FABIO ROSSI TORRES

DISTURBIOS DO DESENVOLVIMENTO CORTICAL
E EPILEPSIA AUTOSSOMICA DOMINANTE
COM AURAS AUDITIVAS:

estudos genéticos e moleculares

CAMPINAS
Unicamp

2008



FABIO ROSSI TORRES

DISTURBIOS DO DESENVOLVIMENTO CORTICAL
E EPILEPSIA AUTOSSOMICA DOMINANTE
COM AURAS AUDITIVAS:

estudos genéticos e moleculares

Tese de Doutorado apresentada a Pds-Graduagdo da
Faculdade de Ciéncias Médicas da Universidade
Estadual de Campinas para obtenc¢do do titulo de Doutor
em Fisiopatologia Médica, darea de concentragdo

em Neurociéncias.

ORIENTADOR: PROFA. DRA. ISCIA LOPES-CENDES

CAMPINAS
Unicamp

2008

iii



FICHA CATALOGRAFICA ELABORADA PELA

BIBLIOTECA DA FACULDADE DE CIENCIAS MEDICAS DA UNICAMP
Bibliotecario: Sandra Lucia Pereira — CRB-8% / 6044

Torres, Fabio Rossi

T636d Disttirbios do desenvolvimento cortical e epilepsia autossdémica
dominante com auras auditivas: Estudos genéticos e moleculares /
Féabio Rossi Torres. Campinas, SP : [s.n.], 2008.

Orientador : Iscia Lopes-Cendes
Tese ( Doutorado ) Universidade Estadual de Campinas. Faculdade
de Ciéncias Médicas.

1. Sistema Nervoso Central . 2. Genética. 3. Cortex Cerebral. 1.
Lopes-Cendes, Iscia. II. Universidade Estadual de Campinas.
Faculdade de Ciéncias Médicas. III. Titulo.

Titulo em inglés : Malformations of cortical development and autosomal
dominant partial epilepsy with auditory features

Keywords: « Central Nervous System
» Genetics
 Cerebral cortex

Titulagdo: Doutor em Fisiopatologia Médica
Area de concentracao: Neurociéncias

Banca examinadora:

Profa. Dra. Iscia Lopes-Cendes

Profa. Dra. Marilia de Arruda Cardoso Smith
Profa. Dra. Vera Cristina Terra Bustamante
Profa. Dra. Monica Barbosa de Melo

Prof. Dr. Carlos Alberto Mantovani Guerreiro

Data da defesa: 31 - 01 - 2008



Banca examinadora da tese de Doutorado

Orientador(a): Prof(a). Dr(a). Iscia Teresinha Lopes Cendes AA 6’/ % / ,& 9\

£

Membros:

Professor (a) Doutor (a) Marilia de Arruda Cardoso Smith = ” ? %
o= 4

Professor (a) Doutor (a) Vera Cristina Terra Bustamante %

Professor (a) Doutor (a) Ménica Barbosa de Melo K ) (/
. togt@ ) Lo -

Yoo

Professor (a) Doutor (a) Carlos Alberto Mantovani Guerreiro % /4 7

Curso de pos-graduagdo em Fisiopatologia Médica da Faculdade de Ciéncias Médicas da Universidade Estadual de Campinas.

Data: 31/01/2008




DEDICATORIA

Para a minha familia
Pois sem o amor, carinho e atengdo
que foram depositados em mim

eu jamais teria conseguido chegar até aqui.

vii



AGRADECIMENTOS

Meu muito obrigado as pessoas especiais que me acompanharam durante a

minha longa jornada no Departamento de Genética Médica:

Danizinha e Simone, por todo fundamental apoio profissional que me deram
neste trabalho sem o qual o mesmo ndo poderia ter sido realizado, mas principalmente pela

amizade sincera de vocés duas.

Secolin, pela sua grande amizade, pelos momentos de descontracdo e pela

enorme ajuda na realizacao deste trabalho.

Claudia, por sua valiosa amizade e também pelos conselhos que me deu

durante todos estes anos de convivéncia.

André, Fabio Conti, Oni (parte da turma do almogo e do basquete) pela
amizade, risadas e descontracdo da hora do almoco, impreterivelmente no Bandejao, e pelas

tentativas de aprender, junto comigo, a jogar basquete (se bem que o Oni mandava bem...).
Marilza, pelo exemplo de determinacio que vocé é.

Anderson, companheiro de serdo, pela amizade e convivéncia em todos estes
anos de laboratério, republica e corridas na FEF (se bem que o ultimo foram sé alguns

meses...).

Rafa, Erika, Emiliane, Vinicius, Melina... Enfim o pessoal que estd e que
passou pela republica, pela convivéncia de todos estes anos... Ao Rafa nao posso deixar de
agradecer a amizade e as tentativas de me tornar um atleta, mesmo que nao tenham tido
resultado, 2 Erika também agradeco pela amizade e, claro, pelas maravilhosas tortas de

frango, presunto e queijo que por vdrias vezes mataram a minha fome.

Patty e Marcelo, companheiros na luta dos estudos funcionais do gene LGII,

vocés sabem que este gene nao é facil!



Bel, minha irma postica, eu s6 tenho agradecimentos de ter vocé como amiga,
pela atengdo e disponibilidade em sempre me ouvir... Ao Wantuir também... Pena que é

Flamenguista...

Iarinha, minha outra irma postica (vejam como a familia aumentou), por sua
grande amizade e preocupagdo que sempre demonstrou para comigo, pena vocé estar tao

longe...

Danilo, grande amigo, pela sua importante amizade, além das sempre Gtimas

conversas e dos conselhos.

Roménia e Angela (do Hemocentro) pela vital ajuda com o
MegaBace...Angela, meus agradecimentos por vocé ter, muitas vezes, “‘segurado a barra” ai
no Hemocentro... Mada, pela sua enorme presteza em ajudar com os meios de cultura, géis
de proteina e placas para crescimento de leveduras e bactérias... Neide, pela primordial

ajuda no inicio dos estudos de ligacdo gendmico.

