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[ Abstract ] Background and objective Ferroptosis-related genes play a crucial role in regulating intracellular iron
homeostasis and lipid peroxidation, and they are involved in the regulation of tumor growth and drug resistance. The expres-
sion of ferroptosis-related genes in tumor tissues can be used to predict patients’ future survival times, aiding doctors and

patients in anticipating disease progression. Based on the sequencing data of lung adenocarcinoma (LUAD) patients from The
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Cancer Genome Atlas (TCGA) database, this study identified genes involved in the regulation of ferroptosis, constructed a
prognostic model, and evaluated the predictive performance of the model. Methods A total of 1467 ferroptosis-related genes
were obtained from the GeneCards database. Gene expression profiles and clinical data from 541 LUAD patients were col-
lected from the TCGA database. The expression data of all ferroptosis-related genes were extracted, and differentially expressed
genes were identified using R software. Survival analysis was performed on these genes to screen for those with prognostic
value. Subsequently, a prognostic risk scoring model for ferroptosis-related genes was constructed using LASSO regression
model. Each LUAD patient sample was scored, and the patients were divided into high-risk and low-risk groups based on the
median score. Receiver operating characteristic (ROC) curves were plotted, and the area under the curve (AUC) was calcu-
lated. Kaplan-Meier survival curves were generated to assess model performance, followed by validation in an external dataset.
Finally, univariate and multivariate Cox regression analyses were conducted to evaluate the independent prognostic value and
clinical relevance of the model. Results Through survival analysis, 121 ferroptosis-related genes associated with prognosis
were initially identified. Based on this, a LUAD prognostic risk scoring model was constructed using 12 ferroptosis-related
genes (ALG3, CIQTNF6, CCT6A, GLS2, KRT6A, LDHA, NUPR1, OGFRP1, PCSK9, TRIM6, IGF2BP1 and MIR31HG).
The results indicated that patients in the high-risk group had significantly shorter survival time than those in the low-risk group
(P<0.001), and the model demonstrated good predictive performance in both the training set (1-yr AUC=0.721) and the ex-
ternal validation set (1-yr AUC=0.768). Risk scores were significantly associated with the prognosis of LUAD patients in both
univariate and multivariate Cox regression analyses (P<0.001), suggesting that this score is an important prognostic factor
for LUAD patients. Conclusion This study successfully established a LUAD risk scoring model composed of 12 ferroptosis-
related genes. In the future, this model is expected to be used in conjunction with the tumor-node-metastasis (TNM) staging
system for prognostic predictions in LUAD patients.
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Fig 1 Screening of ferroptosis-related genes associated with prognosis in lung adenocarcinoma. A: Venn diagram showing the differentially

expressed ferroptosis-related genes in lung adenocarcinoma and those associated with prognosis; B: Heatmap of the intersecting genes; C:

Protein-protein interaction network of the intersecting genes. DEGs: differentially expressed genes.
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Fig 2 Identification of 12 modeling genes highly correlated with prognosis through LASSO regression. A: Heatmap of the expression levels of the
modeling genes; B: Forest plot of univariate Cox analysis for the modeling genes; C: Correlation network of the modeling genes; D-O: Survival

analysis of the 12 modeling genes.
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Fig 3 Evaluation of the constructed prognostic model on survival time and status of samples from the TCGA database. A: The Kaplan-Meier

survival curve shows the survival probability difference between the high-risk group (red) and the low-risk group (blue), with a P-value of
3.721e-10; B: The time-dependent ROC curve demonstrates the AUC values at 1 year, 2 years and 3 years, which are 0.721, 0.739 and 0.722,

respectively; C: Risk score distribution plot, where patients are ordered by increasing risk scores, highlighting the high-risk group (red) and low-

risk group (blue); D: Survival time and status distribution plot, with red points indicating deceased patients and blue points indicating surviving

patients; E: PCA analysis results, with a scatter plot of PC1 versus PC2 showing the distribution of the high-risk group (red) and low-risk group

(blue); F: t-SNE analysis results, illustrating the distribution of the high-risk group (red) and low-risk group (blue), further validating the model’s

ability to distinguish between risk groups. TCGA: The Cancer Genome Atlas; ROC: reciever operating characteristic; AUC: area under the curve;

