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Role of vascular smooth muscle cells in diabetic vascular disease
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Abstract
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Diabetic vascular disease is one of the common complications of diabetes, which can endanger all body organs,
and is an important cause of death in patients with diabetes. Current conventional treatment methods have
limited effects on severe diabetic vascular disease. Vascular smooth muscle cells (VSMCs) play a key role in the
progression of diabetic vascular disease. Therefore, the regulation of VSMCs may have broad application prospects
for reversing the diabetic vascular lesion. Here, the authors address the biological characteristics of VSMCs and
their phenotypic conversion features in diabetes, as well as the therapeutic strategies of regulation of VSMCs for
diabetic vascular disease.
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H g 3, 2 M O BT S 04 B8 K i PR P 1) A
M7k BRI AL, MDA T VSMCHY D2
U, T HE OB PR L 0 R R R A R
DL, i — 5 1 T Be it = VSMC i 13 7 5 i 4 2
B, BB LA T B DR L R A, R O R
K s KA B 1kt

1 VSMC B A F 41T

1.1 VSMC M5 B K i #=

VSMC & —FhU Ry (9 fie 5ol SV R 4 i, e A
[vi) F A= 2 DAL 2R R8T AT R AR R RN, e
W g BURT A BRI R VSMCIE S I KRIE |
AR ER R, KRB, REBRERK, @
FMARRWAR L, B REE A L R RS R AN
R F A R BRHE s SRR VSMCE /8 B0 114K,
Ab TR G A B E S AR R RS, R
K, MAEAHEREGREABRMAME, BA&
WEEEAE . R R L S R AN A
J 53 i R AR FEIE R ST, VSMCE 2RI
WA Y, o R A RE (Y RO R A A Y
KA KRR AL, VSMC H Bt Al 433 K s Ay
P, ol G e 4 8 1 B A e, AT E — 2D
INEE T S kR R R AL B K R VSMC A ) R A
HA AR 0 45 s AR L, W PR R0 G v I IR
AL R RIPT. IRFACBETL . RAE SO A
F 5 VSMC Y T[] 45l R e e, Sk ml fini 1
PRI 1M 9 A8 1 & AR AR JREDY MR, VSMCIH]
Wae i T84 6 A W) RT 9 G K I T W RO LA R A,
SR IS

VSMCH oA 3 2 ok 75 A A KT
(transforming growth factor, TGF) /SMADZ
BERL 513 (SMAD3 ) {55 45, {H H A 37 515y
FUK#HIEHMIGRNA (long non-coding RNA,
IncRNA ) FI/NRNA (microRNA, miRNA)
A D R = NS L 1 S U -
BCYRNIHIHITGF- B S HVSMCH 01k, S 23
JUkBE R A 25 R B s AR, RCKBCYRN 1 g k3
g, R A S R AR A AL AR o - F 3 AILAL
#HEH ( o -smooth muscle actin, o-SMA) . 5
PEEEMFEEPNEE22 a (smooth musele 22 a
SM22 o ) £ Z Ff VSMC R i 1 1 & 3510,
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e, 3 2 A TRV SMCAHE A ) T8 PRI 14 72 1Y
Wi
1.2 VSMC M4 FHrERAER

AR R A VSMC B A A 173 7 iRk ik
HRMVSMCHIFREE A EEEHH: o-SMA, F
WHLILERE 1 #E4E (smooth muscle myosin heavy
chain, SM-MHC) "' sM22« ' &M, F
WL s AR VSMC R Z AR R 1 . 40
WS E ML (cellular retinol binding protein
1, CRBP-1) | “FHURIG ALK EE H =6 A
MrfEH (osteopontin, OPN) | 4iffi3EiGlath H
( matrix Gla protein, MGP) | R&EHEHZES, h
TR EEAS S MY ME KL, Fik, X
SRR A AT TR VSMC I E AL, B & 45 Fopr
P47 BT B DL RO AR R, BE oY R AR
Fi RN Ay T il S5 VSMC Ry 2 AL

