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Abstract: A change in vascular smooth muscle cell (VSMC) phenotype, known as converting from a
contractile state into a synthetic phenotype, is a crucial event in vascular remodeling, which determines the
occurrence, development and prognosis of cardiovascular diseases such as pulmonary hypertension and
atherosclerosis. Research shows that the expression level of key signaling molecules, which controls the
phenotype change of VSMC, is regulated by microRNA (miRNA), atype of non-encoding RNA. Inthisarticle,
we provide areview of miRNA in the regulation of VSMC phenotype changes with a focus on the key molecules
in MAPK, TGFg/Smad and PI3K/Akt signaling pathways.
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P L4E A (smooth muscle cell, SMC) 3k H it
6K B AR IR, A R AS R ) 4 B R IR R AR
HA AR bR R, RPIa sy, HEEThRg R
AERF ISR . SRS 1) VSMC £E N R85 A]
¥, i /MR AT A A K F-BB (platelet derived
growth factor-BB, PDGF-BB) AL Xk % 11
(angiotensin 11, AngIl) SFRIECF AT LA 704k, N
SRR R iR B, X — R SMC 3R
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R, RIA SMC R TE. Tf. W ARKE
GRS L SMC KA 2 S HUML
AL (B I ) T BRI A A s e PR A,
BEM SR RE T MAETEA L R ERRE LS
TR ORI, BRAB, MG SESREs
SMC K E AV & % V) IR - microRNA (miRNA),
— RS EE RNA 731, ] i R o 1) 5V,
VB T-FEFR B DR I e s ), A FL DT R BB A, 4%
55 AR o g b AR N, ez R AL B A e
(mitogen-activated protein kinase, MAPK) !, #: 4k 1 K
K7 B (transforming growth factor B, TGF-B)= At fis
Mt LR 3-3#f (phosphatidylinositol 3-kinase, PI3K )M
M RIA, TR SMC R B 1 4k . microRNA 1
PG 56 I AN FIE SMC R B b h A B 2
fEmEL,

ASCERX H AT 4 R B s SMC R
RIS 54 SE M (45 MAPK . TGF-8/Smad. PI3K/
Akt S HARAS 54 T ER), [ miRNA JEFEALH]AH G
W F ik R BEAT 2508 .

1 MAPK ESESERIFAE SMC REHELH
miRNA FIEE/ER

FAZA EE I AE 3 % MAPK 5 5l i, EigH
Ji AR I (ERK1/2) S #% . C-JUN N K S
filf (INK/SPAK) iEEEAI p38 /rZLJFimEs . Alik 5%
AR VG 52 AR A A iR B 2 T 4 S T S TR Tk kB TR
b, WO NAE 5 B B RS A, I K R P
B (rat sarcoma, Ras) K IS s N ik £ 4 PR
VW (rapidly accelerated fibrosarcoma, Raf) . 22 %45
TEALEE (B RS (mitogen-activated protein kinase
kinase, MEK) I MAPK, MAPK BEER1L T W4
T\ B SR R T an i I SR (serum response factor,
SRF). kriippel F£[XF 4 (kriippel-like factor 4, KLF4)
S RAF AN . miRNA /EF T MAPK {5 53 %
e 18 B L DR R T R B R (cyelin) S 4 A B 2
IR H B (cyclin-dependent protein kinases, CDKs) «
CDKs #1171 (cyclin dependent kinase inhibitors, CKIs)
p21. p27 AR, KIERTT VSMC R A
HITER .

miRNA 4% MAPK {5 51l OG89 TR,
A 52 MAPK {5 5@ % 15, JLEkRE VSMC &
AL (1), 1EMIEH, gRT-PCR A A I/ B
J B Jik T 224540 15 B i LA 1Y) miR-155 Rk 2
IEH KB 3.5 £, 1 FRIAK miR-155 #H [m) & 10 2,

