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Research Progress of Exosomes Derived from Mesenchymal Stem Cells

in the Treatment of Ischemic Stroke

CHEN Deyi', SU Gang?, CHEN Lixia', LIU Jifei', LIU Zhe’, ZHANG Zhenchang'*

('Department of Neurology, Lanzhou University Second Hospital, Lanzhou 730030, China;
*Institute of Genetics, School of Basic Medical Sciences, Lanzhou University, Lanzhou 730000, China,
3School of Basic Medical Sciences, Gansu University of Chinese Medicine, Lanzhou 730000, China)

Abstract Exosomes are extracellular vesicles with a diameter of 30~150 nm, containing bioactive mol-
ecules such as nucleic acids and proteins derived from cells, which play pivotal roles in intercellular communica-
tion processes. Exosomes derived from mesenchymal stem cells can effectively transport bioactive substances, such
as mRNA, microRNA, protein and so on. Exosomes have many important biological functions such as promoting
angiogenesis, reducing inflammatory response, regulating autophagy levels, inhibiting apoptosis and pyrolysis. It
has a good prospect of clinical application in improving the prognosis of neurological diseases. In this paper, the
neuroprotective effects and mechanisms of exosomes derived from mesenchymal stem cells on ischemic stroke
were summarized, and the applications of targeted and modified exosomes in the treatment of ischemic stroke were
discussed, in order to provide a reference for subsequent studies.

Keywords exosomes; ischemic stroke; neuroprotection; targeted modification
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(recombinant tissue plasminogen activator, rt-PA) &M
—RASFDAfILHE Ik iA AR . BB E14.5 hNA R
{0V A I T T 0 5 rt- PAURE S PR ok S L A0 P
AR, Vi 2 83 AT 0k B iR IR T BURD
B4k, I i B B (blood-brain barrier, BBB)& — Fi i
FEIR PRI ) BEb, WOy RIS R E R . (H2, I
o B Bt B 1) 1V 2296897 2500 LA S0 FE 3135 X
28 2 4t (central nervous system, CNS)®. [Altt, H
ATRHIE 53 IEAE AT 5T 5 IR0 2 i 5 1Y) 7 92

8] 78 5 T4 B2 (mesenchymal stem cells, MSCs)
BABRE S T, AT B REA R DT
SR IRTE . MSCsIEAJ LAF=AE 55 40 WA K -1,
LR 1 AR T A AR R A T R
Z IR R B, MSCs 3 22 1 55 0 W IR 7 R ¥R
JTAER, T AMNBAK (exosomes) A& 41 i 55 43 WA E FH Y
RBEA o B0 W FUR I, B R 1A] 78 51 40 i (bone
marrow mesenchymal stem cells, BMSCs)>R & 1] 7}
WA (BMSC-Exos) I 7 4] 78 53 - 40 MY (adipose-
derived mesenchymal stem cells, ADSCs) K5 H 4
14 (ADSC-Exo08)¥) 7] Z 512 1SZ M A7, 1S
PP E R GEERCH WIIER 2 — , FEARIEUR
JE SR S5 I A 0 4 A T A S L A i 5 4% 1 2
SURBEALA . AL, N BTARAE XA R G
M58 —E R 4, 75 1SH BRI 2 v 56 AN ml Bk 1)
YER o /N5 240 B m T DA R AS (] (4 S o 855 I8 1
BOE A MIELM2RAY . R/ 7= A2 K& A2 28 48 i [R5
B RN K7 IR Y A VT SO S E 2 i B /e i
P R 7 M 22 5 7 DR ) DR 9 L LR 2 fR
PEFI Y, T) 78 5 4RI (1 S8 44 (MSC-Exos) H]
308 T A Y /0N e S5 4 %) A e DA gk st I e i 2 )
RIS FEX R ERIRH, FATHHR T MSC-ExosfE
RV 55 53 D] -k st LA i 2 R AR VR 97 0 T

