
Abstract

Background: X-linked intellectual disability (XLID) is a notably heterogeneous condition and often 
poses a diagnostic challenge; it is more common in males than females, indicating a role of defects on 
the X chromosome. The oligophrenin-1 (OPHN1) gene on Xq12 is one of the genes responsible for a 
syndromic form of XLID characterized by specific brain anomalies and distinctive facial features.
Methods: We report a boy with developmental delay, convergent strabismus, severe hypermetropia, 
seizures, facial dysmorphisms and cerebellar vermis hypoplasia.
Results: A novel intragenic deletion in the OPHN1 gene was found.
Conclusion: The report underlines the clinical and neuroradiological features associated with OPHN1 
mutations, confirming that alterations in this gene are responsible for a significant proportion of patients 
with syndromic XLID with brain anomalies. Thus, we suggest that brain MRI examinations should be 
performed on all individuals with XLID with hypotonia, motor delays and severe strabismus. 
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Introduction

Intellectual disability (ID), usually defined as an overall IQ of 
<70, affects ~3% of the human population and can be classified 
into syndromic and non-syndromic subtypes based on the presence 
or absence of dysmorphic and somatic features [1,2]. ID is more 
common in males than females, indicating a role of defects on the X 
chromosome; mutations in X-linked genes actually contribute to 10-
15% of ID cases in males [3,4].

 
In recent years, many new genes responsible for X-linked inherited 

ID have been identified by taking advantage of powerful positional-
cloning strategies [5].

The oligophrenin-1 (OPHN1) gene on Xq12 is one of the genes 
responsible for a syndromic form of X-linked ID (S-XLID). The 
distinctive phenotype comprises intellectual disability, a specific 
facial appearance, strabismus, myoclonic-astatic epilepsy, ataxia, 
hypogenitalism and specific brain anomalies with cerebellar 
hypoplasia [6-11]. Carrier females have been reported to be mildly 
affected with subtle facial dysmorphic features and mild cognitive 
delays and may or may not have abnormal brain imaging findings 
[9,12].

To date, a total of 26 mutations involving the OPHN1 gene have 
been reported (only 19 of which are publicly available), consisting of 
missense/nonsense and splicing mutations, small and gross insertions 
and deletions and two complex rearrangements.

Here we report a family with XLID due to a new intragenic deletion 
in the OPHN1 gene.

Case Presentation 

The patient was the first child born to a healthy and non-
consanguineous couple. During pregnancy, cerebellar vermis 
hypoplasia was detected by a routine 18-week ultrasound examination 
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and confirmed by fetal MRI, which also detected enlargement of the 
lateral ventricles. The boy was born at term by spontaneous delivery; 
his birth weight, length, and occipitofrontal circumference (OFC) 
were 3,320 g (25-50th percentile), 49 cm (10-25th percentile), and 35 
cm (25-50th percentile), respectively. His Apgar scores were 9 at the 1st 
minute and 10 at the 5th minute.

An ophthalmological evaluation at 8 months showed marked 
convergent strabismus and severe hypermetropia. At the age of 9 
months, he developed generalized myoclonic seizures occurring 
up to 10 attacks per day. Interictal video-electroencephalography 
(VEEG) during awake showed spike wave abnormalities in right 
occipital temporal regions, while during myoclonic jerk VEEG 
showed generalized irregular spike wave complex. Therefore, he was 
started on valproate, which controlled the seizures. At 11 months, a 
brain MRI confirmed the presence of cerebellar vermis hypoplasia, 
cisterna magna enlargement, and dilatation of the lateral ventricles, 
and it also showed squared frontal horns and a thin corpus callosum. 
A psychomotor delay was noted during the first year of life, as he was 
able to sit at 10 months; walking with an ataxic gate was achieved by 
30 months of age, and he showed a moderate speech impairment. 
Moreover, a neurological examination revealed generalized hypotonia 
and fine and gross motor skill impairment, and an IQ assessment 
showed a severe cognitive delay. A physical examination at 31 months 
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of age showed an OFC of 48 cm (10th percentile), height of 87 cm 
(10-25th percentile) and weight of 11.450 kg (3-10th percentile); he also 
exhibited facial dysmorphisms with a roundish shape of the face, sparse 
eyebrows, deep-set eyes, a short philtrum and mild retrognathia with 
a horizontal notch. An abdominal ultrasound showed no alterations, 
and genital anomalies were not detected. Conventional karyotyping 
and an array-CGH were normal.

Methods

To check for mutations in the OPHN1 gene sequence, we amplified 
the coding exons (2-24) with 24 primer pairs designed using Primer 
Express v1.5 software. PCR was performed in a 20 μl reaction volume 
with 50 ng of genomic DNA, and Taq, Buffer, MgCl2, and dNTPs were 
supplied by Promega Master mix (2x). PCR reactions were performed 
for 35 cycles. Each cycle consisted of 1 min of denaturation at 95°C, 
1 min of annealing at an appropriate temperature (55-60°C) and 1 
min of elongation at 72°C. The PCR products were examined on a 2% 
agarose gel, and after ExoSAP purification, they were sequenced using 
the Applied Biosystem BigDye Terminator v3.1 Cycle Sequencing 
Kit and run on the ABI PRISM 3500 Genetic Analyzer (Applied 
Biosystems). Sequence analysis was performed with SeqScape 2.7 
software.

Results

Because the proband did not amplify exons 13 and 14, we 
attempted to amplify his genomic DNA using primer 12-Forward and 
15-Reverse, which should produce a 4.5 kb fragment. Instead, using 
TaKaRa LA Taq with a GC buffer and special PCR conditions (30 
cycles with 10 sec of denaturation at 98°C and 15 min of annealing-
elongation at 68°C), we obtained a 1.5 kb fragment. Sequencing of 
this fragment allowed us to determine the deletion breakpoints 
that removed nucleotides 242 351-345 371 from the NG_008960.1 
genomic sequence. The 5' breakpoint was located in intron 12, and the 
3' breakpoint was located in intron 14. The same deletion was found 
in the proband’s mother.

