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B AR P (R EE R T R SR RS AR . DEGSRISIA AR B £ ILA 254 ML O HEE . ABER
HAT ERZOERARZEARVCHIRER BT HRZMM. M1ZIERRAI. ARIRW SR H &5 P04 %
(P<0.05). REERESTRAXEZOCER KA ZEIEFEEREENE. BARTE. ARETFE
Y. MERSEREFESER. RABAEEEL. 2B FBESERIBLEFES5ER. EERIME
W 28 A7 IR HH 9 MR A1 E I (IL6+ PTGS2+ CCR1. CXCL1. IL1B. CCL11, CCL2. CXCR4. CCL19),
WA — LW/, HFCCR1. CCLI9FIPTGS2EFRILH B KKZBiRES1(AUC=1), X FXSARVC
BESRRABEAREZCHNE. 418 FHABETLGEENERFZHEHBARVCHRZ LER,
BAEE5RERERESXESEBHREE. X LEREEENARVCE R 5T P-4 15 2L A Yhs
HBY) R BAERITHE R

XA
BULBRREEAEOIIR, AMEEYE, ERTEERN, IERMERNE ST

Identification of Hub Genes Associated
with Arrhythmogenic Right Ventricular
Cardiomyopathy through Integrated
Bioinformatics Analysis

CHEIREE

SCEGIR: A, T, ST SR A G B W 8 BOL AR A S O U AR RS TR ). I R S 2
J€, 2025, 15(12): 1176-1191. DOI: 10.12677/acm.2025.15123518


https://www.hanspub.org/journal/acm
https://doi.org/10.12677/acm.2025.15123518
https://doi.org/10.12677/acm.2025.15123518
https://www.hanspub.org/

A, 5k—W

Zhaohai Zheng, Yiqing Zhang"
Department of Cardiology, The Affiliated Suzhou Hospital of Nanjing Medical University, Suzhou Jiangsu

Received: November 4, 2025; accepted: November 29, 2025; published: December 9, 2025

Abstract

Objective: This study aims to identify core genes associated with arrhythmogenic right ventricular
cardiomyopathy (ARVC) and investigate their underlying mechanisms using comprehensive bioin-
formatics approaches, thereby providing a crucial basis for targeted therapy in ARVC patients. Meth-
ods: Differentially expressed genes (DEGs) were identified from the dataset GSE29819 using R soft-
ware. A weighted gene co-expression network analysis (WGCNA) was employed to construct co-ex-
pression networks and identify key genes interacting with ARVC. The intersection of DEGs and key
module genes yielded ARVC-associated core genes. Subsequently, immune infiltration analysis, func-
tional enrichment analysis, and protein-protein interaction (PPI) network analysis were conducted
on these core genes to pinpoint hub genes and explore their diagnostic value. Results: Differential
expression analysis identified 329 DEGs. WGCNA revealed 18 co-expression modules, among which
the turquoise module (comprising 5597 genes, r = -0.95, P = 2e-12) demonstrated the strongest
correlation with ARVC, indicating its potential relevance to the disease state. The intersection of DEGs
and turquoise module genes resulted in 254 core genes. Imnmune infiltration analysis demonstrated
that these core genes were significantly associated with monocytes, M1 macrophages, and resting
dendritic cells in promoting ARVC pathogenesis (P < 0.05). Functional enrichment analysis revealed
that the biological processes of these core genes were primarily concentrated in chemotaxis, leuko-
cyte migration, cytokine activity, TNF signaling pathway, lipid and atherosclerosis metabolism, NF-
kappa B signaling pathway, and chemokine signaling pathway. PPI network analysis identified 9
hub genes (IL6, PTGS2, CCR1, CXCL1, IL1B, CCL11, CCL2, CXCR4, CCL19), all exhibiting diagnostic po-
tential. Notably, CCR1, CCL19, and PTGS2 demonstrated powerful diagnostic capability (AUC = 1),
indicating optimal value for distinguishing ARVC patients from healthy controls. Conclusion: This
study, through integrated bioinformatics analysis, screened out ARVC-related core genes and revealed
their associations with immune infiltration and multiple signaling pathways. These core genes, par-
ticularly the highlighted hub genes, show promise as novel biomarkers for ARVC diagnosis and prog-
nosis assessment, as well as potential therapeutic targets.
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OV R — KB R G WEEZR . ImRRIMEIE. BUREE H S8 H VMK IER, SOk
DS 22 B0 O MU PR e I B A . Ik, B 5 0 TG SRR B HER) O IR 12T i3
AN AR o AR ST AR ELO R SR A E FETR FE (2025)) O T4y 0 Z L LR S 0 By
U, 16 55 IR S AL L (hy pertrophic cardiomyopathy, HCM). 4775k 240 L7 (dilated cardiomyopathy,
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DCM). BRHIELL IR . B g5 0 L% (arrhythmogenic cardiomyopathy, ACM). AR O LR 25 1L
1. Hr ACM J&—JE LU0 SO WG 21 4 i 17 41 20 A7 14 B AR B AL st A 1 LS, K AL
B0 H M A 0 50 UL (arrhythmogenic right ventricular cardiomyopathy, ARVC). Stk # E A2
OO WIRFBCOER R FE IR EONURE, L ARVC BN HE .

