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[Abstract] Objective Using ovarian cancer datasets from public databases, identify copper death-related genes in
ovarian cancer tissues and construct a clinical prognostic risk scoring model for ovarian cancer patients based on these
genes. Methods We downloaded the OC data of TCGA, the GSE26193, GSE63885 dataset from GEO and retrieved 10
cuproptosis related genes (CRGs) and analyzed their chromosomal localization, expression correlation, and mutation
patterns based on the datasets. Using these genes, we clustered the OC samples to identify different molecular subtypes of
copper induced death. We analyzed the differential genes and functional enrichment between different subtypes and
obtained feature genes with predictive ability for prognosis through survival regression analyses. Based on these feature
genes, we constructed a risk scoring model and incorporated the clinical characteristics ofpatients to jointly predict their
survival rate. Results In ovarian cancer samples, 10 copper death-related genes can stably divide the samples into two
molecular subtypes, and there are significant differences in clinical and immune characteristics and drug sensitivity
between them. After further screening, seven prognostic genes (RARRESI. CXCLI0. PI3. CXCL11. THEMIS2. GBP2,
RPL39L) were obtained, and the risk model based on them combined with age predicted that the AUC of patients' 1-, 3-,
and 5-year survival rates were all greater than 0.7, showing good clinical application prospects. Conclusion The
mechanism of cuproptosis and its key genes might become therapeutic targets for ovarian cancer. The subtypes of
cuproptosis provide a theoretical basis for personalized clinical treatment. The predictive model constructed by key
prognostic genes has promising clinical application effects.

[Key words] Ovarian cancer Cuproptosis-related genes Immune infiltration

P 559 (ovarian cancer, OV ) & IRk H 5 UL A MG 4
© LT R A T (AR S L) (No. 2024- ORI —, Fir90% 2 | M, B, T H%
MSLH-275) 1l A fi B & SR AL 2R 700 5 (MR BHIFL331) (No. KC2023-JX-0186- TP FLe= A i K7 2 . S WIS 2 S 01, T
T W AN s Wz i 771y I8
RQ068) ¥ Bl
T 3% N RN \l“n;,:g,‘/’“» N
A fEEH, E-mail: zhangjingru202010@163.com ﬁ’ 5513@{%}:1%:“:45%[1]0 ﬂf‘ﬁ%(ﬂﬁgﬂ%ﬂ EI,J ﬁ!’}zﬁﬁ

AR 1 10: 2026-05-20 e, (EF A0 24 B 45 A% B B985 AT 25 9 Uk 25 5



http://orcid.org/0000-0003-2363-4957
http://orcid.org/0000-0001-6074-0738
http://orcid.org/0000-0003-2363-4957
http://orcid.org/0000-0001-6074-0738
http://orcid.org/0000-0003-2363-4957
http://orcid.org/0000-0001-6074-0738
http://orcid.org/0000-0003-2363-4957
http://orcid.org/0000-0001-6074-0738
mailto:zhangjingru202010@163.com
mailto:zhangjingru202010@163.com

726 PRl (BE2E R

5 5745

TR TR T RORAVEE . R, R —FhRE (L 2 B 578 20
I T B IR A7 245 W R ) R e VIR T O R,
X s B L ) AR A7 AR A B

CEPRYN TS S T 6 S s W o Sy R )
T B A W P AR AR | BRI ORI R4 ) i R 4%
AHFEARI . SR, A A o e B R S R ) A P
iy, PR RGBSR Y, F 5 A
MUEENE o RS A B 2 2 R 5 R, SRR AR A
AR A SR | A AR A R IR . TANGAEY
e B  EARMFE T AT I A, S ] 2 AR IR
TR BEAL —RMRIEINE A A Est T, RIFAET:, &
WA A REA7 £ 2 T e b A A QO A TR AR T LS. GUO
SEPIBIETE AR, FE U FP AN IR A 5 i BT S 9 240
HR R 3 A S K D A T A T 1, 35 e 4
KARPHT; b, -5 AT IS I, A D14 A A
SEOURC B AR E A BT, se AR TR A b
AT 25 I F g 1AL RO . R, RS TR AL
il AT LAE B BAT TR 20357 O SR iR T 1

TEAIFTE i, FA TR 2 S HHie 42 o vy B S R i 4R
PEAT TIRARER, BiE 15 5 0 T 5C 1) 5% Bt e g B i
JEARICTr ¥, FEREE T — A AT U S H B S A= A7 R
ORIy RS

