550 % 43 WO R %o Ml ('R Vol. 50 No. 3

20244 5 H Journal of Jilin University (Medicine Edition) May 2024 749

[XEZHE] 1671-587X(2024)03-0749-10 DOI:10. 13481/j. 1671-587X. 20240319

ETZEBRIENNEBITRAEZXRABRENREHEXER
EREMAmZENENEEESN

BER' A W, TR e, Bw4E ST, x L R!
(1. BWFRF=E K@ EROHN—FB Bl AW+ 83200052, A F RFESGOREE,
B A 8320005 3. Al K 2E N — K@ 22 B BER, B A F 832000
4 JTRAEITTH BP0 NREBREEER, TR #YT 524000)

[ E] BW: iR ERE (ISR) h2ERRIEMEEHCIERE (DEIRGs), 47 ISR 4
PEAN MRG0, JF B U ISR R A R JEMALE . Jrik: mERZREEIEE (GEO) T4 GSE46560 %L
P AEREAR mRNA K 285045, 22 M ISR 5IEISR (non-ISR) 41. FM R “Limma” 410
2R RN (DEGs) JFS5 MM KN (IRGs) L34 ISR 1 DEIRGs. % F R # 4 #t 47
DEIRGs (3 HAAKE (GO) Mp#EEHN SR HNAHR 2 (KEGG) BE5Hr, KM STRING %
PEEMEEH-FEHEAME (PP M, LI Cytoscape #4E T #AL I A % 0 3 (Hub 2K ) . 4 1l
Hub 3£ 1 #9323 & TAERRME (ROC) #h4k, HE ROCHZL FHM (AUC), FHIEM L2k . R
CIBERSORT %4 73 #r ISR H f 28 40 i 32 308 1% 10, Pearson AH 5 43 M7 12 43 B f 928 40 Jd [7) K G 15 ¢ it
FEDH Z ] A et . 5. dbs il 331N DEGs (P<<0.05, |log,FC | >1), H 176 45K £k
VA, 1554 LR KA T, K4 384 DEIRGs. GO g & a4, A (BP) ¥ DEIRGs
FEE AR R . G RN IR R G LSy (CC) " DEIRGs 4 % i T M 41 X i 48
FBREAE ;s fE5rFIiaE (MF) th EBS 5IREE S ZIRE G Ml F 2 a4 % . KEGG 55 38 it
EESH, ISRH DEIRGs £ 25 % F U5 B ILEE 3-30 /& [ B (PISK-AKT) M# b4 KKH T3
(TGF-8) %f5*5# . PPIMZ, §i 1047 Hub BE B CD19 H A fe i 19 4. 5 non-ISR 41 L #%,
ISREAFEA P CD19 mRNA FiEAKFEH B THE (P<K0.05), CD19 mRNA #iE# ROC #hgkd AUCTH
9°0.92 (P<<0.05). ffE 40 MiZ i 20 Hr, 5 non-ISR 40 4%, ISR 4 A8 % uE o0 4 Bh M T ok 00 40 i
(Tth) BidKFFE (P<0.05), WG BAREAIHM . CDS+T ikt 40 . 4h f CD4+ T ik & 41 i
FTMO L 20 Jf 45 2 3 KO, B 22 R RS X (P>0.05), ic4ZvE Bk e i . i ek
G CDA+T R A A . P41 PE TR 4 i . 8P ARG (NK) 4. 75 Akt NK i . S
A0 B R R T A B AN b R R A B AR R K P RE AR, 2R RS EE X (P>0.05), ThY
MO [ 40 it A BUIE K40l 45 R IEA X KL R (7=0.88, P<C0.05; r=0.68, P<<0.05), 5¥t%40H
AR g i R A e X R (r=—0.49, P<<0.05; r=—0.42, P<<0.05). %#: CD19 nl fig it
JE ¥ PISK-AKT {5 5 30 B 906G %2 Tth A0 B ik EL 4, 2 8F ISR 19 & 2B & g . CD19 AT 4E A2 i ISR
(A= Wb 5

(KB HE] 2023-06-09

[(E€mA]

(& &I ]

E R A AR REGIE (82060054) 5 4 38 A 7 5 5 R JR) W BCRHE 71 R H - (2020BC003) 5 T 44 T

MR SRR & R F 5 LA T (2022A01028) 5 ) R A VT T RH SR B B IR F S H  (2022A01103) 5
2022 AR FEHEVT AP N R E BEBE R = JE IR A A B IR sh & 98 H  (2022A15, 2022A16); 13 F K2=FBHFH
(ZZ7C202022A) ; HriEdeH /R A XK AF5E A B HFRFH R H (XJ2022G110) 5 A7 7 K 2F 45 — i )@ B2 e 18

