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The Role and Mechanism of Exosomes in Exercise Cardiovascular Protection
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(Y College of Education and Sports Sciences, Yangtze University, Hubei Jingzhou 434023, China;

2 Department of Human Movement Sciences, Institute of Physical Education, Shanghai Normal University, Shanghai 200234, China)

Abstract Exosome is a kind of vesicular body which can be secreted by most cells and can communicate
information between cells through the transfer of specific signal molecules. More and more studies have
shown that exosomes are widely involved in the occurrence and development of cardiovascular diseases,
such as hypertension, heart failure and myocardial infarction. In recent years, studies have shown that ex-
ercise has a great impact on the biological function of body fluids and blood circulation exosomes. Differ-
ent exercise modes can promote the release of exosomes and affect the expression of miRNA and proteins.
At present, studies have found that exercise promotion of exosome release may be related to the laminar
shear force induced by blood flow, the increase of Ca® levels, the signal transduction between various
cells during exercise and the activation of body physiological states, but the mechanism of exercise promo-
tion of exosome release still needs to be improved. In addition, the release of exosomes and changes in
their contents are also considered to be markers of adaptive changes in the body. Recent studies have
shown that exercise promotes the release of exosomes and regulates the expression of miRNAs and pro-
teins, thus playing key roles in promoting angiogenesis, inhibiting myocardial apoptosis, inhibiting myo-
cardial fibrosis and protecting endothelial cells, providing a theoretical basis for the prevention and treat-

ment of cardiovascular diseases. Herein the role of exosomes from different cell sources in cardiovascular
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diseases is reviewed in this paper. We analyze the regulation of exercise exosomes and the molecular

mechanism of exercise regulation exosomes in cardiovascular protection, aiming to provide new ideas for

the prevention and treatment of cardiovascular diseases.

Key words exosomes; exercise; microRNA(miRNA) ; cardiovascular

TR Lo I A5 R 3 BB T B AE B, B2
BCR A 2 HE R Y 2 3 AR ) T TG A BOR Bk
ik KRBT R I, 45 R AN R IR G SN A i
S AR RE A% i, 25 4 A 17 A B Bk
FEUT RS AN A B BT 5T 3 B A AR AN I A
VERERRE S W A bmic Y 7 1), FEE AR BTRA
NATRB, AS TR 40 R AR J5 B SN2 2 5 0 1l 4
YRR I A R R TE = L2 Wi RNGR YT AL 2% F AAE
FLC LA A 45 R R 5 RS Y0 T 3 v i O JULER
FEIG O UE i R FECHEVE . %t se R,
iz Bl 2 PR IR SN IR 1 AR W D ee , HUK [A)z 3l 7
AT GEHESM IR, HeAh iz SR E S A A R
iR, I3 2k 40 PR 3 TR A I A B A 5l A
R AL LA B A T AL ILEF 4R RN RPN B
2L, RO 0L P v R A R AR S
BLEE T AN [ 40 A Y5 40 I AR A 15 0 O g 3 vy L
KOO WL /R, OF A T B4 T ARz 3 5 =X
X AMIMA B LN ZS W 052 ), LA KAz sl iR 4 A s A
KA MR T B BAR 53 BLI, LU R A ik
PRAE O LA 11297 Filiz sl JH 5 AN AR SR i
EAER A RIS
1 SN EHR A

SIS A L i N AR A M IR 2 AR IR 8
SR AN N AR 30~ 100 nm, H:
AR RE BN, oA R R R A 8 o
R BERRAE AP F170 0 AN AT I R

) 0 e TR Rl A OC 25 1 (Ras-like in rat-
brain, RAB) | JZHX £ 1 (annexin) | J§ & A5 10 8K F
(flotillin, Folt) FI# K 52 & F1 (heat shock protein,
HSP) 253 WA %™ ;CD9 .CD37 il CD63 45 P %
LR 1R N I A T A R A A AN AR IR
A1) JE T P A2 B Y RN B IR Tl S A G IR
Y mRNA Fl4% RNA ( microRNA, miRNA ) /&
AN Y AL R 4" . Ratajezak 451 & B
HM A E A mRNA FE4l 0 1% 2 8020, 5 s Bl B e
B 0 5 Valadi 55070 75 Wk % 2 B AMNIMA & A
miRNA , FE B & s 4k 8 240 e+ B 7T & #80E
AP ETENE . BRI BT 1Y
T 5697, LA BAE N A AR S M 5 B . otk

