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Introduction

Nephrogenic diabetes insipidus (NDI) is a rare 
disease, wherein the principal cells of the collecting duct 
of the kidney are refractory or less responsive to the 
antidiuretic hormone AVP, resulting in impaired urinary 
concentration (1). The main clinical manifestations 
include polyuria and polydipsia, but these symptoms are 
not often evident during the infantile period; therefore, 
affected infants often present with poor feeding, and 
growth and developmental delays. NDI pathogenesis 
is categorized into two forms: congenital and acquired 
forms, with approximately 90% of congenital cases 
being caused by loss of function variants in the 
arginine vasopressin receptor type 2 (AVPR2) gene and 
pathogenic variants in the aquaporin 2 (AQP2) gene 
being responsible for the remaining 10%. AVPR2 is 
located on the X chromosome (Xq28); therefore, NDI 
patients with a pathogenic variant in AVPR2 exhibit an 
X-linked recessive inheritance pattern (OMIM # 304800). 
In contrast, AQP2 is located on chromosome 12 (12q13), 
and both autosomal dominant and recessive inheritance 
patterns have been reported.

Approximately 180 missense/nonsense variants 
have been reported in AVPR2 according to the Human 
Gene Mutation Database (HGMD) (http://archive.uwcm.
ac.uk/uwcm/mg/hgmd0.html). Genotype-phenotype 
association analyses revealed that some of the pathogenic 
variants in AVPR2 are associated with partial NDI; thus, 
accumulation of information on underlying variants will 
help clarify the clinical characteristics of NDI patients. 
We report a case of NDI with a novel missense variant 

in AVPR2, which was categorized as likely pathogenic 
based on the ACMG/AMP standards and guidelines for 
interpretation of sequence variants (2).

Case Report

A 4-mo-old male presented with growth and 
developmental retardation, and he was referred to our 
hospital. He was born to non-consanguineous Japanese 
parents at 38 wk of gestational age, with a birth weight 
of 3,285 g (0.5 SDS) and a height of 49.5 cm (0.7 SDS). 
Pregnancy and delivery had no complications. No 
growth or developmental delay was noted at 1 mo; 
however, he demonstrated impaired weight gain 
thereafter, associated with neurodevelopmental and 
motor developmental delays (Fig. 1a). At 4 mo, his 
height was 62.5 cm (–1.6 SDS), weight was 5.44 kg (–2.4 
SDS), and head control was incomplete. The patient 
had a daily water intake of approximately 1,000 ml 
and a urine volume of approximately 700 ml (2,300 ml/
m2/day). Biochemical evaluation (Table 1) revealed a 
high serum Na level and increased serum osmolality, 
which were associated with an inappropriately low 
urine osmolality. Plasma AVP levels were not low. In 
the pitressin test, urinary osmolality and urine volume 
were unresponsive, leading to a clinical diagnosis of NDI. 
Magnetic resonance imaging of the brain revealed that 
the anterior pituitary and pituitary stalk were normal; 
no hyperintensity of the posterior pituitary was observed 
in T1-weighted images. Concerning family history, his 
maternal great-grandfather had diabetes insipidus, 
and his mother has chronic polydipsia and polyuria 
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not requiring medication. Familial history reflected 
an X-linked inheritance pattern. He was treated with 
thiazide diuretics, which led to weight gain (Fig. 1a). 
Although his developmental milestones were still 
delayed, he showed developmental catch-up wherein 
he was able to walk with support at 16 mo.

Mutation Analysis

Written informed consent for publication and 
genetic testing was obtained from the patient’s parents. 
All studies were conducted in accordance with the 1964 
Declaration of Helsinki, the 2003 Japanese Ethical 
Guidelines for Clinical Research, and their later 
amendments.

Fig. 1. Growth characteristics and genetic testing 
of the patient. A: Growth characteristics 
of the patient from 0 to 16 mo of age. B: 
Sanger sequencing of the AVPR2 gene in 
the patient and parents. A hemizygous 
variant (c.380C>A, p.S127Y) was identified 
in the patient. The same variant, in a 
heterozygous form, was noted in the 
mother. C: Homologs of the AVPR2 gene 
showing the S127 residue (red), which is 
conserved across mammals. The conserved 
amino acids are highlighted in yellow.
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Based on the X-linked dominant inheritance 
pattern, genetic analysis of AVPR2 was performed. DNA 
was collected from the peripheral blood lymphocytes. 
Sanger sequencing of the coding region and exon-intron 
boundaries of AVPR2 revealed a hemizygous variant 
c.380C>A (p.S127Y) (Fig. 1b). The primer sequences 
used are available upon request. The identified variant 
was not observed in the variant database (gnomAD, 
https://gnomad.broadinstitute.org/), ClinVar (https://
www.ncbi.nlm.nih.gov/clinvar/), or the HGMD (http://
www.hgmd.cf.ac.uk/). Based on in silico analyses, the 
variant was predicted as “deleterious” with a score of 0.03 
by SIFT and “possibly damaging” with a score of 0.977 
by PolyPhen-2. The mutated amino acid was conserved 
across mammals (Fig. 1c). Sanger sequencing of the 

region containing the identified variant in parents 
revealed the heterozygous presence of the same variant 
in the mother, whereas the variant was not observed in 
the father (Fig. 1b).

