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CASE REPORT

Familial juvenile hyperuricemia in early childhood in a boy 
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Abstract
Familial juvenile hyperuricemic nephropathy (FJHN) is a rare autosomal dominant disease caused by mutations in the 
uromodulin (UMOD) gene. It is characterized by the development of gout, tubulointerstitial nephropathy, and end-stage 
renal disease. Here we report a case of FJHN that was diagnosed in early childhood in a boy with a novel gene mutation. At 
the age of 4 years, the patient was admitted with a diagnosis of purpura nephritis. He was discharged following symptom 
alleviation. However, hyperuricemia (7–9 mg/dL) and mild renal dysfunction [creatinine-estimated glomerular filtration rate 
(eGFR): 80–90 mL/min/1.73 m2] persisted after discharge. FJHN was suspected on the basis of a maternal family history 
of hyperuricemia, renal dysfunction, and dialysis. Direct sequence analysis performed at the age of 5 years revealed a novel 
missense mutation (c766T > G), p.Cys256Gly, in exon 3. Urate-lowering therapy was started, which provided good uric 
acid control (6.0 mg/dL). At the age of 8 years, persistent renal dysfunction was observed (eGFR: 80–90 mL/min/1.73 m2). 
Interestingly, cases of FJHN with c744C > G (p.Cys248Trp) mutations also exhibit a high incidence of juvenile onset, and 
identical disulfide bridges are considered responsible for the accumulation of mutant UMOD in the endoplasmic reticulum. 
Pediatricians should consider UMOD mutation analysis for families with autosomal dominant tubulointerstitial kidney 
disease (ADTKD) and a bland urinary sediment, even if hyperuricemia is mild. Also, sex and genotype are very important 
prognostic factors for ADTKD caused by UMOD mutations.
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Introduction

Uromodulin (UMOD)-related autosomal dominant tubu-
lointerstitial kidney disease (ADTKD-UMOD) is a rare 
monogenic disease advocated by KDIGO in 2015 [1]. It 
was previously known as familial juvenile hyperuricemic 
nephropathy (FJHN; OMIM #162, 000) [2], medullary cystic 
kidney disease type 2 (MCKD 2), and UMOD-associated 

kidney disease [3]. ADTKD-UMOD is characterized by 
early-onset excretory hyperuricemia, impaired urine-concen-
trating ability, tubulointerstitial nephropathy, and end-stage 
renal disease (ESRD) [4]. The symptoms of progressive 
renal impairment usually become apparent in adolescence, 
leading to ESRD within 10–20 years [5]. Moskowitz et al. 
reported that the mean age of ESRD development was 
56 years [6]; thus, very few cases are diagnosed in the early 
years of their life. Here we report a case involving a young 
boy who exhibited hyperuricemia at the age of 4 years and 
showed a novel mutation at c.766 T > G (p.Cys256Gly) 
located in the domain of eight cysteine residues (D8C) in 
the UMOD gene.

Case report

A 4-year-old boy presented to our hospital with gross hema-
turia, proteinuria, and abdominal pain. Immunoglobulin A 
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vasculitis with nephritis was suspected on admission. Phys-
ical examination revealed a height and weight of 96 cm 
and 14.0 kg, respectively. His blood pressure was normal 
(86/56 mmHg). Laboratory tests during hospitalization 
revealed hyperuricemia [uric acid (UA), 8.0 mg/dL; frac-
tional excretion of UA, 3.6% (normal range 6–12%); UA 
clearance to creatinine clearance ratio 3.7% (normal range 
5.5–11.1%)] and renal impairment [serum creatinine level 
0.33 mg/dL; creatinine-estimated glomerular filtration rate 
(Cre-eGFR [7]), 84.41 mL/min/1.73m2], and a tubular dis-
order (urea-β2-microglobulin, 308 µg/L; urea-N-acetyl-
β-glucosaminidase, 4.5 IU/L; fractional excretion of Na, 
0.74%; fractional excretion of K, 8.1%). Serum electrolyte 
levels (including sodium, potassium, glucose, bicarbonate, 
and calcium) were normal. Ultrasonography showed no 
renal cysts or stones. There were no perinatal abnormali-
ties and no previous history of medication. We identified a 
maternal history of hyperuricemia, renal impairment, and 
dialysis (Fig. 1). After several days of hospitalization, he 
was discharged as his clinical symptoms spontaneously alle-
viated with conservative treatment. However, at the age of 
5 years, ADTKD-UMOD was suspected because of persis-
tent hyperuricemia and mild renal dysfunction observed dur-
ing subsequent outpatient visits. Given that 95% of UMOD 
mutations causing FJHN are known to exist in exons 3–4 [1, 
9], we performed direct sequence analysis of exons 2–12 and 
found a novel missense mutation in exon 3; codon 766 was 
mutated from T to G (Fig. 2). A final diagnosis of FJHN was 
established. At the time of writing this report, the patient 
was 8 years old, and, fortunately, his UA level (6.0 mg/dL) 
was well controlled with allopurinol 10 mg/kg, while his 

eGFR was maintained at 80–90 mL/min/1.73 m2 without 
any worsening of renal dysfunction.

