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3Neurophysiopathologie de l’Epilepsie, Clinique Micheli-du-Crest, 1211 Geneva 14, Switzerland
Neurologique, Grenoble, 4Service de Neurologie, Hôpital E-mail: Fabienne.Picard-Kieny@hcuge.ch
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Gesù Children’s Hospital, Rome and 8Istituto di
Neuropsichiatria Infantile, Pisa, Italy

Summary
Nineteen families with autosomal dominant partial pharmacoresistance may reach 30%, close to that seen
epilepsy were analysed clinically and electrophysio- in classical cryptogenic partial epilepsies. The familial
logically in detail. Seventy-one patients were studied as character of a partial epilepsy may be unrecognized in
well as 33 non-epileptic at-risk family members. We small families as some affected members may have only
subdivided the families into those with autosomal EEG abnormalities and are clinically asymptomatic,
dominant nocturnal frontal lobe epilepsy (ADNFLE) which reflects incomplete clinical penetrance. In view of
(n � 8), familial temporal lobe epilepsy (n � 7) and the recent discoveries of mutations in the α4 nicotinic
autosomal dominant partial epilepsy with variable foci acetylcholine receptor subunit in a few families with
(n � 4). However, the application of this nosology to

ADNFLE, this genetic study focused on genes encodingcertain families was difficult in cases of non-specific or
nicotinic receptor subunits and a candidate region onconflicting clinical and electrophysiological evidence. This
chromosome 10q. No mutation was detected in the α4was underscored by the observation by depth electrode
and β2 nicotinic acetylcholine receptor subunits. Positiverecordings in one patient that a so-called ADNFLE may
but not significant lod scores were obtained in fouroriginate in an extrafrontal area. The evolution of familial
families with markers from the candidate region onpartial epilepsies, which exhibit great intrafamilial
chromosome 10q.variability, is not always benign. The level of
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Abbreviations: ADNFLE � autosomal dominant nocturnal frontal lobe epilepsy; CHRNA4 � gene coding for the neuronal
nicotinic acetylcholine receptor α4 subunit; CHRNA7 � gene coding for the neuronal nicotinic acetylcholine receptor α7
subunit; CHRNB2 � gene coding for the neuronal nicotinic acetylcholine receptor β2 subunit; FTLE � familial temporal
lobe epilepsy; nAChR � nicotinic acetylcholine receptor; PCR � polymerase chain reaction; SPECT � single photon
emission computed tomography; SSCP � single-strand conformation polymorphism

Introduction
Different syndromes of non-lesional autosomal dominant et al., 1994, 1996) [among which autosomal dominant partial

epilepsy with auditory hallucinations has been described bypartial epilepsy have been described: autosomal dominant
nocturnal frontal lobe epilepsy (ADNFLE) (Scheffer et al., Ottman and colleagues (Ottman et al., 1995)] and autosomal

dominant partial epilepsy with variable foci (Scheffer et al.,1995a), familial temporal lobe epilepsy (FTLE) (Berkovic
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1995b, 1998). Three different mutations of the α4 neuronal location was in agreement with the focus deduced from the
ictal semiology. Focal epileptiform EEG abnormalities werenicotinic acetylcholine receptor (nAChR) subunit have been

identified in four families with ADNFLE (Steinlein et al., defined as focal spikes, polyspikes, spike-and-waves,
polyspike-and-waves or sharp waves that were consistently1995, 1997a; Saenz et al., 1999; Hirose et al., 1999).

However, linkage to the α4 nAChR gene on chromosome located over the same area in the same individual. Interictal
and ictal EEGs were interpreted by two independent clinical20q13 (Phillips et al., 1995) has been excluded in most

families with ADNFLE (Steinlein et al., 1995; Phillips et al., neurophysiologists, who were blinded to the status of
individuals. In addition, an epileptologist who specialized in1998). The involvement of this subunit in a subset of

ADNFLE families makes the other neuronal nAChR subunits the presurgical evaluation of epilepsies (P.K.) analysed the
topography of the epileptic foci on the basis of EEG–videomajor candidates, especially the β2 subunit, which combines

with α4 to form the major brain nAChR in humans. Recently, ictal recordings or, if these were not available, anamnestic
features and interictal EEG recordings.linkage to 15q24, close to a cluster containing the α3, α5

and β4 nicotinic subunit genes, has been demonstrated in a In each family all the affected and as many non-affected
members as possible were investigated clinically by meansfamily with ADNFLE (Phillips et al., 1998). There are only

two families with FTLE in which linkage, to chromosome of a questionnaire and clinical examination, performed mostly
at their home. The 19 families included 86 epileptic subjects10q, has been revealed. These are the family described by

Ottman and colleagues (Ottman et al., 1995) and more (for pedigrees, see Fig. 1). Fifteen patients were excluded
for the following reasons: presence of only generalized tonic–recently another family with lateral temporal epilepsy (Poza

et al., 1999). Lastly, possible linkage to chromosome 2 has clonic seizures (n � 5); presence of an anatomical cerebral
lesion (n � 2); the patient was deceased (n � 8). Detailedbeen reported in the only family reported so far with familial

partial epilepsy with variable foci (Scheffer et al., 1998). clinical and electrophysiological data were obtained for 71
patients. A waking EEG recording with 17 derivationsIn this paper we present a detailed clinical and genetic

study of 19 families with non-lesional autosomal dominant according to the 10–20 system was carried out in most
affected individuals (62 individuals), as well as a sleeppartial epilepsy. The clinical and EEG analysis showed that

there is no clear boundary between the different syndromes EEG recording of a daytime nap or a complete night (40
individuals), and neuroimaging (50 individuals). For eachthat have been described, and that at present the familial

partial epilepsies cannot always be classified reliably based family, the subtype of dominant partial epilepsy (ADNFLE,
FTLE or autosomal dominant partial epilepsy with variableon the lobe-related location of the epilepsy. This genetic

study included analysis of the α4 subunit gene (CHRNA4) foci) was specified according to classical criteria (Berkovic
et al., 1994, 1996; Scheffer et al., 1995a, b, 1998). ADNFLEand the β2 subunit gene (CHRNB2). Linkage analysis of

the α7 subunit gene (CHRNA7) (chromosome 15q14) and was diagnosed if all affected members presented short-
duration hyperkinetic or tonic seizures occurring mainlychromosome 10q markers (Ottman et al., 1995) was also

performed. during sleep, frequently in clusters, with onset in childhood.
FTLE was diagnosed if the seizure semiology was consistent
with the diagnosis of temporal lobe epilepsy in all affected
family members (e.g. simple partial seizures with autonomic

