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Regulation of microRNA on vascular remodeling and its research progress
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[ ABSTRACT] Adaptive change in vascular wall structure is known as vascular remodeling, which can occur in arterial
hypertension, aneurysms, restenosis after vascular intervention and atherosclerosis. MicroRNAs ( miRs) play an
important role in regulating the major cytokines involved in arterial remodeling, which may promote or inhibit the changes of
vascular wall structure, regulate the phenotype of smooth muscle cells (SMC), and control the inflammatory response of
endothelial cells and macrophages.  Different types of miRs induce SMC to be contractile or synthetic, respectively; SMC
is mainly induced to be synthetic during arterial remodeling. Thus, remodeling process can be regulated by
reprogramming SMC phenotypes via targeted miRs.  In addition, the stimulations of inducing endothelial cell remodeling,
such as shear stress, angiotensin Il , oxidized low density lipoprotein and cell apoptosis, are mediated by miRs.  For ex-
ample, endothelial cell-specific miR-126 is transferred in microvesicles of apoptotic endothelial cells and plays a protective
role in the formation of atherosclerosis; it promotes arterial remodeling, especially through the inflammatory response of the
innate immune system of macrophages. ~MiR-155 induces the expression of inflammatory cytokines, while miR-146a and
miR-147 participate in the elimination of inflammation. ~ However, data on the role of miRs in vascular remodeling are still
lacking, because it is necessary to test the therapeutic potential of currently available and highly effective miR inhibitors for

cardiovascular diseases.
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1% an , G /N T e R B ik e T 3 K,
AT Sk B M 46 70, Ak 26000 T 78 S48
ARG SRR FEREfL b | ] 58 23 & AR BT A DY RS
AR 2 DRI I A RE 4 A e PR BE TR ) 3
PR AT DL 90 10 & R o A B i — b R
ST . IS EE R R R T A IS B A I A A M 4
PN B2 441 e F1SF- 1 L4 Y ( smooth: muscle cell, SMC)
FITOR 51 18 I #5 S 40 M 20 JE T (extracellular matrix
ECM) (U E, AL, RIUEN A R4 el i
£ it R I A4 L, JFE S R Y SMC BB A ECM 1Y
R I A R R R OGHEME D L B/ RNA (mi-
croRNA ,miRNA , miR ) J& — & IR HE 1 21 ~ 25 4>
B B B /N0 1 AR 4 5% RNA B ] DL o 5 40
mRNA 11 3'-UTR X B %p 5 SO R A sl 40 il 2 1 60
P, ITAE NARAE 46 ol b B )iz i e A
miR 3 BRI B mRNA 28 DUJE 5 55 55 )5 K
SRR Tk, X miR (4 E A TE B E 41 i
firis M AR A (AL SMC AN Bz ) rh e 6 B4
o BB, miR FZJH TS 5 10045 5 98 0 40 i ) %=
AL, LA, AR AR RS S 1 AE I A A b A R
IRery miR WG S48 /R VA 7RI I 9 5 1 42
B, ARG E T, RATEE T A C miR
T I A5 7 S8 R 50 Jk S R 58 A P 7 FH B B I

1 miRNABATHIEFBINARRET

IR B PR 2R B0 I A8 R o 1 LA 2 i 1 AN
THAE B SMC TEFPPE S5 T X R B 3 1]
FAPEN S A RUR SMC I RRAEAE T U040 26 1 7 i AR
I, 14 BRI AR B P A i A R o 2 0 A i PR
g, iR IEAE K I F (platelet-derived growth
factor, PDGF) Fll#% 44 K A F B (transforming growth
factor-B, TGF-B )/ & & & 4 & H ( bone
morphogenetic protein, BMP) 8 IS SMC %%ELJ[S: o
SR PDGF f5 51 S 2 (2 HE SMC I FH I 5% 0 5 i
B4 {5 TGF-B/BMP i # i) i A A T e A1k
Wedg B SMC, 75 3l Jik ok A B8 1 g 722 i A= P4 I 2H
Zih RZHSMC 25 AL, I HLJZ A [R] 28 B 45
RS IS PRI RS 3 IESi

SMC By & JEH T miR B IIRESR K, 78 SMC

:H LR, miR L& DICER ( Dicer enzyme ) Yk
B RSIR SE T AN il X A% A) B2 Hi T SMC
HSEFE AN S AL 2 BB 8, /B )5 DICER ik §kA
A4 /I B s LA R SMC B30 2, v B
/N BEAR MR Y FRIATE DICER SRIERLEY SMC

