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[ ABSTRACT ]

The exosomes released by mesenchymal stem cells (MSC) act on the heart and blood vessels, which can exert anti-apopto-

Cardiovascular disease seriously threatens human health and is still the main cause of human death.
sis, anti-inflammatory, anti-fibrosis, and accelerate the generation of endothelial cell and angiogenesis.  The role is the
key mechanism of MSC transplantation therapy. This article summarizes relevant domestic and foreign researches in the

past five years, reviews the mechanism of MSC-derived exosomes in the treatment of cardiovascular diseases, and discusses

exosomes as a new approach for the treatment of cardiovascular diseases in the future.
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TR AE O LT 2B FE 7 O A8 05 T i
7 B BRI S, JUHOI 8] 78 5T 1 44 A ( mesenchymal
stem cells, MSC) 7Elu PRI IE o B 7m R4 1942 4 1 il
R, MSC & —FhaefE A 3 & Hlf 2 1m ki
P4 3 2T 43 20 22 o 200 B DR AR K PR ok
TG 25 A R A L AN I A,
MSC 55347 W I 45 A 1, BLAR 29 30 ~ 100 nm, N &
DNA mRNA 5 H BT G545 iy, & —Fiie I 1 2
TR 98 DK JRE 8 76, 55 Bl 25 Sy At R A5 R A < 3R
47 (B T H R RS AR M2 2z
K, LTI A 2 A0 i 20 o WLAR | o 38 9
FZ AN IR EL AR it/ NA R 7 4R R A T
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HMHESE) FRRERE LT, A 2 A E IR 4 P
FHNNBR A R g B T8l 4 4, Rt B
P LR A 3 ) I, 5 iy Lk e 4 T
BILAAR 21 20 I AT B op g B 3R 40 DNA B
miRNA IncRNA .mRNA DA & 3 RE % K (45, 78 41 i
AN rp AT KU A T AN Bk R A R R, O HL g
Ik A o YRR i 2% ) A 1 S A0 e v, LA A
TP oA 5, AN 2 & A HE e S0, TR e A i Ak
VE R BRAR A5 B AL 338 43 F 16 O LA 9 TR 4 1z
WEFE, MSC 54 A A AR 48 E SE AN A AT LA 20 AL
B, e O 4 i B — 2 B AR
HIASKTCANIATT AL T 18R, AR SCELEIT 5 4
PIAMIFZE SCik , %F MSC R AMIAMATE O 1L 45 529 Y
BRI

1 MSC K EHA5Mifr

MSC FAITE #6 h w8, B Z o4k T
200 LR A D 3 L SRR | 28 A 45 N R A o A R
RO TS Z A S A8, PR,
EATTRY 3 A I R BE T I A, AN AR 2 B s L R
R AR A I SR R P R A B 1 A A
BRI 44T RIS, MSC R 58 0K A 4 5 34
0 30 2ok 4 A R 2 Sk A 0 L PR, 2 S Y
[Fi) o e S 52 0 B 82 44 L 7 2 R D RE . AE H R IEAE
HEAT O M N ARSI () T AR AL b, MSC o 1 e 12
(), LRV E T, e ol 2 S e R RE ) AR R AR
BIRRHSS AR ] AN IAARAE S SCHE Y 55
Gy 2 — , S B A 0 A T Ak B A2 A SR
B, 5 B A — FR 91 52 2% 9 B K 4 P 43 06 722 Ak 1) 248
R4 e 1 7 ORI i T X2 25 A R, Ab
WA AR 30 ~ 100 nm YT, HUGE T R BN IR
TG I TE B AR BR800 25 1y 38 2o 55 43 Wb B 4
e fuh Dy XS BN )4 2 A% 3k, AT RASE Ao it il 5
B AMIAMATE] iy 22 Bl AR IORE R, 245 B A IE K
M T 20 /N R A A . EATRARE T
A BV T AT R R AR b A
TP T R R B mRNA (miRNA Fi%
B RNA™ S A WRE W, 5 At 3 000 0 8 3 A
o, MSC 14 S WA R 22 B4 1) A W Ak 2 s, AT
T 2P e W S5iRy7 . B, Ni YR
#6672 )51 41 AL ( bone mesenchymal stem cells,
BMSC) By b i 1A, AT 3 s 0 i 2 A T2 Bax
IR SR FE Al F o (tumor necrosis factor-a, TNF-a0 ) Fl1
SRS 1B (interleukin-13,IL-1B) OB R LU

INRAE RN, DR AP R 22 20, IR S T A A TE Fi ik
P BAT WU 2 R AE A, S1 A IS
KA 18] 78 5% T 28 M9 ( human umbilical cord
mesenchymal stem cells, hucMSC) Y AN IAMA BE R A
M1 BIE R M TNF-o #9285 2R 387K 7, JF 38
IL-10 FY 3R F R IKKF | e 9 A B JHE S A A A 1o
T, AT/ o U 40 0 e W R S

