Insulin signaling regulates bioenergetics in podocytes
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Diabetic nephropathy (DN) is the leading cause of end stage renal disease in the western world and a major global issue. Our group are particularly interested in the role that insulin signalling in the podocyte in this condition, as we have previously shown this is essential for glomerular function.
Mitochondria regulate many cellular processes including cell death through apoptosis, and are essential for cellular energy production. There is good evidence that insulin signalling can regulate mitochondrial energy production and survival in several cell types, suggesting that the function of these organelles in podocytes may be an important factor for the health of these cells in diabetic environments and important in the progression of DN. 
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Supporting this hypothesis, recent studies in neurons and hepatocytes have described a direct interplay of the insulin signalling pathway with mitochondrial bioenergetics through PI3K/AKT signalling. This occurs downstream of diabetes-related cellular assaults including hyperglycaemia and hyperinsulinaemia. It has also previously been established that conditionally immortalised podocytes rely on the mitochondrial respiration chain/OXPHOS for at least half of their bioenergetic needs and that the combined use of mitochondrial respiration and anaerobic glycolysis for ATP production allows crucial compensation mechanisms in these cells. However, understanding the effect of the diabetic environment and reduced insulin signalling on mitochondrial functions and health in these cells, remains important to elucidate. This knowledge could help rescue these terminally differentiated and non-renewable cells and their function in the glomerular filtration barrier.

To study changes in mitochondrial functions in podocytes we first induced insulin resistance in conditionally immortalised mouse and human podocytes with chronic exposure to diabetic conditions (hyperglycaemia, hyperinsulinaemia, elevated free fatty acids and pro-inflammatory cytokines). We dissected the basal and spare capacity of cells for ATP production by mitochondrial respiration and glycolysis, using ATP bioluminescence assays with inhibitors of each pathway and Seahorse technology. We also characterised the mitochondrial network (total amount of mitochondria and membrane potential) using a combination of antibodies and mitochondrial dyes. 
Interestingly, our data correlate with observations in other cell types that chronic exposure to insulin alone increased ATP production, whereas exposure to other important elements of the diabetic media individually mildly reduced ATP production. To engineer increased insulin-sensitivity, we developed a podocyte cell line stably knocked down for phosphatase and tensin homologue deleted chromosome 10 (PTEN) which essentially activates the PI3K pathway. Interestingly, the mitochondrial network was 20% larger in these podocytes and both their basal and spare mitochondrial respiration levels were doubled compared to wild type (WT) cells. They also had an increased glycolytic capacity, suggesting an increased bioenergetic potential. Exposing PTEN KD and WT podocytes to diabetic media revealed that only PTEN KD cells were able to further increase their mitochondrial respiration, but this was mostly uncoupled from ATP production.

These differences suggest that the PI3K/Akt pathway plays an important role in the effect of insulin signalling and resistance on podocytes bioenergetics, but it may be a fine balance between increased capacity and possible sensitization of mitochondria to malfunction. Further work in determining the exact role of mitochondria at the interface of insulin resistance and podocyte death should shed light on how we may target these organelles, to prevent podocyte loss and proteinuria.
