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Abstract Mutations in the UMOD gene encoding uromo-
dulin (Tamm-Horsfall glycoprotein) result in the autosomal
dominant transmission of progressive renal insufficiency
and hypo-uricosuric hyperuricemia leading to gout at an
early age. The clinical appearance is characterized by renal
insufficiency and gout occurring in the late teenage years,
with end-stage kidney disease characteristically developing
between 40 and 70 years of age. This report provides a
long-term characterization of renal functional decline in
three children from one family with a novel UMOD
mutation (c.891T>G, p.C297W) who received allopurinol
and a low protein diet. While renal functional decline is
slow in individuals with UMOD mutations, it may appear
early in life and be associated with marked hyperuricemia.
Anemia was also noted in this family.
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Introduction

Mutations in the UMOD gene as a cause of familial juvenile
hyperuricemic nephropathy [Mendelian Inheritance in Man
(MIM) 162000] and medullary cystic kidney disease
(MCKD) type 2 (MIM 174000) were first described in
2001 [1]. Subsequently, individuals with autosomal dominant
glomerulocystic kidney disease were also described with
UMOD gene mutations [2, 3]. With identification of the
causative gene, it has been possible to fully characterize the
clinical presentation of this disorder, and the breadth of
clinical findings associated with this condition are only now
being fully described. While the course of renal functional
decline has been well detailed in adults, there has been little
published information regarding decline in children. This
report describes three children with a UMOD mutation and
its effect on kidney function in childhood.

Case report

A 6-year-old girl (Patient 1) was evaluated for chronic
anemia and fatigue. She had no other symptoms and did not
suffer from enuresis. The patient was the product of a normal
gestation and birth. At presentation, her height and weight
were 115 cm (44th percentile) and 19 kg (33rd percentile),
respectively. Her blood pressure was 103/54 mmHg, and
the rest of the physical examination was unremarkable.
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Laboratory studies revealed a hemoglobin level of 98 g/L,
blood urea nitrogen (BUN) of 12.7 mmol/L, and serum
creatinine of 84 µmol/L. Further hematologic studies revealed
iron deficiency. A urinalysis was negative for protein. A
24-h urine collection revealed a creatinine clearance of
55.1 ml/min/1.73 m2 (Fig. 1a). The serum uric acid level
was 690 µmol/L (Fig. 2). The fractional excretion of uric
acid was very low at 3.3% (normal >10%). The patient
underwent a renal ultrasound (US) which revealed a simple

0.7-cm cyst in one kidney (Fig. 3); no remarkable findings
were evident on the US scan of the other kidney. Given the
markedly elevated serum uric acid level, the patient was
placed on a low purine, low protein diet supplemented with
essential amino acids and keto-analogs. She was also started
on allopurinol, 100 mg per day. With this therapy, the serum
uric acid level decreased to 310 µmol/L. The patient’s serum
uric acid levels then remained well controlled with further
adjustment of allopurinol up to 200 mg/day as the patient
grew. Unfortunately, renal function declined over time, with a
slow progression of renal insufficiency (Fig. 1). Anemia also
persisted, with hemoglobin values between 96 and 110 g/L
over the next 4 years despite the treatment of iron deficiency.
Over time, the blood pressure rose to 125/70 mmHg at age
11 years. There was minimal urinary protein over the 8 years
of follow-up, with a maximum urinary protein of 44 mg/24
h on one of the eight 24-h collections.

Based on these findings, the sister of the index case
(Patient 2) was also evaluated at age 5 years. At this time,
the patient’s height and weight were 113 cm (78th
percentile) and 18.5 kg (59th percentile), respectively. The
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Fig. 1 Change in estimated glomerular filtration rate over time for
affected children. Filled diamond Schwartz formula, open diamond
creatinine clearance, GFR glomerular filtration rate
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Fig. 2 Serum uric acid levels in affected children. Filled diamond
Patient 1, open square patient 2, filled square patient 3

Fig. 3 Renal ultrasound of Patient 1
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blood pressure could not be measured as the child was
uncooperative. The patient’s laboratory studies revealed a
hemoglobin of 98 g/L, serum creatinine of 66 µmol/L, BUN
of 10.2 mmol/L, and serum uric acid level of 615 µmol/L. A
24-h urine collection was performed and revealed a
creatinine clearance of 63.7 ml/min/1.73 m2 (Fig. 1b) and a
fractional excretion of uric acid of 3.5%. The patient was
started on allopurinol, 100 mg/day, which resulted in a
prompt decline in her serum uric acid level to 308 umol/l. The
initial renal US scan was unremarkable, but subsequent US
scans revealed small echodense areas in the renal cortex and
decreased parenchymal thickness (see Fig. 4). The patient
also had negligible urinary protein throughout the course of
the study, with a maximum urinary protein of 98 mg/24 h in
one of the seven 24-h collections.