H Wi 4 Y 1] 5 B B 26 B A 8 ) VS MIC HL A A
BB 5 4 J 2R Wl L 2 2R 2F 5 Il D OO ) 4 4
GUrRIER AR, W LMEEVSMCIZRE . VSMC
TR I 2l Jok o o B £ 00 4 400 0 A b AL i A 4
D35 VSMC R B FE 2 HLR B Fe DR 3 A 52 e iy, 9K
1725 e R B AR, 2 g A g . VSMCH
Z 5 R A0 M A B, AT oy 00 B AR S BE B 1 Bk
BidE A, AR T R R E S Dk ok A R Ak 5 B 9 £
Hle F38h, VSMCHT 7346k B il 7 240 i 7045 20
M, BHAEZ 508 AT R, i A 8 Ak i
AR B 5 gl Ik A 5 T B B 1 67 47 5 DD AR O

2 VSMC AE#HERFENERETHHRELE
) 45 1E

VSMC M W 26 50 21 5 i 250 ) 2 70 B #5250 ik ks
FEAE AL I P 2 A B BKOR S AR 20 1L R
T A S A I R Y e A RN R R R A
AR O R K I AR T e A B
R SKRERE AL, VSMC 2 Y Y e fh 2 Bl ok ok A Al Ak 3=
LR AR FRAIL o R PR LA A B A
e, VSMCHEAE | R JE . IF H i WIRER ,
I 2 2 W BRI A 8 45 Al kA I Ak B4 2 B
FRAE o TR AIFSEVSMCAEBE JR I 1 A8 22 Hh 4 72 4k
175 B0 B FCRI R A BT e R I L HTEE X VSMC
BB 35 7 SR AR 7R PR I8
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B, WA ENTEX - F S/ T, EIER A
it 2y i o RF 2 AR P st AT AR I O i I
RN IR TR VIE eSSl - R (S E N g IS i
SRR Y 3 B ) B R AL 2 W) (advanced
glycation end products, AGEs) Fik¥hn, H5
R S8 A A A2 AR 45 5 3 o 9 S AL S R VS MC
MAsAE S A, IR B R, R
RAPT, RAESNL, AR AU B A AR 5 R K
ZRHETMCRMER . AR, 5L RNASENR
A LLVE S VSMCR LAY AT, 532 Wi PR A 1
IR

3 EIIE#E VSMC iEfr#ER iR M E w2

3.1 ZHiE#E VSMC

WU B DR 9 36 9T F8 T AR ) — IR T
2y, B RO I AR VR BRI VSMC
Wagg o, AT bR U AP B R TS R RN R AL
B 20 22 1K DT 400 o) g IO S AR 2 s 2 1Y
VSMC 8546, 38 0] 18 i A MPK 4 72 4 20 i & 10
FHAF TG . PR A ALEE (cyclooxygenase 1,
Cox-1) Flifs A —~ A LA G (inducible nitric
oxide synthase, iNOS) , FHMATHTNF- « 5 F
(VS C A 384 7 K 4 E B R te0, AT A 1) 470
MAEEM . F5h, #8250 0 1 B8 R L
Foop L BRI RT DL AR 124 P Bk R i A S i L
HEE, ML MGEHDA LYK, IFHA % T 1
B 5 25 i bt R R A0 M T OB  JEE EOR
AT LL3E F MA PR 428 I 5 0 DR o/ s . {3 22 4%
AR, AT DU SR P R A L PR Ak
p70S6K 1 FIERKAF 5 38 H (9 80iE . A2 i 9 K 48 i A=
KR EL, HmEEVSMCT R M"Y, M
TS SO0 s e A8 L RE SRR AR . SR, JEE
5 2 5 B A Bl B OO IR A& 107 TR A K
BT 2B PR T, 1 e B BB 24 X VSMC Y
PR AT 5 i — BT

— e 2 A X VSMC R IR E R,
wm, HEEPEAEVSMC HA DU . bk
FH, A aE SicT 1A AMPK SR 75 5 1M 48 7 ¥ LAY 43
M, PR AT AR S X PDGEYE R VSMCIH
Bl AP0
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3.2 HMEFIE#E VSMC

VSMC 1 A W) 2% Ty BE 2 22 Fh ) 3 7 0 40 o)
W1 s2m . TGF- B J& H Ay W 78 fic 4407 i 1 45
VSMCHIH T2 —"P" TGF-B nf IfEEVSMC
o -SMA ., SM-MHC . SM22 « . $53 % 1 & hriis
THIFRE, MK TEESEEAH2 (metal matrix
proteinase 2, MMP-2 ) ik, BEARY0 M~ 5 R
(0 43 W, 2 R H A AR RS P20 it /N AR R A K TR
+B (platelet derived growth factor B, PDGF-B)
AR EVSMCH) Lok B85 . B8 . AR
WIHEER, AN, HMGBI1BE#S S p38MAPKIE %
A2 2 VSMC 38 5 5 38 A5 Bl Xk s R T
WFIE TR, X 3 2 A W 3% 1 P 7 S H sz AR Y
6T A It T BV A B PRI I 06 AR IR T A B R A
3.3 ERAiAE VSMC

