Impaired hepatic glucose metabolism in mice carrying Na,K-ATPase mutation 
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Introduction. The Na,K-ATPase controls metabolic flexibility and spares respiratory capacity. A hemiplegic migraine-related mutation, G301R, of the Na,K-ATPase α2 isoform is associated with altered cellular metabolism and mitochondrial uncoupling.
Aims. We aimed to test whether the α2+/G301R mice have altered glucose metabolism leading to glucose intolerance.
Methods. Glucose and insulin tolerance tests were performed for 3-month-old and 8-month-old α2+/G301R and wild type (WT) mice of both sexes. Glucose uptake in peripheral tissues was assessed by [18F]-fluordeoxyglucose positron emission tomography/magnetic resonance imaging. Body composition was measured by magnetic resonance scanning. Liver tissue respiration was analyzed with Oroboros respirometry. Protein expression was assessed by proteomics and Western blot analysis. 
Results. Body weight was similar between genotypes for comparison at any sex and age groups, although 3-month-old α2+/G301R males had reduced while 8-month-old α2+/G301R males had increased adipose tissue part in the body composition compared to matched WT mice. The 3-month-old α2+/G301R mice of both sexes had normal glucose tolerance but male α2+/G301R mice showed a reduced insulin tolerance test response. The 8-month-old α2+/G301R mice exhibited glucose intolerance associated with impaired hepatic glucose uptake, while uptake in skeletal muscle was unchanged. Insulin secretion and insulin sensitivity were similar between genotypes. In the liver, 8-month-old α2+/G301R mice showed reduced expression of the Na,K-ATPase and mitochondrial electron transport chain proteins associated with impaired complex I function in α2+/G301R female mice.
Discussion. Mutation of the Na,K-ATPase α2 isoform was associated with impaired mitochondrial respiratory capacity in the liver. Hence, α2+/G301R mice exhibited reduced capacity of ATP-demanding metabolic pathways in the liver, including glycogenesis and gluconeogenesis, resulting in age-dependent glucose intolerance.
