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Objectives: Congenital nephrogenic diabetes insipidus (NDI) is a rare hereditary
disorder caused by mutations in two critical genes: arginine vasopressin
receptor 2 (AVPR2) and aquaporin 2 genes (AQP2). Mutations in AVPR2 gene,
which are predominantly X-linked, account for a significant proportion of
cases, particularly in men. Nevertheless, research on this condition in the
western Chinese population remains limited.

Methods: Eleven participants from nine families with NDI were screened for
AVPR2 mutations. Their clinical features were documented, and genotype-—
phenotype associations were investigated.

Results: This study included 11 pediatric patients with congenital NDI, comprising
10 boys and 1 girl. They were diagnosed between 1 month and 7 years of age. The
clinical presentations included growth retardation, polydipsia, and polyuria in all
patients (11), hypernatremia in 10, renal pelvis dilation in 4, absence of posterior
pituitary high signal on magnetic resonance imaging in 3, unexplained fever in 3,
and recurrent vomiting in 1 and mental retardation each in 1 patient. Genetic
analysis revealed eight AVPR2 mutations among the 11 patients with congenital
NDI, 3 of which were novel: p.lle46Serfs*145, p.llel77del, and p.Ser327Ilefs*30.
Conclusions: In the largest case series of congenital NDI caused by AVPR2
mutations in the western Chinese population, eight AVPR2 mutations were
identified, including three that were novel. This study enhances the existing
literature by elucidating the clinical manifestations of congenital NDI by
analyzing 11 cases and by identifying three novel mutation sites, thereby
augmenting the genetic understanding of this condition.
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Introduction

Congenital nephrogenic diabetes insipidus (NDI) is caused by mutations in arginine
vasopressin receptor 2 (AVPR2) and aquaporin 2 (AQP2) genes. The X-linked recessive
inheritance pattern is observed in approximately 90% of cases with AVPR2 gene
mutations, while AQP2 gene mutations, constituting approximately 10% of cases,
exhibit either autosomal dominant or recessive inheritance. To date, more than 392
mutations in AVPR2 gene have been identified (1).

AVPR2 gene, located on the long arm of the X-chromosome (Xq28), spans 2.2 kb and
comprises three exons. It encodes the type 2 arginine vasopressin receptor, a typical seven-
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transmembrane helical G protein-coupled receptor that mediates the
antidiuretic effect of AVP (2). Children with congenital NDI often
exhibit urinary concentration defects within the first few weeks after
birth, presenting with polyuria and hypotonic urine. Unfortunately,
these symptoms may not receive immediate attention, and most
cases are diagnosed later due to growth impairment, recurrent
vomiting, or recurrent fever (3). The clinical manifestations of
congenital NDI often lack specificity, making the condition prone to
oversight. If left untreated, complications may include urinary tract
obstruction, dilation, intellectual impairment, and even death. Early
diagnosis of this condition is crucial for effective intervention. This
study provides a comprehensive summary of the clinical
presentations and genetic characteristics of 11 congenital NDI cases
observed at our institution, thereby significantly enhancing the

understanding of this disorder.

Materials and methods
Subjects

This study summarizes 11 pediatric patients diagnosed with
congenital NDI at the Department of Pediatric Genetic Metabolic
Endocrinology, West China Second Hospital of Sichuan University,
between December 2015 and December 2024. The diagnosis
was established through a comprehensive evaluation that included
family history, clinical manifestations, such as polyuria, polydipsia,
hypernatremia, and low urine osmolality, results of water deprivation/
desmopressin challenge tests, and genetic testing. Due to the unique
clinical challenges in infants, such as the inability to cooperate with
urine collection and difficulty in obtaining blood samples, we did not
perform water deprivation/desmopressin challenge tests; instead, the
diagnosis was mainly based on a comprehensive evaluation of clinical
manifestations, genetic findings, and response to treatment.

