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Abstract: Background: To evaluate the heterogeneity in clinical
manifestations of juvenile nephronophthisis and to understand the role
of associated genes and genetic variants in affected children.Study
Design: Descriptive observational study.Place and Duration of the
Study: Department of Pediatric Nephrology, University of Child
Health Sciences, The Children’s Hospital Lahore, Pakistan, from
September 2023 to August 2024.Methodology: A total of 25 children
aged 5-15 years with clinical suspicion of juvenile nephronophthisis
were included in the study. Demographic characteristics,
anthropometric  measurements, clinical symptoms, laboratory
parameters, and requirement for dialysis were recorded. Radiological
evaluation was performed using renal ultrasonography. Genetic
analysis was carried out to identify associated gene mutations.
Results: Among the 25 patients, 72% were male and 28% were
female. The majority of children (55%) were aged 5-10 years, while
45% were between 11-15 years. Consanguinity was present in 76% of
patients. The most common genetic mutation was NPHP1 detected in
68% of patients, followed by NPHP4 (12%) and NPHP5 (8%), while
12% showed no detectable mutation. Polyuria and polydipsia were
present in all patients. Growth retardation was observed in 68%, night
blindness in 56%, and hypertension in 8% of children. Renal
ultrasonography showed shrunken kidneys with poor or absent
corticomedullary differentiation in all patients, while renal cysts were
identified in 24%. Conclusion: It is concluded that juvenile
nephronophthisis demonstrates considerable heterogeneity in clinical
presentation and genetic mutations. Nephronophthisis is a genetically
diverse disorder involving multiple genes, with NPHP1 being the most
common mutation identified in this study.

Keywords: Juvenile nephronophthisis, NPHP1 mutation, genetic
heterogeneity, ciliopathy, chronic kidney disease
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INTRODUCTION

Juvenile nephronophthisis (JNPH) is a genetic kidney
disease and among the most prevalent genetic
mechanisms leading to chronic kidney disease and
end-stage renal disease in children and adolescents [1].
Progressive tubulointerstitial fibrosis,
corticomedullary cysts and slow loss of renal function
are the features of the disease. The patients tend to
have nonspecific symptoms clinically, including
polyuria, polydipsia, nocturia, growth retardation,
anemia, and impaired urinary concentrating ability
[2]. Due to the subtle nature of these manifestations at
an earlier age, the diagnosis happens late when in
most cases, the damages to the kidney have already
been very serious [3]. Consequently, a significant
number of patients show up late in the illness when
the renal failure has already developed significantly.
Juvenile nephronophthisis is one of the diseases of the
group called ciliopathies, which are caused by
structural or functional defects of primary cilia [4].
Primary cilia are the microscopic hair-like organelles
located on the surface of most epithelial cells and they
have the critical role of cellular signaling pathways to
regulate the tissue development, differentiation and
homeostasis of cells. Primary cilia are
mechanosensory in the kidney and they sense the
movement of fluids in the renal tubules and control
pathways of cell proliferation and differentiation [5].
These signalling pathways are disrupted by mutations
in proteins of the cilia and cause anomalous
development of tubules, fibrosis, and cysts of the
kidney [6]. The high clinical heterogeneity is
considered one of the most peculiar characteristics of
juvenile nephronophthisis. Whereas, the development
of isolated kidney disease is prevalent in many
patients, some of them present with the syndromic
forms of the disease where other organ systems are
involved. Extra-renal appearance can consist of retinal
degeneration, liver fibrosis, cerebellar malformations,
skeletal defects and retarded development [7]. The
existence of these systemic features also brings to light
the multisystem characteristics of ciliopathies and the
complexity of the biological mechanisms that
contribute to the development of the disease. Well-
known syndromic forms of nephronophthisis
dysfunctions comprise Senior-Loken syndrome,
Joubert syndrome, and Meckel-Gruber syndrome,
each of which exhibits different levels of renal and

