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Abstract

Background: Polycystic ovary syndrome (PCOS) is a common reproductive endocrine disorder
characterized by irregular menstruation, hyperandrogenism, and ovarian dysfunction. Its related
molecular mechanisms are not fully understood, the etiology is complex, and the clinical manifes-
tations are highly heterogeneous, making treatment difficult and even leading to frequent diagnosis
delays or misdiagnosis. Cuproptosis is a non-apoptotic cell death pathway induced by copper ions,
which has been shown to play a critical role in cellular metabolism and mitochondrial function. Due
to mitochondrial dysfunction in PCOS patients, copper death may play an important role in the path-
ogenesis of PCOS. In addition, N6 methyladenosine (m6A) modification, as a key epigenetic regula-
tion, may affect the occurrence and development of PCOS by regulating RNA metabolism and gene
expression. However, the role of copper death and m6A modification in PCOS and their potential as
diagnostic biomarkers have not been fully explored. This study aims to explore key genes related
to copper death and m6A modification in PCOS through bioinformatics methods, in order to provide
new diagnostic biomarkers. Method: By integrating gene expression data from multiple GEO da-
tasets, differentially expressed genes (DEGs) between PCOS patients and the control group were
identified, and further screened for differentially expressed genes associated with copper death
(DECuRGs) and m6A modified targeted differentially expressed genes (DEm6ARGs). Explore the po-
tential biological functions and pathways of these genes in PCOS through Gene Ontology (GO) and
KEGG pathway enrichment analysis. At the same time, immune infiltration analysis and gene drug
correlation studies will be conducted to explore the role and therapeutic potential of these key
genes in PCOS. Result: A total of 221 DECuRGs and 63 DEm6ARGs were identified. Enrichment anal-
ysis showed that these genes are involved in processes such as immune response, lipid metabolism,
and cell apoptosis, and may promote the occurrence and development of PCOS by affecting mito-
chondrial function and RNA metabolism. In PCOS patients, the expression levels of related genes are
significantly abnormal. Immune infiltration analysis revealed significant differences in immune cell
types among PCOS patients, while gene drug correlation studies suggest that these key genes may
become new targets for personalized treatment of PCOS. Conclusion: This study identified key genes
associated with copper death and m6A modification in PCOS through bioinformatics methods, re-
vealing their potential roles in the pathogenesis of PCOS. Copper death and m6A modification ab-
normalities may promote the occurrence and development of PCOS by affecting cellular metabolism
and gene expression. These findings provide new insights for the early diagnosis and personalized
treatment of PCOS.
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1. 518

% HE P HL 2541 (polycystic ovary syndrome, PCOS) & — i WK N - ih 256l F B G ik,
FHE RN A LA Rl E AR IS [1]. PCOS & AERVE Bl P IR RN 5%~20% [2],
AT ]2 B WA ot AR R R R, SEIEN T AE R R S SRR Co ML 0 A e ) KU [3] [4]
S PCOS HiwA7E, HHFHIGKEIMEFE, Sz f— WS EbsEY, (FRB2W PCOS 558 R
BRI, W FBURW BT R4] [5]. B, JEYIFHEZEI KBRS T ESEbR S

Hi LT (Cuproptosis) & —Fh H 4l fik & B AR P8 T PEA AR T A% o 24805 = SR FRIG A Hh (1 IR It A0 4H 73 A
HAEFHR, &5 808E A REMRB RN FEE, &5 K& AN AL T:[6]. B 7 R I, PCOS
BF PR R A R, ) I SRR RS A (ROS) = B 7] [8]. % T 478 4 AR B o 11 FH LA K
HEHBCTREL, PGB /KFXT PCOS B K & I EA FH 52 [9] [10], HFET-AIAES PCOS K
SRHLHIA 5% BLRT, A 50T G DR A S8 RE A0 Ca XL/ 9005 S5 78 v EL S R 2 W (L [11] [12], #F Feix et
FR 2235 T BE A PCOS (1112 32 (137 1) LA

N6- H 2 i 1 (N6-methyladenosine, mEA) & 11 & 38 W 15 4% 1 4% 1) 85 BLRRAE, & —Fhml 11 RNA 1211,
T IR IZERA (A) _F 5757 SR 7 (N) 52 HR 2 S T A A P T2 B P — e S ek ) R AR AR AR [13] 0 A4 SR 5
R, /54 RNA (MRNA)H R A1 meA HIEAL B FE 52 IR L AL g . 2 ORI ASE & 8 0 =GR
ERREFER, 257 W Mg G K 8 IR 5255 2 i I R A RR[14] . X EEITE RNA
MoRsE e BYRE. BHRRAA ELAE A R P EEEI[15]. 55T m6A &1fifE PCOS HHIMF T £, BAITE
WORI ML ThRE R, Qn3EEEAE T, RIEME, JFH meA MR 2 5 H[16]-[18]. #A1H, m6A &ifi
£ PCOS 2 W (138 J 1 AN W1

