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2. Abbreviations

AED antiepileptic drug

CA10 carbonic anhydrase X

CACNA1A voltage-dependent P/Q-type calcium channel, alghaubunit
CACNALG voltage-dependent T-type calcium channel, alphaditainit
CACNA1H voltage-dependent T-type calcium channel, alphadibunit
CACNALI voltage-dependent T-type calcium channel, alprauthunit
CACNBL voltage-dependent L-type calcium channel, betablisit
CACNG1 voltage-dependent L-type calcium channel, gamrsabLinit
CACNG3 voltage-dependent calcium channel, gamma 3 subunit
CACNG4 voltage-dependent calcium channel, gamma 4 subunit
CACNGS voltage-dependent calcium channel, gamma 5 subunit
CAE childhood absence epilepsy

Cav3.2 voltage-dependent T-type calcium channghallH subunit
CBZ carbamazepine

CEPH Centre d'Etude du Polymorphisme Humain

Cl- chloride ion

CLCN2 cloride channel 2

cM centimorgan

CNP copy number polymorphism

CNV copy number variation

CT computer tomography

DNA deoxyribonucleic acid

ECAL epilepsia childhood absence locus 1

EEG electroenchephalography

EMA eyelid myoclonic absence epilepsy

ETM etosuximide

FS febrile seizure

FS+ febrile seizure plus



GABRA1 GABAA, receptor, alpha 1 subunit

GABRB3 GABA, receptor, beta 3 subunit

GABRG2 GABA receptor, gamma 2 subunit

GEFS+ generalised epilepsy febrile seizure plus

GLUT1 glucose transporter 1

GTCS generalised tonic-clonic seizure

GWAS genome wide association study

GWS genome wide scan

HOXB2 homeobox-B2

Hz Hertz

IGE idiopathic generalised epilepsy

ILAE International League Against Epilepsy

IBD identical-by-decent

IMPA2 myo-inositol monophosphatase-2

IQ intellectual quotient

JAE juvenile absence epilepsy

JME juvenile myoclonic epilepsy

JRK jerky

JH8 jerky homolog of human on chromosome 8

KCNH4 voltage-gated potassium channel, subfamily H (etaed), member 4
KCNHG6 voltage-gated potassium channel, subfamily H (etaged), member 6
KCNJ2 inwardly rectifying potassium channel, subfamilynkmber 2
KCNJ16 inwardly rectifying potassium channel, subfamilynember 16
LEV levetiracetam

LOD lod score

LTG lamotrigine

MMD macrophage differentiation associated protein

MKS1 Meckel syndrome, type 1

MRI magnetic resonance imaging

MRNA messenger ribonucleic acid

NPL non-parametric linkage

OMIM Online Mendelian Inheritance in Man

OXC oxcarbazepine

PCR polymerase chain reaction



PHOSPHOL phosphatase, orphan 1

PHT phenytoin

PS Panayiotopoulos syndrome

PSD95 post-synaptic density protein 95

RAP2A member of RAS oncogene family

RCT randomised controlled trial

RNA ribonucleid acid

RPIP8 Rap2-interacting protein 8

SCNAL sodium channel, alpha 1 subunit

SCN1B sodium channel, beta 1 subunit

S.C2A1 solute carrier family 2, member 1

S.C25 solute carrier family 25

SLC25A39 solute carrier family 25, member 39

SMEI severe myoclonic epilepsy of infancy

SNP single nucleotid polymorphism

SPSS Statistical Package for the Social Sciences
STIM Library of Sensory, Cognitive, and Neuropsyldgocal Tasks
TBC1D24 TBC domain family, member 24

TPM topiramate

VPA valproate

WISC-R Wechsler Intelligence Scale for ChildrenyiRed
WPPSI-R Wechsler Preschool and Primary Scale efligence - Revised



3. Abstract

Childhood absence epilepsy (CAE) is a well knowndsgme belonging to the
group of idiopathic generalised epilepsies (IGEAECis considered as a benign
epilepsy syndrome with respect to seizure remissiath cognitive functions. The
genetic etiology of CAE has been under researchouttconclusive answers. This
study was carried out to evaluate the short-teraraegnitive outcome and short-
and long-term clinical outcome in patients with CARd to identify the clinical
features and molecular genetic background in twoilfas with CAE and febrile
seizure (FS) as main phenotypes.

In the short-term clinical and neurocognitive outeostudy (Study 1), eleven
patients with typical absence seizures were stugig¢te time of the diagnosis and
after ten months’ antiepileptic drug (AED) treatrhenby video-
electroenchephalography (video-EEG) recordings, egen intelligence (1Q)
measurements and computerized neurocognitive aseats focusing on the fine-
motor fluency, sustained attention and visual gratial memory. Eleven age and
gender matched control individuals were studiesatingly. The long-term clinical
outcome of patients with CAE is based on the ddt&tadies 1, 2 and 4. The
patients and/or their parents were interviewed thiedmedical files were reviewed
to collect data on the course of the disease, ratdig side-effects of AED,
remission and family history. In Studies 3 and 4€mmbers of two families (family
98 and family 5) with a proband diagnosed with Catl other family members
with epilepsy or FS participated in the clinicaldamolecular genetic studies. The
following epilepsy syndromes or seizure types waresented in these families:
CAE (4), CAE and FS (1), FS only (9), benign tengbolobe epilepsy (2),
Panayiotopoulos syndrome (PS) (1), probable PSF&n(ll) and FS and secondary
generalised epilepsy (1). In both families a genamde scan (GWS) with fine-
mapping of the candidate loci and sequencing of ¢hadidate genes were
performed.
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In the short-term outcome study (Study 1) the patgroup improved in fine-
motor fluency, attention and visual memory wherb@scontrol group improved in
fine-motor fluency and attention. The impairmentvisual memory in the patient
group correlated with the duration of the geneealiglischarges in their EEG
recordings and improved significantly as a resuilseizure cessation. In the long-
term outcome study (Study 2) the mean follow-upetimas 10 years (range 2-22
years). Ninety-four percent of the patients hadnbgseizure free for more than 2
years. Thirty- six percent of the patients with CA&d relatives with epilepsy or FS.

All together sixty-one family members of familie8 @nd 5 participated in the
clinical and molecular genetic study in Studiesnd 4. In family 98 an autosomal
dominant inheritance of seizure susceptibility with contribution of three
chromosomal loci, including a probable new locuscaromosome 17q12-24 and
two modifier loci on chromosomes 5g11.2 and on 18mfl1 were identified. Ten
brain-expressed ion-channel genes were sequencedisBase-associated alteration
was found. In family 5, the inheritance pattern vgaggestive of a polygenic
complex inheritance. Two loci on chromosomes 16944.3.3 and 22g13.1-q13.31
were fine-mapped. After fine-mapping using multigonon-parametric analysis, a
p-value of 0.0014 was obtained between the diseaske markerD16S3072 at
chromosome 16p13.3. Sequence analysis of voltagerdent T-type calcium
channel alpha 1H subuniCACNA1H) on chromosomel6p13.3 revealed a novel
sequence alteration resulting in the p.Pro686Lewn@aracid change. This variant
partially segregated with the affection statushie family.

This study demonstrates that most patients with Céd&ched seizure freedom
and especially visual memory improves after seinassation. About a third of the
CAE patients had relatives with epilepsy or FS.nichl and molecular genetic
results in two families with heterogenous phenosyipeluding CAE complied with
the complex genetics model of common epilepsies.
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4. Introduction

Epilepsies can be caused by both genetic and a&ehtactors. The cumulative
incidence of epilepsy up to age of 74 years is 3%auger et al. 1993). Those
epilepsies that are believed to be largely genatie designated ‘idiopathic’
epilepsies and comprise ~30% of all cases (Hausal.e1993, Eriksson and
Koivikko 1997, Sillanpaa et al. 1999, Jallon et2001). CAE belongs to the IGEs
presenting about 25-50% of them. Of pediatric @gsiles CAE is the most common
form and it accounts for ~12% of all cases of dimldd-onset epilepsy (Berg et al
2000). Juvenile absence epilepsy (JAE) and juvemy®clonic epilepsy (JME)
phenotypically partially resembling syndromes bglas well into the IGEs, but are
more rare (Eriksson and Koivikko1997, Sillanpagalet1999, Waaler et al 2000,
Berg et al. 2000, Jallon et al. 2001).

CAE is an epilepsy beginning after age of 4 yedise child has a normal
development and is in most cases the only membtérepilepsy in his/her family.
The rareness of CAE leads to an obvious parentdtopn: why our child? What is
the etiology of CAE? How to treat the condition?tlsiecessary to treat the child
with AED? The short absence seizures consist oy wseibtle clinical features.
Occasionally the child may have had seizures feers¢ months or longer before a
diagnosis is made. The effect of seizures on tlymitee performance is not very
obvious. Commonly the child is able to continue teliar she/he was doing after
the short absence seizure is over. These phenoshemathe benign nature of CAE
(Berg et al 2010).

The classification of epilepsies has been undeveddation by the International
League Against Epilepsy (ILAE). The first publishedoposal for International
Classification of the Epilepsies is from 1970 (Merl970). The following ones
were published in 1981, 1985 and the fourth revRemposal for the Classification
of Epilepsies and Epileptic Syndromes was publisined989 (ILAE 1981, 1985
and 1989). Due to increasing knowledge in genetiearoimaging and therapeutics

in pediatric and adult epileptology an update ef¢tassification has been of interest
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to ILAE. The goal has been to develop a methodo#dlyi and conceptually sound
and clinically meaningful revision to the classifiion of the epilepsies and seizures.
According to the last Report of the ILAE Commission Classification and
Terminology the main seizures types, generalisetifacal seizures do persist but
their content is redefined (Berg et al. 2010). €bacepts: idiopathic, symptomatic
and cryptogenic are replaced by modified concegesietic, structural-metabolic
and unknown. The organisation of forms of epilepsyollowing: electroclinical
syndromes, non-syndromic epilepsies with structunagtabolic causes, and
epilepsies of unknown cause.

CAE as an apparently simple epileptic syndrome &lB® been under re-
evaluation. Recently published studies have showat tising strict diagnostic
criteria  according to Loiseau and Panayiotopoulo$ittp{//www.ilae-
epilepsy.org/Visitors/Centre/ctf/childhood_abseofte) an even more favourable
outcome than considered earlier can be reachetesetpatients (Grosso et al.
2005, Valentin et al. 2007). The diagnostic craesf the proposals of years 1985
and 1989 state that the child with CAE has normaalracognitive development
(ILAE 1985, 1989). Cognitive function may be definas the capacity of the brain
to process information accurately and to prograaptade behaviour. It involves e.g
the ability to solve problems, communicate, menerinformation and focus
attention (Aldenkamp et al. 2004). A study usingndianeous video-EEG
monitoring and computerised neurocognitive tests $feown that time estimation
ability in children with absence seizures is aféelcby the characteristic generalised
3 Hz spike-wave discharges of CAE (van Luijtelanale 1991). It has also been
shown that short-term spatial and verbal memorymigaired during generalised
discharges in half of the patients with varioudeggsy types (Binnie et al. 1987).
Cognitive functioning can be indirectly measured leyaluating academic
achievements although it is clear that other factdso affect the success at school
(Sturniolo and Galletti 1994, Oostrom et al. 200R;Nelis et al. 2005). Patients
with absence epilepsy, including CAE and JAE penfed significantly worse than
the control group at primary and secondary schodlaere less likely to graduate
from high school or to attend higher education ¢@liret al. 1997).

It is difficult to answer definitively to the pares question: what is the reason for
CAE in my child? Since the time of Hippocrates,lgpsy has been recognised to

have a familial component. William Lennox preseritge first concordant twin pair
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Constance and Kathryn McN. with the diagnosis ¢it pdsence (Figure 1) (Lennox
1951, Vadlamudi et al. 2004). Later family and tveitudies have confirmed the
genetic etiology of CAE (ltalian League Against lEpsy Genetic Collaborative
Group 1993, Berkovic et al. 1998, Marini et al. 2D0The first genetic locus on
chromosome 8924 was mapped in a large Indian fawitlty CAE and generalised
tonic-clonic seizures (GTCS) (Fong et al. 1998hc8ithen other chromosomal loci
and genes have been linked to CAE (reviewed inigeadbal. 2008). CAE, while

belonging to the IGEs, is designated to presentpbexngenetics with a polygenic
heterogeneity model (Dibbens et al. 2007).

This study was undertaken to study prospectivedyshort-term neurocognitive
outcome in patients with newly diagnosed typicaleaite seizures, which has not so
far been evaluated in Finland and to study retrasgy the long-term outcome in
patients with CAE. Moreover, clinical seizure phgming and molecular genetic
studies were performed in two families with a prubaliagnosed with CAE and
other family members with heterogeneous seizureqiypes. These families were
among the first Finnish families of their kind te btudied and as such valuable in

the complex puzzle aiming at unravelling the compglenetics in CAE.
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Figure 1. Photograph and EEG of Constance and Kathryn, monozygous twins concordant
for childhood absence epilepsy, both with seizure onset at age 6 years, Lennox

1951, Vadlamudi et al. 2004. Reprinted with permission.
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5. Review of the literature

5.1 Childhood absence epilepsy

Childhood absence epilepsy is a well-charactergagitirome belonging to the
IGEs and the proposed diagnostic scheme of ILAEmffollowed for describing
individual patients (Table 1) (Engel 2001). Theastmain IGE syndromes are JAE,
JME and epilepsy with tonic-clonic seizures only.

The diagnostic scheme consists of five axes: mt@nomenology, seizure type,
syndrome, etiology and impairment. The three fwsts facilitate a logical clinical
approach to the development of hypotheses necetsatgtermine the diagnostic
studies and therapeutic strategies to be undert@kan individual patient. For the
fourth axis, etiology of CAE, the basis was laidtbg seminal twin study of Lennox
(1951) and the study on the inheritance of gersmdlispike-wave discharges of
Metrakos and Metrakos (1961). The fifth axis, inmpeent, has not generally
considered a major problem in this patient grouphoagh poor psychosocial

outcomes in adulthood have been reported (Wirteldl.€1997).

Table 1. A Proposed Diagnostic Scheme for Patients with Epileptic Seizures and
with Epilepsy

Axis 1 Ictal phenomenology
AXis 2 Seizure type

Axis 3 Syndrome

Axis 4 Etiology

AXis 5 Impairment

15



5.1.1 Epidemiology of CAE

The mean annual incidence for CAE varies betwe&nahd 7.1 /100 000 in
different populations (Granieri et al. 1983, Olssb®88, Loiseau et al. 1990,
Sidenvall et al. 1993, Wirrell et al. 1996a). Cuatire incidence has been
estimated at 98/100 000 in children up to 15 ye#drage (Olsson 1988). The
prevalence of CAE has been found to range front®(@.7/1000 persons (Granieri
et al. 1983, Sidenvall et al. 1993, Waaler et @0@. In Finland, the prevalence of
CAE in two population-based studies varied fromt@®0/1000 in children (< 16
years) with epilepsy (Eriksson and Koivikko 199#laBpaa et al. 1999).

In large cohorts of epilepsy patients the frequensicCAE varies between 15 to
120/1000 (Oka et al. 1995, Berg et al. 1999). Vémation of prevalence depends
largely on the mode and source of case definitohE is reported more often in

girls than in boys (Waaler et al. 2000).

5.2 Ictal phenomenology and seizure type in CAE

A typical ictus in CAE is an absence seizure désdtiin terms according to the
ILAE's glossary of descriptive terminology for ic&emiology as a spontaneous and
hypokinetic event associated with cognitive dysfiorc in perception, attention,
emotion, memory and executive function (Blume e2@D1).

An epileptic seizure is defined as a transient perice of signs and/or
symptoms due to abnormal excessive and/or hypdnsynous neuronal activity in
the brain. The elements of a definition for an egiic seizure are mode of onset and
termination, clinical manifestations and abnormahanced synchrony in EEG
(Fisher et al. 2005). All these elements are wetvin in CAE. The typical absence
seizure has a clear onset and end. As a clinicahifesation impaired
consciousness may occur as a sole manifestatiom warious combinations with
mild myoclonic elements of the eyes, eyebrows @lidy. Automatisms such as lip
smacking or swallowing may also occur (Valentinaét 2007, http://www.ilae-
epilepsy.org/Visitors/Centre/ctf/childhood_abseafte). The generalised 3-4 Hz
synchronous symmetric spike-wave discharges in Hi&€ represent for the
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abnormal enhanced synchrony. A typical absenceiselasts between 5 and 15 s
and those lasting longer than 30 s are rare (Loiseal. 2002). The absence seizure
in CAE is of the self-limited epileptic seizure &ygEngel 2001). Besides CAE
typical absences are also seen as the definingrseigpe in JAE. About 1/3 of
patients with JME have absence seizures but theyaasely seen in epilepsy with
generalised tonic-clonic seizures only (Duron e2805).

5.2.1 Basic mechanisms of absence seizure in CAE

The first theories on the basic mechanisms of aerad®e seizure are results of
studies on EEGs of patients with absence seizoresurface EEG recordings of
laboratory animals and thalamic depth electroderdiog in one child (Jasper and
Kershman 1941, Jasper and Droogleever-Fortuyn M4liams 1953).

When EEGs of patients with typical absence seizure® analysed an abrupt
onset and termination in both hemispheres and & higterhemispheric
synchronization of spike-wave activity was founési@der and Kershman 1941).
Because no evidence could be found for a cortic@giro Jasper and Kershman
proposed that the seizures had a subcortical origine landmark experiments
demonstrated that electrical stimulation of thelme&land intralaminar nuclei of the
thalamus in cats at a stimulus frequency of 3 Huldoproduce bilaterally
synchronous spike-wave discharges on the cortiEgb EJasper and Droogleever-
Fortuyn 1947). The relevance of this finding to laun® was demonstrated in 1953
when a depth electrode was utilized to record ftbm thalamus of a child with
absence seizures. Bilaterally synchronous 3 Hz espiéve discharges were
observed to arise from the thalamus (Williams 1998k five theories on the basic
mechanisms of an absence seizure (reviewed in Metra. 2005) are illustrated in
Figure 2 and summarised below.

In theory 1, the centrencephalic system was heddamsible for the generalised
seizures with an initial loss of consciousness arulateral onset of discharges as
seen in the EEG during an absence seizure. Thismsysas thought to be located in
the brainstem and diencephalon. In theory 2, théicooeticular theory both the

cortex and the reticular system of thalamus haeresd roles in the genesis of
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discharges. The crucial factor responsible for $p&e-wave discharges was a
diffuse increase in excitability of the cortex. @rbe oscillation was set in motion,
the thalamus and cortex appeared to drive each.tfidwy 3, the cortical theory
was based on clinical observations, which showatghimary generalised epilepsy
was the expression of a cortical abnormality, paléirly in the frontal lobe, which
was rapidly propagated over the cortex throughi@mzortical pathways. The fourth
theory, the thalamic clock theory stated that cattcells and thalamocortical relay
cells fired in synchrony with the EEG spike, whareaticular thalamic nucleus
neurons fired during the slow-wave component. Thghmic epileptic discharges
in the EEG were the result of an abnormal rhythascillation in the intrathalamic
network, which imposed its rhythm on the cortexthe fifth theory, the cortical
focus theory a consistent focus was found withie ftherioral region of the
somatosensory cortex. From this focus, seizur@igctieneralises rapidly over the
cortex. The intrathalamic circuitry alone is noffsient for cortical and thalamic
oscillations to occur. During the first cycles dfetseizure the cortex drives the
thalamus, while thereafter cortex and thalamusedeach other, thus amplifying and

maintaining the rhythmic discharge.

Cortico
reticular

Thalamic clock Cortical Focu

Figure 2. Schematic presentation of the five theories on the origin of generalised

absence epilepsy, Meeren et al. 2005. Reprinted with permission.
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5.3 CAE as a syndrome

A syndrome is a condition that has a clinically agmizable pattern; the
clustering of signs and symptoms that form thisgpatsuggest shared mechanisms.
Those who have a particular epilepsy syndrome rdiffesome fundamental way(s)
from those who have other forms of epilepsy. Thast\majority of the syndromes
recognized in epilepsy are genetic and developrhedisorders with onset
predominantly in infancy, childhood and adolescencéwww.ilae-
epilepsy.org/Visitors/Centre/ctf/CTFsyndromes.cfitf)e diagnostic criteria used in
this study are defined by ILAE in the revised cification for epilepsies and
epileptic syndromes published 1989 (ILAE 1989). Nateria for CAE have been
proposed by Loiseau and Panayiotopoulos on the liv&h site (http://www.ilae-
epilepsy.org/Visitors/Centre/ctf/childhood_abseofte) with the aim  of
distinguishing a population of children with a leetprognosis. Both criteria are
presented in Tables 2 and 3.

Typical absence seizures start most often betwaanaind ten years of age, and
the peak age at onset varies from five to seversy@he seizures are frequent and
daily. In older epilepsy literature the term pykeysy was used for typical absence
seizures (Adie 1924). The term pyknolepsy is a doation of the Greek word
pyknos and epilepsy, the first meaning frequemisaly packed and aggregated. In
contrast to frequent seizures in CAE the absencesJAE are infrequent
(Panayiotopoulos et al. 1989). CAE responds favduréo treatment, and has
commonly a good prognosis. CAE occurs in childreithwa strong genetic
predisposition who are otherwise normal (Loiseaalel995). Approximately 40-
50% of patients will develop GTCS (Bouma et al. @9Boiseau et al. 2002). An
evolvement of CAE to JME has also been recogni2&ftirr¢ll et al. 1996a,

Martinez-Juarez et al. 2006).
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Table 2. Criteria for CAE defined by ILAE 1989

Age of onset at school age (peak manifestatiorbageears)
Strong genetic predisposition in otherwise nornmgddecen

More frequent in girls than in boys

Frequent (several to many per day) absences aractbastic

EEG reveals bilateral, synchronous symmetricalespives,
usually 3 Hz, on a normal background activity

During adolescence GTCS often develop

Absences may remit or, more rarely, persist a®tigseizure type

ok wbhPRE

No

Table 3. Inclusion and exclusion criteria of CAE according to ILAE http://www.ilae-

epilepsy.org/Visitors/Centre/ctf/childhood_absence.cfm

Inclusion criteria:

N

Age at onset between 4 and 10 years and a peakeair§to 7 years.
Normal neurologic state and development.

Brief (4 seconds to 20 seconds, exceptionally longed frequent (tens per
day) absence seizures with abrupt and severe impair(loss) of
consciousness. Automatisms are frequent but hawggndicance in the
diagnosis.

EEG ictal discharges of generalized high-amplitsipi&e and double
(maximum occasional three spikes are allowed) saiia¢slow-wave
complexes. They are rhythmic at around 3 Hz witineadual and regular
slowdown from the initial to the terminal phasetwd discharge. Their
duration varies from 4 seconds to 20 seconds.

Exclusion criteria:
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Other than typical absence seizures such as GTiGByaxlonic jerks prior
to or during the active stage of absences.

Eyelid myoclonia, perioral myoclonia, rhythmic miagslimb jerking, and
single or arrhythmic myoclonic jerks of the headnk, or limbs. However,
mild myoclonic elements of the eyes, eyebrows, eyelids may be
featured, particularly in the first 3 seconds @& #bsence seizure.

Mild or no impairment of consciousness during tHeZ3to 4-Hz discharges.
Brief EEG 3-Hz to 4-Hz spike-wave paroxysms of lges 4 seconds,
multiple spikes (more than 3) or ictal dischargegmentations.

Visual (photic) and other sensory precipitatiorciafical seizures.



5.3.1 EEGinCAE

The classic EEG pattern associated with abseneeirssi in CAE consists of
generalised, bilaterally synchronous, regular, estigpped and symmetrical 3 Hz
spike-wave complexes that have an abrupt onset amdl (ILAE 1989).
Hyperventilation is the most effective activatortbe classic spike-wave pattern,
although photic stimulation may elicit the abnortyain a smaller number of
susceptible patients. Single sporadic spikes dkespiave complexes can appear
without obvious clinical accompaniment. The EEG Kggiound is normal. Often
there is a progressive and regular slowing of ieehéirge from about 3.5 to 2.5 Hz

without discharge fragmentation (Panayiotopoulosl.€1989).

5.3.2 Procedures at diagnosis

At the time of the diagnosis the interview of thelad and the parents consists of
the past history of pregnancy, delivery, early diewment, and learning milestones.
Family history of possible FS and epilepsy is eatdd. A routine neurological
examination is made along with routine EEG with dryentilation and photic
stimulation.

