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Le journal « Epileptologie » publie des articles adres-
sés au journal, commandés ou non, se rapportant a tous
les thémes de |%épileptologie. Dans la régle, seuls les
articles qui n‘ont pas encore été publiés sont acceptés.
Les articles, ou parties intégrantes d‘articles, ne doivent
pas avoir été soumis paralléelement a d‘autres éditeurs,
ni avoir été déja acceptés par d‘autres éditeurs. Tous les
manuscrits feront I‘objet de deux expertises. Il n‘y aura
pas de tirages a part des articles, par contre ils seront
publiés sur la page web de la Ligue (www.epi.ch) et
disponibles pour téléchargement sous forme de fichier
« pdf »,

Les manuscrits non commandés (ainsi que la corres-
pondance a |‘éditeur) doivent étre envoyés a: Madame
M. Becker, Rédaction Epileptologie, Ligue Suisse contre
|‘Epilepsie, Seefeldstrasse 84, 8008 Zurich. Tél. 043/488
67 79, fax 043/488 67 78, e-mail: becker@epi.ch.

Seuls les manuscrits correspondant aux critéres sui-
vants seront acceptés. Les manuscrits qui ne seront pas
rédigés correctement seront renvoyés avant |‘expertise.

1. Langue: En plus de I‘allemand, les articles en fran-
cais et en anglais sont acceptés.

2. Style: En allemand, les formes alémaniques avec « z »
et « k » (par exemple « Karzinom ») sont valables,
les termes spécialisés en latin conservent leur ortho-
graphe (par ex. arteria carotis).

3. Format: L'ensemble du texte, y compris les réfé-
rences littéraires, les tableaux et légendes, doit étre
dactylographié et formaté de la facon suivante:

- Papier DIN-A4, recto (interligne 1 1/2 ou 2 avec un
maximum de 30 lignes par page)

- Renvoi a la littérature dans |‘ordre d‘apparition dans
le texte, numérotation arabe apparaissant dans le
texte dans des parenthéses carrées.

- Les tableaux et illustrations doivent étre numérotés
consécutivement par des chiffres arabes.

4. Ordre: 1. Page de titre (incluant le cas échéant, les
remerciements aux personnes et/ou institutions qui
ont contribués au travail), 2. Résumé en allemand,
francais et abstract en anglais. Mots clés des trois
langues. 3. Texte. 4. Littérature. 5. Tableaux. 6. Lé-
gendes des illustrations. 7. lllustrations.

- La page de garde contient le titre entier du travail
(francais et anglais), les noms et titres des auteurs,
les institutions pour lesquelles les auteurs tra-
vaillent ainsi que les coordonnées complétes de
I‘auteur principal, avec numéro de téléphone, fax et
e-mail.

- Résumé et abstract en anglais (avec le titre du tra-
vail): Sans référence, ni acronyme, ni abréviation
inhabituelle (maximum 250 mots).

- 3 a6motsclés.

- Texte: Disposition dans les travaux originaux : Intro-
duction, méthodes (y compris matériel d‘examen,
patients, animaux de laboratoire, le cas échéant
les autorisations, resp. respect de la Déclaration
d‘Helsinki, y compris le vote du comité d‘éthique),
résultats et discussion. Les abréviations doivent étre
écrites en entier a leur premiere apparition dans le
texte.

- Références: Les références a la littérature doivent
étre citées a la fin du travail dans I‘ordre d‘appari-
tion dans le texte et citées suivant le modéle ci-des-
sous. Les communications personnelles, les résul-
tats non publiés et/ou les manuscrits adressés a la
publication ne sont pas acceptés, mais doivent étre
mentionnés de facon appropriée dans le texte. Les
citations « a I'impression » resp. « in press » ne se
rapportent qu'aux travaux qui ont été acceptés (en
ajoutant le nom du journal, le numéro et I'année de
parution, si connus). La citation de travaux « en pré-
paration » n'est pas autorisée. Les communications
de congres ne seront prises en considération que
sous forme d’abstract ou d’article de « Proceedings-
Journal ».

- Tableau : Chaque tableau doit apparaitre sur une
nouvelle page avec un titre explicatif court. Les
abréviations et les signes doivent étre expliqués en
pied de page.

- Légendes d'illustrations : La légende de chaque il-
lustration doit étre sur une nouvelle page ; les abré-
viations et les signes doivent y étre expliqués.

- lllustrations : Dessins, dessins en dégradé ou photo-
graphies (noir/blanc ou couleurs).

- Modéle de citation : Article de journal : Daoud AS,
Batieha A, Abu-Ekteish F et al. Iron status: a pos-
sible risk factor for the first febrile seizure. Epilepsia
2002; 43: 740-743 (nommer les 4 premiers auteurs;
abréviation des journaux selon la « List of Journals
indexed in Index Medicus »); Livres: Shorvon S. Sta-
tus Epilepticus. Its Clinical Features and Treatment
in Children and Adults. Cambridge: Cambridge Uni-
versity Press, 1994; Chapitres de livres: Holthausen
H, Tuxhorn |, Pieper T et al. Hemispherectomy in the
treatment of neuronal migrational disorders. In:
Kotagal P, Liiders HO (eds): The Epilepsies. Etiologies
and Prevention. San Diego, London, Boston et al:
Academic Press, 1999: 93-102

Tous les manuscrits doivent étre envoyés en trois
exemplaires, y compris les illustrations et tableaux.
Lenvoi de fichiers électroniques (MS Word) est préfé-
rable, comme alternative, I'envoi de trois exemplaires
imprimés et d’'une CDRom (pour les illustrations et les
tableaux mentionner le programme utilisé) est pos-
sible.



Génétiques

Chers lecteurs,

Ces dernieres années, peu de domaines de
I'’épileptologie ont connu une évolution aussi specta-
culaire que celui de la génétique. Les avancées techno-
logiques les plus récentes ont abouti a I'identification
de plusieurs centaines de génes directement impliqués
dans la physiopathologie de certaines épilepsies, per-
mettant de mieux comprendre les mécanismes qui les
sous-tendent. De nombreux projets de recherche sont
actuellement en cours sur le sujet, et des groupes inter-
nationaux se sont formés pour optimiser la coordinati-
on de ces activités.

Ces découvertes entrainent des conséquences im-
portantes en termes de prise en charge des patients at-
teints d’épilepsie.

Premieérement, aboutir a un diagnostic génétique
précis permet souvent de donner des éléments fonda-
mentaux de pronostic et de conseil aux patients et a
leur famille. Ces éléments apporteront le recul néces-
saire a I'optimisation de I'organisation de la vie du pa-
tient.

En termes thérapeutiques, le choix du médecin
pourra étre guidé par le résultat des investigations gé-
nétiques. Ceci est par exemple le cas pour le déficit en
transporteur du glucose de type 1 lié a des mutations
sur le géne SLC2A1, les crises dans cette entité étant
particulierement réfractaires aux médicaments anti-
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épileptiques et pouvant étre en théorie complétement
contrélées par un régime cétogeéne. Dans d'autres si-
tuations, au contraire, on évitera d’utiliser certaines
molécules connues pour aggraver la fréquence ou
I’intensité des crises en présence de mutations sur cer-
tains geénes spécifiques. Ceci est par exemple le cas du
gene SCN1A codant pour la sous-unité alpha du canal
sodique de type 1, impliqué dans le syndrome de Dra-
vet. Cette épilepsie débute dans la premiére année de
vie, une période dans laquelle certains traitements
justement considérés comme contre-indiqués, comme
la carbamazépine, la phénytoine et le phénobarbital,
sont souvent prescrits avant qu’un tel diagnostic ne
soit posé.

Enfin, last but not least, lorsqu’'un géne permet
d’expliquer un tableau clinique spécifique, les investi-
gations multiples et répétées qui découlent souvent
de I'incompréhension préalable d’une situation don-
née peuvent étre interrompues. Ceci peut entrainer
une amélioration notable de la qualité de vie de nos
patients, ainsi qu’une diminution non négligeable des
colts de la santé y relatifs.

Le but de ce numéro est de donner un apercu des
connaissances actuelles sur différents aspects de ce su-
jet de haute importance.

Emmanuelle Ranza, Periklis Makhrytanasis et Sty-
lianos Antonarakis du Service de médecine génétique
des Hopitaux Universitaires de Genéve décrivent les
aspects techniques des analyses les plus pointues actu-
ellement disponibles. lls relatent également certaines
difficultés qui y sont liées dans la pratique clinique, no-
tamment quant a l'interprétation complexe des résul-
tats et quant a la politique actuelle de remboursement
en Suisse.

Renzo Guerrini et Elena Parrini de I’'Unité de neuro-
pédiatrie et neurogénétique de I'Hopital pédiatrique
A. Meyer, Université de Florence, nous rapportent les
derniéeres découvertes génétiques dans le domaine des
malformations du développement cortical, qui causent
souvent des épilepsies séveres, associées a des troubles
du développement psychomoteur, qu’il s’agisse de lis-
sencéphalie, de polymicrogyrie, de dysplasie corticale
focale ou d’hétérotopie sous-corticale.

Epileptologie 2015; 32
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Mary Kurian et Fabienne Picard, respectivement du
Département de pédiatrie, et de neurologie de I’'Hopital
universitaire de Genéve, nous décrivent les différentes
formes d’épilepsie focale familiale, incluant la récen-
te découverte d’un gene responsable faisant partie du
systéme mTOR, impliqué dans un grand nombre de fa-
milles. Les mutations de ce géne semblent pouvoir étre
associées chez certains sujets a des dysplasies cortica-
les focales, ce qui remet en question les limites entre
les causes génétiques et les causes structurelles (lési-
onnelles) chez des patients souffrant d’'une épilepsie
focale sans autre trouble neurologique.

Vincent Strehlow, Henrike O. Heyne et Johannes
R. Lemke de [I'Institut de Génétique Humaine de
I'Université de Leipzig nous donnent un exemple trés
concret d'épilepsie génétique, en évoquant la variabi-
lité du phénotype associé a des mutations sur le géne
GRIN2A qui code pour une sous-unité du récepteur
glutamatergique NMDA, et les conséquences thérapeu-
tiques qui y sont associées.

Nous adressons nos remerciements les plus chaleu-
reux aux illustres auteurs qui ont accepté de partici-
per a ce numéro passionnant d’Epileptologie, et vous
souhaitons une excellente lecture !

Dr Christian Korff

Epileptologie 2015; 32




Genetics

Dear Readers,

In recent years, few fields of epileptology have seen
such spectacular progress as that of the field of genet-
ics. The latest technological advances have succeeded
in identifying several hundreds of genes directly in-
volved in the physiopathology of certain types of epi-
lepsy, enabling the underlying mechanisms to be better
understood. Numerous research projects on the subject
are currently ongoing, and international groups have
been formed to optimise the coordination of these ac-
tivities.

These discoveries have led to significant conse-
quences in terms of the care of patients with epilepsy.

Firstly, this has resulted in a specific genetic diag-
nostic test which often is able to give fundamental in-
dications for prognosis and for advice to patients and
their families. These indications provide the necessary
perspective in order to optimise the organisation of the
patient’s life.

In terms of treatment, the doctor’s choice could be
guided by the results of the genetic tests. For exam-
ple, this is the case for a glucose transporter type 1
deficit associated with mutations of the SLC2A1 gene,
with crises in this form being particularly resistant to
anti-epileptic medications and which may in theory be
completely controlled by a ketogenic diet. In other situ-
ations, on the contrary, certain molecules, which are
known to aggravate the frequency or the intensity of
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the crises in the presence of mutations of certain spe-
cific genes, are not used. For example, this is the case
of the SCN1A gene which codes for the alpha sub-unit
of the type 1 sodium channel involved in Dravet’s syn-
drome. This epilepsy starts in the first year of life, a pe-
riod in which certain treatments are justly considered
as contraindicated, such as carbamazepine, phenytoin
and phenobarbital, and which are often prescribed be-
fore such a diagnosis has been posed.

Finally, last but not least, when a gene allows a
specific clinical picture to be explained, multiple and
repeated tests which often ensue from the prior in-
comprehension of a given situation may be suspended.
This may cause a notable improvement in our patient’s
quality of life, as well as a non-negligible reduction in
terms of health costs and other related costs.

The aim of this edition is to give an insight into the
current knowledge on various aspects of this highly im-
portant subject.

Emmanuelle Ranza, Periklis Makhrytanasis and
Stylianos Antonarakis of the Department of Genetic
Medicine of the Geneva University Hospitals describe
the technical aspects of the most cutting-edge tests
currently available. They also recount certain associ-
ated difficulties in clinical practice, notably with regard
to the complex interpretation of the results and with
regard to the current reimbursement policy in Switzer-
land.

Renzo Guerrini and Elena Parrini of the Neuropaedi-
atric and Neurogenetics Unit of the A. Meyer Children’s
Hospital, University of Florence, report to us on the lat-
est genetic discoveries in the field of malformations of
cortical development, which often cause severe cases
of epilepsy associated with psychomotor development
disorders, which include lissencephaly, polymicrogyria,
focal cortical dysplasia and subcortical heterotopia.

Mary Kurian and Fabienne Picard, of the Depart-
ment of Paediatrics, and the Department of Neurology
respectively, of the Geneva University Hospitals, de-
scribe to us the various forms of familial focal epilepsy,
including the recent discovery of a gene responsible
which is part of the mTOR system, involved in a large
number of families. Mutations of this gene seem to be
able to be associated in certain subjects with focal corti-
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cal dysplasia, which calls into question the margins be-
tween genetic causes and structural causes (lesions) in
patients with focal epilepsy with no other neurological
disorder.

Vincent Strehlow, Henrike O. Heyne and Johannes R.
Lemke of the Institute of Human Genetics of the Univer-
sity of Leipzig provide us with a very specific example of
genetic epilepsy, by evoking the variability of the phe-
notype associated with mutations of the GRIN2A gene
which codes for a sub-unit of the NMDA glutamate re-
ceptor, and the associated therapeutic consequences.

We would like to thank all the illustrious authors

who have agreed to participate in this exciting edition
of Epileptology, and we wish you happy reading!

Dr Christian Korff Dre Fabiefine Picard

Epileptologie 2015; 32




Genetik

Liebe Leserin, lieber Leser,

In wenigen Teilgebieten der Epileptologie wurden in
den letzten Jahren so spektakulare Fortschritte erzielt
wie auf dem Gebiet der Genetik. Die neuesten techno-
logischen Fortschritte haben die Bestimmung mehrerer
Hundert Gene ermoglicht, die direkt an der Physiopa-
thologie bestimmter Epilepsieformen beteiligt sind,
und damit den Schliissel zu einem besseren Verstand-
nis der zugrunde liegenden Mechanismen geliefert.
Derzeit laufen zahlreiche Forschungsprojekte in diesem
Bereich, und zur Optimierung der Koordination dieser
Aktivitaten haben sich internationale Gruppen gebil-
det.

Die Entdeckungen haben zu bedeutenden Auswir-
kungen in Bezug auf die Versorgung von Epilepsie-Pa-
tienten gefiihrt.

Zunachst einmal resultierte daraus ein spezifischer
gendiagnostischer Test, der in vielen Fillen grundle-
gende Hinweise beziiglich der Prognose und der Emp-
fehlungen fiir Patienten und ihre Angehérigen geben
kann. Diese Hinweise bieten den erforderlichen Rah-
men fiir die optimale Lebensorganisation der Patienten.

Die Ergebnisse der genetischen Tests konnten als
Orientierungshilfe fiir die arztliche Behandlungsent-
scheidung dienen. Dies ist beispielsweise der Fall bei
der Glukosetransporter-Typ-1-Defizienz, die mit Muta-
tionen des SLC2A1-Gens assoziiert ist. Die Anfdlle sind
bei dieser Form besonders resistent gegeniiber An-
tiepileptika und theoretisch mithilfe einer ketogenen
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Diat vollstandig beherrschbar. In anderen Situationen
dagegen wird man bestimmte Wirkstoffe, die bekann-
termassen beim Vorliegen bestimmter Genmutationen
zu einer Verschlechterung beziiglich der Haufigkeit
oder des Schweregrads der Anfdlle fihren, vermeiden.
Ein Beispiel hierfiir ist das SCN1A-Gen, das fiir die Al-
pha-Untereinheit des Typ-1-Natriumkanals kodiert, der
beim Dravet-Syndrom eine Rolle spielt. Diese Epilepsie-
Form setzt im ersten Lebensjahr ein, einer Phase, in
der bestimmte Behandlungen, z. B. mit Carbamazepin,
Phenytoin und Phenobarbital, zu Recht als kontraindi-
ziert gelten, haufig aber vor einer entsprechenden Dia-
gnosestellung verschrieben werden.

Last but not least eriibrigen sich schliesslich zahl-
reiche und wiederholte Tests, die sich haufig aufgrund
der bis dahin unklaren Situation ergeben, sobald sich
ein spezifisches klinisches Bild auf ein Gen zurtickfiih-
ren lasst. Dies kann eine erhebliche Verbesserung der
Lebensqualitat des Patienten mit sich bringen und zu
einer nicht unwesentlichen Senkung der direkten und
indirekten Gesundheitskosten beitragen.

Die vorliegende Ausgabe soll einen allgemeinen
Uberblick Uber den aktuellen Wissensstand zu unter-
schiedlichen Aspekten dieser liberaus bedeutenden
Problematik geben.

Emmanuelle Ranza, Periklis Makhrytanasis und
Stylianos Antonarakis von der Abteilung fiir Genetische
Medizin der Genfer Universitatsspitdler (HUG) besch-
reiben die technischen Aspekte der modernsten derzeit
verfligbaren Tests. Ferner berichten Sie lber gewisse
Schwierigkeiten, die in der klinischen Praxis damit ver-
bunden sind, insbesondere im Hinblick auf die Interpre-
tation der Ergebnisse und die aktuelle Kostengutspra-
che-Regelung in der Schweiz.

Renzo Guerrini und Elena Parrini von der Abteilung
fir Neuropadiatrie und Neurogenetik der A. Meyer
Kinderklinik der Universitat Florenz berichten Uber
die neuesten genetischen Entdeckungen im Bereich
der Fehlbildungen der Kortexentwicklung, die haufig
schwere Formen von Epilepsie mit Stérungen der psy-
chomotorischen Entwicklung hervorrufen, z. B. Lissen-
zephalie, Polymikrogyrie, fokale kortikale Dysplasie und
subkortikale Heterotopie.

Mary Kurian von der Abteilung fiir Padiatrie und
Fabienne Picard von der Abteilung fiir Neurologie der

Epileptologie 2015; 32
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Kliniken der Universitdt Genf beschreiben die unter-
schiedlichen familiaren fokalen Epilepsieformen und
berichten unter anderem uber die erst vor Kurzem er-
folgte Entdeckung eines verantwortlichen Gens, das
zum mTOR-System gehort und bei einem grossen Teil
der betroffenen Familien beteiligt ist. Bei bestimmten
Personen konnen Mutationen dieses Gens offenbar mit
fokaler kortikaler Dysplasie assoziiert sein, was die Fra-
ge aufwirft, wo bei Patienten mit fokaler Epilepsie ohne
sonstige neurologische Stoérung die Grenzen zwischen
genetischen und strukturellen Ursachen (Lasionen) lie-
gen.

Vincent Strehlow, Henrike O. Heyne und Johannes R.
Lemke vom Institut fiir Humangenetik der Universitat
Leipzig liefern uns mit der Beschreibung der phanotypi-
schen Variabilitat im Zusammenhang mit Mutationen
des GRIN2A-Gens, das fur eine Untereinheit des NMDA-
Glutamatrezeptors kodiert, und den damit verbundenen
therapeutischen Konsequenzen ein sehr konkretes Bei-
spiel einer genetisch bedingten Epilepsie.

Wir danken all den renommierten Autoren, dass sie
sich zur Mitwirkung an dieser spannenden Ausgabe von
Epileptologie bereit erklart haben, und wiinschen lhnen
eine angenehme Lekture!

Dr Christian Korff

Epileptologie 2015; 32
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Summary

High-throughput sequencing (HTS) has proven to
be particularly useful for the causative molecular di-
agnosis of genetically heterogeneous Mendelian disor-
ders, such as epilepsies. It presents clear benefits in the
routine clinical setting, namely higher diagnostic yield,
as well as improved time and cost effectiveness, com-
pared to conventional sequencing technologies.

Different approaches are currently available, includ-
ing targeted sequencing of predetermined panels of
genes, or exome sequencing with targeted bioinfor-
matics analysis. Daily practice of HTS has necessitated
the development of specialized task forces, who work
on selection of cases, variants’ interpretation and clas-
sification, as well as on the establishment of good
practice guidelines and adoption of reimbursement
policies. Pre- and post-test genetic counselling remains
a central aspect; moreover, multidisciplinary collabo-
ration between health care specialists and clinical ge-
neticists familiar with new sequencing technologies is
required to warrant successful diagnostic application of
HTS in the clinic. The current diagnostic yield of HTS for
suspected Mendelian disorders in general, and neuro-
logic disorders specifically varies between 23 and 31%.
HTS is the method of choice for establishing the exact
molecular defect in these disorders.

Epileptologie 2015; 32: 122 —128
Key words: High-throughput sequencing, exome se-

quencing, diagnostic, epilepsy

L'analyse génomique pour le diagnostic géné-
tique des épilepsies et ses défis dans la pratique
clinique

Le séquencage a haut-débit (SHD) a clairement
montré son utilité dans le diagnostic des maladies

Epileptologie 2015; 32

Emmanuelle Ranza®, Periklis Makrythanasis*? and

Stylianos E. Antonarakis %3

! Genetic Medicine Service, University Hospitals of
Geneva

2 Department of Genetic Medicine and Development,
University of Geneva

3 iGE3, Institute of Genetics and Genomics of Geneva,
University of Geneva

mendéliennes avec hétérogénéité génétique, comme
les épilepsies. Son utilisation en pratique clinique a per-
mis d’augmenter de maniére significative le rendement
diagnostique, pour un colt et un temps d’analyse infé-
rieurs a ceux des technologies de séquencage classique.

