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ABSTRACT

Background Heterozygous copy number variants
(CNVs) or sequence variants in the contactin-associated
protein 2 gene CNTNAP2 have been discussed as risk
factors for a wide spectrum of neurodevelopmental and
neuropsychiatric disorders. Bi-allelic aberrations in this
gene are causative for an autosomal-recessive disorder
with epilepsy, severe intellectual disability (ID) and
cortical dysplasia (CDFES). As the number of reported
individuals is still limited, we aimed at a further
characterisation of the full mutational and clinical
spectrum.

Methods Targeted sequencing, chromosomal
microarray analysis or multigene panel sequencing was
performed in individuals with severe ID and epilepsy.
Results We identified homozygous mutations,
compound heterozygous CNVs or CNVs and mutations
in CNTNAPZ2 in eight individuals from six unrelated
families. All aberrations were inherited from healthy,
heterozygous parents and are predicted to be deleterious
for protein function. Epilepsy occurred in all affected
individuals with onset in the first 3.5 years of life.
Further common aspects were ID (severe in 6/8),
regression of speech development (5/8) and behavioural
anomalies (7/8). Interestingly, cognitive impairment in
one of two affected brothers was, in comparison,
relatively mild with good speech and simple writing
abilities. Cortical dysplasia that was previously reported
in CDFES was not present in MRIs of six individuals and
only suspected in one.

Conclusions By identifying novel homozygous or
compound heterozygous, deleterious CNVs and
mutations in eight individuals from six unrelated families
with moderate-to-severe ID, early onset epilepsy and
behavioural anomalies, we considerably broaden the
mutational and clinical spectrum associated with bi-
allelic aberrations in CNTNAP2.

INTRODUCTION

CNTNAP2 is one of the largest genes in the human
genome, consisting of 24 exons (NM_014141) and
spanning 2.3 Mb on chromosome 7q35-36.1." It
encodes contactin-associated protein 2 (CASPR2), a
transmembrane protein which is distantly related to

the family of neurexins and regulates neuron-glia
contact in vertebrates and glia-glia contact in
insects.” The large extracellular region of CASPR2
contains several domains, including four laminin G
domains, two epidermal growth factor-like
domains and discoidin/neuropilin and fibrinogen-
like domains. The small C-terminal cytoplasmatic
part contains a PDZ domain-binding sequence that
is supposed to mediate interactions with
PDZ-containing proteins.” * CNTNAP2 is highly
expressed in the spinal cord and several brain
regions, particularly in a cortico-striato-thalamic
circuit that is involved in diverse higher-order cog-
nitive functions.® © Vertebrate Caspr2 colocalises
with potassium channels in the juxtaparanodal
regions of Ranvier nodes in myelinated axons.* ”
It has roles in brain development and function
by being involved in processes such as neuronal
migration, dendritic arborisation and spine devel-
opment.g_10

Heterozygous chromosomal aberrations, copy
number variants (CNVs) and sequence variants in
CNTNAP2 have been implicated as incompletely
penetrant risk factors in a wide spectrum of neuro-
developmental and neuropsychiatric disorders.
These include Tourette syndrome, intellectual dis-
ability (ID), autism-spectrum disorders, speech and
language impairment, epilepsy and schizophre-
nia.® 1% The presence of one or more additional
contributing risk factors in symptomatic carriers is
likely."> 1