aZ 3, 3R] AR AR 5 3 ik af FEAE e e

miR-145 J& SMC 1R X G LAY miR Z —, bt
58 R AR AR ANE L 3 SMC FES PR F (1 UnEs
G545 VRS- WLDLER 25 1 S 4 ) SRR SMC &
R EAN , miR-145 (51 A il & T ST 4 41 i A
DVRHE T4 2 4 A2 SMC, KT miR-145 (35 4%
BRSSP EMIG & E I B SMC Fric ¥ 250
TEK AHE 5 N I A A ek A2 i %, X AL
SR YA s T BT, EAR TR,
i T SMC A 2 1 S 30 miR-145 4 Bk 2 23 B A 1M 45
B 4 JEE B O WG I TR, miR-145 78 1045 #3147 . 30 ik
SRR AL AN S 56375 & 1 Sh kR b ek N R I
5T IR, miR-145 1 Jay it B ik 254 5 SMC A5
BRI B A N RE B, X R T miR-145
FEILE FEIB AR VE, SR, 7E miR-14577 /)N
B HP 5 4 A AE 3030 Dk 5 FLUG 058 A= PN 4 A A
LS IR P S Y 25 SR T LA A A 45 T
% P A a0 A A A PR ) 25 57 5 miR-145 77 /B
TR A SR (AN SMC) T miR-145 [ 6=
SR, PLE H & miR-145 12 PS5 SMC 43
AR 25 1 40 B 42 30 ) 2% A O, 14N Kriippel
HEHET 5 ( Kriippel-like factor 5, KLF5)  KLF4 | 415 3
O LS B A OC §% sk B F (\myocardin-
related transcription factor-B, MRTF-B) | JJL45 & 11 #1
ML 'K 5Kk K 7 {L i ( angiotensin converting enzyme ,
ACE) 77 B 038 45 4b, miR-145 #1 ] PDGF %
SRS SMC 34 FE , IE B miR-145 78 SMC 3458
J B HAT AR,

miR-145 53 [ 3 i XU 2 T /i 14 #9 miR-143
— R, I H W 2 i LS & I3 RO IR -
(serum response factor, SRF) Fll Nkx2-5 [F] i & F% 5%
P75 s 3510 R, miR-143 W 7E AILSh bk
FERIR, ARG/ B S B0 A ) 3 FOR
] miR-1437"/1457" i 22 B9/ U 7 L By Jik RE A2
FISK ML FRAG, BL AR, 7E 2 H o miR-14377/1457"
ZI/NEP &I SMC RS A AE R kb i 3k
RURES T AR A S, B A I A
T B ILAE B 0, 4R K B9 miR-14377 /1457 /N
2 R A O AR AR A P R AR L X
FhaSON AT RE 2 i T miR-143/145 BBE /N H ACE
SOE S b I 1K= el - - | WS Pada o b
S BEPEME R miR-143 B A £ S Bm 4
W IR AR (E PR B 2 8 200 o0 Ik &5 4L 5 B 2B I I Y
FE RG> 60% ) SRR R AT LA i LR 0 R
f# R . miR-143 (%) 30 1 7T B8 38 & B8 & ETS 3%
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Elk1 25 AR IB R B IR SN SMC A5 332 it
Hh AE SMC ik il 5 3 SRF 1755 miR-143 S0
W miR-21 FRIXAEIEE H 1 555 B Fos HCHT
Ji 1, miR-143 XHE 8 H 1 5% 5% P Fos HH G HT
B 1 R JETH BR T B4R B L ] ( phosphatase gene,
PTEN ) X} miR-21 #H PE 4 ] | 31X T 3 SMC & A1
BUE/ ) AR 2, miR-143 1 miR-145 3@ i i
TP Bz 475 7 21 SMC rp sk 20 T 30 ks A 6 4k
FEAEHE T s R Y SMC 347

miR-1 W7 SMC 431k i 2 v p 5 5, I 38
KLF4 #0538 Jin SMC 55 53 M e 4 8 R Rkt
AN WS 151 miR-1 £k FE S 545 E
FIAREPE SMC ARic P i & BUFIG 58 . 653 IS
BCHITE], miR-1 9 8, B0k P 22 2R/ 95 2 R I
Pim-1(SMC 1 miR-1 Y ELFZH04) Bk e
SR, Pim-1 & 7545 miR-1 %F SMC H4 58 #5200 | L)
e miR-1 Qa5 0057 N ISR B i AN T 4

TENKEE R Gerh o) —Fhis FE R IA B miR J2 miR-
133, HAE ML B4 )5 A 56 19 SMC H R, miR-
133 i 3 3055 S P 7 Sp-1 T35 SMC (1345, It
il PDGF 174 B0 SMC A5, B, Z 8 sh ik
T miR-133 (9 3 & 28 T A0 A P4 BB %) o o
& SMC fy35E 7,

