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ABSTRACT Congenital nephrogenic diabetes insipidus (NDI) is a rare X-linked recessive disorder associated with germline
mutations of the arginine vasopressin (AVP) receptor type 2 (AVPR2) gene. The researchers describe a novel mutation in the
AVPR2 gene in a three-generational Turkish family with NDI. In the present report, a 22-year-old man is reported with polyuria
and bilateral non-obstructive hydronephrosis. He was diagnosed with partial NDI based on the clinical phenotype, the water
deprivation test and the inadequate response to 1-desamino-8-Darginine vasopressin (DDAVP) administration. All family
members who were suspected to have diabetes insipidus and/or related symptoms were studied.  Sequencing analysis of the
AVPR2 gene revealed the novel missense mutation c.392 T>C; p. Leu 131 Pro:L131P (AVPR2 gene (coding seq #
NM_000054.4;prot seq # NP_000045.1). In conclusion, the proband carries a novel AVPR2 missense mutation inherited from
his carrier mother.
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INTRODUCTION

The hormone arginine vasopressin (AVP)
which is secreted from neurohypophysis is, in
part, responsible for maintaining proper water
homeostasis in response to rising plasma osmo-
lality by means of binding to arginine vaso-
pressin receptor 2 (AVPR2). AVPR2 is in the
basolateral plasma membrane of renal collect-
ing duct principal cells, thereby inducing, after
AVP stimulation, apical plasma membrane in-
sertion of aquaporin-2 (AQP2) leading to in-
creased water uptake and urine concentration.
Disruption of this mutual hormone-organ rela-
tionship causes diabetes insipidus which is char-
acterized by excretion of abnormally large vol-
umes of dilute urine, which results in polyuria
and polydipsia. Central diabetes insipidus is a
result of absent or diminished antidiuretic hor-
mone due to diseases in hypothalamo-hypophy-
sial region whereas in nephrogenic (NDI) form
there is resistance to the action of vasopressin
(Fujiwara  et al. 2005; Moeller 2013; Robertson
et al. 2001).

NDI can be either inherited or acquired, al-
most 90% of congenital NDI is inherited in an
X-linked recessive manner due to mutations in
the AVPR2 gene residing in the Xq28 region,
while 10% is autosomal NDI caused by muta-
tions in the aquaporin 2 gene (AQP2) (Anesi et
al; Moeller 2013; Wesche et al 2012). NDI as-
sociated mutations in AVPR2 result in a loss of
function of V2R signaling, characterized by an
inability of this receptor to generate sufficient
cAMP in response to AVP.  At least 200 differ-
ent mutations in AVPR2 gene have been reported
(Spanakis et al. 2008) AVPR2 mutations dis-
rupt receptor function at various levels, such as
impairment of ligand binding, defective intrac-
ellular transport and reduced receptor transcrip-
tion (Fujiwara  et al. 2005; Moeller 2013).

In this study, the researchers described a
novel mutation in the AVPR2 gene in a three-
generational Turkish family with NDI and dis-
cussed with other mutations that were reported
in the literature.

MATERIAL  AND METHODS

Patients

A 22-year-old man is reported with polyuria
to urology outpatient clinic. He had suffered
from  polyuria and polydipsia for several years.
However, he did not receive any specific evalu-
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ation. On physical examination, he had normal
blood pressure and no growth failure and cog-
nitive impairment. His weight was 73.5  kg and
height  was  166 cm. His urine volume was 15
litres per day.  Urine specific osmolality was
lower than 1.005. Renal ultrasonography  and
intravenous pyelography revealed a markedly
distended bladder and bilateral hydronephrosis
without any obstructive lesion of the ureter or
urethra. He was referred to endocrinology out-
patient clinic for further evaluation. His work-
up revealed a daily urine output of typically 15
litres with low osmolality. His laboratory results
were within the normal levels. A water depriva-
tion test showed an inability to produce con-
centrated urine before and after administration
of exogenous AVP demonstrating the presence
of vasopressin resistant nephrogenic diabetes
insipidus (NDI). Subsequent treatment with
hydrochlorothiazide lowered the patient’s daily
urinary output by ~7 L. Addition of prostaglan-
din synthetase inhibitors on hydrochlorothiaz-
ide did not effect urine output. Thus the research-
ers discontinued indomethacine The pedigree
of this family with congenital NDI is shown in
Figure 1. His mother did not have any symp-
toms of polyuria and polydipsia. Her urine os-
molality and plasma osmolality were also nor-
mal. His 51year-old, half-brother of maternal
grandmother (II:11) had a history of polydipsia
and polyuria since infancy. His urine volume
was 20 litres per day.  Urine specific gravity