2 MSC EMESMHMES O ANESE

O WU BE SR e IR 2 ok 2 1k s b8 7 P 2 0 L2
MOFEA TR TR B, e 451 O 7 3, T O
JULZR B XEE )P 48 SRR B O LR A 36 7 M i, Ab
WA LA [ 7 XA O U ZEIE )L i vh & 4% T
M,

2.1 BUBATERA

MSC FEAE S0 LA el R v, oA AN 2 B
SRR LA L, TH 2 55 4 A ) RE 6470 O UL i U
T-, MSC JEPESNA R AY miR-25-3p 4L T3k
FASL Fll PTEN, BEA%.C LANAE I T2, Ak, miR-
25-3p i Hi il 45 05955 T AL 1 H SRR A I EZH2
FIZLEE F H3IK27me3 T 94, i BR 100 ME PR3 3 P4 P
S —SE AL R A i ( endothelial nitric oxide synthases,
eNOS) F1HT 4 A ( suppressors of cytokine signaling
3,S0CS3) iy Rkl , i 5 52 Bt o L 5 53 4
PO WUASIFE K RS 7R v | 21 2090 4 T 28 1 10 1 741
2 (tissue inhibitor of matrix metalloproteinases-2, TIMP2)
1 FRIB Y hueMSC JEPESM B AT B NAEZE L L B
T EL A0 IR 2 R (Bel-2) B9 SR A 3k BRI Bax
N 7K i B ( Caspase ) -9 BOFR IR, IRARXF L3k Ap
WA AT TR B e AT il i AL =L (H,0,) 4
SR ECL LA (He2) T, £ B ik P 2
AR A TE TR R LA T M 5 T BRI T i 3 ER
B BHE S 1 S H T GATA-4 i 3k 1) BMSC
TSN RE S T BMSC 2k kO WLAH M i 4, I
FEONUAESE 48 h 5, K B3R A s A 1 5 310/ BRUA
P, ZBAERE RO 96 h /N BLO T AE1E 35 | 1 %5
BETEFN c-kit 5 PR A B 14 200 B 45 o 338, 40 L0 T
A
2.2 UL ALAF4EK

FRELPE O WLER 2 Ak 25 T 35008 M Bl i e 0 E e
1115 MSC SN A A £ 41 i O WLET 44 D7 ThT E A —
SEMIVEIT . BMSC PRSP UL RE DS D0 JIL AR L 2T 4
o, 3 G O WUAE JE , I s 8 7 I 45500 I 2
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B AN BFSE A O UL S B K B P vE S
hucMSC AP WA A, 38 1 REFE X 381 L 21 24 200 P
R ARIE T SORE FRBE B £T 2 4 A 1) UL BT 2 A
B 434k, RIS RAE ST kR s A AT A
PRSI 6 e FeE M, DF X B DI RE L 2 Ik PA-
GHRPS 1 NapFF iR & 15 5] PN 7K #E I {1 22 41 ik
A X RE PR UE SN I A TE AR N A e DL SRR B2 RS TR,
/U U SE IR 2T 4L, 3k 26 % 3R W], MSC
R ) &M DA A8 3 B O WILER 4 £ DA T & 4400 B £
PHER
2.3 AT ERMEERLRE

FESE SR WF5T & K BT IR 2 B 0 R i
ZAK (S1PR1) J&, B Wi d] 8 51 1 44 ffl ( adipose-
derived mesenchymal stem cells, ADMSC ) 2 {5 f) &[N
IRBEAM T4 F B (nuclear factor kappa B, NF-kB)
AL A4 ] F B1 (transforming growth factor-B1,
TGF-B1) HE B KL, XKW ADMSC 2k i Ah s 4
BT SIP/SK1/S1PRI 15 518 B& 142 3 0k 40 o
M2 e fb, AT 8038 O ILRE B8 I 0o SR 450 ik
Hh,BMSC 5 S IR TE AR 22 8% (lipopolysaccharide
LPS) Fl3 30 M2 40 il Ak, B M1 I
AR AL , TSR ZUM ] LPS AKH Y NF-B {5 53
P& FR A0S B N B (Akt) 5538 B, BRI A
HU S5 S8 E B AU JULAR L =2
2.4 REMEFHE

HWFFTUESE MSC U8 1 &0 WA 1A BE 5 175 -0 LA
PR AR HE P AT R A S A B A L Y
MSC AN TR E) miR-21a-5p F RN 2T 5
K74 PDCD4 . PTEN Pelil F1 FasL 23 i M 1 {4
PO HE MSCTR P A1 I A r RS T R R R Y
miR-132 , SZE A JIE 52 RASAT KE A J& miR-132 1 H
FEHEE 25 RASAL YR IBKFH miR-132 Y3RIAKF
A, miR-132 J2& 30 o 394 5 P e 20 it ) ot 45 A=
BB O U BE ) 8 A 1R 55 # & BE hueMSC IR
PEAMIMA T Akt R /N R AR K R RS
TR T PN Rz A0 6 1% 2 R RS | AR SN IR 25 4 1) T
BRI P4 9 T8 B 5 7 0 LA BB K R AR o
MSC PR M WA A o % 7% miR-543 F 98 IV Y i
JREED (COLAAL) W R3E , AT/ NV AE T AR, Dl 80
A SES [ 45