1 #REFE

L1 HiRTHRERETLE

ARHIFSE T BRI IR 1 AT RIS LG B i) A TT
#4 FE TCGA (https://www.cancer.gov/about-nci/organization/
ccg/research/structural-genomics/tcga) X GEO (https://www.
ncbi.nlm.nih.gov/geo/) . MUCSC XenaikH TCGA
Ovarian Cancer (OV) FPKM##% . somatic mutationZ{3s .
I PRECHE  AH G A AR A7 45 B, A2 5 Tllumina HiSeq
2000 RNA Sequencing; AR IUbRE N A A= 4717 B 1Y
OVHA . TCGAKRAE P ffi378 BIOVAEA, Hrf2324
AAPIRZS T BET, 1460 AR TR o (I FHRAKAFAY
GEOqueryfil \GEO¥HJE 2 H R AR AR IR AT FE IOV
IR RERE I GSE26193 . GSE63885, K dE i i kE A 245k
5 T Homo sapiens, *f- 55 2 T°GPL570 [HG-U133_Plus_2]
Affymetrix Human Genome U133 Plus 2.0 Array; H.H
GSE26193%i4E h w5107 BlOVHEA, Horh76/) 4= fP4k
ANBET, SUBIAAFARAE NI 4 5 GSE63885 K dn e P 4l
70BIOVHEEAR, Hirpe6 Bl LEAPIRAS SET, 4B LEAPIRAE
% o 18idhgul33plus2.dbfl % GSE26193FIGSE63885
PR RS EA T TR AN U — TR AL B, 75 232 85030 4R ) ik Pl 3%

IRFEFE . AR A SET AR S SCHR, HE 0 1 H 10 H SE T4
RIEN TR 20, PRI L

F1 fHEHE10MEZETHEXER
Table 1 The 10 selected cuproptosis related genes

Genes Name

CDKN2A Cyclin dependent kinase inhibitor 2A
FDX1 Ferredoxin 1

DLD Dihydrolipoamide dehydrogenase

DLAT Dihydrolipoamide S-acetyltransferase

LIAS Lipoic acid synthetas

GLS Glutaminase

LIPT1 Lipoyltransferase 1

MTFI Metal regulatory transcription factor 1
PDHAI Pyruvate dehydrogenase E1 subunit alpha 1

PDHB Pyruvate dehydrogenase E1 subunit beta
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Fig 1 Expression characteristics of cuproptosis related genes
A, Chromosomal mapping of the genes; B, friends analysis results; C, correlation heatmap of the genes, blue represents positive, red represents negative, the darker

the color, the stronger the correlation; D, the PPI protein interaction network; E, mutation of the 10 genes in the TCGA dataset.
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Table2 GO and KEGG enrichment analysis of CRGs

Category 1D Description Count log P

BP GO: 0009615 Response to virus 28 —17.85447435
BP GO: 0051607 Defense response to virus 23 —16.2761375
BP GO: 0045071 Negative regulation of viral genome replication 14 —16.25005344
BP GO: 0140546 Defense response to symbiont 23 —16.23773481
BP GO: 1903047 Mitotic cell cycle process 30 —15.59681119
CC GO: 0042611 MHC protein complex 8 —10.54801419
CcC GO: 0031012 Extracellular matrix 24 —9.575122953
CcC GO: 0030312 External encapsulating structure 24 —9.559853832
CcC GO: 0071556 Integral component of lumenal side of endoplasmic reticulum membrane 7 —8.332565349
CcC GO: 0098553 lumenal side of endoplasmic reticulum membrane 7 —8.332565349
MF GO: 0016538 Cyclin-dependent protein serine/threonine kinase regulator activity 11 —12.30922625
MF GO: 0019887 Protein kinase regulator activity 17 —11.19216695
MF GO: 0001664 G protein-coupled receptor binding 19 —10.949492 38
MF GO: 0042605 Peptide antigen binding 9 —10.715067 52
MF GO: 0019207 Kinase regulator activity 17 —10.33617304
KEGG hsa05169 Epstein-Barr virus infection 24 —19.57972549
KEGG hsa05164 Influenza A 16 —11.58851631
KEGG hsa05160 Hepatitis C 14 —9.928831243
KEGG hsa05162 Measles 10 —6.375785126
KEGG hsa05168 Herpes simplex virus 1 infection 17 —5.716956 087
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Table 3 GSEA enrichment analysis of TCGA dataset