In contrast, bi-allelic loss-of-function aberrations
in CNTNAP2 are convincingly causative of an auto-
somal recessive, fully penetrant, severe ID and epi-
lepsy disorder. In 2006, Strauss et al'® reported on
nine affected children in the Old Order Amish with
a cortical dysplasia focal epilepsy syndrome
(MIM#610042), in whom they identified a homo-
zygous single bp deletion (c.3709delG), predicted
to result in a premature stop codon. The affected
individuals presented with mildly delayed motor
and age-appropriate cognitive development and
language comprehension until the onset of frequent
and intractable seizures within the first 2 years of
live. Subsequently, deterioration of speech, learning
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and behaviour was noted, resulting in severe cognitive impair-
ment and behavioural anomalies such as hyperactivity, aggres-
sivity and autism. Head circumference was found to be
relatively large. Additionally, diminished or absent deep-tendon
reflexes as well as cortical dysplasia in MRI examinations in
439% of individuals and neuronal migration anomalies in brain
biopsies of three affected probands were noted. In 2008, a
related girl with the same mutation and a similar phenotype was
reported, with the additional features of hepatomegaly and peri-
ventricular leukomalacia.?® Shortly after, a pair of siblings with
an in-frame homozygous deletion of several exons in CNTNAP2,
and a sporadic patient with a compound heterozygous intragenic
in-frame deletion and splice site mutation were reported.”'
These three individuals had severe ID with very limited or com-
plete lack of speech and more mildly delayed motor develop-
ment, seizures with onset between 4 and 30 months and episodes
of hyperbreathing, which meant that they had previously been
suspected to have Pitt-Hopkins syndrome.?’ Since then, to our
knowledge only two further families with bi-allelic aberrations in
CNTNAP2 have been reported.?* #* Two siblings from a consan-
guineous family carried a homozygous deletion of exon 3 and
presented with ataxic cerebral palsy, hyporeflexia, severe cogni-
tive impairment and generalised tonic-clonic seizures from age
2 years.” In another consanguineous family, two affected siblings
carried a homozygous deletion of exons 2 and 3 and presented
with epilepsy and language regression within the first 36 months
of life and subsequently with severe ID, absent speech, and
behavioural anomalies including autism and obesity.>*

We now report on a further eight individuals from six families
with bi-allelic aberrations in CNTNAP2 and thus further delin-
eate the genotypic and phenotypic spectrum of recessive
CNTNAP2-related ID and epilepsy disorders.

INDIVIDUALS AND METHODS

All eight previously unreported individuals from six unrelated
families were seen and diagnosed in different genetic or paediat-
ric-neurological centres worldwide. Aberrations in CNTNAP2
were detected by various approaches. In individual 1, targeted
sequencing of CNTNAP2 was performed after detecting the
gene in a homozygous stretch displayed in data of an Affymetrix
6.0 SNP-Array, which previously had been performed for diag-
nostic chromosomal microarray analysis. Sequencing of the 24
coding exons of CNTNAP2 (NM _014141) was performed as
described previously.*!

In individuals 2, 3 and 6, diagnostic chromosomal microarray
testing was performed by array-comparative genomic hybridisa-
tion or SNP-Array. After detecting a heterozygous deletion in
individual 2, multiplex ligation-dependent probe amplification
(MLPA) analyses for confirmation purposes was performed as
described,”' and the second allele was sequenced as described
above and previously.”' Parental follow-up investigations of the
deletion in parents of individual 2 were carried out by FISH
studies according to standard procedures, using the RP11-71M9
probe.

In individual 4, sequencing of the affected proband with a
gene panel of 565 ID genes was performed as described else-
where,”* and the variant was confirmed by Sanger sequencing.
Subsequently, CNVs were tested with a high-resolution
SNP-Array. Segregation testing was performed by Sanger
sequencing and SNP-Array in the proband’s affected brother
and his unaffected parents.

In individuals 7 and 8, sequencing was performed using a
gene panel of 150 encephalopathy-related genes. DNA was amp-
lified using custom Ampliseq (Life Technologies) and then

sequenced on an Ion Proton platform (Life Technologies). The
presence of the mutation was confirmed by Sanger sequencing
and tested in the parents.

Analyses were performed either in a diagnostic or research
setting, and informed consent was obtained from parents or
guardians of all affected individuals. If done in a research
setting, the studies were approved by the ethic committees of
the respective universities or centres.