+I 4T EH (BS202205)

T IS

[EEEE] X%, #ez, FLEM, ML 4d S (E-mail: 25931884@qq.com);

Pemits, B, FALEMN, MR A S0 (E-mail: ocean123456@163.com)

ME® (1993—), B, WEEKHTA, EEBEFEE, EEMNFSE R SR AE T ARG Ak



750 TR (M) 450% 453 202445 A

[Z8IF]  HZNFRAE; CDI19; ZRRBREHICIN; RERINE; £WhiE
[RESHES] R392.12 [cEkirEB] A

Bioinformatics analysis based on immune-related genes and
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ABSTRACT Objective: To screen the differentially expressed immune-related genes (DEIRGs) in
in-stent restenosis (ISR), and to analyze the immune cell infiltration in ISR, and to clarify the mechanism
of occurrence and development of ISR. Methods: The mRNA gene expression data of GSE46560 dataset
samples were downloaded from the Gene Expression Omnibus (GEO) ,and divided into ISR group and non-
ISR group. The “Limma” package in R software was used to identify the differentially expressed genes
(DEGs) which were then intersected with immune-related genes (IRGs) to identify the DEIRGs in ISR;
R software was used for Gene Ontology (GO) functional enrichment andalysis and Kyoto Encyclopedia of
Genes and Genomes (KEGG) signaling pathway enrichment analysis on DEIRGs; the STRING database
was used to construct the protein-protein interaction (PPI) network, which was visualized and analyzed for
Hub genes by Cytoscape software; the receiver operating characteristic (ROC) curve of the Hub genes
were plotted, and the area under the curve (AUC) was calculated and the diagnostic value was evaluated ;
CIBERSORT software was used to analyze the immune cell infiltration in ISR ; Pearson correlation analysis
was used to analyze the relationships between the immune cells and the relationships between the immune
cells and key genes. Results: A total of 331 DEGs were identified (P<Z0.05, |log,FC| >1), including
176 upregulated genes and 155 downregulated genes, and 38 DEIRGs were obstained. The GO functional
enrichment analysis results showed that the DEIRGs were mainly enriched in biological processes (BP)
such as defense response, immune response, and immune system; in cellular components (CC) , the
DEIRGs were located primarily in the extracellular region and cytoplasmic membrane; and in molecular
functions (MF), the DEIRGs were mainly involved in regulating signaling receptor binding and cytokine
receptor activity. The KEGG signaling pathway enrichment analysis results indicated that the DEIRGs in
ISR were primarily enriched in the phosphatidylinositol 3-kinase/protein kinase B (PI3K-AKT) and
transforming growth factor-B (TGF-B) signaling pathways. In the PPI network, CD19 had the highest
node among the top 10 Hub genes. Compared with non-ISR group, the expression level of the CD19 gene
in the samples in ISR group was increased (P<C0.05). The AUC value in the ROC curve of CD19 gene
expression was 0. 92 (P<C0.05). The immune cell infiltration analysis results showed that compared with
non-ISR group, the infiltration level of T lymphocyte follicular helper (Tfh) cells in the patients in ISR
group were increased (P<C0.05), the infiltration levels of immature B lymphocytes, CD8-+T lymphocytes,
naive CD4+T lymphocytes, and MO macrophages were increased, but the differences were not statistically
significant (P>>0.05) , while the infiltration levels of memory B lymphocytes, activated memory CD4+
T lymphocytes, regulatory T cells, resting natural killer (NK) cells, activated NK cells, monocytes,
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resting mast cells, and neutrophils were decreased, but the differences were not statistically significant
(P>0.05). There were positive correlations between Tth cells and MO macrophages and resting mast
cells (r=0.88, P<C0.05; r=0.68, P<C0.05), and there were negative correlations between Tfh cells
and monocytes and neutrophils (r=—0.49, P<C0.05; r=—0.42, P<C0.05). Conclusion: CD19 may
influence the occurrence and development of ISR by regulating the activation of the PI3K-AKT signaling
pathway to affect the Tth and B lymphocytes. CD19 can serve as a biomarker for the diagnosis of ISR.
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FHov B, SET e fm Bk i . 4 R sh ik T RNA-seq £ AR IR P 59 XF ISR A A= K i 1 5%
A it J¥ R (percutaneous coronary intervention, m, & ISR B2 W FE T iR & 2%

PCT) J& .0 £8 3 B B ) 12 10 I iz 3 2 7 =0,

1 ABETE

VRS

EARF LA EMEA  (in-stent restenosis, ISR) [
KA H 2% ~100 o HEG ISR & A L] i A
BIHf . WY 0 BN PE RAEAE ISR 19K A4 K R
R E AR, ATRE R B PCIARJE ISRIE WY &
THRZE. RNAMF (RNA sequencing, RNA-seq)
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% MR W AR B R EE R, AT TIRE
ISR I B8 19 & 975 AL 1l A0 438 97 B 05 AR IR 9% O