Category Description NES Enrichment score P
KEGG Pathway Herpes simplex virus 1 infection —1.467732989 —0.410434895 0.00102459
KEGG Pathway Pathways of neurodegeneration - multiple diseases —1.429297 966 —0.400379047 0.001 033058
KEGG Pathway Amyotrophic lateral sclerosis —1.892563213 —0.53710113 0.001058201
KEGG Pathway Cytokine-cytokine receptor interaction —1.617812902 —0.462596 906 0.001075269
KEGG Pathway Huntington disease —1.838341514 —0.525875414 0.001077586
KEGG Pathway Prion disease —1.967 885481 —0.566097242 0.001077586
KEGG Pathway Parkinson disease —1.900418735 —0.549181601 0.001 092896
KEGG Pathway Thermogenesis —1.597136537 —0.465846788 0.001101322
KEGG Pathway Lipid and atherosclerosis —1.680461638 —0.491002221 0.001101322
KEGG Pathway Human immunodeficiency virus 1 infection —1.819150428 —0.532492261 0.001102536
KEGG Pathway Human cytomegalovirus infection —1.57984529 —0.460730634 0.001103753
KEGG Pathway Human T-cell leukemia virus 1 infection —1.927549621 —0.562738529 0.001104972
KEGG Pathway Chemical carcinogenesis - reactive oxygen species —1.823086643 —0.534977943 0.001109878
KEGG Pathway Epstein-Barr virus infection —2.178200218 —0.642125416 0.001112347
KEGG Pathway Diabetic cardiomyopathy —1.69389757 —0.50186753 0.001123596
KEGG Pathway NOD-like receptor signaling pathway —1.914838774 —0.569724326 0.001124859
KEGG Pathway Chemokine signaling pathway —1.787327197 —0.529956914 0.001126126
KEGG Pathway Neutrophil extracellular trap formation —1.675930149 —0.49843967 0.001126126
KEGG Pathway Tuberculosis —1.863446983 —0.556214389 0.001132503
Number of selected genes Number of selected genes
40 40 39 34 26 15 7 0 40404039 39393433312723211614117 3 2 1
M = 042}
02— S ™\ g
— e e 5 L
Y~ - R il |
EE: - ;ij’?};j{j?i;;*y//// E 0.38 |
§ T A7 i
(L ] — ) ///// é T
-06} :_/i/;jy/ 0.34 |
-9 8 -7 -6 -5 -4 -3 =2 -8 -7 -6 -5 -4 -3 =2
log A log A
2 FEEEMFE
Fig 2 Screening of prognostic genes
PI3, CXCL11, THEMIS2, GBP2, RPL39L. M), ¥5iZ%H% 4 ZERCoBRRMHE L7 TREER

Table4 Seven prognostic genes identified by multivariate Cox

AN FHFTCGA OV(YIIZk4E) . GSE26193(KiiE4ET)
FIGSE63885(MilF4E2 ), X 4% A G AE AR T35 KU 743, IF:

regression analysis

Gene n HR 95% CI P
22 RUBS: BF- 43 WP SEABLRI 43 SRy i JRURG: 2EL FIER IXURS: 2H (FFI3 A ~ RARRESI 378 115 1.06-1.25 0.001
3C), %%E%’ E?)/I\g(;ﬂ;%qj’ ﬁzﬁﬁ}ﬁ?ﬁ’ﬂlog rank P{E CXCLI10 378 1.43 1.17-1.74 <0.001
. - PI3 378 1.08 1.01-1.15 0.023
BINF0.05, KB4 8o B T Wl s . 25 1 OXCL1I 378 055 047071 0,001
TCGA OV HIGSE26193. GSE63885%( % & v 433 3k T THEMIS2 378 1.16 1.02-1.32 0.029
I AU VE S AT 34F RIS AEIN T IR ROC AT, I LA K 3 oBe2 VS0P 06605 oont
RPL39L 378 0.83 0.72-0.95 0.008

" Fi i o8 ;
E%ﬁﬁﬁj% EP HTIE]W%\ROC EHE] j% E’]AUC{ﬁi’Jj(:j:O.S, HR: hazard ratio; CI: confidence interval. Events = 232; AIC = 2263.05;
BT R0 H s R (E3D ~ 3F), b 7Es4E 0 concordance index = 0.65.
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Fig 3 Construction and validation of prognostic models

A-C, KM plots of TCGA (A), GSE26193 (B), and GSE63885 (C) datasets; D-F, time-depended ROC curves for TCGA (3-year: AUC = 0.675, 95% CI: 0.610-0.738; 5-
year: AUC = 0.699, 95% CI: 0.632-0.762), GSE26193 (3-year: AUC = 0.645, 95% CI: 0.543-0.754; 5-year: AUC = 0.637, 95% CI: 0.526-0.742) and GSE63885 datasets (3-

year: AUC = 0.589, 95% CI: 0.452-0.727; 5-year: AUC = 0.795, 95% CI: 0.670-0.904
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); G-I, risk factor linkage diagrams for TCGA, GSE26193, and GSE63885 datasets.
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Table 5 The results of univariate and multivariate Cox regression analysis of risk scores and clinical characteristics

Characteristic Case (%) Univariate HR (95% CI) Univariate P value Multivariate HR (95% CI) Multivariate P value
Riskscore 378 (100.0) 2.72 (2.10, 3.51) <0.001 2.72 (2.08, 3.55) <0.001
Age 378 (100.0) 1.02 (1.01, 1.03) <0.001 1.02 (1.01, 1.03) 0.004
Source site 374 (98.9) 1.00 (0.99, 1.01) 0.708 1.00 (0.99, 1.01) 0.773
Race

