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[Abstract] Objective To investigate the correlation between the expression of the ferroptosis-related gene
cyclin-dependent kinase inhibitor 1A (CDKNIA) and platinum resistance in ovarian cancer, to explore the underlying

biological pathways and tumor immune microenvironment features, and to evaluate its potential as a predictive
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biomarker for platinum resistance. Methods Transcriptomic data from The Cancer Genome Atlas (TCGA) ovarian
cancer cohort were integrated to identify core genes. Platinum resistance was defined as a platinum-free interval of <<6
months. The association between CDKNIA expression and platinum resistance was analyzed using an independent
Multiple

drug sensitivity data

samples z-test, binary logistic regression, and receiver operating characteristic (ROC) curve analysis.
validations were performed using two independent Gene Expression Omnibus (GEO) cohorts,
from 25 ovarian cancer cell lines, and immunohistochemical results from 53 clinical paraffin-embedded specimens.
Furthermore, gene set enrichment analysis (GSEA) and cell-type identification by estimating relative subsets of RNA
transcripts (CIBERSORT) were employed to explore the pathway enrichment signatures associated with CDKNIA
expression, as well as the correlations with immune cell infiltration and immune checkpoint molecule expression.
Results CDKNIA was significantly downregulated in ovarian cancer tissues (P<C0.0001). In the TCGA cohort
including 379 patients with high-grade serous ovarian cancer, CDKNIA expression in the platinum-resistant group was
significantly lower than that in the platinum-sensitive group (P<C0.05). After adjusting for clinicopathological factors,
high CDKNIA expression emerged as an independent protective factor against platinum resistance (adjusted odds
ratio=0.109, 95% confidence interval: 0.023-0.509, P=0.0048). The predictive model incorporating clinical features
achieved an area under the curve (AUC) of 0.887, which was significantly superior to the single-gene model (AUC=
0.634, P<<0.001). Consistent trends were validated in two independent GEO cohorts. In ovarian cancer cell lines,
CDKNIA expression was negatively correlated with the half - maximal inhibitory concentrations (ICs) of cisplatin and
carboplatin (7=-0.470 and -0.430, respectively, both P<C0.05). Immunohistochemical analysis of 53 clinical paraffin-
embedded specimens confirmed that p21 protein expression was significantly associated with platinum resistance (P<<
CDKNIA

inflammatory response, and DNA repair

0.0001), yielding a predictive AUC of 0.875. GSEA revealed bidirectional pathway enrichment signatures:
expression was positively correlated with epithelial-mesenchymal transition,
pathways, while negatively correlated with proliferation-related pathways such as myelocytomatosis viral oncogene
homolog (MYC) targets and E2 promoter binding factor (E2F) targets. Immune infiltration analysis further suggested
that CDKNIA expression showed distinct correlations with both the proportion of infiltrating immune cell subsets and
the expression level of immune checkpoint molecules. Conclusion CDKNIA expression is significantly associated
with resistance to platinum-based chemotherapy in advanced high-grade serous ovarian cancer. Aberrant CDKNIA
expression is accompanied by distinct alterations in tumor signaling pathway enrichment and immune microenvironment
characteristics, supporting its potential as a predictive biomarker for platinum resistance in ovarian cancer.
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E K i 24 Y00 00 AR U AL L 4340 58 S R A Kaplan-
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42134, Hh CDKNIA 7590 8 H 4 h 2
ETRE, WK 1A,