ARVC j&—Fus ALtk N5, Fom B AR 2 O N U AT AP e g i LB AR, IRIR RN =
PEOERRE . AOFEY IRMOIIREAS, FTHDOEMER, RUERKEIEAS, BEFDFOWENE
Pt (sudden cardiac death, SCD) ) K2 —[2]. #E#kiE, ARVC EJiZ 224 1/5000~1/2000, 551 & &
%2[3]. 1R SCD B, ARVC 215 4%, FEJCTE RSN ks soah 46 1O I (1 AN B J B
OIEERIFH ARVC (G 10% [4]. ARVC (1995 BRI 5 A AL v A 5 A ) B, B 0 AL R B L SR L [
RAZFEYIFAH[5]. ARVC IS IR TG AR R IR . O F ] FAAR A ) R RS o B4 75—
AR H B bR ) S AE B R A TR A

AR, AYME B HEARRE KR, HAEGIR T HUHIER R S AYbR EY32 98 1 e Il B 2E0ME .
A WAE B FE DR UE B L ARVC 1R N TR 2 2 B DR AE AR A 2. BRIL, ZREA4MME B2 i
FIREA B TR ARVC HIBURHE RIS EN LS. ST, ARG RIS B2 50 W 15 B 42 A (R 2 )
(R ELAE F DA B L R 5 I PRARFALE (1) SR IBG 32 30045 AURr S ME A A2 o IASLEE DRI AH 9K 1 245 43 4t (weeighted gene cor-
relation network analysis, WGCNA) & —Fi 731 2 MEA R IE R RIE AW Tk, EW R R KRB
AR AR A BB, H i 5 2 88 (W 825 BIIG RRFAE « 12 07) B B OCHE . WGCNA FE4E 1 XHAH 5G i 2
M RGEE, FEOBONIRER A 2 1 R 2[RI BREIRE 2 16 T 4 HAT 200 TR [6].

B W 5 T i3 ARVC 5 26 B 3, X ARVC FH IS S 4% 38 138 4% 77 T AL A SR N
() B4R AT B T8 I SR F BE 1) 40 7 H VA T R AL SR HE i . ASHIE 0 3k T 3 K R0k 2554 % (gene expression
omnibus, GEO)"" ARVC HJilll Fr i, Ziaric 2RIk 0. WGCNA. Geigid b, Thag s 4R
KR R - 3 5 AE BAE B (protein-protein interaction, PPI) W48 1) @225 515, ik ARVC FH k% O 3
PRUT FLTELEALE],  DAIRE BT X e — 3 42 DA TS B0 2 0o FLo3 A OV 2 8 R VR 7 Bl bl 2, 3K
ARVC JRy7 R 8, LT ARVC B3 iR 7KF .

2. M55 %
2.1. BRI E S

M GEO ### F (http://www.ncbi.nlm.gov/geo/) T % ARVC ##i 4 GSE29819 [7]. GSE29819 (174 51|
BE T GPL570 ~F & (Affymetrix Human Genome U133 Plus 2.0 Array). iZ¥3E4E LG = IILH NI 52 40
41, Horh 6 5] ARVC BEIA . O EHLUEN ARVC 4 (GSM738990-GSM739001), 6 4l IE# A CaIF
Jo A0 A AU E X A2 (GSMT739016-GSM739027), 3L 24 i REA . ] R 48t #F(R-4.5.1) %) B s &3k
AT PR EAC AL B o

2.2. ZRFiLEMFA (Differentially Expressed Genes, DEGs)&Y ik

T %58 ARVC FILIEH OLZ 8] DEGs, KH R £l “limma” (v3.64.3)% R [K R iA M MEiEAT T 2 7
Wt ik RRUEN|logFC| > 1 HARIE P {£<0.05. £ R £ “ggplot2” (v4.0.0)F1 “pheatmap” (v1.0.13)%
il DEGs [k Ll IR A
2.3. WGCNA HI#E 5 < #EHIR 71

