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Research progress on the neurorestorative benefits of mesenchymal
stem cell exosomes for the treatment of ischemic stroke
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Abstract: Ischemic stroke is one of the leading causes of death and disability worldwide. A large number of
preclinical studies have demonstrated that exogenous cell-based therapies such as mesenchymal stem cell transplan-
tation can promote brain function recovery in the subacute phase of stroke. Emerging data indicate that mesen-
chymal stem cell-derived exosomes play a key role in mediating tissue repair by participating in intercellular signal
transduction and transferring biological information especially microRNA to recipient cells, which affects endo-
genous recovery in ischemic brain tissue after injury. In this review we briefly describe the characteristics and
biological functions of exosomes and exosomal microRNA, and discuss the therapeutic effects of mesenchymal
stem cell-derived exosomes on ischemic stroke from different perspectives. Finally, we outline the potential clinical
value of exosomes and challenges of translating these therapies into clinical trials.
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cal Disease and Stroke, NINDS) 7E 2006 £ 112011 46
Jigi 26 J AP 248 5 (neurorestoration) 51 4 T B 7L
TS, i 2 o i 224 S AR AR A R AR L L
AR ORI R ik ] BB ) B SR AR N TR T A AR R
W, A IR YT A K B AU DR G A R A543 4 /)N
i A58 B 1 A B R 2> 4 R 1 4 PRLAE T 5, T A A BRI
aok R Tl g R o AR 4 2 R AR 5 I S B, R
/> ST J5 24 R B T ke S IR 48 1T A 40 D RE K
BT 41 B i AE 52 M7 A R A T 3 5 T AR R
FR) 22 Dy RE, b 8] 78 5T T 4 M (mesenchymal stem
cells, MSCs) & T 40 # A8 6 I 1 S B )iz 1) . Wt
T3 W MSCs YA P 4N R (exosome) 7E VAT HP R 4% &
BUEH, 2575 S HI RN L5 A2 B #0288 A RS I
MM AE R EM B B RE . ANBARTER N 2 A AE,
DA 0 350 52 300 B 6 T A B AR . A
SCEEANH T AR  microRNA (miRNA) [ 56 A

PR, F 1 MSCs-gM 4 F T s 26 HR VR 7 R 5,
DA BT AN 6 97 SR IE 13— s T Il R L ad
Ik o
1 BROMKZEREHHEEERE

2 87% (1) A% v A& FH T I R 2, T ORI R L
09 AT 51 & T e B A5 1 ke I A4 i 2 70 i 26 v
A JE, ORI R TS B0 R — &R B E B I R,
A L AR PP R AR TR BT G A SR SR il SR
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HIPR S, i 48 R A Bk 48 T 240 e R R 448 B 23 A R HT
) SIZ 5T 240 M, T 9B A R D R R A R AR R, PR R
A TUE 516 S0 BUERM LS4 K A F 2
LR 1 FkL R X (subgranular zone, SGZ) 1 % T X
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WS, SVZ i £ 40 40 M Sl i 25 38 n, e 22 BRAH i
A 55 2R I~ 2 I 234 o s i 22 751
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B R K B S, TR B AR R, W A
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(central nervous system, CNS) #& i e M [ & A=, il it
15 /0N 441 S 5738 ML v B B (blood-brain barrier, BBB)
T 1, B S A1 R 9% A B IR i 3 S 5T, 0 W 9 AE 4
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2.1 ISR SMIMASR — R AE A I, HARAE
30~ 100 nm, AE 5% 1F T BTG & 20 B AR e 7= A=, BE AR
AT A &AL ANBARTE B T AL 2 15
s T N =R 12 4% (endosomal-sorting complex
response for transport, ESCRT) 4r N5 2, Bkt f2 1]
DRI, BT AR N 48 (early endosomes,
EEs), & 24 N B #A N % 48 (late endosomes) J& 28 it i
PN T H 2R AR, T B Ak 22 /6 5% 4 i 5 % 24T 6 5 THT e
I3 W) i BE 9 (intraluminal vesicles, ILVs), Jf 7£ B 3]
WA R B DR G G I N 7 A B R A 2 BV AR
(multivesicular body, MVB)U'S, B J5, &4 MVB 5 i i
fili-Er J5 DA I 178 208 TLV B sGEE A Ak, B AR A4, T
Pl 4R MVB i 5% 32 22 9 g 4 19 A I 1% 240 e 28037 0 FH DY