HIYIAE & 20 FEEHEE 2 (mammalian sterile 20-like
kinase 2, MST2), 1i£it Raf-1 Al MEK i % 2 8] ()15 5
ACHR, WO S AR B, 755N R VSMC )
WG, BN PR A R, (E AT ST R R miR-155
HA 0] Ang 11 5 VSMC 184758 g /8 B 104G 0 52 0,
KBRS J5k R 453 5 455 2 v 4 45 1L 45 (1) miR-181b 5
miR-31 %k I . miR-181b #7 ERK A1 Akt f
FRACFERE, #2050 cyclin D1 1 CDK4 %1%, F#K p21.

p27 ik, ML SMC R A AL IEFH, 1% 1E
Al PIBK A MAPK 5 5 38 % 4 1 771 LY 294002 il
PD98059 i ik 55®; Hrfr miR-31 Al B ERHE bR A fih
IR 401 3 DX =] 954 2 (large tumor suppressor homolog
2, LATS2) %5588, #IH| DNA RE8 o (15
Bh 25 (1 4% 55 40 M A% Pt R (proliferating cell nuclear
antigen, PCNA) ik, KAF(E 3k i #4411 .

o ifEH, miRNA #if] ERK BEEZ 1L, ]

VSMC RV AL . 75K RIS ik ER FE 4 5 B2 o, i
B )E miR-132/212. miR-182-3p. miR-133 Al
miR-1298 # & & FRAK, FIAH HA KRG RIS
BS 5 FE I VIR T S D AL R O R IA A LI
mMiRNA, &I VMSC 1385 % 51T #% 68 J) 2 35 0 55 ,
IS DY LA J BR3P T AR 15 304G Rl o e,
miR-132/212 ¥ /EH T B & R a R ELZEHEN-1
(leucine-rich repeat interacting protein-1, LRRIFIP1),
Yy LRRIFIPL 1] 72 ERK1/2 M B AR LR B3
=R ERKU2 K-, ¥3 p27 XKik, #Emfe
#E VSMC 43tk 5 T miR-182-3p Vi BAES R 401k
trid®E A (myeloid associated differentiation marker,
MYADM) ik, #H#] ERKL2 BERRILKF, WA
PR LS S BE (asymmetric dimethylarginine,
ADMA) 7 S9N T 3l kT 3 WLAH i 2 204 gy A 12
BOE ERK {55 @ 0T LM - miR-133 £i&,
miR-133 JTEREE AT Sp-1, ik SRF HOHLER
(myocardin) ¥k E AN, 1ZE A VMG]FE VL
H: [ Taginl. Acta2 Fil Mhy1l [ 3k 02 76 1@ ik 14 %
KIS0 K I A, miR-1298 [A] L3 DNA CpG & i i 3
PRIE B ELT IR M, SCI8 K miR-1298 i
W% T2 B AUE 5 40 7 1 40 i )l 1 32 2 R
[ 43 (connexin43, Cx43) [k, #f] Cx43 X} ERK
S IEOE, KM AN AER, 5
~h miR-1298 W] & 2 ik 55 PDGF-BB % S 1) VSMC 14
SR, 4 Angll S T, N EShK-T 1 ML4 i
H miR-185 I 3 [EAIK, 30 miR-185 )3 1A AT 1 ] 12
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Figure 1 microRNA play a two-way role in regulation of VSMC phenotype change mediated by MAPK signaling pathway. In the
positive regulatory role, miR-155, miR-181b and miR-31 activate ERK/MAPK signaling pathway to promote the phenotype change of
VSMC by direct target MST2, ERK and LATS2. In the negative regulatory role, miR-132/212, miR-182-3p, miR-133, miR-1298 and
miR-185 inhibit the phenotype change of VSMC by targeting LRRIFIP 1, MYADM, Sp-1, Cx43 and P2Y6. MST2: Mammalian sterile
20-like kinase 2; LATS2: Large tumor suppressor homolog 2; LRRIFIPL: Leucine-rich repeat interacting protein-1; MYADM: Myeloid
associated differentiation marker; Cx43: Connexin43; P2Y 6: P2Y purinoceptor 6; VSMC: Vascular smooth muscle cell

a2 4K P2Y6 (P2Y purinoceptor 6) 2% iA 3 i 41
ERK 1/2 Wi ERAk KT, 5 4% 300461 200 M Fr) 13 47 PR 124
2 TGF-p/Smad 555 SBEKIFIE VM C REEHE L
' miRNA B9EIE1ER