FE DRI T 6 W5 DR 10550 1Y) F 5 4 R B A AR
B, PHACTRIEER 53 hkok HE AL AR OC, Bl 1l
BRI HERE . PHACTR1M BN, PHACTRI
4 1 3 AT 388 0 /0N SRR G T 40 B AT A A VS MLC Y 4
fb, HFJE AR R, it E T VSMC
P EYPHACTR 1Y 238 ] DL 5 1l 48 45 4k 1y ™ & 7%
JE o R PIER M, T K ILChx3 A BRVSMC
WA B IE (o -SMA ., SM22 « . $5IE A .
SM-MHC ) FIVSMCHJ# 1= LA K FEARVSMC I 1 5
MITH . BWIRIEE (collal, coldal ) AYFEIEK
L BRI, R IEChx38Y KA R EHE R MAE . i
— R 5% & B Chx 3 AT 38 ok B S 3] AL i ok B0
Notch3 B # Ik . FEIG IR I, 548 A B W 1
EWAE N BAR L, B AR RS kb Chx 3
2235 NI . Notch3 M3 K Rk HE i, TRAK4M
Ty BE Bk B AT A poE -/ - /0N LA 9 22 B HE B,
TR AK4 1 2% 3% X VSMC I 43 Ak ke 21 42 470 78 FH -4 il
SAE SN, TR AKA ] 550 o7 A LR 2 1 o 6k O 184
FNSM22 o 1335, I Al I /D LPS75 3 1Y VSMC Y 1 5
TR, A, fEBRMEHEES , Caveolin-13&
DR 0 53k /0N BRI 7 2 e A& S AR I R, X I A Y
B Az K B 0 TG BV o AR, A X R 3 B
B /N 2 A Caveolin-1, iR L4516 52 U g &
i B, RS A E K FE ) Caveolin-1,
D2l N pe B —SE AL A A B (endothelial nitric
oxide synthase, eNOS) W5, # 52 0] — 4,
fE& (NO ) Ay7= A A A A i X AT RE R T
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Caveolin-17E ML A= B 19 A 7] BF 30 2% 3k /K S AN [A]
TESE W Caveolin-1 (0 F 18 F 8, 7820 1L W1 it
Caveolin-1HyFiLA L., B4, Caveolin-17EHEIR
Joi R B RS Bk ot 359 457 2o 2% 3k B EL A A i A A
MR, 33X R 36 97 W5 DR T B I 5 A8 $ 4 T
F L AT T
3.4 miRNA J# VSMC

MiR-504 3 3 15 Al 42 VSMC () 34 78 Fl i 5%
338 580 20 R M 5 U Y IR 1 /2 6 T A A i 4
B350, 5540, miR-143FImiR-14576F % L
HAM A TR EE, B mKLF4FKLES
DL B B 5 MY CD 1 38 in 1 #£ VS M C 43 4k v i G g
ERYY, g — 205 &, miR-143HImiR-145/2
SRF/MY OCD (% B 4% 48 5 3 AT 42 #F VSM C 1% 53 A6 i
Wi i 1 DR 3 3k O ) L A, 5 AT R 2R
PRSI AR O FE ST, A, miR-133a5d 235 1T LA
S A R A IE . BH IR VSMC 34 E B RS, i
I G e R ) & A AR R AE ™Y, miR-29 bt AT 1) il
VSMC (138 5 AL RSP0 e 2 BB JR 96 db/d b /)y R
VSMCHI EF kT, miR-200b, miR-200cHmiR-
42009 F TR R, B RR R E L A KAk D
FrZeb 18 KK R geah, BRI db/db
AN VSMCHmiR-1383K 3k 194, HA FHSIRTI
FAREdb/db/NEVSMC Y38 58 FE R, ki, 0
il miR-138 AJ 1 &% Hy 1= BE 75 5 9V SM C 1Y 38 5 it
R, 3 Ry % JE p M DR e 5 T 0 3 bk ok B A Ak 1Y
B A R TR T O W PR AL TR 0 DL A . A i A
15 R A N B S, miR-2 176 BRZE 45 4k -4
It B X VSMCEHA {2 358 58 b 08 T i E . TE
P, MEImiR-2138 3 PTEN A4 2 38 7] L) B 5
AR N . AR, A 2EE T E B miR-2 13 i
MPDCDARIIVSMCUL 45 & H KA, miR-212%
PRI 3 1 T T A8 A Ak Y 5 M 2 I 4 BT 4 K P
FUGEVSMC I 45 J52 I 60 IR e 28 AR oA ik 5 /1N B S 2R A
N5 B A PR T8 B

