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Research progress of vascular wall cells in atherosclerosis
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[ ABSTRACT] Atherosclerosis ( As) is a chronic inflammatory arterial wall injury process, and vessel wall cells play an
important role in the occurrence and development of As.  Vascular endothelial cell (VEC) act as a semi-permeable barrier
between vascular smooth muscle cell (VSMC) and vascular lumen, and its injury is the initial stage of As.  In addition,
Through phenotypic transformation, VSMC could transform into many cell phenotype of the plaques, including macrophage,
foam cell, mesenchymal stem cell and so on, and these cells further involved in the occurrence of As.  Fibroblast is the
main component of vascular adventitia,in pathological conditions, fibroblast differentiate into myofibroblast and participate
in the occurrence of As. In this article, we will review the involvement of vascular wall cells in the mechanism of As and
its potential therapeutic targets for the treatment of As, which provide new therapeutic ideas for As.
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WD RERERG S GOX I BRI KA, GOX Bt
7% 32 VEC BEETEA MG IR T, I 48 1 175 1 1
N M K T REAR, Kang %500 % SR BUIE 3 2l ik 4
Bz ALY GCX AR , T s 2375 I 4 R 1) /K R 2% 38
Jig & 1 AH [& B (low-density lipoprotein cholesterol ,
LDL-C) B &I, GOX VR Wy sk AR BRI T
T It AR B 32 A (i A 200 L 285 R 4 400 L 1)
BB T LASE G ) BRA 1 240 i/  aln 4
RERUREB AT Z BT As BOFEFIY . HS 2 6CX
B w MR ME . Delgadillo %7 FI 25 B i% W]
JRRR AN HS, FHE GCX 457 19 N T 6 ok P B 400 Jfd
(human umbilical vein endothelial cell, HUVEC ) &
BRI GOX A2 46 ] At ik 2 B 0 i 2R, 1 1 40
JERG R K VEC 3@ B MR

Patil 45 K BUIE B A L5 HS AL 72
B BRIR B, BE W358 0 ApoE ™ /N AL T As
A I, HR B E i TR £ b 58 GOX eI mT Lk
H GCX TIfE, I HLEAHL As fEHT. S AHIFEUEN]
BE 54 I £ R 5 VD B R 4G 2R U R (syndecan )
B2 A% L, [ R 2 syndecan 254 B9 HS 18 /0,
% VEC GCX [t #e vt 2Bk As) . DL il 45
SE WY BE 004 £ 1, vT RBIER GOX RYBIIR fR4F
R D RESE R HE TR BT As B9 H Y. HA 255
Hh—FiE e R AE . Nagy 5511 WA B 7E /N USRS o
T HA 1095 BT 2 1140 MRS R | 28 E Bz, 2 T
fEiE As HEJ, £ LT, GCX Iy 8 3k 52 M P 1z 4
MITIREAEHE As, PRI, PRASE ILAST PN 2 4L GCX S8 Bk
SETRT As BUHZEIR T IR As JRYT TS TERE A2 (1A
1), W Z5PmiE GOX £ Fh s (4 HS HA) f i
P, AR A I IRESE R  ATREZ TR As AT T
1.2 iIHIREERAR S As

VEC " 80% FY ATP 23 it 4 19 fi 34 12 ™ A
(g, I RDBE R AT 5 1S VEC ThRERRAT , T IE E As
gAY, VEC MBERE AR 52 miR-143 B9 7%, Xu
SFUHESE R B AR F B KA L, As BE B BR A
miR-143 L, [F B & B miR-143 5o 2% 35 40 1) 40 il
CRHE S 2 (hexokinase 2, HK2 ), 37 17y 00 +fil 4 1% fig |
T3 VEC DIRERERT il As % . AT UL miR-
143 W) BER IR S VEC DIRERRRTAH O , 1073 56 b 15
AT AR As Y VEC DIBERERS . Yang 250 %
B As 5y & IXIE VEC 1 AMP 5% £ 19 85 1 BT ol
( AMP-activated protein kinase al ,AMPK al) #ikH¥
38 R R B R S A AR O L R
( protein kinase AMP-activated ol ,PRKA«a1) /5175
F I F 1a (hypoxia-inducible factor-1ac, HIF-1at ) /#

