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A associagdo entre epilepsia de lobo temporal e esclerose mesial temporal (EMT) é
bem estabelecida, assim como o uso da atrofia hipocampal (AH) e outros sinais indicativos
de esclerose hipocampal, visiveis por imagens de ressondncia magnética, como marcadores
da EMT in vivo. Um dos fatores de risco associados a EMT sao as crises epilépticas febris
prolongadas na infiancia. Em 2001, Kobayashi et al. descreveram um tipo distinto de
epilepsia de lobo temporal mesial com evidente recorréncia familiar associada a AH, mas
com baixa freqiiéncia de crises febris, nomeada de epilepsia de lobo temporal mesial
familiar (ELTMF). Uma anédlise prévia dos heredogramas destas familias sugere que as
anormalidades hipocampais podem ser geneticamente determinadas na ELTMF. Para
determinar se a ELTMF pode ser explicada por fatores genéticos foi empregada a técnica
de anélise de segregacdo complexa baseada no modelo misto de Morton, com o emprego do
software POINTER®. Na investigacio de genes candidatos, com fungdes biolégicas
significantes na fisiologia da epilepsia de lobo temporal ou em modelos animais descritos
previamente, foram genotipados marcadores microssatélites que flanqueiam estes genes
relevantes e realizada a andlise de ligacdo genética. Finalmente, objetivando identificar a
regido do genoma responsavel por conter o gene principal associado com a AH na ELTMF
foi realizada a andlise de ligacdo genética gendmica em duas familias suficientemente
informativas, com 57 individuos incluindo 27 pacientes. Os resultados obtidos
demonstraram que: 1) a andlise de segregacdo complexa confirmou a observagdo prévia de
uma predisposi¢do genética para ELTMF, indicando a presenca de um gene principal com
transmissdo Mendeliana e que pode ter um envolvimento na génese da AH encontrada
nestes pacientes; ii) embora a les@o hipocampal encontrada em camundongo transgénico
com mutacdo no gene Scn2a seja similar aquela encontrada na ELTM foi descartada a
possibilidade do gene homodlogo SCN2A ser um gene candidato na ELTMEF; iii) a andlise de
ligacdo em genes candidatos codificadores de canais de potdssio voltagem-dependente nio
evidenciou qualquer tipo envolvimento destes genes na determinacdo das anormalidades
hipocampais na ELTMF; iv) foi identificada ligacdo no cromossomo 18p11.3-11.2 com um
LOD score maximo de 3,63 para 6= 0,0 para o marcador D18S976 em uma unica familia
com 11 individuos afetados com AH. A andlise de multipontos e o haplétipo localizam a
regido candidata dentro um intervalo de 6 cM flanqueado pelos marcadores D18S976 e

D18S452. Além disso, os genes ZFP161 e TGIF que se localizam na regido candidata
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mapeada, ndo apresentaram mutagdes em suas regides codificantes, as quais poderiam estar
relacionadas a ELTMF. Estes resultados mostram pela primeira vez, evidéncias de que a
AH pode ser determinada por fatores genéticos, os quais podem ter maiores implicacdes no
estudo dos mecanismos fisiopatolégicos que permeiam a EMT e sua relacdo com a
epilepsia de lobo temporal. No entanto, estudos adicionais sdo necessarios para identificar o

gene maior responsavel pela ELTMF.
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The association between temporal lobe epilepsy and mesial temporal sclerosis (MTS) has
been well established; as well as the use of hippocampal atrophy (HA) on magnetic
resonance imaging as an in vivo surrogate marker of MTS. One of the risk factors
associated to MTS is childhood prolonged febrile seizures. In 2001, Kobayashi et al.,
described a type of mesial temporal lobe epilepsy with evident familial recurrence associate
with HA but low frequency of febrile seizures, named familial mesial temporal lobe
epilepsy (FMTLE). Previous pedigree analysis provided evidence that hippocampal
abnormalities may be genetically determined in FMTLE. To determine whether FMTLE
can be explained by the involvement of genetic factor we employed complex segregation
analysis with the POINTER® software. To investigate candidate genes with significant
biological functions related to temporal lobe epilepsy, we genotyped microsatellite markers
flanking these relevant genes and performed linkage analysis. In addition, we performed a
genome wide search in two large families with 57 individuals, including 27 patients. Our
results show the following: i) complex analysis segregation strengthened previous evidence
for a genetic predisposition in FMTLE, indicating the presence of a major gene with
Mendelian transmission, which could be involved in HA development in these patients; ii)
we conclusively ruled out the SCN2A gene as candidate in FMTLE, although the
hippocampal lesion in the mutant Scn2a transgenic mouse is similar to that found in our
FMTLE patients; 1ii) linkage analysis showed no evidence that voltage-gated potassium
channels are involved in the determination of hippocampal abnormalities in FMTLE; iv) we
identified linkage to chromosome 18p11.3-11.2, with a maximum LOD score of 3.63 at 0=
0.0 for the D18S976 marker in a single family (F-10) with 11 affected individuals with HA.
Multipoint and haplotype analyses localized the locus within a 6 ¢cM interval flanked by
markers D18S976 and D18S452. Furthermore, we failed to find putative pathological
mutations related to FMTLE in two candidate genes ZFPI161 and TGIF, both mapping
within the locus on chromosome 18p11.3-11.2. With our results we have demonstrated the
first conclusive evidence that HA may be caused by genetic factors which can have major
implications in the study of the pathophysiological mechanisms underlying MTS and its

relationship with temporal lobe epilepsy.
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1. INTRODUCAO

As epilepsias formam um grupo de doencas neuroldgicas cronicas decorrentes de
alteracdes das funcdes cerebrais associadas ou ndo a outras doencas neuroldgicas. A grande
variedade de manifestacdes clinicas, etiolégicas, gravidade e progndstico sugerem que
sejam tratadas como um grupo de doencas ou sindromes e ndo uma entidade clinica
homogénea. No entanto, a caracteristica comum a todas as sindromes epilépticas é a
ocorréncia de crises (Zielinski, 1988; Fisher et al., 2005).

A prevaléncia deste tipo de acometimento € alta, pois atinge de 1,5% a 2% da
populacdo geral (Hauser,1996, Annegers et al., 1996, Borges et al., 2004), o que faz com
que as epilepsias sejam consideradas um problema de saide publica pela Organizagao

Mundial de Saudde.

1.1 - EPILEPSIA DE LOBO TEMPORAL

Dentre as diferentes classificacdes adotadas pela Liga Internacional Contra a
Epilepsia (ILAE - sigla inglesa de International League Against Epilepsy), a epilepsia de
lobo temporal (ELT) é a mais freqiiente das epilepsias parciais ou focais, representando
aproximadamente 50% dos casos em adultos e tem como manifestacdo tipica, a crise
parcial complexa (Gloor, 1991). E importante ressaltar, que embora a classificacio
internacional das sindromes epilépticas esteja passando por modificagdes (Engel, 2001a),
neste estudo serd empregada a classificacao aprovada em 1989 pela ILAE (Commission on
classification and terminology of the International League Against Epilepsy, 1989), visto
que a proposta de 2001 ainda nao estd definitivamente em uso.

A ELT € reconhecidamente uma sindrome de grande importincia clinica nao
somente por sua alta incidéncia, mas também por ser freqiilentemente refratiria ao
tratamento medicamentoso, visto que o controle completo das crises apenas com o
tratamento clinico ocorre em menos de 50% desses pacientes (Sander, 1993; Mattson,
1994). Nos casos refratarios a medicagdo, o tratamento cirdrgico tem se mostrado bastante

eficiente (Primrose e Ojemann, 1991; Engel, 2001b; Kobayashi et al., 2003a).

Introdugdo
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Os principais sintomas gerados pela ELT sdo predominantemente pelo
acometimento das estruturas mediais do lobo temporal, sendo a ELT mesial (ELTM), a

forma mais comum de ELT (Engel, 2001b).

1.2 - EPILEPSIA DE LOBO TEMPORAL MESIAL

1.2.1 - MANIFESTACOES CLINICAS

Na ELTM as crises originam-se na por¢dao medial do lobo temporal, incluindo
amigdala, hipocampo e giro parahipocampal e apresentam um perfil clinico bem definido.

Na maioria dos casos, a primeira crise ocorre no final da infincia e inicio da
adolescéncia e, ap6s um periodo sem manifestagdes de crises, o paciente passa a apresentar
crises habituais, em geral do tipo parcial complexa, seguidas de automatismos manuais e
oromandibulares (Gloor, 1991; Engel, 2001b). A generalizacdo secunddria (crises tonico-
clonicas) € pouco freqiiente em pacientes sob tratamento medicamentoso. No entanto €
comum que as crises tornem-se refratarias ao tratamento medicamentoso com o passar dos
anos.

As auras sao comuns e os relatos mais freqiientes sdo de sensacdo epigdstrica
ascendente, sensagdes do tipo déja vu, medo subito e crises autondmicas como palpitagcdo e
piloerecdo. Os exames eletroencefalogrificos (EEG) de rotina evidenciam atividades
epileptiformes unilaterais ou bilaterais nas regides temporais médio-basais. No entanto,
deve-se ressaltar que ha casos nos quais os pacientes apresentam EEG normal, o que nao
exclui o diagndstico de ELTM. O exame neuroldgico em sua maioria € normal, entretanto,
pode ocorrer distirbio de memoéria verbal ou ndo verbal de acordo com o lado do
hipocampo comprometido (Helmstaedter e Kurthen, 2001; Alessio et al., 2006). Alteragdes
de ordem psiquicas como depressdo e alteragdo de humor podem ser encontradas em

pacientes com ELTM (Paradiso et al., 2001; Moore e Baker, 2002).
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1.2.2 - NEUROIMAGEM NA ELTM

Nos dltimos anos, as imagens por ressonancia magnética (IRM) de alta resolucao
permitiram a identificagdo da atrofia hipocampal (AH) e outros sinais indicativos de
esclerose hipocampal (EH) em pacientes com ELTM (Berkovic et al, 1991; Cendes et al.,
1993a,b; Van Paesschen et al., 1997).

Na IRM a EH pode ser evidenciada por alteracdo na estrutura interna € no eixo
hipocampal nas imagens ponderadas em T1 e aumento no sinal nas imagens ponderadas em
T2. Mais recentemente, as técnicas quantitativas volumétricas em estruturas do lobo
temporal permitiram maior sensibilidade para a detec¢do da atrofia quando comparada com
as andlises qualitativas das IRM (Cendes et al., 1993a, Jackson et al. 1993). Esses achados
de IRM apresentam uma forte correlacdo com os achados histopatoldgicos da esclerose
mesial temporal (EMT; Cendes et al., 1993a;b; Lencz et al., 1992; Briellmann et al., 2002;
Bernasconi et al., 2003) permitindo que a presenca da AH seja considerada um marcador in

vivo da EMT.

1.2.3 - NEUROPATOLOGIA DA ELTM

A ELTM esté frequentemente associada com achados histopatolégicos de EMT. A
EMT € caracterizada por perda neuronal nas regides da amigdala, uncus e giro
parahipocampal, mas o achado mais acentuado é a EH (Babb e Brown, 1987; Gloor, 1991,
Meencke e Veith, 1991). O padrdo de EH ligada a ELT tem um perfil tipico de perda
celular, diferindo daqueles encontrados em outras patologias neuroldgicas.

A relacdo entre epilepsia e alteragdo hipocampal vem de longa data, desde que
Bouchet e Cazauvieilh em 1825 fizeram observacdes macroscopicas de alteragcdes
hipocampais relacionadas com epilepsia. A primeira descricdo microscépica do hipocampo
de pacientes com epilepsia foi feita por Sommer em 1880, que também contribuiu com suas
interpretacdes sobre a relacdo entre alteragdes hipocampais e sintomas clinicos das crises
(Mathern et al., 1997). Outra importante contribuic@o histérica foi a de Bratz que, no final
do século XIX, fez uma descri¢do minuciosa da EH ligada a ELT, também observando que

as lesdes encontradas nio eram recentes ou progressivas, mas tinham uma aparéncia antiga
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e cronica (Mathern et al., 1997). Inicialmente limitados a observacdo em material de
autopsia estes estudos foram importantes para a descricdo do padrdao de lesdo hipocampal
encontrada nas ELTM associada a EH.