Patients, material and methods or psychic symptomatology with or without complex partial
seizures) and if there were no clinical or investigatory featuresFamilies and patients

Nineteen unrelated families (18 from Western Europe and suggestive of extratemporal partial epilepsy. Focal temporal
epileptiform EEG abnormalities were not a prerequisiteone from Algeria) with a non-lesional autosomal dominant

partial epilepsy were identified in France (14 families), Italy for diagnosis (Berkovic et al., 1996). Lastly, diagnosis of
autosomal dominant partial epilepsy with variable foci was(four families) and Germany (one family). These families

have not been reported previously except for family B attributed to a family when epilepsy seemed to involve
different lobes in the different affected individuals, while(Thomas et al., 1998), and a single member of family C (C/

III-2) has been described previously in the series of children ictal symptoms were stereotyped for a given individual, as
in the other syndromes.with ‘idiopathic frontal lobe epilepsy’ by Vigevano and Fusco

(Vigevano and Fusco, 1993). The families were identified on In families J, N, P and R, 33 non-epileptic at-risk
individuals underwent a waking EEG recording; in eightthe basis of (i) definite partial epilepsy that was non-lesional

(implying a normal clinical neurological examination and a of them a sleep EEG was also obtained. A single patient
(A/III-2) underwent presurgical evaluation of his epilepsynormal cerebral MRI) in the index cases, and (ii) the

presence of at least two affected first-degree relatives, with using stereotaxic intracerebral EEG recordings. Detailed
neuropsycho-logical testing (Wechsler Adult Intelligencean inheritance pattern suggestive of autosomal dominant

transmission. A history of febrile convulsion constituted an Scale—Revised, Wechsler Memory—Revised, Wisconsin
Card Sorting Test, verbal fluency, reaction time to elementaryexclusion criterion. The partial epilepsy of the index cases

was validated by EEG–video recording of seizures or by the visual stimuli, Rorschach projective tests) was carried out in
eight patients. Statistical tests were performed using Pearson’sexistence of focal interictal epileptiform EEG activity whose
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χ2 test. Informed consent was obtained from all participants. and S. PCR reactions were performed as previously described
(Steinlein et al., 1996). The 1.5 kb-long exon 5 was analysedThis study was approved by the ethical committee at Pitié-

Salpêtrière Hospital (1992). using seven overlapping PCR fragments (5a, 5b, 5c, 5d, 5e,
5f, 5g). PCR products were analysed by non-radioactive
SSCP as described previously (Rouger et al., 1997). For the
index cases presenting SSCP profiles different from controls,Estimation of penetrance
DNA was amplified by PCR, sequenced using the Big DyeA method derived from Johnson and colleagues was used
Deoxy Terminator Cycle Sequencing Kit (Perkin Elmer,(Johnson et al., 1996). In each family, we took into account
France) with a 377 Applied Bio-Instruments automaticall the siblings with one affected parent, and those with at
sequencer. Both strands were analysed using Sequencingleast one affected child when parents were both unaffected.
Analysis (version 2.1.2) and AutoAssembler (version 1.4.0)Each pedigree was divided into one or more sibships of
software. For each base change, restriction sites distinguishingchildren at risk. Because of the inclusion of families with at
the normal from the putative mutated sequence were found,least two affected first-degree relatives, two probands per
which permitted rapid characterization of the genotypesfamily were excluded for the calculation of penetrance. This
of relatives by restriction endonuclease digestion of theevaluation was performed for each syndrome.
appropriate PCR fragment. Base changes which did not affect
a restriction site were analysed in relatives by SSCP.

Genotyping
Genotyping and linkage analyses

Sequencing of CHRNB2Blood samples were taken from 137 consenting individuals
The entire coding sequence of the CHRNB2 gene was(60 epileptic individuals and 77 asymptomatic family
amplified for the same 16 index cases and sequenced directlymembers), and high molecular weight genomic DNA was
using the primers described previously (Rempel et al., 1998).extracted. Family members were genotyped using standard
Sequence analysis was performed using the same procedureprocedures (Gyapay et al., 1994; Stevanin et al., 1994) with
as for the CHRNA4 gene.the following markers: 10q markers: D10S583 – 1.3 cM –

D10S185 – 3.5 cM – D10S1709 – 4.4 cM – D10S1265 –
0.7 cM – D10S1692 – 2.8 cM – D10S566 – 1.6 cM –