Rt “WGCNA” (V1.73)M R FIILRIE M I RG] S ARVC i BEAR SR AREH . i S R Aot
AERE, BT MR ITIEEERRE IR, TR AR IO R AN B . AT P R (B
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WEN 4, HRRBEREN 0.88 RIEITCHREMLS . 8 2B R LR A HRB A U L
B, BUMEHCEE RSO E N 50, BHE VRIS E N 0.6, IRETR S EN 2. BB IGRRHIE S AH
R R R AT J5 400, 45 & FE R 2 35 M (gene significance, GS) 5 1k i £ & (module membership,
MM)PEAl < B L R (GS % 8 4>0.5, MM B 5>0.8). 1§/ R £, “ggVennDiagram” (v1.5.4)FJ#11t, DEGs
B OGRS P IR (1) 28 SR A A% D R A

24, BRI
DEGs FIoGHEA LR i) A AU S S A5 B B B O R, O T HIEIE ARVC RIZ O JE R FA) S AR B

XF] CIBERSORTXx fE4; T H (https://cibersortx.stanford.edu/) 73+ ARVC 2H5 %o R ZH 4 IR £H 2K o 4025 241
R ZE S, HHE 22 Fh s 41 i S AL A

2.5. HEEESR O

KH R & “clusterProfiler” (v4.16.0) % 1%L Ji& K 147 3 [ A {4 (Gene Ontology, GO)-5 nt#ii5: A 5 1 Al
41 71 B4 5 (Kyoto Encyclopedia of Genes and Genomes, KEGG)if 4 & #70#7 . GO 1,354 i 4 (biological
process, BP)~ 4l ffd % 43 (cellular component, CC) 143 I fig (molecular function, MF). P <0.05 24 & % BI{H -

2.6. PP (438 5HR 4 2 FH o ik

KH STRING #u¥s /% (https://string-db.org/) f4 4% oL K ) PP 48 (B ELah 70 $>0.7) . K4 SN
Cytoscape #(v3.8.2), il MCODE #if#(v2.0.2)%f 5t PPI M Zg AT L AN A AL, AT PR3 H 405 5%
BREILIN () e, W E S H0N: degree cut-off =2, node score cut-of = 0.2, K-core =3, Max.Depth =100,

2.7. i E T {E4HE (receiver operating characteristic, ROC) 53 #fr

GEO 5% T # ARVC B iiF 34 GSE253224. GSE253224 1)@ & FHE T GPL24247 1
B ZHIRELUNROENHLONT AL, H 8 4l ARVC /MRIE. HOEHLEN ARVC 4, 8
BIIEH ANROAE A . ADEHLUWER IR, Ft 16 A, KH R “pROC” (v1.19.0.1)%: ] ROC
4, THE 2R N i (area under the curve, AUC) AL XA A 2 Wi kg . AUC > 0.5 K BH 73 K280 T B
UG, B —ERTEE 11, AUC BHEIT 1.0, A5 10 B0 S kbR s o

3. &R
3.1. BUEFREWN R DEGs MITHiE

i RO B S AT AR AL A3, FR X 5 A 26 T S0 s 8 A3 AR 2k DR 3Rk w67 80 % 93 A — B
(M 1(a)).

2 limma -3 %58 H 329 /> DEGs, 4 100 A4~ LiAEFFI 229 /> T . X4 DEGs A4k
FH K L B (] 1(0)) PR R R (] 1(c)) o Hrp FABLEAR IR AR IE P AERT 10 1) E AR RIAIRET 10 B R

3.2. WGCNA 5 X gE#E 3R 5

AT B B F BT T WGCNA, T8I E IR e RS ARVC Boi R . R E K
BIMEA 4 RUFIIARSFEEENE, MR EURE B E N 0.88 KANETH LML (K 2(a), Kl 2(b)), @it
HASBIRE RS & HRIE AR RE, JEIR5EIH 18 AN EERIARE (A 2()). SR, BATHRFAEIE R 3
AT, ERT LA SC O B R S 3 b it 2 [ DG RS B, MR B IR 5 s PRASFAE 1] R AH G (2]
2(d)). Hh&tai(1181 NMER, r=0.74, P =4e—-05)MILA A REHL(5597 ML, r=-0.95, P=2e-12)5
ARVC HMERSR, & ARVC AL, thAh, SHAAEEF 1) MM 5 GS S AHDE, R ZEE )
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FER A BE SRR R 2(e)). MUEBUZAHIER 5 DEGs BACHE, ik 254 MZOFERE (K 2(F).
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Figure 1. (a) Box shape diagram after standardization processing. (b) Heat map of the differential gene expression profile. (c)
Volcano plot of differentially expressed genes (Note: Blue represents down-regulation and red represents up-regulation)
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Figure 2. Using WGCNA to identify the modules related to ARVC. (a) Scale-free index analysis of various soft threshold
powers (5). (b) Average connectivity analysis of various soft threshold powers. (c) A tree diagram of all differentially expressed
genes based on dissimilarity measurement clustering. (d) Heat map of the correlation between module characteristic genes and
clinical features of diabetes. (e) Bubble chart of turquoise module gene significance and module membership degree. (f) Venn
diagram of the intersection of WGCNA and DEGs. WGCNA: Weighted Gene Correlation Network Analysis. DEGs: Differ-
entially expressed genes. ARVC: Causes arrhythmia, right ventricular cardiomyopathy

