Loss of anti-apoptotic Bcl-xL or Bcl-2 enhances beta-cell glucose signalling
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In many cell types, including pancreatic beta-cells, Bcl-2 and Bcl-xL have been demonstrated to preserve mitochondrial integrity and suppress apoptosis under a variety of cellular stress conditions. Whether these important pro-survival proteins also partake in the regulation of normal beta-cell physiology in vivo or in vitro is not known. In this study we used a combination of genetic and pharmacological loss-of function approaches to test the hypothesis that Bcl-2 and Bcl-xL impact beta-cell energy metabolism, calcium homeostasis and insulin secretion.
We generated mice in which Bcl-x was conditionally deleted in adult beta-cells by tamoxifen-injecting of Bcl-xflox/flox;Pdx1-CreER (Bcl-x KO) and littermate Bcl-xflox/flox (Bcl-x WT) control mice. The near complete loss of Bcl-xL expression and protein in islets from these inducible Bcl-x KO mice was confirmed by quantitative real-time PCR and western blot. Loss of islet Bcl-x resulted in a moderate improvement of glucose tolerance in 10-12 week old mice within days of tamoxifen administration. The cellular ATP-to-ADP ratio of Bcl-x KO islet cells was markedly increased in the presence of both basal and stimulatory glucose. Moreover, cytosolic calcium responses were significantly enhanced in glucose-stimulated islets and dispersed beta-cells from Bcl-x KO mice. Similar augmentation of glucose-induced calcium responses was seen in beta-cells from Bcl-2 knockout mice, relative to their heterozygous and wild-type littermates. Small molecule antagonists were used to assess the impact of acute Bcl-2/Bcl-xL inhibition on beta-cell physiology. In accordance with the findings from Bcl-2 and Bcl-x knockout cells, acute treatment of normal mouse and human islet cells with Bcl-2/Bcl-xL antagonists enhanced basal glucose-dependent respiration and induced mitochondrial calcium fluctuations within minutes. This raised ATP/ADP and triggered KATP channel- and voltage-dependent calcium influx and insulin secretion.
Our findings demonstrate that anti-apoptotic Bcl proteins exert a tonic suppression of beta-cell metabolic signalling and thus work at the interface of beta-cell survival and physiology. Further study of these survival-regulating proteins and the molecular mechanisms of their metabolic functions may help identify factors to preserve the functional beta-cell mass required to maintain glucose homeostasis.
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