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Abstract

Objective: Ovarian cancer stands as the malignancy with the highest mortality rate among female re-
productive system cancers, characterized by insidious early symptoms, a propensity for recurrence
and drugresistance. Simple Tumor-Node-Metastasis (TNM) staging falls short of meeting the demands
for precise prognostic evaluation. Inmune-related genes and the tumor microenvironment play piv-
otal regulatory roles in the progression, drug resistance, and prognosis of ovarian cancer, serving as
potential novel prognostic biomarkers. This study systematically screened immune-related differen-
tially expressed genes in ovarian cancer based on data from The Cancer Genome Atlas (TCGA), Geno-
type-Tissue Expression (GTEx), and ImmPort databases. It aimed to construct and validate an immune
gene prognostic model to provide a basis for clinical prognostic stratification and individualized treat-
ment, while also preliminarily identifying promising prognostic markers. Methods: Transcriptomic
and clinical data of ovarian cancer and normal ovarian tissues were downloaded from the TCGA and
GTEx datasets. After data quality control, samples with incomplete clinical information, non-primary
tumors, and cases with an overall survival period of <60 days were excluded. Differentially expressed
immune-related genes were then identified. Gene Ontology (GO) functional and Kyoto Encyclopedia
of Genes and Genomes (KEGG) pathway enrichment analyses were performed on the differentially
expressed genes. A risk score model was constructed using univariate Cox, Least Absolute Shrinkage
and Selection Operator (LASSO), and multivariate Cox regression analyses. The model was inde-
pendently validated in an external cohort from the University of California, Santa Cruz (UCSC). High-
and low-risk groups were delineated based on the median value of the risk score, and the model’s
performance was evaluated through survival curve and ROC curve analyses. Results: A total of 220
differentially expressed immune-related genes were identified, primarily enriched in pathways such
as neutrophil chemotaxis and cytokine-receptor interactions. A prognostic model comprising 19
genes, including RELB and PI3, was ultimately constructed. The overall survival of the high-risk group
was significantly lower than that of the low-risk group (P < 0.0001). The area under the curve (AUC)
values for 1-year, 3-year, and 5-year survival predictions were 0.602, 0.710, and 0.731, respectively.
The risk score emerged as an independent prognostic factor, with high expression of RELB and PI3
indicating a poor prognosis. Survival curves and ROC curves in the external validation set demon-
strated significant survival differences between the high- and low-risk groups, confirming the model’s
relatively stable and reliable performance. Conclusion: The immune-related gene prognostic model
for ovarian cancer constructed in this study exhibits good predictive performance and relatively high
stability. To a certain extent, it enables the stratification of patients based on risk levels, providing
new reference insights for prognostic evaluation, immune target discovery, and precision treatment
of ovarian cancer.
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1. 5|8

5[ EL9% (Ovarian cancer, OC)A& &M AE T R G0 H WHSBAE IR 2 —, FoR I RAE 2 BK Lot g A 7
SR\, AN S R E AL 1] BT 0N S B = A IR AR R, 29 70% M) B3 iz w CAb T-we i,
FAEAAFBRBAG . 2022 4 E U9 HamB R B2 57,090 N, FAEAAFRANL 40% [2]-[4]. w54
JT N 24 2 T BN S AR AT R RN . B AR R A ek R R B AR SR 2 R B AT T R R T
9N SR IGO0, RR 23R 2 IR R BN 24 J5 o 13k g

HAG, IfaPRE R A TNM 23 30 e 64T 40 1 e S VeGSR, kB2 BB 5389, TNM 43
WA 1 F RPOIRS IR A S REIA TR R, 330 TNM J3 BAAH 8] 1) 258 Us A2 B3 2
Tt E—@HﬂfﬂiﬁﬂHg%?ﬁf:%?ﬁﬁﬁﬁﬁ%‘ﬁ’]‘f*ﬁ PEoR AL TNM 23 BHJCIERG AE . AT Hh 0] 26 2 1l s
[5][6]- s SHRTTEERI TS AR VbR SR I SR S . VR R TS Pl B L .