S IF YU X SMC AR Sh 25 43 Ak AR F AT
FEEZ A miR 255505757, A4 miR-26a 19 L,
Ser W B2 Ak 40 ML 15 5 %% % 77 F Smad-1 2 TGF-B
1 BMP {55, Ifi miR-26a R 7] A8 1 #1 #] Smad-1
Miff SMC 4 ez . M, 175 175 5 1) SMC 3%
BN S FH miR-146a 1Y 3% 38 84 A 5 19, 410
miR-146a 7] 9 /b 35k 9% 451 113 J5 87 A= 9 BEE 7 JF ok A
SMC Hag 7

miR-21 7EBRPE 15 A1 20 30 bk 45 FL 5 v BE 1A
IR HERTAE IR, 30 miR-21 AT & SMC
WEFE RGN SMC TS, X LE/E S miR-21 @ik
P PTEN 1 L Bel-2 FR G Ake B A
AR, miR-21 &t BMP4 Fl TGF-B %31y, If:
A PDCD4 ( programmed cell death 4) LIAE #F
SMC Wi & 1 1 AE YA B, X R B miR-21 7E SMC
IR VR T, SR, miR-21 19 3K 7E £ b 1)
SMC Hi LRI HAH T SMC s fbtrdy, ik,
miR-21 7E SMC 734k i VR H2 A 4 3Ly, 75 28
— WP FT AR R AR SMC R BIE T g VE R,

AR, miR-221 F1 miR-222 J& F Il 45 45049 T 75
S, A AT ) i e 410 A R RN 40 i 4 o 7
p27 (Kipl) \p57 (Kip2 ) f& #F 87 4 IR IE B, i 3 3

SMC s> | 3853 PDGF X SMC #2431k
J2H1 miR-221 15519 c-kit F1 p27 (Kipl ) A9 3 A
Sy, miR-24 H{E PDGF 4b3fY SMC WS, If
SE M) Tribbles B4 3 (Trb3) H1 Smad # ALK
TGF-B/BMP {5 51&F, Hit, miR-24 FJfE/& PDGF
1 TGF-B/BMP 155 1% T Z [8] 5 4 1 3¢ B 4 15
T, XX PDGF 15 T 1 & AL [n] & B8 SMC 1197
FEREE,

miR-31 W7E SMC K& 3Rk, JF7E SMC 58
FUET N IS BB ] E 9, 3 Lats2 #) miR-31 7]
Wk SMC 7E PR SNRIGHE A 3 P g 36 5 R,
miR-31  miR-221 . miR-222 A1 miR-21 # i%, T 42 3k
SMC H§ 58 1Y) miR PJZ%, G2, miR ) 2% 7 A% 45 1]
SMC FJ¥EEE Ak, I E 5 SMC X I 453453 11
S

2 miRNA B ME K K 2888 H M 3R Bz

PNz 40 B A2 1906 B 0045 RE 2 [R] %) 38 Ak
BRI, EATTAE T 58 36 my 467 B, AT LA 5 9895 3 Y
SR, 5 it 9 3l ) o s i ILAE , LA R AR
AR50 2 e ik Yo 33k R %) I A N

miR-126 A{AE N Bz 40 rb e S 2k, i H.
WA REFEFHNE miR Z—7, E47 miR-
126 ()3 2 F XS R 0 T — Se 5 SRR F I 45 5
AN E26 FEALEE SR P A1 N5 A KLEF2 , 5 26 5%
e F BT miR-126 (93RIE . A EEXE 0 R
iR miR-126 K 23 K miR-126 HI 5 RILAS N
H: KA F (vascular endothelial growth factor, VEGF)
AT AL MR E ZEAH OGS EVHL B 1 Ak

BIEAILEE 3-SR 1 EJE 3 (%) Rk 38 o i S B0 R
Jif RO WLARE B J5 5 A= 1048 T U0 ) & 2 il 4
B, HA, miR-126 T3 400 L 20 b B 43T 1
(vascular cell adhesion molecule-1, VCAM-1) FJ 3R 1A
R 1205 DAY S 200 D 1 2R B 3 3R I A Il
SAE I E BRI

R TA FHER TN B4 kA W T e 3
Jhik R 8 ) J LA 20 B — S SC B =04, 491) 2 i 5 fik
e AL ZE L BON s bk s el Ak, AR 2,
miR-126 PR )R HEAE M UE T 1 P B2 20 i B ik i)
T, X TR miR-126 VENE G 55
M, 48 G BT 16 (regulator of G-
protein signalling 16, RGS16) 47 5 1) #4 1k [H F Bic ¢4
12 ( chemokine C-X-C motif ligand 12, CXCLI12) 52 {&
HAL I F 324K 4 (chemokine receptor 4, CXCR4) 4175
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S, WS A B Y ROk R Ak B CXCLI2,
XA BEMR IR T A4 miR-126 Y38 2 g b o
e BB e BY | ) i g /b Lk 20 i 5 k1 ) i
BN T KL 20 3 AR SMC Y A5 B 3X 5 miR-
126 78 3h ok A A A S 5045 A0 e i) 3 b ORI AR
— 3, WFIE K BUIEEAR Sh bk o4 A 1 £ 00 Bk s 2R
() miR-126 Il 3K 7KF-FEAE, 3 AT L3 2 S o miR-
126 MG EZHORMARE, HIL, 2Rk Lr &
fERBZE 1Y miR-126 7KF-Fir , R B £ 2k miR-126 1)
PO AR LA, O WL A5 £ 3 T 8 e R B ik
2 W8] miR-126 7K FREAK, 31X 7T 6 5 38 /i miR-
126 [ A8 b 1A% 3 A G, PRt i@ T L4 it —
FhEE A 2 MM, e A /i o s 16 miR 7 22 B
RTINS A R e A