Luciana, Milena, Erika, Bernardo, Marina, Z¢é Bola, Aline, Karina... A
toda turma do laboratério de genética molecular, pela troca de idéias, convivéncia

extremamente agraddvel e por tornarem o ambiente de trabalho um lugar tao bom.

Mia, Thiago e Paulo, pela amizade de todos estes anos e pelos sempre

emocionantes “campeonatinhos”.

Elisabeth, pela preciosa contribuicdo na caracteriza¢io clinica dos pacientes

com epilepsia autossdmica dominante com auras auditivas.

Profa. Dra. Carmen Silvia Bertuzzo, por ter aberto as portas do laboratério de

genética molecular para mim.

Prof. Dr. Fernando Cendes, pela atencdo com que sempre me atendeu e pela
vital contribui¢do na caracterizacdo clinica e de neuroimagem dos pacientes participantes

desta tese.

Xi



Profa. Dra. Iscia Lopes-Cendes, minha orientadora de longa data, por todos os
anos de convivéncia, agradeco a confianca que sempre depositou na minha pessoa e em

meu trabalho.

Minha mae Véra, meu irmao Fernando e minha Vé Lira... Minha Familia,
pela dedicagdo, carinho, atencdo, amor... Enfim por tudo, tudo mesmo... Sem vocés nada

disto faria sentido e nem teria graga... Muito obrigado!

xiii



SUMARIO

PAG.
RESUMO...........ooomiioieoeeoeeeeeeeeeeesees e esa s XXix
ABSTRAC T ...t e e s e e e XXXIT1
1- INTRODUGAOQ..........oooooeieeeeeeeeeeeeeeeeeeee e 37
2- OBJETIVOS........oomioiooeeeeeeeeeeeeeeeeeeeee e 59
3- CAPITULOS ..o 63
4-DISCUSSAOQ..........oooeeeeeeeeeeeeee e 183
5- CONCLUSAQ..........ooooiiioeeeeeeeeeee e 201
6- REFERENCIAS BIBLIOGRAFICAS............cooovoivieeeeseeseeeeeeeeeeseeeenenn 205
T- ANEXOS.......ooooooooeeeeeeeeeee e 223

XV



LISTA DE ABREVIATURAS

ADAM?22

AG

AMPA

APQOe?2

CF

CG

CTCG

DAE

DATP

DGTP

DCTP

DTTP

DABI

DDC

DCX

DMSO

DFM

DHPLC

DNA

EMX]I

EMX2

EADAA

gene a disintegrin and metalloproteinase domain 22
adenina - guanina

acido propiOnico a-amino-3-hidroxi-5-metil-4-isoxazole
apolipoproteina E2

crises febris

citosina - guanina

crises tonico-clonico generalizadas

drogas anti-epiléticas

adenosina deoxinucleotideo trifosfato

guanina deoxinucleotideo trifosfato

citosina deoxinucleotideo trifosfato

timina deoxinucleotideo trifosfato

gene disable homolog 1

distdrbios do desenvolvimento cortical

gene doublecortin

dimetil sulféxido

displasia frontometafiseal

denaturing high pressure liquid chromatography
acido desoxiribonucleico

gene empty spiracles 1

gene empty spiracles 2

epilepsia autossdmica dominante com auras auditivas

XVii



EH esclerose hipocampal

ELAB esquizencefalia de 1dbios abertos bilateral

ELAU esquizencefalia de 1abios abertos unilateral

ELFU esquizencefalia de 1abios fechados unilateral

ELT epilepsia do lobo temporal

ELTM epilepsia do lobo temporal mesial

ELTMF epilepsia de lobo temporal mesial familiar

EPEP epilepsia parcial com espiculas perirolandicas

EPFFV epilepsia parcial familiar com foco varidvel

FGFR2 gene receptor 2 do fator de crescimento de fibroblatos
FLNI gene filamina 1

GT guanina — timina

GPR56 gene receptor 56 acoplado a proteina G

HNP heterotopia nodular periventricular

HNPB heterotopia nodular periventricular bilateral

HB homeobox

HSB heterotopia subcortical em banda

IG Imunoglobulina

Kd kilodalton

Kvi.1 gene subunidade do canal de potdssio voltagem dependente Kv1.1
Kvbetal gene subunidade beta 1 do canal voltagem dependente
LACC lissencefalia com agenesia do corpo caloso

LGII gene leucine rich, glioma inactivated 1

LGI2 gene leucine rich, glioma inactivated 2

Xix



LGI3

LG4

LHC

LIS

LISI

LRR

MASS1

NCBI

OPD1

OPD2

OTX1

oTX2

PAFAHIbI

PCR

PMG

RDNPM

RELN

RNA

RM

SDS

SLG

SMD

SNPs

SSCP

gene leucine rich, glioma inactivated 3
gene leucine rich, glioma inactivated 4
lissencefalia com hipoplasia cerebelar
lissencefalia

gene lissencefalia [

leucine rich repeat

gene monogenic, audiogenic seizure susceptibility

National Center of Biotechnology Information
sindrome otopalatodigital tipo 1

sindrome otopaltodigital tipo 2

gene orthodenticle 1

gene orthodenticle 2

acetil hidrolase ativadora de plaquetas
polymerase chain reaction

polimicrogiria

retardo do desenvolvimento neuropsicomotor
gene reelin

dcido ribonucleico

ressondncia magnética

dodecilsulfato de sédio

sindrome de Lennox-Gastaut

sindrome de Miller Dieker

single nucleotide polymorphisms

single strand conformation polymorphism

xxi



TC tomografia computadorizada

TEMED - N,N,N,N tetrametilenodiamina

TUBAIA gene tubulina, alpha la

UTR untranslated region

VLDRL gene receptor de baixa densidade da lipoproteina

XLAG lissencefalia com agenesia de corpo caloso ligada ao cromosso X

WD triptofano — aspartato

XXxiii



LISTA DE TABELAS

PAG.