In clinical pratice, a magnetic resonance imaginR(Mis not necessary in
patients who are neurologically normal, have seguwonsistent with CAE and a
typical EEG. MRI should be performed if the seizuage intractable (Nguyen et al.
2006). However, if quantitative MRI analysis igfpemed the volumes of cerebral
grey and white matter have indicated larger cdriggay matter volumes in IGE
patients (mostly adults) than in healthy contrdggérmann et al. 1998). As well,
anterior thalamic volumes were larger in patienithvabsence seizures than in
controls (Betting et al 2006). In children with EAhe left orbital frontal gyrus as
well as both left and right temporal lobes had igigently smaller grey matter
volumes when compared to the age- and gender-nthatittielren without epilepsy
(Caplan et al. 2009).
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5.3.3 Antiepileptic medication in CAE

In most cases CAE is easy to treat. EthosuximideV(Eand valproate (VPA)
and are the most commonly used drugs for typicakmabe seizures. Lamotrigine
(LTG) is the third choice treatment (Wheless eR@D7). A systematic review of
three small randomised trials (RCT) from early 1980mparing efficacy of ETM
and VPA concluded that there was no evidence touiagither of the drugs (Posner
et al. 2005). Recently, Glauser et al. (2010) mreslievidence-based data indicating
that ETM is the most appropriate treatment for CAteir large RCT on 453
patients with newly diagnosed CAE showed that ETMI &/PA are equally
effective and more effective than LTG in the treamtn of CAE. ETM was
associated with fewer adverse attentional effduas tVPA (Glauser et al. 2010).
The efficacy of ETM for controlling GTCS has beeamegtioned in light of clinical
experience (Camfield and Camfield 2005). Schmitile{2007) reported that ETM
and VPA have equal efficacy against GTCS.

The SANAD study compared VPA, LTG and topiramateNl) in an unblinded
RCT in patients with generalised and unclassifipdepsy. In a subanalysis with
450 IGE patients including 230 patients with CABEJor JME TPM was most
effective but least tolerated AED. VPA remained finst line treatment for most
patients with IGE. LTG was well tolerated but ifi@acy was inferior (Marson et
al. 2007). In an open label study three out of fmatients with CAE became seizure
free with levetirasetam (LEV) (Di Bonaventura et 2005). Of the newer AEDs,
zonisamide has been wused in absence seizures (@ilfand Schultz
2005).Gabapentin is the only drug proven in a higld, double blind-trial to be
ineffective in CAE (Trudeau et al. 1996).

5.3.4 Discontinuing antiepileptic medication

There are no randomized trials that address thenaptength of treatment. The
duration of the medication varies at its shortesinf 1-2 years after remission
(Camfield and Camfield 2005). The tapering of th&DA dose is discussed
individually, but a reduction of the dose lasting 8nonths is commonly used. The
risk for recurrence of seizures in CAE has beeronted to be as high as 20%
(Shinnar et al. 1994).
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5.3.5 Outcome of CAE measured by remission rates

In older studies describing small series of pasiemith absence seizures the
remission of seizures occured spontaneously afesigiing 5 - 9 years and the
patients remained seizure free for up to 5 - 1Gsyéadie 1924). Later, in a larger
sample of patients, a tendency for remission oéabs seizures has been reported at
all ages. A slightly better prognosis was foundthose patients whose absence
seizures commenced before the age of ten years/aodlid not have GTCS at all
(Gibberd 1966).

A meta-analysis of the outcome of absence epilépsyuding 26 publications
showed remission rates between 21% and 89% witblolement of GTCS in about
half of the patients included in the studies (Boumiaal. 1996). Different
classification criteria and diverse follow-up timbeave been used and these may
explain the variable outcome (Bouma et al. 1996nKer et al. 2004). In one
population-based study, 65% of patients with ahahCAE diagnosis were seizure
free and off therapy, 17% had discontinued AEDtinemt and had definitive or
suspected seizures, and 18% had continued on AHDnast of which were seizure
free. Fifteen percent of the total population hadgpessed to JME (Wirrell et al.
1996a). In another population-based study abseizerss persisted beyond the age
of 20 years in only 10% of patients. Isolated aer&@TCSs occurred in 26% and
were related to the patient’'s age at onset of &parsence seizures, being more
common (44%) among patients with the onset of gipabsences between ages 9
and 10 years than in those for whom typical absemreset was before 9 years
(16%) (Loiseau et al.1995).

In two recent studies the criteria developed byskau and Panayiotopoulos
(Table 3) were used with the conclusion that reimissates of patients with CAE
are greatly influenced by the classification crédeused for selection. Stricter
diagnostic criteria allow the definition of a honemgous group of patients. Factors
predicting unfavourable prognosis were GTCS in #tfive stage of absences,
myoclonic jerks, eyelid myoclonia or perioral myagia, clinical photosensitivity
and EEG features atypical for CAE (Grosso et ad52Walentin et al. 2007). In the
first study a high rate of seizure control (95%jl dmigh rate of terminal remission
defined by >1 year without AED (82%) were reach@dogso et al. 2005). In the
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second study complete remission defined by >1 ytaror without AED was 65%
(Valentin et al. 2007).

5.4 Cognitive impairment and psychosocial aspects in
patients with CAE

CAE is often considered a benign form of epilepsg tb mild seizures, which
may continue for months before a diagnosis is mabe. typical absence seizures
commonly cease after AED medication is started. Wdmission is most often
permanent and the patients stay seizure free dftey withdrawal. Some studies
have reported the negative impact of absence ssizamd /or CAE on cognitive

function and psychosocial outcome.

5.4.1 Cognitive impairment

General intelligence, verbal and visual memoryuespatial perception, verbal
learning, word fluency, attention and fine motanefhcy have been evaluated in
several studies focusing on cognitive functioninghildren with different types of
seizures (Table 4). Some of the studies have fihtiower 1Q in children with
CAE than in control children or in children withhetr seizure types (Caplan et al.
2005, 2008, Mandelbaum and Burack 1997, Pavonel.e2081). Findings of
somewhat lower IQ could reflect specific problemsneurocognitive functioning.
Difficulties have been found most often in attenti@and memory. These
neurocognitive impairments together with the relgergported smaller frontal and
temporal volumes in patients with CAE imply that EAnay not be a benign
disorder after all (Caplan et al. 2009). Most af gudies in children with CAE are
performed on relatively small patient groups. Thaldren with epilepsy are
grouped according to seizure type and often diffiesgndromic entities are grouped
together (Fedio and Mirsky 1969, Jambaque et @&31%andelbaum and Burack
1997, Nolan et al. 2004, Boelen et al. 2005, Hermlial. 2005, Bhise et al. 2009,
Mandelbaum et al. 2009). There is evidence thatlgubal generalised spike-wave
discharges seen on EEG may have a transient effecbgnition. Reaction times

appear to be prolonged when the stimulus is predeniuring a spike-wave
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discharge (Aldenkamp and Arends 2004). It has lpeestioned if it is warranted to
increase the dose of AED to try to suppress subaliieEG discharges in a child
with CAE and a clinical cessation of absence semu€ognitive side effects of a
higher dose of AED may negate any benefit from iglating subclinical discharges
(Camfield and Camfield 2005). However, the effeicsabclinical EEG discharges
affecting scholastic skills has been shown (Kagtelolst Trenite et al. 1988).
There is also evidence that serious accidents roayr@s the result of uncontrolled
absence seizures so that the motivation for supingall absence seizures is based

in part on physical safety (Wirrell et al. 1996b)addition to cognitive issues.

5.4.2 Psychosocial aspects

Dieterich et al. (1985) followed up 194 patiemiswhom the first seizure type
was absence seizure and noted that patients wigjoirgn seizures, especially
recurrent GTCS, had unfavourable social integratioreaning marriage,
employment or professional training. In the pregiaiudy some of the patients
probably had JME, myoclonic absence epilepsy ahdraabsence epilepsies than
CAE. Loiseau et al. (1983) compared the outcomehdfiren with typical absence
epilepsy to that of children with benign rolandplepsy and found that the group
with absence epilepsy had poorer social adaptasiod higher incidence of
behavioural problems. In a Swedish follow-up stugying adults with a diagnosis
of CAE, JAE or JME in their past were intervieweagjarding the social impact of
their epilepsy. Seventy-four per cent considered sishooling, occupation, routines
of daily life, relations to friends or leisure tinagtivities had been affected by their
epilepsy. The result was independent of whethemabrthey had achieved seizure
control (Olsson and Campenhausen 1993). Additignah comprehensive
population-based study from Nova Scotia showedgh#ents with typical absence
epilepsy also had greater difficulties in the acaidepersonal lives and in their
behaviour than the control group of patients witivehile rheumatoid arthritis
(Wirrell et al. 1997). In recent studies comorlsteich as anxiety, externalizing or
disruptive behaviour, ADHD and linguistic defichave been associated with CAE
(Caplan et al. 2005, 2008).
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Table 4. Results of neuropsychological studies focusing on absence seizures and CAE.

Description of the study group Study design / studied cognitive functions Medication Remission -~ N
Identified cognitive problems References
and control group yes/ no yes/ no
Comparision between groups. IQ, verbal and nonverbal memory,
15 centrencephalic epilepsy, TLE / controls Yes Not all Sustained attention, complex figure recall. Fedio and Mirsky 1969
learning and delayed memory, sustained attention.
12 CAE, 3 JAE, 3 IGE, 42 focal epilepsy / 60 Comparision between groups. |Q, verbal and nonverbal memory. Yes Not all Visual and verbal memory weaker in all IGE patients than in Jambaque et al. 1993
healthy controls controls.
17 generalised non-convulsive, 12 generalised Comparision between groups and at follow-up 6 and 12 mo. IQ, No AED at No data Lower IQ at baseline in AS group compared to generalised Mandelbaum et al. 1997
convulsive 11 simple partial, 3 complex partial /no  academic functioning, visual motor integration, CBCL (40% drop outs). baseline convulsive group.
healthy controls
16 AS / 16 healthy controls Comparison between groups. |Q, logical-deductive capacity, visuospatial ~ Yes Yes, 13/16 1Q, complex figure recall, non-verbal memory, delayed Pavone et al. 2001
perception, memory and learning. memory.
13 CAE, 32 TLE, 25 FLE / no controls Comparison between groups. Focus on memory functions only. Yes Yes, 7113 Complex figure recall, finger window. Nolan et al. 2004
12 AS, 12 GTCS / 20 healthy controls Comparison between groups. 1Q, attention, verbal leaming and memory, ~ Yes Yes, 6/12 Attention, verbal learning, word fluency, fine motor fluency. Henkin et al. 2005
word fluency, complex figure recall, fine motor fluency.
23 AS, 5 other IGE, 44 cryptogenic focal epilepsy/ ~ Comparison between groups /motor skills, visual and auditive reaction Yes No data Auditive and visual reaction times were slower in epilepsy Boelen et al.2005
107 healthy controls time. than in healthy controls. No differences between epilepsy
groups.
62 CAE, 90 focal seizures/ 91 healthy controls Comparison between groups. 1Q, lanquage development psychiatric Yes Not all 1Q. If verbal IQ deficits found, externalizing, or disruptive Caplan et al.2005
disorders, CBCL, social skills. behavior were more common and patients are in risk for
school difficulties with any type of seizure.
69 CAE /103 healthy controls Comparison between groups. 1Q, lanquage development, psychiatric Yes,inmost ~ Notall Lower IQ than in controls, psychiatric diagnosis in 61 % (in Caplan et al.2008
disorders, CBCL. 15% of controlsl), ADHD, affective and anxiety significantly
more often than in controls. Abnormalities in CBCL.
18 generalised non-convulsive, 5 generalised Comparison between groups. Leaming, memory, attention, motor skill, No Not all Attention, short term auditory memory, visual motor speed, Bhise et al.2009
convulsive, 34 focal seizures / no healthy controls before AED started at the diagnosis. vocabulary score.
10 generalised non-convulsive, 1 generalised Baseline 0 mo, follow-up 6 mo and 12 mo. IQ, memory and learning, No AED at Yes, 9/10 1Q did not improve in AS, as happened in the focal epilepsy Mandelbaum et al. 2009
convulsive, 20 focal epilepsy verbal memory, cognitive processing, attention, eye and hand baseline group, no change in depression, anxiety or verbal learning.

coordination, perception and motor dexrity.

CAE = childhood absence epilepsy, IQ = intellectual quotient, JAE = juvenile absence epilepsy, IGE = idiopathic generalised epilepsy, TLE = temporal lobe epilepsy, FLE = frontal lobe epilepsy, AS = absence seizure, AED = antiepileptic drug, CBCL = Child

Behavior Check list, ADHD = attention deficit hyperactivity disorder
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5.5 Genetics in idiopathic generalised epilepsy

Twin studies, familial aggregation studies and roolar genetic studies have
shown that IGEs have a strong genetic componemtetizecounseling for common
IGE syndromes rests on a foundation of twin andilfastudies conducted over 20
years ago (Blandfort et al. 1987).

5.5.1 Twin studies

Studies of epilepsy in twins have shown an excdssnonozygous twins
concordant for epilepsy compared with dizygous $yisupporting claims of a
genetic component in the common epilepsies (Ler®d, Sillanpaa et al. 1991,
Berkovic et al. 1998, Vadlamudi et al. 2004, Kjeldset al. 2005). In an Australian
study, in which the classification of seizures ayhdromes was based on re-
evaluation of original medical files and structurpdrsonal interviews, 94% of
seizure concordant monozygotic and 71% of dizygttims had the same major
epilepsy syndrome (Berkovic et al. 1998). The meéttuw data collection affects the
concordance rates among twins. If the seizure pidpsy classification is based on
self-reported questionnaires or on hospital digpharegistry and medical
certificates to enable reimbursement for AEDs thiecordance rates remain lower,
while still confirming the importance of genetictars in epilepsy. A proband-wise
concordance rate of epilepsy in monozygous twins ®8% compared to 7%
concordance rate in dizygous twins in a study basedelf-reported questionnaires
(Kjeldsen et al. 2005). In a Finnish populatiorsdxh study, in which medical
certificates to reimbursement for AEDs were usedatsa source, the proportion of
concordant twins for epileptic seizures was 3.4%manozygotic and 1.4% in
dizygotic twins (Sillanpaa et al. 1991).

5.5.2 Family studies

Familial aggregation studies on IGE have yieldedadan the relationship

between different subsyndromes (Italian League wWgjaiEpilepsy Genetic
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Collaborative Group 1993, Winawer et al. 2003, Magt al. 2004). Sometimes
multiple subsyndromes - CAE, JAE, JME and genezdli®nic-clonic seizures only
— occur in large families with IGE. In these féigs ashared genetic influence is
assumed to generate the seizure types belongitig tilisEs (Ottman 2005). On the
other hand, alistinct genetic influence is assumed in CAE and JAE based on
familial aggregation studies (Winawer et al. 2003yini et al. 2004). Data suggest
that CAE and JAE share a close genetic relatiorergds JME is a more distinct
entity (Janz et al. 1992, ltalian League Againsildpsy Genetic Collaborative
Group 1993, Winawer et al. 2003, Marini et al. 2004 cumulative incidence of
4.9% of epilepsy has been calculated in first degetatives of the probands with
CAE or JAE (Janz et al. 1992). In some familiesyomhe IGE subsyndrome is
diagnosed (Italian League Against Epilepsy Gen&adlaborative Group 1993,
Cossette et al. 2002, Winawer et al. 2003, Matrtrale2004, Nabbout et al. 2007).
Phenotypic concordance within the CAE proband fasilwas 28%. In JAE
proband families 31% of relatives had CAE. But iAECproband families only 5%
had JAE. JME was rare among affected relatives AiE @robands (Marini et al.
2004). The recurrence risk for epilepsy in firsgee relatives was three times
greater than that of general population (Annegéral.e1982). Additionally, the
decay of risk beyond first degree relatives is knpwompleting the profile of a
complex disease (Heron et al. 2007).

The female preponderance in transmission of seikalslity has also been
recognized although not explained. No enhancedtoiske offspring was evident if
the father had epilepsy (Annegers et al. 1976, Mai al. 2004). Moreover, the
possibility of bilinear inheritance of IGE may caua high risk of epilepsy in the
offspring. In two families, with both parents diaged with IGE the offspings had
more severe seizure pheotypes. Their epilepsy wggested to be due to the
combination of a putative "double dose" as epilepsyes could be inherited from
both parents (Marini et al. 2003a). In another repdenign seizure phenotype was
reported with a similar bilinear family history BGBE (Jansen et al. 2004).

Even though the genetic background in CAE is evidamilial cases are still
rare. Most commonly CAE occurs in a single sporgmatient in a family. The
genetic background in these patients may bdeaovo mutation or that of a
polygenic, multifactorial e.g. complex disease (i&bs et al 2007, Helbig et al.
2009).
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5.5.3 Molecular genetic etiology of idiopathic epilepsies

Based on the current knowledge, the etiology ofd@&Epolygenic, i.e caused by
many predisposing alleles, unknown enviromentaiofacand also by a spectrum of
epigenetic factors and processes (Berkovic etG62Qureshi and Mehler 2010).
Some reports of rare monogenic forms exist (Cosssttal 2002, Maljevic et al.
2006, Suls et al. 2009).

There have recently been major advances in undelista the genetic basis of
Mendelian epilepsies. The first gene for idiopatpslepsy was identified in 1995
(Steinlein et al. 1995). In the Mendelian epilepsimost of the established genes
encode for subunits of ion channels, both voltageeddent and ligand-gated
(reviewed in Reid et al. 2009). The discovery afsth epilepsy genes was facilitated
by the availability of large families with many efted members where a single
mutated gene segregated with most affected indwsduThe variation in
expressivity and penetrance associated with mutsitod large effect in monogenic
Mendelian epilepsies strongly suggests that vanatn additional modifier genes
and/or environmental factors act in combinatiorhwiite major gene in modulating
the final phenotype. These modifier genes may actsasceptibility genes
underlying epilepsy with complex genetics (Dibbentsal. 2007). The monogenic
and complex idiopathic epilepsies merge into a inoom from fully penetrant
monogenic epilepsies to those caused by less panetiteles of large effect, many
alleles of small effect (polygenic mode of inharmita), or finally by environmental
factors with no recognizable genetic componentyfag).

The broad field of complex genetics includes two-eaclusive models for the
genetic architecture of a common disease, suchAds. The ‘common disease,
common variant’ hypothesis posits that common disgare attributable in part to
allelic variants present in more than 1-5% of tlepydation (Reich and Lander
2001). For the idiopathic epilepsies no common ards have been discovered
(Kasperaviciute et al. 2010, Scheffer and Berk@@dd0). The second model is the
‘common disease, rare variant’ model, where mutire variants combine to
cause a disease (Manolio et al. 2009). Based orulrent knowledge “"common
disease, rare variant model” suits best for exiplginhe genetics of polygenic

idiopathic epilepsies such as CAE.
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Monogenic fully penetrant "private” mutations

&——— Familial ADNFLE ~95% penetrant

Incompletely penetrant monogenic mutations

&——— Familial GEFS* ~60% penetrant

Polygenic susceptibility alleles with penetrance to o]
low to track through families

<&— Complex IGE, Complex GEFS*

Heritable epilepsies ——>

Environmental or lifestyle

Environmental epilepsies ——>

Figure 3. Graphical illustration of the continuity between monogenic and more
complex forms of epilepsies, Heron et al. 2007. Reprinted with
permission. ADNFLE = autosomal dominant nocturnal frontal lobe
epilepsy, GEFS+ = generalised epilepsy febrile seizure plus, IGE =
idiopathic generalised epilepsy.

55.3.1 Molecular genetic etiology of CAE

The first locus linked to CAE on chromosome 824 weentified by studying a
large multigenerational Indian family (Fong et #98). To date no mutation in this
locus has been identified. Susceptibility loci fGE, including CAE, JAE and JME,
were identified on chromosomes 3926, 14923 and .2g&&ander et al. 2000). The
chromosomal regions 3g27-g28 harbouring the claritiennel 2 gene2L CN2) and
16p12-p13.1 harbouring the voltage-dependent aalathannely 3 subunit gene

30



(CACNG3) may be susceptibility loci in subsets of CAE fhes (Everett et al.
2007a, Everett et al. 2007b). When using genome BiP-based linkage analysis
a susceptibility locus was identified on chromos@p23-p14 (Chioza et al. 2009).

Data on the genes involved in CAE are currentlyspgabut points to neuronal
ion channels and GABA receptors (Table 5). Hetenegas epilepsy phenotypes
associated with mutations in GARAreceptory 2 subunit geneGABRG2) vary
from FS, FS and CAE to generalised epilepsy felsdezures plus — syndrome
(GEFS+) (Wallace et al. 2001, Kananura et al. 200arini et al. 2003b). With
some detected mutations functional studies have pedormed and the data shows
that Cl- currents mediated by GARAreceptor have been reduced and
benzodiazepine action is abolished (Wallace et 28101). A mouse model
harbouring the R43Q mutation BABRG2 develops spike-wave discharges in the
EEG and behavioral arrest compatible with CAE, WHRM treatment reducing
spike-wave discharges (Tan et al. 2007). In GAB#&ceptoral subunit gene
(GABRAL) functional studies with the first detected muiatin a boy with CAE
showed no detectable GABA-evoked currents for theamt, truncated receptor,
which was not integrated into the surface membréilaljevic et al. 2006).
Recently, in the GABA receptorf 3 subunit geneGABRB3) functional studies
showed that three evaluated mutations reduced GAB¥ed current density. The
mutations inGABRB3 were found both in families and in sporadic pdtewith
remitting CAE (Tanaka et al. 2008).

CAE was the first phenotype associated GACNAIH in which identified
variants are present at low frequencies in the g¢pepulation and are predicted to
have a minor functional effect in the voltage-dejmnt T-type calcium channel
1H subunit (Cav3.2) (Chen et al. 2003, Heron ek@07, Liang et al. 2007). The
CACNA1H gene variants have altered activation and in-atttm of membrane
potentials and increased expression of Cav3.2 mbnagne (Khosravani et al. 2004,
Vitko et al. 2005, Peloquin et al. 2006, Vitko &€t2007). Furthermore, in voltage-
dependent P/Q-type calcium channellA subunit gene GACNA1A), a point
mutation is connected to cerebellar ataxia and @A&ne three generation family
(Imbrici et al. 2004). Early onset absence epilepisgt usually presents with
movement disorder and in some patients intellectigdicit has been linked to
inherited orde novo mutations inSLC2A1 gene coding glucose transportét,UT1
(Suls et al. 2009).
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Table 5. Loci and genes related to CAE.

Locus Gene (if known) Method Study subjects Phenotypes Reference
1p35-p31.3 SLC2A1/GLUT1 Glucose transporter 1 Candidate gene sequencing 34 patients Early onset absence epilepsy Suls et al. 2009
3p23-p14 GWS (SNP) 41 nuclear pedigrees CAE Chioza et al. 2009
5031.1-933.1 GABRG2 GABAA& receptor gamma 2 subunit GWS 4 - generation family CAE, GEFS+, FS, FS+, MAE Wallace et al. 2001
Candidate gene sequencing 135 patients Idiopathic absence epilepsy Kananura et al. 2002
5034 GABRA1 GABA& receptor alpha 1 subunit Candidate gene sequencing 98 patients IGE Maljevic et al. 2006
8024 GWS 5 - generation family CAE, generalised spike-wave Fong et al. 1998
8g24 JRK/JH8 Jerky Candidate gene sequencing 57 patients IGE, CAE, partial epilepsy Moore et al. 2001
15q11.2-q12 GABRB3 GABA& receptor beta 3 subunit Regional linkage 48 patients Remitting CAE Tanaka et al. 2008
Candidate gene sequencing 45 patients and families CAE Urak et al. 2006
16p13.3 CACNATH Voltage-dependent calcium channel Candidate gene sequencing 118 patients CAE Chen Y et al. 2003
alpha 1H subunit 100 patients CAE Liang J et al. 2006
192 patients IGE, TLE, FS, MAE Heron et al. 2007
16p12-13.1 Regional linkage 65 nuclear pedigrees CAE, JAE Everett et al.2007b
19p13.2-13.1 CACNA1A Voltage-dependent calcium channel Candidate gene sequencing 1 patient Absence epilepsy, ataxia and Jouvenceau et al. 2001
alpha 1A subunit GTCS
Candidate gene sequencing 1 family CAE and cerebellar ataxia. Imbrici et al. 2004
199131 SCN1B Sodium channel beta 1 subunit Candidate gene sequencing 74 small families GEFS+ Audenaert et al. 2003

CAE = childhood absence epilepsy, FS = febrile seizure, GEFS+ = generalised epilepsy febrile seizure plus, GTCS = generalised tonic-clonic seizure, GWS= genome wide scan, JME = juvenile absence

epilepsy, MAE = myoclonic astatic epilepsy, SNP= single nucleotide polymorphism, TLE = temporal lobe epilepsy
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Copy number variations (CNV) (Condrad et al. 20h8Yye also been identified
in CAE. A recurrent microdeletion at 15913.3 waserdgly shown to constitute a
genetic risk factor for common IGE syndromes and @nd in 1% of IGE
patients (Helbig et al. 2009). Furthermore, mictetiens were detected in 1.8% of
DNA samples of IGE patients in a study focusing kmown genomic hot spot
regions (1921.1, 15q11.2, 16pll.2, 16p13.11 and 1R2y in various
neuropsychiatric  disorders including autism, imtetbal disability and
schizophrenia. Significant associations with IGEseraev detected for the
microdeletions at 159q11.2 and 16p13.11 (de Ketehl. 2010). Some of the
microdeletions have beeal® novo mutations and some inherited from an affected or
an unaffected parent (Helbig et al. 2009, de Ke¥tell. 2010).