Black or African American 25 (6.6) Reference — Reference —

Other 15 (4.0) 1.15(0.48,2.79) 0.753 1.33 (0.53, 3.30) 0.542

White 328 (86.8) 0.61 (0.37, 1.00) 0.051 0.52(0.31, 0.89) 0.017
Grade

Gl & G2 46 (12.2) Reference — Reference —

G3 &G4 322 (85.2) 1.24 (0.84, 1.84) 0.280 1.20 (0.80, 1.80) 0.369

GB & GX 8(2.1) 1.68 (0.65, 4.35) 0.283 1.75 (0.61, 5.05) 0.297

HR: hazard ratio; CI: confidence interval.
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Fig 4 Nomogram model construction

A, Nomogram model predicts OS in OV patients; B, KM survival curve; C, 1-year (AUC = 0.690, 95% CI: 0.402-0.983), 3-year (AUC = 0.687, 95% CI: 0.502-0.872),
and 5-year (AUC = 0.696, 95% CI: 0.521-0.872) depend on the ROC curve; D, DCA curve.



®3M RS AT S O B i DR 7 O g v 1 B 90U R A R s 733
LB EHCRS (1514D) I, #L I FDX 1R A AT RE RS2 itk 2 5 A 5 ) 40 L SE T2 4L

2.8 SEAXTHEEREINGEES T, SEFSH

FEFUAE AL AR Nomogram/5E 8 73Sy 127 KUK 21 FIG R
W 21, A R limmaXif 22 3840 (R 0E 4T 22 5 238 7047, LA
[log,FC|>0.5 2 P<0.05 4 R {E i i, 7TETCGA OV H1 AL
FEIRERG P AR B 441 DEGs, 3L 224, T3
224~ ThREE HE 0T /R, X LU DEGs 328 5 L 7E fu s
FADCIEAR T o 22Fh SR I 5 HA FE T 190 B PR AH DG AR
{75, RARRESTS T4 M5 Tregs Fll L W 20 il MO . 3%
TAASE; CXCL10. CXCLII., B4l VERR TR Z0HE . F
MG 21 AR MO -5 [ I 210 il M1 28 8 2 B R G, A 5 fR 4 fif &
B IE A OG; GBP25 EEAN MY, A SR AN i
W IEADG, LT e 0 i A 2R, 2 ST XUS: 4 B4R
JHL 25 B 240 %) A7) BT, e A DR 26 9692 440 B 2 i
5 2% S Ak ik o I AR AE T TS FE - miRNA B AR M 4%,
A3 7 mRNA, 681 miRNA; F| FHHIFL T 15 B A -
TFHAEM %S, 4357 mRNA, 39 TF, 3 UL R 25 55 Y5
FEl6
3 iFig

2022 4F, TSVETKOVA I e X T HIsET, I
HIAET- M 104 S48 3L K, BICDKN2A . FDX1., DLD,
DLAT, LIAS. GLS. LIPT1, MTF1, PDHAI, PDHB. fEiX
10N €K R, FDX1, DLD. LIASFILIPT13: [72: 5 g i ik
AR, i AN 3 P 2 5 TN R R i 2 (PDH) 52 A )%
o TEIXSEOCHERL R 145, SO I FE
5 TCATE A G i nHZ R 2 i S B PDHE 54
ARG, IF 55 B A5 A, BB AL IR ER, Fe-SHE
HEAEK, WM Y

AT, G TCGARHR A& 7 Hr K BLiX 104
FERBIS  AEAF B Gk T, RITEN AT AR Y
ifg. HERARRIPE STt KR, 5HA K R L
Y3 A S PDHB, $i W] PDHB 1013 A v Y B R[]
PPISM AT &4 B ilt — A UE S0 T 8 5 HAth 3 X ) 5 AH H AR
M. PDHB/ZPDHE &I —47, B dhs—Fh &4 B
AT A R R U (E L), 2 R N — R IR (TCA)
PEIRZ (A1 20 R , XA E N HR B T Y S S R R
DLATZ % 2 i P4 B R 1B S i 52 & I E2 18057, 2 5T
T A RAE TN EZFDX1 5 DLATH R A A R
AYAHOCHE . FDXUZHFET /Y F 287 K, Hogmfidh ik
JE T LLKE Cu 38 J5 R 3t 3 K i i Cu'* . FDX1AHY
FIRFEFDLAT SIS 6, REE B, 32 P 4
FET-RYIFIRY . FDX U 8 B kA ny 0 -+, I

i, FFHER R FEMRE AN . FEWURE ST o, il ad b
BRI AN A MEPE /N BRLBR BE rh FDX TR R Y 5K, e 9
FDX 15 5P 852 2 A ¢, iX R WIFDX1A] fg ik B 540 ¢
P A s SRR T

