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Role of exosomes in diabetic myocardial injury
XIONG Yonghong, XIA Zhongyuan
(Department of Anesthesiology » Renmin Hospital of Wuhan University .
Wuhan 430060, China)

Abstract: Exosomes are small extracellular vesicles released after cell membrane depression, with 50 to 150 nm in
diameter, carrying biological active molecules such as proteins, lipids. nucleic acids and sugars to transmit information
among cells. Myocardial injury is one of the serious complications of diabetes. Early diagnosis and prevention of diabetic
myocardial injury is a clinical problem to be solved urgently. Exosomes have a great potential for the prevention and

treatment of diabetic myocardial injury. This paper reviews the research progress of exosomes in diabetic myocardial

injury.

Key words: diabetic myocardial injury; exosomes; extracellular vesicles

DR 2 — i by 2 1 2 i st 1 R R 5 30U
1B 55 2 o0 WA I L Ty B e B R B U 2 BB B 1R 9 18
P 43 0 2 L R I R B PR 0 o O I AR 2 i DR e
[ 77 HJF R CRE 22— o Bl DR 9 AH DG FE TS Y 60060 ~
8026 o Bl ok ok R 18 Ak I PR R 0 g v 11 2
JEL PR U R0 LA P ) B 1% WA e I R SR DR
5 0 L% (diabetic cardiomyopathy, DCM)™?' . DCM
Toc B B 2 O ILET 4 Ak L o0 LN A Ty R 2k 9 A J o
2 AT H B JUE T 5K T B R I 46 ) i AT X R 3L
O F1 3, DCM 5 B A4 AR 1h 1) ] 38 4 45 - AMP-I%
PR B AR A AL Y BT 2 R YL O3
2 N- 2 Tl 48 W0 Jiie g 780 1 e R ol MR T JULSE 3 93l 3
B S5 Ny T RNA (microRNA, miRNA)M F 4k
AR e S IR KT SR LR AR AR B R Y
S50 TS [F] B9 20 TR R AR R L A R LAk

doi:10. 13507/j. issn. 1674-3474, 2018. 10. 028
E&WB - FHEAAREREW FJH(81471844)

BE1EE . H I, E-mail : xiazhongyuan2005@aliyun. com,

Rl A K P S e e B R AR
GE K B AN IR S — B ) 40 i 18] 8 AL 5 XL T
TEAR N R & 53 A o B AT 2800 20 B 18] 45 R 1% 3 ) B
PLAE A R 1 3 AR AL — b 200 i HE itk %) B2 9 (L 30T 4 BF
FEAE B AN IR TE I 12 3 A0 1 3 TR L 24 0 1 45 24
G RAEEEAE M . WEFEUE B T 20 MR ) SR R
A PR O R ) A L A U 2T Ak L 0 38 A A R
7 miRNA Fh o 2R SO A0 b 1A 7 8 JR 9 0 LA 403
TR AT i R ZE IR AT .
1 b bRk

AR A B % B LK W58 N BT IE S IR F g
I R P (L A0 A6 4 B [e) s iR P A AR A . AR R B
& 50~150 nm (1) /)N 4 i A1 3 60, FLAL 5 20 i DX
AP 7 i i BT A L B R A RS BT AR S S RNA
I miRNA, K 8 9k 4% 15 RNA, 3k RNA il {5 f#
RNA, Horp B8 A8 0% 3 o S0 s 1A 55 0 240 i JI5E 1 a7
B 52 R 20 L W A 98 T 32 A A B B P R OA BTS2 AR
55 B . AN T2 A AR TR L TR
S5 o3 U R YA LT RS VS B HE I ) OOR U 55D

B . o



ARSI S W 51697 2

2 2018 4F 10 A4 32 %45 10 ] ] Chin Pract Diagn Ther, Oct. 2018, Vol. 32, No. 10 « 1031 -