2. f#M WGCNA REI5 ARVC M H1EH . () SMEHER OMTATERRST. () SHKEEN RN T
ERMES. ) ETHRMENERLNMEESRIEERNRRE. (d) ERIFMEEFES ARVC IGRKRIFE B4 X
MHAE. (o) ZFMARREFBZMSRRMSAFENSIBE. (f) WGCNA 1 DEGs BU3Z5EHIFHEE . WGCNA: 1l
WEEE XM, DEGs: ERFIAEE. ARVC: BLERERLELIRK

3.3. RERIEDH

{1 CIBERSORT Sy VT Aiti Al 52t 44 /0o JIF A AR5 S 728 40 M (R AR XS A5 (1] 3(a))» 2B /MR ZR I DURT A
KT HEZH AT ARVC dH 22 Fh G2 40 i 7 3L (1) 2815 (151 3(b)) . /MM /R ARVC Az 4iie. M1
R AN 0 IR 0 Tt FR AL, M, ARVC LRI SSIRAN = T 0 IR 4L, B giit# 5.
A EIRAZOIERALIE P ERT 10 1 5 AT 10 9 R AR RS iR G an i 2 2 A0 ¢ 3(c)), H
LINC02436 15 PIK3R1 5 Huiz i i M1 Y ERE4R i 2 A 5C, S5 b SR M IEAH 5 CCL2, CCL11,
CD14. CCR1 %5&5:[H | 2 AH [ #a#h
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AR IX 254 MZOHER AP 3B SGHEAT T 2 800, B4 GO 7 #ifl KEGG 4r#. GO Zr#frh
1 BP /i ieon, RO FEE R TBANE. AT, AR RS kK E SRR (A
4(a)); CC ZrHr B S AHMANE T« Z3 W0k &4t o 288 Jes NS RS 1) M (1] 4())s MF 3 BT d s i 0o it
DR 5 4 B R 136 GEMER TS AR g o BRI SR MG A o AR ARl TG M A0 G 2 v 1 i A DR (] 4)c)) o
KEGG 7 it /mi% DAL R 2 5 4 M F 7 - 4B PR 72 A A8 BLAE AT B8 PR BB K - (tumor necrosis factor,
TNR)(5 5. QAR L. #% KT «B (nuclear factor kappa-B, NF-«B){5 5 il i Fl#a L IR 115 5
(A A(d)). FE - M ERE— DR 7RO HE S R R 2 EAE(E 4e)). IXuesh BRI
OHE IR 2 AR DhRe R AT 2 [0 B A EAERI k2 5 ARVC il .
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Figure 3. Results of immune infiltration analysis. (a) Accumulation map of infiltrating immune cells in ARVC and normal
myocardial samples. (b) Violin plots of infiltrating immune cells from ARVC and normal myocardial samples. (c) Heat map
of the correlation between genes and immune-infiltrating cells in ARVC samples. ARVC: Causes arrhythmia, right ventricular

cardiomyopathy
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Figure 4. Functional enrichment analysis of core genes. (a) BP bubble chart. (b) CC Bubble chart. (c) MF bubble chart. (d)
KEGG bubble chart. (e) Chord diagrams of core genes and related pathways. BP: Biological processes, CC: Cellular compo-

