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Abstract
Pitt Hopkins-like syndrome 1 (PTHLS1, OMIM # 610042) is an ultra-rare autosomal recessive condition with a prevalence of <1/
1,000,000. Intragenic deletions of CNTNAP2 has been implicated in PTHLS1, however to our knowledge a compound hetero-
zygous deletion of exon 4 and a c.1977_1989del13; p.V660Ffsx9 frameshift variant have not been published previously. In this
case report, the proband is a seven year old female with PTHLS1, developmental delay, autism spectrum disorder, focal epilepsy,
hypotonia, refractory errors, strabismus, and obstructive sleep apnea. Whole exome sequencing analysis revealed biallelic path-
ogenic variants of the CNTNAP2 gene. Proband has a three year old sister who has who has a similar phenotype including, devel-
opmental delay, epilepsy, gait abnormality, refractory errors, strabismus. Family variants were tested and she shared the same
CNTNAP2 variants as her sister. The sisters described highlight two novel variants leading to PTHLS1. Genetic workup is essen-
tial in identification and management guidance in these populations.
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Background
Pitt-Hopkins-Like Syndrome 1 (PTHSL1) is a rare autosomal
recessive inherited neurodevelopmental disorder, with preva-
lence estimated to be less than one in one million.1 PTHSL1
is characterized by delayed psychomotor development, facial
dysmorphisms, breathing abnormalities, hypotonia, and dimin-
ished deep tendon reflexes. Patients can also have severe intel-
lectual disability, behavioral abnormalities, autistic features,
and early onset epilepsy.2

PTHLS is caused by homozygous or compound heterozygous
aberrations in the contactin-associated protein-like 2 gene
(CNTNAP2) on chromosome 7q35-q36. The CNTNAP2 gene is
one of the largest genes in the human genome, spanning 2.4 Mb
and containing 24 exons.3 CNTNAP2 encodes contactin-associated
protein 2 (CASPR2), a transmembrane protein of the neurexin
family theorized to function in clustering of voltage gated potas-
sium channels at the nodes of Ranvier in myelinated axons,
neural circuit assembly for developing neurons, and maturation
of spiny synapses.4 CNTNAP2 alterations have been implicated
in numerous neuropsychiatric disorders such as PTHLS1,

Cortical Dysplasia-Focal Epilepsy Syndrome (CDFES), intellectual
disability, Tourette’s syndrome, obsessive compulsive disorder,
autism, schizophrenia, and attention deficit hyperactivity disorder.3

Certain CNTNAP2 deletions have been documented leading
to PTHLS1. A case series listed pathogenic variants including
both compound heterozygous and homozygous mutations
involving different combinations of the 24 exons. All eight
patients demonstrated epilepsy, intellectual disability, and
absent or limited expressive speech and verbal comprehension.
Five patients had behavioral problems such as aggression and
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stereotypic hand movements while three patients had decreased
deep tendon reflexes.4 A similar case series including three
patients with CNTNAP2 mutations demonstrated lack of
speech, episodes of hyperventilation, wide mouth facial dys-
morphism, and seizures onset before 40 months.5 Nine Amish
individuals with CNTNAP2 homozygous single base deletions
in exon 22 (c.3709delG) have been associated with gross motor
delay, frontal and temporal seizures beginning at age 2, and lan-
guage regression and stereotypic behaviors beginning at age 3.6

In this article, we describe two in trans novel pathogenic
mutations causing PTHSL1 in siblings.

Case Report
The proband is a seven year old term female born via cesarean
section without complications to non-consanguineous parents.
In her first few years of life, she demonstrated delayed motor
skills. She crawled at 15 months, walked independently at 26
months, and began putting words together at 28 months.

She had facial dysmorphic features including frontal bossing
with slightly down-turning of orbital ridges. By 2.5 years, she
had gross motor delay, speech delay, generalized hypotonia,
hyporeflexia, strabismus, and astigmatism. Her strabismus
required surgery and she needed glasses for her astigmatism
and refractory error. At this age, an outside hospital MRI was
completed that reported no abnormalities.