A, Thakur 451 Hi2 38, Sb W Uk 38 45 15 A i 14 41
DNA, HRAEANA R SRSk IR, S A 1) A= 1 2 )
e Z M EZRER 1996 4F | Raposo %' %3, B
VR C 20 B 3 I BT D O 5t 3 ) SN IAAS  RE AR HE T 41 Y
FIR) L O 00 A e 200 B ) A 5 S AT S TR B
LIRUALSTRE S A HE IR R e oS 7/ e s A E L [
HEPU 2 41 M R) R RS S AL W T A R
IR

2 SMMEEOCIE REHRER

A0 WA AR Bk UE BH 0 1A B R 2 9T B B T
[0 AR RIS LB, 25 Fh 4t A U A S WA
e O I T R 536 BN T, A0 i L 0 )
VR AL JUEFE , IEUN Table 1 fis . T SCERAMBA
TEIX =20 AP h ROV EAT U0 602
2.1 ShMESEIME

e ML 2 5 5 O L 50 e T 1Y i I A
F0 ) HNIMA S 5 i ERR v 2R -0 R
THOBIRRGE 5 JORE N R AE AR, B -
B TR AR R G I PRI AN IBA | 32 B4 T T
e I A2 W A2 D B 2 0 408, 3 T BB 2 e L 1Y)
BN e o I AN (= s e DR TR o )
K AR R, R N2 R REAE IR
U3 NG R RISl B WU NS R VIV - & U R o
Rk, PEREE - s DI REE ek . O HL
P TR T D 3 22 0 AR A A T D ) 22 0 SRR R B g
LS5 N B PRV A WA B i R A 7K P-4 H T
EHE BT RSN - T
IBIRR G RERE AR5 PRI NI A B RR AL AT T,
FE—E R RE b AT Ay v 1 9 SR A0 | 45 7R PR
SN 2 B e i s B AE M0 BRIC

PAE S AESNBAR S5 a5 i e R o ELA T
P R AT AE 27 5 1l s e, ORI R I A B
i, HOCHEAE TN MAA S AR SC A ME AN X - A 42
Cambier 25 2 WF5E 260 | 0 JULZH 0 S Y A WA ( exo-
somes derived from cardiomyocytes, CMs-EXs ) 7F +: 18]
59 M8 55K & 11 (Angiotensin 1T, Ang I ) 155 (19 5
LR A5 A5 AL Rl A O IULAC JE , skt O 1
EAE B RAE S 2 il dE— D HFSE R B, IX 28 Ay
i OV 5 IO LTS T AR A K- 10
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(interleukin-10, IL-10) A 3R ik 32 CMs-EXs #Ill i A
Koo RULL AN A IR A MAMA BELE =i 1L A5 T 41l
il RVEANM N 7 R R0k, 8 2% i IR HERE, (HAdA
WFFEAF A —FE A5 R SN IMATE 5 I s A5 18 T 5F:
AP fa VR B2 v i P Fe s BEE R 5 1
HAMMATE T AT 3 b 3% P B 40 A b 20
A B 23 F-1 (intercellular cell adhesion molecule-1,
ICAM1) 55 £F ¥ il J57 38 T3% 9 4700 i) 511 ( plasminogen
activator inhibitor-1,PAI-1) ZF & PEAM ML+ 1k,
WAEREAR ICAMT 5 598 4% 7 (miR-17) YK
-, DT 755 P B2 40 K A2 ARAE U () I ATE 5
I PR, L 20 it R PR A AMAR (exosomes derived from
macrophagocytes , MPs-EXs) 7E & Il & 25 44 T & 175
T PN B A A S RN

