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[ ABSTRACT]

microRNA ;

atherosclerosis ;

The pathological mechanism of the development of atherosclerosis has not been fully elucidated so far.

highly biological process in eukaryotic cells.

autophagy ;

post transcriptional regulation

Atherosclerosis ( As) is the main pathological factor of cardiovascular and cerebrovascular diseases.

Autophagy is a

Normal levels of autophagy inhibit the development of atherosclerosis, and

autophagy defects or excessive autophagy accelerate plaque rupture, which lead to the occurrence of cerebrovascular acci-

dents.  Studies have shown that microRNA affects As processes by participating in the regulation of autophagy in As-related

cells. This article reviews the role of microRNA in the regulation of autophagy levels in endothelial cells, macrophages,

and smooth muscle cells in As.
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FL A WEE 725k BRI P J5i 0 >F T A W02 S 4 2 950
e B fife ) 28 11 5T B A A 28O B A WA, 55 i Tl AR 45
BT B WV WA, B i LA N AW, O S LA
JLAR B A1 5 B2 R0 S 0 20 i 2 BT I R L T As
HERR R T A SRR B Y el R (AR AR N L R
Z MR 145 75 S A 40 [ W & A, As IR
AR R T B ) I BE 1 40 B ) B, JE 2% BB 1T
TR HE R AIRTEAZ O A B, BA BT As 1EHT . A SCHR
WESE FE B AR N B30 Ik 9 B A A /s BR 35 30 ok S 44
HNRESFR B N B AT As B9 5 B I 7 IX I8 & B
B A0 A g KF B TR As B9 BT IR 7 X SN
B A MEAKSE A, HL P Bz 40 1 R i 7K 7 8 12K F
TN B A 2 2 ¥ TR gy VIR J1 K3 L As 9
AT R A, A W R B A RN RS BRSO R
JE MR B, £ 2 I BE e 24 1 1L, Masuyama
A5O3 3 A 0 3 3 kR B e A TR B BN
FRER A, KRG 5 J & B VSMC H Wi O 8 5 A
ATG7 ApoE PRI B4 /N 5 %} TR ApoE A it
J& /N BRURH P BB i AR 5 Tk R il A B
BEBES Y LI, 3278 VSMC [ W Bk [ 5 S0BE He 1
R B i A A XU, BRI i ] IR 45 F K F
TEBE 6 As J7 M E ¢ E 2, K& SCHKE 52,
microRNA 1E R NIRRT I 2 5 3 = 5 m
As PERR , AR SCH H S miRNA 875 As .miRNA
A WE A VELE As AH G4 i A9 A /E I & miRNA
PRSI AN W As DUAS T TR HEATLRA

1 miRNA 5Bk EREL

MOl 2 (24 F NN, miRNA 25 As 195K
B, 5 As B AR BEAH 56, 78 I PR32 W F B I
A EER AME

N 7 T REZE L 32 B R B R N B B I o 1 Ltk
WP ARKHFEMBHETEEH L —HILA
(NO) 8 — %A 1L A & B ( endothelial nitric oxide syn-
thase,eNOS) & B /0, 2 #F As B9 & 4=, miRNA-
126-3p 7E N B2 4t rb sy B2 2R 58 3 sk 00 6 1 45 240 P
BB o> T 1(VCAM-1) e 40 B 148 NF-xB {5
S I SIS A RAED , SMC TE R As BEHREY)
FHEH IR, TR SMC 78 10 1y e 46 (i 4 36 8
Al A R E ) X As K BB EE A,
miRNA-143/145 miRNA-133a BELA5%F 1 JIL40 L 1) &
B A% Ak, L3 Tk K A It A 8 R AR
miRNA-15b Fl miRNA-16 7E 4t F5 SMC Ui 45 = 7 I

