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Abstract

Background: Pitt-Hopkins syndrome (PHS) is a rare cause of severe intellectual disability, seizures, language
impairment, and peculiar facial dysmorphism. It is caused by a mutation in transcription factor 4 (TCF4). Through
molecular karyotyping and mutational analysis, a study identified recessive defects in two genes, contactin
associated protein like 2 (CNTNAP2) and Neurexin I (NRXN1), in patients with similar presentations of Pitt-Hopkins
syndrome and called Pitt-Hopkins-like syndrome (Zweier et al., J Med Genet 80: 994-1001, 2007).
We present the first case report of a child in Iraq with Pitt-Hopkins-like syndrome that was referred to the Welfare
Children’s Hospital/Medical City of Baghdad because of her intellectual disability.

Case presentation: The patient was 4-year-old female child who presented with psychomotor delay and language
impairment. She had frequent attacks of the respiratory tract and eye infections. Ophthalmologic examination
revealed left-sided esotropia and severe myopia. Routine hematologic, serologic, and chemistry tests were within
normal ranges. EEG revealed diffuse theta slowing and diffuse beta activity. The audiological test was normal. NCS
and EMG showed normal results. Echo study, chest X-ray, and abdominal/pelvic ultrasound revealed normal findings.
Brain MRI showed mild bilateral frontal-temporal atrophy. Whole-exome sequencing (WES) revealed a homozygous
stop mutation in CNTNAP2 with a heterozygous state in both parents.

Conclusion: Intellectual disability may result from different types of abnormal cellular processes and with widening the
use of molecular gene analysis in cases of intellectual disability, underdiagnosed cases of Pitt-Hopkins and Pitt-Hopkins-
like syndromes may be uncovered.
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Background
Pitt-Hopkins syndrome (PHS) is a rare cause of severe
intellectual disability first detected in 1978 in two pa-
tients [1]. The syndrome is characterized by intellectual
dysfunction, seizures, language impairment, postnatal
growth retardation, and microcephaly. This syndrome is
characterized by a particular breathing pattern that ap-
pears in mid-childhood and manifests as paroxysms of
dyspnea followed by apnea and occasional cyanosis. This

breathing anomaly shows no relation to epilepsy [2–4]. It
is characterized by abnormal facial features including
beaked nose with flared nostrils, deep-set eyes, fleshy lips
with a typical cupid-bow upper lip, protruding lower face,
and cup-shaped ears [5]. Other signs include happy de-
meanor, muscular hypotonia, arm flapping, hand biting,
severe constipation, hypoplastic corpus callosum, and bul-
ging caudate nuclei on brain magnetic resonance imaging
(MRI) [6]. Other clinical manifestations include scoliosis,
gastroesophageal reflux [7], pyloric stenosis [5], and con-
stipation. Hearing defects have been reported in 10% of
cases. Strabismus and myopia (severe myopia) are
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frequent findings. Sleeping disturbances have been re-
ported in a few cases.
Pitt-Hopkins syndrome is caused by a mutation in

transcription factor 4 (TCF4) which encodes a class I
basic helix-loop-helix transcription factor [3–5]. Patients
with Pitt-Hopkins syndrome have significant phenotypic
similarities with Angelman and, Rett syndromes and
1q43q44 microdeletion syndrome [4, 5]. Pitt-Hopkins
syndrome is frequently misdiagnosed if not supported by
genetic evidence [5].
In a multicenter genetic study, only 12% of referred

patients with suspected PTHS showed mutations in
TCF4 [5]. Through molecular karyotyping and mutational
analysis, researchers identified recessive defects in two
genes, contactin-associated protein-like 2 gene (CNTN
AP2) and Neurexin I (NRXN1), in patients with very simi-
lar severe intellectual disabilities and variable additional
symptoms, such as seizures and breathing anomalies,
characteristic of Pitt-Hopkins syndrome. These syndromes
with similar presentation to Pitt-Hopkins syndrome but
with CNTNAP2 or Neuroxin mutations are therefore
called Pitt-Hopkins-like syndromes.
CNTNAP2 is one of the largest genes in the human

genome [8]. It encodes contactin-associated protein 2
(CASPR2), a transmembrane protein that is distantly re-
lated to the family of neurexins and regulates neuroglia
contact in vertebrates and glia-glia contact in insects [9].
We presented the first reported case in Iraq with Pitt-

