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[Abstract]

vascular reconstruction and thrombolytic therapy that restore myocardial blood flow, these patients often experience poor cardiac

Ischemic heart disease stands as the primary cause of mortality among diabetic patients. Despite advancements in

function recovery and a higher mortality rate. This makes myocardial ischemia/reperfusion (I/R) injury a significant therapeutic
challenge. Researches indicate that, under diabetic or obese conditions, adipocytes release extracellular vesicles (EVs) containing a
variety of biomolecules, including RNA, proteins, adipocytokines, and mitochondria. These EVs play a pivotal role in maintaining
systemic metabolic homeostasis. Importantly, adipocyte - derived EVs facilitate communication with diabetic hearts and play a
regulatory role in myocardial I/R injury. This review summarizes recent studies on the modulatory effects of adipocyte -derived EVs on
diabetic myocardial I/R injury, highlighting potential underlying mechanisms.
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Figure 1 Intercellular and interorgan crosstalk through Adipocyte-derived extracellular vesicles
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Figure 2 Adipose-derived extracellular vesicles regulation in diabetic heart ischemia-reperfusion injury



<1424 -

(IS VS N 1

445510 1
20244E10 A

KRR O UR S, EWAEBKZMT, ZHRML
RLAR AT L@ R B W 38 A 4R 7 T B DA 00 1L
S E N

FERE PRI B RS TR, Zobi A g SR e 2 5
ETC T LR AR B R, T 7L 3h 0 240 i g 4 RF A
2 [ JA A BB B0 S M D e 2Bl Zbifk, 1X 2
— AP ERL A BT E IS AR,
ThREGR R I LRI SR TR 2 & LRI EV,
E LIPS BURS YA LN N B CIEN GE A E2 F AL
I, S 4 XL LRLARTE Fr [m) SIS o B AT ) — T3
WEFER W, LA S A N I RE 0% (1L 2 TR 5 0 AR o4 B
FH S AR R LR A Y A A% 3 2 22 ) A it
A7 B AR

JIi 107 A Pt R DL AEV JE 2CHE H 32 451 1 2R
FE ik A A B 11775 BR » Borcherding 5 Brestoff™*
B - Ok ARV R] 7. A WEFLR Y,
L 4 R 0 308 2 Ao € T 017 4 LR F9 € T 07 4 T
B EV BT/ S B RLAR 18, DL Sk SEILZR KL
Ao B o

Rosina 55 7HIE M T SISO TF AR (15 107 40
IS EV HE 32451 H9 LRAR B3, 2H 25T B A
AR EV BEAT R AR OR 7 #A e 1 PA E  f E
U2 T EUBAT T4 fU A Sk A4 FEIE I 7 AL R gt
75 B0k 615 107 40 0 7 sl 2b, #8751 BATBE R B
W 20 A2 AAEV A 2R 45T 842 i A2 2 vh R 4%
TEREY,

Zhu %W TR B A8 g B R TR 3 I R
INERCFR, SRR T RE RR RS 5 €0 R T LR B
G GO g e e G C R Y AL N 4 S i)
AAEV! . T AEHRRES T, K R 7R e 1) 0k 4
I X i 8 A A 0 e I T e, ST 9 400 e )
N R 3 32 40, T SRR B AL AR A 1 Py B
EV HEN MEAEIR . SR, 18 BRSO i 38 2k
VR FIHLH M ANTE 2 o B T I, 1 €1 7 40
VUi B AR AR 12 B B R AN B 2 S8 I R BRI 2=
(heparan sulfate, HS) /131 i8I A5 2% A Hb @ Bk o0
WA AR BE JE 5 F2 T 1 (exostosin glycosyltransferase 1,
Ext1), —F HS ZEW) & AR o< 8 1 2R R, LW 4
FE T HS 7P AR WAT F £ 65 4 o 35 125 2
PR 2 2 TR et i R B AR /N B A T
AR ZE AL
243 BEARASHLGGH LR A

FE SR A O LR 3 O I A SR I L Sk
PR GEHE) S H R ATP 2 FGa /b, X L6 AR A 2 S E00 1)