ResultsD10S1663; 15q14 markers: D15S165 – 1 cM – D15S1031
– 0.2 cM – D15S976 – 2 cM – D15S1010 – 1.9 cM – Clinical study
D15S144 – 6.3 cM – D15S971 – 0.6 cM – D15S118 (cM � Diagnosis
centimorgan). These latter have been used previously for Ictal EEG–video recordings confirmed the clinical diagnosis
analysis of linkage between CHRNA7 and schizophrenia of partial epilepsy in the index cases in all families except
(Freedman et al., 1997) and juvenile myoclonic epilepsy H, I and M. In families H and M, diagnosis was validated
(Elmslie et al., 1997). Pairwise and multipoint lod scores by meaningful interictal focal EEG abnormalities. It was not
were calculated using the MLINK and LINKMAP programs validated in family I because of normal interictal EEGs, but
(Lathrop et al., 1985) of the FASTLINK package version 3.0 the diagnosis was highly probable as the affected members
(Schäffer et al., 1994). The status of non-epileptic at-risk had both episodes, suggestive of partial seizures and
individuals with focal EEG abnormalities was considered as generalized tonic–clonic seizures.
unknown. Lod scores were calculated under the assumption
of equal allele frequencies. Recombination fractions were
assumed to be equal for males and females. Disease was Syndromic classification and clinical
considered to be autosomal dominant, with a gene frequency

characteristicsof 10–4, and with the penetrance calculated for each syndrome.
According to the syndromic nosology proposed by Scheffer
and colleagues (Scheffer et al., 1995a, b, 1998) and Berkovic
and colleagues (Berkovic et al., 1996), families were classifiedSearch for the S248F mutation, non-isotopic
as ADNFLE (n � 8, families A to H), FTLE (n � 7, families

single-strand conformation polymorphism (SSCP) I to O) and partial epilepsy with variable foci (n � 4, families
analysis and genomic sequencing of the P to S). In the case of family R, containing six individuals

with partial epilepsy in four generations, ictal symptomsCHRNA4 gene
The S248F mutation in exon 5 was sought in all families (n � 6) and interictal (n � 6) and ictal (n � 3) EEG

abnormalities suggested a temporal focus in individual III-1,except K and S, by means of a polymerase chain reaction
(PCR)–restriction fragment analysis using HpaII (Steinlein a parietal focus in individual IV-1 and a central focus in

individuals V-1 and V-2. In family S, containing six affectedet al., 1995). The entire coding region of the CHRNA4
gene was analysed in one epileptic individual (most often individuals in three generations, electroclinical seizure

phenotypes were parietal (individual III-14), temporalcorresponding to the index case) in each family except F, K
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(III-15), central (IV-6) and frontal (IV-9), with seizures lasting patients. They were more frequent in FTLE (71% of the
patients) and partial epilepsy with variable foci (86%) thanseveral minutes for the first two individuals and 20–50 s for

the other two; the focus was not determined for individuals in ADNFLE (48%). The difference between partial epilepsy
with variable foci and ADNFLE was significant (P � 0.05).II-1 and IV-2. Tables 1 and 2 present some clinical

characteristics for the different syndromes. Mean seizure Classification was difficult for at least five families. The
distinction between FTLE and autosomal dominant partialduration was ~30 s in ADNFLE and 80 s in FTLE. Rare

secondarily generalized seizures, which were inaugural or epilepsy with variable foci was unclear for four families (J,
L, N, P), and we hesitated between a diagnosis of ADNFLE,occurred in the course of the disease, were reported by many
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Fig. 1 Pedigrees of the 19 families. Families A to H may correspond to autosomal dominant nocturnal frontal lobe epilepsy (ADNFLE),
families I to O to familial temporal lobe epilepsy, and families P to S to autosomal dominant partial epilepsy with variable foci. Index
cases are indicated by arrows.

FTLE and ‘temporofrontal’ epilepsy for family O. A brief a ‘shock-like feeling in the head’ followed by a vision of
coloured phosphenes were described. In individuals R/V-1description of families O, J and N, which were particularly

difficult to classify, is reported in the Appendix. Generally, and V-2, deviation of the head to the left and then a focal
motor seizure limited to the left hemibody with preservationthe ictal symptoms were variable within a family; however,

certain families (C, D, F, L, R) showed homogeneity between of consciousness were reported. Family A was exceptional
in that all four affected individuals displayed identicaltwo individuals. For instance, in individuals L/II-1 and III-1,
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Table 1 Main clinical and electrical features observed in the different syndromes

Sex ratio Mean age at onset Mean maximal Patients with Patients with Pharmaco- Behavioural
(M/F) (years) seizure only SPS (no mainly resistance (%) disorders (%)

frequency CPS) (%) nocturnal
seizures (%)

ADNFLE 1.23 8.2 � 11.3 11/day 42 90 29 43
(n � 29) Range 2 months

to 56 years
Median 5 years

FTLE 1.17 20.1 � 13.2 2/day 42 62 9 13
(n � 26) Range 1–54 years

Median 15 years

AD partial 1.28 13.2 � 9.4 3/day 29 62 15 23
epilepsy with Range 2 months
variable foci to 31 years
(n � 16) Median 12 years

All patients 1.22 13.6 � 12.6 5/day 39 75 18 27
Median 10 years

M � male; F � female; SPS � simple partial seizures; CPS � complex partial seizures; AD � autosomal dominant.

symptoms. The side of the epileptic focus was homogeneous consisted of focal theta or delta slow waves and/or sharp
waves or sparse spikes, at the same location when both typesin two families (left temporal focus in the four affected

individuals of FTLE family M, and right focus, rolandic, of abnormalities were present. The location of the interictal
EEG abnormalities was concordant with the clinicallytemporal or parietal, in the four affected individuals of family

R). However, although the lateralization of the focus could presumed epileptic focus, except for three ADNFLE patients
with clinically apparent frontal lobe seizures and EEGnot be determined in all patients in the other families, the

distribution between left and right-sided foci within a given abnormalities in the temporal lobe (individuals G/II-1, H/III-
5, H/III-8). Four of the 40 patients who underwent a sleepfamily seemed to be similar.