5.6 Positional gene identification

Positional cloning, first introduced in 1986 (Roy&wkora et al. 1986), allowed
the isolation of disease genes without direct imfation about the basic biochemical
background. The identification of a defective gembased on its chromosomal map
position. In positional cloning the defective gesdirst assigned to a chromosomal
position using linkage analysis. The candidaterualeis narrowed using additional
markers and finally the disease gene identified ragnthe genes in the region
(Collins 1992).

5.6.1 Linkage analysis

In a linkage study, the segregation of genetic eradtleles is compared to the
segregation of the study phenotype in the pedigree.

First, families where the disease of interest gregating are identified and the
phenotype is evaluated carefully followed by sangplof DNA. Families with two
or more patients are suitable for linkage analybi#, the size and number of
families needed vary depending on the mode of itdrere and analysis method
used.

33



For genotyping, microsatellite markers have beerre@singly used since a
detailed microsatellite map of the human genome wdasived in 1992
(Weissenbach et al. 1992). Microsatellite markeesused to genotype a candidate
locus for a disease in question or if there is nown locus, the affected and healthy
family members are genotyped with multiple micrefisaeé markers covering the
whole genome. If the family material is large eglou 350-400 informative
microsatellite markers covering the genome everdyeaough for detecting linkage.
Single nucleotide polymorphisms (SNPs) are nowadassd for GWSs, too.
Although SNPs are less informative than microsiéetharkrs, the higher density of
SNPs give finer resolution and array-based SNP tgpimg techniques are more
high-throughput than genotyping microsatellite nesisk

Finally, the likelihood of two (a single diseaseus; two-point linkage) or more
loci (multipoint linkage) being co-inherited betweaffected relatives more often
than expected by chance can be calculated (Ott)1999

5.6.1.1 Parametric linkage analysis

In parametric linkage analysis a disease inherganodel is specified priori.
This method is best suited to the analysis of simggne disorders exhibiting a
Mendelian mode of inheritance, where a major geakeas a large contribution to
the phenotype. The disease model parameters inthedmode of inheritance, the
penetrance and the disease allele frequency (®®)1%Vhen analysing epilepsy
families, it is important to include a rate for spdic patients (phenocopies) and
incomplete penetrance, in which only a proportidnaffected individuals are
explained. The fact that many idiopathic epilepssé®w a familial pattern of
disease consistent with a major gene component doesecessarily imply that
there is only one gene that may lead to diseasereTis a wide range of methods
and software packages for performing linkage amaf@udbridge 2003).

5.6.1.2 Non-parametric linkage analysis

Since common diseases do not follow the Mendelianciples of inheritance,

non-parametric, also known as model-free, stasisimalysis methods have been

34



developed (e.g. the SimWalk, the Genehunter, aadviérlin programs) (Kruglyak

et al. 1996, Sobel and Lange 1996, Abecasis e2(fl2). When multiple genes
contribute to disease risk, each gene may actdonainant, recessive or X-linked
fashion, but the mode of familial inheritance isialy unrecognized or uncertain.
Non-parametric linkage analysis does not requieigigation of a disease model.
Instead it maps regions showing excess identicaldscent (IBD) allele sharing
among affected relatives compared to the expedtadrg that is based only on
their familial relationship and random Mendeliatel@ segregation. This approach
can be applied to affected sibling pair studieechéd relative pairs and multiplex
families. However, parametric linkage analysis i&fa distinct advantage over non-
parametric approaches as it can offer increasecepahen the disease model is
specified correctly (Ott 1999).

5.6.1.3 Two-point analysis

Two-point linkage analysis is based on the fact th@ closely related loci on
the same chromosome are inherited together moee dfan would be expected by
chance. The recombination fraction (the€g, indicates the probability that a
recombination, that is a crossing-over event dunmagpsis, is observed between the
two loci. Two loci are genetically linked when tagp) is less than 0.5 (or 50%).
The genetic distance between two loci is measunecentiMorgans (cM). If two
loci are 10 cM apart from each other, there is & lthance of recombination
between these loci as the chromosome is passée toekt generation. The genetic
distance is not linear compared to physical disanout on average 1 cM
corresponds to 1 Mb (one million nucleotides). Teeombination fractions differ
between females and males (Terwilliger and Ott 1994

Linkage studies are used to localise predisposarglidate loci. Calculation of
the LOD score (Z; logarithm of odds) representseffitient statistical test for
proving that the result is not simply due to chafiderton 1955). The LOD score
gives a logarithm based likelihood ratio of a peeegon two alternative hypotheses:

is linkage with a recombination fraction @more likely or is it more likely that the

two loci are not linkedq = 0.5) (Terwilliger and Ott 1994).

35



For a disease with a Mendelian inheritance a LO®@esof 3.0 or higher is taken
as evidence of linkage with a 5% chance of erre0(@5) for a single test. A LOD
score of 3.3 being equivalent to p= 5X1i8 regarded as a threshold for a genome
wide significance and LOD score threshold of 1.$aggestive evidence of linkage
(Lander and Schork 1994). When the LOD score-#sthe linkage is considered to
be excluded. LOD scores between -2 and +3 do net@pnclusive results (Lander
and Kruglyak 1995).

5.6.1.4 Multipoint analysis

Multipoint analysis uses a map of genetic markergeiconstruct inheritance
along a chromosome. Linkage analysis can be mdigeet if data for more than
two loci are analysed simultaneously. Multipointalsis helps to overcome
problems caused by the limited informativeness @fegic markers. The highest
peak marks the most likely location of the disegsee (Strachan and Read 2004).
Large pedigrees, however, create a computationahlleciye. Simwalk2
(www.genetics.ucla.edu/software/simwalk _doc/) istatistical genetics computer
application that do not subdivide large familie®l§8l and Lange 1996). In the
location score analysis, the most likely initiahgédc-descent graph of a pedigree is
examined and its likelihood or probability is congulifor the joint transmission of
the disease and the marker loci. This likelihood fanction of the location, in map
units, of the disease locus (Sobel and Lange 19%@)cation scores are used to
position a trait locus relative to an existing setmapped markers (Lange and Sobel
1991). The p-value of 0.01 is considered suggestivdinkage and the p-value of
0.001 as a significant evidence of linkage (perseoenmunication of E. Sobel in
Tikka-Kleemola et al.2010).

5.6.2 Mutation detection

The genes in the candidate region are evaluatedoaodtized with respect to
their known or predicted function and tissue exgi@s profiles before picking
candidate genes for sequencing. The genome browsdms the sequence data easy

to access. There are three widely used genome brsves/ailable on-line: the
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National Center for Biothechnology Information -NCB MapWiever
(www.ncbi.nih.gov/mapview), the European Bioinfotmoa Institute’s Ensembl
(www.ensembl.org), the University of California, da Cruz (USCS) Human
Genome Browser Gateway (www.genome.ucsc.edu/cgdtey@y).

The final step in identifying a disease gene isd&iect disease-associated
mutations in patient samples. Sequencing is nowsadagd as a primary method
because of its lower costs. However, sequencingnbf the coding regions of a
gene is not an optimal method if the mutation irean intronic region. Alternative
methods, such as quantitative polymerase chaitioeg®CR), Southern blotting or
array-based comparative genomic hybridization agquired to detect larger
chromosomal aberrations e.g. deletions, insertwrkiplications.

Distinguishing between a mutation that changesptmenotype and a harmless
polymorphism can be a difficult task. After detagtia genomic variant in a patient,
the segregation of the change in the family isistlidf the change is a mutation, it
should co-segregate with the disease in the familferent types of mutations are
possible (Strachan and Read 2004). Nonsense mdateusing a premature stop
codon, frameshift or deletion of the whole gene adtrcertainly impact on gene
function. The effect of a missense variation habdanalysed based on the type of
the replaced amino acid (conserved versus noncaerSubstitutions changing
conserved splice site sequences lead to exon skimnd altered splicing, which
can have an impact on the expression or functidghefjene. A mutation should not
be detected in a panel of healthy control individua, if detected, it should not

exceed the estimated carrier frequency in the @joul.

37



6. Aims of the study

38

The aims of the study were:

To study prospectively the neurocognitive functimnin newly diagnosed
CAE patients and evaluate the short-term outconter afffective AED
treatment (Study 1)

To characterize mainly retrospectively the clinitedtures and evaluate the
long-term outcome in patients with CAE measuredh\séizure remission
(Studies 1, 2 and 4)

To characterize the clinical features and molecgkmetic background in
two families with heterogeneous seizure phenotyges$ a proband with
CAE (Studies 3 and 4).



7. Material and methods

7.1 Ethical aspects

The study protocols were approved by the Ethics @itee of Pirkanmaa
Hospital District, Tampere, Finland and for genetitdies also by the Ethics
Committee of the Hospital for Children and Adoletsse University Central
Hospital, Helsinki, Finland.

All patients, control individuals (Study 1), pare@nd relatives (Studies 3 and 4)
provided written consent prior to attending thedgtu

7.2 Patients with CAE in short-term clinical and
neuropsychological outcome evaluation (Study 1)

Between June 1997 and March 2002 twelve newly disgmh patients with
typical absence seizures were recruited to pasieim the study at the Department
of Pediatric Neurology of Tampere University HoapifThe inclusion criteria were
the diagnostic criteria for CAE according to thé829evised classification (Table 2)
(ILAE 1989). Seizure freedom, as an additional us@n criterion was elicited at
follow-up evaluation. The exclusion criteria werether than possible genetic
etiology, mental retardation based on clinical eatibn, the continuation of clinical
absence seizures at the follow-up assessment. @renfpwas excluded from the
analysis due to data collection error. For a cdrdroup gender and age matched
children were recruited from the outpatient clifoc asthma at the Department of
Pediatrics of Tampere University Hospital.

7.3 Patients with CAE in long-term outcome evaluation
(Studies 1, 2, 4)

All 52 patients with CAE evaluated for the longreoutcome were identified

through following sources.
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1. Eleven patients with CAE participating in Study

2. Thirty seven patients with CAE identified fou8y 2

3. Four patients with CAE patrticipating in Study 4

The inclusion and exclusion criteria were as désctiin 7.2 complemented with
compulsory participation in the follow-up interviagfvno up-dated medical records

were available.

7.4 Multiplex families with a CAE patient as proband
(Studies 3 and 4)

Six families with three or more additional indivala with IGE or FS were
identified in Study 2 through a CAE proband. Ondtiplex family was diagnosed
at the Department of Pediatrics in Southern Osttoba Central Hospital,
Seindjoki, Finland. The parents and other relatofeive CAE probands agreed to
participate in the clinical and genetic study of BS8d epilepsy. Two of these
families were studied in detail (Studies 3 andT4je seizure types and syndromes
were classified according the ILAE (ILAE 1989) aRdnayiotopoulos syndrome
according to the consensus view of an internationakortium (Ferrie et al. 2006).
FS were classified as simple or complex (Shinndr@auser 2002).

For genetic linkage analysis individuals were cdesed affected if they had a
diagnosis of epilepsy, if they had a medical record=S or if at least one close
relative confirmed that they had had FS. Family inera who spontaneously
described repeated episodes of symptoms of focalres were also considered to
be affected. The cornerstone of epilepsy diagnoistaese family members rested
entirely on anamnestic data (Aicardi 2008).

7.4.1 Seizure and epilepsy phenotypes in family 98

Family 98 was identified through a female patienthwCAE. Seven other
individuals had a history of seizures. Altogetheventy-seven family members
were interviewed and venous blood samples were drilam 25 individuals
(Figure 4). None of the spouses had a history ofuses. We performed sleep

deprivation EEGs with hyperventilation and intetamitt photic stimulation on nine
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individuals. These recordings were normal. The icdih characteristics of the
patients are summarised in Study 3 (please see Pabl Study 3).

Febrile
seizures

Benign TLE

GV

CAE

98-10 98-11 /98-12 98-13 98-23 98-24 98-14 98-15 98-16 98-25

Figure 4. Pedigree of Family 98.

? = unknown affection status.

7.4.2 Seizure and epilepsy phenotypes in family 5

Family 5 was recognized through a sibship withehaffected individuals (5-21,
5-22 and 5-23) with three different seizure phepesy(Figure 5). The descendants
of 5-1, 5-2, 5-3, 5-4 5-34 and 5-51 are later iis ttudy called theore family.
During the field trip to interview and collect thood samples of the core family
two additional affected individuals (5-18 and 5-3®)nnected to the core family
through an unaffected spouse (5-17) were recognizeder in this study,
individuals 5-18, 5-33 and their parents are callexkextended family. All patients
except 5-18 showed a benign seizure phenotypegéther 36 family members
were interviewed and venous blood samples wereeatell for DNA extraction.
Eleven individuals had a history of seizures. Thaiaal characteristics of the

patients are presented in Study 4 (Table 1 in S#)dy
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* The yellow bar marks one of the haplotypes segregating on chromosome 16p12.3-p13.3 containing the SNP P686L in CACNATH. O
CAE

* The red bar marks the other haplotype segregating on chromosome 16p12.3-p13.3. D__O
« The blue bar marks the haplotype segregating on chromosome 22q13.1-q13.31. @
» DNA of individuals marked with an asterisk was used in the GWS. Fs
* Individuals marked with identifiers in bold face belong to the core family. [ es
* The haplotype on the individual 5-51, in italics is constructed based on the
haplotypes of her children and siblings. Sgnae"rg"s;?;‘;f’e’giy
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Figure 5. Pedigree of Family 5
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7.5 Methods

7.5.1 Patient characterisation, clinical methods (Studies 1, 2, 3,
4) and neuropsychological assessment (Study 1)

The following topics were covered when reviewin@ tmedical records and
interviewing patients and their family members: elepment, family history and
personal history of FS and afebrile seizures, agmset of seizures, age at epilepsy
diagnosis, AED, remission and relapse. All EEG repaere reviewed. Information
of imaging studies (CT and MRI) was collected. lndy 2, remission was defined
as seizure freedom >2 years with or without AEDIaRge was defined as a seizure
occurrence of any kind. Intractability was defireicontinued seizures in a patient
in spite of adequate AED therapy and proven goodpti@nce.

The baseline and the follow-up computer-based mpsyahological assessments
were obtained during the 24-hour video-EEG recaydior the newly diagnosed
CAE patients. Both assessments included the sasks.t&or the CAE group, the
mean interval between the two assessments was enagev 10 months (7 — 13
months). For the control group, follow-up neurageyogical assessment without
simultaneous video-EEG recording was done on aeettdg5 months (6 — 18
months) after the first assessment. The differdrateveen the two assessments did
not differ significantly between the groups. Gehegnitive level was assessed in
a separate session without video-EEG recording. Strtened version of the
standardized Wechsler Intelligence Scale for ChaidrRevised (WISC-R) was
used for 18 children (age range 7.2 - 14.7 yeard)the Wisconsin Preschool and
Primary Scale of Intelligence—Revised (WPPSI-R)ftarr children (age range 5.5
— 5.8 years) (Wechsler 1984, Wechsler 1995).

Neuropsychological assessment during video-EEGrdauyp included STIMV
tasks (a Library of Sensory, Cognitive and Neurcpsiogical Tasks, Neuro Scan,
Inc. Charlotte, USA) involving fine-motor fluencgustained attention, and visual
and spatial memory. In the fine-motor task, theefflcy of finger tapping was
measured. The attention task measured the almlispi$tain attention in responding
correctly to the number stimuli on the screen.He visual memory task, children
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had to remember four sequentially presented pisturethe spatial memory task,
children had to remember the location of blockseneéed on a computer screen.

7.6 Genetic analysis

7.6.1 Genealogy (Study 4)

We asked from the oldest sampled generation (gkoerd in Figure 5)
information on the birth-places of their parentd aontinued further collecting
church record information on older generations dentify possible common
ancestors. The aim was to detect possible consahgbetween different branches

in the family.

7.6.2 Linkage calculation schemes (Studies 3 and 4)

In Study 3, two different calculation schemes wemsed. Individuals were
considered affected in linkage calculation schem# they had a diagnosis of
epilepsy, if they had a medical history of FS oraif least one close relative
confirmed that they had had an episode consistéht 5. In linkage calculation
scheme 2 family members who described episodegstenswith aura originating
from the temporal lobe were also considered aftedtalividuals with no history of
FS or epilepsy were considered unaffected.

In Study 4, one calculation scheme was used. Aectdtls-only strategy was
utilised; individuals diagnosed with FS or epilepggre treated as affected and all

other individuals were marked as unknown.
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7.6.3 Genotyping (Studies 3 and 4)

DNA extracted from EDTA-blood with phenol-chloroforor Gentra Puregene
Blood Kit (QIAGEN, Germany) was used both for ge/ming and sequencing. The
GWS in Studies 3 and 4 were performed with twohgljgdifferent techniques.

In Study 3, the genotyping was based on the Wedte9A microsatellite marker
set (Research Genetics, Inc., Hunstville, AL, USAB66 markers, with an average
of 10 cM marker distance and performed using tHeslpetrophoresis on LI-COR
model 4200 dual laser automated fluorescent DNAiaecer followed by fragment
analysis using Gene ImagIR 4.03 (LI-COR, Inc. LingdNE, USA). DNA samples
of all family members were used in the GWS.

In Study 4, the genotyping was based on the LMS-MDficrosatellite marker
set (Applied Biosystems, Foster City, CA, USA) @23markers and performed
using the ABI 3730xI DNA Analyzer, at the Finnishetme Center / FIMM
Technology Center, University of Helsinki. In th&\& and fine-mapping samples
of the core family were used.

After the initial GWS each region with a multipoiparametric location score
>1.5 was fine mapped using markers from www.nchi.nih.gov/
projects/genome/guide/human with AmpliTaqg Gold KreElmer Inc., Waltham,
MA, USA) reagents and an automated DNA sequenceBl (B8730xI DNA
Analyzer) and genotyping software (Genemapper Afplied Biosystems, Foster
City, CA, USA). The order of the markers and thésimarker distances were
deduced from the NCBI Map Viewer (www.ncbi.nlm.gbv/projects/mapview/).
The haplotypes in the fine-mapped loci on chromes®iirql2-q24 and18pll-qll
in Study 3 and on chromosomes16p12.3-p13.3 andX2qfl3.3 in Study 4 were
constructed by haplotyping option in SimWalk2 v2($obel and Lange 1996).The

haplotypes on chromosome 5p13.1-g13 in study 3 wamstructed manually.

7.6.4 Sequencing and mutation analysis (Studies 3 and 4)

The sequencing was performed with standard metipoesented in detail in
Studies 3 and 4. The sequenced genes are listable 6.
In Study 3, for all sequenced genes samples adaat two patients of family 98

and one unrelated Finnish control were used. Nowtipnal and functional brain-
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expressed ion channel genes as primary candidatesgeom the chromosome
17g12-g24 locus and myo-inositol monophosphatagéhMPPA2), a previously
suggested candidate gene for FS locating on tremasome 18p11-qll locus were
sequenced (Nakayama et al. 2004). In addition,-najg2acting protein 8RPIP8)
and solute carrier family 25, member 3.C25A39), identified as candidate genes
from the microarray-based expression analysis (8€e5) and residing on
chromosome 17g12-g24 were sequenced (Janoueixdyerisal. 1998, Haitina et
al. 2006). In Study 3, all family members were asoeened for the triplet repeat
variation near the transcription start point of taebonic anhydrase XCA10) gene,
expansion of which has previously been implicatec a&andidate for neurological
disorders (Kleiderlein et al. 1998).

In Study 4, two ion channel gen€ACNA1H on the chromosome 16p12.3-p13.3
locus and voltage-dependent T-type calcium chamngl,subunit geneGACNALI)
on the chromosome 22g13.1-gq13.3 locus were seqdemse positional and
functional candidate genes (Monteil et al. 2000eiCet al. 2003, Heron et al.
2007).CACNA1H was sequenced using DNA samples of four family e (5-
21, 5-8 and 5-30, 5-17, Figure 5). The varianO87Z>T in CACNA1H was
sequenced in all family members in family 5 and9t, CEPH and 259 Finnish
controls.CACNA1l was sequenced using samples of two family mem(5egs, 5-
30, Figure 5). TBC domain family, member 22BC1D24), a novel candidate gene
for epilepsy on chromosome 16p13.3 locus and sodalmannelo 1 subunit
(SCN1A) as a candidate gene for PS and GEFS+ on chroneo2n24.3 were
sequenced using DNA samples of two trios (5-28, 5-9 and 5-30, 5-16, 5-17,
Figure 5) and in samples of three patients (5-2255and 5-30, Figure 5),
respectively (Zara et al. 2000, Mantegazza et D52 Grosso et al. 2007,
Livingston et al. 2009, Falace et al. 2010, Corbetl. 2010).

In Study 3 the effect of coding SNPs was predichgd SNPs3D software
(www.snps3d.org) and in Study 4 by PolyPhen program
(http://genetics.bwh.harvard.edu/pph). The effefcintronic SNPs was predicted
with ESEfinder (http://rulai.cshl.edu/cgi-bin/toESE3/esefinder.cgi). Alterations
with a probably damaging effect identified onlypatient samples were analysed in

all family members.
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Table 6. Sequenced candidate genes.

) _ ) ) Sequenced
Symbol Chromosome Protein name Expression and function OMIM Accession ) )
in family
i ) Expressed in brain. Essential for the generation and propagation of action
SCN1A 2924 Sodium channel alpha 1 subunit i 182389 NM_001165963.1 5
potentials.
Voltage-dependent T-type calcium  In brain, expression most abundant in amygdala, caudate nucleus, and putamen.
CACNA1H 16p13.3 607904 NM_001005407 5
channel alpha 1H subunit Currents generate short burst firing.
) ) Brain expressed. Presumed to have a role in regulating cell growth and
TBC1D24 16p13.3 TBC domain family, member 24 : . 613577 NM_020705.1 &
differentiation.
Mitochondrial carrier protein. Brain expressed SLC25 members are important for
Solute carrier family 25, member ) ) o ) )
SLC25A39 17q12 % neurons in energy production and neuronal signaling. No studies of tissue 610820 NM_016016 98
expression on member 39.
Voltage-dependent calcium Brain and skeletal muscle isoforms. Able to regulate CACNA1A function. NM_000723.3
CACNB1 17921-922 114207 98
channel, beta 1 subunit NM_199247 1
Voltage-gated potassium channel, Expressed only in brain. May be involved in cellular excitability of neurons in the
KCNH4 17921.2 604528 NM_012285.1 98
subfamily H, member 4 human central nervous system.
) ) ) Expressed in brain. Interacting with RAP2A, which is expressed in excitatory
RPIP8 17921.3 Rap2-interacting protein 605448 NM_006695.3 98
synapses.
) Expressed dominantly in brain. Modulates generation of GABAg receptor NM_018896.3
Voltage-dependent calcium ) ) ) ) )
CACNA1G 17922 mediated spike and wave discharges in the thalamocortical pathway. 604065 NM_198376.1 98
channel, alpha 1G subunit
NM_938406.1
Voltage-gated potassium channel, Expressed in the brain. May differentially control the firing of neurons engaged in NM_030779.2
KCNH6 17923.3 : 608168 98
subfamily H,member 6 several networks. NM_173092.1
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Sequenced candidate genes continues

) . ] ) Sequenced
Symbol Chromosome Protein name Expression and function OMIM Accession ) ]
in family
Voltage-dependent calcium Expression in adult and fetal brain. May regulate function of other voltage NM_014404.1
CACNG5 1724 606405 98
channel, gamma 5 subunit dependent calcium channels. NM_145811.1
Voltage-dependent calcium Expressed in brain. Mice with mutations in Cacng4 have increased seizure
CACNG4 17924 606404 NM_014405.2 98
channel, gamma 4 subunit activity.
Voltage-dependent calcium ) ) )
CACNG1 17924 ) Expressed in fetal and adult brain. Integral membrane protein. 114209 NM_000727.2 98
channel, gamma 1 subunit
Potassium inwardly rectifying Expressed in brain. Forms a functional brain potassium channel.
KCNJ2 17924.3 ) 600681 NM_000891.2 98
channel, subfamily J, member 2
Potassium inwardly rectifying Expressed in brain. Forms a functional brain potassium channel by interacting
KCNJ16 17924.3 605722 NM_018658.1 98
channel, subfamily J, member 16 with PSD95. Controls negatively KCNJ2 channel activity.
IMPA2 18p11.2 Myo-inositol monophosphatase-2 Expressed in brain. Possible SNP association with febrile seizures. 605922 NM_014214.1 98
CACNAT1I 229131 Voltage-dependent T-type calcium  Almost exclusively expressed in brain and activated by small membrane 608230 ENST00000400164 5
channel, alpha 11 subunit depolarizations, can generate burst firing and pacemaker activity. ENST00000336649
ENST00000407673
ENST00000401624
ENST00000404898
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7.6.5 mMRNA expression profiling (Study 3)

Microarray-based mRNA expression profiling was perfed in three affected
(Figure 4: 98-10, 98-12, 98-14) and three unaffié¢kegure 4: 98-23, 98-24, 98-25)
age- and gender-matched family members in ordetetatify differently expressed
genes on the chromosome 17ql12-g24 locus. The miago@xperiments were
performed as described earlier (Laaksonen et &6)Y0sing Sentrix® Human-6
Expression BeadChips (lllumina, San Diego, CA, USAhe differentially
expressed genes in each comparison were selecaidmg |log2 fold-change| >0.5
(fold-change 1.41) and p-value <0.05.

