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ARTICLE INFO ABSTRACT
Keywords: Background: The tumor microenvironment (TME) typically experiences oxidative stress (OS),
Oxidative stress marked by a high level of reactive oxygen species (ROS) that can impact tumor advancement and

Oxidative stress-related genes
Breast cancer

Immune cell infiltration
Tumor progression

prognosis by modulating the behavior of tumor cells and various immune cells. Oxidative stress-
related genes (OSRG) encompass a range of genes involved in ROS pathways, and their specific
roles in breast cancer (BC) necessitate further investigation.

Methods: Univariate Cox analysis was performed on genes linked to the OS pathway in the Gene
Set Enrichment Analysis (GSEA) database, leading to the identification of 29 significant OSRG in
BC. OSRG was divided into three distinct clusters according to the expression and the OSRG score
based on the differentially expressed genes (DEGs) was further calculated by principal component
analysis (PCA). The correlation between OSRG score and BC clinical features, mutation charac-
teristics, immune checkpoints and immune cell infiltration was analyzed. Establish a multiariable
Cox regression model to predict OSRG score effects on clinical characteristics.

Results: Significant differences were observed in survival analysis, enriched pathways, and im-
mune infiltration among the three OSRG clusters based on 29 genes. Gene clusters were identified
through the final selected 395 DEGs, revealing three distinct OSRG expression patterns. An OSRG
score model was constructed using DEGs, demonstrating a significant association between high
OSRG score and poor prognosis. Significantly, immune checkpoint-related genes exhibited a
notable upregulation in the high OSRG score cohort. Additionally, a positive correlation was
observed between the OSRG score and tumor mutation burden (TMB) in BC. The OSRG score
holds potential implications for clinical immunotherapy in BC patients, and a nomogram was
constructed with robust predictive capability for evaluating patient prognosis.

Conclusions: This study elucidated the features of OSRG within BC TME and their possible
prognostic significance, offering valuable insights for the development of more targeted immu-
notherapy approaches for individuals with BC.

1. Introduction

The incidence of BC is steadily increasing each year, making it the primary cause of morbidity and the second leading cause of
mortality among women [1]. According to the most recent global Cancer burden data for 2023 released by the International Agency for
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Research on Cancer (IARC), the prevalence of female BC has shown a gradual annual rise of approximately 0.5 % since the mid-2000s
[2]. While breast cancer therapies encompass surgical procedures, endocrine therapy, targeted therapy, chemotherapy, and radio-
therapy, they are nevertheless subject to several limitations. These include the heterogeneity of the illness due to individual variations
and the less-than-ideal treatment outcomes. Genomic research plays a crucial role in precision medicine, which aims to produce
personalized treatment for breast cancer patients [3].

ROS and reactive nitrogen species (RNS) are overproduced in the body in response to harmful stimuli, causing an imbalance be-
tween oxidative and antioxidant mechanisms. This imbalance leads to tissue damage, known as OS [4]. ROS are known to play critical
roles in a wide range of physiological processes, such as immune responses, cell proliferation, and intracellular signaling pathways [5].

The involvement of OS in tumorigenesis, tumor progression, and prognosis is increasingly recognized, with cancer cells often
exhibiting heightened susceptibility to ROS and disrupted REDOX homeostasis [6,7]. OS and hypoxia can modulate the metabolic
reprogramming of the TME, influencing key metabolic enzymes and perturbing REDOX equilibrium [8]. Additionally, OS-induced
DNA damage is closely associated with all stages of carcinogenesis [9]. Notably, OS within the TME can foster immunosuppression
by promoting the infiltration of myeloid-derived suppressor cells (MDSCs), thereby impeding host anti-tumor immunity [10]. The
impact of OSRG on BC pathogenesis may also extend to influencing the tumor immune microenvironment.

