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Abstract:
Statement of the Problem: HER2-positive breast cancer is an aggressive subtype, accounting for 20–25% of all breast cancers, with poor overall survival due to innate and acquired resistance to targeted therapies. Despite advancements in HER2-targeted drugs like trastuzumab, lapatinib, and pertuzumab, resistance remains a significant clinical challenge. MicroRNAs (miRNAs) have emerged as key regulators of drug resistance, yet their role in HER2-positive breast cancer resistance is not fully understood. This study aims to uncover the mechanisms of HER2 drug resistance through miRNA analysis and target identification.
Methodology and Theoretical Orientation: We conducted an integrative bioinformatics approach, analyzing miRNA and mRNA datasets from the GEO database. Differential expression analysis identified 113 differentially expressed miRNAs (DEMs) and 923 target genes. Functional enrichment, protein–protein interaction (PPI) network construction, and survival analysis were performed to validate the findings. Key hub genes such as BCL2, FOS, and CXCR4 were identified, and their clinical relevance was assessed through immunohistochemistry (IHC) and survival analysis.
Findings: The study revealed a complex miRNA-mRNA regulatory network associated with HER2 drug resistance. Key pathways, including the PI3K/AKT and estrogen signaling pathways, were significantly enriched. Survival analysis indicated that high expression of CXCR4 and FOS correlated with improved overall survival in HER2-positive breast cancer patients. IHC results showed increased expression of hub genes in tumor tissues, suggesting their potential role in drug resistance.
Conclusion & Significance: This study provides novel insights into the miRNA-mediated mechanisms of HER2 drug resistance, highlighting potential biomarkers and therapeutic targets. The findings underscore the importance of integrating bioinformatics with experimental validation to develop personalized treatment strategies for HER2-positive breast cancer patients.
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