Carbamazepine was the most effective antiepileptic EEG recording in addition to waking EEG presented EEG
abnormalities only during sleep (3 out of 16 ADNFLEmedication. It completely suppressed seizures in 71% of

treated ADNFLE patients (17 out of 24), 91% of FTLE patients, 1 out of 15 FTLE patients, 0 out of 9 patients
with partial epilepsy with variable foci). Interictal EEGpatients (21 out of 23) and 85% of patients with familial

partial epilepsy with variable foci (11 out of 13). The efficacy abnormalities could still be detected �2 years after the
disappearance of the clinical seizures in 2 out of 6 (33%)of valproate was low as seizures disappeared in 0 out of 3

ADNFLE patients, 2 out of 7 (29%) FTLE patients and 0 FTLE patients and in 2 out of 9 (22%) patients with familial
partial epilepsy with variable foci.out of 3 patients with partial epilepsy with variable foci who

were treated with this drug. In five patients in whom valproate To test the possibility that EEG abnormalities are present
in asymptomatic gene carriers, EEGs were performed in 33was totally ineffective (two with ADNFLE and three with

FTLE), the substitution of carbamazepine for valproate led non-epileptic at-risk members from two families with FTLE
(families J, N) and two families with partial epilepsy withto disappearance of the seizures. Pharmacoresistance to

carbamazepine and other antiepileptic drugs was observed in variable foci (families P, R). They revealed significant
abnormalities in 3 out of 16 (19%) individuals from FTLE9–29% of the patients treated, depending on the syndrome

(Table 1). Most of the families with ADNFLE contained one families (J/III-5, III-6, N/II-2) and in 3 out of 17 (18%)
individuals from families with partial epilepsy with variablepharmacoresistant patient; however, in the other affected

members a good response to the antiepileptic medication foci (P/II-2, III-8, III-12). They consisted of focal epileptiform
abnormalities, as shown in Fig. 2, sometimes accentuated bywas observed. Whatever the syndrome, seizures tended to

disappear with age (around the fourth or fifth decade), even hyperpnoea (n � 3). These asymptomatic individuals with
focal EEG abnormalities may be considered carriers, becausein those patients who had been refractory to antiepileptic

medication for several years. (i) these kinds of EEG abnormalities are exceptional in the
general population (estimated at �0.2%) (Trojaborg, 1992),
and (ii) the six individuals included two of the three
asymptomatic obligate carriers in whom an EEG was carriedElectrophysiology

As shown in Table 3, interictal EEG abnormalities were out. Abnormalities were observed during a waking EEG
recording for one obligate carrier but only during a sleepfrequently observed during the active phase of the epilepsy

(when seizures occur at their maximal frequency). They recording for the other (P/II-2). This suggests that sleep EEG,
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Table 2 Seizure patterns in the different syndromes of autosomal partial epilepsy

Symptoms ADNFLE FTLE AD partial epilepsy
(n � 28) (n � 26) with variable foci

(n � 15)

Autonomic
Breathless feeling 5 5
Flushing or pallor 1 2 2

Psychic
Dreamy perceptions 2 1
Fear 2 4
Déjà vu 8
Forced thinking 1 1 2

Visual illusions, hallucinations 4 4

Auditory symptoms 5 2
(buzzing, humming)

Vertiginous 1

Somatosensory
Epigastric 2 3
Paraesthesia, pain 4 4 2

Speech arrest 1

Motor aphasia, verbal automatisms 1 3 2

Jargonphasia 1 2

Oroalimentary automatisms 1 4 3

Gestural, ambulatory 1 7 8
automatisms

Motor
Tonic, dystonic or 20 5 4
clonic components
Thrashing hyperkinetic 8 1 1
attacks

Vocalization 3 3 1

Altered awareness 13 14 10

AD � autosomal dominant.

Table 3 Type of interictal EEG abnormalities observed in the different syndromes

Syndrome Presence of Focal slow Focal spikes or
interictal waves sharp waves
abnormalities (unilateral/bilateral)

ADNFLE (n � 25) 19 (76%) 5 19 (15/4)
FTLE (n � 23) 15 (65%) 8 13 (10/3)
AD partial epilepsy 12 (86%) 8 8 (7/1)
with variable foci
(n � 14)
All patients (n � 62) 46 (74%) 21 40 (32/8)

Sixty-two out of 71 affected individuals underwent an interictal EEG.

which was not performed in the third obligate carrier, is adolescents (J/III-5, III-6, P/III-12). The follow-up will reveal
whether the electrical abnormalities precede the appearancenecessary to detect epileptiform abnormalities in

asymptomatic gene carriers when waking EEG is normal. of clinical seizures. Photosensitivity type 1 (posterior sharp
waves after intermittent photic stimulation) was detected inThree of the individuals with abnormal EEGs were
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Intracerebral stereotaxic EEG recordings were performed
in patient A/III-2, who suffered from a pharmacoresistant
form of ADNFLE. His seizures were mainly nocturnal (he
had up to 30 seizures per night). At the onset of the
illness, his seizures were similar to those described by
Scheffer and colleagues in ADNFLE patients (Scheffer
et al., 1995a), consisting of a breathless sensation with
fear followed by polypnoea and sudden movements of the
body and upper limbs with dystonic postures. Their duration
was �1 min. Later, the ictal symptomatology changed and
seizures consisted mainly of sustained right predominant
bilateral hypertonia of the upper limbs with tonic anteflexion
of the trunk, mandibular constriction, apnoea, and sometimes
sialorrhoea. During more prolonged episodes, a throaty
moaning occurred, and motor tonic manifestations were
followed by violent and uncoordinated movements of the
limbs with fear mimicry and gasping. Sometimes, an initial
tingling sensation in the back was reported by the patient.
There was no postictal deficit. Ictal surface EEG showed
a diffuse arrest reaction or left frontoprecentral fast activity
at the onset of seizures. Intra-cerebral EEG recordings,
conducted with stereotactically implanted intracerebral
electrodes (stereo EEG), demonstrated that seizures
originated from the left operculo-insular cortex (Fig. 3).
In addition the inaugural tingling could be reproduced by
electrical stimulation of the insular cortex alone. The fact
that the primary epileptogenic focus was localized in the
operculo-insular area of the dominant hemisphere for
language indicated that this patient could not be
surgically treated.

