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Roles of smooth muscle 22a in vascular homeostasis and vascular remodeling

ZHANG Ning, DOU Yong-Qing, HAN Mei’

College of Basic Medical Sciences, Hebei Medical University, Shijiazhuang 050017, China

Abstract: The research on the molecular mechanism of vascular injury has been a hot topic in recent years since the mechanism can

be targeted for the treatment of vascular injury diseases. A large number of studies have found that vascular injury, repair and patho-

logical remodeling are closely related to phenotype switching, abnormal proliferation and migration, and apoptosis of vascular smooth

muscle cells (VSMCs). Smooth muscle 22a (SM22a) is a shape change and transformation sensitive F-actin-binding protein. SM22a

decorates the contractile filament bundles within cultured VSMCs exhibiting differentiated phenotypes. In addition, SM22a is

involved in regulation of cell signaling pathways related to vascular homeostasis and vascular remodeling. Here, we reviewed

the recent research progress of SM22a in vascular homeostasis and remodeling.
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A P ORI FURE Je A — 433k

1 ETHRAFHSM220INEER R

SRR BTN BN Z MR AR, —
PP TR AR B E S B — R T HE—W
Fls o 0 B 2 2 LF A 1R A S A R B TR 1
WA R RIEAKFE . ZERRESHT EE
ThaeE e, P RESE . U 2R, 78
K REREAL, (atherosclerosis, AS)', I ks
IR 3 Bl kR ) A5 i 5 45 1 5 P SM22a0 Rk
TR, SR, SM220 KIA N E TS 5K
AR, 3 A R R ) B B R BT 7R B E
AW ALK SM22a 3 R R B (SM220") /I8 BRF1 3L
] 53 B A /N B R Bh Bk 2k A7 i el e, A
FPKM (Fragments Per Kilobase Million) 11 % 1% B
FEARIA] 2 3% J DA b 22 S B i ik BRI v 22 S
B, I AR B M ik 1 398 N ER R
EHER (KZHEEARmIBER ), P 959
ANFEE I FR (405 56%), 439 PMEKIRIA TR
(2915 25.6%), 2ERIANIE K EEARE M4 5 H
(hemoglobin, Hb). #¢ /i & H CI (apolipoproteins CI,
ApoCl) fil GO/G1 JT % #£ [K] 2 (GO/G1 switch gene 2,
G0S2), it FPKM {8 Al AR5 256 43 i e A
Hb F1 ApoClI &1/ SM22a 3[R i B B 03 K 04 22
SR, T ApoCT ZE O ML 8 9 93 g BT AR i i
TR B BME T ), ASHIE 5T 4Lt AE /N B3R B ik
48 LA R AIE 52 ApoCl 78 SM22a7 /N B v i A,
I FH SM22a 5 5 14 /N T HE RNA (siSM22a) % G 44
HhEEFRE) VSMCs, IESERIE SM220 7] {2 13 ApoCI
frZIs ¥,

ARHIE T8 LH 3k — 25 % i i H 110 22 S R DR AT R A
A A% (gene ontology, GO) & 570, BN H: K 4
YHMLE AL AEVIEAR R D REHEAT W SR RE, R IR
e 72 e K ORI R A i 7 22 5 A M L Rl PRLAR X
IR Az FALAH O 5 it R B RS 51E 51 T,
KB YFUsH g ing ; 1 GO 4 FIhfE s
Tk S N I e 7 S L TR ) G A = ) DA B2 Ak . AR
BEANSE R B o 3 5 8 PANTHER $#F 0 22 7
Rl gmig It B AT 0 28, 45 R BoR 22 R A R w11
HOEZHREUNEERLZ, FEW R GEAMIK
SARFIH LR 7244, B35 VSMCs 3458 . T/
THAEHIDE, J5 & 3255 WA S 5 R 8 0 S B 7 T8I (1)
Digetx, 5 GO 4 7IiRe g R EA — k.
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T B A s P T 40 6 IR R0 ik [ 4H 7 R4 5 (Kyoto
encyclopedia of genes and genomes, KEGG). BioCarta
P A B 5 M 4K 44 TPA (Ingenuity Pathway
Analysis) @5 5K %I, R EIR, SM22a
K DAL o P 80T 145 - 18 i B8 R 1 40 i A
T RAEMPEBACE = A4 . A TPA B[R ¥
BT T e %5 58 e SM2200 2 IR R B J5 B 0T B4 410
Hil ) B SRR T 6 A, Hh 4S5 2O SN
H R R T (nuclear factor kappaB, NF-xB) ;
IPA "N E BN Wi s, SM2200 5 PRI 7T
WOE R IRAT, P BN I R AEY) 2 T B
FES5 AS AEMOLMEHRFEHEKY, X455
I i AL I 5 261 BT R T (0 TF 9 45 AR L Y,
SM2200 5 [F g B 1T 0% NF-xB {5 5@ ¥, hn i i
B A B M .