ERRIE K, FIEmiR-221/222 0] 41 i ifi.
B IRIE A JT VSMC 11 38 58 A Py B A N I3 A 1 2
B, MiR-146ai it KLF4RI B VSMCRYIEH, T
PAmiR-146a ]yl 558 A B3 A1 MiR-26a7]
Wt S0 A SMAD-1HISMAD-442 #F VSMC ) 18 5 |
ER, PEI I T, HonT ek 55 i i VLR S S
AIVSMCH B e Al miR-424/322 16 36 5
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VSMC A A #1005 J5 i 2R ik B, HAT Bo g o Mt
FAALBIVER, A H VSMC Ry 56 AR B B
FI1 (STIM1) | 558 8 A R4 A 3 A D1 A
(2235, BH 1k R BR300 3h ik ek 48 i 3 B RS 1)
el BRI ApoE—/—/INER B Let-7 3 18 7K SF
fi%; 7ERAN, B Lin28b (let-74: %) K 1k 6 17
W), PDGFAITNF- o i S A VSMCHI BT 5
miRNA let-7 K FEARH LD, i Fikler-7 0] 4]
VSMCH345E . R, AL AN M R FINF- « BIE
T 9 i R 5 78 N 2K 30 3 ik B B 75 G 41 2 v 1F
1T let-7 BRI B IR0 26 YA SE R T, let-7d2E
L AT LAY JR0E S By, AR B, B H Y
P sh koo e RE AL MBS peAh, Mllodn £ AR A
MR A b, VSMCHFmiR-182/) ik
AR T SR, LI miR-182 A B4 i VSMCEF
SN L B o -SMA, SM22 o F14S 1 85 1 1 %
ik, I H A SO VSMC R B FaE 2 ik —
LRI, miR-182 i FGF9/PDGFR B 15 514 S H
1EVSMC 434",
3.5 IncRNA if# VSMC

IncRNAJH#VSMC KR40 FFog ! %
MIncRNA-362 N a4l VSMCHY 58, 4
IncRNA GASSH]BHLWr VSMCUL4s & (M £k, i
LR 9 U0 B ol g B R e ak L L ) 32 2
JEIncRNA GAS5il il ZFRNA Smad4s G Iclf3E
k2 A Smad3E 1, ML1ESmad35TGF- B I
PEVSMCHE N G 2 F 1 SBE DNAZS G, M4
il VSMCARIC P 5% 5%, JF R B TGF- B/
Smad3 4t F B VSMCHY 734k o 75 207 1 8 4 1 5
Sk AL B E T, InceRNA H19 Bl
IncRNA p21 FiE™ #1 ZEP=RiiM & #, IncRNA
H 1976 & I 9 1 L2 e w0 2 2k i, (H A
B ik o BE B AL A8 TP A H 19 & A= k™, X i i
IncRNA H19Z 5 2l ik ok A 6 Ak 30 = 14 1 2B
IncRNA p2 1 [ #I I VSMC Ay 5 | fie gk R T,
FLOR R 0 EE A 0 S 0 A N RS A, i — 2
I kAR AL, 53 4h, IncRNA SENCR,
A0 VSMC I AT B8 5 4E 5 VS M C 1 i 45 2
IncRNA MYOSLIDFE A 3l i Ik P9 8 A it i 3k &
BAK, ol UEVSMC oAk I il 34 5 0 b el
3 IncRNA MALATIR K5, FiBRIncRNA
MATLAT 1R 386 5% S5 | B9 VSMC A 2 A%, 38 ik
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FEACVSMCH T, BCYRN 1 35 7] LU
VSMC o4k, 803l Ik BE 11 25 48 BB

VSMC (14 2 AR 1) 2 T R 11 o5 4% J2 9 Ik s i
G 7 i B LG B ERE OIS LA ST T ULAE B DR
I IS A8 14 A Ak BIL I A B T 5 4R TR KI5 T b
PR 975 10038 975 738 118 B () A S B IRIT O vk o G R
o I 2575 748 TV SMLC ) 2B ) 2% 7% Ak mT s 22 PR 9 I
BRAR R R, UL, ) A Y0 I AR R
W AE T VSMC I FEIE FI DI BE, W] i VSM Calg Ho 8 452
Yy J5T 18 T DR S L4 9 8 1Y 3 O A Ok S B vk 1Y
dEFE . SR, HE B EE & A A R I R I8
AR E R SR HLHIBESE . I R AT B I RAE Y .

