Prevalent FHR-1 mutant protein generated by gene conversion reveals crucial role of factor H polymorphisms in atypical hemolytic uremic syndrome (aHUS).
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aHUS is a rare form of thrombotic microangiopathy affecting mainly the kidney microvasculature that is caused by complement pathogenic genetic variants that impair the protection of host endothelial cells from complement damage. aHUS is a genetically complex disease in which the combination of rare pathogenic variants and common polymorphism determine the overall individual predisposition to develop the disease. Because this genetic makeup also influences disease progression, responses to therapies and recurrences after transplantation, it is now widely recognized that a comprehensive understanding of this genetic component is critical to guide appropriate diagnostics and effective treatment in aHUS patients. We report here the identification of a group of seven aHUS patients carrying two pathogenic variants in the CFHR1 gene (L290S and A296V) that generated by gene conversion between the CFH and CFHR1 genes. Identification of these CFHR1 genetic variations required the combination of next generation and traditional Sanger sequencing, MLPA and proteomics analysis. Functional analysis of the mutant FHR-1 protein demonstrated that these amino acid substitutions result in a FHR-1 molecule that strongly competes the binding of FH to cell surfaces impairing complement regulation. We also show that the amino acid substitutions were introduced in the CFHR1 gene of the seven patients by three independent gene conversion events. Interestingly, five patients share the same CFH-CFHR3-CFHR1 haplotype, which also carries the benign FH variant S411T, and originate from the northwest of Spain, suggesting that this particular genomic mutation generated within this region where it may be relatively prevalent. Within the seven affected pedigrees we identify 10 asymptomatic carriers, which give a 40% penetrance of aHUS in these pedigrees. Importantly, analysis of the FH polymorphisms in the 17 carriers of the CFHR1 mutant demonstrates a complete correlation between development of the disease and the presence of the CFH-H3 haplotype, encoding reduced levels of plasma FH, in the other chromosome. Our data further illustrate the complexity and benefits of a correct and comprehensive characterization of the genetic component underlying the individual predisposition to aHUS, providing novel and important insights into the critical role that common CFH polymorphisms have modulating the penetrance of the disease in carriers of particular pathogenic variants. 