Différentes approches sont disponibles : il est pos-
sible de séquencer de maniére ciblée un groupe de
genes prédéfinis ou d’effectuer un séquencage complet
de I'exome, avec analyse bioinformatique ciblée sur
les génes d’intérét. Lintroduction du SHD en clinique
a motivé la création de groupes de travail spécialisés,
impliqués dans la sélection des cas, I'interprétation et
la classification des variants, la production de recom-
mandations de bonne pratique et la mise en place des
modalités de remboursement. Le conseil génétique
avant et apres analyse reste un aspect tres important
de la prise en charge. Par ailleurs, le succés de I'implé-
mentation de ces nouvelles technologies nécessite une
collaboration pluridisciplinaire entre les différents spé-
cialistes et les généticiens. Le rendement diagnostique
actuel du SHD en cas de suspicion d’affection mendé-
lienne en général, et de conditions neurologiques plus
spécifiquement, est estimé a 23-31%. Le SHD est donc
considéré comme la méthode de choix pour le diagnos-
tic moléculaire de ces maladies.

Mots clés : Séquencage a haut-débit, séquencage de
I'exome, diagnostic, épilepsie

Genomanalyse in der genetischen Diagnostik von
Epilepsien und ihre Herausforderungen in der kli-
nischen Praxis

Die Hochdurchsatzsequenzierung (HDS) hat sich in
der Diagnostik mendelscher Erkrankungen mit hetero-
gener Genetik (z. B. Epilepsie) als ausserordentlich niitz-
lich erwiesen. Ihr Einsatz im Klinikalltag fiihrte zu einer
signifikanten Erhohung der diagnostischen Ausbeute
und dies mit geringeren Kosten und Analysezeiten als
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bei herkommlichen Sequenzierungsverfahren.

Dazu gibt es verschiedene Ansatze: Die gezielte Se-
quenzierung einer im Vorfeld definierten Gruppe von
Genen oder die Sequenzierung eines vollstandigen
Exoms mit gezielt auf die gewlinschten Gene gerichte-
ter bioinformatischer Analyse. Die Einfiihrung der HDS
in den Klinikalltag bedingte die Schaffung spezieller
Arbeitsgruppen, die mit der Fallauswahl, der Interpre-
tation und Klassifizierung der Variablen, der Erstellung
von Empfehlung zur Guten Klinischen Praxis und der
Umsetzung der Kostenerstattungsmodalitaten befasst
sind. Die genetische Beratung vor und nach der Analyse
ist auch weiterhin ein extrem wichtiger Aspekt der Be-
treuung. Im Ubrigen setzt die erfolgreiche Umsetzung
dieser neuen Technologien eine pluridisziplinare Koo-
peration der verschiedenen Spezialisten und Genetiker
voraus. Gegenwartig liegt die diagnostische Ausbeute
der HDS bei generellem Verdacht auf eine mendelsche
Erkrankung und speziell auf neurologische Erkran-
kungen, bei 23-31%. Daher gilt die HDS als bevorzugte
Methode zur molekularen Diagnostik dieser Krank-
heiten.

Schliisselworter: Hochdurchsatzsequenzierung, Se-
quenzierung des Exoms, Diagnostik, Epilepsie

1. Introduction

High-throughput sequencing (HTS) has been intro-
duced in clinical practice in order to simultaneously
test hundreds of genes for diagnostic purposes in Men-
delian disorders, resulting in increased diagnostic yield,
reduced time to diagnosis, and improved cost effective-
ness [1, 2]. It has been particularly useful in genetically
heterogeneous diseases, such as epilepsy, in which a
considerable number of genes have been implicated
[2]. The implementation of HTS requires pluridiscipli-
nary collaborations between health care specialists and
clinical geneticists familiar with sequencing techniques
and strategies, such as gene panel designs and man-
agement of the diverse implications of HTS results.

2. Technical aspects of high-throughput sequen-
cing

The main technologies currently used for molecu-
lar diagnosis allow the simultaneous sequencing of
hundreds of millions of small DNA fragments [1]; the
subsequent bioinformatics analysis permits the detec-
tion of single-nucleotide substitutions and small (8-10
nucleotides or less) deletions or insertions [1]. Depend-
ing on the specific application, it is now possible to se-
quence the whole genome of an individual, the whole
protein-coding region of the genome (exome) or se-
lected number of genes at a lower cost and faster turn-
around-time [3]. The exome sequence provides the pos-
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sibility to detect variants in hundreds or thousands of
genes of interest in one single test. This increases dra-
matically the analytical sensitivity of the test making it
particularly useful in the clinic [4, 5].

The notion of coverage, or in other words how many
times each nucleotide position is read, determines the
accuracy of the test. While there are no specific guide-
lines, most laboratories tend to consider a coverage of
30 (“30x”) acceptable for the detection of heterozygous
Single Nucleotide Variants (SNV).

2.1. High-throughput sequencing approaches

In clinical practice, most centres select genes poten-
tially causative of the patient’s disease in order to mini-
mize the risk of possible unsolicited findings. Different
strategies are being offered [6], but in most cases, the
different teams are selecting one of the following two
common approaches:

1. Targeted gene capture and high-throughput se-
quencing

2. Exome sequencing and targeted bioinformatics
analysis

2.1.1. Targeted gene capture and high-through-
put sequencing

In this approach, there is a capture of sequences
from a predetermined panel of genes related to the
phenotype in question. The main advantage of this op-
tion is the extensive sequencing depth and coverage of
the targeted genes, within reasonable cost and short-
ened turn-around-time. The principal limitation of this
strategy, however, is linked to the non-dynamic nature
of the established panels. If no variant is found within
the tested panel, the sample of the patient may require
further sequencing, either with a new panel, or with
the whole exome/genome.

2.1.2. Exome sequencing and targeted bioinfor-
matics analysis

This alternative strategy uses a whole-exome se-
quencing (WES), but the gene panels of interest are
then bioinformatically selected and analysed. WES usu-
ally has a lesser coverage than the previous alternative
however, it offers the great advantage of flexibility: the
genes are targeted by means of bioinformatics, offer-
ing therefore the possibility to easily update the gene
panel to the most recent discoveries. It is therefore
conceivable to update the panels and to reanalyse the
stored data periodically, without a need of further se-
quencing. Many diagnostic laboratories, including ours
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at the Geneva University Hospitals, have decided to use
this highly dynamic strategy [7].

2.2. Designing a gene panel

Panels of genes offer flexibility in the analysis, but
are difficult to design: indeed, the update of gene pan-
els requires a constant surveillance of the literature
and consensus statements among clinicians and sci-
entists. Our experience has shown that a gene panel
design should be debated and the criteria for inclusion/
exclusion of genes are not always widely accepted.
Some argue that only genes with proven pathogenic-
ity should be included, while others support a more
inclusive attitude: obviously, panels obtained using
more stringent criteria result in less false positive, and
more false negative diagnoses. In order to offer high
and uniform standards of care across Europe, the lat-
est European guidelines introduce the concept of core
genes, i.e. genes that should always be interrogated
when a specific disorder is tested (EuroGentest guide-
lines, unpublished, http://www.eurogentest.org/index.
php?id=958). Expert groups per phenotype should be
created and updates of gene panels need to be main-
tained.

2.3. Limitations of the method

Coverage of sequenced regions is unevenly distrib-
uted across the exome (or genome). Some regions are
less covered than others, which can lead to false nega-
tive results (absence of detection) if the causative vari-
ants lay in a poorly covered genomic area [8]. Precise
knowledge of the coverage is crucial in the evaluation
of HTS results; the gaps in coverage need to be com-
pleted either by improving the capture reagents, or by
additional techniques (i.e. Sanger sequencing).

Additionally, long stretches of repetitive DNA (in-
cluding trinucleotide repeats), chromosomal aneuploi-
dies, Copy Number Variants (CNVs) or structural varia-
tions (i.e. translocations) can be either missed or very
difficult to detect. If genetic disorders with such patho-
genic variants are suspected, they must first be inves-
tigated by an appropriate technique such as specific
tests for the detection of trinucleotide expansions or
array comparative genomic hybridization (array-CGH)
for CNVs bigger than 20-100 Kb. In the case of epilepsy
specifically, array-CGH can detect causal genetic vari-
ants in 10-15% of the patients and it is recommended
as a first tier analysis [9 - 11].
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3. Challenges of HTS in diagnostic practice

High-throughput sequencing has brought new
challenges in clinical practice. While the principal aim
was traditionally the detection of variants, there is a
shift in our concerns: the main difficulty is no longer
the identification of variants (although improved algo-
rithms are still needed for insertions and deletions), but
their interpretation, as well as the correct and concise
transmission of the genetic information to the patient.

3.1. Evaluation of variants’ pathogenicity

Using a multitude of tools and available databases
to annotate the variants (Table 1), the analytical team
of every laboratory classifies each variant according to
its appreciated level of pathogenicity (from pathogenic
and likely pathogenic to variant of unknown clinical
significance to likely benign and benign). Recently, spe-
cific guidelines have emerged in order to assist the ana-
lytical teams to this task, by using the recognized quali-
ties of each variant and judging whether they support a
pathogenic or benign function [12, 13].

Given the total number of attributes that must be
evaluated before pronouncing each variant’s role in dis-
ease [13], variant interpretation is becoming increas-
ingly complex. Recent publications have shown that
the analysis of the sequencing results is the more time
consuming and costly aspect of HTS [14, 15]. To over-
come this problem, many clinical teams, including ours,
host regular multidisciplinary meetings with experts
from different fields (clinical and molecular genetics,
bioinformatics and ethics) in order to discuss the inter-
pretation of the identified variants.

In this process of interpretation, detailed clinical de-
scription, and familial history, remains essential [16].
High-throughput sequencing does not replace clinical
expertise: it renders it even more important. When sev-
eral variants are identified, in addition to bioinformat-
ics tools and scientific literature, the precision and ac-
curacy of clinical information is crucial. The geneticists’
competences and clinical expertise of neurologists and
other medical specialists is required to ascertain the
variants’ pathogenicity and link the genotypic findings
to the patients’ phenotype [17].

3.2. Variants of Unknown clinical Significance
(VUs)

In certain cases, the available data are currently in-
sufficient to conclude to the pathogenicity of a variant,
therefore called “Variants of Unknown clinical Signifi-
cance” (VUS). Because pathogenicity’s arguments are
insufficient, inconclusive or conflicting, such variants
cannot be used to explain the patient’s phenotype, but
can neither be completely discarded as non-pathogen-
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Table 1: Databases and tools used for the variants’ interpretation and annotation.

Population, disease-specific, and sequence databases

Population databases

Exome Aggregation Consortium

http://exac.broadinstitute.org/

1000 Genomes http://browser.1000genomes.org
dbSNP http://www.ncbi.nlm.nih.gov/snp
dbVar http://www.ncbi.nlm.nih.gov/dbvar
Disease databases

Clinvar http://www.ncbi.nlm.nih.gov/clinvar
OMIM http://www.omim.org

Human Gene Mutation Database

http://www.hgmd.org

Locus/disease/ethnic/other-specific

http://www.hgvs.org/dblist/dblist.html

Leiden Open Variation Database

http://www.lovd.nl

DECIPHER

http://decipher.sanger.ac.uk

Sequence databases

NCBI Genome Source

http://www.ncbi.nlm.nih.gov/genome

RefSeqGene

http://www.ncbi.nlm.nih.gov/refseq/rsg

Locus Reference Genomic (LRG)

http://www.Irg-sequence.org

MitoMap

Missense prediction

http://www.mitomap.org/MITOMAP/

In-silico predictive algorithms

SIFT http://sift.jcvi.org

MutationTaster http://www.mutationtaster.org
PolyPhen-2 http://genetics.bwh.harvard.edu/pph2
CADD http://cadd.gs.washington.edu

Splice site prediction

GeneSplicer

http://www.cbcb.umd.edu/software/GeneSplicer/gene_spl.
shtml

Human Splicing Finder

http://www.umd.be/HSF/

MaxEntScan http://genes.mit.edu/burgelab/maxent/Xmaxentscan_
scoreseq.html

NetGene2 http://www.cbs.dtu.dk/services/NetGene2

NNSplice http://www.fruitfly.org/seq_tools/splice.html

FSPLICE http://www.softberry.com/berry.phtml?topic=fsplice&group

=programs&subgroup=gfind

Conservation scores

GERP http://mendel.stanford.edu/sidowlab/downloads/gerp/
PhastCons http://compgen.bscb.cornell.edu/phast/
PhyloP http://compgen.bscb.cornell.edu/phast/
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ic. Concerning the reporting of such variants, opinions
and practices differ, yet in most cases in current prac-
tice, they are not reported [18]. Nevertheless, all labo-
ratories record the information since advances in the
analyses and the scientific knowledge may elucidate
their role in human disease. It is therefore desirable to
introduce a re-analysis of the VUS when new knowl-
edge become available, or when additional cases with
the same VUS have been identified and reported in the
literature or in databases. As follow-up strategies are
thus so far not automatized, we suggest that patients
contact the diagnostic services every 2-3 years. Finally,
even with such a powerful analysis, it is common not to
find the cause of the disease [16].

3.3. Incidental findings; informed consent

Incidental findings are universal in medicine. In-
deed, each medical exam can lead to unexpected find-
ings: for example, chest radiography for pulmonary
infection can reveal the presence of a tumour. HTS can
generate results unlinked to the indication of the se-
quencing. It is estimated that 1 to 3% of patients un-
dergoing WES have such findings [19]. These incidental
findings may be clinically useful, in different ways, but
need to be anticipated and discussed with the patient.

Incidental findings can be of different kinds:

1. Actionable variants, such as cancer predisposition
(i.e. PTEN responsible for Cowden Syndrome)

2. Non actionable variants of adult-onset diseases,
such as late-onset neurodegenerative diseases (i.e.
NOTCH3, implicated in CADASIL)

3. Carrier status, for variants in autosomal recessive or
X-linked genes, implicating specific risk for the off-
spring (i.e. SURF1 causing autosomal recessive Leigh
syndrome)

Few attitudes concerning their testing and reporting
are proposed from different national societies. In 2013,
the American College of Medical Genetics and Genom-
ics provided recommendations proposing to routinely
search and report specific variants within a minimum
set of 56 genes, responsible for 24 disorders that are
highly actionable [18]. These recommendations were
later changed to an opt-out policy. In Europe, the gener-
al attitude is more reserved concerning the seeking out
of actionable variants, and the Swiss Society of Genetic
Medicine has proposed an opt-in strategy that is being
reflected in the consent form for the patients. Thus, the
patient has the option to choose which types of vari-
ants he/she wishes to know and controls the flow of
information [18].
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3.4. Pre- and post-test counselling

Pre-test consultation generally resumes the prin-
ciples of HTS, including its limitations with regard to
sensitivity, and mentions the potential results. Families
have to be prepared to the possibility of not finding the
molecular cause, as the diagnostic yield of HTS reaches
about 25-30% [5, 4], thus avoiding unrealistic hopes.
Depending on the gene panel used, the issue of unex-
pected findings is explained, as well as the potential
uncertainty due to VUS. The specific informed consent
is explained and signed.

Post-test consultation is dedicated to the results of
the analysis. When positive, explanations about the
disease, its inheritance and family implications are giv-
en. In the cases of negative result (or VUS), the expert
counsellor needs to explain that a negative result does
not reliably exclude the presence of a causative variant
(limitation of coverage and number of genes tested).
We propose a regular follow-up (every 2-3 years) in or-
der to update the scientific data when a VUS has been
identified or to discuss a novel bioinformatics analysis
if new genes are described.

4. Health insurance consideration and costs

In Switzerland, HTS was officially introduced
as a reimbursed genetic test in January 2015 and
entered the so-called « Liste des analyses » (LA)
(http://www.bag.admin.ch/themen/krankenversi-
cherung/00263/00264/04185/index.html?lang=fr).

The recommended reimbursable cost of the HTS test
is based on three steps: the high-throughput sequenc-
ing, the bioinformatic analysis, and the additional con-
firmatory analyses such as Sanger sequencing and/or
the detection of large rearrangements (e.g. by MLPA).

More specifically:

1. High-throughput sequencing has a fixed price of
2300.- CHF, irrespectively of the technology used for
selection of the genes of interest and the sequenc-
ing technology.

2. The cost of the bioinformatics analysis varies accord-
ingly to the number of analysed genes: 600.- CHF for
1-10 genes, 1000.- CHF for 11-100 genes and 1500.-
CHF for 101 genes and more.

3. For the confirmatory tests, there are limitations ac-
cording to the number of genes analysed: 2 Sanger
confirmations for 1-10 genes, 4 for 11-100 and 6 for
> 100 genes. In all the cases a maximum of 4 MLPA
can also be added.

This modular aspect provides flexibility to the di-
agnostic laboratories and allows some steps to be per-
formed separately and several times, i.e. consecutive
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bioinformatic analyses.

Nevertheless, within Swiss law, the diseases for
which genetic analysis are reimbursed are positive-
ly defined, i.e. a genetic condition has to be clearly
mentioned in the “Liste des analyses” in order to be
potentially “reimbursable”. Unfortunately, currently
“Epilepsy” as a general term does not figure in this
list. Therefore, clinicians may have to formally re-
quest, by correspondance to Orphan disease proce-
dure  (http://www.sgmg.ch/view_page professional.
php?view=page&page id=29), or to the insurance
health company the acceptance of reimbursement of
the analysis, before performing the test.

Because of the complex issues in the HTS analyses
and interpretations the Swiss Federal Office of Public
Health has limited the prescription of HTS for more than
10 genes to clinical geneticists with the Medical Genet-
ics FMH title.

5. An example

Dizygotic 12-months-old male twins were referred
to our service because of seizures since the age of 4
months associated with severe developmental delay,
for which no clear cause could be identified after exten-
sive laboratory and radiological exams. The twins were
born to non-consanguineous parents and family history
was unremarkable. An array-CGH analysis, using Agilent
180K, was performed and did not reveal any obvious ab-
normality. Whole-exome sequencing with targeted bio-
informatics analysis of 395 epilepsy genes was subse-
quently performed. This analysis revealed a pathogenic
variant in the PIGA gene on chromosome Xp22.2 (MIM
311770), thus establishing the diagnosis of Multiple
Congenital Anomalies-Hypotonia-Seizures Syndrome 2
(MCAHS2, MIM 300868). The variant was transmitted to
both twins from their unaffected carrier mother. In this
case, HTS allowed us to make a precise diagnosis and
to provide crucial genetic counselling to the couple for
future pregnancies, given the X-linked inheritance with
a 50% risk of each pregnancy for an affected male off-

spring.

6. Conclusions

HTS has changed the diagnostic possibilities of
highly heterogeneous genetic disorders, such as epilep-
sies, raising the diagnostic rate to about 25 to 30% of
unsolved cases. HTS is already widely used in the clini-
cal practice, but it brings new challenges, regarding in-
terpretation of variants and management of patients.
The health professionals are now working to implement
guidelines in order to define good practice procedures.
Acknowledgment and anticipation of potential implica-
tions, as well as multidisciplinary participation, are re-
quired to warrant successful implementation.

Daily practice of HTS has encouraged the develop-
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ment of task forces, which work on clinical cases (se-
lection of cases and genes, interpretation of variants,
reporting aspects) as well as on the establishment of
strategies and good practice guidelines.