Through the establishment of an OSRG score derived from 29 significant OSRGs in BC, our investigation utilized GSEA to explore
the relationship between the OSRG score and the infiltration of immune cells, mutation profiles, and clinical attributes in BC. Our
results provide insights into the unique characteristics of OSRGs in the BC microenvironment and their potential prognostic relevance,
thereby contributing valuable knowledge for the advancement of more effective immunotherapeutic approaches for BC patients.

2. Materials and methods
2.1. BC dataset source and preprocessing

The workflow of our study was shown in Fig. S1. OS pathways and associated genes were identified through GSEA database
(https://www.gsea-msigdb.org/gsea/msigdb/human/geneset/GOBP_RESPONSE_TO_OXIDATIVE_STRESS), leading to the selection of
29 OSRGs through univariate Cox analysis (Table Supplementary 1). A total of 1091 BC samples from The Cancer Genome Atlas
(TCGA) database (https://portal.gdc.cancer.gov) and 99 BC samples from the International Cancer Genome Consortium (ICGC,
https://dcc.icge.org/) were included in the study. Clinical data, immune cell infiltration, and somatic mutation information were also
gathered. The removal of batch effects from gene expression data was performed using the R “Combat” method [11].

2.2. The estimation of immune infiltration and unsupervised clustering for OSRG

The infiltration levels of various immune cells in BC were quantified using the CIBERSORT method, which employed LM22 labeling
and 1000 permutations for analysis [12]. Samples with CIBERSORT output of P < 0.05 were further analyzed (perm = 100). 29 OSRGs
were utilized to delineate distinct ORSG patterns in BC. R “ConsensusClusterPlus “was used to apply unsupervised cluster analysis to
identify diverse OSRG patterns for stratifying BC patients, facilitating subsequent analyses. To make sure that the clusters that were
identified were robust, this iterative process was performed 500 times [13,14].

2.3. DEGs associated with the OSRG phenotype

To filter the DEGs from the three created OSRG clusters, R “limma” was employed. The corrected P values were scrutinized at to
correct false-positive TCGA data. The cutoff values were established as |Log fold-change| > 1 and P < 0.05 (adjusted). Use the online
database (https://david.ncifcrtf.gov/) of the DAVID (the Database for Annotation, Visualization and Integrated Discovery) for the GO/
KEGG enrichment analysis of the above-mentioned DEGs.

2.4. Generation of OSRG score

We developed a scoring system, which named OSRG score, based on DEGs to assess the OSRG model of individual BC patients. The
following are the steps to determine the OSRG score: Initially, the overlapped genes were collected and the DEGs between the three
created OSRG clusters were normalized. Based on overlapping DEGs, a technique known as unsupervised clustering was utilized to
divide BC patients into many groups. A consensus clustering approach was employed to ascertain the quantity of gene clusters and
their stability. Subsequently, we conducted prognosis assessments for each gene in the signature utilizing univariate Cox regression
models. Genes of prognostic significance were isolated for further investigation. Principal component analysis (PCA) was conducted to
create gene features connected to OSRG. The signature scores were chosen as principal components 1 and 2.

Subsequently, we established the OSRG score by employing a methodology akin to that of GGI [15,16].

OSRG score = Z PC1;+ Y PC2

Where i is the expression of overlapped genes.


https://www.gsea-msigdb.org/gsea/msigdb/human/geneset/GOBP_RESPONSE_TO_OXIDATIVE_STRESS
https://portal.gdc.cancer.gov
https://dcc.icgc.org/
https://david.ncifcrtf.gov/
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Fig. 1. Landscape of genetic and expression variation of OSRG in BC. (A) The location of CNV alteration of OSRG in chromosomes. (B) The CNV
variation frequency of OSRG in BC. (C) The mutation frequency of 29 OSRG in 986 BC patients. (D) Single-factor cox analysis of the interaction
between OSRG in BC. (E) PCA for the expression profiles of OSRG. (F) The 29 OSRG’ expression in 3 OSRG clusters. Rows represent OSRG, columns
represent different clinical characteristics. (G) K-M plot was executed to explore OS rate of three OSRG clusters in BC. (H) The differential expression
of 29 OSRG between BC tissues and normal tissues. ns represents no statistics differences, * represent P < 0.05, ** represent P < 0.01, *** represent
P < 0.001.