3 MSC iEMESMMMESER M EETHRG

Bl 1M P P 3 145 (ischemia-reperfusion injury,
IRD) J2AE A A% B SR 5 PR T A E A BB L)

REMKAZ , BT 0 H 4L 20 4% B 1) T e o A R 285 44 it
Pt g: . FAE 1985 4F A AH G FE e
O LR I P08 136 7 L S0 — X T) 8], 1 Bl o s
AR ILA5 A FF 38, WBE 190 UL 0 ke, 2 0 ok
PR AR R R A 3 5 L A 2 R —
FEFEBE A0 LS, X DR AL 8 P e i 1 37
FHPE RS B AY O JLF5E 43 B A0 JUL dge ot P 3 62 4%
(' myocardial ischemia reperfusion injury, MIRI) , MIRI
SO I A5 s B2 (AT S A% 00, T MSC TR A1 3
P MIRT RIS AT AR T
3.1 mYRET

AWFFCUER] ADMSC Y544 A1 I 1 8 R ALK S Ak 1
TARZ IR Uk 0O LAR B R T A ol ol P T Ak
', ADMSC VRSN AMA I 1 |8 Bel-2 K3k, T
W Bax ik, 0l Caspase-3 {1, 7EBLVEE M
T, ADMSC A SR AT fib 25 [ G 40 M T2 F1 Bax
223k, IF 4 #F Bel-2, GL/S-H: F 1 R M & A D1
(Cyclin D1) f 235, LIk 3.0 LT AE™ ; BMSC
TP AP WA HE A B miR-125b 7] LUFE [ 190 2R 45
SIRT7, T ## Bax Fll Caspase-3 ik, ' Bel-2 %
K BEAR IL-18  IL-6 Fl TNF-o 7K F, MM 44 3770
UL BMSC A 4 7 i A 32 B2 A4 355 17 43 F miR-
214 BRI S AL N FARA5 J5  20 R T, A 3
A=, LR R BN, FEIREKMF T RN
BMSC U5 14 #b W6 44 375 5 2% 07 BE 5% , 38 4 miR-214/
CaMK T 8 5 A SCH 0, G 24n B 0 T 4% 2R A R
PEER R hueMSC JEIESNBAA AT R H 1Y
Fric# LC3B-11/ 1 F1 Beclin-1 25, i A W52 14
P62 & 11, p-Akt/Akt Fil p-mTOR/mTOR , 3 H. 14 &
PI3K/Akt/mTOR i % DAyt 2 40 B [ W5, #0  HOc2
PHTZ00 R, AN AR AT R a0 08 T AR 0 L
20 BT A O T RE
3.2 mREEAR

MSC >k U5 9 A W 44 38 2 98 5 miR-182 ¥4 5
TLR4/PI3K/ Akt {55 53 % , £ #F F W3k 200 M 1) M2 7Y
Wtk Fhe & Af R E K T BEARDY L A A 3k 2% 1
miRNA-181a, AT % 8 1 FH 240 B 808 1] i 7, AT g
HATNE] c-Fos H PR RAE N, HAEHEJE TP T
ML 8O LB P B 0 ST
R BRI P T A 2 S BSOS AL 7 AL (su-
peroxide dismutase,SOD) 3§14 B & P, — AL & AN
3-fif L 2 e 5 = W W 1 ADMSC AN A
AR IR AR AR R A P IL-18 A5 10 Ak
PRI , Vol e i P A 040
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3.3 R B

MSC 5P &1 6 1A 7 fofe i 598 8 35 5 B 4 i B
SRV IR (S B R =0 7 S (IR €Y C Sl N E el
LI i R A 2 3 A M 2 LA 7= A2 ATP SR AR A7 41 1%
J1 ABAE T G AT, B T DU S A i AT T 5T
EOEDIREREAL . 5T & B, MSC Y5 4 M b A 1T ik
/S PR S R 0 A L L MM AR T LC3-
I/ T HAE, 3T A p62 ik, 5 sMA /D 3L
R i S0 I B T, |9 Bel-2, i3 mTORC1/p-4eBP1
{55, NIz RIS Trafo 15, XKLLy
FIEIIH A R B0 b, 2 B R A
BMSC 51 A M5 4 b Y miR-29¢ %35 7K - & 4= 2
fk, 25 S 2 W10 e A Bl ot 0 A 405 B, miR-29¢
REfS A 2505 PTEN/ Akt/mTOR 3 B/ 51 [ W e
FAPT ., BMSC S U5 (9 21 3644 B 45 miR-143-3p 1%
L[] J R 00 o) 2K Y CHK2 I 6 s L 0kl i
CHK2-Beclin2 38 j% 8 5 15 W M 1 A3 25008 20 4 i 17
72007 AT, MSC R AP A 1 miR-125b 65
p53-Bnip3 {5 i, v/ [ W 5 A A0 AE T,
Mg AR O IR T