Clinical expertise and detailed phenotyping of pa-
tients is critical in such approaches and emphasizes the
importance of concerted efforts and active collabora-
tion between health professionals. Moreover, genetic
counselling remains a central aspect in the HTS practice.
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Malformations of Cortical Development (MCD): Genetic Aspects

Abbreviations:

a>p:  anterior>posterior

p>a: posterior>anterior

PMG:  Polymicrogyria

BFPP:  Bilateral frontoparietal PMG
BPP: Bilateral perisylvian PMG
CNV:  copy number variants

EEG:  Electroencephalogram

ILS: isolated LIS
LIS: Lissencephaly

MCD: Malformations of cortical development

MLPA: Multiplex Ligation-dependent Probe
Amplification

MRI:  Magnetic resonance imaging

MDS:  Miller-Dieker syndrome

Summary

The malformations of cortical development (MCD)
represent a major cause of developmental disabili-
ties, severe epilepsy and reproductive disadvantage.
Genes that have been associated to MCD are mainly
involved in cell proliferation and specification, neu-
ronal migration and late cortical organization. Lissence-
phaly-pachygyria-severe band heterotopia are diffuse
neuronal migration disorders (NMDs) causing severe,
global neurological impairment. Abnormalities of the
LIS1, DCX, ARX, RELN genes have been associated with
these malformations. Recent work has also established
a relationship of lissencephaly, with or without asso-
ciated microcephaly, corpus callosum dysgenesis and
cerebellar hypoplasia and, at times, a morphological
pattern consistent with polymicrogyria with mutations
of several genes (KIF2A, KIF5C, TUBA1A, TUBAS, TUBB,
TUBB2B, TUBB3, TUBG1 and DYNC1H1) regulating the
synthesis and function of microtubule and centrosome
key components and hence defined as tubilinopathies.
MCDs only affecting subsets of neurons, such as mild
subcortical band heterotopia and periventricular het-
erotopia, cause neurological and cognitive impairment
that vary from severe to mild deficits. They have been
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associated with abnormalities of the DCX, FLN1A, and
ARFGEF2 genes. Polymicrogyria results from abnor-
mal late cortical organization and is inconstantly as-
sociated with abnormal neuronal migration. Localised
polymicrogyria has been associated with anatomo-
specific deficits, including disorders of language and
higher cognition. Polymicrogyria is genetically hetero-
geneous and only in a small minority of patients has a
definite genetic cause been identified. Megalencephaly
with normal cortex by imaging, megalencephaly with
polymicrogyria, dysplastic megalencephaly (includ-
ing hemimegalencephaly) and focal cortical dysplasia
can all result from mutations of the same genes in the
PI3K-AKT pathway which are often post-zygotic and can
be limited to the dysplastic tissue in the less diffuse
forms.
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Keywords: Malformations of cortical development,
lissencephaly, subcortical band heterotopia, periventri-
cular nodular heterotopia, polymicrogyria, gene, mu-
tation

Malformations du développement cortical
(MDC) : aspects génétiques

Les malformations du développement cortical
(MDC) représentent une cause majeure de troubles du
développement, d’épilepsie sévére et de désavantage
reproductif. Les génes associés aux MDC sont principa-
lement impliqués dans la prolifération et la spécifica-
tion cellulaire, la migration neuronale et I'organisation
corticale tardive. Les hétérotopies en bandes, comme
la lissencéphalie-pachygyrie sévere, constituent des
troubles diffus de la migration neuronale (TDMN)
entrainant un handicap neurologique sévere et glo-
bal. Des anomalies des génes LIS1, DCX, ARX, RELN ont
été associées a ces malformations. Un travail récent a
aussi établi une relation entre lissencéphalie, avec ou
sans microcéphalie associée, dysgénésie du corps cal-
leux et hypoplasie cérébelleuse et, parfois, un aspect
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morphologique compatible avec une polymicrogyrie
qui s'accompagne de la mutation de plusieurs genes
(KIF2A, KIF5C, TUBA1A, TUBAS, TUBB, TUBB2B, TUBB3,
TUBG1 et DYNC1H1) régulant la synthese et la fonc-
tion des composants clés des microtubules et des cen-
trosomes, définis dorénavant comme tubulinopathies.
Les MDC qui touchent simplement un sous-groupe de
neurones, comme par exemple une hétérotopie sous
corticale en bandes légére et une hétérotopie périven-
triculaire, provoquent des troubles neurologiques et co-
gnitifs entrainant de facon variable des déficits séveres
ou légers. Ceux-ci ont été associés a des anomalies des
genes DCX, FLN1A, et ARFGEF2. La polymicrogyrie pro-
vient d’'une organisation corticale tardive anormale
et est liée inconstamment a une migration neuronale
pathologique. Une polymicrogyrie localisée a été asso-
ciée a des déficits anatomiques spécifiques, y compris
des troubles du langage et des fonctions cérébrales
hautes. La polymicrogyrie est génétiquement hétéro-
gene et seul un petit nombre de patients présente une
cause génétique définie identifiée. La mégalencéphalie
accompagnant un cortex normal a I'imagerie, la méga-
lencéphalie accompagnée de polymicrogyrie, la méga-
lencéphalie dysplasique (y compris I'hnémimégalencé-
phalie) et la dysplasie corticale focale peuvent provenir
de mutations des mémes génes de la voie PI3K-AKT et
sont souvent post-zygotiques ; de plus, ces anomalies
peuvent étre limitées aux tissus dysplasiques dans les
formes moins diffuses.

Mots clés : Malformations du développement cortical,
lissencéphalie, hétérotopie sous corticale en bandes,
hétérotopie nodulaire périventriculaire, polymicrogyrie,
gene, mutation

Fehlbildungen der Kortexentwicklung: genetische
Aspekte

Fehlbildungen der Kortexentwicklung (engl. Mal-
formations of Cortical Development, MCD) bilden eine
wichtige Ursache fiir Entwicklungsstorungen, schwere
Epilepsie und reproduktive Benachteiligung. Die mit
MCD assoziierten Gene sind hauptsachlich an der Zell-
proliferation und -differenzierung, an der neuronalen
Migration und an der spaten kortikalen Organisation
beteiligt. Lissenzephalie, Pachygyrie und schwere Band-
heterotopie beruhen auf diffusen neuronalen Migra-
tionsstorungen (engl. Neuronal Migration Disorders,
NMDs), die zu schweren allgemeinen neurologischen
Beeintrachtigungen fiihren. Diese Fehlbildungen sind
mit Anomalien der Gene LIS1, DCX, ARX, RELN assozi-
iert. In neueren Arbeiten wurde ausserdem fiir Lissen-
zephalie (mit oder ohne assoziierte Mikrozephalie), Bal-
kendysgenesie, zerebellare Hypoplasie sowie biswei-
len auch fiir Polymikrogyrie-typische morphologische
Auffdlligkeiten ein Zusammenhang mit Mutationen
mehrerer Gene nachgewiesen (KIF2A, KIF5C, TUBA1A,
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TUBAS, TUBB, TUBB2B, TUBB3, TUBG1 und DYNC1H1),
welche die Synthese und Funktion von Schliisselkom-
ponenten der Mikrotubuli und des Zentrosoms regu-
lieren, weshalb man hier von Tubulinopathien spricht.
MCDs, die lediglich Untergruppen von Neuronen be-
treffen, z. B. die leichte subkortikale Bandheterotopie
und die periventrikulare Heterotopie, verursachen
neurologische und kognitive Beeintrachtigungen, die
von leichten Defiziten bis hin zu schweren Ausfallen
reichen, und sind mit Anomalien der Gene DCX, FLN1A
und ARFGEF2 assoziiert. Eine Polymikrogyrie ist die Fol-
ge einer gestorten spaten kortikalen Organisation und
wird bisweilen mit einer neuronalen Migrationsstorung
in Zusammenhang gebracht. Die fokale Polymikrogyrie
geht mit den fiir den jeweiligen anatomischen Sitz spe-
zifischen Ausfdllen einher, unter anderem mit Sprech-
storungen und Storungen der héheren kognitiven Pro-
zesse. Bei der Polymikrogyrie handelt es sich um eine
genetisch heterogene Storung, fiir die nur bei einem
kleinen Teil der Patienten eine eindeutige genetische
Ursache festgestellt werden konnte. Megalenzephalien
mit bilddiagnostisch unauffalligem Kortex, Megalen-
zephalien mit Polymikrogyrie, dysplastische Megalen-
zephalien (einschliesslich Hemimegalenzephalie) und
fokale kortikale Dysplasien konnen alle aus Mutationen
derselben Gene im PI3K-Akt-Signalweg resultieren.
Diese Mutationen treten haufig postzygotisch auf und
konnen bei den weniger diffusen Formen auf das dys-
plastische Gewebe beschrankt sein.

Schliisselworter: Fehlbildungen der Kortexentwick-
lung, Lissenzephalie, subkortikale Bandheterotopie,
periventrikuldare noduldre Heterotopie, Polymikrogyrie,
Gen, Mutation

Introduction

The development of the human cerebral cortex is
a complex dynamic process that occurs during several
gestational weeks [1]. During the first stage, stem cells
proliferate and differentiate into young neurons or glial
cells deep in the forebrain, in the ventricular and sub-
ventricular zones lining the cerebral cavity. During the
second stage, cortical neurons migrate away from their
place of origin: most cells migrate, along the radial glial
fibres from the periventricular region towards the pial
surface, where each successive generation passes one
another and settles in an inside-out pattern within the
cortical plate. When neurons reach their destination,
they stop migrating and order themselves into specific
“architectonic” patterns guiding cells to the correct lo-
cation in the cerebral cortex. This third phase involves
final organization within the typical six layers of cortex,
associated with synaptogenesis and apoptosis.

Abnormal cortical development is increasingly
recognized as a cause of developmental disabilities
and epilepsy. This recognition is due, in part, to the
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improved use of magnetic resonance imaging (MRI),
which makes it possible to assess the distribution and
depth of cortical sulci, cortical thickness, the bounda-
ries between gray and white matter, and variations in
signal intensity. Abnormalities of any or all of these
features may be observed in different malformations of
cortical development (MCD), which may be restricted
to discrete cortical areas or may, alternatively, be dif-
fuse [2, 3].

So far, more than 100 genes are reported to be as-
sociated with one or more types of MCD. The biological
pathways include cell-cycle regulation at many steps
(especially mitosis and cell division), apoptosis, cell-fate
specification, cytoskeletal structure and function, neu-
ronal migration and basement-membrane function,
and many inborn errors of metabolism. Importantly, a
subset of MCD genes —especially those associated with
megalencephaly — are associated with postzygotic (ie,
mosaic) mutations [4].

Genetic testing needs accurate assessment of im-
aging features, and familial distribution, if any, and
can be straightforward in some disorders but requires
a complex diagnostic algorithm in others. Because of
substantial genotypic and phenotypic heterogeneity
for most of these genes, a comprehensive analysis of
clinical, imaging, and genetic data is needed to properly
define these disorders. Exome sequencing and high-
field MRI are rapidly modifying the classification of
these disorders.

In the following sections we will discuss the most
frequent MCD.

Lissencephaly and subcortical band heterotopia

Lissencephaly (LIS) is characterized by absent
(agyria) or decreased (pachygyria) convolutions, cortical
thickening and a smooth cerebral surface [3, 5]. Several
types of LIS have been recognized. The most common,
classical LIS, features a very thick cortex (10-20 mm vs.
the normal 4 mm) and no other major brain malforma-
tions.

Subcortical band heterotopia (SBH) is a related disor-
der in which bands of gray matter are interposed in the
white matter between the cortex and the lateral ventri-
cles [6]. Histopathology demonstrates that heterotopic
neurons settle close to the ‘true’ cortex in a pattern
suggestive of laminar organization.

On the basis of findings from genetic studies, the
full range of lissencephaly now extends from severe lis-
sencephaly with cerebellar hypoplasia to classic lissen-
cephaly to subcortical band heterotopia, and also in-
cludes a polymicrogyria-like cortical malformation that
can be distinguished from both lissencephaly and typi-
cal polymicrogyria by high-resolution brain imaging.
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Genetic basis and diagnosis

Lissencephaly, subcortical band heterotopia, and
lissencephaly with cerebellar hypoplasia are always ge-
netic. Studies to date have identified 12 lissencephaly
genes (Table 1), which account for roughly 90% of pa-
tients. However, two major genes have been associated
with classical LIS and SBH. The LIS1 gene is responsible
for the autosomal form of LIS [7], while the DCX gene is
X-linked [8]. Although either gene can result in either
LIS or SBH, most cases of classical LIS are due to dele-
tions or mutations of LIS1 [7], whereas most cases of
SBH are due to mutations of DCX [8]. LIS1-related LIS is
more severe in the posterior brain regions (p>a gradi-
ent) (Figure 1A), whereas DCX-related LIS is more severe
in the anterior brain (a>p gradient) (Figure 1B).

About 60% of patients with p>a isolated LIS (ILS)
carry genomic alterations or mutations involving LIS1
[9]. A simplified gyral pattern in the posterior brain,
with underlying SBH, has been associated with mosaic
mutations of LIS1 [7]. Miller-Dieker syndrome (MDS) is
caused by deletion of LIS1 and contiguous genes and
features severe p>a LIS, accompanied by distinct dys-
morphic facial features and additional malformations
(Figure 1C) [7].

Most DCX mutations cause a>p SBH/pachygyria.
Mutations of DCX have been found in all reported pedi-
grees and in 80% of sporadic females and 25% of spo-
radic males with SBH [8]. Genomic deletions of DCX are
rarely observed [6]. Maternal germline or mosaic DCX
mutations may occur in about 10% of cases of either
SBH or XLIS [10]. Hemizygous males with DCX muta-
tions have classical LIS (Figure 1D), but rare boys with
missense mutations and SBH have been described [11].

Phenotype

Classical LIS is rare, with a prevalence of about 12
per million births. Patients with severe LIS have early
developmental delay, early diffuse hypotonia, later
spastic quadriplegia, and eventual severe or profound
mental retardation. Seizures occur in over 90% of LIS
children, with onset before 6 months in about 75% of
cases. Between 35% and 85% of children with classic
lissencephaly develop infantile spasms, often without
classic hypsarrhythmia. Most LIS children subsequently
have multiple seizure types. In patients with MDS, clas-
sical LIS is accompanied by distinct dysmorphic facial
features [7]. The main clinical manifestations of SBH
are mental retardation and epilepsy. Epilepsy is present
in almost all patients and is intractable in about 65%
of cases. About 50% of these epilepsy patients have fo-
cal seizures, and the remaining 50% have generalized
epilepsy, often within the spectrum of Lennox-Gastaut
syndrome [6].

Children with some lissencephaly syndromes (espe-
cially Miller-Dieker syndrome, and severe forms of lis-
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Figure 1: Brain MRI of four different patients; axial sections: (A) classical LIS in a boy with LIS1 gene mutation; (B) LIS in a girl
with DCX mutation. In (A), there is a p>a gradient, cortical thickness is around 6mm in the frontal lobes (two black arrowheads)
and around 3 cm in the posterior brain (white arrow). In (B), there is a typical ar>p pattern; cortical thickness is around 2 cm in
the frontal lobes (white arrow) and around 4mm in the posterior brain (two white arrowheads). (C) LIS in a patient with MDS.
(D) Severe diffuse LIS with relatively small frontal lobes in a boy with DCX mutation.

sencephaly with cerebellar hypoplasia or the X-linked
syndrome of lissencephaly with abnormal genitalia)
have a severe course and high mortality rates. How-
ever, these data do not apply to children with less
severe forms of lissencephaly, subcortical band
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heterotopia, or lissencephaly with cerebellar hypoplasia,
because all of these disorders are associated with
better motor and cognitive function and longer survival
[12].
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Laboratory Investigations

In patients with classical LIS, the cytogenetic and
molecular investigations are part of the diagnostic pro-
cess. When MDS is suspected, a standard karyotype and
FISH for the 17pl3.3 region is indicated. When isolated
LIS is diagnosed, careful assessment of the antero-
posterior gradient of cortical pattern abnormality will
be suggestive of the involvement of either the LIS1 or
the DCX gene. When LIS is more severe posteriorly, it is
worth performing first MLPA in order to rule out LIS1
deletions/duplications. If a deletion/duplication is not
found, LIS1 sequencing should then be performed. In
boys whose MRI shows more severe pachygyria in the
frontal lobes, sequencing of the DCX gene is indicated.
In patients with SBH direct sequencing of DCX should
be performed. If a DCX mutation is not found, MLPA
analysis should then be performed. Direct sequencing
is also indicated in the mothers of patients harbouring
a DCX mutation or other female relatives.

Figure 2: Brain MRI: Axial section. Typical, classical bilateral
PNH in a woman with a missense FLNA mutation. Bilateral
nodules of subependymal heterotopia are contiguous and
rather symmetric, extensively lining the ventricular walls
(black arrows).
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Genetic counselling

All reported LIS1 alterations are de novo. Given the
theoretical risk of germline mosaicism in either parent
(which has never been demonstrated for LIS1), a couple
with a child with lissencephaly is usually given a 1% re-
currence risk.

When a DCX mutation is found in a boy with LIS,
mutation analysis of DCX should be extended to the
proband’s mother, even if her brain MRI is normal. If
the mother is a mutation carrier, the mutation will
be transmitted according to Mendelian inheritance.
If the mother is not a carrier, she can still be at risk of
germline mosaicism; the risk of transmitting the muta-
tion might roughly be estimated at around 5%.

Heterotopia

There are three main groups of heterotopia: peri-ven-
tricular (usually nodular: PNH), subcortical and leptome-
ningeal, of which only the first two can be detected by
imaging. PNH is by far the most frequent. SBH is a mild
form of LIS and classified in that group.

Periventricular nodular heterotopia (PNH)

PNH consists of nodules of gray matter located along
the lateral ventricles with a total failure of migration of
some neurons [3, 5]; it ranges from isolated, single, to
confluent bilateral nodules (Figure 2). The overlying cor-
tex may show an abnormal organization. When the nod-
ules are bilateral and numerous, a genetic basis is prob-
able and other brain malformations are often reported
[13].

Genetic basis and diagnosis

PNH is a clinically and genetically heterogeneous dis-
order occurring most frequently in women as an X-linked
trait (classical bilateral PNH), associated with high rates
of prenatal lethality in male foetuses, and 50% recur-
rence risk in the female offspring. Almost 100% of fami-
lies and 26% of sporadic patients, harbor mutations of
the FLNA gene [13], which also causes cardiovascular ab-
normalities in some patients of both sexes and gut mal-
formations in boys. Only a few living male patients with
PNH owing to FLNA mutations have been reported [14].

A rare recessive form of PNH owing to mutations of
the ARFGEF2 gene was described in two consanguineous
pedigrees [15] in which affected children had microceph-
aly, severe delay, and early-onset seizures.

Other genetic forms of periventricular nodular het-
erotopia have been mapped to several chromosomal
loci (Table 1), but a putative causal gene has only been
identified for the 6q27-related form [16].
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Table 1: Genes and chromosomal loci associated with MCDw

Cortical malformation Pattern Gene Locus OMIM
of inheritance

Lissencephaly (LIS)

MDS AD Lis1 17p13.3 *601545
ILS or SBH AD Lis1 17p13.3 *601545
ILS or SBH X-linked DCX Xq22.3-g23 *300121
ILS or SBH AD TUBA1A 12q12-q14 *602529
XLAG X-linked ARX Xp22.13 *300382
LIS cerebellar hypoplasia AR RELN 7922 *600514
LIS cerebellar hypoplasia AR VLDR 9p24.2 *192977
ILS AD DYNCI1H1 14932.31 *600112
ILS AD KIF2A 5q12.1 *602591
ILS AD TUBA1A 17q13.12 *602529
ILS AD TUBB2B 6p25.2 *612850
ILS AD TUBG1 17q921.2 *191135

Periventricular nodular heterotopia (PNH)

Classical bilateral PNH X-linked FLNA Xq28 *300017
Ehlers-Danlos syndrome and PNH X-linked FLNA Xq28 *300017
Facial dysmorphisms, severe constipation and PNH X-linked FLNA Xq28 *300017
Fragile-X syndrome and PNH X-linked FMR1 Xq27.3 *309550
Microcephaly and PNH AR ARFGEF2 20q13.13 *605371
Donnai-Barrow syndrome and PNH AR LRP2 2q24-q31 *600073
PNH with limb abnormalities (limb reduction abnormality or syndactyly) ~ X-linked Xq28

Williams syndrome and PH AD 7q11.23

PH AD 5p15.1

PH AD 5p15.33

Agenesis of the corpus callosum, polymicrogyria and PNH AD 6q27(C60rf70)

PH AD 6p25

PH AD 4p15

PH AD 5q14.3-q15

PH AD 22q11

PH and steroid sulfatase deficiency AD Xp22.3

PH AD Xp22.11

PH and Smith-Magenis syndrome AD 17p11.2

Agenesis of the corpus callosum and PNH AD 1p36.22-pter

Polymicrogyria (PMG)

Bilateral frontoparietal PMG AR GPR56 16913 *604110
Asymmetric PMG AD TUBB2B 6p25.2 *612850
PMG and rolandic seizures, oromotor dyspraxia X-linked SRPX2 Xq21.33-g23 *300642
PMG and agenesis of the corpus callosum (ACC), microcephaly AD TBR2 3p21.3-p21.2 *604615
PMG and aniridia AD PAX6 11p13 *607108
PMG and microcephaly AR NDE1 16p13.11 *609449
PMG and microcephaly AR WDR62 19913.12 *613583
PMG and fumaric aciduria AR FH 1943 *136850
PMG and "band-like calcfications” AR OCLN 5q13.2 *602876
Perysilvian PMG and CHARGE syndrome AD CHD7 8q12.1-q12.2 *608892
PMG and Warburg Micro syndrome AR RAB3GAP1 2g21.3 *602536
PMG and Warburg Micro syndrome AR RAB3GAP2 1g41 *609275
PMG and Warburg Micro syndrome AR RAB18 10p12.1 *602207
PMG-like, microcephaly, ACC AD DYNC1H1 1493231 *600112
PMG-like, microcephaly, ACC AD KIF5C 2g23.1 *604593
PMG-like, microcephaly, ACC, CBLH AD TUBAIA 17913.12 *602529
PMG-like, microcephaly, ACC, CBLH AR TUBA8 22g11.21 *605742
PMG-like, microcephaly, ACC, CBLH AD TUBB3 16qg24.3 *602661
PMG-like, microcephaly, ACC, CBLH AD TUBB 6p21.33 *191130
PMG-like, microcephaly, ACC AR EOMES 3p24.1 *604615
PMG and Goldberg-Shprintzen syndrome AR KIAA1279 10qg21.3 *609367
PMG AD 1p36.3-pter

PMG and microcephaly AD 1q44-qter

PMG and facial dysmorphisms AD 2p16.1-p23

PMG and microcephaly, hydrocephalus AD 4q21-q22

PMG AD 21q2

PMG AD 6q26-27

PMG AD 13g3

PMG AD 18p11

PMG and Di George syndrome AD 22q11.2

Megalencephaly-polymicrogyria and dysplastic megalencephaly

MPPH, DMEG AD AKT3 1943944 *611223
Weaver syndrome AD EZH2 7936.1 *601573
MCAP AD PIK3CA 3qg26.32 *171834
MPPH AD PIK3R2 19p13.11 *603157

AD: Autosomal dominant; AR: Autosomal recessive; ACC: agenesis of the corpus callosum; CBLH: diffuse cerebellar hypoplasia; MPPH: megalencephaly-polymicrogyria-
polydactyly-hydrocephalus syndrome; DMEG: dysplastic megalencephaly; MCAP: megalencephaly-capillary malformation syndrome
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Phenotype

Although most patients with PNH come to medical
attention because they have focal epilepsy of variable
severity, there is a wide spectrum of clinical presenta-
tions, including several syndromes with mental retar-
dation and dysmorphic facial features. There is some
correlation between the size of PNH and the likelihood
of concomitant structural abnormality of the cortex
and clinical severity [13] but there seem to be no cor-
relation between the size and number of heterotopic
nodules an cognitive outcome. Most female patients
with PNH due to FLNA mutations have epileptic sei-
zures, with normal or borderline cognitive level. How-
ever patients with even small isolated nodules caused
by unknown genetic abnormalities or by copy number
variations and severe cognitive impairment have been
reported.