2 SM2202 5MERGH 2 FHF

I WG HL AR B A%, 2T At 78 20 3 4 %
SM2201 1 Il 45 4% 14 5% 9 1) A P e FE L 1) ) A
T, ASCE B RIE L AL A 5 —
77 THI 1] 3R SM2201 7£ IfiL 7 £ 25 F1 L 25 440 v () 4
AR A5 I A8 45345 L2 B 2 AL
2.1 SM2205RER NHIHEE(ER

MG 24P, VSMCs. 4 EZH g mT
72 A 22 P 9ERE A JoT 4k T ik e I JORE ) RE, L AS
Dy BER Tt ) IfL A A 0 1A T P A o A 2 I A B
PEARIE SN, T HLIX A SORE SR B R R A K
AR, N T ESE SM22a 5 L8 4 5iE {0 AH 5%
P, ABEFABEAT 7 RN RSN SEI W E IR, £
AS BFRAR M EH L SM220 Rk RE T,
12 98 R 1 B A% 41 ffl 4k 2% 1 (monocyte chemotactic
protein, MCP-1). 4l il [A] & f4 7> T~ -1 (intercellular
cell adhesion molecule-1, ICAM-1). IfL % 40 i %k B 5
-1 (vascular cell adhesion molecule-1, VCAM-1),
$E 7 4> )& K (A B -2 (matrix metalloprotein-2, MMP-
2). MMP-9 [J&iE i, HZ=F 20N ; FFFE
15 SM220" /1N BRI B (3 A AL o 1 98 4k DR 1R A W
2R, HRERMERZE, #—PUEsk T SM22a
7NV IR G P AN
2.1.1 SM22o3$INF-xBES @B EE

NF-xB 15 5 # & & SM220 K] Rl 4 T 1) B¢
FEMESEE L — " NF«B {55 BB aEE
MR MAE SHOG®RE, HPhRIESERTHZ
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P2 28 IR S0 . EFEVIRA T, NF-xB 5417
#1155 9 IxBs (335 IxBa. kB 1 [kBe) 45 & HH)
HIMEE G, AAAE T MU o 452 B4 FR B
AT 5 R P 1 «B RS 2 S 4 (inhibitory-
kB kinase, IKK), f# IxBo @R AL I hiidk Hoz 21k
fift, FETUN NF-xB [q) 1% N 56 8% DL 9 B R R 3R A
KHFRAT TR R, SM22a fg 41 NF-xB £ L5
TR A O LA KT IS RORE B R ICAM-1
VCAM-1 BRI R 3E, HAEHALE| AT 62 2 SM22a 5
IkBa 25 &, #0198 2K B8 [ F -a (tumor necrosis
factor o, TNF-0) i75 3 ] IxBo B B2 14 B4 fi@,  #E 1M B
1l NF-kB p65 %5 i 7.

UbAk, SM220 m] bk L5 2 B 2244 (Iympho-
toxin beta receptor, LTPR) 4 F ) 2 e N, R iffE
RIER Veaml. Icaml. Ccl2 F1 Cx3cll ¥55%, [EAK
ICAM-1 R 4R 7 42 A7 -1 (stromal cell derived
factor-1, SDF-1) f{FR1k, 1X - # 4> %)/ NF-«xB £ i
MR A5 5 B ABE N E A B R A
Dnase 1 & 80 H1 AT HL 3KGIE 2 2 2028 43 B & B/ B
SM220 JE R A 3 F X & A /Al E R o M, Hop
LTS B AR 7T 2 1) SRF 454 47 & CCIA/T]6CC,
B CArG-box, ¥if ) SRF LA [AJ YR — R AR A AE 0
AL Z (myocardin) [ ¥3[E T 5 CArG-box 45 & 12 1k i)
H AR ATEGE VSMCs R KB 81, Ba b
TEREFERZRIL Y, NF-«B 75 S (NF-xB inducing
kinase, NIK) /& NF-xB {5 5 i i [ JiF o 88 i 1
T, A LTRR 7% . Dai 25 78 K B Nik 25 K S
¥ X KB SRF 454 7 s CArG-box, FFilEsL SRF
52 454 J5 )8 80 Nik 3 K ¥ 5%, 1ff SM220 55 SRF
G54 I Al SE 4 RN SRF 5 Nik JE K E 2h TS5 5
BEL 1L Nik FE R 5%, AT #f NF-xB 15 5 #0075 ",
FE~ SM22a A [ i 1 NF-kB 28 it fl 45 28 (5 5
AR I I 2 1 R ) 3R 9A