4  MSC BTSN MK 5 shBk TR

Bl bk ks A S Ak 2 — B 5 B B e SR A O A 18
RIETELER , HARR 12 N BRI 2 PR 72 KB ik A
FRER AT 38 A IAS T8 Bl B0 B e 52 Ak Ry 2t i IR
i, SIPKRFERE A — 5 e ny i B, A4S N
£ L Dy i A R I T T UL 20 L R I 4
1k, MSC A U5 (4 S I A7 I8 45 3 Jik ok 456 £ £k 1)
RAEME RS R E RIRIT TR,

4.1 HMRIEA

TE—IBFFE Y 45 55 R /)N RO s R Ik
1, IFERIKTES R 1 MSC R PE AN, & BLAN s A
REAS I 78 21 B P Ab | 6 5 1 b 2R 4 7F 5 10k 440 i BfT
VT, i3t miR-let7/HMGA2/NF-kB #4204 3 /N ) 30
Jks RERE AL, 1 14 miR-1et7/IGF2BP1/PTEN i %411
TR r I 4T )9 0, AT 2 B e ALY
AW R AL R FEREAL I B Ik rh , ADMSC P51 4
fRAE I miR-125b-1-3p K ik, 45 R &R miR-
125b-1-3p il %% EBHAN A + BCL11B AR IA , s>
AT, SIAMESk s EERE AL /N BB AL H  ADMSC 4
PRSI IAMA R A7 5B /DN BRI 1l A R 98 PR, 2 il
SR RERE AR IR
4.2 R BIEKERE L BESR

A —TRFSE HL ¥ BMSC YR SN A T 5 21 /8

BUAP, ot b3 miR-125b-5p e il 22 245 1% 4k
HH ¥ B 4 ( mitogen-activated protein kinase-4,
MAPK4 ) 23k , WA 965 56 3 ok of 6 B Ak 56 e 11 T
A 5# T microRNA T F A= W45 B2 i, iiF
545 K miR-145 5 ) kR FE A6 AH DG, MSC 1
SNIATT DLAE A 340K miR-145 M MSC 1438 5] A
R K PN Bz 40 MO, 4K 1T miR-145 AT 3 322 1k 25
T JAM-A BIZE D sk RER AL BEE
4.3 RIFNE LA

B I EI miR-342-5p A3 Fik & Edk H,0,
P NG K o B PR T i AE ADMSC
HSMILARLEAE BT, miR-342-5p B 58 AR, 158 B A0 I 1
T miR-324-5p ik, WESZ ADMSC V574 ik A
31 miR-342-5p N VA DRI PN B2 4 MO HE BT ok A
MEACAPER . MSC R P AN A & £E (1 miR-512-
3p AW AL IR B2 G 2 1 (oxidized low-density
lipoprotein , ox-LDL) /i3 (14 P Bz 20 B 43 477 , Jon i3 PN 2
R BEFE | [ B0 ) Caspase-3 BB , AR S8 4T
K F( TNF-a [ JL-1B TL-6) FI A % &AL A 17K,
AN SOD 45 e H ik S AL ¥ 1 ( glutathione peroxi-
dase , GSH-Px) & &, TR P R 20 B A5

5 MSC iRESMME S Fishk B E

fiti 21 Jik =5 & ( pulmonary hypertension, PH) J&—
T il LA 8 o O, ] g R A 0 R L F AT
T, AR S B M 75 A A AR v 480 BU & B AN R W]
REAZ M2 ke Fe AL . BF9E R I MSC R I 14 b
WMATE PH G Hh 32 21 HIAL I by 2 A R AE | I
/U it 15 R 3 10 A A

WA ATER B PH B b5 hueMSC, & 38
KA 38 W47 T A A 0 3 IE TR 4 B8 35 R A1
hucMSC M| 1 fili ifi 45 26 AL R P B -] Jo 240 Ji % Ak
(EndMT) 32 s hueMSC 34 58 i 25 30 il 1 i
[ il 3l ik K2 2 S ( pulmonary artery endothelial
cells, PAEC) #& T= Fl fifi 3l ik ~F ¥ AL 4 B2 ( pulmonary
artery smooth muscle cells,PASMC) fJ#4%54 , fiffi EndMT
AR BIE] 5E I AT R S AL S
hueMSC. L & 2 11 J3T 4 A5 4% P Wt 58 16 A B3 5 A
(WntSa) 3545 C1 s ADMSC 2k U5 19 S8 058 4 43
WA miR-191 AT 0] PAEC rh B ol B 2K 1 32 1k 2
(bone morphogenetic protein receptor-2, BMPR-2) %)
ik, ¥ PH BA R 1E N Willis 4577 JF 52
MSC. 5 ) M U 1A BB 18 15 ity 5 e 240 e 1) 2 Y, % fi



