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[ Abstract] Ischemic stroke is a cerebrovascular disease with high clinical incidence rate, making it one of the main
causes of death and permanent disability worldwide. Currently, acute phase thrombolytic therapy and neuroprotective
measures are often limited by narrow treatment time windows and bleeding complications, leading to many patients
missing the optimal opportunity for thrombolytic therapy and resulting in poor prognosis and a lack of ideal treatment
methods. Mesenchymal stem cell transplantation therapy is a new approach for treating ischemic stroke that has garnered
significant attention due to its advantages, such as abundant sources, multi-directional differentiation potential, low
immunogenicity, and paracrine effects. Animal experiments have confirmed that mesenchymal stem cell transplantation
can alleviate neurological defects, promote nerve damage repair and regeneration, and is safe and feasible, offering hope
for the treatment of ischemic stroke. However, determining the optimal timing and dosage of mesenchymal stem cell
transplantation remains a major challenge for its clinical application. This article provides a review of preclinical studies
on the biological activity of mesenchymal stem cells, as well as the administration routes, time windows, doses, efficacy,
molecular mechanisms, and safety of mesenchymal stem cell transplantation for the treatment of ischemic stroke in
animal models. In addition, the limitations of preclinical studies on mesenchymal stem cell transplantation therapy are
discussed with the aim of providing a theoretical basis for the clinical translational research of mesenchymal stem cell

transplantation.

[ Key words] mesenchymal stem cell, ischemic stroke; stem cell transplantation; preclinical study; regenerative

medicine

Chin Med Biotechnol, December 2024, Vol. 19, No. 6

. Fm LR T -

B PER 2 (ischemic stroke, 1S), XARENFEZE. &t
I R R, SR e DR 3 L PR PR B Bl BRAE TR
e B i 4 2R R T P SR AR B A, T 0 5 A A A
FEo IS HMIAR T EE 85%, A7 f w LI —Fh
FAIN, 2020 4 ELC M2 T WA GRS A
2016 FEEEMAHHIBIHFEN 2.5%, HAT 700 F5EE
NRAZEH, 29 15 T NFIIET: . ARFE 5L DA 1 21
B, S ot A R R R A I 2, ST A BRI 1500
TIN o WA e () i 2 A A R RS T G m, 72 55 )5
BfE, HARBHEZXKEWRER . IS £2%EKEIKKE
A 2 2 MR AR PR B AG ER ML  RAR, B R AT R 4 40

IHRERES, (EFEoR ML (8] I E K, K2 B RE R TT I 5L
SRR ABIAE L . T F B2 036 T T3 S0 A vh B B B
PRI AT BR BT R, T AR TR BEHE oA I A 72 F P XS
AR R, R AR YT SRR T S A h

EEWA : Wby E ARV BEZ B E I (21372409D)
EZEBAL: 050000 5L, AL EEARFR S 55— b 20 i 7 AE 25 4 1
REFFE G GRE . 5K, MZAR (HAH); 050090 f15KH, 1
e RS AR A IR AR (F48): 050017 FKE, FALEREK
LSRN R (4, BIRRESRE (FEH)
BIEEE: HE5H, Email: yby7001@hebmu.edu.cn

WS EE: 2024-03-08



R E EEZEER 2024 4F 12 A5 19 355 6 H

Chin Med Biotechnol, December 2024, Vol. 19, No. 6

527

HIRAE, Frizl 5 &A= 5 2 MR .

B 785 T-408 (mesenchymal stem cells, MSCs) T
HG PG @B SRR & 2 A D RO LS
FEen, ETETERYT IS HEUE T A ANEENSER. CiFy
MSCs BEAH AT ME LR RZERHT . LR R
2% 0] % B VR 9T THAL. MSCs 155 4 WA R F A T DL 3540
ZEFAER, (RHDIREIRE o R AT IS BV B T80
R THT MSCs ITHIA RN M2 Mg 4l %
T, MSCs [ R0 & FHIE 24 138 16 I [R) 2 20 BV T 7 1 IR
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1970 4E, Friedenstein MR FEME L & B —F BA
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4o MSCsPL, BJE, MSCs £ Cilikh A Y 2 AR A2 K,
IR RTINS HERAR. PE
ET4M, EEHMES e,
1.1 MSCs RyFh

PEikiE, MSCs FTBAMZ PR 4B ik, aofiiy fE
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MSCs HAT =I5 RE 11 21 R Akig J. 145 T
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2% 2 RN 20 ML 53 Ak A S Bl AR N RTE S RN B & A . O T e
e XCRIER) MSCs, [EFR4iRI7 %4 (International
Society for Cellular Therapy, ISCT) &t T HFEA K HE
FrfE. B 25, ARV MSCs NIAEFRAERT 77444 T EEA K