RESULTS

Mutational spectrum

An overview on the published and herewith identified novel
aberrations in CNTNAP2 is displayed in figure 1. In individual
1, targeted sequencing of CNTNAP2 revealed the homozygous
mutation ¢.1480G>T in exon 9, predicted to result in a prema-
ture stop-codon, p.(Glu494*). Both non-consanguineous
parents were confirmed to be heterozygous carriers. This
variant occurs in the Exome Aggregation Consortium (ExAC)
browser®® with a frequency of 8 x107° (1/121 258 alleles).

In individual 2, chromosomal microarray testing detected a
heterozygous deletion of exon 1, including the start codon
(1.42 Mb; arr[hg19]7q35(144 520 633-145 949 971)x 1), which
was confirmed by MLPA and FISH analyses and shown to be
inherited from the father. Sequencing of the second allele
detected the heterozygous variant ¢.3046C>T in exon 19. This
variant was shown to be inherited from the mother and is pre-
dicted to result in a premature stop-codon, p.(Arg1016*). This
nonsense variant is not contained in the ExAC database.

Diagnostic chromosomal microarray analysis revealed com-
pound heterozygous CNVs in two families. Individual 3 har-
boured a maternally inherited deletion of exon 1 (56 kb; arr
[hg19]7q35(145 795 795-145 824 743)x1) and a paternally
inherited deletion of exons 4 to 20 (1.23 Mb; arr[hgl19]
7q35q36.1(146 730 472-147 928 239)x1). The deletion of
exon 1 is predicted to result in loss of the start codon and the
loss of exons 4-20 in frameshifting and thus truncation of the
protein. In individual 6, chromosomal microarray analysis
detected a paternally inherited deletion of exons 2 and 3 (arr
[hg19]7q35(146 389 192-146 587 308)%x 1), and on the other
allele a maternally inherited duplication (arr[hg19]7q35(146
328 875-147 256 625)X3), spanning exons 2-11. The deletion
of exons 2 and 3 is predicted to result in frameshifting and thus
truncation of the protein. The duplication, if in-tandem, would
be in-frame but contains exons encoding several functional
domains.

In two affected brothers (individuals 4 and 5), panel sequen-
cing revealed the heterozygous variant ¢.2963delC, inherited
from the father and predicted to result in frameshifting and thus
truncation of the protein (p.(Cys989Alafs*45)). This variant is
not listed in the ExAC database. Subsequent chromosomal micro-
array analysis showed a heterozygous deletion of exons 9 and 10
(arr[hg19]7q35(146 988 989-147 101 705)x 1), inherited from
the mother and predicted to result in frameshifting, too.

Panel sequencing in individuals 7 and 8 from the same family
revealed the homozygous variant c¢.2046C>A, predicted to
result in a premature stop codon, p.(Cys682*). Parents were
consanguineous and each of them confirmed to be heterozygous
carrier. This nonsense variant is not contained in the ExAC
database.

Clinical phenotype

Clinical details are displayed in table 1. All eight individuals
with bi-allelic aberrations in CNTNAP2 identified in this study
have ID, estimated to be severe in six of them. Expressive
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Figure 1
coding for domain-coding exons as displayed previously,?' and localisati
DISC, discoidin-like domain; LamG, laminin-G domain; EGF, epidermal g
region; PDZPB, PDZ-domain-binding site). Black bars represent deletions

Structure of CNTNAP2 and identified aberrations. (A) Schematic drawing of the genomic structure of CNTNAP2 (NM_014141) with colour

on of copy number variants and mutations (domains: SP, signal peptide;
rowth factor-like domain; FIB, fibrinogen-like domain; TM, transmembrane
or duplications. Bold bars or letters represent homozygous aberrations.

