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Abstract: To develop a prognostic model for breast cancer based on the expression of 

ferroptosis-related proteins combined with clinical variables. Breast cancer data were downloaded 

from The Cancer Genome Atlas (TCGA) database for this study. The differentially expressed genes 

(DEGs) between tumor and normal tissues were intersected with ferroptosis-related genes. R language 

software was used to analyze and visualize the test cohort data to construct the prognostic model.The 

expressions of EMP1, TF, SLC7A5, and LMO1 were identified as independent risk factors for breast 

cancer. The predictive model, based on the expression levels of these four genes combined with clinical 

factors, showed strong predictive power for the survival status of breast cancer patients at 3, 4, and 5 

years. 
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1. Introduction 

Ferroptosis, initially proposed in the early 2000s, was formally defined in 2012[1-3]. Distinct from 

other forms of programmed cell death, ferroptosis cannot be induced by classical apoptosis or 

necroptosis inhibitors (such as Z-VAD-FMK and necrostatin-1)[3,4]. Cells undergoing ferroptosis exhibit 

mitochondrial shrinkage, increased mitochondrial membrane density, and reduced mitochondrial 

cristae[2,5]. The crucial cellular proteins involved in ferroptosis remain unclear, but it is generally 

believed that the execution of ferroptosis requires oxidized phospholipids (PLs) containing 

polyunsaturated fatty acids (PUFAs)[6]. Recently, various gene signatures related to ferroptosis have 

been developed as potential therapeutic targets or prognostic indicators[7-9]. 

Breast cancer (BC) is a prevalent malignancy among women, with various subtypes. 

Triple-negative breast cancer (TNBC)[10], which lacks expression of estrogen receptor, progesterone 

receptor, and human epidermal growth factor receptor 2 (HER2), is more common in younger and 

obese women, accounting for 15%-20% of all breast cancers[11]. HER2-positive breast cancer, 

accounting for 20%-25% of cases, is highly aggressive and has a poor prognosis [12]. Although 

anti-HER2 targeted therapy has significantly improved disease-free survival and overall survival in 

HER2-positive patients, one-third still experience recurrence, and even responders ultimately develop 

resistance[13-15]. Given the heterogeneity of breast cancer and the variability in treatment responses, 

exploring new prognostic predictors and enhancing survival prediction capabilities are crucial. This 

study aims to screen ferroptosis-related key molecules in breast cancer using public databases, develop 

a predictive model, and evaluate its prognostic efficacy. 

2. Materials and Methods 

Breast cancer data, including gender, age, pathological stage, TNM stage, survival status, and 

survival days, were downloaded from the TCGA database (https://portal.gdc.cancer.gov/). RNAseq data 

from the STAR pipeline were also downloaded and processed to extract TPM-formatted data. After 

excluding cases with incomplete clinical data, a total of 1086 breast cancer patients were included in 

the study. Ferroptosis-related genes were collected from the website (http://www.zhounan.org/ferrdb/). 

This study used R language software (version 4.2.2) for statistical analysis and data visualization. 
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3. Results 

3.1 Identification of Ferroptosis-related Genes Associated with Breast Cancer Prognosis 

In this study, 697 ferroptosis-related genes were obtained from the ferroptosis website. Gene 

sequencing data from 1086 breast cancer tissues and 32 adjacent non-tumor tissues in the TCGA 

database were screened, and 106 differentially expressed genes related to ferroptosis were identified, 

including 60 upregulated genes and 46 downregulated genes (Figure 1-A, Figure 1-B). Univariate and 

multivariate Cox regression analyses were performed on these 106 differentially expressed genes, 

revealing that the expression of EMP1, TF, SLC7A5, and LMO1 were independent risk factors for 

breast cancer (Figure 1-C). 

 

Figure 1-A: Volcano plot of breast cancer-related ferroptosis genes. Figure 1-B: Heatmap of 

differentially expressed ferroptosis genes related to breast cancer. Figure 1-C: Forest plot of four 

independent risk ferroptosis genes for breast cancer. 