Genomic DNA sequencing and analysis

Whole-exome sequencing (WES) was performed on the proband
and their family members. The identified variant sites were annotated
using molecular biology techniques. Data were analyzed through the

TABLE 1 Clinical characteristics of patients with congenital NDI.
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integration of pathogenic mutation databases, normal human
genomic databases, clinical characteristics, and genetic data analysis
algorithms. Finally, variants with clinical significance were selected
for further analysis.

Results

Clinical manifestations of patients with
congenital NDI

This study involved 11 children diagnosed with congenital NDI
from nine families, including 10 boys and 1 girl. Demographic
features and characteristics are reported in Table 1. The average
age of onset was 1 year, with the main clinical manifestations
being recurrent fever, polyuria, and growth retardation. Most
patients had no apparent family history, except for two probands
whose mother exhibited similar symptoms of polyuria.

Auxiliary inspection characteristics of
patients with congenital NDI

Biochemical and imaging characteristics of the patient cohort are
presented in Table 2. All patients with congenital NDI exhibited
decreased urine-specific gravity. Among them, 10 patients had blood
sodium levels higher than normal (greater than 145 mmol/L),
including 2 cases of mild hypernatremia (148.5 and 147.9 mmol/L), 2
cases of moderate hypernatremia (153 and 151.6 mmol/L), and 6 cases
of severe hypernatremia (sodium level range: 157-173.6 mmol/L). One
patient had a normal sodium level of 135 mmol/L. Urinary system
ultrasound revealed renal hydronephrosis in three patients and renal
collecting system dilation in one patient. All patients underwent
pituitary magnetic resonance imaging (MRI), and three exhibited signs
of absence of high signal intensity in the pituitary.

AVPR2 mutations in patients with
congenital NDI

Familial whole-exome sequencing was performed on 11 affected
children from nine families, identifying 8 distinct AVPR2 mutations.

No. Sex Age Age at onset | Polydipsia  Polyuria | Intermittent Short Mental Vomiting
(months) (months) fever stature impairment

1 Male 36 12 + + - + — —

2 Male 94 36 + + = + — —

3 Male 2 2 + + - + — —

4 Male 10 7 + + + + — —

5 Male 85 12 + + - + + _

6 Male 32 6 + + - + — _

7 Female 2 Neonatal period + + + + - -

8 Male 9 Neonatal period + + - + - +

9 Male 158 Neonatal period + + + + - -

10 Male 62 36 + + - + — —

11 Male 4 Neonatal period + + - + - -
"+"means a patient with clinical manifestations; “—” means a patient without clinical manifestations.
Frontiers in Pediatrics 02 frontiersin.org
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TABLE 2 Biochemical and radiological characteristics of patients with congenital NDI.

Blood sodium | Blood osmotic Urine- Urine osmotic Uric acid Urinary Pituitary MRI
(135- pressure specific pressure (<320 pmol/L) | ultrasound
145 mmol/L) (mOsm/ gravity (mOsm/
kgH,0) (1.005- kgH,0)
1.030)
1 Male 153.0 320.2 1.004 160 540 Normal Normal
2 Male 157.0 327.6 1.002 80 533 Hydronephrosis Rathke’s sac
3 Male 165.2 336.0 1.002 80 268 Hydronephrosis The high signal of
the posterior
pituitary disappears
4 Male 148.5 306.6 1.003 120 392 Normal Normal
5 Male 173.6 359.8 1.002 80 221 Hydronephrosis The high signal of
the posterior
pituitary disappears
6 Male 135.0 281.9 1.003 120 256 Normal Normal
7 Female 162.5 3225 1.002 80 297 Normal Normal
8 Male 167.8 348.2 1.001 40 327 Renal collecting Normal
system dilation
9 Male 151.6 317.82 1.003 120 674 Normal Normal
10 Male 147.9 309.72 1.004 160 457 Normal Normal
11 Male 157.00 318.00 1.002 80 231 Normal The high signal of
the posterior
pituitary disappears

TABLE 3 Mutation analysis of AVPR2 in patients with congenital NDI.