AN U AAAE N TE PR BT A BT A A T R 1R
v, R EA R EARFE AR e R ED MR E A
(heat shock protein, HSP) 41 HSP70.HSP90, L\ [k = 5
AW BCRTIZ B 1 DY Ok 5 I B KR (CD81.CD63
CD9) %507, [ i, A A A I 5 A e e 0 20 i R U5 1
S VR R T AR A A B 2R FRE08 . Sy 4b, A i Ak
WE & AR T VIR (W1 miRNA .mRNA.DNA) K fH
] P 3 Tl i 5 T o 7

2R 41 L FE A A A 32 B s DR LR T 5 ©
A0 A L B 1 B 4T R SR T 52 AR ELAE AT SRS
AR NG T, @ S AR A R R OK AR S 1
ATV B AR N LA S SR A B R T 2 AR g ) @I
5 B0 20 o fb 5 A 0 5 0 A B2 A AR N B B 5T 55 RNA
S IEED R AR B ARAE TR, AR IE I A B 1K
e LW A T 40 M 1) R38R, 7E 2 R4 A I AR BT
R da i v LA ) e (0,

FEAM AR B A 22 “ 5297 v, miRNA [ D) Ge#F
R Z , AR S S 5 AR i6 97 7B F k% 0
FR2U, BRI, m R — AP miRNA BN T F2 A i e
AL IR, 25 R BoR 6/ miRNA 7R 2k 25 7 X
SRS G FIR T AN PP, miRNA & —FhE 8 (22~
25 MZHIR) AESm TS RNA, KR TR 5 7=, i
0T N B B B miRNA, B A )32 (2R oh



- 2308 - 2% % Acta Pharmaceutica Sinica 2020, 55(10): 2306 —2313

RERLAT, A miRNA #A JUAS B H0A ML, ff
L g A R R X 4% 110 v 25 Y LT, A R R A 3
Z 5 Z W DIRE R IEH LB, fix 26 v 3 SR ff
ZURe i AN 2 ANME 5B, RE BT R
RV L, (552 B0 22 Pl 28 28 5 90 R IE 9
R, AR RE S S SR R 2 R E Y, i — DIk
CNS A 41 A5 S A3z R B8 223, AT A i 2 v (R 3B 97
Seft 7R K.

22 NS WMEIES P K gn i AR RE 23 W Ah ik
PRGN A SEBGAIESE, A0 ML A Hh A7 7E A R AE 41
Ja, A AR 55 % i 19 LI 3 B4 (phosphatidylinositol
3 kinase, PI3K)/&E H # #§ B (protein kinase B, PKB/
Akt) 15 538 B A < 19 miRNA AL I8 A 5% miRNA
e B AR N KA IR, W0 PISK/AKt A5 5 3l B, 14 n
M A BB 534k, miR-210 76 1E 5 /N B K M o (13 g
Ak Rk L I % R, [R5 i 8 N R A K R
(vascular endothelial growth factor, VEGF) [#) 314 1 Jin
A K, VEGF #2& — Fh i 20l Ik, a7 BUGE 3 I A
B 4 B B I A% 3G 5 DA B L TR A

FEAA A i 5 Y 4/ s A 5 W it o 22 24 P A [
B AN O A 2 A b R AR AR K T (insulin-
like growth factor, IGF)/Mi LM EHME R T G 1
(mammalian target of rapamycin complex 1, mTORCI)
T B, (i 3E 40 B AR, miR-124 2 i FE A4
TG miRNA 22—, £ 4 WG A 34 SVZ AL (4 22 41 248
Jf b 2R O SRIGIE Y, R IR I 4343 ), Ah i AR i
13 miR-124 (R Ia (et 22 42, DG 13 miR-124
(1238 W] DAE g — Bl ot wih 22 OR Flph 28 26 98 (1R 47 24
YT HME R,