ﬁi?f@ﬂ‘ﬁﬁﬁ%% i 88 o P 53 (1) 5 U2 V) A B AR B A DR R DR AE IR A R T v R S A
H, gm0l R TS . Bilan, Moz iEsk g, Rl CDS MR L 4n i, 55 5P 5l &
HNTE 2 IEAE[7] [8]. N SLMEAHALE RAFE T HEIET LR 1 (PD-L1), 1E MR S it )7 o B2
SR E AL, PD-L1 7R MR B S 16T 5 e s vh i s A (9], F -6 (IL-6) T {2 i s 4t
MM TE AR 2%, FOHIANARIE T, FRORE bR P O S A B G BB A A2 BE N 25 10]. [RIIk, JET- Sy
A R 00 5 A5 A R R A TN O SR e AR K BB TR, T R B AR AR R B A St AR T iR AL T
B IR

AT FE A FH Je i 3 DR 40 B 3% (The Cancer Genome Atlas, TCGA)E##E &, R 2R G AH S HE K] 5 O S0 Tl
JEIORIER, A4 g T H 3 5 DR PR R R VT A A, T Tl O e B Tl . AR BhIm R 29T, [EI 9P
FZA A UG 4 JE IAME,  FEAIP TR A th AR S TG ba 54, DU N IR S iR HE S e va T
J 8 TR DR AT S

2. AREH®
2.1. HIEFIBESTHE

AHFFEN TCGA Hidfe FERH G S LH 21 RNA /7 (RNA-seq) Bl I R ECE, A GTEx ¥l &
(https://www.gtexportal.org) 3k HUIE & I HL2H 21 2 DR R IA £ - N UCSC 4k 23R B “ GDCTCGA Ovarian
Cancer (15 datasets)” AP Sy s, M % 3 DK B0 2 (https://www.immport.org/) U SE o 2 AH O L[4,
T2 5700 b B Ja B Ry

R ORERE T S P EEE, R AR AT W R ORI (1) SRR S A B R 1R B A R B R
A (2) URBE AL (3) (UREAS ALK T 60 R I HIEAT 52047

2.2. ERFIEERE

MHA R BAF4.3.0)/ “limma” A0 5% 5 20 80408 2R AT 22 53 o0 i, 0 426 22 e 3 1) e P A O B A
(differentially expressed genes, DEGs), Ff&zfill KL BT P MAL . 371 811 4 |log2 FC(fold change)| > 0.05
H P<0.05.

2.3. THEES 4T

PRZE FLA UG B ) o 2 A DS IE TR I T RERRAE, X L3R AT 998 AH 5K (1) 222 Rl A 44 (Gene Ontology, GO)
AT HRFE R AN R 240 B #H4= F5 (Kyoto Encyclopedia of Genes and Genomes, KEGG)IE K & &£ 771, LLP <
0.05 M FEERME[11].
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2.4. MERERE

NIRRT, ¥ TCGA HIUP SRR AR, UCSC HIU0 S AR IS, DU AEST
M (overall survival, OSy NG TEMNFabr. R “survival” A5 I 2R i gk B R 1) 22 7 3k 1) S AH %
BT BRI Z Cox 40#T, WIPIRE S FUS A QM R 5. NEfid &, R “glmnet” Bl
10 758 XBS IR ) B /N RIS 4 A 438 SRR (LA S SO) [ JA06] L ER 35 Cox s th 9 105 A 56 S e B DR EA T kG
fél. Befa, WIdZ R Cox A= 73 B i i U1 H6 S BAH SRk IR FRUE Y[ 12] 0 KU PR3 5 A 08 Risk
Score =X(Coef i x Expression_i), H:H' Coef i I i /£ 2 [F K Cox Bl A ) [0 ) 5%k, Expression_i
NEEA 1 R IAE .

25, EHREAER S SMBLEIE

FE TS AT SRRE 451 8 1 Risk Score, PAHAIAE A FUR I 288 B 43 s AR 2 5 AR XU 4H, 24
Tl 1Y) Kaplan-Meier AE 47 28 BEAT A28 N SR E0AIE[ 13]. RIS SR FH 523808 TAERFIE #h 28 (receiver op-
erator characteristic curve, ROC) A 4 74 T 1) vHEAff P .