10 CRGs YA TE IR R i) 7775 & 3 22 57, o
JECIHCDKN2A M & 5 FC2, 1X Al g A X 3 1 ifr . A
BRSNS . TRATTIA BB, 3 P ol 0 R A A
g3 GEAR RN F B A E R G R . S R, SR
PRI 1 2R 3K 7 TR AE 25 5, 2 B3k 0 o T 28 5 PR 28 72
FGREA TR 7 THAEAE 22 5. A IRy T 7 &6
MR S AT 7 A AN TR SCR . fh ke, FRATT T 1 i
S Z (R 25 RS 7 URNE, I R BB A IR T AR Y Y
G AIRIY . PATKSE" 5 Y, BT PG Je 1 Ry —Fham i
N S VEGERIF 5 (B0 250, 76 25 Wy BiUak iy 91 S48 20
i HR S S TR 24 40 S G P B AR . FEFRAT AR ST
Hh, CRUAE KT By 75 85 JE 1) SRt I B0 v T C2 IR AR,
BRI R b OF S AR T R AL T RS . AT
XS IR B U DEGsi#E 1T T GO/KEGGHIRE & 4, K I
DEGs £ BEE G AP A A2 . A0A R | 4 s . &
PR R Y . R A NN A AR O T AR
5. GSEAWNy, WP 1] (1) Dy fig 2 S e A0 7k
Yo | MR FAH EAER LR S T . R e A
7T, X 5 GO/KEGGH S MR H A —3, xXeess
LI, XA A R i | G T RN SRR A
AL A ES . B, GRS, T
CDKN2AYECLIR E it #ik, AT FHCDRN2A Y 3%
IRAERN XA BRI A AR A

FATHE PN 2 6] (I DEGs H 5-4% 5 HUR A 56 1Y
RN, Zat BH ST, 8874 S AR S, R
RARRESI, CXCL10, PI3, CXCLI11, THEMIS2, GBP2,
RPL39L., WANGH" 3@ 28 4347 OP 90 5 1F % 20 2L H] Y
DEGs, K BLRARRES1 &5l f5 K Z —., CXCL10/
CXCL114i 5 CXCWEZK 5 By b -, Al 5336 AL T 40 A
P4 T R NE , 48 5 T 200 ) 40 R 2 2, 0 o) A A
33 79 7 DR 4 ) ) 2 1T 78 Y O, OFF 5 CXCR31
Gl 3o R R S A G2 2 L L A T B RN T4 A S A
WF5E 17 % CXCL10/CXCL117E BP S g 1 41 i it %
ik, IS IR, 5200 B SRR 1Y i R, J2 S A DG T
JEbRit e PI3HEHAE A U1 L9 HB 3 AR A H 2l Sy it )
1", THEMIS2-5 P L9 rp i) b je ] B A O, JOF
HJ2 0P S W FEiR T R A FSE IR R LGBP2,
RPL39LAT B F AU B §L9 1015 " . BARAZEFRAT I A



734 PR (BE2E D

5 5745

X 74N S AR TC A 20 ST O B, (R A
B, FHIX 7 AR L PAe) e 0 XU AR R dd 7 X £
HAERSAE AL ARG RAF IR RE . A AR R Y
S AT A7, Y 5 B AR 45 G T A T3 A0 B
TR 7 A R A A TR ASCR o FRAT AR RS I 43 %o A AR s
AT T 534, IR T s MR 20 Z [ Y DEGs . FATR
22 5 BRI AL T2 R R LR 454, DL S A
MR . 3% B PR AU 41 22 8] 1) e 2 R I A f o 22
5o M PR, F5r3H (RARREST, CXCLIO,
CXCL11, GBP2) 5 4l 2R3k W EAHOC . H i 2E
DRI 14 T PR - 2 AR TRCAAR 235 - 300 ) 2 32 3 4 L )
TRk

SR, ABFFEAIAATE— S Jm B . B o, TR 03
FOTAH O DR 2 O B9 1) B 5, (R ZE S IR 9 T I &
A AR A, FOR, FATIAT T 4L T A OC Y
PN TSRS, ARG T A B o SRTI, ZEIm RS
B DX A3 3 W RS BT SR AAAE I el . 5 =, AR
AT T A AR St L2 R, (RS R (e o
b PRI E R I UE . 2500, KRN ER T R A7
HYTINPERE, T HL45 R IEA s 1 AT SEPE AR e 1k, (HF
TINIRE, #E—25 K PRI R0 Sl P58 R B 52 % 6 A
XL RITE 8 (KT E R SRS AE . AT
RITEARAF 5% P 2 Lk SE R SE 5, LUK SR AT 52 1 AT
54,

K2, BT AL B O B IR AT RE 1k B S0 11
TR A, T S B PR R S Y A HE T R A i PR A4
fRiRIF AL TSI . © 48 71 3L RARRESI
CXCLI10. PI3, CXCL11, THEMIS2, GBP2, RPL39L} bl &
SR TS HAT TR Ty o FH 3k B3 PR A 1) RUBS: 1T 53 2R
45, ZEAAEIE IR 2R, ] AVERA IO A= 172K, B S
PRANMA -