Fig. 2 Isolated spike-and-waves predominant in the temporal Neuropsychology and psychiatry
region of the left hemisphere, recorded in a non-epileptic at-risk Clinical neurological examination was normal in all patients.
member of family P (P/III8). Monopolar derivations (recalculated However, a detailed neuropsychological study performed
against the average reference) covering the left hemisphere. No

in eight right-handed epileptic individuals from onesimultaneous right hemisphere recordings were obtained during
ADNFLE family, two FTLE families and three familiesthis recording on paper. However, no discharge was noted in the

midline electrodes. with partial epilepsy with variable foci showed some
moderate specific disturbances in seven of them: (i)
attention deficit and verbal perseverations in a frontal lobe
epilepsy in the dominant hemisphere (individual A/III-2);a single individual (N/II-5). Given the high frequency of this

electrical trait in the general population, we considered that (ii) difficulty in the Wisconsin Card Sorting Test and
deficits in verbal fluency (figural fluency not tested) in ait was not related to partial epilepsy.

Ictal EEGs were recorded in 12 ADNFLE patients, five frontal lobe epilepsy of the non-dominant hemisphere
(individual R/V-1); (iii) verbal memory and verbal fluencyFTLE patients and five patients with familial partial

epilepsy with variable foci, one of whom presented with impairment in frontotemporal epilepsies in the dominant
hemisphere (individuals J/III-4, N/III-3, P/II-3); (iv) verbalfrontal lobe epilepsy. Thirteen patients with frontal lobe

seizures showed only artefacts (n � 1), diffuse flattening memory deficit in a temporal lobe epilepsy in the dominant
hemisphere (individual Q/I-2); and (v) visuospatial memory(n � 1), bifrontal abnormalities (n � 6) or unilateral

frontal abnormalities (n � 5, with spreading towards the impairment in a temporal lobe epilepsy in the non-dominant
hemisphere (individual R/III-1). The study was performedtemporal lobe in two cases). These abnormalities consisted

of either sharp waves/repetitive 8–11 Hz spikes (n � 9, during the active phase of the epilepsy only for individual
A/III-2. Moreover, a history of psychiatric disturbance waswith a recruiting pattern in one case) or rhythmic theta

activity (n � 2). The nine extrafrontal lobe seizures were found in 13–43% of the patients (Table 1). They were
mostly observed during the active phase of their epilepsy.characterized by a classical focal recruiting pattern with

increasing amplitude and decreasing frequency. Strikingly, they were more frequent in ADNFLE. They
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consisted of personality and behavioural disorders, including ADNFLE and FTLE (P � 0.0001) and between ADNFLE
and partial epilepsy with variable foci (P � 0.05), butirritability, aggressiveness, impulsive behaviour, with fugues

during adolescence. Four individuals required transitory not between FTLE and partial epilepsy with variable foci
(P � 0.11). Expressivity of the different syndromes wasneuroleptic treatment. One patient with right temporal lobe

epilepsy (patient R/III-1) presented such disorders associated variable, with different ages at onset, ictal symptoms and
courses of the disease, even within families.with hypersexuality. This manifestation is a rare behavioural

manifestation in temporal lobe epilepsy, and is considerably
rarer than hyposexuality (Shukla et al., 1979). One patient
(M/III-10) suffered from panic attacks and three patients Molecular genetics
(F/II-2, I/II-2, S/IV-9) from depression. Linkage analysis

Two-point and multipoint linkage analyses using seven
microsatellite markers from the 10q22–q24 region wereNeuroimaging
performed in the 10 most informative families (families

Neuroimaging was available in 50 patients: 16 ADNFLE
A, C, D, H, J, L, M, N, P, R). None of these families

patients (14 MRI brain scans and two CT scans), 21 FTLE
was informative enough to establish linkage but they could

patients (15 MRI and six CT scans) and 13 patients with
be used for exclusion of a given locus. For five families

partial epilepsy with variable foci (nine MRI and four CT
(C, H, J, M, N), two-point lod scores were negative at

scans). Two patients belonging to the same FTLE family θ � 0.00 for all markers of the interval, and multipoint
(J/I-1, II-3) had a discrete cortical atrophy with

lod scores were below the threshold value of –2 in the
predominance in the left insular and opercular area, one

entire candidate interval, excluding linkage with this locus
ADNFLE patient (G/II-2) had a left frontal atrophy. These

(data not shown). For family R, the lod scores were
anatomical changes seemed to correspond to the suspected

negative but did not reach the threshold of –2 in the
location of their epileptic focus. Other, minor changes

interval D10S185–D10S1265 to exclude the locus. For
were small high-signal areas in the right basal ganglia on

families A, D, L and P, haplotype reconstruction showed
T2-weighted images (patient L/II-1) and pineal cyst (patients

cosegregation of the disease with markers in 10q, and
O/III-8, III-9). No hippocampal sclerosis was observed. An

positive but not statistically significant lod scores were
ictal SPECT (single photon emission computed tomography)

obtained in the entire candidate interval D10S583–D10S1663
using 99mTc-ethyl cysteinate dimer (ECD) was performed

(data not shown). For these four families, linkage to the
in one of the ADNFLE patients (A/III-2). It showed a left

tested locus can be neither established nor excluded.
frontal hyperperfusion that correlated with the right

The CHRNA7 region was studied by linkage analysis
predominance of his ictal motor symptoms.