2.5. Somatic mutation analysis

This study obtained somatic mutation data for BC samples using the UCSC Xena browser. The TMB of each patient was determined
by counting the total number of non-synonymous mutations in BC. A waterfall plot was conducted using R “Maftools” to categorize the
BC samples into groups based on their OSRG scores, namely high OSRG score groups and low OSRG score groups [17]. Further analysis
was conducted on the top 20 genes with the highest mutation frequency.

2.6. Construction and validation of a predictive nomogram

The prediction capability of the OSRG score was enhanced by utilizing a nomogram constructed using clinical data from TCGA-
BRCA. Inclusion criteria encompassed tumor margin, OSRG score, patient age, tumor stage, and additional pertinent clinical fac-
tors. The nomogram was verified using a calibration procedure.

2.7. Statistical analysis

R version 4.0.5 was utilized for conducting all statistical analyses. In this study, the Wilcoxon test was employed to compare two
groups, whereas the Kruskal-Wallis test was utilized to compare several groups. The survival curve was constructed using the Kaplan-
Meier (K-M) method. The statistical significance of the discrepancies was assessed using the log rank test. The correlation between
OSRG score subgroups and somatic mutation frequency was analyzed using the y 2 test, while the correlation coefficient was calculated
using Spearman analysis. A significance level of 0.05 was deemed statistically significant in a two-tailed test.

3. Results
3.1. Landscape of genetic and expression variation of OSRG in BC

In this study, a total of 29 OSRGs were examined. The analysis focused on copy number variation and mutation frequency of these
genes in BC. A schematic representation of the locations of copy number variants (CNV) on the chromosomes of the genes involved is
presented in Fig. 1A. CNV variants were found to be prevalent in the 29 OSRG, with SOD2, SFPQ, FBLN5, PTK2B, ATP13A2, and
TREX1 commonly deleted. Most other genes exhibited copy number amplification, with RRM2B showing particularly notable
amplification (Fig. 1B). Mutation frequency analysis of the 29 OSRG in 986 BC patients from the TCGA mutation dataset revealed
mutations in 76 patients, with a frequency of 7.71 %. The most frequently mutated genes were PXDNL, EGFR, ZC3H12A, and JAK2,
while other genes showed minimal mutation rates (Fig. 1C).

Univariate Cox analysis and co-expression analysis of OSRG-related genes constructed the OSRG gene regulatory network, showing
the interaction, interconnection among OSRG and their prognostic significance for BC patients (Fig. 1D), using Pearson to calculate
their relevance. PCA was conducted in Big Data utilizing the OSRG transcriptome data from the TCGA database. The analysis of
ConsensusClusterPlus package revealed that the Delta area exhibited inflection points at a cluster size of 3. By evaluating the slope of
the consensus cumulative distribution function, a cluster size of 3 was determined to be the optimal k value. The consensus matrix
revealed that the coherence of each group was most pronounced when the group was partitioned into three distinct subgroups (Fig. S2,
Table Supplementary 2). We conducted an analysis of the expression of three OSRG clusters in each sample using transcriptome data
from TCGA and ICGC databases (Fig. 1E). Fig. 1F and Fig. S3 depict the three groups from both three-dimensional (3D) and planar
viewpoints. Significant disparities in survival analysis were observed when the data was divided into three groups. Group B showed the
most pronounced disadvantage in terms of survival (Fig. 1G). The study proceeded to examine the expression levels of OSRG between
BC tumor tissues and normal tissues. The results indicated that the majority of OSRG expression differences were statistically sig-
nificant (Fig. 1H). The aforementioned data indicates that the dysregulation of OSRG expression in BC tissues may have a significant
impact on the advancement of BC.

