A novel Drp1 inhibitor to protect against anthracycline-induced cardiotoxicity.
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Introduction. Doxorubicin is an effective chemotherapy drug but may cause doxorubicin-induced cardiotoxicity through mitochondrial dysfunction. Increased dynamin-related protein 1 (Drp1)-mediated mitochondrial fission has been observed in both doxorubicin-induced cardiotoxicity and cancer cells, giving them a survival advantage. Our lab has discovered a small molecule called OB37, a novel Drp1 inhibitor that inhibits the GTPase activity of human Drp1. 
Aims. To investigate whether OB37 has the potential to induce cancer cell death and protect the heart from doxorubicin-induced cardiotoxicity. 
Methods. The anti-cancer effects of doxorubicin (0.05 µM) +/- OB37 (50 µM) for 2 days were assessed in 2D and 3D culture of MG63 osteosarcoma cells by CellTiter-Glo (cell viability). Mechanistic studies include MitoSOX (mitochondrial superoxide), TMRM (mitochondrial membrane potential), H2A.X (DNA damage) assays. The cardioprotective effects of OB37 (5-50 µM) against doxorubicin-induced toxicity (0.5 µM for 2 days) was assessed in 3D cardiomyocyte spheroids derived from human induced pluripotent stem cells using lactate dehydrogenase (cell death) assay.

Results. In the 2D MG63 cells, OB37 significantly increased cell death and synergised with doxorubicin to enhance cell death (n=9, P<0.01). Mechanistically, doxorubicin, but not OB37, significantly increased mitochondrial superoxide production, mitochondrial hyperpolarisation and DNA damage. In 3D MG63 spheroids, OB37 significantly reduced MG63 cancer spheroid cell viability (n=9, P<0.0001), but did not show a synergistic effect with doxorubicin. This decrease in cancer cell viability was accompanied by increased mitochondrial superoxide production (n=6, P<0.01) and mitochondrial depolarisation (n=2, P<0.001). In 3D cardiomyocyte spheroid, OB37 significantly protected against doxorubicin-induced cardiotoxicity in a dose-dependent manner by reducing the release of lactate dehydrogenase (n=3, P<0.001).

Discussion. OB37 demonstrated cardioprotective effects against doxorubicin-induced toxicity and exhibited anticancer effects in MG63 osteosarcoma cancer cells. By inhibiting Drp1, OB37 holds potential to advance cancer treatment by enhancing the therapeutic efficacy of doxorubicin while minimising cardiovascular damage.
