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Mutation-in-Brief

A novel NR3C2 mutation in a Japanese patient with the
renal form of pseudohypoaldosteronism type 1
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Introduction

Pseudohypoaldosteronism type 1 (PHA1)
is a rare disease characterized by congenital
resistance to the action of aldosterone on
epithelial tissue; PHA1 results in excessive salt
wasting despite very high plasma aldosterone
and renin levels (1-3). There are 3 types of PHAL.
The systemic form of PHA1 is inherited in an
autosomal recessive manner and manifests
as severe life-long salt wasting caused by
mineralocorticoid resistance in multiple target
tissues (e.g., sweat glands, salivary glands,
colonic epithelium, and lung). The renal form of
PHA1 (adPHA1) is inherited in an autosomal
dominant manner. In this form, mineralocorticoid
resistance exists only in the kidney; moreover,
salt wasting and other symptoms improve
around 1-3 yr of age (1-3). The third type of
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PHA1 is the transient form, which is commonly
seen in patients with urinary tract infection or
obstructive uropathy. In the transient form,
clinical symptoms disappear after treatment.

adPHA1 is caused by a heterozygous
mutation in NRS3C2, which encodes the
mineralocorticoid receptor (MR). Herein, we
report the case of a young girl with adPHA1, a
novel mutation in NR3C2, hyponatremia, and
failure to thrive associated with urinary tract
infection. We also describe a genetic analysis of
her family.

Patient Report

A 4-mo-old girl was referred to our
outpatient clinic because of failure to thrive,
dehydration, and vomiting. She was the third
child of nonconsanguineous healthy parents;
she was born at full term with a body weight of
2820 g (—0.5 SD) after an uneventful pregnancy.
There was no significant family history. She
had poor weight gain at 1 mo, but subsequent,
rapid weight gain was seen without treatment.
Therefore, no further evaluation was performed
at that time. At the age of 3 mo, she presented
with failure to thrive and frequent vomiting once
again, and she was admitted to our hospital at
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Table 1 Laboratory data on admission/family
members

Blood chemistry and serology

Na 125 mmol/1 (135-150)
K 5.6 mmol/l (3.5-5.5)
Cl 95 mmol/l (96-110)

Blood gas analysis

pH 7.423 (7.36-7.44)
pCO, 33.8 mmHg (36-44)
HCO4 21.6  mmoll (22-26)
BE —-2.4  mmoll (0+2)

Endocrine test

Ald 3370  ng/dl *

PRA 20  ng/ml/h **
ACTH 126 pg/ml  (7.2-63)
170HP 2  ng/ml (<20)

Family member (units are some as above)

Father  Mother Brother 1 Brother 2
(39yr)  (36yr) (7yr) (3 yr)
Na 140 140 136 140
K 4.6 4.2 4.3 4.6
Ald* 210 580 426 1580
PRA** 1.3 2.4 2.7 8.2

Normal range; * 0-2 yr: 1.4-7.8 ng/mL/h, 3-5 yr:
1.5-3.5 ng/mL/h, 6-8 yr: 0.8-2.0 ng/mL/h, 9-11 yr:
0.9-2.9 ng/mL/h, 12 yr and over: 1.2—2.4 ng/mL/h, **
0-30d: 17-154 ng/dL,, 31 d—11 mo: 6.5-86 ng/dL., 1-10
yr: <40 ng/dL, 11 yr and over: <21 ng/dL.

the age of 4 mo.

On admission, her body length was 58.5
cm (—1.9 SD), and her body weight was 4534 g
(=2.6 SD). Her skin exhibited decreased turgor
and her anterior fontanelle was retracted;
both signs suggested severe dehydration. As
shown in Table 1, laboratory findings showed
hyponatremia (125 mmol/l) and hyperkalemia
(5.6 mmol/l). Urinary Na and K were within
the normal ranges. Endocrinological study
revealed elevated plasma aldosterone (3370 ng/
dL) and renin (20 ng/mlL/h) levels and normal
17-hydroxypregn-4-ene-3,20-dione (2 ng/mL)
levels. Furthermore, her urinary white blood
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cell count was elevated, and Escherichia coli
was detected in the urinary culture. Abdominal
ultrasonography demonstrated morphologically
normal kidneys, and a dimercaptosuccinic
acid radionuclide scan was negative. Based
on these findings, the transient form of PHAT,
associated with urinary tract infection, was
suspected. Intravenous administration of NaCl
supplementation (2.6 mEq/kg/d) and antibiotics
was initiated.