Discussion

We identified a novel missense mutation (c766T > G), 
p.Cys256Gly, in exon 3 of the UMOD gene in a male patient 
with FJHN who developed hyperuricemia at the age of 
4 years. His UA level was well controlled by allopurinol, 
and there was no progression of renal dysfunction at 8 years 
of age.

Autosomal dominant tubulointerstitial kidney disease-
UMOD generally presents with hyperuricemia between 10 
and 40 years of age, with progressive renal dysfunction lead-
ing to ESRD between 40 and 70 years of age [5, 6]. Hyper-
uricemia rarely occurs before the age of 10 years. Although 
the pathogenesis of ADTKD-UMOD remains unknown, the 
current possible pathogenesis and treatments are shown in 
Fig. 3, [9–14]. The UMOD gene encodes uromodulin, also 
known as Tamm–Horsfall protein, which is produced exclu-
sively by the renal tubular cells in the thick ascending limb 
of the loop of Henle (TALH). Physiologically, UMOD is 
thought to be involved in defense mechanisms against infec-
tions in the urinary system and the suppression of water per-
meability in tubules. However, the biological function of this 
protein is incompletely understood. Most UMOD mutations 
that have been identified are missense mutations that mainly 
alter cysteine amino acids [6]. UMOD cannot be folded cor-
rectly by conversion cysteine because the cysteine residue is 
involved in disulfide bond formation. Accumulation of the 
misfolded, mutated UMOD in the endoplasmic reticulum 
(ER) potentially results in tubular cell dysfunction, apop-
tosis, and death, leading to tubular atrophy and interstitial 
fibrosis. It is thought that ER stress in TALH cells causes 
hyperuricemia and renal failure.

Mutations in the uromodulin are thought to contain 
three epidermal growth factor (EGF)-like domains; the 
second and third domains contain a calcium-binding motif, 
D8C within a cysteine-rich region, and a zona pellucida 
(ZP)-like domain, which is responsible for the polym-
erization of extracellular proteins into helical filaments 
[8]. The coding region of exon 3 is from EGF1 to D8C 
(Fig. 2). The time to ESRD development is significantly 
associated with these UMOD domains. Patients with muta-
tions in the D8C, EGF2, and EGF3 domains exhibit an 
increased risk of developing ESRD earlier than do patients 
with mutations in the Cys-Rich1 domain (hazard ratios, 
4.37, 7.74, and 4.44, respectively) [6]. Moreover, the rate 
of progression to ESRD tends to be higher and faster for 
patients with mutations in D8C, EGF2, and EGF3 than in 
those with mutations in Cys-rich1 and Cys-rich2 [6]. It 
has also been reported that male patients are more likely 
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Fig. 1   Family pedigree, I-2: dialysis since the age of 55 years. I-3,4: 
dialysis, II-1: gount II-2: hyperuricemia, chronic kidney disease, II-3: 
hyperuricemia, gout and dialysis since the age of 61  years, III-1: 
hyperuricemia III-3: hyperuricemia, renal dysfunction
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to progress to ESRD than are female patients [6]. In the 
present case, the parents of the child did not consent to 
undergo genetic analysis. However, the patient’s mother 
had developed renal dysfunction at the age of 38 years. 
In addition, he was male, showed a mutation in D8C, and 
developed hyperuricemia in childhood; therefore, he was 
at high risk of developing ESRD in the future. D8C con-
tains eight cysteine residues that are predicted to form four 
pairs of disulfide crosslinks, with Cys 217 and Cys 223, 
Cys 248 and Cys 256, Cys 255 and Cys 267, and Cys 282 
and Cys 287 having the potential to form disulfide bridges 
[15]. In a report of 11 cases with mutations at c.744 C > G 
(p.Cys248Trp), the incidence of juvenile onset was higher 
than that reported for cases with mutations at other amino 
acid sites. Moreover, disease onset was before the age of 
10 years in 27% (n = 3) of the cases. One of these patients 
developed hyperuricemia at the age of 3 years and ESRD 
by the age of 6 years [16]. Interestingly, the present case 
showed a mutation at Cys256, which is a counterpart of 
Cys248. This finding is consistent with the accumulation 
of A caused by impaired disulfide bridges in D8C, as well 
as the risk of relatively early onset.

Although the alleviation of progression to renal failure by 
serum urate-lowering treatment remains a controversial topic 
[12], asymptomatic hyperuricemia associated with the use 
of a xanthine oxidase inhibitor is thought to reduce the risk 
of cardiovascular events and insulin resistance [17, 18]. In 
addition, the efficacy of kidney transplantation for ADTKD-
UMOD was reported in 2007 [13], with no reoccurrence 
in the graft [13]. Therefore, early diagnosis would allow 
patients and their families to consider treatment options, 
including kidney transplantation. In the present case, 
because of the high risk of ESRD progression, it was neces-
sary to consider a course of treatment that included renal 
transplantation while continuing the urate-lowering therapy.

Conclusion

In summary, we identified a novel mutation (c766T > G), 
p.Cys256Gly, in exon 3 of the UMOD gene in a boy with 
FJHN who developed hyperuricemia at the age of 4 years. 
Pediatricians should consider UMOD mutation analysis for 
families with ADTKD and a bland urinary sediment, even 
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if hyperuricemia is mild. In addition, sex and genotype are 
very important prognostic factors for ADTKD-UMOD.
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