1.1

Expression Omnibus,

# AR OB HEKWERXLZESE (Gene
GEO) %4k % (http: //
www. nchi. nlm. nih. gov/geo) T #% ISR f# I 51 £ ¥
% GSE46560 Y % ik M B f1F & 5 &,
GSE46560 % 4 52 5k J5 - &5 2 GPL15207, W)k
B NS, B A 2018 4F, 414 561 ISR % il
6 1 9E ISR (non-ISR) & mRNA £ A4k, 4
51 4 ISR 41 Al non-ISR 4 . GSE46560 i 5 48 #f 4%

ISR H 22 5 R 3k

expressed immune-related genes,

M S 22 AH C BE P (differentially

=N=n]
DEIRGs) 247 EEILEL,

#1 GSE46560 BiEEREAME B
Tab.1 Sample informations of GSE46560 dataset

Group Sample Source name Sample type Organism Genotype Age(year)

Non-ISR GSM1132406 Blood mRNA Homo sapien Male 55
GSM 1132407 Blood mRNA Homo sapien Female 64
GSM 1132408 Blood mRNA Homo sapien Male 75
GSM1132409 Blood mRNA Homo sapien Male 34
GSM 1132410 Blood mRNA Homo sapien Male 78
GSM1132411 Blood mRNA Homo sapien Male 56

ISR GSM1132412 Blood mRNA Homo sapien Female 78
GSM 1132413 Blood mRNA Homo sapien Male 58
GSM1132414 Blood mRNA Homo sapien Male 50
GSM1132415 Blood mRNA Homo sapien Male 56
GSM 1132416 Blood mRNA Homo sapien Male 60

1.2 £ %2 X H (differentially expressed genes,
DEGs) ff 3% Xf J5 oo i i e A7 3 — e Ak B

KA R “Limma” A5 2 A A JE N iE 47 22 5%
FR T . AR AE A P<<0. 05 Al [log,FC|>1, R
1 ggplot2 Fl pheatmap 2 J3* 4 %} i % HH () DEGs #f

(FLIE /X TS P S RIS

1.3 %% A # % B (immune-related genes, IRGs)
# DEIRGs % B2 ImmPort 20 3% i (https: //
immport. niaid. nih. gov) "3 B ISR 1 IRGs, #f
DEGs 5 IRG Jtsc 4, 445 ISR ' Y DEIRGs, Jf
21 B
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1.4 ISR ¥ DEIRGs % B & 4 # (Gene Ontology,
GOt ferm AR S ARAFTHLHE (Kyoto
Encyclopedia of Genes and Genomes, KEGG) 1% %
BBEGEIM WHSECE [9] Mk, R
R %  ggplot2 (v3.3.0) 4 .
(v3.14.3) f1 . org. Hs. eg. db (v3.10.0) I i
enrichplot (v1.6.1) X} ISR ' () DEIRGs i#f 17
GO I RE S KEGG {5 5 il B & 42 0 M, JF X 730 B 45
RAT ] A

1.5 % 9 -% 4 Z 4 (protein-protein interaction,
PPI) M %Mz B A s A B (Hub £ B) it K ISR
i DEIRGs i A STRING % 4% & (https: //
string-db. org/), HJE PPIM %, LLE 15 >0. 94k
o PPLIW 46 Ah sl i b ol 4% BRS % scilik [10] w7
2, RH Cytoscape # 4 (v3.9.1) X # &y PPI
W 2% JE A7 RT A4k, I A CytoHubba 4 £ 118 Hub
HEA

1.6 ISR ¥ DEIRGs & B & X F % iEf Hub & B
BB OE A KI GSE46560 a4 114 FE A
rhOCEE LR KA B, SR GraphPad Prism 22 il £ k
E I a4k . R GraphPad Prism 2 il Hub %
<9 N 7. v < S B (S S (T
characteristic curve, ROC) fhigk, 318 ROC fhik
T AL (area under the curve, AUC), FFiFAH2
Wi i {A

1.7 A mpZEASH CIBERSORT ik —
Fl 2 Dy i 19 A5 FRGR I, AT HE AT A i A R T 3
Bro RAIR#M “CIBERSORT” fil# 2 41k A
th 22 RS e A IR VE E . RS % U (8]
o 5 R AT AT AL o SR ] Pearson AH O 43 #T v 4
BT B 95 240 A () Ko 55 OC 8 56 PR 22 () R A DG o DL P<<
0.05 42 R A G Lo

