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The surface of endothelial cells is lined by a gelatinous, poly-anionic layer called the 'endothelial glycocalyx' (EG). The EG is composed of glycoproteins, the majority of which are proteoglycans (PG) and sialoproteins. In this study we characterised the human glomerular EG and provide functional evidence that it contributes to glomerular endothelial barrier function, the contribution of which has, in the past, been underestimated and has escaped detailed scrutiny.

We used conditionally immortalised human glomerular endothelial cells (CiGEnC) developed in our laboratory (JASN 2005; 16, 439A).The ultrastructure of the EG was studied by transmission electron microscopy, atomic force microscopy (AFM) and confocal laser scanning microscopy using a fluoroscein-conjugated lectin-wheat germ agglutinin (FITC-WGA). Expression of PG core proteins was analysed by immunofluorescence (IF) and western blotting (WB). Effects of neuraminidase (cleaves all sialic acid residues) and Heparinase III from F. heparinum (cleaves only heparan sulphate) on removal of the EG was assessed using FITC-WGA and by IF using an anti-heparan sulphate antibody. Barrier properties of CiGEnC monolayers pre and post enzyme treatment were studied by 'real time' trans-endothelial electrical resistance (TEER) and passage of flourescein labelled bovine serum albumin (FITC-BSA). The former was measured by culturing monolayers in wells, each imbedded with 10 gold electrodes to measure resistance across the monolayers using an automated bio-impedance sensing system (ECIS TM; Applied Biophysics Inc). Passage of FITC-BSA was analysed in an established tissue culture insert system (JASN 2004 15, 3:566-74).

CiGEnC expressed a 100nm thick EG which revealed a matrix like consistency on AFM. CiGEnC expressed PG core proteins Syndecan-1, Syndecan-4, Perlecan, Glypican-1, and Versican demonstrated by IF and WB. EG was removed by enzyme treatments in a dose dependant manner whilst preserving endothelial morphology and expression of VE-Cadherin. Neuraminidase (1U/ml for 60 min) significantly reduced TEER by 59% (n=4; p <0.0001) and increased FITC-BSA passage by 207% (n=4; p<0.05) compared to controls. After heparinase treatment (1U/ml for 180 min) TEER did not change, however compared to controls there was a significant increase in FITC-BSA passage by 40% (n=4; p<0.05).

This study provides detailed structural mapping of cultured human glomerular EG and unique functional evidence towards its barrier properties.