PCA: principal component analysis; t-SNE: t-distributed stochastic neighbor embedding.
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Fig 4 Performance evaluation of the prognostic risk scoring model in the external validation cohort. A: Kaplan-Meier survival curves for GSE31210;
B: Time-dependent ROC curves for GSE31210; C: Risk score distribution for GSE31210; D: Survival status plot for GSE31210; E: PCA analysis for
GSE31210; F: t-SNE analysis for GSE31210.
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[P R L, 5 235 B e e 70, DRI P C SO mT LA K o 41 i
P T S A SRR, RIS p 62/ Keapl /Nrf2 b 4
TR Al S BERSET-0Y, TRIMGAE NE3Z F 3% [, 76 il
IR TR, A I R R, O A T B o i R Ak
BET-29), IGF2BP1IM W mRNARFE EEFBIRAR, (6L
Fhipgg b ik T, WpERIET -0, MIR3IHG & —Fh B
AEASRNA, 7EZ R R Rk, iﬁl%Wnt/ﬁ—catenin%ﬂ
PI3K/Aktf5 538 [, 50w g AL P2 e Y

R 12 R AE T A 5 3 TR A A 43 B RRURS: T
3K 7R, GLS2. NUPRIFEHKRE A FALGS3,
CIQTNF6, CCT6A, KRT6A, LDHA, OGFRPI, PCSK9,
TRIM6 . IGF2BP1, MIR31HGHER = 3235 (4 A9 KU: 743
o, PUSAR o 38k )UK PF-53 5345 & Kaplan-Meier 447 i
LRI, e AU Vo3 R ) R AR o (R BE i e Ab, BRI
1. 2. 34EMAUCTH 2 W HAE LUA D #0245 R Y
WM, HFAE SN0 UE B 06 S GSE3 1210 Al A T L7500

PERBRMER M, B R IZAR LA T2 A3E P AT S

IEEHFRATE ] T B2 A A A 1 ik RAS AR AT T
GG AE, H T IS RAEAS S A R, 50 UF 25 SR ] e 32 B4k
ALY S (DR T AE G et s A 2
I A E— 55835 . KEGG 5 GO i & R,

LB IR A T REAE e TR P 40 L3 L 4B R | IL-171E
&

do

AR SR TS BRI LUAD SR Tl f5 LA —
(A TIINRE 7, T2 A X R T XU TG 0 ST 1 0 F (L
) S R AR AT A DG, I R B2 AR D R
RBCELHES T, WFFEI BE B 112 SR IET - AHOC I SE R 7E
Z R v 5 IR it R R s DR G, AR fk T fig
SR bR A A A A RS o TR AR S 3K BB JE R A8 43 F-HL
i, BB R R FETAE R R W R A E R, JT R iR
TRV IR iR 2 A A S BIF 5E BE A S



o i A 5202 54 1T 4528 4 45 1 4]

Chin J Lung Cancer, January 2025, Vol.28, No.1

31

Competing interests

The authors declare that they have no competing interests.

Author contributions

Zhang ZR, Zhao WH, Hu ZX, Ding C, Huang H, Liang GW,

Liu HY and Chen J conceived and designed the study. Zhang
ZR, Zhao WH and Hu ZX analyzed the data. Ding C and Huang
H contributed analysis tools. Liang GW, Liu HY and Chen ]

provided critical inputs on design, analysis, and interpretation

of the study. All the authors had access to the data. All authors

read and approved the final manuscript as submitted.

10

11

2 & X M

Siegel RL, Giaquinto AN, Jemal A. Cancer statistics, 2024. CA Cancer J
Clin, 2024, 74(1): 12-49. doi: 10.3322/caac.21820

Xia C, Dong X, Li H, et al. Cancer statistics in China and United States,
2022: profiles, trends, and determinants. Chin Med J (Engl), 2022,
135(5): 584-590. doi: 10.1097/CM9.0000000000002108

Stockwell BR, Friedmann Angeli JP, Bayir H, et al. Ferroptosis: A
regulated cell death nexus linking metabolism, redox biology, and
disease. Cell, 2017, 171(2): 273-28S. doi: 10.1016/j.cell.2017.09.021
Hassannia B, Vandenabeele P, Vanden Berghe T. Targeting ferroptosis
to iron out cancer. Cancer Cell, 2019, 35(6): 830-849. doi: 10.1016/
j-ccell.2019.04.002

Li D, Wang Y, Dong C, et al. CST1 inhibits ferroptosis and promotes
gastric cancer metastasis by regulating GPX4 protein stability via
OTUBI. Oncogene, 2023, 42(2): 83-98. doi: 10.1038/541388-022-
02537x

Zhao MY, Liu P, Sun C, et al. Propofol augments paclitaxel-induced
cervical cancer cell ferroptosis in vitro. Front Pharmacol, 2022, 13:
816432. doi: 10.3389/fphar.2022.816432

