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Familial juvenile hyperuricemic nephropathy (FJHN; OMIM 162000) is an autosomal dom-
inant disorder characterized by hyperuricemia and gouty arthritis due to reduced kidney 
excretion of uric acid and progressive renal failure. Gradual progressive interstitial renal 
disease, with basement membrane thickening and glomerulosclerosis resulting from fibro-
sis, starts in early life. In most cases of FJHN, uromodulin gene (UMOD) is responsible for 
the disease; however, there has been only one report of a genetically confirmed FJHN fam-
ily in Korea. Here we report another Korean family with FJHN, in which three male mem-
bers–a father and 2 sons–developed gout and progressive renal insufficiency. The clinical, 
laboratory, and radiological findings were consistent with FJHN, and renal biopsy showed 
chronic parenchymal damage, which can be found in FJHN but is not specific to this dis-
ease. In order to confirm the diagnosis, sequence analysis of the UMOD was performed, 
and a novel heterozygous missense variant (c.187T>C; p.Cys63Arg) in exon 3 was identi-
fied. We assume that this variant is likely to be the causative mutation in this family, as the 
variant segregated with the disease. In addition, approximately two-thirds of the known mu-
tations lead to a cysteine amino acid change in uromodulin, and all such variants have 
been shown to cause UMOD-associated kidney disease. In summary, we report a Korean 
FJHN family with three affected members by genetic analysis of the UMOD, and provide 
the first report of a novel heterozygous missense mutation.
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INTRODUCTION

Familial juvenile hyperuricemic nephropathy (FJHN; OMIM 

162000) is an autosomal dominant disorder characterized by a 

combination of hyperuricemia and gouty arthritis due to re-

duced kidney excretion of uric acid and progressive renal failure 

with renal tubulointerstitial fibrosis. Gradual progressive intersti-

tial renal disease, with basement membrane thickening, and 

glomerulosclerosis resulting from fibrosis, starts in early life. In-

creases in serum creatinine generally occur between the age of 5 

and 40 yr, resulting in occasional end-stage renal disease (ESRD) 

between the ages of 40 and 70 yr. There is some diversity in the 

age of onset of ESRD, both within and between families [1, 2].

 FJHN was first reported in 1960, and only about 50 families of 

various ethnic origins have been reported [1]. Therefore, the 

prevalence and incidence of FJHN have not yet been estab-

lished. FJHN is genetically heterogeneous [3, 4]; it is caused by 

mutations in the uromodulin gene (UMOD) located on chromo-
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some 16p12.3–p13.11 [5], the HNF1 homeobox B gene (HNF-

1B) on chromosome 17cen–q21.3 [6, 7], and an unidentified 

gene at chromosome 1q41 [8]. However, mutations in the 

UMOD are the most common changes responsible for FJHN. 

Mutations in UMOD are also associated with medullary cystic 

kidney disease type 2 (MCKD2; OMIM 603860), which is marked 

by corticomedullary cysts (not well documented in FJHN), tubu-

lointerstitial inflammation, progressive renal failure, and variable 

hyperuricemia [3]; thus, MCKD2 and FJHN are considered to 

be allelic disorders. In addition, UMOD mutations have been 

described in glomerulocystic kidney disease (GCKD) [9, 10].

 The UMOD consists of 11 exons, of which exons 2-11 encode 

uromodulin, also known as Tamm-Horsfall glycoprotein, which is 

an 85-kDa protein exclusively expressed in the kidney and is the 

most abundant protein in the urine of healthy individuals [11-

13]. Uromodulin is produced exclusively in cells of the thick as-

cending limb and the early distal convoluted tubule, where it is 

expressed on the tubule lumen and excreted into the urine [14]. 

Patients with UMOD mutations excrete a markedly reduced 

amount of only wild-type uromodulin. Uromodulin comprises 

three epidermal growth factor (EGF)-like domains, two of which 

have Ca2+-binding motifs (cbEGF2 and cbEGF3), a zona pellucida 

domain, which is responsible for the polymerization of extracellu-

lar proteins into helical filaments and a glycosylphosphatidylinosi-

tol (GPI) anchor signal segment in the C-terminal region [15].

