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Abstract

miRNA is a kind of non-coding single stranded RNA molecules. In recent years, more and more stu-
dies have shown that miRNA can affect the occurrence and development of atherosclerosis, and
supply a target for the diagnosis and treatment of AS. The development of AS is closely related to
endothelial cells, smooth muscle cells and macrophages. This paper reviews the research progress
on the impacts of miRNA on AS by acting on smooth muscle cells, macrophages and endothelial cells.
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1. 5|8

O ML 5 (cardiovascular diseases, CVD)Z & ERIET: () F EF K, FFFELH 1780 /7 ALK CVD FET:,
1M AS A AE CVD EZERF[1] [2]. AS FEJRELFZ N T H AR RE, N TRk, M RE
Je M F-1 WLAH i (vascular smooth muscle cells, VSMCs) (1) 57 5 B 58 FIE 12256 [3]0 1% Horp b J (1) 3= 2241 iy
HKMEFE VSMCs. W %41 i (endothelial cells, ECs). ELME4H I (macrophage). i 5T D487~ T miRNA 7
A R T RS SRR P @ S A EE M . miRNA BT ECs. VSMCs FIE VAN ThRE,
M AS (it . ASCHE miRNA B EH T ECs. VSMCs FIERELHABER. M AS I 5CHTE F0 AT 45k
FiH 8 miRNA VEAAEAR EMI2 W AS KA A miRNA 657 AS I EMN .

2. miRNA #A

miRNA 7&K H 18~25 ML HBRA I N IEIEIESR IS/ RNA 73, KZH RNA G0 1R K
ICT e A e P AR R T A2 RNA BE I 1 A 4a 024 R miRNA 744129 miRNA (pri-miRNA),
Pri-miRNA [l J5 2 N 40 H0A% P9 AZBEAZ R B 11 2% Drosha A0 AR CEA K IEFE L HIIRTA miRNA
(pre-miRNA) [4], pre-miRNA # iz ZAH)iif5, 1 Dicer Bt — 0 VIR LN 22nt FIAEE miRNA, BEJ5
miRNA X5 miRNA FSMTURE GG, SR M sl B s, i sgme 8 E i 2R
ko Bg—> miRNA 4> 7 7] DU [ 2 /ME 8 RNA, SUIHYEZ IR EE, 252 50k A FUR S 1
AT, ORI Z IEE B8 miRNA [T 235 T4 & LI K. ﬁ@m%/\%*ﬁo miRNA .4
AT DAL PSR R 6 A YA e 2 5 ke FH DA DR 0 (030 B A= Wb 640 [ 5

3. miRNA 54

ECs f£ AS MIRAKETIEE B RELEIEH, SFBURIERZIEANNKEZE, PG
PERG, WS ECs mRIARE N7, ik AS BEHRIE AL . miRNA 5 ECs [ RAEWOE . MG FFA . 3
' miRNA92-a. miRNA-126. miRNA-146a. miRNA-155 fll miRNA-221/222 £ 5if75 ECs ThHEM L& 4
H, miRNA-217. miRNA-222 I miRNA-365 {£if ECs . - MIME#HE, 55 AS KERIE6]
miRNA92-a RHMAMRE Y —, BBV JJ(low shear stress, SS)FIEL AS HIEAIURZEIREA
(ox-LDL)EtA L1l miRNA92-a, MIM{EiRE ECs G LA1 AS #EJE[7]. miRNA-126 7E ECs HHEFHRIL,
HINRE F EZ R AL ECs 3958 74, 4E4F MU 52 Bk, M Bl7 1k AS 22 T 5[ 815 #H s T 1 miRNA-126-5p
FEAk AT DA i i IURE L, FFAE 5 DX ok PR B 40 i 4 B

A&, miRNA A[E T B 2 (B iR . VCAM-1. ICAM-D\FZE, FH0 70T 4K
FEBEAIANE, AE RORE S B B AE T . miR126-3-p /& —Ff ECs 45521 AS R 1. WEREM,
2 miR126-3-p (13 IE 52 S PO ny 3458 N Sk Sz 4 i (1 o 40 i 26 B 70, B9 ICAM-1 76 A B2 4l i
# EAhy926 H AR, M6 sR S5 ECs B [9]. Sl —TUW 5L R, 7F APOE JE[H iR /N i
AS BEERFIIMAZ H, miR181a-3p Al miR181a-5p FiA K FHREAR, — @M AKE T pimtbig 1 45
EEE M 2 I NF-«B BT R 7, P T NF-«B {5 5@ %, thI[AJEEE BECs R4E[10]. F, £ miRNAs
25 ECs W™, 3257 AS KIRFHLE]
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4. miRNA 5IEF B4R

