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[ Abstract ] Cardiovascular disease is closely related to the expression of genes. Exogenous miRNAs take participate in the exchange of

information among cells and regulate gene expression. It is a new marker for the diagnosis of cardiovascular diseases and potential therapeutic

target. The research hotspots and progress of exogenous miRNAs in cardiovascular diseases were summarized in this paper.

[ Key words ] Exosomes;miRNAs; Cardiovascular disease

ZEBRNTE O 0L A5 0 (1) SR R B B AT
T, 7 E R s AR B 5 R BAH G R 1 Rk 5
D IME RS B A, SN AT S 58 & & MEY
S3F CELEE R B 20 WA i ) 2 ) =2 MRl B Ag e,
WIAE %5 3 vh & 45 H 2 A HT, 10 microRNA (miRNA) |
circularRNA (crcRNA ) .mRNA \DNA Fijg izl Hrp,
miRNAs 0] DI Z TP AL R YR8, Je — P e B
FEHUB R A bR &, A O i A B s 1 R 2 W Sk
el - TR iR (e R /8 NI BB U L
miRNAs 3458 2 5 40 Ji (8] 5 2 7 4, fifi iy — Fil
B BN 12 W AR bR AR T R AN, A SR [ A
AR YE miRNAs 7.0 1357590 77 THI S5 bF o8 it Je
1 SMEiRTE miRNAs &4t

AR AR —25 30 ~ 100 nm ({5 5T XUZ B HI 454
HOATAE TR Z 80, B an il 3% L PR i 1
W NE KR MR 5, A AR AR T AR R 3 R b, T
1983 AFEAENH FL 3 ) LA ) X 221 240 it vh i Ok & B, Bl
Ji IWASTE B s AR 2l ) 3 L TR A AN Sh ) ) A% AR W)
TR R BT AMIAA o SN R P T I 7 A P T I
W) DR BRIt 2RI B — 30 PR AR B P A R A - 1
ZFEIE BN PN 2 30 55 B RS il A, HE R o Mk AR A, 2

EEWE : [HK A AR 4 (81560062)
BEiIEE . R A, E-mail ; muhuyati@ 163. com

JAME BANIBAR S S I WA A BT A 1 35 T 431 #0016 £
FHT 32 AR 40 B0, I HL L P9 28400 7] ok 5 38 28 0 40 i
A N IR B G E) {5 5% T, 7T it A= PR Bl FH N 38K T
AR SRR, R A TR S Y 4 B Y S I AR
AT B R G, X AL Lo AL Ge () D) R B 5 4R
15, A FIFH 12 .

miRNAs J&— 288 5 B2 PR SF 0 P9 TR 3R 4 b5 /N Y
gk RNA,H 18 ~24 MR 41k, 1993 4F, Bartel
HIRAEL R RE T miRNAs, SR B 2] il 10 4F A
A FFR O 1 B AR P VR, miRNAs 38 i 5 4%
S R IR Ui AN 5 4 LA 4y T T s s 5 i A
eIk, MRIER G, 124 B KB 2 000 Fi A
2% miRNAs, AT 945 2 70 60% 19 A\ 2555 14 5 2 i 5L
B miRNAs £E7E )12 Mk 2 REME B S, 5 A
ENEA AR ) I (1 VA SR el = I O R o
A%, H miRNAs 5.0 1 8 % 9% AH 56, B & IE 5
miR-1 . miR-126 . miR-133a ., miR-299 . miR499 FI miR-
208 5 5.0 ML BRI kA K SR s VA G o
2 SMBEITEME miRNAs 50 & %R
2.1 SpipEiEME miRNAs 50485

O WU BTS2 T8 0K 20 Jok o6 B B8 B i 4 51 & 1 20k



- 112 - D MR F R 2020 4E 2 HEE 41 B 2 M Adv Cardiovasc Dis , February 2020, Vol. 41, No. 2