Sex Type of Exon/ Nucleotide change  Amino acid Inheritance | Family | Reported
mutation intron no. change history
1 Male Missense Exon3 c.334T>C Cys112Arg VUusS Maternal + Yes (20, 21)
2 Male Missense Exon3 c.334T>C Cys112Arg VUsS Maternal + Yes (20, 21)
3 Male Deletion Exon3 c.135_136del Tle46Serfs*145 P Maternal - No
4 Male Deletion Exon3 c.529_531del Tle177del VvUsS Maternal - No
5 Male Missense Exon3 ¢.500C>T Ser167Leu P Maternal - Yes (22)
6 Male | Missense Exon2 c.316C>T 106,Arg>Cys LP Maternal - Yes (23)
7 Female | Missense Exon3 ¢.500C>T Ser167Leu P De novo - Yes (24, 25)
8 Male | Missense Exon3 ¢.320G>A Gly170Glu LP Maternal - Yes (26)
9 Male | Duplication Exon4 ¢.977dup Ser3271lefs*30 LP Maternal + No
10 Male | Duplication Exon4 ¢.977dup Ser3271lefs*30 LP Maternal + No
11 Male | Deletion — 8.153167984_153176688del | — P Maternal — Yes (27)
P, pathogenic; LP, likely pathogenic; VUS, variant of uncertain significance.
Among these, missense mutations accounted for 54.5% (6/11), habits. In addition, four patients were administered

deletion mutations for 27.3% (3/11), and duplication mutations for
18.2% (2/11). The six missense mutations included two instances of
¢.500C>T (p.Serl67Leu), two of ¢.334T>C (p.Cys112Arg), one of
¢316C>T (p.Argl06Cys), and one of ¢320G>A (p.Glyl70Glu).
In addition, three new mutations were identified: a deletion mutation
¢.529 531del (p.lel77del), a frameshift mutation c.135_136del
(p.lle46Serfs*145), and a duplication mutation ¢.977dup
(p-Ser3271lefs*30) (Table 3). The distribution of AVPR2 mutations is
demonstrated in Figure 1. Only one patient harbored a de novo
mutation, while the remaining inherited the mutated gene from
heterozygous mothers. The pedigrees of these affected families with
congenital NDI are displayed in Figure 2.

Treatment

All patients were advised to adhere to a low-sodium diet and
were educated regarding appropriate fluid intake and urinary

Frontiers in Pediatrics

hydrochlorothiazide at a daily dosage of 3 mg/kg, while five
patients received combination therapy with hydrochlorothiazide
(3 mg/kg/day) and amiloride (0.3 mg/kg/day). In addition, two
patients received indomethacin at a dose of 2 mg/kg/day. Urine
output was successfully managed in all cases.

Discussion

Congenital NDI is primarily caused by mutations in AVPR2
and AQP2 genes, with AVPR2 gene mutations accounting for
the majority of cases (4). In this study, all 11 cases of congenital
NDI resulted from AVPR2 gene mutations. AVPR2 gene, located
on the g28 region of the X-chromosome, encodes the type 2
vasopressin receptor and comprises two exons and three introns.
Approximately 392 AVPR2 mutations have been reported to
cause congenital NDI (1). AVPR2 mutations can be classified
into three types: Type 1 mutations involve receptors that reach
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FIGURE 1
Distribution of AVPR2 gene mutations detected in NDI patients in this study. (A) Distribution of six mutations in AVPR2 gene. (B) Schematic of the
primary structure of AVPR2 showing the location of the altered amino acids. Red rectangles indicate the DNA coding sequence, hollow circles
indicate the amino acids of AVPR2, and yellow semicircles indicate the amino acid changes identified in the study.

