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Abstract

Aims: To identify gender-related prognostic genes (GRPGs) in esophageal squamous cell carcinoma
(ESCC) through transcriptome analysis, develop a risk scoring model and prognostic nomogram,
and validate the biological characteristics of key genes in clinical samples. Methods: Weighted gene
co-expression network analysis (WGCNA) was applied to identify gender-associated module genes
from the GSE53625 dataset, which intersected with prognostic genes derived from Kaplan-Meier
(K-M) survival analysis. Least absolute shrinkage and selection operator (LASSO) and multivariate
Cox regression analyses were applied to identify Gender-Related Prognostic Genes (GRPGs). We
constructed a risk score model and incorporated independent prognostic factors into a nomogram
to predict ESCC patient outcomes. Calibration curves, receiver operating characteristic (ROC) curves,
and decision curve analysis (DCA) evaluated the clinical utility of the model. Results: The risk model
stratified patients into high- and low-risk groups with significantly different overall survival (0S).
The prognostic model, which integrates age, treatment modality, and risk score, exhibited excellent
calibration and discriminative ability. Inmunohistochemistry (IHC) revealed elevated IL5RA ex-
pression in female patients, positively correlating with activity in immune regulation and estrogen
metabolism pathways. Conclusion: The identified GRPGs demonstrate potential as novel prognostic
biomarkers, providing a critical foundation for precision therapy and survival assessment in ESCC.
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1. 5|

£ 5 IR 21 o & (Esophageal Squamous Cell Carcinoma, ESCC) /& — Fli bl H A2 28 4 () T 4K, 22 S8 % 1t iR,
IR R L] H AR ARIE YEF RGBS A 3, BRZHEF RSN T, f
FEAEAEFEA L 30% [2]. R tEiasT 8L m Bk =, (8 &8 RS R YT I 35 R PRAR[3]. 2 WUk PR Sk
52, HHFE TNM 20 I8 BB TS A0 257, LA IRBA BN E[4] [5]. PIEHLGIET T HE s rl fE L
WMEBER 20k B (ESR2) M Ry R IE A R[6] [7], EARVRFENLG] v 75 3E— 20 [ B o iR 55 1 P A ol o T f 22
FIME, MBS TNM 3R ME TS Pl R BR 1, i 75 & R B 105 A= b 540 A AL IR
pal =y Lt

AHE R A 08T, MIERRIEZEA 8 #E (Gene Expression Omnibus, GEO)H i ik I % 7
WIAH <7 5 JE [F (Gender-Related Prognostic Genes, GRPGs), 4% 3k Kl 4 DT & XU 143 155 74 A0 5 i
LRI, R RAZREA IR G L N (1 R IBHRFE, BEN ESCC AN RALRE ) v5 7 FURS 18 TS VA
RO ISR AL T R .

DOI: 10.12677/acm.2025.15102735 124 Il R 125 23k i


https://doi.org/10.12677/acm.2025.15102735
http://creativecommons.org/licenses/by/4.0/

2. 5 HZE
2.1. BRIREL

GEO %¥i#5 £ T %k ESCC 3t 4H %¥5 45 GSE53625 1 GSE53622, FRHUAH <M JH 440 Fr BUR ARG A5
Ho R limma B3 T SR IEM A EBUE — b B S, HERRA G A2 010 F 30 K K BEVi 5 BAS 2B
Jif9l . IIZRIAF(GSES3625 %dim4E) A T 1 2 T J TR AR 7Y 5 38 A1E BA 41 (GSES3622 Hirdi 42 ) Wl il A% 714 fry i R
N FH 2K BE -

2.2. MRIEXTEEE(GRPGs)Hik

WIZRBAFI ik 565 75 B4 36, fFH “WGCNA” #EInBUaLRIE ML, HE®sE =17 (R?*=
0.90), HMFLFIAMGE (R /INEE R EY 30), VA FE DR S PEAIAROCE, & JFAH K R > 0.85 #idk, fiidk il
FRRBRLE, SREUAT 100X L. K-M 20 riffi 2 TG 2 5 (P < 0.05) AN A JE PR S R T8 0 46 73 #r
(Weighted Gene Co- expression Network Analysis, WGCNA) 5% tH fo 1 5 A AR B L R EUAS 4 o e /N4 bs)
W45 Ak $ 5 F (Least Absolute Shrinkage and Selection Operator, LASSO)[=] 4% 4 10-fold 28 SR (AR
2000 K) AL, i il GRPGs.