Discussion

We report a case of NDI harboring a novel missense 
variant in AVPR2. Although functional analysis of the 
identified variant was not performed, we considered 
it as a causative for NDI based on the following: (a) 
the identified variant was rare; (b) a different missense 
variant of the same amino acid is reported to be involved 
in NDI (3); (c) the variant was damaging based on 
multiple in silico analyses; (d) the patient’s mother, who 
exhibits mild polyuria and polydipsia, is heterozygous 
for the same variant; and (e) the mutated amino acid is 
conserved across mammals (Fig. 1c). According to the 
ACMG/AMP standards and guidelines for interpreting 
sequence variants (2), the identified variant was 
categorized as “likely pathogenic” (PM2, PM5, PP3, 
and PP4).

AVP exerts its effects by interaction with AVPR2, 
which is a 7-transmembrane G protein-coupled receptor 
(GPCR), located on the basement membrane of the renal 
collecting duct, and activates downstream signaling 
molecules. The AVPR2 protein consists of 371 amino 
acids, with four extracellular and four intracellular 
domains, and the identified variant is located in the 
third transmembrane domain (TMD3). The importance 
of TMD3 may be owing to the Asp-Arg-Tyr (DRY) motif in 
its C-terminal region, which is evolutionarily conserved 
in most rhodopsin-like GPCRs and involved in receptor 
function (4). In the case of AVPR2, this motif comprises 
136D-137R-138H, and pathogenic variants in this region 
have been previously reported in the HGMD to cause 
NDI. However, the influence of the substitution of S127 
on the functionality of this motif is unclear. Another 
plausible explanation for the pathogenicity of the 
identified variant is the inability of AVP to interact with 
AVPR2. In silico molecular docking analysis has revealed 
the involvement of S127 of AVPR2 in interacting with 
AVP (5); therefore, the identified variant may interfere 
with the binding of AVP to AVPR2, thereby causing NDI.

An accurate NDI diagnosis is clinically important 
because a diagnostic delay may cause developmental 
delays due to repeated dehydration and cerebral edema. 
Therefore, appropriate diagnostic interventions and 
management are essential to improve the prognosis of 
patients with NDI. Particularly, genetic testing is an 
important tool for diagnosing NDI, and this approach 
has become more prevalent and accessible in clinical 
settings. Therefore, further accumulation of information 
on genetic variants associated with NDI is necessary to 
enable precise interpretation of identified variants and 
accurate diagnosis of NDI.

Ethical considerations: Written informed 
consent for publication and genetic testing was obtained 

Table 1. Clinical characteristics evaluated upon 
admission to the hospital

Variables Results

WBC (× 104/μL) 1.1
Hb (g/dL) 10.5
Plt (× 104/μL) 21.5
Na (mEq/L) 159
K (mEq/L) 4.2
Cl (mEq/L) 124
BUN (mg/dL) 16.5
Cre (mg/dL) 0.43
Ca (mg/dL) 10.8
P (mg/dL) 5.9
CPK (IU/L) 61
S-Osm (mOsm/L) 322
Free T3 (pg/mL) 3.16
Free T4 (ng/dL) 1.13
TSH (μU/mL) 2.256
ARC (pg/mL) 190.4
Aldosterone (ng/dL) 32.1
AVP (ng/mL) 24.8
Venous blood gas

pH 7.42
pCO2 (mmHg) 37.8
pO2 (mmHg) 55.9
HCO3 (mEq/L) 24
BE (mEq/L) 0.2

Urinalysis
Urine specific gravity 1.003
pH 6.5
glucose –
protein –
blood –
ketone –

Urine Na (mEq/L) < 20
Urine K (mEq/L) 21
Urine Cl (mEq/L) < 20
Urine Cre (mEq/L) 7
U-Osm (mOsm/L) 108

T3, 3,5,3’-triiodothyronine; T4, thyroxine; TSH, thyroid-
stimulating hormone; S-Osm, serum osmolality; U-Osm, 
urine osmolality; ARC, active renin concentration; AVP, 
arginine vasopressin; BE, base excess; WBC, white blood 
cell; Hb, hemoglobin; Plt, platelet; BUN, blood urea nitro-
gen; Cre, creatinine; CPK, creatine phosphokinase.
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from the patients’ parents. All studies were carried out 
in accordance with the 1964 Declaration of Helsinki, the 
2003 Japanese Ethical Guidelines for Clinical Research, 
and their later amendments.
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