UEHTRF AR, HAET o () OGS B I — kUL BE (1 1 (Ferredoxin 1)5 PCOS IR JEZDIM, HY
mMBA. m5C Al m1A #1563 PR R I 535 (A S ME[19]. [RIINE, mBA 15 K7 FIA4R FE T AH G JE [ (1) B A 1
JFF£0H P A AE B 6 S8 N7 TS AR I A B R ([20] 0 XS B A IRA T — 2D IR I meA FNARAET:
FHREEFI QN PCOS 2 iA R ). Bk, ANHEFL S TERTF 5T m6A FIERAE T ARG BRI Rk i =, HF
flEATE N PCOS i L2 Wibr 4 v 471

2. MM5EFHE
2.1. BHEIRE

LR 2 3k 27 2 B3R P2 (GEO; hittps://www.ncbi.nlm.nih.gov/geo/)3RHL 1 % 240 &5 85 0E . BT %
P HE GSE34526. GSE137684. GSE80432. GSE114419 il GSE102293, iXit¥fidetl & 1 M 28
PCOS 3 P EFN 22 151 1E 7 UP b 20 B i N R BORI A0 BRAEAS, DL 1o B A X S Edi 4 kAT 3L K
(TR AN AT o 0PN HOHR AR R 5 A LB R EAT DL T, FFHERR AR L8 2K B 54 ] 2 260 Jik [R] DT TG RO 4R
Bro WURZAREFWUN B — MR, S AR Se R b A B AE R AR AR R ) Rk K F . A TR ER
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ByE R RN, FH “sva” B9 ComBat FREHET T BHEK IE .
22. ERFEEENEE

R R B4 “limma” %5 PCOS 4H 5 1EH % I8 4H 22 [R) 1) 22 5+ R IA KL [N (DEGS) . ik 2614~ P
/INT0.05. SHIFET A O 2 S5 R IA FE R bR A~ DECURGS, 1M J@ T mBA &1 41 5L R ) 2 5 6 ik A
Witnicy DEmBARGS.

2.3. BRI

[ R #4440 “clusterProfiler” % DECURGs fll DEMBARGSs #£47 T % [F A4 (Gene Ontology, GO)All
HUHRHE R 5 R R 2H 1 B4 1 (Kyoto Encyclopedia of Genes and Genomes, KEGG)WRE & 40 #1. P AL T
Benjamini-Hochberg & 1E, fE7R 1 i & 1T 15 MEELSE R .

2.4. RILRIBIHT

S AR AL TR AR & 4R 0 (ssGSEA) Al 1 28 A e e Al ML L 1 & A 70 L, IR “GSVA” ik
177 ssGSEA 7. A1 Wilcox #ex56: LU AT P 2H 2 18] (¥ S e 4L - B 22 5, Ja H Pearson AH < 73T 14t X
B E o 5 e e A IR I 2 AR 2R R

2.5. R TR

FIFH NCI-60 4Ht &27F CellMiner %45 % (https://discover.nci.nih.gov/cellminer/home.do) 7 #3714 £ 3
PR ZGWE B, b THRIERE S 25 2 R AH S o Ao 43 BT K A Pearson 73, FFEH
Cytoscape X HFIFJE K 5 29 2 (B 5% R IEAT T T4

2.6. Gt AT

TG it o 4d R (v4.3.0) 8847 . {EH “pheatmap” il #AL & . fdi ] “ggvenn” f.61% Venn
K, J#H “ggplot2” Bk plot bk A A 4h B . A etE M K Pearson J77k, P4 8] 2 53 HOAS:
3548 ] Wilcoxon #:36. p fi <0.05 i, 45 Ry NEA G iR EE.

Table 1. Sample size and sample types

=1 HAREBREALE

EAETE HAVE FEA R FEAE (n = 50) EIETE Y]
GSE34526 GPL570 10 MRNA array
GSE137684 GPL17077 12 mRNA array
GSE80432 GPL6244 MIE Bk PCOS &3 6 mRNA array

B 5 43 B 1) N kL
GSE114419 GPL17586 i 6 mRNA array
GSE102293 GPL570 6 MRNA array
GSE168404 GPL16791 10 RNA-seq
3. &R

3.1 EEZEBINHELGZEAIE(PCOS)S5xRAZ BIHE RFIXEE (DEGS)
N7 RERS X 4> PCOS 5 JE st ) 22 57 R IA SE (K (DEGS) , M AN ik 45 (GSE34526 . GSE137684
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GSEB0432. GSE114419 1 GSE102293) Hiit 4k [ HE R ik #dhs . & I )5 B s S 45 28 4~ PCOS #EA AN
22 MRTREREAS . WP ISR ir o 7 A RIEOR AR 2 1Al SRR 22 S (1] 1), ax 2 72 e OBV 2 B
JEAR BRI RN R T, FEAS R — BRI 2). i € p {H <0.05 S M BIME, L
SE 1179 4~ DEGs, A 520 AN Ei, 659 AN N E(E 3). 1 4 H VAR T T 20 /> DEGs.
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Figure 1. Differences in clustering patterns between different data sets
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Figure 2. Box plot, principal component analysis (PCA)
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Figure 3. Volcano plot
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3.2. $AFET-MXEE (DECURGSs)F m6A $EEFE (DEM6ARGS)HIEE R INEEE K57