VSMCs & IF % ML BE A0 B i 7y, X 4ERF s 10 1) e BV AR, i b a A H 122 AS
KR FE R R R AR, VSMCs B 5 8 EIE R PUE R, BE AS A8, VSMCs nJ 4k
FRPEE AR e JEBHL I £ 4R MR 2, AR A O B2 VSMCs S B B F) S Bt TR 26 o B 70 R miRNA-29
miRNA-143/145 F1 miRNA-221/222 2 5% VSMCs LR . BHATFS[11]. miRNA-143/145 #E1F
ZIRBEAAER R RIE, JraeEf] VSMCs R, 4k, miRNA-143 Fl miRNA-145 i [F]#E [ 5% 5% ]
F M2 (kruppel #£R T 4. GHLEM Elk-1), 23t VSMCs 4L FI385E[12]. BAEHFFTR KD, £ ox-LDL i
1 VSMCs fil AS /N AR, miR29a-3-p FKik/KF T, 12K IE miR29a-3-p 7] #i#] VSMCs 58 5iF
F[13]omiR-21 7E VSMCs T i £k 8 s, HAEIR 2.0 M5 A1 AS th ik F i .miR-21 id %k 18 VSMCs
R AEFAR, (RIS EAIT [ 14]. &b —BF 7K, miR146b-5-p /£ AS BEHF VSMCs H1 3
RN, i FRIE miR146b-5-p 7] N B kAN 2 AHSE S hUR TR 1 AL R &8 B g 16, AT
) VSMCs BEFEFTA[15]. AAVF U Sor, miR-374 /KFAE AS B Mg+ o 5 7F 5, miR-374
I Rk W BAE 3 VSMCs B AEFE[16].

5. miRNA 5EE4AR

AS FSAM B K BRI, 7E AS R, EWEAN @ WA R s, BRI, B
WY E AT VT Re T B 2R, VIR T RGN, 2 R AR, RS BRI, AR R 2R
PR, RASEEMEAPAET:, M AS BHE[17]. M1 #EFRAZ e (e 4 ELVEA, M2 Ry AT B ek
Proag EMEGEl . 2 51757 M1 A M2 EWRZHH 2 [ T47 () miRNA K%, 4% miR-223. miR-155.
miR-19a. miR-33. miR-let7a. miR-125a. miR-21. miR-214. miR-27a. miR-146a fl miR-124 %, miR-33
T A 1 200 B AR AT 2 o I T B oMl R R SRR . — 71, miR-33 $RE ERERE, 4ERF M1
FEE RGN, [FIRTREARXT M2 BRI & B 2 o BB RN R AL, miR-33 fM A FBHL B S,
R ARIE[18] miR-155 ATLAX 4) M1 F1 M2 EWRAAMI, F£ 38 M1 RAEERIEI0[19]. miR-342-5p =&
AS T BT W A A A B 2R B miRNAs 22—, % miRNA B H0#] Aktl A5 miR-155 40,
BN RAEA B 5000, WA FK-6 AEWEGIIE S0 NOS. Kk, #0i] APOE ™ /N H ) miR-342-5p 7]
1842 AS 732[20]. miR-146a/b 8 40K 1 (13 980 B4R i b TLR 15 55 S 25 RAE/M %, miR-146a
7E B RN R IA & B APOE 531, 1X&—Fl AS IZR (A, AT LAFHI A P A &b I 40 i ) 28 i 2 o7
211, HOLBEHFRER, M BB ST la (HIF-10)iE 05 LR A TIREREIS ML 24, T
HEVEA A FEIER T, BTG AS UL O TE . HIF-1a 7] L1 miR-210 /K-F, #Ea) 2,4-— Mt 4HEe
A EJREE, HSEMEAIRIAETE T AR, HIF-lo R miR-383 /K, @06 AR BE R A% PE K i
KIGIN ATP 4, f21E AS[22]. [Altk, miRNA A] DU T B0 4n i A A R R m B R 2 m AS 1R &