Laboratory Investigations

FLNA mutation analysis should be performed in pa-
tients with ‘classical’ bilateral PNH. When autosomal
recessive PH associated with microcephaly is suspect-
ed, ARFGEF2 mutation analysis should be performed.
Patients with PH associated with other brain malfor-
mations or extraneurological defects, should be stud-
ied with array-CGH as genomic deletions/duplications
have often been associated to PH.

Genetic counselling

Classical PNH is much more frequent in women
and likely to be due to FLNA mutations. Among car-
rier women, about half have de novo FLNA mutations,
whereas the remaining half have inherited mutations.
Although maternal transmission is much more likely,
father-to-daughter transmission is possible. Given that
germline mosaicism of FLNA has never been reported,
the recurrence risk (for other children) seems to be
very low when a mutation is found in the proband but
neither parent is a carrier. Counselling is very difficult
when PNH is not related to either FLNA or ARFGEF2, ar-
ray-CGH study for the search of copy number variations
is advised. The number of known cases of familial PNH
unrelated to these genes is extremely low.

Polymicrogyria phenotypes and genetics

The term “polymicrogyria” (PMG) defines an ex-
cessive number of abnormally small gyri that produce
an irregular cortical surface with lumpy aspect [4].
Polymicrogyria can be localized to a single gyrus, in-
volve a portion of one hemisphere, be bilateral and
asymmetrical, bilateral and symmetrical or diffuse.
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The imaging appearance of polymicrogyria varies with
the patient’s age. In newborns and young infants, the
malformed cortex is very thin with multiple, very small
undulations. After myelination, polymicrogyria appears
as thickened cortex with irregular cortex-white matter
junction [2, 3].

The clinical manifestations of polymicrogyria vary
widely, and depend on several factors. The most severe
outcomes occur in children with severe microcephaly
(-3SD or smaller), abnormal neurological examina-
tion (especially spasticity), widespread distribution of
polymicrogyria, and additional brain malformations
(especially cerebellar hypoplasia). The best outcomes
are in individuals who have localised unilateral polymi-
crogyria without other malformations. Polymicrogyria
can affect eloquent cortical areas representing lan-
guage or primary motor functions, yet these functions
can be retained with little or no disability [17].

Polymicrogyria is associated with a wide number of
patterns and syndromes and with mutations in several
genes (Table 1). Various PMG syndromes have been de-
scribed, which have been designated according to their
lobar topography [5].

Bilateral perisylvian polymicrogyria (BPP) (Figures 3
A and B) is the most frequent form. It is associated with
mild to moderate mental retardation, epilepsy, and
impaired oromotor skills. Most cases are sporadic but
genetic heterogeneity is suggested [5]. BPP, frequently
asymmetric and with a striking predisposition for the
right hemisphere, has also been reported in children
with 22q11.2 deletion [5].

Bilateral frontoparietal polymicrogyria (BFPP) (Fig-
ure 3C), has been reported in families with recessive
pedigrees and has been associated with mutations of
the GPR56 gene [18]. The imaging characteristics of
BFPP resemble those of the cobblestone malformative
spectrum (muscle-eye-brain disease and Fukuyama
congenital muscular dystrophy) [5].

Some copy-number variants have been associ-
ated with polymicrogyria (Table 1), but only deletions
in 1p36.3 and 22g11.2 are common [19, 20]. Indeed,
when these two loci are excluded, copy number vari-
ants seem to be rare. The causal gene has not been
identified for any of these loci [20].

Tubulinopathies and related disorders

Classic lissencephaly and polymicrogyria have long
been thought of as distinct disorders, but they have
been associated with mutations of the same genes
(tubulin or tubulin-related genes) that function during
the early stages of neuronal proliferation, migration,
differentiation, and axonal guidance (i.e., much earlier
than the genes usually associated with polymicrogyria
and schizencephaly) [21 - 23]. The full range of these
malformations vary from extreme lissencephaly with
completely absent gyri, total agenesis of the corpus cal-
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Figure 3: Brain MRI scan in patients with PMG or tubulinophaties. A) Axial section and B) Sagittal section in a patient with BPP.

il

The sylvian fissures are open and the perisylvian cortex is thickened and irregular (black arrows). Note the abnormally verti-
cal orientation of the sylvian fissure, which appears to be fused with the rolandic fissure. C) Axial section. BFPP in a girl with
a GPR56 mutation and Lennox-Gastaut Syndrome. D) Axial section in a patient with a symplified gyral pattern and TUBA1A
mutation. E) Axial and F) sagittal section in a patient with cortical thickening, diffuse polymicrogyira and TUBB2B mutation.
G) Axial section in a patient with posterior pachygyria and DYNC1H1 mutation. H) Coronal section in a patient with posterior

pachygyria, cortical thickening and DYNC1H1 mutation.

losum, and severe cerebellar hypoplasia, to less severe
lissencephaly with moderate-to-severe cerebellar hy-
poplasia, to classic lissencephaly, to an atypical polymi-
crogyria-like cortical malformation with cerebellar hy-
poplasia (Figure 3 D - H). By definition, tubulinopathies
are always genetic. Investigators have identified nine
genes (KIF2A, KIF5C, TUBA1A, TUBAS, TUBB, TUBB2B,
TUBB3, TUBG1 and DYNC1H1; Table 1), but we expect
additional genes to be reported in the near future. Find-
ings from functional studies suggest that abnormal
brain development in tubulinopathies results from a
dominant negative effect of heterozygous missense
mutations (in the absence of loss-of-function muta-
tions) on the regulation of microtubule-dependent mi-
totic processes in progenitor cells, and on the traffick-
ing activities of the microtubule-dependent molecular
motors KIF2A, KIF5C, and DYNC1H1 in postmitotic neu-
ronal cells [22].

Aicardi syndrome is exclusively observed in females,
with the exception of two reported males with two
X-chromosomes and is thought to be caused by an X-
linked gene with lethality in the hemizygous male.
However, the genetic basis is still unknown. Clinical
features include severe mental retardation, infantile
spasms and chorioretinal lacunae. Neuropathologi-
cal findings are consistent with a neuronal migration
disorder and include diffuse unlayered polymicrogyria
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with fused molecular layers, agenesis of the corpus cal-
losum and nodular heterotopias in the periventricular
or subcortical region. Microgyri are packed and usually
not visible at MRI (Figure 4) [24]. The specific cause of
Aicardi syndrome has not yet been identified.

Megalencephaly, dysplastic megalencephaly and
FCD type 2

The term megalencephaly refers to an abnormally
large brain that exceeds the mean for age and gender
by 2 SD [25]. Megalencephaly has most often been
classified simply as a disorder of brain size, but recent
studies have shown that megalencephaly with normal
cortex by imaging, megalencephaly with polymicro-
gyria, and dysplastic megalencephaly (including classic
hemimegalencephaly) and FCD can all result from mu-
tations of the same genes in the PI3K-AKT pathway 4,
26, 27]. Dysplastic megalencephaly includes all forms
of segmental brain overgrowth with cortical dysplasia.
The developmental and health complications of megal-
encephaly differ widely. The most common problems
include developmental delay, intellectual disability, and
seizures that can start early in life and become intracta-
ble. The histological changes are similar if not identical
to those in FCD type 2, which is characterised by cortical
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Figure 4: T1 weighted sagittal MRI scan of the brain of a 5 months old girl with Aicardi syndrome and intractable infantile
spasms. Note the extremely hypoplastic corpus callosum with an extensive area of polymicrogyria involving the frontal lobe.
There is a posterior fossa cyst. pachygyria, cortical thickening and DYNC1H1 mutation.

dyslamination and dysmorphic neurons without (type
2a) or with (type 2b) balloon cells, blurred junctions
between grey and white matter, and increased hetero-
topic neurons in white matter [28]. The highly focal and
variable nature of FCD type 2b, and the pathological re-
semblance to tubers in tuberous sclerosis, led to the hy-
pothesis that somatic mosaic mutations of genes that
encode proteins in the mTOR pathway, which includes
TSC1 and TSC2 that cause tuberous sclerosis, were im-
plicated in FCD [29]. This hypothesis has been in part
confirmed by recent studies documenting pathogenic
germline and somatic mosaic mutations in the mTOR
gene or in other genes belonging to the mTOR pathway
in the dysplastic tissue of FCD type 2a and 2b [30, 31].
In almost all patients with FCD type 2, the lesion is de-
tected after onset of focal epilepsy. A growing number
of syndromes and genes have been associated with
megalencephaly, especially with more severe pheno-
types [32]. Megalencephaly without cortical malfor-
mations occurs in benign autosomal dominant mac-
rocephaly, a poorly defined disorder. Megalencephaly
with polymicrogyria occurs in megalencephaly-capil-
lary malformation syndrome (with mutations of PIK-
3CA) and megalencephaly-polymicrogyria-polydactyly-
hydrocephalus syndrome (with mutations of PIK3R2 or
AKT3) [33]. Dysplastic megalencephaly most often oc-
curs without syndromic features, and has recently been
associated with mosaic mutations of PIK3CA, AKT3, and
MTOR [4].
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Familial Focal Epilepsies: the Genetic Link

Summary

While the concept of a genetic origin for focal epi-
lepsies is relatively new, there is increasing evidence
for the genetic and molecular basis of focal epilepsies
in the recent years. The main identified syndromes of
familial focal epilepsies include autosomal dominant
nocturnal frontal lobe epilepsy (ADNFLE), familial lat-
eral TLE (FLTLE) or autosomal dominant partial epilepsy
with auditory features (ADPEAF), familial mesial tem-
poral lobe epilepsy (FMTLE), and familial partial (focal)
epilepsy with variable foci (FPEVF/FFEVF), with specific
ages at onset and clinical features. While localization
is often difficult on the basis of ictal semiology and in-
terictal EEG recordings, these familial syndromes also
show a certain phenotypical overlap, and the initial di-
agnosis may change as more affected members of the
family are identified; on an individual point of view,
the electroclinical picture is not different from that
of sporadic cases of focal epilepsy. Different underly-
ing biological pathways have been identified to date.
Whereas mutations within the same gene can cause a
clinical spectrum of different focal epilepsies (DEPDC5
gene in FFEVF, ADNFLE and FLTLE), different genes can
cause the same epileptic syndrome (e.g. genes coding
for nicotinic receptor subunits, or a potassium channel,
KCNT1), and the recent discovery of gene mutations
in inherited epilepsies with brain structural anomalies
(DEPDC5 in focal cortical dysplasias) further adds to the
genetic link. Further progress in the neurobiology of the
epilepsies will help to refine the ge-notype-phenotype
relations and possibly increase our understanding of re-
sponses to antiepileptic drugs.

Epileptologie 2015; 32: 139 — 146

Keywords: Focal epilepsy, familial, genetics, ion chan-
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Epilepsies focales familiales : le lien génétique

Bien que le concept d’une possible origine géné-
tique pour les épilepsies focales soit relativement nou-
veau, les découvertes en génétique moléculaire dans
les épilepsies focales se sont multipliées au cours des
derniéres années. Les principaux syndromes d’ épilep-
sie focale familiale comprennent I'épilepsie frontale
nocturne autosomique dominante (EFNAD), I'épilep-
sie temporale latérale familiale ou épilepsie partielle
autosomique dominante avec hallucinations auditives,
I'épilepsie mésiotemporale familiale, et [I'épilepsie
focale familiale a foyer variable, avec des ages d’appa-
rition assez spécifiques; a noter que les tableaux élec-
trocliniques sur le plan individuel ne différent pas des
formes sporadiques d’épilepsie focale. Il faut noter que
la localisation lobaire des épilepsies est souvent dif-
ficile sur la base de la sémiologie critique et des enre-
gistrements EEG intercritiques. De plus ces différents
syndromes familiaux montrent un certain chevau-
chement phénotypique, et le diagnostic syndromique
initial peut changer avec I'identification de nouveaux
membres affectés dans la famille. Différents genes
responsables ont été identifiés a ce jour. Comme dans
d’autres pathologies neurologiques, des mutations
dans des genes différents peuvent provoquer le méme
syndrome épileptique (par exemple des génes codant
pour des sous-unités de récepteur nicotinique, ou pour
un canal potassique, pour I'EFNAD) ; par ailleurs, des
mutations dans un méme gene peuvent étre a l'origine
de différents syndromes d’épilepsie focale (par ex. le
géne DEPDC5). La découverte récente de possibles ano-
malies cérébrales structurelles associées a certaines de
ces mutations (dysplasies corticales focales en lien avec
des mutations DEPDC5) complique encore davantage la
classification des épilepsies qui distingue actuellement
une origine génétique d’une origine structurelle. De
nouveaux progres dans la neurobiologie des épilepsies
permettra d’affiner les relations génotype-phénotype
et éventuellement d’accroitre notre compréhension de
la réponse aux médicaments antiépileptiques dans dif-
férentes formes d’épilepsie.
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Familidre fokale Epilepsien: die genetische Kompo-
nente

Dass auch bei fokalen Epilepsien eine genetische
Komponente beteiligt sein kdnnte, ist zwar noch eine
relativ neue Auffassung, doch mehrt sich seit einigen
Jahren die Evidenz fir die genetischen und molekularen
Grundlagen fokaler Epilepsien. Zu den wichtigsten be-
schriebenen Syndromen familiarer fokaler Epilepsien ge-
horen die autosomal-dominante nachtliche Frontallap-
penepilepsie (ADNFLE), die familidre laterale TLE (FLTLE)
oder die autosomal-dominante partielle Epilepsie mit
auditiven Auren (ADPEAF), die familidre mesiale Tem-
porallappenepilepsie (FMTLE) und die familiare partielle
(fokale) Epilepsie mit variablen Foci (FPEVF/FFEVF), mit
jeweils spezifischen Manifestationsaltern und klinischen
Merkmalen. Wahrend sich die Lokalisation auf Grund-
lage der iktalen Semiologie und der interiktalen EEG-
Muster oftmals schwierig gestaltet, zeigen diese fami-
liaren Syndrome ausserdem gewisse phanotypische
Uberlappungen, und die urspriingliche Diagnose kann
sich mit der Feststellung weiterer betroffener Angeho-
riger andern. Individuell betrachtet unterscheidet sich
das elektroklinische Bild nicht von sporadischen Fallen
fokaler Epilepsien. Unterschiedliche zugrunde liegende
biologische Signalwege wurden bereits ermittelt. Wah-
rend Mutationen innerhalb desselben Gens bisweilen
fur ein klinisches Spektrum unterschiedlicher fokaler
Epilepsien verantwortlich sind (DEPDC5-Gen bei FFEVF,
ADNFLE und FLTLE), kann andererseits ein und dassel-
be epileptische Syndrom durch unterschiedliche Gene
hervorgerufen werden (z. B. die fiir die Nikotinrezeptor-
Untereinheiten kodierenden Gene oder das Kaliumka-
nal-Gen KCNT1). Die kiirzlich entdeckten Genmutati-
onen bei erblichen Epilepsien mit strukturellen Gehirn-
anomalien (DEPDC5 bei fokalen kortikalen Dysplasien)
sprechen ebenfalls fir die genetische Komponente. Der
weitere Fortschritt in der Neurobiologie der Epilepsien
wird zur genaueren Aufklarung des Genotyp-Phanotyp-
Zusammenhangs beitragen und moglicherweise unsere
Kenntnisse bezuiglich des Ansprechens auf Antiepilepti-
ka erweitern.

Schliisselworter: Fokale Epilepsie, familiar, Genetik, lo-
nenkanal, DEPDC5

Introduction

A genetic background for epilepsy has been recog-
nized for long, but recent technological advances in
molecular genetics have enabled a detailed understand-
ing of the genetic basis of many forms of epilepsies. A
genetic etiology is not synonymous with generalized

Epileptologie 2015; 32

epilepsy; there is emerging evidence of a genetic con-
tribution to focal epilepsies. The main familial focal
epilepsies having a known genetic origin with specific
age-related and electro-clinical characteristics include
autosomal dominant nocturnal frontal lobe epilep-
sy (ADNFLE), familial mesial temporal lobe epilepsy
(FMTLE), familial lateral TLE (FLTLE) or autosomal domi-
nant partial epilepsy with auditory features (ADPEAF),
and familial partial epilepsy with variable foci (FPEVF).
The new ILAE classification of the electroclinical syn-
dromes according to the age at onset includes “auto-
somal-dominant nocturnal frontal lobe epilepsy” with
onset in childhood, “autosomal dominant epilepsy with
auditory features” with onset in adolescence or early
adulthood, and “familial focal epilepsy with variable fo-
ci” (FFEVF) with a less specific age at onset relationship
[1].

It has to be noted that for each affected member, the
clinical picture is similar to that of focal epilepsy that may
occur in a patient with a sporadic form (i.e. who does not
have a family history of seizures) and even of symptomat-
ic origin (or “structural” in the new classification by eti-
ology). Therefore, these focal epilepsy syndromes corre-
spond to “familial epilepsy syndromes” and not to epilep-
tic syndromes of individuals. The rate of pharmacoresist-
ance in the different syndromes is between 10 and 30%.
The neurological status and intelligence are typically nor-
mal and interictal EEG abnormalities are usually rare. The
familial occurrence of the different familial focal epilepsy
syndromes is related to an inherited, autosomal domi-
nant, molecular defect. The clinical penetrance is usually
around 60 - 70%, and obligate gene carriers without a
history of seizures can often be identified within a family.
These familial syndromes also show phenotypic overlap,
and small families may be initially labeled as ADNFLE or
FLTLE/ADPEAF and later recognized as FFEVF when new
affected members are identified. In addition, it may
sometimes be difficult to localize the focal epilepsy for
some patients on the basis of ictal semiology and scalp
EEG recordings [2].

These inherited focal epilepsies are mediated by dif-
ferent biological pathways: ion channel subunit genes
(CHRNA4, CHRNA2, CHRNB2, and KCNT1) linked to ADN-
FLE, encoding the 04, a2, and 2 subunits of the neuronal
nicotinic acetylcholine receptor (nAChR) and a potassium
channel subunit, respectively; a gene coding for a neu-
ronal secreted protein (LG/1 or epitempin) linked to au-
tosomal dominant epilepsy with auditory features; and
the mTORC1-repressor DEPDC5 (DEP domain-containing
protein 5) gene, reported essentially in FFEVF, but also
in ADNFLE and FLTLE [3]. The discovery of DEPDC5 muta-
tions in individuals with familial focal epilepsy with fo-
cal cortical dysplasia [4 - 6] further adds evidence for the
genetic link to inherited focal epilepsies, with the possi-
bility of detectable structural consequences in some af-
fected members.

The most common familial focal epilepsies and their
clinical and genetic features are described here.

Familial Focal Epilepsies: the Genetic Link | M. Kurian, F. Picard



1. Autosomal dominant nocturnal frontal lobe
epilepsy (ADNFLE)

Autosomal dominant nocturnal frontal lobe epi-
lepsy (ADNFLE) was first recognized as familial focal
epilepsy in 1994 in families from Australia, Canada and
the United Kingdom [7]. It follows autosomal domi-
nant inheritance with 70% penetrance and shows con-
siderable intra-familial variation in epilepsy severity
[8, 9]. The mean age at onset of ADNFLE is between 8
and 11.5 years [9 - 11, 2]. Clusters of motor seizures
arising from sleep characterize the syndrome, while
diurnal seizures may be observed in the most severe
cases, during periods of poor seizure control. Seizures
may begin with a non-specific aura prior to a motor
seizure, which includes hyperkinetic (such as frantic
movements of bipedal activity, pelvic thrashing), tonic
or dystonic features. A sensation of choking has fre-
quently been reported at the beginning of the seizures
[12]. Awareness may be retained through the seizure,
which has often led to misdiagnoses of parasomnias,
night terrors or hysteria [8]. Seizures are of short dura-
tion, usually lasting less than one minute [8]. They of-
ten occur in clusters, with a mean of about ten seizures
per night, clustering over one or two hours. The main
provocative factors for seizures are sleep deprivation
(30% of the patients) and stress (30%). Secondarily gen-
eralized seizures are observed in nearly half of the pa-
tients, at the onset of epilepsy or during the course of
the disease, but they occur rarely. Neurological exami-
nation is normal. Psychiatric and neuropsychological
disturbances are often subtle, with features of frontal,
and sometimes also temporal, lobe dysfunction [13].
Character and behavioral disorders include irritability,
aggressive and impulsive behavior, with fugue states
during adolescence [9], and depression and personal-
ity disorders during adulthood. More severe psychiatric
symptoms have been described in a few families: psy-
chotic illness and other psychiatric symptoms in some
patients in a Norwegian family with a mutation in a
nicotinic receptor subunit [14]; a severe ADNFLE pheno-
type has been reported in two families with refractory
epilepsy, with status epilepticus in 24%, psychiatric and
behavioral disorders in half of the patients and intel-
lectual disability in a quarter [15]. A KCNT1 mutation
was later identified in one of these families as well as in
two additional families and a sporadic case with severe
ADNFLE and psychiatric features [16]. Mild intellectual
disability was present in nearly half of the subjects
from four families with ADNFLE associated with nico-
tinic receptor mutations, showing that cognitive dys-
function is an integral part of the broad phenotype of
ADNFLE [13]. Steinlein et al. analysed the clinical fea-
tures of 19 ADNFLE families from 12 countries with a
total of 150 patients and grouped them with respect
to their nAChR mutations. Their data suggest that cer-
tain nAChR mutations might be associated with an
increased risk for major neurological symptoms such
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as mental retardation, schizophrenia-like symptoms
or marked cognitive deficits [17]. The ictal symptoms
might differ from one individual to another within the
same family, and different regions of onset within the
frontal lobe in different family members was confirmed
by Hayman and colleagues by using ictal video-EEG re-
cordings and functional neuroimaging [18].