HW, NRIFE MSCs 4Zi3KiE CD73. CD90 FI CD105 4fi
MR HE R EY, EARRENEEREE MIREY CD14,
CD34. CD45. CDI11b. CD79a R4 AMAENE &EN T
HLA-DR; #jm, AR MSCs B AELE/RAME T i EE 4l
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injection, ICV). EPNi$i% (intranasal delivery, IND Flifl
B NHILIRE, WERKES (intravenous injection, V) B
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AT AE B SR S R T RE B0 IN T e 7 M 11
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L] MSCs Bk Bk Bk Bk Bk TR %
e R R I #BR & WE S SCHk
N T MCAO JF%  JR#FFik 1x10° 4 2 05mlPBS WFik CCL2 A MSCs it [16]
1. 4 K Kt CCL2 /KFHIFFS T, o
I35 A2 ORI 22 0 A2 DA B b w0 22
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T4ufEms B MCAO =) Frdk 3 SR AR A i, DT o3 i st 1 45
(32" J& 1. 24 iR/
Al 48 h
KA B/ ORISR G 1x10° A 1 10 pl ZEFEERK MSCs a1 N ke MR, FEAREAERF  [18]
J& 1h A A) AR IR TR HE 1S 5 KRk
hiPSCs KR MCAO J& SRk 1x10% A 1 1 ml PBS %S 2R T AMMATA R R T4 RAE  [19]
i 8 1) 70 0 M P A AR A1) T /N B R 4
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X JH B 5x10°4
K MCAO J& SEARERBIA 4% 10° A 1 4pl AEEHK MSC-HEEFRETHE IS BRAXME [22]
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24h 2 x10° AMkg 50 ul PBS THUNRF A M2 B M1 B#;
73 SRl /D> I I A AR LA B B X
BRI T, TSR M 22 T R
EidVi
N MCAO J& B EPHN MSC-sEV 1 1 ul PBS MSC A4 B4 A I o /N At [11]
3h ESTEE N 1 pg/5 g W EEMAD IS & 72 h Mk
B M R T RN MSC fiTAI 4t

WAPRIR T HENE B I AT 1k

E: MCAO: K zhiki412%E; BDNF: BGJEMIZLE N T; VEGF: MW KAEKET; CCL2: C-C REFEILRFTRAA-2,
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BEBY, R HIARIL, EMEE IS KRB H, hUC-MSCs
FEREYERE 1 I B B 0 SE M, DR AT B, R T
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3.2.1 FHUMEA  {ESULMHRIRARIE LT, MSCs 4
AT PR - B A1 0 T R R S P 2 AT 1S S R R Y
TR . MSCs - CUBIE B o] RURE R 2 i AR A IR 7 F0 40 ffa R -
MZHE, MCAO K452 A 2 58] 78 57 4 i H 3R A5 1)
SR FEETRE, WRES/MMESLTA, 3 FoxOl.
Wnt/B-catenin 15 S IEIE M, WENIEMETIAML RS, M)
HIFE T AR TR IR ORIER MSCs THEHLMLS 2 h
B M BRI P E R BB B AR N, T AR E O BOE
Klotho-o/AMPK-a {55 % F 401l IL-6 A1 TNF-a {2 % H
Torh, WO KRBT, W 1S 7728
S RACZEFEE . EIRBE AN, MSCs ] R —
A B MG 5 IR B SR R PE TGRSk b i
9, TR PR B AT B 0y B 5 2 S T AR VR 9T W
3.2.2 M4 HWFFERH, MSCs HBIT PI3 ¥HgH L
W, FBAEItH PI3K/Akt A1 MAPK 173515 5 B 34
TEANBERR AL, 7 BRI kL = AR (R A AR AP T
FMI, TL-8 BRI A ekt . 5 SR E AR N E T
#EJRM: MSC (human bone marrow-derived MSC, hBMSCs)
AHLE, IL-8 AL#EFY) hBMSCs R HIBEFE 57 X (1) M8 A B
I HAEHIR . Ak, fE/NR IS KA 3 h E&ENK
5F IL-la TALFRR) MSCs, BAHJG 72 h A4 67%
R EEZETEI AR RGN T 32% HIBhBkILis, 5RAH MSCs
HA B HAT R R

3.2.3 GRIEET  RAMEFEN MSCs AT LARE Z FhiE ik
A¥, W C-C #FEM 2 (C-C motif chemokine ligand 2,
CCL2). CCL3. CCL4. C-X-C-#FHfk 1 (C-X-C motif
chemokine ligand 1, CXCL1). CXCL2. CXCLS5 %%, j&fk
H T R T 32 M g2 MSCs 3T 82 A % 15 Th B AN 7T
D, AR MSCs BREGEIR FIMEEFE R, TEF
Z MM, c-Jun FRUGELEE (c-Jun N-terminal kinase,
INKD FE @ JOE MM T S8 gnistt:, Bk
INK 3 44 PR35 2 Jo e ek A 4 By i B e M 2 R Tl
BFRFE. B MSCs FHURITEE M MCAO KR ATHIH]
INK {558, 1550 X I b 28 0 8 T A0 2 T i o 4
i AR,