6. miRNA {EJ5i2Hr T B 1854 %17

K B s KBS FERY, miRNA AL & Fgs F2 WM WU AR 580, i s B . FE
PRI BRI CTT RAEAE . AS A MK 1 miR183-5-p. miR-29¢ /KPR S, HHE Cx
BB RIS BT bk A TR S TR AR G, 1T S AR AS 1 A= Wb 75 A B SO R Ry S PR 2 A 23]
LR NALC A 0 BB 3 LR miR-217 AP TR, HoA B — BT 0O I35 3 22 (R E AR B[ 241
miR-374 FFRIA T RE/2 12T AS W — MELEM AP ED[16]. —DUR G BRI, N AS B2 K
' miR-126. miR-143 /K-FIFEAC, H5M AS B2 2 IEAHC . miRNA & &5 8 vl fE AR R AT Bodt
AS BHAT RIS WIS VAL, R 5T R 2 2 IR
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ITECAE, AS TEZWIRYT 7 AT | B R SRM, AR YT 251 2 B FH T 7t bR 20 Jik ol BE A A Ao I 95 1)

— YN T, AR RS T 0 I AR R AR, BARTT R ZIR YT RS kA B, Hixk

2y RAENURFIFIEA R B, R, fFZEREFEIT 5. miRNA M AEYIHIFH AT FHT89T AS

e HARB O MBI o 7E AS /N BRAR PIIE S miR-124 B ah750ml 30 ) 50 40 B T d > BEER O 1 [ 25].

miR-383 A[#L [ PARG M| EWEAN AR SEE VT 2E 2% AS HEFE[26]. ER 4 AS ) APOE™ /N RAE I TE
% miR99a-5-p ¥z, FH0H] VSMCs 58 3T, BEME AS WAL .

- IL.\—F' 'ﬁ E

miRNA $8 a5 K ¥ ) i 2 R R 18T s 4T 7 — 1 Te BT —> miRNA 7] DL ] 22 /> Jik
DA, FCAth R DR ) AV AE IRV E F o SR, IX PRV T RE X AR A R, W1 AS. N T R4 24
FT miRNA (7697, 332 AS JRIpaATL I HH B2 11 2K 18 356 DR R0 i A 22 X BB (1. 7R 2 (1 LAE L, miRNA
CEWIEHZ 5 7 AS BURRAURRHLE], 52w 7 SO AR R ORI E R AR . R itk
B SR EFRBITE AS I FIIESH H AT HIERE I miRNA 53R & 20 E B . 1A, WAHRsm A
I miRNA A5 54 B T80t AS IiZW AR EY) . miRNA 7E AS 5 S H BT 5 fE, miRNA
VEREIFREAE AS izl UG DL TT 77 T BB 2 4 A %A . i%zﬂ%ﬁﬁﬂ%‘%TﬁIﬁE@ﬁi
B AHRTERH TR A G RS R 2 BT, 34 75 B A e — L ST o PR S AN AR Bk ik T 1 A 1 3]
fifE i, FET miRNA BIT AS W7 ERE A —Fp 5 HAh 7k 36 4 I (ST V%

E&WE

2 P A4 BRI FE TR EE A 0 H (202001AS070035)

SE

[1] Noels, H., Weber, C. and Koenen, R.R. (2019) Chemokines as Therapeutic Targets in Cardiovascular Disease. Arteri-
osclerThromb Vascular Biology, 39, 583-592. https://doi.org/10.1161/ATVBAHA.118.312037

[2] S3CE, S, Fiad, 5. (2021 S EOMOERET RERSY MED]. REEHIE, 2021, 36(11):
1041-1064.

[3] Tao, J, Xia, L., Cai, Z., et al. (2021) Interaction between microRNA and DNA Methylation in Atherosclerosis. DNA
and Cell Biology, 40, 101-115. https://doi.org/10.1089/dna.2020.6138

[4] Lee, H., Han, S., Kwon, C.S., ef al. (2016) Biogenesis and Regulation of the let-7 miRNAs and Their Functional Im-
plications. Protein Cell, 7, 100-113. https://doi.org/10.1007/s13238-015-0212-y

[S] Mohr, AM. and Mott, J.L. (2015) Overview of microRNA Biology. Seminars in Liver Disease, 35, 3-11.
https://doi.org/10.1055/s-0034-1397344