SR, 76 CXCL12 mRNA 1) 3'-UTR 7#7E miR-
126 W45 G AL, HA N B AL miR-126 X CX-
CL12 B, 2 miR-126 A0 1 5 i 45 #H 40
L% 2l G A 56, HonT fE &l AT bR CXCL12 1fi
SEELEY . X FW miR-126 AIAEXT CXCLI2 ik HA
R B PE A, X BCHE T miR-126 XF RGS16 5%
CXCL12 B 25 A Mt DA B 2 Fb miR $E 5 A9 m] 3%
1,

AR BT VI 11 (low shear stress, LSS) 12 #F 4
i 20 1) 412 B0 Jok s A e b 2R S | I A B KRN
W5y a2 A B KR AR R AL BE R LSS bt
K FERE AL =5 85 DR 7T (high shear stress, HSS) #4
I P T miR Y 2R IR IR Y R 20 i Y 2 TN R
K7 miR-10a 78 E Sk S A1 0 k43 32 09 3l ik
SRR AT A IX 38 Y P Bz 200 it mp e 28 R 9, JHL S e 4
miR-10a #[n] 22 255 LIRS 7 1 B-F S R EL )T
HIBE DR B9 R T F BUE R A% I kB (nuclear factor
kB,NF-kB) 2 (3%, st4h, HSS i miR-
19, HE 28 50 1) 38 7 200 A6 BT 2 11 D1 B3k P9 B 4
MudEsE , A, miR-663 FH LSS 5 5 I 4 5 % 4
JRLAG P K G B I3RS 8 N R A L P miR-21
PEAEFE R TP G FORESE Y PR HRGE  HSS S
() miR-21 Ly AT AR 1 3 fik ok 4 fif A — 4204k 2010
PR BRI, LSS iS5 miR-21 £63k, HURRE 75 T
T Ao 48 P R B B ) T A2 AR o B SR
VCAM-1 1 CC #fb H F e & 2 (CC chemokine
ligand 2, CCL2 ) M 1k 5 4% 41 B0 266 B, B A £ R A
FHo AR, LSS % S 3oid Bt i 45 A i miR-17-92 7%
BOZEIA G5 N KLF2 79 miR-92a, 1M KLF2 &
Bz HHLAR 58 1% b E 2 A 7], B, miR-92a W]
I KLF2 | P4 7 80— S Ak SR A il R I A 18 15 2

ISR HE 28 0 IR 25 T A 42 3l Ik ok A 5 £k P 12 440 g
HZe35, Ah, T KLF2 J2 miR-126 8% 5805
7, KL miR-92a i 0] DL 1 87 Y] 3 X miR-126
ﬁﬁ?ﬂ?{]ﬁ(ﬂ,mﬁﬂ .

miR-155 7E N B 20 At v i) 4 B e 3R 3k o 02
HSS i3 519l i i Bk = 32K [ AL Ets 7ok K
TR 1A miR-155 $E ) il i 45 ok R 10 xF
PR 20 14 2 R AT RS 15 A . TRl miR-221
F miR-222 Y7E P K 20 i v B 3Rk IR P e 4
o Ets 5% 550 1 A3 19 RAE WY
I, miR-155 . miR-221 Fl miR-222 7£ R PN Kz 40 i
Xof I 5K 2R TR A 4 B by P EE R

EAAR S AR B H (oxidized low density lipopro-
tein, ox-LDL) fish % PN H2 40 i (9 412 % 36 AL A8 72, M
T ™A 42 2 ko A AL B T B, 7E 4R S1, ox-LDL
P E N B AR T 5 LR miR B LA SC, 1 an
miR-365 fl miR-142-5p, A #RHIJE, miR-365 i@ 140
HIP T F Bel2 /v 509 ox-LDL i S 40 -,
PR, miR-365 L [ AV P B 400 FE 0 1 W e B
il ox-LDL A2 sl ik sts A AL AR .