% % %

BT F 2RSSO Bl g . 283310 1k, )
TGRS 3 5 51, 223G STIE R AT AR AT ST, M B 73T
BRAPRIAT UL, BRI SR Oy I RO A B, Bl 1 D B AL R
WL EEHE A S S E . IO EE O AR R SRR a4
i, FOURHE 2R R B RRAS HEAT S 22 i, IR XS TARR B 7 i 5 3
Author Contribution WANG Huimin is responsible for
conceptualization, data curation, funding acquisition, validation, writing--
original draft, and writing--review and editing. JTJANG Ying is responsible
for formal analysis and investigation. CHEN Jinxin is responsible for
software and visualization. MU Peng is responsible for methodology and
project administration. ZHANG Jingru is responsible for resources,
supervision, and writing--review and editing. All authors consented to the

submission of the article to the Journal. All authors approved the final

version to be published and agreed to take responsibility for all aspects of
the work.

FlEMhge A EH TR WA 5 vh o

Declaration of Conflicting Interests All authors declare no competing

interests.

& % X W

[1] TORREL A, TRABERT B, DESANTIS C E, et al. Ovarian cancer
statistics, 2018. CA Cancer J Clin, 2018, 68(4): 284-296. doi: 10.3322/caac.21456.

[2] GELISSEN J H, ADJEI N N, MCNAMARA B, et al. Hyperthermic
Intraperitoneal Chemotherapy in Ovarian Cancer. Ann Surg Oncol, 2023,
30(9): 5597-5609. doi: 10.1245/s10434-023-13757-0.

[3] ZHAOS, ZHANG X, GAO F, et al. Identification of copper metabolism-
related subtypes and establishment of the prognostic model in ovarian
cancer. Front Endocrinol (Lausanne), 2023, 14: 1145797. doi: 10.3389/
fendo.2023.1145797.

[4] TANG D, CHEN X, KROEMER G. Cuproptosis: a copper-triggered
modality of mitochondrial cell death. Cell Res, 2022, 32(5): 417-418. doi:
10.1038/541422-022-00653-7.

[5] GUOF, YANG Z, KULBE H, et al. Inhibitory effect on ovarian cancer
ALDH+ stem-like cells by Disulfiram and Copper treatment through
ALDH and ROS modulation. Biomed Pharmacother, 2019, 118: 109371.
doi: 10.1016/j.biopha.2019.109371.

[6] TSVETKOV P, COY S, PETROVA B, et al. Copper induces cell death by
targeting lipoylated TCA cycle proteins. Science, 2022, 375(6586): 1254-
1261. doi: 10.1126/science.abf0529.

[7]  BIAN Z, FAN R, XIE L. A Novel Cuproptosis-Related Prognostic Gene
Signature and Validation of Differential Expression in Clear Cell Renal
Cell Carcinoma. Genes (Basel), 2022, 13(5): 851. doi: 10.3390/
genes13050851.

[8] LV H,LIUX, ZENG X, et al. Comprehensive Analysis of Cuproptosis-
Related Genes in Immune Infiltration and Prognosis in Melanoma. Front
Pharmacol, 2022, 13: 930041. doi: 10.3389/fphar.2022.930041.

[9] XUJ, HU Z, CAO H, et al. Multi-omics pan-cancer study of cuproptosis
core gene FDX1 and its role in kidney renal clear cell carcinoma. Front
Immunol, 2022, 13: 981764. doi: 10.3389/fimmu.2022.981764.

[10] WANG H, YANG Z, HE X, et al. Cuproptosis related gene PDHB is
identified as a biomarker inversely associated with the progression of clear
cell renal cell carcinoma. BMC Cancer, 2023, 23(1): 804. doi: 10.1186/
512885-023-11324-0.

[11] GAOF, YUANY,DINGY, et al. DLAT asa Cuproptosis Promoter and a
Molecular Target of Elesclomol in Hepatocellular Carcinoma. Curr Med
Sci, 2023, 43(3): 526-538. doi: 10.1007/s11596-023-2755-0.

[12] SCHULZ V, BASU S, FREIBERT S A, et al. Functional spectrum and
specificity of mitochondrial ferredoxins FDX1 and FDX2. Nat Chem Biol,
2023, 19(2): 206-217. doi: 10.1038/s41589-022-01159-4.

[13] wucCc,LIC J, LIN L T, et al. Cuproptosis-Related Gene FDX1
Identified as a Potential Target for Human Ovarian Aging. Reprod Sci,
2024, 31(12): 3929. doi: 10.1007/s43032-024-01573-0.

[14] PAIKES,KIM T H, CHO Y J, et al. Preclinical assessment of the VEGFR
inhibitor axitinib as a therapeutic agent for epithelial ovarian cancer. Sci
Rep, 2020, 10(1): 4904. doi: 10.1038/s41598-020-61871-w.