1010

ISSN 1007-3949 Chin J Arterioscler, Vol. 30,No. 11,2022

e SE T R B JRAE B ok v MU I A F AL SRR

6 MAENRRE

H T, MSC 5 S WA A TE O JILBEBE | 3l Ikt #F
Bk S P 7 A5 o MO0 1 B 0 ok v s v &
HEAEH , Z RN MO Z BT E T, MSC EPE
S AT B LA LR T B 2 A RN 1E
AAE R SR E S 0 LA ML 4 /N BE T AR | 0
OIEDIRE AR BLHI 5 23— PR, R
ETESNY) A A S5 50 77 AR SCHE B T — 2 1y
HERE AHAAT R T IR R IE 75 B Z R R, TEA
AR R B IR ST T8 A AR HE A A K LA
(533235, SNSRI REAE B B I RIGR 97 ik
RHE, AN, FIRB L eV AR R E I, SN
TRIR 328 B 0 R 2 A 75 2 R Ak, AR PR AE I
IR AT . T 8l Dk ok A A A6 JESE RIBTAR G
e RFA A 1 JXUIRS: ) A6 25 O R T 7 SR s LA B 4>
PEAIR T #R AR 5 A WAA FT B Sk B (L 1 25
YL R, LT FG I 3l Kook A B8 4k P 0 i 48
TS SRR — A AT R TR A I A
TR AT LR 7 B H  miRNA A€ [a] [a] $51 495 20 215 B
JE HATHY E R BEER, 02 A R B 58 S0 W 1A 1 G
Bl X MSC ke I AP WA A 19 7 A= BILH e A i) A
GE, X B AR EL R I BYIR T O L5 R 1Y
Tk,

[ &% 3Ck]

[1] HUANG L, MA W, MA Y, et al. Exosomes in mesenchymal
stem cells, a new therapeutic strategy for cardiovascular disea-
ses? [J]. Int J Biol Sci, 2015, 11(2) ; 238-245.

[2] BRUDER SP, KURTH A A, SHEA M, et al. Bone regen-
eration by implantation of purified, culture-expanded human
mesenchymal stem cells[J]. J Orthop Res, 1998, 16(2) :
155-162.

[3] TWeAh, =&, AWM, . SMBA miRNA 7EGR I

OV PR FIALR S B e Ry TR ()], b Sl kR
feeis, 2021, 29(2) : 171-178.
YU X P, BIAN Y F, PANG Y C, et al. The mechanism of
exosome miRNA in ischemic heart diseaseand the prospect
of targeted therapy[ J]. Chin J Arterioscler, 2021, 29(2)
171-178.

[4] PITTENGER M F, MACKAY A M, BECK S C, et al.
Multilineage potential of adult human mesenchymal stem
cells[J]. Science, 1999, 284(5411) ; 143-147.

[5] LALR C, CHEN T S, LIM S K. Mesenchymal stem cell

exosome ; a novel stem cell-based therapy for cardiovascular
disease[ J]. Regen Med, 2011, 6(4): 481-492.

[6] GOJO S, GOJO N, TAKEDA Y, et al. In vivo cardiovascu-
logenesis by direct injection of isolated adult mesenchymal
stem cells[ J]. Exp Cell Res, 2003, 288(1): 51-59.

[7] KOBAYASHI T, HAMANO K, LI TS, et al. Enhancement of
angiogenesis by the implantation of self bone marrow cells
in a rat ischemic heart model[ J]. J Surg Res, 2000, 89
(2): 189-195.

[8] SATO T, ISO Y, UYAMA T, et al. Coronary vein infusion
of multipotent stromal cells from bone marrow preserves car-
diac function in swine ischemic cardiomyopathy via enhanced
neovascularization[ J |. Lab Invest, 2011, 91(4) : 553-564.

[9] JENJAROENPUN P, KREMENSKA Y, NAIR V M, et al.
Characterization of RNA in exosomes secreted by human
breast cancer cell lines using next-generation sequencing
[J]. Peer], 2013, 1. €201.

[10] BUSCHOW S 1, VAN BALKOM B W, AALBERTS M, et
al. MHC class Il -associated proteins in B-cell exosomes
and potential functional implications for exosome biogenesis
[J]. Immunol Cell Biol, 2010, 83(8) : 851-856.