HRE 2 R 1 S0 2O O, LA — B 200~
1 000 nm; 2 % 4R JE )83 Bl b Wb AR ELAR O 50 ~
150 nms 4 Jf0 94 T 0 300 7 A R T IR AR 1~
5 nm, AMAHT i  EBAR /N B T WOR IR S U T
AN RO X 23 TF R

IS TfRE il v 23 B O 8 A A i 3 552 6 BT 5
AEBE L FETN R B2 B w7 0k A 6 25
T B A DLTETE VR TE R AUZ TR ROR R BOR
S5 5 A9 R BT O I R B A R T I BB T R T A s A
Y€ . Western blot 3 nJ J T % 41 48 A< 3 i 45
Sk TR RS Ui 2R SRS I A A R 114 2B ) A
LK N (EN R P (YA LN RS @ R E Nl o o o
— bR [ B A M R B 2x 2017 45 H A0 A 1A 52 0
F1% A SR A 5 FL Bl B e ) S L L T
BRER VR SRR
2 Sk BLEY £R 47 1 A

SR AR - MR 336 5 22 4 i R 0 1l 4
A OR3P 0 i LA R S AE MR ML R T A BB
20 oy B B S IR BEA T B WF ST R B T AR R O L ER
2 P A0 A3 O JULRRE R I O JUE 2 R 5 ThT A9 PR A .
FEIEH 2600 T 1557 B IR iG + 40 M 7 A2 3R v i i
Khan &R 5E b i W4 21 A6 b AT/ B IG T 40
JEAT A B9 SN B A SO WURE BE /) RS Y rh it 7 A ST
JE B . Barile 855 A2 B8 18] 5 5% 1 40 L h 43
R B AN AR T SO JURESE K BB AL, S
X IR L AR BE . A0 WA A 9T 20 I A R R 1Y 0 ) RE
%

2.1 SRS miRNAs  H TG JE A S 36 4R Xt 0
WU PR3P ] 32 202w & miRNA, HAthc 5 RS
AN 25 W 6T o0 JUL A8 LR VR DA D43 7 Bk a0 UL
r O W HEL A48 R T A A 44 T B a0 BIL A0 B 0 T O
A 1 i A A B 0 LR A T 200 0 0 A9 A 0 R A a0k
O LA AT AR 0 ILIR A 40 43 3 14 S
BE&A RKE miRNA, i H 2 miR-21, miR-22, miR-24
M miR-146a, ¥ & 75 X5 52 i 090 LA £5 . miR-21
I R T AR A SE TS R 4\ FasL il AKT & 42
B 2 3 VIR AR U AR ok D /b0 UL A B O T
miR-22 X0 JIE N A B A AT s miR-24 3 i 88 ) £
T £F e A 5% Ak AE K -8 17 5 1% i 42 19 3 Ak
B GO R LR Ak, I B2E O WU FE AL AL p miR-
24 12 F K9 T 0 WU IR B B miR-146a #11 # 1
AN -1 32 PR AH G 1 A i RS IR B8 IR 52 AR A
KT 6, 98 A% T« B 175 AL 23t 0 L A0 R 452475