1 b iRERIR

JU-F- B A7 448 P 0 ] % TS0 24 B A1 329 (extracel -
lular vesicles, EVs)ZIIifi 7= [8], #4 EVsHIAEY & A4
R, BBusR. RANFITIEE, 7TF EVsor AT
WL TR RAMB AR DY o BRI AN TN
A 32 L2 DA M JE 2 00 07 SO . A WA A R 5
TaM, BANETSUZSE, 4R A FE T R 2
W44 (multivesicular body, MVB) 5 i iRl &, 3F 1A g
A2 TR TR AL (1) 1 Y FE9fE (intraluminal vesicles,

ILVs), iX SE ORI R 40 R 2 R ILVs, B A4 AN,
M MA G Z P AR T, AR E AR
fg . mRNAFImMiRNA (microRNA), iX L6473 4
I3 T A AN AR GE L B] (45 5 A . A A A 3R
il AR B 52 A4 A B AR A B
A I NAAE A R S AR TSRt e, o A
SRR ARG R, MU T A AE Dh R
SR E OB RS CEANMEED, W
Rab# . JRECE H (annexin). PUEBIRE A, iz
FIr % 14 N 4 43 1% 52 65 (endosomal sorting complex
required for transport, ESCRT)FI#/K 78 &5 1 (heat
shock protein, HSP)&5 ¥, Horp | U S 5 1 S0 ik
51(CD9. CD63. CD81) L FE A ik %5 g (1 %
T b5 &4, ESCRTAE 7346 480 E 1 ii-miRNAE 54
BN AR IS AR A EEAE . AN R B
JREE R R, R 5T AT I i 2 A4 4 i ot A A A 1Y) 45
B, FERH B A SRS g 2 gl m R 4 7E 4
WK R AR FE R, miRNA 2% B0 i 2821
SR . miRNATEE A H] T mRNA 3'UTRAK %
BRI oM A o e A . DR, A A AT S
517 AN [F] ) miRNASK e 52 A4 40 i 1) % e 72, I
FESR MBS 5 22 AN D Re P17 B AR 06T,

2 HNIMARTRTT ER I AN ZE R BB E VL
2.1 {EiHPxLBLREEE

IS &3 I K& B Je — R 50 i FE A2 B it
2, Wi AR ERA . R4 AR ALK,
BT [E A i 4L 2 B LA R A 2 Th e PR B 1T
K Hh 21 ik 7] %€ (middle cerebral artery occlusion,
MCAO)BAY & T ISIIAR N SR it 7. Wi R II,
MSC-Exos HJ i 12 i 5 57 A SR A4 e 1 32 57 X 45
(IS AR R, A R AR IR 2 O AR, Rt
FITMGHEAE B, R & 8 m] LU MSC-
Exos# 717 [l miRNA-17-928 i ¥ 7] '~ il PTEN, 1
O T I T VLIRS -3 -3e /2 1 S B/ I 25 2R /0
£ B8 3B(PI3K/Akt/mTOR/GSK-3B){5 5 i 1% 2k
SEPL ST, MSC-Exos# kit 41 f5 , v LR 3/
B MCAOME AL ik I3 A8 X $ FF S ol &, it —
IR FE I, A WA A4 I I LA AR RORT A 8 R
AR R AEAR ARG E A PO Sl i — T SR
MSC-Exos 1] 7 R g i3 22 4 K i MCAOME AL 7 J2 6k
I DX 355 4 L8 2 R A 8k A T i A 2 T
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P AN 20 £ B R Y, I S T A R B, MSC-
Exos & it 3 i 2 23 5 98 (1) R0
2.2 HIHIApATAERET