the cell surface but exhibit impaired ligand binding and cannot
induce normal cAMP production. Type 2 mutations involve
receptors with intracellular transport defects, preventing them
from reaching the cell surface and causing AVPR2 to be stored
inside the cells. Type 3 mutations involve receptors that are
inappropriately transcribed, leading to unstable mRNA that is
quickly degraded (1, 5, 6). Pathogenic variations in AVPR2 gene
primarily include missense mutations (approximately 55.8%),
non-sense mutations (12.8%), and small frameshift deletions
(10.4%) (5). This study identified six missense mutations in 11
cases, consistent with the predominant mutation types reported
in the literature. In addition, three new mutations were detected:
a deletion mutation ¢.529_531del (p.Jlel77del), a frameshift
mutation ¢.135_136del (p.Ile46Serfs*145), and a duplication
mutation ¢.977dup (p.Ser327Ilefs*30). In children with similar
clinical presentations, genetic testing facilitates early diagnosis and
has important implications for clinical management and outcomes.
However, due to current technical limitations, we have not yet
conducted further functional studies of the identified mutations.
Congenital NDI caused by AVPR2 gene mutations follows
an X-linked
predominance of affected men (7). In this study, 10 out of the 11
patients were boys, and the mutations were inherited from their
mothers. Of these, two lineages had a family history. Female

recessive inheritance pattern, resulting in a

patients carrying heterozygous AVPR2 gene mutations may
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exhibit varying degrees of congenital NDI-related symptoms due
to X-chromosome inactivation bias (8). The study suggests
that the combination of complete loss-of-function mutations
and extremely skewed X inactivation is associated with severe
X-linked congenital NDI. This reveals an association between
clinical manifestations, mutation types, and X inactivation status
(9). Accordingly, further determination of the degree of
X-chromosome inactivation is valuable for understanding the
clinical manifestations of female heterozygous patients.

Most patients with congenital NDI exhibit symptoms such
as growth polyuria,
intermittent fever accompanied by hypernatremic dehydration
shortly after birth (10). Long-term effects may include intellectual
disability and urinary tract obstruction with renal system dilation.

retardation, vomiting, irritability, and

In severe cases, hypernatremia can lead to death (11). Some studies
indicate that the average onset age of congenital NDI is
approximately 0-4 months (12). The onset age reported in this
study ranged from a few days to 3 years after birth, with only 50%
of patients diagnosed within the first year; this contrasts with
existing literature, which emphasizes early diagnosis (usually within
months) due to the severity of symptoms. The delayed diagnosis
observed in some cases may be related to the delayed early
recognition or the availability of genetic testing. Notably, all 11
patients demonstrated growth retardation. Some researchers believe
that growth retardation may be related to the fact that children have

frontiersin.org
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FIGURE 2
Pedigrees of the eight patients detected to carry pathogenic AVPR2 mutations

a strong aversion to water, which limits the intake of high-calorie
liquids or solids, resulting in weight gain and reduced linear growth
(13). Three infants experienced unexplained fever during the
neonatal period, and their body temperature gradually returned to
normal after correction of hypernatremia, which was related to
dehydration fever caused by hypernatremia. This observation aligns
with the current reserch findings. Therefore, in infants presenting
with unexplained fever during the neonatal period, electrolyte
examination should be emphasized to avoid excessive investigations
and treatments. In this study, only one child showed signs of
intellectual disability, which was due to prolonged hypernatremia
The
complications in children with congenital NDI is approximately

caused by delayed diagnosis. incidence of urinary
42%, with hydronephrosis and hydroureter being the most
common findings (14). In this study, ultrasound examination
that 36% had varying degrees of