References for previously published aberrations are displayed by superscript numbers. Ind, individual(s). (B—G) Pedigrees of the herewith reported
individuals with segregation of the identified aberrations in CNTNAP2. Black filling indicates severe intellectual disability (ID), dark grey filling

moderate ID.

speech is absent or limited to a few single words, and verbal
comprehension is very limited as well. Of note, age at speaking
first words was appropriate in some of the individuals until loss
of verbal skills or stagnation of speech and language develop-
ment was noted. Two individuals are reported to be intellec-
tually disabled in a moderate range, with the ability to speak in
sentences, though simple or with articulation difficulties. One of
them had a formally tested IQ of 56 at the age of 11 years.
Walking age ranged from 18 months to S years in five indivi-
duals, and one individual is non-ambulatory at age 14 years.
Loss of motor skills is only reported in one individual, another
one has progressive difficulties with balance.

Epilepsy occurred in all individuals, and age of onset ranged
from 14 months to 3 years 3 months. In two individuals, tem-
poral cortical dysplasia was suspected from MRI results, but
could not be confirmed in one. Unclear white matter hyperin-
tensities were observed in two individuals, and vermian atrophy
in one. MRI was reported to be normal in three individuals.
Decreased deep tendon reflexes were reported in three indivi-
duals, and variably hypotonia, ataxia or spasticity in two indivi-
duals each. Behavioural anomalies such as stereotypic hand
movements, aggressivity, autoaggressivity or reduced eye contact
were noted in five individuals. Birth measurements and post-
natal growth appear to be in the normal range in most of the
individuals for whom this information was available. One

individual was reported to be macrocephalic, another one to be
microcephalic. Facial dysmorphism or major malformations did
not seem to be common.