nents, MF: Molecular functions. KEGG: Kyoto encyclopedia of genes and genomes
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Figure 5. Identification of PPl networks and hub genes. (a) PPI network diagram of the core gene (Note: Nodes represent
genes, and edges indicate the interaction and association between nodes). (b) Crosstalk between the maximum group centrality
algorithm and other core genes (Note: The depth of the circle color represents the ranking of the genes). (c) PPI network
diagram of hub genes (Note: The depth and size of the circle color represent the ranking of genes). PPI: Protein-Protein Inter-
action
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Figure 6. Results of ROC curve analysis of IL6, PTGS2, CCR1, CXCL1, IL1B, CCL11, CCL2, CXCR4 and CCL19 in the
validation dataset GSE253224. ROC: Receiver operating characteristic. AUC: Area under the curve
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PESER)OE . Xie KL TNF A5 38 i W0 O IE A B AR 2k CoLR (R R, 8o JULIRR O I B A A1 1)
RERRAG Hh ORFE AR FH[15]. AR A 28 L vl DABOR 2R A Dy RERRNG, SO0 /v R A:[16]. MR B
FHOCER A B RR BB e B 1] 5] RO LT RERRRS, JFrTRe SBCL IR IR FE[17]. thot, e 2
MR #EPRIE L. DCM S5 FCo LR I & A2k e [16] [18] [19]. NF-xB 1R FE B iz UK sh it
UL EKE T g FRIA, HIR NIEES, il ARVC DA 4Efb it e [20]. LA B i 4
BIR, TNFE 58, JRREAIMEEEEL . NF-«B {55 @52 ARVC fIEZIEK, 507K KEGG
B HTAH—E. o, CD14. GADDA45G 5 NF-«B 7E (5 5 il i o = /% & %5, CCL2. SELE. IL6. PIK3R1,
e FIREERWREZ 5 T ARVC IR AR RE

WL PP W& M Bl 10wk tH 9 MK FEFI(IL6. PTGS2. CCR1. CXCL1. IL1B. CCL11. CCL2.
CXCR4. CCL19), XUuHRAIFL (i Wi {imid ROC 73 Mtk AT IR b vrAl, 45 s EaR LR 2 i
—SE BT F7, $ERIX AR 1L K AT BEFE ARVC 1R AE RIS e et /e . BATEZE], ROC 40
o, CCR1. CCL19 #1 PTGS2 £ 7E ARVC H BA L% = iz W e, AN ARVC R HTHE A
Bt RGi1E S IS AU MER N LR . e AN T RE, &y MBS IR 2 R 4, S Rg AN
H 5 G2 PEAH DG % VDA OC, HA i B FE b IR 7 2 AR Fa L R 1. CCR1 & A2 — AN S i —Fh 44
N C-C #F#atb K 73244 1 (C-C motif chemokine receptor 1, CCR1L) )4 [ (3£ K, CCR1 FE LA T
PERLAAR . FRA%/ BN PR S e A0 A, L LA BC A4 48 CCL3 (I Wi 4 i 4 i B (- 1) B CCLS (P15 3%
PRIES T A MRIEFI /- IR ) [21]. CCR1 Mhfg J i BUd BE 0N 5 2 Fh 4 P AN ) 5 G e Ve 25 1)
FHK . WEFE I, CCRL fEMG I Lo WUw i ORI E I [22] . BEAF, CCRL @IS R0E S %)% [ M,
FENS PRV BRI O WL e B & Fe e PO LR W R 3E/E I [23]-[25]. CCL19 R 2 —AN 1 51 4mhd
C-C Rtk FHi Ak 19 (C-C motif chemokine ligands 19, CCL19)#E /R 3£ . CCL19 & —Fh iz
SEET, BT CC Wik-afbHF), Midssa CCRT, FEGI T AN SR AWILE T 4H i Fl
HHOdZ T AR R AENL, ETE S R i A A HE R A R iy o e A
X TR B S G N RO B, R MBTE N S TR YT R A [26]. TRAURIN, BERRZMIAE OGO
W, CCL19 MR ETHE, AGRBEHIIER 2 —[27] [28]. BT #afLGZEs, RIEHTE ARVC (1)
KAKR R RYEE RIEH . PTGS2 K gmhd i 8 (H 18 7 9 A7 N & ALl 2 (Cyclooxygenase-2, COX-2),
COX-2 & —Fhifs T RUNE, W4 a0 M o A0 25 B AR WS M O AT P i R A A o, 2 BiRE . ORETE
P PR S R B . PTGS2 25 MeEE MR QIR 1 AW AL [29] . SERT I 2EAS A AT TRk
B, PTGS2 S I O U () SRR 3L A, 0o fUURE B8 A P 75 75 #E 45 [30]

RUEHHEBERIRIL, (AT RAEAE— 2 RR . B, AAMEARRRVN, FE—EM
Wt RZE, JE SR T PG A AR 2 DA iy 285 SR B m Sk, (]I A B T PR T 9 e 5k = — s IRRIERE T
T B AT O AT Y AT RS T FORBAEAR T SR SE e HIR, AR SO PR T 2 B L DR A % S L KT I Rk 56
HE, SR A% O 2 R ) B T R IA /KT G IE, 75 B PRAE A RN Sl A L Sk idh— 210 o] B A% O i BT 1) 3y
REALH .