Tabela 1- Classificacao em graus do espectro LIS-HSB.........ccccccoviiiiniiens 45
Tabela 2- Classificacao das lissencefalias........ccocceeevviieeriieeniieennieenieeniieene 49
Tabela 3- Mutagdes descritas até o momento no gene EMX2 em pacientes

com  esquizencefalia........cooceeriiiiiiiiiniiiiii 52
Tabela 4- Subtipos de ELT familiares 55
Tabela 5- Valores de lod-score para marcadores microsatélites do

CTOMOSSOMMIO Ottt ettt ettt ettt e st e saeeeniee e 180
Tabela 6- Valores de lod-score de dois pontos para marcadores saturando o

locus candidato NO CT B.......eevuviriieniiiiiiriceeeccece e 181

XXV



LISTA DE FIGURAS

PAG.

Figura 1- RM de um individuo normal e de um paciente com HNP.......... 42
Figura 2- RM de um individuo normal e de pacientes com espectro

LIS-HSB...oce e 44
Figura 3- RM de pacientes com esquizencefalia bilateral e unilateral....... 51
Figura 4- RM de um individuo normal e de um paciente com

polimicrogiria perisylviana bilateral............cccccooiiiniiiinnennne. 53
Figura 5- Grafico mostrando a propor¢do de marcadores informativos e

NAO INFOrMAtIVOS. .....eeiiiiiiiiiiiiieiceeec e 178
Figura 6- Esquema da anélise de ligagdo gendmica randomica................. 179
Figura 7- Grafico de analise de lod-score de miltiplos pontos para

marcadores saturando a regido candidata no cromossomo 6...... 182

Xxvii



RESUMO




A Epilepsia do Lobo Temporal (ELT) e os distirbios do desenvolvimento cortical (DDC)
sdo duas das mais importantes causas de epilepsia. Avangos nos estudos de genética
molecular levaram a descoberta de genes responsdveis por varios DDCs como a heterotopia
nodular periventricular (HNP), o espectro da lissencefalia-heterotopia subcortical em banda
(LIS-HSB), a esquizencefalia, a polimicrogiria e para um subtipo de ELT, a epilepsia
autossOmica dominante com auras auditivas (EADAA). Os principais objetivos deste
projeto foram: 1) realizar uma triagem de mutacdes nos quatro principais genes associados
aos DDC (FLNI, LISI, DCX e EMX2) em um grande grupo de pacientes com este tipo de
malformacdo, 2) mapear os loci para a EADAA, 3) investigar o mecanismo molecular das
mutacdes identificadas. A triagem de mutagdes foi realizada através da técnica de
denaturing high performance liquid chromatography (DHPLC) e subseqiiente
sequenciamento automatico dos fragmentos alterados. Para estudo funcional das mutacdes
identificadas foi utilizada a técnica de HUMARA e PCR em tempo real. A andlise de
ligacdo foi realizada através da amplificagdo por PCR de marcadores microsatélites
marcados com fluoréforos e andlise dos alelos com os programas Fragment Profiler® e
MLINK®. Um total de 108 pacientes com diferentes formas de DDC foi estudado, 13
pacientes possuem HNP, 19 sdao portadores do espectro LIS-HSB, 46 possuem
esquizencefalia, enquanto 30 sdo afetados por polimicrogiria perisilviana bilateral. Nosso
grupo também identificou quatro familias segregando EADAA, sendo que duas possuem
poder estatistico significativo para estudos de andlise de ligagdo. Uma mutacdo deletéria
GI987C que altera o sitio de splicing do sexto intron do gene FLNI foi identificada em dois
individuos relacionados, portadores da forma clédssica e bilateral de HNP. Diferenca no
padrdo de inativagdo do cromossomo X foi detectada como o provavel fendmeno
responsavel pelas diferencas clinicas entre os dois pacientes. No grupo de pacientes com o
espectro LIS-HSB, foi identificada uma mutacao deletéria A1385C que altera uma histidina
por uma prolina no aminodcido 277 da proteina LIS. Apenas alteracdes neutras foram
identificadas no gene DCX. No grupo de individuos com esquizencefalia e polimicrogiria
foram encontradas apenas variacdes neutras no gene EMX2. A andlise de ligacdo foi
positiva para um locus no cromossomo 10 apenas para uma familia com EADAA. O
sequenciamento automdtico de individuos afetados identificou uma mutagao no gene LGI1

(IVS7-2A>G), além do mais, estudos de neuroimagem identificaram malformacgdes
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corticais em pacientes com mutacdes em LGII. Andlise genética e de mutagcdes na familia
de genes LGI e em MASS]! identificou apenas variantes neutras nestes genes para as demais
familias estudadas. A andlise de ligacdo gendmica randomica em uma familia com EADAA
informativa e sem mutacdes em LGII identificou uma regido candidata a possuir um gene
implicado com esta sindrome no cromossomo 622 que, no entanto nao foi confirmado pela
andlise subseqiiente de marcadores adicionais na regido candidata. Através deste trabalho
podemos concluir que: a) Mosaicismo, mutagdes em regides ndo codificantes, grandes
delecdes e rearranjos, além da presenca de casos atipicos, sdo fatores que podem estar
influenciando na baixa freqiiéncia de mutacdes encontradas em pacientes com HNP e o
espectro LIS-HSB, b) mutag¢do no gene FLNI foi encontrada em casos familiares de HNP
bilateral, ¢c) o mecanismo patologico desta mutacdo € uma destruicao do sito de splicing do
sexto intron do gene FLNI, d) as diferencas fenotipicas entre os dois pacientes portando
esta mutacdo podem ser explicadas por diferencas no padrao de inativacdo do cromossomo
X, e) mutacdes de sentido trocado no gene LIS] sdo raras em pacientes com LIS-HSB e a
localizagdo das mesmas em dominios terminais WD ndo estdo relacionados a fendtipos
menos severos, f) a esquizencefalia e a polimicrogiria nao t€ém base genética relacionada
com o gene EMX2, g) a EADAA é uma entidade geneticamente heterogénea, ja que
mutacdes em LGII foram identificadas em apenas uma familia com esta sindrome, h)
malformagoes corticais em pacientes com EADAA e mutagdes em LGII foram descritas
pela primeira vez, 1) os genes pertencentes a familia LGl e MASS1, ndo estdo envolvidos
com a etiologia da EADAA nas demais familias analisadas, j) um locus candidato para o
segundo gene responsavel pela EADAA foi identificado no cromossomo 6q22, no entanto a

saturacdo da regido com marcadores adicionais nao confirmou este achado.
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ABSTRACT