B Bk 2R RIRIE S FerrDb 845 JE #RA0 1=
PN 728 A EAT 5 RS S, BRAR R AE TS A
K2z A 3874, LA 1B, #TF TCGA-OV BA
1 W TR B 7 B0 . SR F LASSO-Cox [l 7 4 1 i 1%
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Table 1 Overlapping hub genes among ferroptosis-related
DEGs, LASSO-derived risk genes,

and platinum-related genes

K5 HE K 4 B K5 HE K 4 B
1 CDKNZA 16 CD44
2 ATM 17 GCLC
3 GALNT14 18 PIK3CA
4 CDKNIA 19 MTOR
5 VDR 20 TP53
6 NRAS 21 GSTM 1
7 HMOX1 22 PTEN
8 SLC7A11 23 MDM?2
9 EGFR 24 PPPIRI3L
10 ABCCS 25 G6PD
11 NFE2L2 26 HMGBI
12 IFNG 27 NF2
13 MYCN 28 ABCCI
14 GPX4 29 ALOX15
15 LIG3
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Figure 1 Analysis of differentially expressed genes and identification of core hub genes in ovarian cancer

2.2 TCGA-OV A% CDKNIA 335 5 51T 2 (1) %
1543
2.2 PAFIGG B GELRERAE S5 41 srE R E K
P PETAE bR, WD IR A0 A 1 J8 38 426 1] b 5 B
PFIECE B | ) B S AR yT 45 0 6 > H R 2k 1
BTGk = o ), e 2l N B AT B A 2k
I T AR B R R GO R R R A 379 ), b
TR 25591 . FAT 245 40 124 9]

2 AR (42=0.620, P=0.430). FIGO %
H (y°=1.310, P=0.250) S MAZERF¥LGEIT#E
S, BRI, WK 2, AN A NRE
PLFIGO I~ IV 3 i SO0 I v dea o 3, e i %
di L 8006, 5 B L I PR 12 I 1Y 43 191 43 A
FRAEA ST o S HERR 73 4 £, 30 E LT PRIy 41
I R 7T &8, R Kaplan-Meier 325 2 il 4 A4 47 1
5ok A AF A Ah £k, i Log-rank £ 56 Ho A 4
)22 5, g5 R Eon, B 2540 B A S ek
JRA I B R T HURA, ERASIFE
S (B P<C0.001), 51T 24 B B 5 24 516 R

M SE 4 — B0, UESE AW ST 1Y 43 21 5K W A AT S
UL 2A

2.2.2 CDKNIATE90 89 5 E W H A b i Rk 2%
5 E4G TCGA-OV Mg 4215 GTEx IF # 5
2 200 B S 2 RO R AT R L, 45 SR o O B R Al
AU CDKNIA mRNA 235 /K- i 35 I T 1E 9 5L
WY, RAGITFEL (P<0.00D), W3,
2.2.3 CDKNIA Rk 54T 25 0 B8 12 CHE 40
fif 252 CDKNIA mRNA 3k 7K - i 3 1% T80 Sk
A, ZRAEZIT¥EX (P<0.05), Wi, Wi
AR R ROC M ZIT Al B0 &0 RE, M4 T Al AUC
5 0.634, $#5 CDKNIA mRNA 2 ik /K F % 59 4
AT 25 A — s X il , WK 2B,

224 ZHERIESEABMAR i R
RN E WA, PEA CDKNIA X411 25 0 gt <7 75
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Table 2 Comparison of baseline clinicopathological characteristics between platinum-sensitive and

platinum-resistant patients in multiple ovarian cancer cohorts

%, %)
. TCGA-OV(n=379) P GSE63885(n=75) ff Pl GSE30161(n=58) i Pl
R4 2 2
S L L L P L C

P
<60% 140(54.9) 63(50.8) 21(51.2) 16(47.1) 19(51.4) 10(47.6)

0.620  0.430 0.120  0.730 0.070  0.790
=>60% 115(45.1) 61(49.2) 0(48.8) 18(52.9) 18(48.6) 11(52.4)

FIGO 431
T~ 42(16.5) 15(12.1) 7(17.1) 5(14.7) 6(16.2) 3(14.3)

1.310  0.250 0.080  0.780 0.040 0.840
M ~1V 213(83.5) 109(87.9) 34(82.9) 29(85.3) 31(83.8) 18(85.7)