hydronephrosis, a slightly lower rate than previously reported. This

revealed of patients
difference may be attributed to the small sample size. Since the
kidneys of children with congenital NDI excrete a large amount of
urine, there is a greater possibility of urinary complications,
particularly as blood sodium levels rise. The blood sodium levels of
these four patients were significantly elevated. The mutations
included p.lle46Serfs*145, p.Serl67Leu, and p.Glyl70Glu. It is
speculated that patients with these mutations may have a more
significant increase in blood sodium levels, which potentially
increase the risk of urinary complications. Therefore, future studies
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are warranted to further explore the impact of mutations at these
gene sites on AVPR2 protein function. On pituitary MRI, the
posterior pituitary lobe appears to exhibit a high signal due to the
presence of neurosecretory granules containing antidiuretic
hormone. In patients with central diabetes insipidus, the high signal
is absent, reflecting a lack or partial deficiency of antidiuretic
hormone in the posterior pituitary lobe (15). In this study, none of
the three patients exhibited high signals in the posterior pituitary
on MRI, but the results of the water deprivation vasopressin test
failed to confirm a diagnosis of central diabetes insipidus. Some
studies have suggested that the disappearance of posterior pituitary
hyperintensity may be related to the severity of the patient’s
condition (16). Compared with the other patients, the three patients
with congenital NDI had relatively high plasma osmolality. We
speculate that this increased plasma osmolality may have triggered
the posterior pituitary to release vasopressin continuously, resulting
in the disappearance of high signals on pituitary MRI, thus
producing imaging results similar to those seen in central diabetes
insipidus. Unfortunately, the current data cannot further confirm
this hypothesis. We hope to collect further follow-up data in the
next phase to observe changes in cranial imaging after treatment in
these children.

Currently, there is no definitive treatment for congenital NDI;
thus, treatment primarily focuses on symptomatic management to
improve overall symptoms (17). In addition to adopting a low-salt
and low-protein diet, it is especially important to ensure adequate
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caloric and protein intake to promote normal growth and development
in children with congenital NDI (12). Preventing dehydration and
avoiding hypernatremia are crucial aspects of care. Thiazide diuretics
function by inhibiting the thiazide-sensitive cotransporter in the
distal tubule, thereby reducing salt reabsorption. As sodium loss
decreases plasma volume, less water enters the collecting ducts,
ultimately reducing urine output (18, 19). In this study, four patients
were administered hydrochlorothiazide monotherapy, while five
received combination therapy with hydrochlorothiazide and
amiloride. The remaining two patients, who presented with
hyperuricemia, were treated with indomethacin. All patients
exhibited significant amelioration of polydipsia and polyuria
symptoms following treatment, with their blood sodium levels, as
monitored, returning to normal ranges. In addition, none of the
patients experienced hypokalemia during the course of treatment.
New treatments for congenital NDI remain in the research and
exploration stage, and the clinical data are relatively small.
Researchers may explore gene therapy, cell therapy, or other new
drug therapies, but these methods require more experimental
research and clinical trials to verify their safety and efficacy.

This study included only 11 patients, representing a small
sample size. All enrolled children showed growth retardation,
and further follow-up is needed to assess their growth
trajectories. In addition, considering the huge geographical and
socioeconomic differences in the western region (such as urban-
rural differences), future research may explore whether these
factors affect the severity of the clinical phenotype of NDI.

Conclusion

In summary, we performed a mutation analysis in a cohort of
patients with congenital NDI from western China and identified
eight AVPR2 gene mutations across nine families, including three
The
characteristics of these patients were examined, revealing a

novel mutations. clinical, biochemical, and imaging
correlation between genotype and phenotype. These findings
expand the known genotype-phenotype spectrum of rare NDI
caused by AVPR2 mutations and underscore the need for further

research into the molecular biology of AVPR2.

Data availability statement

The data presented in the study are deposited in the ClinVar
repository, accession numbers SCV006310933-SCV006310939.

Ethics statement

The studies involving humans were approved by the Medical
Research Ethics Committee of West China Second University
Hospital, Sichuan University. The studies were conducted in
accordance with the local legislation and institutional requirements.
The ethics committee/institutional review board waived the
requirement of written informed consent for participation from the

Frontiers in Pediatrics

10.3389/fped.2025.1623342

participants or the participants’ legal guardians/next of kin because
this study only used treatment data and will not disclose patient
privacy. The animal study was approved by the Medical Research
Ethics Committee of West China Second University Hospital,
Sichuan University. The study was conducted in accordance with
the local legislation and institutional requirements. Written
informed consent was obtained from the individual(s), and
minor(s) legal guardian/next of kin for the publication of any
potentially identifiable images or data included in this article.