Sl A S A O WLIRSE . FEO WUEESE fS, A1 E 1 H
miRNAs I 180, - HL 2415 2 e 5 10, 00 08 Bl Ry
O UEEBESE b, R B, O REF s K BANMES 5
T ORI T LE . Jakob 2507 Kk STE 2 bk it
WkZr AR & 4, miR-26b-5p AT LB A R0 LA
RELAE A, SR, miR-320a AT DA 3.0 LA M 8 T, 52 Wi
ok B F A AR B A FR A2 10 2 el Bk 2k AR R A
HAAF 5 R miR-133a 78 280 LA AR S8 0 AL
JE 0 WU 7K E F A O LA S A T v AR 5 1
WEMEVES A miRNAs B9 4N A ) B, I HL45 55+
HARFET miR-133a BB AMA ML, & ] LR L
YR A ) RS WiAR B o EAh, AN TR miR-
133a 1 miR-1 B 523k R it A2 o 48 A B, 1810
WL, miR-126 Fl miR-130 3 A AR I/EH® . He
276 ) miR-124 f) 5 DA i 5 AT 3 3o 0 1) 4 D TAE
AL T S SRS B 3 O UL S A AR R T
FIRl LB AR I RERE RS, JETT AR 47 0 WL, Zhang 25
UER] miR-298 AT 3 1 3 PR 9170 o1 4 i £ 25 RN D)1 8
14 & 35 1T 2 15 O LR B i 87 A= L5 A T il e
FFIATAE AT 20 mT ORI A miR-1 F1 miR-126
B A I8 A, 358 B A= K BR G = LA Y B A7 36 MR R
miR-126 i3 1o i 55 2 br 44 5 e A5 1T gk 20> 4 i 7 9
T, HEM R O IETh AR . 160 U FE IS A 2R 7
AN TR LA B, -3% miRNAs A 5C 14 34 78 ¢ Bt 1 77
A, AT B R RO LA B A 5 BB BRI T TR e
2.2 ShuMEIEE miRNAs 510 /3% 18

U N E S AR A SO L B I I A% 377, H
AR ERET 50% . LIRS R I, I 4s e 0 11
TEVE FR A L35 miR-30a W % -8, miR-221/222
BE TR R S G M R0 5 i o EOR B PR T
Fx R, T A 5T A B, 21 miRNAs S51%
S AN/ Lk N S I A A C I | ¥ e 871 1 R4
- BA M ) 285 7 T B B AR FET . Masson
el AR PR J R R R B miR-132 Kk
IR0 5 vl 7 B AR B R OE HE, H miR-132 236K
ST VK RRARG O 7 5 g FR T PR B U, {HL 7 R ARG
IIEE B FHIE TR W IFA B3, Zhang % KR
LR QAT 5515 T M S A 1 3 i
LRI AR 2 WAL R TE 4 35 28R AR D RE 1 A O
FERT, 0 5838 R O L miR-195 63k L&
Pt WA HE T 2 ) O BE AL B (S 5 1% T SR SR E
HE 3 Mmoo LA, LR C &k,
miR-22 7E/INFUBT AL (O LA B B A2 0 20 i 5 o v (B
A, I EHXE miR-22 (A4 ] AT BEAS 5 20 LA L 1Y) 1
W, JE 30050 40 LA A, AT e 50> J7 508, Gao 251
KIR miR-19a/19b $ii] 15 50588 N 228 AH G 1 FE ], 7
L WUREBE 5 ] /)N BRC LA Bt 5233 miR-19a/19b DLIESE
miR-19a/19b 7E LR 30 WE D) 8 77 1 IR Y7 7 1, e

miR-19a/19b i 37 R iayr O 1 iy i bR, b iRF
FEHEM BRR 5 miRNAs 194 W22 v 4 B T 2% 4
U FT I B B VA T T VAR A
2.3 SpAEITRE miRNAs 5105 Eizh