DISCUSSION
CNTNAP2 and its encoded CASPR2 are widely discussed in the
literature due to their crucial role in nervous system develop-
ment and function and their association with a broad spectrum
of neurodevelopmental and neuropsychiatric disorders.>*~
However, information on bi-allelic aberrations in CNTNAP2,
that initially led to the gene being implicated in neurodevelop-
mental disease,'® and that are causative of a fully penetrant,
severe epilepsy and ID disorder, is still limited.?*™** 2° In
general, homozygous recessive aberrations in CNTNAP2 seem
to be a rare cause of neurodevelopmental disorders, as they
were not detected in a study of 136 consanguineous families®°
or in a group of 150 consanguineous families with ID tested in
house (unpublished data). The family of individuals 7 and 8 was
the only one with a CNTNAP2 mutation detected among 700
analyses done on a routine diagnostics basis. Furthermore, in
outbred populations with sporadically affected individuals, auto-
somal dominant de novo genetic aberrations were shown to be
more frequently the cause of ID than recessive conditions.*'
We have now considerably broadened the mutational and
clinical spectrum by reporting eight individuals from six
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Table 1 Clinical details
Individuals Individual 1 Individual 2 Individual 3 Individual 4* Individual 5* Individual 6 Individual 7* Individual 8*
Gender Female Female Male Male Male Male Male Male
Age at last 12 years 5 months 2 years 4 years 7 months 47 years 40 years 13 years 14 years 2 months 9 years 8 months
investigation
Genetic ¢.1480G>T, hom (mat del exon 1, het del exon 1, het (mat)+del del exons 9 and 10, het del exons 9 and 10, het del exons 2 and 3, het ¢.2046C>A, hom €.2046C>A, hom
aberration +pat) (pat)+c.3046C>T,  exons 4-20, het (pat) (pat)+c.2963delC, het (mat)  (pat)+c.2963delC, het (pat)+dup exons 2-11, (mat+pat) (mat+pat)
het (mat) (mat) het (mat)
Predicted effect p.(Glu494*) LSC+p.(Arg1016*)  LSC+fs fs+p.(Cys989Alafs*45) fs+p.(Cys989Alafs*45) fs+in-frame dup p.(Cys682*) p.(Cys682*)
on protein
Detection Targeted sequencing arrayCGH, arrayCGH SNP-Array, multigene panel ~ SNP-Array, multigene arrayCGH Multigene panel Multigene panel
targeted panel
sequencing
Parents Healthy, Healthy Healthy, non-consanguineous  Healthy, Healthy, Mother: lability, anxiety; Healthy, Healthy,
non-consanguineous non-consanguineous non-consanguineous non-consanguineous consanguineous consanguineous
Gestational age 39 weeks nk 40 weeks 40 weeks 38 weeks (dizygotic twin at term 39 weeks 37 weeks
pregnancy)
Birth weight/SD 2770 g/-1.37 nk 3075 g/-1.24 4500 g/1.99 3700 g/0.89 3850 g/0.51 3120 g/-0.84 2650 g/—1.02
Birth length/SD 51 cm/—0.05 nk 48 cm/—1.96 nk nk nk 49 cm/-1.26 45 cm/-2.17
Birth OFC/SD ? nk 36 cm/0.31 nk nk nk nk 32.5 cm/-1.27
Height/SD 153 cm/-0.56 nk 108.6 cm/0.02 164 cm/-2.16 167 cm/-1.74 163 cm/0.06 -1.2 -0.6
Weight/SD 76.8 kg/1.92 nk 19.9 kg/1.25 62.5 kg/BMI 23.2 80.5 kg/BMI 28.9 72.9 kg/1.64 -23 -04
OFC/SD 57 cm/1.85 9th ct. 50.0/-0.95 57 cm/0.09 59 cm/1.32 55.5 cm/0.31 -2.6 -0.3
Walking at age 24 months 3 years 18 months 18 months-2 years 2-3 years 2 years No 5 years
First words at age 12 months nk 2 years 12-15 months 2-3 years 1 years, delay 18 months no
Loss of verbal Yes, 2 years Yes, 14 months No loss Yes, 18 months No loss No loss Stagnation, Stagnation, 2 years
skills, at age 18 months
Speech abilities at  No words, babbling No words with 10 words, few 2-word Non-verbal, gestures Sentences, articulation Verbal, simple sentences No words No words
last investigation 3 years, babbling sentences difficulties
Comprehension Limited nk Yes Very limited 2-3 stage instructions Limited Extremely limited Very limited
Purposeful hand Yes nk Yes Yes, can use fork and spoon  Yes, can write simple Yes No Yes
use sentences
Best motor Progressive balance nk Driving trainer bike 4 years/ Could run and climb but not ~ Could ride bike with Constant evolution 18 months/then Currently/no loss
function at age/ problems no loss ride a bike, walks with bent  trainer wheels in loss
loss of skills knees/no loss childhood/no loss
ID Severe, no formal test Severe Severe, no formal test Severe, no formal test Moderate (basic literacy Moderate (1Q56; Severe, no formal Severe, no formal
skills) 11 years, Leiter test test
non-verbal)
Seizures/age of Complex focal/2 years Yes/14 months Focal tonic, complex focal/ Temporal and generalised/ Daily, complex partial/ Status epilepticus/3 years  Yes/2 years Yes/2 years
onset 17 months 18 months 15 months 3 months; 3—4/year until 5 months 5 months
11 years
EEG anomalies Generalised slowing Focal seizure Occasional spikes and Diffuse cerebral dysfunction  Frequent left Slow, no inter ictal Slow rhythm, Slow rhythm,
disorder slowing left temporal frontotemporal epileptic activity sometimes epileptic  sometimes
epileptiform discharges discharges epileptic
discharges
Continued
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Table 1 Continued
Individuals Individual 1 Individual 2 Individual 3 Individual 4* Individual 5* Individual 6 Individual 7* Individual 8*
Antiepileptic Oxcarbazepine, valproate  nk Lamotrigine, valproate Valproate, lamotrigine Carbamazepine, Carbamazepine, Lamotrigine Lamotrigine
treatment (levetiracetam, phenobarbitone (weaning)  topiramate (valproat and (valproate
oxcarpazepine, valproate levetiracetam, zonisamide topiramate previously)
previously) (starting) previously)

Response to Difficult in the beginning,  nk Seizure free from age 2 years  Seizure free for several years  Daily seizures Improvement at 11 years  Yes, persistence of ~ Yes
treatment now ca. 1 seizure per 5 months with topiramate some seizures

