY T /NGy TR 1 BORIA R S S AN
()3 TR E A ST AT SRR TR T BT LR
Z A Z, b BMSC-EVs 7ER YT # 4 R AU B Th R I
BRI 1, G R AT 98 96 B | 2R HE S5 3% 726 BMSC-EVs hif
JH T TBI/IN BRUASE Y AT A 200300 1) F7 40 ol 28 A i 2 7 O A0 ol
ZIRe K fE . HeAk , 205 IESE BMSC-EVs BR g8
VRS TBI G e R N A, 348 T aod (2 e i 4 1 18 52

701

RAFM AP ER . 5 BMSC A L, oAk BAg S RAF |
FasE &4 by ids b I 5 B R A 38 A W) oy 7 S
XF T BMSC-EVs {77 TBL AR B i A 58 4= M B {5 H i
B 5T % B BMSC-EVs 1] 38 2 55 48 i 40 i 2 20 L 9 ol
Z TR PR e 2 0 A A R SR AR R A

3 BMSC-EVs X TBI G R EETER

3.1 BMSC-EVsXIREMAAIFTIER MCZTBIRMZ
HEAE BN AT ) S B AN AR AR FHAS TR o 4y
S M1 T M2 P20 i Je AR . M1 B MG FE 90 3 i v 43
IL-1B . IL-6 \TNF—o SE {2 28 M A, FF- BRI H i 2RI
W) B MR B T M2 B MG AT 43 IL-10 . TGF-
B S5 5 A Ff R, 0 i g B G S . TBLR AR J 4
B MG 6 I ) M1 AL, S BT BRI B, X
TBIJG MG 3R BYTRE FT RE IR YT TBLG # 2 R0E A %0
o BRFEPIRN] BMSC-EVs 0] B 27 B 4 2E 4
M5, W0 TBLJG 29 200 M S 1 sl {2 1E MG [l bt 48 32981
WAk, A 5 RE A TR, B 107 490 161 S E S ek 2 240 i
JHT= . BMSC—EVs X 98 20 i 22 7L 1) 181 15 L 04 ¢ 42 1)
B, W 5 A R A A A R B4 73071 RNA (microRNA , miRNA ) A
e P & 4% SR A . miRNA & — 28 BBE R 45 5 /)
RNA, K BETE 20~25 /NG 2 18], 7] 30 5 80 40 i v i JE R 2
ST s s DR N e B N 0B o a3
BMSC-EVs #4157 #Y miR-124-3p .miR-140-5p A] 38 15 A [7] 4
15 530 6 AR5 3 R 258, A1 TBIJE M1 R M2 B MG 22 7]
P A, DT e 3R R PE T . (A E B 2, BT
BMSC-EVs H1 & ¥ & SLACA Fh A 7] B9 miRNA , A [\ Fh 25
miRNA [7E FIALHIAS ], X AN R miRNA R 2R A Bk
— B BMSC—EVs V477 TBI BYVE FHHLHI I8 75 38 Z (134
ST R

IV 8 5 20 T 434k Sy AT A2 R AR [ Y 400 i 3
R R AR 58 00 R A0 4 7 A MG LAY S e T
BMSC-EVs Al 18 33 8 15 Nef2~NF-«B {5 518 &4 il A1 75 2
T o0 240 L P VA0 O 1) 9 S DR R R Y 1 AR
Gt 45 5L 3% ] BMSC-EVs X F 4 i 240 i i o 4% B & 258
S, BMSC-EVs ] 8] % bft 22 58 JF 4l MLAE 46 T A8 3R AU 1 1
1], T R kAL SRAE P - 2R 3K, S TT BE Y SR AE B
3.2 BMSC-EVs B DM ITTRETS BT 58 5 20 i 24 259 1 i
AR SN, BMSC-EVs H 44 1Y) miR-138 3 i 1 ] TNF-ct |
1L-6 . 1L-1B  Bel-2 1 5¢ X & F1 (Bel-2-associated X protein,
Bax) Il Caspase3 %5 2 i [H F AR A T H F 1 &ik , LiH A