/U R J5 4 AR T o 4 e, T 36 S R T A
15 2 P 2 A M BEAT SR . 2D SR 4 R TR A
WA T BE R B 1, W iE & A (proteolipid protein,
PLP). 2'3"- ¥ 1% 1 2 - % BR — K B (2'3"-cyclic-nucleo-
tide-phosphodiesterase, CNP) £ #% #5 i 1 2 7 (myelin
basic protein, MBP), iiF B 3 58 % i 5 /b 58 JI% ot 248 A 4k
REEFILCT28, FIah, FMBARIETT ) miRNA 7E4% il > 5%
Ji%2 5 241 i AH.48 9. (oligodendrocyte progenitor cell, OPC)
F AR AR 7 A R R A SR B 2. 9 4, miR-219
A miR-338 ££ OPC H ) iet 334 R 38 I 0 il #E 32 A] — ./
W A7 28 A2 TR F 24K o (platelet-derived growth factor
receptor alpha, PDGFRa) FI £ 5] ¥t 58 X Y #E 6 (sex-
determining region Y box 6, SOX6) {i i3t /b 5 iz Jit 41 iy
[ 73 AR B0 R T g Jo 24 L T A R AN B SR A T K
& Z A2 DR, G35 4EFF BBB 56 B M AR il (1)
VAT, AR R W X L T e B AM AR A T2 lan, A

TF FEAE B 9 i v 9 P AE — e R 1 Ik T A T AR 40
LB T4 1 miR-26 (ALY, BeAh, T 2 B
JRAMLAE TS L MR R, A I & R A
F%fih BBB AT fish [1] [, A58 45 8 JEC 1 WA 4 e 18 E P 22
TG540 E 2 T8 NI R P, T N i AR S A R G
BRI R T BRI (E .
3 MSCs-FMNRTERRZE T iaTT R RIER

Y 36 9 SR s R i IS Cs A 8 I A2 i 2 v f) 1l
PRETHF L H O 2o AP AT . 4URRYE Y7 1 B A
T U B2 12 0 200 P, 1 A2 38 S 448 o b 0 W M | i A
SRR G 2 T P AR AR R B AR S, i AR R S
25 T MSCs il i 55 73 Wb RN RE TR AN A4k, {2 33E CNS 1
AT DL R R 22 L B, AR T IR TR R

H 5 3k A A MSCs 3 238 i 5 10 52 57 48 A AH B
PEFREE R 2K 52 . MSCs i S 52 R an i =4 B E
YIRS 5 ¥, i &8 FR R VB A BRI T S K AR
2K, M 38 58 52 45 30 A7 J [l () 4 448 ML A i, B TR
I8 X I PR 2H 2R3 S5 AR ) K R B ik P 2E (middle
cerebral artery occlusion, MCAO) L 4 K 5 ## ik i 4
MSCs-#h A, KRS T 1 Ihae, fedbppss kA4 fii
B R, B DR 1M R EE M0, MISCs 3 R I A A A
# miRNA (41 miR-133b) ¥ #% 21| 4 8 41 g 4 1 5 8 ik
HIAE RS, B FEN LR B, MCAO K B 1 miR-133b
KT8 R, 45 F MSCs Ji& SR ifi v 20 24 1 miR-133b
KPR 2 AR KRR AN R B T IR AR B TR &
TCRE T R 40D, &5 B S 7R 40 B miR-133b 7K °F- 2
i, UE B AR A AR 52/ 5 T miR-133b A MSCs [7] 11 £
TR TR B 5 4T F 1) % B, Ak Ak S 56— 25 % MSCs
P miR-133b iy B, R GIE <2 B2 T% e Jot 448 e wh o v 11
miR-133b K JE T MSCsP, A4, MSCs-Ah b 1A 5 (1)
miR-133b RE 8 L 4 28 TS 73 S B0 AL FE R R o,
K v (1) & 46 2H 23 £ K R F (connective tissue growth
factor, CTGF) 3= % i 2 T i i 41 i % 18, miR-133b 41
1] 40141 98 2 AE K 1) CTGF 1 RhoA, 44 P 4h 5256 5 7 #b
WAR A S miR-133b M MSCs % 1% 31 52 I Ik J5t 40 Ml 5
N CTGF (3R 1A, 7T BE £ 1% 5 03 i IR A8 5, A3 1) 58
EH A KD, FIRWE R B, N MSCs HOREJEU) A1 i
AR 9 H Bl B TR R A3 B, A i R L 455 2
miRNA F AR T 5L 7 i I3 20 it A0 b 8 50 25 o =2 5 400 e
2 [a), 3% AT AR A AN E MSCs i 3t i 26 o g w4k 5
A BRI REE 2 — .