Interictal EEG is normal or may show non-specific
anterior focal epileptiform abnormalities, sometimes
only visible during sleep recording [8, 11, 9]. Movement
artifacts often obscure scalp ictal recordings, which
also often appear non contributive (in about half of
the patients) [2]. Video-EEG-polysomnographic record-
ings show that the seizures occur during non-rapid eye
movement (non-REM) sleep, mainly in stage 2, starting
after a transition from sleep to an arousal [19]. Mag-
netic resonance imaging (MRI) studies were considered
normal in all patients, although recent reports have
described focal cortical dysplasias in the context of
DEPDC5 mutations, as mentioned above [5, 4], or even
of KCNT1 mutation (one case, personal communica-
tion). In an FDG-PET study of five ADNFLE patients with
different nicotinic receptor mutations, decreased fixa-
tion was observed in a few regions including the right
anterior orbitofrontal cortex [20].

The stereotyped character of seizure semiology,
unchanged throughout life in a given subject, is a strik-
ing feature of ADNFLE, the exception being that when
seizures begin in early childhood, they may evolve from
tonic attacks to classical NFLE seizures including dys-
tonic or hyperkinetic components [2]. In many patients,
seizures persist for years, but they tend to disappear
with age, particularly around the fourth or fifth decade,
without relapse after cessation of drug therapy. Carba-
mazepine is the most effective antiepileptic medica-
tion in ADNFLE, and completely suppresses seizures in
about 70% of patients. Low dosages of carbamazepine
(around 600 mg/day in adults) are sufficient, which
may give evidence of pathophysiological mechanisms
that are different from those of other epilepsies [21].
Pharmacoresistance to carbamazepine and other anti-
epileptic drugs is observed in 30% of patients.

Ten to fifteen percent of the ADNFLE families bear
mutations on genes coding for subunits of the neuronal
nicotinic receptors (nAChRs), CHRNA4, CHRNB2, and
CHRNAZ2 [22 - 25]. The nAChRs are pentameric ligand-
gated ion channel receptors, which consist of different
functional subunit combinations. Most of the nAChRs
are presynaptic and have a neuromodulatory role: they
enhance the release of the neurotransmitter present
in the neurons on which they are located (GABA, glu-
tamate, dopamine, norepinephrine, serotonin or ACh).
Other nAChRs are postsynaptic and mediate fast ex-
citatory synaptic transmission. Among the main roles
of the nAChRs, we can mention the regulation of the
sleep/wake cycle, and cognitive roles.

A PET study using F-A-85380, a tracer labeling the
a4b2 nAChRs, showed a nAChR density increase in mes-

Epileptologie 2015; 32

141



142

encephalon in a group of patients with ADNFLE and
an identified nAChR mutation, suggesting the involve-
ment of the arousal brainstem ascending cholinergic
system in the pathophysiology of ADNFLE [20].

Recently, ADNFLE mutations have been detected in
KCNT1, which codes for a Na+-gated K+ channel [16],
and in DEPDC5 gene encoding DEP (Disheveled, Egl-10
and Pleckstrin) domain-containing protein 5 [26, 27].
Mutations in KCNT1 were identified in four families
with severe ADNFLE [16]. This severe form of ADNFLE
had an earlier mean age at onset of 6 years compared
to 10 years in the classical form of ADNFLE. The KCNT1,
or Slack channel, is a potassium channel which is ex-
pressed in the central nervous system, yet with a loca-
tion which is limited in the cortex to the frontal lobe,
according to a study performed in rodents [28]. Func-
tional studies suggest that the identified mutations re-
sult in a current increase of the KCNT1 channels [29]. It
is noteworthy that a role of this channel in intellectual
disability was recently reported [30]. Lastly, there is also
available evidence about the implication of the cortico-
tropin-releasing hormone gene (CRH) [31, 32].

Most recently, an autosomal recessive phenotype
has been described in a single family with nocturnal
frontal lobe epilepsy (NFLE) with the causative gene
mutation (PRIMA1) on chromosome 14 [33].

2. Familial temporal lobe epilepsy

Several familial forms of TLE have been described,
including familial lateral TLE (FLTLE), familial mesial
TLE (FMTLE) without hippocampal sclerosis, and FMTLE
with hippocampal sclerosis. While the inheritance is of-
ten complex in families with several affected members,
it is clearly autosomal dominant in some families [34].

2.1 Familial mesial temporal lobe epilepsy
(FMTLE)

Descriptions of familial mesial temporal lobe epi-
lepsy include a spectrum, from a benign epilepsy syn-
drome with prominent déja vu symptoms and without
antecedent febrile seizures (FS) or MRI abnormalities,
to heterogeneous epilepsies, with a frequent history of
febrile seizures, and hippocampal atrophy and high T2
signal on MRI, generally more refractory [34].

In the classical form of FMTLE, there is no history of
febrile seizures and no abnormalities on MRI. In more
than 20 families without a history of familial FS [35 -
37], seizure onset was around adolescence or early
adulthood. In the series of Crompton et al. including
20 other families, with antecedent FS in about 10 %
of the patients, the mean seizure onset age was con-
cordant, of 18 years (range: 3-46 years) [34]. FMTLE is
characterized by mesial temporal lobe auras that may
have psychic, or more rarely autonomic or special sen-
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sory components [35]. The most common ictal psychic
symptom is déja vu. Other possible symptoms are fear,
nausea, tachycardia, complex visual or auditory distor-
tions, or somatosensory auras such as diffuse numb-
ness or tingling. Simple focal seizures occur in about
90% of patients and complex focal seizures, usually
preceded by simple focal seizures, in two thirds. Rare
generalized tonic-clonic seizures occur in about 70%
of patients. Ictal symptoms may vary between the dif-
ferent affected members of a same family. Sometimes
the diagnosis can be missed in some individuals, for
the reason that symptoms can be regarded as normal
phenomena when they are mild. Interictal EEG abnor-
malities are rare. There is usually a good outcome with
frequent seizure freedom at long-term with or without
antiepileptic medication.

A clinically heterogenous form of FMTLE has been
described, where affected family members have vari-
able ages of onset, commonly in the first decade of life,
with a family history of FS and epilepsy [36, 38]. Inter-
ictal EEGs show frequent temporal epileptiform abnor-
malities. Hippocampal atrophy with high T2 signal is
common (30 and 57% in these series, respectively) as
was medication refractoriness.

Several loci have been mapped in families with
FMTLE, but responsible genes have not been found.
Chahine et al. identified a novel locus for familial TLE
with FS on chromosome 3925-g26 [39], while another
locus was identified on chromosome 18p11.31 in a
family with mesial temporal lobe epilepsy associated
with hippocampal abnormalities [40]. Faniculli et al.
also identified a locus for FMTLE in a family including 6
family members with MTLE including one with a histo-
ry of FS and another member with only FS, on a region
on chromosome 3q26 overlapping with the region re-
ported by Chahine et al., however they failed to identify
pathogenic mutations in genes of this region [41].

2.2. Autosomal dominant lateral temporal lobe
epilepsy (ADLTLE) (or ADPEAF)

Autosomal dominant lateral TLE (ADLTLE) or autoso-
mal dominant partial epilepsy with auditory features
is a rare familial epilepsy, which onset is also usually in
late adolescence or early adulthood [42]. The most fre-
quent ictal symptoms are auditory auras often consist-
ing of ringing or humming (about one half of the pa-
tients). Some patients may have other symptoms, alone
or in association, such as aphasic seizures, or visual or
olfactory hallucinations [43, 44]. Interestingly, seizures
can be triggered by external noises [42]. Interictal EEGs
are either normal or show mild abnormalities. Previous
reports described normal MRIs in all patients, except
for the description of developmental abnormalities in
the lateral cortex of the temporal lobe in half of the af-
fected members in one family [45]. Some studies, us-
ing evoked potentials, functional MRl and magneto-en-
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cephalography, could demonstrate a functional impair-
ment in auditory processing in the patients [46, 47]. Re-
sponse to antiepileptic treatment is usually good [42].

In about half of the ADLTLE families, mutations have
been identified in the LGI1 gene (leucine-rich glioma
inactivated gene 1), also called epitempin, located on
chromosome 10q, and coding for the LG/1 secreted
protein [48, 44, 49 - 51]. The estimated clinical pen-
etrance of LGI1 mutations is about 70%. In addition, de
novo LGI1 mutations were found in about 2% of spo-
radic cases with ADLTLE, who are clinically similar to the
majority of patients with ADLTLE/ADPEAF but have no
family history. About forty LGI1 mutations have been
described in familial and sporadic LTLE patients [52, 53].
The mutations are distributed throughout the gene
and are mostly missense mutations. The mechanisms
leading from mutations of the LGI1 protein to epilep-
sy are still incompletely known. The two main current
hypotheses are i) in the context of its participation in a
complex that includes a presynaptic potassium channel
and a postsynaptic AMPA receptor, through its interac-
tion with members of the ADAM protein family (ADAM
22 and ADAM 23 receptors), the LGI1 protein may act on
the AMPA-receptor-mediated synaptic excitatory trans-
mission [54, 55], and ii) an alteration of the postnatal
developmental maturation of glutamatergic transmis-
sion [56]. Recently, Boillot et al. showed in conditional
knockout mice that LGI1 depletion restricted to pyrami-
dal cells was sufficient to generate seizures [53].

It is noteworthy that LGI1 protein is also involved
in another neurological disorder, an acquired auto-im-
mune limbic encephalitis related to antibodies against
LGI1, which manifests by focal seizures (mostly facio-
brachial dystonic seizures) and psychiatric disturbances
[57, 58].

3. Familial partial (focal) epilepsy with variable
foci (FFEVF)

Familial focal epilepsy with variable foci is an au-
tosomal dominant epilepsy with focal seizures which
emanate from different regions of cortex in different
family members [59], but the region is stable (and sei-
zure semiology constant) in each given patient. Thus a
single family may include individuals with frontal lobe
epilepsy, others with temporal lobe epilepsy, and pos-
sibly still others with parietal lobe epilepsy or occipital
lobe epilepsy [59, 60, 9, 61, 62]. Penetrance is incom-
plete (estimated at around 60%), as suggested by the
absence of a history of seizures in some obligate gene
carriers.

In the “princeps” paper, the mean age at onset was
13 years (median age, 10 years), with a large range ex-
tending from 1 month to 52 years [62]. Not all brain
regions appeared equally susceptible: most of the pa-
tients have their epileptic focus in the frontal or tem-
poral lobe, as indicated by the ictal symptoms. Patients
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may suffer from simple focal seizures as well as com-
plex focal seizures. Simple focal seizures suggestive of
temporal lobe epilepsy may present e.g. with psychic
phenomena or olfactory hallucinations. Secondarily
generalized tonic-clonic seizures may occur in about
two-thirds of the patients. There is a great intra-familial
variability of the severity of the epilepsy.

FFEVF was subdivided into two forms according to
the seizure patterns and EEG findings. In “FPEVF2”, the
more common form, seizures predominantly occur dur-
ing sleep [60, 9, 62]; some individuals have a typical
nocturnal frontal lobe epilepsy, which could have led to
a misdiagnosis of some families as ADNFLE. The form
called “FPEVF1” is rarer but was the one observed in the
original family with FFEVF, with seizures predominat-
ing while awake and a good response to antiepileptic
medication [59].

In FPEVF1, active interictal focal epileptiform ab-
normalities were observed during sleep. The location
of the abnormalities remained constant in affected
individuals over many years, even without ongoing sei-
zures [59]. In FPEVF2, EEG is either non contributive, or
shows sparse interictal focal epileptiform anomalies. It
is interesting to note that some at-risk individuals who
have never had seizures may also present EEG epilep-
tiform anomalies [59, 9], which seems to represent a
marker of carrier status of the FFEVF gene. Neurological
examination and cerebral MRI were reported as normal
in both forms until the recent reports indicating focal
cortical dysplasias in some affected subjects (associ-
ated with DEPDC5 mutations).

Linkage studies of the first Australian family with
FPEVF1 suggested linkage to chromosome 2 [59], but
no other families have been linked to this chromosome
and no gene has been identified. On the other side, af-
ter a linkage of several families with FPEVF2 to chromo-
some 22q11-q12 (60 - 63), a gene located on this locus,
DEPDC5, was identified as the causal gene, and muta-
tions were identified not only in large families but also
in other small families with non lesional focal epilepsy
[64, 65].

DEPDC5 mutations in genetic focal epilepsies

Recent studies have reported DEPDC5 (DEP domain
containing protein 5) mutations in different focal epi-
lepsy syndromes. Mutations of the DEPDC5 gene ac-
count for 12 to 37% of inherited focal epilepsies in-
cluding mostly familial focal epilepsy with variable
foci (FFEVF), but also autosomal dominant nocturnal
frontal lobe epilepsy (ADNFLE) and familial temporal
lobe epilepsy (FTLE) [64, 27, 28, 4]. The drug-resistance
rate of around 30% in patients with familial focal epi-
lepsies seems to be higher when DEPDCS5 is causal. Re-
cent studies have shown that DEPDC5 is an upstream
negative regulator of mammalian target of rapamycin
MTOR complex 1 (mTORC1) [66, 65]. Other proteins in
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the same mTOR system were already described to be
involved in tuberous sclerosis [67, 68]. Interestingly,
MRI abnormalities have been described in some pa-
tients with familial focal epilepsy and DEPDC5 muta-
tion: first in three patients (in two families) with bot-
tom-of-the-sulcus dysplasia and one with focal band
heterotopia [65], and in some drug-resistant patients
in another reported group of seven families with famil-
ial focal epilepsy, presenting as focal cortical dysplasia
(FCD) type Il in the frontal or insular lobe. This finding
reinforces the link between mTORC1 pathway and FCDs
[4]. It remains unclear to date why a dysplasia appears
in some patients and not in others and why some re-
gions (particularly within the frontal lobe) are more
prone to develop the mutation-associated dysplasias.
Some of these drug-resistant patients benefited from
a surgical treatment, and surprisingly had a good long-
term outcome, mostly when a FCD type Il was present.
Recently, DEPDC5 mutations were also identified in rare
cases of rolandic epilepsy and unclassified focal child-
hood epilepsies [69].

Other rare familial focal epilepsies include familial
rolandic epilepsy with speech dyspraxia (described in 3
families to date, with autosomal dominant inheritance)
[10]; Autosomal recessive rolandic epilepsy with par-
oxysmal exercise-induced dystonia and writer’s cramp
(described in one single family) [70]; and partial (focal)
epilepsy with pericentral spikes (PEPS) described in one
single family to date, linked to chromosome 4p15 [71].

Conclusion

Molecular genetic advances in inherited focal epi-
lepsies have pinpointed their genetic heterogeneity
and the fact that different biological pathways mediate
them. There is evidence that the different subtypes of
focal epilepsies are not strictly genetically separate en-
tities but that mutations within the same gene might
cause a clinical spectrum of different types of focal
epilepsies. Moreover, a same syndrome of familial fo-
cal epilepsy may be caused by alterations in different
genes (e.g. genes coding for nicotinic receptor subunits,
for KCNT1, DEPDCS5, in ADNFLE). These genetic epilep-
sies will probably help to understand the pathogen-
esis of the more frequent sporadic (non symptomatic/
structural) forms of focal epilepsy. However the limits
between the genetic and structural etiology are vanish-
ing as focal cortical dysplasias seem to be associated
with some of the identified mutations [65, 4]. A greater
awareness of the genetic basis in this group of disor-
ders by the treating physicians is essential for identifi-
cation of new families and a more complete disentan-
gling of the responsible genes.
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The Spectrum of GRIN2A-Associated Disorders

Summary

Alterations of the N-methyl-D-aspartate (NMDA) re-
ceptor subunit GIuN2A, encoded by the gene GRIN2A,
have been associated with a spectrum of neurodevel-
opmental and epilepsy disorders comprising epileptic
encephalopathy such as Landau-Kleffner syndrome
(LKS) and epilepsy with continuous spikes and waves
during slow-wave sleep (CSWS) as well as less severe
epilepsy disorders such as typical or atypical Rolandic
epilepsy. These disorders do not only share a common
underlying pathophysiology but also show phenotypic
similarities, such as affection of speech development
and centro-temporal EEG abnormalities.

In the present article, we aim to review what is
known so far on GRIN2A-associated epilepsy disorders
by focusing on genotype-phenotype correlations as
well as on functional consequences of mutations.

Epileptologie 2015; 32: 147 — 151

Keywords: Rolandic epilepsy, Landau-Kleffner syn-
drome, CSWS, epileptic encephalopathy

Das Spektrum GRIN2A-assoziierter Erkrankungen

Mutationen der N-Methyl-D-Aspartat (NMDA)
Rezeptoruntereinheit GluN2A, welche durch das
Gen GRIN2A kodiert wird, werden mit einem breiten
Spektrum von neurologischen Entwicklungsstorungen
und Epilepsieerkrankungen inklusive epileptischer En-
zephalopathien wie etwa Landau-Kleffner-Syndrom
(LKS) oder Epilepsie mit kontinuierlichen ,Spikes and
Waves“ wahrend des ,slow-wave“-Schlafs (CSWS) so-
wie milderen Epilepsieerkrankungen wie der Rolando-
Epilepsie assoziiert. Diese Erkrankungen teilen nicht
nur eine gemeinsam zugrunde liegende Pathophysio-
logie, sondern zeigen zudem phanotypische Ahnlich-
keiten wie etwa Sprachentwicklungsstérungen und
zentrotemporale EEG-Auffalligkeiten.

In der vorliegenden Arbeit mochten wir einen Uber-
blick tiber den derzeitigen Kenntnisstand zu GRIN2A-
assoziierten Epilepsien geben und dabei auf Geno-
typ-Phanotyp-Korrelationen und funktionelle Konse-
quenzen der Mutationen eingehen.

The Spectrum of GRIN2A-Associated Disorders | V. Strehlow, H. O. Heyne, J. R. Lemke
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Schliisselworter: Rolando-Epilepsie, Landau-Kleffner-
Syndrom, CSWS, epileptische Enzephalopathie

Le spectre des troubles associés a GRIN2A

Des altérations de la sous-unité du récepteur N-mé-
thyl-D-aspartate (NMDA) GIuN2A, codée par le gene
GRIN2A, sont associées a un spectre clinique allant des
troubles du développement neurologique a diverses
épilepsies, celles-ci incluant de véritables encéphalo-
pathies épileptiques (comme le syndrome de Landau-
Kleffner, et I‘épilepsie avec POCS) ainsi que des formes
moins graves (comme |’épilepsie rolandique). Ces mala-
dies ne partagent pas seulement une physiopatholo-
gie similaire, mais également des phénotypes qui se
recoupent, en particulier sur le plan de |‘affection du
langage et de I'EEG avec pointes pouvant prédominer
dans les régions centro-temporales.

Dans cet article, nous vous donnons un apercu de
I'état des connaissances sur les épilepsies associées au
gene GRIN2A, en nous concentrant sur les corrélations
génotype-phénotype et sur les conséquences fonction-
nelles des mutations.

Mots clés : Epilepsie Rolandique, syndrome de Landau-
Kleffner, CSWS, encéphalopathie épileptique

Structure of the NMDA receptor

NMDA receptors are ligand-gated ion channels per-
meable to Na*, K* and Ca* composed of two glycine-
binding GIuN1 subunits and two glutamate-binding
GluN2/3 subunits (GIuN2A, GIluN2B, GIuN2C, GluN2D,
GIuN3A, GIuN3B) resulting in either di- or tri-hetero-
tetrameric ion channels [1, 2].

All subunits share a similar structure containing
analogous domains (Figure 1):

- an extracellular amino-terminal domain (NTD) con-
taining binding sites for subtype specific allosteric
modulators (e.g. Zn*)

- an extracellular ligand-binding domain (LBD) bind-
ing agonists (e.g. glutamate, glycine)

- a channel pore-forming transmembrane domain
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Figure 1: The structure of the NMDA receptor

(TMD) comprising four hydrophobic segments (M1-
4), with M2 only partially entering the membrane

- an intracellular carboxyl-terminal domain (CTD) as-
sociating with postsynaptic density proteins medi-
ating intracellular signalling

The receptor is characterised by relatively slow cur-
rent kinetics, a voltage-dependent block by extracellu-
lar Mg?* and high Ca?* permeability [3]. It has a specific
spatio-temporal expression pattern and is involved in
brain development, plasticity as well as learning and
other higher cognitive functions.

