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[Abstract] Objective From the molecular-level to explore the key genes for in-stent restenosis (ISR)
and the pathogenesis of ISR. Methods The GSE46560 dataset was obtained from the Gene Expression
Omnibus(GEO) public database, the differentially expressed genes(DEGs) between ISR group and control group
were obtained by using limma package analysis in R language, and weighted gene co-expression network
analysis(WGCNA ) was performed on the microarray dataset of peripheral blood to explore ISR-related genes. To
identify hub genes, the functional enrichment analysis, pathway analysis and protein-protein interaction (PPI)
network construction were performed on DEGs with intersecting genes in the key modules. Finally, the target
genes were verified by Western blot analysis(WB). Results A total of 243 DEGs were identified in the ISR
group and control group, of which 109 were up-regulated and 134 were down-regulated. The blue module
contained 2 934 genes and was the module with the highest correlation coefficient with ISR in the GSE46560
dataset. The screening of DEGs and WGCNA intersecting genes obtained ITPK1 and SMG9. GO enrichment
and KEGG analysis showed that genes were mainly enriched in protein phosphorylation, cell cycle regulation
and cell proliferation, as well as cellular senescence and TGF-B signaling pathways. In Cytoscape, 2 hub
genes were obtained, which were MCM2 and RAD52. Conclusion ITPK1, MCM2 and RAD52 may be the
genes that are specifically related to the pathogenesis of ISR, providing new targets for the identification and
treatment of ISR.  (J Intervent Radiol, 2023, 32. 875-880)

[Key words] in-stent restenosis; percutaneous transluminal angioplasty; differentially expressed gene;

weighted gene co-expression network analysis

DOI:10.3969/].issn.1008-794X.2023.09.008

E&WEH: EEWEANARERKRAIGATRESE LT (DYZD201801)

Ve AL 201306 B BRI RSP K 5 A i e R ) 5 b 90 A 2 P 2 e A D 205 N N B R Bt
S AR (EHED)

WAEMEH . T E-mail: jeanbob_wang@163.com



—876—

I AT 2A 4R 2023 45 9 H 55 32 #5455 9 1 ] Intervent Radiol 2023, Vol.32, No.9

A1 B K 5 9% (peripheral arterial disease,PAD)
— AR AR Bk, R T sl Bk AT P B 2 A
RHLZE , 52 ) J&] T 20 200 ot % PR L &5 IR 2 PAD 19
T PR R T Ay g ek e A e AR K P 2 LA
BRAEDT 5K R SCAAE A FE Y I A A LA
PR, B ATRIT R R LA P PR
ZE I [A]#1, Tsujimura 55 B AFST 7 , 453 451 B 1 35
Ja 8 FR T AE A Tnnova™ I K AR BRI S 4L f5 FE B A
HN 36%, FEHAE R LI A I B0 R
M EETY,

WL 450 09 0 149 BT P P48 A 2 5 | S S 9 1
7€ (in-stent restenosis, ISR) B8 JR R 22 — 10 ifip 455
LA I (vascular smooth muscle cells, VSMC) TE#L
BB A 0 S8 E A IS P Wi A B 1) 0 08 B A,
R A RS A ) Ry B AE . KRS
B N S I (11 A N e e o S e
(platelet derived growth factor, PDGF) [ 4& hi 7k , 12
i VSMC HEFR I 1) RS 5 [, SRR A, 2 A% A
LT I 5 240 R B 08 A 107 R | SRR A L A
I E DA ARG A= 1 PRt ] VSMC
ik FESBE AT RS A Bl T T P B A R AR A

BT 43 B T ELG A OCEIHE 2E 4T 12 B R R
FAH PR OGS LA (1 — P el 2 T B TR 81
FoR WP 78 5 0 Bl X IR =2 ) 4 S R A 3Rk
YE M RE S 5 X R A 2 FUIR 0 Y B R T I
PR, AT A5 B K [R]  2H 2 (8] /9 22 55 3% 3k 3 [
(differentially expressed genes,DEG )™/, JIAL I PA] H:
IR M4 3 T (weighted gene co-expression network
analysis, WGCNA ) J& — F 71 $8 X 4% 4 B, 7T DL g 57
FEPIRE 5 Il RMER Z 18] A3 &, F 75 22 9 20 A
SEERUS B R ER R ISR K J i B ) — A
R, T RIRLEA A ILEE E (gene expression
omnibus,GEO) , & JH AW {5 B 22 73 J7 i K ISR
22 S FRIBFEH A B ISR BRI HLEI K6 7 S 4
— PR