A EH ¢ caracterizada por perda neuronal seletiva nas dreas CAl, CA3 e hilus
acompanhada de gliose em graus variados. J4 a regido de CA2 tem se mostrado mais
resistente a esse tipo de insulto (Gloor, 1991; Mathern et al., 1997; Bliimcke et al., 1999). A
dispersdo das células granulares também € comumente encontrada na EH (Houser et al.,
1990; Bliimcke et al., 1999; 2002).

A partir da dltima metade do século passado essas observacdes também puderam ser
feitas em espécimes cirdrgicos de pacientes com ELT refratiria a medicacdo (Falconer et
al., 1964; Bliimcke et al., 1999). O progresso nos tratamentos cirtrgicos associados aos
avangos das técnicas moleculares e aos modelos animais tém tornado possivel o estudo
sobre as alteracOes estruturais, moleculares e eletrofisiologicas das epilepsias focais
(Swanson, 1995; Becker et al., 2003; Lynd-Balta et al., 2004).

Um fendmeno que tem sido bem caracterizado em pacientes com ELT € a
reorganizacdo axonal das células granulares. Acredita-se que apds um insulto precoce, com
conseqiiente perda celular na regidao hilar do hipocampo, as células granulares formem
novas sinapses. Isto tem levado a hipétese que essas reorganizacdes axonais anormais
formem um circuito local de retroalimentacdo excitatorio sobre as células granulares
contribuindo para a geracdo de crises cronicas (Sutula et al., 1989; Mathern et al., 1995;
Proper et al., 2000). Um estudo recente com jovens de 3-15 anos sugere uma seqiiéncia de
eventos moleculares que culmina com a reorganizagdo sindptica em hipocampos
esclerdticos, logo no inicio do curso da doenga (Lynd-Balta et al., 2004).

Apesar destas observagdes, ainda ndo estdo bem esclarecidas as relagdes entre esses
achados e os mecanismos epileptogénicos. Entretanto, esses eventos tém sido
freqiientemente relacionados com insultos precoces de causas ambientais, como as crises
epilépticas febris prolongadas na infancia (Abou-Khalil et al., 1993; Cendes et al., 1993,c;
VanLandingham et al., 1998).
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1.3 - EPILEPSIAS DE LOBO TEMPORAL FAMILIAR

As epilepsias podem ter um carater familiar quando dois ou mais membros de uma
mesma familia preenchem os critérios diagndsticos para a determinacdo da sindrome em
questdo. Recorréncia familiar na ELT foi descrita pela primeira vez por Berkovic et al.
(1996) a partir do estudo em gémeos e demonstrou ter um carater benigno com inicio tardio
de crises e IRM normal. Em 1998, Cendes et al. descreveram um grupo de 11 familias ndo
relacionadas que segregava ELTM familiar com manifestacdo clinica heterogénea,
inclusive com casos farmaco-resistentes. Neste mesmo periodo Fernandez et al. (1998)
reportaram um estudo em familias com ELT e antecedentes de crises febris, mas com IRM
compativeis com EH. Recentemente foi mapeado um /ocus no cromossomo 12q22-q23 para
a ELT com antecedentes de crises febris, mas sem alteragdo hipocampal (Claes et al. 2004).

Em 2001, Kobayashi et al. identificaram um tipo distinto de ELTM com recorréncia
familiar, mas baixa freqiiéncia de crises febris conhecida como ELTM familiar (ELTMF;
Kobayashi et al., 2001) que desde entdo, vem sendo intensamente investigada tanto no que
se refere a apresentacdo clinica quanto as alteragdes em IRM (Coan et al., 2004; Kobayashi
et al., 2002; 2003b). A ELTMF ¢é uma sindrome que acomete pelo menos 7% dos pacientes
com ELT vistos nos ambulatérios de epilepsia do Hospital das Clinicas da UNICAMP. A
andlise dos heredogramas evidenciou um padrdo de heranca autossdmica dominante com
penetrancia incompleta (Kobayashi et al., 2001).

Apesar da maior parte dos individuos afetados apresentarem bom controle de crises,
alguns pacientes apresentavam quadro clinico, eletroencefalografico e de neuroimagem
indistinto daqueles pacientes com a forma cldssica de ELTM refratéria dita “esporadica” ou
ndo familiar. A atrofia hipocampal determinada por volumetria, associada a alteragdo da
estrutura interna e hipersinal em T2 foi identificada em 70% dos pacientes com ELTMF
(Kobayashi et al., 2003b), sendo mais severa e mais freqiiente nos pacientes com crises
refratarias. Nos pacientes submetidos ao tratamento cirurgico foi encontrado 90% de
controle total das crises (Kobayashi et al., 2003a), o que é semelhante ao relatado na
literatura para os pacientes com ELTM nao familiar (Primrose e Ojemann, 1991). Além
disso, foram encontrados sinais indicativos de AH em 34% dos familiares assintomaticos

submetidos a investigacdo por IRM (Kobayashi et al., 2002). Estes dados sugerem a
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presenca de um forte fator genético determinando as alteragdes hipocampais nessas

familias.

1.4 - EPILEPSIAS E GENETICA

A presenga de fatores genéticos contribuindo na etiologia das epilepsias € estimada
em torno de 40% dos pacientes (Robinson & Gardiner, 2004). De fato, a heranca genética
nas epilepsias tem sido observada desde longa data, mas as primeiras evidéncias para uma
predisposicao genética em diversas formas de epilepsia datam das décadas de 50 e 60 a
partir de estudos epidemiol6gicos (Lennox, 1951; Metrakos e Metrakos, 1961). A principio
acreditava-se que somente as epilepsias ditas generalizadas poderiam ter etiologia genética,
contudo, foram os estudos clinicos e eletrencefalograficos realizados por Andermann nos
anos 70 que chamaram a atencdo para o envolvimento de fatores genéticos também nas

epilepsias focais (Andermann, 1982).

Com o avanco dos estudos em biologia molecular e em genética, varios loci e
alguns genes ja foram identificados para as epilepsias idiopdticas. Na Epilepsia Mioclonica
Juvenil trés loci foram identificados: 6p21.3 (Greenberg et al., 1988; 2000; Durner et al.,
1991; Sander et al., 1997), 6p12-11(Liu et al., 1995; 1996; Serratosa et al., 1996) e 15q14
(Elmslie et al., 1997). Recentemente uma mutagdo no gene GABRA (gamma-aminobutyric
acid A receptor, alpha 1) foi localizada no cromossomo 5q (Cossette et al. 2002). J4 na
Epilepsia Benigna Mioclonica Familiar do Adulto e na Epilepsia Mioclonica Familiar da
Infancia foram localizados os loci 8q (Mikami et al., 1999; Plaster et al.,1999) e 16p (Zara
et al., 2000), respectivamente. Na Epilepsia Generalizada com Crises Febris “plus” foi
mapeado o gene SCNIB (sodium channel, voltage-gated, type I, beta) no cromossomo 19q
(Wallace et al., 1998) e os genes SCNIA (sodium channel, voltage-gated, type I, alpha) e
GABRG?2 (gamma-aminobutyric acid (GABA) A receptor, gamma 2) no cromossomo 2q
(Lopes-Cendes et al., 2000; Baulac et al.,2001).

A despeito das primeiras evidéncias genéticas terem sido identificadas nas
epilepsias generalizadas, nos tltimos anos, a localizacdo de genes tem sido mais eficaz nas
epilepsias focais (Ottman, 2001). Na Epilepsia Parcial Familiar com Foco Varidvel um

locus foi mapeado no cromossomo 22q11-q12 (Xiong et al., 1999). Na Convulsdo Neonatal
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Familiar Benigna foram identificados o gene KCNQ?2 (potassium voltage-gated channel,
KQT-like subfamily, member 2) no cromossomo 20q (Singh et al., 1998) e o gene KCNQ3
(potassium voltage-gated channel, KQT-like subfamily, member 3) no cromossomo 8q
(Bivert et al., 1998). Na Convulsdo Infantil Familiar Benigna foram mapeados trés loci nos
cromossomos 2q, 16p e 19q (Guipponi et al., 1997; Malacarne et al., 2001; Weber et al.,
2004). Para a ELT com crises febris foi identificado um /ocus no cromossomo 12q22-q23
(Claes et al., 2004). J4 na Epilepsia Noturna Autossdmica Dominante do Lobo Frontal
foram identificados os genes CHRNA4 (cholinergic receptor, nicotinic, alpha 4) e
CHRNB?2 (cholinergic receptor, nicotinic, beta 2, neuronal) nos cromossomos 20q13 e 1q
respectivamente (Steinlein et al., 1995; Gambardella et al., 2000). Recentemente, trés novos
loci (3p, 8q e 15q) foram descritos para esta mesma sindrome (Phillips et al., 1998; Combi
et al., 2005).

Os genes identificados até o0 momento, em sua maioria, referem-se aos componentes
moleculares da sinaliza¢do neuronal, como os canais i6nicos (Lerche et al., 2001; Meisler et
al., 2001). No entanto, o gene LGl (leucine-rich, glioma-inactivated 1 gene) localizado no
cromossomo 10g24 foi clonado e identificado como responsavel pela ELT autossomica
dominante com sintomas auditivos (Kalachikov et al., 2002), uma sindrome com
recorréncia familiar caracterizada por fendmenos auditivos, mas com bom controle das
crises (Poza et al., 1999). Cabe aqui ressaltar que o gene LGII ndo esta ligado a canais
i0nicos, 0 que sugere novos rumos na pesquisa de genes responsdveis por epilepsias
idiopéticas, pois corrobora a hipdtese que outras regides cromossdmicas além daquelas que
codificam componentes iOnicos podem conter o gene responsdvel pela expressdo da

doenca.

1.5 - ANALISE DE LIGACAO GENETICA

A identifica¢do de genes envolvidos em doencas humanas tem importante papel na
compreensdo da fisiopatologia da doenca, além de propiciar novos conhecimentos sobre
mecanismos bioldgicos normais.

A descoberta de marcadores genéticos ha pouco mais de duas décadas atrds permitiu

uma evolugdo nos estudos visando a identificacdo de genes. No entanto, um importante
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avanco ocorreu neste campo apds a geracdo de mapas com marcadores altamente
polimorficos distribuidos pelo genoma (Weber e May, 1989; Broman et al., 1998).

A andlise de ligagdo € um método eficiente que se utiliza destes marcadores
genOmicos para a localizacdo de genes responsdveis por doengas. Por este método pode-se
confirmar ou excluir ligacao entre marcadores gendmicos e loci de doengas. A andlise de
ligacdo tem contribuido para a identificacdo de muitos genes relacionados com desordens
humanas (Lopes-Cendes et al., 2000; Funayama et al., 2002; Berkovic et al., 2004).

Existem duas estratégias basicas para se localizar genes de maior efeito que causam
doencas usando-se andlise de ligacdo: o teste dos genes candidatos e a clonagem
posicional. O teste dos genes candidatos ¢ um método rdpido, pois parte de um
conhecimento prévio das alteracdes metabdlicas ou dos mecanismos fisiopatologicos da
doenca para a sele¢do dos genes a serem analisados. J4 a clonagem posicional € um método
que utiliza técnicas de manipulacdo de DNA para o mapeamento genético a fim de localizar
um gene responsavel por doencas, quando pouca ou nenhuma informacdo ha sobre as
alteragdes metabodlicas ou mecanismos fisiopatologicos de base. Este tipo de abordagem
representa uma valiosa ferramenta no estudo de patologias cujos mecanismos Sao

complexos e poucos conhecidos como € o caso das epilepsias ( Rowland, 1992).