2 & B

2.1 248 AKADEGs% % GSE46560 % i 4 3t
A% 3311 DEGs, Ho 176 M EHEL B, 1554
FEPRRIA T, WKL,

2.2 DEIRGs# it i ImmPort 5 3R 1 7934
IRGs, ¥ H 5 GSE46560 #5045 ' 3K B DEGs
22 4 J5 3k 4% 38 4~ DEIRGs. i 10 fif DEIRGs 43 51|
RHEMMAZE 1524k 1 (interleukin-1 receptor | ,
IL-IRD) . CC % ¢ #& b W 7 % & 3 (C-C
chemokine receptor type 3, CCR3) . CDI19, 43
P 40 f 8 B B0 7 (secretory leukocyte

clusterProfifiler

(receiver operating

protease inhibitor, SLPI) . T 4 % «6 (interferon
alpha-6, TFNAG) . [ AL PR 52 (48 5 1 1 I 9
(tumor necrosis factor receptor superfamily member 9,
TNFRSF9) . B2 R %8 (spleen tyrosine kinase,
SYK) . H 408 A~ % 17 % & A (interleukin-17
receptor A, IL-17RA) . H40Mi /% 10 Z 1k B
(interleukin-10 receptor B, IL-10RB) A1 [ %!+ 3
# o« % & 1 (interferon alpha receptor type 1,
IFNARD). WK 2FI#% 2,

2.3 DEIRGs GO % ## KEGG 2 5 @B F £ 4
O OGOTmEESTMERLE R : AP TRE
(biological process, BP) " DEIRGs F 2 & 4 F B
(iR AN L A UL I D O I
(cellular component, CC) H DEIRGs F & E i T
JL A0 DXFT 0 M S B SE 5 2 7 2 B (molecular
function, MF) H DEIRGs F 22 55 {55 2 1k
L5 AN 2 R AE . KEGG {55038 I 4
SrHTES R WK . DEIRGs 32 B2 & 4 T 0 A5 Bt L 3-
OB/ BB B (phosphatidylinositol 3-kinase/
protein kinase B, PISK/AKT) {5538 % . #4b/E
£ A F B (transforming growth factor-B, TGF-B)
{55 5 38 I A0 (1 40 ML A % 17 (interleukin-17, 1L-17)
(ERERIN:E NG

24 PPIM%#ME A Hb AR Hi& RH
CytoHubba #fi 4 1+ %t 7 10 £i2 Hub H A, 24§
CD19, IL-1R1. SYK. IL-17RA 1 IFNAR1 & #§
BB A W 4RER 3,

2.5 Hub A B ERZHARLHMNAFEHN 5 non-
ISRAH AL, ISRAFEA F CD19 mRNA FiLkKF
B JH s (P<<0.05), CD19 mRNA % ik ) ROC
ik sf AUCEH 0. 920 WLIET 5,

2.6 REMBERFAFMEESN  2AIEAR I
MR RSB s . WK 6A. 15 non-ISR4]
P, ISR ZH GG 3% U B B ME T b &40
(T lymphocyte follicular helper, Tfh) ZiHAKFF &
(P<<0.05), #I46 BRELARAE . CDS+T kL0
ZHE CD4+T Ik I 20 g R MO L 105 240 Jifg 55 32 i 7K
T, BERTILGEIFE L (P>0.05), il
B#kELANME . JEALPEICAZ CDA+H T k4 . 855
T A &8 A RN (natural killer, NK)
R . TEALTE NK UM . AR R M R A
JL 0 e Mt A A S R KO BR AR, (B 25 R g
B (P>0.05), WK 6B, Pearson #3453 #r 45
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A: Heat map; B: Volcano map; Red: Up-regulated genes; Green: Down-regulated genes; Black: Genes with no significant differences.

El1 GSE46560%#E4E + ISR ¥ DEGs

Fig. 1 DEGs of ISR in

DEGs IRGs

293 38 1755

Bl 2 GSE46560 $#E4 + ISR # DEIRGs
Fig. 2 DEIRGs of ISR in GSE46560 dataset

GSE46560 dataset

on: Tth 5 MO 4 iR 8N K 46 ff 52 1F A3
XFKFR (r=0.88, P<<0.05; r=0.68, P<<0.05),
5O AN R R R A KRR =
—0.49, P<<0.05; r=-—0.42, P<<0.05),
WLE 6C, CDI9YH Th 2 IEM KR (r=0.65,
P<<0.05), S5 ydT 42 AAHKE KR (r=0.02,
P=0.02); SYK 5 REmR M40 i K M2 F g 20 i &2
M X KR (r=—0.03, P=0.03); TNFRSF9
5G4 PEiC 12 CDA+T ik I 40 B 2 1E M 26 6 &R
(r=0.03, P=0.03), 5 M2 40 fg K g 1R 1E AL
g B R A OE X R (r= — 0.03, P=0.03;
=—0.03, P=0.03); CCR35 M2 W42 &%
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#F 2 GSE46560 8 3E 4%+ ISR YR 10/ DEIRGs
Tab. 2 Top 10 DEIRGs of ISR in GSE46560 dataset

