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vASCULAR ENDOTHELIAL GROWTH FACTORS (vegf) regulate gLOMERULAR eNDOTHELIAL CELL (gEnC) GLYCOCALYX synthesis
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Background: Previously, we showed that GEnC express and synthesise chondroitin sulfate (CS) and hyaluronic acid (HA); glycosaminoglycan (GAG) components of the luminal glycocalyx. Enzymatic removal of CS by chondroitinase increased protein passage through the GEnC monolayer and reduced GEnC resistance, whereas HA removal by hyaluronidase (Hyal) had no effect on GEnC barrier properties, except at high concentrations that also affected CS removal. VEGF-A and VEGF-C both affect GEnC barrier properties (Foster et al, 2008), therefore our aim was to determine whether VEGFs regulate glycocalyx components. 
Methods: GEnC grown on electrical cell-impedence sensing (ECIS) arrays were serum starved, then treated with 100µg/ml HA, CS or vehicle for 20h. GEnC and human immortalised mesangial cells (MC), known to express high levels of glycocalyx were serum starved, then treated with 1nM VEGFA, 10nM VEGFC or vehicle for 48hr. Conditioned media (CM), containing secreted GAG, was removed and cells were treated with 10µg/ml trypsin for 10min to remove cell surface associated GAG, cells were then treated with 100µg/ml pronase for 24h (cell lysate) to remove cytosolic GAG. Samples were incubated with a cationic Alcian Blue solution (Salmon et al, 2009) for 15min, then absorbance was read at 490nm. GEnC were also treated with 1µg/ml Hyal or 1mU/ml chondroitinase for 1hr at 37⁰C, and either fixed and left in PBS or incubated for 24h in serum free medium containing 1nM VEGFA, 10nM VEGFC or vehicle. HA and CS expression was assayed using immunofluorescence. mRNA was extracted from GEnC treated with vehicle, 1nM VEGF-A or 10nM VEGFC for 30min, 4h and 24h. mRNA was reverse transcribed and real time PCR was carried out using primers for actin, HMMR (an HA receptor) and Hyaluronic Acid Synthase (HAS) 3. 
Results: HA actually reduced GEnC resistance after 3h compared with vehicle (p<0.0001, paired t-test), whereas CS induced an immediate increase in GEnC resistance, as expected, that returned to baseline after 10h (p<0.0001). VEGF-A significantly increased GAG components in the TE (by 2.15± 0.51, p< 0.05) and lysate (by 2.4±0.46,  p<0.05) of GEnC compared to vehicle, but not CM. VEGF-C significantly increased GAG components in the lysate (by 2.06±0.42, p<0.05). Interestingly, VEGF-A and VEGF-C also induced a 1.67±0.085 (p<0.05) and a 1.86±0.10 (p<0.01) fold increase in GAG components in the TE of MC (p<0.001), suggesting that this is not a cell-specific phenomenon. VEGF-C enhanced CS resynthesis by 1.23±0.11 (compared to 1±0.03 p<0.001) whereas VEGF-A had no additional effect (1.07±0.6, p<0.001). Conversely, VEGF-A significantly enhanced HA resynthesis by 1.25.±0.07 (p<0.05) whereas VEGF-C did not (1.01±0.03). To support this, VEGF-A increased HMMR mRNA, whereas VEGF-C decreased it (p<0.01) and similar results were seen for HAS3 (p<0.05). 
Conclusion: Addition of CS increases GEnC resistance, conversely HA reduces it. VEGF-A and -C appear to both regulate glycocalyx in GEnC (and mesangial cells). Specifically, VEGF-C enhances CS synthesis whereas VEGF-A enhances HA synthesis and VEGF-A and –C appear to have a differential effect on HA biosynthetic components. These data demonstrate for the first time that VEGF-A and VEGF-C may have a role in GAG regulation in GEnC, which has implications for glomerular macromolecular permeability.