702

T2 I T3 24 B v 114 &40 J 3] 408 4 36t 8 9 18 4 (cyclin—dependent
kinase 4, CDK4) | B 4fl Jitd #k E2 98 2 (B—cell lymphoma 2, Bel-
2) .cyclinE Hl cyclinD1 BT I8 T-AH 56 40 TR 182k BT R
T 2 AR 4P 45 FAPY . BMSC-EVs H1 % miR-21 . miR-29b-3p
3 A O T 1 T i A 5 7K 3R W] U4 (phosphatase and
tensin homolog, PTEN) 5 # [ i} B (protein kinase B, Akt)
15 5 30 6 o T U 4K Bel-2 42 2 i 0 i 4 o 22 o0 0
T, X SERIE ST 4 LS BMSC—E Vs B 36 Bl 4 B i 4 o
2 RGNS TS 1 BE 1,

4 BMSC-EVs I &4 M e E/ER

4.1 BMSC-EVsXt & £ B HIER TBI LA )5 /3 Wiy A4
B 1T RGP VR A 28 0 4 ) T YA, TR 22E TBLJS 1Y
DIREMK S o AFIX R [ & 0k 52 2 4 BRI, BMSC-EVs AJ i
HE 5L 1 1M A8 SR R AR FSEHIER , BMSC-
EVs 75 TBL s P81 v i 1S , & 35 38 s 453 07 i Eh 4k
DX PAY B 200 i R R 28 T A R, DA 280 o 2 D RB KA
AL, BMSC-EVs 7] LA _F i il 48 N JZ A4 K - (vascular en-
dothelial growth factor, VEGF) 55 Z F 41 i [H 7 1) 323k , {2 iF
LA AR o 0K 28 PR ) SRR PR 0 R A/ 5 200 i g 3
TERS A3, DT 8 o ol 5 22 38 0 385 i A v o O A il
AT AR AL 5T R 1 ORISR 0, A2 1 A2 4 DX B P A
MR, W5 RIS, BMSC-EVs H & 7 B9 miR-29b-3p
B AR IRHLMTRE S Sh IR BEVE 3 VEGE 32K 2 71 31 St
(cluster of differentiation 31, CD31) %5 Ifit & A= A il 384 K+ 1Y
FIk , AR A 1 DX Al 1 i 8 2

4.2 BMSC-EVs & S/EM  TBI S 1% i 2 4 g i
153 Al 5 Wy 4 ] 5 | R JERBE 32 Bl L DAL RILH: Al o 22 3 R e
15, 33X S5 03 3 LUK SEMLIR A 5 58 U 2 . BMSC-EVs 1]
AR E P 25 200 B P A R 2 09 A A R A2 0 X B A R
£ TBI S A 0 ! LI 13 B BMSC-EVs 1] 845 &R g
Y5 GABARE RS 285 S R 6 LA S i s 1 4o 207 37
F (brain—derived neurotrophic factor, BDNF) &5 3G 4 41 28
BT FRE, RIEHAR S 2 R E R R 2] 9 Y
YEF]. BMSC-EVs ¥ miR-124-3p 4% 2w o4 iy , 7]
PR AR I IR 1 M FRIRIKT, BEIT IS TBI S #2204
it 1) BE T 1 412 BE M 28 58 A= KB, i Ah , BMSC-EVs iy
miR-29b-3p . miR-17-92 7] & & K& AL K BUR 41 21 PTEN &
FIRYRIE , B0 AK S 5308 16 BT e 8 1 2k g m , £
HERNZE FRAER

Chin J Nerv Ment Dis ~ Vol.49, No.11 Nov. 2023

5 BEERE

2% LTIk, BMSC-EVs BA 1 Z 03, ik BUN B
B AR e SR 45, O EL A 388 Jok 410 1 1 28 AR 386 o o
AR R R AR TR 2B R AR SR e A
ity 2 P2 T 5 9 5 T BRI R/ AN R 1 S 2 R L A
PEILM AR VE R o X SERRAE (ff BMSC-EVs 47 B i — il
BRI TBIG RIATT )7 %o