[11] NI H, YANG S, SIAW-DEBRAH F, et al. Exosomes de-
rived from bone mesenchymal stem cells ameliorate early
inflammatory responses following traumatic brain injury
[J]. Front Neurosci, 2019, 13; 14.

[12] ZHANG Y, WANG C, BAI Z, et al. Umbilical cord mes-
enchymal stem cell exosomes alleviate the progression of
kidney failure by modulating inflammatory responses and
oxidative stress in an ischemia-reperfusion mice model
[J]. J Biomed Nanotechnol, 2021, 17(9) : 1874-1881.

[13] PENG Y, ZHAO J L, PENG Z Y, et al. Exosomal miR-
25-3p from mesenchymal stem cells alleviates myocardial
infarction by targeting pro-apoptotic proteins and EZH2
[J]. Cell Death Dis, 2020, 11(5): 317.

[14] NI J, LIU X, YIN Y, et al. Exosomes derived from
TIMP2-modified human umbilical cord mesenchymal stem
cells enhance the repair effect in rat model with myocardial
infarction possibly by the Akt/Sfrp2 pathway[J]. Oxid Med
Cell Longev, 2019. DOI. 10.1155/2019/1958%41.

[15] HEJ G, LI H R, HAN J X, et al. GATA-4-expressing
mouse bone marrow mesenchymal stem cells improve car-
diac function after myocardial infarction via secreted exo-
somes[ J]. Sci Rep, 2018, 8(1): 9047.

[16] CHEN F, LI X, ZHAO J, et al. Bone marrow mesenchy-
mal stem cell-derived exosomes attenuate cardiac hypertro-
phy and fibrosis in pressure overload induced remodeling
[J]. In Vitro Cell Dev Biol Anim, 2020, 56 (7):
567-576.

[17] SHI'Y, YANG Y, GUO Q, et al. Exosomes derived from



CN 43-1262/R " [ shikafifb 24 7 2022 456 30 555 11 ]

1011

[20]

[21

[

[22

[

[23]

[24]

[25]

[26]

[27]

human umbilical cord mesenchymal stem cells promote fi-
broblast-to-myofibroblast differentiation in inflammatory
environments and benefit cardioprotective effects [ J ].
Stem Cells Dev, 2019, 28(12); 799-811.

HAN C, ZHOU J, LIANG C, et al. Human umbilical cord
mesenchymal stem cell derived exosomes encapsulated in
functional peptide hydrogels promote cardiac repair [ J ].
Biomater Sci, 2019, 7(7) : 2920-2933.

DENG S, ZHOU X, GE Z, et al. Exosomes from adipose-
derived mesenchymal stem cells ameliorate cardiac damage
after myocardial infarction by activating S1P/SK1/S1PR1
signaling and promoting macrophage M2 polarization[ J].
Int J Biochem Cell Biol, 2019, 114 105564.

XU R, ZHANG F, CHAI R, et al. Exosomes derived
from pro-inflammatory bone marrow-derived mesenchymal
stem cells reduce inflammation and myocardial injury via
mediating macrophage polarization[ J]. J Cell Mol Med,
2019, 23(11) . 7617-7631.

SASSOLI C, PINI A, MAZZANTI B, et al. Mesenchymal
stromal cells affect cardiomyocyte growth through juxtacrine
Notch-1/]Jagged-1 signaling and paracrine mechanisms:
clues for cardiac regeneration [ J]. J Mol Cell Cardiol,
2011, 51(3): 399-408.

LUTHER K M, HAAR L, MCGUINNESS M, et al. Exo-
somal miR-21a-5p mediates cardioprotection by mesenchy-
mal stem cells [ J]. J Mol Cell Cardiol, 2018, 119:
125-137.

MA T, CHEN Y, CHEN Y, et al. MicroRNA-132, deliv-
ered by mesenchymal stem cell-derived exosomes, promote
angiogenesis in myocardial infarction[ J]. Stem Cells Int,
2018. DOI; 10. 1155/2018/3290372.

MA J, ZHAO Y Y, SUN L, et al. Exosomes derived from
Akt-modified human umbilical cord mesenchymal stem cells
improve cardiac regeneration and promote angiogenesis via
activating platelet-derived growth factor D[ J]. Stem Cells
Transl Med, 2017, 6(1): 51-59.

YANG M, LIU X, JIANG M, et al. miR-543 in human
mesenchymal stem cell-derived exosomes promotes cardiac
microvascular endothelial cell angiogenesis after myocardial
infarction through COI4A1[J]. TUBMB Life, 2021, 73
(7) : 927-%40.

LIU Z, XU Y, WAN Y, et al. Exosomes from adipose-
derived mesenchymal stem cells prevent cardiomyocyte ap-
optosis induced by oxidative stress [ J]. Cell Death
Discov, 2019, 5. 79.