1 #R57HE
1.1 s

A7x5 A0 (R BN 3 2 ik ot 45 - ¥ L 40 7 )
b [ B 2 B 20 e e R ERCHE (1), 10% I T
(Gibeo, ) ) DMEM }5 35 3, T 37°C M 20 %
9 0.05 19 CO, 4 L35 Fefi rh 55 5%
1.2 ¥dssab

GSE46560 %5 4 )N GEO %4k J& (http : //www.

nchinlm.nih.gov/geo) 13 HL, KT GPL15207 -5,
Xof St AR B DK PN SR PP AR A 4 il DR R A G R AT
3BT W RO TR I A Bl AT DR R O fi
H affy S EF 7K HE T —fL AL B,
1.3 ZERFBEENID

A RS T limma G HUN GSE46560 £
Ferf ISR FR 2 XS AL Z [ ) DEG , 32 89 1 4% 1
i P<<0.05, H.1log2FCI> 1, ggplot2 11 44 DEG
B K L], Pheatmap 5 FHIE DEG 1#4 K, A
T I8 14 5 R A B0HR 5 h % 1og2FC HFIT i 3 veen
% % WGCNA F1 DEG 19 3 [7] 5 [ (https . //www.
omicstudio.cn/tool ) .
1.4 WGCNA 437

FIH R 15T WGCNA {39 g 5L L Rk W 4%
G MDA 0 2 55 LR W PR B AR DG . A Helust pRi
LR GSEA6560 Xfi 5 iy 5 4 {6, MR I 6 % 1Y
OB E B SO S8 BE, A9 B R Fh B S R B
(topological overlap matrix, TOM) M HAH 5 & B &
(1-TOM), LA 150 A5 B fi /N 3 DR &S, A e e il
S JZ DRI, THERTHRRAE JE ] DA S AR AR
B 5 i R AE AR DG 1, A5 B 25 BB Y R Ak 1
2 BB LT AL . F A Pearson A O 58 B50R1 45 A5
PURRrEFE D SR PE, i — L HiE iy
ISR Z ] AUAH DG E . B BE PR R A 35 55 B HURR AR ik A
(module eigengenes , Mes ) [ AH PR E SR BEHL B 51
(module membership, MM) , 3 S FR11E 5 358 A 3%
IR Z [B) AR DG (2 X)) E R AR 2 1 (gene
significance ,GS), X} E. A & & MM {H 1 ¢ & GS H
AL gk — 2 Hr
1.5 DhfeE 0

GO Yifig s Mr e 45 4 i 1 77 (cellular component,
CC), 43 ¥ T #E (molecular function, MF), 4 ¥ i& 1%
(biological process,BP), KEGG il #% & 47 i T
F G053 B B R A 20 i b A AR i A LA X 2
L =PI TIRE K GSE46560  DEG 51 (i b
AR FE R HE 22 2 Network Analyst3.017, 43 #1 H A= 4y
o X Ko R, IF HE AT AT Ak (https s /iwww.
bioinformatics.com.cn) .
1.6 5 5T - 35 B B A JH (PPT) ) 46 4 S A
1 R S

PPL W28 M AR A5 B2 i FE 5 W LR G
SR AR Z R F B OC R MIIEE . ] string
Bt & (STRING , version 11.5, http : //string-db.org/) ,
B RN H 530N 0400, % DEG 5 WGCNA %2 H.