PR fige/ PN Bz 194 B A 5 10 5 T /0N B As, HEAL A 2
PRKAal/AMPKal 15 53 B2 i HIF-1a 323k, 15
NHIE AR 0 5 SR, Bl VEC OB B i,
FELEIFRH]  PRKA/AMPK A1 5 14 P B2 40 60 1% 1%
BT HmR As (iR

WEREAR AT LA VEC D RERRAG  (H i W i
A5 VEC o B2 8 51, 308 4B 18 8 B, 450
VEC HUZBEFEIIRE, Ik As AU3EE, 6-B 2 SRk -
-/ RWE-2,6- Wi BRI 3 (6-phosphofructo-2-ki-
nase/fructose-2 ,6-bisphosphatase 3, PFKFB3 ) J& 1 [
fiffach v B O, FT B VEC 100 TR A A 2
VEC Hy 3§ FE AT, DTSR EOHT A= 1M 488 B, fif B
BRRGE ™ 3-(3-MEBERE ) -1-(4-MEBEHE ) -2- PR 45 -
1-ffl — Al PEKFB3 BHL 5 77, © 45 Uk B i 1o B W
PFKFB3 33k, Wi/ VEC FH I A, 00 1) JFC 384 5 A
TR B A A T B, TR A As BEBRTST ) 2F
JARH As Z IR R C WA . RBERIEF 2
SFJE 58 L R, T B o JH 200 Y R A
Zhou 55" R B ELAZ AR AT T 308 3o 0% I 40 e e
AE Wt WL BE 3 3% 8§ ( phosphatidylinositol 3-kinase,
PI3K) /%5 118 B ( protein kinase B, PKB) /I L3
YA Z 5 9 ( mammalian target of rapamyecin,
mTOR ) {5 538 175 5 Wl At 0 i 105 26 10, A As
PR I APE 5 28 0 BEL BT JH 40 220 5 3 it i />
BRG] 875 i o A bobE i, A B
T As, B, BHIE AR 1S 50 7T LIS As tPARY N
S DI RERE AT , (ERE i ok B2 FT L i VEC Y3 58 FlAT
B NTTAIER As BREHR v 397 A2 1M 48 RO HE B, £ BERAS
FaE (K1), Wang M0 T As B VEC ol
PPEfAE E BRI As EREAYAHSCHE £, O As AL AF
GBI T J7 AT
1.3 SURHS As

5T & PR % B2 B8 25 H (low density lipoprotein ,
LDL) S4B A& | i M0 36 74 48 ( reactive oxygen spe-
cies, ROS) A3 Y AL B OFIR BT U1 ) B, ol 5
VEC JAT=; MERGE R NO 25 il VEC Ji =",
T JE VEC ASnl i P45 £ 9 — P07 20, Kt VEC
PAT:, FE VEC DhREREAT , #E {2 #F As, PG, A
M SE AR S 19 VEC T As 1367 B
FEMINIRE X, AT As 259 0 FF &3R4 T4
Jiml, BFSE R, ZRNRFEFH VEC BT ih
PI3K/PKB {53 i/ 519" . PI3K/PKB J& iy
Bl 40 & 2 A 2 A F 2 (nuclear factor-
erythroid 2-related factor 2 ,Nrf2) f) [ JiFFE A . Nif2/
ML ZE % 1 (heme oxygenase-1,HO-1) {55 18
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VB R A RSN T AN 7T e/ (5 538 1, 2 S
K BrEAL DA TSR AR S As TRYT Y 2R
RZ—", Ne2/HO-1 55 38 I 990 f VEC %2
A AN EOE T B, TR 2% As [ aEJ 2
Zhang %5 R IR R 2 | SR 2K i 2 A 2 T
DA AL AL 2 2 iR 25 1 (oxidized low density lipo-
protein , ox-LDL) | [A] B4 e 2R | v oA A1 i 48 55 5K
£ (angiotensin Il , Ang Il ) S S A AN B B Y
VEC A =, H 3 Z ML 5305 Nef2/HO-1 {5 5
A K,