BZ ME &KW T AFEIIEER miR W41,
BT AT LR Y i A A i N R RN, TS e A
miR-126 — B4 B M 2635 19 miR , 38 2t 4T 8h ko
FEREAL 3 (40 miR-10a) 35 5 10 miR, © AT 7E
Ui 20 Jik ok A A Ak rh FRAR BB, AH R, LSS B ox-
LDL 19 i 2l Jok ok A A AL A TR 20 2 i miR A9 E 3R
S0, 140 miR-663 1 miR-365,

3 miRNA #=HS 53k EHREEZEAaThEE

1457 BE 5 JE ()RR AR 7E T B 48 A AN B 0 448 i
(3, ELAE sh bk o 28 vl o5 DR SRAE T, a1 3
BNk e He Bt B0 ok &5 e 3 Dk g8 T i = 3 ok ok A A
b X5 b R Y B A0 i AR RE S N B SRR AR AR
F—F miR B9 L, #1401 miR-155 ,miR-146  miR-
147 .miR-21 1 miR-9, ox-LDL &7 S B 4% 20 Jifd 1
Emg 20 il b miR ki k4 B E WAk, BIRE
HIk = miR Xt 20 Jhk 5 28 3o 7 vh B0 20 M A RE U
P LR  (HE W4 i miR (92 2 ADiRen
A SRR C

miR-146a Fl miR-146b {UAH2E 2 N H IR, )X
EAERA T A MY @Ak b, {3 Toll #5214 2
(Toll-like receptor 2, TLR2) . TLR4 #I TLR5 A % #
S NF-«B 3 Z05 5 B W40 b g 2 Ff miR,
miR-146a/b [ #3815 10 6] FH 40 2 1 (interleu-
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kin-1,1L-1) &2 ¥ A0 5C ¥ Bg 1 A1 boJgg 36 38 A+
(tumour necrosis factor, TNF) ZZ /KA 3¢ K F 6 ¥ i%
TR AR IR T R AEHE Toll #£ 400 N 715 %
WL S, %36 T s Z 8% (lipopolysaccharide, LPS) X
BARZ 20 MR T 32 M, ZE RN SAAX A T ox-
LDL #38 J5 , miR-146a 1 miR-146b ¥4 8",
SR, ZEELWEZH A ) ox-LDL 41 S (9 %) miR-146a 1
PO GEE T R o ORI 40 A PR B, X AR AT R
X} miR-146a AYHE 5 TLR4 #5098 /0 S 80, SR,
miR-146a Fll miR-146b #7E A 3l bk o8 A A £k B B v
S

5 miR-146 HBL, miR-147 WL AEFR H1 TLR 3
J 4 L W AT M 28 S 0 . 5 TLR2 8% TLR3 HY 4138k
FHEL, TLR4 #3800 5 BOE 58 ZU B miR-147 55,
miR-147 J3 8 F X & NF-kB BZIRETELS A7 5 Al
LPS 1531 miR-147 FiR A MR &R M EEH T
%, TLR4 J 8 3o %6 #4316 K+ 88 (myeloid dif-
ferentiation factor 88, MyD88) I B T 4L & TIR 45+
3 75 4% 25 11 ( TIR-domain-containing adapter-inducing
interferon-B, TRIF ) 1% 5 NF-«kB Flf5 5 S 7
SEPSIE F 1 (signal transducer and activator of tran-
scription 1,STAT1) 5 miR-147 J3 8h T 45 4. TLR
V510 miR-147 FH] 5 95 200 1 1) 98 7 400 it PR 1 (9]
W TNF-o F1IL-6) 4306020, PRI, etk 3 ik 2
HH AN I B A miR-147 KPR AR AT g 2s
TR 50 Jk o A B A 2 el A e %) I8 R A

IAM  ox-LDL F 31 A8 B 4% 48 Jfl 1 B miR-
125a-5p, I H miR-125a-5p AYFNHIIE N T HE AR &,
AT e BT 18 R 32 R84 R A AR % B A
FEHEZM 1R CD68 Y F kiR S 3™ . Bst,
miR-125a-5p AYAMEIEIN T ox-LDL AZbHE (1) FAZ 40 i
i IL-6  TNF-o , IL-2 Fl TGF-B )53, 4% miR-
125a-5p ELREAE FH T B0 40 A0 g 40 i o 1 481k
A RELE AR 9, (HHAE ox-LDL 3T A9 5% 40
M T REAANTE A8

7 W40, miR-155 38 53 MyD88 5 TRIF
W {7 5 1% 30 B0 45 A0 TLR MR iR ],
IL-10 AT LL# ] TLR4 5% A9 miR-155 ik, 1M ox-
LDL X} miR-155 ik WERAPA F> REC
T SRR 20 R I 40 L v % 3 ox-LDL X} miR-155
A FIRER B A B AR X miR-155 A i 4R
Fo SR — 3 S5 R R B AR LDL il 50 i R,
AN E AL TR, AT ETE miR-155 o8 35 e G 4t
YER ., #8440 LDL P 2e¥E TLR4, il & 4R
BB LDL HITCIAEH

