subpodocyte space: implications for glomerular physiology and pathology.
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 The urinary or Bowman’s space consists of three interconnected urinary spaces forming drainage pathways for ultrafiltrate (Neal 2005, Neal 2007). After passing the Glomerular Filtration Barrier (GFB) Glomerular filtrate may enter one of these restrictive spaces under the podocyte (subpodocyte space, SPS) before passing to other spaces. We have measured and reconstructed SPS in rats and observed SPS in pigs, frogs, mice, fish and man. Further there are homologous proteins and SPS equivalents in the filtration barriers of the insect Nephrocytes showing the importance of conservation of these features where ultrafiltration occurs (Weavers 2009). Functional studies have shown that macromolecules of 10kDa are retained in the SPS (Salmon 2007). Mathematical modelling of SPS and flow through such regions has shown that the SPS does represent a significant resistance to urodynamic flow - even without considering any podocyte glycocalyx. (Neal 2007). 

  In mice which were made to express an antiangiogenic VEGF protein variant under a Nephrin promoter, high levels of podocyte VEGF165b occurred with a reduction in the number of endothelial fenestrations in SPS and non-SPS regions of the GFB. While the endothelial fenestrations were narrower in transgenic mice overall, they were slightly wider in SPS regions compared with non-SPS, pointing to an influence of the SPS over the effects of VEGF165b released from the overlying podocyte.
 The ultrastructure of the podocyte and SPS of normal human kidney appeared to be similar to the SPS of other species. SPS was seen to cover 60% of the glomerular filtration barrier this was significantly reduced to 30% in Minimal Change Disease (MCD). In normal kidney the GBM was thicker in SPS covered regions than in non-SPS covered regions (307±23µm, 376±19µm p<0.05) this was accentuated in Minimal Change Disease (325±33µm, 436±30µm p<0.02). However, initial data from Thin Membrane Disease (TMD) shows the GBM thinning in the non-SPS areas only (267±14µm, 354±10µm p<0.001). MCD also marks a significant decrease in frequency of endothelial fenestrations and urinary filtration slits in SPS and non-SPS areas.

  Human SPS appears similar to rat and mouse SPS and should provide a further resistance to urinary outflow away from the human GFB. Clearly the pathological specimens analysed so far show different changes over podocyte covered SPS regions or non SPS regions of the GFB. These SPS regions or uncovered non-SPS areas of the GFB show different features in health and disease - the significance of this remains to be determined.
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