extrarenal dysfunction [8]. The genetic variance that
leads to the  heterogeneity in  juvenile
nephronophthisis is highly linked to the genetic
variability of the disorder. In the last twenty years,
molecular genetics has contributed to the discovery of
over 25 genes linked to nephronophthisis, also known
as NPHP genes [9]. These genes encode proteins that
are related to ciliary, intracellular transport,
centrosome and signal transduction pathways. The
defects in these genes interfere with the ciliary
functioning and eventually lead to the disruption of
the cellular homeostasis of the renal tubules [10].
Some of the commonest suspect genes include
NPHP1, NPHP3, NPHP4, NPHP5, and NPHP6.
The NPHPI gene deletions are deemed as the most
prevalent gene defect resulting in the juvenile
nephronophthisis and normally lead to a case of
isolated kidney disease that progresses to end-stage
renal failure in adolescence [11]. Conversely, the other
genes that have been implicated in mutations that
cause syndromic forms of the disease are NPHP5 and
NPHP6, which 1is accompanied by retinal
degeneration and neurological defects. This difference
in gene participation is a factor that can be attributed
to the wide range of clinical presentations that are
exhibited in different individuals that are affected [12-
14].

Objective

To explore the clinical features and genetic
abnormalities in a group of individuals affected by
nephronophthisis-related ciliopathy.

METHODOLOGY

This descriptive observational study conducted at the
Department of Pediatric Nephrology, University of
Child Health Sciences, The Children's Hospital
Lahore, Pakistan, from September 2023 to August
2024. A total of 25 children with clinical suspicion of
juvenile nephronophthisis were included in the study.
The participants were between the ages of 5 and 15
years at the time of presentation. Children aged
between 5 and 15 years presenting with clinical
features suggestive of nephronophthisis were included
in the study. Patients with symptoms such as polyuria,
polydipsia, unexplained chronic kidney disease,
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growth retardation, or impaired urinary concentrating
ability were considered eligible. Children with
radiological findings suggestive of nephronophthisis,
including increased renal echogenicity or
corticomedullary cysts on renal ultrasound, were also
included. Children diagnosed with chronic kidney
disease secondary to other known etiologies such as
congenital anomalies of the kidney and urinary tract,
glomerulonephritis, obstructive uropathy, or systemic
diseases affecting the kidneys were excluded from the
study.

Data Collection

After obtaining institutional approval, data were
collected from all eligible patients presenting to the
pediatric nephrology department during the study
period. The following detailed demographic details
(age, gender, family history of renal disease) were
taken. All patients were assessed in terms of
anthropometric measurements of height, weight and
body mass index to assess nutritional status and
growth. To report clinical presentation symptoms and
signs of juvenile nephronophthisis, clinical assessment
was conducted. These were polyuria, polydipsia,
fatigue, anemia, growth retardation and other such
symptoms. The patients were also documented on the
information about disease progression and the need to
undergo renal replacement therapy such as dialysis.
Lab tests were conducted to determine kidney
functioning and related malfunctions. These
examinations comprised serum creatinine, blood urea

RESULTS

nitrogen, electrolyte levels, hemoglobin concentration
and urinalysis. Further studies were conducted when
clinically relevant, to assess the extent of involvement
of kidney and other features of systems involved.
Radiological evaluation was done by doing renal
ultrasonography  which  established  structural
anomalies in keeping with nephronophthisis. It was
found that there were increased renal echogenicity,
decreased corticomedullary differentiation, and
corticomedullary cysts. All the patients were subjected
to genetic assessment on the basis of clinical suspicion
of nephronophthisis and presence of typical
characteristics in relation to known mutations of the
NPHP genes. Molecular genetic testing could not be
done in all of the cases due to the lack of availability
of molecular diagnostic facilities. Rather, genetic
associations had been assessed on the basis of clinical
presentation, family history and previously known
genotype-phenotype associations.

Data Analysis

Data were analyzed using SPSS v26.0. All collected
data were compiled and analyzed to identify patterns
in demographic characteristics, clinical
manifestations, laboratory findings, and disease
progression among the patients. Quantitative
variables such as age and laboratory parameters were
presented as mean * standard deviation, while
categorical variables such as gender, clinical
symptoms, and dialysis requirement were presented
as frequencies and percentages.