Introdugdo

20



2- OBJETIVOS

Objetivo Artigo 1:

e Determinar se a recorréncia familiar observada na ELTMF pode ser explicada por
fatores genéticos e qual o padrdo de heranca que melhor explica a segregacao deste

fendtipo.

Objetivo Artigo 2:

e Investigar se o gene candidato SCN2A ¢é responsdvel pelas anormalidades

hipocampais encontradas na ELTMF, através do estudo de ligagao.

Objetivo Artigo 3:

e Através do estudo de ligacdo, verificar se os genes codificadores de canais de
potassio voltagem-dependente podem determinar as anormalidades hipocampais

observadas na ELTMF.

Objetivos Artigo 4:

e Identificar o locus principal responsdvel pela ELTMF pelo estudo de ligacdo
gendmico.

e Reduzir a regido candidata pela genotipagem de novos marcadores.

e Realizar a triagem de mutacoes em genes candidatos através do DHPLC

(Denaturing High-Performance Liquid Chromatography).
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Abstract

We aim to determine whether familial temporal lobe epilepsy (FMTLE) associated
with hippocampal atrophy (HA) can be explained by involvement of genetic factors. We
studied 98 nuclear families with FMTLE. A total of 602 individuals, including 147 patients
were analyzed. Segregation analysis was performed using POINTER® software. Related
models were compared by likelihood coefficient tests; whereas, non-related models were
evaluated by Akaike Information Criteria (AIC). We rejected genetic effect absence
(p<0.001), major gene absence (p<0.001) and autosomal recessive inheritance (p<0.001).
However, we could not reject absence of multifactorial inheritance (p=0.074), codominant
(p=0.208) and autosomal dominant inheritance (p= 0.204). AIC indicates dominant
inheritance is more parsimonious (147.164) than codominant inheritance (147.195). Our
results strengthened previous evidence for a genetic predisposition in this disorder,
indicating the presence of a major gene with Mendelian transmission, which could be

involved in HA development in these patients.
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INTRODUCTION

It is well known that among epilepsies with focal seizure onset, temporal lobe
epilepsies (TLE) are the most common forms. One type of TLE is frequently associated
with mesial temporal lobe sclerosis (MTS), a neuropathological abnormality that can be
diagnosed in vivo by high-resolution brain imaging as hippocampal atrophy (HA) (1).
MTS, which is characterized by selective neuronal loss and gliosis in regions of
hippocampus and hilus, has been associated with predisposing environmental factors, such
as prolonged febrile seizures in childhood (2).

Since 2001 we have been studying a type of mesial temporal lobe epilepsy with
familial recurrence defined as FMTLE (3, 4). In FMTLE most affected individuals have a
benign course of the disease (3), but HA was observed in 70% of individuals, including
those with a single partial seizure, seizure remission, as well as 34% of asymptomatic first-
degree relatives of patients with FMTLE (4). These initial observations suggested that the
predisposition for epilepsy observed in these families have a strong genetic component.
Therefore, in order to determine whether the familial recurrence observed in FMTLE can
be explained by the involvement of genetic factors, we performed a complex segregation

analysis in our family data.

METHODS

Ascertainment of families

Family ascertainment and clinical data collection have been described in detail
previously (3). Briefly, FMTLE was defined when two or more individuals presented the
diagnosis of mesial temporal lobe epilepsy (MTLE). The diagnosis of MTLE was based on
clinical and EEG findings as defined by the International League Against Epilepsy criteria
(5). We evaluated 602 individuals from 29 pedigrees distributed into 98 nuclear families
(parents and their offspring). Individuals were classified into three classes of probability as:
affected, unaffected or unknown. These probabilities were estimated empiricaly (table 1).
Affected phenotype was assumed for individuals with HA detected by volumetric magnetic
resonance imaging (MRI) (3, 4). In addition, we also considered affected individuals who

had MTLE by clinical criteria but did not have MRI performed. Individuals with single
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seizure, normal MRI or other epilepsy syndromes were considered unaffected. All family
members gave informed consent and this study was approved by the Ethics Committee of

our institution.

Segregation analysis

Segregation analysis was performed under mixed model by POINTER® software (6).
Mixed model assumes a phenotype (x) with independent contribution of a major gene locus
(g), a multifactorial component (c), and an environmental component (e). The overall
phenotype is defined as x = g + ¢ + e, and total variance is defined as V=G + C + E. The
major locus has two alleles (A, a) and the genotype frequencies follow the Hardy-Weinberg
equilibrium.

Four parameters were estimated: dominance (d), or the relative position of
heterozygote mean, where d=1 indicates a dominant gene, whereas d=0.5 indicates additive
and d=0 indicates recessive gene; displacement (t) between the two extreme homozigote
means; allele frequency (q); and heritability (H), which represents the proportion between
the variance of multifactorial component and total variance (H = C/V).

Transmission probabilities (z;, 72, and 73) were analyzed for Mendelian pattern of
transmission from parents to offspring. These parameters, 7;, 72, and 73 , denote probabilities
of transmitting allele A for genotypes AA, Aa and aa, respectively. Under Mendelian
transmission, 77 =1, 72=0.5, 73 =0 and no transmission, 7; = 7, = 73.

Models were estimated by maximizing conditional likelihood (L) of nuclear family
phenotypes. The difference between —2/nL. under a general model with m parameters and
—2InL under a nested model with n parameters is x> asymptotically distributed, with m—n
degrees of freedom. Alternatively, it was used the Akaike Information Criterion (AIC) (7),
which is —2/nL plus twice the number of free parameters in the model. This comparison has
the advantage that one model does not have to be a subset of the other one. The model with

lowest AIC indicates most parsimonious fit to the observed data.
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RESULTS

Clinical data

There were no affected individuals who had MTLE but no HA on MRI; however we
found five affected who had MTLE but who did not have MRI performed. Among
unaffected individuals we found one individual who had a single seizure and five
individuals who have had only febrile seizures.

Segregation analysis

As shown in table 2 our results rejected the random model (X24 = 192.758;
p<0.001), absence of major gene (x23 = 192.758; p<0.001) and autosomal recessive
inheritance (y% = 27.334; p<0.001) models. We could not reject the multifactorial model
(x*1=3.191; p = 0.074), as well as codominant (% = 3.144; p = 0.208) and dominant (y* =
3.176; p = 0.204) inheritance models. However, comparison of AIC values indicated that
autosomal dominant model is more parsimonious (AIC = 147.164) than codominant model
(AIC = 147.195). In addition, Mendelian transmission (x23 = 115.710; p< 0.001) and non-
Mendelian transmission (X23 = 255.934; p<0.001) were both rejected. However, AIC
indicates that Mendelian transmission is more parsimonious (37.454) than non-Mendelian

transmission (403.098).

DISCUSSION

Complex segregation analysis has been used successfully to evaluate the
transmission of a trait from pedigree data (8). It can determine whether a Mendelian locus
has an effect on a particular phenotype, in addition it can test for the possible inheritance
mode and the magnitude of environmental and polygenic effects that be influencing the
defined phenotype. All these inferred parameters can be subsequently used for linkage
analysis, fine mapping and gene identification related to the phenotype (8).

Several studies have suggested different inheritance patterns in various epilepsy
syndromes. Direct observation of pedigrees with generalized epilepsy with febrile seizures
plus, benign familial neonatal convulsions, autosomal dominant nocturnal frontal epilepsy

and familial partial epilepsy with variable foci are consistent with autosomal dominant
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inheritance with incomplete penetrance; whereas, most progressive myoclonus epilepsy
syndromes present an autosomal recessive mode of inheritance (9). In addition, based in a
preliminary segregation analysis Ottman et al. (10) suggested an autosomal dominant
inheritance in a single familiy with partial epilepsy and auditory auras. To our knowledge,
there is no previous segregation analysis performed in FMTLE. However, Berkovic et al.
(11) proposed an autosomal dominant inheritance in a familial form of TLE, with no MRI
abnormalities, identified in a population-based twin study.

The relationship between TLE and MTS has been recognized in classical
histopathological studies (12) and more recently correlated with neuroimaging findings
identified in vivo by high-resolution MRI (2, 3), making it HA a surrogate marker for MTS
in patients with intractable MTLE (3). Untill recently only environmental risk factors were
associated to development of MTLE and HA, specially the occurrence of prolonged
childhood febrile seizures (2). Only recently, evidence suggesting the involvement of
genetic factors underlying the predisposition to HA was brought-up by descriptions of
familial recurrence of TLE and observation of HA among these patients (3.,4). With
recognition of HA segregating in large pedigrees with FMTLE and present even in
asymptomatic first degree relatives of patients with MTLE (4), it became clear that the
genetic predisposition to HA was not necessarily associated to seizures in these patients.
These previous clinical observations are supported by our results, since the complex
segregation analysis strongly suggest that HA, as observed in FMTLE, is inherited and
influenced by a major gene segregating in an autosomal dominant pattern.

Furthermore, the effect of minor genes, possibly modifying the phenotype, could
not be rejected by our analysis. This could explain the remarkable differences in disease
severity observed even within families in which individuals with HA could be
asymptomatic, have rare seizures, have good seizure control on antiepileptic medication or
even present medically refractory epilepsy requiring surgical treatment (3, 4). With the
development of tools and strategies allowing the benefits of the genomic era to be used in
the discovery of genes of minor effect, the identification of such modifier genes associated
to disease severity, prognosis and response to therapy are likely to be as important as the

discover of major genes determining monogenic disorders.
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Table 1. Probabilities estimated for the three phenotypic classes.

Phenotype Class of probability Penetrance n
Unaffected 1 0.01 150
Unknown 2 0.50 334
Affected 3 0.90 118
Total 602
Capitulo 1
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Table 2. Segregation Analysis for three classes of phenotypes. Values between square
brackets were fixed.

Model d t q H 7w 1t 15 2lmL y* df p test AIC
. Mixed 0,988 1,943 0,290 0,009 [1] [0.5] [0] 146,340 154,340
. Sporadic [0] [0] [0] [0] [1] [0.5] [0] 339,098 192,758 4 0,000 2x1 339,098

. Major gene absence [0] [O] [0] 0,700 [1] [0.5] [0] 339,098 192,758 3 0,000 3x1 341,098
. Multifactorial absence 1,002 1,924 0,293 [0] [1] [0.5] [0] 143,149 3,191 1 0074 4x1 149,149
. Recessive (d=0) [0] 1,941 0,707 [0] [1] [0.5] [0] 173,673 27,334 2 0,000 5x1 177,673

. Codominant (d=0,5) [0.5] 3,028 0,293 [0] [1] [0.5] [0] 143,195 3,144 2 0208 6x1 147,195

. Dominant (d=1) [1] 1,925 0,293 [0] [1] [0.5] [0] 143,164 3,176 2 0204 7x1 147,164
. Mendelian [11 0,902 0,186 [0] 1,489 0,594 0,000 27,454 115,710 3 0,000 7x8 37,454
. Non-Mendelian [11 0,362 0,019 [0] [0,981][0,981] [0,981] 399,098 255934 3 0,000 9x8 403,098

Notes: d: dominance, t: displacement, q: allele frequence, H: heritability, 11,72, T3:
probabilities of transmitting allele A for genotypes AA, Aa and aa, respectively, L:
likelihood, %*: chi-square, d.f: degrees of freedom, AIC: Akaike Information Criterion (10).
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Abstract

A transgenic mouse model carrying a mutation in the Scn2a gene showed chronic
focal seizures associated with extensive cell loss and gliosis in the hippocampus, a similar
phenotype found in familial mesial temporal lobe epilepsy (FMTLE). Our objective was to
test whether the human homolog of the Scn2a gene is responsible for hippocampal
abnormalities in FMTLE by linkage analysis. We conclusively ruled out the SCN2A gene
as candidate in FMTLE.