[15] WANGR, YE X H, ZHAO X L, et al. Development of a five-gene
signature as a novel prognostic marker in ovarian cancer. Neoplasma,
2019, 66(3): 343-349. doi: 10.4149/neo_2018_180705N447.

[16] ZHANG Y, CHEN Y, ZHANG L, et al. IncRNA CLRN1-AS1 reduces
adhesion ability of human trophoblasts via CXCL10/CXCL11. Placenta,
2023, 140: 47-59. doi: 10.1016/j.placenta.2023.07.003.

[17] LIW, MAJ A, SHENG X, et al. Screening of CXC chemokines in the

microenvironment of ovarian cancer and the biological function of


https://doi.org/10.3322/caac.21456
https://doi.org/10.3322/caac.21456
https://doi.org/10.1245/s10434-023-13757-0
https://doi.org/10.1245/s10434-023-13757-0
https://doi.org/10.1245/s10434-023-13757-0
https://doi.org/10.1245/s10434-023-13757-0
https://doi.org/10.1245/s10434-023-13757-0
https://doi.org/10.1245/s10434-023-13757-0
https://doi.org/10.1245/s10434-023-13757-0
https://doi.org/10.1245/s10434-023-13757-0
https://doi.org/10.3389/fendo.2023.1145797
https://doi.org/10.3389/fendo.2023.1145797
https://doi.org/10.3389/fendo.2023.1145797
https://doi.org/10.1038/s41422-022-00653-7
https://doi.org/10.1038/s41422-022-00653-7
https://doi.org/10.1038/s41422-022-00653-7
https://doi.org/10.1038/s41422-022-00653-7
https://doi.org/10.1038/s41422-022-00653-7
https://doi.org/10.1038/s41422-022-00653-7
https://doi.org/10.1038/s41422-022-00653-7
https://doi.org/10.1038/s41422-022-00653-7
https://doi.org/10.1016/j.biopha.2019.109371
https://doi.org/10.1016/j.biopha.2019.109371
https://doi.org/10.1126/science.abf0529
https://doi.org/10.1126/science.abf0529
https://doi.org/10.3390/genes13050851
https://doi.org/10.3390/genes13050851
https://doi.org/10.3390/genes13050851
https://doi.org/10.3389/fphar.2022.930041
https://doi.org/10.3389/fphar.2022.930041
https://doi.org/10.3389/fphar.2022.930041
https://doi.org/10.3389/fimmu.2022.981764
https://doi.org/10.3389/fimmu.2022.981764
https://doi.org/10.3389/fimmu.2022.981764
https://doi.org/10.1186/s12885-023-11324-0
https://doi.org/10.1186/s12885-023-11324-0
https://doi.org/10.1186/s12885-023-11324-0
https://doi.org/10.1186/s12885-023-11324-0
https://doi.org/10.1186/s12885-023-11324-0
https://doi.org/10.1186/s12885-023-11324-0
https://doi.org/10.1186/s12885-023-11324-0
https://doi.org/10.1186/s12885-023-11324-0
https://doi.org/10.1186/s12885-023-11324-0
https://doi.org/10.1007/s11596-023-2755-0
https://doi.org/10.1007/s11596-023-2755-0
https://doi.org/10.1007/s11596-023-2755-0
https://doi.org/10.1007/s11596-023-2755-0
https://doi.org/10.1007/s11596-023-2755-0
https://doi.org/10.1007/s11596-023-2755-0
https://doi.org/10.1007/s11596-023-2755-0
https://doi.org/10.1007/s11596-023-2755-0
https://doi.org/10.1007/s11596-023-2755-0
https://doi.org/10.1038/s41589-022-01159-4
https://doi.org/10.1038/s41589-022-01159-4
https://doi.org/10.1038/s41589-022-01159-4
https://doi.org/10.1038/s41589-022-01159-4
https://doi.org/10.1038/s41589-022-01159-4
https://doi.org/10.1038/s41589-022-01159-4
https://doi.org/10.1038/s41589-022-01159-4
https://doi.org/10.1038/s41589-022-01159-4
https://doi.org/10.1007/s43032-024-01573-0
https://doi.org/10.1007/s43032-024-01573-0
https://doi.org/10.1007/s43032-024-01573-0
https://doi.org/10.1007/s43032-024-01573-0
https://doi.org/10.1007/s43032-024-01573-0
https://doi.org/10.1007/s43032-024-01573-0
https://doi.org/10.1007/s43032-024-01573-0
https://doi.org/10.1007/s43032-024-01573-0
https://doi.org/10.1038/s41598-020-61871-w
https://doi.org/10.1038/s41598-020-61871-w
https://doi.org/10.1038/s41598-020-61871-w
https://doi.org/10.1038/s41598-020-61871-w
https://doi.org/10.1038/s41598-020-61871-w
https://doi.org/10.1038/s41598-020-61871-w
https://doi.org/10.1038/s41598-020-61871-w
https://doi.org/10.1038/s41598-020-61871-w
https://doi.org/10.1038/s41598-020-61871-w
https://doi.org/10.4149/neo_2018_180705N447
https://doi.org/10.4149/neo_2018_180705N447
https://doi.org/10.1016/j.placenta.2023.07.003
https://doi.org/10.1016/j.placenta.2023.07.003

Y] RS AT S O B 2 DR 7 O e v 4 B 90U R A R s 735

[18]

[19]

[20]

[21]

CXCL10. World J Surg Oncol, 2021, 19(1): 329. doi: 10.1186/s12957-021-
02440-x.