HAFREAER B g xd T 4 55 i R i A
RS BRI AT R 25 B T A As BB B
WEAZOIEN, REMFEIESE, miRNA GBS 5
E WA M AR A, 845 RAE RV, miR-124 38 i #1 a)
55 R F CCAAT-158 T 454 8 1 o (CCAAT-
enhancer-binding proteina, C/EBPa ) BH it . W 2] fifd
WAL B AR R 1 (ML) [ LR A 2(M2) 4L, 53
AR ZEANI T 40 M BE A T R RN, 5 As K&
PR R %), miRNA-181a #1f J5 98 5 A c-Fos
55 /DA R AN R (TNF-a  11-6) 4336 AR 58
B 1 43T (CD40 ,CD83) Fe ik , WA 1 0 6 1f.
ERIEEM As MEAERE T A Z KI5 105
S miR-146a B 5235, miR-146a 0 i) 400 42 08 = A
T FAS HHEFET- 45 Hy I A1 NF-«B 35 7 TRAF6/
IRAKT J /A JA T AT T 40 i e

2 BEAEPREFERELAEXHAmEIER

2.1 RIP1EA

TR AR As, NECAINE A WRTE As B4
WP EA R ER ., MIEE (Gossypetin) i 1 1
J¢ PI3K/Beclin-1 Ml PTEK/ T 2§ PI3K/ Akt i i I-
18 FWEAR G L (LC3 T, Beclin-1) 142 35 M T 9 2
AALRUIRE FE IR 1 (ox-LDL) 5 510 As N K2 4H g
BRI A RESE AR H S 5 v A R A
Ji 1 (lysosomal acid lipase , LAL) 1845 I 40 B 0 K
200 0 1) T e 3 e, 44 53X o AR R Y e B 1 R
4 “lipophagy”™ """, TIFE VSMC 8 far it 5 JIH [
[ (free cholesterol ,FC) BEBLIG 41 PN H W, H. LC3
I Ak A g iR R M LC3 1T, A W (autophagic
vacuoles, AV) JE 34 fin, #F—2pyscserh, A A
WG 7] 3-H 35 B IEERS ( 3-methyladenine , 3-MA ) 4k
B VSMC., A J5 19 W i R Ze b A4 26 1 Ak 38 5 502
MR E P T ANIRAE T A WS SR N R
JE AL T I AT FC S B VSMC
FI W RE R T A0 IS D RE S AT A AR
22 #HA1ER

it PR A R BRI As, R BERY ox-
LDL BEIIE EC H W, B ML T, fE i As BB
B, As BEHC R I, A AR DG AR 0 ) 32 B E A
TEEWEARAE I, X LG E AR AL Belin-1""/NEL ('
R BP0 A /N BB ARY ) R W 40 L ATGS ™
ANBRCH T WS /N B Y ) e B, W A 7 o
AE/INERR I As A8 T W BB /N B As A
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F ) FE ApoE ™ /N U N R S PR BB VSMC
ATGT BEINGHE As BEHRI A, FE 2RI N £ 4R M1
JEFIE AR 138 £, I VSMC [ W Bl [ 412 1F 30 ik
S REBEHR BT T AR AR B R e 1

3 miRNA AT BERTENENART

3.1 BEHIES

H W5 S 2 A ULK (unc-51 like kinase) 2 &
YT, FE 445 ULK1/2, ATG13, FIP200 i
ATG101, ULKI J2& A W FE p e st L, il
YR RERNEN ( mammalian target of rapamycin,
mTOR) PR F S S EZ M, BRa R
2 F ,mTOR Bz 1k ULK1 FIFLEY ATG13, 311
il ULK1 354 BHAT AW s, YU A&, R0
) mTOR 52 ULK1 8§21k, ULK1 i 14 3 5%,
ULK1-ATG13-FIP200 & &9yt AH N 3, F s 1T A
Wi AL 25 miRNA-93 3'-UTR 5 ULK1 mRNA
454, B ULKL 3RBACE, i i S 475 2 1 A
W ULK2 2K (et 2 —Fh A e B s S
%G W B = 1 TR 60 R 41 I P, miR-290-295
AR ULK2 K& ATGT 193 325 M T 4100 o) 200 Jf 19 e
kA
3.2 BEEZ