SR, T miR-155 7€ I 20 i 3% 2R A9 R E T
A B R A7 AR HE 7 & B R . FE A% 40 AT
A= TR AR 20 B miR-155 7E LPS F 50308 T 41 1
IL-18 197748 O3l i B EF TRAAERKIF T B
WO T 1 (MAP3KT7) 454 811 2 R TLR/IL-1
{E 50 AL E K T B G I 1 (MAP3K7)
SEAER M 2 A IL-1 3 AR 0 v [RlAA [) s mT DA
c-Jun ZFE A I L p38 Al NF-kB, miR-155 4 41)
S AR 2 A RN TL-18 . CCL5 1 TL-12 4 b3,
SR, BAHURINRERY 73— [ 9170 1L-10 028 Ffd A+
55 1 TN & 3 (suppressor of cytokine signaling
3,S0CS3) ] #£ miR-155 #l J5 () R 5 w3 m 1,
ox-LDL 5 S/ miR-155 (1770 2K 38 5 Jig o 5 B, 3005
NF-«B i&42, B 1 R 2 AR p) 3R35 | IR LA fi
R 19 70 W, X IR T miR-155 #1715t
PATER

miR-155 A2 RAEFH B9 UE 3 A0 35 %6 22 Sre [A] R
2 WA WL 5 WERR I 1, HAE y F W5 40 i P miR-
155 B R0 5 | 2 PI3K/ Akt 3R 42 F1 TLR4 {5 5 1%
SR AER Y L, @it X S0Cst |
miR-155 A Al , BT LPS Hl 3% A% W3 4 it
o TNF-o IL-6 IL-17 (IL-10 1 CCL2 fIE ik, A il
RO B0 Akt FUTEE Y miR-155 263k, X P-4k
WNBERZ L7 09, HAh, miR-155 i 1L-13
Z al, T8 IL-13 AR L R (6 Gn SOCST
CCLI8 Fl CD23) MR IKFFAR, X S B[R 2 15 H g 20
fad M2 R AT B R Y TCR-B 1
53 AR Z 3 miR-155 WM H] Smad-2 R, T
HTGF-p R F M IL-1B. R &R EHA 9.
VEGF i fifa [ 5 5231 1 R 5 40 it 26 i 105 S 1
YU BE R o> T 3 45 B AR B R T IR IR R,
R miR-155 , #EF IL-1B ik LAl At k%
T FE22 3G LA ARG R FR I 1 i 75
YA, miR-155 ik LA, H i T SOCS1 [y,
S2LPS HIFUS STATI 35 AL 38 i Fnifs 5 5 — 44k
RAMERE N F AR, B2, miR-155 Eh S 5E
WGk 200 0 S R S IOE P A ], L A5 L 355 7 AL 7 s B ke
FHARROL

AR E: , 7O B IR miR-155 7KF-
FRRAR AN, oA H M miR-155 1% K
A 1R B R B R B B A AT
miR-155 75\ of Jik o8 A B Ak BE B b () 2 25 0 8 |
P, XA R R miR-155 £S5 A3k
SERERE AL & Y

KT N B2 40, miR 41 miR-150 3 7] DL 7E



CN 43-1262/R " [E s fikalifb 24t 2019 4E55 27 55 12 1099

LPS 5§ H,0, H3% 5 M\ B A% 40 M A3 A 09 S v &
£ Tt A X AN PR S WA B TSI miR-150
M KI5 miR-150 $582 25 ) B4, b
miR-150 # [m) 7 F F B 6 R ¢ 34588 P9 Bz 41 i it
B, BLAN, A SR RE R AL 1 B S AR B 0
H miR-150 & 3G, AR AY 2, 8 i A [ i
£ Tt 25 DA BAAZ 200 i R L I 00 BRI X T
E GG MLAE N A8 ER o A s

miR P45 75 B WG A0 LGS 5 S AR 20 ik oy e gt
A B B8, I AT RE A I A 5 9 ek AR v ) 98 E L
N R E AR, SR, ARSI Y — B 25 LR A
HIPJE R, O BB AE s P vh i — 2D 9 DL
E FLEAN AR S M miR 7 I A5 5 98 A B ks B A
e se.

4 B E

/N RNA S 20 ik 5 98 0 20 Jikos # 1t £k
B FEZEA M T, miR FE L5 45303 J5 5 SMC 3%
T 1 P Sz 200 el R I 00 e v A R R v, H
J&, 26T miR FE LA 5 98 A A0 1 FH A0 A o 5B 175 4%
Bz A T E IR H AT AR A 0 AR miR
IR0 65 0 05 06 A T T o X 28 miR 4k
FE A AN A 28 R S USSR, T 4
T miR ZEAR P F RS 8 M R4 e B e, DR, T g
U2 SRRt A miR A 5 A4 Bt miR B
HIFIAT e & VA 7 4 A —FP el F5 A ik, b
Ah,BR EACFF L miR #CEA A 35 AR, B0
miR-126, 4K, U1 siRNA X FERY miR 254, 7E1K
PN FH 7 TR Bk = 5T miR 197G FARAE , 5 H b 7 2
BRI R GE ., FEX 7 T, T PR PR RGE Y
miR 5485 0] DIAE AT KA 50 miR AR MR, (HXT
FAZIRYT R St , A7) 5 22 B0 A s B miR (19 1L
SR PRI AT LA 1 £ 3o SRS 114) R

[ &% 3CHk]

[1] Welten SMJ, de Jong RCM, Wezel A, et al. Inhibition of
14932 microRNA miR-495 reduces lesion formation,
intimal hyperplasia and plasma cholesterol levels in experi-
mental restenosis| J]. Atherosclerosis, 2017, 261 ; 26-36.