PSR BB SE SRS M8, B B IR 0 IR A B (RIS RS W A RN Z
EBOMT. TR & FRERE R, £/ “rms” A (https://CRAN.Rproject.org/package=rms)%: il 51 £k
B, XTOPEEEE | 45, 3 4R 5 AR AR AR AT T

XIS B TR I 2 AN L DR AT R B DR AE AR A0, 2] % 2R A1 1Y) Kaplan-Meier A A7 I 2501, BA
A BRI IE IS A Y (R HERf P . (AT, 7SS E£E HR 41| Kaplan-Meier 4247 I Z8F11 ROC #h4k, X ¥l o A 20 i3t
ATHMEREAIE . H T B AR B R IR RS B, AR AR AR K T e /1 5 4E 6 . TNM Z3- 355 I IR
EhRAEHAT UL

2.6. FRERBERTIGEE
R SBAR FURSRL G A DG K] 5 ) B9 SR e £6 2 TS O TS E AR 22 DL, WP AN TS SR 1) 19 ANk
K347 GO M KEGG 1% & 0 #r, LA P<0.05 R EIEBE.
3. &R
3.1. PR EHEXEETFE

AW FILGIN TCGA Hdfi v 413 19190 S0 H 23R A o GTEx ¥ P 88 491 15 5P 540 ZUFF A3
1T ZE R RIKIM(EE 1)e M RIEE ZE (https:/www.immport.org/) F IS EE 2484 MR, FT
ZR o SRR . SR limma J5 AT 2 7 R IA K (log2 FC| > 0.05, P < 0.05), L3k4#5 220 4>
ZESpARIRE R, Hod BB 714, FIEEER 149 A, g5 R DK B R VR R (A 1(A)FTE] 1(B)).

Table 1. Clinical characteristics of patients included from the TCGA database

= 1. AN\ TCGA BB E B & BIGRIFHE

Characteristic Sample: 413
Age (year) 59.133 (mean)
Grade
Gl 3
G2 57
G3 347
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Figure 1. Screening of immune-related differentially expressed genes (DEGs) in ovarian cancer

1. BREREREEXERFREERMNGFE

3.2. REEREEXEENINGEE

RNIRTCTIR LI 220 G BEAH R 22 5 RIA 5L K (DEGs) I E KBV £ ThRE L 2 5 015 Sl g, A
WHAEAT T GO ThReiERE. KEGG @ & H (P < 0.05). GO /TR, 1XEezEm Rk i) g 5L £
R AR R A AR ) (B 2(A)): B TIE (T IhEE) (B 2(B))s MEAMX (44
70 (K1 2(C)). KEGG IR & ST TR, 2259 3RIE G il Sk P 32 28w SRAE AR 1 - 2 Bl 1~ 32 A4
AR A B 28 2 11 55 4 P B3 R 240 L L 52 R R AR LA FH R 2 B (1] 2(D))

3.3. F/E B PEER B AR

SN 5 O S ER T AR DG I S BE A, X 220 AN e A DEGs AR UKEAT BLE R Cox B 5047
W 25 NS R AR FAE R (B 3(A)). BRI LASSO [HH43 47 (& 3(B)FIE 3(D)),
BRAE 19 NN TR &SR, 45: RELB, PI3. CXCLI1., CXCLI2. CXCLI3. SI10043. TPTI.
CLDN4. CCL28. GBP2, CD79A4. IGKV4-1. EDNRA. FGF7. IGFI. ILI2A, LTBP3. IL27RA. PTHIR.
FEFLZHRE Cox [HIFASHTER, HEXK S (Risk Score)ti A, XU EH 11 H AN Risk Score =
Y(Coef i x Expression_i). ZH&5RE7R, RELB. PI3 NG ZEAKLL > 1),
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Figure 2. Functional enrichment analysis of immune-related DEGs in ovarian cancer
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Figure 3. Construction of a prognostic prediction model for ovarian cancer
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Syear survival probability

3.4. FRRKEIEERE AN

CAHAE R PP 2 T, I B 538 R 40 v AU 2H S5 (R XU 4 . Kaplan-Meier 477 #2820 4T
I AU 4 6 3 1) s ZE A7 0 8 25 K T v U 4 (log-rank #556:, P<0.0001), 8 3% XU 2 B R R i AT 20T
IR A A DL 4(A)).

NPl RS PP 75 P AR DA B S (B SZ IS R 3, o AR T4 5 s ARt . e EL A AN 2124 0
FALFRMAZ N R Cox BIEGHT. 2RER, KWW EZHEHRSITH RS2SR, BT
HAIG AR ERFAE, HEAERAML TS M E. BT 2ZREITEE R, WE a5 R E 0 KA
FURFE R 51 26 IR AY, DA F9000) 0 SR8 A0 3 (9 R AR ER (1) 3(0))e

KF ROC B VPAH A FB o 1 4R 3 4R % 5 SR AE A A T 2k e« 45 R B0k, #hZk Fimfl(AUC)
538 0.602. 0.710 F10.731, 3 BIARAY EA BT (0 P i 1 (1<) 4(B)).