Hopkins-like syndrome. As we noticed that the number
of cases with learning disability increased in the last few
years, we think that tracking the causes with detailed in-
vestigations, including molecular studies may reveal new
or uncommon diseases, narrow differential diagnosis and
find a way for managing and treating cases of learning
disability.

Case presentation
A 4-year-old female child of consanguineous parents
was born through normal vaginal delivery after a full-
term pregnancy complicated by polyhydramnios. The
mother was exposed to a CT scan test in the first month
of her pregnancy.
The child’s body weight was 3 kg, she was 40 cm long,

and her Apgar score was 8 at 5 min of birth.
The child had psychomotor delay and very frequent

respiratory tract infections. She complained of recurrent
attacks of eye infections and was diagnosed with lacrimal
duct stenosis which occurred at the age of one and a half
year. At the age of 2 1/3 years, she had her first general-
ized tonic clonic seizure which recurred frequently and
was partially controlled with sodium valproate and cloba-
zam. Thereafter, she acquired abnormal behavior with
hyperactivity, self-injury behaviors, and spells of crying,
moaning, and stereotypical hand movements. Sleep became

difficult with recurrent arousals and sleep terrors, and
melatonin was prescribed resulting in improvement by a
decrease in the frequency of attacks. She had no gastro-
intestinal complaints. She did not have dressing or toileting
skills.
Examination showed a happy demeanor, microcephaly

(head circumference is 45 cm), wide nasal bridge, and tip,
narrow forehead, cupid-bow-shaped upper lip, wide
mouth, full lips, and small hands. She is hyperactive with
severe speech impairment. Ophthalmologic examination
revealed left-sided esotropia and severe myopia. See Fig. 1.

Laboratory studies and neuroimaging
Routine hematologic, serologic, and chemistry tests were
within normal ranges. EEG revealed diffuse theta slow-
ing and diffuse beta activity which is likely the effect of
clobazam. The audiological test was normal. A nerve
conduction study and EMG showed normal results.
Echo study, chest X-ray, and abdominal/pelvic ultra-
sound revealed normal findings. Brain MRI showed mild
bilateral frontal-temporal atrophy and corpus callosum
and brainstem images (by sagittal section) revealed nor-
mal findings (images were unavailable at the time of col-
lecting patient data for reporting).

Molecular genetic analysis
Whole-exome sequencing (WES) was performed using
the patient and both parents’ DNA obtained from ven-
ous blood.
It revealed CNTNAP2 (NM_014141.5) homozygous

variant c.G2197T (p.E733X/p.Glu733). The baby was di-
agnosed with autosomal recessive Pitt-Hopkins-like
syndrome-1 because of presence of the pathogenic vari-
ant (c.G2197T) in the CNTNAP2 gene. The CNTNAP2
variant c.2197G>T (p.Glu733) creates a stop codon and
is classified as a pathogenic variant according to the
American College of Medical Genetics and Genomics
(ACMG) guidelines. A heterozygous state was detected
in both parents.

Method
The quality control and quantification of the isolated DNA
performed on Nanodrop spectrophotometer (Thermo Sci-
entific) and Qubit fluorometer (Thermo Scientific), respect-
ively. The concentration and 260/280 value obtained from
the quantification of the DNA were optimal for the test.
The structural integrity of the DNA was confirmed by gel
electrophoresis. Agincourt AMPure XP (Beckman Coulter)
was used for product purification before library preparation.
The Agilent Sure Selected Human All Exon V6 Library
Preparation Kit was used for library preparation prior to se-
quencing. The standard protocol of the kit was used for the
test. After library preparation, DNA samples were se-
quenced using the Illumina NovaSeq ® platform. As a result
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of sequencing a paired end 150 bp reads which accounts
for 12 GB of data and 112 × coverage were obtained.