I AT A2k 2023 4F 9 A58 32 455 9 ] ] Intervent Radiol 2023, Vol.32, No.9

— 877 —

By PPL 2% il ad Cytoscape B X HEAT
Pift, CytoHubba /2 Cytoscape f—Mfifh, 2E4¢ 5 Fh
B 1 (MCC .EPC Closeness . Betweenness BottleNeck)
XA AR AT I, AL R ET 10 X
2] 5L R TR X 4l 5L K, MCODE 476 4 FH T 55 A )
2RI AT, LA S S B B TR AT 0 e v Y —
20, B B R
1.7 3 15T 5 2 B3 o3 A

K VSMC 75 6 FLAR T IR 2 80%iL 4, LTk 24 h
J& ,JH PDGF-BB b2, A3 24 h 5, ffi )1 RIPA ¢
fiff VR A AR B S A 1, R BCA R 1 o B ) 7 ik
7 & (Beyotime A= 9 3 AW 5T Ir , i ) I 22 25 1 i
W R, ik SDS-PAGE MLk /3 85 M, FEEDE
PVDF Ji&, ] 5% AR W5k 2F 0] 1 h, 7 ITPKI
MCM2 .RAD52(1:1 000, Abclonal) GAPDH(1:20 000,
Proteintech )4°Cid 7% , TBST WUt J5 , iR N IFH 9t
(1:1 000, Beyotime , Rabbit)1 h, i Ji & S8 fk 2% A&
SR & T AL AR

2 R
2.1 25 RIBEL ik

iz R HAY limma %7 GSE46560 %% §5 £& it
1747 M, #£ GSE46560 1 i & i T 243 4~ DEG
(P<<0.05,llog2FCI>1), Hrp44h 109 %Kik FiH
FEH L 134 S FIBTRHER . DEG 1945 4 nl W4k
Sk B (B 1), w5 100 4~ DEG 7R 78 34 &
(F12).

logkC
(DGSE46560 $r4m # 22 S Rk LA JO I 2060 . B3R 4. T
IR 25 5 R B 35 5 (2)GSEA6560 B iR 45 25 57 42 34 S R i $A 7R
EAR YT S U Y 1 e
1 ZHRIKIEN

2.2 WGCNA ik X 2% FnpE AR H 5L K 43

X GSE46560 %4k 4 i 47 b o b Ak 2R 5 3
FAREAR RIS /A, oWl . 24 R*> 0.8 I 4K {H
WEER 13(E 20QD)), W& F/MEYh 150 B i
SRR BRSSO T 12 AR SRR

IRBER  grey BEHFRA 73 S AE HAD A B (1 3 1A
blue 3t 5 ISR B A & & AH X% (r=0.63,P=0.039)
(& 203)) i g A 3 DA B 5 115 PR R AiE 22 i) (1 A
KM HE T 5 ISR Al DGR SE AT E B R A5 11
DEG 35 blue #5581 3 R HUS 42 | %7 H 108 4
2SI (B 2)

3@ R T R e B S B, R
WGCNA A S () B P 5 A0 78 2 90 i I 38 A G
P (cor=0.37,P=6.8¢-96) , LI MM >0.85,GS>0.85 K
i 5 b o 8 W A BT P R B S LR . 5 DEG
RN H 5,55 ITPK1 EEIER , BEH 400 4~
PRI 22 i I 255 B (1] 32D, BT 0 TR 1 Wi /s A e Bk R
Z BV HH B R B % B A B AT IR 2 AT
brown ,green ,yellow .blue ,greenyellow £ 2 [8] H A7
S FH DG PR 8 5 I SRR B 2 [R) 1 I8 R O M
(K 33),

23 RN E LS

i 1 NetworkAnalyst X} 108 LK fT DI fE =
b, HAYE R E8 S5 EAumRk 406 E
WEhr O DG AR S R O AR A
% XTIy, DEG 5 5 5 TR sk N1
BEY e MBS, T IIRe b & B, i
10 2445 S A E AT A B (B 4Q), #E—2
KEGG 38 #% 73 B 78 | 32 5 J DA 7 4t J 300 4 i
% HTLV-1 &4 TGF-B 15 5 i LI Fee RI {55
KA D AR (F 402),

2.4 PPIAHEAE R M 4 b JE

T string B4 AR S 108 5L Z (A4
PP W45 K 0 7 A B A FF 90 4% 10 26 1 T s
TS HAME A A 2 EEHNEN, A
Cytoscape #A4%F PPI (2% yEA7 nf ¥4k (& 5QD) , 7
CytoHubba H, fii F§ 5 #5875 MCC EPC Closeness
Betweenness . BottleNeck 251 PPI #7[% hub JE A, ik
PR AP HE I B R 10 A4S 3R R AT A8 BN 15
#| 4 4> hub 3 [ (MCM2 .RAD52 APOA1 .CARM1)
(1 5Q), #F 38 H M BOR3E B 58 &, {#i ] MCODE
AT R DA T N 4%