I TCGA s X WG AR R 1) 4 AN SR EE R T B BE R AR A7 047, 2211 Kaplan-Meier A2 47l
o AR, RELB (P<0.01)F1 PI3 (P <0.01)fm#Kik, #0058 15 502 (K 4(C) R 4(D)).

3.5. FJa RBE P4 R B A RIS E

TEIAEEEF, FET TG R 6 Kaplan-Meier 4247 2R, &5 B 7R & S REAR A AF RAK, KR
HFEAREFEE (P <0.05), Uit BT EAE YR8 B0 s Tl 2 2 i A A (B 5(A)). BIEEERT ROC Hh 2k
BoRiZ N AUC 15>0.5, FRZEMEE —ERERE X (K 5B)). % LAk, RFRHENTE
TR B g oA ] S AN OF B BB AR AR S )R
3.6. GO 5 KEGG BE&£ 5

XFENTRMALRL () 19 DFEFIHEAT GO A KEGG i w801 GO 70 Ao, BB R E 4T
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Figure 4. Independent prognostic value and performance evaluation of the prognostic prediction model
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Figure 5. External predictive performance of the prognostic prediction model
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Figure 6. Functional enrichment analysis of genes in the prognostic model
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e FARHEIR T SR . KA ZHUR B TEWIIRIERIT I BOS A T BURR,  (RSRAG VRN 25 1) BT 2 S 305 2
REANRGRRBERE. TEKR, SRIRTT AN At TRmaE, R B0 B ME % R,
FEHR G A S0 T hn EXD A AN A TS VPR, X T IAIR T ik, e B A4 /M A EE
I R 7= S

AT T HWME B TER G T 1 NS e A TR R 1) Rk LS Il , SRR 220
A PR R 2E S RIE N . B 5 I AR & Cox [BIA M AT AR 0L Hh 25 AN 55 el A A7 S S 35 A DR R R 1A
#E— KA LASSO [B)H & 2 K 25 Cox [B1VA 7347, # % 7 — A5 19 ANFE DR 1) 9 f= XS PF- 43 #8  Kaplan-
Meier AAFHIZR M. FIZEIEAL, ROC HhZR /#3382 B BT I T MR 1 o D8 IE 1B L 1
I R S F AR B, 1 36 E B2 4048 335 4T Kaplan-Meier 4247 #1 28 Jx ROC HIZE 737, 45 FAMIE SRR GO 7
— R ETERE W AEAEE N, BAEBERNRIKS E M E.

TEVMRE T TH, JERINT 3 4EA 5 AR R ARG XA FE, HXT 1 AL T A RE A R
(AUC=0.602), Xfiit, —FrfBEMIMRRER : BRI B(TME) & — AN R 28 HAWHEZR AR Rg, Hrh
JA MRS e A TR A SR o A AE SN A K SHA TR [ 14]. AHELZ R, T
S5 I B 22 4 52 A% G R B2 DR 38 1) B ST . A A STIESE, R /N BRI 2 AN AR 2 23 2
T 255 I A L D] 3 A W 07 B2 P 0 SR B A9 2 (RS2 TR R [ 1510 DRI, g2 5 RS AR S6 v K A 9
J& B TR R T GE g, T A TS O AL REAE R AR, 1X i35 Cao SSHIEEM 21 BF R TS
TR EDIE[16].

IR ) 19 MEHFEAT GO 1 KEGG WieE %, GO /s, MBI R LT KR
Riy B E SR, KEGG M & £ Tl A 15 Sl Mg K1 - R 2 EER, DLk
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bE B, TN A

R B[R] 3R 7% 3 B I D) 32 B i R AR AL R (A CXCR3) AN A 7 (045 S A% 3, S S s 40 B (1) 47 55
5igd, dEm RS S .

TEARE T ) 2 B FE R 7, RELB (v-rel avian reticuloendotheliosis viral oncogene homolog B) & T JE£: #1t NF-
kB (5 5@ 0 W KE . NF-«B 15 538 B 7E IR A BE v R #5520 2 FE AR AR A, WEmT Rt i
JEERE, WnlRehI R KA, BARRSE T A S ZH 25 A4 17]. P13 (phosphoinositide 3-kinase)
LR Gnts i) R e — P 2 SRR AR RGN R) 7R SO S RO R S R AR . AT b
TCGA i 562 11 B 552057 7 1t 3 s 1) SE R A v R B, PI3 ik 5 00 5L JR 3 1R R TG 5 )
AR, JUHRAE MUV R, PI3 RIS ) 7S T000 Rl 1 18] ABFFAE R 516 —3, P13 MKl
BH IV EAR IS SR PR AEE B T IRaR, P13 T BRIE I 5 0 IR O A5 v ) S 8 4 IR i
FGENE SN2 5 G A A JE o A, TE— TR T AR U A A DG 25 R ) 2 P S ek 0 SR8 T f S B g
B, PI3 AN 11 ZERITUS AR, FEREIE ST BA R AL 1S T 6E J[19].

