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Flavopiridol induces cell cycle arrest and apoptosis in human neuroblastoma cells. Enhancement by hypoxia and correlation with MYCN inhibition 
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Neuroblastoma is the most common extracranial solid tumor of children which arises from the sympathetic nervous system. Survival rates for neurobastoma patients is low despite intensive therapeutic intervention, and the identification of new effective drugs remains a primary goal. The cyclin-dependent kinase inhibitor, flavopiridol, has demonstrated potent growth inhibitory and cytotoxic activity against various tumor cell types. Our aim was to investigate the effects of flavopiridol on advanced-stage, MYCN-amplified neuroblastoma cells. Moreover, we assessed the modulation of flavopiridol activity by hypoxia, a critical determinant of tumor progression and resistance to therapy. Exposure to flavopiridol resulted in a time- and dose-dependent decrease in the viability of a panel of MYCN-amplified neuroblastoma cell lines. Flavopiridol-treated cells displayed typical apoptotic morphology, and activation of apoptosis was confirmed by DNA fragmentation, TUNEL assay, and flow cytometric determination of DNA content. Cytotoxicity was preceded by DNA synthesis inhibition associated with cell cycle arrest at the G1 and G2 checkpoints, as determined by analysis of BrdU incorporation versus DNA content. Moreover, apoptosis induction was reversed by incubation with the pan-caspase inhibitor, zVAD-fmk and associated with rapid activation of caspase 3 and 2, increase in cytochrome C cytoplasmic content, and downregulation of MYCN mRNA and protein expression. Interestingly, exposure to hypoxia enhanced the extent of apoptosis and flavopiridol effects on cytochrome C, caspase 3, and MYCN. These results indicate that flavopiridol is effective on advanced-stage neuroblastoma in vitro, making this compound a promising candidate for the treatment of this disease.
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