AHI 5T AR A 015 B2 00 i K I SM22a 7
SIS 3 MNEBERB RN A — N E BB C
(protein kinase C, PKC) IR A7 &5 Ser181 FIP A
fit £ IS B 11 (casein kinase 11, CKII) F) ik B2 1k A7
A5 Serl6 Al Thr139. 7EFHEARAET, SM22a 5 IkBa
FAEM EAE R #E TNF-o RPERIBCR, CKII A+ &
SM22a Thr139 Bk, SBERRILAZIH SM220 5
IxBo fiff 55, IxBo %55 H B ER LA o5, 4k i & 2B
g AL B A, fal % NF-xB R 8% 47, AT 0% NF-xB

(AP T
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2.1.2 SM22a5SIRT1#1EHP$I 4 FE R B

2 R 1 A A R TR R ) DL R B A% 2 L
i, A 2H A IR RE I zeste [FYR R (1 2 3 0m
¥ (enhancer of zeste homolog 2, EZH2) &/ S 41 &
H H3 iz 1R 27 0 5k A (H3K27) F A B A i1 5%
TR A TU R IE E A FERR T S SE R
W SM220 FKIXALH, 4R ER, 7E TNF-o $l¥#F
EZH2 7] 5 5 SM220 H£ K] J5 3)) - X H3K27 = F 5
1 (H3K27me3), #1580 SM22a B2 R PUER 5 FIH
EZH2 iR #E5) SM22a 3£ [ J5 31 [X ) CHIP 43 #f
Bor, 1 FIA EZH2 A 530 H3K27me3 7E SM22a
BERBEZFXHE %, @& SRF 5 SM22a
FRE )T IX CArG- box 454, #f| 3k Rl #4 57 1,

SIRT1 =& — M HAHLREHKAE R 2 OB
i, AW AW IR, SIRT1 #3055 SRT1720 A]
i EZH2 2% kA0 2R3, 33k 1 i 3% PR H3K27me3
TE SM22a F2 R G 3 T X & 5, MRERAT SM220 J&
DRI SR m PE R4 5 1B EZH2 5 SIRT1 iX i AH H
VER I3 Rk 78 7 SIRT1 & 35 5t & A F AL,
SIRT1 33k 1F [ 45 SM2 20 F IR & 3 171 2 7 30 i
ERIEMVER . TFESRIAMZ, SIRTI X SM22a
AR ERERR, SM22a nI{EASCEL S,
T54E CKIL 5 SIRT1 454, {i2idk CKI /r 3 SIRT!
BERRALIE AL 5 WE AT SIRTI {4k EZH2 25 2.k 2k
W, 1B RS SM220 LR R IE, BB
CKII-SIRT1-SM22a 1F [z Wi ¥ % 75 SM2200 HE R 3R W
AL TR 4% R PR ) JRE B b A 4 R U Ak,
9% i 40 IR T R BE B P4 BT A I TR R AS BEELEL
A PE SORERFAE I B B SR 8 . AR T AL
N, 1235 SIRTI ) VSMCs X} 4% S 1 %
RUAC B AP, PR MERIE . 70l —FhEgw
IR RNA (¢ZFP609), Filid #M i 7 2 N f
SR, TN A E g AR, SR AN S
I A, ZdFE 5 SM22a ik Fifff 56 1,
2.2 SM2208 5§ L A AIHLE