 Thus far, only two FJHN cases have been reported in Korea, 

and only one of them was confirmed genetically. Here we report 

another Korean FJHN family with three affected male members 

–a father and two sons–and identify a novel UMOD mutation.

CASE REPORT

A 16-yr-old boy developed swelling and pain of the right malleo-

lus about two weeks before hospitalization. He was evaluated at 

a local clinic and was treated with prednisolone under the diag-

nosis of hyperuricemia, gouty arthritis, and renal insufficiency. 

He was transferred to the department of nephrology at our hos-

pital for further evaluation and proper management of abnormal 

renal function. At admission, his vital signs were stable and no 

symptoms related to azotemia were observed. Physical exami-

nations, electrocardiography, and simple radiography did not re-

veal any abnormal findings. Blood urea nitrogen and serum cre-

atinine levels were 36.9 and 2.12 mg/dL, respectively. Laboratory 

tests revealed hyperuricemia (uric acid, 10.3 mg/dL) and renal 

under-excretion of urate (24 hr urine uric acid, 9.6 g/day). Urine 

analysis showed mild hematuria (150 red blood cells/μL) and al-

buminuria (75 mg/dL). Other laboratory test results were within 

normal limits. Abdominal sonography showed normal size and 

echogenicity in both kidneys, with no other structural abnormal-

ity. Renal biopsy showed chronic parenchymal damage, coexist-

ing with IgA nephropathy. 

 The proband had a family history of hyperuricemia, with his 

father and an elder brother having previously been diagnosed 

with hyperuricemia and gout. His father had received renal 

transplantation due to ESRD at the age of 34 in 1996. Consider-

ing the familial history, juvenile onset of hyperuricemia, gouty ar-

thritis, and progressive renal impairment at early age, FJHN was 

highly suggested.

 After obtaining written informed consent from all subjects, 

peripheral blood samples were obtained. Genomic DNA was ex-

tracted from peripheral blood leukocytes by using the Wizard 

Genomic DNA Purification kit (Promega, Madison, WI, USA), 

following the manufacturer’s instructions. Two exons (exons 3 

and 4) of the UMOD and their flanking introns were amplified 

using primer sets designed by the authors (available upon re-

quest). The PCR was performed with a thermal cycler (model 

9700, Applied Biosystems, Foster City, CA, USA) as follows: 32 

cycles of denaturation at 94˚C for 30 sec, annealing at 60˚C for 

30 sec, and extension at 72˚C for 30 sec. After treatment of the 

amplicon (5 μL) with 10 U shrimp alkaline phosphatase and 2 U 

exonuclease I (USB Corp., Cleveland, OH, USA), direct sequenc-

ing was performed with the BigDye Terminator Cycle Sequencing 

Ready Reaction kit (Applied Biosystems) on the ABI Prism 3130xl 

genetic analyzer (Applied Biosystems).

 Sequence analysis revealed a novel heterozygous missense 

variation (c.187T>C; p.Cys63Arg) in exon 3 (Fig. 1). PolyPhen 

(Polymorphism Phenotyping, http://genetics.bwh.harvard.edu/

pph2/) and SIFT (Sorting Tolerant from Intolerant, http://sift.jcvi.

org/) programs predicted the p.Cys63Arg change to be “proba-

bly damaging” (PSIC score=3.410) and “affecting protein func-

tion,” respectively. Both the father and an elder brother of the 

proband also carried the same variation. The variation identified 

in this family altered an evolutionary conserved residue in the 

UMOD. 

 The patient was treated with allopurinol (50-100 mg/day) and 

colchicine (0.6 mg/day) and his serum uric acid level began to 

decrease. Seven months later, his serum uric acid and serum 

creatinine levels were 8 mg/dL and 2.32 mg/dL, respectively. 