TGF-B ZK G tH— 2450 . DhREAH I Z K AE KA
T EARL, B TGF-A. WL E (activin) AIE
A KEEHA (bone morphogenetic protein, BMP) .
TGF-$ 5 TGF-p 11 B%24k (TGFBR2) 445, WG
545 TGF-p 1 A%k (TGFRL) A& — %1k
ZWEEY. EZEEYT, TGFBR2 H F#RLIA
I AT TGFBRY, 17 B R 44 52 44 #H ¢ Smad 25 11,
R NS S I N . Smads KB -R FARE
F, 557 R TR R 5% .

miRNA {245 miR-20a. miR-143/145. miR-24.
let-7a. miR-33 I miR-599 #il] TGF-g/Smad {5 5 i
# (K 2), RIEIH] VSMC FRE M /E . 26k
AT ANIK LT, Mzhkd miR-143/145 Al

MiR-24 Fik W2, M) i -Fig UZ miR-20a.
MiR-143/145 1 miR-24 [¥]3%1A 7] I 35 008 i i & A
AL EMEE. REREFM T4t miR-20a %
GGt 2 X AR, RH [ A2 0 2 1% TR
il 7 antagomiR-20a i fi] miR-20a K& ik, i3
BMPR2. #3:1 Id-2. p21 #ik, $2m# kR Smads
B B AR A KT, 3 o i v I (15 v
miR-145 J& K @ /N B 2 ik TGFBR2 RIA £, 4H
Jil 4k K2 5t (extracellular matrix, ECM) 3% ik 2 &,
miR-143/145 [ TGFBR2 # 3 4, PHIWT ECM iR
1 Smad7 ik EHEFES T, VSMC H miR-24
MIRIB KR s i A, ATE A T AR F 2 A
Trb3 (tribbles-like protein-3) %A, Jik/b Smadl I
Smad2 & [ #£ %, k55 BMP4 %} Smad1/5/8 & [ ik
WALV FH A TGE-B %t Smad2 (e Ak 18 T 4
miR-20a. miR-143/145 Al miR-24 {31k, w4 %30
il VSMC R AU (1L Ak, JekF il 3l ik 1fn 5 () ZE 44
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Figure2 microRNA acts on TGF-p/Smad signaling pathway to regulate SMC phenotype change. miR-20a, miR-143/145 and miR-24
play a positive regulatory role in phenotypic change of VSMC by targeting Smad5, TGFBR2 and Trb3, while let-7a, miR-33 and miR-599
play a reverse regulatory role by targeting STAT3, BMP3 and TGFB2. Trb3: Tribbles-like protein-3; STAT3: Signal transducers and
activators of transcription 3; BMP3: Bone morphogenetic protein 3; TGFBR2: TGF-4 type Il receptor; TGFB2: Transforming growth

factor 2

LEAH] VSMC R BEEAL JT I, SZHME A let-7a
A miR-33 5 3 [EAIC, 1 KA let-7a 1l miR-33 A 411
H VSMC HIFHIT RS, K A% Ik 2% i 5 = A4 1 P 7 BT
HE (MCT) %S00 PAH KBS L &, let-7a
RKIBEE T let-7a ¥ FRKAE 5 7 5 % B0
[A]¥ 3 (signal transducers and activators of transcription,
STAT3) K FifisrT BMPR2 [k, F& let-7aff) &
2R Ji% 93 2 K A) 78 BT 40 . (mesenchymal stem cells,
MSC) {EFF PAH K AT 5k 35 22 g i 85 (1 5 449 19,
CEEWET BRI S R I E AR, B
M H miR-33 i 2 FEA%, /& s & 4 iR 85 0 Rk
miR-33 4] BMP3 FiAM T iF 4+ Smad2 Fil
Smad5 B ER ALK, FRARANAIGSE %, s s
Wk A R A9 Ak, #F PDGF-BB HIl# T, VSMC
H miR-599 FIA FFAK, 1 FKIE miR-599 ] il #4144
KX F p2 (transforming growth factor 52, TGFB2) #*
%, 9 ECM &, 0] VSMC [ 5 fliE #5120,
3 PI3K/Akt E5ESEEKIFIE VSMC KBk
miRNA #IEE1E R