PI3KC I/ Beclin-1 & & Y)7E A WEAR I A% i 72
TR CHER . PLATMIIE T Bel-2 211 (Bel-
2, Bel-xL, Bel-w)BH1E F WS AR , Atgl4 FIEEHb
LA ST PU M EAR S FE A ( UV irradiation resistance-asso-
ciated gene, UVRAG) 25 2 HE B WA B9 5 Az , 3117
2 Beclin-1 2 5235, miRNA-30a/b'*  miRNA-
376b"*" K miR-17-5p"* BIHEAM il Beclin-1 ik, BH
3 E WK 9 BA% . miRNA-195 41 ATG14 /31y
IV, miRNA-195 H550 71 68 3 5 17 WA FH I 0 e R
FEL R 240 007 I O P 22 VR ™ . RabSA & —Fh/h
37 GTP W, fiti# i 5 Beclin-1/PI3KC I &2 &9 1Y
HEAEH A 520 A WK B . miRNA-101
J& RabSA FHEEE PR 38 40 P ) FL Rk B 42 T8 A
WA I
3.3 BB

SN RN ORI RO NP2 B =
ATG12-ATG5-ATG16L 48 il ATG8-1uk & AH ¢ 25 1
1 #:%% 3 ( microtubule-associated protein 1 light chain
3,LC3) &5 ARG, LC3 &—F AR bR EY, LC3
[ S5WEAENE Clhe (PE) 256 740 LC3 I, @0 T

H WA AR, LC3 1/LC3 T il 5 A W
EH ) RABSA 4+ 5 ATG5-ATG12 9454, miR-
101 38 5= 4 5] 545 RABSA | 6] 2 5% M) [ W AR i A% K
P A A i 3 2P 0 miR-30a/¢! ) miR-130a" |
miR-519a"*" miR-374a"* DL & miR-630"**' ¥ B 11
R ATGS-ATG12 454, HA M AMEAI/ER
3.4 BEERREH

ATGY &2 —Fh 2\ M, FEIE M EL X
(A BT RS T e /R A ) AT AR 5 X (PAS) L
AN FRREE 1 H AR JE AR & X F8 & PAS, 1E
PAS |,ATGY 5 ATG2 ATG18 K E &Y, 1214 5
Y EASYE LY FUBISQLiVA W T YRR
A, miRNA-34a L T8 ATGO B3k, M H 1
PRI A F5 T Ang THE RO O HUIEE ) miRNA-
30d PR [ Wi IE B 2 Fh L R B 2R 58, 38 BECNI
BNIP3L ATG12 ,ATG5 2 ATG2, #Eill miRNA-30d
AT RE IR SRR ) 2 A IR A 1 AR 1
Brges
3.5 BEBEBENFKSEE

G  FT E A H0 R 55 I A R il 5 o 1 R i
it A I B AL 22 < DR ) B IR T R S | R B e R
Zepiul, A VERSBEARLG R 3 2 & SNARE &
B % A IR B 1 (lysosomal membrane proteins,
LAMP1, LAMP2 F1 LAMP3) F1 RAB & 14 19 i
500 miR-502 . miR-373 K miR-451 43 51 310 i
RAB1B RAB22A RABI14 % %5 miR-205 F i
RAB27A il LAMP3 ik miR-207 F1 miR-487-5p
B T LAMP2, X [ W Rl E f7 ) 8 584 H .
Beclin-1 454 UVRAG/C 2% Vps & A 1A i P9 4 il
BB R RS> P . UVRAG S C 26 Vps &
EAHEANE L, 0% Rab7 GTP W 314 F 1 w4
WG S R0 R S/ i R il 5, 1 — 20 Jon M N < N 4
Y 1A% i3 A AR . miR-374 , miR-630 . miR-125 #
miR-351 4% UVRAG 335, v BT A Wi |
I I S Y g A AR

4  microRNA =SBk HERE 4L 48 < A A
B &

AN S YIS K, 5 As BUIAH G
BO = Ff 20 B, 045 N B2 48 MY ( vascular endothelial
cell, VEC) . IfiL & F ¥ WL 40 il ( vascular smooth
muscle cell, VSMC) 5 F I 2l il ( macrophage ) H1 #B
FEAEAE AN AR BE (4 9 W SO, 8 B (8 T RN
SO R IR SR
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4.1 MEMNEEBER miRNA