miR-21 Fl miR-146a $t [ 53 p38 22 24 JFUAH ¢ i il i
iR Ak B B AR

Namazi 2 B 58 1 B4R H S0 WLTR 2+ 40 g
3% 75 5 v AT A PR G 1t 5 AR B A 1 T L 45 SR R AR
SESETT (LY AR 2 DO JILTE M T 200 43 004 1y &b
WA A E A A B PR . RS R I A A
miRNA # 17 4> #7 % %, % B miR-210, miR-130a #
miR-126 7E{k & 2 55 £ a5 3 1. Hu %5 R 5 &
B AEAM AR miRNA I T O WU T 48 A 43
(18 411 08 A2 3 3 2 98 9 A /0N o 386 0o JUL 440 L 358 5 I
B AR RO B . BT I, miRNAs 19 4E H
IEAE AF fo] 5 — miRNA 9 45 22, AR H AR 6 2 4
miRNA #h[A TA/E. H1 F miRNA K75 5% miRNA
SEAR DU . (A . miRNA AT 30 £ Bh A 5] 09 25 1 5%
WAL IR IHI B B BRI ES T RE T B L E A
HAER SR ,
2.2 HMIMES T ANML W E S 40 RS R A1 ik
PR AT A Ry 0 EAE B0 A6 B JE AN IR T ) . AR A 4
AR T T B R B S 4 A [ R ) A B g i
FAEH . KR Al o miRNA B 82 0 58 5L A %
K KR B A A, 20O U B8 J5 1 H T
/0N BRUH VR A 1) 7 3 200 o JUE AR 40 B L VR T 40 e A
O UL 1 200 1 &1 08 A T 348 580 JOE ) 3 i A A4 i
VO 55 41 B R T RN ZF A AR BAR T A0 M R R 0 A i
PRI VE RO IUE B W e W Al iy 7 ), R —F A
16 52 453403 20 JE 4 280 008 5 - A4 %) el B Oy ik 5 (FL el
iU T 200 B RS AT 1 A7 05 AN A, — AN BE O 2% 310 i
DI BE 38 B A3t o 320 i Gl o T A B 0 O A 6 R
WAt 32 P81 miR-24 2 5.0 (UG i P EE v 0 2R A 4
AP, L AN A TE S 5 0 WU S AR F 7 T &
SEAE AR BRI Kak B A iE— B F 5T
3 bk S HER RO ALIRG

A0 WA B R R A 2B Tk RE Y R IR AR R N Y AR
k. 7E & 1B K F T miR-9, miR-15a, miR-30d #l
miR-133a (Y & ik K F LI, il miR-375 ik KFE T
A AN IR 4 A ) RN T 3 K A M TR
FIRD 200 0 A 388 2 A2 R 40 iR [ It T 2 A i R R i &) 4
i o e R R e N T o e R S R A
o MR 2R AN AR A 7 A RO AN 32 5 L {H
BT RE S M MR O ME DRI RE 0 . W ok AR
AN A0 6 A 2 15 1T F O AP ORE DR A AR 1 0 L AR
Jfh . Davidson &5 5% F A4 R K BRL-C> LA i 43 1%
(4 470 A A T T 4 52 40T DR s R BRS040 L L 4



- 1032 - sz IS 5iRY7 247 2018 4F 10 H 45 32 %45 10 1 J Chin Pract Diagn Ther, Oct. 2018, Vol. 32, No. 10

Ja e R SRR S TR (24 £ 1) %6 BRI N & (63 £
D) Yoo AR PRI 0 %5 B8 B o3 15 19 1 I 1R 15 47 T 4k
HANBAET- R B E (29£3) %, 5 —Tif5 k&
B, ok A NIRRT 48 Jf R i i) A1 i 1 45 4 DMBTL 3@
T AR HE LA A B AR HERE PR MR s