fk il )G, A RIRES KA —RIIE
b, BIE TR P A . Ca¥ AR A A B,
AT RE G R A ML T EOR A . w5 X
S MR T ] R AR SRS N A R AR P R, A
AR 1) 40 A O TR AR DA RO & TG AR, AR YT
ISH & B EE . F N5 % Bl RZF (oxygen and glu-
cose deprivation, OGD) & —F vz H T 7T ISH 4K
ARG AL 23, MSC-Exos 1] Ji 52 OGD -5 ) J5AL
KB P R 4 B TS B4, MSC-Exosids i) LI i i
T AMPK#EER AL A1 R 1 JAK2/STAT3/NF-«xB{5 5 i
P, BE 2 MCAOR L [ ph 22 e i Tk 2 ), it
4h, ZHANGZ: P9 31, ADSC-Exos AJ #l1#] OGDi% &
(I EAC R ER 2 e T, S R, B4
1 KDM6BFE A 1) 3'UTR ] 5 miR-22-3p H (&5 &,
KDMG6B7& miR-22-3p B K . AR b4 4% 5 1) miR-
22-3pif i B A i KDM6BS 7 () BMP2/BMF#iok
AR TCII T,

YA A T e — AN [T T AR R 1 4 i AE
T, fEAERF A IRAR S 7 A & EEAEA, DA
UESE , NLRP3 #E/MAHT DAS 40 B AR T 1 R AR 29,
BMSC-Exosifl it #l1#il] NLRP3 #&E /IMA A T (1K 40 ffd £5
T, B OGD W F 1 A K J2 4 48 s i 42 B
IR N2agi 153405 2 e AN, SRR A 5 Wi e 20 i A
T R RS EE/EH . BMSC-Exosifiid 3 i
AMPKAK M B Wi & kA0 NLRP3 2 JE /MA NS
(LRI AETS, MR OGDYE 3 PC124H A 7527,
HU% BRI, MSC-Exosifiid_Fiff FOXO03a#iA/KF
DA B 2Rk W, AT OGD 3 1 /I e o3 4
MR T IR B Ja R e et . DRI, B A 2R
A AN A0 S AR T T AR A& VR YT IS 3 IR
2.3 HEFFINANFRESTEE M

LT HHX A KGRI E G RS0 2 7] (1) BBB
AT @SR 4E R CNST B Fa 7S . BBBAE A
2 [l % ¥ JC (neurovascular unit, NVU)F—# 5, F
RN LR 40 AR R T 4
I I ' 5 %% (tight junction, TI)ZH BRIk 45 1 B2,
NVUE 7] LA 15 BBB:H 2 P4 A1 LA -

TE G 0P i 25 A ) BB B, BBBR I H il
37 P R RN R P (38 vy, 3 T 5 5 2 4T M D 8 A

TFHBEEZ , bR g, EvEgn iR T4
it 368 3ok 40 L 5% R A ik 42 AT A% % 1 BBB IR IE
IO SI2 5 R0 R 98 0RE S B B3, Ak, R T S5 4T i A
ZIN RS IO 44T R 55 ) 1S 58 A TR A R 7 AR R
J& # 1 9(matrix metalloproteinase-9, MMP-9)%%
Y, T MMP-9 ()it i 3208 i) ‘2 8 T 5 1 claudin-5
(1) 3 3 BB AR 343500 A0 A /0 RSB R R ot A o 5 4%
BEAY ep TR 70 5 T 40 BT A2 1 20 B A0 38 36 2 (i a3k i
DA A B B, A 1) R R T o 4 B A /S e Joi 4
WO PO X ml Be A B Tk MMP-95E 4 5T 1Y) 7= A=
DL 42 BBBiZ R . MSC-Exosik i] LUiE I i TIHE
[ ZO-1H claudin-5 A 7K F LA 4ERF BBB & R 7 71,
(Al I, MSC-Exos AJ i i 4 £ BBB [ 56 % 14 >k K 4%
LRI ER .
2.4 BTN RABERL