1. Introduction

For several decades the relationship between temporal lobe epilepsy (TLE) and
mesial temporal sclerosis (MTS) has been recognized and, more recently, high-resolution
magnetic resonance imaging (MRI) identify hippocampal atrophy (HA) and other signs
indicative of hippocampal sclerosis (HS) in most patients with intractable mesial temporal
lobe epilepsy (MTLE; Berkovic et al, 1991; Cendes et al., 1993; Van Paesschen et al.,
1997; Blumcke et al, 2002). Hippocampal sclerosis is characterized by severe segmental
neuronal loss in CA1l, CA3 and hilar region accompanied by pronounced astrogliosis
(Engel, 1987; Bliimcke et al., 2000). Mesial TLE with HA has been regarded as caused by
environmental risk factors, such as prolonged childhood febrile seizures (Abou-Khalil et
al., 1993; VanLandingham et al., 1998). We described a type of MTLE with evident
familial recurrence (FMTLE) and a strong genetic predisposition for the development of
HA (Kobayashi et al., 2001; 2002, 2003a; Coan et al., 2004).

In 2001, Kearney et al., described a transgenic mouse, named Q54, carrying a
GALS879-881QQQ mutation in the Scn2a gene. Interestingly, Q54 at two months of age
presents frequent focal seizures originating in the hippocampus and neuronal cell loss in
CA1, CA2, CA3 and hilar region with gliosis reaction. This findings were restricted to
hippocampus and no histological abnormalities were observed in other brain regions
(Kearney et al.; 2001), making it a very good animal model for MTLE caused by MTS.

Based on this finding, the International League Against Epilepsy (ILAE), in a recent
report, propose that a similar defect could be found in humans (Wieser, 2004). To test this
hypothesis, we carried out linkage studies in order to investigate whether the human SCN2A

could play a role in the etiology of FMTLE.

Capitulo 2
35



2. Methods

2.1 Families:

Family ascertainment and data collection have been described in detail previously
(Kobayashi et al, 2001). The complete cohort is composed of 30 unrelated families
segregating MTLE. Among these we have selected two informative kindreds for linkage
analysis, named F-10 and F- 26 (Kobayashi et al, 2001). A total of 57 individuals, including
29 patients were genotyped. All family members studied gave informed consent and this

research project was approved by the Ethics Committee of our institution.

2.2 Genetic analysis:

We chose seven microsatellites markers flanking the SCN2A gene on chromosome
(ch) 2q22-2q24: D2S347, D2S129, D2S151, D2S2241, D2S141, D2S2330 and D2S335
from the Marshfield Human Genetic Map (http://www.ncbi.nlm.nih.gov/mapview).
Genotyping was performed by polymerase chain reaction and its products were
subsequently submitted to electrophoresis on 6% denaturing polyacrylamide gels, which

were dried and exposed to X-ray films.

2.3 Linkage analysis

Linkage analysis was performed under the assumption of a dominant mode of
inheritance with incomplete penetrance. Evidence for a dominant pattern of inheritance
with Mendelian transmission was obtained from complex segregation analysis (Secolin et
al., 2004). Two-point linkage analysis was performed using the MLINK program, version
5.1, of the LINKAGE computer package (Ott, 1974) for each family separately. To increase
the power of the linkage test, we also used the LINKMAP support program of LINKAGE

and performed multipoint analysis.

3. Results

Two-point maximum likelihood data are summarized in Table 1 for the two families
separately and combined. LOD scores were significantly negative for most markers
genotyped in kindred F10 ranging from 0.02 to - 3.90 at 6= 0.00. LOD scores were also
negative for all markers genotyped in kindred F26, ranging from -1.13 to -2.62 at 6= 0.00;
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however, significant exclusion was achieved for only two markers in the candidate region.
Two-point LOD score data for the two families combined were significantly negative for
all makers genotyped, ranging from -2.13 to -5.04 at 6= 0.00. Multipoint analysis
significantly excluded the candidate region containing the SCN2A gene on chromosome

(ch) 2g24 for the two families combined (Figure 1).

4. Discussion

The histopathological abnormalities present in the Q54 mouse model are very
similar to those found in patients with MTLE and MTS, making it the human homologue of
the Scn2a a good candidate for causing similar abnormalities in patients with MTLE. Our
robust collection of patients with FMTLE represents a unique opportunity to test this
hypothesis in a very direct way.

Linkage analysis followed by positional and candidate gene cloning strategies have
contributed to the identification of genes responsible for several human disorders.
Nowadays, one of the major limitations of linkage studies is the ascertainment of
informative families with a large number of affected individuals and a well defined mode of
inheritance. These two conditions are important to insure the success in obtaining
significant and reproducible results. Linkage analysis can also be use to investigate directly
candidate genes, specially when candidate genes have been well localized, more than one
candidate are clustered in the locus and coding regions are very large, making mutation
screening a very time consuming and expensive task.

In the present study we were able to ascertain two large families segregating MTLE
in an autosomal dominant mode of transmission (Secolin et al., 2004). Two-point and
multipoint linkage analyses resulted in exclusion of the SCN2A gene as candidate for
FMTLE. In addition, we were able to exclude two other VGSC o-subunits, which are also
expressed in high levels in the central nervous system, SCN/A and SCN3A. Both of these
genes are also mapped on ch 2q24 adjacent to SCN2A (Plummer and Meisler, 1999).

In summary, our results showed that, although the hippocampal lesion in the mutant
Scn2a transgenic mouse is similar to that found in our FMTLE patients (Kobayashi et al.,
2003b), the SCN2A gene is not the major locus involved in the etiology of the disease in

these patients.
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Table 1: Two-point LOD scores results for seven markers flanking SCN2A gene for the

two families separately and combined with mesial temporal lobe epilepsy (MTLE).

Recombination fraction (0)

Marker 000 005 010 015 020 025 030 035 040
F10
D28347 319 -031 007 023 029 028 024 017  0.09
D2S129 08 023 049 057 056 049 039 027 0.5
D28151 256 -135 -076  -044 -024 -0.11 -0.04 -0.00  0.01
D282241 268 -1.19 066 -038 -020 -0.10 -0.05 -0.02 -0.01
D2S141 390  -1.14  -0.62 -035 -0.19 -0.10 -0.05 -0.03 -0.02
D282330 076 045 029 019 -0.13 -008 -005 -0.02 -0.01
D28335 002 001 001 001l 001 000 000 000 0.0
F26

D2S347 -1.68  -078  -042 -024 -0.15 -0.10 -007 -005 -0.03
D2S129 762 -148 099 -065 -041 -024 -0.12 -0.04 -0.00
D2S151 148  -125 099 073 050 -032 -0.19 -0.09 -0.04
D282241 180 -137 -1.03 074 051 -033 -020 -0.10 -0.04
D2S141 -1.13 -075 057 -043  -033  -025 -0.19 -0.14 -0.09
D282330 138 099 076 -060 -047 -038 -029 -021 -0.13
D28335 251 -153  -094 -058 -035 -020 -0.11 -0.06 -0.02
F10+F26

D2S347 487 -1.09 -035 -001 014 018 016 012  0.06
D2S129 344  -125 -050 -0.08 015 025 027 023  0.15
D2S151 404 260 -175 -1.16  -074 -043  -023  -0.1 -0.03
D2S2241 448 256 -169 -1.12 071 -043 -024 -0.12  -0.05
D2S141 504 -189  -1.19  -078 -052 -035 -024 -0.17  -0.11
D282330 213 144  -1.06 -079 -0.60 -046 -034 -024 -0.14
D28335 2249 152 -093  -057 -034 -020 -0.11 -0.05 -0.02
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Figure 1
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Legend

Figure 1: Multipoint analysis for seven markers flanking SCN2A gene in the two

families segregating mesial temporal lobe epilepsy (F10+F26).
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ABSTRACT

Voltage-gated potassium channels (VGKCs) play a critical role in the regulation of
neuronal excitability and have been implicated in some types of epilepsies. Recently,
autoimmune limbic encephalitis (LE) was associated with antibodies against VGKC. In
addition, patients with LE showed partial epilepsy and increased T2 signal abnormalities in
limbic structures. We have reported familial mesial temporal lobe epilepsy (FMTLE)
associated with hippocampal atrophy (HA) and other signs of mesial temporal sclerosis
detected by magnetic resonance imaging (MRI). In order to investigate whether VGKC
may be associated to HA present in FMTLE, we perform linkage study in these candidate
genes. Seventy-three microsatellites markers were genotyped in different human autosomal
chromosome. Two-point LOD scores did not show evidence for linkage with any of the
microsatellite markers genotyped (Zmax ranging from 0.11t0-9.53 at 0=0.00). In the
present study, linkage data showed no evidence that VGKC are involved in the
determination of HA in FMTLE.

Keywords: hippocampal sclerosis, genetics, microsatellites
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RESUMO

Canais de potdssio voltagem-dependente (CPVD) desempenham um importante papel na
excitabilidade neuronal e estdo associados a determinados tipos de epilepsia. Recentemente,
um tipo de encefalite limbica autoimune (EL) foi associado com anticorpos contra CPVD.
Além disso, hd relatos de pacientes com EL e epilepsia parcial que apresentam sinal
hiperintenso em regides limbicas detectadas em imagens de ressonancia magnética (IRM).
N6s descrevemos a epilepsia de lobo temporal mesial familial (ELTMF) associada a atrofia
hipocampal (AH) e outros sinais de esclerose mesial temporal observadas em IRM. Para
investigar se os CPVD podem estar associados com a AH identificada na ELTMF,
empregamos o estudo de ligacdo genética nesses genes candidatos. Setenta e trés
marcadores microssatélites foram genotipados € o LOD score de dois pontos mostrou um
Zmax variando de 0.11 a -9.53 para 6=0.00. Nossos dados obtidos com a anélise de ligacdo,
mostram que os CPVD nao estao envolvidos na determinacdao da AH na ELTMF.

Palavras-Chaves: esclerose hipocampal, genética, marcadores microssatélites.
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INTRODUCTION

Epilepsy is a common neurological disorder that affects 1.5 - 2% of world
population'. This condition is characterized by abnormal neuronal hyperexcitability and
episodes of synchronized firing by large group of neurons, which clinically manifests as a
seizure.

It is well known that voltage-gated potassium channels (VGKC) play an important
role in the regulation of neuronal excitability by modulate resting membrane potential and
control of the shape and frequency of action potentials. Therefore, mutations in VGKC
genes are found in many neurological disorders, including epilepsies. In fact, VGKC have
been implicated in some types of idiophatic and symptomatic epilepsies®™”.

Recently, patients presenting a type of autoimmune limbic encephalitis (LE) showed
strong relationship with VGKC-antibodies’. LE is associated with memory loss, partial
seizures and increased T2 signal abnormalities in limbic structures in magnetic resonance
imaging (MRI)*®. In addition, an immunostaining study showed that hippocampus is a
preferential location of VGKC-antibodies in LE’.

Hippocampal atrophy (HA) and increased T2 signal in limbic structures are a
frequent MRI finding related with mesial temporal sclerosis (MTS) identified in patients

10-11

with mesial temporal lobe epilepsy (MTLE) "~ . MTLE is the most common partial

epilepsy in adults and it is frequently associated with an early-life initial insult, such as a
childhood prolonged febrile seizure'>"*.