RBFFEUENT, SN AE LR AR R X T AR
PEARN DN - 5 By 22 5, R dos , AR
RIRSMMA R W D REAR TR, A 2 F A, S
AR VR IR Y ol IS A58 O KL AEP 5 1 5240 14035
JrE S ARAMRLETRYT i R XTI
TEAN FRBIEFE Y il A W A F MPs-EXs 1] fig i
RAE S K —AFIBLGE X TARYT e 1 AT AN 7T 22,
Mo A E— LW AN B AE i I 2T 7 5 AT
i ERIE R BIBESE
2.2 SMBMESLIFE

O S5 A 1O LI 4 BT 5 S RE R A 1
S0 L 0 PR B A E , FL L R 2 Bl 2 R
[DR=ZEE 0B S P A BTEO R Uk 3 n S AN

JILET AP 28 - 100 A 58 5K 3% 2R S8 A TG LA s B
GeL J1 I HAY

JNE SIS 5 S0 ) vl [ B LR A AR
B, A0 M AR 28 0 A5 T 41 k] 6 P PR 1 3R
s R AL A K I F-B, ( transforming growth factor
By, TGFB, ) AT, 400 il L Wik 40 e A 8% | DA T 9t
Zeb IR R KR, R R, SN IR A
0 A SRE R SR AT T BRI, S R AE 1Y)
THBRAR LIRS 117 BeAh BRI IR R T AN A
SEARAERIF AL, K BRSO ) 3 v A i i Ak
AR R TR, I mtDNA SE a9 Toll BESZ 1
9( Toll-like receptor 9, TLR9) /4% ¥4 5% A -F ( nuclear
factor kappa-B,NF-kB) {5 51 % & A= R AE 2 B, M
HLAAEAE 1 AT 8 TLRO 0 44 ] ——5d v (CQ) BH
Wi, BB IT R, S AGE 1 9 TLRY %
Ik AT REISCN IE G0 ) I Y OCHE  WEE A
RIS UAMAE 3 55 TLRO ik 2 il % R AE

DL, ARSI A A 58] F9 102 PRI 68 Ry T URIG o 7 18 1
O I R R LA

O LA HEAL = B0 ) 3w 1 1 R S
K miR-425 FEA O ) iy h i B, Sh
& miR-425 v 55404 K HF B 32 -2 ( transfor-
ming growth factor B receptor-2, TGFBR2) ) 3" 4E HH
XA EAEH, 35 8 3% DPP [6]JE%) 4 (recombi-
nant mothers against decapentaplegic homolog 4,
SMAD4) /TGF-B1 15 5 i #% M HZ R & (A i il =
NI IR S F AR R WA= 5 i TN
UEHISMIMAR S 5.0 0 i AR

BRI B R RGN BTG 50 ) =% )
*H%,EIE%%@% k&R (angiotensin II , Ang
1) 87K 75 50 g 5 v 0 A/ 06 0] 368 3 417 161
Ang Il BYZRIKLUE 2.0 T 5838, A WH5T i S 3l ik
7 AL /N U ) BT A Y S B 1) e o
20 e PR AN IMA ( exosomes derived from bone marrow
mesenchyml stem cells, BMSCs-EXs ) I 3 B0 IL4H
FLJR T AEAAR A Ang T B30 3 51820 ILZH g
AIRER, TEARSMIEZEC WURET AE A I RO B2 T 588, 3R
WML AT L T s ity i A B0 LR AR PR
A, S 1A miR-21-5p i 4o 400 il % 2 i A1 Ang 11
[ IR ek , 1 Ake B RO 14, BRI A2 F 145 A
JSRLC LA B A5 B X B gT R AR
b PR LA A 0 5 2R S A R 410 0 L 2T 4
&, R0 1 G TR BE R AT T 58, R, S A
et g 3ty v WU S 1 23 5 HIL T R 58 42 4
N A — P RAGT
2.3 ShiMRSOAESE