Relevant family history includes father’s two grand mal seiz-
ures at 15 and 18 years who is now seizure free for the past 15
years.

Whole exome sequencing analysis through GeneDx (Bethesda,
MD) revealed a paternally inherited deletion of exon 4 and mater-
nally inherited c.1977_1989del13:p.V660FfsX9 pathogenic
variant in the CNTNAP2 (NM_014141.5) gene, suggestive of

PTHLS1. The patient was also a carrier for a paternally inherited
likely pathogenic variant (c.2539_2540dupCA; p.Q847HfsX18)
in exon 28 of the COL6A2 gene (NM_001849.3).

At around three years of age, the patient presented with mul-
tiple focal seizures. One seizure type involved bilateral tonic
clonic convulsions lasting three to five minutes followed by
vomiting. Another seizure type involved staring with upward
gaze and head deviation to one side, Patient was unresponsive
during these five to ten minute episodes that were similarly fol-
lowed by vomiting. Continuous EEG performed at out-side
institution revealed over 20 right hemispheric onset focal seiz-
ures, for which she received levetiracetam and oxcarbazepine.
Her processing difficulties and sensory issues at this age were
also consistent with autism spectrum disorder.

At four years of age, Epilepsy Monitoring Unit (EMU) eval-
uation revealed poorly sustained background rhythm, frequent
interictal right central temporal sharp waves and vertex sharp
waves and rare left central and temporal sharp waves, consistent
with focal seizure tendency (Figure 1). No electrographic seiz-
ures were recorded. She also presented with sleep disturbances,
behavioral issues and agitation and was diagnosed with mild
obstructive sleep apnea. She continued to have learning and
cognitive delay.

At five years of age, family noted speech regression after pro-
longed seizures that improved slowly. Her CT brain/head
without contrast revealed no intracranial abnormality. She was
receiving speech therapy, occupational therapy, and physical
therapy. Her oxcarbazepine was discontinued due to ineffective
seizure control and levetiracetam was discontinued due to
behavioral concerns. At seven years of age, the child’s epilepsy
was being managed with valproic acid and low dose CBD oil
drop mainly for sleep and behavioral issues. Her seizures were
not controlled, therefore lamotrigine was added recently.

Figure 1. Interictal EEG of proband demonstrating frequent right centrotemporal spikes and sharps. Ictal episodes not captured during EEG
monitoring.
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Proband has a younger three-year-old sister born at full term
via vaginal delivery. She was kept in the NICU for a week due
to suspected sepsis. Proband’s sister shared motor developmen-
tal delays and did not stand independently until 16 months.
Neurologic exam revealed mild hypotonia, areflexia, strabis-
mus, refractory error requiring glasses, and facial dysmor-
phisms including hypertelorism, broad nasal bridges. Initial
EEG and MRI revealed no abnormality.

Proband’s sister also underwent genetic testing and was
found to have the same pathogenic CNTNAP2 variants as the
proband. She is not a carrier for the COL6A2 gene variant,
however she maternally inherited a duplication at the 17p12
cytogenetic band which includes the PMP22 gene. The

mother was asymptomatic but was recommended for further
evaluation for Charcot-Marie-Tooth disease.

At two years and eleven months, proband’s sister had new
onset bilateral convulsive status lasting 45 min. EEG revealed
frequent right hemisphere interictal epileptiform discharges
with diffuse and focal right hemisphere frontal and temporal
region slowing consistent with focal seizure tendency
(Figure 2A and B). Multiple seizures ensued in the following
months which were initially managed with levetiracetam. Due
to behavioral concerns, levetiracetam was discontinued and
switched with divalproex sodium with subclinical seizures still
noted on EEG. Oxcarbazepine was added and breakthrough
seizures decreased.