A, e ] B2 e 2R I 7 | A 1 4R A B
ALSETN ROS Y=Lk, BRI B2 B — S AL A 5 1 (en-
dothelial nitric oxide synthase,eNOS) B335, I/ 1.
BN BIRPE NO By 7™ A 1l 48 &F 5K D e 32 46 ; [+
I, 77 A2 1 ROS 14 T 40 i N 45 25 7k THAEEE 2
ATP M IMZORL R 57 40, NTTT75 5 VEC 12, fid i
AsP BRI, SRR IR B TIILRRRE
TIRTR 2225 i HT A AR, vl o 3 0 TR A B
P95 K F 2 M E R 1 (silent information regulator
factor 2 related enzyme 1,SIRT1)/AMPK {5518 i F1
PKB/eNOS {5 7 18 %, 1 i1 [7] %1 > e 22 2 175 = 1
VEC JAT=, R¥EPT As BIFER' . Chen 557 7E R
HIBE S AF R AR HUVEC P #4U0K 5 28 11 27 (heat
shock protein 27 ,HSP27) , & ¥t HSP27 Wi i PI3K/
PKB {558 A AME 5 P87 B4 1/2 (extracellular
signal-regulated kinase 1/2,ERK1/2) {551 J kAR 1k
P v o 2 AR 35 T T A0 O T WD & B, HSP27
Al LU Z R A I 2 R As 75 R 40
PR AT As B, BFSEAIESE Al R
i Yes #H X I ( Yes-associated protein, YAP) {5
F I, I ox-LDL fil & (1) HUVEC i T-H1 908
JO7, FHOHCRT DL | Al B R BE XS N R 4845 AH 5 5 e A
BITVERT, W As™ DL ARG 45 SRR 5, S Ak B
Al Z s S VEC T, NIfE i As,
I, A AR, PR VEC HEERT RS As JAITH
EAFARSEIR R I (B 1) .

1.4 VECZETS As

1.4.1 VEC %5 As W5 KB, fE4Fh VEC
WA As H, L1E VEC A WA LR Hb T
T2, 40 As; T VEC H Wi Bk B 234 /& 1M 7 40 it 2 B
I3 F-1 AR BE B 43 -1 A1 P B R KK, A
AR 5 440 e 92 1) R0 UK 400 IROJE )i, PR 3 170 )3
HEFMT, VEC BY H WE R[G5 BOL B 1 RAE
IR AT B KRR BT YT A Sk R
VEC A WY H % R 3R 22—, & 59 Y I fih & R4 Pk

BB IR VEC TS S FARE R M ] As 3
LI B AR BT DI ) J& — P e i 2 As B,
AL S mTOR 55 30 ORI [ mE=
12 37 B [ WEAH 5¢ 3L K] (autophagy-related genes,
ATG) ™M M4, PSRk, M EB 1 1Y
ATG5-ATG12 & A WA EAE N, FH 75 A AR 1B
B RV /NEE R 1 BRBE AT AR i VEC 3 W F I
TN, @SS VEC XHE As 40P T B30
) 2 i AR L I 240 i B 4 R R AT As IOPE TR
miR-214-3p i@ i L ATGS A9 3'-UTR K5
ox-LDL S 1 VEC H P | Xiao 255 JIF 52 14
237 (interleukin-37, 1L-37 ) 38 3 3 58 [ W 08 5% As
PR 4 6L 2 9 RN T TR] s B0 ) s 41 il 5] 3-
FENR I AT TL-37 X VEC MR E I , iF5E 3R
B, miR-103 @ L #0461 B kL 409 -2 (B cell lym-
phoma-2,Bcl-2) /£ E1B 19kDa AH A FHHE A 3
(adenovirus E1B 19kDa-interacting protein 3 , BNIP3)
{55 e JE 2R A Wk, -3 VEC %32 %4k 1
Wi >, AT —Fh HSP % LAY,
FAETATZRHEY T, DRSEE KB, A5 2517 8 1
5% HUVEC 19 W 3655 ox-LDL 755 1 40 i 98 71
BBy T,

