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ABSTRACT
Introduction. Lapatinib resistance in HER2+ breast cancer is driven by alternative pathways like PI3K/Akt, and borneol shows potential to overcome this by modulating these pathways and enhancing therapy effectiveness. 
Aims. This study aimed to explore the mechanisms of borneol as a sensitizer compound of lapatinib therapy in lapatinib-resistant HCC1954 cells (LR-HCC1954) through an integrated in vitro and bioinformatics approach. 
Methods. MTT cytotoxicity assay was performed to determine cell viability and IC₅₀ values, followed by analysis of the combination effect using the Chou–Talalay method. Cell cycle and gene expression analyses were performed using flow cytometry and RT-qPCR. In addition, bioinformatics data were explored from public databases to identify the potential target genes of borneol (PTGBs) and their involvement in lapatinib resistance. 
Results. The results showed that borneol (0.25 µM) synergistically (CI = 0.0062) enhanced the cytotoxic effect of lapatinib (25 µM) and induced cell cycle arrest in the S and G2/M phases, also increased the expression of pro-apoptotic genes BAX and CASP8. 
Discussion. A total of 10 PTGBs, including PTPRC, ICAM1, GSK3B, and PTGS2, were identified and involved in important pathways such as PI3K/Akt and Wnt. Validation of expression and clinical correlation through GEPIA, HPA, ROC Plotter, KMplot, and TIMER confirmed the molecular and clinical significance of PTGBs, specifically targeting cell proliferation and immune modulation. In addition, molecular docking showed that borneol interacted with COX2, CXCR4, GSK-3β, and BTK. These findings support the potential of borneol in increasing the sensitivity of lapatinib therapy through regulating proliferation and modulating the immune microenvironment.
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