ZE LRTIR, AR TCEL A AYE B2 Wik H ARVC oA 05N, RS kiR k£ 4%
S SRR . RN T IR O IE P (JE H & CCR1. CCL19. PTGS2), 1£A ARVC 25 ¥l j5 ¥ A%
HL bR W) PR R YT B A AT B, (H R B R R SIS — DI .

DOI: 10.12677/acm.2025.15123518 1189 Il PR 2 2 3t


https://doi.org/10.12677/acm.2025.15123518

HAHE, 5k

S5

[1]
[2]

(3]

(4]

[5]
(6]

[7]

(8]
[°]

[10]

[11]

[12]

[13]

[14]

[15]

[16]
[17]

(18]

[19]

[20]

o EL O AILR SR A B R RS 2025[0]. R EE IR R, 2025, 40(5): 420-462.

Moisa, S.M., Spoiala, E.L., Cinteza, E., Vatasescu, R., Butnariu, L.I., Brinza, C., et al. (2024) Arrhythmogenic Right
Ventricular Cardiomyopathy in Children: A Systematic Review. Diagnostics, 14, Article 175.
https://doi.org/10.3390/diagnostics14020175

Krahn, A.D., Wilde, A.A.M., Calkins, H., La Gerche, A., Cadrin-Tourigny, J., Roberts, J.D., et al. (2022) Arrhythmo-
genic Right Ventricular Cardiomyopathy. JACC: Clinical Electrophysiology, 8, 533-553.
https://doi.org/10.1016/j.jacep.2021.12.002

van der Werf, C., Hofman, N., Tan, H.L., van Dessel, P.F., Alders, M., van der Wal, A.C., et al. (2010) Diagnostic Yield
in Sudden Unexplained Death and Aborted Cardiac Arrest in the Young: The Experience of a Tertiary Referral Center
in the Netherlands. Heart Rhythm, 7, 1383-1389. https://doi.org/10.1016/j.hrthm.2010.05.036

Wang, W., James, C.A. and Calkins, H. (2018) Diagnostic and Therapeutic Strategies for Arrhythmogenic Right Ven-
tricular Dysplasia/Cardiomyopathy Patient. EP Europace, 21, 9-21. https://doi.org/10.1093/europace/euy063

Botia, J.A., Vandrovcova, J., Forabosco, P., Guelfi, S., D’Sa, K., Hardy, J., et al. (2017) An Additional K-Means Clus-
tering Step Improves the Biological Features of WGCNA Gene Co-Expression Networks. BMC Systems Biology, 11,
Avrticle No. 47. https://doi.org/10.1186/s12918-017-0420-6

Gaertner, A., Schwientek, P., Ellinghaus, P., Summer, H., Golz, S., Kassner, A., et al. (2012) Myocardial Transcriptome
Analysis of Human Arrhythmogenic Right Ventricular Cardiomyopathy. Physiological Genomics, 44, 99-109.
https://doi.org/10.1152/physiolgenomics.00094.2011

Welkie, R. (2023) Understanding Arrhythmogenic Right Ventricular Cardiomyopathy. JAAPA, 36, 1-6.
https://doi.org/10.1097/01.jaa.0000918764.35264.75

Lu, W., Li, Y., Dai, Y. and Chen, K. (2022) Dominant Myocardial Fibrosis and Complex Immune Microenvironment
Jointly Shape the Pathogenesis of Arrhythmogenic Right Ventricular Cardiomyopathy. Frontiers in Cardiovascular
Medicine, 9, Article 900810. https://doi.org/10.3389/fcvm.2022.900810

Mesquita, T. and Cingolani, E. (2024) Targeting Arrhythmogenic Macrophages: Lessons Learned from Arrhythmogenic
Cardiomyopathy. Journal of Clinical Investigation, 134, e180482. https://doi.org/10.1172/jci180482

Arabpour, M., Saghazadeh, A. and Rezaei, N. (2021) Anti-Inflammatory and M2 Macrophage Polarization-Promoting
Effect of Mesenchymal Stem Cell-Derived Exosomes. International Immunopharmacology, 97, Article 1D: 107823.
https://doi.org/10.1016/j.intimp.2021.107823

Eriksson, U., Ricci, R., Hunziker, L., Kurrer, M.O., Oudit, G.Y., Watts, T.H., et al. (2003) Dendritic Cell-Induced Au-
toimmune Heart Failure Requires Cooperation between Adaptive and Innate Immunity. Nature Medicine, 9, 1484-1490.
https://doi.org/10.1038/nm960

Sun, K., Li, Y. and Jin, J. (2021) A Double-Edged Sword of Immuno-Microenvironment in Cardiac Homeostasis and
Injury Repair. Signal Transduction and Targeted Therapy, 6, Article No. 79.
https://doi.org/10.1038/s41392-020-00455-6

