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Insulin resistance and type 2 diabetes (T2D) have attracted great attention of clinicians and 
biomedical researchers because of the astonishing increase in the prevalence of the diseases. 
Decreases in the function of mitochondria caused by mutation or altered expression of pertinent 
genes are a major contributor to T2D. We showed that respiratory inhibitors or knockdown of genes 
essential for mitochondrial biogenesis could cause overproduction of reactive oxygen species 
(ROS) and insulin insensitivity in adipocytes, myocytes and other cell types. Recent studies indicate 
that alteration of Ca2+ level and Ca2+-dependent pathways appear to modulate the insulin signaling 
cascade, resulting in insulin resistance of pancreatic beta cells and adipocytes. Mitochondria play 
important roles in the regulation and maintenance of intracellular Ca2+ homeostasis and their defects 
may be an etiology factor of insulin resistance and T2D. In a previous study, we observed 
mitochondrial dysfunction and diabetes in mice without or deficient of Cisd2, which is a novel 
mitochondrial iron-sulfur protein. Adipogenic differentiation of mouse embryonic fibroblasts 
(MEFs) deficient of Cisd2 was impaired and insulin sensitivity decreased. We showed that 
mitochondrial biogenesis and respiratory function as well as the structure and function of 
mitochondria-associated ER membranes (MAMs) were defective and Ca2+ homeostasis was 
dysregulated in adipocytes differentiated from the MEFs of Cisd2 knockout mice. Recently, we 
further demonstrated that specific proteins involved in MAMs structure were upregulated and the 
formation of MAMs was increased during adipogenic differentiation of 3T3-L1 preadipocytes. 
Disruption of MAMs by knocking down GRP75, which is responsible for connecting ER and 
mitochondria, led to the impairment of differentiation and ROS accumulation in 3T3-L1 
preadipocytes. Most importantly, the differentiated 3T3-L1 adipocytes with GRP75 knockdown 
displayed inactivation of insulin signaling pathway upon insulin stimulation. Moreover, GRP75 
knockdown impaired thermogenesis and glucose utilization in brown adipocytes, the adipocytes 
with abundant mitochondria that regulate whole-body energy homeostasis. Taken together, our 
findings suggest that MAMs formation is essential for promoting mitochondrial function and 
maintaining a proper redox status to enable the differentiation of preadipocytes and normal 
functioning such as insulin signaling and thermogenesis in mature adipocytes. Based on the above 
observations we suggest that mitochondrial dysfunction and disturbance in Ca2+ homeostasis play a 
role in insulin insensitivity and T2D and that upregulation of mitochondrial function is a key to the 
effective treatment and prevention of the gluco-regulatory diseases. 