Figure 2. Ictal EEG of proband’s sibling demonstrating seizure onset right fronto-temporal region (A) and subsequent seizure spread to entire
right hemisphere and left frontotemporal region (B).
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Discussion

The siblings presented in this case report demonstrate two
novel, unpublished pathogenic variants in CNTNAP2 gene.
The entire deletion of exon 4 and c.1977_1989del13 variant.
The second variants cause out of frame shift at position 660
starting with Valine to Phenylalanine residue change and creat-
ing a new reading frame with a premature stop codon at position
9 of the new reading frame, leading to protein truncation and
expected to cause loss of normal protein function as it is pre-
dicted to be degraded via nonsense-mediated mRNA decay
pathway. Several pathogenic variants of CNTNAP2 have
been documented however this particular combination has not
been reported to our knowledge.

The proband demonstrated many characteristics consistent with
previous descriptions of PTHSL1. She presented with infantile
delayed motor development, hyporeflexia, early onset epilepsy,
hypotonia, behavioral issues including agitation, speech regression
and autism spectrum disorder. Proband’s sister similarly demon-
strated delayed motor development, areflexia, early onset epilepsy,
and hypotonia. She did not have reported behavioral issues or
verbal regression as the proband did, but these may develop as
she grows. Proband was also found to have likely pathogenic
variant in COL6A2 gene. Pathogenic variants in COL6A2 have
been associated with Ullrich congenital muscular dystrophy
(UCMD) (OMIM #254090) on the severe end of the spectrum,
Bethlem myopathy (OMIM #158810) on the mild and in
between an intermediate myopathy with variable presentation in
autosomal dominant or recessive fashion.7 A similar out of
frame pathogenic variant (c.24642delA:p.Q881RfsX13) in exon
28 which affects C2 domain, has been reported in a patient with
moderate-progressive UCMD but the inheritance was recessive
as the patient carried a second pathogenic variant (c.2462-
3C>A).8 As our patient’s father is not reportedly affected and
extrapolating previous reports, our impression is that she is a
carrier for COL6A2 related disorders.

The proband’s younger sister demonstrated an inherited 1.1Mb
duplication at the 17p12 cytogenetic band from her asymptomatic
mother which includes the PMP22 gene associated with Charcot-
Marie Tooth disease (CMT1A). This may have contributed to
some of this patient’s symptoms of motor delay, gait abnormality,
and areflexia. Considering the mother is asymptomatic, there is the
possibility that the daughter may also be asymptomatic and the
symptoms could represent PTHLS1.

The siblings did not present with episodes of hyperventila-
tion or breath holding apnea as described in some reports of
PTHLS1.5,9 They both exhibit speech delay with the proband
experiencing speech regression, where total loss of speech is
seen in severe cases.4,9

Both sisters demonstrated slightly differing dysmorphic fea-
tures, where high variability in facial dysmorphisms including
broad forehead, prominent columella, widely spaced teeth, and
wide mouth have been documented for PTHLS1.5,9,10 They also
presented with ophthalmic issues including refractory errors and
strabismus, requiring surgical correction for the proband.
Ophthalmic abnormalities are infrequently cited in literature,

however this could broaden the phenotypic spectrum of this disor-
der, as it is present in both siblings and warrants further attention.

Conclusion
In this article, we describe novel pathogenic compound heterozy-
gote mutations causing PTHSL1 in two siblings. Presentations of
PTHSL1 can be variable yet these siblings share reports of gener-
alized developmental delays, intellectual disability, subtle facial
dysmorphisms, hypotonia, hyporeflexia, and early onset epilepsy.
Other documented features of PTHLS1 are missing in their presen-
tation, such as breathing abnormalities. Ophthalmic abnormalities
seen in our patients may widen the phenotypic spectrum of this
disorder. Genetic workup is essential in identification and further
studies are needed to better understand the clinical spectrum of
this condition.
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