The elder brother was also treated with allopurinol and colchi-

cine and both he and the proband have not developed ESRD to 

date and have remained clinically asymptomatic throughout this 

period.
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DISCUSSION

The majority of families with FJHN have various heterozygous 

missense mutations in the UMOD located on chromosome 

16p12.3. Mutations in UMOD have been identified in exon 3, 4, 

5, and 7 [16]; however, more than 95% of those reported to date 

cluster in exons 3 and 4, which encode the three EGF-like do-

mains, and a motif of eight cysteines within a cysteine-rich re-

gion [4, 16, 17]. In addition, more than 90% of UMDO mutations 

reported are missense substitutions, with the others being in 

frame deletions. Thus, all UMOD mutations are expected to re-

sult in a full-length protein; therefore, the resulting FJHN is pre-

sumed to be caused by abnormal protein folding, maturation, 

and trafficking, rather than uromodulin deficiency [16]. William 

et al. [16] demonstrated that UMOD mutations are associated 

with endoplasmic reticulum (ER) retention and delayed matura-

tion and trafficking of abnormal uromodulin, which is probably 

due to protein misfolding. They also reported a possible associa-

tion between the accumulation of mis-folded uromodulin within 

the ER and apoptosis through a stress-induced signaling path-

way and resultant progressive tissue damage, which may be as-

sociated with the pathogenesis of FJHN due to UMOD muta-

tions [15, 16].

 Uromodulin is the most abundant protein in the urine of nor-

mal individuals. However, its biological role remains enigmatic, 

and it is unclear how UMOD mutations influence the reduced 

excretion of uric acid in patients with FJHN [18].

 FJHN can be diagnosed by immunostaining of uromodulin, 

in which significantly modulated expression is detected [19] or 

by sequence analysis. However, immunostaining for uromodulin 

is not routinely performed by clinical laboratories and is only 

available at a limited number of institutes.

 In the FJHN family described here, a heterozygote missense 

variant (c.187T>C; p.Cys63Arg) in exon 3 of UMOD was identi-

fied. We presume that this variant may be the causative muta-

tion in this family, as it segregated with the disease. In addition, 

approximately two-thirds of known mutations lead to an altera-

tion of a cysteine residue of uromodulin, and all such variants 

have been found to cause UMOD-associated kidney disease.

 In conclusion, we report a Korean FJHN family with three af-

fected members, identified by genetic analysis of the UMOD, 

and we provide the first report of a novel heterozygous missense 

mutation. 
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Fig. 1. Pedigree and sequence analysis data from a Korean family 
with juvenile hyperuricemic nephropathy (FJHN). (A) Pedigree of 
the family. The proband is indicated by an arrow. Open symbols in-
dicate no signs or symptoms of FJHN. Filled symbols represent af-
fected individuals and deceased individual is crossed. Genotypes 
are shown for the individuals with FJHN. (B) Sequence analysis of 
the UMOD revealed that the proband, his father, and his elder 
brother were heterozygous for a novel mutation in the UMOD. The 
arrow indicates the overlapping peaks at nucleotide position 187, 
due to a heterozygous T>C substitution (c.187T>C; p.Cys63Arg).

A

c.187T>C

c.187T>C c.187T>C

Bc.187T>C (p.Cys63Arg)

Proband

Father

Brother



Lee M-N, et al.
Novel UMOD mutation in FJHN

296 www.annlabmed.org http://dx.doi.org/10.3343/alm.2013.33.4.293

 REFERENCES

1. Duncan H and Dixon AS. Gout, familial hypericaemia, and renal disease. 
Q J Med 1960;29:127-35.

2. Vylet’al P, Kublová M, Kalbácova M, Hodanová K, Baresová V, Stib rková 
B, et al. Alterations of uromodulin biology: a common denominator of 
the genetically heterogeneous FJHN/MCKD syndrome. Kidney Int 2006; 
70:1155-69.

3. Hart TC, Gorry MC, Hart PS, Woodard AS, Shihabi Z, Sandhu J, et al. 
Mutations of the UMOD are responsible for medullary cystic kidney dis-
ease 2 and familial juvenile hyperuricaemic nephropathy. J Med Genet 
2002;39:882-92.

4. Turner JJ, Stacey JM, Harding B, Kotanko P, Lhotta K, Puig JG, et al. 
UROMODULIN mutations cause familial juvenile hyperuricemic ne-
phropathy. J Clin Endocrinol Metab 2003;88:1398-401.