We were the first to identify a type of MTLE with clear evident of familial
recurrence (FMTLE)IS'”. Although, most of the affected individuals in FMTLE have a
benign course of the disease'” MRI studies showed signs of clear-cut HA in most affected
individuals, including patients who had only a single partial seizure as well as in
asymptomatic, at risk, first degree relatives' '®. This evidence supports the idea that a
significant genetic predisposition for the development of HA is present in FMTLE. Based
on these findings, together with the important association between seizure, VGKC and

hippocampal abnormalities, we carried out linkage studies in FMTLE in order to

investigate whether VGKC gene may be determining the HA present in these families.
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SUBJECTS AND METHODS

Families:

Diagnosis of patients with FMTLE was established in accordance with the ILAE
criteria'®. The study cohort is composed of 30 unrelated families segregating MTLE
identified in our hospital service. Among these, we have selected two informative kindred
for linkage analysis, named F-10 and F-26. A total of 57 individuals, including 29 patients
were genotyped. Family ascertainment and detailed clinical description have been
publishedls. All family members signed an informed consent for this research, which was

approved by the Ethics Committee of our institution.
Genetic analysis:

DNA was isolated from lymphocytes of fresh blood by standard methods. A set of
73 polymorphic dinucleotide repeat markers was choosen from the Marshfield Human
Genetic Map, flanking 45 VGKC genes identified on different autosomal chromosomes.
The sequences and genomic order of these markers are available in the MapViewer

database on line (http://www.ncbi.nlm.nih.gov/mapview). Genotyping of microsatellite

markers was accomplished by means of polymerase chain reaction (PCR) using a total
volume of 12.5ul containing 50 ng of genomic DNA; 100 ng of each primer; 200 uM of
dGTP, dCTP and dTTP; 25 puM of dATP; 1,5 uCi[>’P]JdATP; 0,5 units of Tag DNA
polimerase and 1.5 mM of MgCI2. The cycling parameters were as follows: initial
denaturation at 94°C for three minutes; 35 cycles of denaturation at 94°C for 45 seconds;
anneling at 57°C for 45 seconds; elongation at 72°C for 30 seconds and final extension at
72°C for one minute. PCR products were submitted to electrophoresis on 6% denaturing

polyacrylamide gels, which were dried and exposed to X-ray films.

Linkage analysis

Linkage analysis was performed under the assumption of a dominant mode of
inheritance with incomplete penetrance. Evidence for a dominant pattern of inheritance
with Mendelian transmission was obtained from complex segregation analysis>’. Two-point

LOD scores were calculated by the MLINK program, version 5.1, of the LINKAGE
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computer package for each family separately. The region is considered positive for linkage

when Zmax > 3.
RESULTS

Two-point maximum likelihood data for the 73 markers genotyped are summarized
in Figure 1. No significant positive LOD scores were obtained for any of the markers

genotyped. LOD scores ranged from 0.11 to -9.53 at 6= 0.00.
DISCUSSION

We have described a type of FMTLE in which most patients present HA not
necessarily associated to the occurrence of seizures, suggesting that hippocampal
abnormalities may be determined by genetic factors”'®. Although FMTLE is a well-
defined clinically syndrome the gene responsible for this condition has not been identified
yet.

VGKC genes are good candidates for epilepsies®’. It is know that mutations in
potassium channel genes are closely associated with disturbance in neuronal firing in

. 2223
humans and animals

. Many recent biochemical, immunological, neuroanatomical and
molecular studies have contributed to elucidate the mechanisms by which ion channel
subunits are involved in the normal functioning and disease in the mammalian central
nervous system24'26.

The important description of HA and hyperintense T2 signal on MRI of patients
with a type of autoimmune LE related with VGKC antibodies’’ lead us to hypothesis the
possible role of VGKC in FMTLE, since these imaging findings (HA and hyperintense T2
signal) are similar in both LE and FMTLE.

Linkage analysis is a powerful screening method to localize major genes responsible
for inherited disorders and have contributed to the identification of many genes related with
human disorders”™*’. By this method we can confirm or exclude genetic linkage between
selected markers and disease loci. Linkage analysis is also useful to investigate well

localized candidate genes, which can circumvent extensive and time-consuming wide

linkage studies. However, linkage analysis has had limited success when applied to mapping
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genes of minor effects or when the number of families is not sufficient to establish linkage.
In addition, power to detect linkage is limited when the mode of inheritance is incorrectly
specified.

Our study was undertaken in two large and informative families segregating MTLE,
in an autosomal dominant mode of transmission”’, insuring the success in obtaining
significant and reproducible results. In the present study, we did not find any indication of
linkage between VGKC and FMTLE, suggesting that potassium channel are not the major
gene responsible for the phenotype founded in FMTLE.
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Figure 1: Voltage-gated potassium channels genes studied by linkage analysis. LOD scores
ranged from 0.11 to —9.53 for the 73 microsatellites markers genotyped.
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Abstract

Previously, we have described several kindreds segregating a type of focal epilepsy
characterized by clinical evidence of seizure onset in the temporal lobes associated with
abnormalities in mesial temporal lobe structures, mainly hippocampal atrophy (HA). In
addition, complex segregation analysis in these families showed evidence for the presence
of a major locus segregating in an autosomal dominant pattern. In order to identify the
region harboring the main gene predisposing to familial mesial temporal lobe epilepsy
(FMTLE), we performed a genome-wide linkage study in a single large family with 13
affected individuals. A total of 345 microsatellite markers were genotyped along the 22
autosomal chromosomes and initial evidence of linkage was sought two-point LOD scores.
A single significant positive LOD score was identified on chromosome 18p11.3-11.2 with a
Zmax of 3.63 at 6= 0.0 for the marker on D18S976 locus. Furthermore, multipoint and
haplotype analyses localized the candidate locus within a 6 cM interval flanked by
D18S976 and D18S452. This is the first conclusive evidence that HA may be caused by
genetic factors, which can have major implications in the study of the pathophysiological
mechanisms underlying abnormalities in mesial temporal lobe structures and its

relationship with epilepsy.
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Introduction

Mesial temporal lobe epilepsy (MTLE) is the most common and severe form of
focal epilepsy and it is frequently associated with the pathological finding of mesial
temporal sclerosis (MTS). One of the major components of MTS is hippocampal sclerosis
which is characterized by severe segmental neuronal loss in CA1l, CA3 and hilar region
accompanied by pronounced astrogliosisl'z. The association between MTLE and MTS has
been well established; as well as the use of hippocampal atrophy (HA), observed on
magnetic resonance imaging (MRI), as an in vivo surrogate marker of MTS. Although the
precise pathogenesis of HA and its relationship with MTLE is not completely clarified,
these events have been frequently associated with environmental predisposing factors,
specially an increased incidence of prolonged childhood febrile seizures®”.

In 2001 we described a type of MTLE associated with HA with evident familial
recurrence and low frequency of febrile seizures®. In familial MTLE most affected
individuals have a benign course of the diseaseg, but HA, identified by MRI, was observed
in 70% of individuals, including those with a single focal seizure, seizure remission’ as
well as 34% of asymptomatic first-degree relatives of patients with FMTLE'. These
observations suggest that the HA, at least in this familial form of MTLE, have a significant
genetic predisposition and it is not necessarily associated to seizures™'".

In order to identify the candidate region harboring the main gene associated with

HA in familial MTLE we performed a genome-wide linkage study.
Methods

Families:

Family ascertainment and data collection have been described in detail previously®.
Briefly, familial MTLE was defined when two or more individuals presented the diagnosis
of MTLE. The diagnosis of MTLE was based on clinical and electroencephalographic
(EEG) findings as defined by the International League Against Epilepsy (ILAE) criteria'’.
The complete cohort is composed of 30 unrelated families segregating MTLE. Among

these we selected one informative kindred for linkage analysis, named F-10. A total of 25
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individuals, including 11 patients were genotyped. Family members were classified into
three phenotypic classes: 1) affected: individuals with HA detected by MRI, 2) unaffected:
individuals with no seizures or a single seizure, but who had normal MRI and 3) unknown:
individuals with no phenotypic information, mainly deceased relatives and individuals
married-into the family. Prior to enrollment, all family members provided informed consent

which was approved by the Ethics Committee of our institution.
Genotyping:

DNA was isolated from peripheral lymphocytes of fresh blood by standard
methods'. DNA samples were initially genotyped for an in-house customized panel of 332
microsatellite markers at ~12cM intervals throughout the 22 autosomal chromosomes.
Microsatellite markers were chosen from the sex-average map of the Marshfield Human
Genetic Map with a polymorphism information content (PIC) > 75%. The correct
orientation of markers was obtained using the NCBI Map Viewer. Genotyping was carried
out using capillary electrophoresis on MegaBACE™ 1000 96-capillary sequencers (GE
Healthcare, Buckinghamshine, UK). The fluorescent dye-labeled primers (FAMTM, VICTM,
NED™) were customized or choose from the MD10 panel set (Applied Biosystems, Foster
City, California, USA). Samples amplified by PCR and labeled with different dyes were
pooled in a final volume of 40ul H,O (1:20 for FAM™, 1:20 for VIC™ and 1:10 for
NED™) in a 96-wells plate. Of this mix, 2ul were transferred to a MegaBACE 96-wells
plate and mixed with 8 ul of a loading solution (for each reaction: 7.75ul of 0,1% Tween 20
in H,O + 0.25 pl of internal size standard labeled with ROX™ dye, ET-550R (GE
Healthcare, Buckinghamshine, UK). Before loading, samples were denatured at 95°C for 3
min. The injection parameters used were 45 seconds at 3 kV and samples were run for 65
minutes at 10 kV. Automatic calling of genotypes was based in the Fragment Profiler

Software v1.2 (GE Healthcare, Buckinghamshine, UK).

Fine Mapping

Thirteen additional markers were genotyped on chromosome 18p in order to refine

the candidate region: telomere, D18S476, D18S1098, D18S481, D18S1154, D18S52,
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D18S1132, D18S976, D18S1376, D18S967, D18S1163, D18S464, D18S1150 and
D18S1158, centromere.

Linkage Analysis

Linkage analysis was performed under the assumption of a dominant mode of
inheritance with incomplete penetrance and a gene frequency of 0. 001. Evidence for a
dominant pattern of inheritance with Mendelian transmission was obtained from previous
complex segregation analysis'*. Two-point LOD scores were calculated by the MLINK
program, version 5.1, from the LINKAGE computer package15 . In order to further narrow
the candidate region on chromosome 18p we carried out a multilocus linkage analysis using

the LINKMAP support program from the LINKAGE package.
Mutation Screening in Candidate Genes

Nine primer pairs were designed in order to amplify the coding exons of two
candidate genes: TGIF (MIM 602630) and ZFP161 (MIM 602126). DNA samples of the
six patients and six controls were screened for mutations by denaturing high-performance
liquid chromatography (DHPLC) which was carried out with the WAVE® 4500 system
(Transgenomic, San Jose, CA). PCR was performed in 20ul containing SuM of each
specific primers, 200uM of each dNTP, 0.5 units of Taqg DNA polymerase, 1 X buffer , 1.5
mM MgCl, and 50ng DNA. Amplicons were checked by agarose gel electrophoresis
preceding DHPLC analysis. PCR products were denatured at 95°C for 5 minutes and
allowed to cool slowly to room temperature over 40 minutes prior to DHPLC analysis. The
composition of buffers used for DHPLC was: buffer A — 0.1M triethylammonium acetate
(TEAA) and buffer B- 0.1M 25% acetonitrile in TEAA. Aliquots of Sul of each PCR
products were eluted from a DNASep® column (Transgenomic, San Jose, CA) at a flow
rate of 0.9ml/min. Mutation screening was performed under partial denaturing conditions at
different ideal running temperatures for each PCR fragment based on the
WAVEMAKER™ software (Transgenomic). DHPLC data analysis was conducted on

visual inspection of the chromatogram profiles and comparison with normal controls.
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Sequencing Analysis

To identify the chromatogram profiles variation observed in the amplicons
submitted to the DHPLC, PCR products were purified using EXOSAP (GE Healthcare,
Buckinghamshine, UK) according to the manufacturer’s instructions and sequenced in both
directions on an ABI 310 automated sequencer, using Big-Dye terminator chemistry
(Applied Biosystems, Foster City, CA), according to the manufacturer’s instructions.
Sequences obtained were aligned using MultiAlin program. In addition, variant genotypes

were distinguished by direct comparison with the wild-type chromatograms profiles.

