1 of 4

NPHP1 gene deletion is a rare cause of Joubert syndrome
related disorders
M Castori, E M Valente, M A Donati, S Salvi, E Fazzi, E Procopio, T Galluccio, F Emma,
B Dallapiccola, E Bertini, the Italian MTS Study Group*
...............................................................................................................................
J Med Genet 2005;42:e9 (http://www.jmedgenet.com/cgi/content/full/42/2/e9). doi: 10.1136/jmg.2004.027375

J

oubert syndrome (JS) is an autosomal recessive disorder
presenting with congenital hypotonia evolving into ataxia,
developmental delay, and either oculomotor apraxia or
abnormalities of respiratory pattern or both. JS is characterised, using magnetic resonance imaging (MRI), by
cerebellar vermian hypoplasia and a complex brain stem
malformation called the ‘‘molar tooth sign’’ (MTS), consisting of thickened, elongated, and reoriented superior cerebellar peduncles and a deep interpeduncular fossa.1 JS has been
classified into two groups, A and B, the latter being
characterised by the occurrence of retinal and/or renal
involvement.2
Key associated features of JS are retinal dystrophy and
nephronophthisis, but other manifestations include ocular
colobomas, liver fibrosis, and polydactyly. The variable
involvement of other organs identifies a large spectrum of
syndromes sharing the MTS (such as Arima, COACH, and
Senior-Löken syndromes) which, together with JS, are
termed Joubert syndrome related disorders (JSRD) or MTS
related syndromes.3–5
To date, three genetic loci associated with JSRD have been
mapped to chromosome 9q34.3 (JBTS1), 11p11.2–q12.3
(JBTS2), and 6q23 (JBTS3).6–9 Recently, mutations in the
AHI1 gene have been identified in three JBTS3 linked
families presenting with a pure cerebellar phenotype.10
Isolated nephronophthisis (NPH) is an autosomal recessive
tubulointerstitial medullary kidney disease and is one of the
most frequent monogenic causes of chronic renal failure in
childhood. Four genes causing infantile or juvenile NPH have
been cloned so far (NPHP1 to 4).11–14 Of these, NPHP1 is the
most commonly mutated gene, being responsible for at least
50% of cases with juvenile NPH.15 16 A large homozygous
deletion of the NPHP1 gene is found in more than 80% of
patients, while less than 5% are compound heterozygote for
the gene deletion and a point mutation on the other allele.16
Most patients with the NPHP1 deletion demonstrate progressive normotensive renal failure in the second decade of
life, associated with severe polyuria and anaemia. Some
patients, however, present more complex phenotypes resembling JSRD, such as NPH associated with pigmentary
retinopathy (Senior-Löken syndrome),17 congenital oculomotor apraxia (COGAN syndrome),18 19 or cerebellar vermis
hypoplasia.20 21
Recently, Parisi and colleagues screened 25 patients with
JS type B for the NPHP1 deletion, which was found in two
siblings with a cerebello-renal phenotype and in an additional sporadic case with NPH and mild psychomotor delay
but no cerebellar signs. None of the three patients had retinal
involvement. MRIs from all patients showed an MTS
characterised by moderate inferior vermis hypoplasia with
elongated but not thickened superior cerebellar peduncles.22
Herein we describe the results of a screening for NPHP1
deletion in a group of Italian patients with various MTS
associated phenotypes.
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Joubert syndrome (JS) is a neurological disorder
characterised by a complex cerebellar and brainstem
malformation, the so called ‘‘molar tooth sign’’ (MTS).
JS can be associated with several abnormalities in
other organs, identifying a large spectrum of ‘‘Joubert
syndrome related disorders’’ (JSRD). Isolated nephronophthisis (NPH) is an autosomal recessive tubulointerstitial medullary cystic kidney disease, which can be
found in some JSRD. Among the four genes responsible
for isolated NPH (NPHP1–4), NPHP1 deletions have
been found in two families with JS plus NPH.
We tested 40 JSRD probands with proven MTS for
NPHP1 deletions. Homozygous deletions were tested
by performing two multiplex PCR with two microsatellite markers (one control marker and one internal
deletion marker) resolved on agarose gel. Five markers
within the common NPHP1 deletion region were
genotyped to test heterozygous deletions.
A single NPHP1 homozygous deletion was found in a
patient presenting with cerebellar, retinal, and kidney
involvement, while heterozygous deletions were
excluded in the others. The appearance of MTS in the
patient with NPHP1 deletion was characteristic with
moderate cerebellar vermis hypoplasia and elongated
but not thickened superior cerebellar peduncles.
We confirm that NPHP1 deletions can be a rare cause
of JSRD and broaden the NPHP1 associated clinical
spectrum. In all NPHP1 JSRD patients so far reported,
the MTS shows remarkably similar features, which
might be specifically associated with NPHP1 deletions.