LIY, LI H, YANG B, et al. Clinical significance of PI3 and HLA-DOB as
potential prognostic predicators for ovarian cancer. Transl Cancer Res,
2020, 9(2): 466-476. doi: 10.21037/tcr.2019.11.30.

GAO Y, QI'Y, SHEN Y, et al. Signatures of tumor-associated
macrophages correlate with treatment response in ovarian cancer
patients. Aging (Albany NY), 2024, 16(1): 207-225. doi: 10.18632/aging.
205362.

WANG X, WANG S S, ZHOU L, et al. A network-pathway based module
identification for predicting the prognosis of ovarian cancer patients. J
Ovarian Res, 2016, 9(1): 73. doi: 10.1186/s13048-016-0285-0.
ROHOZINSKI J, ANDERSON M L, BROADDUS R E, et al.

Spermatogenesis associated retrogenes are expressed in the human ovary

and ovarian cancers. PLoS One, 2009, 4(3): €5064. doi: 10.1371/journal.
pone.0005064.

(2025 - 04 — 05!tki, 2026 — 04 — 211& 1))
wE

FERBERER AR SOl PG AR 52 8 2 — R Rl M ik
BY NG 4.0 FRiF A 3 (CC BY-NC 4.0), PE40(E H &5

https://creativecommons.org/licenses/by-nc/4.0/,

OPEN ACCESS This article is licensed for use under Creative Commons
Attribution-NonCommercial 4.0 International license (CC BY-NC 4.0). For more
information, visit https://creativecommons.org/licenses/by-nc/4.0/.

© 2026 {PUJIIR2F 2741 (R 2E R D43

Editorial Office of Journal of Sichuan University (Medical Sciences)


https://doi.org/10.1186/s12957-021-02440-x
https://doi.org/10.1186/s12957-021-02440-x
https://doi.org/10.1186/s12957-021-02440-x
https://doi.org/10.1186/s12957-021-02440-x
https://doi.org/10.1186/s12957-021-02440-x
https://doi.org/10.1186/s12957-021-02440-x
https://doi.org/10.1186/s12957-021-02440-x
https://doi.org/10.1186/s12957-021-02440-x
https://doi.org/10.21037/tcr.2019.11.30
https://doi.org/10.21037/tcr.2019.11.30
https://doi.org/10.18632/aging.205362
https://doi.org/10.18632/aging.205362
https://doi.org/10.18632/aging.205362
https://doi.org/10.1186/s13048-016-0285-0
https://doi.org/10.1186/s13048-016-0285-0
https://doi.org/10.1186/s13048-016-0285-0
https://doi.org/10.1186/s13048-016-0285-0
https://doi.org/10.1186/s13048-016-0285-0
https://doi.org/10.1186/s13048-016-0285-0
https://doi.org/10.1186/s13048-016-0285-0
https://doi.org/10.1186/s13048-016-0285-0
https://doi.org/10.1186/s13048-016-0285-0
https://doi.org/10.1371/journal.pone.0005064
https://doi.org/10.1371/journal.pone.0005064
https://doi.org/10.1371/journal.pone.0005064
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/

	1 资料与方法
	1.1 数据下载及数据预处理
	1.2 卵巢癌中铜死亡相关基因的表达机制分析
	1.3 基于铜死亡相关基因的分子亚型分析
	1.4 GO/KEGG功能富集分析
	1.5 GSEA功能富集分析
	1.6 PPI网络蛋白分析
	1.7 铜死亡预后基因识别及预后模型构建
	1.8 Nomogram模型构建及验证
	1.9 铜死亡预后基因功能性分析，多组学分析
	1.10 统计学方法

	2 结果
	2.1 卵巢癌中铜死亡相关基因的表达机制
	2.2 基于铜死亡相关基因的分子亚型分析
	2.3 GO/KEGG功能富集分析
	2.4 GSEA功能富集分析
	2.5 PPI蛋白网络分析
	2.6 铜死亡预后基因识别，预后模型构建
	2.7 Nomogram模型构建及验证
	2.8 铜死亡预后基因功能性分析，多组学分析

	3 讨论
	 作者贡献声明
	 Author Contribution
	 利益冲突
	 Declaration of Conflicting Interests
	参考文献