At the mRNA level, the deletion resulted in the removal of 
nucleotides 1105-1201 (corresponding to exons 13 and 14 on the 
NM_002547.2 cDNA sequence), resulting in a frameshift mutation 
that inserts a stop codon 21 amino acids after proline 368 (the last 
normally translated residue). 

Discussion

Oligophrenin-1 (OPHN1) is one of at least seven genes located on the 
X chromosome that take part in the Rho GTPase-dependent signaling 
pathways involved in several cellular functions including neuronal cell 
migration and synaptic morphogenesis [13,14]. OPHN1 encodes for a 
91-kd protein that is highly expressed in axons, dendrites and spines 
throughout the brain; its expression is enriched in the hippocampus, 
olfactory bulb and Purkinje cell layer of the cerebellum. Dysfunction 
of the oligophrenin protein might result in the constitutive activation 
of the Rho protein family members, affecting neuronal morphogenesis 
and synapse maturation [13,15,16]. Rho-pathway dysfunction and 
abnormal kinetic efficiency of endocytosis due to OPHN1 protein 
defects are thought to be important contributory factors to a specific 
form of XLID associated with cerebellar hypoplasia with vermian 
dysplasia [8,10,17-19].

In this report, we establish the molecular diagnosis of a boy with 

a clinical picture comprising psychomotor delays, strabismus,
hypermetropia, epilepsy, ataxia and distinctive neuroradiological 
findings. The phenotype was suggestive of XLID; the presence of 
cerebellar hypoplasia and easily recognizable facial dysmorphic 
features suggested OPHN1-related XLID.

The most striking hallmark shared by OPHN1 patients, aside from 
moderate to severe cognitive impairment, is the presence of MRI 
abnormalities: the posterior fossa is involved in all cases; cerebellar 
hypoplasia is predominant at the level of the lower vermis; the 
involvement of cerebellar hemispheres is variable and ranges from 
an enlarged cisterna magna to retrocerebellar cysts; disorganization 
of the anterior vermis has also been reported as well as hippocampal 
alterations [8,10,20]. 

The most characteristic facial findings associated with OPHN1 
syndrome include hypotelorism, deep-set eyes, prominent 
supraorbital ridges, a short philtrum, thin upper lip and prognathism 
[6,9,10]. 

Strabismus is another useful clinical sign that suggests a diagnosis 
of OPHN1 syndrome. All OPHN1 patients share marked strabismus, 
which is more pronounced than the ocular features frequently 
described in other ID syndromes [9,10,21]. The critical role of the 
cerebellum in oculomotor coordination might contribute to the 
ocular impairment [22]. 

Other features shown by our proband, such as early-onset myoclonic 
and motor focal seizures and overt ataxia, have been reported in 
some patients [6,8,10]; partial motor seizures, observed in 50% of 
mutated families, could be related to the supratentorial involvement 
described in OPHN1 patients [8,10]. Obvious ataxia is rarely observed 
in spite of severe cerebellar hypoplasia; this has been suggested to be 
consistent with a prominent posterior vermian dysgenesis with a less 
affected rostral vermis [10,11]. A high degree of intrafamilial and 
interfamilial variability in the severity of the clinical and neurologic 
manifestations of the syndrome ranging from moderate ID with mild 
motor incoordination to severe cognitive impairment with complete 
loss of autonomy has been described [23].

  Our report also gives an insight into the presentation of carrier 
females that have been reported to be mildly affected with subtle 
facial dysmorphic features and mild cognitive delay with or without 
abnormal findings on brain imaging [9,12, 24-26]. The mother of our 
patient has actually been detected as a carrier of the same deletion 
that affects her son; however, she shows normal intelligence and only 
subtle dysmorphic features, including a long face with deep-set eyes. 
This phenomenon could be attributed to skewed X-inactivation as 
previously described in various X-linked disorders including XLID 
[27,28]. 

  The majority of OPHN1 mutations identified to date (nonsense, 
missense and splicing mutations; small deletions and insertions) result 
in oligophrenin-1 loss of function; splicing mutations that determine 
the production of a mutant protein have also been described [26], 
as well as two complex rearrangements involving the OPHN1 gene 
[12,24]. 

The intragenic deletion found in our family has not yet been 
reported in the literature. This deletion removes exons 13 and 14 from 
the mRNA resulting in a frameshift mutation that inserts a premature 
stop codon. We cannot rule out that Nonsense-Mediated Decay results 
in the absence of OPHN1 mRNA in the proband, but if the transcript 
should be translated, it would result in the production of a truncated 
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protein with only the N-terminal BAR and pleckstrin-homology 
(PH) domains and lacking the entire Rho GTPase Activation Protein 
(GAP) domain and the following 240 amino acid-long C-terminus of 
the OPHN1 protein.

Conclusion

The diagnostic approach to patients with suspected X-linked 
intellectual disability (XLID) is regarded as one of the most difficult 
tasks for clinicians. The current study confirms that OPHN1 gene 
alterations are responsible for a significant proportion of male patients 
with syndromic XLID associated with cerebellar hypoplasia. Based 
on this evidence, we suggest that an MRI examination of the brain 
should be performed on all individuals with XLID with hypotonia, 
motor delay and severe strabismus. Moreover, the identification of 
heterozygous females, although more difficult due to their subtle facial 
phenotype and possible lack of brain malformations, is an important 
challenge for genetic counseling.
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