o 5 B By 2 A5 O IR 3505 5 | A 1) 00 o 285 4 T
¥ e R FE A, BFGY W, miR-1 4 T 842 6.0 B L H
I T B T E TG, IR 5 R0 B 4 2 27 Y A 3
T B A A AL RO B BREN & 2E . Terentyev 451
F9E A B0 o WL B Fl o 1) 4 5 8 - 308 3 ) e T
Wit miR-1 SR EES 24 miR-1 o Fak i, 558 7 w0 by
JLA I P 0, A0 B WS . Lu 281 E W] miR-
328 MEFT 1 204G B Fl 16, 5 A A 3 09 i T4 DU
UEC B B8, I Hoa BR miR-328 A gk 2 0 B i B
Reilly %' % B0 b R 5 8 20 B3 LR i P miR-31
R S R TR A LS IR N KR R b 4 o A —
FACE A, (S VE B AL 10 5 SR I [R] B HE S R AR 1
EFAL, RGSR FBOL R A = A0 B sl R
miR-31 W] REAC .0 5 B 3l rf AV ZE VR YT # AR . Shen
LAEBRT miR-125a 280 5.0 B sl s 2 5 2
] B 56 2 b R B, miR-125a 19 36 I5 76 0 5 B 3 11 166 10
82 0% %R T E RN, i 1A E-6R mRNA (¢ /K
WET R, Zhao %7 % I CACNAIC J& miR-29a-3p
P LRI IR, LA D B B R 2B 1 43T HIL T o 36
WE T miR-29a-3p Fil CACNALC Z [ fE7E A E 4, .0
JILAH I PR PE miR-29a-3p X0 55 LAY 568 B 410 4 1
HL 1 miR-29a-3p J& 3G 97 40 Py B 8h 1 W8 2 3R 9T
HOFR
2.4  SpAEITETE miRNAs F1H {0 & %%
2.4.1  AMMATEYE miRNAs 5 &1l

RAAS Z G0 1) 300 S 1 5 1l R B () 2L R R
Z—, Liu 25" 3E5E miR-19a/b-3p MK AT B4R T
— TR (PDESA) | al i i il 45 ok & 115 Sk
T % Fk 8 ifiFC ULAE SR A A5 B4 ol J e e 3
ik LA B GE O VM. A T & B
miR-23a (YA B T w5 I B Wi ps . Li 250 % 3R
T I R EER miR-21 /KSF 5 1 S IEAH G, 88 T
miR-21 7EZH7 A FH 128 A mT B AL o ARk 00 LA JEE
FFF KT miRNA B 5T L 25 90 343t 7 8 19 e
Feml,
2.4.2  HMNMATEM: miRNAs 5z fikh#Efk

miRNAs FJ B #2238 3 2 3 — bl il A 36 It
ol [) FEam 2 R 5T ) 41 i €8 28 PAS0-3A (CYP3A) Filk
HOFFRE R ARSI RE S ST . B IESE miR-
122 {3k AT DA w5 %% B B 2R 11 R AV %% B g 2 11 (] sl
/b, miR-33 A 5 ok I [ B 4% 8 A, Hom #0k
AP ] A DL [ P ) B AR % B8 . miR-145 % B ik o i
WAL BEA AR A, miR-145 2635 7h w5 nl L B
HAR R 4E /N BB RS E , 3 T A2 1 e i A B il 45



DM F R 2020 4E 2 HEE 41 5 2 M Adv Cardiovasc Dis , February 2020, Vol. 41 ,No. 2

- 113 -

i miR-9 LV H 1% 20 R i il K 4 s 2 g, X
KSR AE B Ak v 1 28 A RS 77 A R 4 40 A
miR-9 F&3K (1) b 18 nl 151 Bl 2 kA Ak - il b Ho a7 1 3
filto ART miR-221 1 miR-155 14711 5 W 40 i 36 % ,
BEH 2L IRBS 8 i
2.4.3  AMNBATEYE miRNAs 5 B =000 U