S %

[1] Han K, Yao J, Yin X, et al. Review on the prevalence of diabetes
and risk factors and situation of disease management in floating
population in China[J]. Glob Health Res Policy, 2017, 2:33. doi:
10.1186/541256-017-0053-8.

[2] Porter KE, Riches K. The vascular smooth muscle cell: a
therapeutic target in Type 2 diabetes?[J]. Clin Sci (Lond), 2013,
125(4):167-182. doi: 10.1042/CS20120413.

[3] BRI, XUVEAE. iV T LN R 3 B e 8 0 PR I

AR[T]. IR SR FR 2L, 2014, 34(5):616-621. doi:10.11714/
j.188n.2095-6959.2014.05.032.
Zhao ZB, Liu JH. Smooth muscle cell phenotypic switching
and diabetic angiopathies[J]. International Journal of Pathology
and Clinical Medicine, 2014, 34(5):616-621. doi:10.11714/
j-1ssn.2095-6959.2014.05.032.

[4] XM, MRAEZ, DUARAE, 5. JC B Sl ko 7 UL AN A s

B TR G U], SEMBER A0, 2017, 42(2):125-129.
doi:10.19367/j.cnki.1000-2707.2017.02.001.
Liu ZL, Lin MZ, Kuang CY, et al. Culture and Identification of
Primary Generation of Vascular Smooth Muscle Cell of Rat[J].
Journal of Guizhou Medical University, 2017, 42(2):125-129.
doi:10.19367/j.cnki.1000-2707.2017.02.001.

[5] Dong N, Wang W, Tian J, et al. MicroRNA-182 prevents vascular
smooth muscle cell dedifferentiation via FGF9/PDGFRbeta
signaling[J]. Int J Mol Med, 2017, 39(4):791-798. doi: 10.3892/
ijmm.2017.2905.

© WA )T i [ & F I F 2P H

[6] Wang YC, Chuang YH, Shao Q, et al. Brain cytoplasmic RNA 1
suppresses smooth muscle differentiation and vascular development
in mice[J]. J Biol Chem, 2018, 293(15):5668-5678. doi: 10.1074/
jbc.RA117.001578.

[7] Sandison ME, Dempster J, McCarron JG. The transition of
smooth muscle cells from a contractile to a migratory, phagocytic
phenotype: direct demonstration of phenotypic modulation[J]. J
Physiol, 2016, 594(21):6189-6209. doi: 10.1113/JP272729.

[8] 3%, BHMEAL, skHRIH, 45, miRNA-181a/bil i i S PR F 47

1526 LA M R[], T B2 B 241, 2015, 36(3):163-170.
doi:10.13452/j.cnki.jqgme.2015.03.005.
Hou X, Wei XX, Zhang ZM, et al. miRNA-181a/b regulates
phenotypes of vessel smooth muscle cells through serum response
factor[J]. Journal of Qinghai Medical College, 2015, 36(3):163—170.
doi:10.13452/j.cnki.jqgme.2015.03.005.

[9] Cheng Y, Liu X, Yang J, et al. MicroRNA-145, a novel smooth
muscle cell phenotypic marker and modulator, controls vascular
neointimal lesion formation[J]. Circ Res, 2009, 105(2):158-166.
doi: 10.1161/CIRCRESAHA.109.197517.

[10] Rong JX, Shapiro M, Trogan E, et al. Transdifferentiation of
mouse aortic smooth muscle cells to a macrophage-like state
after cholesterol loading[J]. Proc Natl Acad Sci U S A, 2003,
100(23):13531-13536. doi: 10.1073/pnas.1735526100.

[11] Ross R. The pathogenesis of atherosclerosis: a perspective for the
1990s[J]. Nature, 1993, 362(6423):801-8009.

[12] Byon CH, Heath JM, Chen Y. Redox signaling in cardiovascular
pathophysiology: A focus on hydrogen peroxide and vascular
smooth muscle cells[J]. Redox Biol, 2016, 9:244-253. doi: 10.1016/
j.redox.2016.08.015.