B I 98 RE S5 B2 A T o) TS993 33k i f 2 A
RERIORAN it DB e e S e e B =
f) 3 BE4H Sk U5 . MSC-Exos ] 38 i 1 35 /)N 12 53 24
JOAR A LA 0 22 JRE S B . ZHAORE PHT R 3
MSC-Exosiffi id i # CysLT2R-ERK 1/241 S i) /MiR
JR AT A MIARAL , (I 33E /0 i o 240 i [ Bt 6 M2 T 3
b, #E— IR TR B, FMEAAR miR-223-3p 2 5 [F
ik 7 CysLT2RH I mRNAFIEE [ RIEK . ZF £
B, AN AR S B miR-223-3p Al 8 i #0 ] CysLT2R
RIERAN TN T M A FE . LTS YOI 5L K
I, MSC-Exos# 1 ) miR-26b-5pif i ¥ ] CH2 5 HA
il TLRAS 5 18 B ok 9 55 Hi 11155 S 0 /05 J2 5 41 il M 1
R AR 98 0 SR, 3 T Ok A i 0 1L 5 11 4 22 4475
BMSC-Exosid 1] 8 i 4 /)N i J52 40 i AAE 28 1) M13%
RUEEAL T 28 [ M23R BRIl NLRP3 4 5E /IMA A
S M A T SE S R B DR JE S A AR g
VAT /INR R A AR A VR 9T ISR B LSRG . L
T 2N 2 5T 20 B MOUAR A B 3 /0N Jie Joit 48 A ML
RAVELAZ MR, 1 1T B2 G2 AR 1S 2 i S ML A A
BEIETT W
2.5 #EEmiRNA

miRNAZ — /N HES IS RNA, 7] 15 .40
Jf ) 2 R 2 0 DA T B o 3R R R A4 R A T
AE M, miRNAJEAEH T mRNA 3"'UTRK U 15 %
DR 5% B 8 A B P FE ) AN A 9 miRN A
RO A ) 2 B RN B AS B A A e, b infg
A AR A ) 9 e S AN L E T AR . i Ab,
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Table 1 The role of exosomal miRNA in the treatment of ischemic stroke

SRS i3 1) RNA HLIEIR] ARy BEHR
Source of exosomes (route of administration) Target gene  Neuroprotective effects References
BMSCs (tail vein injection) miR-17-92 PTEN Promote angiogenesis and neurogenesis [19]
ADSCs (intracerebroventricular injection) miR-22-3p KDM6B Inhibit neuronal apoptosis [26]
BMSCs (tail vein injection) miR-223-3p CysLT2R Promote polarization of M2 microglia [39]

MSC:s (tail vein injection) miR-26b-5p CH25H Inhibit polarization of M1 microglia [40]
ADSCs (-) miR-181b-5p  TRPM7 Promote angiogenesis [45]
BMSCs (-) miR-138-5p LCN2 Inhibit apoptosis and inflammation [47]
BMSCs (intracerebroventricular injection) miR-221-3p ATF3 Inhibit apoptosis and inflammation [48]

MSCs (-) miR-542-3p TLR4 Inhibit inflammation of glial cells [49]

—EIERT TR WIS R 21812

— refers to studies that do not specify a specific route of administration.

MSC-ExosfE N miRNA {138 & 844, AT KB ] £/ B
FLAED I, S A I A B B ) e I BB i
S 4 6 P A, DT R 1 52 A 4 i ) T e

£ OGDELALL ¥ ISTR ML BRBAY H | YANGES )
KIN, ADSC-Exosfie2E 1 R 1fiL 7 P 5z 41 A 1 i 7
e, HE— DI I, TRPM 772 miR-181b-5pH
BN, AN () miR-181b-5pi i 4 ]
N TRPM71 mRNAFIE [ IA K, AT 3 1
B W B A K IR F (vascular endothelial growth factor,
VEGF) 1 H#£ LK. ZHANGEZ: YL B, MSC-
Exost5 BV2/MN 40 3t 77, BE B T IL-6.
TNF-ofi1 IL- 1B/ mRNA R (4 i £k K P, #—
s 86 25 K BH | MSC-Exos# 71 ) miR-146a-5pif
i IRAK 1T/ TRAF 645 5 38 B 9 6 /)N 15 Jo2 248 Jf A
F PG RIE RN . L4, BMSC-Exosil i i# 1%
miR-138-5p il LCN2ZEIk /K-, MM i 2 T2 11
5 230 it 348 B 0 ) 40 P OB TR R R U
AR A 9206 45 B BN, miR-138-5pa] LU ik 45
& LCN2I# 3'UTRIE R LCN2[ R R R A &, R W
LCN2EmiR-138-5p i #EJE K47,

