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Glomerular endothelial microvascular heterogeneity and response to cytokines predispose to the development of atypical haemolytic uraemic syndrome
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Introduction: The reason for the renal specificity of endothelial cell injury and the subsequent glomerular and renal arteriolar thrombosis in atypical haemolytic uraemic syndrome (aHUS) is unknown. Pathophysiological mechanisms identified as important triggers for aHUS development include mutations in complement proteins of the alternative pathway and thrombomodulin; systemic inhibition or targeted podocyte knockout of VEGF-165 and infections, including Streptococcus pneumoniae, Varicella and H1N1. Our hypothesis states that intrinsic properties of the glomerular endothelium defines its susceptibility to the development of aHUS in those with predisposing factors and that a better understanding of these properties would allow development of targeted treatment strategies.  Secondly, the release of pro-inflammatory mediators, e.g. Tumour Necrosis Factor alpha (TNFα) during infection may increase the renal endothelial susceptibility to injury. For example, a higher white cell count at presentation is correlated with a poorer prognosis in childhood D+ HUS. 
Method: The expression of soluble and membrane-bound complement regulatory proteins; cell adhesion molecules and endothelial cell-related anticoagulant and procoagulant proteins was studied using Flow Cytometry, Western Blotting, Immunofluorescence and RT-PCR on a range of primary and immortalised human microvascular endothelial cells or lines, including the SV-40 conditionally immortalised glomerular endothelial cell line (ciGEnC), developed in Bristol, U.K. Fully differentiated ciGEnC (D5; 37C) were treated with 0-250U/ml TNFα for 4hr and 24hr and expression of the above parameters reassessed. 
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Results: The baseline expression of the complement regulatory proteins CD55 and CD59, measured  by flow cytometry, was ≥50% lower on the ciGEnC line than either the control SV40 immortalised dermal lymphatic HMEC-1 line (p<0.001; p<0.01 respectively), primary dermal lymphatic or pulmonary microvascular endothelial cells.  The ratio of expression between the anticoagulant molecule thrombomodulin (TM) and procoagulant molecule tissue factor (TF) was significantly different between ciGEnC and HMEC1, (11 fold difference at baseline, p<0.001), with ciGEnC showing a markedly more procoagulant phenotype, under identical culture conditions, compared to HMEC1 (Figure). Treatment of ciGEnC with 100U TNFα led to a 25-50% reduction in expression of all membrane-bound complement regulatory proteins (CD46, 55, 59) at 4hrs. ICAM-1 expression, associated with increased leucocyte recruitment, was increased 2 fold at 24hr and the ratio favouring coagulation increased further due to a downregulation of TM and upregulation of TF, at 24hr. 
Conclusion/Therapeutic Relevance: There are significant differences in the expression of complement regulatory proteins and coagulation cascade proteins in the glomerular versus other microvascular beds. In comparison, ciGEnCS have lower complement regulator expression and appear procoagulant at baseline. These changes are exacerbated by treatment with TNFα, suggesting one mechanism by which infection predisposes to aHUS development. Published in vitro data has demonstrated that statin therapy causes a 3-4fold upregulation of CD55 and CD59 expression; reduces procoagulability by increased TM expression and enhances VEGF secretion by microvascular endothelium. This may be a safe, readily available and affordable method of enhancing ciGEnC resistance to aHUS development in those with underlying predisposing mutations who have not yet developed disease or are prone to recurrent episodes. Work is ongoing to validate these findings in human tissue sections.