7.6.6 Array-based comparative genomic hybridization (Study 3)

Array-based comparative genomic hybridization @ulastic test by GeneDx Inc.
(Gaithersburg, USA) was performed on one patier@8-8P using GenomeDx

microarray v3.0 containing ~105 000 oligonucleofiiebes.

7.7 Statistical analysis

7.7.1 Analysis of the neuropsychological assessments (Study 1)

In Study 1, non-parametric tests were used bectgsgroups were small and
data were not normally distributed. Matching of #tady and control groups was
tested using the Mann—Whitney test (U). The eftdcAEDs, cessation of absence
seizures, and epileptiform discharges on cognifivectioning within the study
group and the effect of the assessment delay wititencontrol group were tested
with the Wilcoxon rank test (Z). To investigate ttedationships between variables,
Spearman’s rho (rs) was used. All calculations wsegformed with SPSS/PC+

Version 13.0. A p value <0.05 was considered ticaté statistical significance.
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7.7.2 Linkage analysis (Studies 3 and 4)

In Study 3, first the parametric multipoint linkagealyses were performed. For
the analyses an autosomal dominant model of irarex@ with 70% penetrance and
a phenocopy rate of 3% were assumed. The diseasergguency was set at 0.001.
The recombination fraction was considered to beakgumales and females. Allele
frequencies were extracted from the family datae parametric multipoint location
scores were calculated with SimWalk2 v.2.91. Thiesation scores are directly
comparable to multipoint LOD scores (Sobel and leath§96). Parametric two -
point analyses were performed on the fine-mappeidusing the MLINK program
(Lathrop et al. 1984) utilizing the ANALYZE prograpackage (Hiekkalinna et al.
2005). The AUTOGSCAN v1.0.3 software tool was use@utomate the genome
wide linkage analyses (Hiekkalinna et al. 2005).

In Study 4, in two-point parametric analyses withmihant and recessive models
of inheritance, a disease allele frequency of Q.@0phenocopy rate of 3% and
penetrance rates of 70% and 100%, respectively usxd. Allele frequencies were
calculated from the genotypes of all individualardmetric two-point analyses were
performed as described in Study 3. Then multipdlRL analyses on autosomal
chromosomes were calculated with SimWalk2, v.2%dbgel and Lange 1996). The
X chromosome was analysed with Merlin (Abecasiale2002), since Simwalk2
does not support this analysing option.

To evaluate the expected maximum LOD score andgtiveer of the available
pedigree material to achieve a significant LOD sconder Mendelian inheritance
models simulation was performed with SLINK (Ott 998In Study 3, simulation
with the model parameters described above reacledmam LOD scores of 3.0
and 3.2, with schemes 1 and 2 respectively. lal\s4y a recessive and a dominant
disease model with the parameters mentioned abeve used. Simulation with the
recessive disease model produced a maximum LO® sfd.02 §=0.0) and with
the dominant disease model a maximum LOD score3# ®=0.0). The schemes

were calculated with 1000 replicates.
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8. Results

This study was based on the data of 52 CAE pataighom 48 were diagnosed
at the Department of Pediatric Neurology, Tamperavérsity Hospital between
1974 and 2002 excluding the years 1995 and 1996 &additional CAE patients
belonged to family 5 and were diagnosed at the eyt of Pediatrics in
Southern Ostrobothnia Central Hospital, Seinajekajand (5-23), the Division of
Child Neurology, Jorvi Unit, in Helsinki Universi@entral Hospital, Finland (5-30,
5-32) and the Department of Pediatrics in Vaasar@eHospital, Finland (5-33).

The referral district of Tampere University Hospitecludes the city of Tampere
and the surrounding muncipalities. All children witewly diagnosed epilepsy in
this area are referred to the hospital’s Departroé®ediatric Neurology. Therefore
all diagnosed children with CAE from the region wéncluded. The total regional
population increased from 370, 000 to 470, 000 betw1975 and 2000. About
75,000 - 80,000 children (<15y) were living in ethstudy area
(www.vaestorekisterikeskus.fi). Every year 0 — Swvnpatients with CAE were
diagnosed. The incidence of CAE was 2.3/100 000/yea

8.1 Short-term outcome — video-EEG recordings and
neurocognitive assessments

Twelve newly diagnosed consecutive patients withicgl absence seizures
underwent video-EEG recordings and neurocognitsgessments at the time of the
diagnosis and after an average follow-up of ten the®rto monitor short-term
outcome in these patients. Ten of the patients @al. One of the patients had
onset of absences at the age of 14 years and wgsadied with JAE. The data of
one patient was lost due to data collection ef$@ven patients had a normal 24-
hour video-EEG recording at follow-up. Three patseinad mild abnormalities

(single spike-wave, slow wave during hyperventiatior short 3 Hz spike-wave
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discharge without clinical events) outside the peagnitive assessments. One
patient with infrequent short 3 Hz spike-wave deges with clinical absences was
excluded from the analysis.

The 1Q was within normal limits in the study anchtol group. The verbal 1Q
improved significantly only in the control grouprihg the nine-month follow-up.
Both groups improved significantly in dominant hdim-motor fluency and in the
attention task (Table 2 in Study 1). The visual ragntask performance correlated
significantly with duration of generalised 3 Hz leptwave discharges and clinical
absence seizures during the first assessment amgphiicant improved in this task
was observed in the study group (Figure 1 in Stijdy

8.2 Long-term outcome of patients with CAE

The clinical characteristics of 52 patients with EEAre given in Table 7. The
outcome measured by clinical remission lastingeast two years was 94% during
the AED treatment and 87% of patients stayed seiftee after withdrawal of
AED. Seventy-three per cent of the patients weraafe. A family history of
epilepsy was recorded in 27% and family histor§8fin 17% of the patients. Eight
of the patients continuing AED treatment had eithéstle absence seizures detected
only in video-EEG (two patients), or developed GT@i%e patients) or had only
recently reached two years of seizure freedom WED (one patient). None of the
patients had GTCS during the active stage of aleserRatients with GTCS often
had a family history of FS or epilepsy. Seven pasievith a mean follow-up of 7
years (6 — 15 years) had a history of an onsebsérce seizures before four years
of age. Five of them had an excellent outcome wethission without AED and
two patients remained on AEDs and were seizure free

Information of the first AED and the AED with whicthe remission was
achieved is presented in Table 8. Sixty-three marmt ©f the patients achieved
remission with the first AED. ETM was most commonlyed as the first drug of
choice. Monotherapy was effective in 83%. Fifty-typer cent of the patients
achieved remission with ETM and 31% of them achdenanission with VPA.
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Reported side-effects during the AED treatment vggneerally mild and mostly

disappeared during the initial phase of the treatni€able 9). Only a few patients

had to change the AED due to the side-effects.

Table 7. Clinical characteristics of CAE patients

No of patients

Females (n/%)

Family history of FS? (n / %)

History of FS (n/%)

Family history of FS? (n / %)

Duration of clinical follow-up, mean (range, yr)

Age at the onset of AS® mean (range, yr)

No of patients with age at onset between 2 - 4 years © (n / %)
Age at diagnosis (range, Y)

No of patients with GTCS (n / %)

Age at onset of GTCS, mean (range, yr)

Family history of FS or epilepsy in patients with GTCS (n/%)
Duration of treatment mean (yr, range)

Patients in remission® (n/ %)
Patients with onset of AS between 2-4 years of age in

remission (n/%)
Patients in remission® without AED® (n/%)

Difficult to treat (n/ %)

52
38/73

14127

5/10

9117

10.4 (2-22)
5.8 (2 - 8.5)
7/13

6.6 (2-11.0)
8/15

10.5 (6.5-18)
6/75

4.2 (1.6-8.8)

49/94
6/86

42/87

3/6

& 2 pairs of siblings, 1 child and aunt, 2nd cousins in Family 5
counted only once

® data not available in 2 patients

¢ data not available in 1 patient

4in remission >2 years

® data not avalable in 3 patients

Abbreviations: n = number, FS = febrile seizure, AS = absence seizure, AED =

antiepileptic drug, GTCS = generalised tonic-clonic seizure.
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Table 8. The first AED and the AED or combination with which
remission (n=49) was reached.

First AED No  Clinical remission reached with No
VPA 12 VPA 7
VPA+CLB 1

VPA+ETM 2
ETM 1
VPA+CBZ 1

ETM 39 ETM 26
VPA 9

VPA+CLB 2

AED-= antiepileptic drug, VPA= valproate, CLB = clobazam,

ETM= ethosuximide, CBZ= carbamazepine

Table 9. Side-effects of AED reported in 20 patients.

AED ESM VPA CBz
Allergic reaction 1 2
Fatique 1 2

Nausea 2

Abdominal pain 1 1

Sleep disturbance 1

Aggressivity 1

Headache 1

Growth retardation 1

Temporary increase of amylase 1

AED-= antiepileptic drug, VPA= valproate, ESM= ethosuximide, CBZ= carbamazepine

54



8.3 Heredity of CAE

The pedigrees of 19 families with at least one talthl individual with FS or
epilepsy are shown in Figures 4, 5 and 6. Baseth®@mpedigree structure a familial
IGE diagnosis can be proposed in five families whedrleast two members had IGE
(families 4, 6, 7, 9, 13). FS and CAE were diagbs six families (1, 2, 3, 97, 98
and 99). In seven families at least one additiondividual had an unclassified
epilepsy (families 8, 10, 11, 12, 14, 15 and 1éje Tamilies 2, 97, 98 and 99 were
contacted and the family members were interviewethd field trips. An additional
family (family 5) with several affected individualgas identified at the Department
Pediatrics in Southern Ostrobothnia Central Hok@@ingjoki, Finland.

Of families 98 and 5 detailed seizure phenotypegagsented in Studies 3 and 4
(Table 2 in Study 3, Table 1 in Study 4). In famB$ a Mendelian dominant
inheritance pattern with reduced penetrance wasnass. In this family only the
proband had CAE. Five other patients had FS andoatients had benign temporal
lobe epilepsy. In family 5 no definitive inheritanpattern was observed. In family 5
three patients had CAE, one patient had CAE anddt® patients had FS only, one
patient had PS and one patient FS and probabl®®$.one patient had intractable
epilepsy with a history of FS followed by seconbjageneralised frontal lobe
seizures since adolescence. GWS was performectse tlvo multiplex families in

order to assign genetic loci for the epilepsy plymes found in the families.
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F8 F10 F11

F12 F14 / F15 F16

Figure 6. Pedigree structures of 17 families

8.3.1 Genealogy in family F5

In family 5, by searching the church registers aswfound that the several
parents of generation | (Figure 5) originated fr8outhern Ostrobothnia. Most of
the ancestors of the core family originated frore thllages of Kortesjarvi and
Lappajarvi. A link was established between the fpmmembers 5-1 and 5-2 four
generations earlier at around 1790 in Kortesjamhe ancestors of married-in
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spouses 5-3 and 5-52 originated from the Karelgoreand Central Finland. The
ancestors of the extended family originated from sbuthern part of Ostrobothnia,
the locality of Teuva. This line of ancestors wasarshed until the 1850’s and no
link to the core family was established. In Figliréhe birthplaces of the ancestors

originating in Southern Ostrobothnia are marked.

~400 km

Jalasjarvi

~350 km

Figure 7. Birthplaces (1-3) of ancestors originating from Southern Ostrobothnia. Common
ancestors were found to originate at Kortesjarvi (Birthplace 1). The ancestors of
individual 5-1 and the ancestors of the mother of individuals 5-2, 5-4 and 5-51
were born in Birthplace 1. Birthplace 2 indicates the origin of the ancestors of the
father of the individuals 5-2, 5-4 and 5-51. Birthplace 3 indicates the origin of the

ancestors of the extended family
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8.3.2 Identified genetic loci

In family 98, after the GWS parametric multipoimiage analyses were carried
out in each autosome using Simwalk2 v.2.91. Thetipuiht location score value
(corresponding to the multipoint LOD score valuéy@.5 as a limit was used to
identify candidate loci for further fine-mappingout loci on chromosomes 5q11.2,
17912-g24, 18pl1-q1l1l and 18921 were fine-mappedh &R, 16, 10 and 4
additional microsatellite markers. Suggestive lgdaevidence was obtained on
chromosome 17q12-g24 with the highest two-point L&ddres of 2.6 and 2.8 at
markerD17S1606 (at recombination fraction, theta 0.0) with caétidn schemes 1
and 2 respectively. The parametric multipoint lipgkaanalysis with Simwalk2
produced location score values of 2.5 and 2.7 qusamemes 1 and 2 respectively)
between seizures (epilepsy and FS) and 17 markevering D17S1814 to
D17S1786 (Figure 1 in Study 3). The segregating haplotypeschromosome
17912-g24 are presented in study 3 (Figure 1 irdy5®). The two-point LOD
scores on chromosome 5q11.2 were 2.0 and 2.1 &erns@5S528 and D5S2076
(theta 0.0) with calculation schemes 1 and 2 raspmdg. On chromosome 18p11-
gl1 the highest two-point LOD scores calculatedhwihemes 1 and 2 were 1.3 and
1.5 respectively ab18S1153 (theta 0.0). The fourth locus on chromosome 18g21
was excluded by fine-mapping with partly negativatipoint location scores.

In family 5, after GWS in the two-point paramettickage analysis using the
dominant model none of the markers reached thd t#dveuggestive linkage (data
not shown). Genome wide multipoint NPL analysisi¢ated location scores >1.5
(p-value< 0.032) between the disease phenotype (epilepsyF&)dand markers
D16423 andD22274 (p-values of 0.017 and 0.028, respectively).

Six microsatellite markers were used for fine-magphe chromosome 16p12.3-
p13.3 locus. Multipoint NPL analysis showed suggestvidence for linkage with a
p-value of 0.0014 between the disease phenotypensarier D16S3072. Seven
microsatellite markers were used for fine-mappimg ¢hromosome 22913.1-q13.31
locus. Multipoint NPL analysis showed the highestapue of 0.037 between the
disease and the mark&223274, remaining, however, below the level for a
suggestive linkage. No evidence for linkage to ahthe X chromosomal markers

was identified (data not shown).
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Haplotype analysis in family 98 showed that alkatéd individuals carried the
disease-associated haplotypes on all three loavisigopositive linkage evidence.
Four of the nine unaffected individuals had onlyeaor two of the segregating
haplotypes. Two obligate carriers (98-1, 98-2) wvare labelled unknown for the
linkage analysis did carry all three segregatingedse-associated haplotypes
(Figure 2 in Study 3).

Haplotype analysis in family 5 showed two differdratplotypes segregating on
the chromosome 16p12.3-p13.3 locus (Figure 1 imlys#). The haplotype on the
chromosome 22g13.1-q13.31 locus co-segregates xinofsithe eight affected
individuals in the core family. The segregating Iopes of the loci on 16p12.3-
pl13.3 and 22q13.1-q13.31 are presented in Figure 5.

8.3.3 Candidate gene sequencing

Altogether eleven ion channel genes as positiomélfanctional candidate genes
were sequenced. Two gened,C25A39 and RPIP8, were identified by mRNA
expression profiling, and two geneByIPA2 and TBC1D24, were positional,
functional candidate genes. Additional§CN1A was sequenced as a candidate gene
for PS and the GEFS+-like phenotype. One hundredsan polymorphisms were
identified. Of these polymorphisms 80 matched segeg in the reference SNP
database. Fifty one polymorphisms located in thdingpregions. Of these variants
23 were silent and did not cause amino acid chgsgeonymous change) 13
variants changed amino acid (missense SNP). Addillyy two variants located in
the 5’UTR (untranslated region) and 13 in the 3'Ufiégions. Fifty-four variants
located in the intronic regions of the sequencedege One variant located
downstream of the first exon.

None of the variants were confirmed to be disease@ated (data not shown). In
CACNA1H gene the polymorphism in exon 9, (c.2057C>T, ©Béheu)
segregated with one of the haplotypes in the camily (Figure 5). Pro686 is
located in the segment between domains 1 and QAGINALIH encoded Cav3.2
channel (Figure 8) and is an evolutionally conséramino acid (Figure 2 in study
4). PolyPhen program estimates this amino acid éoptbably damaging. The
€.2057C>T alteration was found in none of the ggmed 92 general Finnish
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controls and in one of the 167 controls originatinrgm the Ostrobothnia region.
One of the 95 controls of the European Centre dé&uu Polymorphisme Humain
(CEPH) had this alteration.
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Figure 8. Structure and known variants of Cav3.2, modified from Zamponi et al.
2009. Reprinted with permission. Location of IGE variants are mapped on
a scaled model of Cav3.2 (each circle represents an amino acid). The
open circle indicates the P618L (Pro618Leu) variant identified in this
study.

8.3.4 mRNA expression profiling and array-based comparative
genomic hybridization

On the mRNA expression profiling, five gen&pPIP8, SLC25A39, Meckel
syndrome type 1MKSL), phosphatase orphan PHOSPHO1) and monocyte to
macrophage differentiation associated prot&pD) on the chromosome 17q12-
g24 locus were significantly down-regulated and gaee, homeobox-BHOXB2)
was significantly up-regulated (Table 4 in Study RpIP8, SLC25A39, MKSL and
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HOXB2 are expressed in the bralRPIP8 and SLC25A39 were further studied by
sequencing (see 8.3.3), but no disease associat&htvwas identified. For the
MKSL three family members (98-10, 98-12, 98-14) werde and found to be
negative for the FinnishIKS1 founder mutation (data not shown).

In array-based comparative genomic hybridizationchioically relevant CNV
was identified in the genome and no abnormalitreshe fine-mapped regions of

interest (average probe resolution in the anaB/gikb).
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9. Discussion

CAE is an epilepsy syndrome with an etiology whids so far not been fully
revealed. In this study Finnish CAE patients wetelied to better understand the
clinical features, short- and long-term outcomeyropsychological aspects as well
as the molecular mechanisms of this complex disea$be annual incidence
(2.3/100 000) of CAE in the study population is lme with previous
epidemiological studies with reported annual inombks of 1.2-7.1 /100 000 in
different European populations (Granieri et al. 3,98Isson 1988, Loiseau et al.
1990, Sidenvall et al. 1993). The major clinicatetvation in this study is the good
long-term outcome achieved in the majority of paBewith monotherapy or with a
combination drug treatment. Furthermore, the neagoitive functioning of CAE
patients seems to be comparable with that of tieena@tched healthy children and
AED treatment does not adversely affect the newgoitive functioning of these
patients during the short-term follow-up. The noolar genetic novelty of this
study was the identification of suggestive linkageschromosome 17g12-924 in
family 98 with CAE, FS and benign TLE and on chr@mme 16p12.3-p13.3 in
family 5 with CAE, FS and PS. A novel partially segregating SNP was identified
in CACNA1H gene, which is a previously known susceptibiligng for CAE and

other epilepsies.

9.1 Short-term outcome — video-EEG recordings and
neurocognitive assessments

The advantage of the present study over earlielietus the careful control of
seizure freedom during follow-up testing. There awe other follow-up studies
including patients with absence seizures amongratkezure types but without
information on how seizure freedom was controllaridelbaum and Burack 1997,

Mandelbaum et al. 2009). One of the major limitatio the present study and
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indeed of many others on neurocognitive functionmighe small sample size. A
comforting observation in this study was that tea/ly diagnosed CAE patients did
not differ from the control group in the general 1€t at the time of diagnosis.
However, this result could be different with a krgstudy group. Others have
evaluated similar size or larger study groups WI&kE patients and found mean 1Q
to be lower in CAE patients than in healthy corgr@avone et al. 2001, Caplan et
al. 2005, 2008). The patients in these studies weatuated only when receiving
AED treatment. However, in these three studiesaligiatients were seizure free as
were the patients at follow-up in Study 1 (Pavohale2001, Caplan et al. 2005,
2008). During the ten-month follow-up the IQ didt mbange in the study group. In
the control group a significantly improved verb@l Wwas recorded. It is possible that
this improvement was due to a practice effect amat to an actual
maturation/development of skills. In our longerldal-up study on this topic
focusing on 15 CAE patients with a mean 5.1 ye&rsezure freedom normal but
significantly lower general 1Q was measured in gatient group than in healthy
controls indicating for the need to follow-up thedeldren during the school years
(Poutanen 2009).

In the computerized test measuring attention bathugs improved similarly
during follow-up. A wider range of performance imetstudy group than in the
control group was found at baseline and at follgw-suggesting that some of the
children with typical absence seizures might hanablems sustaining attention. A
positive improvement in sustained attention haso abeen reported in an
uncontrolled follow-up study with an equal sizedidst group (10 patients with
absence seizures) (Mandelbaum et al. 2009). Adtergroblems evaluated by
guestionnaires such as the Child Behaviour Cheskldy Achenbach completed by
the parents (Achenbach 1991) or measured by spdesis focusing on attention
have been reported in other studies (Fedio andkWii®69, Henkin et al. 2005,
Caplan et al. 2008, Bhise et al. 2009, Poutanef)200

In earlier studies visual memory has been repdxebde weak in patients with
absence seizures when compared with other epilpasgnts or healthy controls
(Fedio and Mirsky 1969, Jambaque et al. 1993, Rawinal. 2001, Nolan et al.
2004). In this study visual memory improved siigaintly in patients after they
had reached remission, which supports importancth@factive use of AEDs to

control seizures. In the longer follow-up studyhat similar test for visual memory
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the group with absence seizures did not differ fiibva controls, but had a wide
variation in performance (Poutanen 2009). Altholng performance in this short-
term outcome study was good physicians should teatate not only to the child’s

seizure outcome but also to the school performamcebehavioural problems and

parents’ upset as a result of the epilepsy, as $lyosthers (Oostrom et al. 2003).

9.2 Long-term outcome measured by remission rates

In the present study most of the CAE patients weeatified retrospectively,
thereby preventing a detailed analysis of the EB@S$ associated clinical features.
Therefore a comparison of the ILAE 1989 diagnostiteria used in this study with
the new proposal was not possible (ILAE 1989, httpvw.ilae-
epilepsy.org/Visitors/Centre/ctf/childhood_abseafte). However, it is likely that
the population studied presents a narrow definisonilar to the new criteria of
CAE as the remission rate in this study was conipeari® that of a study following
the recently published diagnostic criteria for C&R0sso et al. 2005).

Most of the patients achieved remission easily. filg¢ AED was effective in
63% and 83% of patients achieved remission with otferapy. These results are
similar to those reported in other studies (Covaial. 1992, Wirrell et al. 2001,
Callenbach et al. 2009). Furthermore, the progniosjgtients in whom the initial
treatment failed was also good, because nearly 80%em achieved remission
later on. Interestingly, there seems to be a gafypatients who do not respond to
ETM, but do have a good response to VPA monotherlsfany of these patients
also had a family history of FS or epilepsy. Thisdkof endophenotype of AED
specific responsiveness could result from distigenetic influences (Winawer
2006).