MSCs ®] 433 2 Fp 40 L IR ¥, Bldn. &2y AEH K
IL-10. TL-13, e R IERM IL-8. TL-la. TL-12 2R
MO IL-6. IL-11. IL-16. IL-1p JFIFAT IS JE 4k
IHAEIC, IL-1 51K/ MSCs ) HA2H th AL RS 2 2 I8N IN R
A MCAO #ERh BEEZE AR . fE1R SN E Wt f
UCMSCs i PI3K/Akt {5 5 i % 38 0 fig 2 i ) 38
IL-10 F1 IL-37 RIiEKF, RIEFRMEMM. HF50 R,
ERNIEEERIE IL-10 ) MSCs (MSCs-IL-10) A &35
I 2Rk B AR A IS R N RIE, R
Y ABE T R0 S AR S,

3.2.4 MG MMAEEEEER REMARI, 47T 1S
NERFEHEMLEIE p38 MAPK ] MSCs J&, SxfIR4IAHLL
IS /N RRAT AU T R R 2 2 . 48 T B R il O B 4 IR 2 iR

L FERRMAE S 3 d ERMERE ERKI2 BT
MSCs, 5 MSCs R4 IS KM bb 7R B 4 1 o e A
g, BEMNTHENTFX (SVZ) KL MAP2/HEEH
MR IC ARG, ] TN R A RS, AR
RIS TNF-0 KETFa,

4 MSCs HYEAAN T RENHE

MSC FEHUAAR P8 RS SN0 A BE AR TR0E 3R . i
TR 26, R —EEY R MR . AP ARSI, B
Al BT, MSC BA 5 AL 1 34 4y A (4R . MSC
NN BESSHAEI R], EEBESRARMIERARF K
FRMTF B o RN SR R 5 A AR AR - A 5ish
WGis, ATCGATEIASIB RS, F A AR ERE ROk, B
B S I i a1 78 e e R P T CNG: WL T el
EARA MSC &, Eid qPCR 7k, LR
' DNA &8, 2PN MSC #E 0. B9 R I, MSC
BENRNZ S5, RS RO IR] 8L, 32 00 A 7 IR0 bk B 47
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e RETE DN RIS, S5 R AT, Bt >
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T MSC HAHHE., 50y, fE5RM
ARZS T 20 A0 (o848 T BB in B 2, ELR R4 24 5 s AR 2 j i
MSC (34, SRR, T IS ME, KMNBHIE
H T ARSI MSC R, MAeSBENES. #kaZ
—FE S RAR/NIS 2%, B MSC fEfkp
FEFMARKEZ K, RESCIRP SR ERE KR, A
BRI IE , AR S 0 MSC 844 P F0 77 35 IS 18] AN
1 d™ BFIRERESE 42 K, RICKRK KM &2 1y
7E hUMSCs, HA TR R, F4 cikiiiE, MSC 7E
PR A A7 R ARG, 7E s SRpE /N R BT LK 17 A
)%[50]0

5 MSCs HIZREMITMN
TEL TG R ATATT S, % MSCs #H4T T 22434,

0B B I AR M, B RAFR 2 R —
T DA B A B SO R AT N MSCs BRI R T 22 45 M 3
r, ZERKES EAER4 450 pm MSCs BRAEE MSCs 4
B0, EEES 21 REEE 60 KK, CT HiER
FrG B R IR T IO R, AL A0 HEOR i 418 1 K
FEIEHTER A, Aok g 8] 550,

6 A BIAZREERM

AR ARG/ BB AL AT MSC IR R ATV B
28BN IE T M7 VR (38 S br i, BRI IR ST It
HE, (ESZ BRI NS IR (0 22 T e T Sh s B ran A
I MSC WJRIRE. HTMFmZER, YBEANR MSC #
NBYIREZE P, SAFTE TR PUE £ B R v
AR RAEIENR GG, X Ok A B
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. MSC J&, MSC TR VHHL DL K S5k S 40 18] 1)
MEAERH, XSHITLERSERAEHIH MSC 1)
REFER .. Bk, 7EEBEIIVBAIRT, T 2R MSC 4F
PRAE W) 2 16 PR I B T SR AN H I HEAT S5 A VR A

7 RE

IS Bl ES — BN M LLEST . BT, MSCs
R EA WA HARE, £ 1S HiTh e Ewma uB e
IRV SR 110 A8 18 TT 74 s o A SC [N T %4 MSCs
1897 IS SRR AL 25igde . BERE HORT IR AR 2, LA K
TEAEWRITHE S . KEWIIG R ATRF 3 MSCs B %4
P AR, A 1S BEEA AR ARG, FIrE
i AR ) 22 i i B R 22 SR 1) R, A9 e A A PSR U
SEAFFE GMP ) MSCs il & R R & KA
RUAKAS BB IR, Ak, B EIRARER MSCs
{14755 43 WAE FH - -k T AP 400 B R 2 R) R0 AE LR R DA R 43
FIfR, IXAIHEZ MSCs 1897 IS VB JIMICHE. M2, MSC
BIT IS IRPRATHE AN B M S RS IR T — M iR
7 B A ST T 1)
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