Results

Genome-wide linkage study is summarized in Figure 1. We found only a single
significantly positive LOD score on chromosome 18p11.3-11.2 Fine mapping of the
candidate region identified a Zmax of 3.63 at 6= 0.0 for maker on D18S976 locus (Table
1). Multipoint and haplotype analysis showed recombination events localizing the critical
candidate region within a 6 cM region between D18S976 and D19S452 (Figure 2). No

other significantly positive LOD scores were detected for this family in the entire genome.

In addition we screened two candidate genes which mapped to chromosome
18p11.3-11.2 within the candidate region: ZFP16/ and TGIF. Two abnormal DHPLC
profiles were found in 2 controls in exon 4d of the ZFPI61 gene. In the TGIF gene we
found 3 abnormal chromatogram profiles in patients and controls. Sequencing of samples
with the abnormal DHPLC profiles failed to show sequence variants that could be
unequivocally related to a pathological effect in the two candidate genes. Examples of
DHPLC profiles and their corresponding sequences are shown in the Figures 3 and 4. Only
the variant C487T in exon 3a of the TGIF gene, which was found only in one control,
promotes alteration in the protein sequence, changing Prol63Ser, all the remaining
sequence variants are synonymous changes (G1170 in the exon 4d of the ZFP161 gene and

A487G, C576T in exon 3a of the TGIF gene).
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Discussion

Genetic predisposition to epilepsy has been predicted for many years'®"'’; however,
only in the past two decades, the progress in molecular genetics has contributed to identify
many loci and genes predisposing to different epilepsies syndromes'®. It is interesting to
note that, most of the genes identified for epilepsy encode molecular components of
neuronal signaling, such as ion channels" ™.

Genetic mapping by linkage analysis is a powerful tool to localize major genes
responsible for diseases, including may monogenic epilepsy syndromes®**; however, in
order to obtain reliable results it is crucial the ascertainment of informative families with a
large number of affected individuals, a well defined mode of inheritance, as well as the
correct classification of phenotype in individual patients. In the present study we were able
to ascertain one large family segregating a well established phenotype® and with strong
evidence for a monogenic inheritance (most likely autosomal dominant)'*. In addition, for
the phenotypic definition of the affection status we used the presence of HA, on MRI”",
which was determined by precise quantitative measurements. In this scenario it is
interesting to note that we did not have any false positive result in our genome search and
only significantly positive LOD scores were found within the candidate region identified on
chromosome 18p11.3-11.2, clearly showing the power and sensitivity of linkage analysis in
identifying major loci predisposing to disease.

Furthermore we determined that the candidate locus on 18p11.3-11.2 contains
twelve genes potentially associated with central nervous system (CNS) development and
function, which could have a role in FMTLE. We select two of these candidate genes for
initial mutation screening: ZFPI61 and TGIF. The ZPFI161 gene is involved in CNS
development and was recently pointed out as a candidate gene for holoprosencephaly (MIM
142946)**%. Whereas, the TGIF gene plays a role in directing cellular differentiation
processes and in determining cell fate during CNS development, it is expressed during early
brain development in mice and may participate in the transmission of nuclear signals during

development 2%,

Mutations in the 7GIF gene are associated with human
holoprosencephaly and others abnormalities including agenesis of the corpus callosum,

microcephaly and developmental delayzg. Since HA in patients with FMTLE could be
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caused by abnormalities in the hippocampal formation during CNS development we chose
to screen ZFP161 and TGIF genes as our initial candidate geneszg.

We took advantage of the DHPLC mutation screening method as a high throughput
technique that analyzes DNA mobility of different heteroduplexes using chromatography in
partial denaturing condition’>'. Because DHPLC is a very sensitive method, we detect
different chromatogram profiles related to several variant alleles, which were subsequently
confirmed by direct sequence analysis. However, none of the sequence variants found could
be unequivocally related to the FMTLE phenotype. In this way, the G1170T variant
identified in exon 4d of the ZFP161 gene is most likely a neutral variant, because no
change was found at the protein level, as demonstrated by alignment using
SIM+LALNVIEW software. In addition, this variant was found only in one unaffected
individual. The A/G variant in exon 4d of the ZFPI16] was located in a no transcribed
region and present in unaffected individual. The C576T and A487G variant alleles detected
in exon 3a of the TGIF gene are synonymous single nucleotide polymorphism (SNP)
previously described (rs2229335 and rs2229334, respectively). The C489T variant found
on exon 3a of the TGIF gene is a nonsynonymous SNP (rs2229333), which change Pro/Ser;

however, it was present only in one unaffected individual unrelated to the family.

In conclusion, we identify a candidate locus for FMTLE on chromosome 18p11.3-
11.2 and suggested that the major gene predisposing to the disease is probably related with
the hippocampal abnormalities observed in our patients. This is the first conclusive
evidence that HA may be caused by genetic factors that could be related to abnormal
developmental events. Further mutation screening in candidate genes located within the
18p11.3-11.2 locus will be necessary in order to identify the gene responsible for the
disease, thus providing a better understanding of the molecular mechanisms underlying

MTS and its relationship with MTLE.
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Appendix

Table showing the primer sequence and conditions of the DHPLC analysis for each exon of

the two genes submitted to the screening mutation.

Exon Primer Sequence 5'— 3~ DHPLC 9oBuffer B
Temp
ZFPI61 gene
ZFP3 Fw-CCTTAATGGTTCTCCAACC 54.5°C 55.6%
Rv-GTTACCATGAACAACTCAGGC
ZFP4a Fw-GTGACTGTGTTCTCTATATGG 53.5°C 56.1%
Rv-TGACCCGATGACATCATTAAG 56.1°C 53.6%
57.5°C 51.1%
ZFP4b Fw-GTACACAGCAAAGATTTCCGT 57.3°C 55.9%
Rv-CCCAAGTCTTTTGATTCTGG 59.8°C 53.3%
62.0°C 51.6%
ZFP4c Fw-CAGGAAGTAGAATCCATGGAG 58.4°C 55.5%
Rv-GCACGCAAACGGTCTTTCATT 60.3°C 52.8%
ZFP4d Fw-GTAATGAAAGACCGTTTGCGTG 60.0°C 54.6%
Rv-AACCAAGCACTGCCTTAAGTC 62.8°C 52.2%
TGIF gene
TGIF1 Fw-ACTGACAGGTCTAGAGACAC 61.9°C 59.4%
Rv-TGTTCTTGAGAGTTCCTCG 64.8°C 56.4%
66.4°C 55.7%
TGIF2 Fw-GTTACATTGAATGGTCAGCG 59.0°C 54.5%
Rv-ATGCATCCATAAACCTCACGC 60.7°C 52.7%
TGIF3a Fw-GAACATTCTCAGAACCCGTTG 58.5°C 57.4%
Rv-CCGCTATCTGCTGTATATC 60.5°C 55.6%
TGIF3b Fw-CGAATACACAGAGTGGTCT 59.5°C 52.0%
Rv-CCGGCAATCATGACATTTCTG 60.5°C 51.1%
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Web Resources

Marshfield Human Genetic Map, http://www.research.marshfieldclinic.org/genetics

NCBI Map Viewer, http://www.ncbi.nlm.nih.gov/mapview

Online Mendelian Inheritance in Man (OMIM), http://www.ncbi.nlm.nih.gov/Omim/.

MultAlin at INRA, http://prodes.toulouse.inra.fr/multalin/multalin.html

SIM at LALNVIEW, http://www.expasy.org/tools/sim-prot.html
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Table

Table 1: Two-point LOD scores results for the markers genotyped in fine mapping in
family with mesial temporal lobe epilepsy (FMTLE).

Recombination fraction (0)

Marker 0.00 005 010 015 020 025 030 035 040
F10

D18S476 -0.27  0.21 0.38 0.43 0.43 0.38 0.30  0.21 0.11
D18S1098 1.54 1.38 1.22 1.05 0.87 069 050 032 0.16
D18S481 0.19 1.19 1.37 1.36 1.24 1.06  0.83 0.58  0.31
D18S1154  -132 -028  0.04 0.19 0.25 026 0.23 0.18  0.12
D18S52 0.31 1.18 1.36 1.35 1.24 1.07 084 059 0.33
D18S1132 0.14 1.10 1.28 1.27 1.16  0.98 0.76  0.51 0.27
D18S976 3.63 3.3l 297 262 225 1.85 1.43 1.00  0.56
D18S1376 0.02  0.01 0.01 0.00 -0.00 0.00 0.00 0.01 0.01
D18S452 220 239 229 210 1.84 1.54 1.20  0.84 047
D18S967 0.74  0.65 056 046  0.37 0.28 0.19  0.11 0.05
D18S1163  -0.53 -0.23 -0.10 -0.04 -0.01 0.01 0.01 0.01 0.01
D18S464 -0.08 -0.06 -0.05 -0.04 -0.03 -0.02 -0.01 -0.00 0.00
D18S1150  -2.88 -1.52 -0.99 -064 -039 -023 -0.11 -0.04 -0.00
D18S1158  -0.61 -0.52 -041 -030 -0.20 -0.12 -0.06 -0.02 -0.00
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Legend for figures

Figure 1: Results for the 332 microsatellites markers genotyped in genome-wide linkage

study for family segregating MTLE.

Figure 2: Haplotype analysis of typed individuals for 14 markers localized in the
chromosome 18p. The haplotype inherited from affected individuals is represented by

blackened vertical bars. Nonparticipating family members are not shown.

Figure 3: Chromatograms of DHPLC analysis corresponding to exon 4d of ZFPI161 gene
(left panel) and direct sequencing of genomic DNA (right panel). A- Example of a common
chromatogram profiles found in affected and unaffected individuals and a distinct
alterations found only in one normal control (*), which correspond to the variant allele A/G
in the direct sequence(this variant occurs in no transcript region). B- Common
chromatogram profiles and a distinct alterations found in other normal control (**), which

correspond to the G1170T in the direct sequence.

Figure 4: Left panel: Four different DHPLC profiles in exon 3a of TGIF gene. Profile (a)
was found only in one affected individual; profiles (b) and (c) were found in both, affected
and normal controls; profile (d) was found only in one unrelated normal control. Right
panel: Direct sequence of genomic DNA showed: profile (a) is associated with the C576T
(rs2229335); no variant allele was found in the profile (b); profile (c) is related to the
synonymous alteration: A487G (rs2229334); profile (d) is related to variant alleles:
A487G (rs2229334) and C489T (rs2229333).
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Figure 3
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Figure 4
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7 - DISCUSSAO

A identificacdo de um tipo distinto de ELTM com recorréncia familiar associada a
AH (Kobayashi et al., 2001) evidenciou pela primeira vez uma possivel predisposi¢ao
genética para as anormalidades estruturais observadas na ELTM, ao menos na forma
familiar da ELTM.

Para investigar se o fendtipo observado nessas familias poderia ser determinado por
um componente genético ndés empregamos a andlise de segregacdo complexa, como
descrita no artigo 1.

A andlise de segregacdo ¢ uma importante ferramenta que tem contribuido para a
determinagdo do padrdao de heranca em diferentes sindromes epilépticas (Jarvik, 1998;
Ottman et al., 1995; Callenbachet al., 2005). Muito embora Berkovic et al. (1996) tenha
proposto que a ELT na forma familiar e sem anormalidades hipocampais, seja de carater
autossomico dominante, ndo temos conhecimento sobre estudos de andlise de segregacao
realizados em ELTMF. Este tipo de andlise € importante ndo somente para confirmar um
fendtipo hereditdrio, mas também para compor os parametros utilizados no estudo de
ligacdo.