Wu Y, Wang D, Lou Y, et al. Regulatory mechanism of a-hederin upon
cisplatin sensibility in NSCLC at safe dose by destroying GSS/GSH/
GPX2 axis-mediated glutathione oxidation-reduction system. Biomed
Pharmacother, 2022, 150: 112927. doi: 10.1016/j.biopha.2022.112927
Guo XQ, Wang TQ, Xia JC, et al. Role of ferroptosis in non-small cell
lung cancer and progress of traditional Chinese medicine intervention.
Zhongguo Feiai Zazhi, 2024, 27(3): 216-230. [#8I%E;, £ RIL, H 4
B, S, BRECT AR/ AU AR R P ek VT B P2 T Ptk g v i
Zk7k, 2024, 27(3): 216-230.] doi: 10.3779/j.issn.1009-3419.2024.101.06
Yang S, Ji J, Wang M, et al. Construction of ovarian cancer prognostic
model based on the investigation of ferroptosis-related IncRNA.
Biomolecules, 2023, 13(2): 306. doi: 10.3390/biom13020306

Chen H, Luo J, Guo J. Development and validation of a five-immune gene
prognostic risk model in colon cancer. BMC Cancer, 2020, 20(1): 395.
doi: 10.1186/512885-020-06799-0

Zhou J, Wang XY, Li ZN, et al. Construction and validation of prognostic

risk score model of autophagy related genes in lung adenocarcinoma.

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

Zhongguo Feiai Zazhi, 2021, 24(8): 557-566. [ &, TP, ZEJRIE,
S5 I L9 1 AR DX B PR i DR P-4 A TR 82 B A e e it 9
Zki, 2021, 24(8): 557-566.] doi: 10.3779/j.issn.1009-3419.2021.103.09
WeiX, LiX, Hu S, et al. Regulation of ferroptosis in lung adenocarcinoma.
IntJ Mol Sci, 2023, 24(19): 14614. doi: 10.3390/ijms241914614

Feng S, Li Y, Huang H, et al. Isoorientin reverses lung cancer drug
resistance by promoting ferroptosis via the SIRT6/Nrf2/GPX4
signaling pathway. Eur J Pharmacol, 2023, 954: 175853. doi: 10.1016/
j-ejphar.2023.175853

Yuan Y, Xie B, Guo D, et al. Identification of ALG3 as a potential
prognostic biomarker in lung adenocarcinoma. Heliyon, 2023, 9(7):
¢18065. doi: 10.1016/j.heliyon.2023.e18065

Liu P, Lin C, Liu Z, et al. Inhibition of ALG3 stimulates cancer cell
immunogenic ferroptosis to potentiate immunotherapy. Cell Mol Life
Sci, 2022, 79(7): 352. doi: 10.1007/s00018-022-04365-4

Song X, Li L, Shi L, et al. CIQTNF6 promotes oral squamous cell
carcinoma by enhancing proliferation and inhibiting apoptosis. Cancer
Cell Int, 2021, 21(1): 666. doi: 10.1186/512935-021-02377-x

Zhang W, Feng G. CIQTNFG6 regulates cell proliferation and apoptosis
of NSCLC in vitro and in vivo. Biosci Rep, 2021, 41(1): BSR20201541.
doi: 10.1042/BSR20201541

Yu SK, Yu T, Wang YM, et al. CCT6A facilitates lung adenocarcinoma
progression and glycolysis via STAT1/HK2 axis. J Transl Med, 2024,
22(1): 460. doi: 10.1186/s12967-024-05284-7

Suzuki S, Venkatesh D, Kanda H, et al. GLS2 is a tumor suppressor and a
regulator of ferroptosis in hepatocellular carcinoma. Cancer Res, 2022,
82(18): 3209-3222. doi: 10.1158/0008-5472.CAN-21-3914

Che D, Wang M, Sun J, et al. KRT6A promotes lung cancer cell growth
and invasion through MYC-regulated pentose phosphate pathway. Front
Cell Dev Biol, 2021, 9: 694071. doi: 10.3389/fcell.2021.694071

Sharma D, Singh M, Rani R. Role of LDH in tumor glycolysis: Regulation
of LDHA by small molecules for cancer therapeutics. Semin Cancer Biol,
2022, 87:184-195. doi: 10.1016/j.semcancer.2022.11.007

Lv Y, Tang W, Xu Y, et al. Apolipoprotein L3 enhances CD8* T cell
antitumor immunity of colorectal cancer by promoting LDHA-mediated
ferroptosis. Int J Biol Sci, 2023, 19(4): 1284-1298. doi: 10.7150/
ijbs.74985