1) # TR, @K DEGs S4RFET- A meA B G ZE R AT 13S0 M B, i Fi 543004 DEGs
5 m6A ] WER K47 204, (HARRIIE S, KB 70K E S 1 meA LR (525 . HAET- M m
#5375 K (DECURGS) &L 45 102 A LA A 119 A FAZER (A 5(a)). MIELZ T, m6A $EIEH
75 RIEFE K (DEMBARGS) (55 39 /™ _F i ZE KA1 24 AR A IE K (K 5(b)). I8 I K A R (GO) Al it #5E [A]
R H H R4 B(KEGG) IhRE & 50 i 51X Se L RI3ET T ThREFR K . DECURGs &AL FE(BP)E
58 40 6 T A 7 PR T YA R T 22 W I s L DRk A B SRR A I ROBE . 3 AR RR 43 (CC) B FE 4y
WABTUREFES . 3 WA SR s AN PR BV JER o 3 T IhRE(MF) B 3E R R B 32 ARG Ve . Toll RES2 kst & DL H %
Wl R RS IS 1M (5] 6(a)) . KEGG M EE /3 HT R R | C AYBESE 2525 Sl % o JIg Bu A B Bk s FEAE AL, |
B EB Ji BB LA R AR 12 (5] 6(D))-

2) XfT DEm6ARGs, i#[1) BP GG N IR (5 S M. i igd B4l A 7/ 5 115 5l .
F B CC ALHE J i SIBRRL . Lo RSN AN AR AL SRTHT, MF HoRILER B8 2 1= R (] 7(0))-
TE) KEGG il 45 EB W a/EY% . JEAE Y PD-L1 kA1 PD-1 K625 i % LA A 4 T (1 7(b))s
DECuRGs HI DEM6ARGs - [a] ft) 5 8 i P A 45 P IR 1245 Sl % . A7 3045 S IE ek . 4
X AR AR SRS A S AMIR R T AS Sl . Ak, JEER) KEGG @ Hs C BB R 245 5 I8k
JIE BRI K FERE AL . AP T2, NF-kappa B {5 5% L& HIF-1 {5508 . XK, S8t
TR MBA A AR 2 1 35 IR E G2 I 80 I B AU RN 200 PR T F il o 26 A0 i rh B R H 22 5 R TR R TE 1)

DEGs_UP CuRG DEGs_DOWN CuRG
418 102 2163 540 119 2146
(@)
DEGs_UP m6ARG DEGs_DOWN mMB6ARG
481 39 662 635 24 677

(b)
T FRERIR T DEGs HHIFET R K (a) LA 5 mBA FEIEH (b) 52 4R .

Figure 5. Venn diagrams
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Figure 6. (a) GO functional enrichment analysis (DECuRGS); (b) KEGG functional enrichment analysis (DECURGS)
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3.3. REFBO

T T fif PCOS W LE 1 G S A OCE S, 5 FH SRR AR L R 4R & 4R 73 1T (ssGSEA) 73 it 1 PCOS F
TR0 IR A S i I I 22 . VRO 1 28 Pl MR R AERE A (1 23 A1 (] 8(a)) . 4 AR RI{E
28 P A A, A 10 FhRoRH R 2 (K 8(D)), AAEAR AN SR . FERR IR AN . Pk
FIAHAE. poT SRR, ESRRAAGANML. ISR SORA A . Rt B 4. *0idiZ CD4A T 4Hf. Aid
17, CD8 T 4 &AL R IF AN HI4H e (MDSC) . $2/~7E PCOS AT RESHAE T [ m6a FH I = FE R 1) G2 2
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e &%

3.4. FHEERESHYIR M2 EBIEX S

NT FREFAEFE R 5 259 [ B2 TR IE 2R, BF 748 CellMiner $504 &+ (1) NCI-60 41 il 22 304 0% Fi
2RI B , TR R DR A 5 2 WU 2 1) (R A SR . i Pearson AHSGHME 4 AT, 9k HEAE p < 0.05
HARKZEr| > 0.4 bt T 22 IR - 259055 (] 9) ACLY 1l CLDN1 733l 5 K F i 52 W HS B3 5 1 S AH
RAIEAMIE, A CLDNL &5 XAV-939 LRI ek () IR . AGMAT IS5 MTX-211 23 i ik
(iAo, 5 Barasertib 2HLH IEA<M:; CASK 5 Dolastatin 10 23 H & (1) A5, FF5 XAV-
939 WL IEAHKME . thAh, DDX3X 5 FHAEJK JEAA T 52 B0t fe ot (1) IEAH G, PTGES3 43l 5 AZD-3147
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i rh B AR
Aff-751 9zanubrutinib AMG-176
Eribulin mesilate
CFI-400945
LDK-378
MTX
Benzimate
dazole
SHP-099
Stauresperine
y 227 olasertj )
i azis 5 y v gldan mycin analog
INJ 7605
Sinvastatinl-ovastatin

TE: B OFRORRHERER], S 0FR0R S RIS 5 AR R 2540 .

Figure 9. Correlation between feature genes and drugs
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