3.2. Genes’ expression and TME cell infiltration characteristics in distinct OSRG clusters

The researchers employed the GSVA enrichment analysis to evaluate the enrichment routes of the three clusters. Pairwise com-
parisons revealed that the difference between the enrichment pathways of Cluster-A and Cluster-B was the most significant (Fig. 2A).
Cluster-B shown a notable propensity for pathways linked to cell cycle and genetic material modification, including cell cycle, ho-
mologous recombination, RNA degradation, mismatch repair, and nucleotide excision repair. Conversely, Cluster-A revealed a con-
trasting pattern (Fig. 2A).
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Fig. 2. Genes’ expression and TME cell infiltration characteristics in distinct OSRG clusters. (A-C) GSVA enrichment analysis of biological
pathways in distinct OSRG clusters (Cluster-A vs Cluster-B, Cluster-A vs Cluster-C, Cluster-B vs Cluster-C). (D) Co-expression relationship between
OSRG. (E) The expression of OSRG in 3 gene clusters. (F) Immune cell difference infiltration among 3 distinct gene clusters. ns represents no
s‘tatistics differences, * represent P < 0.05, ** represent P < 0.01, *** represent P < 0.001.

There were additional differences in enrichment pathways detected between Cluster-A and Cluster-C, as well as between Cluster-C
and Cluster-B, but these differences were less pronounced (Fig. 2B and C). Fig. 2D illustrates the co-expression connections observed
among OSRG genes. Genes in the three clusters exhibited consistent variations in expression levels among the groups (Fig. 2E). Using R
“CIBERSORT” to calculate the proportions of immune cell types in the BC samples, analysis the immune cells in OSRG infiltrating
differences between three OSRG groups (Table Supplementary 3). The infiltration of innate immune cells, such as T cells, dendritic
cells, B cells, natural killer cells, eosinophils, and MDSC, was shown to be more numerous in Cluster-A and Cluster-C. The observed
immune infiltration demonstrated a comparable survival benefit (Fig. 2F).

3.3. Reconstruction of OSRG clusters based on DEGs

To further optimize the typing of tumor clusters and reduce noise and redundancy, and to further reveal the biological charac-
teristics of breast cancer related to different OSRG phenotypes, We obtained 1170 DEGs (Fig. S4, Table Supplementary 4) and then
selected 395 genes (Table Supplementary 5) that were significantly different in all three clusters A, B, and C for more accurate
analysis. Unsupervised clustering was performed on TCGA and ICGC database cohorts comprising 1190 BC samples, revealing three
distinct OSRG expression patterns denoted as OSRG-DEG clusters A, B, and C (Fig. 3A). This clustering approach was determined to be
optimal using the ConsesusCluster Plus package (Fig. S5). PCA analysis showed that the clustering based on DEGs could more
effectively distinguish OSRG (Fig. 3B, Fig. S6). The results of the survival analysis revealed that OSRG-DEG cluster A demonstrated the
lowest overall survival rate (Fig. 3C). The functional enrichment analysis conducted using DAVID demonstrated that DEGs exhibited
considerable enrichment in pathways linked to immunological activation and components involved with the cell membrane (Fig. 3D
and E). Fig. 3F illustrates the differential gene expression profiles of OSRG within the three OSRG-DEG clusters. Afterwards, the
presence of 23 different types of immune cells in the three OSRG-DEG clusters was evaluated. OSRG-DEG cluster C showed the
infiltration of innate immune cells and activation of the stroma, while OSRG-DEG cluster A exhibited characteristics of immuno-
suppression (Fig. 3G).

