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Recent advances of phenotypic switch of vascular smooth muscle cells in
vascular diseases
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Life Sciences, Northwest University, Xi’an 710069, Shaanxi, China; 4. College of Pulmonary and Critical
Care Medicine, the 8th Medical Center of PLA General Hospital, Beijing 100091, China)

Abstract: The phenotype of vascular smooth muscle cells (VSMCs) is highly plastic. Influenced by
hypoxia, inflammation or some other factors, VSMCs often switch from a contractile into a secretory
phenotype, which shows that the cell contractility is weakened, while their abilities of proliferation,
migration and secretion are significantly enhanced. The phenotypic switch plays an important role in
regulating the progression of multiple vascular diseases, such as atherosclerosis and pulmonary arterial
hypertension. Previous studies have shown that the phenotypic switch of VSMCs is regulated by a variety
of factors, such as microenvironment cytokines, metabolic remodeling signaling pathways, extracellular
matrix and biological forces and targeted regulation of these molecules and signaling pathways can
effectively improve the course of vascular diseases. Therefore, the mechanisms of phenotypic switch of

VSMCs and its role in the progression of vascular diseases will be described in this review, in order to
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provide a theoretical basis for the clinical treatment of vascular diseases.

Key words: vascular smooth muscle cells; phenotypic switch; vascular diseases; Notch; atherosclerosis

AL I 45 95 9% ( cardiovascular disease), F 248 5
ks HERE AL (AS) . il 20 bk &5 = (PAH) K 20 Jhkigd 4
FEE AR R R S AT R M PR BB RN 2 —,
I HBE a0 kR . N ETU A 14 DL IR
Jrtrms A, 25 o LA IR 0 A R 34 S R -
PRI, X6 00 L9525 s 1) A L 5 43 —F BIL I 5
FAAHEEHIE B SCRIG RN AN E

T AR SR BF Y N BL & B AL AE T i L 4 e
(vascular smooth muscle cells, VSMCs) & 1 % 25 7§
Z P00 LA 1 i vh R A O E ] . VSMCs
A7 T 048 FPREE, AE AR DRSS R HE R A 5K 7 Ll
JE DA R 53 A AR, J2 24 1 A e A A DG B A
R FEBRE RAEFERMEMT, VSMCs RALA
A7 1 B RT S, T pR SR B A S A AR T A3
RAIEH T @ E A2 MY, 2 5R%E AS.
PAH 450> MU B HE 5%, #L 1] # i) VSMCs 7 5%
A%, AEFF VSMCs Ui 4 3 8 AT A 230 2% fifk 5 s 1) 2
JEPS BRAIRSY VSMCs R AR i AL 2 -
PARIT BRI ATHE . I, AR ST XT VSMCs
FAIL AR PR PR AL S AR AR OGO 1l A Hh AR
FHBF 5T 3E e EAT 23R, LU A 0 m) 2 B IR 7 A OC
PR LIS

1 VSMCs REFZRTHERE S

AFRRAS R, VSMCs 3 H 13 B 4k e
FURAS . 7RIB8T5 1, Wi VSMCs — i 4 I i)
WHLIE S RIGTEEIE, BB & A & LA 4, B
A U] B BOR AR R BUE B, TEThRe T, Ye4s A
VSMCs W4 g 38, HGAE . 188 DL S oy ik ae
J1BE5P, TE5rF 2, Wi A VSMCs (i 2B W 4
ARG ST, WP WUVLERER A B 4% (smooth musc-
le myosin heavy chain, SMMHC) . o-JL 35 [ (alpha-
smooth muscle actin, a-SMA) . ¥4 #¢ %5 [ (transgelin,
TAGLN, SM22) ., #53## 1 1(calponin 1, CNN1), *F-
WU 4428 F (smoothelin, SMTN) 287

Wi VSMCs TEBRSE . AT . J12 B S5 E
RN I, B AR R AL . FEIEAS T, S
A VSMCs 2 Bl i - %) B ET 2 A AR IR, A AR
B 4E R H VSMCs B Z 8, M Fih LEr4E . 4540
AR/, TEYIRET T, 43R VSMCs B
ARBE IR, B G | 1B AL LA Ko A RE ) i 2 g R
TESTFI7 10, 43 H VSMCs IR a A b 5o 148

IRFEAR, M MAAH G 73 3Rk B T, A&
H: & H 2(bone morphogenetic protein 2, BMP-2) | ‘&
7 #5 H (osteropontin, OPN) | 3£ Jii 4> J& & F i (matrix
metalloproteinases, MMPs ) L\ 5z Z2F 48 i AH 5 41 iy
T

2 ZMERS5FIE VSMCs REHET

TE VSMCs KAVEAZ 1) i fivh, Z20P 40 i A+
(GREECN NV (P48 W N N Y A A DS &
WS R T ANFRREE A . it T s s
S ST TS AR BRI K AT R VSMCs
RAVEEAR | FEMIAIT A SO M B . AR N E
W 328 — % i IR PR 3R S A5 % 4 P S I
AT RIAR
21 @mAeRF  BWHMIAE T, 40 Z R4 A A
TN, X LA R T ] 2 5 VSMCs %
HUGA  Horp A /MR P A 4K R (platelet
derived growth factor-B, PDGF-BB) . JifJ&i ¥R 5 [H ¥--
a(tumor necrosis factor-o, TNF-a.) % .

PDGF-BB J& T PDGF %, Jt— P A 24
Ay T, BA{EHE VSMCs 3458 AT #% 4R IO,
PDGF-BB 7£1E# Il & h R /D358, (H7E AS S50 ML
EPipih ik M. PDGF-BB 5 PDGFR-B Z 1A%k
A, ATECHE R ERK1/2 1 INK %, fE8F VSMCs
FRR A 5EAF a-SMA . CNNI1 DA K& SMMHC %5 i
453 FRIBFEAR, OPN A543 G+ 3RiE T, 4
i 358 5 T BE 7 1 5 ) TN 431 40 i 500 BEL
ERK1/2 Al 45 %441 PDGE-BB 5| # 1) VSMCs 67
EeARUN - Zhou ! W 5¥ K W], PDGF-BB A LA i
0l miR-214 1)k _E I Pim-1 i {2 #F VSMCs
PR AR VSMCs 1248, 1Miid #3K miR-
214 AJ DL 3k 8 55 Rz -1a] 78 5t 4% 4k CEMT) M\ T 417
il PDGF-BB FFify sk Pim-1 23569 [ #F1 VSMCs
KAV Zhao 51" WF5E & 3K, PDGF-BB ] L)
if 8 DLEU2 {3 PCNA 3k, i a-SMA Fl
CNNI1 B35, MIEdE VSMCs F£RlEEA . DL i
5% % W] PDGF-BB J& % VSMCs & R 55 15 1) )G 4
YRR, FLRTIE o 20 o TR i VSMCs & 2E
FAUELAS