Rank Gene Log,FC P

1 IL-1R1 —0.729 984 494 0.001 589 458
2 CCR3 —0.848 170 488 0.009 625 487
3 CD19 0.821 019 788 0.015 127 227
4 SLPI —1.580 539 076 0.016 843 607
5 IFNAG6 0.609 176 376 0.023 118 319
6 TNFRSF9 —0.586 127 630 0.023 564 212
7 SYK —0.692 433 588 0.029 734 058
8 IL-17RA —0.549 992 248 0.032 917 596
9 IL-10RB —0.572 143 770 0.042 174 389
10 IFNARIL —0.782 222 264 0.048 843 759

RETR R A S IEA R (r=0.02, P=0.02);
IL-17RA 5 F g 40 i K w8 8 P k7 40 i 2 61 A o6
X FE (r=—2.9e-4, P<<0.01); IFNAG 5iC iz
Bk EL 4 2 A R (r=—6. 4e-3, P<<0.01),
LA 6D,

—Log,,P

GO term

@ Defense response

@ Response o external stimulus

@ Immune response

@ Immune system process

© Response to stress

® Cytokine-mdiated signaling pathway

© Minflammatory response

@ Response to chemical
Response to organic substance

@ Response to other organism

BP

—Log, P

3.5 4.0 4550 55 60

O term
@ Signaling receptor binding

Cytokine receptor activity
Cytokine binding
Toll-like receptor binding
Endopeptidase inhibitor activity
Endopeptidase regulator activity
Peptidase inhibitor activity
Metalloendopeptidase inhibitor activity
@ Serine-type endopeptidase inhibitor activity
Peptidase regulator activity

MF

C
A—C: GO function enrichment analysis(A: BP; B: CC; C: MF); D: KEGG signaling pathway enrichment analysis.
B3 DEIRGs GO WM KEGG {5 55E B & M7
Fig. 3 GO functional and KEGG signaling pathway enrichment analysis on DEIRGs

3 i i

H i 56 MR 30 bk 3 52 4212 Wt ISR s 748 B )™ 8 72 2
B & bn e, BAZ 5 E N A RIRAE, Wi — & X
AN S F SR /RN R s NN S S
&, & T PCURIT AR ERIL 24, [HISRM
G FI ISR 77 A (1 F & Il iz 5 A 5 SR AT E
M £ W BUS . B, T B ISR &R R R AL
il I F AR E AR EY . LB PCIARJF ISR
o WFgE T R e C ROV AR R Al A R
S RE RAE N . T Ik 0 40 i K B bk 020 440 i 55 o 95
L X ISR 09 & A ke d BRI . A, H
RNA-seq 54HEWE B FZHARL G, MBI HEEN
28 S 2 FN G AR bR AR W I SRR, AT
TR ISR AT 58 1Y A5 L FHT 1936 97 #0 ao

AW GEO Bds 5, R AWE B 274
ARG HT ISR H I 5 928 48 0 ik IR I B i 12 I AP A1, 45
RGN TiEEM DEIRGs 5 ISR I &£ R JEAH %)
KBk . B8 BUEEEF 10 (lipocalin 10, Lenl0) ™, &

—Log, P

3.0 3.5 40 45 50

GO term
@ Extracellular region
© Plasma membrane part
@ Integral component of plasma membrane
@ Intrinsic component of plasma membrane
Cytoplasmic vesicle
® ntracellular vesicle
Vesicle
@ Blood microparticle
Membrane raft
© Membrane microdomain

cc

—Log,,P

1 2 3 4 5 6

EGG pathway
Cytokine-cytokine receptor interaction
Kaposi sarcoma-associated herpesvirus infection
Natural killer cell mediated cytotoxicity
Measles
Human cytomegalovirus infection
Tuberculosis
Epstein-Barr virus infection
B cell receptor signaling pathway

“:\-mh 5 ) IL-17 signaling pathway

Necroptosis
Jak-STAT signaling pathway

PI3K-Akt signaling pathway

TGF-beta signaling pathway

NE-kappa B signaling pathway

Human T-cell leukemia virus 1 infection
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A: PPI network of DEIRGs; B: Visualization analysis on DEIRGs; C: Top 10 Hub genes; Circle represented genes ( The larger the circle,
the higher the benign value of the darkercolored nodes) ; Lines represented interactions between proteins encoded by genes.
B4 PPIF%E R DEIRGs AT ¥4k R B 1047 Hub 2 H
Fig.4 PPInetwork map and DEIRGs visualization and top 10 Hub genes