2 years
MRI anomalies Mild anomaly in No Suspected focal cortical No MRI Deep white matter No (7 years) Vermian atrophy No

corticomedullary dysplasia left temporal, intensities of uncertain

differentiation, no patchy T2-hyperintensities in clinical significance

dysplasia confirmed white matter right frontal
Deep tendon Not tested Hyporeflexia Normal Normal Hyporeflexia lower limbs Normal Hyporeflexia Normal
reflexes
Neurological Hypotonia No Episodic ataxia Pes cavus, nystagmus Spasticity lower Neonatal
anomalies (acetazolamide) limbs hypotonia, ataxia
Abnormal Not reported Episodic No Not reported Not reported No Not reported Not reported
breathing pattern hyperventilation
Behavioural Little eye contact, Hand wringing Temper tantrums Tactile defensiveness, No, very sociable Low frustration tolerance,  Stereotypic hand Stereotypies
anomalies sometimes aggressive or reduced eye contact, skin temper tantrums movements

autoaggressive picking, aggression, (aripiprazole, trazodone)

self-mutilation (olanzapine)
Facial Coarse face No No No No Mild hypertel., No No
dysmorphism downslanting palp.
fissures

Other anomalies  Pubertas precox, pre-axial No Constipation, spina bifida Initial poor weight gain Feeding difficulties

polydactyly right hand

occulta, kyphosis,
osteoporosis, subclinical
hypothyroidism

until tonsillectomy 2 years

*Individuals 4 and 5 as well as individuals 7 and 8 are brothers.
arrayCGH, array-comparative genomic hybridisation; BMI, body mass index; ct, centile; fs, frameshift; het, heterozygous; hom, homozygous; hypertel., hypertelorism; ID, intellectual disability; LSC, loss of start codon; mat, maternal; nk, not known/data not
available; palp., palpebral; pat, paternal.
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unrelated families with novel bi-allelic aberrations in CNTNAP2.
Only a deletion of exons 2 and 3, identified compound heterozy-
gously with a duplication in individual 6, was recently reported
in a homozygous state in two affected siblings.”> We identified
homozygous point mutations in two families, one of them with
two affected brothers and consanguineous parents. The other
index individuals harboured compound heterozygous CNVs or
CNVs and mutations. In accordance with previously identified
aberrations,'® *'=>* all deletions or point mutations are predicted
to be deleterious by either truncating the protein or resulting in
nonsense-mediated mRNA decay. The duplication of 10 exons in
individual 6 is predicted to be in-frame, but affects several
protein domains and thus also might severely impair protein
function. Interestingly, individual 6, carrying this duplication in
combination with a truncating deletion of two exons on the
other allele, is rather mildly affected with moderate ID and pres-
ence of language abilities. Apart from that, no further possible
genotype-phenotype correlation could be deduced. The majority
of affected individuals are consistently affected by severe ID.
However, interestingly, we observed for the first time significant
variability even within a single family. Two brothers, individuals
4 and 5, both carry a compound heterozygous deletion of two
exons and a truncating mutation. One index has severe ID and is
non-verbal, while his brother is moderately intellectually dis-
abled, with basic literacy skills, speaking sentences and being able
to follow 2-3 stage instructions.

Recently, the pathogenic role of both common and rare het-
erozygous single nucleotide variants, particularly missense var-
iants, in CNTNAP2 as risk factors for autism spectrum disorders
has been debated.>*° Although all of the herewith identified
aberrations in CNTNAP2 are predicted to be deleterious, the
penetrance in heterozygous carriers seems to be low. Parents of
the affected individuals, apart from one with emotional lability
and anxiety, were reported to be healthy, of normal intelligence
and without significant mental health conditions. However, no
specific or detailed clinical and/or psychiatric examinations were
performed, so we cannot exclude the possibility of subtle neuro-
behavioural differences.

