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Frequency oCNKSR2 mutation Brief Communication Epilepsia
SUMMARY

Synaptic proteins are critical to neuronal function in the brain and their deficiency can lead to
seizures and cognitive impairments. CNKSR2 is a synaptic protein involved in Ras signaling-
mediated neuronal proliferation, migration and differentiation. Mutationsin the X-linked gene
CNKSR2 have been described in patients with seizures and neurodevelopmental deficits
especially affecting language. In this study, we sequenced 112 patients with phenotypes within
the epilepsy-aphasia spectrum (EAS) to determine the frequency of CNKSR2 mutation within
this complex set of'disorders. We detected a novel nonsense mutation (¢.2314 C>T; p.Arg712*)
in one Ashkenazi® Jewish family, the male proband of which had a severe epileptic
encephalopathy with continuous spike-waves in sleep (ECSWS). His affected brother also had
ECSWS with better outcome, while their sister had childhood epilepsy with centro-temporal
spikes. This mutation segregated in the three affected siblingsin an X-linked manner, inherited
from their mother=who had febrile seizures. Although the frequency of point mutation is low,
CNKSR2 sequencing should be considered in families with suspected X-linked EAS because of

the specific genetic counseling implications.

KEY WORDS:CNKSR2; epilepsy-aphasia spectrum; developmental delay; speech delay;
Sanger sequeneing

INTRODUCTION

The EpilspsyAphasiaSpectrum (EAS) is a spectrum of disorders from the seegikeptic
encephalopathy=with continuous spikaves in sleepHCSWS and Landa Kleffner syndrome
(LKS) to thesmild-condition o€thildhood epilepsy with centriemporal spikesSome of the disorders
show a male"bias"and there is evidence to suggest a genetic.cEusBIMDA subunit encoded by
GRIN2A was the first gene associated with EAS Recentlythe Rassignalingprotein encoded by
CNKSR2 %0 \wasshown to cause phenotypes within the Edk@ctrum 4/5 unrelated probands had
CNKSR2 deletions discovered using chromosomal microarrays, suggesting loss of the priotain at
synapses to be pathogefii¢ > However, no study has/stematically determined the contribution of

CNKSR2 point mutations tahe epilepsyaphasia spem.

This article is protected by copyright. All rights reserved



Frequency oCNKSR2 mutation Brief Communication Epilepsia

MATERIALSAND METHODS

Subjects

We searched for DNA variation i@NKSR2 among our cohort of 12 EAS probands (62nale 50
female)where there was no evidence of mtdenale transmissiarnrhere were 50 familial cases and
62 sporadicsThe breakdown ophenotype®f this cohort is shown in Table Genomic DNA was
extracted from.venous blood by standard metiads subset of the cohort has received testing for
other genes associated with agihasuch a&RIN2A, for which they were negativBlo individuals in
the reported pedigree have been analysed on a gene panel or exome sefjberidechan Research
Ethics Committee(Project No. H2007/02961pf Austin Health, Melbourne, Australiaand
Institutional Review Board of the Wolfson Medical Cengéygproved this study. Informed consent
was obtained from all subjects or their parents or legal guardians.

PCR and Sequencing

Coding exong and splice sites of tBBIKSR2 gene were PCR amplified usirgpecific primers
designed to " al" isoforms usingreference human gene transcripts (NCBI Gene;

http://www.nebi.nlm.nih.goy/ Primer sequences are available upon request. Amplification reactions

were cycled using atandard protocol on a Veriti Thermal Cycler (Applied Biosystems, Carlsbad,
CA). Bidirectional sequencing of all exons and flankintgonic regions including splice sites was
completed with a BigDy®' v3.1 Terminator Cycle Sequencing Kit (Applied Biosystems), according

to the manufacturer’s instructions. Sequencing products were resolved using a 3730xhBMZeA
(Applied Biosystems). All sequencing chromatograms were compared to publishedselghénce;
nucleotide changes were detected using Codon Code Aligner (CodonCode Corporation, Dedham,
MA).

RESULTS
Genetic Analysis
We detected a novabnsense mutation (c.2314 C>T; p.Arg7LRrthe proband frononeAshkenazi

Jewish family (Fig.1) that is not present in available public databases including the Exome

Aggregation Consortium (ExXAC), Exome Variant Server or 1000 GenoAlg®ugh a variant
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(p.Arg712GlIn) is reported on EXAC to affect the same residue, this variant is nohtddecaus it

is a missense change present in control individuals whereas we have found a novel nonsense mutatio
at the same residu&egregation analysis revealed the mutation was présait three affected
siblings and was inheritedn an Xlinked manner fromtheir mother who had febrile seizures
Samples from the mother’s siblings, including the affected uncle, were w@aid®afbr genetic

analysis.

The p.Arg712*mutation is located towards thet€@minal of the protein and is predicted to result in
a trun@ated prateinilackinghe last 322 of 1034 residues. Thartion of the protein includescoiled

coil functional demain (residues 875 to 904; http://www.uniprot.org/uniprot/Q8YWXI& p.Arg712

residue isalso located only 6 residues away from a knosmort prolinerich motif (PPPP P2
residues 70306 that has been shown to be essential for binding of CNKSR2 to WW domains of

12" a protein/ previously reported to interact with the axmidance receptor Robo*.