3.4. Generation of OSRG score

PCA was utilized to compute the OSRG score. The alluvial diagram depicts the gene modules of the two clusters mentioned above,
as well as the distribution of patients with high and low OSRG scores (Fig. 4A). The high and low OSRG scores were distinguished
according to the optimal cutoff value (best cut-off value = 8.552051). The particular OSRG scores for each sample are provided in
Table Supplementary 6. The OSRG score was used to stratify the TCGA and ICGC cohorts. The survival analysis revealed a significant
correlation between a high OSRG score and a poorer prognosis, while a low OSRG score was associated with a good outcome (Fig. 4B).
Fig. 4C presents a heat map that illustrates the predominant topography of immunological interactions inside the TME in BC. 160 DEGs
were found in both high and low OSRG scores (Fig. 4D, Table Supplementary 7). Significant differences in OSRG scores were seen
among OSRG clusters and OSRG-DEG clusters, as indicated by the results of the Kruskal-Wallis test (Fig. 4E and F). We performed a
randomized internal validation to verify the stability of this OSRG score (Figs. S7 and S8).

3.5. Validation of OSRG score and its role in TMB

GSEA analysis revealed that pathways enriched in the high OSRG score group included oxidative phosphorylation and DNA repair,
while the low OSRG score group showed enrichment in P53, Wnt-fcatenin signaling, and inflammatory response pathways (Fig. 5A).
Furthermore, a comparison between survival and death cases demonstrated significantly lower OSRG scores in survival cases (Fig. 5B);
however, the OSRG score did not exhibit clear discriminatory ability between tumor grades (Fig. 5C).

Furthermore, a correlation analysis was performed to examine the relationship between 13 immunological examination sites and
the OSRG score. The results showed that all genes associated to immune checkpoints showed considerable overexpression in the group
with a high OSRG score (Fig. 5D). The aforementioned research provides a fundamental basis for prospective clinical applications in
the field of immunotherapy. The TCGA-BRCA cohort further examined the impact of TMB on individual responses to cancer immu-
notherapy (Table Supplementary 8). The patients were divided into two groups based on their TMB levels: high and low. Survival
analysis revealed that high TMB was linked to worse outcomes (Fig. 5E). Fig. 5F and G demonstrate a notable positive association
between the OSRG score and TMB.

The possible synergistic impact of the OSRG score and TMB level on the prognosis of BC was further evaluated. The stratified
survival analysis showed that the high OSRG score and high TMB group had the worst survival results, whereas the low OSRG score and
low TMB group had the opposite outcome (Fig. 5SH). The integration of the OSRG score and TMB level has the potential to provide
improved prediction accuracy for BC prognosis. Finally, the maftools software program was employed to analyze the proportion of
somatic variations among the high and low OSRG score groups in the TCGA-BRCA cohort. Fig. ST and J (Fig. S9) illustrate the mutation
distribution profiles of the top 20 driver genes exhibiting the highest mutation frequencies.
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Fig. 3. Reconstruction of OSRG clusters based on DEGs in BC samples. (A) The heatmap of the distribution of 1170 DEGs among 3 OSRG-DEG
clusters. (B) PCA of 3 OSRG-DEG clusters. (C) K-M curves was executed to explore OS rate of 2 gene clusters in BC (log-rank test P < 0.05). (D) The
GO analysis of DEGs. (E) The KEGG analysis of DEGs. (F) The expression of OSRG in 3 OSRG-DEG clusters. (G) Immune cell difference infiltration
among 3 distinct gene clusters. ns represents no statistics differences, * represent P < 0.05, ** represent P < 0.01, *** represent P < 0.001.
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Fig. 5. Validation of OSRG score and its role in TMB in BC. (A) GSEA analysis of enriched pathways with high OSG score and low OSG score. (B)
Analysis of differences in OSRG score in survival and death cases. (C) Differential analysis of OSRG score in tumor staging. (D) The correlation
between OSRG score and immune check points in BC. (E) K-M plot analysis was executed to reveal the prognosis of TMB pattern (P = 0.002). (F)
Correlation between OSRG score and TMB. (G) Correlation between OSRG-DEG clusters and TMB. (H) K-M plot analysis was executed to reveal the
prognosis of OSRG score and TMB pattern (P < 0.001). (I-J) The mutation characteristics of top 20 genes in BC with high OSRG score (I) and OSRG