Rl =0 U P 2t a1 A H oy )a 5 A~ H N
A R RO UL B A 45 , LR s A e 0
FEI L BRI, 5 R L AR L, A O
WU B R M IAMA miR-146a B 38N, HAEO )5
AR EAL G miR-146a Ji /b, #E ] miR-146a 75 B ALK
Rl 7= 1090 LG BB 2 W T 10 8 T8 DA 18 A2
SRR
2.4.4  HMIMATEYE miRNAs 5l ks &

iti 2 ik e s BRAREAF 2 Ao 8 38 5 i RS LR T2
A TR il S0 KT JIL 40 60 T 3 Jok P Rz 4 i AR 5 2 B
FEA B I AE P b, 38 G 3G 5 Runt AHCH;
SEIRT 2 Bk, miR-204 1 26 3k [ AR AL 1E i 30 ik S
Y LA A 2o B R g, SO B Bk R L Li 4
WF5E % L miR-150 33 R4 il i 075 5 10 il 50 bk o9 1z
A RS S AN ML PR 1, 2 — 2P B ] miR-150 b3 Al L
TOUBH R4 T A it A 0 A
3 RE

55 22 PR FH 1) A= 0 b 7 0 R O 19 ] 80 iy o
PR3 e ff e SRAMBARTEYE miRNAs 105, B E L
A R A e S AR AT LR I AC: (1)
T 2200 LA P A S PE S AR miRNAs 25 (2)
FHM AR miRNAs 78 A v ], FI R 5E TR B R A
F DRI, 1A 7T g A 2R 0 — A8 R R0 ML A5 1Y)
SR ML, A IR YT O LA e S AT AT 5 (3) 4 4h
WVARYE R miRNAs 119776 YL R R LORS B 09 15 #E 2 1 9 2%
TR, FR R AN A 4li Ak B i B 11 5 O i, R o0
A 95 1 4 A2 W L R T 9 & TS el S O RE
T

& & 3wk

[1] Sahoo S, Losordo DW. Exosomes and cardiac repair after myocardial infarction
[J]. Circ Res, 2014,114(2) :333-344.

[2] Barwari T, Joshi A, Mayr M. MicroRNAs in cardiovascular disease[ J]. J Am
Coll Cardiol, 2016,68(23) :2577-2584.

[3] Barile L.,Moccetti T,Marban E, et al. Roles of exosomes in cardioprotection[ J ].
Eur Heart J, 2017,38(18) :1372-1379.

[4] Hsu SD,Lin FM,Wu WY et al. miRTarBase :a database curates experimentally
validated microRNA-target interactions[ J]. Nucleic Acids Res, 2011,39 ( Da-
tabase issue) : D163-D169.

[5] Jakob P,Kacprowski T,Briand-Schumacher S, et al. Profiling and validation of
circulating microRNAs for cardiovascular events in patients presenting with ST-
segment elevation myocardial infarction [ J]. Eur Heart J, 2017,38 (7).
511-515.

[6] Jakob P,Doerries C,Briand S, et al. Loss of angiomiR-126 and 130a in angio-

(8]

[10]

[11

[12]

[13]

(14

[15]

[16

[17]

[18]

[19]

[20]

[22]

[25]