9.3 Genetics of CAE

Twenty-nine of the patients with CAE in this stuadsre the only individuals
with epilepsy in their families. They were sporagatients and their epilepsy was

believed to be due to complex inheritance. Finddedinitive answers for the
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molecular genetic background of CAE was challengohge to the genetic
heterogeneity and the contributing environmentadtdiss, yet fully unknown
(Berkovic et al. 2006). Large-scale internationallaboration is needed to collect
large enough sample size for genome wide assaciatiody (GWAS) to allow
identification of common variants underlying se&wsusceptibility in CAE. This
method has been successfully applied in a numbeomiplex human phenotypes,
as exemplified in the recent report on several himee associated with plasma lipid
levels that were also associated as risk factoredmnary artery disease (Teslovich
et al. 2010).

In nineteen families there were at least two famigmbers with epilepsy or FS
and six of them had a first-degree relative withleggsy, which concours with
previous results (Janz et al. 1992, Italian Lead\gainst Epilepsy Genetic
Collaborative Group 1993, Marini et al. 2004). Eigh the patients with CAE had
at least one family member with FS. It is possibigt the CAE and FS patients do
not have a common genetic background, because Ef immost common seizure
type in childhood, affecting 2-4% of children of Wasian origin (Shinnar and
Glauser 2002). On the other hand, FS has beenteelptor be associated with CAE
in multiplex families, which implicates a sharednggc susceptibility (Italian
League Against Epilepsy Genetic Collaborative Grd993, Marini et al. 2004).
The heterogeneity of the seizure phenotypes inli@nb and 98 resemble large
GEFS+ families in which a single mutation contrdmitto the disease outcome
(Wallace et al. 1998, Baulac e.t al 1999). Thuss¢hkind of families highlight the
complexity of genotype-phenotype correlation inlegmsies and demonstrate that
factors other than “epilepsy genes”- be they aegufactors or modifier genes - in
part determine the phenotype (Scheffer and Berkb®87).

In five of the identified families (families 4, G, 9 and 13) at least one other
family member was diagnosed with CAE or IGE. Instihéamilies a specific genetic
mechanism was assumed to produce similar phengtgigegoothesis calledistinct
genetic influence according to Ottman (2005). These five families andividually
too small to be studied genetically, but they avedycandidates for international
collaborative studies aiming at dissecting the demgenetic background of IGE.
On the other hand, in the rest of the families (A3hared genetic influence, the
same genes influencing risk for different epilepggpdromes was assumed (Ottman
et al. 1989, 1998).
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Additionally, in two multiplex families (5 and 9&) shared genetic influence e.g
the same genes influencing on the risk for diffeegnlepsy syndromes and FS was
assumed and molecular genetic studies were pertbif@eman 2005, Winawer
2006).

9.3.1 Genetic loci identified

We performed GWS in two families with diverse phigpes aiming to identify
shared genetic influence within both families. leafgmilies suitable for GWS with
CAE as the only phenotype are rare. An Indian familth CAE inherited as a
dominant Mendelian disease has been describedimketlto chromosome 8g24
(ECAL locus, epilepsy childhood absence) using osatellite markers, but no
disease causing gene has yet been identified (lebrad. 1998, Sugimoto et al.
2000). This locus was later excluded by linkagdysma using families with at least
two affected individuals with CAE affirming a geietheterogeneity of CAE
(Robinson et al. 2002). The second ECA locus or133833.1 was mapped using a
multiplex family with individuals with FS, FS+ ar@AE (Wallace et al. 2001).

Of the five loci showing positive linkage evidenge this study two have
previously been linked to CAE, while three are rnoVée locus on chromosome
18pl1-gll identified in Study 3 is a recognisedutoor familial febrile seizure
(FEB6) and has been suggested to contain a moddiee in a family with CAE and
FS (Nakayama et al. 2004, Nabbout et al. 2007). dflvemosome 16p12.3-p13.3
locus has earlier been linked to CAE by demonstgasiusceptibility variants in a
candidate gen€;ACNA1H (Chen et al. 2003, Heron et al. 2004, Heron e2@0.7,
Liang et al. 2007). Statiscally the evidence fa kbcus on chromosome 17g12-q24
was strong with the highest LOD score of 2.8. Ithisrefore most likely a novel
locus for epilepsy. On the other two loci on chremmes 5gl11.2 and 22g13.1-
g13.31 the linkage evidence was weaker, and ther¢fi@se loci could be modifier
loci containing modifying genes Th€ACNALll gene on chromosome 22q13.1-
g13.31 was sequenced as a functional candidate gemeno disease associated
variants were identified.

The segregating, disease-associated haplotypesréFigand Figure 2 in Study

3) are a way to present the complex inheritancdése families. In family 98 all
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affected individuals did carry all three diseasseagted haplotypes inherited in a
Mendelian manner. It is therefore possible thateaegof each segregating locus
participates in determining the general seizureceptsbility in this family.
However, other genes or environmental factors asded to explain the different
seizure phenotypes as suggested in a family withA&E and TLE by Nabbout et
al. (2007). In family 5, the haplotype on the chosome 22913.1-q13.31 locus is
inherited in a dominant Mendelian manner and mayain an epilepsy-associated
gene with a low penetrance. The chromosomel6plB3Bplocus may act as a
modifier in the seizure phenotype. In family 5, ethoci/genes and possibly
environmental factors are also to be identifiedbbethe seizure phenotypes can be
fully understood. Both families exemplify the complgenetic basis of idiopathic
epilepsies with an unknown number of susceptibiliggnes and intrafamilial

heterogeneity (Dibbens et al. 2007).

9.3.2 Candidate gene sequencing; focus on CACNA1H

Microsatellite markers with an average distanc&®€EM were used in the GWSs
in families 98 and 5 to identify candidate loci fitme-mapping. Even after fine-
mapping the identified loci were still large, cantag several hundred positional
candidate genes. Therefore sequencing them allawasnfeasible task. Thus the
candidate gene hunt was performed by targeted seimgeof genes where there
was existing relevant knowledge of their functiamd aassociation with epilepsy.
Primary selection criteria were the existing expr@s data in the brain shown for
all sequenced ion channel genes, andRBIP8 and IMPA2 (Goldin et al. 1986,
Pragnell et al. 1991, Yoshikawa et al. 1997, Jamelerosey et al. 1998, Miyake et
al. 1999, Williams et al. 1999, Monteil et al. 2@Q®000b, Burgess et al. 2001,
Derst et al. 2001, Papa et al. 2003, Letts et @052 Singh et al. 2007). For
S.C25A39 gene no expression data were available, howevain-expressed
members of the solute carrier family 28.C25) are known to be important for
neuronal energy production and signalling (Haitetaal. 2006). In four other
sequenced genes mutations had previously beentedpiar patients with epilepsy.
CN1A, a well-known candidate gene for severe myocla@pdepsy of infancy

(SMEI) and GEFS+ has also been linked to myoclastatic epilepsy, Lennox-
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Gastaut syndrome and infantile spasms (Gambaraetidvarini 2009) and recently
also to PS (Grosso et al. 2007, Livingston et 809. In theCACNA1G gene
segregating and non-segregating alterations wegerterl in small families with
IGE (Singh et al. 2007). In thEBC1D24 gene compound heterozygote mutations
were identified in a family with autosomal recessmyoclonic epilepsy in infancy
(Zara et al. 2000, Falace et al. 2010). Finalg,GACNAL1H gene that was initially
identified as a susceptibility gene for CAE in G¥se Han population has later also
been reported to harbour susceptibility allele€aucasian in patients with different
IGE syndromes and focal epilepsies (Chen et al32B@ron et al. 2007, Liang et
al. 2007).

In this study altogether 16 genes were sequenceahné of the candidate genes
sequenced, namely BACNA1H, a probable mutation that segregated with CAE,
FS and PS phenotypes was identified in one bramclamily 5. The first two
phenotypes, CAE and FS have been associated witantsaain CACNALH gene
before (Chen et al. 2003, Heron et al. 2007, Liangl. 2007). PS is a new epilepsy
phenotype associated WitRACNALIH. The identified variant, ¢.2057C>T in
CACNAI1H is a novel one. It is a potential susceptibiligriant for epilepsy based
on in slico analysis, which showed that the affected aminal docated in
intracellular loop linking domains 1 and 2 is higltonserved, and that the change
of proline to leucine at this position is proballgmaging. The intracellular loop
connecting domains 1 and 2 has been found to regida membrane expression of
CACNAILH. Its disruption by either single amino acid changeby large sequence
removal significantly enhances membrane expressibrCav3.2 channel from
intracellular compartments to the plasma membr¥fiited et al. 2007). The first 62
amino acids of the loop linking domains 1 and 2 iaslved in regulating the
voltage-dependence of channel gating and inaabwafihe last 15 amino acids of
the same loop are involved in channel inactivatibime central region (containing
the Pro618Leu variant) of this loop regulates stgfexpression, with no significant
effect on voltage-dependence or channel kinetidgk¢Vet al. 2007). Functional
and/or expression studies are needed to proveigmgdicance of ¢.2057C>T in
CACNA1H. Variants iInCACNA1H are considered to contribute to an individual's
susceptibility to epilepsy but are not sufficiem their own to cause epilepsy
(Heron et al. 2007). The difficulty in demonstratithat a channel variant is the root

cause of epilepsy has been emphasized becauses I&Ralygenic disorder and by
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definition requires the co-inheritance of variamsther genes, as well as possibly
contributions from the environment (Berkovic et2006, Zamponi et al. 2010). The
finding in the Study 4 also supports this concéfnce, other genetic factors are

needed to produce variable phenotypes presentihyfa.

9.3.3 mRNA expression profiling

Systematic evaluation of comparability of gene egpion in blood and brain has
shown that whole-blood gene expression profiledigsificant similarities with that
of multiple central nervous system regions (Suliivet al. 2006), therefore it may
provide a suitable surrogate for gene expressiarentral nervous system diseases
(Sharp et al. 2006). The blood gene expressiahildren who became seizure free
on VPA was different from that of children who cowied to have seizures (Tang et
al. 2004). In this study, gene expression prajilwas used to identify additional
genes for sequencing in the candidate locus omatsome 17912-924 locus. Six
genes were differentially expressed, and two os¢h@PIP8, S.C25A39) were
chosen for sequencing based on their expressiofuastion, as described in 9.3.2.
The chip used contained 1500 different chromosoiédnscripts of which more
than one third, including the nine sequenced icamalel genes, had a fairly low
expression level in blood. Neuronal ion-channelegerelated to epilepsy in humans
may have much higher expressions in brain tissué t#ous, differences in
expression levels cannot be detected using blotbané&NA as a surrogate marker
(Helbig et al. 2008).

9.3.4 Array-based comparative genomic hybridization

Copy number variants are a new class among theddiso of the genome
architecture (reviewed in Kumar 2008). One areavimch this form of genetic
susceptibility has been shown to be crucially intgatr is intellectual disability,
where large CNVs explain the underlying etiologylsfo of individuals (Mefford
and Eichler 2009). On the other hand, these substopic rearrangements often
have no phenotypic expression, but may act asvearants predisposing to complex
disease (Scheffer and Berkovic 2010). In 1% ofiep& with IGE 15913.3
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microdeletion has been reported (Helbig et al. 2088d family studies have
revealed that the 15q13.3 microdeletion behavesvasld be expected for a
susceptibility variant (Dibbens et al. 2009). &mily 98, evaluation of the CNV
was used, but no abnormality was identified. Hosvewhe disease-associated
common copy humber polymorphisms (CNPs) were muaadller (20—45 kb) than
the resolution in the analysis carried out in fgn@8 (Manolio et al. 2009).
Therefore the possibility of CNVs contributing @izure susceptibility in family 98

cannot be totally excluded.
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10. Conclusions and future prospects

Childhood absence epilepsy is a benign epilepsydrsyne, although some
patients are difficult to treat. Video-EEG is noutinely used to assess the seizure
status after clinical remission in CAE. However,should actively be used in
situations in which the abolishment of absenceusegis not a certainty. Newer
AEDs such as LTG, TPM and LEV should be introdui¢ede first line drugs ETM
and VPA do not produce remission (Curatolo et 809). Zonisamide might also
offer remission in some patients with CAE (Marinaetsal. 2009). Additionally,
nervus vagus stimulation might also be an optiandig resistant CAE patients
(Kostov et al. 2007).

In the future it would be important to assess thegiterm outcome in a large
cohort of seizure free CAE patients by the genkpalest, specific neurocognitive
assessments, analysis of behaviour, emotion, sskill and self-image estimation.
There are preliminary results for these factorsaismall Finnish patient group
(Poutanen 2009). Due to the low incidence of CABwdticentre follow-up study
focusing on these aspects would be needed to hettirstand the importance of
good seizure control, identification and treatmaintomorbidities and the effect of
AEDs.

CAE is most often a sporadic epilepsy syndrome witfenetic background of a
cocktail of several susceptibility genes and pdgsiime or more rare variants. As
found in this study, about 10% of CAE probands halvieast one additional family
member with IGE. Including these small familiesanarge collaborative project
would be useful to go further in solving the geadtasis of CAE. Rarely identified,
multiplex families with heterogeneous IGE phenos/meuld be used in linkage
analysis to identify a major gene behind the seizsusceptibility by linkage
analysis and for the detection of rare and lowpiency variants with new methods
(see below) (Manolio et al. 2009). For cliniciatise most important task is to
identify these families by obtaining a detailed figniistory and interviewing the

extended family.
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The two families studied with molecular geneticthoels were too small to
detect a major susceptibility gene. In family 98najor susceptibility variant was
located in the chromosome 17q12-g24 region. Additionodifier variants may be
located on the other two loci on chromosomes 5 Hhdin family 5, a locus on
chromosome 16p12.3-13.3 with a nearly significamkdge signal was identified.
The variant identified ICACNA1H is a likely candidate for a susceptibility variant
In both families common variants in different germesl additional low-frequency
and rare variants are also likely to contributensigantly to the genetic architecture
and heterogeneous seizure phenotypes (1000 Gerrmajest Consortium 2010).

The GWAS based on examining the genomes of thossahdnhdividuals for
correlations between the presence of genomic vareamd the traits of interest have
been successfully used in a growing number of desalisplaying a complex
genetic basis (Ku 2010) and such studies will halhefeveal common variants in
CAE in the future. Yet, the genomic variants detdahrough GWAS explain only
a small proportion of genetic susceptibility in iwidual diseases (Manolio et al.
2009). Human geneticists call this problem 'missimgritability’. It has been
postulated that most of this missing heritabilgydue to the effect of rare variants
not identifiable through GWAS. The possibility applying next generation
sequencing methods, currently exome sequencingc@itimg regions of the genes)
and, ultimately, whole genome sequencing should ifil the gap of missing
heritability and thus provide the ultimate answartbe genetic basis of complex
disease, including CAE.

Future research will also focus on understandirg ¢bigenetic mechanisms
associated to epilepsy. Epigenetic mechanisms aggested to be partially
responsible for the phenotypes acquired during ldpuweentally critical periods and
for complementary changes that occur throughoet Epigenetic regulation is said
to be important for mediating the interplay betwessll intrinsic processes and
complex spatiotemporal patterns of local and lorsgadce environmental cues in
the brain and can show similar inheritance pattasdendelian disorders (Qureshi
and Mehler 2010).

Successes in mapping of complex disease loci inulptpn isolates have
depended on large pedigrees with either provenredigted genealogical links
between affected individuals (reviewed in VariladaPeltonen 2004). The reduced

genetic diversity in the isolates will simplify tlgenetic background of any trait. If
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not fewer genes, at least fewer alleles and rezagie haplotype signatures among
affecteds is an expectation especially in yountates (Varilo and Peltonen 2004).
Therefore, efforts in identifying and recruitingr fparticipation rare large families
with several affecteds, more common small famwigh some affecteds and even
sporadic patients with IGE spectrum epilepsiesimaiRd is emphasized.
Characterization of the genetic determinants okalis provides remarkable
opportunities for clinical medicine through an imped understanding of
pathogenesis, diagnosis and therapeutic optionsn@12008). For example, at the
time of diagnosis of CAE it would be of value tsttéor genetic variants that predict
drug response or development of GTCS (Pal et aDR00he ultimate goal is to
understand the genetic basis of CAE and to betalgeovide personalised medicine

for each CAE patient.
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Abstract

In this prospective clinical study, the effects on cognitive functioning of absence seizures, epileptiform EEG discharges, and their abol-
ishment by antiepileptic medication were evaluated in patients newly diagnosed with childhood absence epilepsy or juvenile absence epi-
lepsy. Eleven children in the study group and ten age- and gender-matched controls with mild asthma underwent combined video/EEG
and neurocognitive assessment (IQ, fine-motor fluency, attention, visual and spatial memory). The neuropsychological assessment was
repeated after the introduction of antiepileptic medication. Ten children with absence epilepsy became clinically seizure free. The study
group improved in attention, fine-motor fluency, and visual memory. The controls improved only in fine-motor and attention skills.
Duration of generalized 3-Hz spike-wave discharges and clinical absence seizures was negatively correlated with performance on the
visual memory task. Cessation of seizures induced by antiepileptic medication may support neurocognitive functioning in children.

© 2007 Elsevier Inc. All rights reserved.

Keywords: Typical absence seizure; Cognitive functioning; Visual memory; Fine-motor fluency; Antiepileptic medication; Remission of seizures

1. Introduction

Typical absence seizures are the main symptom in two
idiopathic generalized absence epilepsy syndromes: child-
hood absence epilepsy (CAE) and juvenile absence epilepsy
(JAE). Three components are essential in both syndromes:
impairment of consciousness coinciding with generalized
3-Hz spike and slow wave discharges, normal development,
and normal intelligence. Generalized tonic—clonic seizures
(GTCS) rarely affect children with CAE and more often
those with JAE. In CAE, the absence seizures tend to occur
as often as 10 to 100 times a day. The onset of seizures is
usually between the ages of 4 and 10. Children with JAE
have fewer absence seizures than those with CAE, and

* Corresponding author. Address: Department of Paediatrics, Tampere
University Hospital, PO Box 2000, 33521 Tampere, Finland. Fax: +358 3
31164390.

E-mail address. auli.siren@uta.fi (A. Sirén).

1525-5050/% - see front matter © 2007 Elsevier Inc. All rights reserved.
doi:10.1016/j.yebeh.2007.04.009

onset is after 10 years of age. The absence seizures are often
very short, about 2 to 10 seconds. Thus, they are difficult to
detect, and in many cases, it may take months or even years
before medical treatment is considered for children with
absence seizures [1]. In clinical practice, in these patients,
the parents and the children themselves rarely complain
of poor performance at school, which could reflect subtle
difficulties in cognitive functioning that are hard to recog-
nize albeit they may influence learning. Cognitive impair-
ments and the need for special education are frequently
reported in children with epilepsy [2,3]. In studies of cogni-
tive performance, children with idiopathic generalized epi-
lepsy or/and with typical absence seizures are found to
have specific problems in attention [4,5], visual memory
[4,6-8], and fine-motor fluency [5] despite their normal
intelligence level. Findings for verbal memory and other
verbal functions have been within the normal range in most
studies [4-8]. It is obvious that several factors, such as eti-
ology, type of seizure, epilepsy syndrome, age at onset, and
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medication, in combination are related to the cognitive
problems in epilepsy [9]. Also, parents’ ability to continue
their normal parenting after the diagnosis of epilepsy is
important for the prognosis of the child’s cognition and
behavior [10]. The absence seizures in CAE and JAE are
clinically similar, and these syndromes share a common
genetic etiology [11]. Therefore, patients newly diagnosed
with the syndromes CAE and JAE are an appropriate pop-
ulation in which to assess neurocognitive functioning
before initiation of and after time on treatment with antiep-
ileptic drugs (AEDs).

In patients newly diagnosed with epilepsy who are not
yet on medication, the cognitive effects of AEDs can be
studied prospectively. There are currently no studies in
which solely patients with CAE and JAE have been
assessed before introduction of AEDs and later after cessa-
tion of seizures (or at the medication discontinuation
phase). In a drug withdrawal study (Multicenter Holmfrid
Study), a homogeneous subgroup of patients with epilepsy
with typical absence seizures was found to be slower in fine-
motor fluency and visual searching both during treatment
and after drug withdrawal, compared with other patient
groups with epilepsy studied [12].

The aim of the present study was to investigate neuro-
cognitive functioning in children with absence seizures
and matched control children. Neurocognitive functions
were measured before and 10 months (7-13 months) after
the introduction of antiepileptic medication to study the
influence of cessation of seizures and medication on cogni-
tive processes. General intelligence was included in the
assessment procedure to establish whether there was any
evidence of general developmental delay either at the time
of diagnosis or after the follow-up period. The neuropsy-
chological assessment was done during video/EEG moni-
toring (24-hour EEG recording under video supervision
in long-term monitoring unit) to determine whether the
children had clinical or subclinical seizures with epilepti-
form EEG discharges during the cognitive assessment.
The assessment comprised tasks of visual and spatial mem-
ory, sustained attention, fine-motor fluency, and auditory
and visual reaction times. These subdomains of cognition
were selected in line with the findings of previous studies
of neurocognitive functioning in epilepsy. These functions
were also relatively easy to assess using computer-based
tasks.

2. Methods

2.1. Participants

The participants were 11 (6 girls and 5 boys) children newly diagnosed
with typical absence seizures and generalized 3-Hz spike-wave discharges
on the EEG. They were diagnosed between June 1997 and March 2002.
They had either CAE (10) or JAE (1) according to the ILAE classification
[13]. All participants experienced absence seizures; none had had GTCS.
The mean age of the participants in the study group was 8 years 2 months
(4 years—14 years 9 months). The control group consisted of 11 gender-

Table 1
Characteristics of the study group and control group at the first
assessment

Study group Control group P

Number 10 10
Gender, F/M 5/5 5/5
Age at seizure onset 3.0-11.8
Age at first assessment 4.0-14.9 5.5-14.5
Median Verbal 1Q 99.5 94.0 n.s.
Median Performance 1Q 96.0 96.5 n.s.
Medication
Sodium valproate (VPA) 4
Ethosuximide (ETM) 5
VPA + ETM 1

and age-matched children from the outpatient clinic for asthmatic chil-
dren. One child from the control group was eliminated from further anal-
ysis because she did not participate in the second assessment session. The
mean age of the 10 remaining control children was 8 years 10 months (5
years 6 months—14 years 6 months). There was no significant difference
between the study and control groups with respect to chronological age.
One child in each group was left-handed. The educational levels of the
mothers were matched. One child in the study group continued to have
infrequent clinical absence seizures despite the use of combination therapy
and good compliance, and she was therefore excluded from further anal-
ysis. Descriptive information for the two groups is summarized in Table 1.
This study was approved by the ethical committee of Pirkanmaa Hospital
District. The children and their parents gave informed consent before the
study.

2.2. Videol EEG recordings and neuropsychological assessment

Children were asked to participate in the study at the time when the
diagnosis of idiopathic generalized absence epilepsy with generalized
3-Hz spike-wave discharges was initially confirmed by electroencephalog-
raphy. The first computer-based neuropsychological assessments were
done during the 24-hour video/EEG recording. General intelligence level
and auditory and visual reaction times were assessed in a separate session
without video/EEG recording. To confirm that all the children in the con-
trol group had a normal EEG, the first neuropsychological assessment of
the control group was also done during video/EEG recording, which,
however, lasted only an hour.

The follow-up neuropsychological assessment included the same tasks
as in the first assessment. For the study group, the mean interval between
the two assessments was 10 months (7-13 months). For the control group,
follow-up neuropsychological assessments without simultaneous video/
EEG recording were done 11.5 months (6-18 months) after the first assess-
ment. The delay between the two assessments did not differ significantly
between the groups.

Antiepileptic medication was introduced after the first neuropsycho-
logical assessment. Standard AEDs for typical absence seizures, ethosux-
imide (ETM) and sodium valproate (VPA), were introduced. Four
children were treated with VPA, and five with ETM; two children required
a combination of VPA and ETM to achieve clinical cessation of seizures.
All children in the study group had had typical generalized 3-Hz spike—
wave discharges and absence seizures during the first 24-hour video/
EEG recording. The video/EEG recordings were analyzed by a clinical
neurophysiologist. Analysis included the total duration of generalized 3-
Hz spike-wave discharges, clinical absence seizures, and subclinical inter-
ictal discharges during the neuropsychological assessment.

Neuropsychological assessment during video/EEG recording included
STIM tasks (a Library of Sensory, Cognitive and Neuropsych Tasks,
Neuro Scan, Inc.) involving fine-motor fluency, sustained attention, and
visual and spatial memory. Based on a pilot study with children, the tasks
were modified by reducing the number of trials and task demands. The
assessment lasted approximately 45-60 minutes.
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In the fine-motor task, the fluency of finger tapping was measured.
Children were asked to tap the computer mouse as fast as possible with
the index finger of both hands. The tapping time was 10 seconds and
was repeated five times with both hands. The mean dominant and non-
dominant hand tapping frequencies were measured. The difference
between tapping frequencies of the dominant and nondominant hands
was also calculated.