2.5 SEEUE

MCODE 75 43 5 & (9 .0 JE [ 5 CytoHubba i
T HR A DR A 28 77 A 2 A SR . MCM2 \RADS2
(1 53) . 1TPK1 £ i (B B v 5 P 28 PR v
G, H 5 R e i 28 40 6 . MCM2 \RADS2 #£
GSE46560 "' E 3, ITPK1 & 78 A F ¥, 4 # A iX
3 AN LIRS, H PDGF-BB 4h B VSMC &,



— 878 —

%
T Scale independence Mean connectivity
k1 0.8 Lm—mmnzzzzzz] 6 000

= o 2000

< =

Z o4 £ 4000 ;

& 02 £ 3000

2 g

2 00 £ 2000

S g

§ 02 = 1000

f -0.4 . 0

E 0 5101520 25 30

- Soft Threshold(power) Soft Threshold(power)

051015202530 () Module

Height

I AT 2F 2%k 2023 4F 9 A58 32 %55 9 1 ] Intervent Radiol 2023, Vol.32, No.9

Cluster Dendrogram

MEpink
MEturquoise
Cluster Dendrogram

MEmagenta
1.0 MEpurple 0.5
09 MEbrown Differential Expresscd Genes

MEgreen WGCNA DEGs

0
08 MEyellow
MEblue [

0.7 MEgreenyellow 0.5

MEblack 21 135
0.6 MEblack

colors

PCI

CON

COB B FL A R V52 0045 5 b 40 A7 B 9 80 (01 249 322 300 0k 2 A7 5 O R REIR P 3 OBE B — R 06 32 iy #4158 119 DEG 5 WGCNA X 4

HEH

2 WGCNA %

Network heatmap plot

e o=
N oo A~
Ll
Pcljﬂ

Gene significance for ISR

0.00

0.00

0.25

0.50

0.25

Module Membership in blue module

0.75

AV WRATE Y e stz 2fEEd:: Lt
" Y EEEE=E =23
ﬁ-:ruo:m 2 B2 S8z
SEESE dgid;
2@ === &
= = =
. 1.0
| 0.8
0.6
ISR. 0.4
0.2
| 0
1.00 'l E B

ISR

(OGS F1 MM 14 43 7 #2 W €0 152 5 v LA ]G T 2038 7% 5 A ] 0016 I 4% 400 A~ B HLIE 4 19 35 D81 DL 25 TOM 5 BV AIE J6 D1 AR IR 1] A el

COECRE

I
Protein phosphorylation
Eell yele arrest ©

Response to abiotic stimulus
Negative re

. Interphase of mitotic cell cycle
Positve regulation of signaf
cl

Tnzyme binding

Reccptor signaling protein activity
Positive regulation of transeription ©

inase binding

Protein serine/threonine kinase actiyity
Protein kinase binding 1

Identical pﬁplem binding

inase actiyity |

. ATP binding -
Adeny] ribonuclegids binding :

ucleoplasin

Protein’

Transcription factor complex

Membrane cnclosed Jumen

Nuclear Jumen -
Organelle lumen -

030

Nucleoplasin part
Nuclear part
Protcin complx

pindle

faton of eell evele -
© “Wound healing 1

transduction |
pr0||tgra on |

3 BET GSE46560 i 45 # Al it 4k 2 3k () 4%

hosphorslation © @ Hlog 10(P.value)
. . 0 il —
A w3
. 15 b4
ol =
h 10 8=
. 2
L]
[
= class
: 60
. o
s MF 7105g 10(P.value)
"
= 4
- g E
3 b O
. .50 count
2 60 : 3
-
0.05 0.10 : .
Gene ratio @ @

DGO F 4 BP.CC MF BRI 10 AR ;210 & 53 5 £ 19 KEGG &1t

PN E 45 R B oR  ITPKT MCM2 #1 RADS2 it
A5 i 25 2R — B (81 6) . X 3 AN B =R Rk
Al e ISR B A 9 MLl g Je A 5

