Supplementary figure legends
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[bookmark: OLE_LINK9]Figure S1. Identification of UCHL1 as a multidrug resistance target in HER2-positive breast cancer. A Drug-sensitivity correlations between UCHL1 expression and multiple TKIs were analyzed using the GSCA database. B UCHL1 protein expression data were retrieved from the Cancer Cell Line Encyclopedia (CCLE) database (MCF-10A: normal mammary epithelial cells; ER⁻PR⁻HER2⁻: SUM-159, MDA-MB-231; HER2+: BT-474, SK-BR-3). C-D Western blotting and qPCR were performed to detect UCHL1 protein and mRNA expression across the indicated cell lines, respectively(n=3). Error bars represent Mean ± SEM. E Cell viability was assessed via the CCK-8 assay in the indicated cell lines (n=3). Error bars represent Mean ± SEM. F Cell viability was measured using the CCK-8 assay in parental SK-BR-3 and SK-BR-3-R cells (n=3). Error bars represent Mean ± SEM. G Colony formation assays were employed to compare pyrotinib sensitivity between SK-BR-3 and SK-BR-3-R cell lines (n=3). Error bars represent Mean ± SEM. *P < 0.05, **P < 0.01, ***P < 0.001.
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Figure S2. UCHL1 confers pyrotinib resistance in HER2-positive breast cancer. A Western blotting was performed to detect UCHL1 protein expression in the indicated cell groups (n=3). Error bars represent Mean ± SEM. B Cell viability was measured using the CCK-8 assay in the indicated cell groups (n=3). Error bars represent Mean ± SEM. C Colony formation assays were utilized to evaluate pyrotinib sensitivity in the indicated cell groups (n=3). Error bars represent Mean ± SEM. **P < 0.01, **P < 0.01, ***P < 0.001.
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Figure S3. UCHL1 promotes pyrotinib resistance by enhancing autophagy and DNA damage repair in HER2-positive breast cancer. Cell viability was evaluated by CCK-8 assay in each group after chloroquine intervention (n=3). Error bars represent Mean ± SEM. ***P < 0.001.
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Figure S4. Rescue experiments confirming that the UCHL1/SLC25A5 axis governs pyrotinib resistance. A CCK-8 assays were performed to assess cell viability under pyrotinib treatment across the indicated groups (n=3). Error bars represent Mean ± SEM. B Colony formation assays were utilized to evaluate cellular sensitivity to pyrotinib in the indicated groups (n=3). Error bars represent Mean ± SEM. C-D Western blotting was conducted to detect the levels of autophagy-associated proteins (Beclin 1, LC3, p62) and DDR-related proteins (TOP2A, MSH2, H2AX, γ-H2AX) in the indicated groups. *P < 0.05, **P < 0.01.
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Figure S5. UCHL1 inhibition sensitizes HER2-positive breast cancer cells to pyrotinib and doxorubicin. Orthotopic breast tumor models were gavaged with 10 mg/kg pyrotinib every three days to investigate UCHL1 axis function in tumor growth (n=5 per group). Error bars represent Mean ± SEM. A Representative tumor images. B Tumor volume growth curves. C Tumor weight quantification. *P < 0.05, **P < 0.01, ***P < 0.001.
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Figure S6. Clinical correlation analysis of SLC25A5 expression in breast cancer cohorts from the TCGA database. A Kaplan-Meier survival curves showing overall survival (OS), recurrence-free survival (RFS), and distant metastasis-free survival (DMFS) stratified by SLC25A5 expression levels (low vs. high) in breast cancer patients. Corresponding hazard ratios (HR) with 95% confidence intervals and log-rank P values are displayed. B Box plot comparing mRNA expression levels of SLC25A5 across normal breast tissues (n=114) and breast cancer specimens at clinical stage I (n=183), stage II (n=615), stage III (n=247), and stage IV (n=20). Error bars represent Mean ± SEM. ***P < 0.001.
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