W T B R T fi SIS 4 B R Th e, AR 1 AR A A
W HA RN EAER 75K BRSSP i il ifn A%
A, A miR-133b 3 #2535 ) MSCs H $2 B /1 4 R B
I S A 1 5 06T o A% o oK BR YA 9T AR L, A MSCs-4b
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Figure 1 Graphical representation of the generation and therapeutic effects of exosomes in ischemic stroke. ) The process of exosome

formation and secretion is shown. Early endosomes mature into late endosomes and then a large number of ILVs of MVBs are generated by

inward budding from the limiting membrane, which accumulate in the lumen of endosomes. Subsequently, MVBs can be either fused

with the plasma membrane, releasing ILVs into the extracellular space

which designated as exosomes, or carried to the degradation pathway

in lysosomes. @ Exosomes are enriched with nucleic acids (DNA, mRNA, and miRNA), lipid rafts, and a variety of proteins including

tetraspanins, adhesion molecules, transmembrane proteins, cytosolic proteins, etc. @) Exosomes are taken up by target cells selectively by

receptor-ligand interaction, endocytosis route, fusion with cell membrane directly. @ Prominently involved in intercellular communication

by transferring bio-information to brain parenchymal cells, exosomes induce enhancement of endogenous neurogenesis, angiogenesis,

oligodendrogenesis, axonal and synaptic remodeling as well as reduction of neuroinflammation, and therefore lead to neurorestorative

actions and improvement in neurological function after ischemic stroke. ILV: intraluminal vesicles; MVB: multivesicular body

WA TR T S5 40 B B R TR A T T A R
(1) 1l A 2t 15 57 [0 B2 = p 22 e M SRk AR K, S 5t
ML A53455 ) BRI P B2 B0 55 b, 282 MSCs-Ah b 4 175 5
Ja FR) 2 TR 5 240 PR TP A A4, LR 22 R B 11 S T
JIG2 J5 0 I P L Y & it A i B K R Mt 4 i K i W] 22
PEBO, EIR S5 RN, AMIR PR AR T RE 2 5 3 AN
YA ELAE I, A6 52 PR 20 RS F8CHE B B 1 Sl A A T
S35 H A i 240 L 2 8] A5 B SO, R K R
2 IV AR SRIE S5 I o G 24 ) s AR 32 AN T3
HAEEN 0, BT, % Ty Sk & G
I SR IE 7E A AU 3 £ 2R BT 7 /) B A v A R

1, 45 T MSCs-AM AR RE W I8 s 1 ) 2 Sk 399 6 4
BEAM R, A5 FFAS S i fi A S 8 40 B AR S, — T

58 s, 78 R i 18] 78 5 40 i (adipose-derived mesen-
chymal stem cell, ADMSC) 5 ADMSCs-#FM AR EL & iR
I R BB SR I A o 2 o R T e e o, ik AR b 28 R
J S 2 B AR T R BE AR AR, S0 A 42 Ty g LA S B o 1fn
AR EAFE R, A S S 60 REKA R TT 4H
i A B [X 5k 98 3 AR A Ak S I AR ) bR A, T R
4 JB & H B 9 (matrix metalloproteinase 9, MMP-9) .