#3  CytoHubba {4 ¥R 104z Hub 2 H BEHLHEEE G 1 B2 M CFH A (major
Tab.3 Top 10 Hub genes screened by CytoHubba plugin histocompatibility complex class [  polypeptide-
Rank Gene Betweenness related sequence A, MICA) " FIH A K 17 %
1 CD19 140.833 330 & E (interleukin-17 receptor E , IL-17RE) " Z&nf
2 IL-IRI 49.333 332 W AR RERIES S ISR EELRE. g
’ o L SR+ MICA 1546 Bl S5 AT LS S0 47 K
' T e Ty A4 2 LB 5.0 3 7 T
5 TNFRSF9 30.000 000
6 CCR3 30,000 000 65 o LenlO ] BEAE L M58 2 9 i AL ) o 4 0C
7 IL-17RA 12.666 667 PR
8 IL-10RB 4.833 334 ARWFFTEE R BR . DEIRGs £ & T g4k X
9 SLPI 2.000 000 AN R, AT s it 25 PISK/AKT I TGF-3 %
10

[FRAS Loon o 135 5300 I O £ 2 U A B D PR T 2 A
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Fig. 5 Validation of CD19 mRNA expression amount and evaluation on diagnostic value
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2 5 5 48 S N AN G g B A B . PISK/AKT Al
TGF-B 4515 %5 1 10 1 2 AE 25 3 A2 52 W) 1l 48 45 403 =
FR R AR PN BB A=, BRI R I ISR Ak Ak i

BT Bk EAE R PISK/AKT 5 58 AKT {5 %5 38 B 2 i 4 F 1 L 4n i

correlation coeflicient

05 0 05
_Log, P

12 3

Relative percentage of 22 immune cells in each sample ; B: Differences in immune infiltration between non-ISR and ISR samples ;

e, A S S5 N A i P B LA (endothelial
progenitor cells, EPCs) 7 4r%, i i /b 3h ik ok
PP R B35 3l Tk 458 49 0 00 7 A N RS A= . PISKY/

( vascular



BEK, S T REGERBIRAN ARTT ARG SN PR AR 1 G A O DR K G g A - 77

smooth muscle cells, VSMCs) B3, IF7E
035 00 3 A5 P RS A R ISR ke FEEAE A
TGF-1 i i 2 5iF 2 W IR R, 78 ) ik i & 51 4
Ji, TGF-BL bl S 805 A e & 42 0E 2 mi fl
P VSMCs 1 38 58 T #% K Jmy 35 4t it &0 255 5T 28 11 A9
A, FECISRI LA . M TGF-R1 i ¥ vl ek 2>
B bk I 4 45 J5 A P R IR DA R ISR T
Kt , DEIRGs A fig i i PI3K/AKT 1 TGF-B %
5 3 R G R AE Je PCTAR G Y I 3 7938 A2 N
FR A, R I ISR A & R .

AW aE R R CDI9BA R &, i
iy Hub 25 . CD191E 8 76 B itk EL 40 i b 3R 35 1
PR OB S B, 2 B B R A2 K
(B cell antigen receptor, BCR) {55 ¥ 5 ) & @ 4t
Z AR, AT S A e ARE I i ISR Y R AR
WF9E ) Wk . PISKJ& CD19 FfmI &k i+, —
AT PIBK 55 MG . CD19 5
BCRZ5 G5, Btk 4 i v PI3K {5 53 % 1Y £ i
JEARGE A Bk A A 1045 P 2 CD19 Y
ROC ik, Z5% WoRn. AUC H0.92, #/2R CD19
AR IZ W ISR E Wb ¥ . KEGG 5 5 % &
EPr s R o8 . CD19 & % T PI3K/AKT il #%
i, $2OR CD19 AT fig i o 4% PISK/AKT 15 5 38 #%
e ISR &L R R

TREAMIAE ISR kAR PR EZEMEM, &
P8R 98 i 2 INE 2 I A5 ATL A A0 40 i 300 B e s il
T 38 5 1 B 22 b A0 B PR RN S E A R A R, PT
ST MO 400 (A 3E Tih 40 1 CDS+T ik % 41
JL) . B ik EL A R A iR 2 i 4 4 #a Ak
BB RSO AL, HE T RS BOR A R Y B
A, WAL ISR Y AR AR WK . 5 non-
ISR #H He &, ISR ZH 83 Tth 4 %0 2 41 g 7= i /K 7
TH . Tih 402 o CDA T ik B4 41 Jif S0 7 4 45 5k
I B B M T O 40 M, R R E Bk B A0 AR
A, RERPEEM . BF5E Y WoR: 7E ISR/ AR
t, Thgdk ISREA K&, i Thik= /ML ISR
3323 . PREITE 4 ™ BF 5T Bon . PISK BT
& Tth 4 Jfl & & 0 5 1 2 1F 2 B M 0 B PISK
LAY p85 45 A 7 s 58 A8 W BT fh 48 M T AL 85k B o