RERENG . H I, £ X00E IR0 bR HE 25036 9T K
PSR TERLI, IX IR T U5 5 B AR I8 I PR B
Bitar (B BE R 75 RO R IERX AP A7 . BBt 188
BT R — P EL RS 0 4H N Y e R SRR T
%o BORARE AR N SR R A8 LA S sSh W it 7T v
AT 0T VR 15 05 05 AR A S #8 R AR IR 2 R A
LD ROS 77 25 i o SR A AT SE S B2 oK B IR
OV FIREVE A T

RILHT TR Y, EV (8 W% 1K A WK T 5E [ 58 %8
LWL A 22 4 v RO 7% 28 32 AR A D P AR R AP
BOR' o Tkeda S BB TER B, N5 5 2 BET-40
FRAT A B o JULZH R RE 6 20 6 5 AT Th BEPE LR AR 1)
EV. OHLAES XL EV AT EE 2R R Fe A5 21 32 451
O LAHAR A, BCE O U SE /N BRSO DI RE -

X PR Lo UL /R 53473 10 55 5 2R AR A8 T
BE $2 1 1) 00 JUE OR 37 015 22 — B AR N ER TT (1 40
o AT HIF TR W 2R A R AR AT I 2 i HE AR PO L
WLUR J& S LD REVR &, SR, A8 W PR 52 53 2 b
PRIEAT R, O DR R I T RE 2 32 2 IR M)
SRERE 1A RS HEL S DR B s -0 UL /R 453 4% B A Ay B2
69T 22— (H H BT P3 AT 25 B B, ¥ 2 1 i
RIFENTE R

3 BERATFHBaSKRIERIEV ZEHEFRE OB UR 515 &
BfRIP1ER

FIER R AR K C R0 €8 B U7 40 B ) /e 4 b
EV, ADSC tH A4k . ADSC P24 1 EV BE M5 HE N 0
JE R, FEXT AR BI LR Y VER o« De Almeida Oliveira
SEOSIE S R T ADSC R IE FI EV A miR-196a-5p
I miR-425-5 760 IE A& 5 A 1 2 48 i 8 4% 4
Sanz-Ros 251 4168 /)N B ADSC SR JE ) EV Ab PR
AR, 8 T 2N REMRIS R, 5%
G T4 MVA T HIEE , EV SRS SE, 1] N2 R iR
PERITIE.

ADSCRIE ) EV U 2 Mol JIER 37 o Mori
L TR I, TR SR A AR R AR R FR I A JE ADSC
55 R B0 LA AR 2 TR) 7T DA 552 1) 28 s Ak 1) 4k b B
. #HE AN ADSC G K RO U ZERE AL, 7E3 d
Ja o H B B R RAAR R LA, I HoO IE DTS
PR WS, REZH BRI, ADSCRIEH EV H
A I miRNA G I VR #5475 B Ry 76 S g sk
BRI SE 5] RS AR A

Deng 2577 % B, ADSC KB (1) EV fi 5% 8005
G -1 - T IR/ 4 S N T 1/ R -1 - IR S A 1



F44 5101
2024410 H

FE, BER TS, JIE T YR 40 B &/ B 960 1 PR s O I S50 ot - R Y 4534 v AR T 3
YERLT]. st EE R A 223 CH AR B AR , 2024, 44(10) : 1419-1427, 1455

<1425

(sphingosine - 1 - phosphate/sphingosine kinase1/sphin-
gosine- 1 -phosphate receptorl , SIP/SK1/S1PR1) 5 %
T8 B IE R 3E B R A R ) M2 B AR AL, AT R O
LA BE 5 ) O BE #5145 - 351k RNA CeircularRNA,
cireRNA) FE S L O WIESE 5 EV S 10 LR 37 4
Fi st EEAEH] . Zhou %57 5t £ W, ADSC
TR EV 147 K& cire_0001747, cire_0001747 w] i
Tt B8 7] miR - 199b-3p/fifi 41 i (1 1fiL 555 %5 K] - 1 (myeloid
cell leukemia 1, MCL1) i 7y 9 4 5k S/ 75260155 3 1) O
A 454% . 5341, Nakamura S5 R AIF 55 % B, 7E
/N SRS e K 0 AR o e K S 1) 5 4
IO g o U DR 4 A A 2 T/ BRI A o B IR R
o JRBRER @S T-45 % 8 455 R E 78 5+
YA AN 53 BV, 3X— 35 2 O E ORI 1 OG5