3.2 Establishment of a Prognostic Model Based on Differentially Expressed Ferroptosis Genes 

Firstly, risk coefficients for the four prognostic genes were derived from the multivariate Cox 

regression results. Then, according to the PI formula: Prognostic Index (PI) = (0.553391065 × EMP1 

expression) + (-0.67700237 × TF expression) + (0.489677459 × SLC7A5 expression) + (0.445648149 

× LMO1 expression), the PI value for each patient was calculated. A significant difference in survival 

rate was observed between the two groups (P < 0.001) (Figure 2-A). ROC analysis demonstrated that 

PI had strong predictive ability for the 3/4/5-year prognosis of breast cancer patients, with AUC values 

of 0.683, 0.711, and 0.680, respectively (Figure 2-B). 
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Figure 2-A: Risk factor plot for the four independent risk ferroptosis genes in the test cohort. Figure 

2-B: Receiver Operating Characteristic (ROC) curves for 3-year, 4-year, and 5-year prognosis grouped 

by PI values in the test cohort. 

3.3 Construction and Validation of a Nomogram Based on Four Ferroptosis-related Genes 

Age, T stage, N stage, M stage, and the expression of the four genes EMP1, TF, SLC7A5, and 

LMO1 were selected as variables for univariate and multivariate Cox regression analyses in the test 

cohort. The results indicated that age, N stage, and the expression of the four genes EMP1, TF, 

SLC7A5, and LMO1 were independent risk factors for breast cancer (Figure 3-A). A nomogram was 

constructed using the results of the multivariate Cox regression analysis (Figure 3-B). The prognostic 

calibration curve (Figure 3-C) showed that the model's confidence intervals aligned well with the 

standard curve, indicating a high concordance between predicted probabilities and actual probabilities. 

 

Figure 3-A: COX regression forest plot for the test cohort. Figure 3-B: Nomogram constructed for the 

test cohort. 
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4. Discussion 

According to the analysis of the prevalence of malignant tumors in China in 2016, published in 

2023, breast cancer ranks third in incidence, following lung cancer and colorectal cancer. In terms of 

mortality, it ranks third after lung cancer and liver cancer [16]. This underscores the importance of 

seeking a broader predictive model based on molecular markers to guide breast cancer treatment and 

open up new avenues of thought. Ferroptosis, a newly established form of programmed cell death in 

2012, is characterized by iron-dependent lipid peroxidation and is tightly regulated at multiple levels[17]. 

Ferroptosis has been elucidated to play a crucial role in some malignancies, for instance, protecting 

lymphoma tissue tumor cells from ferroptosis and promoting melanoma metastasis[18]. However, the 

relationship between ferroptosis and breast cancer remains understudied. 

The EMP1 gene belongs to the same transmembrane family as peripheral myelin protein-22 

(PMP-22) and plays a significant role in cell growth, proliferation, differentiation, and apoptosis, with 

suggested associations in tumorigenesis and progression[19]. The TF gene encodes transferrin (Tf), an 

iron-binding protein that facilitates cellular iron uptake. Iron-loaded Tf first binds to the Tf receptor 

(TfR) and enters the cell through clathrin-mediated endocytosis. Within the cell, Tf is transported to 

early endosomes, where it delivers iron and is subsequently recycled back to the cell surface[19]. 

SLC7A5 is an amino acid transporter that plays a vital role in glutamine metabolic reprogramming in 

TNBC cells. Knockdown of SLC7A5 significantly inhibits proliferation, migration, and invasion of 

human and mouse TNBC cells. Additionally, downregulation of SLC7A5 increases CD8 T cell 

infiltration[20]. LMO1 belongs to a family of transcriptional co-factors that act as bridges, connecting 

master transcription factors to control cell states during development, forming large enhancers that 

further amplify through interactions with MYC family proteins[21]. 

We established a prognostic model based on ferroptosis-related proteins combined with clinical 

variables using public databases and validated the model. The results showed that this model could 

effectively predict patient prognosis by integrating molecular expression levels and clinical factors. We 

found that TF expression levels were negatively correlated with breast cancer prognosis, while EMP1, 

SLC7A5, and LMO1 expression levels were positively correlated. Combining the TCGA database, the 

expression of these four ferroptosis-related genes, age, and N stage were all independent prognostic 

factors for breast cancer. 

In conclusion, the expression levels of the four ferroptosis-related genes EMP1, TF, SLC7A5, and 

LMO1 are closely related to the prognosis of breast cancer. This study provides insights into the 

pathogenesis and progression mechanisms of breast cancer and opens up avenues for identifying 

potential therapeutic targets and predictive molecules in breast cancer research. 
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