Spectrum of GRIN2A-associated phenotypes

Reutlinger et al. 2010 were the first to assign
GRIN2A alterations to neurodevelopmental pheno-
types [4]. They identified different microdeletions on
16p13 in three individuals with intellectual disability
(ID), dysmorphic features and epilepsy. All three indi-
viduals had a centrotemporal EEG focus. The minimal
region of overlap of the three microdeletions contained
only one gene: GRIN2A. Shortly thereafter, Endele et
al. 2010 identified the de novo mutation p.N615K in
GRIN2A in a girl with early-onset epileptic encephalo-
pathy [5]. The girl was described with epileptic spasms
associated with massive myoclonus (onset at 3 months
of age) as well as severe ID. The EEG showed general-
ised slowing and bilateral independent posterior spikes.
In addition to this de novo case, Endele et al. 2010 de-
scribed two familial cases. In one family, the mutation
p.0218* segregated with mild ID or learning disability
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and febrile and focal seizures in infancy [5]. The EEG
showed centro-temporal spikes in two individuals, with
one individual being diagnosed with CSWS. The second
family carried a chromosomal translocation disrupt-
ing GRIN2A resulting in diffuse EEG abnormalities and
tonic-clonic seizures starting in infancy and persisting
to youth or early adulthood.

Lesca et al. 2012 investigated a cohort of patients
with epileptic encephalopathies of the LKS and CSWS
spectrum and revealed an LKS patient (without electri-
cal status epilepticus during slow-wave sleep) carrying
a microdeletion disrupting GRIN2A [6]. One year later,
three groups reported simultaneously on their obser-
vation of de novo mutations in GRIN2A as well as rare
inherited variants in patients of the epilepsy-aphasia
spectrum [7 - 9]. Lesca et al. 2013 identified muta-
tions in GRIN2A in about 20% of individuals present-
ing with a clinical phenotype of LKS and/or CSWS as
well a atypical benign partial epilepsy (ABPE) [9]. Many
cases derived from larger families where the mutation
segregated with a broad range of phenotypes, compris-
ing benign childhood epilepsy, absence epilepsy, cen-
trotemporal spikes on EEG without seizures, dysphasia
and verbal dyspraxia. Carvill et al. 2013 described four
families where the respective GRIN2A mutation segre-
gated with autosomal dominant rolandic epilepsy with
speech dyspraxia, LKS, CSWS or intermediate epilepsy-
aphasia disorder [7]. Lemke et al. 2013 showed that
nearly 8% of all patients (n=395) with idiopathic focal
epilepsy carried mutations in GRIN2A, encompassing
5% (13/284) in Rolandic epilepsy (benign epilepsy with
centrotemporal spikes, BECTS), 14% (5/37) in ABPE, 13%
(3/23) in LKS and 18% (9/51) in CSWS [8]. In this study,
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several mutations also segregated in the respective
families with varying phenotypes comprising learn-
ing disability, focal epilepsy (including Panayiotopou-
los epilepsy) and febrile seizures with centrotemporal
spikes on EEG. Some mutation carriers showed no clini-
cal abnormalities at all. Thus, the complete phenotypic
spectrum ranges from clinically normal to severe early-
onset epileptic encephalopathy with profound global
developmental delay [10]. However, GRIN2A-associated
epilepsy phenotypes frequently shared a centrotem-
poral EEG focus. On the other hand, mutations or copy
number variations of GRIN2A have been excluded
in larger cohorts of either temporal lobe epilepsy or
idiopathic generalized epilepsy [11].

Interestingly, a recent study on three GRIN2A
families previously reported [7] revealed a life-long
persistence of speech abnormalities in mutation car-
riers, independent of other developmental or epilepsy
phenotypes [12]. The findings comprised imprecise ar-
ticulation (11/11, 100%), impaired pitch (monopitch
10/11, 91%) and prosody (stress errors 7/11, 64%) as
well as hypernasality (7/11, 64%). There was a decrease
of vowel duration (8/11, 73%) and repetition of sylla-
bles (10/11, 91%).

Distribution of GRIN2A missense mutations

In the initial description of GRIN2A mutations in
epilepsies with centrotemporal spikes, mutations were
spread over nearly the entire gene [8]. There was no
apparent correlation between position of mutation
and severity of phenotype. As only a minority of mu-
tations occurred de novo and most others appeared to
be familial, it turned out to be challenging to evaluate
whether a DNA sequence alteration was a true muta-
tion, a disease-associated rare variant or a variant with
no clinical relevance.

As commonly agreed, the most convincing factors
influencing the evaluation of a sequence variant being
likely pathogenic are: i) de novo origin, ii) position in a
highly conserved and functionally important domain of
the protein, and iii) a phenotype in line with other mu-
tation carriers. Regarding only published de novo mu-

tations in GRIN2A, the distribution of mutations along
the gene differs from what was expected initially [5, 7
- 10, 13, 14]. The most likely pathogenic mutations now
appear to cluster in or around ligand-binding sites and
transmembrane domains (Figure 2). Surprisingly, this
region was spared from mutations in the description
of the first few carriers [8]. Individuals carrying de novo
mutations within this region appear to have a more
severe and encephalopathic phenotype. However, this
observation is based on only a few patients and may be
influenced by some degree of selection bias as patients
with less severe phenotypes are probably less likely to
undergo similar extensive genetic testing as patients
with severe epileptic encephalopathy.

Spectrum of GRIN2A mutations

All sorts of mutations have been reported in
GRIN2A, comprising missense mutations, truncating
mutations, splice variants and copy number variations.
In the first small subset of patients (n=27) [8], there
was a surprising correlation between the type of muta-
tion and the severity of the associated phenotype. Ap-
proximately 80% of individuals with BECTS had been
described to carry missense mutations. With increasing
severity of the phenotype, the proportion of missense
mutation carriers decreased significantly and had been
<20% in the most severe CSWS encephalopathies (Fig-
ure 3). However, considering all GRIN2A mutations
published up to date (n=50), this striking initial corre-
lation almost disappears completely (Figure 4). All four
analysed categories (BECTS, ABPE, LKS, CSWS) now ap-
pear to have an almost identical ratio of approximately
% missense mutation carriers versus approximately %
carriers of truncating or splice site variants.

Functional consequences of GRIN2A mutations

Only a minority of five mutations have so far been
investigated for their functional consequences (Table
1). All five missense mutations result in a gain of NMDA
receptor function, partly mediated through different
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Figure 2: Distribution of published GRIN2A de novo mutations

Published de novo mutations cluster in and around ligand-binding sites and transmembrane domains. According to the EXAC

database, this region shows significantly less rare and recurrent (grey and black bars) single nucleotide variants (SNV). So far,

no de novo mutations have been observed in the amino-terminal and C-terminal domains, whereas these areas appear more

tolerable to genetic variation and show an obvious enrichment of likely benign SNV.
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Table 1: Published mutations in GRIN2A and their functional consequences

DNA Protein Domain Phenotypes Effect Consequence Reference
c.728C>T p.Ala243Val NTD BECTS Altered Zn2+ binding, loss Zn2+ inhibition Gain of function Lemke 2013 [8]
c1553G>A  p.Arg518His LBD CSws Altered glutamate binding, Gain of function Lesca 2013 [9]

increase of glutamate sensitivity

c.1845C>A  p.Asn615lys M2 EE Elimination of Mg2+ block Gain of function Endele 2010 [5]
€.19547>G p.Phe652Val M3 CSWS Prolonged channel opening time Gain of function Lesca 2013 [9]
€.2434C>A p.Leu812Met  Pre-M4  EE Incomplete reduction of Mg2+ block Gain of function Yuan 2014 [10]
=
-
w _
=
o
—

00 02 04 06 08
1

I

Figure 3: Absolute and relative distribution of types of GRIN2A mutations according to the initial publication of Lemke et al.,
2013

Compared to the number of truncating mutations (dark grey), Lemke et al., 2013 observed significantly more missense muta-
tions (light grey) in benign phenotypes such as BECTS (1) and ABPE (2). This relation changed towards an excess of truncating
mutations in more severe phenotypes, such as LKS (3) and CSWS (4). The absolute patient number is shown in the left diagram,
whereas the relative proportions are illustrated on the right.
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Figure 4: Absolute and relative distribution of types of GRIN2A mutations according to all published cases since 2013

In contradiction to Figure 3, the increase of published patients since 2013 lead to a harmonization of proportions of missense
versus truncation mutations. For all phenotypes, this relation appears to be approximately 3:1, irrespective of the clinical seve-
rity.
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mechanisms, such as decrease of antagonist binding, in-
crease of agonist binding or reduction of pore blocking.

Surprisingly, the phenotypic spectrum of the mis-
sense mutations listed above is identical to individuals
carrying truncating mutations. Truncations are consid-
ered to result in haploinsufficency and nonsense-medi-
ated mRNA decay putatively leading to a loss of expres-
sion of the affected allele. This appears to be in contrast
to a consecutive gain of NMDA receptor function. How-
ever, a possible mechanism might be the compensation
of a decreased GIuN2A expression by an increase of
GluN2B expression. This would lead to an altered com-
position of the NMDA receptor. As GIuN2B is associated
with a longer channel opening time, a replacement of a
GIuN2A subunit by GluN2B within the NMDA receptor
can be equated with a gain of function. Therefore, sec-
ondary changes on constitution of subunits, assembly
of the receptor protein or other aspects are likely to in-
fluence the phenotype of a GRIN2A mutation carrier as
well.

The finding of a gain of channel function mediated
by GRIN2A mutations is of particular interest as hyper-
function of NMDA receptors have been successfully re-
stored by memantine and other NMDA-blocking com-
pounds. Pierson et al. 2014 recently reported a patient
with GRIN2A mutation and refractory epilepsy, who
responded well to memantine [15]. This finding gives
hope for the development of individualised therapeutic
approaches targeting the molecular defects of patients
suffering from NMDA receptor-dependent epilepsy.

Conclusions

Mutations in GRIN2A play an important role in
idiopathic focal epilepsies of childhood. They are particu-
larly associated with phenotypes sharing a centrotem-
poral EEG focus, such as BECTS, ABPE, LKS and CSWS.
Speech and intonation may be affected life-long — inde-
pendent from epilepsy and other neurodevelopmental
issues.

As some mutation carriers present with significantly
milder or even subclinical phenotypes, GRIN2A muta-
tions should be considered as high risk factors predis-
posing to the phenotypic spectrum described above, es-
pecially in the settings of an inherited familial mutation.

Gain of NMDA receptor function appears to be a
common pathomechanism resulting from GRIN2A mu-
tations. Thus, patients with GRIN2A-related epilepsies
may benefit from application of memantine and similar
drugs.

With increasing knowledge and rising numbers of
identified patients, the GRIN2A-associated mutational
distribution and spectrum can be revised and does not
necessarily comply with initially observed or predicted
findings.
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Férderung der wissenschaftlichen Forschung im
Bereich der Epilepsie (vorwiegend Starthilfen) durch
die Schweizerische Liga gegen Epilepsie (Epilepsie-Liga)

Die Epilepsie-Liga unterstiitzt wissenschaftliche
Projekte im Bereich der Epileptologie im Gesamtbetrag
von

CHF 25’000.—

pro Jahr. Insbesondere soll die Erforschung von Ur-
sachen und Behandlungen der Epilepsie gefordert wer-
den.

Stipendien fiir Aus- oder Weiterbildung oder Aus-
landaufenthalte werden nicht ausgerichtet. Hingegen
konnen Reise- und Aufenthaltskosten (ohne Salar) fir
Kurzaufenthalte (maximal einige Wochen) finanziert
werden, sofern sie dem Erlernen von Methoden dienen,
welche im Rahmen eines unterstitzten Projektes in der
Schweiz eingesetzt werden.

Falls der Antragsteller/die Antragstellerin bereits
anderswo Antrage fiir Unterstiitzung gestellt hat, ist
offen zu legen, bei wem und mit welchem Ergebnis.

Termin fiir die Einreichung von Gesuchen: 31. Dezem-
ber 2015

Gesuche sind in elektronischer Form einzureichen an
muehlebach@epi.ch

Siehe Richtlinien http://www.epi.ch/ files/Preise/
Richtlinien_FF_2010_d.pdf

Schweizerische Liga gegen Epilepsie
Seefeldstrasse 84

8008 Ziirich

Tel. 043 488 67 77 | Fax 043 488 67 78
info@epi.ch
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On the Concept of Utility for Licensing New
Antiepileptic Drugs
Peter Kleist | Volketswil

On How Ethical Aspects Can Be Observed in
Patient Led Research and Large Data Acquisition
Effy Vayena | Ziirich

On Ethical Topics That Come up in Epileptic
Surgery Such As Selection Criteria and Outcome
Measurements

Serge Vulliemoz, Anne-Chantal Héritier-Barras,
Christian Korff and Samia Hurst | Genéve

On the Ethical Issues Concering the Inclusion of
Women (with Epilepsy) in Pregnancy Registries
Corine Francoise Mouton Dorey | Ziirich

On the Delicacy of Confidentiality Between
Doctors and Patients With Active Epilepsy Who
Wish to Continue to Drive

Giinter Krdmer [ Ziirich

Die Schweizerische Liga gegen Epilepsie (Epilepsie-
Liga) vergibt alle 3 Jahre einen Preis in Hohe von

CHF 1°000.—

fiir die beste Dissertation auf dem Gebiet der Epilep-
tologie.

Bewerbungen sind aus allen Fachbereichen und
Berufsgruppen moglich und erwiinscht, sowohl aus
Grundlagen- als auch klinischen Fachern. Eine Altersbe-
schrankung erfolgt nicht.

Das Preisrichterkollegium setzt sich aus drei Vor-
standsmitgliedern der Epilepsie-Liga zusammen, das
bei Bedarf zusatzlich externe Gutachter hinzuziehen
kann. Es trifft seine Entscheidung in geheimer Wahl.

Falls der Antragsteller/die Antragstellerin bereits
anderswo Antrage fiir Unterstiitzung gestellt hat, ist
offen zu legen, bei wem und mit welchem Ergebnis.

Die Preisverleihung erfolgt jeweils im darauf fol-
genden Jahr anlasslich der Jahrestagung oder Mitglie-
derversammlung der Epilepsie-Liga.

Bewerbungen sind bis zum 31.12.2015 an die
Geschiftsstelle der Epilepsie-Liga (Seefeldstras-
se 84, 8008 Ziirich) einzureichen und missen
beinhalten: fiinf Exemplare der abgeschlossenen und
beim Dekanat eingereichten Dissertation, flinf Exemp-
lare einer Stellungnahme des Doktorvaters (dabei kann
es sich auch um das entsprechende Gutachten fiir die
Dissertation handeln).
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V.l.n.r.: Dr. Thomas Mayer, Prof. Dr. Bernhard Steinhoff, Dr. Anne-Sophie Wendling, Dr. Giinter Kramer und Florian Hummel

(UCB)

Laudatio Alfred-Hauptmann-Preis 2015

Meine sehr geehrten Damen und Herren, liebe Kolle-
ginnen und Kollegen, liebe Frau Wendling und lieber
Bernhard!

Wie inzwischen allgemein bekannt sein diirfte, ist
der Alfred-Hauptmann-Preis nach dem gleichnamigen
deutschen Neurologen und Psychiater benannt, der
— noch als Assistent wahrend seiner Freiburger Zeit —
mit einer kurzen Veroffentlichung in der Deutschen
Medizinischen Wochenschrift auf die antiepileptische
Wirkung von Phenobarbital aufmerksam machte und
damit das auch heute weltweit noch am haufigsten
eingesetzte Antiepileptikum ,entdeckte® Es wird kol-
portiert, dass eine nicht unwesentliche Ursache dieser
Entdeckung darin bestand, dass er als diensthabender
Arzt in der Klinik libernachten musste und sein Schlaf
haufig durch unruhige Patienten gestért wurde. Durch
die Gabe des kurz zuvor als Hypnotikum eingefiihrten
Phenobarbitals konnte er wie erhofft einen besse-
ren Schlaf von Patienten und Arzt erreichen. Dass sich
gleichzeitig die Anfallsfrequenz der Patienten mit Epi-
lepsie deutlich besserte, war eine extrem wertvolle Ne-
benbeobachtung.

Der Preis wurde seit 1980 in der Regel alle zwei Jah-
re durch das deutsche Epilepsie-Kuratorium vergeben.
Seit 2009 ist er ein gemeinsamer Preis der Deutschen

und Osterreichischen Gesellschaften fiir Epileptologie
und der Schweizerischen Liga gegen Epilepsie, und das
Preisgeld in Hohe von inzwischen 10.000 € wird von der
Firma UCB Deutschland zur Verfiigung gestellt. Ausge-
zeichnet wird die beste eingereichte wissenschaftliche
Arbeit aus dem deutschsprachigen Raum auf dem Ge-
biet der experimentellen und klinischen Epileptologie
aus den beiden letzten, der Verleihung vorangegangen
Jahren.

Das Preisrichterkollegium mit Herrn Professor Wolf-
gang Loscher (Hannover), Herrn Professor Rudolf Ko-
rinthenberg (Freiburg), Herrn Professor Giinther Sperk
(Innsbruck) und mir verleiht den 2015 zum 17. Mal
vergebenen Alfred-Hauptmann-Preis an Frau Dr. Anne-
Sophie Wendling und Herrn Prof. Dr. Bernhard Steinhoff
aus Kork fiir ihre beiden vergleichenden Arbeiten zum
Behandlungserfolg und den neuropsychologischen
Auswirkungen einer selektiven Amygdalohippo-
kampektomie gegeniiber einer temporalen Standard-
Lobektomie bei Patienten mit mesialer Temporallap-
penepilepsie und Hippokampussklerose (1,2; 1 = Preis-
arbeit, 2 = ergdnzend).

Frau Dr. Anne-Sophie Wendling, geborene
Ciesilski, wurde 1981 in Frankreich geboren und ab-
solvierte 2000 in Hagenau im Elsass ihr Abitur (Bac-
calauréat). Anschliessend studierte sie bis 2005 Psy-
chologie und Neuropsychologie an den Universitaten
Strassburg und Lille. Das Psychologiestudium schloss
sie 2003 an der Université Louis Pasteur in Strassburg
ab, den Master in Psychologie mit dem Spezialgebiet
Neuropsychologie, Rehabiliation und perioperative
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Diagnostik erhielt sie 2005 von der Université Charles
de Gaulle in Lille. 2012 promovierte sie an der Fakultat
flir Neurowissenschaften der Universitat Louis Pasteur
in Strassburg mit der Arbeit , Les déficits mnésiques et
émotionnels de I’épilepsie temporomésiale avec scléro-
se hippocampique sont-ils liés a I'étendue de la résec-
tion chirurgicale?“ Auslandsaufenthalte fiihrten sie u.a.
1997 nach England und 1998 in die USA, nach mehre-
ren Praktika im Epilepsiezentrum Kork ist sie seit Juli
2005 dort als Neuropsychologin tatig und beschaftigt
sich vorwiegend mit der prachirurgischen Diagnostik
sowie mit Antiepileptika-Studien der Phasen Il — IV.
Herrn Professor Bernhard Steinhoff muss ich eigent-
lich nicht vorstellen. Er wurde 1961 in Offenburg gebo-
ren, legte 1980 mit einem Preis fiir die beste Gesamt-
leistung das Abitur ab, und studierte danach bis 1986 in
Freiburg im Breisgau Humanmedizin. Seine Promotion
zur antiepileptischen Therapie mit Bromiden schloss er
1989 bei Professor Rolf Kruse in Kork ab. Im Erwachse-
nenbereich des Epilepsiezentrums Kork begann er 1987
auch seine Facharztweiterbildung, die er von 1990 bis
1992 am Universitatsklinikum Miinchen-Grosshadern
und — nach einer sechsmonatigen Unterbrechung als
Research Fellow in der Sektion fiir Epilepsie und Kli-
nische Neurophysiologie der Cleveland Clinic Founda-
tion in Cleveland, USA, bei Hans Otto Liders — 1993 in
der Abteilung Klinische Neurophysiologie der Univer-
sitat Gottingen abschloss. Von 1993 bis 2000 war er
dort Oberarzt und Leiter der Arbeitsgruppe Epilepsie
und EEG. 1997 habilitierte er sich mit Untersuchungen
zum neurophysiologischen Profil etablierter und neuer
Antiepileptika fiir Neurologie und klinische Neurophy-
siologie. 2000 folgte die Riickkehr an das Epilepsie-
zentrum Kork, bis 2002 als Leitender Oberarzt der Klinik
und Ambulanz fiir Erwachsene und seit 2002 als Chef-
arzt. Nach Ernennung zum ausserplanmassigen Profes-
sor der Georg-August Universitat Gottingen 2001 ist er
nach entsprechender Umhabilitation seit 2004 ausser-
planmadssiger Professor fiir Neurologie und Klinische
Neurophysiologie an der Universitdt Freiburg, dariiber
hinaus Honorarprofessor im Studiengang Medizintech-
nik an der Hochschule Offenburg. Er ist Autor bzw. Co-
Autor zahlreicher, davon rund 150 Medline-gelisteter
Arbeiten vorwiegend auf dem Gebiet der klinischen
Epileptologie und Neurophysiologie mit den Schwer-
punkten Pharmakotherapie, Nebenwirkungen von An-
tiepileptika und praoperative Epilepsiediagnostik. Er
ist u.a. Mitglied des Berliner Kreises und Konigsteiner
Arbeitskreises Epilepsie. 2003-05 war er Erster Vorsit-
zender der Arbeitsgemeinschaft fiir prachirugische Epi-
lepsiediagnostik und Epilepsiechirurgie, 2005-07 Erster
Vorsitzender der Deutschen Sektion der Internationa-
len Liga gegen Epilepsie und 2009-13 Co-Chair der The-
rapeutic Strategies Commission der ILAE. Er ist seit vie-
len Jahren Herausgeber der Zeitschrift fur Epileptologie
und im Beirat mehrerer internationaler Epilepsie-Jour-
nals sowie Berater der Weltgesundheitsorganisation
WHO zum Thema EEG bei Prionenerkrankungen. Bis-
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lang wurde er u.a. 1990 mit dem Promotionspreis der
Deutschen Gesellschaft fiir Epilepsieforschung und mit
einem Preis der Deutschen Gesellschaft fiir Neurologie
als einer der fuinf besten Redner in der Fortbildungsaka-
demie ausgezeichnet.