[6] Schober, A., Nazarijahantigh, M. and Weber, C. (2015) MiRNA-Mediated Mechanisms of the Cellular Stress Re-
sponse in Atherosclerosis. Nature Reviews Cardiology, 12, 361-374. https://doi.org/10.1038/nrcardio.2015.38

[71 Loyer, X., Potteaux, S., Vion, A.C., et al. (2012) Inhibition of miRNA-92a Prevents Endothelial Dysfunction and
Atherosclerosis in Mice. Circulation Research, 114, 434-443 . https://doi.org/10.1161/CIRCRESAHA.114.302213

[8] Schober, A., Schober, A., Nazarijahantigh, M., et al. (2015) MiRNA-126-5p Promotes Endothelial Proliferation and
Limits Atherosclerosis by Suppressing DIk1. Nature Medicine, 20, 368-376. https://doi.org/10.1038/nm.3487

[9] Ohta, M., Kihara, T., Toriuchi, K., et al. (2020) IL-6 Promotes Cell Adhesion in Human Endothelial Cells via micro-
RNA-126-3p Suppression. Experimental Cell Research, 393, Article ID: 112094.
https://doi.org/10.1016/j.yexcr.2020.112094

[10] Su, Y., Yuan, J., Zhang, F., et al. (2019) MicroRNA-181a-5p and microRNA-181a-3p Cooperatively Restrict Vascular
Inflammation and Atherosclerosis. Cell Death & Disease, 10, 365. https://doi.org/10.1038/s41419-019-1599-9

[11] Hergenreider, E., Heydt, S., Treguer, K., ef al. (2012) Atheroprotective Communication between Endothelial Cells and
Smooth Muscle Cells through miRNAs. Nature Cell Biology, 14, 249. https://doi.org/10.1038/ncb2441

[12] Cordes, K.R., Sheehy, N.T., White, M.P., ef al. (2009) miR-145 and miR-143 Regulate Smooth Muscle Cell Fate and
Plasticity. Nature, 460, 705-710. https://doi.org/10.1038/nature08195

DOI: 10.12677/acm.2022.122126 880 I IR = =23t e


https://doi.org/10.12677/acm.2022.122126
https://doi.org/10.1161/ATVBAHA.118.312037
https://doi.org/10.1089/dna.2020.6138
https://doi.org/10.1007/s13238-015-0212-y
https://doi.org/10.1055/s-0034-1397344
https://doi.org/10.1038/nrcardio.2015.38
https://doi.org/10.1161/CIRCRESAHA.114.302213
https://doi.org/10.1038/nm.3487
https://doi.org/10.1016/j.yexcr.2020.112094
https://doi.org/10.1038/s41419-019-1599-9
https://doi.org/10.1038/ncb2441
https://doi.org/10.1038/nature08195

Watth, PG

[13]

[14]

[13]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

You, L., Chen, H., Xu, L., ef al. (2020) Overexpression of miR29a-3-p Suppresses Proliferation, Migration, and Inva-
sion of Vascular Smooth Muscle Cells in Atherosclerosis via Targeting TNFRSF1A. BioMed Research International,
2020, Article ID: 9627974. https://doi.org/10.1155/2020/9627974

Alshanwani, A.R., Riches-Suman, K., O’Regan, D.J., et al. (2018) MicroRNA-21 Drives the Switch to a Synthetic
Phenotype in Human Saphenous Vein Smooth Muscle Cells. IUBMB Life, 70, 649-657.
https://doi.org/10.1002/iub.1751

Sun, D., Xiang, G., Wang, J., et al. (2020) miRNA146b-5p Protects against Atherosclerosis by Inhibiting Vascular
Smooth Muscle Cell Proliferation and Migration. Epigenomics, 12, 2189-2204. https://doi.org/10.2217/epi-2020-0155

Wang, W., Ma, F. and Zhang, H. (2020) MicroRNA-374 Is a Potential Diagnostic Biomarker for Atherosclerosis and
Regulates the Proliferation and Migration of Vascular Smooth Muscle Cells. Cardiovascular Diagnosis and Therapy,
10, 687-694. https://doi.org/10.21037/cdt-20-444

Shan, R., Liu, N., Yan, Y., ef al. (2021) Apoptosis, Autophagy and Atherosclerosis: Relationships and the Role of
HSP27. Pharmacological Research, 166, Article ID: 105169. https://doi.org/10.1016/].phrs.2020.105169