Discussion
The CNTNAP2 gene encodes the CASPR2 protein from
the neurexin family. It is a neuronal transmembrane
protein localized at the juxta-paranodes of myelinated
axons to mediate neuroglia interactions during nervous
system development. This protein also has a role in the
localization process of potassium channels in myelinated
differentiating axons and is involved in human cortical
histogenesis. The CNTNAP2 gene is one of the largest
genes in the human genome and account for nearly 1.5%
of chromosome 7. It spans 2.3 Mb of genomic DNA and
encodes a full-length transcript of 24 exons. The CNTN
AP2-encoded CASPR2 protein has 1331 residues and
consists of a signal peptide, an F5/8 discoidin/neuropilin
homology domain, 4 laminin G-binding domains, 2 epi-
dermal growth factor-like domains, a fibrinogen-like re-
gion, a transmembrane domain, and a postsynaptic
density interaction domain. Losses of a single allele of a
gene may exert phenotypic effects if the gene is part of
either a gene network or if the protein that it encodes
interacts with other proteins [10].
Several publications indicate that losing both alleles of

CNTNAP2 may provoke a specific clinical disorder and
may provide insight into the remarkable clinical variabil-
ity of CNTNAP2 disruptions [11–14]. Patients with
homozygous losses of CNTNAP2 may present with a
syndrome involving severe intellectual disability, early-
onset drug-resistant epilepsy with language regression,
cortical dysplasia-focal epilepsy syndrome (CDFE), com-
munication impairments, and autistic features, albeit
with some variability among these phenotypes [11–14].
When both CNTNAP2 alleles have been lost, the cell

cannot generate a full-length transcript. Therefore, ei-
ther a truncated mRNA and consequently a truncated
protein or complete absence of any CNTNAP2 tran-
scripts should account for the clinical phenotype [10].
Patients with intragenic losses of CNTNAP2 have vari-

able clinical presentations. Lee et al. characterized the
molecular and cellular phenotypes associated with het-
erozygous CNTNAP2 [10] and proposed 3 hypotheses to
explain the variability among patients with intragenic

CNTNAP2 losses [15]. First, the carrier parent has pro-
tective alleles that were not transmitted to the affected
offspring. Second, the affected offspring had additional
deleterious alleles that had either arisen de novo or were
inherited from the other parent but not from the heterozy-
gous parent. Third, CNTNAP2 alleles with structural dele-
tions may experience incomplete penetrance and variable
expressivity as a functional consequence of variable levels
of the mutated CNTNAP2 gene being expressed [15].
CNTNAP2 alleles with expressed intragenic deletions

may interfere with the ability to bridge the intercellular
space between neurons by binding to specific partners,
such as CNTN, CNTN2, DLG1, and DLG4. This postu-
lated effect of intracellular deletions of CNTNAP2, and
possibly other genes encoding proteins involved in con-
necting neuronal cells, represents a molecular basis for
the presumed neuronal hypoconnectivity in neurodeve-
lopmental disorders [16].
Pitt-Hopkins and Pitt-Hopkins-like syndromes are rare

genetic disorders, and our patient is the first reported
case with a homozygous CNTNAP2 mutation in Iraq.
The presence of severe intellectual disability with psy-
chomotor delay, epilepsy, and dysmorphic features sug-
gests the diagnosis of a genetic syndrome. Rett and
Angelman syndromes were highly suspected. However,
the absence of breathing abnormalities, typical hand
movements (washing movements), typical EEG findings,
and different clinical courses made us think of another
cause with such diverse clinical manifestations.
Another possibility and highly correlated differential

diagnosis was 1q43q44 microdeletion syndrome. The as-
sociation of intellectual disability, microcephaly, agenesis
of the corpus callosum, and epilepsy characterizes the
full neurodevelopmental phenotype. Point mutations in
ZBTB18 and HNRNPU were implicated etiologies. Pa-
tients with HNRNPU point mutations have early-onset
seizures with fever being an important triggering factor
in most cases with global developmental delay and cor-
pus callosum agenesis. In patients with ZBTB18 muta-
tions, intellectual disability ranges from mild to severe,
with global developmental delay; however, many can
speak few words. Researchers also found corpus callo-
sum dysgenesis by neuroimaging. Our patient shares
many of the phenotypic manifestations of 1q43q44

