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A novel role for CD2AP in normal podocyte differentiation
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Background: CD2AP is a multifunctional adaptor molecule, binding other key podocyte proteins within the slit-diaphragm complex. An integral role in glomerular barrier function has been suggested as, both null and heterozygous mutations of CD2AP in mice lead to nephrotic syndrome. CD2AP is also known to bind to WTIP (WT1 interacting protein), a molecule that binds another key podocyte protein WT1 and can shuttle to the nucleus during podocyte injury. We examined phenotypic characteristics of immortalized CD2AP mutant human podocytes derived from a patient with diffuse mesangial sclerosis (DMS) with a putative missense mutation within the CD2AP gene. Mutation analysis of other key podocyte genes WT1, NPHS1 and NPHS2 was negative. In view of phenotypic similarities detected between the CD2AP mutant cell line and those derived from patients with WT1 gene mutations, we asked the question whether WTIP provides the functional link between CD2AP and WTI to confer these similarities in cellular phenotype.
Methods: The cellular phenotype of conditionally immortalized wild-type (WT) and CD2AP mutant podocytes was compared by light microscopy. Immunoflourescence and western blot was then used to examine the expression of characteristic podocyte markers nephrin, podocin, CD2AP, PAX2 WT1 as well as WTIP and mesenchymal markers fibronectin and α-SMA in CD2AP mutant podocytes. To investigate differences in localisation of WTIP further, nuclear and cytoplasmic fractions were isolated from each cell line and nuclear/cytoplasmic expression ratios compared. Human conditionally immortalized mesangial cells were used as additional controls.
Results: In contrast to WT podocytes, CD2AP mutant demonstrated spindle shaped fibroblast like morphology similar to WT1 mutatant podocytes and were unable to form recognizable cell-cell contacts. Although nephrin, CD2AP, podocin and WT1 were expressed at comparable levels in both cell lines, mesenchymal markers fibronectin and α-SMA were significantly overexpressed in CD2AP mutants compared with WT. Western blot and immunoflourescence data showed that PAX-2 was also upregulated in CD2AP mutant cells in keeping with a WT1-related defect. Immunofluorescence staining confirmed that WTIP co-localized at the cell membrane in WT podocytes, whereas in mutant cells WTIP expression was primarily nuclear. This observation was confirmed by a significant increase (p=0.03) in the nuclear/cytoplasmic ratio of WTIP expression in CD2AP mutants.
Conclusion: A role for CD2AP in human nephrotic disease has been previously proposed on the basis of mouse models and sporadic mutational analysis of patients. Surprisingly, our study detected a similar de-differentiated phenotype in CD2AP mutant podocytes to that seen in podocytes carrying a mutation of the WT1 gene, including fibroblast-like morphology despite normal expression of characteristic podocyte markers and disruption of cell-cell contacts. Overexpression of mesenchymal markers fibronectin and α-SMA together with upregulation of PAX2 and disruption of normal recruitment of WTIP to the cell membrane support a role for CD2AP in maintainance of the normal differentiated podocyte phenotype. This may be partly mediated through WT1. Our findings have clear implications for a novel role for CD2AP in development and progression of glomerular disease.