In den beiden ausgezeichneten Arbeiten haben Frau
Wendling und Herr Steinhoff sich mit einem Thema
beschaftigt, das seit der Popularisierung der selektiven
Amygdalahippokampektomie in den 70er-Jahren des
20. Jahrhunderts nach wie vor kontrovers diskutiert
wird. Viele epilepsiechirurgische Zentren in England
und den USA sowie erst recht in 6konomisch weniger
entwickelten Landern favorisieren nach wie vor die en-
bloc-Resektion der vorderen zwei Drittel des Tempo-
rallappens, hauptsachlich weil diese einfacher durch-
zufiihren ist. Auch wenn die Behandlungsergebnisse
beziiglich der Anfdlle vergleichbar gut sind, bestehen
neuropsychologisch deutliche Vorteile der selektiven
Amygdalahippokampektomie. Dies haben Frau Wend-
ling und Herr Steinhoff jetzt nochmals eindriicklich
nachweisen kdnnen.

Im Namen des Preisrichterkollegiums sowie der
Deutschen und Osterreichischen Gesellschaften fur
Epileptologie und der Schweizerischen Liga gegen Epi-
lepsie gratuliere ich Frau Wendling und Herrn Steinhoff
ganz herzlich zu Ihrer Auszeichnung!

N

0

Gtinter Krdamer

1. Wendling AS, Hirsch E, Wisniewski I, Davanture C, Ofer I, Zentner J, Bilic
S, Scholly J, Staack AM, Valenti MP, Schulze-Bonhage A, Kehrli P, Stein-
hoff BJ. Selective amygdalohippocampectomy versus standard temporal
lobectomy in patients with mesial temporal lobe epilepsy and unilateral
hippocampal sclerosis. Epilepsy Res 2013; 104: 94-104

2. Wendling AS, Steinhoff BJ, Bodin F et al. Selective amygdalohippo-
campectomy versus standard temporal lobectomy in patients with
mesiotemporal lobe epilepsy and unilateral hippocampal sclerosis: post-
operative facial emotion recognition abilities. Epilepsy Res 2015; 111:
26-32
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V.l.n.r.: Dr. Thomas Mayer, Marion Witt, Dr. Giinter Kramer und Dr. Heinz Biihler (Stiftung Michael)

Laudatio Sibylle Ried Preis 2015

Sehr geehrte Damen und Herren, liebe Kolleginnen und
Kollegen, liebe Frau Witt

Auch im Namen der anderen Mitglieder des
Preisrichterkollegiums, Ingrid Coban aus Bielefeld und
Gerd Heinen aus Berlin, sowie in beratender Funktion
Dr. med. Matthias Ried, dem Bruder der Namensgebe-
rin des Preises, und natlirlich auch der durch Herrn Dr.
Heinz Biihler vertretenen Stiftung Michael, freue ich
mich sehr, Frau Marion Witt und Herrn Hans Konig, der
leider nicht zur Preisverleihung kommen konnte, den
Sibylle Ried Preis 2015 iiberreichen zu dirfen.

Der seit 2001 hiermit zum siebten Mal vergebene
Preis ist mit 2.500 € dotiert, dartiber hinaus erhalten
die ausgezeichneten Personen eine Urkunde. Das Preis-
geld wird durch Zinsertrage der Sibylle-Ried-Zustif-
tung bei der Stiftung Michael zur Verfligung gestellt,
zu der neben verschiedenen Pharmafirmen auch der
frithere Blackwell Wissenschafts-Verlag (der ,Haus*-
Verlag von Frau Ried), die Familie Ried und andere
Privatpersonen sowie die Stiftung Michael beige-
tragen haben. Er wird alle zwei Jahre anlasslich der
gemeinsamen Jahrestagungen der Deutschen und
Osterreichischen Gesellschaften fiir Epileptologie und
Schweizerischen Liga gegen Epilepsie vergeben. Er
richtet sich an alle Berufsgruppen und alle Formen von

Publikationen, dokumentierten Aktivitaten und Metho-
den, deren Ziel eine Verbesserung der Betreuung von
Menschen mit Epilepsie und ihrer Lebensbedingungen
ist. Bis zur Vergabe 2011 bestand das stimmberechtigte
Preisrichterkollegium aus Frau Gisela Schiiler, Herrn
Rupprecht Thorbecke und mir.

Marion Witt ist eine 1966 geborene freischaf-
fende Kiinstlerin mit Aktivitaten als Figurenspielerin,
Schauspielerin, Regisseurin, Autorin und Dozentin.
Sie hat 1993 an einer Padagogischen Hochschule das
Erste Staatsexamen in den Fichern Padagogik, Biolo-
gie, Geographie und Physik absolviert. 1996 schloss
sie eine Ausbildung zum Figurenspiel am Figurenthea-
ter-Kolleg Bochum ab und ist Mitgriinderin des Thea-
ters ,compania t“ (http://www.compania-t.de/kurse/
marion-witt/). Der Schwerpunkt ihrer Inszenierungen
fiir Kinder und Erwachsene liegt in der Dramatisierung
von literarischen Vorlagen und zeitgendssischen fan-
tastischen Geschichten. Marion Witt begreift Theater
als Moglichkeit, die gesellschaftliche Wirklichkeit mit
dem Medium Theater zu betrachten und zu hinter-
fragen. Der Stil der Inszenierungen orientiert sich an
den Inhalten und ihren Bedeutungen. Alle Inszenie-
rungen verbindet der sparteniibergreifende Ansatz.
Die Bereiche Schauspiel, Figurenspiel, Tanz und Musik
fliessen ineinander. Gastspiele haben sie auf zahlreiche
Festivals und Tourneen gefiihrt, Kooperationen mit an-
deren Theatern und Institutionen, Gastregien und Aus-
stattungsauftrage erganzen die eigene Theaterarbeit.
In den letzten Jahren tGibernimmt sie zudem vermehrt
Lehrtatigkeiten. Sie lebt mit ihrer Familie in Bremen.
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Hans Konig ist ein 1962 geborener freischaffen-
der Kiinstler. Sein autodidaktischer Berufsweg begann
mit kunstlerischen Produktionen im 17. Lebensjahr.
Zunachst war er als Liedermacher unterwegs, seit
Mitte der 80er-Jahre ist er als Regisseur, Autor, Do-
zent, Darsteller und Musiker aktiv. Er war Griinder der
Aktionstheatergruppe ,theatre du pain“ und hat eine
grosse Nahe zur Absurditat und zum magischen Realis-
mus. Als Regisseur ist er seit den 90er-Jahren auf grosse
Freiluft-Projekte spezialisiert (u.a. Kreuzweg Asyl, Little
Nemo in Slumberland, Bremer Hollen, Grosse Freiheit
Vegesack, Domfestspiele Verden, Inszenierung von Ge-
bauden und Gelande; http://www.hanskoenig.net/). Er
hatte verschiedene Stiickauftrage fiir Theaterprojekte
in Deutschland, arbeitet dartiber hinaus als Dozent fiir
Regie und Schauspiel sowie Kulturmanagement. Auch
er lebt mit seiner Familie in Bremen.

Gemeinsam haben Frau Witt und Herr Kénig 2013 das
Theaterstiick

Steile Welle.
Ein Solo-Theaterstlick tiber Fallsucht und Sehnsucht
mit Schauspiel, Objektspiel und Musik

entwickelt und geschrieben. Frau Witt war fiir das Spiel
zustandig, Herr Konig war Komponist der Musik und
Regisseur.

,Steile Welle“ entstand in Kooperation mit dem
Diakoniekrankenhaus Rothenburg und dem Gesund-
heitsladen Bremen eV., gefordert wurde es vom Dia-
konischen Werk der Evangelisch-lutherischen Landes-
kirche Hannover eV. und der Aktion Mensch. Der Urauf-
flihrung am 6. Juni 2013 in Bremen folgten inzwischen
deutschlandweit liber 20 weitere Darbietungen.

Das Stiick greift auf bislang einzigartige Weise das
Thema Krankheit am Beispiel der Epilepsie auf. Inhalt-
lich hat es sehr viel zu bieten: Eigenes Erleben der Er-
krankung, ein gut vermitteltes Epilepsiekonzept, Erfah-
rungen — positive wie negative — mit der Behandlung,
ambivalente Gefiihle zu Behandlungsmoglichkeiten,
eigene Versuche sich gegen die Anfalle zu wehren, Er-
fahrungen in der Selbsthilfegruppe und in der Familie
sowie weitere Aspekte. Und obwohl diese vielen The-
men nur angerissen werden konnen, erfolgt dies den-
noch oftmals mit einer unglaublichen Tiefe.

Da viele Menschen mit Epilepsie berichten, dass die
sozialen Auswirkungen der Krankheit die Einschran-
kungen durch die Anfdlle Gberwiegen, ist die Bedeu-
tung des Theaterstiicks auch in Zusammenhang mit
therapeutischen Prozessen sehr gross. Sie zeigt sich
hier in einer sehr selbstbewussten, beispielhaften
Auseinandersetzung mit der eigenen Krankheit, die ein
klares Pladoyer dafiir ist, sie weder abzulehnen noch zu
tabuisieren, sondern sie anzunehmen und einen eige-
nen selbstbewussten Weg damit zu finden.
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Das Stiick bewaltigt den Spagat zwischen sachlicher
und anschaulicher Information, personlichen Inhalten,
Erlebnissen und Bewertungen, biographischen Elemen-
ten, ,,Dramatik“ und Humor in hervorragender Art und
Weise. So gibt es beispielsweise eine Szene, in der die
Schauspielerin als ,,Nervenzelle“ die klatscht, das Publi-
kum als ,,angrenzende Nervenzellen“ zum Mitklatschen
bewegt, was dann den Anfall in Form von andauernden
Verbeugungen auslost. Mit personlichem Betroffen-
sein, Schwierigkeiten im Umgang mit der Erkrankung,
Arzt-Patientin-Beziehung, Selbsthilfe und sozialem
Umfeld werden sehr viele Komponenten dargestellt,
die im Leben mit einer Epilepsie eine Rolle spielen.

Mit zum Teil geradezu provokativer Offenheit wer-
den die bitteren, unangenehmen, traurigen aber auch
komischen und letztendlich starkenden Aspekte einer
aktiven Auseinandersetzung mit Krankheit dargestellt.
Als Zuschauer erlebt man ein Wechselbad der Gefiihle,
ausgehend von Verwunderung liber Erschrecken und
stellenweise auch Ekel, oft weiss man nicht, ob man
lachen oder weinen soll. Dennoch wird ein hoffnungs-
volles Ende prasentiert, das darin besteht, einen eige-
nen Weg mit der Erkrankung zu suchen und zu finden.

Das Einfrauenstiick spriiht im wahrsten Sinne des
Wortes von akustischen, sprachlichen und visuellen
kreativen und didaktischen Hohenfliigen. Sprache,
Gesang, Musik und Darstellung bilden eine Einheit,
die den Betrachter fesselt und bis zum Schluss nicht
loslasst. Komddiantische Einlagen und tiefsinnige
Ernsthaftigkeit wechseln sich ab. Es ist eine professio-
nelle Initiative, aber angesichts der Tatsache, dass Frau
Witt selbst seit mehr als 25 Jahren Epilepsie hat, ist
es gelebtes Empowerment. Auf der Blihne prasentiert
Frau Witt neben ihren Starken als Schauspielerin auch
ihre verletzliche Seite als ,Epileptikerin®

Uber das Medium Theater kann das Thema Epi-
lepsie auch Menschen ausserhalb des behandlungs-
oder erkrankungsbezogenen Informationssettings
ansprechen, also in der Freizeit, im ,Vergniigen® Es er-
reicht damit auch Menschen, die gegebenenfalls nicht
direkt von dem Thema betroffen sind, und hat damit
einen besonderen offentlichkeitswirksamen Charak-
ter. Auch Professionelle konnen von diesem fesselnden
Theaterstiick viel lernen.

Wir sind uns absolut sicher, dass Sibylle Ried ihre
Freude an diesem Theaterstiick zwischen Fallsucht und
Sehnsucht gehabt hatte!

Herzlichen Gliickwunsch!

Gtinter Krdmer, Ingrid Coban und Gerd Heinen



Im letzten Heft der ,Epileptologie wurde die
Geschichte der Epileptologie-Entwicklung in der
Schweiz interessant und vielseitig beleuchtet. Nach
der Lektiire des letzten Beitrages von Herrn Prof. Dr.
Dr. Thomas Grunwald muss man sich allerdings lei-
der fragen, ob dort nicht «des Kaisers neue Kleider»
vorgestellt werden. Dieser Text suggeriert, die Epilepto-
logie in Ziirich reprasentiere sich praktisch ausschliess-
lich in der Epilepsie-Chirurgie. Friither formierte sich
zur Untersuchung und Behandlung der epilepsiekran-
ken Menschen ein interdisziplinares Team mit einem
umfassenden Programm (,Comprehensive Care”).
Dazu gehorten als wichtige Bereiche neben der medi-
zinischen Diagnostik und der medikamentosen sowie
— als ultima Ratio — auch der operativen Therapie die
Neuropsychologie, die Psychiatrie und die psychoso-
ziale Betreuung der Epilesiekranken. Fiir die derzeitige,
neue Ausrichtung des ehemaligen Schweizerischen
Epilepsie-Zentrums Ziirich fand sich auch gleich eine
neue Wortschopfung («denn eben, wo Begriffe fehlen,
da stellt ein neues Wort zur rechten Zeit sich ein!»- J.W.
v. Goethe). Es ist die Rede von einer «behindertenme-
dizinischen Ausrichtung ». Was aber ist unter diesem
omindsen Begriff eigentlich zu verstehen? Des Kaisers
neue Kleider?

Anscheinend hat eine Verschiebung der Philoso-
phie des Hauses stattgefunden. Unklar bleibt dabei:
Wo eigentlich residiert dieser neue Kaiser? In der Kli-
nik Lengg? Im ehemaligen Schweizerischen Epilepsie-
Zentrum? In der Epilepsie-Klinik? In der Epilepsie-Stif-
tung? Oder in der Neurorehabilitations-Abteilung der
Klinik Lengg? Oder vielleicht doch schon in der Uni-
Klinik? Und wo, bitteschén, rangiert in dieser neuen
Einrichtung eigentlich die eminent wichtige, im
kritisierten Beitrag leider mit keinem Wort erwahnte
Kinder-Epileptologie?

Auf die Losung dieser Ratsel darf man gespannt sein.

Dr. med. Ritva A. Sdilke-Kellermann
Ehemalige Arztliche Leiterin

der Klinik fiir Kinder und Jugendliche

am Schweizerischen Epilepsie-Zentrum Ziirich

Zijrich, 1. Juli 2015

Wir danken Frau Dr. Ritva Salke-Kellermann sehr
fiir diesen wertvollen Hinweis auf die «Comprehensive
Care», deren Darstellung in unserem Beitrag lber die
Entwicklung des Zentrums fiir Epileptologie und Epi-
lepsiechirurgie in Zirich aus Platzgriinden sicherlich zu
kurz geraten ist. Selbstverstandlich ist die Comprehen-
sive Care, die unter dem Begriff der «Komplexbe-
handlung» nicht zuletzt auch Eingang in die SwissDRGs
gefunden hat, ein wesentlicher Bestandteil des thera-
peutischen Angebots der Schweizerischen Epilepsie-
Klinik an der Klinik Lengg, der Klinik fiir Neurologie des
USZ und des Kinderspitals. Die Schweizerische Epilep-
sie-Klinik fiihlt sich dem Konzept der Compehensive
Care sowohl im Rahmen der konservativen wie auch der
epilepsiechirurgischen Therapie fiir Kinder, Jugendliche
und Erwachsene nach wie vor speziell verpflichtet und
wird diesen Gedanken auch in die neue institutionelle
Zusammenarbeit tragen. Dies gilt in besonderer Weise
auch fiir die Betreuung behinderter Kinder und Erwach-
sener, die unter dem Schlagwort der «Behindertenme-
dizin» derzeit erfreulicherweise europaweit zuneh-
mend gesellschaftspolitische Beachtung findet.

Thomas Grunwald, lan Mothersill, Christian Baumann
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Mise au concours — Soutien de la recherche

Promotion de la recherche scientifique dans le do-
maine de I‘épilepsie (surtout sous forme d‘aide initiale)
par la Ligue Suisse contre I‘Epilepsie (Ligue contre I‘Epi-
lepsie)

La Ligue contre |‘Epilepsie soutient les projets scien-
tifiques dans le domaine de I‘épileptologie par un mon-
tant total de

CHF 25°000.—

par an, la priorité étant accordée aux projets cher-
chant a élucider les causes et a mettre au point des trai-
tements de |'épilepsie.

Aucune bourse ne sera octroyée pour la formation
de base ou continue ou pour des séjours a |'‘étranger.
En revanche, la prise en charge de frais de voyage et
de séjour (sans salaire) est possible pour les séjours
de courte durée (quelques semaines au maximum)
lorsque ces séjours servent a apprendre des méthodes
appliquées dans le cadre d‘un projet bénéficiant de
soutien en Suisse.

Si le requérant a déja fait une demande de soutien
ailleurs, il faut nous en informer en spécifiant ou et
avec quel résultat.

Délai de remise des demandes :

31 décembre 2015

Les demandes sont a adresser par voie électronique a
muehlebach@epi.ch.

Voir instructions : http://www.epi.ch/_files/
Forschung/Richtlinien_FF_f.pdf

Ligue Suisse contre I‘Epilepsie
Seefeldstrasse 84

8008 Zurich

Tél. 043 488 67 77

Fax 043 488 67 78
info@epi.ch

Epileptologie 2015; 32

Mise au concours — Prix de promotion

La Ligue Suisse contre I‘Epilepsie (Ligue contre I‘Epi-
lepsie) décerne tous les 3 ans un prix d‘un montant de

CHF 1°000.—

pour la meilleure dissertation dans le domaine de
I‘épileptologie.

Tous les domaines spécialisés et tous les groupes
professionnels couvrant les disciplines fondamentales
ou cliniques sont invités a soumettre leur candidature.
Aucune limite d‘age n‘a été fixée.

Le jury décernant le prix se compose de trois
membres du comité directeur de la Ligue contre |‘Epi-
lepsie. Il peut étre complété au besoin par des experts
externes. La décision est prise par vote secret.

Si le requérant a déja fait une demande de soutien
ailleurs, il faut nous en informer en spécifiant ou et
avec quel résultat.

Le prix est toujours décerné |I'année suivante dans le
cadre de |‘assemblée annuelle ou générale de la Ligue
contre I‘Epilepsie.

Les dossiers de candidature doivent parve-
nir au Secrétariat de la Ligue contre |‘Epilep-
sie (Seefeldstrasse 84, 8008 Zurich) jusqu‘au

31.12.2015
et comporter les piéces suivantes :

- cing exemplaires de la dissertation achevée et re-
mise au décanat,

- cing exemplaires d‘une prise de position du direc-
teur de thése (il peut par exemple s‘agir de I‘'exper-
tise concernant la dissertation).



D.g.a.d. : Dr. Thomas Mayer, Prof. Dr. Bernhard Steinhoff, Dr. Anne-Sophie Wendling, Dr. Giinter Kramer et Florian Hummel

(ucB)

Panégyrique Prix Alfred Hauptmann 2015

Mesdames, Messieurs, chers collégues, chére Madame
Wendling et cher Bernhard !

Comme tout le monde le sait certainement entre-
temps, le Prix Alfred Hauptmann doit son nom au neu-
rologue et psychiatre allemand éponyme qui — alors
qu’il était encore médecin assistant a Fribourg —a attiré
I’'attention sur l'effet antiépileptique du phénobarbi-
tal dans un bref article paru dans le magazine médi-
cal « Deutsche Medizinische Wochenschrift » et ainsi
« découvert » I'antiépiletique aujourd’hui encore le plus
utilisé au monde. On raconte que le fait qu’il devait, en
tant que médecin de garde, passer la nuit a la clinique
et que son sommeil était friquemment interrompu
par des patients agités n'est pas étranger a cette dé-
couverte. Ladministration de phénobarbital, introduit
peu avant comme hypnotique, permit, comme Alfred
Hauptmann l'avait espéré, d’améliorer la qualité du
sommeil des patients et donc la sienne. La diminution
significative de la fréquence des crises des patients épi-
leptiques fut une observation annexe trés précieuse.

Le prix est décerné par I'organisme allemand « Epi-
lepsie-Kuratorium eV » depuis 1980, généralement
a intervalles de deux ans. Depuis 2009, il est parrainé
conjointement par les Sociétés allemande et autri-
chienne d’Epileptologie et par la Ligue Suisse contre

I’Epilepsie ; les 10 000 euros dont il est désormais doté
sont mis a disposition par la société UCB, en Allemagne.
Il récompense parmi les soumissions le meilleur tra-
vail scientifique de l'espace germanophone dans le
domaine de I'épileptologie expérimentale et clinique
publié au cours des deux dernieres années précédant sa
remise.