PIK {55 5ME. ok, TR E iz

S T I RER I . PIBK 54K T2k e iE
BERAMEAER, B4& RAMR AR, M A
Ras B 45 A 3G, IR b= A4 1 28 — (5 1 PIP3{i¢
g N5 5 ARt BEIR AL, i — D RERR AL T Al
HAWMANYHEINERLEOZE (MTOR). p21 4,
JEIL AT CDK.WSMC WL E A %77, %S VSMC
FBUHAL

WEFCR I, LA PIBK-Akt 15518 1% <8 4> 7 N0
FP miRNA (K 3), B miR-138. miR-146. miR-
761. miR-34c fll miR-708 5. fE{Eit VSMC R #;
HAE R, SRR AR T IS K11 UL4H K (pulmonary
artery smooth muscle cells, PASMC) 1 miR-138 £ik
REH N, miR-138 R0 i 4 M 7 T2 AH 5% I AL )
ANE % 20 B3 1 (mammalian sterile 20-like kinase 1,
MST1) HJFRIE, 456G Ak, €340 i 3 5 T
., HIFE T, NE PAH I B P EHH] VSMC
FREAAE 5 H, miR-34c. miR-761. miR-10a Al
miR-708 AT 41| PI3K/AKt 40 {5 5 ik K3 VEFH .
TE K SR 2 Bk ER ZE 4147 1M 5 EAGAE AL o, 2451 2 I
ML miR-34c¢-5p KA il 4.5 £5, miR-34c #i]
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Figure 3 microRNA acts on the PI3K-Akt signaling pathway to regulate the phenotype change of VSMC. miR-138 target MST1
to activate PI3K/Akt signaling pathway to promote the phenotype change of VSMC, while miR-34c, miR-761, miR-10a and miR-708
inhibit PI3K/Akt signaling pathway by targeting SCF , mTOR, PI3K and CD38. MST1: Mammalian sterile 20-like kinase 1; SCF: Stem

cell factor; PI3K: Phosphatidylino-sitol 3-kinases; CD38: Cluster of differentiation 38; mTOR: Mammalian target of rapamycin

T4 AT (stem cell factor, SCF) ik, #i%k SCF
Sk 4 & 5 Akt IR0, #F— 2 p21 5 p27
FIE AN M8 8 A A I A2 E AngITiE ST,
AT VSMC H miR-761 ik i3 . miR-761 [#
X mTOR (AR FEE, #iH) R i p70S6 i (p70S6K)
YEHT, F# PI3K/AK/MTOR/P70S6K 15 5 i 4% i 4H
Ml Gy IR, (AN R SR fE R A ML (fetal
bovine serum, FBS) Fl1/iJi IR 4L A --a (tumor necrosis
factor-a, TNF-a) 3R EFEALFIEIN F1EH T, miR-10a
A miR-708 7E NSIEFIENL (human airway smooth
muscle, hASM) 1 ik #B & 3 FE K. miR-10afEH T
PI3Ks, FEfik Akt BERRILAKST, $Hi] G, BA/M A AU AH
K[ eyclin B1 A1 cyclin B2.G,/S #%#: v kH ¢ ) CDK 2
H1 CDK6, LLKJESN S #A DNA £ i 4i i 43 24 & 1A
% 1 6 (cell division control protein 6, CDC6) {1k,
fENSIE VSMC R 194 b & 4% 5 2R ;. gPCR
ol i B My A ASE I LA A TNF-o /EFHT
miR-708 & 14 /51, miR-708 1 F T~ 1 42 4 Jifu 4% A< i
P WIS 4 12 ) 4 b 3 T 1 4 B o Ak B 5 38 (clusster
of differentiation 38, CD38), /i Akt & 1k /K -
AKt2 fIZRIE, HINFHWT PISK/AKL {5 5 @B A5 10 5
Yt AR BRI RZ B (phosphatase and tensin homolog
deleted on chromosome ten, PTEN) 35 4 FZRIE, M
T 2 4 ]\ SMIC 3858 1 i A 1 2 A4 4 9

4 H{ESiEEH miRNA HiIBIEIER

B IR AE Sl R A, miRNA 85t AMP & &
[ (adenosine 5'-monophosphate-activated protein
kinase, AMPK). PDGF-BB. k%% SKT (hypoxia
inducible factor-1, HIF-1) %55CH#E ¥ % VSMC £ A
(G At 5 B TR .