O WUEFE RO MU BN A R FE R A Al
LM A ] 33 45, TB] FE 5 4 R PR AN s A
(exosomes derived from mesenchyml stem cells, MSCs-
EXs) .CMs-EXs DA K 1ML 2B M43 i miRNA Al
FUBT IR, RERR AR O IURE LR B S W 461 405 , 1k T
TEC WLERAP P A 5T 45 2000

[ 52 5 1 4 i DS HBAT 22 16) S0 AR TR RE, 7R S
WAL SZ BLO L T Z 58 Feng 451 58
Aol S L P TE AR R, 2 B MSCs-EXs 1 miR-22
FL ) L CpG 456 8 M 2 (methyl-CpG-binding
protein 2, Mecp2) i 25 2.0 L0 AL, DA 1T oa 200 L
RFEHIAS O WLEF 4E 1L, MSCs-EXs A7) 58 i th 4%
L 40 i P A AR S T O WU B E v A H 8 AR 2 400
WUERT st A4 miR-182 9475 H T AR 2 Toll
FEZAK 4( Toll-like receptor 4, TLR4) , ¥ FL W5 40 it A
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M1 B A Sy M2 BY, AT /00 LRI ZE T AR, B AR
O LRI T 1 A /K L R PTG 3R
MSCs-EXs Z 5.0 HUEALIR 90 ALB S

i %18 & H B AE 8 A ( thioredoxin-interacting
protein, TXNIP ) ] 4171 il 2 i 3 58 I 7% S 0 ML 0 =,
S5O MEBR IR E, BEFE R, 18] 58 5+ 40 i
HeIESMLIR T miR-148a T i 4 B 1 BAE
223k, I-li TLR4/NF-kB/ % NLR %% Pyrin 5
1 3(NLR Pyrin domain protein 3, NLRP3) {5 =i %
R, TR AP SZ 4000 L i e =T, .0
AN A TR AN AR P miR-208a 78U WILAE 5845 78 A4
A J 75 T 14O WL DA B b X 4 B 9, AT 400
O WLEFHEAL , 2O M T RE , Tl 1 RURR S 1 s
IR B R Ak V8 1Y I 8§ 2 ( dual-specificity tyrosine
phosphorylation-regulated kinase 2, Dyrk2) & miR-
208a ML PR 200 B JIL AN A of TR A0 I8 A 7E £
P2 AL URIBIGE O U5 Dy e rh A FE OCSE ]

Gao 55177 3@ i g7 /N RO IR SEAE Y 2% 3 1M
1550 s A& miR-1956 i 3 Notch 7] #54) 1 ( Notch
homolog 1, Notchl) /1.4 W B2 44 ( endothelial
growth factor, VEGF) il B4 U 145 1 A= . [RIAS, %
Wb 7R T i RO LR AT 7] BE 2O WL AE

JEAEIRINA R EERYR WAL, HABTER B, O
JLER il g A 1) 56 4R 20 Ik i 3 Ah W5 44 - miR-939-5p
BE T, ) —5% 1L & & B (inducible nitric ox-
ide synthase,iNOS ) & 77 Il & A= 5, ##] T iNOS 1)
FARHEE 08 TN A — A B A B
2SI IK= 2 oy A vk | e 3 IR N B0 S
A PATAHOC miRNA BRTA A #E.0 WIUIFE IS 1Y 1 4
A

A LR RO U R RS X 8
(8] 72 5 1 4 i 2 5 b M5 1A ((exosomes derived from
endometrium mesenchymal stem cells, ENMSCs-EXs) |
BMSCs-Exs FUE i 6] 78 57 T 4f Hd ok USRI 1A ((exo-
somes derived from adipose mesenchymal stem cells,
ADMSCs-EXs ) %0 iV P-4 B VE T, & 3 ENMSCs-
Exs 80FH17A) 78 501 200 1 o P8 41 0 44 F0 i 1077 1) 52
BT T 240 6 ke 95 Ah s A E 00 i JUL 20 B 9 T RO
WLEFAEAL PR 8 O e 3 TR 2 B, miR-21 i
FLIEAY PTEN/ Akt 385 78 482 w5 0 LM A 7735 )
WEFEHR 7R | A Tl 40 R 5 Ah AR T it 48 DR 4 4
JHAFTE 22 5, (L B RE 400 100 UL 495 20 4 B AL & 3
9 LA 405 FRC LA T2, BT i A O JLASE K 1Y) 0%
TEIRIT I o