3.1 AMIMAS WU Ab AR AT i A 5 4 T
B3 A AR A A AR N 2 A . T
L7 ¥ T X A2 4000 LA R B A7 48 2 RN 526 (T 40 il
B 5 22 50 AL 8L HAFTE R EAR . Hu 55 15
R B RIS 08 1 200 A7 1% 28 AR O PR oA O LA B 440
VR B A AR AR 1 B AR ) B B ) SR T T AR B . R
BP0 JUL 20 i 5 B AL P R 1) 5 5 200 i 7 A 1N 3 )
) AP B RS O JUL AR . 2% 4 5 33 6 A i % Ak &
A 3R 0 LR P 855 5 Rk v S B 0 I A0 Wi A4 L 5 4R AR
WOORATE T Y i 1) 3 B A M A A A AT R IR . AR
b 175 5 100 LA AR 5% 0 355 3% JE ALC LA M s 14 B S8 in
Sus o T e <1 7 K TP X (A O S e e
Bel-2 FIHTIH 1247+ Bax LR A4 MING 7. 38 i 5% 5%
U A IO PR A T il 5 T 401 4 B 1 K #4) # Rab27a
A m R ) /N B A, Rab27a J& T GTP B K G . 784
WAy WA TR DG BEAE . OB B /N B GEP B M 79
18 5] 75 5% T 40 LA A Rab27a J PR R 16 55 A= 760 4 /)
BRL AR B EAH SR 0 AE TGO L. 25 2R SR 7E Rab27a &
Ak /N BA . Y 444Kk Sry DNA, GFP mRNA Fl
GFP 9GA5 5 9 B 4y # A 1) 15 i ) 5 S5 1 4 i
TEREFC O ME TP A G 3G . 78 52 500 JIL AR ke 58 £ 41
WA AR E TR BT 0 JIE T RS AR 1 B R (B T 5T T 40 A6
P AT 4 7 10 BIUASE B8 I % Al 200 A7 35 70 B AL
3.2 AMNWMASHEIRE OIS 2 BORE BRW B B
Bl AT A R AR B LA 003 5 LW JR o 5 |2 7 o0 OLAE BE A
R AE T 2 T B0 RO S8 A PR T Y B R A ol b T
e AN EE O UIE K L 40 L 0 T R 21 2 Ak S R A0 L
RACEERS TR A0 ) vty . 2 800 LA B JBR I R
PR S BORLR T B B i o A0 RS A — 2 A A
AR P B AR . SRE A BRI, BRI R R
R SN E R o i 2 R AN o i C VR O 1S
Ty i W45 LA K Al 45 ol R AR I8 57 5 45 5 0 PR 0 L
W A R JRAT G . PRI sk 2 JRy 38 Bt ot R 20 24
JHL BT DA T ik 2 B s 0 JULAB A5 A T S W PR
W v OB AT 5 BN R A B RN R A ) e R A O L
I A R 2 D o L 7R 9 9 1) O B i A

3.3 AhUMAE T BUBE R (type 1 diabetes mellitus,
TIDM) L T1IDM 2 —Fh B 5 oni ok T 48 i

SR MBS B 40 M B 2R T BUM B R 0 WA 21 H B A
JEPEBRT . TEA IR 4. 22 ACHEIRIG B b, TIDM 5
10% . TIDM 4f % FJLEFE D4, H TIDM 2 )L #
BP0 DR M 2 — LR RN IR B T Y
KW, 7E TIDM B8 o, [) 78 501 20 10 0 W 1) oh M8 4
A e W AE R .l S R 1% 35 R 22 1 miRNA
o] jl o — MG ST 7 2. BN, R B OB R R B A
e S5t 40 B 1) A0 0 A T 5 e % miR-14582 78 K Bl h
BB o B p 248 S AV T . 78 AR AT 58, ) 58 5
T AT AR A A A B BT AE TIDMS3 Hrig/ RNA
Bk, BT RZIRZ AN SN A C B ] Tk 25,
ZH R W Y TIDM 2 b 5 /N B A28 1 A8 2
A . (HANMRRTZE TIDM WO ILH 455 1 FF 95 2 — 41~ &
B BRSSO SE T 18], A7 AT RE O il PR R 7 52 A8 A4 AL
B ANTT 15
3.4 AMMAS 2 BUHE R % (type 2 diabetes mellitus,
T2DMD.O AL T2DM S —F AR i 2 9 » O %
B ETHE, B EACPUR B 40 AR T B2 T2DM
KA RN o I R T R R AT
M FEERR R . 2 B AN ARSI 2 A8 TR B R LU AR
24 18 K 28 BURR MR R AR, AT 80 T2DM, fF 5t % B
O L B 2B B AP I AR 5 A7 miRNA L EE [ 5T F A ot
XS X AT A B B AR T G0 WIE P R 48 B T R T LT
Ae . A BESERGHE AN AT LR T2DM K RO LR
I S8 4PV 53 403 10 B A7 DA A 6 B PR 3 o0 LB 5 v
PR R
4 & iE
H BT F WA AT 45 DR 95 O WUH 43 v 0% 4 FH B 1
K GE AW . B R T AR 43 b 1) 5% e AL A AN
M. B ETHOR S e 4 3 58 4 Ak 1) Sh s A . W
SR 1 LR W 2 153 o R A WA AR AT R TR R AR A
203 BB A ik DR 4 (4t 12 Wi AR W 0 B i o FL A5 0 14
MRAR . AN PN 2P 0 2H RORT R e ™ R R A
Ko TR AN WA A B 1) A2 328 R B ML S A7 AT e 38 A A
MU A A 75 ) 1 2 38 1 D R W DR O LA B 4R AL I 97
Tk
5% 3Lk
[1] ISOMAA B, ALMGREN P, TUOMI T, et al. Cardiovascular
morbidity and mortality associated with the metabolic syndrome
[J]. Diabetes Care,2001,24(4) ;683-689.
[2] SALEM E, FAN G C. Pathological effects of exosomes in
mediating diabetic cardiomyopathy [J]. Adv Exp Med Biol,