with markers located in 15q14 in the same 10 families
mentioned above. For six families (A, H, M, N, P, R),
lod scores were negative and below the threshold valueClinical genetics
of –2 at θ � 0.00 by two-point analysis for all markers

Families with a non-lesional partial epilepsy and a probable
tested. Exclusion of the candidate region was confirmed

dominant mode of inheritance were investigated in our study.
using multipoint analysis. For families J and L, parts of

No family had consanguinity. Male-to-male transmission
the candidate region, the 11.4 cM D15S165–D15S971

occurred in seven families, which excluded X-linked
interval and the 6.9 cM D15S144–D15S118 interval,

inheritance. The male : female ratio ranged from 1.17 to
respectively, were not excluded, probably because of the

1.28 depending on the syndrome of familial partial epilepsy
low level of informativeness of the markers. For ADNFLE

(Table 1).
families C and D, lod scores were slightly positive for

Clinical penetrance reached 0.72 in the eight families
the 5.1 cM interval D15S165–D15S144 by two-point and

with ADNFLE. Asymptomatic obligate carriers were
multipoint analyses, but did not reach the significance

observed in three FTLE families (M, N, O) and in three
threshold of �3.

families with autosomal dominant partial epilepsy with
variable foci (P, R, S). Penetrance was 0.54 in the seven
families with FTLE and 0.44 in the four families with

Search for mutation in the CHRNA4 andepilepsy with variable foci. The last value is low because
of family P, which contains many non-epileptic at-risk CHRNB2 genes

In the index cases of 17 families (all families exceptindividuals. Penetrance increased with age. The distribution
of age at onset was variable among the three types of families K and S), the search for the S248F mutation in

the CHRNA4 gene was negative. The entire coding sequencefamilial partial epilepsy: mean age at onset was 8.2 years
(ranging from 2 months to 56 years) in ADNFLE, 20 of CHRNA4 was explored by non-radioactive SSCP in 16

families. Band-shifts were observed for exon 1 (in familiesyears (1–54 years) in FTLE and 13.2 years (from 2 months
to 31 years) in familial partial epilepsy with variable foci I, M, O), intron 2 (in families E, L, P), intron 3 (in

families A, E, Q, R) and exons 5b (in families A, E, P)(Fig. 4). There were significant differences between
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and 5c (in family L), but did not cosegregate with the were sequenced directly. Five different base changes, which
were all silent, were identified in the CHRNA4 gene (Tabledisease and were present in relatives who were not at

risk. However, PCR products that migrated abnormally 4). Polymorphisms in introns 2 and 3 and in exons 5b
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Fig. 3 Stereo EEG recorded a partial seizure of left operculo-insular origin in a 12-year-old right-
handed boy suffering from an ADNFLE (individual A/III-2). The stereo EEG trace shows that a fast
activity occurs within the central operculum (first arrow) at the clinical onset of the fit, involving the
insular cortex 3 s later (second arrow). These changes are visible partly in the central cingulate gyrus
and in the supplementary motor area (SMA). When the tonic motor signs occur, the fast activity
becomes more evident, increasing in amplitude within the insular cortex, and is followed by a fast spike
discharge within the central operculum. Only the most relevant recording sites are shown. Letters in
brackets refer to the recording electrodes. The intracerebral placement of the electrodes is represented
on the stereotaxic scheme (left lateral and frontal view of the skull). Bipolar stereo EEG recordings
were performed between contiguous contacts of each electrode, at different levels along the electrode
axis. Thus, various mesial and lateral cortical areas were evaluated, including the sulcal cortex. The
insular cortex was explored by the deepest contacts of the electrode Y�.

and 5c modified restriction sites, allowing rapid analysis In the index cases of 16 families (all except F, K and
S), we searched for mutations in the six coding exons andby PCR–restriction enzyme digestion of the genotypes in

each family. the flanking exon–intron boundaries of the CHRNB2 gene.
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Table 4 Polymorphisms observed in the CHRNA4 gene in the families tested in the present
study

Position Base change Amino acid Restriction site Heterozygosity (%)

Exon 1 G51→A Leu17Leu 16
Intron 2 IVS2�20C→G NlaIII 18
Intron 3 IVS3–26G→A Sau96.I 11
Exon 5b C555→T Asp185Asp HgaI 28
Exon 5c T594→C Cys198Cys CfoI 18

IVS2 corresponds to intron 2 and IVS3 to intron 3. The percentage of heterozygosity was estimated
from the DNA of 50 control subjects.

five families within the current nosology. The classification
of a family depends on the definition of the seizure location
in each affected member, which is usually based only on the
ictal clinical symptoms and on surface EEG data, and may
therefore be approximate.

From a clinical point of view, commonly reported auras
(for instance fear, déjà vu, auditory symptoms and epigastric
discomfort) have been described in both the ADNFLE and
the FTLE syndrome (Scheffer et al., 1995a; Berkovic et al.,
1996). However, although there is still debate about the
localizing value of auras, most authors agree that déjà vu
and auditory symptoms indicate temporal lobe dysfunction
(Penfield and Jasper, 1954; Gloor et al., 1982; Bancaud et al.,
1994). Their description as auras in ADNFLE is therefore

Fig. 4 Cumulative curves for ages at onset for the three surprising. In addition, some classical features of frontal lobesyndromes of familial partial epilepsy. VF � autosomal dominant
seizures may be observed in temporal lobe seizures: (i)partial epilepsy with variable foci.
nocturnal occurrence; (ii) occurrence in clusters; and (iii)
brief duration. In this respect we have noticed unusuallyDirect sequencing of the corresponding PCR fragments
frequent nocturnal occurrence of temporal lobe seizures infailed to detect any base change.
our FTLE families.