CUI X, HE Z, LIANG Z, et al. Exosomes from adipose-
derived mesenchymal stem cells protect the myocardium a-
gainst ischemia/reperfusion injury through Wnt/B-Catenin
signaling pathway[ J]. J Cardiovasc Pharmacol, 2017, 70

(28]

[29]

[30]

[31]

(32]

(33]

[34]

[35]

[36]

[37]

[38]

(4): 225-231.

CHEN Q, LIU Y, DING X, et al. Bone marrow mesenchy-
mal stem cell-secreted exosomes carrying microRNA-125h
protect against myocardial ischemia reperfusion injury via
targeting SIRT7 [ J]. Mol Cell Biochem, 2020, 465 (1/
2): 103-114.

WANG Y, ZHAO R, LIU D, et al. Exosomes derived
from miR-214-enriched bone marrow-derived mesenchymal
stem cells regulate oxidative damage in cardiac stem cells
by targeting CaMK I [ J]. Oxid Med Cell Longev, 2018.
DOI; 10.1155/2018/4971261.

LIU H, SUN X, GONG X, et al. Human umbilical cord
mesenchymal stem cells derived exosomes exert antiapop-
tosis effect via activating PI3K/Akt/mTOR pathway on
H9c2 cells [ J]. J Cell Biochem, 2019, 120 (9):
14455-14464.

ZHAO J, LI X, HU J, et al. Mesenchymal stromal cell-de-
rived exosomes attenuate myocardial ischaemia-reperfusion
injury through miR-182-regulated macrophage polarization
[J]. Cardiovasc Res, 2019, 115(7) : 1205-1216.

WEI Z, QIAO S, ZHAO J, et al. miRNA-181a over-ex-
pression in mesenchymal stem cell-derived exosomes influ-
enced inflammatory response after myocardial ischemia-
reperfusion injury[ J]. Life Sci, 2019, 232 116632.

DU W, WANG X, MAIMAITIYIMING D, et al. Exosomes
from adipose-derived mesenchymal stem cells alleviates rat
myocardial ischemia/reperfusion injury by inhibiting oxi-
dative stress and inflammatory response [ J]. J Biomater
Tissue Engineer, 2021, 11(6) ; 38-43.

JIANG X F, LEW K S, CHEN Q Y, et al. Human mes-
enchymal stem cell-derived exosomes reduce ischemia/
reperfusion injury by the inhibitions of apoptosis and auto-
phagy[J]. Curr Pharm Des, 2018, 24(44) . 5334-5341.
LIT, GUJ, YANG O, et al. Bone marrow mesenchymal
stem cell-derived exosomal miRNA-29¢ decreases cardiac
ischemia/reperfusion injury through inhibition of excessive
autophagy via the PTEN/Akt/mTOR signaling pathway
[J]. CircJ, 2020, 84(8): 1304-1311.

CHEN G, WANG M, RUAN Z, et al. Mesenchymal stem
cell-derived exosomal miR-143-3p suppresses myocardial
ischemia-reperfusion injury by regulating autophagy [ J].
Life Sci, 2021, 280 119742.

XIAO C C, WANG K, XU Y C, et al. Transplanted mes-
enchymal stem cells reduce autophagic flux in infarcted
hearts via the exosomal transfer of miR-125b[J]. Circ
Res, 2018, 123(5) . 564-578.

LIJ, XUE H, LIT, etal. Exosomes derived from mesen-
chymal stem cells attenuate the progression of atheroscle-

rosis in ApoE ™™ mice via miR-let7 mediated infiltration and



1012

ISSN 1007-3949 Chin J Arterioscler, Vol. 30,No. 11,2022

[39]

[40]

[41]

[42]

[43]

[44]

polarization of M2 macrophage[ J]. Biochem Biophys Res
Commun, 2019, 510(4) : 565-572.

YU C, TANG W, LU R, et al. Human adipose-derived
mesenchymal stem cells promote lymphocyte apoptosis and
alleviate atherosclerosis via miR-125b-1-3p/BCL11B signal
axis[ J]. Ann Palliat Med, 2021, 10(2) ;: 2123-2133.
LIN F, ZHANG S, LIU X, et al. Mouse bone marrow de-
rived mesenchymal stem cells-secreted exosomal microRNA-
125b-5p suppresses atherosclerotic plaque formation via in-
hibiting Map4k4[J]. Life Sci, 2021, 274 119249.

YANG W, YIN R, ZHU X, et al. Mesenchymal stem-
cell-derived exosomal miR-145 inhibits atherosclerosis by
targeting JAM-A[ J]. Mol Ther Nucleic Acids, 2021, 23
119-131.

XING X, LI Z, YANG X, et al. Adipose-derived mesen-
chymal stem cells-derived exosome-mediated microRNA-
342-5p protects endothelial cells against atherosclerosis
[J]. Aging (Albany NY), 2020, 12(4) . 3880-3898.
CHEN S, ZHOU H, ZHANG B, et al. Exosomal miR-
512-3p derived from mesenchymal stem cells inhibits oxi-
dized low-density lipoprotein-induced vascular endothelial
cells dysfunction via regulating Keapl[J]. J Biochem Mol
Toxicol, 2021, 35(6) . 1-11.