Data were collected from 25 patients. The majority of patients were male, accounting for 18 (72%) cases, while
females comprised 7 (28%). Regarding age distribution, 14 (55%) children were between 5-10 years of age and 11
(45%) were between 11-15 years. Consanguinity among parents was highly prevalent and was observed in 19 (76%)
children, whereas 6 (24%) had no parental consanguinity. Genetic analysis revealed that the most common mutation
was NPHP1, detected in 17 (68%) patients. Mutations in NPHP4 and NPHP5 were identified in 3 (12%) and 2 (8%)
children, respectively, while no detectable mutation was found in 3 (12%) cases.

Table 1. Demographic Characteristics of Patients with Juvenile Nephronophthisis (n = 25)

Variable Category n (%)
Gender Male 18 (72%)
Female 7 (28%)
Age Group 5-10 years 14 (55%)
11-15 years 11 (45%)
Consanguinity Present 19 (76%)
Absent 6 (24%)
Gene Mutation NPHP1 17 (68%)
NPHP4 3 (12%)
NPHP5 2 (8%)
No mutation detected 3(12%)

Polyuria and polydipsia were universal symptoms and were reported in all 25 (100%) patients. Growth retardation
was observed in 17 (68%) children, while 8 (32%) had normal growth parameters. Night blindness, indicating possible
retinal involvement, was present in 14 (56%) patients and absent in 11 (44%). Hypertension was relatively uncommon
and was detected in only 2 (8%) patients, whereas the remaining 23 (92%) children had normal blood pressure.
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Table 2. Clinical Manifestations of Juvenile Nephronophthisis (n = 25)

Variable Category n (%)
Polyuria Present 25 (100%)
Absent 0 (0%)
Polydipsia Present 25 (100%)
Absent 0 (0%)
Growth Retardation Present 17 (68%)
Absent 8 (32%)
Night Blindness Present 14 (56%)
Absent 11 (44%)
Hypertension Present 2 (8%)
Absent 23 (92%)

Renal ultrasonography revealed shrunken kidneys with poor or absent corticomedullary differentiation in all 25
(100%) patients, confirming the typical radiological features of nephronophthisis. Renal cysts were identified in 6
(24%) children, while 19 (76%) showed no cystic changes on ultrasound. Dialysis was required in 4 (16%) patients
due to severe renal dysfunction, whereas 21 (84%) did not require dialysis at the time of evaluation. Syndromic
associations were also noted, with Joubert syndrome present in 3 (12%) children and Senior-Lgken syndrome
identified in 5 (20%) patients.

Table 3. Radiological Findings and Disease Severity (n = 25)

Variable Category n (%)
Shrunken Kidneys with Poor / | Present 25 (100%)
Absent Corticomedullary
Differentiation
Absent 0 (0%)
Renal Cysts Present 6 (24%)
Absent 19 (76%)
Dialysis Requirement Yes 4 (16%)
No 21 (84%)
Joubert Syndrome Present 3 (12%)
Absent 22 (88%)
Senior-Lgken Syndrome Present 5 (20%)
Absent 20 (80%)

Among patients with the NPHP1 mutation (n = 17), growth retardation was observed in 13 (76.5%) compared with
4 (50.0%) in patients with other or no mutations; however, this difference was not statistically significant (p = 0.182).
Night blindness was present in 11 (64.7%) patients with NPHP1 mutation compared to 3 (37.5%) in the other
mutation group (p = 0.213). Renal cysts were observed in 5 (29.4%) patients with NPHP1 mutation and in 1 (12.5%)
patient with other mutations (p = 0.348). Dialysis requirement was seen in 3 (17.6%) patients with NPHP1 mutation
and 1 (12.5%) patient with other mutations (p = 0.741). Syndromic variants were identified in 4 (23.5%) patients with
NPHP1 mutation and in 4 (50.0%) patients with other mutations, although this difference was also not statistically
significant (p = 0.184).