From an electrophysiological point of view, it is known
that scalp EEG, even if ictal, may be misleading (RektorDiscussion
et al., 1997). In some patients who present non-localizingDominant partial epilepsies can be subdivided into three
ictal symptoms and unilateral EEG abnormalities, in both thegroups: the frontal form (ADNFLE), the temporal form
frontal and the temporal areas, the term ‘frontotemporal’(FTLE) and the form with variable foci (Scheffer et al.,
epilepsy should be considered, particularly because an1995a, b; Berkovic et al., 1996; Scheffer et al., 1998). Forty
epileptogenic focus is not necessarily limited by theADNFLE families, 20 temporal lobe epilepsy families without
anatomical borders that define the cerebral lobes (Munarihistory of familial febrile convulsions, and one family with
et al., 1995).autosomal dominant partial epilepsy with variable foci have

The difficulty of classification of the familial partialbeen reported to date (Ottman et al., 1995; Scheffer et al.,
epilepsies is supported by the description of some members1995a, b; Berkovic et al., 1996; Oldani et al., 1996, 1998;
with probable temporal lobe seizures (Magnusson et al.,Magnusson et al., 1996; Cendes et al., 1998; Phillips et al.,
1996; Nakken et al., 1999) in a Norwegian ADNFLE family1998; Scheffer et al., 1998; Hirose et al., 1999; Poza et al.,
carrying a mutation in the nAChR α4 subunit (Steinlein1999; Saenz et al., 1999). The present paper raises the
et al., 1997a). A further demonstration of this problem wasnumber of reported families with non-lesional dominant
our observation in one ADNFLE patient (A/III-2) of apartial epilepsy to 80, and confirms the existence of other
discrepancy between the results of the non-invasivefamilies with autosomal dominant partial epilepsy with
examinations and the intracranial depth recordings. In thisvariable foci.
patient, the ictal semiology, ictal SPECT and EEG suggestedIn contrast to the previous studies cited above, which
a frontal lobe epilepsy of mesial midfrontal or frontopolarselected homogeneous families and led to the identification
origin, as described by Hayman and colleagues in ADNFLEof the different syndromes, the present study analysed a
patients (Hayman et al., 1997). However, the intracerebralheterogeneous group of familial partial epilepsies, similar to
exploration found a primary focus in the central opercularthe population encountered in clinical practice. This all-

inclusive approach resulted in difficulty in classification for area and insular cortex. It is possible that the current
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classification of familial partial epilepsies fails in some cases can account for some sporadic cases. As we have
demonstrated the presence of epileptiform focal EEGbecause variable patterns of seizure propagation from junction

areas, such as the insular cortex, may lead to more ‘temporal’ abnormalities in asymptomatic family members, including
obligate carriers, we suspect that such mutations can beor more ‘frontal’ symptoms. In conclusion, the clinical spectra

of the different syndromes of autosomal dominant partial expressed in a subclinical form. Confirmation of this must
await the identification of the genes responsible in theepilepsy are not clear-cut, but present overlaps.

The diagnosis of familial forms of partial epilepsy is of corresponding families.
We screened all the families for all the candidate lociclinical importance. First, carbamazepine is much more

effective than valproate in these types of epilepsy, as reported tested in the present study, namely the α4, β2 and α7 subunit
genes and the locus on chromosome 10q [implicated in aby Scheffer and colleagues in ADNFLE (Scheffer et al.,

1995a). In relation to the high sensitivity of familial partial family with autosomal dominant partial epilepsy with auditory
symptoms (Ottman et al., 1995)].epilepsies to carbamazepine, it is interesting to note that

α4β2 nicotinic receptors with an ADNFLE mutation, So far, the only gene implicated in an autosomal dominant
partial epilepsy syndrome is the CHRNA4 gene, coding forreconstituted in Xenopus oocytes, are more sensitive to this

drug than normal receptors, and are readily inhibited at the neuronal nAChR α4 subunit. This gene was studied by
the direct detection of mutation in the coding region bypharmacological concentrations (Picard et al., 1999).

Secondly, we observed less pharmacoresistance in SSCP. We detected the previously described polymorphisms
CfoI, Sau96.I and HgaI/FokI (Steinlein et al., 1995, 1997b;dominant partial epilepsies (18%) than has been described

in classical cryptogenic partial epilepsies (30% according to Guipponi et al., 1997) as well as new polymorphisms in
exon 1 and in intron 2, which do not correspond to an aminoSchmidt, 1991; Bourgeois, 1994; 55% according to Semah

et al., 1998, who used the criterion of 1 year without seizure acid change. Their identification may be useful for future
linkage studies. The failure to detect mutation in CHRNA4for ‘seizure control’). However, it reached 30% in our

ADNFLE subgroup, indicating that dominant partial in our families confirms the low frequency of mutations in this
gene in autosomal dominant partial epilepsies, as previouslyepilepsies do not have a consistently favourable outcome and

that surgical treatment can sometimes be considered. reported in ADNFLE (Steinlein et al., 1995; Phillips et al.,
1998). In total, only four families, all presenting withIn other respects, many patients presented transitory

behavioural disturbances in their history, and the detailed ADNFLE, were linked to the α4 subunit gene (Steinlein
et al., 1995, 1997a; Hirose et al., 1999; Saenz et al., 1999).neuropsychological evaluation that was performed in some

patients showed disturbances that usually appeared congruent The genes encoding other subunits of the neuronal nAChR
are promising candidates in all other families with ADNFLEwith the presumed location of their epileptogenic focus. This

emphasizes that non-lesional autosomal dominant partial or in families with other forms of autosomal dominant partial
epilepsy, especially the β2 subunit, which usually assemblesepilepsies have wider consequences than were initially

presumed. with α4. In this study, its entire coding sequence was analysed
by direct sequencing. No mutations were identified in 16The 19 families we analysed showed wide interfamilial