140 i/ -1 (interleukin-18, IL-18) R PR FE D T o
(tumor necrosis factor-a, TNF-a)- i %5 % 1L 1E % T 41
it 5% 18 F1 43 WA IRl ¥ (regulated upon activation, normal
T cell expressed and secreted, RANTES). £T 1 liff J5L 0%
WM 55 -1 (plasminogen activator inhibitor-1, PAI-1).
1% Rl F-xB (nuclear factor-xB, NF-«xB) 115 5/ — 44k
& & ¥ (inducible nitric oxide synthase, iNOS) ] 3 1A
0 BEAR, RN, 1108 28AE #6545 (9 CD11 A1 CD68 41
Mo Z2 Ik B 2 T %, #5757 ADMSCs-#MiME ) Fit % 5
G2 T FH IO

FR 1 MSCs-#h b A, o Ath 22 Fofr 48 053 14 1 &1 b 4 [
FERAG AR A ZAER . 1£90 R K s
o6 H, o NAR AT AR KL (platelet derived microparticles,
PMP) 5 Ifil /N G 4 1) A1 Wl A4 V6 6 40 e % 791 2 MROHG 1t
AR S I 2 v O R i AR B A2 R IX 4 i MG 5 o 2 R A A
M AR, Y22 B AT Bk B, VB AE BL AT e S5 2B
TRV P2 U IR AT D BIR S, BA S PMP 5% 141 fid
ST RE, IR SR, 5
MSCs #H Eb, & &b 35 77 i P 5z 40 B T A2 1 41 b A 485 7
B 5 KT 1 miR-126, /3 2 BURE R 7 (type 2 diabetes
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mellitus, T2DM) /I B i 28 o f5 #2280\ R0 Th e 1 2
2, DL Indh 28 BERY | LS 1 % RS ik AR, 155
Sk L 321 7 X M2 R 4 B A A S5 b 22 48 S AR, 7R
KGR P JR) b i Bk A 2R ) 5 B Al 2 A i A AR
tt, fig 2 B (lipopolysaccharide, LPS) #Il i E W 41 i
RAW264.7 2 il 53 Wb (17 1 WA 11, £ 2. 355 /)~ fi AL 36 A
M, degEsh & ohe, Ko /R 5 /N R 4 i M2
FTIURAIEG 9 ) SE SNV AT K

55 A 20 B A TG, MSC 2 C 0 I HE— B A KRR
A LA AR BE T BN R A i, E 25 s ik v B AR
IAHE: O @i B AR S 0 7 S AR RS
e RN T s Y, B2 5 MSCs-4M AR AT A2 1 259 25,
75 o AP AR R FE @ BRI K AR A — 8 R
EE T MSCs B 73403 e, AHAS 52 S0 WA A AR B
FEFGTT A, ® NJEMSCs 5 3k15, I H2ATEAh
WARCR R 2 A1, @ 2t s, B, MSCs 2
HEAE PR AU 2 W) B 1% B G ) KRR A 7= 3

FE S BRI TE R, 44 A0 A 4 A i 22 S AR 4
AR AR EEAFE M O K EEE O E S BT E
A, HERR IS R ZE AR 15 2K /N I ) A A A
WKL @ o B X7 B0 SRAT R A Wb Ak al B R
(1.10~1.21 g-mL"), (HAER K, SP IR B, G WiTk
PV T YU I R S PR R B, s 19 B i
TEAS SERE B AN IAR, R A5 A 7 AR,
4 SMAERIA TS

W7 2 B, B2 T N MSCs /20 B9 1 40 A 44
% 2 25 UGE M TR, (P 40 I ) B IR0, 48
MLvasT AR LG, Bhes T Ab iR B Z Rk, ARk
9 JEUPHE 4, TG I A FHL 2 2N, BE 8 77 i BBB i\ Jiiki S
JR B3, EEE N RRE MR IS R e, 2 et B 2
WD IIESE o

R S BRI 70 S e PRS2 FH 1) 75 2, A A A4 o e
B IF) CNS WA 52 14 200 Jf 1) SR s 1 72 g AR Bl b T ) v, 2R
TR 531 Bk % 2 — B BBB [ 17 7E 2 B 11 4
RZHr T IHEN, DAEYERE 2 23 N PR B A AR
AL R 995 95 B B 82 F (rabies viral glycoprotein, RVG)
e 5 P 20 4 B b ) 0 BB 2 19 IE B8 SZ 44 (nicotinic
acetylcholine receptor, AchR) 4 57 1t 45 &, {97 B¢ 32\
4 g py el Sk JE T RVG B J IR A8 1 T 4 s A 1
15 38 1 L [ e 20 4 LR A0 PAY 2 4 L e 06 AR A1 A A
P 0 M 4 1B L BBB. 1E — IUA SCEE b R BT 1
WE 58, A8 U6 S 1R A0 WA 44 5 35 T 3208 42 TO R
RVG Z Ik i B, ¥ 455717 B9 w Bl v %2 4% (opioid receptor
mu, MOR) siRNA %7 57 1% #% 12 22 Neuro2 A 4H Jfd #1178 il
K, 3% BRI T MOR mRNA U (1 UK, A