Table 4. Association of Genetic Mutations with Clinical Manifestations and Qutcomes (n = 25)

Variable Category NPHP1 Mutation (n | Other / No Mutation | p-value
=17)n (%) (n=8)n (%)

Growth Retardation Present 13 (76.5%) 4 (50.0%) 0.182
Absent 4 (23.5%) 4 (50.0%)

Night Blindness Present 11 (64.7%) 3 (37.5%) 0.213
Absent 6 (35.3%) 5 (62.5%)

Renal Cysts on Ultrasound | Present 5 (29.4%) 1 (12.5%) 0.348
Absent 12 (70.6%) 7 (87.5%)

Dialysis Requirement Yes 3(17.6%) 1 (12.5%) 0.741
No 14 (82.4%) 7 (87.5%)

Syndromic Variant Present 4 (23.5%) 4 (50.0%) 0.184
Absent 13 (76.5%) 4 (50.0%)
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Figure 1: NEPHRONOPHTHISIS VARIANTS/SYNDROMES IN COHORT

Patients with NPHP1 mutation had a median age of 10 years (range 5.9-15), while those with NPHP4 and NPHP5
mutations had median ages of 8 years (range 6—10) and 7.5 years (range 7-8), respectively. Consanguinity was
particularly frequent among patients with NPHP1 mutation (82.4%) and was present in all patients without a detected
mutation. Family history of renal disease was most observed in the NPHP1 group (94.1%).

Table 5: Genotype—Phenotype Association in Children with Juvenile Nephronophthisis (n = 25)

Variable Not Known (n =3) | NPHP1 (n =17) | NPHP4 (n =3) | NPHP5 (n =2)
Age Median (Range), years 12 (11-15) 10 (5.9-15) 8 (6-10) 7.5 (7-8)
Consanguinity 3 (100%) 14 (82.4%) 0 (0%) 0 (0%)
Family History of Renal Disorder | 0 (0%) 16 (94.1%) 1 (33.3%) 2 (100%)
Polyuria 3 (100%) 17 (100%) 3 (100%) 2 (100%)
Polydipsia 3 (100%) 16 (94.1%) 3 (100%) 2 (100%)
Bed Wetting 2 (66.7%) 15 (88.2%) 3 (100%) 0 (0%)
Growth Retardation / Stunting 2 (66.7%) 12 (70.6%) 2 (66.7%) 1 (50.0%)
Hypertension 0 (0%) 2 (11.8%) 0 (0%) 0 (0%)
Night Blindness 0 (0%) 2 (11.8%) 0 (0%) 1 (50.0%)
Left Kidney Normal Size 0 (0%) 1 (5.9%) 0 (0%) 1 (50.0%)
Left Kidney Shrunken 3 (100%) 16 (94.1%) 3 (100%) 1 (50.0%)
Right Kidney Normal Size 0 (0%) 1 (5.9%) 0 (0%) 1 (50.0%)
Right Kidney Shrunken 3 (100%) 16 (94.1%) 3 (100%) 1 (50.0%)
DISCUSSION

Juvenile nephronophthisis is an importance genetic
heterogeneous ciliopathy and a significant cause of
chronic kidney disease amongst kids and teenagers.
The current paper considered clinical variations and
genetic profiles of children suspected to have juvenile
nephronophthisis. The results illustrate that there is a
high heterogeneity in clinical manifestation, genetic
mutations, and related phenotypical disorders which
show the complexity of this disorder. In the current
research, this was found to have a male
preponderance in the sense that 72% of the patients
were males and 28% were females. The same male
dominance has been observed with a number of earlier
studies carried out to examine child hereditary kidney
disorders. Even though nephronophthisis is an
autosomal recessive disease and theoretically both
genders are equally affected, gender difference has
been observed among clinical cohorts, perhaps

because of the referral tendencies or limited number of
studies [15].