Talukdar, D., Haldar, A.K., Kumar, S., Dastidar, R., Basu, A., Ray, A, et al. (2024) Leukocyte Infiltration and Cross-
Talk with Cardiomyocytes Exploit Intracellular Stress Pathways in Dilated Cardiomyopathy of Idiopathic Origin. Mo-
lecular Biology Reports, 51, Article No. 1090. https://doi.org/10.1007/s11033-024-10028-3

Rolski, F., Tkacz, K., Weglarczyk, K., Kwiatkowski, G., Pelczar, P., Jazwa-Kusior, A., et al. (2023) TNF-a Protects
from Exacerbated Myocarditis and Cardiac Death by Suppressing Expansion of Activated Heart-Reactive CD4* T Cells.
Cardiovascular Research, 120, 82-94. https://doi.org/10.1093/cvr/cvad158

Da Dalt, L., Cabodevilla, A.G., Goldberg, I.J. and Norata, G.D. (2023) Cardiac Lipid Metabolism, Mitochondrial Func-
tion, and Heart Failure. Cardiovascular Research, 119, 1905-1914. https://doi.org/10.1093/cvr/cvad100

Huang, W., Gao, F., Zhang, Y., Chen, T. and Xu, C. (2021) Lipid Droplet-Associated Proteins in Cardiomyopathy.
Annals of Nutrition and Metabolism, 78, 1-13. https://doi.org/10.1159/000520122

Chang, X., Liu, R., Li, R., Peng, Y., Zhu, P. and Zhou, H. (2023) Molecular Mechanisms of Mitochondrial Quality
Control in Ischemic Cardiomyopathy. International Journal of Biological Sciences, 19, 426-448.
https://doi.org/10.7150/ijbs.76223

Huo, J., Feng, Q., Pan, S., Fu, W, Liu, Z. and Liu, Z. (2023) Diabetic Cardiomyopathy: Early Diagnostic Biomarkers,
Pathogenetic Mechanisms, and Therapeutic Interventions. Cell Death Discovery, 9, Article No. 256.
https://doi.org/10.1038/s41420-023-01553-4

Zheng, G., Jiang, C., Li, Y., Yang, D., Ma, Y., Zhang, B., et al. (2018) TMEM43-S358L Mutation Enhances NF-xB-
TGFp Signal Cascade in Arrhythmogenic Right Ventricular Dysplasia/cardiomyopathy. Protein & Cell, 10, 104-119.
https://doi.org/10.1007/s13238-018-0563-2

DOI: 10.12677/acm.2025.15123518 1190 Il PR 2 2 3t


https://doi.org/10.12677/acm.2025.15123518
https://doi.org/10.3390/diagnostics14020175
https://doi.org/10.1016/j.jacep.2021.12.002
https://doi.org/10.1016/j.hrthm.2010.05.036
https://doi.org/10.1093/europace/euy063
https://doi.org/10.1186/s12918-017-0420-6
https://doi.org/10.1152/physiolgenomics.00094.2011
https://doi.org/10.1097/01.jaa.0000918764.35264.75
https://doi.org/10.3389/fcvm.2022.900810
https://doi.org/10.1172/jci180482
https://doi.org/10.1016/j.intimp.2021.107823
https://doi.org/10.1038/nm960
https://doi.org/10.1038/s41392-020-00455-6
https://doi.org/10.1007/s11033-024-10028-3
https://doi.org/10.1093/cvr/cvad158
https://doi.org/10.1093/cvr/cvad100
https://doi.org/10.1159/000520122
https://doi.org/10.7150/ijbs.76223
https://doi.org/10.1038/s41420-023-01553-4
https://doi.org/10.1007/s13238-018-0563-2

A, 5k—W

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

Sokol, C.L. and Luster, A.D. (2015) The Chemokine System in Innate Immunity. Cold Spring Harbor Perspectives in
Biology, 7, a016303. https://doi.org/10.1101/cshperspect.a016303

Batista, A.M., Alvarado-Arnez, L.E., Alves, S.M., Melo, G., Pereira, I.R., Ruivo, L.A.D.S., et al. (2018) Genetic Poly-
morphism at CCL5 Is Associated with Protection in Chagas’ Heart Disease: Antagonistic Participation of CCR1* and
CCR5* Cells in Chronic Chagasic Cardiomyopathy. Frontiers in Immunology, 9, Article 615.
https://doi.org/10.3389/fimmu.2018.00615

Zhang, Y., Feng, L., Guan, X., Zhu, Z., He, Y. and Li, X. (2024) Non-Alcoholic Fatty Liver Disease and Heart Failure:
A Comprehensive Bioinformatics and Mendelian Randomization Analysis. ESC Heart Failure, 11, 4185-4200.
https://doi.org/10.1002/ehf2.15019