L7 v A8 PN B 40 B Az 43 B, BT R L TNF-0
RFEFRERMER T, 518 VSMCs 451 . iEF 1
i, i SR AL AR ARIMIFFE 45 R R, TNF-o 4b
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PRI VSMCs i # BE J 3o, i i 0 il AkUAP-1 15
S e, T LA ] VSMCs 2 R AR | BT TNF-
o BT ALY, TNF-o A 5@ 0 F IR E
RhoA/ZH il 53 24 JE A 26 1 i A2 42 F VSMCs & 7l i
7%, 11 miR-145 AT RhoA AUZEAMIMTHIE TNF-o
WS VSMCs & B 46 A2 04 3 H AE f5i 4 2l ik I
(1A) 3 T TNF-o /KT, @ik TNF-a Z )5 7] LA
FH1E VSMCs RO T 53R AR, ol 1A RN
22 5% VSMCs RAVFEAS ) #E b ZFh
BTN SS, R et ied: K HF p(transform-
ing growth factor-B, TGF-B) {55 [ . Notch {55
% . 22 245005 10 3 A 3 (MAPK) | PI3K/Akt 55
N Wt 5 58S . AT S TGE-B 17
S Notch {558 HHF T A

TGF-B {5 55 1 & — R 2 M #2 VSMCs %
TGRS (15 50 1, (RN AMIFFE R, TGF-B Xt F
VSMCs HFRAEE BAEENEN . TGF-p 5 VSMCs
FE 1 32 /K TGF-BRII il TGF-BRI 454 ), iS5 Fiif
Smad2 il Smad3 B§fE b, # 1M 5 Smadd JE K EZ AW
FF 5 0 A0 M A% b R4 AR DG 3 R SRR HR R
TGF-B i 7] L] VSMCs 26 5675 | i i 3% 34
TGF-B/Smad i % i 7 4% A ¥ Smad7 J5, AT LA i
F MK Smad3 MYBERR L, MM FE RIS 4E Ar it FE R 3R
ik, DGR FR A, fE F VSMCs 38 B i AR 06 17
Zhu 2 U B 5% % B, TGF-B1 i #f mTOR/c-Myc/
PTBP-1/hnRNPA-1 & 45 I 5 A i iR 33 g 2 (PKM2)
fRIZEak, PEMIHEIN VSMCs A MRE#, (i dE VSMCs
K AL

Notch 15 53 J 2 — 7% A 5AH <0 40 B 1] AH B A
FHRAEH ORSF BI(R S i, TE4ERE VSMCs KA E
Wk G EE VR PEVE FH . VSMCs 1Y Wi 4 26 1 2 iy
DNA %G8 H SRF A s L35 ) MYOCD By %
AW S, T Notch 15 53 1% 1T LUK e #4006
MYOCD ik, I HAfi3r ik H 5> VSMCs & & 1]
I ZE R LR, i, Ragot %P0 & BURR S 1 i B
VSMCs H11#) Notch " Jiff ¢ 8 4% 5% [H + RBP-J A] &
B VSMCs e BUEEAR hy 43 WhF80, MATIT 5 RSO IR
£% . Breikaa 55 PV 5 & BE N 2 40 B P Jagged]
F 4 S P B 2 2 5 30 VSMCs 7 Tagged] F11 Notch3
FERMIRIT 2, N2 VSMCs 4 i 703 i K B
AR B 23k, i VSMCs & A= B 75 Notch
15 5 18 A8 0] L 2 P8 79 Kriippel £ R -2 )8 £
VSMCs F AR, FEIEH A AT, VSMCs
KLF4 FRh 8K, (HAE M B 55 7 KLF4 2ik4&s
TP, KLF4 7T L% 5 VSMCs W46 35 74 AR

KRk, T 4ER: VSMCs U452, (5L
20 HT R Z Rt AL &1 /N BROIE 2 Noteh {55761k
JEAERE IR R VSMCs IS4 3 R A G B R R, BELIT
VSMCs H' Notch {55 A i fiff VSMCs R, 5]
REC Jr e 11 A5 485 W) RN D) BE IR, HE I T pe el o g,
B Notch {55 435 19 VSMCs 6 554 52 7 2 Fh i 4
FHOCB h & RV E Y,

2.3 #mhe s K i ( extracellular matrix, ECM )
ECM FZMREEN ., #EEA ., MEAMERZ
WE S 2, 8 IS R 2 e B M AR A A T 1Y)
SASHIMED), X—EREE AR b T DLTEAS R
T VSMCsFR B . il 40 R BE 3R L T AR
(cargilage oligomeric matrix protein, COMP) {E & —
il ECM &1, 2 54F VSMCs 4%, COMP
HFEAA VSMCsIIER R AR . SM22. a-SMA
CNNI1 S5 drtn P 28 [, &40 T PDGF-
BB /5 511 VSMCs R HE AR R[] Jig Ji 26 14 6
VSMCs R VE A AR R], 78 BRI 1 3%
FE1 VSMCs Hr LA ARG R 47 VCAM-1 1Yk
Fh i S A R AV AR T SR A R0 T AR e i 0 T e ek
9 p27Kipl Al p21Cip1 i F kM VSMCs F Y
EEAR PRI 6] VSMCs 1285 FE A2, Mao 452
FIH 2 Bhoist 4% 18 i /N B 30, 56K OB A
nidogen-2 "3 i i i#F Jaggedl Y5 Notch3 #HH 1F H,
A +F VSMCs 1 Noteh 155 7KF, i i 4E+F VSMCs
Wi 21, @Bk nidogen-2 23 5| Noteh {555 [ AIX,
T VSMCs FAVEAR, S i A& s AE . iR
HAE N VSMCs BB 71, 7 LLJE#E VSMCs
TR, J AT BE A7, Li 4600 & Ik 2 1 i e
Al DL S5 VSMCs ' mTOR 15 538 B (1938055 , 35 11
fRERREEAS . RS 5 ECM M 00 & H Bt ]
DL T VSMCs %A, 6] MMP-2 7£ VSMCs i
1T REAIL CNNIT 33815 S VSMCs R RUEL AR B
ERK1/2 R R AL 1 42 F 4 e 3 5 B0, D g 5%
I ECM el A8 24 VSMCs RRI T ER K
24 A FEAFRAEFRET, VSMCs %7 2]
AN F2E R R VER, anfaEsazak gy 0 & ag IR 1
8, KB )2 SR MU SRR VSMCs R AL AR i H
B . Wang 5 iF 55 R W1, A JBF 3 k-7 L 40
JL7E 5 4% 5K 77 (>10%) Hil i 24 h J5, CNN1, SM22,
a-SMA /K-8 & T B, IFAERE & 98 F K+ IL-8. IL-
6. IL1B. I il 35 240 B 5B 85 1 (VCAM-1) | 21 i)
BB 1 (ICAM-1) 3Kk KF 10, $2 7 42 5K il
Al 5|2 VSMCs FAIFEAS . Jensen %5057 [R]BE & BLK
. VSMCs £ 10% %= 5K J7 B0 3% 24 h 5 &k 3R A
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BEAR LI CNNI FI SMTN 5 4ibr i M i 263k
A, A BN IC Y OPN AYZK-E Tt . Tang 26054 fff
I8 IR R LA ZE 5K 71 B A% 30 2o 35T 1 o LA R P 1)
ROCK/INK/SP1 {5 53 %, 380 b iRk fil & 8 1 2
(mitofusin 2, MFN2) % 54l ; MEN2 B2 —J7 T
AT LI S 6 B E3 92 &R 3% Bl TRIM21 4 3 11
PFK1 72 Z Ak 5 s, fdi PR 85 (A & S 20 B e
fi K SET R, P2 AR Warburg R0 5 95— )7 T AT LA
BRI SR AR S AL B IR AL BE T, 2 1T DA 7 1T 2 a2
VSMCs KA FAEEAZ, fEJEA I8 5145 .

