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LOSS-OF-FUNCTION OF Kv7.1 LEADS TO METABOLIC DYSFUNCTION THROUGH AGE-DEPENDENT PANCREATIC BETA-CELL DECLINE
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Introduction
KCNQ1 is a type 2 diabetes (T2D) susceptibility gene, although the mechanistic link remains unclear. People with Long QT Syndrome 1, carrying loss-of-function (LoF) mutations in KCNQ1, paradoxically present with hyperinsulinemia and an increased burden of T2D. We previously developed a mouse model with a clinically-identified Kcnq1 LoF mutation, which transitioned from initial hyperinsulinemia to age-dependent hypoinsulinemia, possibly explaining the increased T2D risk. We hypothesized that Kcnq1 LoF increases the susceptibility to β-cell decline in response to stressors such as aging and metabolic stress and aimed to investigate the underlying mechanisms.
Methods
Mice with Kcnq1 LoF and littermate controls were aged (>70 weeks) or received a high-fat-high-sucrose diet. Glucose homeostasis and β-cell function were assessed using in vivo blood glucose measurements, ex vivo pancreatic islet insulin secretion assays, whole-islet live Ca2+ imaging, and whole-cell patch clamp and Total Internal Reflection Fluorescence (TIRF) microscopy in dispersed β-cells. Additionally, published oral glucose tolerance test data in people with KCNQ1 LoF were reanalysed to investigate age-dependency of insulin secretion in humans. 
Results
The initial insulin-hypersecretory phenotype in pancreatic islets from mice with Kcnq1 LoF is accompanied by increased glucose-induced Ca2+ influx, in line with reduced repolarization. However, age and metabolic stress result in β-cell dysfunction and diminished insulin secretion. On a high-fat-high-sucrose diet, wild-type mice preserve blood glucose homeostasis (p=0.55) with a 69±12% increase in insulin secretion 


[bookmark: OLE_LINK14]compared to a control diet, while in Kcnq1 LoF mice, blood glucose increases (p=0.0003) with a 15±9% reduction in insulin secretion (p=0.001 LoF vs WT). Interestingly, endoplasmic reticulum stress is not involved in this transition to hypoinsulinemia. The dysfunction in Kcnq1 LoF β-cells is characterized by impaired glucose-induced insulin secretion (p=0.0099), reduced exocytosis (p=0.0063), reduced glucose-induced Ca2+ influx (p=0.0002), and reduced insulin secretion in response to the KATP channel blocker tolbutamide (p=0.0378), despite comparable insulin granule count, intact responses to high K+ in exocytosis and Ca2+ influx, intact Na+ current and increased Ca2+ current. Together this indicates impairment of the KATP‑dependent trigger for insulin secretion in aged Kcnq1 LoF islets. Oral glucose tolerance test data in people with KCNQ1 LoF were reanalysed and suggest an accelerated age-dependent decline in insulin secretion occurs in humans too. 
Conclusions
These findings imply that KCNQ1 LoF reduces β-cell resilience to ageing and metabolic stress, leading to β-cell dysfunction and insufficient insulin secretion, providing a possible mechanistic explanation for the elevated T2D risk.
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