4 FRERE

AEV TEHE FR 0 E 5 6 107 6L 902 1 F6 A LA
FR RSB P, T H TR PR O UR
BT o ARG S, AEV A 05 (23 L 1
$hiz, I LEMEAI 25 Tix — i A2, Ml 2k
B IE S CR A SR A B S Ol UR 1405
AT N TR RS RIS D TR U5t
EV 73 BLH E K57 # 5

SR, HI AT ARV B 450 5 44 3 T K3
I, 3 FLAE 05 5 57k > ADEV A5 R T L0
GG BEAb, JEER AAEY 405 1 LR o P2 th
—ANHREAE . SR 1 5 T L R 5 4
5, 2L 250 5 0 9 B A A3 — A o By
B ERE AR L7 8 WA AR . RO I
9 I8 6 1 56 2 SIS ST PR 5 /1 B U/R ot
T2 (W) {9 5%, IR 2 B AE TR IR I M 0 50
B o 245 8 00 1R B D7 20 2505 ke O s e 45 4
FY 2 A5 R A ) 2740 T 22 5, AR OB S LR
BRI ADEY %I SR R IR 0 e i B . 45 b, %
T AAEV S 3 A B0 OB A Py ) e da 55 0 R
995 0 M S 10 A 5 A5 57 X1 O B 5 LA 96
S0 RS T
PESIN

[1] ROONEY M R, FANG M, OGURTSOVA K, et al. Global-
prevalence of prediabetes [J]. Diabetes Care, 2023, 46
(7):1388-1394

[2] NG ACT,DELGADO V,BORLAUG B A, et al. Diabesity:
the combined burden of obesity and diabetes on heart

disease and the role of imaging [J]. Nat Rev Cardiol,

(3]

[4]

(5]

L6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

2021,18(4):291-304

FANG M, ECHOUFFO - TCHEUGUI J B, SELVIN E.
Prevalence and management of obesity in U.S. adults
with type 1 diabetes[J]. Ann Intern Med, 2023, 176(9):
el.230228

LAZAR 1, CLEMENT E, DAUVILLIER S, et al. Adipo-
cyte exosomes promote melanoma aggressiveness through
fatty acid oxidation: a novel mechanism linking obesity
and cancer[J]. Cancer Res,2016,76(14):4051-4057
THOMOU T, MORI M A, DREYFUSS J M, et al. Adipose-
derived circulating miRNAs regulate gene expression in
other tissues[ ] ]. Nature, 2017, 542(7642) : 450-455
FLAHERTY S E 3RD, GRIJALVA A, XU X Y, et al. A
lipase-independent pathway of lipid release and immune
modulation by adipocytes[J]. Science, 2019, 363(6430):
989-993

WADEY R M, CONNOLLY K D, MATHEW D, et al.
Inflammatory adipocyte - derived extracellular vesicles
promote leukocyte attachment to vascular endothelial
cells[ J]. Atherosclerosis,2019,283:19-27

YAN C H, TIAN X X, LI J Y, et al. A high-fat diet attenu-
ates AMPK al in adipocytes to induce exosome shedding
and non-alcoholic fatty liver development in vivo[ J]. Dia-
betes,2021,70(2):577-588

LI F, LI H X, JIN X X, et al. Adipose-specific knockdown
of Sirt]l results in obesity and insulin resistance by pro-
moting exosomes release [J]. Cell Cycle, 2019, 18 (17) :
2067-2082

CREWE C, BRESTOFF J R. Burning fat to fuel EVs[J].
Diabetes, 2023,72(11): 1521-1523

LIU Y, TAN J, OU S Y, et al. Adipose-derived exosomes
deliver miR-23a/b to regulate tumor growth in hepatocel-
lular cancer by targeting the VHL/HIF axis[J]. J Physiol
Biochem, 2019, 75(3):391-401

KRANENDONK M E, VISSEREN F L, VAN BALKOM B
W, et al. Human adipocyte extracellular vesicles in recip-
rocal signaling between adipocytes and macrophages [J].
Obesity,2014,22(5): 1296-1308