®3 EEMNEALASIMEREMALAH COKNTA mRNA
RiKKFELLE
Table 3 Comparison of CDKNIA mRNA expression

between normal ovarian and ovarian cancer tissues

(x*£s)
21 541 1% CDKNIA mRNA
IEH A8 88 12.64+0.9
Jifvyg 20 21 426 11.4+1.0
i 11.150
P1H <0.001

Wi=1 . AR5 M5 A% (R1/R2 5% ¥ =0,
ROTCHR B =1) YEHh HARRHFHITRIE.
ZHERAZLRER, HEFRBRREG,
CDKNIA & 23540 R8T 25 i g sr AR 3 R (%
iE J& OR=0.109, 95%CI: 0.023~0.509, P=
0.005), R CDKNIA FRiEKF#AR, B3 LA
Tk 245 (8 XU B R, TF S 2 5k DR A TS 24 1 T 2

&4 TCGA-OVRAZIABIEA SHTIZHONEEE R
CDKN1A mRNA ik K F Lb 8
Table 4 Comparison of CDKNIA mRNA expression levels
between platinum-sensitive and platinum-resistant

ovarian cancer patients in the TCGA-OV cohort

(x+s)
20 5 1% CDKNIA mRNA
FAHURREH 255 11.84+0.8
B 25 20 124 11.6+0.5
il 2.285
P 0.023

RE ST F I PR B ARAE . IR AE ' b, R )5 5%
A kb 5 ET 25 KURE B e E F (RCIE i OR=
1.568, 95%CI: 1.018~2.416, P=0.041), HA&
Giitogas s AER . FIGO 20 5401 25 1 OC B %
ML CHE, WS,

*& 5 TCGA-OV BAFIAMm 25 % Ma [F = 89 % [ = Logistic Bl 3 43 #7

Table 5 Multivariate Logistic regression analysis of factors influencing platinum resistance in the TCGA-OV cohort

AR EVEEN B Wald x*H P B IE 7 ORfH 95%CI
CDKNI1A #ik i -2.218 0.787 7.940 0.005 0.109 0.023~0.509
AR 0.120 0.350 0.120 0.732 1.128 0.566~2.247
FIGO 4314 0.280 0.280 1.000 0.317 1.323 0.766~2.285
ARIGRAE 0.450 0.220 4.180 0.041 1.568 1.018~2.416
BT R L R B ) R BT 2 2.3.1  GEO % 3 41 BA %1 % UF  GSE63885.

AR T A %, # B9 S CDKNITA 3k 5116 K%
FRRRAF 0 I A T A ARY 22 i 6 A A AU 9 ROC il
2, W 2C, FJH Delong & 5 A& W # AUC (1
2w HAR BN, BA WA AR AUC ik
0.887 (95%CI: 0.851~0.923), W2 T RN
B (AUC=0.634), ZR A HRIT¥E XL (P<
0.001>, ESE Y A R PpAE 5 AT b 3 $i T A5 780 Xof
BT 245 1) 40 501 e

2.3 T AR AR 5 A M R KT 28 LB R

GSE30161 2 4~ 7 57 56 i BA 571 () JE 28 FE A 0L 3% 2,
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Figure 2 CDKNIA expression characteristics, association with platinum resistance, and predictive performance in the
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Table 6 Comparison of CDKNIA mRNA expression levels
between platinum-sensitive and platinum-resistant
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Figure 3  Validation of CDKNIA expression and its

association with platinum resistance in independent

transcriptomic cohorts and ovarian cancer cell lines
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Figure 4 Representative immunohistochemical staining images of p21 protein
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Table 7 Comparison of p21 protein expression levels
between platinum-sensitive and platinum-resistant groups

in ovarian cancer patients from the clinical cohort
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Figure 5 ROC curve of p21 protein expression for

predicting platinum resistance in ovarian cancer
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Figure 6 Preranked gene set enrichment analysis of Hallmark pathways based on CDKNIA expression correlation
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