ATZE L BMSC-Exos# 7 miR-221-3pifi i
P ATF3R k2 98 0 S SRR e T, 3E—25 11
W R I, B A= B ATF3 3 R ) 3'UTRA7-{EmiR-221-3p
HANGE AT S, ATF3/& miR-221-3p 8L R . hAh,
MSC-Exos 1 2 ) miR-542-3pid 1] 3@ i 1] TLR4K
PRAR B IL1F5 S AR 48 8 o 40 B J0E I B 1), PANZE )
RIN, HEHmiR-132-3pIMSC-ExositE N A Jei, 7 i
i NS I RASAL, i Ras$ik Iz PI3KERRAL
1T BAARG L 4R A I RN 20 R T K

25 b, MSC-Exosifi i # 15 AN [A] I miRNA 5 AH W
{10 B e R 45 - ohe U 428 98 0E S S R A L o T E R (R
D)o DAL, A AAAE Ay 8] 78 5t = 20 i 1) 55 43 Wb ERL -1,
HALZE FImiRNA ] B2 HORIEM AR5 H B e
LB XLt 745 R 4R 7~ T MSC-ExosfE A —
FhICAH M6 T SR W LR dife 00 1 i 2% 1 KT T o

3 EBmEFMEIRINL A T a T B I A
ZEh

SN A IR A L IS SRR R A1)
A VARAEE, WA D 24 e A i o o i B o 8134 M
PR AETBAL . SR A 5t T 4R Dy ik 254 55
miRNA L[ B AR, 6 ITISTR BRI 5% (R 2) .

A0 AT I S AH G B AR E 5T BRI AR iAok
SEELEE AR . N, FE R0 EE BE 2R (rabies
virus glycoprotein, RVG)-55 4N is A 1 i B A4 AH ¢
HELHE 2 11 2b(lysosome associated membrane glycopro-
tein 2b, Lamp2b) #Jfili & 7] LA 2R miR-12414 5%
1 o dofe I AL, B T 50 B JE A 8 R A R e R UL
PEFA B RV G RE 2 18 I 5 M B Y 2 B IE 52

& (nicotinic acetylcholine receptor, nAChR)Z: %5, M

T 32 436 A P 1 o 20 s 4 R A A 52 40 i 21 A
WA LM N8R, 2R EE M 5 i B YIS T ot
R ML J , =L # % 28 1 B1(high mobility group
box-1, HMGB 1) Bl 2140 i 4b 25 1], 7T 5 35086 f5 1)
RIES . KIMZE Bhd it B 28 L% HMGB1-siRNA
INELEIRVGIE I 1) 41K (RVG-Exos) ', RVG-Exos
Wl FR kA 51 5 AT 20 D HMGBI R IA &, FERF
AR TR Kk, ##4 HMGB1-siRNA
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Fig.1 Potential mechanisms of exosomes in the treatment of ischemic stroke
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Table 2 Targeted and modified exosomes for the treatment of ischemic stroke
NI (2R T A SR N B e Mz AR EH EEPUN
Surface modification of exosomes Content modification of exosomes Neuroprotective effects References
RVG miR124 Promote neurogenesis [51]
RVG HMGB-siRNA Inhibit apoptosis [53]
RGDyk miRNA-210 Promote angiogenesis [54]
- PEDF Promote autophagy and inhibit neuronal apoptosis [56]
- IONP Promote angiogenesis and inhibit inflammation [57]

—ETRTF FOANS S A AR R AT T M «

— refers to studies without surface modification of exosomes.