The attention task measured the ability to sustain attention. Numbers
from 0 to 9 were flashed (for 500 sms) behind a white square in the middle
of a screen. Children had to press the right button of the computer mouse
when the number behind the square was 0 and the left button of the mouse
when any other number (from 1 to 9) was flashed. The task comprised 100
trials with an interstimulus interval of 2000 ms. The overall percentage of
correct responses was measured.

In the visual memory task, children had to remember four sequentially
presented pictures. After presentation of the four pictures, a fifth picture
was shown (with 3000-ms delay), and by pressing the appropriate button,
children indicated whether the fifth picture was among the previously
shown pictures. There were 20 trials in the task, and the overall percentage
of correct responses was measured.

In the spatial memory task, children had to remember the location of
blocks presented on a computer screen. The screen was divided into nine
squares, which were the nine different spatial locations to remember. At
first, the three blocks appeared at different squares on the screen. After dis-
appearance of the blocks, children had to click the locations of the target
blocks using the pointer of the mouse. The first four trials consisted of
three blocks, in the next four trials there were four blocks, and in the last
four trials there were five blocks. The overall percentage of correctly
pointed locations was measured.

The standardized Wechsler Intelligence Scale for Children—Revised
(WISC-R) was used for 18 children and the Wisconsin Preschool and Pri-
mary Scale of Intelligence—Revised (WPPSI-R) for 4 children [14,15]. The
intelligence quotients, that is, Verbal (VIQ) and Performance IQ (PIQ),
were estimated from the subtests on information, similarities, arithmetic,
picture completion, block design, coding (WISC-R), and geometric design
(WPPSI-R). To prevent double estimations of the intelligence level, the
full intelligence quotients were not calculated (given the estimated versions
of VIQs and PIQs).

Visual and auditory reaction times were measured with computer-
based tasks (FePsy) [16]. The children had to react to a sound (800-Hz
tone) or to a visual signal (white square) by pressing the space bar as
quickly as possible. The reaction times in milliseconds were converted to
z scores separately for the dominant and nondominant hands. Visual
and auditory reaction times were assessed only in the study group.

2.3. Statistical analysis

Nonparametric tests were used because the groups were small and data
were not normally distributed. Matching of the study and control groups
was tested using the Mann—Whitney test (U). The effect of AEDs, cessa-
tion of absence seizures, and epileptiform discharges on cognitive func-
tioning within the study group and the effect of the assessment delay
within the control group were tested with the Wilcoxon rank test (Z).
To investigate the relationships between variables, Spearman’s rho (ry)
was used. Visual and auditory reaction times were analyzed with Student’s
t test because there is no equivalent nonparametric test to measure the dif-
ference between sample z scores and z scores of the normative average. A
P value < 0.05 was considered to indicate statistical significance. All calcu-
lations were performed with SPSS/PC+ Version 13.0.

3. Results
3.1. Videol EEG recordings

All children in the study group had typical 3-Hz spike—
wave discharges with absences during the 24-hour video/

EEG recording. Nine patients had generalized 3-Hz
spike-wave discharges on their EEGs during the first
computer-based neuropsychological assessment. In total,
104 epileptic discharges (mean, 11.5; range, 2-17) were
registered during the neuropsychological assessment. The
mean duration of a discharge during the first assessment
was 8 seconds (1-34 seconds). Only one participant, an
8-year-old girl, did not have any EEG abnormalities dur-
ing the first neuropsychological assessment. Another par-
ticipant had only occasional spikes during the
neuropsychological assessment. Unfortunately, a video
recording was not available and the data on clinical
absence seizures were missing for one patient, a 14-year-
old boy with JAE. He had 15 discharges lasting 5-34 sec-
onds. Analysis of the follow-up video/EEG recordings
revealed that under AED treatment, 10 of 11 children
became clinically seizure free. Seven children had a nor-
mal EEG during the second 24-hour video/EEG record-
ing. One child had a few spike-wave complexes during
sleep, and another child had a slow wave discharge with
spikes provoked by hyperventilation. One child had a
few typical 3-Hz spike-wave discharges lasting 3 seconds
during the follow-up video/EEG recording. One child
continued to have infrequent clinical absence seizures
despite the use of combination therapy and good compli-
ance, and she was therefore excluded from further analy-
sis. No EEG abnormalities were recorded during the
follow-up neuropsychological assessment of the 10 sei-
zure-free children in the study group.

3.2. Neuropsychological assessment

The neuropsychological tasks were completed by all par-
ticipants with the following exceptions. In the study group,
one patient did not perform the visual memory task and
two patients did not complete the attention task. In both
groups, the median percentages of performance on all tasks
were relatively high (Table 2).

In the fine-motor fluency (tapping) task, the study
group performed significantly better with both hands
during the second assessment than during the first
assessment (Z=-—1.99, P=0.047 for the dominant
hand; Z= -2.29, P =0.022 for the nondominant hand).
The control group improved in tapping only with the
dominant hand (Z = —-2.43, P=0.015); no change was
measured with the nondominant hand (Z= —0.53,
P =0.594). Also, there was a significant increase in
the difference between dominant and nondominant

fine-motor fluency in the control group (Z= -2.19,
P =0.028), but not in the study group (Z = —0.969,
P =0.333).

Performance on the attention task improved signifi-
cantly in both groups (Z = —2.1, P = 0.036 in study group;
Z=-249, P=0.012 in control group). On the visual
memory task, there was a significant improvement
(6.25%) only in the study group (Z = —2.67, P =0.008).
On the spatial memory task, there was a decrease in
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Table 2
Results of cognitive assessments at the time of diagnosis and follow-up

Measure First assessment Second assessment
Range Median Range Median P value
Study group
Verbal 1Q 84.0-128.0 99.5 86.0-136.0 96.0 0.286
Performance 1Q 67.0-118.0 96.0 77.0-131.0 96.5 0.123
Fine-motor fluency
Dominant hand 13.2-46.4 39.8 36.0-64.4 42.0 0.047%
Nondominant hand 13.2-40.4 343 30.0-55.0 374 0.022%
Dominant/nondominant hand difference 1.2-14.4 3.6 0.4-15.2 5.8 0.333
Attention 14.0-96.0 81.5° 55.0-98.0 87.5 0.036"
Visual memory 46.7-94.7 80.0° 52.6-100 85.0 0.008*
Spatial memory 59.2-100.0 96.7 89.6-100 93.9 0.074
Control group
VIQ 74.0-102.0 94.0 74.0-106.0 96.5 0.033*
PIQ 81.0-106.0 96.5 81.0-111.0 100.0 0.091
Fine-motor fluency
Dominant hand 26.0-54.4 423 30.2-60.8 44.9 0.015%
Nondominant hand 23.6-49.6 35.5 23.6-54.8 36.1 0.594
Dominant/nondominant hand difference 0.8-11.0 5.9 3.0-14.2 8.8 0.028%
Attention 37.0-98.0 80.5 84.0-99.0 92.0 0.012%
Visual memory 47.4-100.0 84.5 73.7-90.0 84.6 0.813
Spatial memory 75.0-100.0 93.8 77.1-100.0 96.9 0.063
 Statistically significant.
® Eight partcipants.
¢ Nine partcipants.
performance (—3.2%, Z=—-1.79, P=0.074) that only 10000 -
approached our significance level, in the study group. On -
the other hand, in the control group, performance on the o000 RS
spatial memory task improved 3.3% (Z=-1.86, o
P =0.063), but yet again this only approached the signifi- > 8000 o
cance level set. s S
Duration of generalized 3-Hz spike-wave discharges £ 000
and clinical absence seizures during the first assessment ses- |
sion correlated significantly with performance on the visual € 000
memory task (r¢=-0.69, P=0.041 and r,=—0.79, ' ° o
P =0.021, respectively) (Fig. 1). There were no significant 5000
correlations between performance on any of the other neu- o
ropsychological tasks and duration of epilepsy before treat- 1000
ment, duration of generalized 3-Hz spike-wave discharges, ' ' ; ' y ; ;
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clinical absence seizures, or interictal discharges during the
assessment.

General intelligence (IQ) was within the normal range in
both groups, and no significant difference was recorded
between groups. In the study group, VIQ ranged from 84
to 133 (median, 99.5), and PIQ ranged from 67 to 118
(median, 96). Improvement in VIQ (Z=-2.14,
P =0.033) was observed in the control group during the
follow-up assessment, whereas PIQ did not change signifi-
cantly (Table 2).

Visual and auditory reaction times of six children in the
study group were measured. Reaction times were trans-
formed to z scores according to the age-related means of
the normative data for typically developing children [17].
The mean z scores of the reaction times revealed that the
study group was somewhat below the normative average

Duration of discharges

Fig. 1. Scatter gap of the correlation between visual memory and total
duration of epileptiform discharges during video/EEG assessment. The
correlation coefficient, r;, was —0.686. Scores on the visual memory task
are given as overall percentages of correct answers.

(mean =0, SD = 1) with respect to visual and auditory
reaction times. This was observed for both hands and dur-
ing both assessments (Table 3). A one-sample ¢ test, how-
ever, revealed that none of the measures were
significantly different from the normative average. There
were no significant differences between the first and second
assessments.
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Table 3
Auditory and visual reaction times of the study group (n = 6) converted to
z scores

Mean z score (SEM)

First assessment Second assessment

Auditory reaction time

Dominant hand —1.15 (0.66) —0.54 (0.40)

Nondominant hand —2.35(1.47) —1.24 (0.30)
Visual reaction time

Dominant hand —2.19 (1.25) —0.75 (0.83)

Nondominant hand —0.29 (0.65) —1.40 (1.03)

4. Discussion

Neurocognitive functioning of children with absence sei-
zures and their matched controls was studied before and
after introduction of antiepileptic medication. The results
indicated improvement in neurocognitive functioning with
efficient AED treatment. In the present study, the improve-
ment was evident only with respect to visual memory and
fine-motor fluency of the children with absence epilepsy,
but not in the normally developing children. The two
groups of children did not differ significantly with respect
to change in performance on attention and spatial memory
tasks. Absence seizures per se seemed not to affect patients’
general intelligence, as at the time of initial diagnosis the
intelligence level was average. However, the study group’s
reaction times tended to be somewhat slow.

Earlier studies in this particular patient group described
diverse cognitive deficits in a variety of subdomains of neu-
rocognitive functioning [4-8,18]. Instead of a wide-scale
neuropsychological assessment, we decided to use assess-
ments based on the computer-generated neuropsychologi-
cal tasks in the STIM system, which we modified to be
suitable for children. We observed that visual memory
improved when absence seizures were abolished. Deficits
in visual memory in this patient group have also been
reported by others [4,6-8]. In these previous studies, many
patients still had seizures when compared with healthy con-
trols or with patients with other types of epilepsy. In the
present study, all patients analyzed attained remission, as
confirmed by the 24-hour video/EEG recording, which
may be related to the significant enhancement of visual
memory observed.

We found that both groups of children improved signif-
icantly in performance on the attention task, which mea-
sured the ability to sustain attention. It is known that the
ability to sustain attention is still developing rapidly
between 6 and 15 years of age [19], which is close to the
age range of the children in our sample. The improvement
in attention-sustaining skills might occur even with the
short delay (around 10 months) between the first and the
second assessments in our study. This developmental ten-
dency could explain the findings for both groups. It should,
however, be noted that there was a wider range of perfor-
mance in the study group than in the control group. This

suggests that some of the children with typical absence sei-
zures may have problems sustaining attention. Fedio and
Mirsky observed poor ability to sustain attention in a sim-
ilar pediatric patient population when compared with
patients with temporal lobe epilepsy and healthy controls
[4]. In their study, the patients were on AEDs and still
experienced seizures. In another study, in which the Coding
and Digit Span subtests of the Wechsler Intelligence Scale
for Children were used as attention measures, impairment
in attention was demonstrated in a patient group similar
to that in the present study. Again, in the previous study,
half of the patients continued to have seizures [5]. Thus,
it is possible that remission is required to support the ben-
eficial development observed in the present study.

We did not observe significant improvement in perfor-
mance on the spatial memory task in either group. There
was only a tendency toward improvement in the control
group, and in fact, performance of the study group tended
to decline. Some previous studies that measured visuospa-
tial construction and memory skills (e.g., Rey—Osterreith
Complex Figure test) in patients with absence epilepsy have
shown impairment of performance [4,7,8]. There have,
however, been contradictory findings as well [5]. We do
not want to draw too strong conclusions from the findings
on the spatial memory task in the present study. First, the
change in performance between the first and second assess-
ments was only of borderline significance in both groups.
Second, task performance in general was very high (around
95%), and it may be that the task was too easy for the chil-
dren and therefore lacked the sensitivity to measure very
subtle changes in performance.

Fine-motor fluency with both hands improved signifi-
cantly in the study group, whereas improvement was
observed only with the dominant hand in the control
group. Fine-motor fluency is still increasing at this age in
normal development [20] and is more evident with the
dominant hand than the nondominant hand [21]. We
assume that the significant improvement with both hands
in the children with absence epilepsy relates to the general
recovery of motor fluency resulting from the cessation of
absence seizures and not just to the improvement in fluency
of the dominant hand, which is typical of normal develop-
ment. However, no differences in fine-motor fluency were
observed in a large study in which children with newly
diagnosed, uncomplicated idiopathic generalized or partial
epilepsy were compared with nonepileptic controls [22].
According to this previous study, we do not know whether
an improvement in performance would be measurable if
the patients had been re-evaluated after attaining remis-
sion. Also, Henkin et al. [5] showed that children with typ-
ical absence seizures, in particular, performed poorly on
fine-motor fluency task with the dominant hand when com-
pared with control children or with children with GTCS.
All their patients were being treated with VPA, and half
of them were still experiencing absence seizures at the time
of assessment. Thus, both of these previous studies seem to
support the idea that absence seizures are harmful to
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fine-motor fluency, and our observation of improvement in
fine-motor fluency immediately after remission provides
further proof of this phenomenon.

In addition, Henkin et al. [5], found that the difference in
motor fluency between the dominant hand and nondomi-
nant hand was statistically lower in children with typical
absence seizures than in controls or patients with idio-
pathic GTCS. In our study, the difference in fine-motor flu-
ency between the dominant hand and nondominant hand
increased significantly between the two assessments only
in the control group. It should be emphasized here that
the purpose of the present study was not to compare the
groups but to investigate the improvement in neurocogni-
tive functioning after treatment of children with absence
epilepsy. Thus, this finding further supports the fact that
especially the fluency of the dominant hand improved in
the normally developing children and this was not observed
in the study group.

We did not observe significant slowing in visual and the
auditory reaction times in the children with absence epi-
lepsy, although their times were somewhat below the nor-
mative average. This could be due to a lack of statistical
power, as only data for six children with absence epilepsy
were available. Slowing of reaction times and motor speed
was evident in an earlier study that studied children newly
diagnosed with uncomplicated epilepsy (cryptogenic partial
and idiopathic generalized epilepsy). At the time of mea-
surement, most of the patients had only just started taking
AEDs [22]. Boelen et al. could not confirm any correlation
between the prescribed dose of AEDs and decrease in reac-
tion time and motor speed [22]. This finding is in line with
our study showing no difference in reaction times after
treatment. Slow auditory and visual reaction times in chil-
dren have been measured during subclinical epileptiform
EEG discharges [23]. We did not conduct video/EEG
recording simultaneously with the assessment of visual
and the auditory reaction times and, therefore, cannot con-
clude whether slow reaction times would have been more
prominent during the discharges than in their absence.
Because our sample size for the reaction time data was
small, these findings should be considered with caution.

In previous studies with similar patient populations (idi-
opathic generalized epilepsy with absence seizures), it has
been shown that there are no differences in general intelli-
gence (IQ) between patients with typical absence seizures
and patients with partial seizures, patients with other types
of seizures, or healthy controls [4,6,8]. This was our result
as well: the study group and the control group did not dif-
ference with respect to VIQ or PIQ at the first assessment.
However, in two other studies, the general cognitive level
of children with typical absence seizures was reported to
be within the normal range, although lower than the gen-
eral cognitive level of patients with other types of seizures
[18] or diabetic controls [7]. In the first study, the difference
was measured prior to the introduction of AEDs, but was
no longer evident at the 12-month follow-up [18]. In the
second study, the children had been under treatment with

the regular AED and almost all were seizure free [7]. These
studies indicate that continuing absence seizures disturb
normal cognitive development. An interesting finding in
the present study was that in the follow-up assessment,
there was a significant improvement in VIQ only in the
control group. The delay between the first and second
assessments was only 11.5 months, and therefore, it is pos-
sible that the improvement in VIQ in the control group was
due to a practice effect and not to actual maturation/devel-
opment of skills. Regardless, we did not observe a similar
improvement in the study group. It is tempting to speculate
that the absence seizures at the time of the first assessment
attenuated the practice or maturation effect, and therefore,
the children in the study group were not able to benefit
from having performed the same series of tasks a relatively
short time before.

The effect of AEDs on cognition has been the focus of
epilepsy research and has been reviewed recently [24]. It
has been suggested that clinicians should be aware of the
differential cognitive effects of antiepileptic drugs and
should therefore monitor cognitive function closely when
adding or changing therapy. Our patients had no signifi-
cant changes in general intelligence between the first and
second assessments. Similarly, when general intelligence
was used as an indicator in children newly diagnosed with
epilepsy, no deterioration was detected in two separate
annual follow-up studies [18,25]. We demonstrated signifi-
cant improvement on four of five neurocognitive tasks
when the patients were in remission. Two of these changes
were not apparent in the control group. These can be
viewed as beneficial effects of the remission induced by
AEDs.

The major limitation of the present study was the small
sample size. This limitation was at least partly compen-
sated for by careful assessments of AED efficacy to ensure
that the patients attained remission by the follow-up. In
addition, the computer-based assessment of neurocognitive
functioning using the tasks of the STIM system was mod-
ified to be suitable for children. Performance on all tasks
was relatively high (around 88%). Thus, it could be possible
that our modification was not sensitive enough for the chil-
dren, and therefore, their performance reached a “ceiling.”
On the other hand, the variation in performance was rela-
tively wide, which supports the assumption that the mea-
surement sensitivity of these tasks was sufficient.

To conclude, antiepileptic medication seemed to
improve the cognitive functioning of the children through
the cessation of absence seizures. In the present study,
visual memory and fine-motor fluency, in particular,
improved. Despite the fact that the children with typical
absence seizures did not differ in terms of general intelli-
gence (IQ) from the matched controls, they did not seem
to benefit from the practice effect that was evident in the
follow-up assessment of VIQ in the typically developing
children. The findings of this study demonstrate that
attainment of remission is important to the normal cogni-
tive development of children with absence seizures.
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ABSTRACT - For several years we have been following patients with
intractable, childhood-onset idiopathic generalised epilepsies with > 3 Hz
spike-wave discharges. Our need to find explanations for their intractability
was the starting point for this study. We were interested in identifying
characteristics, which would predict intractability; evaluating how these
patients were treated and whether polytherapy was useful. We identified
patients with > 3 Hz spike-wave discharges by reviewing EEG reports recorded
between 1983 and 1992. Data were collected from medical records and
through personal interviews. We identified 82 patients with tentative
idiopathic generalised epilepsy. Eleven were excluded. Thirty-eight patients
had childhood absence epilepsy, 18 had juvenile absence epilepsy, 13 had
juvenile myoclonic epilepsy and two had eyelid myoclonia with absences:
89.5, 78, 38 and 0% of the patients in each group, respectively, had been
seizure free for more than 2 years. Twenty percent of the patients had
intractable seizures. All intractable patients with juvenile absence epilepsy had
rhythmic, random eyelid blinking and generalised tonic-clonic seizures. A
history of more than ten generalised tonic-clonic seizures was associated with
intractability in juvenile myoclonic patients. Monotherapy with ethosuximide
or valproate resulted in seizure control in 65% of patients. Seventeen patients
(24%) were treated with polytherapy, six achieved remission. These six patients
had childhood absence epilepsy and juvenile absence epilepsy. Positive
outcome was found in childhood absence epilepsy and juvenile absence
epilepsy. Intractable seizures were more frequent among patients with juvenile
myoclonic epilepsy. None of them benefited from polytherapy with
conventional anti-epileptic drugs.
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The revised 1989 Classification of Epilepsies and Epileptic
syndromes of the International League Against Epilepsy (ILAE)
[1] defines an epileptic syndrome as a disorder characteri-
sed by a cluster of signs and symptoms customarily occur-
ring together. In contradistinction to a disease, a syndrome
does not necessarily have a common aetiology and pro-
gnosis. Idiopathic, primary generalised epilepsy syndromes
(IGE) such as childhood absence epilepsy (CAE) are a good
example of this. Patients with age-related IGE primarily have
absences as well as myoclonic or tonic-clonic seizures with
generalised spike-wave bursts at> 3 Hz superimposed on a
normal EEG background, without focal signs, mental retar-
dation or an obvious cause other than genetic factors. In
symptomatic or cryptogenic absence epilepsies, tonic or
atonic seizures, focal signs and cognitive impairment are
common. The EEGs are characterised by spike-wave
discharges of 2.5 to 3 Hz and often by slow background acti-
vity as well [1, 2].

The aim of this study is to evaluate the outcome of patients
with idiopathic generalised epilepsy syndromes with >3 Hz
spike-wave discharges, to identify the characteristics which
would predict intractability, and to evaluate how these
patients have been treated.

Methods

The study was conducted among the inhabitants of the refer-
ral district of the Tampere University Hospital (TaUH). This
includes the city of Tampere (population ~175 000) and
34 surrounding counties (total population ~ 440 000) in
south central Finland. The study was approved by the Ethics
Committee of TaUH.

Potential subjects for the study were identified through three
sources. 1) We reviewed all reports of EEGs recorded bet-
ween 1983-1992 in TaUH. Patients who had generalised
> 3 Hz spike-wave or multiple spike-wave discharges repor-
ted in their EEG were considered as potential subjects for
the study. 2) The neuropaediatric database, active since 1972,
was used to identify potential subjects. 3) Patients who were
diagnosed with an idiopathic generalised epilepsy with
>3 Hz spike-wave discharges during 1993-1994, in the Pae-
diatric Neurology Unit of TaUH.

Inclusion and exclusion criteria: patients were classified
according to the 1989 revised ILAE classification [1]. Clini-
cal diagnostic criteria for CAE were: (1) a previously normal
child most commonly within the age range of 6-7 years at
the onset of epilepsy; (II) observed or reliably described
absence seizures (AS), which may occur many times daily;
(1) generalised tonic-clonic seizures (GTCS) or myoclonic
seizures (MS) may occur. Diagnostic criteria for juvenile
absence epilepsy (JAE) were: (I) onset of seizures near
puberty; (1) observed or reliably described AS; (1l) GTCS or
MS being present more often than in CAE. Diagnostic crite-
ria for juvenile myoclonic epilepsy (JME) were: (1) onset of
MS near puberty; (Il) GTCS and AS very often present. Dia-
gnostic criteria for eyelid myoclonic epilepsy (EMA) were:

(I) rhythmic and fast jerks of the eyelids; (11) AS occurring
with longer eyelid myoclonus; (111) GTCS may occur. Exclu-
sion criteria: (1) only genetic factors being recognised as
predisposing factors; (1) mental retardation, if present at the
onset of seizures; (Ill) patient not willing to participate in a
follow-up interview and no up-dated medical records avai-
lable.

Data collection: data were collected from the medical
records. We interviewed patients and, when possible, also
a relative, between November 1996 and February 1997. We
collected data on childhood development; family history of
seizure disorders; age at onset of seizures; age at diagnosis;
history of different seizure types including febrile seizure
(FS); anti-epileptic drug (AED) treatment, its efficacy and
duration; remission and relapse; long-term prognosis.
Definitions: remission, independent if on- or off-medica-
tion, was defined as a period of at least 2 years without sei-
zures. A seizure of any kind was considered as a relapse.
Patients who continued to have seizures despite serious
attempts to control them with AEDs and good compliance,
were considered to have intractable epilepsy. FS is defined
as recommended in the guidelines by International League
Against Epilepsy [3].

Results

Eighty-two patients with tentative IGE were identified. Ele-
ven had to be excluded: seven patients could not be loca-
ted or were not willing to participate and for whom no up-
dated medical record was available; four remaining patients
had myoclonic absence epilepsy (MAE), which is classified
as cryptogenic epilepsy [1]. Patients with MAE are not repor-
ted here.