SR, A — I F5E R W, B VEC A B
JEE VT, A5 A PR T R A o R 5 S
FE A WERTHIH] VEC JT- 008058 As 748 ; B4 A4
JE0 2R TP N RS S VEC A i B SO £
1 VEC, FFE2 T ApoE™ /INERUK As'® DL EAFSE
SEIRFRW, [ W B B 2 30 a4 0 AR RE 20T RS B B
VEC T RIFAE HE As OFE R, (R B e ok B 380
AR S VEC T {23k As(E 1), @it ¥
FIWELRAT VEC ZIRE, AT RERIRYT As T 2 —,
1.4.2 VEC B=5 As 4T R—FANT
YN TR IRFE R AR P A AR T, AR T S
SORE/IMA TS 3 VIAE G, T ARl KA {2
FR R E B (N TL-1B 1 1L-18) P #F5¢ & ¥ VEC
BT — R As MG, 4235 148 38 3% M1
98 VEC i 73 223K | 5% 200 i (4 Rk B 1 2R 4 LA
K VSMC HiERE R AE T o A AT IR 45 & 4 i
B e AR T AN RS R (S5 IZ 4 3 (nu-
cleotide-binding domain leucine-rich repeat and pyrin
domain-containing receptor 3, NLRP3) % JiE /MA Jil 34
1) 28 L GE / IMAA 538 [ 2 BRI A AL T 3R AR BIFY
RIZSAE/IMATE VEC [ VSMC i3k Hie
3B, S IEE AR, As BE R IE MA R OGS
NLRP1 1 IL-1@ 9335 B & 1 Horp 1L-18 38
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I VEC 2R 23719 & iDL AR 3 VSMC B 58
RV As BELAGHEIRE . TR ST IE B 30 1 240
TR LA As 5 —JFSE R B, NLRP3 %
FE/IMA Y R PR A U820 ox-LDL 75 5 1Y B 20 ik B
RGN & BRI $2 i, 30 VEC 1
AR/ N FAL G Y (AT 2R 25 M) AR IR R ) Bt
As FE R EAEDLE o B R EE, g PR 58 I -
(tumor necrosis factor-or, TNF-o0) AJ 3 i THP-1 B4
A1H-5 HUVEC BRSR, JE 1755 HUVEC SEAE S
FOEE T 1 ApoM il ¥ & 5-1-5 TR &2 & Wy o
PI3K/PKB {5518 i 42 TNF-o %53 H) VEC i1
FIARE N, BT A WE FETA0, BT UE S, #1
BRICT AT L ok v 2 /) B 32 30 Jok 1 e 4 1% i Jo
ST AN P R D RERE AR A

2 VSMC 5 As

VSMC REEEWL S As
PR Pk N B8 & ( diffuse intimal thickening,
DIT) #A A& As KA WTTIE, DIT H VSMC 2
ZWEFISRPE 2 A, e VSMC i AL VSMC
R R RUEE AR B Ak L AT 3 Bl ) RE 1 43 1 A
VSMC!! | 231 VSMC 7T 3R A A I, S5 8 i
FH43 8 1 20 B A1 FE S5 (extracellular matrix, ECM )
R AREH T (40 IL-1, TNF-o 25) , Tl ECM (1972816 X
235 VSMC 13858 St 7%, i — 042 iF As BEHRAY
TE AN BELR PN 28 S AE R 5 LA, 4318 VSMC 38
LA ) I 0 L R 4 R A 4 A5 B 1k 1Y)
RES1,25 As BEHLIGESAL ) BF9E & BE, B SR04 2R
FZAE RS H RS R EREANGE LS,
M 46 VSMC 1] i B 40 i RE 55 4L™7 ) Grzesiak
ARSI B A re AR a2 B 1 1 (leucine-rich a-
2 glycoprotein 1, LRG1 ) 7E/]> BRI ZE 1) 16 01475 AL 35
Herp A I R R ek 9T 5 IER LRG1 BERS
fiEiE VSMC 964k, il e S (e s BEERAS AL A 5
KRR, VSMC ) R R Z Z Fh K &
R4, AR 2 S RNA, Wen 257 5iE ] miR-139-
5p AT PRI O LR Rk IF T M 4a & VSMC
IEFEH B R IL, Kriippel ££ K 4 (Kriippel-like fac-
tord , KLF4) 2 IR A0 MLIE B VSMC R B 5% Ak | B
AR AL | P B A0 AR E | I B 40 A A 40 i
BB AR 0 WFSEIESE, B H miR-449a
AR KLF4 B9 3R35, i VSMC 1Y 3R ABUFE Ak K 1%
L34 5 AT RS BE 7, B0 As BEHR AR 2 pE
5 Ah, Chen %0 K BLT — Bl B B9 & (1R,