A PN B A P PN V5 P 4R % (reactive oxygen species,
ROS) & AR BT B AL BB 15 2 AS 1 Il 2 7
RE. RIEWMEENH 2 —. CHILEANN T
ROS Az il 114 2 B T A2 J08 T Jie JIog W M — A% Y I 1l P
(nicotinamide adenine dinucleotide phosphate, NADPH)
A4k (NADPH oxidase, NOX). L% %7k & 11
(angiotensin II, Ang II) 7] 5 Ang II-1 45244k (AT1R)
SEAIRHE NOX AL 5 ROS ; NOX [ P22 i ¢
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T3 pd77 T, JEHAE Ang 1T % 56 VSMCs ROS
SR PHEEE MO, 7 PKC B BERR AL p47™
BOE NOX!"™, AW AW 7 B, SM22a #i& R
A 1 E p4 7Pt S 1 3% 3 Ang 11 % T ) ROS
G, 7T VSMCs AR 3 3 — DAL
IRZIS AR 5 {23 PKCS-pA7™ B A . fEIEH
0L SM220 55 PKCS 45 21| PKC3-p4 7™ ik
ATIR-PKCS % 1% fE % /1 3 Ang I 5 3 1) SM22a
Ser181 R fl, MWEIRIL AT SM22a A £ HH I 451812
i PKCS-p47"™ fil : — 2 7F Ang I B 40, o
M4k () SM220, 5 PKCS fift B ELEE R PKCS 5 p47™™
PIAHEAER s —R7EAA ORI, BRI SM22a
Wz R - EABMR AR, 253K F-actin 4
I 2 78 5 T 00 PKCCS JI 36 37 J80% PK.C3-p477™™
1, ROS A=pdn, hneE Atk " ihtar
T, SM220 I N A 1E M5 Ak B P 25
F, PKC3 /5 SM22a i iR 14 /2 L 2l 25 [ (Actin)
YN SR E I S E AN A ) — FOET I R, AT
RE SN ML 133 PR 0 B 7 VAT A BRIV (R RE R
WK, VSMCs 75 E Ak BLI# A& A T A&
X TR A AE AT, A BT AS K
R AR AR E B EIEW T, AN
P AL AT SRR 40 M N AL R AR, et

PDGF-BB

TRAF6 AEY

G6PD )

CH SM22a4 ——————3p CH SM22a
Ubiqutination

Ub
Ub

B 1. TRAF6-SM220-G6PDIE 5 &% R
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VSMCs 1735 ; & J5 B 25 bt H K (glutathione, GSH)
AR EEMPUEAGT, MM GSH KT FER]
PR AN AR A s 4ERFAI L A GSH 138 R3S
fK# T NADPH, i 78 /2 i) NADPH AR #% A€ 1
T I [ ki 18212 (pentose phosphate pathway, PPP) ;
6- Tl 1% 7] % 0% i S (glucose-6-phosphate dehydro-
genase, G6PD) #& PPP [ [ iy . i 5T 20t 98 27w
1 /N B fi7 45 A= K Al -7 BB (platelet derived growth
factor-BB, PDGF-BB) i 5 VSMCs H it 4 & 1] & i
RS A0 o A g B AR AL S SM22a
FIETIA KR, Hrsck Y, PDGF-BB @
T SM220 KA %S Actin IE 2L EM, {2t 2
F-actin 584, 3F T 184 568 8 5% 2% AR OB 1) 76 26 i e i
A 4 (glucose transporter 4, GLUT4) EFERT . N3 7
% HEER A AC A A s [FIEF, PDGF-BB 7R BE U
iR YR AP R T 32 AR FH < IR F 6 (tumor necrosis factor
receptor-associated factor 6, TRAF6) /15 /1] SM22a K21
ZEMN, 2 FZAE SM220 A PR GOPD kA R ERA,
4k 7 %35 PPP, ini% NAPDH ZE /&, 4E#F GSH it &
Fads. {2k VSMCs A A7 AL Py g A= (B 1) B
23 SM22054AfEEE 2
AN — PP ST S 8 DR 2R A o ML 50 1R K

AL RESPREEEEH. b, A 2fEa
Glucose ©
00
ERRRRRERR R AéLUAT Membrane
(eePD) 9,
CH SM22a \“//
PPP
Cytoplasm

Cell Viability

Fig. 1. Schematic representation of the TRAF6-SM22a-G6PD pathway P!, Tumor necrosis factor receptor associated factor 6

(TRAF6)-mediated smooth muscle 220 (SM22a) ubiquitination maintains VSMCs survival through promoting nicotinamide

adenine dinucleotide phosphate (NADPH) production and glutathione (GSH) homeostasis via activating glucose-6-phosphate
dehydrogenase (G6PD) in the pentose phosphate pathway (PPP). GLUT, glucose transporter; PDGF-BB, platelet-derived

growth factor-BB.
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JRLAL T 7K AN T T3 ) 20 i A RS, IR —
RAVMMIEA . AR, Thee. iRy, RRERIL
W DAL R B AL P I e . AR AN IR I 38 2 40
B MMAARRIE R, WP, St 2
LR, HRXREHBHEEN UL, EE
A 55— AMRRIE AL e 7 AR AR R PR - AR A
LR 75 2 R PR 5, FROVTE B AR R 7 b R Y
(senescence-associated secretory phenotype, SASP),
FENURENE JORE SN, I 5 2 40 g S HL AR
ML Z L. B- FILIE T B (SA-B-gal) 2 H AT
SE M ) EEAREY, Ak, pl6. pS3. p2l
S5 M A SR R T R R A R i P