Temporal Lobe Epilepsy (TLE) and malformations of cortical development (MCD) are two
of the most important causes of epilepsy. Extensive molecular genetic studies have resulted
in gene discovery for MCD such as periventricular nodular heterotopia (PNH),
lisencephaly/ subcortical band heterotopia spectrum (LIS-SBH), schizencephaly,
polymicrogyria and for a subtype of TLE, the autossomic dominant partial epilepsy with
auditory features (ADPEAF). The main goals of this project were 1) to screen for mutations
in the four main genes responsible for abnormal cortical development (FLNI, LIS1, DCX
and EMX?2) in a large cohort of patients with different types of cortical malformations 2) to
map the loci for ADPEAF and 3) to investigate molecular mechanisms of mutations
identified. Mutation screening was performed by the polymerase chain reactions (PCR).
PCR products were analyzed by denaturing high performance liquid chromatography
(DHPLC) and were subsequently sequenced using standard automatic sequencer. In
addition, HUMARA marker and Real Time PCR were performed to study molecular
mechanisms resulting from the mutations identified. Linkage analysis was carried out by
amplifying microsatellites markers by PCR and analyzing alleles with Fragment profiler®
software and MLINK® package program. We have studied a total of 108 patients with
MCD. Thirteen had PNH, 19 had the LIS-SBH spectrum, 46 individuals had
schizencephaly and 30 had polymicrogyria. In addition we have identified four families
segregating ADPEAF. Two families were considered informative for linkage analysis. We
found a G987C mutation that alters the splicing site of the 6" intron of the FLNI gene in
two related patients with classical PNH findings, skewed X chromosome inactivation was
detected as the possible mechanism responsible for clinical differences between the two
patients. In the LIS-SBH group, one patient with agyria/pachygyria had an A1385C
transversion, which changes a histidine for a proline in amino acid 277 of the LIS1 protein.
Furthermore, in the group of the schizencephalies and polymicrogyria we have detected
only neutral variants in the EMX2 gene. Linkage analysis in ADPEAF showed linkage to
chromosome 10q in only one family. Automatic sequencing identified a mutation in the
LGII gene. In addition, neuroimaging studies showed cortical malformations in patients
with LGII mutations. Mutation and genetics analysis of the LGI gene family and MASS/ in
other pedigrees failed to show a role for these genes in the etiology of ADPEAF. A genome

wide scan performed in a large family segregating ADPEAF point to a potential candidate
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region on chromosome 6q22, which was not confirmed after further investigation with
additional microsatellite markers. We conclude that: a) Mosaicism, mutations in non
coding regions, large deletions and the presence of atypical cases could have contributed
for the low frequency of mutations found in patients with PNH and the LIS-SBH spectrum
b) we found mutations in the FLNI gene in familial cases of bilateral PNH, c) the
pathologic mechanism of this mutation is the splicing site destruction of the 6" FLNI gene
intron, d) phenotypic differences between the two related patients harboring this FLNI
mutation were explained by a non random X chromosome inactivation, €) missense
mutations in the LIS] gene are a rare finding in patients with the LIS-SBH spectrum and its
localization in latter WD domains are not always related with less severe LIS, f)
schizencephaly and polymicrogyria appear not to have a genetic background in the EMX2,
since our study detected only a neutral polymorphism in these patients, g) ADPEAF is a
genetically heterogeneous entity, since mutations in the LGII gene were identified only in
one family with this syndrome, h) cortical malformation in the left temporal lobe was
detected by the first time in individuals with ADPEAF and LGI/ mutations, 1) MASS] and
LGI gene family were not involved with ADPEAF etiology in the other pedigrees studied,
J) a potential candidate locus to contain the second gene responsible for ADPEAF was
identified in chromosome 622, however additional studies failed to confirm linkage in this

region.
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A epilepsia pode ser definida como um grupo de doengas que t€ém em comum a
ocorréncia de crises epiléticas que recorrem na auséncia de condi¢des toxico-metabolicas
ou febris. As crises epiléticas sdo eventos clinicos que refletem a disfun¢do temporaria de
um conjunto de neurdnios de parte do encéfalo ou de areas mais extensas, sendo a

manifestagdo clinica dependente da regido do cérebro envolvida.

A epilepsia ndo possui barreiras socio-econdmicas, étnicas, geograficas, etarias
ou sexuais € € o transtorno neuroldgico grave mais comum. Os problemas sociais e
econdmicos decorrentes desta condig@o a transformam em um problema de saude publica
mundial (Gomes, 1994; Gomes, 1997). Uma das caracteristicas que contribui para a
gravidade desta patologia ¢ a refratariedade, ou seja, a resisténcia em ocorrer remissao dos
episodios de crise ou se reduzir a freqiiéncia desses, mesmo quando o paciente ¢ tratado

com drogas anti-epilépticas (DAE).

Duas das maiores causas conhecidas de epilepsia refrataria sdo os distirbios do

desenvolvimento cortical e a epilepsia do lobo temporal.

1. DISTURBIOS DO DESENVOLVIMENTO CORTICAL

Os distarbios de desenvolvimento cortical (DDC) tém sido freqlientemente
apontados como causa de epilepsia (Kuznieck et al., 1993). Um estudo relativamente
recente desenvolvido no Hopital de la Salpétriere em Paris demonstrou que
aproximadamente 8% dos pacientes com epilepsia que buscam atendimento em centros

especializados, sdo portadores de algum tipo de DDC (Semabh et al., 1998).

Até pouco tempo atrds a ocorréncia de DDC era relacionada principalmente a
insultos pré-natais (Palmini et al., 1994; Wyllie et al, 1996). No entanto, avangos
importantes em duas areas do conhecimento aparentemente ndo relacionadas, a elucidacdo
dos mecanismos basicos de formagdo do cortex e a maior disponibilidade de exames de
ressonancia magnética (RM), tém demonstrado que os DDC também podem ser devidos a

fatores genéticos.

