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Supplementary Figure 1 Expression of Feature Genes in TCGA dataset.
Boxplots display feature gene expressions in TCGA-train (A), TCGA-test (B) and TCGA-all (C) dataset, respectively. All datasets underwent PCA and tSNE analyses, effectively differentiating cancer from normal breast tissues.
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Supplementary Figure 2 Diagnostic Models' Performance Across Six Machine Learning Algorithms on Internal Datasets.
(A) Confusion matrices for six machine learning algorithms on TCGA-test and TCGA-all datasets. ROC curves (B) and PR-RPC curves (C) of different models. Mean absolute SHAP values and detailed SHAP values of feature genes in TCGA-test (D) and TCGA-all (E).
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Supplementary Figure 3 CNA Analysis of The Feature Genes in TCGA-BRCA Dataset.
(A) The “OncoPrint” and (B) “Cancer Types Summary” schematics of alterations in the feature genes. Overall survival (C) and disease-free (D) survival analysis of the altered and unaltered groups.
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Supplementary Figure 4 CNA Analysis of The Feature Genes in METABRIC Dataset.
(A) The “OncoPrint” and (B) “Cancer Types Summary” schematics of alterations in the feature genes. Overall survival (C) and disease-free (D) survival analysis of the altered and unaltered groups.
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Supplementary Figure 5 Major Subpopulations of Breast Samples and Expression of Selected Genes at Single-Cell Resolution.
In the initial dimensional reduction and clustering process, all types of breast samples were categorized into three subtypes: epithelial cells (EPCAM+), immune cells (PTPRC+), and stromal cells. UMAP plots also show the expression patterns of the feature genes in different breast samples. (A) Normal breast samples. (B) Luminal breast cancer samples. (C) Her2+ breast cancer samples. (D) Triple negative breast cancer samples.
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Supplementary Figure 6 Drug Sensitivity Prediction Based on Treatment Clusters.
(A) Volcano plots illustrate the top differential sensitive drugs across different treatment clusters of Luminal CAFs. (B) UMAP plots show the top differential sensitive drug for each treatment cluster in Luminal CAFs. (C) Volcano plots show the top differential sensitive drugs across different treatment clusters of non-Luminal CAFs. (D) UMAP plots show the top differential sensitive drug for each treatment cluster in non-Luminal CAFs. 
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Supplementary Figure 7 Expression Patterns of FXYD1 and SULF1 by IHC in Diverse Breast Tissue Samples.
(A) The expression of FXYD1 in myoepithelial cells. (B) The expression of FXYD1 in fibroblasts. (C) The expression of SULF1 in fibroblasts. (D) The relationship between SULF1 and different clinicopathological characteristics, including tissue type, age, T stage, N stage, ER status, PR status, and Her2 status. 
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Supplementary Figure 8 Expressions of FXYD1 and SULF1 by IHC in Fibroadenoma Samples.
(A) The expression of FXYD1 in fibroadenoma samples. The expression of FXYD1 is observed in myoepithelial cells and fibroblasts. (B) The expression of SULF1 in fibroadenoma samples. A minority of fibroblasts exhibit visible expression of SULF1.
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Supplementary Figure 9 FXYD1 and SULF1 Expression Variations Across Breast Pathological Stages.
This figure shows two consecutive pathological slides, each encompassing normal breast tissue, carcinoma in situ, and invasive carcinoma. These slides offer a clear perspective into the dynamic variations in the expression patterns of FXYD1 (A) and SULF1 (B) as they traverse the distinct pathological stages.








Supplementary Figure 10 IHC Staining of TNXB in Diverse Breast Tissue Samples.
The IHC staining results of TNXB exhibit no significant difference among normal breast tissue (A), fibroadenoma (B), and invasive carcinoma (C).
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