Chen, C., Peng, H., Zeng, Y. and Dong, G. (2020) CD14, CD163, and CCR1 Are Involved in Heart and Blood Commu-
nication in Ischemic Cardiac Diseases. Journal of International Medical Research, 48, 1-10.
https://doi.org/10.1177/0300060520951649

Zhang, Z., Xiong, Y., Liu, S., Shen, L., Zheng, L., Ding, L., et al. (2025) Nanoparticles Coated with Immune Cell Hybrid
Membranes for Targeted Delivery of Janus Kinase Inhibitors and Synergistic Treatment of Autoimmune Myocarditis.
Acta Biomaterialia, 205, 584-600. https://doi.org/10.1016/j.actbio.2025.09.013

Zhang, Y., Liu, G., Zeng, Q., Wu, W., Lei, K., Zhang, C., et al. (2024) CCL19-Producing Fibroblasts Promote Tertiary
Lymphoid Structure Formation Enhancing Anti-Tumor 1gG Response in Colorectal Cancer Liver Metastasis. Cancer
Cell, 42, 1370-1385.€9. https://doi.org/10.1016/j.ccell.2024.07.006

Leerink, J.M., Feijen, E.A.M., Moerland, P.D., de Baat, E.C., Merkx, R., van der Pal, H.J.H., et al. (2022) Candidate
Plasma Biomarkers to Detect Anthracycline-Related Cardiomyopathy in Childhood Cancer Survivors: A Case Control
Study in the Dutch Childhood Cancer Survivor Study. Journal of the American Heart Association, 11, e025935.
https://doi.org/10.1161/jaha.121.025935

Alam, H., Bailing, W., Zhao, F., Ullah, H., Ullah, 1., Ali, M., et al. (2025) An Integrated Network Pharmacology and
RNA-Seq Approach for Exploring the Protective Effect of Isoquercitrin in Doxorubicin-Induced Cardiotoxicity: Identi-
fication of Novel Genes. Cardiovascular Toxicology, 25, 541-558. https://doi.org/10.1007/s12012-025-09968-4

Watanabe, M., lkeda, M., Abe, K., Furusawa, S., Ishimaru, K., Kanamura, T., et al. (2025) Excessive HIF-1¢ Driven by
Phospholipid Metabolism Causes Septic Cardiomyopathy through Cytopathic Hypoxia. Nature Cardiovascular Re-
search, 4, 1077-1093. https://doi.org/10.1038/s44161-025-00687-1

Zheng, Y., Gao, W., Zhang, Q., Cheng, X., Liu, Y., Qi, Z., et al. (2022) Ferroptosis and Autophagy-Related Genes in
the Pathogenesis of Ischemic Cardiomyopathy. Frontiers in Cardiovascular Medicine, 9, Article 906753.
https://doi.org/10.3389/fcvm.2022.906753

DOI: 10.12677/acm.2025.15123518 1191 Il PR 2 2 3t


https://doi.org/10.12677/acm.2025.15123518
https://doi.org/10.1101/cshperspect.a016303
https://doi.org/10.3389/fimmu.2018.00615
https://doi.org/10.1002/ehf2.15019
https://doi.org/10.1177/0300060520951649
https://doi.org/10.1016/j.actbio.2025.09.013
https://doi.org/10.1016/j.ccell.2024.07.006
https://doi.org/10.1161/jaha.121.025935
https://doi.org/10.1007/s12012-025-09968-4
https://doi.org/10.1038/s44161-025-00687-1
https://doi.org/10.3389/fcvm.2022.906753

	基于综合生物信息学分析鉴定致心律失常性右室心肌病相关的核心基因
	摘  要
	关键词
	Identification of Hub Genes Associated with Arrhythmogenic Right Ventricular Cardiomyopathy through Integrated Bioinformatics Analysis
	Abstract
	Keywords
	1. 引言
	2. 材料与方法
	2.1. 数据收集与处理
	2.2. 差异表达基因(Differentially Expressed Genes, DEGs)的筛选
	2.3. WGCNA的构建与关键模块识别
	2.4. 免疫浸润分析
	2.5. 功能富集分析
	2.6. PPI网络构建与枢纽基因的筛选
	2.7. 受试者工作特征(receiver operating characteristic, ROC)分析

	3. 结果
	3.1. 数据标准化及DEGs的筛选
	3.2. WGCNA与关键模块识别
	3.3. 免疫浸润分析
	3.4. 功能富集分析
	3.5. PPI网络分析和枢纽基因的识别
	3.6. 枢纽基因的诊断价值

	4. 讨论
	参考文献