AN B i B IR AR AL 1R LR,

AHEL T A WA A B B2 H 3N S 5 19 1 K
oy, IR YT BT O B S B A A A SE Dy E L 5
ATUS), g s 22 B 2R R 2 AR IR IG T 4 U A ik A
Hh, 40 B 4R 2 TR L i AR TN B, 5 S R AR S B
) B R IR 5T 4 R AL, 2 2 NeuN ML P B 55
R E A MRIEW, RS — ISR R, AM MR RS
22 78 IR E N P S A /0N TR 5T 2 A L, sk Ak
(/N 4 AL (CD45.2°IL-15") #ik, 4] LPS 5 5 1)
3 aNAYYS & it SN i ke e S RS A S B
AR

T Ah AR Y L 2 E I miRNA 2545 85
F, 8 S B R Y A miRNA 2 5, W RE & 32 e Ak
AR T IR T RS, DU SEIG N 7 KR E miRNA
HMIBAR IR FHREAT 552, [ Jiki 25 th R BR 45 T MSCs-
AU A E 5 miR-17-92 1 1% (¥ MSCs- ANl 44, K Bl
Hyur @ e sk 22 Y e K 2, {H & % miR-17-92 7%
) MSCs-#1 il A4 G it — 2155 3 G Dy e Pl Ja , FFAE 2
it L K o 282 A 2 SR IR I A A i DA B i 22 e
RIS, A, MR B EAR, ZE MR I PR =
PEIHE IR M2 A B #H 2 LR8N 1) miRNA,
MAEME TR 225 T N S A EE DihE miRNA
(R A AA , I TS AT BEHE HIB T B F d R AL R,
5 MSCs-sMiAR AT H A RRINIES AT

ITAESR, KE BRI MSCs- A AR 75 16 7 HoAth
— R YRR Z R b ERE AT BRI 7, SRR R K
PRIE (Alzheimer's disease, AD)- 14> #x /% (Parkinson's
disease, PD). H} IfiL 1 fili % H1 (intracerebral hemorrhage,
ICH) % . ADMSCs-#M K& 47 ik HE LB, HE5 %1 B
EMFEE B (AR), 5774 K& AR 41 3L 55 57 1), X
LGSR 25 FEAR T ARy AT AR, 7K PB2 2t i1
J5 FRARR IR A AR 5 00 4 AR08 (196 97 Hh A 2 7 HE AR AR
ER . BFFEN L5 8 T #5457 siRNA I M & %18,
N B R 5 PD KRR AH 9K 1) £ I a-synuclein
71, K ILPD /R 2 B RE P 4 70 A B R I DA
PRI, MSCs-FMIR X ICH iR J7 48 F R FE
BEAESE . £ ICH KB AL rh ) K miR-133b 121 Ji5 1
MSCs-#hil Pk 22 JE 6 K 55 AN KB 24 b, LA
miR-133b 7K V- F+ & J5 T I RhoA ik &7, {i 3k 41 fild 41
{55 VR T IHE 1/2 (extracellular signal regulated protein
kinase 1/2, ERK1/2)- ¥ i i 1 2 B oo 4 45 & & A
(cAMP-response element binding protein, CREB) fi fig
A, AT U031 o0 28 TG ) TR A 22 0B AT MR AR, SR I H XS
TCH =256 K 5 453 497 () 4 22 AR 4P AR ). A5 5 — T sE
e, 7] ICH K BRIk VE S MSCs- A A A J5 38 1o 1 i
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2R 2 A SR A i S B DA R R B R i
5/ 5 (1 EE BE0

BT LR e 2, Ah AR IR B T A
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