JUNG Y J, KIM H K, CHO Y, et al. Cell reprogramming
using extracellular vesicles from differentiating stem cells
into white/beige adipocytes [J]. Sci Adv, 2020, 6 (13) :
eaay6721

CREWE C, JOFFIN N, RUTKOWSKI J M, et al. Anendo-
thelial-to-adipocyte extracellular vesicle axis governed by
metabolic state[J]. Cell, 2018, 175(3): 695-708

WANG F, CHEN F F, SHANG Y Y, et al. Insulin resis-
tance adipocyte-derived exosomes aggravate atherosclero-

sis by increasing Vasa vasorum angiogenesis in diabetic



445510 1

<1426+ BMoa & B K ¥ ¥ O 2024410 A
ApoE™ mice[J]. Int J Cardiol,2018,265: 181-187 [28] FORRAT R, SEBBAG L, WIERNSPERGER N, et al.

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

ZHANG Y Q, MEI H L, CHANG X A, et al. Adipocyte-
derived microvesicles from obese mice induce M1 macro-
phage phenotype through secreted miR - 155 [J]. J Mol
Cell Biol, 2016, 8(6):505-517

XU X Y, GRIJALVA A, SKOWRONSKI A, et al. Obesity
activates a program of lysosomal-dependent lipid metabo-
lism in adipose tissue macrophages independently of clas-
sic activation[J]. Cell Metab, 2013, 18(6): 816-830

YU Q, WANG D X, WEN X T, et al. Adipose-derived exo-
somes protect the pulmonary endothelial barrier in venti-
lator - induced lung injury by inhibiting the TRPV4/Ca**
signaling pathway[J]. Am J Physiol Lung Cell Mol Physi-
0l,2020,318(4): .723-1.741

ZHAO Y, ZHAO M F, JIANG S, et al. Liver governs
adipose remodelling via extracellular vesicles in response
to lipid overload[J]. Nat Commun, 2020, 11(1):719
KOECK E S, IORDANSKAIA T, SEVILLA S, et al. Adi-
pocyte exosomes induce transforming growth factor beta
pathway dysregulation in hepatocytes: a novel paradigm
for obesity-related liver disease[ J]. J Surg Res, 2014, 192
(2):268-275

GAO J, LI X Y, WANG Y, et al. Adipocyte-derived extra-
cellular vesicles modulate appetite and weight through
mTOR signalling in the hypothalamus [J]. Acta Physiol,
2020,228(2):e13339

KRANENDONK M E, VISSEREN F L, VAN HER-
WAARDEN J A, et al. Effect of extracellular vesicles of
human adipose tissue on insulin signaling in liver and
muscle cells[ J]. Obesity, 2014,22(10):2216-2223
MAN W R, SONG X L, XIONG Z Y, et al. Exosomes
derived from pericardial adipose tissues attenuate cardiac
remodeling following myocardial infarction by adipsin -
regulated iron homeostasis [J]. Front Cardiovasc Med,
2022,9: 1003282

SHAIHOV-TEPER O, RAM E, BALLAN N, et al. Extra-
cellularvesicles from epicardial fat facilitate atrial fibrilla-
tion[J]. Circulation, 2021, 143(25): 2475-2493

BABES E E, BUSTEA C, BEHL T, et al. Acute coronary
syndromes in diabetic patients, outcome, revasculariza-
tion, and antithrombotic therapy [J]. Biomedecine Phar-
macother, 2022, 148: 112772

ELTZSCHIG H K, ECKLET. Ischemia and reperfusion -
from mechanism to translation [J]. Nat Med, 2011, 17
(11):1391-1401

HEKIMIAN G, KHANDOUDI N, FEUVRAY D, et al.
Abnormal cardiac rhythm in diabetic rats [J]. Life Sci,
1985,37(6):547-551