ECM BR T4 VSMCs RS 4ERrfe it P+ &
(IR LN S0 N 7 5 1 £ Al s A AT D
VSMCs 52 | #h F ey & A A, b & A 3R U o
A5 o ARSI SE Y, A [ B 2R 1 L K
EEIE (PA BEIE ) RS ALLA ) 3L o Al i Jr i >Fe 19 %) 1
Ak VSMCs 43 5 F= 2E 8K, A A A 58 o (i A
H3 9 2.16 kPa 1 16.75 kPa) |- 24 h Ji7, 5 #3t
JEAH EE, PERERE T 3557 VSMCs H SM22, CNNI ,
SMMHC Fl SMTN &k i, Ze50bbric# CyclinA
PCNA M S EHriCHY MMP3, BMP2, RunX2 ik -
PEBI 5 AR B 1.2 kPa B9 JE AR L, VSMCs
1 0.17 kPa AYFERT F155% 24 h Ji5, OPN, KLF5, MMPs
T 9 E 20 B PR35 1 RO, 2 B e e i ik A 3 T
I RE Y2 S50 VSMCs LA RARIFEAR, 3T AR P A
AL RE EEAT B T4 VSMCs 426, VSMCs
1 SR 25 5857 4K 1(DDR1) Al 73X — 3 Fe b 7
M IR A DA T B AR %) T 2R 4 i
VB i DR R B I S WA E S ERE 2 N}
JA¥E VSMCs FAVFHASCT

TEARBR AR BACME R, VSMCs T4 Bz 4 it
JIE SRR TR IN S22, (BAE AS Sk
A0 P 2 )2 iR 5 1S 0 T, VSMCs ELH: %
#E T, S AN R BT DI ) s, AL
AERERREE 9784 . Kim 25058 & 32 3 5510 Jmf
PLif 3 NOS 3534 I I AMPK B2 £k 1 17 15 1%
PDGF-BB Jif i 5 i VSMCs 345, 1 il VSMCs %
He Fe RIS 5 IRl , Kang 255 % 3 HUVSMC
#Z T UV 41 30 min J5, 7T DL A S VSMCs
Wk, I-EE ROCKL LI MYPT1 A1 MLC
WAk, Hoax — 30 4] DL i i 2% I A 2 58 4 0
Fro XKW, VSMCs 7E589 VI BE T, Al id ik
ROCK-MLC f 2 il 15 1% 2 5 VSMCs Wt 45 2 7 .
VSMCs HfF7E 1) Piezol 43t ] LAY UIA 71 1
VR 340, o i Ca®" NI, 120 VSMCs & 4E
FERURLAR | 1 FE R G5, X R A RE R R, 4

A VAN

DL S VSMCs 7EIEAZ AN [R] 1 25 SR 85 Bif
S AN RS, RIRE, AR RIBER At 255 i
A2 . B RTC T AR ) 228 I 22 44
FHCHIFFERL 2, SR T L DA 3 B {3 B el 2 DA
SRR IR R BRI ZH 7K AR S S8 AT5 SR Bk =
2.5 %A RNA  BEE i sl P BoR iz i,
ZFhAE S RNA #% % BLFE VSMCs AL AR b
PEE RN . A4S RNA FZ A UMb
¥ PR (microRNAs, miRNAs) . £K4%54E 4% RNA (long
non-coding RNAs, IncRNAs) UL & ¥ 2 RNA 73
(circular RNAs, circRNAs 4%, H:A miRNAs £F VSMCs
FAUGELAS R VIR 12 i

miRNAs E—2E N IEHEIES S /N F RNAs, —
MEE (19 ~ 22) AT RRAL AR, I LLAR A IFF & R
ZFf miRNAs B ] LE S il VSMCs AL AR,
i miR-375-3p, miR-214, miR-342-5p % 1] {¢ it
VSMCs AUV AR | 3o H A il 53 W g 775 T miR-
145, miR-634 25 R {1 VSMCs FIHEAR, AEHFHk
AR, XL miRNAs 7] 38 2 R R B T UL R 4
BEARFRMIEA . BRI, fibk VSMCs H miR-214
A Lo 2 S Smad7 B9 7K, FEAK Smad3 ) i iR
1k, TR I A b ie 3 PR 63k, iR E VSMCs Al
EARNT . miR-375-3p i3 3k o] LAFE ) ] 3-BEmR AL
st A0 5 PR 2 O -1( PDK) Y 26 3k, 2 1 2 ik
VSMCs £ AL 2, miR-145 7E1EH# A E )
ik VSMCs sk, Mire FahfkIe 284 VSMCs
i 25 N, it # ik miR-145 v LA L E VSMCs
HOAEPERR LI ek, R AL AR, Niu 40
W 5% & B, miR-634 # 1] Wnt4 /) 3'UTR, Jf FEAIK
Wnt4 7£ HASMC H1 YRR, [F]B} miR-634 i A] LI
il B-catenin #% 5y i, Bl miR-634 i 1 # | Wntd / B-
catenin B IH] T HASMC FFERIELAS 1741 41
N3G 5 TR . DL S5 5RRB, miRNAs v] 3l it
PR A A 5 A5 O N fE VSMCs R % Ar rh i
FEE AR, SRS TR miRNAs 75 A T 7 80 5L
ANIA, 23R BHAE VSMCs £ AS i VE AR .
26 FHALEE  BRT UL N, PR
AR UL S B VB IR AE N Rt 2 582 VSMCs &
RIEEAS I UN7E PAH () PASMC H, BER S0 1 %
WA 51 A3(aldehyde dehydrogenase 1 family member
A3, ALDHIA3) /K L5 A B, @ik VSMCs
ALDHI1A3 il 415 T (1 PAH FEEUS gE—EHF
SR PH, W% ALDHIA3 S EE AR 42, M4
VSMCs & I % A5 91, P9 il 12 3% B M2( pyruvate
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kinase 2, PKM?2) J& il i fiff i 478 1) O S B g, AS
HEJE R, VSMCs H' PKM2 3k 7K 1 32 38 i, 3141
PKM?2 [k VSMCs 3 5E FITE A RE T1, HELR AS ¥R
R HERROST X 2k BB 4 ] VSMCs Hfop iz
ff AR AT VSMCs R AEIFEAS AT 30 % fif AS 54
KPR