Of note, none of the herewith reported individuals was tested
for CNTNAP2 aberrations based on clinical suspicion. CNVs or
mutations were identified either after noting the gene in a
stretch of homozygosity or by chromosomal microarray analysis
or multigene panel sequencing. The first report on a recessive
mutation in CNTNAP2 indicated a rather specific phenotype of
cortical dysplasia and focal epilepsy.'® All 25 affected indivi-
duals to date (8 plus 17 published!® 2°2* %) show epilepsy
within the first 3.5 years of life. In contrast to previous reports
on intractable seizures,'® ** 37 response to antiepileptic treat-
ment with a range of drugs has been reported as good or satis-
factory in most of the affected in this series. Both individuals
with complete control of seizures (I3 and 14) were treated with
a combination of valproic acid and lamotrigine. Also lack or loss
of initially normal speech development and manifestation of
behavioural anomalies seem to be frequent, while motor
development and abilities appear to be commonly more mildly
impaired. Loss of speech seems to correlate with onset of sei-
zures, but not necessarily with the severity or frequency of sei-
zures, as individual 5§ with daily seizures even in adulthood is
able to speak in sentences and has simple writing abilities. Focal
cortical dysplasia was reported in 43% of the initial nine chil-
dren,'® but not in any of the subsequently published eight indi-
viduals*®=%* and only suspected in one of the herewith reported
eight individuals. It might therefore not be as common in
CNTNAP2-related disorders as assumed previously. White

matter or cerebellar or other minor anomalies in MRI examina-
tions are reported in several individuals, but cannot be consid-
ered as specific features. Head circumferences were reported to
be rather large in the initial group of individuals,'® but in the
subsequently published*®?® and in our new series of indivi-
duals, only one individual is macrocephalic. Some of the charac-
teristic aspects in the initial nine individuals from the Old Order
Amish'® might be linked to a specific effect of the identical,
shared mutation and/or similarities of the genetic background.
In individuals without cortical dysplasia on MRI or decreased
deep tendon reflexes, it might be rather difficult to distinguish
the clinical presentation from other epileptic encephalopathies
such as SCN1A-related (EIEE6, MIM#607208), SCN2A-related
(EIEE11, MIM#613721) or PCDH19-related  (EIEE9,
MIM#300088) disorders, which also include early onset sei-
zures, developmental regression and lack of or very limited
speech development. As microcephaly appears to be rare in indi-
viduals with recessive CNTNAP2 aberrations, this might be an
important aspect to distinguish the clinical presentation from
Rett syndrome (MIM#312750) that shares developmental
regression, loss of speech, behavioural anomalies and seizures.
Episodic hyperbreathing that had led to the clinical suspicion of
Pitt-Hopkins syndrome in three of the previously published
individuals,*! was only observed once in this series.

Expression of CNTNAP2 is regulated by FOXP2,*® a fork-
head box transcription factor and the first gene implicated in a
specific speech and language disorder.*® Therefore, a direct role
of CNTNAP2 in speech and language development and impair-
ment has been discussed broadly.*® **=* Most of the individuals
harbouring bi-allelic aberrations in CNTNAP2 have lack of
speech development or loss of speech abilities. As this, however,
appears to correlate with a more general deterioration also of
cognition and behaviour after onset of epilepsy, a specific speech
and language phenotype in these individuals is difficult to evalu-
ate. Age of first words was reported to be normal in several indi-
viduals, and in the two affected with rather good language
abilities, apart from articulation difficulties in one, no specific
speech defects such as dyspraxia or stuttering were noted.

To summarise, we report on eight individuals from six unre-
lated families with moderate-to-severe ID, early onset epilepsy
and behavioural anomalies, in whom we identified novel
bi-allelic aberrations in CNTNAP2. We further delineated the
mutational and clinical spectrum associated with this gene.

URLS

ExAC, http:/exac.broadinstitute.org/

OMIM, http:/www.ncbi.nlm.nih.gov/omim
UCSC genome browser, http:/genome.ucsc.edu/
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