Identification of c-SRC as an early factor in stepwise Lenvatinib resistance
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Introduction. Lenvatinib is a standard systemic therapy for advanced hepatocellular carcinoma (HCC), but many patients develop resistance within one year. Activation of pathways such as PI3K/AKT has been implicated, yet effective strategies to overcome resistance remain lacking. In our previous study, inhibition of c-SRC partially restored lenvatinib sensitivity in highly resistant HCC cells established by continuous 40 µmol/L exposure. Because the restoration was only partial, we inferred that additional factors, beyond c-SRC, contribute to resistance acquisition. However, how multiple factors drive resistance and how their roles change over time remain unclear. 
Aims. This study aimed to clarify how multiple factors contribute to the acquisition of lenvatinib resistance, with a focus on their temporal roles and the early contribution of c-SRC.
Methods. JHH-7 HCC cells were exposed to increasing concentrations of lenvatinib (0.5–40 µmol/L) to establish stepwise resistant sublines. Each subline was designated by its final exposure level (e.g., LR4 = 4 µmol/L). Gene expression changes were analyzed by strand-specific RNA sequencing with KEGG pathway analysis on LR4 and LR40. Expression of c-SRC was quantified by qPCR. The effect of dasatinib, a c-SRC inhibitor, in combination with lenvatinib was evaluated across different resistance stages.
Results. IC50 values increased stepwise across resistant sublines. Transcriptomic analysis revealed activation of the focal adhesion pathway in early resistant cells (LR4), characterized by marked upregulation of c-SRC. In contrast, late-stage resistant cells (LR40) showed predominant PI3K/AKT signaling. qPCR confirmed that c-SRC expression increased from the early stage and plateaued with further progression. Functionally, dasatinib restored lenvatinib sensitivity to near-parental levels up to LR20, but only partial recovery was observed in LR40.
Discussion. Acquisition of lenvatinib resistance in HCC occurs stepwise. In the early phase, the result that dasatinib restored sensitivity of resistant sublines to near-parental levels indicates that c-SRC–mediated activation of focal adhesion signaling plays a central role. On the other hand, in the late phase, the PI3K/AKT pathway, being a known resistance factor, plays a crucial role. These findings demonstrate that lenvatinib resistance is controlled by multiple pathways in a temporal manner and provide a basis for stage-specific therapeutic strategies.