2.3. FIZEFRSHIE

BT 2R IR RE R T KUK Sy, A9 2(8i x Expri), it i 4 Cox [0l H &%, Expri NirdEibE
TEAE o MR ARG VP2 1) S AT ELH 5 A Dy v IR LRI XU 2 o B S R R A0 AT eb P < 0.20 (52 [
FYINZ IR Z Cox Ll KU [H1 U5, ) 2 s USRS o R P ARe v i 28« 32438 T /E 451k (Receiver Operating
Characteristic, ROC) i £k #1155 # £ 43 #7 (Decision Curve Analysis, DCA) P4/ 74 5 25 BE

2.4, KRBEREEMFEE G KREFE

K FE R4 & 470 H1(Gene Set Enrichment Analysis, GSEA) AN G2 12 i 73 145 J7 3R 1 st L R i AE )
S o (EFHC RS By Sl nE, RS FHEE & — i 2010~2020 48] ) 75 il £ iR 40 i Jee 56 4 1 A il
WAL, Sl NS T AR S B F IR EE S, AEREYT T ARG . SR il
R AK 2 (Immunohistochemistry, IHC) 77 VA DG BB DN (1) 3R 1 38028, PR 44 i BRI TR 1FAY H-score ZME -

25. Gt

R K 4(4.5.0)i 47 4 7041, P < 0.05 A Gt 2 .t K308 Mann-Whitney U #5670 T iE 82 &,
ANOVA 5§ Kruskal-Wallis £ 56 #3E47 2 41 Hb 4%, Kaplan-Meier 2 (log-rank £ 56)#E4T A 420 #1, £ &K Cox
[ U1 3 A 8 30 91 AT 2%

3. &R
3.1. GRPGs BYfEi%

WGCNA #5326 H 5 51k 5% F A B 35 [T, SR AT 1096 763 ML 5 4038 A1 3 RIBCAZ 2 (14 1(A)
& 4 1(B)), Lasso-Cox [FJF#ALHE— ik 7 4~ GRPGs. T GRPGs 4% [ XU 43 4(0.202 x
TSPAN2) + (~0.203 x SLC25A48) + (0.144 x F2RL2) + (—0.414 x KLHDCS8B) + (0.223 x ANGPTL7) + (-0.248
x IL5RA) + (—0.473 x GRIN3A), ALK 8 73 Ay WAL AR ZH o AU 7 A1 P s v XU 2L S8 A
FRBERKE 1C), K-MAEFILIFLETERKZP<0.001, & 1(D)), WIFAFIHEIEERE. KX
R 2H B A7 OS Z R (K 1(E), &l 1(F)).
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Figure 1. Identification of Gender-Related Prognostic Genes (GRPGs). (A) WGCNA analysis; (B) Venn diagram; (C)
(D) Risk factor plot and Kaplan-Meier survival curves in the training cohort; (E) (F) Risk factor plot and Kaplan-Meier
survival curves in the validation cohort
1. MHEXFEERNTFE. (A) WGCNA 7347; (B) 42E; (C) (D) TR E TEF K-M 4%
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3.2. FUZ BRI & FLEIE

BRARR TR P <02 MERRARIE S F6 MR Mot N 2. TNM 53 567
T R)PN LA & Cox [FIHHT, H& e KB TE SR AN F OO G & . Tk, Waa
ML R TS AR TN R OS (K] 2(A). AN Won B 145, 34 5 45 OS TilE=: 5 5k
BRA: AR — B, IHERIGE AUC 43 5119 0.727. 0.808 F1 0.822 (14 2(B)). DCA 43 2% B Z AL 11 PR
RS T — AR, A HE TNM 53 (] 2(C)) o A BA B T ) 25 SR — 25 SRR 28 i P T R A (1)

2(D), K 2(E)).
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Figure 2. Construction and validation of the prognostic model. (A) Nomogram; (B) (C) receiver operating characteristic (ROC) anal-
ysis and decision curve analysis (DCA) in the training cohort; (D) (E) ROC analysis and DCA in the validation cohort
2. TETUNEREAEZANIEIE. (A) FILE; (B) (C) MIZBAFFEZIXNE TIEFHERZ(ROC) IR IR R MLk 734 (DCA);