2.1

FAMI72A , H3i ok 3] KLF4 32358 11 VSMC M
e 4 B TR i) 43 U6 6 R A Ak, B I As BEBR RS
P [, B2 1 aEat sy N IR A A A K]
R BRAFFE S EHS 58 A T VSMC ERFE1L,
et VSMC BB FIaE R f gkl UL, 78 As F
11, VSMC 38 i F B AL AT [ B 5 RS I U
- S5 As AL L LA, VSMC [H3R7H 4L
ZZ PR NIEE gAY RNA KLF4 55 il
FHIELAY, TIRESETRBT As KA DIHTIITRSE 7l
2.2 LHEES As

XU IR B F8 8 1) S tR 50 Jhk s 722 1 9 B4 = bt
FEUE S LT AR ME 1) 58 38 X F B R o H 2, 1
rRETYENE 8 i VSMC A ECM 4%, A WF9EIE 52
SRIAEL VSMC 774 ECM B R ET 4E M |, R BEB )
BRI, 7 As BRI BESU L S VSMC 0 S A OG
1M VSMC %5 i fi VSMC R348 2R FIAE T e
R R B, IR B A T 1Y pS3 JE IR % B vl i 1F
VSMC JHT-FNLFHENRAR 1Y . ) As 4 i sE T
A BE U RAE S, SR, M3 As HH RS2 4 i
FIAH AL T ] BE 23 A 3E R AU AZ B9 T B, DA i BRE e
AREN , BZ, As B, VSMC X BEHLAR & K 15
KARAE T, R S B R 2 A O, R, 7E As
WA, B2 50 VSMC 773G 3R, AT RS A% B (4 T e
WA,
2.2.1 VSMC A5 As  VSMC H MR 2 5
TIHIGE TR ME AL NI RE 0 As 19975 2L 5
T WFSE LB, VSMC F553E HuR BEBRS R F
Wi BBk , T A2 0 B B T B N BB R R e e A
VSMC ¢ 50 B W BB 5 20 VSMC JeT- 34, {2 i
As BEHLE S (B JE VSMC 1) A WEXF VSMC 736 R
TR, AP AN 7 - 5 JIE [ s | A I RN O 22
T 5 [ 1 AT 3% 5 VSMC 4 [ I, M T A
VSMC (A7  FasE As BEHDT . MR, B A
(osteopontin, OPN) | Ang Il F1JE 7t T 5[ A2 A9 F W3 ]
I VSMC I BET, #F — 2 bl As 95 A8 F e %
WA, et T TAY VSMC [ Wi 1 HH B ) 2 1k
RHA 3Z {4 ( nicotinic acetylcholine receptor, nAChR )/
ROS/#% AT kB( nuclear factor kB, NF-kB) {5 53 [}
fil %z VSMC FRIEEAL I AsPY
2.2.2 VSMC £T5 As  BRAMESN, VSMC By
T 5 As BEBUIE BUA 2, VSMC MEET- W] 5] & &
E SR , IR SR 21 4N, fff BE AR, B 2834
AvEO A F R R AR NLRP3 RAE/IMAIE
1A B R 41 & H B1 (high-mobility group protein
box1 ,HMGBI1) , {2 #f ApoE™" /N H VSMC 3k i )
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IR AIE B, B 2 A 5 As JER G 5
GrF O AR IR IR A ApoE™ /N ) NLRP3
FARE/MA, 2308 /02 58 20 1 A 5 O 38 n Bk B v i
VSMC I J5L AR 11, Il B e g e o ko,
TR, S R A wbk BB TR 19 IR 22 B ( porphyromonas
gingivalis lipopolysaccharide , Pg-LPS) 1 fi¢ #f VSMC
BT As BUAEE T8 As B9 R AEFIR e &K ¥
BT BHIBT IR RNA 22 1R/ 7 2 W2 £ 11 B TR ity
PP1-vy ## fk W & ( circular RNA serine/threonine-
protein phosphatase PP1-y catalytic subunit, circRNA
PPP1CC) i@ ] HMGB1/Toll #£3Z14 9 ( Toll-like
receptor 9, TLR9 ) /22 {6 RIg Gk = A T 2 RAE /A
(absent in melanoma 2 inflammasome , AIM2) {5 5 i
FEHEE Pe-LPS V531 VSMC FET- M1 As' . 7EHE
WpEH  VSMC 1134 5 4 ik 21 4E R T2 SO A7 B
DERFEE R . £ bR, MR e VSMC 4i i 5t
TR —FIE R A0 AR Tl 55 1 2R 4R IR O e E
DEPRT AL,