Table 1 The role of exosomes and miRNAs of the same origin in cardiovascular diseases

Origin Model miRNA Protein Functional effect References
Plasma Hypertension miR-17 ICAM1 Regulate inflammatory cytokines [24]
Plasma Heart failure mtDNA TLR9, NF-«xB Trigger inflammation [28]
Blood serum Heart failure miR-425 TGFBR2, SMAD4, Inhibit myocardial fibrosis [29]
TGF-B1
Miyocardial cells Heart failure miR-21-5p Akt Pron.)otes angiogenesis and cardiomyocyte (31
survival
Ischemi: sonsti- Inhibit cell is ¢ ; ar-
MSCs schemia reconsti miR-22 Meep2 n 1b1't cel apoptosis and reduce myocar: 133]
tution dial fibrosis
Myocardial infarc- ; sardial infarcti a and in-
MSCs fyoc ardial infarc miR-182 TLR4 Reduce .myocardla infarction area and in 1347
tion flammation
Myocardial infarc- . TXNIP, TLR4, .
Macrophage tion miR-148a NF-kB. NLRP3 Protect the damaged myocardium [35]
Myocardial cell Myocardial infarc- miR-2084a Dyrk2 Inhibit my.ocardial fibrosis and improve [36]
tion heart function
Serum i\./[yocardlal infare- miR-1956 Notchl, VEGF Promote angiogenesis [37]
ion
Myocardial infarc-
Serum i yocardial - infarc miR-939-5p iNOS, NO Affect angiogenesis [38]
ion
Myocardial infarc- . . .
EnMSCs miR-21 PTEN, Akt Promote cardiomyocyte survival [39]

tion

MSCs; Mesenchymal stem cell; UCMSCs: Umbilical cord mesenchymal stem cells;

EnMSC: Endometrial mesenchymal stem cells
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3 EEXFIMB AR

18 BRSNS I R BF AT AL TR AP B B, B
TR, Az g 3 AR AR B O el AR
HHNZY) (miRNA FIE F ) B9R K, SMMAIEZS
MR/ NMEB S B P IR R B E A, AL, Fh
WA R TR S L N A A AR A A I R 3
PEAREIAR A . BRI, R SCRA Az 2l X0 S il
VB HORT N 21052 ) (0 OB A R AT VA 9 26, 435
HLIEQ Table 2 7R,
3.1 IBETHXPIMMERERL R N B eI F 00

H TR B, 2 iz 2 T {2k Sh WA A Ry
miRNAs K& B . Oliveira 25 BF g2 W, &
PEIZ SR BL SN AR B I/ AH 23 (2 HE AN WA AR i ¢
IR IAT 12 Fh AR A miRNA 76412 BT 5 1%
ik BA BB S, Hax s B 22 S P R GK 1) miR-
NA ] ] 455 22 24 I 05 A4 26 PO ( mitogen-activa-
ted protein kinase, MAPK) {5 53 [ 19 AH ¢ 3L K]
MAPK 3l # 5 5T 4 W0k B 240 % 1155, R85
TSR RS DNA BT o ) 4R 1Y A
RV Ol T 35 P A % sl R TG AR R Xt ik
— 4 I T AN A miRNA 25 40 i (8145 18 5 i 1Y
B, AR I, QYT Lz sh e 3 T EF 41
WA Y R, I 38 n il 2% Ah WA A £ ZE 1Y miRNA
(miR-206 Fl miR-146a) (L', LA LBFIHRR,
Atz s Al fe SEAMBAREL, IF 5 W S A miR-
NA HFRIL,