UIHTFTiR, SM22a A — R4 B VSMCs b5 &
Y, Z5W4E S SRR, Rk SM22a 7]
T4t PDGF-BB % T 1] Ras-Raf-1 {5 5 ¥ S H &1
WU B, BEWT MEK1/2-ERK1/2 38 5645 5 2% 3K ¥
s BEMIAIE VSMCs H95H . LR AN G A, 2
T F P P R 2R [V P AR A 50T BRI, R
MREEN ) SM22a 0 GEAE FI A FT B 0 41 i 3 22
H Rl B 90 AT THE 22 T A S 35 977 1) 38 22 20 i A Y
4G I ) SM220. mRNA £3A B, 2, dhik
MR TN B A 4E 40 B (human skin fibro-
blasts, HSFs) FEE#74 . H,0, fil TGF-B % SFHIA
ALY BE B, 2 | 2 D (retinal pigment epithelial cells,
RPEs) ZEZ A5 P R ff 58 2458 B9 ) % Fuchs
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P T A R RAN R /DN BR P B 40 A A B

Kunieda 25 ™ K H374E Ang I 3R] 1755 VSMCs
HIL S PE R 2. AT R IAE Ang 115 31
VSMCs #Z it fErf, SM22a & FH/KF T+, i H
5322 hr Y SA-B-gal WGV g EAr B p21
J pS3 AL A —5, ESEHRIAK 5 VSMCs
FRIEMK, M5 AR p53 Rk P47 LR
SM22a fi£#F Ang 11 5 53 1) VSMCs % 5 p53 K1k
WA o P, ps3 RN Z RS S I 4 i
AR, pS3 B AR s s R 4 DR T DA B WU A
2 (murine double minute 2, Mdm2) i A EE, Mdm2
e —F B3 2 RiERR, TN TpS3 2R MER
il A i 12 B A BV 5 T pS3 IS T i S Mdm2 kK]
Kk, Mdm2 5 p53 AHE AT A AR RS . A
WL R INAE Ang 1T FFEE RIS T 1 VSMCs &
M T, SM22a ik L Al ##) Mdm2 5 p53 #F
SV 4E AR ps3 2 AL PSR, XA REE SM22a &
ik b AT A2 € F-actin 40 Mo & 22, FHAS Akt /3 1)
Mdm?2 BRI, FE Mdm2 5 p53 14565
K, $En SM22a n[l 0] Actin 4 2L 5h 45
FHY, PO Akt-Mdm2-p53 i@E, H55 ps3 Fase ik,
25 VSMCs #& i B,

3 RE
Zi B RTIR, SM22a fE A —F Actin 4 i H 221

Impaired SM22a

Cytoskeleton disorder

/

T~

[ Prcparere | | NF-kB

|[ RasErki2 || cLutacerp || PiakiakTps3 |

Oxidative stress Inflammation

Proliferation/
Migration

Glycolysis Senescence

\

J

Vascular remodeling

&l 2. P W1220 (SM2200) A 5 0 10870 21 A P o i

Fig. 2. Schematic diagram for smooth muscle 220 (SM22a)-related pathogenesis of vascular remodeling. Altered actin dynamics by

SM22a disruption results in activation of multiple pathological signaling pathways, contributing to vascular remodeling. NF-«B,

nuclear factor kB; GLUT4, glucose transporter 4; GO6PD, glucose-6-phosphate dehydrogenase.
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TR, HIEARTEEZ Lk Factin AT KM 5
“hYE. BEERTTCIARRIERN, SM22a [FIhfE O &
TAEH T ERAl ) Actin B F R, X 2R AE R
REME S S RAMORIER, &R 224
RSN EE, UEIREE &M/ 8¢ F-actin {5
K5 A SIS TR AE F1 2820k BER S5
5 YREAE B, AR ELIRES R M IS (R4
FHRAT AR (B 2). SM220 3 K (1442 3 1
Oy BEMRE. L. SRR
TN AL I, A7 IR E R FL SM220 X 4
M hge ) 2 ROZ LS, AT BRS04 B A 7E i
B RRAS SRR AN ML A5 A TR 4% R IR R 1 FH 2 L5 1)
T o
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