5. Pook MA, Jeremiah S, Scheinman SJ, Povey S, Thakker RV. Localiza-
tion of the Tamm-Horsfall glycoprotein (uromodulin) gene to chromo-
some 16p12.3-16p13.11. Ann Hum Genet 1993;57:285-90.

6. Bingham C, Ellard S, van’t Hoff WG, Simmonds HA, Marinaki AM, Bad-
man MK, et al. Atypical familial juvenile hyperuricemic nephropathy as-
sociated with a hepatocyte nuclear factor-1beta gene mutation. Kidney 
Int 2003;63:1645-51.

7. Edghill EL, Bingham C, Ellard S, Hattersley AT. Mutations in hepatocyte 
nuclear factor-1beta and their related phenotypes. J Med Genet 2006; 
43:84-90.

8. Hodanová K, Majewski J, Kublová M, Vyletal P, Kalbácova M, Stib rková 
B, et al. Mapping of a new candidate locus for uromodulin-associated 
kidney disease (UAKD) to chromosome 1q41. Kidney Int 2005;68:1472-
82.

9. Rampoldi L, Caridi G, Santon D, Boaretto F, Bernascone I, Lamorte G, 
et al. Allelism of MCKD, FJHN and GCKD caused by impairment of uro-
modulin export dynamics. Hum Mol Genet 2003;12:3369-84.

10. Lens XM, Banet JF, Outeda P, Barrio-Lucia V. A novel pattern of muta-

tion in uromodulin disorders: autosomal dominant medullary cystic kid-
ney disease type 2, familial juvenile hyperuricemic nephropathy, and 
autosomal dominant glomerulocystic kidney disease. Am J Kidney Dis 
2005;46:52-7.

11. Pennica D, Kohr WJ, Kuang WJ, Glaister D, Aggarwal BB, Chen EY, et 
al. Identification of human uromodulin as the Tamm-Horsfall urinary 
glycoprotein. Science 1987;236:83-8.

12. Kumar S and Muchmore A. Tamm-Horsfall protein--uromodulin (1950-
1990). Kidney Int 1990;37:1395-401.

13. Rindler MJ, Naik SS, Li N, Hoops TC, Peraldi MN. Uromodulin (Tamm-
Horsfall glycoprotein/uromucoid) is a phosphatidylinositol-linked mem-
brane protein. J Biol Chem 1990;265:20784-9.

14. Serafini-Cessi F, Malagolini N, Cavallone D. Tamm-Horsfall glycoprotein: 
biology and clinical relevance. Am J Kidney Dis 2003;42:658-76.

15. Wei X, Xu R, Yang Z, Li Z, Liao Y, Johnson RJ, et al. Novel uromodulin 
mutation in familial juvenile hyperuricemic nephropathy. Am J Nephrol 
2012;36:114-20.

16. Williams SE, Reed AA, Galvanovskis J, Antignac C, Goodship T, Karet 
FE, et al. Uromodulin mutations causing familial juvenile hyperuricae-
mic nephropathy lead to protein maturation defects and retention in the 
endoplasmic reticulum. Hum Mol Genet 2009;18:2963-74.

17. Yang H, Wu C, Zhao S, Guo J. Identification and characterization of 
D8C, a novel domain present in liver-specific LZP, uromodulin and gly-
coprotein 2, mutated in familial juvenile hyperuricaemic nephropathy. 
FEBS Lett 2004;578:236-8.

18. Lee DH, Kim JK, Oh SE, Noh JW, Lee YK. A case of familial juvenile hy-
peruricemic nephropathy with novel uromodulin gene mutation, a novel 
heterozygous missense mutation in Korea. J Korean Med Sci 2010;25: 
1680-2.

19. Dahan K, Devuyst O, Smaers M, Vertommen D, Loute G, Poux JM, et 
al. A cluster of mutations in the UMOD causes familial juvenile hyper-
uricemic nephropathy with abnormal expression of uromodulin. J Am 
Soc Nephrol 2003;14:2883-93.