WFoE N R B, IS T i B a5 3 SR A AT
G REAE SR M A AMMA R TR R, AT MG iE
3, AT 412 3 90 min J5 SN A B ECR 2 FRIRT
K, IR SN AE 32 By aod B2 b LA B S5
PR SEAE A S BEAh, Whitham 25 & B, — Ik
PE 2RIz 3 23 T BUM I AN B HAR IR
F BT EXA G FOR R, R R
W, 21z shAe s SN AR B B 2 AT Ik | A
TEIB B A5G 23R 52 B B 2 K7 (B BLARR & i<
A TSR

TEE 32 3 5 MBI FE v i A I A 2
BERINTT ) Bei U R I, /INEUIRK 3 S, A
WMAR B IR A o VAR A B AR I T 1. 85
. A I B, PR PR AR ) 40 i A3 A
81( cluster of differentiation 81, CD81) J&Etnic &

F1-1(flotillin-1, Flot1) B k= 41 I8 -2 ( B-cell lym-
phoma-2, Bel2) il Bel-2 #H5¢ X & ( Bel-2 assaciat-
ed X protein, Bax) %3 [ i fE1z 3 i 2 T W2 1
. Lasser 551 3 A5 4032 sh g 1 B A /)
B Co 1L 77 R 00 97 20 B A0 3 R KOS, Ak, A
miR-29b #1 miR-455 #YSNBIRTE KA 402 3 T
(GRS O O N =Y S = B et] i N 1011953
TTRE SR S IR T 7K - BARAIL AT 75 2 —
T N WS S S =B e R K i RV YN
TR, I N YRR A

RIRWTSERYT, Sk 518 Vs S S LA
RN T4 SR PR MM K- A iz
St 2R SMBR miRNA R (5 97K, -5
Hbr W3Rk, in ALG-2-AH 5AE FIEE 11 X (ALG-2-
interacting protein X, ALIX) . 1 4il s 53tk 9t it 63
(cluster of differentiation 63, CD63) . FH 4053 fh3i
Jii 81 g 55 I I 101 (tumor susceptibility gene
101, TSG101) MPEHAMCE -1, HHEEIET AR
18 3l 5 2O AP A ) 5 1 B BF 5 1 D AR I A T
TRATIGE , AT W38 Bl 175 5 A I AR (2 32F B4R ft e £ 41t
TRFARRAE
3.2 IEBhRHEIMNB AR IR R BEHLE

KTz et M AR R AL, H AT 5T H
b ABREITIE R, 42 B {2 A A A i R T TT R
5l 3 75 3 19 )2 3 87 U] 77 (laminar shear stress,
LSS) \Ca' 7K LTt iz gl ip 45 28 A it ] 1 15 5 A% i
DA HIUA AR BRI BB A 56 . RIS U ) A — Tl
535 BT R AR BRI, BN O S s Bl e 9 B A
T RE A TR A5 S AL . Hou 55708 ABF bk 4
B AR 73 531 T Lk AR A B 8 ) ) AR A v
I8 IR BUZ B3 D) 1 AU N miR-342-5p 1) 3%
KRG TAMMAR 3. TFRRW 2 3hiE S
JE U BT U] ) B 0P B A AR T R T A
T it — 2L R T iz Zh R NI A R ALtk
A, 2R S TR A Bl A T Ca™ | SN B
HALTTRE S Ca™ AKF ETHA K, Savina %5 KRB,
12 B2 TIE b R R LA B LR R Ca™
RERCBIES TG RN Ca® W, MM AE 2E 5P i 14
PRI, it — 2D R THE S AN A Ca™ s
AL X532 Bl A2 ik A W AR R T AL T AT B 56 R 1 i)
iR, DL 2 WSS BB iz sh A i A I AR ik T Rl
SZW YA Ca A
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Table 2 Effects of different exercise modes on exosomes and their contents