Os dados obtidos com a anélise de segregacdo corroboraram as observagdes iniciais
de que a AH observada na ELTMF tem um carater genético e sugerem a presenca de um
gene principal segregando em um padrdo de heranca autossOmico dominante, com
transmissdo Mendeliana nestas familias. No entanto, ¢ importante ressaltar que nossos
resultados também demonstraram que nao podemos descartar as evidéncias de que genes
modificadores do fendtipo possam estar modulando as caracteristicas clinicas e
determinando as diferencas na gravidade da doenca que sdo vistas nos pacientes com
ELTMEF (Kobayashi et al., 2001; 2002). Esses dados mostram a complexidade dos fatores
genéticos que podem influenciar a ELTMF.

Uma vez que tenha ficado evidente uma forte predisposicao genética na ELTMF
associada a AH com a presenca de um gene maior, partimos para a busca do mesmo
utilizando inicialmente genes candidatos com relevante papel na fisiopatologia desta

sindrome.
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Os canais de sédio voltagem-dependente (CSVD) sdo uma das principais vias para a
excitabilidade neuronal, portanto qualquer alteragdo que promova uma modificacdo nestes
canais poderd levar a alteracdo da excitabilidade cerebral. De fato, mutagdes em genes
codificadores de CSVD estdo associadas com desordens neurolégicas como as epilepsias
(Berkovic et al., 2004; Fukuma et al., 2004 Spampanato et al.,2004). Uma das alterag¢des
comumente encontrada € a persisténcia de correntes de sodio que contribui para a
hiperexcitabilidade neuronal. Um alvo comum das drogas anti-epilépticas, a persisténcia de
correntes de sodio estd associada com a susceptibilidade as crises e a resisténcia ao
tratamento medicamentoso em pacientes com ELT (Vreugdenhil et al., 2004).

A subunidade alfa transmembrana do CSVD ¢é responsavel pela atividade funcional
deste canal. Dos trés tipos de subunidades alfa expresso no sistema nervoso central (SNC),
a subunidades alfa do tipo II (SCN2A) é a mais amplamente expressa em neurdnios (Litt et
al., 1989). Mutacoes em SCN2A tém sido descritas tanto para as epilepsias esporddicas bem
como para as epilepsias familiais (Berkovic et al., 2004; Ito et al., 2004; Kamiya et al.,
2004). Kearney et al., 2001 descreveram um camundongo transgénico cuja mutacdo no
gene Scn2a promoveu a diminui¢do da inativacdo dos CSVD com conseqiiente persisténcia
de corrente nesses canais (Kearney et al., 2001). Interessantemente, esses camundongos
apresentaram perda celular nas regides CA1, CA2, CA3 e hilus, com reacao de gliose, uma
lesdo hipocampal semelhante aquela encontrada em pacientes com ELTM.

Foi com base nessas observacdes que investigamos em nosso segundo artigo se o
gene SCN2A desempenha alguma funcdo na etiologia da ELTMF. As andlises de dois
pontos e de multipontos resultaram na exclusdo do gene SCN2A como candidato para
ELTMEF. Igualmente, foram excluidos outros dois CSVD que estdo expressos em altos
niveis no SNC (SCNIA e SCN3A) e estdo adjacentes ao gene SCN2A (Plummer e Meisler,
1999). Desta forma, nossos resultados mostraram que embora a lesdo hipocampal no
camundongo mutante Q54 seja similar aquela encontrada em nossos pacientes com
ELTMF, o gene humano homdlogo ao Scn2a ndo € o gene principal na etiologia desses
pacientes.

Ja no artigo 3, investigamos outros genes candidatos por andlise de ligacdo: os
canais de potdssio voltagem-dependente (CPVD). A investigagdo sobre uma possivel

relacdo entre CPVD e ELTMF baseou-se no importante papel destes canais sobre a
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regulacdo da excitabilidade neuronal, pelas evidéncias de que os CPVD estdo implicados
com certos tipos de epilepsias (Lang t al., 2003; Roll e Szepetowski, 2002; Lerche et al.,
2001), e em especial porque os CPVD foram associados com um tipo de encefalite limbica
autoimune (Bukley et al., 2001). Tem sido reconhecido que a encefalite limbica pode estar
associada a epilepsia focal com declinio de memoéria, AH e também com a ocorréncia de
hipersinais nas estruturas limbicas observadas em IRM (Bien et al., 2000; Khan e Wieser,
1994). Desde que estes achados de IRM (AH e hipersinal) sdo similares aos achados na
ELTMEF, consideramos os CPVD bons candidatos para a ELTMF. Os marcadores
genotipados neste estudo (artigo 3) cobriram 100% dos genes para CPVD localizados nos
cromossomos autossomicos e nenhuma evidéncia de ligacao foi encontrada. Desta forma os
genes codificadores de CPVD foram excluidos de serem candidatos ao principal gene
responsavel pela ELTMF.

Muito embora esses dois estudos (artigos 2 e 3) tenham apresentado resultados
negativos para as nossas familias, eles mostram que o emprego da andlise de ligacao
genética na investigacdo direta de genes candidatos pode ser uma ferramenta bastante
eficiente, especialmente quando estes genes sdo bem localizados, quando mais de um gene
de interesse estdo na mesma regido e, principalmente quando possuem extensas regioes
codificadoras, o que torna a triagem de mutacdes uma tarefa longa e dispendiosa.

Considerando que os genes candidatos selecionados ndo apresentaram qualquer
ligacdo com a ELTMF prosseguimos o nosso estudo com a andlise de ligacdo gendmica
randomica. Este tipo de abordagem representa uma valiosa ferramenta no estudo de
patologias cujos mecanismos sao complexos e poucos conhecidos e tem contribuido para a

identificacdo de genes implicados em doencas humanas.

O emprego da andlise de ligacdo genética requer que algumas condi¢des sejam bem
estabelecidas para que os resultados obtidos sejam confidveis e significativos. Para isso €
imprescindivel que o estudo seja realizado a partir de familias suficientemente
informativas, com um padrdo de herangca Mendeliano e com uma classificacdo fenotipica
bem definida. Para esta tese nds selecionamos duas grandes familias segregando ELTM
associada a AH e com um grande nimero de individuos afetados (apéndice I). Além disso,
nosso estudo gendmico foi conduzido com trés classes fenotipicas bem definidas, o qual

considera a AH como o principal fenétipo na ELTMF.
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Através da andlise de ligagdo gendmica, nés identificamos ligacdo da ELTMF com
um locus no cromossomo 18p11.3-11.2 com um Zmax de 3,63 em 6= 0,00 em uma dnica
familia (F10). Além disso, as andlises de multipontos e de haplétipo para esta familia,
localizam o locus candidato dentro de um intervalo de 6 cM flanqueado por D18S976 e
D18S452. E interessante notar que para a familia F10 obtivemos resultados significativos,

sem que, no entanto obtivéssemos nenhum resultado falso positivo em todo o genoma.

Cabe ressaltar que esta € a primeira evidéncia conclusiva de que a AH associada a
ELTMF pode ter um predisposi¢do genética e ndo por fatores ambientais tais como as
crises febris prolongadas na infancia, confirmando nossa prévia observagao (Kobayashi et

al., 2001; 2002; Secolin et al., 2004).

O fato de ndo termos encontrado ligacdo para a familia F26 refor¢a a teoria de que
para se obter resultados significativos e confidveis em estudos de ligacdo genética €
imprescindivel que a caracterizacdo fenotipica esteja bem determinada. Embora a familia
F26 seja grande e com muitos individuos segregando ELTM (14 individuos afetados), o
fendtipo desta familia € mais complexo se comparado ao da F10. Creditamos a este fator, a
falta de ligacdo em todo o genoma para esta familia. Também ndo podemos descartar a
possibilidade de que um outro gene possa estar influenciando o fendtipo da F26,
principalmente pelo fato de que existem casamentos nos quais ambos 0s pais apresentam
epilepsia ou tém histérico de epilepsia na familia. Isso poderia levar a introducdo de genes
de predisposi¢do por ambas as linhagens, materna e paterna, o que poderia dificultar a
interpretacdo dos dados de ligacdo. Nesse caso somente o teste direto de mutacdes em

genes candidatos poderia resolver a questao definitivamente.

Uma vez definido o locus candidato, nosso préximo passo foi fazer uma busca por
genes candidatos nesta regido. E plausivel que o gene principal responséavel pela ELTMF
esteja relacionado ao desenvolvimento do hipocampo, devido as anormalidades estruturais
hipocampais encontradas nos individuos afetados. No entanto, ndo podemos descartar
quaisquer genes relacionados com fungdes no SNC e que se localizem no intervalo do locus

candidato.

Em uma busca no banco de dados do NCBI (www.ncbi.nlm.nih.gov) encontramos

aproximadamente 12 genes mapeados que podem ser candidatos para a ELTMF. Dentre
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eles destacamos os genes NDUFV2 (NADH dehydrogenase (ubiquinone) flavoprotein 2),
IMPA?2 (inositol{myo}-1ord4-monophosphatase 2), PTPRM (protein tyrosine phosphatase,
receptor type, M), TGIF (TGFB-induced factor) e ZFP161 (zinc finger protein 161), esses

dois dltimos com o estudo concluido como descrito no artigo 4.

Nossa estratégia para a identificacdo do gene responsdvel pela ELTMF € a triagem
de mutacdes pela andlise da mobilidade de diferentes heteroduplexes através da
cromatografia liquida em condi¢do de desnaturacdo parcial (Denaturing High-Performance
Liquid Chromatography - DHPLC) pelo sistema WAVE® 4500 (Transgenomic, San Jose,
CA) e posterior sequenciamento dos amplificados de perfis cromatogréficos alterados. Esta
abordagem ja concluida para as regides codificadoras dos genes ZFP161 e TGIF (artigo 4)
evidenciou duas diferentes alteracdes no exon 4 do gene ZFP161: uma troca A/G em regiao
ndo traduzida do exon para um individuo controle e uma alteracao sindnima G1170, ainda
ndo descrita, em outro individuo controle. J4 para o exon 3 do gene TGIF foram
encontradas trés diferentes alteracdes. Os alelos variantes A487G (encontrado em 4
afetados e 2 controles) e C576T (encontrado em apenas um individuo afetado) sdo
alteracOes descritas como sindnimas e depositadas no banco do NCBI (rs2229334 e
1s2229335 respectivamente). J4 a variante C489T (rs2229333) € descrita como ndo
sindbnima e promove uma alteracdo na proteina ao trocar Pro/Ser. No entanto, essa alteracao
foi encontrada em apenas um individuo controle, que também apresentou a variante
A487G. Os resultados obtidos para os genes ZFP161 e TGIF ndo evidenciaram quaisquer
significancia na patologia da ELTMF e estudos adicionais serdo necessdrios na
investigacdo de outros genes candidatos na regido. Acreditamos que com a identificacao do
gene maior responsdvel pela ELTMF serd alcangcado um maior conhecimento dos

mecanismos fisiopatologicos que norteiam a esclerose mesial e a sua relacdo com a ELTM.
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8- CONCLUSOES

Conclusodes Artigo 1:

e A andlise de segregacdao complexa indica que a AH observada na ELTMF ¢é
determinada geneticamente e influenciada por um gene principal segregando em

padrao de heranga autossdmico dominante.
e Naio foi descartado o fato de que genes modificadores do fendtipo possam estar
modulando as caracteristicas clinicas e determinando algumas das diferencas na

gravidade da doenga que sdo encontradas nos pacientes com ELTMF.

Conclusio Artigo2:

e Embora a lesdo hipocampal observada em camundongo mutante seja similar a
encontrada em pacientes com ELTM, o gene candidato SCN2A ndo € o gene

principal envolvido na etiologia da ELTMF.

Conclusio Artigo 3:

e Nenhum indicio de ligagdo foi encontrado entre canais de potdssio voltagem-
dependente e a ELTMF sugerindo que estes canais nao fatores determinantes para a

AH observada em nossos pacientes.