A8 PN AT BE B A5 02 As kA KRR IR 3h
2, R Z i TR G 2 B 35 B 0 N B2 40 i A
WK SRR IE As A Rz,

EAAUILE NS B H (oxidized low density lipo-
protein, ox-LDL) j& As HE [ FER I R , HHEEH0 10
ENEAINE, Zhang %51 & BUAE N 0 bk 9 2 40
g (human umbilical vein endothelial cells, HUVEC)
W ox-LDL 5400 [ 1, miR-155 FKik/KF B T
5,3 #35 miR-155 5 HUVEC [ W T R34 hn, 49 5
ox-LDL UK B s, Lv 257 W52 45 2 AR D145
1w, miR-155 EIR AN A0l (KA hy926) H BETE 1,
J¥5 Rheb/mTOR 3 B UTERAH X, miRNA-126 J2& fix
UL PN B2 0 R S miRNA 22— 38 i 41 4
PI3K/Akt/mTOR i BV 52 32 458 F W8 5% ox-LDL
SHM HUVEC $i45, A As (AP 1ERS . 5
A1, ox-LDL i RE 10 1 ¥ 1l (4 B 25, 11 A4 208 1 D
FRIE 5 R EERDIRER . 1M miR-21 @R
FI W37 S IR A T BE , 221 ox-LDL S-80A F 3k
Fz A A5 , A — b As FERTY .

VA Bz 240 5 2 2 0 i AL A 9 5 178 = B £ i TR
2,0 AP miR-214-3p A 4MH] ATGS , 8] 42 ik
B ATG5-ATG12 M54, il ox-LDL 753 (1 N Kz 4
JL WG, E I N R A, ] miR-214-3p W] LA
PKE ox-LDL 5 1Y [ WD E L4 4 s 5, v />
VAT RELE N S A K As DY miR-216a
W AR IR N B 20 B 2 TR 2 10 P K At v, 410
i miR-216a J& 401N BECN1 /K F 89 & 40
Wk, AT BEAEC LA B AN As 14 & S L e 25 4 7
MPER

P2 RORE S N R B 455 B sl kit Ak e A % R 1Y
FEEHLH] [ 7E O I 455 95 1) 9 B A 2 o 47 Yol o
ZA, miR-100 @ FE A 0] mTOR {5538 il
N B 40 A v R NF-xB ik K IEBTRIE,
SIS B RAR A UESE miR-100 155 As BEBRL
AT RPN/ B BEBRRR A A G, [ B 58 i A 1 42 AT 24

BRI, A S TEIGIT As FILAd S AE MR
WRIRED

PN 7 400 it 52 453 7E — E R B L A 0k R 41 it
1, B VSMC 3851 Je i /M 3R 4R 115 1 3 ik
HUVEC F1 A 2 3 ik F 3% AL 40 B2 ( human  aortic
smooth muscle cells, HASMC ) 3:[7] 1% 7 & # HUEVE
WA T R R, 4 BS HASMC 43 i 1Y A0
P, K Ah W R A £2 A microRNA, DL
miR221/222 4 ., & B HASMC £ £k 40 W 4 iy

miR-221,222 j# i ¥4 5 PTEN/Akt {5 5 38 #% 417 1
HUVEC HmgE>
4.2 FEERAMBERN miRNA

E RN MTE As BEHIE i 5 i 24 B b g 2 T
KHEVER . 76 As RHIBES T {2 As T A 305R
5 200 2 T R KT B 1 W 4 o 5 20 i e 3
YEF KBt RAEERE T, M AE 28 F 1A B e 34 FFN IR
Ferz AR, BABT As fERT, TIHE As #ERIEI, B
i) ON S N A N e 1 (=9 A E A e S S~ 3 i
J& 2R UGS WA 22, BRI R ROR AE A O K BE
Prse MR R As HyaERE

Wang %5 16 2 AR IR 1 ApoE ™~ /I R A
PR, =5 S ik BB T AR oA o 4
i A W D B E AN M PR T, B 5 Beclin-1
TR T, #E— L MPLH R s o A5 B
=AM 1E T A 5 I 40 1 A O T ) 45
Beclin-1 /) miRNA &3, = ig ik B fig w2 L8 B g
YL N miR-384-5p 7K F-, 7l Beclin-1 32k, 145
FLmg 20 B 3 m O 4 4 O i 3 2 ok os #F f Ak 1Y
KIE,

