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A recurrent UMOD mutation causes late-onset autosomal dominant end-stage renal failure
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Familial juvenile hyperuricaemic nephropathy (FJHN) and medullary cystic kidney disease (MCKD) are autosomal dominant disorders characterised by progressive tubulo-interstitial fibrosis, hyperuricaemia and gout. A third of patients progress to end stage renal failure (ESRF). Some cases of FJHN and MCKD are caused by mutations in UMOD, encoding uromodulin or Tamm Horsfall protein, although genetic heterogeneity is observed. Uromodulin is a heavily glycosylated protein comprising a GPI anchor and multiple EGF domains. It is an abundant urinary protein that is produced in the loop of Henle, whose function remains uncertain. Disease-causing UMOD mutations result in impaired trafficking and secretion of uromodulin, with intracellular accumulation.

In a single centre renal clinic, routine UMOD mutation testing has been established. Six families with pathogenic mutations have been identified, with four having the same complex INDEL sequence alteration. This recurrent mutation (c.278_289delTCTGCCCCGAAG insCCGCCTCCT; p.V93_G97del/ins AASC) results in the loss of five amino acids, including one cysteine, and their replacement by four novel residues, also including a cysteine. It is predicted to disrupt one of the uromodulin EGF domains and therefore be pathogenic. It has previously been reported in a single large Welsh pedigree with 21 affected individuals. The four new probands carrying this INDEL mutation had all developed ESRF and were from large pedigrees harbouring multiple affected members with a history of adult-onset renal failure segregating as an autosomal dominant trait. Haplotype analysis suggests that the INDEL mutation is recurrent and not due to a founder effect. 

The mean age to ESRF or death among 22 affected individuals was 53.4 ± 10.5y (range 39-85) compared to 46.7 ± 7.7y in the Welsh pedigree. There was no history of gout in any of the families. Whilst expression was variable, penetrance appeared complete. Limited available imaging and histological reviews revealed bilateral small kidneys and interstitial fibrosis. 

Ten predictive genetic tests have been carried in these families, resulting in three additional affected individuals being identified, of whom none yet display an obvious phenotype in the fourth decade. Importantly, reduced fractional excretion of uric acid was found not to be a reliable indicator of carrier status in this cohort.

We have investigated the intracellular trafficking, cellular localisation and glycosylation of wild type (WT) uromodulin, INDEL and Cys150Ser variants in in vitro studies. The latter, a known mutation, is pathogenic and results in marked intracellular accumulation and maturation defects (2). The INDEL mutation results in secretory defects intermediate between WT and Cys150Ser variants. Taking WT as 100%, 62% of transiently expressed INDEL protein was secreted, compared to 25% of the Cys150Ser variant. Similar amounts (~50%) of INDEL and WT protein were present in the mature form compared to 34% of Cys150Ser. 

The intermediate cellular effect of the INDEL mutation predicts a milder clinical phenotype and this is reflected in the presentation of family members with late onset renal failure without additional symptoms. Genetic testing for UMOD mutations should be offered to all individuals with unexplained renal failure and a positive family history of renal disease with no underlying diagnosis, and/or notable interstitial fibrosis on renal biopsy. 
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