Y B (B 2 2B U ZE AR DG BVE R R A
Ak, oAl BRI TR . W A
WURESPESE R I A 41 2 B H3K4me2 B0 A Il
BN FRARE, 7 e 5 Lo i
WL Y, H3K4me2 Yt HuOf B 7671 LR 55
FEH R 37 X3, 58 H3K4me2 T REFE4ER; VSMCs
FR Ty R A EEAE Y, g o,
H3K4me2 fiii 3R PR H3K4me2 HI3E{L)S, VSMCs
R RN RRRAE B4R Dy Rg, & ARG AN 5
—IifFgE R I, 418 H 2 LWL 6(histone deacety-
lase 6, HDAC6) [F] FEFE VSMCs & Bl % 75 v )z 15 5%
VR, 3 HDAC6 A 400 % s I F SRF, |
4 o-SMA Fl.C LER FAHSCES ST ACMRTF-A) 4
W B %38, T VSMCs RRUHL ARSI

3 VSMCs REHTHELMERFRFIER

S1 U AY VSMCs AT 7= Az K i 4 A A0 35 Jot K 24 i
DRI, 435 9 0 20 M, I 00 A R AE N, B A N B
YT REZEEL; (R HIG 5 AR Ty 345, n] S BUM A BE
SRR, Bl A, R FEL AS LIS PAH 4
ZRBR
3.1 AS  —FhLABhIbk N BESEBRIE B AR A 12
RIETESIR®, 5 IEH 18 VSMCs L, AS H
VSMCs 1 SM22, o-SMA 5 I 45 1 53 F F ik 0l />,
1M OPN, MMPs % 43 WA 7 (1) b5 i3 40 F ik 1 20,
WA R B S G 45 R B R, AS T 70% ) VSMCs
Al i Sk P2 A VSMCs 6 BUAR 5 1658 | 3 5% 1
ke, #HiMiZS5 AS BEHIE P, Chin 4™ & miR-
145 0] DL i 4 VSMCs R AR , 4E+: VSMCs
We 4 2 B4, JETT A 4 AS ApoE-/-/N BRBE SR A= K .
Farina 26 ifF5¢ & BH, 76 VSMCs R AL AR it f 2k
SR TR TH AR 1(DOTIL) 19334 EiE, DOTIL &
Hi%E S 1) H3K79me2 1] DL %77 NF-kB 55 5%,
M55 VSMCs & A= 28 U6 A48 A2 A 41 il CCLS
S CXCL10 By Rk, #imife i AS ik k. [F]
BF, 76 AS BN AT, 4l 5 VSMCs Z [H] iy
FHHAE W BE B8 I 452 VSMCs £ B0, 5 0 4 Jifd 2
AS BEH R (0 —Fh G2 M, ] Toll A A7 44K
4(TLR4) 7] LA 5k 25 [ 1% bR M6 300 0 B AL 2R 7 )

(AGEs) i TR E Wi g M1 AUk, RIPER 71
43 WA RAGE/TLR4/FOXC2 {5 516 %, #Emifl B
WA e b DI4 58, XS B WE i 7E sk b 5
VSMCs H % # filt J5 7] 38 1 DI14/Notch i 12 i i
VSMCs 2 B #£ 75 51 Chen %5 B2 #F 58 & L 7E AS
Apoe-/~/NFUHP T AHIFET-AH 3L H 8(Tdag8) 5%
ik L H, Tdag8 v] LUl i cAMP/PKA {5518 #%
I3 VSMCs RAVL S JEMifE it AS A&, LI
WFoE 25 R HER VSMCs REVEAR S 5T AS R,
FHIT VSMCs BV AR O] A 30 G2l AS HEE

3.2 PAH  —FPde s UL RO I A e , O BRA
1Ay R WU 22 s il N 2 Jk %) S LAk, 2 £k it 20 ik
M WCARPERE I, Bzl Bk RE ) 78, e B i
Uy, 5 ST, A P O v ILAR AR & A
T B A S T S T T e i P 8 IOk A e e 2, A
I FEZRN . Xu FPY WF5E &, 7€ PAH 4141
Hlic i A VSMCs A ic 2 K 40 a-SMA ., SMMHC 4§
FIRGIR, T OPN S5 AIbRE T KA K S
F FOXMI1., PLKI1 %3k FiH . 7 & 40, Bt ol ik
1 VSMCs jifi i # SMMHC F1 |5 PDGFR-B fii
KA RANAR WG | TR RSRE I, T 1) S v i
%, SRIG Rk, 25 PAH Rk, i EE R
VSMCs H' KLF4 5 i Bk N B2 248 M A B g 48 jg v
PDGFB 1] A % 3l il VSMCs 2 U 5 75 | 1M 2% i
PAH %95 #E #2059, miR-663 & PAH B9 ¥ 76 4= Y bs
Y, miR-663 7] LU i) ¥ 7] TGF-B1/smad2/3 {55
&5, 1l PDGF-BB /553 ) VSMCs & A% AR K 3
B, B 1k i i 45 EE 0T WA Yeo 455 & S BH W
BMP {55 38 % 2 ffi ifi 2 ik v VSMCs & AE R R %
A5, INEE PAH #6782 . Hu Z558 K3, Il sh k- iLam
Jiti (PASMCs) H1 5 ) m°A RNA H 3L 4k &1 5
PAH f JF & % V) A ¢ . RNA H 35E 4k 5 51 8 (1
(YTHDF1)7E PAH f835 h3&AH i 4, 1 YTHDF1
S [R] t k BH J8 e3 /N B PASMICs R B/ 25 )2 PAH
R, 5 AS HIAE], 78 PAH U 77 1E S B8 20 i
VSMCs AT AR, 76 PAH & KN RS b, If
TH AT M1 B AR F VLR h MMP-1, MMP-10 7K
I 2 T, MMP-10 Al 3 Cyclin D13 _E Rk AR
iF VSMCs & A4 RS IG5 5125, {2 iof
PAH #EEPY . DL 57 45 5L 3R BHE [ 1] VSMCs
FREEAST] DIVE N PAH JRIT B TB

4 RESRZE
RIS R W], VSMCs AL AZ il 2 2534k
WA, X B VSMCs 3815 £ 4L hg, B



. 342 .

> IE 4% 35 (Chin Heart J) 2023, 35(3)

F E RN WUSET A i 555 A o pe oy, S
SRR R 2, B VSMCs 1l 75 52 3| 7
Kt FLRS HE R %, TR AR ST ik 26 (5 %ﬁﬁ%&%?ﬂ
DI EE VSMCs RARCE, BA E 2 WIS R
SCHRE R A . BRTOCT VSMCs R AL 4 1)
AT I 25— LR, FLUNAN[A] VSMCs A% AR
FEEE R 73 FhRic s — 20 B ; By VSMCs A
A0 o3P HILRIAT RS 2 — 20 B AS[R] VSMCs A
Bl AR AR A4S N Hh A AT 75 B I 40 50 1
A 2 PN I 2 2 B AR LA R A el B )

N, RRARIE VSMCs F AR B A 5 43 FHL
T2 TN A T, 2 T RO L SR I R T SR A B
FITRTA T (R 5 SRS

S 3k

(1] #h O A (BRSSP L I 0 5 R
52020122 [J]. P ETEFRALE, 2021, 36(6): 521 — 545.

[2] Campbell JH, Campbell GR. Smooth muscle phenotypic
modulation-a personal experience[J]. Arterioscler Thromb Vasc
Biol, 2012, 32(8): 1784 — 1789.