3

it

L 30005 5 51 S G P 0 A R I A R R AR Y
SR 2z —  Hod 5 R B RGE | R A AR BB DA K
MAEFEPE BT BB E =4 K& PDGF A i

4 GO 1 KEGG 14 Ly fit Al 14 43 #r

B N KA K A (vascular endothelial growth factor,
VEGF) KK+ i i VSMC #8458, PRI, S rh sk
#% PDGF-BB 1E k257 40 MR AU B3] . Wang 55 B
M —FIANZ S VEGE kL, 192 0 2 BE 40
KIURL AR, 38 UYL VEGE Jk A R A2 B
AL VSMC 3 58, o At i 71 P B A 4l
ISR 4=, & WLl o bR 75 3 PR e 38w LUAE 43 7 K F
TR FEBEAE



I AT A2k 2023 4F 9 A58 32 455 9 ] ] Intervent Radiol 2023, Vol.32, No.9

—879 —
Differential Expressed Genes
BMPI  KIF22 EPC
ELAC2 | . [ HNFIA
[\ [R S
WDR3L |\ V[ coLlaal
ALDHZ,,,ZW%Z‘. “\/- . \‘/I\'{XB MCC CHEK1
- \ 2 AN
APOCI**”";,r . Ny BGN 1
PRGN TR k Ve FGLI RAD52
/ S - Va . MCM2
CENPC SAG3D N TRMTA
X RN
GTT2 \ L MYBI2
NDUFAI3 o SHBG @ Closeness Betweenness @ TIPIN ®

(D3 11 5T -48 11 UM A 90 268 7 e 1T o 0 00 30 A (10 48 BB 22 | G40 50 00 R 38 0 0 5 U €00 81 20 €0 ity B € 8 3 A, )5 RBLIRI R
EPC MCC .Closeness . Betweenness . BottleNeck 5 Fft 45 v 45 HU i1 56 5 52 1K 3MCODE 7 14 57 1 14 3 K]
B 5 PPI 25t g 5 5 B IR i it

CON PDGF

ITPK [ o s e | =

(=W
vow2 T e S oo
raps [ £
202
GAPDH | e - ————  — |

® CON PDGF

% 0.8 E 0.6
0.6

= =04

<N\> 0.4 g

=02 2 02
-

=0 =0

@) CON pocr @ CON pock @

(DITPK1 . MCM2 1 RAD52 5K 33k K 7 ;3 @2H [ii] 52 4+ 43 #r ITPK1 . MCM2 M1 RAD52 5 11463k K V-, * 7R 5% M ZHAH 1L, P<<0.01
6 AH G P kK OF

AHESE T AE ISR R (g e X IR 2 22 (] i %6
i 243 422 FARIR R P EE 109 4 R B
A 134 A FIEFEEA , BEJS , WGCNA 78 i (ki b 5
ISR W 4r FHLEIA DG, 7EiE R iy 2 935 AL
H1,108 A3 A5 DEG MACHERH , i — Lk E
MM >0.85,GS>0.85, i ik tH ITPK1 F£ A

WF5E & B, ITPK1 FE #2245 & & e /E A, 5
A B BE A O AT A FL B W rhOR B = B R AL P
U (1P6) 114 FR 2 i 1510 JFG 7 A v B i 1R A 1
JULEE B R £k X5 T MLKL A A4 3R 56 1 7 1~ ke 7 22
YEHT; M40 ITPK 382 4 TNFRSFIA AHICHET 45
i S8, 1 98T SR B i TNF - o 375 5 B9 20 i o T 202
ITPK1 1 2. Pk b R AP G il 3% M R0 2 1 e e 1k, OF
0 LB A 58 2 v e e i R A O =X 0 L 2
MR 56 10 A B, X R 20 Ak AT LB I L 3h 4 SIRT1 36
521 SIRT1 5 VSMC 3458 % YIAH ¢ WU IR & 14
H TP4 35 B Ca®-C1- 3838 , I Ca il 18 J2: 3 1 30
Jhk s 27 0 g B 1ML 4 R 9 1) T B IRAR (4, 5 Bh ko B
T Ak 0 RN PR A A OB