2017,998:113-138.
[3] CHANG W, ZHANG M, LI J, et al. Berberine improves



LS

MW 5167 2k

2018 4E 10 H %3 32 %45 10 4 ] Chin Pract Diagn Ther, Oct. 2018, Vol. 32, No. 10 i

1033 -

[4]

(6]

(7]

(8]

9]

[10]

[11]

[12]

[13]

[14]

[16]

insulin resistance in cardiomyocytes via activation of 5’-adenosine
monophosphate-activated protein kinase[ ] ]. Metabolism, 2013,
62(8):1159-1167.

DEROSA G, SAHEBKAR A, MAFFIOLI P. The role of
various peroxisome proliferator-activated receptors and their
ligands in clinical practice[J]. J Cell Physiol,2018,233(1):153-
161.

OLIVIER-VAN S S, HANOVER J A. You are what you eat:
O-linked N-acetylglucosamine in disease, development and
epigenetics[ ] ]. Curr Opin Clin Nutr Metab Care, 2015,18(4)
339-345.

IR B R L S [ A PIBK-Ake-mTOR {5 5% 55
% 2 5 e i T4k 30 PR A S B JUL At - R 3 45 405 1 AR 4 4
FILT]. s AeSE RTZ W45 36 7 2535 2017, 31(11) : 1046-1050.
RIBEIRO A O, SCHOOF C R, IZZOTTI A. et al
MicroRNAs: modulators of cell identity, and their applications
in tissue engineering[ J]. Microrna,2014,3(1) :45-53.

WALDENSTROM A, RONQUIST G. Role of exosomes in
myocardial remodeling[ J]. Circ Res,2014,114(2):315-324,
GUAY C, REGAZZI R. Exosomes as new players in metabolic
organ cross-talk[ J]. Diabetes Obes Metab, 2017, 19 Suppl 1.
137-146.

VALADI H, EKSTROM K., BOSSIOS A, et al. Exosome-
mediated transfer of mRNAs and microRNAs is a novel
mechanism of genetic exchange between cells[J]. Nat Cell
Biol,2007,9(6) :654-659.

IBRAHIM A, MARBAN E. Exosomes: fundamental biology
and roles in cardiovascular physiology[J]. Annu Rev Physiol,
2016,78:67-83.

RN IR L A B S AR B S A T ik g g e .
MR, 2018,30(3) :319-324.