[3] Chen MY, Zhang ZH, Ke JF, et al. Chaetocin attenuates
atherosclerosis progression and inhibits vascular smooth muscle cell
phenotype switching[J]. J Cardiovasc Transl Res, 2022, 15(6):
1270 — 1282.

[4] Farina FM, Serio S, Hall IF, et al. The epigenetic enzyme DOTI1L
orchestrates vascular smooth muscle cell-monocyte crosstalk and
protects against atherosclerosis via the NF-kB pathway[J]. Eur
Heart J, 2022, 43(43): 4562 — 4576.

[5] Fang X, Xie M, Liu X, et al. REDDI gene knockout alleviates
vascular smooth muscle cell remodeling in pulmonary
hypertension [J]. Am J Transl Res, 2022, 14(3): 1578 — 1591.

[6] ZEUMH, 52, XS, 55 PDGF-BBYE S Mish bkor- 18 LAt

PR BE A5 6] 200 A R 2 A 0. DO 1 R 2224 e (BR 4 i), 2018,
49(4): 524 - 529.

[7] Bhattacharyya A, Lin S, Sandig M, et al. Regulation of vascular
smooth muscle cell phenotype in three-dimensional coculture
system by Jaggedl-selective Notch3 signaling[J]. Tissue Eng Part
A4,2014, 20(7-8): 1175 - 1187.

[8] Zheng H, Qiu Z, Chai T, et al. Insulin resistance promotes the
formation of aortic dissection by inducing the phenotypic switch of
vascular smooth muscle cells[J]. Front Cardiovasc Med, 2021, 8:
732122.

[9] Zaidi M, Lizneva D, Yuen T. The role of PDGF-BB in the bone-
vascular relationship during aging[J]. J Clin Invest, 2021, 131(20):
e153644.

[10] Zhou J, Shao L, Yu J, et al. PDGF-BB promotes vascular smooth
muscle cell migration by enhancing Pim-1 expression via inhibiting
miR-214[J]. Ann Transl Med, 2021, 9(23): 1728.

[11] Han JH, Park HS, Lee DH, et al. Regulation of autophagy by
controlling Erk1/2 and mTOR for platelet-derived growth factor-
BB-mediated vascular smooth muscle cell phenotype shift[J]. Life
Sci, 2021, 267: 118978.

[12] Zhao Z, Zhang G, Yang J, et al. DLEU2 modulates proliferation,
migration and invasion of platelet-derived growth factor-BB (PDGF-
BB)-induced vascular smooth muscle cells (VSMCs) via miR-212-
5p/YWHAZ axis[J]. Cell Cycle, 2022, 21(19): 2013 — 2026.

[13] Chou CC, Wang CP, Chen JH, et al. Anti-atherosclerotic effect of
hibiscus leaf polyphenols against tumor necrosis factor-alpha-

[14]

[15]

[1e]

[17]

(18]

[19]

[20]

(21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

induced abnormal vascular smooth Mmuscle cell migration and
proliferation[J]. Antioxidants (Basel), 2019, 8(12): 620.

Chung DJ, Wu YL, Yang MY, et al. Nelumbo nucifera leaf
polyphenol extract and gallic acid inhibit TNF-a-induced vascular
smooth muscle cell proliferation and migration involving the
regulation of miR-21, miR-143 and miR-145[J]. Food Funct, 2020,
11(10): 8602 — 8611.

Fan W, Liu Y, Li C, et al. MicroRNA-331-3p maintains the
contractile type of vascular smooth muscle cells by regulating TNF-
o and CDI14 in intracranial aneurysm[J]. Neuropharmacology,
2020, 164: 107858.

Bobik A. Transforming growth factor-betas and vascular
disorders[J]. Arterioscler Thromb Vasc Biol, 2006, 26(8): 1712 —
1720.

Li Y, Li H, Xing W, et al. Vascular smooth muscle cell-specific
miRNA-214 knockout inhibits angiotensin II-induced hypertension
through upregulation of Smad7[J]. FASEB J, 2021, 35(11): €21947.
Zhu Y, Shu D, Gong X, et al. Platelet-derived TGF (transforming
growth factor)-B1 enhances the aerobic glycolysis of pulmonary
arterial smooth muscle cells by PKM2 (pyruvate kinase muscle
isoform 2) upregulation[J]. Hypertension, 2022, 79(5): 932 — 945.
Kurz J, Weiss AC, Thiesler H, et al. Notch signaling is a novel
regulator of visceral smooth muscle cell differentiation in the
murine ureter [J]. Development, 2022, 149(4): dev199735.

Ragot H, Monfort A, Baudet M, ef al. Loss of Notch3 signaling in
vascular smooth muscle cells promotes severe heart failure upon
hypertension [J]. Hypertension, 2016, 68(2): 392 — 400.

Breikaa RM, Denman K, Ueyama Y, et al. Loss of Jaggedl in
mature endothelial cells causes vascular dysfunction with alterations
in smooth muscle phenotypes[J]. Vascul Pharmacol, 2022, 145:
107087.

Liu Y, Sinha S, McDonald OG, et al. Kruppel-like factor 4
abrogates myocardin-induced activation of smooth muscle gene
expression[J]. J Biol Chem, 2005, 280(10): 9719 — 9127.

Zheng B, Han M, Bernier M, et al. Kriippel-like factor 4 inhibits
proliferation by platelet-derived growth factor receptor beta-
mediated, not by retinoic acid receptor alpha-mediated,
phosphatidylinositol 3-kinase and ERK signaling in vascular smooth
muscle cells[J]. J Biol Chem, 2009, 284(34): 22773 — 22785.

Zhang X, Yan X, Cao J, et al. SM22a(+) vascular mural cells are
essential for vessel stability in tumors and undergo phenotype
transition regulated by Notch signaling[J]. J Exp Clin Cancer Res,
2020, 39(1): 124.

Su C, Menon NV, Xu X, ef al. A novel human arterial wall-on-a-
chip to study endothelial inflammation and vascular smooth muscle
cell migration in early atherosclerosis[J]. Lab Chip, 2021, 21(12):
2359 —2371.

Wang L, Zheng J, Du Y, et al. Cartilage oligomeric matrix protein
maintains the contractile phenotype of vascular smooth muscle cells
by interacting with alpha(7)beta(1) integrin[J]. Circ Res, 2010,
106(3): 514 — 525.

Koyama H, Raines EW, Bornfeldt KE, et al. Fibrillar collagen
inhibits arterial smooth muscle proliferation through regulation of
Cdk2 inhibitors[J]. Cell, 1996, 87(6): 1069 — 1078.

Orr AW, Lee MY, Lemmon JA, et al. Molecular mechanisms of
collagen isotype-specific modulation of smooth muscle cell
phenotypelJ]. Arterioscler Thromb Vasc Biol, 2009, 29(2): 225 —
231.

Mao C, Ma Z, Jia Y, et al. Nidogen-2 maintains the contractile
phenotype of vascular smooth muscle cells and prevents neointima
formation via bridging Jagged1-Notch3 signaling[J]. Circulation,
2021, 144(15): 1244 — 1261.