[2] Yahagi K, Kolodgie FD, Otsuka F, et al. Pathophysiology
of native coronary, vein graft, and in-stent atherosclerosis
[J]. Nat Rev Cardiol, 2016, 13(2): 79.

[3] Planas-Rigol E, Terrades-Garcia N, Corbera-Bellalta M, et

al. Endothelin-1 promotes vascular smooth muscle cell mi-

gration across the artery wall; a mechanism contributing to
vascular remodelling and intimal hyperplasia in giant-cell
arteritis[ J]. Ann Rheum Dis, 2017, 76(9) : 1624-1634.

[4] Allahverdian S, Chaabane C, Boukais K, et al. Smooth
muscle cell fate and plasticity in atherosclerosis[ J]. Card-
iovasc Res, 2018, 114(4) . 540-550.

[5] Song H, Xu J, Lv N, et al. Irisin reverses platelet derived
growth factor-BB-induced vascular smooth muscle cells phe-
notype modulation through STAT3 signaling pathway [ J].
Biochem Biophys Res Commun, 2016, 479(2) . 139-145.

[6] Albinsson S, Skoura A, Yu J, et al. Smooth muscle
miRNAs are critical for post-natal regulation of blood pressure
and vascular function[ J]. PLoS One, 2011, 6(4); el8869.

[7] Yamaguchi S , Yamahara K , Homma K , et al. The role
of microRNA-145 in human embryonic stem cell differentia-
tion into vascular cells [ J]. Atherosclerosis, 2011, 219
(2): 468-474.

[8] Li S, Sun W, Zheng H, et al. microRNA-145 accelerates
the inflammatory reaction through activation of NF-kB sig-
naling in atherosclerosis cells and mice[ J]. Biomed Phar-
macother, 2018, 103 . 851-857.

[9] Lin CM, Wang BW, Pan CM, et al. Effects of flavonoids
on microRNA 145 regulation through Klf4 and myocardin in
neointimal formation in vitro and in vivo[ J]. J Nutr Bio-
chem, 2018, 52. 27-35.

[10] Boucher JM, Peterson SM, Urs S, et al. The miR-143/
145 cluster is a novel transcriptional target of Jagged-1/
Notch signaling in vascular smooth muscle cells[ J]. J
Biol Chem, 2011, 286(32) : 28312-28321.

[11] Xin M, Small EM, Sutherland LB, et al. MicroRNAs
miR-143 and miR-145 modulate cytoskeletal dynamics and
responsiveness of smooth muscle cells to injury [ J].
Genes Dev, 2009, 23(18) : 2166-2178.

[12] Lam J, van den Bosch M, Wegrzyn J, et al. miR-143/
145 differentially ~regulate hematopoietic stem and
progenitor activity through suppression of canonical TGF-3
signaling[ J]. Nat Commun, 2018, 9(1) ; 2418.

[13] Horita HN, Simpson PA, Ostriker A, et al. Serum re-
sponse factor regulates expression of phosphatase and
tensin homolog through a microRNA network in vascular
smooth muscle cells[ J]. Arterioscler Thromb Vasc Biol,
2011, 31(12) : 2909-2919.

[14] Sala F, Aranda JF, Rotllan N, et al. MiR-143/145 defi-
ciency attenuates the progression of atherosclerosis in Ld-
Ir”" mice [ J]. Thromb Haemost, 2014, 112 (10):
796-802.

[15] Xie C, Huang H, Sun X, et al. MicroRNA-1 regulates
smooth muscle cell differentiation by repressing Kruppel-

like factor 4[ J]. Stem Cells Dev, 2010, 20(2) : 205-210.



1100

ISSN 1007-3949 Chin J Arterioscler, Vol 27 ,No 12,2019

[16]

[17]

[18]

[19]

[21]

[22]

[23]

[25]

[26]

[27]

[28]

Liao XH, Wang N, Zhao DW, et al. NF-kB (p65) nega-
tively regulates myocardin-induced cardiomyocyte hyper-
trophy through multiple mechanisms [ J]. Cell Signal,
2014, 26(12) . 2738-27438.

Torella D, laconetti C, Catalucci D, et al. MicroRNA-
133 controls vascular smooth muscle cell phenotypic
switch in vitro and vascular remodeling in vivo[ J]. Circ
Res, 2011, 109(8) : 880-893.

Yang X, Dong M, Wen H, et al. MiR-26a contributes to
the PDGF-BB-induced phenotypic switch of vascular smooth
muscle cells by suppressing Smadl[J]. Oncotarget, 2017, 8
(44) : 75844-75853.

Nazari-Jahantigh M, Wei Y, Schober A. The role of mi-
croRNAs in arterial remodelling[ J]. Thromb Haemost,
2012, 107(4) . 611-618.