Fan T, Wang X, Zhang S, et al. NUPR1 promotes the proliferation and
metastasis of oral squamous cell carcinoma cells by activating TFE3-
dependent autophagy. Signal Transduct Target Ther, 2022, 7(1): 130.
doi: 10.1038/s41392-022-00939-7

Zhan Y, Zhang Z, Liu Y, et al. NUPRI contributes to radiation
resistance by maintaining ROS homeostasis via AhR/CYP signal axis
in hepatocellular carcinoma. BMC Med, 2022, 20(1): 36S. doi: 10.1186/
$12916-022-02554-3

ZhangJ, XuX, Yin]J, et al. IncRNA OGFRP1 promotes tumor progression
by activating the AKT/mTOR pathway in human gastric cancer. Aging
(Albany NY), 2021, 13(7): 9766-9779. doi: 10.18632/aging. 202731

Liu L, Su S, Ye D, et al. Long non-coding RNA OGFRP1 regulates
cell proliferation and ferroptosis by miR-299-3p/SLC38A1 axis in



32

o [ Al e s 52025 4E 1 A 28 5 A 1Y)

Chin J Lung Cancer, January 2025, Vol.28, No.1

lung cancer. Anticancer Drugs, 2022, 33(9): 826-839. doi: 10.1097/ 30 LiuL,He]J, Sun G, et al. The N6-methyladenosine modification enhances

CAD.0000000000001328 ferroptosis resistance through inhibiting SLC7A11 mRNA deadenylation
27 WangL, Li S, Luo H, et al. PCSK9 promotes the progression and in hepatoblastoma. Clin Transl Med, 2022, 12(5): ¢778. doi: 10.1002/

metastasis of colon cancer cells through regulation of EMT and ctm2.778

PI3K/AKT signaling in tumor cells and phenotypic polarization of ~ 31 Zhang R, Wu D, Wang Y, et al. LncRNA MIR31HG is activated by

macrophages. ] Exp Clin Cancer Res, 2022, 41(1): 303. doi: 10.1186/ STAT]1 and facilitates glioblastoma cell growth via Wnt/B-catenin

$13046-022-02477-0 signaling pathway. Neurosci Res, 2021: S0168-0102(21)00092-4. doi:
28 Alannan M, Fatrouni H, Trézéguet V, et al. Targeting PCSK9 in liver 10.1016/j.neures.2021.04.008

cancer cells triggers metabolic exhaustion and cell death by ferroptosis.

Cells, 2022, 12(1): 62. doi: 10.3390/cells12010062 (R HIY: 2024-12-03)
29 Zhang Y, Dong P, Liu N, et al. TRIMG6 reduces ferroptosis and (A HtH. T e )

chemosensitivity by targeting SLC1AS in lung cancer. Oxid Med Cell
Longev, 2023,2023: 9808100. doi: 10.1155/2023/9808100

Cite this article as: Zhang ZR, Zhao WH, Hu ZX, et al. Construction and validation of a prognostic model for lung adenocarcinoma

based on ferroptosis-related genes. Zhongguo Feiai Zazhi, 2025, 28(1): 22-32. [ J Fs, X SO, 4T, 45 BT AT A OG A

- IH &

(PEMERE) NEPEREZOHT (FERBIEXSITRERERT)

202349 H20H , HEBABORE BB TTEIL 503 TT20234F iR R R SCAE A5 R KA 2 b — it
BHGESCHEF S PP Is”, KA 2023k ERHEW RIS HER S (o0 AR ) F1 (2023)

HEBHII RIS RS (B0 #EaPets ) o @l ZIaARIREE & W K AT & PR,

i

izl ) ARSI R E RO (R ERREGE ST IR .
FI19874E LR, ERLABOR AR BTTE T — EURAEAE h BB G 7 [ A A R SO BLRY SE T2 B

AR, BAEE WA P ERHGE SO B AT, IFTEEER LI R P EAERHIN T R
SEARBE P RS SUR IS SR GE T i, P ERHGE SO R, AR EREOIIT), R ETZ
R BHRZAE, RS EB AR T TS ERE ) BB, 456 RPN TR i Sebri i,
Vet — H 2 PRFAE SR, XTI T S BRI, AR TR AR, ARSI RN E AL
FE RS SCEE B R H AT E N AR BHGE TS B T H S, ATESE R SRR K, BBk
BT A=A AR IR 2 R TEMBL .