METHODS
We searched for NPHP1 deletions in 40 probands with JSRD
and proven MTS, ascertained through several clinicians
participating in the Italian MTS Study Group. As NPH can
be asymptomatic for years before manifesting renal insufficiency, we included in the study all patients with a confirmed
MTS, independently of the presence of renal involvement. A
blood sample was drawn from patients after obtaining
written parental informed consent for NPHP1 diagnostic
testing.

Abbreviations: JS, Joubert syndrome; JSRD, Joubert syndrome related
disorders; MRI, magnetic resonance imaging; MTS, molar tooth sign;
NPH, nephronophthisis
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Characteristics

Patients (n = 40)

%

Sex (M/F)
Neurological features
Hypotonia/ataxia
Mental retardation
Oculomotor apraxia
Breathing abnormalities
Ocular features
Retinal dystrophy*
Ocular colobomas
Renal features
NPH/urinary concentration defects
Cystic kidney disease
Other renal disease
Combined ocular and renal disease
Hepatic disease
Polydactyly

18/22
40
35
30
34
17
21
18
3
15
10
3
2
11
3
8

45/55
100
87
75
85
42
52
45
7
37
25
7
5
27
7
20

*Including pigmentary retinopathy and Leber congenital amaurosis.

Genomic DNA was isolated by standard methods.
Molecular analysis of the NPHP1 gene was performed using
a two step approach. First, an established diagnostic
algorithm16 with minor modifications was used to identify
homozygous gene deletions. Two previously described markers (804/6 and 9657T-1/2)16 localised within the common
NPHP1 deletion interval were amplified in two multiplex PCR
(A and B) with control markers D9S1826 and D11S1978,
mapping outside the deleted region. PCR products were
loaded on a 3% agarose gel along a 100 bp DNA size standard
and electrophoresed at 100 V for 2 h.
As a second step, we sought to identify possible heterozygous deletions of the NPHP1 gene. Five highly informative
microsatellite markers located within the deleted region
(cen – del-16 – del-2 – del-10 – del-5-5(2) – del-9 – tel) were
genotyped in the probands. These markers have been
specifically designed and optimised by Heninger and colleagues for this purpose.23 Indeed, the identification of at least
one heterozygous marker would exclude the presence of a
heterozygous NPHP1 deletion.

RESULTS
Clinical characteristics of the 40 patients are summarised in
table 1.
Fifteen patients had pure JS (type A), while the remaining
25 presented with renal or retinal involvement or both. A
homozygous deletion of the NPHP1 gene was found only in
one of 40 probands (EC, fig 1). Genotyping of the five
informative microsatellite markers excluded heterozygous