AMPK & —Fp R 5T I B 00, 76 TA 4% 4 i A
K. AR RS EEEEZEH. AMPK @
FEIEAL, (R po3 BEER AL, i p21 # SR AEI KR,
TSR A W, 30 VSMC 395 512, Aad
VEF T /N B 118 KT UL miR-144/451 3R FRAIK,
mMiR-144/451 7] 12 2 (&% AMPK FRiAF1 5-% FE bk -
4- T EL I RERZ TR (AICAR) 55 Akt HIBERRL,
DUER AMPK 15 538 146 1 42 HH 545 45 & 25 11 39 (cal cium
binding protein 39, CAB39) #ifiili#l| VSMC £ A%
W, LR A MBI FE G B (oxidized low density
lipoprotein, oxLDL) fEHI T~ HIA LN+, miR-
195 ik I =i 13 4%, miR-195 4 4 i 43 24 F 1 &
[ 42 (cell division cycle 42, CDC42) ik, il E
-6 AN K-8 RIEN T S/ VSMC I AT F2
TEK SR 22N Bk ER FEH A 28 vhr & mil R-195 V2 ¥ i
5 3 00 2 BN (9 B A1, miR-195 38
BEAEHI T AMPK 38 #4081 /s B G AL AR K12

PDGF-BB 532 k& &R M MGt 3558 . iLF8
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S5 ) ORI PDG 34 S 3001 LA M 5
FHNEIRIE, S VSMCHIZECIER, B4 g
FAFT#, (et fn s Bt A . WHFE RN, 15
PDGF-BB %% F, VMSC # miR-221/222. miR-15b.
MiR-24/29a ik %% T, 1 miR-328 ik ff{k. J
W, miR-221/222 i p27 MRk, JEEAEH T ONE
] VMSC W45 T3 DR f e 53, 2 33 400 M 346 5 2,
miR-15b I 2k cyclin D. cyclin E i) VSMC 1
5 A, L6 /N SR BB kS 22 33495 AR R0 35 3 ik 45 LR B
| M ERGF, EONEFESFT, miR-24/29 T i
I /N AR AT A AR K P 32 4k (platelet-derived growth
factor receptor, PDGFR) #ik, K VSMCiL#, #ll
A R 385 SR RS PCNA (10 2635 R i s
BRI, A E#H %A PDGF-BB (1A T, miR-328 4l
AL PR ACHEAR Ser/Thr 25 -1 (Ser/Thr-protein
kinase-1, PIM-1) ¥k AEIRE, ATl PASMC 1

55,

HIF-1 /1 HIF-1a F1 HIF-18 BSR4 %, X
SR BE R R R B e Sk R 2 B AR A, R —
O 3 N E AT B ) miRNARY [, g
miRNA 7] UE T HIF-1, M7 L8 A v Rk
HHEEEH . EHRAHFH KR PASMC H1, miR-9
Il miR-206 XA F =3, M miR-103/107 Kik[%F
Ko Hod, miR-9 1 H T # sk s TR 3 HIF-1a 5%,
i VSMC LK S 3 [ 3835, i 2t 400 i g i 3,
miR-206 & HIF-1a & Hi§#E ¥ Fhl-1 (four and a
half LIM domains 1) #*i&, Fifl cyclin D, {&if
VSMC # R EALET, i %35 1 miR103/107 W & %
FEAIK HIF-18 (1% S BT EKCE, i VSMC HE5E i
B ST i I I ) EE AR

SCH miRNA XS 5 38 % 1V SM C & A AL 1
M%ITE 1.