Concluses Artigo 4:

e A andlise de ligacdo gendmica evidenciou um locus no cromossomo 18p11.3-11.2

para uma das familias genotipadas.

e A regido candidata no cromossomo 18p11.3-11.2 foi refinada para uma regidao de

6¢cM entre os marcadores D18S976 e D18S452.
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e O estudo de triagem de mutacdes em regides codificadoras dos genes ZFPI61 e
TGIF, localizados na regiao candidata para ELTMF, nao apresentaram alteragdes

significativas que possam ser responsaveis pela ELTM.

e A identificacdo de um locus para a ELTMF € a primeira evidéncia de que a AH

pode ser causada por fatores genéticos.
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APENDICE I - HEREDOGRAMAS DAS FAMILIAS COM ELTMF
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APENDICE II - LOD SCORE DE DOIS PONTOS PARA
MARCADORES MICROSSATELITES GENOTIPADOS NO
CROMOSSOMO 18p (F26)

Fracao de recombinacao (0)

000 005 010 015 020 025 030 035 040

F26

D18S476 207 -128 -092 -068 -050 -037 -027 -0.19 -0.12
D18S1098 206 -143 -096 -063 -040 -025 -0.14 -008 -0.04
D18S481 -257  -1.79 -132 096 -068 048 -032 -0.21 -0.12
D18S1154 245 -1.12  -0.65 -038 -0.21 -0.10  -0.03  -0.00 0.01
D18S52 -1.75 095 -064 -043 -029 -0.18 -0.10 -0.05 -0.02
D18S1132 -1.51 -086 -065 -050 -038 -029 -022 -0.16 -0.10
D18S976 -0.70  -0.61 -0.51 -042  -034 -027 -020 -0.14 -0.09
D18S1376  -044 -030 -0.21 -0.16 -0.12 -0.10 -0.07 -0.06 -0.04
D18S452 -1.04 -08 -073 -059 -046 -034 -025 -0.17 -0.10
D18S967 -0.07  -0.04 -0.02 -0.00 0.01 0.02 0.02 0.02 0.01
D18S1163  -1.35 -097 -0.65 -042 -026 -0.14 -0.07 -002 -0.00
D18S464 -0.71 -0.67 -058 -047 -035 -024 -0.15 -0.09 -0.04
D18S1150 -2.01 -086 -059 -045 -034 -025 -017 -0.10 -0.05
D18S1158 -062 -038 -0.26 -0.19 -0.14 -0.10 -0.07 -0.05 -0.03
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APENDICE III - PROTOCOLO DE GENOTIPAGEM PARA
MARCADORES MICROSSATELITES

1. Genotipagem Manual

Ap6s o estabelecimento das condi¢Oes ideais da reacdo em cadeia da DNA-polimerase
(PCR) a genotipagem de cada um dos marcadores foi preparada em placa de 96 amostras (8x12)
contendo um volume final de 12.5ul, composto de 40 ng de DNA gendmico; 100 ng de cada
primer; 200uM dGTP, dCTP e dTTP; 25 uM de dATP; 1,5 uCi [P33] dATP; 0,5 unidade de Taq
DNA polimerase; 1.5mM de MgCl,. As reagdes da PCR foram conduzidas em 35 ciclos de 94°C
por 45s; 55 a 59°C por 30s; e 72°C por 1 min. Os produtos da PCR foram submetidos a eletroforese
em gel desnaturante de poliacrilamida 6%, 55 V e 1500W por aproximadamente 2 horas. Os géis
secos a vacuo a 80°C por 1h foram expostos a filmes auto-radiogréficos por 48-72h a temperatura
ambiente dependendo da meia vida do radioisétopo utilizado. Depois do tempo de exposicdo
apropriado os filmes foram revelados fornecendo o padrio caracteristico de bandas escuras dos

marcadores genotipadas.

2 - Genotipagem Automdtica

As amostras foram amplificadas em placas de 96 amostras contendo um volume final de
7,50ul, composto de 0,6ul de DNA genémico 50ng; 0,5ul de primer mix (5 uM cada primer);
0,75ul dANTP mix (2,5mM) 0,06ul de Tag DNA polimerase (Sunidades/ul); 0,75ul Tampao 10x;
0,75ul de MgCl, (2,5mM) e 4,09ul H,O. As reacdes da PCR foram conduzidas em 95°C por
12min.; 10 ciclos de 94°C por 15s, 55°C por 15s, 72°C por30s; 20 ciclos de 89°C por 15s, 55°C por
15s, 72°C por 30s; e 72°C por 10min. Em outra placa de 96 amostras, os produtos da PCR foram
diluidos em 4gua: 20x para fluor6foros FAM e VIC e 10x para fluoréforo NED. Em seguida, 2ul de
cada dilui¢do foi distribuida em outra placa de 96 amostras previamente preparada com um mistura
contendo 7,75ul de Genotypin Loading Solution (0,1% de Tween 20 em H,0) + 0,25ul de
MegaBACE Size standards ET550-R, perfazendo um volume final de 10ul em cada pocinho de
uma placa prépria para o MegaBACE. As amostras foram desnaturadas a 95°C por 3 min antes de

serem injetadas no MegaBACE.
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APENDICE IV - TERMO DE CONSENTIMENTO LIVRE E
ESCLARECIDO

Apéndice IV
97



N
%‘é Universidade Estadual de Campinas

UNICAMP Departamento de Genética Médica

FORMULARIO DE CONSENTIMENTO PARA PESQUISA MEDICA, Pigina 1 de 3

Titulo do projeto: Estudos Genéticos em Epilepsia

Investigador principal: Dra. Iscia Lopes Cendes

OBJETIVO DA PESQUISA:

Eu entendo que fui convidado (a) a participar em um projeto de pesquisa envolvendo
pacientes e familias de individuos com epilepsia. O objetivo geral do estudo € o de isolar genes
responsaveis por essa doenga através de métodos de genética molecular. A identificacdo desses
genes pode eventualmente melhorar o diagnodstico e levar a um melhor tratamento dessa doenca.
Tanto as amostras de DNA, de linhas celulares e a informac¢do médica a meu respeito bem como
a respeito de minha familia que forem obtidas para esse estudo, poderdo ser compartilhadas com
outros pesquisadores que trabalham com epilepsia. Podendo assim ser utilizada eventualmente
para outros fins de pesquisa sobre as epilepsias. O sigilo serd mantido em todos os estudos
colaborativos através da utilizacdo de um niimero de c6digo para a identificacdo dos individuos
participantes.

PROCEDIMENTO:

Eu entendo que se concordar em participar desse estudo, os pesquisadores participantes
fardo perguntas a respeito dos meus antecedentes médicos e familiais. Eu serei submetido a um
exame fisico neuroldgico para estabelecer meu estado clinico. Além disso, poderei ser submetido
a um eletroencefalograma (EEG) e talvez uma tomografia computadorizada ou uma ressonancia
magnética de cranio. Uma amostra de sangue venoso serd colhida (20 a 30 ml, o equivalente a
duas colheres de sopa). Hospitaliza¢do nao serd necessaria. Os procedimentos mencionados
acima, com excec¢ao da coleta da amostra de sangue, fazem parte dos cuidados médicos de rotina
para um paciente com epilepsia. Os procedimentos mencionados acima serdo realizados dentro
dos primeiros 6 meses apds 0 meu consentimento em participar no estudo, porém a pesquisa
laboratorial utilizando as amostras de sangue poderao ser feitas durante um periodo maximo de
30 anos ap0s a coleta. As células que por ventura forem isoladas do meu sangue serdao
preservadas para utilizagdo durante todo o estudo e depois que ele se completar serdo destruidas.

RISCO E DESCONFORTO:

Uma coleta de 20 a 30 ml de sangue venoso serd efetuada. Os riscos associados a esse
procedimento sdo minimos, podendo ocorrer dor e manchas roxas (equimoses) no local da coleta
do sangue. O desconforto serd minimo pois se trata de uma coleta de sangue geralmente da veia
do braco que serd realizada por profissional treinado e devidamente habilitado para realizar esse
procedimento.

Faculdade de Ciéncias Médicas - Cidade Universitaria “Zeferino Vaz” - Distrito de Barao Geraldo -
Campinas - SP - Brasil - CEP 13081-970 - C. P. 6111 - Fone (019) 788-8907 - FAX: (019) 788-8909
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UNICAMP Departamento de Genética Médica

FORMULARIO DE CONSENTIMENTO PARA PESQUISA MEDICA, Pigina 2 de 3

Titulo do projeto: Estudos Genéticos em Epilepsia

Investigador principal: Dra. Iscia Lopes Cendes

VANTAGENS:

Eu entendo que ndo obterei nenhuma vantagem direta com a minha participa¢ao nesse
estudo e que o meu diagndstico e 0 meu tratamento provavelmente nao serdo modificados.
Contudo, os resultados desse estudo podem, a longo prazo, oferecer vantagens para os individuos
com epilepsia e suas familias, possibilitando um melhor diagnoéstico e tratamento mais adequado.
E importante notar que o diagndstico pré-sintomético ndo faz parte dessa pesquisa, mas se eu
desejar obter orientacdo genética, ela serd oferecido nos ambulatérios do servigo de genética
clinica do Hospital de Clinicas (HC) da Universidade Estadual de Campinas (UNICAMP), tel.
(019) 788-8908.

SIGILO:
Eu entendo que toda informac¢ao médica, mas ndo os resultados dos testes genéticos
decorrentes desse projeto de pesquisa, fardo parte do meu prontudrio médico e serdo submetidos

aos regulamentos do HC- UNICAMP referentes ao sigilo da informag¢ao médica.

Se os resultados ou informacdes fornecidas forem utilizados para fins de publicacao
cientifica, nenhum nome sera utilizado.

FORNECIMENTO DE INFORMACAO ADICIONAL.

Eu entendo que posso requisitar informagdes adicionais relativas ao estudo a qualquer
momento. A Dra. Iscia Lopes Cendes, tel (019) 788-8907 estaré disponivel para responder
minhas questdes e preocupacdes. Em caso de recurso, dividas ou reclamacdes contactar a
secretaria da comissao de ética da Faculdade de Ciéncias Médicas-UNICAMP, tel. (019) 788-
7232.

RECUSA OU DESCONTINUACAO DA PARTICIPACAO:

Eu entendo que a minha participagdo € voluntdria e que eu posso me recusar a participar
ou retirar meu consentimento e interromper a minha participagdo no estudo a qualquer momento
(incluindo a retirada da amostra de sangue) sem comprometer os cuidados médicos que recebo
atualmente ou receberei no futuro no HC- UNICAMP. Eu reconhe¢o também que a Dra. Iscia
Lopes Cendes pode interromper a minha participacio nesse estudo a qualquer momento que
julgar apropriado.
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UNICAMP Departamento de Genética Médica

FORMULARIO DE CONSENTIMENTO PARA PESQUISA MEDICA, Pigina 3 de 3

Titulo do projeto: Estudos Genéticos em Epilepsia

Investigador principal: Dra. Iscia Lopes Cendes

Eu confirmo que o(a) Dr(a).
me explicou o objetivo do estudo, os procedimentos aos quais serei submetido € os riscos,
desconforto e possiveis vantagens advindas desse projeto de pesquisa. Eu li/e ou me foi
explicado, assim como compreendi esse formuldrio de consentimento e estou de pleno acordo em
participar desse estudo.

Nome do participante ou responsavel

Assinatura do participante ou responsavel data

Nome da testemunha

Assinatura da testemunha data

RESPONSABILIDADE DO PESQUISADOR:

Eu expliquei a
o objetivo do estudo, os procedimentos requeridos e os possiveis riscos e vantagens que poderao
advir do estudo, usando o melhor do meu conhecimento. Eu me comprometo a fornecer uma
copia desse formuldrio de consentimento ao participante ou responsavel.

Nome do pesquisador ou associado

Assinatura do pesquisador ou associado data
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