Author contributions

KX: Conceptualization, Data curation, Writing — original draft,
Writing - review & editing. JW: Project administration, Funding
editing. JL: Software,
Methodology, Data curation, Writing - review & editing.

acquisition, Writing - review &
XS: Validation, Data curation, Writing - review & editing. YL:
Investigation, Validation, Writing - review & editing. CY:

Resources, Formal analysis, Writing — review & editing.

Funding

The author(s) declare that financial support was received for
the research and/or publication of this article. This study was
supported by the Sichuan Science and Technology Program
under Grant/Award Number 2023ZYD0120.

Acknowledgments

The authors thank the family members of the patients for
giving their permission to publish the clinical data and images.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Generative Al statement

The author(s) declare that no Generative Al was used in the
creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this
article has been generated by Frontiers with the support of artificial
intelligence and reasonable efforts have been made to ensure
accuracy, including review by the authors wherever possible. If
you identify any issues, please contact us.

frontiersin.org


https://doi.org/10.3389/fped.2025.1623342
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/

Xue et al.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated

References

1. Li Q, Tian D, Cen J, Duan L, Xia W. Novel AVPR2 mutations and clinical
characteristics in 28 Chinese families with congenital nephrogenic diabetes insipidus.
] Endocrinol Invest. (2021) 44(12):2777-83. doi: 10.1007/s40618-021-01607-3

2. Maeyama T, Etani Y, Nishigaki S, Kawai M. Nephrogenic diabetes insipidus
caused by a novel missense variant (p.S127Y) in the AVPR2 gene. Clin Pediatr
Endocrinol. (2021) 30(2):115-8. doi: 10.1297/cpe.30.115

3. Guarino S, Diplomatico M, Marotta R, Pecoraro A, Furlan D, Cerrone L, et al.
Nephrogenic diabetes insipidus in childhood: assessment of volume status and
appropriate fluid replenishment. Pediatr Emerg Care. (2020) 36(7):e402-4. doi: 10.
1097/PEC.0000000000001438

4. Refardt J, Winzeler B, Christ-Crain M. Diabetes insipidus: an update. Endocrinol
Metab Clin North Am. (2020) 49(3):517-31. doi: 10.1016/j.ecl.2020.05.012

5. Spanakis E, Milord E, Gragnoli C. AVPR2 variants and mutations in nephrogenic
diabetes insipidus: review and missense mutation significance. J Cell Physiol. (2008)
217(3):605-17. doi: 10.1002/jcp.21552

6. Fujiwara TM, Bichet DG. Molecular biology of hereditary diabetes insipidus. ] Am
Soc Nephrol. (2005) 16(10):2836-46. doi: 10.1681/ASN.2005040371

7. Wesche D, Deen PM, Knoers NV. Congenital nephrogenic diabetes insipidus: the
current state of affairs. Pediatr Nephrol. (2012) 27(12):2183-204. doi: 10.1007/s00467-
012-2118-8

8. Zang L, Gong Y, Li Y, Dou J, Lyu Z, Su X, et al. A novel missense mutation of arginine
vasopressin receptor 2 in a Chinese family with congenital nephrogenic diabetes insipidus:
x-chromosome inactivation in female CNDI patients with heterozygote 814A>G mutation.
Biomed Res Int. (2022) 2022:7073158. doi: 10.1155/2022/7073158

9. Ding C, Beetz R, Rittner G, Bartsch O. A female with X-linked nephrogenic diabetes
insipidus in a family with inherited central diabetes insipidus: case report and review of
the literature. Am ] Med Genet A. (2020) 182(5):1032-40. doi: 10.1002/ajmg.a.61516

10. Namatame-Ohta N, Morikawa S, Nakamura A, Matsuo K, Nakajima M,
Tomizawa K, et al. Four Japanese patients with congenital nephrogenic diabetes
insipidus due to the AVPR2 mutations. Case Rep Pediatr. (2018) 2018:6561952.
doi: 10.1155/2018/6561952