Introdugdo
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Existem pelo menos trés mecanismos principais pelos quais os DDC podem se
desenvolver: (1) anormalidades da proliferacdo e diferenciacdo de neurdnios e da glia; (2)
anormalidades primariamente na migra¢ao neuronal e (3) anormalidades primariamente na

organizagao cortical (Barkovich et al., 2001).

Esta divisao reflete as etapas de desenvolvimento embriologico do cortex

cerebral, topico fundamental para o entendimento destas malformacdes cerebrais.

1.2- O DESENVOLVIMENTO NORMAL DO CORTEX CEREBRAL

A formagdo do cortex cerebral pode ser dividida em trés grandes estagios de
desenvolvimento: proliferagdo, migracdo e diferenciagdo. Os precursores neuronais
proliferam na zona ventricular e em seguida os neur6nios pds-mitdticos migram para
formar as estruturas que virdo a se tornar o futuro cortex cerebral maduro

(Allen et al., 1999).

As primeiras células que migram formardo uma estrutura acima da zona
ventricular denominada de pré-placa. As demais ondas migratorias de neurdnios irdo entao
formar a placa cortical que ird dividir a pré-placa em uma camada mais externa denominada
de zona marginal (futura camada I do coértex maduro) e uma camada mais interna chamada
de sub-placa. Ao chegarem a placa cortical, os neurdnios organizam-se em camadas que
irdo se desenvolver no cortex adulto. Este processo mostrou-se surpreendentemente
complexo, havendo um padrio ‘inside-out’ de deposi¢do dos neurdonios (Angevine et al.,
1961). Em outras palavras, os neurdnios recém chegados a placa cortical ultrapassam os
neurdnios mais antigos, acumulando-se progressivamente em camadas mais superficiais

(Sidman et al., 1973).

A migra¢do dos neurdnios ocorre em sua maioria ao longo das células radiais
gliais, no entanto, interneur6nios gabaminérgicos seguem um padrio de migracao
tangencial, paralelo a superficie pial ou lateralmente dentro dos ventriculos
(Van Slegtenhorst et al., 1998; Fishell et al., 1993, Tann et al., 1993; Walsh et al., 1992;
O’Rourke et al., 1995).
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Uma vez que os neurdnios imaturos chegam as suas localizagdes definitivas
estes estabelecem uma série especifica de conexdes pela extensdo de seus axonios e

dentritos. Estes fenomenos sdo caracteristicos da fase de organizagao do cortex.

A interrup¢do dos mecanismos genéticos que orientam o desenvolvimento do
cortex cerebral em qualquer um destes estagios ird potencialmente levar a diferentes tipos

de malformacdes do desenvolvimento cortical.

1.3- DISTURBIOS DE DESENVOLVIMENTO CORTICAL: FASE DE MIGRACAO

A fase de migrag¢do neuronal ¢ definitivamente a etapa de desenvolvimento do
cortex da qual se tem até o momento um maior conhecimento bioquimico e genético. Por
tal motivo, ndo € surpresa que ja se tenham descoberto varios disturbios corticais que se
originam de mutacdes em genes responsaveis pela sintese de proteinas envolvidas nas suas
diversas etapas da migracdo, desde a saida dos precursores neuronais da zona ventricular
até a parada do processo de migragdo quando estes mesmos precursores chegam as suas

posicdes definitivas (Ross e Walsh, 2001).

Dentre as malformagdes corticais com base genética na fase de migragao
destacam-se as heterotopias nodulares periventriculares (HNP) e o espectro da lissencefalia

(LIS)/heterotopia subcortical em banda (HSB).

1.3.1- Heterotopia Nodular Periventricular (HNP)

A HNP ¢ um distarbio na qual uma fracdo dos neurdnios pds-mitoticos parece
ser incapaz de deixar a zona ventricular resultando no adulto, em nodulos de neurdnios
diferenciados proximos da zona ventricular (figura 1), enquanto outros neurdnios migram

normalmente formando o cértex maduro (Eksioglu et al., 1996; Gleeson et al., 2000a).
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Figura 1- Cortes axiais de RM de um individuo normal (A) e de um paciente com HNP
(B). Notar nodulos de neurdnios ectopicos proximos aos ventriculos laterais

(setas brancas).

Quando a HNP ocorre em familias, o padrdo de heranca ¢ similar ao de um
gene dominante ligado ao cromossomo X, que afeta principalmente mulheres, ja que os
homens, em geral, ndo sobrevivem a gestacdo (Huttenlocher et al., 1994). A principal
manifesta¢do neuroldgica da HNP ¢ a epilepsia (Dubeau et al., 1993), que provavelmente ¢é
conseqiiéncia da localizagdo heterotopica dos nddulos neuronais (Kothare et al., 1998),
geralmente ndo havendo nenhuma deficiéncia grave nas fungdes cognitivas
(Dubeau et al., 1995). Os homens afetados, quando sobrevivem ao termo, morrem
precocemente devido a problemas de coagulacdo sangiiinea (Fox et al., 1998). O gene
responsavel pela HNP foi clonado na regido Xq28, possui 48 exons (Eksioglu et al., 1996) e
seu produto foi identificado como a filamina 1 (FLN1), uma proteina de 280kD que realiza
ligacdo cruzada com a actina, sugerindo que o papel da FLN1 na migragao neuronal pode
ser mediado através da modulacdo do citoesqueleto de actina (Fox et al., 1998). O fenotipo
de HNP ¢, provavelmente, conseqiiéncia de mutagdes que criam codons de parada
prematuros ou alteram a matriz de leitura na regido codificante 5’ do gene, levando a uma
perda de funcdo da proteina (Fox et al., 1998), no entanto outros trabalhos identificaram

mutagdes em outras regides do gene (Sheen et al., 2001).
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Recentemente mutagdes no gene FLNI foram detectadas em pacientes com
multiplas malformagdes congénitas, afetando estruturas craniofaciais, esqueleto, cérebro,
visceras e trato urogenital em quatro desordens ligadas ao cromossomo X: sindrome
otopalatodigital tipos 1 (OPD1) e 2 (OPD2), displasia frontometafiseal (DFM) e a sindrome
de Melnick-Needles. (Robertson et al., 2003), demonstrando que nem sempre mutacdes
neste gene sdo letais no periodo embrionario para homens. O espectro de fenotipos
envolvendo este gene continua crescendo, com a descri¢do de pacientes com a sindrome de
Ehler Danlos (Sheen et al., 2005), distrofia valvular cardiaca (Kyndt et al., 2006) e
pseudo-obstrugdo intestinal cronica com envolvimento do sistema nervoso central

(Gargiulo et al., 2007) portando mutagdes em FLNI.

