A novel platinum(IV) prodrug overcoming drug resistance by inducing apoptosis and cuproptosis 
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Introduction. Platinum-based drugs are widely used in cancer treatment due to their ability to bind to DNA and induce DNA damage, thereby disrupting cellular functions and leading to tumor cell death. However, their clinical application is often limited by significant side effects and the development of drug resistance. The development of platinum(IV) prodrugs represents a promising strategy to overcome platinum resistance.
Aims. To design and characterize a novel platinum(IV) prodrug and evaluate its efficacy in overcoming cisplatin resistance and inducing tumor cell death through multiple mechanisms.
Methods. The antitumor activity of platinum(IV) prodrug Pt-DSF in cancer cell lines was assessed by CCK-8 assays. Colony formation assay, wound healing, Annexin V/PI staining, and Western blot were employed to evaluate proliferation, migration, apoptosis, and protein expression. Intracellular platinum accumulation was measured via ICP-MS.
Results. Pt-DSF significantly inhibited cell proliferation, exhibiting a stronger effect than cisplatin. The resistance index (RF) of Pt-DSF (RF = 1.10) was markedly lower than that of cisplatin (RF = 7.19) in A549-resistant cells, indicating high selectivity and potential to overcome cisplatin resistance. ICP-MS analysis revealed greater platinum accumulation in cancer cells treated with Pt-DSF compared to cisplatin. Wound healing assays demonstrated that Pt-DSF more effectively inhibited cell migration in a concentration-dependent manner. Annexin V/PI staining showed that Pt-DSF induced higher rates of early (26.34%) and late apoptosis (24.73%) compared to cisplatin (13.93% and 15.83%), suggesting enhanced cytotoxicity and pro-apoptotic capacity. Western blot analysis indicated upregulation of pro-apoptotic proteins Bax and cyt c, downregulation of anti-apoptotic Bcl2, and reduced expression of cuproptosis-related proteins DLAT, LIAS, and ATP7B, implicating dual apoptotic and cuproptotic mechanisms. In vivo, Pt-DSF significantly suppressed tumor growth while demonstrating lower systemic toxicity than cisplatin.
Discussion. Pt-DSF effectively overcomes cisplatin resistance through enhanced cellular uptake, induction of apoptosis and cuproptosis, and inhibition of drug efflux. This work provides a typical instance of developing platinum drugs with special mechanisms of action to overcome drug resistance.