Li W, Li Q, Qin L, er al. Rapamycin inhibits smooth muscle cell
proliferation and obstructive arteriopathy attributable to elastin


http://dx.doi.org/10.3969/j.issn.1000-3614.2021.06.001
http://dx.doi.org/10.1161/ATVBAHA.111.243212
http://dx.doi.org/10.1161/ATVBAHA.111.243212
http://dx.doi.org/10.1007/s12265-022-10258-5
http://dx.doi.org/10.1093/eurheartj/ehac097
http://dx.doi.org/10.1093/eurheartj/ehac097
http://dx.doi.org/10.13464/j.scuxbyxb.2018.04.004
http://dx.doi.org/10.13464/j.scuxbyxb.2018.04.004
http://dx.doi.org/10.13464/j.scuxbyxb.2018.04.004
http://dx.doi.org/10.13464/j.scuxbyxb.2018.04.004
http://dx.doi.org/10.13464/j.scuxbyxb.2018.04.004
http://dx.doi.org/10.1089/ten.tea.2013.0268
http://dx.doi.org/10.1089/ten.tea.2013.0268
http://dx.doi.org/10.3389/fcvm.2021.732122
http://dx.doi.org/10.1172/JCI153644
http://dx.doi.org/10.21037/atm-21-5638
http://dx.doi.org/10.1016/j.lfs.2020.118978
http://dx.doi.org/10.1016/j.lfs.2020.118978
http://dx.doi.org/10.1080/15384101.2022.2079175
http://dx.doi.org/10.3390/antiox8120620
http://dx.doi.org/10.1039/D0FO02135K
http://dx.doi.org/10.1016/j.neuropharm.2019.107858
http://dx.doi.org/10.1161/01.ATV.0000225287.20034.2c
http://dx.doi.org/10.1096/fj.202100766RR
http://dx.doi.org/10.1161/HYPERTENSIONAHA.121.18684
http://dx.doi.org/10.1242/dev.199735
http://dx.doi.org/10.1161/HYPERTENSIONAHA.116.07694
http://dx.doi.org/10.1016/j.vph.2022.107087
http://dx.doi.org/10.1074/jbc.M412862200
http://dx.doi.org/10.1074/jbc.M109.026989
http://dx.doi.org/10.1186/s13046-020-01630-x
http://dx.doi.org/10.1039/D1LC00131K
http://dx.doi.org/10.1161/CIRCRESAHA.109.202762
http://dx.doi.org/10.1016/S0092-8674(00)81801-2
http://dx.doi.org/10.1161/ATVBAHA.108.178749
http://dx.doi.org/10.1161/CIRCULATIONAHA.120.053361
http://dx.doi.org/10.3969/j.issn.1000-3614.2021.06.001
http://dx.doi.org/10.1161/ATVBAHA.111.243212
http://dx.doi.org/10.1161/ATVBAHA.111.243212
http://dx.doi.org/10.1007/s12265-022-10258-5
http://dx.doi.org/10.1093/eurheartj/ehac097
http://dx.doi.org/10.1093/eurheartj/ehac097
http://dx.doi.org/10.13464/j.scuxbyxb.2018.04.004
http://dx.doi.org/10.13464/j.scuxbyxb.2018.04.004
http://dx.doi.org/10.13464/j.scuxbyxb.2018.04.004
http://dx.doi.org/10.13464/j.scuxbyxb.2018.04.004
http://dx.doi.org/10.13464/j.scuxbyxb.2018.04.004
http://dx.doi.org/10.1089/ten.tea.2013.0268
http://dx.doi.org/10.1089/ten.tea.2013.0268
http://dx.doi.org/10.3389/fcvm.2021.732122
http://dx.doi.org/10.1172/JCI153644
http://dx.doi.org/10.21037/atm-21-5638
http://dx.doi.org/10.1016/j.lfs.2020.118978
http://dx.doi.org/10.1016/j.lfs.2020.118978
http://dx.doi.org/10.1080/15384101.2022.2079175
http://dx.doi.org/10.3390/antiox8120620
http://dx.doi.org/10.1039/D0FO02135K
http://dx.doi.org/10.1016/j.neuropharm.2019.107858
http://dx.doi.org/10.1161/01.ATV.0000225287.20034.2c
http://dx.doi.org/10.1096/fj.202100766RR
http://dx.doi.org/10.1161/HYPERTENSIONAHA.121.18684
http://dx.doi.org/10.1242/dev.199735
http://dx.doi.org/10.1161/HYPERTENSIONAHA.116.07694
http://dx.doi.org/10.1016/j.vph.2022.107087
http://dx.doi.org/10.1074/jbc.M412862200
http://dx.doi.org/10.1074/jbc.M109.026989
http://dx.doi.org/10.1186/s13046-020-01630-x
http://dx.doi.org/10.1039/D1LC00131K
http://dx.doi.org/10.1161/CIRCRESAHA.109.202762
http://dx.doi.org/10.1016/S0092-8674(00)81801-2
http://dx.doi.org/10.1161/ATVBAHA.108.178749
http://dx.doi.org/10.1161/CIRCULATIONAHA.120.053361

> JIE 4% 7 (Chin Heart J)2023,35(3) . 343 .
deficiency[J]. Arterioscler Thromb Vasc Biol, 2013, 33(5): 1028 — metabolism  with gene regulation in pulmonary arterial

[31]

(32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

1035.

Castro MM, Cena J, Cho WIJ, et al. Matrix metalloproteinase-2
proteolysis of calponin-1 contributes to vascular hypocontractility in
endotoxemic rats[J]. Arterioscler Thromb Vasc Biol, 2012, 32(3):
662 — 668.

Wang Y, Cao W, Cui J, et al. Arterial wall stress induces
phenotypic switching of arterial smooth muscle cells in vascular
remodeling by activating the YAP/TAZ signaling pathway[J]. Cell
Physiol Biochem, 2018, 51(2): 842 — 853.

Jensen LF, Bentzon JF, Albarran-Juarez J. The phenotypic
responses of vascular smooth muscle cells exposed to mechanical
cues[J]. Cells, 2021, 10(9): 2209.

Tang Y, Jla Y, FanL, et al. MFN2 prevents neointimal hyperplasia
in vein grafts via destabilizing PFK1[J]. Circ Res, 2022, 130(11):
€26 —e43.

Xie SA, Zhang T, Wang J, et al. Matrix stiffness determines the
phenotype of vascular smooth muscle cell in vitro and in vivo: Role
of DNA methyltransferase 1[J]. Biomaterials, 2018, 155: 203 —
216.

Shao Y, Li G, Huang S, et al. Effects of extracellular matrix
softening on vascular smooth muscle cell dysfunction[J].
Cardiovasc Toxicol, 2020, 20(6): 548 — 556.

Wang J, Xie SA, Li N, et al. Matrix stiffness exacerbates the
proinflammatory responses of vascular smooth muscle cell through
the DDRI-DNMT! mechanotransduction axis[J]. Bioact Mater,
2022, 17: 406 — 424.

Kim SA, Sung JY, Woo CH, et al. Laminar shear stress suppresses
vascular smooth muscle cell proliferation through nitric oxide-
AMPK pathway[J]. Biochem Biophys Res Commun, 2017, 490(4):
1369 — 1374.

