The Fas apoptotic inhibitory protein TOSO acts as a switch for proliferation in human β-cells
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Background and aims: Decreased β-cell mass reflects a shift from quiescence/ proliferation into apoptosis, it plays a crucial role in the pathophysiology of type 1 and type 2 diabetes and limits the outcome of islet transplantation. A major apoptotic pathway which triggers glucose- and autoimmunity- mediated β-cell apoptosis is the activation of the Fas/FasL system. Here we show that switching the Fas pathway using Fas apoptotic inhibitory protein (Faim/ TOSO), which regulates apoptosis upstream of caspase 8, is a promising target to block β-cell apoptosis and to increase proliferation.

Materials and methods: TOSO expression in pancreatic sections was analyzed by immunofluorescence in 8 patients with T2DM and 8 healthy controls. Human isolated islets were exposed to increasing glucose (5.5-33.3 mM) and IL-1β (0.1-5 ng/ml) with and without TOSO down-regulation by siRNA (siTOSO) or β-cell specific TOSO over-expression by RIP-TOSO plasmid transfection. Apoptosis, proliferation and TOSO expression were analyzed. To answer the question if there is a sub-population of β-cells in human islets in culture, which is especially replication-active, we incorporated the thymidine analogs 5-chloro-2-deoxyuridine (CldU) and 5-iodo-2-deoxyuridine (IdU) into cultured β-cells after TOSO transfection and measured cycles of proliferation.

Results: Triple immunostaining for TOSO, insulin and glucagon in pancreatic sections of healthy controls and patients with T2DM revealed that TOSO is clearly expressed in the β-cells and down-regulated in diabetes. We observed a 5.5-fold increase in TOSO by short-term incubation of islets with glucose (12 h), a condition when glucose induced proliferation (1.8-fold increase in Ki67 positive β-cells). In contrast, TOSO was down-regulated to almost undetectable levels after long-term incubation for 72 h, a condition where glucose induced β-cell apoptosis (2.5-fold increased β-cell apoptosis at 33.3 mM compared to 5.5 mM glucose). Previously, we have found that the cytokine IL-1β has a dual role on β-cell turnover; it induces proliferation at low dose and apoptosis at high dose. In line with this finding, low dose IL-1β induced and high dose almost depleted TOSO mRNA expression. These studies lead to the hypothesis that TOSO may regulate a switch between proliferation and apoptosis in the β-cell.
To investigate the physiological role of TOSO, we over-expressed and depleted TOSO in the β-cell. Incubation of human islets with siTOSO for 4 days depleted TOSO expression together with 3.5-fold induction of apoptosis. β-cell apoptosis was 4-fold increased by the cytokine mix IL-1β and IFNγ and 3.5-fold by 33.3 mM glucose, which was prevented by RIP-TOSO over-expression. On day 2 and 4 after RIP-TOSO transfection, we incorporated the thymidine analogs 5-chloro-2-deoxyuridine (CldU) and 5-iodo-2-deoxyuridine (IdU), respectively, into cultured islets. RIP-TOSO resulted in a 3.5-fold induction of proliferation. Only a small percentage (~2%) of the proliferating β-cells were co-labeled for CldU and IdU suggesting a very limited capacity of β-cells to undergo multiple rounds of proliferation.

Conclusion: Our data suggest that TOSO is an important regulator of β-cell turnover and could be an important tool to switch β-cell apoptosis into proliferation and to maintain and generate a sufficient β-cell mass.
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