Modulation of antioxidant defense mechanisms of pancreatic beta-cells by KATP channels

Pancreatic beta-cells are extremely sensitive to oxidative stress due to their low expression and activity of antioxidant enzymes. Since excessive production of reactive oxygen species (ROS) critically contributes to beta-cell failure during manifestation of type 2 diabetes up-regulation of antioxidant defense mechanisms is an interesting approach to delay diabetes progression. We investigated whether inhibitors of KATP channels modulate antioxidative capacity of pancreatic beta-cells in addition to their well-known insulinotropic effect. The sulfonylureas gliclazide and tolbutamide increased the activity of catalase (Cat) and superoxide dismutase (SOD) in isolated islets. Both drugs protected islet cells from apoptotic cell death evoked by low concentrations of H2O2. Enzyme up-regulation and prevention of ROS-induced apoptosis was dependent on Ca2+-influx via L-type Ca2+ channels and Ca2+ storage in the endoplasmic reticulum, respectively. The beneficial impact on cell viability obtained with sulfonylureas could be mimicked by genetic ablation of KATP channels in SUR1 knockout (SUR1-KO) mice. Moreover, we could show that stimulus-secretion coupling of SUR1-KO beta-cells was protected against oxidative stress. In agreement with pharmacologic inhibition of KATP channels in wildtype beta-cells, SUR1-KO islets displayed significantly elevated activity of Cat, SOD and glutathione peroxidase. Importantly, SUR1-KO mice were more resistant against streptozotocin-induced diabetes. In summary, these data demonstrate that blocking KATP channels counteracts ROS-mediated impairment of beta-cell function and viability thereby providing a strategy to slow down beta-cell failure during diabetes development.