AT IESE T BMSC-EVs B T I FRIA YT B % 4
AR TR IESE 2% B, AN A 5 K eI 25 12
AT LASG SR A WA 1 AR T L A RO K A I AT A DX B
s B IR ), 2 2E A WA X 0475 TR AL 14l 2248 S RN A A
YEM . fHET BMSC-EVs {7 TBUIAFAE—LE /IR, | T
TEER 22 48 10 P 35 BR E 1 , BMSC-EVs ¥ L7535 477 X Juk 5
FROT S (10 38 97 5 G PR AT AT 7230 2 5 9 25 24 Bl 1N T
SPF VR T A R K S A 2 T 4 24 R A RS [ kI
BMSC-EVs F¥7 3042 4% , {2 BMSC-EVs FIF TBLIG YT Y
S AR B R R A 2 245 T AT SR R s BMSC-EVs 7EAE ) —
Tl 307 T80 ) 243 1 b e DR i 326 26 A Oy T R A AR RV O L A H i
SN (R 3 IR AR ME LA R B AL A: 77, 56T AN MA 1 i
A7 B H G T A A BT 5 X5 T AMIMA TR YT TBI AR
FHHE SRR S PR AR BE 1 T A ATD 9K A B, R s 2k — 251
W9, B4 T fifk BMSC-EVs R [ L, LAE /R B £ 24
Wy GBS

A2, BMSC-EVs EA TR 09 I R AT 5 , A B ACH
T TBLIG RIAYT T-B AR AEHE T 56 35 1) BMSC-EVs RYT 3R
W HITATI A 1V 22 0] R R A A

2 % X M

[1] KULUS M, SIBIAK R, STEFANSKA K, et al. Mesenchymal
Stem/Stromal Cells Derived from Human and Animal Perinatal
Tissues—Origins, Characteristics, Signaling Pathways, and Clini-
cal Trials[J]. Cells, 2021, 10(12): 3278.

[2]  PISCHIUTTA F, CARUSO E, LUGO A, et al. Systematic review
and meta—analysis of preclinical studies testing mesenchymal
stromal cells for traumatic brain injury[J]. NPJ Regen Med,
2021, 6(1): 71.

(3] A7, sk, Fakd, 55 KBRS FE BT A Ak
RERYIRNAMIFSEIN. R A2 Rl 2. 2008, 34(1):17-22.

[4]  BONILLA C, ZURITA M. Cell-Based Therapies for Traumatic

Brain Injury: Therapeutic Treatments and Clinical Trials[J]. Bio-



Hh A A M A RS

2023 4F 45494 A 114

[10]

[11]

[12]

[14]

[17]

medicines, 2021, 9(6): 669.

TSIAPALIS D, O'DRISCOLL L. Mesenchymal Stem Cell De-
rived Extracellular Vesicles for Tissue Engineering and Regen-
erative Medicine Applications[J]. Cells, 2020, 9(4): 991.
CAPIZZ1 A, WOO J, VERDUZCO-GUTIERREZ M. Traumatic
Brain Injury: An Overview of Epidemiology, Pathophysiology,
and Medical Management[J]. Med Clin North Am, 2020, 104(2):
213-238.

SULHAN S, LYON K A, SHAPIRO L A, et al. Neuroinflamma-
tion and blood=brain barrier disruption following traumatic brain
injury: Pathophysiology and potential therapeutic targets[J]. J
Neurosci Res, 2020, 98(1): 19-28.

YANG X F, CHEN L, PU J B, et al. Guideline of clinical neuro-
restorative treatment for brain trauma (2022 China version)[J].
Journal of Neurorestoratology, 2022, 10(2): 100005.

LIU M, WANG A J, CHEN Y, et al. Efficacy and safety of eryth-
ropoietin for traumatic brain injury[J]. BMC Neurol, 2020, 20
(1): 399.

SCHUMACHER M, DENIER C, OUDINET ] P, et al. Progester-
one neuroprotection: The background of clinical trial failure[J]. J
Steroid Biochem Mol Biol, 2016, 160: 53-66.

KUMAR MISHRA S, KHUSHU S, GANGENAHALLI G. Neuro-
protective response and efficacy of intravenous administration of
mesenchymal stem cells in traumatic brain injury mice[J]. Eur J
Neurosci, 2021,54: 4392-4407.