RELB 5 PI3 7E5P §1 3L [F] 2 55 4% 50 FE G 2 A (0 B Ra o 858, ) B O e S B ¥ 7 HEPL I
005y Fo RELB {ENIEL $ NF-«B K % OF SRR T, MAIEMEAILE 7R IL1 456 /5 K S5
i IKK 65, IKK 4953 p52 M RELB W) KA F, MiiE S & B 4iH %2 D) hE 3
DRI 53, LA A% 4 v mT AR 50 b 40 B AR PR R 4 B S5 AR T II 245[ 201 - 17 P13 S % AT 8 AKT/mTOR
5T ] GSK3-piEE, > PD-L1 Iz RALEEME, AT 35 S LR Th 2 0], 1 i S e # P el
Wi, AWFERY, PR3y WALTERE R4 b () i o T e oA s, b DBRMI CDS'T iz
[21]e BEAL, WFITFR B R RENE P13y 001 75 RE ) JrfeRa 2 i) 1 00 o) P B 2 A o ) o JIRORE A 288 s BEL BB vk
(R 251, SR S T VA RUR [22]. — TS P13y I FIBCAHT PD-1 HUik a7 90 S 78 w1297 1%
Al i@ T PI3y-AKT-NF-«B {5 518 BE NS5 /P e B2 1 = 20tk 45/ (TLS) kb
BEUR I A E . B9 CD8'T 4% & LA R4 i e 4 IR 7oK SP R 5T PD-1 254 g 7
[23]. MIEIREALLAE, RELB 5 PI3 Ok 0N Go 2 v 97 i . (1) 25 B A= i Al & o

UEAk, CXCL13 Kk PA n] DA A B - i 7 BRAS G B A DL DR G eT sl ot i 4% TME R0 58 3% il o
CXCLI13 J&F CXC &b H 5%, fEREMERT 1 B 41 )= 55 98 sioh R FE BRI EF . 7250
Hgh, CXCL13 MIRIEK T 5 B8 SR A A7 2 IEADE, HE#RiE CXCL13 K50 B H 7 3% PD-
1 BEWTEYT J5 AR B8 A 1 R G2 A 2R AR B i A e B o JE— 2D (MR S O B R B, CXCL13
MEFRIEYE 6 kAP IGHEE . 10 PR iEK LK PD-1 FRIA(FAE B35 REk24]. HALHIZE T,
CXCL13 wli@id 465 B 4Haf CD8T A M Ehir, (21t TLS BT, NI 5 = 5 4 Jeg e o
% (2510 Bltk, CXCL13 Refg A 25 s i O S8 28 I N Ho 5 N8 (R R, v AR 2H /38 CXCL13 &
EACPEAR, BEME AP RN, TS E 2. dith, BAYH CXCL13 SasathF
THIFRIBIE D ATAE R TME GBORA bR, AL R FLS T Be 152 it 1 B A0 R

ZE b, AW 19 B TS 80 2 Bt LR A% RAF 10 TS T & Re, JC A2 Bl e T A 0
K 2257 TME g sE 4 3G  ThAg it 2 . A RELB X o 140 B AE e i 4 RF 54k
T 25 R AR, B PI3 XS HiMId T 40 fiRiiE i BR fi 4 A, P31 CXCL13 St 1 I s 8 5 Ui se,
ZAIEAH KL AN R 4E FESL R B3 T 338 1) e O BOIRES LR G I8 S 28 i g AR V43 1 22
S, T S BOGT O SR A TS R 432 T

SR, ABEFAAAE—E JRBR . B, B BdRRIET TCGA & GTEx AL E, REHT
TS AL, B TEEE AL, 2 d O MSTIG RS R 3GIE . vk, SCBERER i RELB. PI3
SEAE 5P S0 G PR TR HP R B A o T AL A A d 5 A A 4 S8 % Ak Y SIS B R AR T
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