Fig. 1 A baby with intellectual disability, speech delay, broad bridge nose, cupid-bow-shaped upper lip, and a happy demeanor
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microdeletion syndrome; however, the corpus callosum
was normal and a genetic microarray study failed to re-
veal point mutations in ZBTB18 and HNRNPU [17].
We considered the possibility of Pitt-Hopkins syn-

drome diagnosis as our patient showed explicit findings
of severe intellectual disability, severe speech impair-
ment, OFC < 3SD, epilepsy, eye abnormalities (myopia,
strabismus, tear duct blockade), typical facial features
(narrow forehead, broad nasal bridge and tip, cupid’s-
bow-shaped upper lip with wide mouth and filled lips),
smiling appearance, abnormal behavior (hyperactive,
self-injurious, and crying/moaning spells), stereotypical
nonpurposeful hand movements, and abnormal brain
MRI. The patient has a total score of > 10 according to
the published criteria for Pitt-Hopkins syndrome diagno-
sis [16, 18]. According to the first international consen-
sus statement [16], our patient is clinically confirmed to
have PHS. For genetic confirmation, we sent the patient
and her parents for WES to identify TCF4 gene muta-
tions. Instead, molecular genetic analysis revealed a
homozygous stop mutation in CNTNAP2 in the child
with a heterozygous variant in both parents.
Our case is not the first one with clinical manifesta-

tions of PHS who did not show mutations in the TCF4
gene. A multicenter genetic study using molecular
karyotyping and mutational analysis identified recessive
defects in two genes, CNTNAP2 and NRXN1, in patients
with a very similar severe intellectual disorder and vari-
able additional symptoms, such as seizures and breath-
ing anomalies, resembling Pitt-Hopkins syndrome [5].
A study performed comparing phenotypic manifesta-

tions of Pitt-Hopkins syndrome caused by autosomal re-
cessive mutations in the CNTNAP2 and NRXN1 genes
using the Drosophila model [11] revealed that resem-
blance among patients who have recessive defects in
CNTNAP2 or NRXN1 is high. However, not all the pa-
tients in the study with NRXN1 mutations had epilepsy
in contrast to those with CNTNAP2 recessive mutations.
This might be associated with the previously observed
neuronal migration anomalies in patients with CNTN
AP2 mutations. However, the remaining symptoms, such
as severe mental retardation and autistic behavior might
be caused by overlapping synaptic anomalies.
Although the TCF4 gene mutation was originally im-

plicated as a cause of Pitt-Hopkins syndrome with
phenotypic resemblance to those having recessive CNTN
AP2 and NRXN1 mutations with regard to facial aspects,
the severity of mental retardation and breathing anomal-
ies. Nevertheless, phenotypical differences were noticeable.
In contrast to patients with Pitt-Hopkins syndrome, who
present an equally severe delay or lack of motor and
speech development, patients with CNTNAP2 or NRXN1
defects, also had severely impaired in speech development,
present with normal or only mild to moderate delay in

motor milestones. These findings are in line with the pre-
viously reported specific involvement of CNTNAP2 in lan-
guage development.

Conclusion
In conclusion, intellectual disability may result from
different types of abnormal cellular processes and the
constellation of clinical features together with distinct
gene mutations can result in syndromic diagnosis. With
the increasing use of molecular gene analysis in cases of
intellectual disability, we may uncover many underdiag-
nosed cases of Pitt-Hopkins syndrome or other syn-
dromes. Therefore, the scope of the proposed etiology
and pathogenesis of intellectual dysfunction can be in-
creased by reporting and tracking more cases.
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