score (J). *** represent P < 0.001.
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Fig. 6. The correlation between OSRG score and clinical characteristics of BC. (A) The OSRG score of BC patients with different ages. (B) OSRG
score in patients with different tumor (T) sizes. (C) OSRG score in patients with different Node-metastasis (N) stages. (D) OSRG score in patients with
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IPS-CTLA4-pos-PD1-neg group (I).
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3.6. The association between OSRG score and clinical characteristics in BC

Next, we investigated the OSRG scores among different subgroups based on TCGA-BRCA clinical data such as gender and tumor
stage. The analysis revealed higher OSRG scores in older patients (Fig. 6A). Interestingly, the OSRG score did not exhibit significant
differentiation across tumor size, lymph node metastasis, and stage (Fig. 6B-D). Patients who had been clinically treated with
radiotherapy had lower OSRG scores (Fig. 6E), and the OSRG score was significantly correlated with tumor metastasis (Fig. 6F).
Subsequently, an analysis was conducted on BC patients who underwent PD-L1 and CLTA4 immunotherapy, revealing that the low
CRG score group exhibited heightened sensitivity to immunotherapy (Fig. 6G-I). The OSRG score appears to be intricately linked to the
efficacy of clinical immunotherapy in BC patients.

Utilizing the R “rms” package, a nomogram was developed to assess the prognostic significance of the OSRG score in BC. Individual
scores were assigned to tumor margin, OSRG score, patient age, tumor stage, and other parameters. The individual score denotes the
corresponding value of each factor within distinct ranges, while the total score signifies the cumulative sum of all individual scores.
This total score serves as a predictive indicator for the prognosis of BC patients at 1, 3, and 5 years (Fig. 7A). The calibration plot
validates the robust predictive efficacy of the developed nomogram (Fig. 7B). The predictive utility of the OSRG score in BC patients
was demonstrated by evaluating its predictive advantage using ROC curves (Fig. S10).

4. Discussion

BC comprises 30 % of all female cancers and remains one of the most prevalent malignant tumors, with its incidence on the rise over
the past decade [18]. Therefore, the development of a tool to aid in the clinical diagnosis and treatment strategy of BC holds significant
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importance.

ROS are generated by the mitochondrial respiratory chain [19], and an overabundance of ROS has been associated with the
development and advancement of several malignant tumors, such as BC [20-23]. The metabolic phenotype of tumor cells is signifi-
cantly influenced by ROS, which also play a crucial role in regulating tumor growth in a manner that is dependent on the dosage. In the
initial phases of tumor formation, minimal quantities of ROS can engage in tumor cell communication and promote tumor cell pro-
liferation, growth, invasion, and metastasis. Nevertheless, during the advanced phases of tumor progression, the accumulation of
elevated amounts of ROS within cancerous cells can result in cell cycle arrest or even cell death. This can be attributed to the increased
nutritional demands and metabolic disturbances associated with aberrant proliferation [24,25]. It can be inferred that OS plays a
pivotal role in the development and advancement of tumors. Hence, it is crucial to possess a thorough comprehension of the interaction
between OSRG and various aspects of malignancies in order to guide clinical approaches for tumor detection and treatment. Never-
theless, there is a dearth of models available to forecast the progression of BC patients and provide guidance for appropriate treatment
approaches through the creation of OSRG prediction signals.

