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Gangliosides link fenretinide-induced ceramide to 12-lipoxygenase-dependent apoptosis of neuroblastoma
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Ceramide has been implicated as a common intermediate of many apoptotic pathways. Metabolism of ceramide results in the formation of gangliosides which have been implicated in ROS generation and apoptosis. Fenretinide [N-(4-hydroxyphenyl)retinamide] has been reported to induce apoptosis of neuroblastoma cells via increased levels of intracellular ceramide but the link between ceramide induction and subsequent apoptosis remains unclear. We have shown that fenretinide increases the activity of acidic sphingomyelinase in SH SY 5Y neuroblastoma cells resulting in the hydrolysis of sphingomyelin and ceramide accumulation. Fenretinide increased glucosylceramide synthase activity in these cells and a glucosylceramide synthase inhibitor blocked fenretinide-induced apoptosis. This suggests that ceramide induced in response to fenretinide is subsequently metabolized into glycosylsphingolipids and gangliosides. Fenretinide increased levels of the ganglioside GD3 and knockdown of GD3 synthase by RNA interference blocked the fenretinide-dependent increase in GD3, ROS and apoptosis. The addition of exogenous GD3 to SH-SY5Y neuroblastoma cells induced ROS and apoptosis, which was abrogated by a specific 12-LOX inhibitor. GD2 levels also increased in response to fenretinide, but exogenous GD2 did not induce apoptosis. These results suggest that GD3 is a key signaling intermediate inducing apoptosis in response to fenretinide via the activation of 12-Lipoxygenase. This apoptotic pathway mediated by gangliosides may represent a new target for future drug development. Furthermore, the induction of GD2 suggests that fenretinide might also enhance the response of neuroblastoma to anti-GD2 therapy. 
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