A HNP ¢ um distarbio clinico e geneticamente heterogéneo ja que apesar de
mutagdes serem encontradas em praticamente 100% dos casos familiares, apenas 26% dos
casos esporadicos apresenta mutagdes no gene FLNI (Sheen et al., 2001; Moro et al., 2002,
Parrini et al.,, 2006). Este fato foi refor¢ado pelo achado de uma forma autossomica
recessiva de HNP indistinguivel em termos de neuroimagem da HNP cléssica ligada ao X,
com mutacdes no gene ARFGEF?2 (Sheen et al., 2003; Sheen et al., 2004) e de individuos
portando HNP associadas a anormalidades citogenéticas no brago curto do cromossomo 5
(Sheen et al., 2003), cromossomo 7qll (Ferland et al., 2006) e cromossomo 1p36
(Neal et al. 2006). Além disso, existem relatos de HNP associada as sindromes de pterigeo
multiplo (Holtmann et al., 2001) e também a sindrome de Allgrove (Zeharia et al., 1999),
doencga celiaca e palatoesquize (Intiso et al., 1998), megaencefalia (Jan et al., 1999) e

retardo mental (Guerrini et al., 1998).

1.3.2- Espectro da lissencefalia (LIS)-heterotopia subcortical em banda (HSB)

A HSB ou cortex duplo é o extremo menos grave do espectro da LIS-HSB e
caracteriza-se por uma banda anormal de neurdnios na substancia branca em um cortex
aparentemente normal (Raymond et al., 1995; Barkovich et al., 2001) (figura 2). A
gravidade das manifestagdes clinicas, epilepsia e retardo mental variam com o tamanho da

banda heterotopica (Barkovich et al., 1994).

Introdugdo

43



Os pacientes com LIS cléssica ou tipo I demonstram um fenoétipo mais grave,
sendo caracterizados pela auséncia (agiria) ou diminui¢do (paquigiria) das circunvolugdes
da superficie do cortex (Aicardi, 1991) (figura 2). A LIS tipo I estd associada com profundo
retardo mental e crises epilépticas intrataveis, estando também presente na sindrome de
Miller-Dieker que além desta malformacao cortical vem acompanhada de uma série de
dismorfismos faciais (Dobyns et al., 1991; Dobyns et al., 1992). Quando o paciente
apresenta apenas LIS tipo I e ndo possui todas as caracteristicas faciais que fagam com que
o mesmo seja classificado como portador da Sindrome de Miller-Dieker, ¢ relatado que este

individuo possui a Sindrome da Lissencefalia Isolada.

Figura 2- Cortes axiais de RM de um individuo normal (A) e de pacientes com espectro
LIS-HSB (B, C e D). Notar a auséncia de giros no paciente B caracterizando
agiria, a presenca de giros rasos no paciente C caracterizando paquigiria € uma
banda de neur6nios ectopicos na substancia branca do paciente D, caracteristica

de HSB (setas brancas).
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A tabela abaixo resume os diferentes graus de malformag¢ao que podem ser

encontrados nos individuos portadores do espectro da LIS-HSB.

Tabela 1- Classificacdo em graus do espectro LIS-HSB

Grau  Descricao

1 agiria difusa
la agiria difusa com simplificagdo dos giros orbitofrontais e temporais anteriores
1b agiria difusa com simplifica¢do dos giros anteriores temporais
2 agiria difusa com poucos sulcos rasos
2a agiria difusa com poucos sulcos rasos sobre os polos temporal ¢ frontal e simplificagdo dos giros

temporais anteriores e orbitofrontais

2b agiria difusa com poucos sulcos rasos sobre os pdlos occipitais e simplificacdo dos giros temporais
anteriores
3 agiria e paquigira
3a paquigiria frontal e agiria posterior com simplificagdo dos giros temporais anteriores e orbitofrontais
3b agiria frontal e paquigira posterior com simplificagdo dos giros temporais anteriores
4 paquigira difusa ou parcial
4a paquigiria difusa posterior >anterior com simplificagdo dos giros orbitofrontais e temporais
anteriores

4a2 paquigiria posterior transicionando para cortex normal anteriormente

4bl paquigiria difusa anterior > posterior com simplificagdo dos giros temporais anteriores

4b2 paquigiria frontal com giros posteriores normais e simplificagdo dos giros temporais anteriores
5 paquigiria e HSB

Sa HSB frontal e paquigiria posterior

5b paquigiria frontal e HSB posterior

6 HSB
6al banda completa ou quase completa com predominéncia posterior
6a2 banda fina posterior
6b1 banda espessa e completa com predominio anterior

6b2 banda média e completa com predominio anterior
6b3 banda completa e fina com predominio anterior

6b4 banda fina frontal

HSB = heterotopia subcortical em banda; (modificado de Dobyns et al., 1999)
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Tanto a LIS tipo I como a HSB tém sido observadas dentro das mesmas
genealogias ou esporadicamente. Em varias familias, mulheres com HSB tém filhos com
LIS, deficiéncia mental profunda e epilepsia, enquanto as filhas desenvolvem HSB e
deficiéncia mental leve, sugerindo o envolvimento de um tunico gene ligado ao X
(Pinard et al., 1994). Este locus foi mapeado na regido Xq21-q24 (Ross et al., 1997) e o
gene clonado em Xq22.3-gq23. O gene recebeu a denominagdo de doublecortina (DCX) e
possui 9 exons (6 codificantes) (Des Portes et al., 1998). O produto de expressdo deste gene

¢ uma proteina que se associa a microtubulos (Francis et al., 1999; Gleeson et al., 1999).