11. Singh A, Patel R, Abhinay A, Prasad R, Mishra D, Mishra OP. Nephrogenic
diabetes insipidus in a 10-mo-old infant: complication of nephropathic cystinosis.
Indian J Pediatr. (2023) 90(5):521. doi: 10.1007/s12098-023-04513-z

12. Levtchenko E, Ariceta G, Arguedas Flores O, Bichet DG, Bockenhauer D, Emma
F, et al. International expert consensus statement on the diagnosis and management of
congenital nephrogenic diabetes insipidus (arginine vasopressin resistance). Nat Rev
Nephrol. (2025) 21(2):83-96. doi: 10.1038/s41581-024-00897-z

13. Brachet C, Birk J, Christophe C, Tenoutasse S, Velkeniers B, Heinrichs C, et al.
Growth retardation in untreated autosomal dominant familial neurohypophyseal
diabetes insipidus caused by one recurring and two novel mutations in the
vasopressin-neurophysin II gene. Eur ]| Endocrinol. (2011) 164(2):179-87. doi: 10.
1530/EJE-10-0823

14. Fujimoto M, Okada S, Kawashima Y, Nishimura R, Miyahara N, Kawaba Y, et al.
Clinical overview of nephrogenic diabetes insipidus based on a nationwide survey in
Japan. Yonago Acta Med. (2014) 57(2):85-91.

Frontiers in Pediatrics

07

10.3389/fped.2025.1623342

organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

15. Gasimova E, Berberoglu M, Ozsu E, Aycan Z, Uyamk R, Bilici E, et al. Evaluation
of the etiological and clinical characteristics of pediatric central diabetes insipidus.
J Pediatr Endocrinol Metab. (2022) 35(8):1089-96. doi: 10.1515/jpem-2022-0058

16. Zhang YH, Li ZZ, Li S, Meng DD, Qin GJ. Clinical characteristics of congenital
nephrogenic diabetes insipidus. Zhonghua Nei Ke Za Zhi. (2021) 60(7):665-8. doi: 10.
3760/cma.j.cn112138-20200721-00689

17. Guo S, Wu S, Li Z, Huang L, Zhan D, Zhang C, et al. Clinical and functional
characterization of a novel mutation in AVPR2 causing nephrogenic diabetes
insipidus in a four-generation Chinese family. Front Pediatr. (2021) 9:790194.
doi: 10.3389/fped.2021.790194

18. Earley LE, Orloff J. The mechanism of antidiuresis associated with the
administration of hydrochlorothiazide to patients with vasopressin-resistant diabetes
insipidus. J Clin Invest. (1962) 41(11):1988-97. doi: 10.1172/JCI104657

19. Kirchlechner V, Koller DY, Seidl R, Waldhauser F. Treatment of nephrogenic
diabetes insipidus with hydrochlorothiazide and amiloride. Arch Dis Child. (1999)
80(6):548-52. doi: 10.1136/adc.80.6.548

20. Bichet DG, Birnbaumer M, Lonergan M, Arthus MF, Rosenthal W, Goodyer P,
et al. Nature and recurrence of AVPR2 mutations in X-linked nephrogenic diabetes
insipidus. Am ] Hum Genet. (1994) 55(2):278-86.

21. Szalai C, Triga D, Czinner A. Cl12r, W323S, N317K mutations in the
vasopressin V2 receptor gene in patients with nephrogenic diabetes insipidus.
Mutations in brief no. 165. Online. Hum Mutat. (1998) 12(2):137-8. doi: 10.1002/
(SICI)1098-1004(1998)12:2<137::AID-HUMU16>3.0.CO;2-]

22. Chen CH, Chen WY, Liu HL, Liu TT, Tsou AP, Lin CY, et al. Identification of
mutations in the arginine vasopressin receptor 2 gene causing nephrogenic diabetes
insipidus in Chinese patients. ] Hum Genet. (2002) 47(2):66-73. doi: 10.1007/
5100380200002

23. Vaisbich MH, Carneiro J, Béson W, Resende B, De Marco L, Honjo RS, et al.
Nephrogenic ~ diabetes insipidus (NDI): clinical, laboratory and genetic
characterization of five Brazilian patients. Clinics (Sao Paulo). (2009) 64(5):409-14.
doi: 10.1590/S1807-59322009000500007

24. Wildin RS, Antush MJ, Bennett RL, Schoof JM, Scott CR. Heterogeneous AVPR2
gene mutations in congenital nephrogenic diabetes insipidus. Am | Hum Genet. (1994)
55(2):266-77.