Kang H, Liu J, Sun A, et al. Vascular smooth muscle cell
glycocalyx mediates shear stress-induced contractile responses via a
Rho kinase (ROCK)-myosin light chain phosphatase (MLCP)
pathway [J]. Sci Rep, 2017, 7: 42092.

Retailleau K, Duprat F, Arhatte M, et al. Piezol in smooth muscle
cells is involved in hypertension-dependent arterial remodeling[J].
Cell Rep, 2015, 13(6): 1161 — 1171.

Hall IF, Climent M, Viviani Anselmi C, et al. rs41291957 controls
miR-143 and miR-145 expression and impacts coronary artery
disease risk [J]. EMBO Mol Med, 2021, 13(10): e14060.

Chen J, Lai K, Yong X, et al. Silencing METTL3 stabilizes
atherosclerotic plaques by regulating the phenotypic transformation
of vascular smooth muscle cells via the miR-375-3p/PDK1 axis[J].
Cardiovasc Drugs Ther, 2022. doi: 10.1007/s10557-022-07348-6.
Chin DD, Poon C, Wang J, et al. MiR-145 micelles mitigate
atherosclerosis by modulating vascular smooth muscle cell
phenotypelJ]. Biomaterials, 2021, 273: 120810.

Niu L, Sun N, Kong L, et al. MiR-634 inhibits human vascular
smooth muscle cell proliferation and migration in hypertension
through Wnt4/B-catenin pathway [J]. Front Biosci (Landmark Ed),
2021, 26(8): 395 — 404.

Li D, Shao NY, Moonen JR, et al. ALDHIA3 coordinates

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

hypertension[J]. Circulation, 2021, 143(21): 2074 — 2090.

Zhao X, Tan F, Cao X, et al. PKM2-dependent glycolysis promotes
the proliferation and migration of vascular smooth muscle cells
during atherosclerosis[J]. Acta Biochim Biophys Sin (Shanghai),
2020, 52(1): 9-17.

Liu M, Espinosa-Diez C, Mahan S, et al. H3K4 di-methylation
governs smooth muscle lineage identity and promotes vascular
homeostasis by restraining plasticity [J]. Dev Cell, 2021, 56(19):
2765 —2782.e10.

Zhang M, Urabe G, Little C, et al. HDAC6 regulates the MRTF-
A/SRF axis and vascular smooth muscle cell plasticity [J]. JACC
Basic Transl Sci, 2018, 3(6): 782 — 795.

Zhang F, Guo X, Xia Y, ef al. An update on the phenotypic
switching of vascular smooth muscle cells in the pathogenesis of
atherosclerosis [J]. Cell Mol Life Sci, 2021, 79(1): 6.

Pan H, Xue C, Auerbach BJ, ef al. Single-cell genomics reveals a
novel cell state during smooth muscle cell phenotypic switching and
potential therapeutic targets for atherosclerosis in mouse and
human[J]. Circulation, 2020, 142(21): 2060 — 2075.

Xing Y, Pan S, Zhu L, et al. Advanced glycation end products
induce atherosclerosis via RAGE/TLR4 signaling mediated-M1
macrophage polarization-dependent vascular smooth muscle cell
phenotypic conversion[J]. Oxid Med Cell Longev, 2022, 2022:
97633717.

Chen LD, Zhu WT, Cheng YY, et al. T-cell death-associated gene 8
accelerates atherosclerosis by promoting vascular smooth muscle
cell proliferation and migration[J]. Atherosclerosis, 2020, 297: 64 —
73.

Yeo Y, Yi ES, Kim JM, et al. FGF12 (fibroblast growth factor 12)
inhibits vascular smooth muscle cell remodeling in pulmonary
arterial hypertension [J]. Hypertension, 2020, 76(6): 1778 — 1786.
Xu T, Shao L, Wang A, et al. CD248 as a novel therapeutic target in
pulmonary arterial hypertension[J]. Clin Transl Med, 2020, 10(5):
el7s.

Sheikh AQ, Lighthouse JK, Greif DM. Recapitulation of developing
artery muscularization in pulmonary hypertension[J]. Cell Rep,
2014, 6(5): 809 — 817.

Ntokou A, Dave JM, Kauffman AC, et al. Macrophage-derived
PDGF-B induces muscularization in murine and human pulmonary
hypertension [J]. JCI Insight, 2021, 6(6): €139067.

Li P, Song J, Du H, et al. MicroRNA-663 prevents monocrotaline-
induced pulmonary arterial hypertension by targeting TGEF-
B1/smad2/3 signaling [J]. J Mol Cell Cardiol, 2021, 161: 9 —22.

Hu L, Wang J, Huang H, ef al. YTHDFI regulates pulmonary
hypertension through translational control of MAGED1[J]. Am J
Respir Crit Care Med, 2021, 203(9): 1158 — 1172.

Chi PL, Cheng CC, Hung CC, et al. MMP-10 from MI
macrophages promotes pulmonary vascular remodeling and
pulmonary arterial hypertension[J]. Int J Biol Sci, 2022, 18(1):
331 -348.

(s H #1: 2022-03-01; 4252 H #11: 2022-09-06)