3 MEIMEHEES As

FRCET Y240 B 2 AR E 2R, IR LT,
I AR R T4 20 it ( adventitial fibroblast, AF) b
F LR B AR AT IR S 7855 BER S R ol B , & 4B
REVLAY 345 TR IFE o Z a1, =
5 As A BRI Yz B B A AE R
P, AF AT DI EAL A K R B SR T 5 AR

= 12 0 10 S

o=
= B M & 3K 51
wp {2 33 5 200 e 366

MGITEEERE  =-> N IhRERRTS

WL ET 4 41 9 ( myofibroblast, MF) , MF 5 VSMC E.
AFARRAE , 7T F H9FH , o i i b 2 5
BN ERIE B, S 3 As T N2 B2 el AR Bl Ik S 48
WMARGHRAEMNERRERZ —, RS %
PR Ang 11 AT 383 34005 AF B Ras [R] 8 356 R 5 %
51 A(Ras homologous gene family member A ,RhoA)/
Rho #H ¢4 il B2 5E 25 1 4 8% ( Rho-associated coiled-
coil forming protein kinase, ROCK) {551 %, 2 51l
B AF/MF REEAL, AN P B, ELA P 4
[ABHi% ¥ ( cellular repressor of E1A-stimulated genes,
CREG) it i LW p38 22 2% AL 8 1 Il ( p38 mi-
togen-activated protein kinase , p38MAPK) fﬁ%ﬁ%,
Mt Ang 17T R/ ELAF [ MF BOFE 5 [7) i 9655
HHFEAITRAE ST #278 CREG 2 54k AF KA,
it CREG Al REE S I8 AF (9K U5 AL 14 58 A1
TS5 MBS 5 1 B e, A B B ik
114 T SR DI (TR S e AN, AF 7E LA
PRI BT B A2 ROS, ROS 3 1o 14 N B 43
IR, 2 A B ) B A 1 B R A, e & B
JWLE— 208 A LA BE A2 5E JAE Y A, D As,
IEAN TG AF 43U 5 20 M R - Fn ek I8 5,
LGS S B AN LGS A0 A T TL-6, DL R
Btk & H 1 (monocyte chemoattractant protein-
1,MCP-1), WF5E R, Ang 1 55 AF [R50 TL-
6 Al MCP-1, 5 & T SO 20 i 1) 23 4, 1B 117 346 5
AF PSS DL ERREIE S I A IR B 2T 4k 41
JITE As W& AR R b R EEAERI (B 1) .

TR - R EHASKIEN & METH

= {2 VECHT
SR

AT =»VECIhEERERS

B R

= SRR FRIE (R B ISR AN R AR AR

e T

VECHT %

BT

= 10 i E R

= VECHi M5 FRiE

= VSMCHIER

=> Sz RRE R MR A

SR

S iBEVSMC

= As
1R VSMCHIIE BT

VMCBE [opn, aTH3lRmAR

[ SUAREMSEHR. AEEHE. KERER = ERWREL
R AR VSMCIET 1SN (R HEASBER T B
(mzvsmcHzET)

IS ASHEER VSMCHET (R R AL AR F 4R BRI
VSMCET
SUAMF B5FRBHTA

MmESMELRR 5 AF

1. MEEMMEE As

Figure 1. Vascular wall cells and As
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4 HESRE

As BUHI A Z AN ) IG5 RE AR L TE. As 251> B Bt
KEHE FHAEH, VEC Hi0i 2 As KRN PILF
45 VSMC 7E As FIARIBT Bt A FEARIVERT, 76 As B
H 30 3 3 B R A S T BE O B T 7 M TS AR o
TSR LT 4 WE TR R UEBEHRR A 5 AF VA 1M A8 A1 s
(BN, 43 AL B MF, A 1 A0 B2 0 SR A2 1 As
M) kA, 8 bR B 55 5 5 VEC 45 BT 1)
2 4 As B VSMC K AF Ry R B4, IF 42
15 As Wi VSMC BYFE IS R AR E BEHR AT RS AR KkTA
7 As AREE55 I T I
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