Construction and validation of a prognostic model for breast cancer based on mitochondria-related genes
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Introduction. Breast cancer is a highly prevalent malignant tumor in women, characterized by strong heterogeneity and remarkable prognostic variability. Single-cell RNA sequencing (scRNA-seq) technology provides a powerful tool for dissecting the heterogeneity of cell subsets within the tumor microenvironment. However, existing prognostic models lack validation at the single-cell level, and the functional characterization of core genes remains insufficient. In this study, we employed scRNA-seq to identify key cell subsets and elucidate the underlying molecular mechanisms in breast cancer. A prognostic model was constructed and validated based on differentially expressed genes, followed by analyses of its associations with immune infiltration, drug sensitivity, and signaling pathways. Core prognostic genes were also screened out, which provides novel evidence for prognostic evaluation and individualized treatment of breast cancer. 
Aims. By integrating single-cell RNA sequencing with multi-database analysis, this study explored the prognosis-related mechanisms and therapeutic targets of breast cancer.  
Methods. In this study, we employed scRNA-seq to identify key cell subsets and elucidate the underlying molecular mechanisms in breast cancer. A prognostic model was constructed and validated based on differentially expressed genes, followed by analyses of its associations with immune infiltration, drug sensitivity, and signaling pathways. Core prognostic genes were also screened out, which provides novel evidence for prognostic evaluation and individualized treatment of breast cancer. 
Results. After quality control and subpopulation annotation of cells from 12 breast cancer-related tissue samples, tumor epithelial cells were identified as the key cell subtype, and mitochondria-associated pathways as the core. A prognostic model was constructed, which demonstrated robust predictive performance in both TCGA and GEO datasets. Immune infiltration analysis revealed that the low-risk group exhibited stronger antitumor immune activity, whereas the high-risk group displayed immunosuppressive features. Significant differences in chemotherapeutic drug sensitivity were observed between the two groups, and abnormalities in metabolism- and proliferation-related pathways may contribute to poor prognosis. Core prognostic genes were ultimately screened out. 
Discussion.  The prognostic model established in this study provides a novel tool for the clinical prognostic evaluation of breast cancer, while the identified mechanisms offer potential targets for precision therapy.