Fig. 1. Pedigree of family with NDI. Squares indicate males, circles females. Blacked symbols are affected individuals.
Arrow shows the index case. Circles with dot indicates the carrier individuals

was lower than 1.005. Renal ultrasonography
did not show any abnormality. Treatment with
hydrochlorothiazide lowered the patient’s daily
urinary output by ~7 L. His  maternal grand-
mother, half- brother of maternal grandmother
and niece of half-brother did not wish to par-
ticipate in further investigations and therefore
the researchers were not able to conduct urine
and blood sampling. Person II:5 had died at age
of 45 years, he had had sufferred from polydyp-
sia but there was no information about the cause
of  death. All clinical, laboratory and genetic
investigations were conducted with the consent
of the proband and selected family members.

Molecular Analysis

Peripheral blood samples were collected from
proband (IV3) and relatives (III7, IV4, II4, II11,
III20) (Fig. 1) DNA samples were isolated by
QIAamp DNA Blood Mini Kit (Qiagen, Hilden,
Germany), according to the blood and body fluid
protocol using peripheral blood samples. Muta-
tions were identified by DNA sequencing of the
exons, introns, about 140 bp of the 59-untrans-
lated region, and about 220 bp of the 39-
untranslated region of the AVPR2 gene as de-
scribed previously (Bichet et al. 1994). Once a
putative disease-causing mutation was found,
DNA sequencing of a region of about 200 bp
that included the mutation was done for other
family members.
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RESULTS

All family members who was suspected to
have diabetes insipidus and/or related symptoms
were studied and a novel missense mutation:
c.392 T>C ; p. Leu 131 Pro :L131P (AVPR2
gene (coding seq # NM_000054.4;prot seq #
NP_000045.1) was detected in IV3 (proband),
III7, II4, II11, III20 (Fig. 1).

No mutation was detected in proband’s sis-
ter (IV4) (Fig.1). According to UniProt Con-
sortium and Chemical Computing Group
(Montreal, Quebec, Canada) the mutation
(L131P) falls into third transmembran domain
of protein (aa: 114-135 and aa: 110-142, respec-
tively) (Fig. 2).

DISCUSSION

Congenital nephrogenic DI is an uncommon
disorder resulting in variable degrees of resis-

Fig. 2. Schematic view of positions of missense and nonsense mutations according to sequence annotations at
www.uniprot.org. Arrow indicates our new missense mutation, L131P.  Circles with plus sign represents missense
mutations and circles with cross sign represents nonsense mutations. The other mutation types are not shown here

tance to AVP (van Lieburg et al. 1999). In the
present study, the researchers identified a novel
missense AVPR2 mutation in a 22-year-old
boy, his mother, his maternal grandfather, half-
brother of maternal grandmother and niece of
half-brother. The boy and half-brother of ma-
ternal grandmother was characterized since in-
fancy by the clinical symptoms of polyuria and
polydipsia. Female carriers are usually pheno-
typically normal, like the mother of the affected
22-year-old patient of the present study .

The position of this mutation in the presented
study are showed in Figure 3. The Leu-Pro ex-
change is the second of most commonly reported
individual mutation following Arg-Cys for all
missense mutations that are the leading muta-
tion type in AVPR2 (Spanakis  et al. 2008).