EX?S,OmeS Exercise model Release of Changes in exosome composition References
Origin exosomes
. . . miR-1-3p, miR-16-5p, miR-222-3p, miR-21-5p, miR134-3p,
Plasma ngl}} imtensity - interval e miR-107, miR-23a-3p, miR-208a-3p, miR-105-5p, miR-186-  [40]
cyelng 5p, miR-126-3p ( 1)
CD63( 1)
. . ) miR-128-3p, miR-03-3p, miR-148a-3p, miR-191a-5p, miR-93-
Serum Acute aerobic exercise Increase Sp., miR-253p, miR-142-5p, miR-3068-3p, Rno-miR-330-5p. [41]
miR-10b-5p, miR-142-3p, miR-410-3p ( 1)
Plasma . . . .
Resistance exercise Increase miR-206, miR-146a ( 1) [43]
Incremental load
Plasma treadmill exercise/ Increase Flotl, Hsp70, Intallb, ¢fDNA( T) [44]
Power bike
Plasma One-time acute exercise  Increase ALIX, RAB, HSP, Flot1/2 ( 1) [45]
. . Bel2, ERK1/2, HSP27, ALIX, RAB35( 1)
Serum 3-Week aerobic exercise  Increase CD63, Bax( | ) [46]
Long-term aerobic CD81, Flotl( 1)
Serum exercise Increase miR-455, miR-29b( 1) [49]
Pl Acute exercise of low I miR-1( The most expressive ) , miR-133a, miR-133b, miR-206, 1507
A& and medium intensity ferease miR-208b, miR-486, miR-499a( 1), miR-31(24 h | )
CD9( 1)
miR-19b, miR-148a, miR-150, miR-221, miR-361, miR-486 ( 1-
Plasme Long-term aerobic Incre: month, 1) (517
BME - exercise flerease miR-19b, miR-150, miR-223, miR-320a, miR-361 ( 2-month
™,
miR-223(4/7-month 1)
EPCs Long-term aerobic Increase CD63, Tsgl0O1, CD34, VEGFR2( 1) [52]

exercise

miR-126( 1)

FPCs: endothelial progenitor cells

Brahmer 2% & | iz 515 S A WA 1) 1l W 16
PRI, 55 /NI L DA R 200 R 1 200 55 200 e ) )
RGO, TENRIE B it B b Bk A 4R -TE R
R PEARAS I | TG B S AR I K BRI, IR,
XS A AR 2 A 5 1 Y- 255 s OEL Il 1) 40 3 1ok
[0 A% 3o BT ke 1), (H R X H B 43+
PUERIHEAT IR . AL, 32 3l b S A i R K - 7R
AR 2 IR Z B2 57 . AR TE X A~ A 22
S R AT SR AN AE AT LD (4 S, AN AR 1 R
KFAE—E R I T 32180 1Y B AR HLRE, JF 7]
REAZ B4R S BIRAS HER A A RIPR S S R
IR

M AEER | SD AT 1 T3 AT g 5 HUATE
iz i B AR RS IS A G . O T R AMIMA
R S5 8 1% Z [ 19 % 3, Frithbeis %5 7E
1T 4B 3 5 2R B BOR B NURAE ST BNl

T, meZ B, B3R AR TG A (B Z T A WA AR 3k
CLFF i K B, HOB ik B2 AT HSP70 1 fD-
NA, BLEHIMIMATER E N B R R Bt . 2 5 40
LT3 TR, I A B0 = A= A A 0, A AR
PP, HAMBAR K Sig s A ¢,

Hy AT UL, SRR A SR 32 B N 3T BLAAR T Ao A5
TRAE T A A P 3 S 7, A B AR i A MAMA R ik
Y S Y NCIPN V= I 0 W ST NN 3N
R SR A AE e R I A s N AN
OIMERTF T REEEEN, A8 T, =500
T, 32 B R0 i T80 A0 1 A b A3 i {5 5 A b A
1)) R Ry IN . NA R LR R U N (EN =i icib NV 3190
18 SRS ) BARBLE AT R GEPE I AE
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DO 1L M B A8 SR AT IESE , A1 AR v 4R B
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Fig.1 The protective effect of exercise-regulated exosomes on the cardiovascular system

Exercise promotes the release of

exosomes, and regulates the expression of miRNA and proteins, and plays a role in protecting the cardiovascular system in the fol-

lowing four ways: (1) Promote angiogenesis; (2) Inhibit cardiomyocyte apoptosis; (3) Inhibit myocardial fibrosis; (4) Improve

endothelial cell function
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