GO & Wow BN s 4 T8 R AL | 4 i
WV R0 B A, X SE I K Y KEGG 48T £ 22
M R A s R BRI CHTLV -1 & Al TGE -
B 5 5 il %, 7F Cytoscape H, 25 2 XA I A, H

MCM2 .RAD52,

REAE#F 58 % B ,MCM2 ,RAD52 £ 5 DNA & il
FEE . MCM2 J&: DNA & il i 4 i) &5 8 57 1
Bifi % 40 B ) UE B OMCM 5 Cded5 .GINS JE i
CMG B4, HELEHIAHCH 41 PCNA Fil DNA
RAGW, LUS 3 DNA &Z 1], RAD52 25 XUk B
2465, IR UF BN BRLEE DNA IR KR A 3%
RADS1 HA1Hf, 765 EA A DNA B & il
£, Bang S8R AF 5T ok, LRI RADS2 i@ i il
T P T 4 40 i A= 1 IR F (basic fibroblast growth
factor, bFGF) , 15 5 N Bz 4 i 38 58 3% , DA 17T 52 il
I A B, ASWF 58 £ W, MCM2 RADS2 "l g2 5
ISR M & A Fl & JE ,MCM2 RADS2 WJ G 18 i 5 i
DNA 5, 5| & 40 i i B 145, e 28 530 ISR & 2E

L X ISR AR BCE AR HEAT A0 A, BERS T UF
Hi R e e A b S AR R, A BT A
M7 ISR ] #E F B A 92 B3 S 58 ik SR A
T 5AYME B — B S R SR A SE AT
BB R AU ATeS K U 3= h bk 4n e T
WAL W B 1 A 7E 3l K ST 35T A B 55 E ;5 I
N O R S N 2t o AV NE 2N RV VRE
ITPK1 ,MCM2 1 RAD52 EA&AE HHL#I AT A 1 2F —
IR,

N



— 880 — A AT

A 2023 4F 9 HEE 32 445 9 1 ] Intervent Radiol 2023, Vol.32, No.9

gi L rid 8 A DEG fl WGCNA ()45
e 3 AN FE L ITPK] MCM2 Fil RAD52, X 63t
DA/ 20 B MG 3 200 e S s b 3 . BT
o € BN 36 52 46 46 9F , ITPK1 MCM2 Fl RADS2 7] A
J& ISR KA % e () A SE A

(& % x &)

[1] Conte MS, Pomposelli FB, Clair DG, et al. Society for vascular
surgery practice guidelines for atherosclerotic occlusive disease
of the lower extremities: management of asymptomatic disease
and claudication[]J]. J Vasc Surg, 2015, 61 2S-41S.

(2] ik @ik R0 RS BT RGTE AN B ko
B NIRRT R L AT B R R (D). A AU Ak
2020, 29:1154-1158.

[3] 905, HJE S Ik i BIF 5k e ST 5L [0 ], AR 480 i i
Bz, 2018, 20:449-453.

[4] Santulli G. microRNAs distinctively regulate vascular smooth
muscle and endothelial cells: functional implications in
angiogenesis, atherosclerosis, and In-Stent restenosis[J]. Adv Exp
Med Biol, 2015, 887 53-77.

[5] Kyaw H, Johal G, Gedela M, et al. Is coronary brachytherapy
staging a comeback for the treatment of in-stent restenosis? [J].
Curr Cardiol Rep, 2021, 23 156.

[6] Tsujimura T,Takahara M,lida O,et al. One-year clinical outcomes
following implantation of Innova™ self-expanding nitinol stents in
patients with peripheral artery diseases presenting femoropopliteal
artery lesions[J]. J Atheroscler Thromb, 2019, 26 847-855.

[7] Giustino G,Colombo A,Camaj A,et al. Coronary in-stent restenosis:
JACC state -of -the -art review [J]. J] Am Coll Cardiol, 2022, 80:
348-372.

[8] Zhang DM, Chen S. In - stent restenosis and a drug - coated
balloon: insights from a clinical therapeutic strategy on coronary
artery diseases[]]. Cardiol Res Pract, 2020,2020. 8104939.

[9] Wang M, Zhang W, Zhang L, et al. Roles of microRNAs in
peripheral artery in-stent restenosis after endovascular treatment
[J]. Biomed Res Int, 2021, 2021 9935671.