Sl ok A RE rh R R R A I 9 K AN i
B R T I M A A N SR As BEER
(RIaz . A5 A (BRI I0 9 JA 200 e IR 61 e i A7
(=L ) 1Y H W RE AL 0 7 IR S Ak, 4k e 20 g
RETE AR, IR BT o 12 JIE ] e A 326 1) i 1A
A AR T O s TG /K e, 8 50 L ) B2 DA 40 i
Heth , AT A B 1k B0 240 B v 200 Bt O [ e R 2R
B FT % B8 miR-33 38 1< 18 7Y 200 i I [ s 3
AR 2 B NG 28 1 7= A A 5 I 36 ) e i, I
[ f s B ABCAL ARG EIF] . 90 8] miR-33
AT ARSI /IS BRUFN SR A S R PN Il 3 5 %% B B R
P B B K S 0800 As /)N RS Y r it B e i AR AN
RAEKF-, Ouimet 2507 225 % Bl miR-33 1] 77 14
5H8 [ IVGE T T %) A 40 5 A, 284 n 5 s 0 T A4 Y
HERD AT e, BA Y0 As fEH. — 5
11, miR-33 3 1 T 9 [ W 15 3% 95 R, anti-miR-
33 /0 B W A0 M 2 R miR-33 FE L A (AtgS,
Lampl, Prkaal, Abcal)mRNA 7K [T, A WEKAR
W LC3 B, I AR S Adipophilin B /0, T
H RN, 55— J7 T, miR-33 FEHUAIAEIE As
BEHe [ Wi, Js DB A
4.3 FEEnE B BEA miRNA

A0 LA As BEBR B 32 240 304, 78
BER R EE R E EEAEM, A G ox-
LDL ¥R ( =60 mg/L) [ F+iE, VSMC 4 - FIRIE
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BT, E WEKSE R, Sawamura %558 FE Y Rz 41
ERIT —FOBI ox-LDL 3244, 4 Hoaig 44 M e 5
R AL BN % I 8 A2 1K 1 (lectin-like
oxidized low-density lipoprotein receptor-1, LOX-1)
AWFFERW] LOX-1 5N K D) RE AT | 5A% 4H il 26 B
KeF-18 LA M 1S 58 3 A AE T DL R TR 4 i P
J L/ INAR T Ak K B S B e AH O I As 1Y Kk
J& L TRIFE VSMC e DT ] LOX-1 ik
W ROS 174 FF L5821k VSMC A I
ST, Ui LOX-1 B30 5 ROS B A | A g M
FHT BASYIOCHE, 11 3R1K has-let-7g Y VSMC
K LOX-1 FiksKF- K ROS P8/ F BEAH R
BYFIBWD GRS BIGE . has-let-Tg T
LOX-1 ik, B 5 LOX-1 5 5 Pk H0 AR A1 &) 0 /8
F, 2 VSMC A BRI T 25 8%, JF AT RECA
As UETEIRITHRAR

5 REERE

As VRO IR A R4 A A 19 2 LA H
KI5 52 4%, PRI As o5 BRAIL I A9 A58 0 i
(YW 38 microRNA FH WS AR As S5 FRAIL ]
WA RS o A W B 30 9 R 258 0 A, 1 Wk )
Faaiad BE H R4 RE R As, TEFEZERR H ﬂzﬂ’ﬁmu
WIAHH , microRNA J73Z 704 TN 44
RERE IR Z A 1 & AR R R G2 5 As YA
o 1F As FFE40E , microRNA /K- FEE As Bl
BUR AN AS A, 38 %7 2 P47 P microRNA BB
S As & IHIE As 1Y microRNA TEHT As
HATEFIITRL, 5 A1 microRNA 8 )75 R4 1 57
B AT T A 08 A 19 ik PRIR T 32 1 1B A 22
microRNA 25 [ W75 5 21 [ W %5 il (4T i 5 1% fit
MREAS I AR R [ R P B R AR I, MR R
ABFFE microRNA 5 F Wit 22 [8] (1) 4 EL R 19 9 45, fiE
%Eﬁ?ﬁ’]ﬁw As B KA R AR FBLE], F 0 As 1Y
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