and intrafamilial clinical variability. The ictal symptoms index cases. This confirms that the CHRNB2 gene does not
represent a major locus for ADNFLE, in agreement withvaried greatly from one individual to another within a family,

which is concordant with the ‘absence of obvious intrafamily Rempel and colleagues (Rempel et al., 1998), and further
shows that it is not a major locus for the other syndromesclustering of simple partial seizure symptomatology’ reported

by Berkovic and colleagues in FTLE families (Berkovic of familial partial epilepsy.
It has been proposed that the CHRNA7 gene, coding foret al., 1996). Recently, Hayman and colleagues analysed ictal

video–EEG recordings and functional neuroimaging in two the α7 subunit, another widely expressed nAChR subunit
(Gotti et al., 1997), represents a major susceptibility locuspairs of patients from unrelated ADNFLE families and

showed that the frontal lobe foci were in variable locations for juvenile myoclonic epilepsy (Elmslie et al., 1997), and
benign epilepsy of childhood with centrotemporal spikes has(Hayman et al., 1997). Because of the diversity of ictal

symptoms and the types and locations of EEG abnormalities, been linked to markers on chromosome 15q14 in the vicinity
of the CHRNA7 gene (Neubauer et al., 1998). We performedthe dominant partial epilepsies are very similar to the so-

called cryptogenic focal epilepsies, except perhaps for the linkage analyses in 10 families informative enough for
exclusion testing of loci. This locus was excluded in sixhigh frequency of nocturnal attacks. The tendency of seizures

to disappear with age that we observed in our families pedigrees. In the four remaining families in which linkage
to the CHRNA7 gene was not excluded, a search for mutationsis also observed in non-familial partial epilepsies, since

approximately half of the patients with non-familial in this gene will be important when its genomic structure
has been fully determined.intractable epilepsy become seizure-free over the years

(Juul-Jensen, 1986). Consequently, the role of genetic factors Lastly, the linkage study of the 10q22–q24 candidate
region revealed positive but not significant lod scores forhas to be examined in apparently isolated cases of cryptogenic

focal epilepsy. The reduced penetrance of the dominant four of the 10 tested families, two with ADNFLE (A, D),
one with FTLE (L) and one with partial epilepsy with variablepartial epilepsies reinforces the hypothesis that gene mutations
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schizophrenia to a chromosome 15 locus. Proc Natl Acad Sci USAfoci (P). In the future, the identification of candidate genes
1997; 94: 587–92.in the 10q region will permit their analysis in these families,

especially in families L and P, in each of which there is one Gloor P, Olivier A, Quesney LF, Andermann F, Horowitz S. The
affected individual having seizures with auditory role of the limbic system in experiential phenomena of temporal
hallucinations. lobe epilepsy. Ann Neurol 1982; 12: 129–44.

This genetic study demonstrates that previously implicated
Gotti C, Fornasari D, Clementi F. Human neuronal nicotinicgenes and loci are rarely involved in families with familial
receptors. [Review]. Prog Neurobiol 1997; 53: 199–237.partial epilepsy, reflecting the underlying genetic

heterogeneity. Combination of genetic mapping in large Guipponi M, Baldy-Moulinier M, Malafosse A. A fok1
informative families and candidate gene approaches polymorphism in the human neuronal nicotinic acetylcholine
(involving genes encoding ion channels or their regulatory receptor alpha 4 subunit gene. Clin Genet 1997; 51: 78–9.
subunits) will contribute to the identification of additional

Gyapay G, Morissette J, Vignal A, Dib C, Fizames C, Millasseaucausative genes. As for other inherited complex neurological
P, et al. The 1993–94 Genethon human genetic linkage map. Nat

disorders, a more appropriate classification of the familial Genet 1994; 7: 246–339.
partial epilepsies will be possible only when their molecular

Hayman M, Scheffer IE, Chinvarun Y, Berlangieri SU, Berkovicbasis has been elucidated.
SF. Autosomal dominant nocturnal frontal lobe epilepsy:
demonstration of focal frontal onset and intrafamilial variation.
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sensory area and the orbitofrontal area were not excluded. InterictalAppendix
EEG abnormalities in the two individuals with motor symptomsFamily J consisted of right temporal and central abnormalities (patient III-

The location of the seizures was difficult to define in individual III- 7), and left posterior temporal abnormalities during waking and
4, whose seizures consisted of a thoracic sensation of fear followed sleep recordings (patient II-4). We classified the family as presenting
a few seconds later by loss of consciousness and tonic posturing of FTLE, although a diagnosis of autosomal dominant partial epilepsy
the limbs, lasting �1 min in total. Interictal EEGs revealed spikes with variable foci is also possible.
in the left anterior region and ictal EEGs showed spikes in the left
and right anterior areas with left predominance. The two other
affected relatives suffered from typical temporal lobe seizures and Family O
had the same aura as individual III-4. We assumed individual III-4 The index case (III-8) had seizures lasting ~90 s, consisting of a
may have temporal lobe seizures with rapid frontal propagation. brief strange feeling and fear, followed by deviation of the head

and eyes associated with tonic posturing of the upper limbs. While
ictal EEGs showed right frontotemporal spikes, interictal EEG
displayed slow waves and sharp waves in the right temporal area.

Family N Her brother (III-9) also presented seizures with head deviation, and
Three members (III-3, III-4 and III-6) had typical temporal lobe obnubilation, which were preceded by a feeling of déjà vu. They
seizures while two others (II-4 and III-7) had essentially hyperkinetic lasted several minutes. His interictal EEG showed left temporal
motor symptoms. However, individual III-7 had an aura consisting slow waves. We assumed temporal lobe seizures in individual III-
of bilateral paraesthesia of a pleasant nature in the genital area, 9, but a diagnosis of ‘temporofrontal’ epilepsy would seem more

appropriate in individual III-8.which may have had a mesiotemporal origin, although the second