(D) (E) &EBAFIAHAY ROC BiZk. DCA

3.3. IL5RA 4 #15F 5 R IERYFE

P AR ZH B3 m3RA ILSBRA mRNA (5] 3(A) & ] 3(B)). GSEA 43 i iR~ ILSRA #ik/K

5 R A i B R T I AR AR (K 3(C), K 3(D))s BRI M fe s Lotk ESCC R oA 55
G R I WL R IR AT T SR (3] 3(E))o 2 — PRI 7%, ILSRA H [ 3 ZERIA T 18] 5 40 L 14
AR, ficHE H score fERRE B E R AL IRRIAAL(K 3(F)). M4LA RBEZR, HLMREST
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Figure 3. Biological implications and clinical characteristics of IL5RA. (A) ILSRA mRNA expression in male versus female
patients; (B) ILSRA mRNA expression in high-risk versus low-risk groups; (C) (D) Gene set enrichment analysis (GSEA); (E)
Immune infiltration analysis; (F) IL5RA protein expression; (G) IL5RA protein expression in male versus female patients; (H)
Correlation between IL5RA protein expression and overall survival (OS); (1) Association between gender and overall survival (OS)
3. IL5SRA £ ¥F BN RIGKEHE. (A) B, &E ILSRA mRNA FEXESR; (B) &. KKELHE IL5SRA mRNA
FIEER; (C) (D) EEEEENW; (E) RAMIVEASH; (F) ILSRA BEFEKFE; (G) B, &Mid] ILSRA &
BAREER; (H) ILSRA ZEBRAKES2ZEFHXER; (1) 455 0S X&F

4. ¥

W PR S B P88 7 ik A R i B2 IR X 2% (1 R 2 R 5 2 BRIk, ESCC 20 T 4L FIYR YT U598
T3k k(8] [9]. VRN —FhEE T Guvh 2 AP AR TR, FIZR IR T —Fh B A EIRAL PP AT 3 2
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RN A AT SR [10]. 1% 2 IR SO R BH, I PR 51 2 EIASE 7E T3 Tt f Rk fff 12k A0 o] ST 1D, G
T4 TNM 0 ], X NI PRIA YT 77 Z R E SRt T BRI IR [11] [12]. ANHF 7K B R 4 KBS VE 7 5 2
B I0TT T REWIRS A G T — N BEE LB, 5164 TNM 7 BIAHLL, 12800 B 2518t
TS e PE, H—Frk A (C-index) 7> A 0.727. 0.582. LA—44 59 %, KX, BEZ A
SRR E N, FERT L 5 ERAFRA 48.1%, BEEHT TNM MR 32.7%. DCA 43#1&7s
TE—EBIETEE N, BAIPRIE M ReE i 83% A i, HAIMLT44 TNM 43 1. FFR M) 2 5 2
AT DR 5y F8) JRUI: 73 R TS R B1) 28 PR T AE — 8 R B b SR AL 48 TNM 43 A B4 /s T 00 9P R 2

B OAWH TR A SEER H4 EHE ESCC Tl Jm 511 28 | DA% Bh KUK 73 2 A0 A= A7 TN [13] [14], 1 by F-Fob
T I e, X AR TR ] H [ AR RS A PR . AW TR R BB C-index T FIR PR AMEZY (0671
H10.662); A Yu 2B ) C-index 5 15(0.749) [15], HILAGEM T T1 4> WM 4 #1) ESCC &
o RATATEATE R IR S A B R A A, Jd i B A MEB R 24k o (ESRL)FI B (ESR2)FKIB/KF. R4
WS IRIREEE A SE, BERTE T IR, BiZBBOGER T Lotk EdE, sz B 5 R R EH
BLH RN AAAT[16] 0 AN FCAE M2 TS A5 f Bt -, E— 2D 19)IA 7 ESCC 74 T 14 ) 2 57 1 40 T AL
i, XFFERIEIRIT TS S T RHME RS HE 2 T S

FARN R 5 24K o (ILSRAYNF IL-5 5515, TERPE 5O R R OCEIER . AR, TG
R MRNA KRR EAHKT, LthdFEd ILSRA HisE T 5k, AME R0 ER, ILSRA il
ok PR 2 VA e R R S B I IR T A 0 B R B R S RS X R - e R HAE S R
FERIEFE R B B M R T L (Y092 i BB 20 ESCC B8 T 45 AW A [17]. #[7) ILSRA BESS 111 iR
GO EE, $ETH S8 ia T NE W N [18] o ASKHI 7T AT JEAE T4 % ESCC & K S 3L VR T SR, 455
IL-5 3B BE 35 77 5 MEBES 2 AR 770, LP A3 ILSRA S5MESE fOM EAE . 100 5 08 G e o 1,
AR ESCC Stk (EAT) R iE— D S iR I0HIE .

5. &g

AW TR INFIEE T 2T GRPGs BT T A 26 14, D9l PR S Bk b i) ML IR 7 AN TUS DAk 52 (it 21 22
K. ILSRA S FIMER - B TAENLRIESD 115 7> R A KRR, 34l 1 AR RIE AR iR T R
MR AME . SR, AEAEERR W] BE S BUBAEE VIR SR GTE /29, (BB 20 H 3 DL 56 2= R BRI A
IR BT ARRDFFFHRY KL ol ATHENEASI A58 UE DU SR 2518 T 5EdE,  HEZh ESCC FeHEIR YT HRME
[a] s R AL o

EHEWmHE

TR B BT R BT H (232102310137); 77 R4 A ERIL B BT B V6 [ 5 5 S = ROR S
(K2024-007).
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