GE L, JIANG W, ZHANG S, et al. Mesenchymal stromal

[45]

[46]

[47]

[48]

cell-derived exosomes attenuate experimental pulmonary
arterial hypertension[ J]. Curr Pharm Biotechnol, 2021,
22(12) : 1654-1662.

ZHANG S, LIU X, GE L L, et al. Mesenchymal stromal
cell-derived exosomes improve pulmonary hypertension
through inhibition of pulmonary vascular remodeling[ J].
Respir Res, 2020, 21(1); 71.

ZHANG C, WANG P, MOHAMMED A, et al. Function
of adipose-derived mesenchymal stem cells in monocrotal-
ine-induced pulmonary arterial hypertension through miR-
191 via regulation of BMPR2[ J]. Biomed Res Int, 2019.
DOI. 10. 1155/2019/2858750.

WILLIS G R, FERNANDEZ-GONZALEZ A, ANASTAS ]
A, et al. Mesenchymal stromal cell exosomes ameliorate
experimental bronchopulmonary dysplasia and restore lung
function through macrophage immunomodulation[ J]. Am
J Respir Crit Care Med, 2018, 197(1) ; 104-116.
L, A, TR, S5 SNBARh 3 ko R s Ak £
BEBr T WA )] RS A 2Rk, 2017, 25
(4) . 411-416.

JIANG Y, TIAN M X, WANG S, et al. Exosome pro-
videsa new intervention target for atherosclerosis[ J]. Chin

J Arterioscler, 2017, 25(4) . 411-416.

(SO P

[17]

[18]

[19

[

[20]

[21]

[22]

(L#&% 973 )
BERUKSTIS A, JARASUNAS J, DASKEVICIUTE A, et al. How
to interpret 24 h arterial stiffness markers: comparison of 24 h am-
bulatory Mobil-O-Graph with SphygmoCor office values[ J]. Blood
Press Monit, 2019, 24(2) : 93-98.
LI Q X, ZHAO X J, PENG Y B, et al. A prospective study of
comparing the application of two generation scoring systems in pa-
tients with acute cerebral infarction [ J]. Adv Ther, 2019, 36
(11) . 3071-3078.
KIKUYA M, STAESSEN J A, OHKUBO T, et al. Ambulatory ar-
terial stiffness index and 24 hour ambulatory pulse pressure as pre-
dictors of mortality in Ohasama, Japan[J]. Stroke, 2007, 38
(4): 1161-1166.
ZHANG C, WANG Y, ZHAO X, et al. Clinical, imaging features
and outcome in internal carotid artery versus middle cerebral artery
disease[ J]. PLoS One, 2019, 14(12) : €0225906-e0225918.
WEISSTANNER C, GRATZ P P, SCHROTH G A, et al
Thrombus imaging inacute stroke : correlationof thrombus length on
susceptibility-weighted imaging with endovascular
success[ J]. Eur radiol, 2014, 24(8) ; 1735-1741.

LV X, YUJ, LIAO T, et al. Unruptured giant intracavernous an-

reperfusion

eurysms untolerate internal carotid artery occlusion test: untreated

and treated with flow-diversion[ J]. Neuroradiol J, 2020, 33(2) .

[24

[25

[

[

]

[

105-111.

ZHAO Z, HUANG L, CHEN ], et al. Clinical efficacy of bypass
grafting in recurrent nasopharyngeal carcinoma patients with
internal carotid artery invasion[ J]. Am J Otolaryngol, 2021, 42
(3): 102860-102864.

LAMPL Y, ZIVIN J A, FISHER M, et al. Infrared laser therapy
for ischemic stroke: a new treatment strategy : results of the Neuro-
Thera Effectiveness and Safety Trial-1 ( NEST-1) [ J]. Stroke,
2007, 38(6) : 1843-1849.

2, BAZRIE, e, S S ShbkEREE B S A Ak
e P A b R O RS I AR ARSI 0]
AR LI FIZE, 2021, 23(3) : 273-276.

LI SS, HU CH, GAO K], et al. Relationship between AASI and
hemorrhagic transformation in elderly AIS patients after intravenous
thrombolysis[ J]. Chin J Geriatr Heart Brain Vessel Dis, 2021, 23
(3): 273-276.

KLARENBEEK P, VAN OOSTENBRUGGE R J, STAALS J. Am-
bulatory arterial stiffness index is not associated with magnetic reso-
nance imaging markers of cerebral small vessel disease in lacunar
stroke patients [ J]. J Clin Hypertens ( Greenwich), 2015, 17
(5): 352-356.

(M3 SCEID