Of the 71 patients, 54 were interviewed personally, 12 were
interviewed by telephone, and five had an updated medi-
cal record. Also, a relative of 24 patients was interviewed.
The mean follow-up was 14 years (range 2-53 years).
Seventy-five percent of patients with IGE were in remission.
The characteristics of these patients with CAE, JAE, JME and
EMA are summarised in table 1 and figure 2.

Childhood absence epilepsy

We identified 38 (53.5%) patients with CAE. They had been
followed for a mean period of 10.5 years (2-22 y). Fourteen
(37%) had a positive family history of epilepsy and/or FS. At
the time of diagnosis all patients were developing normally;
two of them had been born prematurely. Later, seven patients
(17.5%) were diagnosed with the following: dyslexia
(2 patients), visuospatial and visuoconstructive difficulties (1),
attention deficit hyperactivity disorder (1), emotional pro-
blems (1), mild dysphasia (1) and mild mental retardation (1).
Three of these seven had an individual learning programme
in a special school for children with normal and subnormal
intelligence. The children with dyslexia or emotional pro-
blems studied in regular schools.
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Table | — Clinical characteristics in each group — CAE, JAE, JME and EMA
Diagnosis CAE JAE JME EMA Total
No. of patients 38 18 13 2 71
Females (%) 76 45 85 100 70
Family history of epilepsy (%) 34 22 54 50 35
History of FS (%) 10.5 5.5 0 0 7
Family history of FS (%) 10.5 0 0 50 7
Duration of epilepsy, mean (range, yr) 10.5(2-22) 15(3-53) 17 (7-31) 10(7-13) 14 (2-53)
Age at investigation, mean (range, yr) 17.5 (8-30) 27 (14-62) 30 (18-45) 17 (14-20) 24.5 (8-62)
No. of patients with AS 38 18 11 2 69
Age at onset of AS, mean (range, yr) 5.5(0.5-8.5) 11(9-14) 11*(4-20) 5 (4-6) 9(0.5-20)
No. of patients with GTCS 6 7 13 1 27
Age at onset of GTCS, mean (range, yr) 11(6-18) 16(9-32) 16.5 (10-34) 10) 14.5 (6-34)
No. of patients with MS 1 0 13 P 16
Age at onset of MS, mean (range, yr) 6 0 19.5** (8-34) 5 (4-6) 12.5(4-34)
AS as the only seizure type (%) 81.5 61 0 0 59
Occurrence of AS and GTCS (%) 16 39 0 0 18.5
Occurrence of AS, GTCS and MS (%) 0 0 85 85 17
Occurrence of MS and AS (%) 2.5 0 0 0 3
Occurrence of MS and GTCS (%) 0 0 15 15 3
Occurrence of other seizures (%) 2.5 0 0 0 1.5
Remission*** (%) 89.5 78 38 0 74.5
Remission*** without AED (%) 68.5 22 0 0 42
Intractable patients (%) 2.5 16.5 62 100 20
In remission*** with ESM (%) 58 28 0 0 38
VPA (%) 18.5 39 38 0 27
Polytherapy (%) 10.5 11 0 0 8
Non-medicated patients (%) 2.5 0 0 0 1.4

* Data not available for four patients; ** data not available for three patients; *** in remission > 2 years; **** eyelid myoclonia.
CAE: childhood absence epilepsy; JAE : juveline absence epilepsy; JME : juveline myoclonic epilepsy; EMA: eyelid myoclonic absence epilepsy; FS: febrile seizure;
AS: absence seizure; MS : myoclonic seizure; GTCS : generalized tonic-clonic seizure; CPS: complex partial seizures; ESM: ethosuximide; VPA: valproate; AED : anti-

epileptic drug.

The mean age at onset of AS was 5.5 years (range 1-8.5 years)
(figure 1). The mean age at the time of diagnosis was
6.5 years. The maximum delay between onset of seizures
and diagnosis of epilepsy was six years. Four patients (10.5%)
had FS, all of which occurred before the age of six. Almost
all (95%) had frequent daily AS, one had AS every week and
one had three observed AS, which lasted several minutes.
One patient (2.5%) had MS as well. He not only experien-
ced frequent AS, but also myoclonic jerks in his upper extre-
mities, occasionally, for six months until he sought medical
advice and was treated. His older sister, who is also inclu-
ded in the study, had CAE with AS, and altogether four GTCS.
Six patients (16%) experienced GTCS (two had one, three
fewer than ten and one over ten GTCS). Five of them expe-
rienced GTCS when already on AED. Only in one patient
was GTCS the first manifestation of epilepsy. One patient
from a family with familial febrile seizures experienced a
prolonged, atypical FS at 8 months of age when she had
exanthema subitum, a viral infection caused by the human
Herpes virus 6. Later, at the age of three years, she had ano-
ther FS. She developed typical AS at four years of age, which

were successfully treated with ESM. At the age of nine, she
experienced her first complex partial seizure (CPS). She had
an allergic reaction when on CBZ but was later well control-
led with clonazepam (CZP).

ESM was the first AED for 33 (87%), and VPA was used as
the first drug for four (10.5%) patients. One patient was not
treated with AEDs, in accordance with his parents’ wishes.
After a 1.5 year follow-up, he did not have any AS and his
EEG was normal. Detailed information about medication
and response is shown in Figure 2. Twenty-two (58%) patients
had achieved remission with ESM monotherapy. Seven
patients (18.5%) were in remission with VPA monotherapy.
Combination therapy with VPA and clobazam (CLB) was
effective in two (5%), as was VPA and ESM also in two
patients (5%). The mean age at discontinuation of AED for
patients in remission was 12 years (range 7.5-22.5 years).
The mean duration of AED treatment was 5 years (range 2.3-
15.5 years). Medication had been discontinued in 32 (84%)
of the patients with CAE. One patient had a relapse with
GTCS six years later, but remission was achieved with phe-
nytoin (PHT). At the time of the study, 34 patients (89.5%)
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Figure 1. Age distribution of the onset of seizures in patients with CAE, JAE and JME.

Age at the onset of seizures is unknown in one patient with JME.

had been in remission for at least two years. An additional
three patients had been seizure-free with AED for less than
two years.

Only one patient was found to have intractable epilepsy
(2.5%). The onset of epilepsy had occurred at six years of
age and later a diagnosis of attention deficit hyperactivity
disorder was made. He suffered from AS and GTCS. He had
been followed for 22 years and had received mono- and
polytherapy with ESM, VPA, phenobarbital (PB) and PHT.

Eyelid myoclonia with absence epilepsy

Two female patients (2.8%) were diagnosed with eyelid myo-
clonia and absences (EMA). They were both initially mis-
diagnosed as having tics. The eyelid myoclonias and AS had
begun at the age of four in one and at the age of six in the
other. Both had normal development and they studied in
regular schools. One had a younger sister with CAE and other
family relatives with FS. The other is the only epileptic patient
in her family. ESM was the initial drug for one and VPA for
the other. Polytherapy with ESM and VPA, as well as VPA
and nitrazepam (NZP) was administered for both because
of continuous eyelid myoclonias and AS. Despite medica-
tion and good compliance they both continued to expe-
rience eyelid myoclonia and AS. One also had one GTCS
at the age of ten years. She continued on medication (VPA).
The other wanted to discontinue medication and continued
to experience eyelid myoclonia and occasional AS. She did

not have any GTCS. They had been followed for 7 and
13 years respectively at the time of the study.

Juvenile absence epilepsy

We identified 18 patients (25.5%) with JAE. They were fol-
lowed for a mean period of 15 years (3-53y). Four (22%) of
them had a family history of epilepsy. Only one patient had
had FS twice, during the second year. All had normal deve-
lopment when the diagnosis of epilepsy was made. One was
a twin and had been born prematurely. Later one patient
was transferred from a regular school to a special school for
children with normal and subnormal intelligence, because
of behavioural problems. The mean age at onset of epilepsy
was 11 years (range 9-14 years) (figure 1). Diagnosis was
made at a mean age of 12 years (range 9-17 years). Fourteen
patients (78%) had daily AS, two (11%) weekly and one
(5.5%) had had only three observed, prolonged AS before
the onset of treatment. This information was not available
for one patient. None reported MS. Only one had GTCS as
the first manifestation of epilepsy and even when on AED,
he continued to have GTCS. During AED treatment, six other
patients had GTCS (three patients 1-2 GTCS, two = 10 GTCS
and one > 15 GTCS).

ESM was the first AED in seven (39%), VPA in five (28%),
CBZ and PHT together in three (17%) patients. Detailed
medication history and response rates are given in Figure 2.
Five patients (28%) had achieved remission during ESM
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monotherapy and seven (39%) with VPA monotherapy. VPA
combined with ESM was efficient in one (5.5%). In one
patient, AS and GTCS were well controlled with a combi-
nation of VPA and CBZ. Additionally, one patient had been
seizure-free for almost two years on ESM monotherapy.

Medication had been slowly discontinued in 11 (61%)
patients, who had been seizure-free for more than two years.
The mean age at discontinuation of medication was
16.5 years (range 15-19.5 years). In these patients, the mean
duration of AED treatment was 4.7 years (range 3.8-8.3 years).
Three patients relapsed. One was again controlled with VPA;
one patient had AS, of which she was not aware, but AS were
observed during the follow-up interview; and one was trea-

ted with CBZ and still had approximately one GTCS every
year. At the follow-up, the majority of JAE patients (78%)
had been seizure-free for more than two years.

Three patients (16.5%) had intractable seizures. All intrac-
table patients reported GTCS (two > 10 GTCS) and rhyth-
mic random closing of the eyes, which was also described
in their medical records. They all had brief AS, but two of
the three also had prolonged AS. Rhythmic eyelid closing
or prolonged AS was not reported by patients in remission
or detected in their medical records. Intractable patients,
followed for a mean of 36 years (20-53 years), had received
mono- and polytherapy with VPA, ESM, PB, CBZ and PHT.
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Juvenile myoclonic epilepsy

We identified 13 patients (18.5%) with JME. They were fol-
lowed for a mean of 17 years (7-31y). Over half of these
patients (54%) had a positive family history of epilepsy. None
had a personal or family history of FS. One had her first sei-
zure, GTCS, during a fever at the age of 10 years. Two patients
had learning and attention difficulties, but had attended
regular schools. The mean age at onset of seizures was
11 years (figure 1) and, of diagnosis, 13 years. The maxi-
mum delay between onset of seizures and diagnosis was
eight years. Seven patients (54%) had < 10 GTCS. The remai-
ning six patients who had = 10 GTCS were difficult to treat.
On the other hand, two patients with only one GTCS were
also intractable. They had frequent AS and MS.

For eight patients (61.5%), VPA was the initial drug. Two
patients (15%) had been initially treated with ESM since the
age of 4.3 and 10.8 years. They both had only AS at that time.
The first one was initially diagnosed as having CAE. From
the age of 11 she had MS and from the age of 13 she also
had GTCS. Two patients (15%) had been initially treated
with CBZ. One patient (7.5%) was initially treated with phe-
nobarbital (PB). Later, all patients had been treated with VPA
monotherapy or with VPA in combination with other AEDs
(figure 2). One patient had to discontinue VPA because of
elevated transaminases. Medication was slowly disconti-
nued in three patients, resulting in relapse. Of the three
patients, two became seizure-free again following VPA mono-
therapy. The third patient decided to stay off medication and
had occasional MS after awakening. At the follow-up, 38%
of the JME patients had been in remission for at least two
years with VPA monotherapy.

Sixty-two percent of patients were intractable. They had been
followed for a mean period of 20 years (11-31 years). Poly-
therapy had been used for seven of eight intractable patients.
Combinations of VPA and ESM, PHT, PB, CBZ or CZP did
not increase the number of seizure-free patients. The seve-
rity of their seizures varied from occasional MS and GTCS
to frequent AS and MS.

Discussion

We assembled our study population by reviewing nearly
20000 EEG reports obtained between 1983 and 1992.
Almost all EEG recordings in this region are performed in
TaUH. During this period, about 1 000 EEGs, mainly on
adults, had been recorded in a private EEG laboratory. In
Finland, all newly diagnosed children with epilepsy are refer-
red to the paediatric department or to the paediatric neuro-
logy unit. We may therefore assume that all diagnosed pae-
diatric and nearly all adult patients from this area were
included. Due to the subtle nature of AS and MS, it is pos-
sible that there exist undiagnosed individuals who have not
been bothered by these symptoms and have not sought medi-
cal advice.

We identified 82 patients with tentative IGE and 75 of them

could be evaluated. Four patients had MAE, which belongs
to the group of cryptogenic epilepsies. Of the remaining
71 patients, 53.5% had CAE, 25.5% had JAE, 18.5% had
JME and 2.8% had EMA. We did not diagnose any patient
with GTCS on awakening, although, four patients reported
that awakening (data not shown) also precipitated GTCS.
These four patients had AS and two had also MS, which were
the most frequent types of seizure. They were diagnosed as
having JAE (2 patients) and JME (2 patients). The usefulness
of GTCS on awakening as a specific syndromic entity has
been discussed [4, 5].

According to a prospective Finnish study, with 30 years of
follow-up, the majority of patients with onset of epilepsy in
childhood have a very favourable, long-term prognosis [6].
In that study, the remission rate was 92% in patients with
idiopathic epilepsy. Patients were not subclassified, and for
example, benign partial epilepsy with centro-temporal spikes
with almost a 100% remission rate has a positive impact on
the total outcome [7]. In our study, the remission rate, whe-
ther on- or off-medication, was 89.5% in CAE and 78% in
JAE, followed for mean 10.5 years (2-22y) and 15 years
(3-53y) respectively. A similar 91% seizure-freedom after
3.5 years follow-up was reported among patients who had
only AS [8]. Wirrel et al. [9] report that 70% of patients dia-
gnosed with absence epilepsies (CAE and JAE) were seizure-
free > 1 year with or without medication after a median
14 years’ follow-up. Based on the same study population
and retrospective method, the group reports that 65% of CAE
patients were in remission without AED after a mean 14 years’
follow-up [10]. Our result of 68.5%, after 10.5 years’ fol-
low-up, compares well. Seizures in JME patients are more
difficult to treat. Our remission rate obtained with conven-
tional AED treatment was 38%, which is very similar to that
reported in Kleveland and Engelsen’s study [11]. They report
that 41% of JME patients had been seizure-free for more than
one year. Others report a 50% remission after 1-9 years’ fol-
low-up when conventional AED therapy was used [12].
Refractory seizures in patients with idiopathic epilepsy are
arecognised problem [10, 13-16]. The occurrence of many
seizures before initiation of therapy or an inadequate res-
ponse to initial treatment with AED, predicted intractability
in a prospective study by Kwan and Brodie [16]. A retros-
pective study focusing on children with absence epilepsy
shows that a failure with the first AED predicts the risk of
progress toward JME and intractable epilepsy [9]. We had
one patient with onset AS at four years of age. She failed on
the first medication, ESM, which is a drug of choice for AS
in young children. Later she also failed on VPA. Near to
puberty, she developed MS and GTCS. In our study, risk for
intractability was a greater, especially if the first medication
had been PHT, CBZ or PB. Only 5 out of 10 patients who
had received PHT, CBZ or PB as a first medication achieved
remission later (figure 2). They were all later treated with
VPA, which is the drug of choice for JME and JAE. All respon-
ders with JME in our study received VPA monotherapy.
Intractability among 26% of the patients with IGE has been
reported [16]. Twenty percent of our IGE patients had intrac-
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table seizures. We noticed that patients with different IGE
syndromes seemed to have variable risks of developing
intractable seizures. 2.5, 16.5 and 62% of patients with CAE,
JAE and JME respectively had intractable epilepsy. Seven of
the 11 intractable JAE and JME patients had been diagnosed
with epilepsy between 1961 and 1975. The first medication
in these patients was not VPA, as this has only been avai-
lable in Finland since 1973. The knowledge of JME and its
optimal treatment increased during the early 1980’s [17].
All CAE patients were initially treated with either ESM or
VPA. In the JAE group, 39% of the patients had received CBZ
or PHT as the first drug. This might reflect that in older chil-
dren AS were mixed with absence seizures originating from
the temporal lobe. There are two other possible explana-
tions for intractability other than non-optimal treatment.
Non-compliance is a known reason [18]. The drug concen-
trations had been monitored in all patients, but unfortuna-
tely this data was not collected systematically for this sur-
vey. Genetic differences which affect the bioavailability of
AEDs are a recently identified reason for intractability [19,
20].

None of the refractory CAE, JAE, JME or EMA patients had
received lamotrigine (LTC). It has been reported to reduce
or completely control seizures in IGE syndromes [21-23].
Since LTG has only been available in Finland since Novem-
ber 1995, this study population had not been treated with
LTG. Polytherapy was required in 10.5 and 11% of patients
with CAE and JAE, respectively, to achieve cessation of sei-
zures, but none of the patients with JME reached freedom
from seizures with polytherapy. The limited efficacy of poly-
therapy in epilepsy in general, has recently been discussed
[16].

All intractable JAE patients had GTCS and rhythmic random
eyelid closing. This phenomenon was clinically different
from the eyelid myoclonus in EMA patients [24]. Unfortu-
nately, no EMGs had been performed on these patients. In
CAE patients, myoclonic manifestations were not associa-
ted with intractability (25].

We tried to use the frequency of AS as one criterion for dis-
tinguishing between CAE and JAE patients. Information was
available in the medical records about the frequency of AS
on a scale such as: “frequent/many, or some AS daily or AS
seen almost every day or they are seen weekly”. Most CAE
patients (95%) had frequent daily AS and most JAE patients
(78%) had daily AS before the treatment. Other investiga-
tors have also reported daily AS in adolescent [26] and adult
[27] patients with JAE. We followed the example of Loiseau
et al. [28] who considered the age of nine years as the cri-
terion for dividing subjects between CAE and JAE. Two sepa-
rate peaks of the onset of epilepsy in CAE and JAE were evi-
dent in our study (figure 1), as shown also by Olsson [29]
and Janz [30].

Over half (54%) of the patients with JME had a positive family
history of epilepsy, which was less frequent in the families
of the patients with CAE and JAE. Earlier studies report
variable (25-65.9 %) rates of positive family history [31-33].
We found that 10.5% of patients with CAE, as compared to

Follow-up of childhood epilepsies

5 and 0% of patients with JAE and JME, had a personal his-
tory of FS. A positive family history of FS was reported in
10.5% of patients with CAE and in none of the families of
patients with JAE or JME. Our finding is in agreement with
that of Rocca et al. [34], who showed that FS is a risk factor
for AS. FS was thought to represent an early manifestation
of a convulsive diathesis or a manifestation of pre-existing
brain dysfunction. Scheffer and Berkovic [35], who descri-
bed the syndrome of generalised epilepsy with febrile sei-
zures plus (GEFS+), have confirmed the first hypothesis
through genetic studies. Gene mutations causing GEFS+ and
CAE with FS have been identified in chromosomes 19, 2 and
5 [36-38]. We identified six (8%) patients with FS followed
later by AS. Two of them also had family members, who had
experienced FS. Two other families were identified where
the proband had CAE and three to eight first-to-third degree
relatives had experienced FS or generalised seizures. The
phenotype in these families was less severe than the phe-
notype in Australian GEFS+ families [35]. The genetic ori-
gin of idiopathic epilepsy and FS in two of these four fami-
lies was confirmed by linkage analysis on chromosome 5
[39].

Because of its retrospective nature, our study has limitations,
firstly, in data collection. Medical records contain informa-
tion about the diagnosing process, treatment and follow-up,
but this documentation is not primarily aimed at scientific
research and it does not necessarily contain the details resear-
chers would wish to find after several years. For example,
information about the frequency of AS or seizure-provoca-
tive factors was, in many cases, insufficient. Secondly, we
reviewed almost 20 000 EEG reports and the patients were
identified according to these reports. We did not review the
original EEG recordings. It is possible that a detailed analy-
sis of EEG might have provided information that could have
modified the diagnosis in some patients. Despite the limi-
tations described above, we believe that the data collection
is comparable to other studies performed earlier [8-10, 15,
29]. We interviewed most of the patients personally and one
relative of one third of the patients. We obtained accurate
information about the outcome, and the long-term follow-
up allowed us to collect prevalence data of epilepsy in other
family members. [J
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Summary

Purpose: To characterize the clinical features and molecular genetic background in a family with
various epilepsy phenotypes including febrile seizures, childhood absence epilepsy, and possible
temporal lobe epilepsy.

Methods: Clinical data were collected. DNA and RNA were extracted from peripheral blood.
A genome-wide microsatellite marker scan was performed and regions with a multipoint loca-
tion score >1.5 were fine mapped. Functional candidate genes identified from databases and
by comparing gene expression profiles of genes between affected and unaffected individuals
were sequenced. Copy number variation was evaluated with array-based comparative genomic
hybridization.

Results: The seizure phenotype was benign. Inheritance was consistent with an autosomal dom-
inant model and reduced penetrance. The highest two-point LOD score of 2.8 was identified at
marker D1751606 in a 37 cM interval on chromosome 17q12-q24. Loci on 5q11.2 and on 18p11-
q11, showed LOD scores >1.5 after fine mapping. Sequencing of nine ion-channel genes and
two (RPIP8 and SLC25A39) differentially expressed genes from 17q12-q24, as well as IMPAZ from
18p11-q11 did not reveal a pathogenic alteration. No clinically relevant copy number variation
was identified.

Conclusions: Our findings suggest complex inheritance of seizure susceptibility in the family with
contribution from three loci, including a possible new locus on chromosome 17q. The underlying

molecular defects remain unknown.
© 2009 Elsevier B.V. All rights reserved.

Introduction

Childhood absence epilepsy (CAE) is a classical subtype of
idiopathic generalized epilepsy (IGE), and febrile seizures
(FS) is a common seizure type in relatives of CAE probands
(Italian League Against Epilepsy Genetic Collaborative
Group, 1993). While both CAE and FS have a polygenic basis
in most patients (Andermann and Metrakos, 1972; Doose et
al., 1983) mutations of major effect have been reported.
Mutations in GABRG2, GABRB3, CLCN2 and CACNATH have
been described in rare families with CAE and FS or other
generalized epilepsy phenotypes (Wallace et al., 2001;
Kananura et al., 2002; Marini et al., 2003; Haug et al.,
2003; Chen et al., 2003; Heron et al., 2007; Tanaka et al.,
2008). De novo mutations in JRK/JH8 and GABRA1 have
been reported in two patients with CAE (Moore et al., 2001;
Maljevic et al., 2006).

Currently, ten loci for familial FS are known (Wallace
et al., 2001; Nakayama and Arinami, 2006; Hedera et al.,
2006; Nabbout et al., 2007; Dai et al., 2008). Heterozy-
gous mutations in the SCN1A and GABRG2 genes have been
identified in two families with phenotypes varying from sim-
ple to complex FS (Mantegazza et al., 2005; Audenaert et
al., 2006). The generalized epilepsy febrile seizure plus syn-
drome (GEFS+) is the first epilepsy syndrome connected to
these same genes (Helbig et al., 2008a). Recently, mutations
in the human seizure-related 6 gene, SEZ-6, were reported
in patients with complex FS (Yu et al., 2007).

In this paper we describe the clinical and genetic fea-
tures in a Finnish family in which the proband was diagnosed
with CAE. Four other family members had FS. Additionally
two family members experienced episodes resembling aura
originating from temporal lobe. We present data suggesting
a novel locus for seizures on 17q12-q24, the underlying
mutation remaining unknown. Our data support the exis-

tence of the previously implied modifier locus for seizures
on 18p11-q11 and another on 5q11.2.

Methods

Family ascertainment and diagnostic classification

A non-consanguineous Finnish family (Fig. 1) was identified through
a proband with CAE ascertained in an earlier study (Sirén et
al., 2002). We interviewed the patients and their family mem-
bers, collected clinical information and EEG reports from patient
records and performed sleep deprivation EEG on nine individuals.
In order to evaluate the long-term outcome a follow-up telephone
interview was performed 10y after initial data collection. Indi-
viduals with suspected focal seizures were interviewed by using a
seizure questionnaire (Reutens et al., 1992). Unaffected spouses
were interviewed in order to identify possible bilinear inheri-
tance and gather eye witnesses’ descriptions of suspected focal
seizures.