deletions in 36 probands who carried at least one heterozygous marker, while for three patients the DNA sample was
insufficient to complete the analysis. None of the five
markers could be amplified in patient EC carrying the
homozygous NPHP1 deletion.
This patient is a 3 year old female born at term after a
normal pregnancy to apparently non-consanguineous Italian
parents. Family history was unremarkable. She is the second
of three children, with two healthy sibs. No breathing
abnormalities were reported during the perinatal period.
Physical examination at birth failed to show gross dysmorphisms. The child was able to sit unassisted at the age of
12 months, to pronounce simple words at 16 months, and to
walk at 20 months. The neurological evaluation at 3 years of
age revealed hypotonia, mild psychomotor delay, oculomotor
apraxia, and ataxic gait. A brain MRI documented an MTS
with cerebellar vermis hypoplasia, narrowing of the isthmus
and elongation of the superior cerebellar peduncles (fig 2).
During the first year of life the patient developed mild
polyuria. Urine analysis revealed low specific gravity (1006)
in the absence of sediment abnormalities or proteinuria.
Renal ultrasonography and serum creatinine levels (0.4 mg/
dl) were normal. Maximal urine osmolarity after water
restriction was low (579 mOsm/kg/H2O2; normal values
.800 mOsm/kg/H2O2), indicating a reduced urinary concentrating ability. Renal biopsy was not performed.
The ophthalmologic assessment revealed severe visual
impairment and retinal pigmentary changes. The electroretinogram was significantly delayed and attenuated mainly
in its photopic component with present flash visual evoked
potentials. Liver function tests, a liver ultrasound scan, and a
standard karyotype (550 band resolution) were normal.

DISCUSSION
The genetic basis of JSRD is still poorly understood, however,
significant advances have been achieved over the last few
years, with two JBTS loci (JBTS1, JBTS2) and two genes
(JBTS3/AHI1, NPHP1) characterised so far. While NPHP1 is
mostly responsible for isolated juvenile NPH, the identification of NPHP1 deletions in patients with COGAN syndrome,18 19 with cerebellar vermis hypoplasia,20 21 and more
recently with the MTS22 broadens the NPHP1 related clinical
spectrum of diseases to include cerebellar involvement.
In this study we report a large cohort of patients with JSRD
and confirm that NPHP1 deletions can indeed be responsible
for JSRD. We found one patient with the NPHP1 deletion,
who presented a full blown phenotype with early signs of
kidney involvement and a typical pigmentary retinopathy.

Figure 1 Analysis of NPHP1 deletion.
Lanes 1 and 5: 100 bp DNA size
standard; lanes 2 and 6: multiplex A
and B for the negative control (healthy
subject); lanes 3 and 7: multiplex A and
B for patient EC; lanes 4 and 8:
multiplex A and B for the positive
control (patient with juvenile NPH and
with previously confirmed NPHP1
deletion). In patient EC, the analysis
showed a homozygous deletion of both
markers 804/6 and 9657T-1/2, while
the two control markers amplified
normally.
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Figure 2 MRI of patient EC. Coronal T2 weighted sections at the level of
the cerebellum showing hypoplasia of the inferior vermis (A). Sagittal T1
images passing through the midline showing abnormal fourth ventricle
with inferior vermis hypoplasia (B, arrows circle the hypoplastic vermis).
Axial T2 weighted images passing though the mesencephalon pontine
junction showing the MTS and elongated superior cerebellar peduncles
(C and D).

Conversely, none of the three patients described by Parisi et al
had retinal involvement.22
Despite this phenotypic diversity, the appearance of the
MTS in the four JSRD patients with NPHP1 deletion is
remarkably similar, showing moderate cerebellar vermis
hypoplasia and elongated but not thickened superior
cerebellar peduncles (fig 2A–D; see also fig 1 in Parisi et al).
This peculiar presentation of the MTS might be specifically
associated with NPHP1 deletions, but this requires confirmation in additional cases.
When combining our results with the data from Parisi and
colleagues, it appears that NPHP1 deletions are found only in
a minority (4–7%) of patients with JS plus renal and/or
retinal involvement. This low frequency is confirmed by a
previous study, which failed to detect NPHP1 deletions in 13
patients with JS type B.24
It should be noticed that juvenile NPH can have a
prolonged sub-clinical course until renal insufficiency develops and progress to end-stage renal failure, usually in the
second decade of life. Therefore, recognition of renal
involvement in patients with JS can be difficult in young
children, such as in our patient, who only presented with
mild polyuria. Since impaired urinary concentration ability is
often the first sign of NPH, early diagnosis may require a
urinary concentration test after Desmopressin stimulation or
with a water restriction test, together with renal ultrasound.
Although no specific treatment is available, early diagnosis of
NPH is crucial to anticipate the development of renal
symptoms. This allows prompt symptomatic treatments to
be set up which may delay the progression towards end-stage
renal failure and prevent the development of complications,
such as growth failure or renal bone disease.
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