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

Acute myocardial infarction in dogs with experimental
diabetes[J]. Cardiovasc Res, 1993,27(11): 1908-1912
ANNAPURNA A, CHALLA S R, PRAKASH G J, et al.
Therapeutic potential of sulindac against ischemia-reper-
fusion-induced myocardial infarction in diabetic and non-
diabetic rats[J]. Exp Clin Cardiol, 2008, 13(2):66-70
ZHAO H, CHEN X Y, HU G Y, et al. Smallextracellular
vesicles from brown adipose tissue mediate exercise car-
dioprotection[J]. Circ Res,2022, 130(10): 1490-1506
WENZ Y, LIJF,FUY L, et al. Hypertrophicadipocyte-
derived exosomal miR-802-5p contributes to insulin resis-
tance in cardiac myocytes through targeting HSP60 [J].
Obesity, 2020, 28(10): 1932-1940

LIN H, CHEN X N, PAN J N, et al. Secretion of miRNA-
326 - 3p by senescent adipose exacerbates myocardial
metabolism in diabetic mice[J]. J Transl Med, 2022, 20
(1):278

LI F Q,ZHANG K K, XU T, et al. Exosomal microRNA -
29a mediates cardiac dysfunction and mitochondrial inac-
tivity in obesity - related cardiomyopathy [J]. Endocrine,
2019, 63(3):480-488

NIE H, PAN Y, ZHOU Y W. Exosomal microRNA -194
causes cardiac injury and mitochondrial dysfunction in
obese mice [J]. Biochem Biophys Res Commun, 2018,
503(4):3174-3179

GAN L, XIE D N, LIU J, et al. Smallextracellular
microvesicles mediated pathological communications
between dysfunctional adipocytes and cardiomyocytes as
a novel mechanism exacerbating ischemia/reperfusion
injury in diabetic mice[J]. Circulation, 2020, 141 (12):
968-983

REN C L, CHEN H, XIE Y Q. Letter by Ren; et al. regard-
ing article, “smallextracellular microvesiclesmediated
pathological communications between dysfunctional adi-
pocytes and cardiomyocytes as a novel mechanism exacer-
bating ischemia/reperfusion injury in diabetic mice” [J].
Circulation, 2020, 142(7):e97-€98

LI'Y X, DING F Z, SHEN Z Y. Letter by Li, et al regard-
ing article, “smallextracellular microvesiclesmediated
pathological communications between dysfunctional adi-
pocytes and cardiomyocytes as a novel mechanism exacer-
bating ischemia/reperfusion injury in diabetic mice” [J].
Circulation, 2020, 142(7) : €95-e96

PAN Y, HUI X Y, HOO R L G, et al. Adipocyte-secreted
exosomal microRNA-34a inhibits M2 macrophage polariza-
tion to promote obesity-induced adipose inflammation[J].

J Clin Invest, 2019, 129(2): 834-849



F44 5101

R, SER AN, MR IR A 4 B &0 AR PR3 o EE 5 - P R 0 v R

2024410 A TERILY]. B AR R 2 AR CAIRBLERRD , 2024, 44(10): 1419-1427, 1455 - 1427+
[39] BECHER T, PALANISAMY S, KRAMER D J, et al. flammatory and adipogenic stromal subpopulations in

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

Brown adipose tissue is associated with cardiometabolic
health[J]. Nat Med,2021,27(1): 58-65

ZHOU X Y, LI Z L, QI M H, et al. Brown adipose tissue-
derived exosomes mitigate the metabolic syndrome in
high fat diet mice[J]. Theranostics, 2020, 10(18): 8197
8210

SHIBATA R, OUCHI N, ITO M, et al. Adiponectin-medi-
ated modulation of hypertrophic signals in the heart [J].
Nat Med, 2004, 10(12): 1384-1389

ANTONOPOULOS A S, MARGARITIS M, VERHEULE
S, et al. Mutualregulation of epicardial adipose tissue and
myocardial redox state by PPAR - y/adiponectin signal-
ling[ J 1. Circ Res, 2016, 118(5): 842-855

PINCKARD K M, SHETTIGAR V K, WRIGHT K R, et al.
Anovel endocrine role for the BAT-released lipokine 12,
13 - dihome to mediate cardiac function [J]. Circulation,
2021, 143(2): 145-159

CREWE C, FUNCKE J B, LI S J; et al. Extracellular vesi-
cle-based interorgan transport of mitochondria from ener-
getically stressed adipocytes [J]. Cell Metab, 2021, 33
(9):1853-1868