A LIS tipo I também pode ser causada por mutagdes ¢ delegdes em um gene
localizado no cromossomo 17p13.3: o LISI (Ledbetter et al., 1992; Lo Nigro et al., 1997;
Reiner et al., 1993). Aproximadamente 65% dos pacientes com LIS possuem mutagdes
intragénicas ou delegdes envolvendo o gene LISI que possui 11 exons
(Cardoso et al., 2000), sendo que delegdes envolvendo o gene LIS sdo o evento mutacional
predominante (Piltz et al., 1998). Em um total de 220 criangas com LIS (incluindo a
Sindrome da Lissencefalia Isolada e a Sindrome de Miller-Dieker) foram encontradas
dele¢des em 98 pacientes enquanto 33 tinham mutagdes intragénicas (Lo Nigro et al., 1997;
Pilz et al., 1998, Pilz et al. 1999; Cardoso et al., 2000). Um estudo conduzido por
Sakamoto et al. (1998) confirmou a alta taxa de delegdes como o principal evento
mutacional, mostrando 6 individuos portando dele¢des de um total de 12 com a Sindrome
da Lissencefalia Isolada e somente 1 mutagdo intragénica detectada por SSCP. No entanto,
apesar dos dados apontarem para uma predominancia de delegdes, Fogli et al. (1999)
estudando mutagdes em 24 pacientes encontrou grandes delegdes do gene LISI em apenas

trés e mutacdes intragénicas em sete individuos.

O gene LISI codifica a subunidade B da isoforma cerebral de uma
acetil-hidrolase ativadora de plaquetas (PAFAHI1bl) (Chong et al, 1994;
Reiner et al., 1993; Hattori et al., 1994). O papel do fator ativador de plaquetas na migragao
neuronal esta envolvido com fenomenos de diferenciagdao celular neuronal e cascatas de
inducdo criticas para o desenvolvimento cortical (Garcia-Higuera et al., 1996;

Ho et al., 1997).
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Diferente do encontrado para LISI, a maioria das mutagdes identificadas no
gene DCX sdao mutacgdes de sentido trocado. Mutagdes na regido codificante do gene DCX
foram encontradas em todos os casos familiares publicados at¢é o momento
(Matsumoto et al., 2001), no entanto a taxa de deteccdo de mutagdes em casos esporadicos
varia entre 38 e 85% (Gleeson et al., 2000a; des Portes et al., 1998; Matsumoto et al., 2001;
Sicca et al., 2003). A HSB raramente afeta homens, no entanto existem casos associados a
mutagdes no gene DCX ou LISI (Pilz et al., 1999). D’Agostino et al. (2002) publicaram
uma amostra de 30 homens portando HSB, dos quais 24 possuiam andlise completa dos
genes LIS] e DCX, encontrando muta¢des nos genes LIS/ ¢ DCX em apenas um ¢ sete
pacientes respectivamente. Este estudo mostrou que a HSB em homens ¢ uma sindrome

heterogénea tanto clinica como geneticamente.

Um ponto interessante envolvendo os dois genes citados foi a observacdo de
que as regides do cérebro mais afetadas diferem entre os pacientes com mutagdes em DCX
e LIS (Pilz et al., 1998). As mutagdes em DCX resultam em LIS com anormalidades mais
localizadas na regido frontal, consistente com o padrdo de expressdo de DCX no cortex
frontal (Sossey-Alaoui et al., 1998). Por outro lado, mutagdes em LIS/ afetam mais as
regides occipital e parietal. No entanto, as similaridades no fenotipo, tais como a perda de
foliacao e o espessamento do cortex, ocasionadas por mutagdes nesses dois genes, levam a
sugerir que DCX e LISI estejam envolvidos nos mesmos mecanismos que controlam a
migracdo neuronal. Ja as diferengas nas regides do cérebro mais acometidas apontam para
uma participagdo em vias de transducdo de sinal relacionadas, porém distintas

(Allen et al., 1999).

Novos genes para lissencefalia tém sido descobertos, um deles esta localizado
em 7922 (Hong et al., 2000). Este gene ¢ o homdlogo humano ao gene Reelina (Reln), cuja
identificagcdo se deu em uma linhagem de ratos (reeler) que apresenta um quadro de LIS
semelhante ao encontrado em humanos portadores de mutacdes neste gene
(D’arcangelo et al., 1995; Hirotsune et al., 1995). O gene REELN codifica uma grande
proteina de 388Kd que ¢ secretada (D’arcangelo et al., 1995) e atua na migracdo dos
neurdnios corticais. As caracteristicas deste tipo de LIS diferem das encontradas na LIS

classica do tipo 1, pois existem anormalidades severas também no hipocampo, medula
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espinhal e hipoplasia cerebelar. Além disso, um padrao de heranca autossdomico recessivo
foi demonstrado nessas familias (Hong et al., 2000). Pacientes com um quadro nao
idéntico, porém muito semelhante, principalmente em relacdo as malformacdes de cerebelo,
foram identificados como sendo portadores de mutacdes em VLDLR, conhecido por
codificar o receptor da proteina REELN (Boycoot et al., 2005). Foi descrita também uma
forma de lissencefalia ligada ao X com agenesia de corpo caloso e genitalia ambigua com
mutagdes no gene ARX, um gene homeobox com expressdo em interneuroénios do
telencéfalo (Kitamura et al., 2002). Recentemente mutagdes no gene TUBAIA que codifica
a o tubulina, uma proteina associada a microtubulos, foram identificadas em pacientes com
varios graus de LIS associado a um amplo espectro de malformagdes como hipoplasia
cerebelar e de tronco encefilico, desorganizagdo do hipocampo, agenesia completa ou
parcial do corpo caloso e alargamento dos ventriculos (Keays et al.,, 2007;

Poirier et al., 2007).