[13

[t}

Nowotny K, Jung T, Hohn A, et al. Advanced glycation end
products and oxidative stress in type 2 diabetes mellitus[J].
Biomolecules, 2015, 5(1):194-222. doi: 10.3390/biom5010194.

[14] Wu H, Liu J, Lou Q, et al. Comparative assessment of the
efficacy and safety of acarbose and metformin combined with
premixed insulin in patients with type 2 diabetes mellitus[J].
Medicine (Baltimore), 2017, 96(35):¢7533. doi: 10.1097/
MD.0000000000007533.

[15] J5midE, X054 — OGRS (28 7= 15 e ML~ LA

FEAEAMRIE FALT]. AR R B2, 2011, 30(2):269-273.

doi:10.3969/j.issn.1671-6264.2011.02.001.

Fang LJ, Liu NF. Inhibition effects of metformin on calcification

in rat vascular smooth muscle cells induced by advanced

glycation end products[J]. Journal of Southeast University:

Medical Science Edition, 2011, 30(2):269-273. doi:10.3969/

j.issn.1671-6264.2011.02.001.

http://pw.amegroups.com



% 6

FOR, % TN AR RO R R P e 1R A

781

[16]

[17]

(18]

[19]

[20

=

[21]

[22]

skZ 2, 250, SR AE. B SUNOU TNF-afs S 09 1 5534 UL40
M R AAE N FRENA ). RIBECB AR 24 BRI, 2014,
34(9):1343-1349.
Zhang DD, Li P, Zhang W, et al. Effects of metformin on
proliferation and inflammatory response of vascular smooth muscle
cells induced by TNF-a[J]. Journal of Shanghai Jiaotong University:
Medical Science, 2014, 34(9):1343—1349.
Anderson JJA, Couper JJ, Giles LC, et al. Effect of Metformin on
Vascular Function in Children With Type 1 Diabetes: A 12-Month
Randomized Controlled Trial[J]. J Clin Endocrinol Metab, 2017,
102(12):4448-4456. doi: 10.1210/jc.2017-00781.
Mg Zal, XURVF, BRI, & B8 200 i i PR 7 2k
{2 BEVEGF % 3K K I % F 1 LA i i B Mg s (1],
] 955 B A= B 2R 35, 2013, 29(2):272-277. doi:10.3969/
j.1ssn.1000-4718.2013.02.015.
Mei AH, Liu JX, Chen SF, et al. Insulin stimulates ROS
production to promote VEGF expression,cells migration and
proliferation of vascular smooth muscle cells[J]. Chinese
Journal of Pathophysiology, 2013, 29(2):272-277. doi:10.3969/
j.1ssn.1000-4718.2013.02.015.
Thompson AM, Martin KA, Rzucidlo EM. Resveratrol induces
vascular smooth muscle cell differentiation through stimulation of
SirT1 and AMPK[J]. PLoS One, 2014, 9(1):e85495. doi: 10.1371/
journal.pone.0085495.
/N, B PES 0 /R R AR A TR SR A e LA
JiL K A s ], v AR AR, 2002, 11(8):488-490.
doi:10.3969/j.issn.1005-6947.2002.08.014.
Ma XG, Shi D. Effects of Radix Salviae Miltiorrhizae on the
proliferation of vascular smooth muscle cells induced by platelet-
derived growth factor[J]. Chinese Journal of General Surgery, 2002,
11(8):488-490. doi:10.3969/j.issn.1005-6947.2002.08.014.
TEWEDE, WO, Afit, 5. ROCKUVIFERE (LA I TR 1A 3=
B LA HAL P AR ], T B SRR, 2017,
26(12):1568-1574. doi:10.3978/j.issn.1005-6947.2017.12.010.
Wang HB, Gao XH, Zhu J, et al. Effects of ROCKI/II on phenotype
switch in aortic vascular smooth muscle cells induced by TGF-
B1[J]. Chinese Journal of General Surgery, 2017, 26(12):1568-1574.
doi:10.3978/j.issn.1005-6947.2017.12.010.
Coll-Bonfill N, Peinado VI, Pisano MV, et al. Slug Is Increased
in Vascular Remodeling and Induces a Smooth Muscle Cell
Proliferative Phenotype[J]. PLoS One, 2016, 11(7):¢0159460. doi:
10.1371/journal.pone.0159460.
TRHR K, M, WRL, A%, HMGB UEE A8 1 L0 3 5
TR IIBLHIBFFELT]. h s SRR, 2015, 24(12):1703-1708.
doi:10.3978/j.issn.1005-6947.2015.12.013.