The severity of the clinical symptoms of NDI
varies due to the heterogeneity of the mutations
causing this disorder. Female carriers are usu-
ally phenotypically normal based on X-inacti-
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Fig. 3. Diagram of the AVPR2 gene on Chromosome X. Missense mutation in present case were indicated

vation state.  Satoh et al. have found skewed X-
inactivation occuring preferentially to normal
alleles in female carriers who showed clinical
NDI symptoms (Satoh et al. 2008). As the fe-
male carriers don’t have any sign of NDI and
had normal  urine specific osmolality the re-
searchers could assume that their mutant X al-
leles were skewedly inactivated.

In most cases, clinical symptoms usually be-
gin within the first week of life, however, these
features are often not recognized in early in-
fancy. In childhood or early adolescence, the
affected patients have recurrent episodes of se-
vere hypernatremia due to dehydration, and they
also have non-specific symptoms such as anor-
exia, nausea, and fever. Unless this condition is
treated appropriately, the recurrent episodes of
dehydration can lead to growth disturbance and
mental retardation in severe cases (Nakada et
al.1990; Miyakoshi et al. 2003). Although our
patient had polyuria and polydipsia since birth,
he was not diagnosed with diabetes insipitus.

There are urologic complications ranging
from mild ureter dilatation to severe hydroneph-
rosis, megaureter, and megabladder that are
consequences of  large urine volume in patients
with congenital NDI. (Zender et al. 1992;
Aaronson et al. 1985; Van Lieburg et al. 1999;
Birnbaumer et al. 1992). Dilatation of the uri-
nary tract was present in 67% of the reported
cases of NDI (Uribarri  et al. 1993). Rarely, there

may be progressive deterioration of renal func-
tion and end-stage renal disease, probably re-
lated to voluntary retention of urine leading to
bladder dysfunction. The researchers’ patient
had also bilateral hydronephrosis due to perma-
nent polyuria.

The long-term management of patients with
congenital NDI include sodium restriction,  thi-
azide or amiloride diuretics and prostaglandin
synthetase inhibitors, but they usually can’t re-
store urine output. The researchers also tried
thiazide diuretic, high dose desmopressin and
prostaglandin synthetase inhibitor therapies for
our patient. Treatment with hydrochlorothiaz-
ide lowered the patient’s daily urinary output
by ~7 L. Addition of prostaglandin synthetase
inhibitors on hydrochlorothiazide did not effect
urine output. Although his urine volume did not
completely return to normal ranges it has re-
duced to 6- 7 lt/ day.  Recently, there are some
reports in which the potential of non-peptide
agonists and antagonists have been found to
relieve NDI symptoms for certain mutations
some of which (Y128S, I130F and R137H) share
similar location with our mutation (Los et al.
2010; Bernier et al. 2006).  Thus, those phar-
maceuticals may also be useful for our patient.

To the best of our knowledge there is not too
much study investigating molecular basis of
hereditary central or nephrogenic DI in Turkey.
In a recent study, Duzenli et al. studied 15 Turk-
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ish patients with DI, of which 9 have NDI
(Duzenli et al. 2012). They have found 12 dif-
ferent mutations in all cohort, seven of that de-
tected in AVPR2 gene. Furthermore, six of those
7 mutations were also missense mutations. The
researchers propose that as in their case, most
of the patients with symptoms of DI either cen-
tral or nephrogenic in Turkey could be over-
looked. If their diseases are clinically diagnosed
and molecularly confirmed the phenotype-geno-
type relationship of this disease may be well
described.

In summary, the researchers report here a
case of congenital NDI with bilateral non-ob-
structive hydronephrosis that were diagnosed by
water deprivation tests and the diagnosis was
confirmed by V2R mutation analysis. The
proband carries a novel AVPR2 missense muta-
tion inherited from his carrier mother.
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