Due to the findings of disease in both sisters, a third sister
(Patient 3) was evaluated at 9 months of age. At this time,
her serum creatinine was elevated at 51 µmol/L, with a BUN
of 8.5 mmol/L and a serum uric acid level of 362 µmol/L.
The patient underwent a 24-h urine collection at age 3 years,
revealing a serum uric acid level of 439 µmol/L and a
fractional excretion of uric acid of 7.5%. The hemoglobin
level was low at 100 g/L, and the serum creatinine was
elevated at 44 µmol/L. She was started on allopurinol at age
3 years. The patient had two subsequent measurements of
fractional excretion of uric acid which were 4.5 % at age
4 years 9 months and 4.9% at age 5 years. Patient 3 has had
relatively stable renal function over time compared to her
two sisters (Fig. 1c). Her urinary protein was also negligible
over six different collections.

The 36-year-old father has chronic renal failure. Hyper-
uricemia was first noted at age 17 years when he was
treated for gout. Renal US revealed bilateral small kidneys
with reduced parenchyma. The father was started on
allopurinol at age 25 years. Figure 5 shows the father’s

change in renal function over time. A 24-h protein
collection revealed 46 mg/day at age 32 years, 800 mg/
day at age 34 years, and 390 mg/day at age 35 years. The
patient started renal replacement therapy at age 39 years.

Methods

Human studies were approved by the Ethics Committee,
Children’s Hospital, Budapest, Hungary and have therefore
been performed in accordance with the ethical standards
laid down in the 1964 Declaration of Helsinki. A mutation
analysis with directed sequencing of exons 4 and 5 of the
UMOD gene was performed as previously described [1].

Results

A novel transversion mutation (c.891T>G) was noted in
exon 4, resulting in the substitution of a tryptophan for a
cysteine at position 297 (p.C297W) (reference sequence
NM 00361) in all three children and the father (see Fig. 6a).
The mutation was not found in 200 normal European
controls, and the cysteine at position 297 is preserved in
other animal species (see Fig. 6b).

The web-based program PolyPhen (Polymorphism
Phenotyping; http://genetics.bwh.harvard.edu/pph/) predicted
that the amino acid substitution would result in a significant
conformational change that could affect function, based on a
PSIC score difference of 3.289.

Discussion

Identification of the UMOD gene encoding uromodulin as a
cause of hereditary tubulo-interstitial kidney disease [1, 4, 5]
now allows us to better characterize changes in kidney
function early in life. Characterization of these children will
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allow us to better recognize this condition in childhood.
While other reports have provided single measurements of
kidney function in individuals with known mutations, this is
the first report to carefully study longitudinal kidney
function in individuals with a known UMOD mutation.

The UMOD gene produces the glycoprotein uromodulin,
also known as Tamm-Horsfall glycoprotein. Uromodulin is
a large glycoprotein containing many cysteine residues [6].
These residues are very important in the cross-linking of the
uromodulin molecule and increase the transit time through
the endoplasmic reticulum [7]. Approximately two-thirds of
the mutations found in families with this disorder have
resulted in the addition or deletion of a cysteine residue [8],
similar to the family described here. Uromodulin has a
number of potential functions, including maintenance of the
water-tight integrity of the thick ascending limb of Henle
[9] and prevention of urinary tract infection [10] and
nephrolithiasis [11]. A recent genome-wide association
study identified an association between a polymorphism
in the UMOD gene and chronic kidney disease in the
general population [12].

The MCKD–nephronophthisis complex includes disorders
resulting from UMOD mutations as well as other causes of

MCKD and autosomal recessive nephronophthisis [13].
These disorders are characterized by tubulo-interstitial kidney
disease with chronic progression of kidney disease. MCKD is
characterized by autosomal dominant inheritance. A form of
MCKD (MCKD 1) has been linked to chromosome 1 [14],
and the search for the gene is ongoing. Nephronophthisis is
characterized by autosomal recessive inheritance [15], and
most mutations resulting in this disorder have been found in
genes encoding proteins in the renal cilia [16]. Both
disorders pathologically show tubulo-interstitial fibrosis.
Anemia also occurs in both conditions, although usually at
an older age and with more advanced kidney failure in
patients with UMOD mutations. While MCKD more
commonly presents in adulthood, presentation in childhood
does occur [5, 17], as in this family, and the diagnosis could
be potentially confused with nephronophthisis. The presence
of autosomal dominant inheritance and subsequent genetic
analysis allows the differentiation of these disorders.