25. Joshi S, Kvistgaard H, Kamperis K, Feerch M, Hagstrom S, Gregersen N, et al.
Novel and recurrent variants in AVPR2 in 19 families with X-linked congenital
nephrogenic diabetes insipidus. Eur J Pediatr. (2018) 177(9):1399-405. doi: 10.1007/
s00431-018-3132-z

26. Vargas-Poussou R, Forestier L, Dautzenberg MD, Niaudet P, Déchaux M,
Antignac C. Mutations in the vasopressin V2 receptor and aquaporin-2 genes in 12
families with congenital nephrogenic diabetes insipidus. ] Am Soc Nephrol. (1997)
8(12):1855-62. doi: 10.1681/ASN.V8121855

27. Arthus MF, Lonergan M, Crumley MJ, Naumova AK, Morin D, De Marco LA,
et al. Report of 33 novel AVPR2 mutations and analysis of 117 families with X-linked
nephrogenic diabetes insipidus. ] Am Soc Nephrol. (2000) 11(6):1044-54. doi: 10.1681/
ASN.V1161044

frontiersin.org


https://doi.org/10.1007/s40618-021-01607-3
https://doi.org/10.1297/cpe.30.115
https://doi.org/10.1097/PEC.0000000000001438
https://doi.org/10.1097/PEC.0000000000001438
https://doi.org/10.1016/j.ecl.2020.05.012
https://doi.org/10.1002/jcp.21552
https://doi.org/10.1681/ASN.2005040371
https://doi.org/10.1007/s00467-012-2118-8
https://doi.org/10.1007/s00467-012-2118-8
https://doi.org/10.1155/2022/7073158
https://doi.org/10.1002/ajmg.a.61516
https://doi.org/10.1155/2018/6561952
https://doi.org/10.1007/s12098-023-04513-z
https://doi.org/10.1038/s41581-024-00897-z
https://doi.org/10.1530/EJE-10-0823
https://doi.org/10.1530/EJE-10-0823
https://doi.org/10.1515/jpem-2022-0058
https://doi.org/10.3760/cma.j.cn112138-20200721-00689
https://doi.org/10.3760/cma.j.cn112138-20200721-00689
https://doi.org/10.3389/fped.2021.790194
https://doi.org/10.1172/JCI104657
https://doi.org/10.1136/adc.80.6.548
https://doi.org/10.1002/(SICI)1098-1004(1998)12:2%3C137::AID-HUMU16%3E3.0.CO;2-J
https://doi.org/10.1002/(SICI)1098-1004(1998)12:2%3C137::AID-HUMU16%3E3.0.CO;2-J
https://doi.org/10.1007/s100380200002
https://doi.org/10.1007/s100380200002
https://doi.org/10.1590/S1807-59322009000500007
https://doi.org/10.1007/s00431-018-3132-z
https://doi.org/10.1007/s00431-018-3132-z
https://doi.org/10.1681/ASN.V8121855
https://doi.org/10.1681/ASN.V1161044
https://doi.org/10.1681/ASN.V1161044
https://doi.org/10.3389/fped.2025.1623342
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/

	Novel AVPR2 mutations in congenital nephrogenic diabetes insipidus: clinical characteristics and genetic analysis
	Introduction
	Materials and methods
	Subjects
	Genomic DNA sequencing and analysis

	Results
	Clinical manifestations of patients with congenital NDI
	Auxiliary inspection characteristics of patients with congenital NDI
	AVPR2 mutations in patients with congenital NDI
	Treatment

	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Generative AI statement
	Publisher's note
	References