WITWER K W, SOEKMAD]JI C, HILL A F, et al. Updating
the MISEV minimal requirements for extracellular vesicle
studies: building bridges to reproducibility [J]. J Extracell
Vesicles,2017,6(1) :1396823.
KHAN M, NICKOLOFF E., ABRAMOVA T, et al
Embryonic stem cell-derived exosomes promote endogenous
repair mechanisms and enhance cardiac function following
myocardial infarction[]J]. Circ Res,2015,117(1):52-64.
BARILE L, LIONETTI V, CERVIO E, et al. Extracellular
vesicles from human cardiac progenitor cells inhibit
cardiomyocyte apoptosis and improve cardiac function after
myocardial infarction[ J]. Cardiovasc Res, 2014, 103 (4):530-
541.

IBRAHIM A G, CHENG K, MARBAN E. Exosomes as

critical agents of cardiac regeneration triggered by cell therapy

[J]. Stem Cell Reports,2014,2(5) :606-619.

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

Y55 B #3.2018-04-11

GURHA P, ABREU-GOODGER C, WANG T, et al
Targeted deletion of microRNA-22 promotes stress-induced
cardiac dilation and contractile dysfunction[ J]. Circulation,
2012,125(22) :2751-2761.

FR26AE TR A% T F kB A S0 ILBR I 7
BN AR 58 S LT 1. vh A S0 2 W 53R 97 4¢3, 2017, 31(1)
88-91.

NAMAZI H, MOHIT E, NAMAZI I, et al.

Exosomes

secreted by hypoxic cardiosphere-derived cells enhance tube

formation and increase pro-angiogenic miRNA [ J]. J Cell
Biochem,2018,119(5) :4150-4160.
HU M, GUO G, HUANG Q. et al. The harsh

microenvironment in infarcted heart accelerates transplanted
bone marrow mesenchymal stem cells injury: the role of injured
cardiomyocytes-derived exosomes[J]. Cell Death Dis, 2018, 9
(3):357.

et al.

DOUGHERTY J A, MERGAYE M, KUMAR N,

Potential role of exosomes in mending a broken heart:
nanoshuttles propelling future clinical therapeutics forward[]].

Stem Cells Int,2017:5785436.

MINGHUA W, ZHIJIAN G, CHAHUA H. et al. Plasma
exosomes induced by remote ischaemic preconditioning
attenuate  myocardial  ischaemia/reperfusion injury by

transferring miR-24[JJ. Cell Death Dis,2018,9(3) :320.
DEHWAH M A, XU A, HUANG Q. MicroRNAs and type 2
diabetes/obesity[J]. ] Genet Genomics,2012,39(1);11-18.
WILLIAMS M D, MITCHELL G M. MicroRNAs in insulin
resistance and obesity[]J]. Exp Diabetes Res,2012:484696.
DAVIDSON S M, RIQUELME J A, TAKOV K, et al.
Cardioprotection mediated by exosomes is impaired in the
setting of type 2 diabetes but can be rescued by the use of non-
diabetic exosomes in vitro[ J]. ] Cell Mol Med,2018,22(1):
141-151.

CHEN C Y, RAO S S, REN L, et al. Exosomal DMBT1 from
human urine-derived stem cells facilitates diabetic wound repair
by promoting angiogenesis[ J]. Theranostics,2018,8(6):1607-
1623.

ATKINSON M A, EISENBARTH G S, MICHELS A W.
Type 1 diabetes[]]. Lancet,2014,383(9911) :69-82.
ALKHALIDY H, WANG Y, LIU D. Dietary flavonoids in the
prevention of T2D: an overview[ ]J]. Nutrients, 2018,10(4)
438.

NAMAZI H, MOHIT E, NAMAZI I, et al. Exosomes
secreted by hypoxic cardiosphere-derived cells enhance tube
formation and increase pro-angiogenic miRNA [J]. J Cell

Biochem,2018,119(5) :4150-4160.
& B B #1:2018-08-22  ATHIF IR/MA