CUI L, LUO W, JIANG W, et al. Human umbilical cord mesen-
chymal stem cell-derived exosomes promote neurological func-
tion recovery in rat after traumatic brain injury by inhibiting the
activation of microglia and astrocyte[J]. Regen Ther, 2022, 21:
282-287.

ANDRZEJEWSKA A, DABROWSKA S, LUKOMSKA B, et al.
Mesenchymal Stem Cells for Neurological Disorders[J]. Ad-
vanced Science, 2021, 8(7): 2002944.

PISCHIUTTA F, CARUSO E, CAVALEIRO H, et al. Mesenchy-
mal stromal cell secretome for traumatic brain injury: Focus on
immunomodulatory action[J]. Experimental Neurology, 2022,
357: 114199.

KALLURI R, LEBLEU V S. The biology,function,and biomedical
applications of exosomes[J]. Science, 2020;367(6478):eaau6977.
NI H, YANG S, SIAW-OEBRAH F, et al. Exosomes Derived
From Bone Mesenchymal Stem Cells Ameliorate Early Inflamma-
tory Responses Following Traumatic Brain Injury[J].Front Neuro-
sci, 2019, 13: 14.

YANG Z, LIANG Z, RAO J, et al. Mesenchymal stem cell-

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

703

derived extracellular vesicles therapy in traumatic central ner-
vous system diseases: a systematic review and meta—analysis|J].
Neural Regen Res, 2023, 18(11): 2406-2412.

KWON H S, KOH S H. Neuroinflammation in neurodegenerative
disorders: the roles of microglia and astrocytes|J]. Trans Neurode-
genera, 2020, 9(1): 42.

BORST K, DUMAS A A, PRINZ M. Microglia: Immune and non—
immune functions[J]. Immunity, 2021, 54(10): 2194-2208.

LIU X, ZHANG M, LIU H, et al. Bone marrow mesenchymal
stem cell-derived exosomes attenuate cerebral ischemia—
reperfusion injury—induced neuroinflammation and pyroptosis by
modulating microglia M1/M2 phenotypes[J]. Exp Neurol, 2021,
341: 113700.

ZHAO Y, GAN Y, XU G, et al. MSCs—Derived Exosomes Attenu-
ate Acute Brain Injury and Inhibit Microglial Inflammation by
Reversing CysLT2R-ERK1/2 Mediated Microglia M1 Polariza-
tion[J]. Neurochem Res, 2020, 45(5): 1180-1190.

LEAVITT R J, LIMOLI C L, BAULCH J E. miRNA-based thera-
peutic potential of stem cell-derived extracellular vesicles: a
safe cell-free treatment to ameliorate radiation—induced brain in-
jury[J]. Int ] Radiat Biol, 2019, 95(4): 427-435.

KUMAR P, BECKER J C, GAO K, et al. Neuroprotective effect
of placenta—derived mesenchymal stromal cells: role of exosomes
[JI. FASEB J, 2019, 33(5): 5836-5849.

LI R, ZHAO K, RUAN Q, et al. Bone marrow mesenchymal stem
cell-derived exosomal microRNA-124-3p attenuates neurologi-
cal damage in spinal cord ischemia—reperfusion injury by down-
regulating Ernl and promoting M2 macrophage polarization|J].
Arthritis Res Ther, 2020, 22(1): 75.

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): 512-528.

QIAN Y, LI Q, CHEN L, et al. Mesenchymal Stem Cell-Derived
Extracellular Vesicles Alleviate M1 Microglial Activation in
Brain Injury of Mice With Subarachnoid Hemorrhage via mi-
croRNA-140-5p Deliveryl[J].
2022, 25(4): 328-338.
LIDDELOW S A, GUTTENPLAN K A, CLARKE L E, et al. Neu-

Int J Neuropsychopharmacol,

rotoxic reactive astrocytes are induced by activated microglialJ].
Nature, 2017, 541(7638): 481-487.

XIAN P, HEI Y, WANG R, et al. Mesenchymal stem cell-
derived exosomes as a nanotherapeutic agent for amelioration of

inflammation—induced astrocyte alterations in mice[J]. Theranos-



704

[30]

[31]

(32]

[33]

[35]

[36]

tics, 2019, 9(20): 5956-5975.