Ouimet, M., Ediriweera, H.N., Gundra, U.M., et al. (2015) MicroRNA-33-Dependent Regulation of Macrophage Me-
tabolism Directs Immune Cell Polarization in Atherosclerosis. Clinical Investigation, 125, 4334-4348.
https://doi.org/10.1172/JCI81676

Cai, X., Yin, Y., Li, N, et al. (2012) Re-Polarization of Tumor-Associated Macrophages to Pro-Inflammatory M1 Ma-
crophages by microRNA-155. Molecular and Cellular Biology, 4, 341-343. https://doi.org/10.1093/jmcb/mjs044

Wei, Y., Nazari-Jahantigh, M., Chan, L., ef al. (2013) The microRNA-342-5p Fosters Inflammatory Macrophage Ac-
tivation through an Aktl- and microRNA-155-Dependent Pathway during Atherosclerosis. Circulation, 127, 1609-1619.
https://doi.org/10.1161/CIRCULATIONAHA.112.000736

Li, K., Ching, D., Luk, F.S., et al. (2015) Apolipoprotein E Enhances microRNA-146a in Monocytes and Macrophages
to Suppress Nuclear Factor-KB-Driven Inflammation and Atherosclerosis. Circulation Research, 114, Article 1D:
305844. https://doi.org/10.1161/CIRCRESAHA.117.305844

Karshovska, E., Wei, Y., Subramanian, P., e al. (2020) HIF-1a (Hypoxiainducible Factor-1a) Promotes Macrophage
Necroptosis by Regulating miR-210 and miR-383. Arteriosclerosis, Thrombosis, and Vascular Biology, 40, 583-596.
https://doi.org/10.1161/ATVBAHA.119.313290

Pereira-da-Silva, T., Napoledo, P., Costa, M.C., et al. (2021) Circulating miRNAs Are Associated with the Systemic
Extent of Atherosclerosis: Novel Observations for miR27b and miR146. Diagnostics (Basel), 11, 318.
https://doi.org/10.3390/diagnostics11020318

Yebenes, V.G., Briones, A.M., Martos-Folgado, 1., et al. (2020) Agingassociated miR217 Aggravates Atherosclerosis
and Promotes Cardiovascular Dysfunction. Arteriosclerosis, Thrombosis, and Vascular Biology, 40, 2408-2424.
https://doi.org/10.1161/ATVBAHA.120.314333

Liang, X., Wang, L., Wang, M., et al. (2020) MicroRNA-124 Inhibits Macrophage Cell Apoptosis via Targeting
p38/MAPK Signaling Pathway in Atherosclerosis Development. Aging (A/bany NY), 12, 13005-13022.
https://doi.org/10.18632/aging.103387

Qiao, Y., Wang, C., Kou, J., et al. (2020) Micro RNA-23a Suppresses the Apoptosis of Inflammatory Macrophages
and Foam Cells in Atherogenesis by Targeting HSP90. Gene, 729, Article ID: 144319.
https://doi.org/10.1016/j.gene.2019.144319

DOI: 10.12677/acm.2022.122126 881 I IR = =23t e


https://doi.org/10.12677/acm.2022.122126
https://doi.org/10.1155/2020/9627974
https://doi.org/10.1002/iub.1751
https://doi.org/10.2217/epi-2020-0155
https://doi.org/10.21037/cdt-20-444
https://doi.org/10.1016/j.phrs.2020.105169
https://doi.org/10.1172/JCI81676
https://doi.org/10.1093/jmcb/mjs044
https://doi.org/10.1161/CIRCULATIONAHA.112.000736
https://doi.org/10.1161/CIRCRESAHA.117.305844
https://doi.org/10.1161/ATVBAHA.119.313290
https://doi.org/10.3390/diagnostics11020318
https://doi.org/10.1161/ATVBAHA.120.314333
https://doi.org/10.18632/aging.103387
https://doi.org/10.1016/j.gene.2019.144319

	miRNA与动脉粥样硬化相关性研究进展
	摘  要
	关键词
	Research Progress of Correlation between miRNA and Atherosclerosis
	Abstract
	Keywords
	1. 引言
	2. miRNA概述
	3. miRNA与内皮细胞
	4. miRNA与血管平滑肌细胞
	5. miRNA与巨噬细胞
	6. miRNA作为诊断工具和相关生物制剂
	7. 总结与展望
	基金项目
	参考文献