Vilse
Disruption of thissinteraction may adversely affect synaptic actiVitg other possibility isomplete

loss of the protein.due to nonsemsediated decagNMD). We were unable to test for NMD because
we could notsobtairfresh blood samples from affected family members. All reported deletion or
frameshiftCNKSR2'mutations in EAS patients either include or are predicted to lead to ltdss Gf

terminalportion.of the protein where our nonsense mutation is lo&afed
Phenotypic Analysis

In the probandeizures begaat 3.5 years with developmentaid language delayccurringprior to
sdzure onset.SeepEEG demonstrated continuousilateral centretemporalor frontal spike and
wave activity Comorbiditiesincludedattention deficits and hyperactivitit 4 years the probands
behaviour, =eognition and languagketeriordaed and he becameaphasic At 12 years hewas

institutionalizedwith neuropsychiatric deterioratenmd remains institutionalized at age 18 years

The proband’s brothaxlso had seizures onset at 3.5 years with developmental and language delay
prior to seizure onset, contious bilateral centrtemporal or frontal spike and wave activity on
sleepEEG (Fig.2 and attention deficits and hyperactivity. At age 12 yéarsvasless sevetyg
affectedthan the proband, as indicateduseful languagand attendance atgular schoolHowever,

he requires ongoing argpileptic medication
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Ther sisterhad mild motor and language deland seizureonsetat 6 years left cento-temporal
spikeswere recordedn EEG consistent with a diagnosis of childhosgilepsywith centratemporal

spikes. At age 16 years, shveasseizure free without medicati@nd hadmild learning difficulties.

Thesibling’s mother hadebrile seizuresvithout language or intellectual impairment. Their maternal
uncle (DNA unavailable)hadrefracbry seizures from 3.5 years of ageehad CSWS recorded on
sleepEEG andhad alanguageand motor delayHe responded to the ketogenic diet agdibe years
old his EEG had normalisexhd the diet was discontinued. He had rareuseszover a few yearby

10 years he had ceased all medication. Heabhaism and milemoderate intellectual disability.

DISCUSSION

We confirm recent studi€s™ reportingCNKSR2 mutationsin patients witin the EAS and showthe
frequencyis lows(d#112).Although large deletions have been repofted’, they are unlikely to be

present in our-sereening cohort since we ampli@BikSR2 exonic DNA from all probands by PCR.

In our family, dl affectedmaleshad onset of seizures at 3.5 yeeosparablego 2 or 2.5 years for
four reported=male caséut older than 8 day or neonatal onset in @her two male case$ *°
Frequent or_centinuous spike and wave patterieEG has been documented in rggorted cases,
consistent with théhree affectednalesfrom our family® % ' The vast majoty of reportedpatients
including our family,have severe speech delaytencommencingorior tothe time of seizure onset,
which may continueand result inlifelong language los’. Developmental and psychomotorale
arecommon featurg(againprior to seizure®nset)as isintellectual disability® & Finally, behavioral
disturbancesneluding severe attention deficit and hyperactiigve beerirequently observed here

and elsewher&:

The previously reported cases@XKSR2 deficiency causing seizures have alebenale withtheir
genotype being inherited from unaffecteatrier mothersHere we report the first female withAS
anda CNKSR2 mutation.The sisterin our family, has a less severe phenotype to her two brpthers
this could be due“tdhe fact the females are heterozygous and likely subjeet-iteactivation,
although he latterwas not measurednterestingly the mother, who also carries the point mutation
only had febrile seizureBoth FS and BECTS are commoeiaire disorders with the former

affecting ~ 3% of children in the Western European populatitiile the latter accounts for ~ 10% of
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focal epilepsiesn children CSWS ismuchrare although it has now been associated @WKIKSR2
mutation in several unraled case&™°. This is the first report of BECTS and FS in female patients

carrying aCNKSR2 mutation.

Our data suggesin cases with suspected-liiked EAS, specifically in males with CSWS
developmental delay, affected speextd early onset seizureéSNKSR2 genesequencing should be
performed m addition to standard clinical microarrays for detection of large delettaihe CNKSR2

locus Examinations of regulatory regions outside the coding and splice site regiorsgeuted lere

are an area for future resear€iinding apathogenianutationin CNKSR2 will help clinicians with
diagnosisand genetic counsellingvith implications forexpressivity of both sevefe.g. CSWS), and
milder (e.g. BECTS and F®henotypes, depending on whether the mutation is inherited by a male or
female offspring.
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FIGURE LEGEND
Figure 1. Ashkenazi Jewish family segregating the X-linked CNKSR2 mutation. A Two of the

three affected siblings are males hemizygous for the mutation; the female sibling is heterozygous.

The mutation was maternally transmitted; DNA from the affected uncle was not avallaidd-
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type allele T, c.2314 C>T .Arg712*) mutation B Wild-type sequencen unaffected fatheftop).
Hetelozygous mutation inmother with febrile seizuregmiddle) Hemizygous mutationn male
sibling with EAS(bottom).

Figure 2. Centro-temporal or frontal spike and wave activity on sleep-EEG. EEG from the
proband’s brather at 10.5 yeaisowing continuous right sided focal epileptiform activity maximum
in the temporal region with some involvement on the left.

TABLE

Table 1 : Phenotypic breakdown of probands

Epilepsy-Aphasia-Spectrum diagnosis Probands
Childhood epilepsy:with centri@mporal spikes 82
Intermediate Epilepsy Aphasia Disorder (IEAD) 12
Landau Kleffner Syndrome (LKS) 5
epileptic encephalopathy with continuous spika&ves in 13

sleep (ECSWS)

TOTAL 112
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