Stein JJ, Iwuchukwu C, Maier KG, et al. Thrombospondin-
1-induced vascular smooth muscle cell migration and prolif-
eration are functionally dependent on microRNA-21[J]. Sur-
gery, 2014, 155(2) . 228-233.

Liu X, Cheng Y, Yang J, et al. Cell-specific effects of
miR-221/222 in vessels: molecular mechanism and thera-
peutic application[ J]. J Mol Cell Cardiol, 2012, 52(1) :
245-255.

Liu X, Cheng Y, Chen X, et al. MicroRNA-31 regulated
by the extracellular regulated kinase is involved in
vascular smooth muscle cell growth via large tumor sup-
pressor homolog 2[ J]. J Biol Chem, 2011, 286(49):
42371-42380.

Nazari-Jahantigh M, Egea V, Schober A, et al. MicroR-
NA-specific regulatory mechanisms in atherosclerosis[ J ].
J Mol Cell Cardiol, 2015, 89 (Pt A) : 35-41.

Yuan X, Chen J, Dai M. Paeonol promotes microRNA-
126 expression to inhibit monocyte adhesion to ox-LDL-in-
jured vascular endothelial cells and block the activation of
the PI3K/Akt/NF-kB pathway [ J]. Int J Mol Med,
2016, 38(6) . 1871-1878.

Zhu H, Fan GC. Exiracellular/circulating microRNAs
and their potential role in cardiovascular disease[J]. Am
J Cardiovasc Dis, 2011, 1(2) . 138-149.

Vozzi F, Campolo J, Cozzi L, et al. Computing of low
shear stress-driven endothelial gene network involved in
early stages of atherosclerotic process[J]. Biomed Res
Int, 2018, 2018 5359830.

Bourantas CV, Ramasamy A, Karagiannis A, et al. An-
giographic derived endothelial shear stress: a new predictor
of atherosclerotic disease progression[J]. Fur Heart J Car-
diovasc Imaging, 2019, 20(3) . 314-322.

Kumar S, Kim CW, Simmons RD, et al. Role of flow-sen-

[29]

[30]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

(ISR

sitive microRNAs in endothelial dysfunction and atheroscle-
rosis: mechanosensitive athero-miRs [ J ]. Arterioscler
Thromb Vasc Biol, 2014, 34(10) ; 2206-2216.

Neth P, Nazari-Jahantigh M, Schober A, et al. MicroR-
NAs in flow-dependent vascular remodelling[ J]. Cardio-
vasc Res, 2013, 99(2) . 294-303.

Mondadori dos Santos A, Metzinger L., Haddad O, et al.
miR-126 is involved in vascular remodeling under laminar
shear stress[ J]. Biomed Res Int, 2015, 2015 497280.

Zhou J, Li YS, Nguyen P, et al. Regulation of vascular
smooth muscle cell turnover by endothelial cell-secreted
microRNA-126; role of shear stress[ J]. Circ Res, 2013,
113(1) . 40-51.

Zhu N, Zhang D, Chen S, et al. Endothelial enriched mi-
croRNAs regulate angiotensin II-induced endothelial in-
flammation and migration[ J]. Atherosclerosis, 2011, 215
(2) . 286-293.

He L, Zhao X, He L. Abnormally expressed miR-23b in
Chinese Mongolian at high cardiovascular risk may con-
tribute to monocyte/macrophage inflammatory reaction in
2018, 38

atherosclerosis [ J ]. Bioscience

(6): BSR20180673.

Zhaolin Z, Jiaojiao C, Peng W, et al. Ox-LDL induces
vascular endothelial cell pyroptosis through miR-125a-5p/
TET2 pathway [ J]. J Cell Physiol, 2019, 234 (5).
7475-7491.

Huang J, Yang Q, He L, et al. Role of TLR4 and miR-

Rep,

155 in peripheral blood mononuclear cell-mediated inflam-
matory reaction in coronary slow flow and coronary arterio-
sclerosis patients [ J]. J Clin Lab Anal, 2018, 32
(2): €22232.

Schulte LN, Westermann AJ, Vogel J. Differential activa-
tion and functional specialization of miR-146 and miR-155
in innate immune sensing[ J]. Nucleic Acids Res, 2012,
41(1) . 542-553.

Martinez-Nunez RT, Louafi F, Sanchez-Elsner T. The in-
terleukin 13 (TIL-13) pathway in human macrophages is
modulated by microRNA-155 via direct targeting of inter-
leukin 13 receptor al (ILI3Ral) [J]. J Biol Chem,
2011, 286(3) . 1786-1794.

Qiu XK, Ma J. Alteration in microRNA-155 level corre-
spond to severity of coronary heart disease[J]. Scand J
Clin Lab Inv, 2018, 78(3): 219-223.

Pfrieger FW, Vitale N. Cholesterol and the journey of ex-
tracellular vesicles [ J]. J Lipid Res, 2018, 59 (12):
2255-2261.

i)