This study aimed to construct an OSRG model for the purpose of predicting its function in BC. A total of 29 OSRGs were selected for
further research based on the examination of the GSEA database. Notable disparities in the expression of the majority of OSRG were
detected between BC and normal tissues, suggesting a strong correlation between OSRG and BC. The survival of BC patients was found
to be influenced by both the OSRG cluster and the OSRG-DEG cluster. We developed a PCA-based OSRG scoring system to methodically
assess the significance of OSRG in BC. Survival analysis revealed a significant association between low OSRG score and better prognosis
in BC. The examination of the relationship between 13 immune checkpoint sites and OSRG score revealed a notable increase in the
expression of all genes connected to immune checkpoints in the group with a high OSRG score. This finding serves as a foundation for
clinical immunotherapy in BC. A nomogram was constructed in order to assess the prognostic significance of the OSRG score in BC, and
the examination of calibration plots provided evidence of its predictive effectiveness.

A multifaceted interaction between BC and the immune system has been observed [26]. BC is composed of tumor cells and the TME,
which encompasses immune cells, endothelial cells, and stromal cells that engage in mutual interactions [27]. The immunological
microenvironment of BC has several components such as lymphocytes, macrophages, natural killer (NK) cells, dendritic cells (DC),
myeloid-derived suppressor cells (MDSC), and other variables that mediate the immune response [28]. Cells and immunological
factors play a crucial role in expediting the progression of BC by inducing persistent inflammation, hence exerting a substantial impact
on the malignant biological processes of cancer cells [29,30]. Improved overall survival and disease-free survival in BC have been
found to be associated with higher levels of CD8" tumor-infiltrating lymphocytes (TIL) and activated NK cells [31,32]. Conversely, the
presence of higher regulatory T cells (Treg) infiltration has been linked to lower survival outcomes [33]. The immune system has a
crucial role in influencing the advancement of tumors, the response to treatment, and the prognosis of patients. It has the capacity to
significantly alter the diagnosis, prognosis, and treatment of BC [34].

Elevated ROS in TME is one of the characteristics of chronic inflammation, and the dynamic changes of this OS mediator form
crosstalk with the changes of TIL, thereby affecting the immune response results of BC, and then affecting the occurrence and
development of BC [35,36]. Our analysis confirmed the association between OSRG and immune cell infiltration in BC, highlighting the
significance of both OSRG and OSRG-DEG in the immune landscape of BC. Further investigation of the OSRG score in the TME of BC
showed that high OSRG score corresponded to high expression of all selected important immune checkpoint related genes, under-
scoring the pivotal role of OS in modulating immune cell infiltration in BC.

The modulation of immune responses is facilitated by immunological checkpoints, which are surface receptors found on immune
cells, which can either activate or inhibit these responses [37]. Inmunotherapy represented by immune checkpoint inhibitors (CI) has
a good therapeutic prospect. The significance of programmed cell death protein 1 (PD-1) and cytotoxic T-lymphocyte-associated
antigen 4 (CTLA-4) as crucial targets in BC has been widely investigated [38]. Nevertheless, despite the progressive implementation of
CI therapy in the therapeutic management of BC, its effectiveness varies among patients [39]. Therefore, identifying predictive
markers for BC patient response to immunotherapy is essential for further advancements in this field. The findings of our study indicate
that BC patients with a higher OSRG score exhibited reduced responsiveness to PD-1 and CTLA-4 in comparison to those with lower
OSRG scores. This suggests that the OSRG score has the potential to be a useful predictor of immunotherapy outcomes.

However, our study has certain limitations. Firstly, relying on a single data source may introduce bias, necessitating external
validation from other datasets to assess the generalizability of the OSRG score. Secondly, the precise mechanisms through which these
OSRGs operate in BC require further investigation. Moreover, future research should delve into the specificity of OS and immune cell
infiltration in BC to better elucidate the role of OSRG in the TME. Despite these limitations, our developed OSRG signature model
effectively predicts BC prognosis and can inform clinical decision-making. A comprehensive analysis of diverse OS patterns in BC will
enhance our understanding of immune cell infiltration in TME and facilitate the development of more targeted immunotherapy
strategies.
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