Table1l microRNA regulates the phenotypic change of smooth muscle cell mediated by signal pathways

miRNA Target Target organ Target signaling Rofato:vfa?/na] . CCE:\nag;Zt e
pathway (activate tinhibit |) (activate {/inhibit |)
miR-1551"1 MST2 Mouse aortic SMC MAPK 1 1
miR-181b% ERK and Akt Rat carotid MAPK and PI3K/Akt 1 1
miR-311 LATS2 Rat carotid MAPK 1 1
miR-132/212% L RRIFIP1 Rat carotid MAPK ! 1
miR-182-3p*Y  MYADM Rat carotid and Human aortic SMC MAPK ! 1
miR-133!%2 Sp-1 Rat carotid MAPK ! 1
miR-1298"%  Cx43 Rat carotid MAPK ! 1
miR-185!*4 P2Y6 Human aortic SMC MAPK ! !
miR-20a* Smad5 Mouse pulmonary arterioles TGF-g/Smad ! !
miR-143/1451'  TGFBR2 Human aortic SMC TGF-p/Smad ! !
miR-2417 Trb3 Rat pulmonary artery TGF-p/Smad ! !
let-7al®! STAT3 Rat pulmonary artery TGF-p/Smad ! 1
miR-331 BMP3 Rat graft vein TGF-p/Smad ! 1
miR-599!2% TGFB2 Vascular SMC TGF-p/Smad ! 1
miR-138!24 MST1 Rat pulmonary artery PI3K/Akt 1 1
miR-34c?2 SCF Rat carotid PI3K/Akt ! 1
miR-761% mTOR Rat thoracic aorta PI3K/Akt ! !
miR-10a2" PI3Ks Human airway smooth muscle PI3K/Akt ! 1
miR-708% CD38 Human airway smooth muscle PI3K/Akt ! 1
miR-144/451?"  Calcium binding protein 39 (Cab39) Rat portal vein AMPK ! 1
miR-195!%2%  Cell division cycle42 (CDC42)  Rat carotid and mouse myocardium AMPK ! 1
miR-221/222%Y  Cyclin dependent kinase inhibitor ~ Human pulmonary artery PDGF 1 1
1B (p27kipl)
miR-15b%2 Cyclin D and cyclin E Human pulmonary aortic SMC PDGF 1 1
miR-24/29a*  Platelet-derived growth factor Mouse carotid PDGF ! 1
receptors (PDGFR)
miR-328%4 Ser/Thr-protein kinase-1 (PIM-1)  Human pulmonary aortic SMC PDGF ! 1
miR-9t*! Hypoxia-inducible factor (HIF-1)  Rat pulmonary artery HIF-1 ! !
miR103/10757  HIF-1 Rat pulmonary artery HIF-1 ! 1
miR-206!%! HIF-1 Rat pulmonary artery HIF-1 1 1
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5 NNEERE

BT FE M R RS2, mIRNA & ANMEAE A5
W2 W 567 BFERE « BF 7T KN, miRNA 7E4E KT
2T 2k A0 BV R0 oRg 1) 22 24 i 24510 b A 2 B I A R 35 AR
F, miRNA 154 VbRt 0t 2 AN A R £, ik
1, miR-941 1 miR-19a nJ {F N 2t iR ik &5 &1k
A PAH A WFRIC 2 miR-1. miR-133. miR-21.
miR-24. miR-320. miR-29. miR-92a. miR-126. miR-
199a. miR-208 Fl miR-195 £ Ca LA 5L A1 Ay 0a I 77
THT 575 PR AR AT T S (0 AR ks it

ANk, miRNA I T ERGRYT . 4 2015
A AHARBERIRSG, BHEf, ©F 200 £ miRNA
ZHRLAEA R B R FE . — 22 DL miRNA 4
MEEIT A B 23 N IR IR IR IR, G0 36 5 Py IR 1
MiR-34 1A I g # R e N T R R a5, AT
JHRIGIT I miR-122 #5770 1E AE e 5 11 I R
A A mIRNA A 528 R YTER e /E T R
VSMC FLRUEAL AN BLE MG Tl g rp 2 > 20
DR, SEEEGT B 6 22 BE A% . 5600 T S HLEH R
FMBAE S, BRI, IRARI miRNA i35S
& MR VSMC RAFAL ER, X1 i &
IR — 52 0 38 A SR (1) S 2 W . R L
B R SRR Ak, BAERNRE .
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