[10] Gori T. Vascular wall reactions to coronary stents - clinical
implications for stent failure[J ]. Life (Basel), 2021, 11 63.

[11

[

Gori T. Restenosis after coronary stent implantation:cellular

mechanisms and potential of endothelial progenitor cells (A Short

Guide for the Interventional Cardiologist)[J]. Cells, 2022, 11

2094.

[12] Jakubiak GK,Pawlas N,Cieslar G,et al. Pathogenesis and clinical
significance of in-stent restenosis in patients with diabetes[J].
Int J Environ Res Public Health, 2021, 18.: 11970.

[13] Kawai KJ, Virmani R, Finn AV. In-stent restenosis[J]. Interv

Cardiol Clin, 2022, 11 429-443.

[14] Alfonso F, Coughlan JJ, Giacoppo D, et al. Management of in-
stent restenosis[J ]. EuroIntervention, 2022, 18: e103-e123.

[15] Wu D,Hu Q,Wang Y et al. Identification of HMOXI as a critical
ferroptosis - related gene in atherosclerosis [J]. Front Cardiovasc
Med, 2022, 9. 833642.

[16] Wen Z, Wu L, Wang L, et al. Comprehensive genetic analysis
of tuberculosis and identification of candidate biomarkers [J].
Front Genet, 2022, 13. 832739.

[17] Zhou G,Soufan O,Ewald J,et al. NetworkAnalyst 3.0: a visual
analytics platform for comprehensive gene expression profiling
and meta-analysis[J]. Nucleic Acids Res, 2019, 47. W234-W241.

[18] Wilson MP, Hugge C, Bielinska M, et al. Neural tube defects in
mice with reduced levels of inositol 1,3,4 - trisphosphate 5/6 -
kinase[J]. Proc Natl Acad Sci US A, 2009, 106: 9831-9835.

[19] Guan Z,Liang Y,Zhu Z,et al. Genetic effects of ITPK1 polymor-
phisms on the risk of neural tube defects: a population - based
study[J]. Reprod Sci, 2023, 30: 1585-1593.

[20] Dovey CM,Diep J,Clarke BP,et al. MLKL requires the inositol
phosphate code to execute necroptosis[J]. Mol Cell, 2018, 70:
936-948.

[21] Sun Y, Mochizuki Y, Majerus PW. Inositol 1,3,4-trisphosphate
5/6-kinase inhibits tumor necrosis factor-induced apoptosis[J]. J
Biol Chem, 2003, 278 43645-43653.

[22] Zhang C, Majerus PW, Wilson MP. Regulation of inositol 1,3,4-
trisphosphate 5/6-kinase (ITPK1) by reversible lysine acetylation
[J]. Proc Natl Acad Sci US A, 2012, 109: 2290-2295.

[23] Chamberlain PP,Qian X,Stiles AR, et al. Integration of inositol
phosphate signaling pathways via human ITPK1[J]. J Biol Chem,
2007, 282 28117-28125.

[24] Ganapathi SB,Wei SG, Zaremba A, et al. Functional regulation
of CIC-3 in the migration of vascular smooth muscle cells[J].
Hypertension, 2013, 61: 174-179.

[25] Siemelink MA, van der Laan SW, Haitjema S, et al. Smoking is
associated to DNA methylation in atherosclerotic carotid lesions
[J]. Circ Genom Precis Med, 2018, 11: ¢002030.

[26] Sun Y, Cheng Z, Liu S. MCM2 in human cancer: functions,
mechanisms, and clinical significance[J]. Mol Med, 2022, 28:
128.

[27] Yoshimura A, Sutani T, Shirahige K. Functional control of Ecol
through the MCM complex in sister chromatid cohesion[J]. Gene,
2021, 784: 145584.

[28] Bi B, Rybalchenko N, Golub EI, et al. Human and yeast Rad52
proteins promote DNA strand exchange[J]. Proc Natl Acad Sci U S
A, 2004, 101: 9568-9572.

[29] Bang JY, Kim KS, Kim EY, et al. Anti-angiogenic effects of the
water extract of HangAmDan (WEHAD),a Korean traditional
medicine[]J ]. Sci China Life Sci, 2011, 54, 248-254.

(W ks H 39:2023-01-30)
(KRS F)





