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Recent research has shown that the sphingolipid ceramide, in addition to its role as a structural component of cell membranes, plays important roles as a regulator of signal transduction in cell differentiation, cell proliferation, and apoptosis. We examined the role of endogenous ceramide in the inhibition of telomerase and induction of morphologic differentiation in response to ATRA in the SK-N-SH and SK-N-AS human neuroblastoma cell lines. The results showed that ATRA inhibited the activity of telomerase significantly in a time- and dose-dependent manner. Treatment of cells with ATRA also resulted in the inhibition of growth by about 30-70% after 4 and 8 days of treatment.  ESI/MS/MS analysis of accumulation of endogenous ceramide showed that treatment of cells with ATRA resulted in increased levels of mainly C24:0 and C24:1 ceramides. Also, treatment of cells with ATRA in the presence of myriocin significantly blocked the accumulation of ceramide, and more importantly myriocin partially prevented the inhibition of telomerase. Mechanistically, inhibition of telomerase by endogenous ceramide in response to ATRA treatment involves, at least in part, down-regulation of the expression of telomerase reverse transcriptase (hTERT) mRNA, as determined by semi-quantitative RT-PCR. In addition, the modulation of telomerase activity by ATRA correlated with the induction of morphologic differentiation, which was also blocked by myriocin. Electrophoretic mobility shift assays demonstrated significantly decreased DNA binding activity of Myc-Max complexes in response to ATRA treatment. This effect was also blocked by myriocin.  These results, therefore, reveal an important effect of ATRA on telomerase inhibition, MYCN activity, and induction of morphologic differentiation in human neuroblastoma cells. These data also demonstrate that endogenous ceramide is one of the upstream regulators of telomerase activity in human neuroblastoma cells in response to ATRA.
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