genic early outgrowth cells from patients with chronic heart failure; role for im-
paired in vivo neovascularization and cardiac repair capacity[J]. Circulation,
2012,126(25) ; 2962-2975.
He F,Liu H, Guo J, et al. Inhibition of microRNA-124 reduces cardiomyocyte
apoptosis following myocardial infarction via targeting STAT3[ J]. Cell Physiol
Biochem,2018, 51 (1) :186-200.
Zhang Q,Yu N, Yu BT. MicroRNA-298 regulates apoptosis of cardiomyocytes af-
ter myocardial infarction [ J]. Eur Rev Med Pharmacol Sci, 2018,22 (2):
532-539.
Wang W,Zheng Y, Wang M, et al. Exosomes derived miR-126 attenuates oxida-
tive stress and apoptosis from ischemia and reperfusion injury by targeting
ERRFI1[J]. Gene, 2019,690:75-80.
Wong LL,Zou R, Zhou L, et al. Combining circulating microRNA and NT-pro
BNP to detect and categorize heart failure subtypes[J].J Am Coll Cardiol,
2019,73(11) :1300-1313.
Masson S, Batkai S, Beermann J, et al. Circulating microRNA-132 levels improve
risk prediction for heart failure hospitalization in patients with chronic heart fail-
ure[ J]. Eur J Heart Fail ,2018,20(1) .78-85.
Zhang X, Ji R, Liao X, et al. MicroRNA-195 regulates metabolism in failing myo-
cardium via alterations in sirtuin 3 expression and mitochondrial protein acetyla-
tion[ J]. Circulation,2018,137(19) :2052-2067.
Gao F,Kataoka M, Liu N, et al. Therapeutic role of miR-19a/19b in cardiac re-
generation and protection from myocardial infarction[ J]. Nat Commun, 2019,10
(1) :1802.
Terentyev D, Belevych AE, Terentyeva R, et al. miR-1 overexpression enhances
Ca(2 + ) release and promotes cardiac arrhythmogenesis by targeting PP2A reg-
ulatory subunit B56alpha and causing CaMK I -dependent hyperphosphory lation
of RyR2[J]. Circ Res, 2009,104(4) :514-521.
Lu Y,Zhang Y, Wang N, et al. MicroRNA-328 contributes to adverse electrical
remodeling in atrial fibrillation[ J]. Circulation, 2010,122(23) :2378-2387.
Reilly SN, Liu X, Carnicer R, et al. Up-regulation of miR-31 in human atrial fi-
brillation begets the arrhythmia by depleting dystrophin and neuronal nitric oxide
synthase[ J]. Sci Transl Med, 2016,8(340) :340-374.
Zhao Y, Yuan Y, Qiu C. Underexpression of CACNAIC caused by overexpres-
sion of microRNA-29a underlies the pathogenesis of atrial fibrillation[ J]. Med
Sci Monit, 2016,22:2175-2181.
Liu K,Hao Q,Wei J, et al. MicroRNA-19a/b-3p protect the heart from hyper-
tension-induced pathological cardiac hypertrophy through PDESA[J]. J Hyper-
tens,2018,36(9) :1847-1857.
Li H,Zhang X, Wang F et al. MicroRNA-21 lowers blood pressure in spontane-
ous hypertensive rats by upregulating mitochondrial translation[ J . Circulation,
2016,134(10) :734-751.
Mohajeri M, Banach M, Atkin S, et al. MicroRNAs: novel molecular targets and
response modulators of statin therapy[ J]. Trends Pharmacol Sci,2018,39(11) ;
967-981.
Zhao N, Koenig SN, Trask AJ, et al. MicroRNA miR145 regulates TGFBR2 ex-
pression and matrix synthesis in vascular smooth muscle cells[ J]. Circ Res,
2015,116(1) :23-34.
Wang Y,Han Z,Fan Y, et al. MicroRNA-9 inhibits NLRP3 inflammasome acti-
vation in human atherosclerosis inflammation cell models through the JAK1/
STAT signaling pathway[ J]. Cell Physiol Biochem, 2017 ,41(4) :1555-1571.
Gu H,Dai Q,Liu Z, et al. Peripartum cardiomyopathy: do exosomes play a
role? [J]. Adv Exp Med Biol,2017,998 :139-149.
Ruffenach G, Chabot S, Tanguay V,et al. Role for runt-related transcription
factor 2 in proliferative and calcified vascular lesions in pulmonary arterial hy-
pertension[ J]. Am J Respir Crit Care Med, 2016,194(10) ;1273-1285.
Li Y,Ren W, Wang X, et al. MicroRNA-150 relieves vascular remodeling and fi-
brosis in hypoxia-induced pulmonary hypertension [ J ]. Biomed Pharmacother,
2019,109:1740-1749.

$AE B #9.2019-07-15