With the antibiotic treatment, the urinary
tract infection improved rapidly, but her serum
levels of electrolytes, plasma renin activity and
aldosterone concentrations, and body weight gain
had not normalized. These findings suggested
a diagnosis of adPHA1; therefore, oral NaCl
supplementation (18 mEq/kg/d) was started.
Thereafter, her serum levels of electrolytes
normalized, and her body weight gain improved
(Fig. 1).

Mutational Analysis

After obtaining informed consent, and with
the approval of the Ethics Committee of The Jikei
University School of Medicine, genomic DNA
was extracted from the patient and her family
members including her 2 elder brothers. All 10
coding exons and flanking introns of NR3C2 were
amplified by PCR using specific primers. PCR
products were purified and sequenced directly
with an Applied Biosystems 3130 Genetic
Analyzer (Applied Biosystems, Foster City,
CA). Sequence analysis demonstrated a novel
heterozygous single base insertion (c.2724insT)
predicted to cause a premature stop codon
(p.Lys909fsX1) in exon 8 for our patient (Fig. 2).
This mutation was also identified in her mother
and 2 elder brothers (Fig. 3). Interestingly,
plasma aldosterone and renin levels of her family
members carrying the same mutation were all
elevated, but they each lacked any history of
PHA1 symptoms.
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Fig. 1. Growth chart (for the case of a Japanese girl
aged 0—24 mo). At admission, her height and
weight were both under —2.0 SD. After NaCl
supplementation, her growth curve improved
gradually and returned to the normal range.

Discussion

Human NR3C2 mutation was first identified
by Geller et al. in 1998 (1), and since then, more
than 50 different adPHA1-causing mutations
have been identified in this gene (1-3, 5). These
mutations are distributed throughout the gene,
but pathogenesis of adPHAT1 still remains to be
elucidated. NR3C2 is located on chromosome
4q31.1, comprises 10 exons, and encodes a
protein of 984 amino acids. The mature MR
protein can be functionally subdivided into 3
domains: the N-terminal activation domain, the
centrally located DNA-binding domain, and the
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Fig. 2. Mutation of NR3C2. The patient, the
mother, and two elder brothers each
had a heterozygous single base insertion
(c.2724insT). This insertion created a
premature stop codon (p.Lys909fsX1) in
exon 8. In each sequence panel, double bands
are present after the insertion site, which is
always indicated with an arrow.
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Fig. 3. Pedigree diagram. Her 2 elder
brothers and mother had the same
mutation but asymptomatic.
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C-terminal ligand-binding domain (LBD).

In the present study, we identified a novel
mutation (c.2724insT) of NR3C2 in a female
patient and 3 of her family members. This
mutation in exon 8 creating premature stop codon
islocalized in the C-terminal LBD of MR. Several
different mutations in the LBD of MR have been
reported in patients with adPHA1 (2, 3). Couette
et al. (4) demonstrated in vitro with artificial
MR that deletion of the last 4 amino acids of MR
completely abolished its affinity to aldosterone.
Therefore, it is plausible that the p.Lys909fsX1
mutation may affect the ligand-binding capacity
because the MR encoded by the gene with this
mutation lacks 76 amino acids in the C-terminal
region. Alternatively, this mutation may induce
nonsense-mediated mRNA decay, resulting in
haploinsufficiency. In addition, it is of interest
that her mother and 2 elder brothers, who each
carried the same ¢.2724insT mutation, had
no electrolyte disturbances despite elevated
plasma aldosterone and renin levels (Table
1). These findings indicated that this familial
NR3C2mutation could cause very heterogeneous
phenotypic expression within a single family (5).

Finally, we studied an adPHA1 patient and
her family members who shared an identical
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mutation, and confirmed the importance of
a genetic diagnosis. Each individual with a
confirmed NR3C2 mutation should be regularly
monitored to assess sodium homeostasis.
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