DENG Y, CHEN D, GAO F, et al. Exosomes derived from mi-
croRNA-138~5p—overexpressing bone marrow—derived mesen-
chymal stem cells confer neuroprotection to astrocytes following
ischemic stroke via inhibition of LCN2[J]. J Biol Eng, 2019,
13:71.

HAN Z, CHEN F, GE X, et al. miR-21 alleviated apoptosis of
cortical neurons through promoting PTEN-Akt signaling path-
way in vitro after experimental traumatic brain injury[J]. Brain
Res, 2014, 1582: 12-20.

HOU K, LI G, ZHAO J, et al. Bone mesenchymal stem cell-
derived  exosomal microRNA-29b-3p  prevents  hypoxic—
ischemic injury in rat brain by activating the PTEN-mediated
Akt signaling pathway[J]. J Neuroinflammation, 2020, 17(1): 46.
DEKMAK A, MANTASH S, SHAITO A, et al. Stem cells and
combination therapy for the treatment of traumatic brain injury
[J]. Behav Brain Res, 2018, 340: 49-62.

REDELL J B, MAYNARD M E, UNDERWOOD E L, et al. Trau-
matic brain injury and hippocampal neurogenesis: Functional im-
plications[J]. Exp Neurol, 2020, 331: 113372.

DAS M, MAYILSAMY K, MOHAPATRA S S, et al. Mesenchy-
mal stem cell therapy for the treatment of traumatic brain injury:
progress and prospects[J]. Rev Neurosci, 2019, 30(8): 839-855.
ZHANG Y, CHOPP M, MENG Y, et al. Effect of exosomes de-
rived from multipluripotent mesenchymal stromal cells on func-
tional recovery and neurovascular plasticity in rats after trau-
matic brain injury[J]. J Neurosurg, 2015, 122(4): 856-867.

NIU Q, YANG Y, LI D, et al. Exosomes Derived from Bone Mar-
row Mesenchymal Stem Cells Alleviate Ischemia—Reperfusion In-
jury and Promote Survival of Skin Flaps in Rats[J]. Life (Basel),
2022, 12(10): 1567.

[37]

[38]

[39]

[40]

[41]

[42]

[43]

Chin J Nerv Ment Dis ~ Vol.49, No.11 Nov. 2023

BAMBAKIDIS T, DEKKER S E, WILLIAMS A M, et al. Early
Treatment With a Single Dose of Mesenchymal Stem Cell De-
rived Extracellular Vesicles Modulates the Brain Transcriptome
to Create Neuroprotective Changes in a Porcine Model of Trau-
matic Brain Injury and Hemorrhagic Shock[J]. Shock, 2022, 57
(2): 281-290.
MAVROUDIS I, BALMUS I M, CIOBICA A, et al. The Role of
Microglial Exosomes and miR-124-3p in Neuroinflammation
and Neuronal Repair after Traumatic Brain Injury[J]. Life (Ba-
sel), 2023, 13(9): 1924.
ZHANG Y, CHOPP M, LIU X S, et al. Exosomes Derived from
Mesenchymal Stromal Cells Promote Axonal Growth of Cortical
Neurons[J]. Mol Neurobiol, 2017, 54(4): 2659-2673.
XIN H, KATAKOWSKI M, WANG F, et al. MicroRNA cluster
miR-17-92 Cluster in Exosomes Enhance Neuroplasticity and
Functional Recovery After Stroke in Rats[J]. Stroke, 2017, 48(3):
747-753.
SENGUPTA V, SENGUPTA S, LAZO A, et al. Exosomes De-
rived from Bone Marrow Mesenchymal Stem Cells as Treatment
for Severe COVID-19[J]. Stem Cells Dev, 2020, 29(12):
747-754.
LIU X, WU C, ZHANG Y, et al. Hyaluronan-based hydrogel in-
tegrating exosomes for traumatic brain injury repair by promoting
angiogenesis and neurogenesis[J]. Carbohydr Polym, 2023, 306:
120578.
JUY, HU Y, YANG P, et al. Extracellular vesicle-loaded hydro-
gels for tissue repair and regeneration[J]. Mater Today Bio, 2023,
18:100522.

(ki H 35 :2023-07-14)

(FAES 4 F)