Le jury, composé des Professeurs Wolfgang Loscher
(Hanovre), Rudolf Korinthenberg (Fribourg), Giinther
Sperk (Innsbruck) et de moi-méme, remet le Prix Alfred
Hauptmann, décerné pour la 17e fois en 2015, au Dr
Anne-Sophie Wendling et au Prof. Dr Bernhard Stein-
hoff de Kork pour leurs deux études comparatives du
succés thérapeutique obtenu et des conséquences
neuropsychologiques d’'une amygdalo-hippocampecto-
mie sélective par rapport a une lobectomie temporale
standard chez les patients atteints d’épilepsie du lobe
temporomésial et de sclérose hippocampique (1,2; 1 =
étude primée, 2 = complément).

Anne-Sophie Wendling, née Ciesilski en 1981 en
France, a obtenu son baccalauréat a Hagenau (Alsace)
en 2000. Elle a ensuite étudié la psychologie et la neu-
ropsychologie dans les universités de Strasbourg et de
Lille jusqu’en 2005. Elle a terminé ses études de psy-
chologie a I'Université Louis Pasteur de Strasbourg en
2003, puis décroché un master en psychologie, spécia-
lité neuropsychologie clinique, évaluation périchirur-
gicale et réhabilitation cognitive a I'Université Charles
de Gaulle a Lille en 2005. En 2012, elle a soutenu a la
faculté de neurosciences de I'Université Louis Pasteur
de Strasbourg sa thése intitulée « Les déficits mné-
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siques et émotionnels de I'épilepsie temporomésiale
avec sclérose hippocampique sont-ils liés a I'étendue de
la résection chirurgicale? » Ses séjours a I'étranger |'ont
entre autres conduite en Angleterre en 1997 et aux
Etats-Unis en 1998. Apres plusieurs stages au Centre de
I'épilepsie de Kork, elle y exerce depuis juillet 2005 en
tant que neuropsychologue et s'occupe notamment de
diagnostic préchirurgical, ainsi que d’études de médica-
ments antiépileptiques de phase Il —IV.

Il n'est en réalité plus vraiment nécessaire que je
présente le Professeur Bernhard Steinhoff. Né en 1961
a Offenbourg, il a obtenu son baccalauréat en 1980
avec un prix pour la meilleure performance globale,
puis a étudié la médecine jusqu’en 1986 a Fribourg-
en-Brisgau. Il a passé sa thése sur le traitement antié-
pileptique par les bromures en 1989 aupres du Profes-
seur Rolf Kruse a Kork. C'est également dans le secteur
adultes du Centre de I'épilepsie de Kork qu’il a com-
mencé en 1987 sa formation de médecin spécialiste,
qu’il a poursuivie de 1990 a 1992 au Centre hospitalier
universitaire de Munich-Grosshadern puis — apres une
interruption de six mois en tant que Research Fellow
a la section épilepsie et neurophysiologie clinique de
la Cleveland Clinic Foundation a Cleveland, Etats-Unis,
aupres de Hans Otto Liider — achevée en 1993 au ser-
vice de neurophysiologie clinique de I'Université de
Gottingen. De 1993 a 2000, il y a été chef de clinique
et responsable du groupe de travail Epilepsie et EEG.
En 1997, il a passé son habilitation en neurologie et
neurophysiologie clinique, grace a ses recherches sur
le profil neurophysiologique d’antiépileptiques bien
établis et nouveaux. En 2000, il est retourné au Centre
de I'épilepsie de Kork, d’abord comme chef de clinique
responsable de la clinique et du service ambulatoire
pour adultes jusqu’en 2002 et depuis lors, en qualité de
médecin-chef. Aprés sa nomination au poste de Profes-
seur extraordinaire non titulaire a I'Université de Got-
tingen en 2001, il est, depuis son habilitation accélérée
correspondante, Professeur extraordinaire non titulaire
de neurologie et de neurophysiologie clinique a I'Uni-
versité de Fribourg, ainsi que Professeur honoraire
dans la filiére technique médicale a I’Ecole supérieure
d’Offenbourg. Il est l'auteur et le coauteur de nom-
breux travaux, dont 150 environ référencés par Med-
line, essentiellement dans le domaine de I'épileptologie
clinique et de la neurophysiologie, axés sur la pharma-
cothérapie, les effets secondaires des antiépileptiques
et le diagnostic préopératoire de I'épilepsie. Il est entre
autres membre du Cercle berlinois et du Cercle d’études
d’épileptologie de Konigstein. De 2003 a 2005, il a été
premier président de la communauté de travail sur le
diagnostic préopératoire de I'épilepsie et la chirurgie de
I'épilepsie, de 2005 a 2007, premier président de la sec-
tion allemande de la Ligue Internationale contre I'Epi-
lepsie et de 2009 a 2013, coprésident de la Therapeutic
Strategies Commission de I'lLAE. Depuis de nombreuses
années, il est I'éditeur de la revue « Zeitschrift fiir Epi-
leptologie », siege au comité consultatif de plusieurs
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journaux internationaux de I'épilepsie et est consultant
de I'Organisation mondiale de la Santé (OMS) pour les
EEG dans le cadre des maladies a prions. Il a notam-
ment déja été récompensé du Prix de la meilleure thése
de la Société allemande de recherche sur I'épilepsie et
d’un prix de la Société allemande de neurologie en tant
que l'un des cinq meilleurs orateurs de 'académie de
formation continue.

Dans les deux travaux récompensés, Madame
Wendling et Monsieur Steinhoff se sont penchés sur un
sujet controversé depuis que 'amygdalo-hippocampec-
tomie sélective s'est popularisée dans les années 70.
En Angleterre, aux Etats-Unis et plus encore dans des
pays moins développés économiquement, beaucoup
de centres chirurgicaux spécialisés dans I'épilepsie pri-
vilégient encore toujours la résection en bloc des deux
tiers antérieurs du lobe temporal, principalement parce
qu’elle est plus facile a réaliser. Mais si la bonne qualité
des résultats des traitements est comparable au regard
des crises, I'amygdalo-hippocampectomie sélective
comporte des avantages significatifs du point de vue
neuropsychologique. Madame Wendling et Monsieur
Steinhoff ont une nouvelle fois pu le démontrer d’'une
facon remarquable.

Au nom du jury, des Sociétés allemande et autri-
chienne d’Epileptologie et de la Ligue Suisse contre
I'Epilepsie, je félicite chaleureusement Madame
Wendling et Monsieur Steinhoff pour cette distinction !

L e

Gtinter Krdmer

1. Wendling AS, Hirsch E, Wisniewski I, Davanture C, Ofer I, Zentner J, Bilic
S, Scholly J, Staack AM, Valenti MP, Schulze-Bonhage A, Kehrli P, Stein-
hoff BJ. Selective amygdalohippocampectomy versus standard temporal
lobectomy in patients with mesial temporal lobe epilepsy and unilateral
hippocampal sclerosis. Epilepsy Res 2013; 104: 94-104

2. Wendling AS, Steinhoff BJ, Bodin F et al. Selective amygdalohippo-
campectomy versus standard temporal lobectomy in patients with
mesiotemporal lobe epilepsy and unilateral hippocampal sclerosis: post-
operative facial emotion recognition abilities. Epilepsy Res 2015; 111:
26-32
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D.g.a.d. : Dr. Thomas Mayer, Marion Witt, Dr. Giinter Kramer et Dr. Heinz Biihler (Stiftung Michael)

Panégyrique Prix Sibylle Ried 2015

Mesdames, Messieurs, chers collégues, chére Madame
Witt

Au nom des autres membres du jury, Ingrid Coban
de Bielefeld et Gerd Heinen de Berlin, ainsi que du
Dr Matthias Ried, frere de Sibylle Ried, agissant ici en
qualité de consultant, et bien évidemment de la fon-
dation Michael, représentée par le Dr Heinz Biihler, je
suis trés heureux de décerner le Prix Sibylle Ried 2015 a
Madame Marion Witt et a Monsieur Hans Konig, qui n’a
malheureusement pas pu assister a cette cérémonie.

Ce prix, décerné aujourd’hui pour la septiéme fois
depuis 2001 et doté de 2 500 euros, est accompagné
d’un certificat. Son montant est financé et mis a dispo-
sition grace aux intéréts de la donation Sibylle Ried a
la fondation Michael, a laquelle cette derniére, diverses
entreprises pharmaceutiques, 'ancienne maison d’édi-
tion « attitrée » de Madame Ried, Blackwell Wissen-
schafts-Verlag, la famille Ried et d’autres particuliers
ont contribué. Il est remis lors de chaque congreés bisan-
nuel tripartite des Sociétés allemande et autrichienne
d’Epileptologie et de la Ligue Suisse contre I'Epilepsie.
Il est ouvert a toutes les catégories professionnelles
et toutes les formes de publications, d’activités et mé-
thodes documentées, dont |'objectif est d’améliorer le
suivi et les conditions de vie des personnes atteintes

d’épilepsie. Jusqu’a la remise de 2011, les membres du
jury avec droit de vote étaient Madame Gisela Schiiler,
Monsieur Rupprecht Thorbecke et moi-méme.

Née en 1966, Marion Witt est une artiste indépen-
dante, qui a exercé les activités de marionnettiste, d’ac-
trice, de metteuse en scéne, d’auteure et de chargée
de cours. Elle a passé le premier examen d’Etat dans
les disciplines pédagogie, biologie, géographie et phy-
sique dans une haute école pédagogique en 1993. Elle a
achevé sa formation de marionnettiste au Figurenthea-
ter-Kolleg de Bochum en 1996 et est cofondatrice du
théatre « compania t » (http://www.compania-t.de/
kurse/marion-witt/). Lélément clé de ses mises en
scéne pour enfants et adultes réside dans la dramati-
sation d’ceuvres littéraires ou d’histoires fantastiques
contemporaines. Marion Witt envisage le théatre
comme un média permettant d’observer et de remettre
en question la réalité sociale. En termes de style, ses
mises en scéne sont axées sur les contenus et leurs
significations. Toutes ont en commun leur approche
interdisciplinaire. La comédie, le théatre de marion-
nettes, la danse et la musique s’y mélangent. Marion
Witt a participé a de nombreux festivals et tournées et
ses coopérations avec d’autres théatres et institutions
ainsi que ses activités de metteuse en scéne invitée ou
mandatée complétent son propre travail théatral. Ces
derniéres années, elle a en outre assumé davantage
de fonctions d’enseignement. Elle vit avec sa famille a
Bréme.

Né en 1962, Hans Konig est lui aussi un artiste in-
dépendant. Il a commencé sa carriere d’autodidacte
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avec des productions artistiques alors qu’il n’avait pas
17 ans. D’abord auteur-compositeur, il exerce depuis
le milieu des années 80 les activités de metteur en
scene, d’auteur, de chargé de cours, d’acteur et de
musicien. Il a été l'un des fondateurs de I'ensemble de
théatre d’action « theatre du pain » et est trés proche
des courants de I'absurde et du réalisme magique. En
tant que metteur en scene, il s'est depuis le milieu des
années 90 spécialisé dans les grands projets en plein
air (Kreuzweg Asyl, Little Nemo in Slumberland, Bre-
mer Hollen, Grosse Freiheit Vegesack, Domfestspiele
Verden, mise en scéne de batiments et terrains, entre
autres ; http://www.hanskoenig.net/). Plusieurs piéces
lui ont été commandées pour des projets théatraux en
Allemagne et il travaille en outre en tant que chargé
de cours dans les domaines de la mise en scéne, de la
comédie et de |a gestion culturelle. Lui aussi vit a Bréme
avec sa famille.

Ensemble, Madame Witt et Monsieur Konig ont
imaginé et écrit la piéce

Steile Welle.

(Onde abrupte. Un one woman show sur I'épilepsie
et la nostalgie, avec comédie, thédtre d’objets et
musique)

en 2013. Madame Witt en a été la comédienne et Mon-
sieur Konig, le compositeur et le metteur en scene.

« Steile Welle » est le fruit d’'une coopération avec
I’hépital du diaconat de Rothenburg et I'association
Gesundheitsladen Bremen eV. (magasin de santé de
Bréme) et a été soutenu par les associations Diako-
nisches Werk der Evangelisch-lutherischen Landes-
kirche Hannover eV (ceuvres du diaconat de I'Eglise
évangélique luthérienne de Hanovre) et Aktion
Mensch. A la premiére du 6 juin 2013 ont depuis suc-
cédé plus de 20 représentations supplémentaires dans
toute I'Allemagne.

La piéce aborde le sujet de la maladie d’'une facon
inédite en prenant I'épilepsie pour exemple. Elle est
trés riche en termes de contenu : un vécu personnel
de la maladie, une conception de I’épilepsie bien trans-
mise, les expériences — positives comme négatives —en
matiére de traitement, les sentiments ambivalents au
regard des options thérapeutiques, les tentatives de
lutter soi-méme contre les crises, les expériences dans
le groupe d’entraide et la famille, ainsi que d’autres
aspects. Et méme si toute cette palette de themes ne
peut étre qu’effleurée, elle I'est souvent avec une éton-
nante profondeur.

Comme beaucoup de personnes épileptiques rap-
portent que les conséquences sociales de la maladie
sont plus handicapantes encore que les crises propre-
ment dites, la piece de théatre revét également une
grande importance en lien avec les processus théra-
peutiques. Elle se présente ici comme une réflexion
consciente, exemplaire sur la maladie personnelle, invi-
tant clairement a ne pas la rejeter ni la rendre taboue,
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mais au contraire a I'accepter et a trouver sa propre
maniere d’y faire face avec assurance.

La piece réussit le tour de force de concilier a mer-
veille des informations a la fois objectives et compré-
hensibles, des contenus, expériences et évaluations
personnels, des éléments biographiques, une inten-
sité dramatique et de ’numour. Il y a par exemple une
scene ou la comédienne, qui incarne un « neurone »
en train d’applaudir, incite les spectateurs — « les neu-
rones adjacents » — a applaudir a leur tour, provoquant
une crise qui I'oblige a s’incliner sans arrét. Avec le fait
d’étre personnellement concernée, les difficultés a gé-
rer la maladie, la relation médecin/patiente, I'entraide
et 'environnement social, la piece aborde de nombreux
points important de la vie avec I'épilepsie.

Avec une franchise quasi provocante, elle évoque les
aspects amers, désagréables, tristes, mais aussi droles
et fortifiants d’une réflexion active sur la maladie. En
tant que spectateur, on est soumis a une alternance de
sentiments allant de I'étonnement a I'effroi en passant
parfois par le dégolt — souvent, on ne sait plus si I'on
doit rire ou pleurer. Pourtant, la fin est chargée d’espoir,
puisqu’elle consiste a chercher et a trouver sa propre
maniére de faire face a la maladie.

Le one woman show déborde littéralement de
temps forts créatifs et didactiques acoustiques, lin-
guistiques et visuels. La parole, le chant, la musique et
I'interprétation forment un tout qui captive le specta-
teur de bout en bout. Les intermédes humoristiques
alternent avec une profonde gravité. C’est une initiative
professionnelle, mais compte tenu du fait que Madame
Witt souffre d’épilepsie depuis plus de 25 ans, c’est
aussi de 'empowerment vécu. Sur scéne, elle révele ses
forces en tant que comédienne et ses faiblesses en tant
qu’« épileptique. »

Grace au média du théatre, le théme de I'épilep-
sie peut également toucher des gens en dehors du
cadre de l'information liée au traitement ou a la mala-
die, c’est-a-dire dans un environnement de loisirs, de
« plaisir ». La piéce touche ainsi aussi des personnes
qui ne sont pas directement concernées par le sujet et
est donc particulierement efficace en termes de sensi-
bilisation du public. Méme les professionnels peuvent
apprendre beaucoup de ce one woman show captivant.

Et nous sommes tout a fait certains que Sibylle Ried
aurait apprécié cette piéce de théatre entre épilepsie et
nostalgie !

Félicitations !

Gtinter Krdmer, Ingrid Coban und Gerd Heinen



Dans le dernier numéro de la revue « Epilepsie »,
I'histoire de I'’évolution de I'épileptologie en Suisse a été
éclairée sous de nombreux jours intéressants. Toute-
fois, apres avoir lu le dernier article du Prof. Dr Thomas
Grunwald, on doit malheureusement se demander s’il
n'y présente pas les « habits neufs de 'empereur ». Ce
texte suggere que I'épileptologie a Zurich se limite qua-
si exclusivement a la chirurgie de I'épilepsie. Autrefois,
une équipe interdisciplinaire au programme complet
(« Comprehensive Care ») s’est pourtant formée pour
examen et le traitement des patients épileptiques.
Outre le diagnostic médical, le traitement médicamen-
teux et, en dernier ressort, le traitement chirurgical, ce
programme incluait comme disciplines importantes la
neuropsychologie, la psychiatrie et le suivi psychoso-
cial des personnes épileptiques. Un néologisme appa-
rut aussi immédiatement pour qualifier I'orientation,
nouvelle a I'époque, du Centre suisse de I'épilepsie
(« car, ou les idées manquent, un mot peut étre
substitué a propos » JW. v. Goethe). Il est question
d’une orientation vers la « médecine du handicap »,
mais que faut-il vraiment entendre par cette expres-
sion douteuse? Les habits neufs de 'empereur ?

De toute évidence, il y a eu une évolution dans la
philosophie de la maison. Mais un aspect reste obscur :
ou ce nouvel empereur réside-t-il précisément ? A la
clinique Lengg ? Dans I'ancien « Centre suisse de I'épi-
lepsie » ? A la clinique de I’épilepsie ? A la fondation
de I’épilepsie ? Ou au service de réadaptation neurolo-
gique de la clinique Lengg ? A moins que ce ne soit déja
a I’hopital universitaire ? Et, je vous le demande, quelle
place I'épileptologie juvénile extrémement importante
mais dont, malheureusement, I'article critiqué ne dit
mot, occupe-t-elle dans cette nouvelle institution ?

La solution de cette énigme est attendue avec impa-
tience.

Dr méd. Ritva A. Sdilke-Kellermann
Ancienne directrice médicale

de la clinique pour enfants et adolescents
du Centre suisse de ['épilepsie a Zurich

Zurich, le 1¢juillet 2015

Nous remercions la Dr Ritva Salke-Kellermann pour
sa précieuse remarque sur le « Comprehensive Care »,
dont la présentation dans notre article sur I'évolution
du Centre de I'’épileptologie et de la chirurgie de I'épi-
lepsie de Zurich était sans aucun doute trop bréve faute
de place. Bien entendu, le Comprehensive Care, qui a
notamment fait son entrée dans les SwissDRG sous le
terme de « traitements complexes », constitue un élé-
ment essentiel de I'offre thérapeutique de la clinique
suisse de |'épilepsie a la clinique Lengg, a la clinique
de neurologie de I’hopital universitaire de Zurich et a
I’hépital des enfants. Aujourd’hui comme hier, la Cli-
nique suisse de I'épilepsie reste extrémement attachée
au concept de Comprehensive Care, tant dans le cadre
du traitement conservateur que chirurgical de I'épilep-
sie pour les enfants, les adolescents et les adultes et
conservera cet état d’'esprit dans la nouvelle collabora-
tion institutionnelle. Cela vaut tout particuliérement
pour le suivi d’enfants et d’adultes handicapés qui,
sous le mot-clé de « médecine du handicap », attire
aujourd’hui une attention sociopolitique croissante et
réjouissante dans toute I’Europe.

Thomas Grunwald, lan Mothersill, Christian Baumann
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| Bern, BernExpo
Jahrestagung 2015 Schweizerische Neurologische
Gesellschaft (SNG)
Gastgesellschaften: Schweizerische Gesellschaft fiir
Verhaltensneurologie, Schweizerische Gesellschaft fiir
Neurorehabilitation, Schweizerische Kopfwehgesell-
schaft in Zusammenarbeit mit dem Arztlichen Beirat
der Schweizerischen Multiple Sklerose Gesellschaft
Information: http://kongress.imk.ch/sng2015preview/
Intro

| Santiago, Chile
XXI1 World Congress of Neurology (WCN)
Information: Kenes International,
1-3 Rue de Chantepoulet, P.O. Box 1726, 1211,
Genf 1,
Tel. 0041 / 22 / 9080488,
Fax 0041 /22 /9069140,
www.wcn-neurology.com/congress-information

| Zirich
Patiententag
Information: Epilepsie-Liga,
Seefeldstrasse 84, 8008 Ziirich,
Tel. 0041 / 43 / 4886777,
Fax 0041 /43 / 4886778,
e-mail: info@epi.ch
www.epi.ch

| Ziirich
Epilepsiesymposium
Information: Silvia Baader,
Tel. 0041 / 44 / 3876302,
e-mail: silvia.baader@kliniklengg.ch

| Biel/Bienne, 17 Uhr
Fachveranstaltung der Epilepsie-Liga
Information: Epilepsie-Liga,
Seefeldstrasse 84, 8008 Ziirich,
Tel. 0041 / 43 / 4886777,
Fax 0041 /43 / 4886778,
e-mail: info@epi.ch
www.epi.ch
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| Biel/Bienne, 19.30 Uhr
Publikumsveranstaltung der Epilepsie-Liga
Information: Epilepsie-Liga,
Seefeldstrasse 84, 8008 Ziirich,
Tel. 0041 / 43 / 4886777,
Fax 0041 /43 / 4886778,
e-mail: info@epi.ch
www.epi.ch

| Philadelphia, Pennsylvania, USA
69th Annual Meeting of the American Epilepsy Society
Information: American Epilepsy Society, 342 North
Main Street, West Hartford, CT 06117-2507 USA,
Tel. 001 / 860 / 5867505,
Fax 001 / 860 / 5867550,
e-mail: info@aesnet.org, http://www.aesnet.org/
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