A high-content imaging assay for quantifying mitochondrial function and density in the podocyte
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Introduction: Mitochondrial dysfunction plays a key role in the pathogenesis of kidney disease and particularly, in the development of diabetic nephropathy (1). We are interested in the possibility that podocyte mitochondria may be therapeutically targeted to slow diabetic kidney disease and therefore sought to develop a high content assay for quantifying mitochondrial function in these cells, utilising a 96 well plate format.

Methods: MitoTracker green (MTG) is a fluorescent mitochondrial marker than can be used to quantify total cellular mitochondria whereas the uptake of MitoTracker red (MTR) is dependent on mitochondrial membrane potential, providing a measure for mitochondrial activity. Here, we quantify both using a high content microscopy platform (IN Cell 2200 Analyzer) for automated image acquisition and analysis, and calculate the MTR/MTG ratio to measure normalised mitochondrial activity. In addition to MTR and MTG, conditionally immortalized murine podocytes were acutely treated with Oligomycin (to prevent ATP production), CCCP (to collapse the mitochondrial membrane potential) and/or insulin. Some cells were also pre-treated for 10 days in medium with 100 nM insulin (chronic hyperinsulinemia, CHI) in order to cause insulin resistance (2).

Results: CHI reduced total mitochondria (MTG) but did not influence normalised mitochondrial activity in the basal, Oligomycin or CCCP treatment groups. Acute insulin treatment had no effect on MTG staining but caused a concentration-dependent decrease in normalised mitochondrial activity, indicating a reduction in mitochondrial membrane potential. Interestingly, insulin reduced normalised mitochondrial activity to the same extent as CCCP, implying that insulin maximally stimulated mitochondrial activity. This insulin effect was reduced in Oligomycin-treated cells, implying that it rapidly increases ATP production in podocytes.

Conclusions: We have generated a reliable high content imaging assay that enables detection of chronic effects on total mitochondria as well as acute effects on mitochondrial activity. When compared to the more commonly used Sea-Horse XF analyser (Agilent), our assay has the advantage of individual cell measures which provides the potential for work with mixed cell populations (i.e. for imaging podocytes co-cultured with other renal cell types). 
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