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[ Abstract ]  Objective To mine the ferroptosis-related genes associated with breast cancer prognosis through The
Cancer Genome Atlas (TCGA) database, and construct a prognosis model. Methods The transcription group and clinical
data were downloaded from TCGA database, differentially expressed ferroptosis-related genes in tumor tissues and adjacent
normal tissues related to prognosis were obtained, and risk score model was constructed by least absolute shrinkage and selection
operator (LASSO) regression. The patient information obtained from TCGA database was used as the model test set data. The
effectiveness of the model was evaluated by receiver operating characteristic (ROC) curve, and univariate and multivariate
Cox regression analyses were used to evaluate whether the differentially expressed ferroptosis-related genes and the risk scores
could be used as prognostic factors. The model was verified by International Cancer Genome Consortium (ICGC) and Gene

Expression Omnibus (GEO) databases. Results A total of 51 ferroptosis-related genes, which were differentially expressed in
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breast cancer tissues and adjacent normal tissues, were screened out. Univariate Cox regression analysis showed that 11 of them
were associated with prognosis. A prognostic risk score model (risk score=ALOX15X0.11+CHAC1X0.07+ CISD1 X 0.15+
CSX0.24+GCLCX0.04+GPX4X [ —0.07 ] +NCOA4X0.17+EMC2X0.30+G6PDX0.19+ACSF2X [ —0.04 ] +
SOLE X 0.12) for breast cancer was constructed with the 11 genes. ROC curve analysis showed that the area under curve (AUC)

of the model in predicting the 2-, 4- and 6-year survival rates of breast cancer patients in the test set were 0.678, 0.680 and 0.612,

respectively. The results of multivariate Cox regression analysis showed that the risk score could be used as an independent

predictor (hazard ratio=3.104, P<<0.001). The patients were divided into high-risk group (risk score=4.277) and low-risk group

(risk score<<4.277) according to the risk scores of the prognosis model. In the test set and validation set, the survival rate of high-

risk patients was significantly lower than that of low-risk patients (both P<<0.001). Conclusion The prognosis model of breast

cancer based on ferroptosis-related genes has better predictive performance. The ferroptosis-related genes in this model provides

new targets for targeted therapy of breast cancer.
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Tab 1 Differentially expressed ferroptosis-related genes in breast cancer tissues and adjacent normal tissues

No. Gene P value No. Gene P value No. Gene P value
1 ACSL4 3.11%X10°% 18 GPX4 0.021 35 FTHI 0.007
2 AKRICI 8.03X 10 19 GSS 1.43%X107" 36 STEAP3 3.90%x10*
3 AKRIC2 2.39x10°" 20 HMGCR 3.56X10°° 37 NFSI 3.72%X10° "%
4 AKRIC3 547X10°Y 21 HSPBI 243X10° % 38 ACSL3 0.004
5 ALOXI5 0.010 22 CRYAB 8.03x 10 39 ZEBI 1.37X107"
6 ALOXS 0.047 23 NCOA4 5.14x10°% 40 SOLE 523x10° %
7 ALOXI?2 6.67X10 " 24 PTGS2 4.84X10 % 41 FADS?2 3.58x107°
8 ATP5MC3 3.90x10°* 25 RPLS 8.85%X10°° 42 NFE2L2 5.92X 10
9 CARSI 5.93x107" 26 SATI 0.014 43 KEAPI 6.95%10" "7
10 CBS 2.08%X10°¢ 27 SLC7A411 9.82X10 % 44 NQOI 0.004
11 CHACI 2.76X 10" 28 FDFTI 3.07X10°° 45 NOXI 4.87X10 %
12 CISD1 1.58x10° " 29 TFRC 5.93%x10°"7 46 ABCCI 2.43%10°°
13 cs 3.43X107° 30 EMC2 0.005 47 GOTI 2.67X10*
14 DPP4 7.50X 10" 31 AIFM?2 6.19X 10 48 G6PD 1.63X107"
15 FANCD? 1.81X107% 32 PHKG?2 1.00X 107" 49 IREB2 536X101°
16 GCLC 6.81x10° " 33 HSBPI 8.98x 107" 50 HMOXI 2.01X10° "
17 GCLM 2.15X10 " 34 ACOI 2.50X10 ¥ 51 ACSF2 4.00X10"*
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Fig1 Visual analysis of 11 differentially expressed ferroptosis-related genes associated with prognosis of breast cancer
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A: Heatmap based on transcriptome data; B: Tree diagram based on clinical data; C: Protein-protein interaction network;

D: Correlation analysis. GPX4: Glutathione peroxidase 4; ACSF2: Acyl-CoA synthetase family member 2; CHAC1: Cation transport

regulator-like protein 1; G6PD: Glucose-6-phosphate dehydrogenase; CISD1: CDGSH iron sulfur domain 1; EMC2: Endoplasmic

reticulum membrane protein complex subunit 2; SQLE: Squalene epoxidase; ALOX15: Arachidonate 15-lipoxygenase; CS: Citrate

synthase; GCLC: Glutamate-cysteine ligase catalytic subunit; NCOA4: Nuclear receptor coactivator 4; FC: Fold change; //R: Hazard

ratio; CI: Confidence interval.
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Fig 2 Prediction efficiency of breast cancer prognosis model based on ferroptosis-related genes
A: Survival analysis; B: ROC curve analysis; C: Curve of risk model; D: Scatter diagram of risk model; E: Univariate Cox regression analysis;

F: Multivariate Cox regression analysis. ROC: Receiver operating characteristic; AUC: Area under curve; HR: Hazard ratio; CI: Confidence interval.
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Fig 3 Validation of breast cancer prognosis model based on ferroptosis-related genes
A: Survival analysis; B: ROC curve analysis. The model was validated by Gene Expression Omnibus (GEO) database and

International Cancer Genome Consortium (ICGC) database. ROC: Receiver operating characteristic; AUC: Area under curve.
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Fig4 Characteristics of differentially expressed genes between high-risk group and low-risk group

A: GO enrichment analysis of differentially expressed genes; B: KEGG enrichment analysis of differentially expressed genes; C: Immune
cell correlation score of differentially expressed genes; D: Immune function correlation score of differentially expressed genes. P<<0.05,
"P<0.01. n=507, x+s. GO: Gene Ontology; KEGG: Kyoto Encyclopedia of Genes and Genomes; RAGE: Receptor of advanced
glycation endproduct; CCR: C-C motif chemokine receptor; IL-17: Interleukin 17; PPAR: Peroxisome proliferator-activated receptor;
aDC: Activated dendritic cell; DC: Dendritic cell; iDC: Immature dendritic cell; NK: Natural killer; pDC: Plasmacytoid dendritic cell;
Tth: Follicular helper T cell; Th: Helper T cell; TIL: Tumor infiltrating lymphocyte; Treg: Regulatery T cell; APC: Antigen presenting
cell; HLA: Human leukocyte antigen; MHC [ : Major histocompatibility complex I ; IFN: Interferon.
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