SIES H. Findings in redox biology: from H,0, to oxidative
stress[J 1. J Biol Chem,2020,295(39): 13458-13473
TIASH S, BRESTOFF J R, CREWE C. A guide to study-
ing mitochondria transfer [J]. Nat Cell Biol, 2023, 25
(11):1551-1553

BORCHERDING N, JIA W T, GIWA R, et al. Dietary
lipids inhibit mitochondria transfer to macrophages to
divert adipocyte-derived mitochondria into the blood [J].
Cell Metab,2022,34(10):1499-1513

HAYAKAWA K, ESPOSITO E, WANG X H; et al. Transfer
of mitochondria from astrocytes to neurons after stroke [J].
Nature, 2016, 535(7613):551-555

CHANG X, LI 'Y K, CAI C; et al. Mitochondrial quality
control mechanisms as molecular targets in diabetic
heart[ J ]. Metabolism, 2022, 137: 155313

NG MY W, WAL T, SIMONSEN A. Quality control of the
mitochondrion[J]. Dev Cell,2021,56(7): 881-905
MANEECHOTE C, PALEE S, KERDPHOO S, et al. Mod-
ulating mitochondrial dynamics attenuates cardiac isch-
emia-reperfusion injury in prediabetic rats[J]. Acta Phar-
macol Sin, 2022,43(1):26-38

PALIKARAS K, LIONAKI E, TAVERNARAKIS N. Mech-
anisms of mitophagy in cellular homeostasis, physiology
and pathology[J]. Nat Cell Biol,2018,20(9): 1013-1022
JOFFIN N, PASCHOAL V A, GLINTAK C M, et al. Mito-

chondrial metabolism is a key regulator of the fibro-in-

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

white adipose tissue [J]. Cell Stem Cell, 2021, 28 (4) :
702-717

LIANG W J, SAGAR S, RAVINDRAN R, et al. Mitochon-
dria are secreted in extracellular vesicles when lysosomal
function is impaired[J ]. Nat Commun, 2023, 14(1): 5031
HUTTO R A, RUTTER K M, GIARMARCO M M, et al.
Cone photoreceptors transfer damaged mitochondria to
Miiller glialJ]. Cell Rep,2023,42(2): 112115
BORCHERDING N, BRESTOFF J R. The power and
potential of mitochondria transfer[J]. Nature, 2023, 623
(7986):283-291

ROSINA M, CECI V, TURCHI R, et al. Ejection of dam-
aged mitochondria and their removal by macrophages
ensure efficient thermogenesis in brown adipose tissue[ J .
Cell Metab,2022,34(4):533-548

AQUILANO K, ZHOU B Y, BRESTOFF J R, et al. Multi-
faceted mitochondrial quality control in brown adipose
tissue[J 1. Trends Cell Biol,2023,33(6):517-529

ZHU Q Z, AN'Y A, SCHERER P E. Mitochondrial regula-
tion and white adipose tissue homeostasis[J]. Trends Cell
Biol,2022,32(4):351-364

CREWE C, FUNCKE J B, LI S ], et al. Extracellular vesi-
cle-based interorgan transport of mitochondria from ener-
getically stressed adipocytes [J]. Cell Metab, 2021, 33
(9):1853-1868

BRESTOFF J R, WILEN C B,MOLEY J R; et al. Intercellu-
larmitochondria transfer to macrophages regulates white
adipose tissue homeostasis and is impaired in obesity [J].
Cell Metah,2021,33(2):270-282

ZHOUML, YUY F, LUO X X, et al. Myocardialischemia-
reperfusion injury: therapeutics from a mitochondria-cen-
tric perspective[J]. Cardiology, 2021, 146(6):781-792
DOULAMIS I P, NOMOTO R S, TZANI A, et al. Tran-
sceriptomic and proteomic pathways of diabetic and non-
diabetic mitochondrial transplantation[J]. Sei Rep, 2022,
12(1):22101

IKEDA G, SANTOSO M R, TADA' Y, et al. Mitochondria-
rich extracellular vesicles from autologous stem cell - de-
rived cardiomyocytes restore energetics of ischemic myo-
cardium[J]. ] Am Coll Cardiol,2021,77(8): 10731088
DE ALMEIDA OLIVEIRA N C, NERI E A, SILVA C M,
et al. Multicellular regulation of miR-196a-5p and miR-
425-5 from adipose stem cell-derived exosomes and cardiac
repair[J]. Clin Sci, 2022, 136(17):1281-1301
SANZ-ROS J, ROMERO-GARCIA N, MAS-BARGUES