Zi b pr i, Hub W CD19 A fig i@ o 98 2
PI3K/AKT {5 *5 38 ¥ 09 #0652 W Tth #1 B ik &2 40
M, fRiF ISR AEARE, CD19AJ{E A2 K ISR /)
HEYhR R

Tl SRR

JIAT A R W A 7 R 2 oo

fEE AN

B E KBS GBI RSO B o B RS S
5, &M 58IERENNT, EEIKMEEN S 51 3CH
B2, P 47 A X v e 2 5 AT ST T E 4

(&% 30k ]

[1] HOARE D, BUSSOOA A, NEALE S, et al. The
future of cardiovascular stents: bioresorbable and
integrated biosensor technology[J]. Adv Sci, 2019,
6(20): 1900856.

[2] ALFONSO F, GONZALO N, RIVERO F, et al. The
year in cardiovascular medicine 2020: interventional
cardiology[J]. Eur Heart J, 2021, 42(10): 985-1003.

[3] ULLRICH H, OLSCHEWSKIM, MUNZEL T, et al.
Coronary
treatment[J]. Dtsch Arztebl Int, 2021, 118(38):
637-644.

[4] YERASI C, CASE B C, FORRESTAL B J, et al.

Drug-coated balloon for De Novo Coronary artery

In-stent  restenosis: predictors  and

disease: JACC state-of-the-art review [J]. J Am Coll
Cardiol, 2020, 75(9): 1061-1073.

[5] NICCOLI G, MONTONE R A, SABATO V, et al.
Role of allergic inflammatory cells in coronary artery
disease[ J]. Circulation, 2018, 138(16): 1736-1748.

[6] BANAI S, FINKELSTEIN A, ALMAGOR Y, et al.
Targeted anti-inflammatory  systemic  therapy for
restenosis: The Biorest Liposomal Alendronate with
Stenting Study (BLAST) —a double blind, randomized
clinical trial[ J]. Am Heart J, 2013, 165(2): 234-240.

[7] YAOY, YANZY, LIAN S L, et al. Prognostic value
of novel immune-related genomic biomarkers identified
in head and neck squamous cell carcinomall].
J Immunother Cancer, 2020, 8(2): e000444.

[8] JEH M, ARlshs , MBEss, 45 . 5T 5 B cireRNA-
miRNA-mRNA [# £ A4 £ 1 5 52 20 M 452 0 B9 2R 90 15 B
O L] AR 2 R (B2 ), 2022, 48(6) :
1535-1545.

[9] FANJX, CAOS, CHEN M Y, et al. Investigating the
AC079305/DUSP1  axis as oxidative stress-related
signatures and immune infiltration characteristics in
ischemic stroke [J]. Oxid Med Cell Longev, 2022,
2022: 8432352.

[10] akpat, MWk, 5k, % . £ T MSR1I mRNA &
P TEVZ i 20 2 b 3R 0K 1 AR A L B RO LT
WA 2R (B2, 2023, 49(2) : 425-439.

(1] &K, &, XEE. 5T A LR AER T # sl



758 TR 224 (BE 2 i)

¥(50% H3W 202445 A

PR Y miRNA-mRN A % [ 46 10 A 99 5 824 73 ().
HARR 2R (BR 2R, 2022, 48(1) : 154-162.

[12] GIUSTINO G, COLOMBO A, CAMAJ A, et al.
Coronary In-stent restenosis: JACC state-of-the-art
review[J]. T Am Coll Cardiol, 2022, 80(4): 348-372.

[13] COLLET C, GRUNDEKEN M J, ASANO T, et al.
State  of the art: angiography [J].
Eurolntervention, 2017, 13(6): 634-643.

[14] DEMYANETS S, TENTZERIS I, JARAI R, et al.

An increase of interleukin-33 serum levels after coronary

coronary

stent implantation is associated with coronary in-stent
restenosis[ J]. Cytokine, 2014, 67(2): 65-70.
[15] SCHILLINGER M, MINAR E. Restenosis after

percutaneous angioplasty: the role of vascular
inflammation[J]. Vasc Health Risk Manag, 2005,
1(1): 73-78.