) RVG-Exos H A 8 [ ¥6 J7 ISHI R AT 5t thAk,
ZHANGEE P01 fIH [ 15 42 1 1) miR-2 10 N4 248 &
RGDykI ik (1) BMSC-Exos I, # & & ik 4 5 Hom]
AT 1) B/ R R AL 24, 3 1T i sk I X 3 KT VEGF
FIEFMAE A K. DR, $2 A R B 1 i g e L
BEAT TR SIS, AR BT #E R 58 ) i 40 i 1 2876 2
HMIAMAR ARG T B FT I EL BT 1A

AR AR IE BT DL N AR SR 5Tk AT K i
%, R FEATAERT (pigment epithelium-derived
factor, PEDF)/2 — M ZIIReE T, AFMA. it
AR RP ThRERY, HUANGS PO g 1 ik 3%
IXPEDFIIADSCs 3 MADSCs 43 i SN 1A, & HF
#5717 ¥ PEDF nJ 38 ik S0 40 A 13 Wi A ) b 22 76 0
TERIGYT IS fils i) — TR e 26 W1, (8] 70 o1+ 2 i
SRR I 22 A AR 9K IR (iron oxide nanoparticle,

TONP) [ ff 1 401 i 470 3 3 T DA S8 25 gk 4 e . 2 A 452
1%[57]0

g5 b, IX Le A EUE R oR T MSC-ExostE 41 i
W B A B AR, B S FAS R 1 A A AR
N B R AR IR IR I AE WA B, AL FEmIRNA, AT
b A o AR R R R . I R IR A A A A FE A
BE T AL RN R 11 o7 32 P 5 I i 5 e 2% 28 Ak Y A
FBL5E B

4 NESRE

MSC-Exos R 38 13 1 75 4 g op 28 R A [ 3R
ARG S A E M LRY, 78 B M i 25 95
PR AR PRI FE P Ok 15 B EAE . MSC-Exost 77 14
R, 5 A mIRNAAG 2 /E F T S840 fd, nT 01 i) #i
ZPRE PN BTN AL e A R A T AR
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T, FRR I ME A o & R AR . TR ) A1
WARTTVE R MR R R . B A AL S ik 2 57
A 20 0 ) B ) A o LUk, MISC-Exos A& 2 A 1 5t 1)
— PRI IR ST AN o

R SNIMAAE 2 TR e i R I T R G
LARIFRRIE, (H 2, SR LE BRI A I A6 Hh S R 22
GRIIRIaIT I IR BN A IS AR e v 2 Pk, &
g, VEN— B ED 254, SR IR A = AR A BT E 4%
il 72 o2 4 B T Il R BB Bk 2 —, AR gy
B A A7 7715 1) E503E LA R AT 52 (i PR e 45 St
HMIAAR TG IT SRS B R A A AR R B, ok, VR
ZWH R Gl KNG 25 BNG AP KT
U 2 24190055 T S SR A A A SR v T R L 4 A 2
H A, SM R 6T I B 4h 245 07 LA et — 2R
ME o DK R A2 25 24 T RE 2 THI I 55 A% A W 40 T 3R 4
(mononuclear phagocyte system, MPS) 5 i [ 4 7]
R, AR, SMUAAR B B B G2 SR P e 2 R AN —
TRRE, AR BR = 2455 I i 7 e (1) 366328 24 3R i
FVES 4 2 LE I R S AT REAF ARG 1 2 B JE K
iE, ANK G TSI T S A 25 24 g ol L e i 26 v () 9
RNEGITIRAL 7B RS . IR AMBAAR G T IR R
FEALHITIE (R 0] RS 75 1 — D R AR . P&
HNIAAR R FIAGEA= 777 77 35 1) HH I DR 1) RS i A s
IR )R &, WA AAAE Sl I A Ji 26 hyE o7 Hh 0
FH iS50k SE )l
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