C, et al. Small extracellular vesicles from young adipose-

(F# %1455 7)



F44 5101 )
2024410 H

I, pRipE, T

B, S VT3 5 D M R 7P 55 0 i I A 095 SR TR I P 2
FZHEFEL]. B R RS R CH AR RLERRD » 2024, 44(10) : 1448-1455

1455

[20]

[21]

[22]

health in Chinese adults[J]. J Am Coll Cardiol, 2015, 65
(10):1013-1025

YOUNUS A, ANENI E C, SPATZ E S, et al. A systematic
review of the prevalence and outcomes of ideal cardiovas-
cular health in US and non - US populations. [J]. Mayo
Clinic Proceedings, 2016,91(5): 649-670

CHEN W, SHI S, JIANG Y, et al. Association of sarcope-
nia with ideal cardiovascular health metrics among US
adults: a cross - sectional study of NHANES data from
2011 to 2018[J 1. BMJ Open,2022,12(9): 061789
PENGPID S, PELTZER K. National cross-sectional data
on ideal cardiovascular health among adults in Mongolia

in 20190J]. Glob Heart,2022,17(1):34

[23]

[24]

[25]

BREEZE, AR, B i, A5, 2030 4 3R E L fE xR
IO 0N LA 5 S T AN SRR SR IR e L) 1. o
T L 2% K 2022, 56(5): 7
GAO F, LIU X, WANG X, et al. Changes in cardiovascu-
lar health status and the risk of new-onset hypertension in
Kailuan cohort Study [J]. PLoS One, 2016, 11 (7) :
€0158869
GARG P K, O’ NEAL W T, MOK Y, et al. Life”s simple 7
and peripheral artery disease risk: the atherosclerosis risk
in communities study[J]. American Journal of Preventive
Medicine, 2018, 55(5): 642-649
[k BH#A]  2024-09-01
(AR w4E: BES)

B e S S e B S S S e S o S s o ST S S i o el et st o

(E3% 1427 )

[67]

[68]

[69]

derived stem cells prevent frailty, improve health span,
and decrease epigenetic age in old mice [J]. Sci Adv,
2022, 8(42): eabq2226

MORI D, MIYAGAWA S, KAWAMURA T, et al. Mito-
chondrialtransfer induced by adipose -derived mesenchy-
mal stem cell transplantation improves cardiac function
in rat models of ischemic cardiomyopathy[J]. Cell Trans-
plant,2023,32:9636897221148457

SONG R, DASGUPTA C, MULDER C, et al. MicroRNA -
210 controls mitochondrial metabolism and protects heart
function in myocardial infarction [J]. Circulation, 2022,
145(15):1140-1153

LAITC,LEET L, CHANG Y C, et al. MicroRNA-221/222
mediates ADSC-exosome-induced cardioprotectionagainst
ischemia/reperfusion by targeting PUMA and ETS-1[J].
Front Cell Dev Biol, 2020, 8: 569150

[70]

[71]

[72]

DENG S Q, ZHOU X J, GE Z R, et al. Exosomes from
adipose-derived mesenchymal stem cells ameliorate cardi-
ac damage after myocardial infarction by activating S1P/
SK1/S1PR1 signaling and promoting macrophage M2 po-
larization[J]. Int J Biochem Cell Biol,2019, 114: 105564
ZHOU D H, DAI Z L, REN M D, et al. Adipose-derived
stem cells - derived exosomes with high amounts of circ_
0001747 alleviate hypoxia/reoxygenation-induced injury in
myocardial cells by targeting miR - 199b-3p/MCL1 axis[J].
Int Heart J, 2022, 63(2):356-366
NAKAMURA Y, KITA S, TANAKA Y, et al. Adiponectin-
stimulates exosome release to enhance mesenchymal stem-
cell-driven therapy of heart failure in mice[J]. Mol Ther,
2020,28(10):2203-2219
[Weim HEA]  2024-05-08
(RXHRIE: % FD