[16] DEL PORTO F, CIFANI N, PROIETTA M, et al.
Lag3™ regulatory T lymphocytes in critical carotid artery
stenosis[ J]. Clin Exp Med, 2019, 19(4): 463-468.

[17] DEL PORTO F, CIFANI N, PROIETTA M, et al.
Regulatory T CD4+ CD25+ lymphocytes increase in
symptomatic carotid artery stenosis [J]. Ann Med,
2017, 49(4): 283-290.

[18]LIQQ, LIY T, HUANG W, et al. Loss of lipocalin
10 exacerbates diabetes-induced cardiomyopathy wvia
disruption of Nrdal-mediated anti-inflammatory response
in macrophages[J]. Front Immunol, 2022, 13: 930397.

[19] HAOHAN S, PUSSADHAMMA B,
JUMNAINSONG A, et al. Association of major
histocompatibility complex class T related chain A/B
positive microparticles with acute myocardial infarction
and disease severity[ J]. Diagnostics, 2020, 10(10): 766.

[20] GORCZYNSKI R M. IL-17 signaling in the tumor
microenvironment[J]. Adv Exp Med Biol, 2020, 1240
47-58.

[21] DI SALVO T G, YANG K C, BRITTAIN E, et al.
Right ventricular myocardial biomarkers in human heart
failure[J]. J Card Fail, 2015, 21(5): 398-411.

[22] ALIMADADI A, MUNROE P B, JOE B, et al. Meta-
analysis of dilated cardiomyopathy using cardiac RNA-
seq transcriptomic datasets[J]. Genes, 2020, 11(1): 60.

[23] ZHANG B, YAO R J, HU C, et al. Epigallocatechin
gallate mediated sandwich-like coating for mimicking
endothelium with sustained therapeutic nitric oxide
generation and heparin release [J]. Biomaterials, 2021,
269: 120418.

[24] LU H K, HUANG Y, LIANG X Y, et al. Pinellia

ternata attenuates carotid artery intimal hyperplasia and
increases endothelial progenitor cell activity via the
PI3K/Akt signalling pathway in wire-injured rats [J].
Pharm Biol, 2020, 58(1): 1184-1191.

[25] TANG Z H, WANG Y, FAN Y B, et al. Suppression
of ¢-Cbl tyrosine phosphorylation inhibits neointimal
formation in balloon-injured rat arteries[J]. Circulation,
2008, 118(7): 764-772.

[26] KHAN R, AGROTIS A, BOBIK A. Understanding
the role of transforming growth factor-betal in intimal
thickening after vascular injury [J]. Cardiovasc Res,
2007, 74(2): 223-234.

[27] WANG S X, LINCOLN T M, MURPHY-ULLRICH
J E. Glucose downregulation of PKG-I protein mediates
increased thrombospondinl-dependent TGF- {betaf
activity in vascular smooth muscle cells [J]. Am J
Physiol Cell Physiol, 2010, 298(5): C1188-C1197.

[28] LIX C, DING Y, ZIM T, et al. CD19, from bench to
bedside[ J]. Immunol Lett, 2017, 183: 86-95.

[29] WENG R Q, LIU SD, GU X D, et al. Clonal diversity
of the B cell receptor repertoire in patients with coronary
in-stent restenosis and type 2 diabetes [J]. Open Life
Sci, 2021, 16(1): 884-898.

[30] FUJIIMOTO M, POE J C, HASEGAWA M, et al.
CD19  regulates intrinsic B lymphocyte  signal
transduction and activation through a novel mechanism of
processive amplification[J]. Immunol Res, 2000, 22(2/
3): 281-298.

[31] FUJIMOTO M, FUJIMOTO Y, POE J C, et al.
CD19 regulates Src family protein tyrosine Kkinase
activation in B lymphocytes through processive
amplification[ J]. Immunity, 2000, 13(1): 47-57.

[32] DEVEZA R C, ELKINS M, SARAGIOTTO B T.
PEDro systematic review update: exercise for coronary
heart disease[J]. Br J Sports Med, 2017, 51(9):
755-756.

[33]CHOE N, KWON J S, KIM Y S, et al. The
microRNA miR-34c¢ inhibits vascular smooth muscle cell
proliferation and neointimal hyperplasia by targeting stem
cell factor[J]. Cell Signal, 2015, 27(6): 1056-1065.

[34] CROTTY S. T follicular helper cell biology: a decade of
discovery and diseases[J]. Immunity, 2019, 50(5):
1132-1148.

[35] PREITE S, HUANG B, CANNONS J L, et al. PI3K
orchestrates T follicular helper cell differentiation in a
context  dependent

manner: implications  for

autoimmunity[ J]. Front Immunol, 2018, 9: 3079.