The hyperuricemia that is found in individuals withUMOD
mutations is believed to be due to an increased proximal
tubular reabsorption of uric acid, possibly as a result of
decreased sodium and water conservation occurring in the
thick ascending limb of Henle [1]. The results from our

A.

B.

Wildtype Wildtype/c.891T>G 

K

Fig. 6 a The wildtype
sequence of a portion of exon 4
of UMOD is shown on the left.
The panel on the right shows
the sequence from one of the
affected individuals, with the
arrow indicating the heterozy-
gous change (c.891T>G) which
is predicted to cause substitution
of a conserved cysteine residue
by tryptophan. The father and all
three daughters were heterozy-
gous for the change. b Align-
ment of a portion of the amino
acid sequence of human uromo-
dulin (GenBank accession
NP_003352) with the
uromodulin of rhesus monkey
(XP_001087334), orangutan
(NP_001126801), murine
(NP_033496), rat (NP_058778),
bovine (NP_776638), and dog
(NP_001003003). Asterisk
Residues completely conserved,
rectangle cysteine residue
affected by the missense change
in this family, colon conserved
substitutions, period
semi-conserved substitutions
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study affirm that hyperuricemia occurs extremely early in
this condition, with hyperuricemia (serum uric acid level
362 µmol/L) occurring at the age of 9 months in one child in
this family. The level of hyperuricemia can vary in
individuals as well as in families, as illustrated by patient 1
in this study, who had a markedly elevated serum uric acid
level (690 µmol/L). Hyperuricemia is always found in
families with UMOD mutations even though individual
family members may not have hyperuricemia [18].

Renal insufficiency in individuals with this condition is
believed to occur due to the accumulation of mutant
uromodulin in thick ascending limb cells, resulting in
increased apoptosis [19]. The mutated uromodulin may
also generate an inflammatory response. Our study demon-
strates that renal insufficiency in patient 3 was already
beginning at 9 months of age. These findings demonstrate
that pathophysiologic changes leading to renal insufficiency
do not take years to develop but are present in infancy.
While the progression of kidney disease is slow, changes
occur early in life.

The children in this family have a much faster rate of
kidney disease progression than their affected father. There
is significant variation in the rate of progression of kidney
disease both between families and within families with
UMOD mutations [5, 18, 20], as has been noted by other
authors [5, 20], and its cause is unclear. Understanding the
reason for these differences could hold the key to preventing
kidney disease in this condition. Increased protein intake in
succeeding generations could result in increased uric acid
production [21], with subsequent deleterious effects on the
kidney, in addition to the general negative effects of protein
intake on kidney disease progression [22]. However, this
would seem unlikely to have a significant effect at very young
ages, as seen in this family. The presence of modifying genes
that may slow the progression of kidney disease or decrease
production of the abnormal uromodulin (for example,
angiotensin converting enzyme polymorphisms that decrease
angiotensin production [23]) could alter the development of
kidney disease. In addition, modifications in genes that result
in increased effectiveness in removing the mutant uromodulin
could be responsible for differences in the rate of progression.

This investigation provides the best longitudinal data
reported to date on children with UMOD mutations. Other
investigators have also described renal findings in individ-
uals with UMOD mutations [8, 20, 24], but these studies
have usually only included one or two measurements per
child. Renal insufficiency of a similar degree has been noted
in these families, although there is significant variation, with
some families having only mildly decreased kidney function
[18], while in one family the onset of end-stage kidney
failure was noted in one child at age 6 years [20].

The use of allopurinol was not found to prevent the
progression of kidney disease in this family. While the use

of allopurinol in patients with UMOD mutations is well
accepted for patients with gout, there is a significant
debate as to whether allopurinol slows the progression of
kidney disease. Some investigators believe that the
initiation of allopurinol early in life will absolutely
prevent progression [25], while others do not believe that
allopurinol prevents progression at all [26, 27]. However,
due to the small number of patients with disease, it is
impossible to say at the present time whether allopurinol
slows progression, or not. Compliance with medication,
especially in childhood, is a factor that is difficult to
determine in these families. Allopurinol itself is associated
with interstitial nephritis [28], and its administration could
lead to the progression of kidney disease. Our study shows
progression of kidney failure in this family despite the use
of allopurinol. However, it is not possible to determine if
allopurinol slowed progression or if a higher dose of
allopurinol and lower serum uric acid levels may have
stopped progression.

The characteristics of this family are typical of those found
in individuals with UMOD mutations. Renal insufficiency,
hyperuricemia, and the autosomal dominant inheritance of
kidney disease are primary features. Mutational analysis
allows one to make the definitive diagnosis without requiring
kidney biopsy.
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