http://dx.doi.org/10.1161/ATVBAHA.112.300407
http://dx.doi.org/10.1161/ATVBAHA.111.242685
http://dx.doi.org/10.1159/000495376
http://dx.doi.org/10.1159/000495376
http://dx.doi.org/10.3390/cells10092209
http://dx.doi.org/10.1161/CIRCRESAHA.122.320846
http://dx.doi.org/10.1016/j.biomaterials.2017.11.033
http://dx.doi.org/10.1007/s12012-020-09580-8
http://dx.doi.org/10.1016/j.bioactmat.2022.01.012
http://dx.doi.org/10.1016/j.bbrc.2017.07.033
http://dx.doi.org/10.1038/srep42092
http://dx.doi.org/10.1016/j.celrep.2015.09.072
http://dx.doi.org/10.15252/emmm.202114060
http://dx.doi.org/10.1007/s10557-022-07348-6
http://dx.doi.org/10.1016/j.biomaterials.2021.120810
http://dx.doi.org/10.52586/4953
http://dx.doi.org/10.1161/CIRCULATIONAHA.120.048845
http://dx.doi.org/10.1093/abbs/gmz135
http://dx.doi.org/10.1016/j.devcel.2021.09.001
http://dx.doi.org/10.1016/j.jacbts.2018.08.010
http://dx.doi.org/10.1016/j.jacbts.2018.08.010
http://dx.doi.org/10.1007/s00018-021-04079-z
http://dx.doi.org/10.1161/CIRCULATIONAHA.120.048378
http://dx.doi.org/10.1155/2022/9763377
http://dx.doi.org/10.1016/j.atherosclerosis.2020.01.017
http://dx.doi.org/10.1161/HYPERTENSIONAHA.120.15068
http://dx.doi.org/10.1002/ctm2.175
http://dx.doi.org/10.1016/j.celrep.2014.01.042
http://dx.doi.org/10.1172/jci.insight.139067
http://dx.doi.org/10.1016/j.yjmcc.2021.07.010
http://dx.doi.org/10.1164/rccm.202009-3419OC
http://dx.doi.org/10.1164/rccm.202009-3419OC
http://dx.doi.org/10.7150/ijbs.66472
http://dx.doi.org/10.1161/ATVBAHA.112.300407
http://dx.doi.org/10.1161/ATVBAHA.111.242685
http://dx.doi.org/10.1159/000495376
http://dx.doi.org/10.1159/000495376
http://dx.doi.org/10.3390/cells10092209
http://dx.doi.org/10.1161/CIRCRESAHA.122.320846
http://dx.doi.org/10.1016/j.biomaterials.2017.11.033
http://dx.doi.org/10.1007/s12012-020-09580-8
http://dx.doi.org/10.1016/j.bioactmat.2022.01.012
http://dx.doi.org/10.1016/j.bbrc.2017.07.033
http://dx.doi.org/10.1038/srep42092
http://dx.doi.org/10.1016/j.celrep.2015.09.072
http://dx.doi.org/10.15252/emmm.202114060
http://dx.doi.org/10.1007/s10557-022-07348-6
http://dx.doi.org/10.1016/j.biomaterials.2021.120810
http://dx.doi.org/10.52586/4953
http://dx.doi.org/10.1161/CIRCULATIONAHA.120.048845
http://dx.doi.org/10.1093/abbs/gmz135
http://dx.doi.org/10.1016/j.devcel.2021.09.001
http://dx.doi.org/10.1016/j.jacbts.2018.08.010
http://dx.doi.org/10.1016/j.jacbts.2018.08.010
http://dx.doi.org/10.1007/s00018-021-04079-z
http://dx.doi.org/10.1161/CIRCULATIONAHA.120.048378
http://dx.doi.org/10.1155/2022/9763377
http://dx.doi.org/10.1016/j.atherosclerosis.2020.01.017
http://dx.doi.org/10.1161/HYPERTENSIONAHA.120.15068
http://dx.doi.org/10.1002/ctm2.175
http://dx.doi.org/10.1016/j.celrep.2014.01.042
http://dx.doi.org/10.1172/jci.insight.139067
http://dx.doi.org/10.1016/j.yjmcc.2021.07.010
http://dx.doi.org/10.1164/rccm.202009-3419OC
http://dx.doi.org/10.1164/rccm.202009-3419OC
http://dx.doi.org/10.7150/ijbs.66472
http://dx.doi.org/10.1161/ATVBAHA.112.300407
http://dx.doi.org/10.1161/ATVBAHA.111.242685
http://dx.doi.org/10.1159/000495376
http://dx.doi.org/10.1159/000495376
http://dx.doi.org/10.3390/cells10092209
http://dx.doi.org/10.1161/CIRCRESAHA.122.320846
http://dx.doi.org/10.1016/j.biomaterials.2017.11.033
http://dx.doi.org/10.1007/s12012-020-09580-8
http://dx.doi.org/10.1016/j.bioactmat.2022.01.012
http://dx.doi.org/10.1016/j.bbrc.2017.07.033
http://dx.doi.org/10.1038/srep42092
http://dx.doi.org/10.1016/j.celrep.2015.09.072
http://dx.doi.org/10.15252/emmm.202114060
http://dx.doi.org/10.1007/s10557-022-07348-6
http://dx.doi.org/10.1016/j.biomaterials.2021.120810
http://dx.doi.org/10.52586/4953
http://dx.doi.org/10.1161/ATVBAHA.112.300407
http://dx.doi.org/10.1161/ATVBAHA.111.242685
http://dx.doi.org/10.1159/000495376
http://dx.doi.org/10.1159/000495376
http://dx.doi.org/10.3390/cells10092209
http://dx.doi.org/10.1161/CIRCRESAHA.122.320846
http://dx.doi.org/10.1016/j.biomaterials.2017.11.033
http://dx.doi.org/10.1007/s12012-020-09580-8
http://dx.doi.org/10.1016/j.bioactmat.2022.01.012
http://dx.doi.org/10.1016/j.bbrc.2017.07.033
http://dx.doi.org/10.1038/srep42092
http://dx.doi.org/10.1016/j.celrep.2015.09.072
http://dx.doi.org/10.15252/emmm.202114060
http://dx.doi.org/10.1007/s10557-022-07348-6
http://dx.doi.org/10.1016/j.biomaterials.2021.120810
http://dx.doi.org/10.52586/4953
http://dx.doi.org/10.1161/CIRCULATIONAHA.120.048845
http://dx.doi.org/10.1093/abbs/gmz135
http://dx.doi.org/10.1016/j.devcel.2021.09.001
http://dx.doi.org/10.1016/j.jacbts.2018.08.010
http://dx.doi.org/10.1016/j.jacbts.2018.08.010
http://dx.doi.org/10.1007/s00018-021-04079-z
http://dx.doi.org/10.1161/CIRCULATIONAHA.120.048378
http://dx.doi.org/10.1155/2022/9763377
http://dx.doi.org/10.1016/j.atherosclerosis.2020.01.017
http://dx.doi.org/10.1161/HYPERTENSIONAHA.120.15068
http://dx.doi.org/10.1002/ctm2.175
http://dx.doi.org/10.1016/j.celrep.2014.01.042
http://dx.doi.org/10.1172/jci.insight.139067
http://dx.doi.org/10.1016/j.yjmcc.2021.07.010
http://dx.doi.org/10.1164/rccm.202009-3419OC
http://dx.doi.org/10.1164/rccm.202009-3419OC
http://dx.doi.org/10.7150/ijbs.66472
http://dx.doi.org/10.1161/CIRCULATIONAHA.120.048845
http://dx.doi.org/10.1093/abbs/gmz135
http://dx.doi.org/10.1016/j.devcel.2021.09.001
http://dx.doi.org/10.1016/j.jacbts.2018.08.010
http://dx.doi.org/10.1016/j.jacbts.2018.08.010
http://dx.doi.org/10.1007/s00018-021-04079-z
http://dx.doi.org/10.1161/CIRCULATIONAHA.120.048378
http://dx.doi.org/10.1155/2022/9763377
http://dx.doi.org/10.1016/j.atherosclerosis.2020.01.017
http://dx.doi.org/10.1161/HYPERTENSIONAHA.120.15068
http://dx.doi.org/10.1002/ctm2.175
http://dx.doi.org/10.1016/j.celrep.2014.01.042
http://dx.doi.org/10.1172/jci.insight.139067
http://dx.doi.org/10.1016/j.yjmcc.2021.07.010
http://dx.doi.org/10.1164/rccm.202009-3419OC
http://dx.doi.org/10.1164/rccm.202009-3419OC
http://dx.doi.org/10.7150/ijbs.66472

	1 VSMCs表型转变的基本概念
	2 多种因素参与调控VSMCs表型转变
	2.1 细胞因子
	2.2 信号通路
	2.3 细胞外基质（extracellular matrix，ECM）
	2.4 生物力
	2.5 非编码RNA
	2.6 其他因素

	3 VSMCs表型转变在心血管疾病中的作用
	3.1 AS
	3.2 PAH

	4 展望与总结
	参考文献