© MR IT F EHFFNHFEIH

[24]

[25

[}

[26]

[27]

[28]

[29]

[30]

[31

—

[32]

[34]

Xu SF, Nie WP, Yao K, et al. Mechanism for HMGBI in promoting
migration and proliferation of vascular smooth muscle cells[J].
Chinese Journal of General Surgery, 2015, 24(12):1703-1708.
doi:10.3978/j.issn.1005-6947.2015.12.013.

Aherrahrou R, Aherrahrou Z, Schunkert H, et al. Coronary artery
disease associated gene Phactr]l modulates severity of vascular
calcification in vitro[J]. Biochem Biophys Res Commun, 2017,
491(2):396-402. doi: 10.1016/j.bbrc.2017.07.090.

Zhang C, Chen D, Maguire EM, et al. Cbx3 inhibits vascular
smooth muscle cell proliferation, migration, and neointima
formation[J]. Cardiovasc Res, 2018, 114(3):443-455. doi: 10.1093/
cvr/cvx236.

Cao L, Pan D, Li D, et al. Relation between anti-atherosclerotic
effects of irak4 and modulation of vascular smooth muscle cell
phenotype in diabetic rats[J]. Am J Transl Res, 2016, 8(2):899-910.
Jasmin JF, Malhotra S, Singh Dhallu M, et al. Caveolin-1 deficiency
increases cerebral ischemic injury[J]. Circ Res, 2007, 100(5):721—
729. doi: 10.1161/01.RES.0000260180.42709.29.

Reddy MA, Das S, Zhuo C, et al. Regulation of Vascular Smooth
Muscle Cell Dysfunction Under Diabetic Conditions by miR-
504[J]. Arterioscler Thromb Vasc Biol, 2016, 36(5):864-873. doi:
10.1161/ATVBAHA.115.306770.

Coll-Bonfill N, de la Cruz-Thea B, Pisano MV, et al. Noncoding
RNAs in smooth muscle cell homeostasis: implications in
phenotypic switch and vascular disorders[J]. Pflugers Arch, 2016,
468(6):1071-1087. doi: 10.1007/s00424-016—1821-x.
Bretschneider M, Busch B, Mueller D, et al. Activated
mineralocorticoid receptor regulates micro-RNA-29b in vascular
smooth muscle cells[J]. FASEB J, 2016, 30(4):1610-1622. doi:
10.1096/1].15-271254.

Reddy MA, Jin W, Villeneuve L, et al. Pro-inflammatory role
of microrna-200 in vascular smooth muscle cells from diabetic
mice[J]. Arterioscler Thromb Vasc Biol, 2012, 32(3):721-729. doi:
10.1161/ATVBAHA.111.241109.

Xu J, Li L, Yun HE, et al. MiR-138 promotes smooth muscle cells
proliferation and migration in db/db mice through down-regulation
of SIRT1[J]. Biochem Biophys Res Commun, 2015, 463(4):1159—
1164. doi: 10.1016/j.bbrc.2015.06.076.

Davis BN, Hilyard AC, Lagna G, et al. SMAD proteins control
DROSHA-mediated microRNA maturation[J]. Nature, 2008,
454(7200):56-61. doi: 10.1038/nature07086.

McDonald RA, Halliday CA, Miller AM, et al. Reducing In-Stent
Restenosis: Therapeutic Manipulation of miRNA in Vascular
Remodeling and Inflammation[J]. J Am Coll Cardiol, 2015,
65(21):2314-2327. doi: 10.1016/j.jacc.2015.03.549.

http://pw.amegroups.com



782 b E A

SRR &

%27 %

7!

[35] Sun SG, Zheng B, Han M, et al. miR-146a and Kruppel-like factor
4 form a feedback loop to participate in vascular smooth muscle
cell proliferation[J]. EMBO Rep, 2011, 12(1):56-62. doi: 10.1038/
embor.2010.172.

[36

=

Leeper NJ, Raiesdana A, Kojima Y, et al. MicroRNA-26a is a novel
regulator of vascular smooth muscle cell function[J]. J Cell Physiol,
2011, 226(4):1035-1043. doi: 10.1002/jcp.22422.