The age distribution of the patients was that the largest
number of children were aged between 5-10 years
(55%), and 45% Dbetween 11-15 vyears. This
observation is in line with the classic clinical history
of juvenile nephronophthisis where signs and
symptoms may manifest in childhood but may be
undiagnosed until later as the kidney function starts to
deteriorate. Past research has also indicated that a
high number of patients would be diagnosed in late
childhood or early adolescence stages when the
progressive renal insufficiency would have become
evident. In this study, consanguinity was found in 76
percent of the patients, which shows that the genetic
factor of the disorder is high [16]. The high levels of
consanguinity have been frequently documented in
the studies that have been conducted in areas where
consanguinity marriages are prevalent such as South
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Asia and the Middle East. Consanguinity enhances
the risk of having autosomal recessive disorders like
nephronophthisis and also leads to accumulation of
genetic diseases in family. NPP1 was the most
prevalent mutated gene in genetic analysis found in 68
percent of the patients [17]. The observation is
consistent with past reports that have continuously
cited deletions in NPHP1 as the most common genetic
pathology in juvenile nephronophthisis. NPHP4 and
NPHP5 were found to be mutated in 12 and 8 percent
of patients respectively with 12 percent of the patients
having no detectable mutation. The fact that not all
patients have identifiable mutations could either be
explained by the constraints of the genetic testing
methods or the fact that the mutations are in genes
that are not yet discovered [18].

The clinical signs presented in the paper are typical of
nephronophthisis. All patients had polyuria and
polydipsia, and this suggests that patients had low
concentrating ability of urine because of tubular
dysfunction. These symptoms are early warning signs
of the disease and very often they are the first
symptoms that are presented by the affected children.
It was found that growth retardation occurred in 68%
of the patients, which underscored the relationship
between chronic kidney disease and nutritional status
and total growth in children. Fifty six percent of the
patients reported night blindness indicating that there
was retinal involvement that is based on the
ciliopathy-related disorders [19]. Senior-Loken
syndrome is a syndromic disorder that is typically
linked to retinal degeneration. The occurrence of night
blindness in this study is relatively high, which is why
it is possible to assume the existence of extra-renal
manifestations in a considerable percentage of
patients. The incidence of hypertension in children
was only 8% and this is relatively low in comparison
to other types of chronic kidney diseases. This
observation is in line with the observation of
tubulointerstitial nature of nephronophthisis, in which
hypertension is usually manifested later in the course
of the disease. Syndromic forms of nephronophthisis
were also found in the study. Joubert syndrome was
found in 12% of the patients and Senior-Loken
syndrome was found in 20 percent of children. These
syndromic associations also indicate the multisystem
nature of the ciliopathies [20]. Joubert syndrome is
mostly linked with neuronal disorders and cerebellar
malformation, as compared to Senior-Loken
syndrome which involves the combination of
nephronophthisis and retinal degeneration [21]. There
are several limitations in this study that ought to be
taken into consideration during the interpretation of
the findings. To begin with, the sample size was quite
small (25% only), which may reduce the statistical
power and extrapolation of the findings. Second, the
research was done in one tertiary care facility and thus
the results might not necessarily be applicable to the

general population of children with juvenile
nephronophthisis. Third, not all patients underwent
comprehensive molecular genetic testing as there is
low access to sophisticated testing centers hence could
have under-detected some genetic mutations that
cause the disease. Besides this, the study had a cross-
sectional design, which restricted the possibility of
evaluating the progression of disease over a long
period, treatment failure and survival rates.

CONCLUSION

It is concluded that juvenile nephronophthisis
demonstrates marked heterogeneity in clinical
presentation, genetic mutations, and associated
syndromic manifestations among affected children.
Nephronophthisis is a genetically diverse disorder
with involvement of multiple genes, and the
predominant genetic mutation observed in our study
was NPHP1. The majority of patients exhibited early
symptoms such as polyuria, polydipsia, and growth
retardation, with a high prevalence of parental
consanguinity supporting the autosomal recessive
inheritance pattern of the disease. In addition to renal
involvement, a considerable proportion of patients
presented with extra-renal features including retinal
abnormalities and syndromic conditions such as
Joubert syndrome and Senior-Lgken syndrome.
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