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Introduction: The podocyte is a highly specialised epithelial cell with a characteristic branching morphology. Major processes contain microtubules (MTs) and intermediate filaments, while foot processes have a mainly actin based cytoskeleton.  Regulation of podocyte shape by the cytoskeleton is central to podocyte function in development and disease.  In podocyte biology, most attention has focused on the regulation of actin filaments in foot processes whereas little experimental work has addressed the role of the microtubule network.  However, in most cell types, the microtubule cytoskeleton plays an essential role in the control of cell shape, polarity, movement and vesicular transport. 

Aim: To examine the regulation of the microtubule cytoskeleton during podocyte differentiation and process formation in vitro.  

Methods: A well characterised, conditionally-immortalised mouse podocyte cell line was used for these studies (kind gift from Prof. P. Mundel, Mount Sinai Hospital, New York).  Cells were grown on Matrigel™ and allowed to differentiate under non-permissive conditions.  Signalling pathways and the cytoskeleton were studied using standard confocal microscopy and biochemical techniques. 

Results: Cells stained positive for WT-1, nephrin and ZO-1, markers of the differentiated podocyte phenotype. Differentiation was accompanied by the extensive formation of branching processes which contained ordered parallel arrays of microtubules, intermediate filaments, and a cortical actin network.   Initial formation of processes was dependent on a dynamic microtubule network.  However, differentiated cells developed a subset of stabilised microtubules, resistant to nocodazole depolymerisation. GSK3( inactivation, by phosphorylation on serine 9, increased with differentiation and was dependent on PI-3 kinase activity. Stabilisation of microtubules was dependent on GSK3( as early inactivation (day 2), using lithium chloride or insulin, increased levels of stabilised microtubules.   

Conclusion:   This work demonstrates that process formation in differentiating podocytes is dependent on regulation of the microtubule cytoskeleton. A dynamic, unstable MT network is required for process development whereas a stabilised MT network is required for maintenance of these processes. GSK3( inactivation plays a central role in this regulation of the MT cytoskeleton and our ongoing work suggests that microtubule-associated proteins are downstream targets of GSK3(. 