Epileptic seizures and syndromes were classified according to
the International League Against Epilepsy criteria (Commission on
Classification and Terminology of the International League Against
Epilepsy, 1981; Commission on Classification and Terminology of
the International League Against Epilepsy, 1989). Individuals were
considered affected in linkage calculation Scheme 1, if they had
a diagnosis of epilepsy, if they had a medical record of FS or if
at least one close relative confirmed that they had an episode
compatible with FS. In linkage calculation Scheme 2 family mem-
bers who described episodes compatible with aura originating from
temporal lobe were also considered affected. A written informed
consent was obtained from 25 family members, nine of whom
were affected. Venous blood samples were collected from 25
individuals to extract DNA and/or RNA. The Ethics Committee
of Tampere University Hospital, Tampere, Finland and the Ethics
Committee of the Hospital for Children and Adolescents, Helsinki
University Central Hospital, Helsinki, Finland approved the study
protocol.
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Figure 1  Haplotype reconstruction on chromosome 17q12-q24. Haplotypes for alleles at 22 microsatellite markers are shown
under each individual. The disease-associated haplotype is boxed. Recombinations between D1751818 and D1751814 in individual
10 and between D175840 and D175515 in individual 8 define the minimum critical region. Symbols with a black corner correspond
to affected and white symbols to unaffected individuals. The seizure types are indicated on the figure. A question mark (?) inside
the individual’s symbol denotes an unknown affectedness status. The proband is marked with an arrow. The black bar inside the
marker map defines the area with the location score of 2.7.

Genotyping dard conditions using Red Hot® DNA polymerase (ABgene, Epsom,

UK). Gel electrophoresis and genotype analysis were done with
A genome-wide scan (GWS) was performed on 19 individuals a dual laser automated fluorescent DNA sequencer (LI-COR 4200)
using 366 autosomal polymorphic DNA markers from Weber set 9 and fragment analysis with Gene ImagIR 4.03 (LI-COR Inc., Lin-

(Research Genetics Inc., Hunstville, AL, USA) amplified in stan- coln, NE, USA). Regions with a multipoint location score >1.5
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were fine-mapped using markers from www.ncbi.nlm.nih.gov/
projects/genome/guide/human with AmpliTaq Gold (PerkinElmer
Inc., Waltham, MA, USA) reagents, an automated DNA sequencer
(ABI 3730xl DNA Analyzer) and Genemapper 4.0 genotyping software
(Applied Biosystems, Foster City, CA, USA).

Linkage analysis

Multipoint location scores after GWS were calculated with SimWalk2
version 2.91 (Sobel and Lange, 1996). The heterogeneous seizure
phenotype was analyzed as an autosomal dominant trait with incom-
plete disease penetrance of 70%, estimated based on the observed
inheritance in the family. The phenocopy rate was defined as 3%,
since the frequency of FS in general population ranges from 2 to 5%.
The disease gene frequency was set at 0.001. The recombination
fraction was considered to be equal in males and females. Allele
frequencies were extracted from the family data. Two-point LOD
scores were calculated with program ANALYZE (Hiekkalinna et al.,
2005) for fine-mapped loci with a multipoint location score >1.5.
Family members 1, 2 and 5 (Fig. 1) were considered unknown in
linkage calculations because no definitive clinical data were avail-
able. The expected maximum two-point LOD score in the family,
calculated for the same model parameters using a simulation pro-
gram for linkage analysis (SLINK; Ott, 1989) was 3.0 (calculation
Scheme 1) and 3.2 (Scheme 2) for multiallelic markers. Haplotypes
were constructed by Simwalk2.

Mutation screening

Nine genes (Table 1) encoding brain-expressed ion-channel pro-
teins were sequenced from the 17q12-q24 region. In addition, RPIP8
and SLC25A39, identified as candidates from the microarray-based
expression analysis (see Section ‘‘mRNA expression profiling’’)
and residing on 17q12-q24 and IMPA2 from 18p11-q11 were
sequenced. For sequencing at least two patients and one unre-
lated Finnish control were used. Alterations identified only in
patient samples were analyzed in all family members. All fam-
ily members were also screened for the triplet repeat variation
near the transcription start point of the carbonic anhydrase X
(CA10) gene, expansion of which has previously been implied
as a candidate for neurological disorders (Kleiderlein et al.,
1998).

Exons and exon—intron boundaries were sequenced from
genomic DNA extracted with standard methods. Exon—intron struc-
tures were determined from the ENSEMBL database (http://www.
ensembl.org/index.html) and primers were designed using Exon-
Primer (http://ihg.gsf.de/ihg/ExonPrimer.html) and Primer3
(http://frodo.wi.mit.edu/cgi-bin/primer3/primer3_www.cgi)
programs. Primer sequences are available upon request. PCR
was performed in standard conditions using AmpliTag Gold
(PerkinElmer, Waltham, MA, USA) reagents. PCR products were
purified and sequenced using ExoSAP-IT (USB, Cleveland, OH,
USA), BigDye® Terminator v3.1 Cycle Sequencing Kit and an ABI
3730xL DNA Analyzer (Applied Biosystems, Foster City, CA, USA).
Sequences were analyzed with Sequencher program (Gene Codes,
Ann Arbor, MI, USA). Identified variants were compared to SNP
database (http://www.ncbi.nlm.nih.gov/SNP/) using SNP BLAST.
The effect of coding SNPs was predicted by SNPs3D software
(www.snps3d.org). The effect of intronic SNPs was predicted with
ESEfinder (http://rulai.cshl.edu/cgi-bin/tools/ESE3/esefinder.cgi).

Array-based comparative genomic hybridization

Array-based comparative genomic hybridization was performed in
patient 8 (Fig. 1) by GeneDx inc. using GenomeDx microarray v3.0
containing ~105 000 oligonucleotide probes.

mRNA expression profiling

Microarray-based mRNA expression profiling was performed in three
affected (10, 12, and 14) and three unaffected (23, 24, and 25) age-
and gender-matched family members in order to identify differently
expressed genes in the chromosome 17q12-q24 region. Total RNA
was extracted from whole blood with PAXgene Blood RNA Kit (Qia-
gen Finland, Helsinki, Finland). The microarray experiments were
performed as described earlier (Laaksonen et al., 2006) by using
Sentrix® Human-6 Expression BeadChips (lllumina, San Diego, CA,
USA). The gene expression microarray data were analyzed using R
[1] and bioconductor softwares (Gentleman et al., 2004). After qual-
ity inspections the data were quantile normalized. The statistical
analyses were carried out using Limma package (Smyth, 2004). The
differentially expressed genes in each comparison were selected
requiring |log2 fold-change| >0.5 (fold-change 1.41) and p-value
<0.05.

Results

Phenotypes

The proband (individual 12, Fig. 1) had CAE with typical
absence seizures and bilateral, generalized 3 Hz spike and
wave discharges in her EEG. Three patients (10, 11, and
14) experienced simple FS only and two patients (8 and 15)
complex FS (Table 2).

Two individuals (4 and 6) spontaneously described having
experienced episodes of déja vu (4) and increased sensi-
tivity to sensation and hearing (6). In individual 4, déja vu
symptoms started without warning and disappeared after a
brief duration. She experienced a feeling of familiarity: *‘I
have seen this before. | have experienced this before. | know
what will happen next. | have been here before although |
visit this place first time in my life.”’

In individual 6, the sensory episodes tended to appear
when he was relaxing. They always consisted of a strange
taste in his mouth and he had an odd feeling in his tongue.
He felt and heard his heart beating strongly. He heard the
noise of circulation and the wall clock ticking loudly. The
sensations were more acute throughout his body. The whole
event normally lasted 2—3 min, but could occasionally last
longer. In both individuals (4 and 6) the episodes occurred
since the early teens repeatedly once in one to two months.
In adulthood the episodes became more infrequent occur-
ring once or twice a year. Later, the episodes appeared very
rarely. No eye witness reports were available.

Individual 2 reported of an unwitnessed episode of uncon-
sciousness at the age of 22y. Furthermore, his spouse
described of repeated episodes of unresponsiveness, pale-
ness and nausea after his thirties. The duration and
frequency remained unclear. Individual 2 did not recall these
episodes. We considered individual 2 unknown for linkage
analysis because the data were indeterminate.

None of the spouses had a history of seizures. Sleep
deprivation EEGs performed on nine individuals were normal
(Table 2).

Linkage analysis

The seizure phenotype in the family showed a domi-
nant inheritance pattern with reduced penetrance. In the
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Table 1 Sequenced candidate genes on 17q12-q24 and 18p11-18q11.

Symbol Chromosome  Protein name Expression and function OMIM®  Accession®

CACNBT1 17 Calcium channel, voltage dependent, beta 1 subunit Brain and skeletal muscle isoforms. Able to regulate 114207 NM_000723.3
CACNA1A function. NM_199247.1

KCNH4 17 Potassium voltage gated channel, subfamily H Expressed only in brain. May be involved in cellular 604528 NM_012285.1

(eag-related), member 4 excitability of neurons in the human central nervous
system.

CACNA1G 17 Calcium channel, voltage dependent, alfa 1G subunit Expressed dominantly in brain. Modulates generation of 604065 NM_018896.3
GABA-B-receptor mediated spike and wave discharges in NM_198376.1
the thalamocortical pathway. NM_938406.1

KCNH6 17 Potassium voltage gated channel, subfamily H Expressed in the brain. May differentially control the 608168 NM_030779.2

(eag-related), member 6 firing of neurons engaged in several networks. NM_173092.1

CACNG5 17 Calcium channel, voltage dependent, gamma 5 subunit Expression in adult and fetal brain. May regulate 606405 NM_014404.1
function of other voltage dependent calcium channels. NM_145811.1

CACNGH4 17 Calcium channel, voltage dependent, gamma 4 subunit Expressed in brain. Mice with mutations in Cacng4 have 606404 NM_014405.2
increased seizure activity.

CACNGT1 17 Calcium channel, voltage dependent, gamma 1 subunit Expressed in fetal and adult brain. Integral membrane 114209 NM_000727.2
protein.

KCNJ16 17 Potassium inwardly rectifying channel, subfamily J, Expressed in brain. Forms a functional brain potassium 605722 NM_018658.1

member 16 channel by interacting with PSD95. Controls negatively
KCNJ2 channel activity.

KCNJ2 17 Potassium inwardly rectifying channel, subfamily J, Expressed in brain. Forms a functional brain potassium 600681 NM_000891.2

member 2 channel.

RPIP8 17 Rap2-interacting protein Expressed in brain. Interacting with RAP2A which is 605448 NM_006695.3
expressed in excitatory synapses.

SLC25A39 17 Solute carrier family 25, member 39 Mitochondrial carrier protein. 610820 NM_016016
Brain-expressed SLC25 members are important for
neurons in energy production and neuronal signaling.

No studies of tissue expression on member 39.
IMPA2 18 Myo-inositol monophosphatase-2 Expressed in brain. Possible SNP association with febrile 605922 NM_014214.1

seizures.

a8 OMIM, Online Medelian Inheritance in Man, www.ncbi.nlm.nih.gov/sites/entrez?db=0MIM.

b-Accession, a unique identifier given to a DNA sequence, www.ncbi.nlm.nih.gov/sites/entrez?db=Nucleotide.
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Table 2 Summary of clinical characteristics and EEG findings of family members.

Subject  Age/gender  Febrile seizures Epilepsy phenotyping Epilepsy
syndrome
No.  Onset/end Duration/min  Onset Ictal phenomenology/duration Seizure frequency EEG
1 76/f ND ND ND
2 74/m ND ~40y Unresponsive, motionless, ND ND Undefined
staring and pale/ND
3 68/f 0 = ND
4 51/f 0 Teenage  Déja vu/1/2min Several times Normal Possible
yearly until ~25y, benign TLE
since then twice a
year
5 49/m ND Normal
6 45/m 0 Teenage  Strange taste, increased Once in a month Normal Possible
sensation in his tongue, until mid twenties, benign TLE
auditory and haptical sense, later once a year
feeling of time passing
fast/1—2 min
7 45/f 0 — ND
8 37/m 1 10 mo >30 — Normal Complex FS
9 39/f 0 = Normal
10 4/f 1 18 mo <1 — ND Simple FS
11 18/m 1 16 mo <1 = ND Simple FS
12 17/f 0 8y Impairment of consciousness Daily frequent 3 Hz generalized CAE
spike-wave
discharges
Arrest of ongoing
activity/<10s
13 13/m 0 = Normal
14 9/f 3 7mo/2y9mo  5-10 — Normal Simple FS
15 7/m 3 6mo/1y 2 to >30 — Normal Simple and
complex FS
16 5/m 0 Normal
18 68/f 0 — ND
19 61/m 0 — ND
21 43/f 0 — ND

ND, no data; CAE, childhood absence epilepsy; TLE, temporal lobe epilepsy. Unaffected family members 23, 24 and 25 whose samples were used for mRNA expression profiling are not
included in the table.
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Table 3 Maximum two-point LOD score values in paramet-
ric linkage analysis of the 17q12-q24 region.

Name LOD score Theta?
D1751294 0.565712 0.16
D1751293 0.591205 0.16
D1751818 1.136636 0.06
D1751814 1.955671 0.00
D1751299 2.715296 0.00
D175932 1.778566 0.00
D1752180 1.955454 0.00
D1751820 2.347145 0.00
D175941 1.016423 0.00
D175809 0.713112 0.00
D175790 2.715035 0.00
D1751607 2.715122 0.00
D1751606 2.835552 0.00
D1751290 1.695442 0.00
D1751604 1.684498 0.00
D1751838 1.190358 0.00
D1751811 0.172502 0.00
D175794 0.849437 0.00
D1752193 1.833418 0.00
D1751786 1.966268 0.00
D175840 0.974817 0.00
D175515 0.609315 0.16
D1751352 0.821902 0.12
D1751301 0.597676 0.14

2 Theta, recombination fraction.

GWS, with linkage calculation Scheme 1, multipoint loca-
tion scores >1.5 were obtained on 5p13.1-q13, 17q12-q24,
18p11-q11 and 18g21. With linkage calculation Scheme 2
the loci on chromosomes 17q12-q24, 18p11-gq11 and 18q21

reached a location score of >1.5. After fine mapping all four
loci by genotyping 4—16 additional markers the chromosome
18q21 was excluded.

In the GWS, the highest multipoint location scores of
2.5 and 2.7 were obtained between markers D1751299
and D1752193 with calculation Schemes 1 and 2, respec-
tively. Fine mapping with 16 microsatellite markers defined
an approximately 37 cM (~34Mb) region by recombinations
between markers D1751818 and D1751814 in patient 10
and between markers D175840 and D175515 in patient 8
(Figs. 1 and 2). The highest two-point LOD scores were 2.6
and 2.8 at marker D1751606 (at recombination fraction,
theta 0.0) with Schemes 1 and 2, respectively (Table 3). All
affected individuals carry the disease haplotype. Individuals
1 and 2 who were obligate carriers, but who were considered
unknown in linkage analysis, and one unaffected individual
(16), are carrying the disease haplotype.

In the GWS, a multipoint location score of 1.7 with calcu-
lation Scheme 1 was obtained on chromosome 5p13.1-q13.
After fine mapping with twelve markers the region of inter-
est was 4cM (~2.5Mb) defined by recombinations between
D5S623 and D5S628 in patient 14 and between markers
D552076 and D5S664 in patient 10 (Supplemental data:
Fig. S1). The haplotype analysis revealed that all affected
individuals, three labeled unknown (1, 2, and 5) and one
unaffected individual (21) carried the disease-associated
haplotype (Fig. 2). The highest two-point LOD scores were
2.0 and 2.1 at two markers D55628 and D552076 at theta 0.0
with calculation Schemes 1 and 2, respectively (data not
shown).

The region on chromosome 18p11-q11 showed location
scores of >1.5 in the GWS and after fine mapping with
ten markers. The region of interest on was 24cM (~14Mb)
defined by recombinations between D185843 and D185464
in patients 11 and 12 and between markers D1851149 and
D18S877 in patient 10 (Supplemental data: Fig. S2). The hap-

O Febrile
selzures

E B .
|

Cob ho o

E B B

G Possible
benign TLE

O CAE

Figure 2

Combined haplotype analysis of the three loci with positive linkage evidence. The disease-associated haplotypes (Fig. 1

and supplemental data figures S1 and S2) are shown as colored boxes under each individual. The chromosome 17q12-q24 haplotype
is yellow, the chromosome 5q11.2 haplotype is red and the chromosome 18p11-q11 haplotype is blue. (For interpretation of the
references to color in this figure legend, the reader is referred to the web version of the article.)
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lotype analysis revealed that all affected individuals, three
labeled unknown (1, 2, and 5) and four unaffected indi-
viduals (16, 18, 19, and 21) carried the disease-associated
haplotype (Fig. 2). The highest two-point LOD scores calcu-
lated with Schemes 1 and 2 were 1.3 and 1.5 for D1851153
at theta 0.0 (data not shown).

Mutation screening

Nine ion-channel genes expressed in the brain were
sequenced from the chromosome 17q12-q24 region
(Table 1). In addition, we selected two genes, RPIP8 and
SLC25A39 from six significantly up- or down-regulated genes
identified with microarray-based gene expression profiling
for sequence analysis from the same region. The choice
of the genes was based on known gene characteristics
(Table 4).

All 126 coding exons of the selected 11 genes on
were sequenced. We detected 53 polymorphic vari-
ants (Supplemental data Table S1). Of these, 43
matched sequences in the reference SNP database
(http://www.ncbi.nlm.nih.gov/SNP/). Five variants were

identified only in the control sample sequenced. Five
variants were identified only in the patient samples
screened and therefore the whole family was ana-
lyzed for the presence of the alteration by sequencing.
None of the variants were confirmed to be disease-
associated.

The size of the triplet repeat region in CA10 was found
to be 127bp in all family members, corresponding to the
reported normal variation (127—133bp) (Kleiderlein et al.,
1998).

Three SNPs were detected in the IMPA2 gene on the
18p11-q11 locus. One SNP co-segregated with the disease-
associated haplotype, but was also found in unaffected
family members and spouses.

Array-based comparative genomic hybridization

In array-based comparative genomic hybridization no clini-
cally relevant copy number variations were identified in the
genome and no abnormalities in the four regions of interest
(average probe resolution in the analysis 37 kb).

Table 4 Differently expressed genes on the chromosome 17q12-q24 region with >1.41 fold-change and p-value <0.05.

Symbol Protein name

Expression and function

OMIM2/GENEID®  Accession® Fold change p-Value

MKS1 Meckel syndrome, type 1 Expressed in brain.

6098832 NM_017777.1 2.7 0.017

Has a role in ciliogenesis
and basal body function.

RPIP8

6054482 NM_006695.3 —2.7 0.004

SLC25A39

PHOSPHO1

MMD

HOXB2

RAP2-interacting protein 8

Solute carrier family 25,
member 39

Phosphatase, orphan 1

Monocyte to macrophage
differentiation associated
protein

Homeobox-B2

Expressed in brain.
Interacting with RAP2A
which is expressed in
excitatory synapses.
Mitochondrial carrier
protein.

Brain-expressed SLC25A
members are important for
neurons in energy
production and neuronal
signaling.

No studies of tissue
expression on member 39.
High expression in
mineralizing cells, initiates
matrix mineralization. No
studies of expression in
brain.

Participates in monocyte
to macrophage
differentiation.

No studies of expression in
brain.

Expressed during hindbrain
development, participates
in normal migration of
pontine neurons

6108202
(Haitina et al.,
2006)

162466°

6044672

1429677
(Geisen et al.,
2008)

NM_016016.1 —2.0

NM_-178500.2 —1.7

-1.5

NM_012329.2

NM_002145.2

0.003

0.011

0.049

0.012

@ OMIM, Online Medelian Inheritance in Man (www.ncbi.nlm.nih.gov/sites/entrez?db=0MIM).

b GENEID, the GenelD number (www.ncbi.nlm.nih.gov/sites/entrez?Db=gene) A literature reference is given in parenthesis, when data
on expression and function was not obtained solely from OMIM or GENEID databases.
¢ Accession, a unique identifier given to a DNA sequence (www.ncbi.nlm.nih.gov/sites/entrez?db=Nucleotide).
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Discussion

We describe a family with heterogeneous phenotypes includ-
ing FS, CAE, and possible TLE, where linkage analysis
suggests the presence of an underlying gene on chromosome
17q12-q24 with two possible modifier loci on chromosomes
5 and 18.

The affected members of the family presented a benign
epilepsy phenotype. Most of the affected individuals had
FS, while one family member only had CAE. Two individuals
(4 and 6) had phenotypes which can be normal physiologi-
cal phenomena or manifestations of benign temporal lobe
epilepsy (TLE). We considered their symptoms compatible
but not diagnostic to focal seizures originating from tempo-
ral lobe in calculation Scheme 1, but diagnostic in Scheme
2. Patients with focal seizures only have been described
in families with the majority of patients having IGE or FS
and in the GEFS+ families (Abou-Khalil et al., 2001; Marini
et al., 2004). In benign familial TLE, simple focal seizures
can consist of psychic (e.g., déja vu), special sensory (e.g.,
somatosensory, gustatory, auditory and visual) or autonomic
symptoms. Among family members with benign familial TLE,
mild symptoms were often ignored and regarded as normal
phenomena (Berkovic et al., 1996).

The GWS results in the family suggested the presence of
a novel susceptibility locus on chromosome 17q12-q24. The
obtained two-point LOD score of 2.8 is near the maximum
achievable in this family.

Even after refined mapping, the region of interest
remained large and contains over 500 genes. Among these,
we chose for sequencing the nine ion-channel encoding
genes, which are expressed in the brain. Although a sig-
nificant number of sequence alterations were identified in
these genes none of them fulfilled the criteria for a possible
causative mutation. It remains possible that such an alter-
ation exists in a gene region that was not covered by our
mutation screening strategy, or in one of the other genes
which were not tested.

As the identified locus on chromosome 17 contained a
high number of genes, we performed mRNA expression pro-
filing in order to illuminate additional potential candidate
genes for further sequence analysis. Whole blood represents
an alternative tissue for neurogenetic research given the
non-accessibility of patient brain tissue for gene expres-
sion analysis. Correlation of gene expression in blood and
certain brain regions has previously been shown for sev-
eral genes expressed in both tissues (Sullivan et al., 2006).
Based on the array results and in silico analyses we selected
brain-expressed genes RPIP8 and SLC25A39 for sequenc-
ing. However, no disease-associated variant was identified.
Of the four remaining genes that showed altered expres-
sion in patients, two were not obvious candidates for FS
and epilepsy as they are expressed either in mineralizing
cells (PHOSPHOT) or participate in macrophage maturation
(MMD). In the light of a recent report in which dysregula-
tion of an early developmental gene, early growth response
1 (EGRT), was implicated in idiopathic absence epilepsy
(Helbig et al., 2008b), the two other genes HOXB2 and MKS1
might be interesting candidate genes as they participate in
early brain development (Geisen et al., 2008; Kyttala et
al., 2006). We tested the three affected individuals (10,
12, and 14) participating in the microarray study for the

Finnish MKS1 founder mutation and found them to be nega-
tive (data not shown). The use of mRNA profiling from blood
as a surrogate for other tissues has limitations. The chip
used contained 1500 different chromosome 17 transcripts
of which more than one third, including the nine sequenced
ion-channel genes, had a fairly low expression level in blood.
Neuronal ion-channel genes related to epilepsy in humans
may have much higher expressions in brain tissue and, thus,
differences in expression levels can not be detected by using
blood cell mRNA as a surrogate marker (Helbig et al., 2008b).

Chromosome 17q is enriched in segmental duplications
which can potentially lead to the loss or gain of a dosage-
sensitive gene or to disruption of a gene or its regulatory
elements (Zody et al., 2006). Therefore, an array-based
comparative genomic hybridization was performed on one
individual. However, no copy number variation was found in
the linked locus on 17q12-q24 or elsewhere in the genome.

Two other regions showed positive linkage evidence even
after fine mapping, the LOD scores, however, remaining
much lower than on the chromosome 17q region. Of these
the region on chromosome 5q has not previously been
implicated in epilepsy. On the contrary, linkage of FS to chro-
mosome 18p11 with an association of a common haplotype
in the IMPA2 gene to FS has been described in Japanese fam-
ilies (Nakayama et al., 2004). Moreover, a possible modifier
locus on 18p, including IMPA2 was recently reported for FS
and CAE (Nabbout et al., 2007). This region also showed pos-
itive linkage evidence in our study and could not be excluded
after fine mapping. Neither our study, nor that of Nabbout et
al. (2007), however, observed a mutation or co-segregation
of the IMPA2 SNP haplotype with FS.

Interestingly, combined analysis of disease-associated
haplotypes covering the three regions with positive linkage
evidence (Fig. 2) is compatible with polygenic inheritance
in the family, despite the apparently autosomal dominant
inheritance pattern. Contribution for all three loci seems
to be necessary for the clinical seizure manifestation irre-
spective of the seizure phenotype. The clinical variability
in seizure phenotypes and absence of overt seizures in the
two obligate carriers imply the contribution from yet other,
genetic and/or environmental factors for the clinical out-
come. ldentification of more families with similar benign
phenotypes that are linked to the susceptibility loci iden-
tified here are needed to reveal the underlying genetic
alterations giving rise to the increased seizure susceptibility.
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