[37

—

Merlet E, Atassi F, Motiani RK, et al. miR-424/322 regulates
vascular smooth muscle cell phenotype and neointimal formation in
the rat[J]. Cardiovasc Res, 2013, 98(3):458-468. doi: 10.1093/cvr/
cvt045.

[38] Brennan E, Wang B, McClelland A, et al. Protective Effect of Let-7
miRNA Family in Regulating Inflammation in Diabetes-Associated

Atherosclerosis[J]. Diabetes, 2017, 66(8):2266-2277. doi: 10.2337/

db16-1405
[39] O, BHHIME, sk, 5. let-Taxt i A5V U LA AT RS . BEPHIIRE

PR PRSMIFSE ], Th S MR, 2012, 21(12):1525-
1530.

Cao H, Hu XH, Zhang Q, et al. Regulatory effect of let-7a on
migration and proliferation of vascular smooth muscle cells:
an in vitro study[J]. Chinese Journal of General Surgery, 2012,
21(12):1525-1530.

SRR, BROASEM, 577, 5. IncRNATE SR iy 1 HIBL
HWFgE R[], b R AR A A, 2016, 25(12):1792-1795.
doi:10.3978/j.issn.1005-6947.2016.12.020.

[40

=

Ma X, Ouyang YM, Jing ZP, et al. Research progress in action
mechanisms of IncRNAs in vascular diseases[J]. Chinese Journal
of General Surgery, 2016, 25(12):1792-1795. doi:10.3978/
j.1ssn.1005-6947.2016.12.020.

[41] Leung A, Trac C, Jin W, et al. Novel long noncoding RNAs
are regulated by angiotensin II in vascular smooth muscle
cells[J]. Circ Res, 2013, 113(3):266-278. doi: 10.1161/
CIRCRESAHA.112.300849.

[42] Tang R, Zhang G, Wang YC, et al. The long non-coding RNA

GASS regulates transforming growth factor beta (TGF-beta)-

© WA )T i [ & F I F 2P H

induced smooth muscle cell differentiation via RNA Smad-binding
elements[J]. J Biol Chem, 2017, 292(34):14270-14278. doi:
10.1074/jbc.M117.790030.

[43] Wu G, Cai J, Han Y, et al. LincRNA-p21 regulates neointima
formation, vascular smooth muscle cell proliferation,
apoptosis, and atherosclerosis by enhancing p53 activity[J].
Circulation, 2014, 130(17):1452-1465. doi: 10.1161/
CIRCULATIONAHA.114.011675.

[44] Han DK, Khaing ZZ, Pollock RA, et al. H19, a Marker of
Developmental Transition, Is Reexpressed in Human Atherosclerotic
Plaques and Is Regulated by the Insulin Family of Growth Factors
in Cultured Rabbit Smooth Muscle Cells[J]. J Clin Invest, 1996,
97(5):1276—1285. doi: 10.1172/JCI118543.

[45] Bell RD, Long X, Lin M, et al. Identification and initial functional
characterization of a human vascular cell-enriched long noncoding
RNA[J]. Arterioscler Thromb Vasc Biol, 2014, 34(6):1249-1259.
doi: 10.1161/ATVBAHA.114.303240.

[46] Zhao J, Zhang W, Lin M, et al. MYOSLID Is a Novel Serum
Response Factor-Dependent Long Noncoding RNA That
Amplifies the Vascular Smooth Muscle Differentiation Program[J].
Arterioscler Thromb Vasc Biol, 2016, 36(10):2088-2099. doi:
10.1161/ATVBAHA.116.307879.

[47] Gong Y, Zhu Y, Zhu B, et al. LncRNA MALAT]1 is up-regulated in
diabetic gastroparesis and involved in high-glucose-induced cellular
processes in human gastric smooth muscle cells[J]. Biochem
Biophys Res Commun, 2018, 496(2):401-406. doi: 10.1016/
j.bbrc.2018.01.038.

(ALmit £9)

A3 A& 220K, i, A, S i UL A
PRI AR AE AR RS MRL AR, 2018, 27(6):776-782.
doi:10.3978/j.issn.1005-6947.2018.06.018

Cite this article as: Li WD, Ni HZ, Zhou M, et al. Role of vascular
smooth muscle cells in diabetic vascular disease[J]. Chin J Gen Surg,
2018, 27(6):776-782. doi:10.3978/j.issn.1005-6947.2018.06.018

http://pw.amegroups.com