A tabela 2 resume as categorias do espectro LIS-HSB relatadas até o momento.
Fica evidente pela tabela, que devido a grande variabilidade fenotipica ¢ de vital
importancia um estudo de neuroimagem detalhado para que uma classifica¢do correta seja

efetuada.
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Tabela 2-Classificagao das lissencefalias

Malformacoes devido a migra¢io neuronal anormal

A. Espectro das lissencefalias e Heterotopia Subcortical em Banda

1-) Mutagoes em LIS

a-) Sindrome de Miller-Dieker com delegdo de LIS7 e genes teloméricos
b-) Sindrome da Lissencefalia Isolada (SLI) com mutagdes em LIS/

c-) HSB com mutag¢des em LIS]

2-) Mutagdes em DCX

a-) Lissencefalia com mutagdes em DCX

b-) SLI com mutagdes em DCX

c-) Paquigiria central com muta¢des em DCX
d-) HSB com mutagdes em DCX

3-) Mutagdes em ARX
a-) Lissencefalia posterior > anterior com agenesia do corpo caloso e genitdlia ambigua

b-) Espasmos infantis ligado ao cr X, retardo mental ou agenesia do corpo caloso

4-) Mutagdes em REELN e VLDLR — paquigiria associada a extrema hipoplasia cerebelar

5-) Outras sindromes de LIS e paquigiria
a-) com cerebelo normal
i-) paquigiria paracentral
ii-) sindrome de Baraitser-Winter
iii-) paquigiria frontotemporal autossdmico recessiva
iv-) outros loci para lissencefalia e HSB

b-) Lissencefalia com hipoplasia cerebelar (LHC)

i-) LHC com agiria difusa, microcefalia extrema, auséncia de corpo caloso, hipoplasia do tronco

encefalico e hipoplasia cerebelar de moderada a severa

ii-) LHC com agiria e paquigiria difusa, microcefalia severa, moderada hipoplasia do tronco encefalico e

do cerebelo

iii-) LHC com paquigiria, microcefalia moderada, tronco encefalico normal, moderada hipolasia do

vermis, hemisférios cerebelares preservados

iv) LHC com agiria frontal e abrupta transi¢do para uma sulcag@o posterior simplificada, microcefalia

leve, tronco encefalico normal, hipoplasis do vermis moderada
6-) Lissencefalia, ainda nao classificada
a-) Lissencefalia com deficiéncia de linfocitos T

b-) Sindrome de Winter-Tsukahara

(Modificado de Barkovich et al., 2005)
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14- DISTURBIOS DE DESENVOLVIMENTO CORTICAL: FASE DE
ORGANIZACAO

A esquizencefalia, um tipo de DDC classificada como uma anormalidade da
organizagdo cortical é considerada, na maioria das vezes, como conseqiiéncia de insultos
ambientais. No entanto, evidéncias de um comprometimento génico foram apresentadas
(Brunelli et al., 1996.). Esta patologia tem sido descrita como um distirbio congénito
extremamente raro caracterizado por fendas localizadas dentro dos hemisférios cerebrais
(Barkovitch et al., 1996) (figura 3). Estas fendas sdo cercadas pela substancia cinzenta e na
maioria das vezes envolvem as regides perisylvianas (Wolpert et al., 1992). Areas extensas
dos hemisférios cerebrais podem estar ausentes, sendo substituidas pelo liquido cérebro-
espinhal. Os pacientes com esquizencefalia sdo clinicamente caracterizados por atraso no
desenvolvimento motor e intelectual que ¢ proporcionalmente mais grave conforme a
extensao das malformagdes cerebrais, além de serem freqlientemente afetados por epilepsia
(Barkovich e Kjos, 1992; Granata et al., 1996). Foram caracterizados dois tipos de
esquizencefalia, dependendo da magnitude da é4rea envolvida e do tamanho das fendas
(Wolpert et al., 1992). A esquizencefalia do tipo I (fendas com labios fechados) ¢ a menos
grave e os pacientes sdo freqiientemente normais, no entanto eles podem apresentar crises
epilépticas e ter algum grau de espasticidade. A esquizencefalia do tipo II (fendas com
labios abertos) apresenta a maioria das anormalidades descritas nos paragrafos anteriores,

no entanto sua manifestagdo clinica ¢ bem mais severa.
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Figura 3- Cortes Axiais de RM de pacientes com esquizencefalia bilateral (A) e unilateral
(B). Notar o preenchimento das &reas ausentes do cortex com liquido
cérebro-espinhal (A) e de substancia cinzenta na borda das fendas (B)

(seta branca).

Em uma pesquisa procurando detectar mutagdes em genes humanos homologos
a Emxl, Emx2, Otxl e Otx2 que sdo expressos no prosencéfalo em desenvolvimento de
ratos, Brunelli et al. (1996) encontraram que trés de oito pacientes com esquizencefalia tipo
II eram heterozigotos para diferentes mutagdes no gene EMX2. Mais tarde Faiella et al.
(1997) analisaram geneticamente 18 individuos afetados detectando pelo menos 13
portadores de mutacdo em EMX2 em condicdo heterozigotica. Estes dois trabalhos
solidificaram a hipotese de que a esquizencefalia pode ter causas predominantemente
genéticas. A tabela abaixo resume as mutacdes descritas at¢ o momento na literatura para

pacientes portadores de esquizencefalia (tabela 3).
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Tabela 3- Mutagdes descritas até o momento no gene EMX2 em pacientes com

esquizencefalia
Paciente Esquizencefalia Mutacao Mecanismo

1 bilateral e severa inser¢do de 1 base no hb sem sentido

2 bilateral e severa substitui¢do sinonimia no hb desconhecido

3 bilateral e severa delegdo de 2 bases no intron 2 desconhecido

4 bilateral e severa substitui¢ao no sitio de splicing 3’do intron 1  sitio de splicing

5 bilateral e severa substitui¢do na primeira base do exon 2 sitio de splicing, sentido
trocado

6 bilateral e severa substitui¢do na primeira base do exon 2 sitio de splicing, sentido
trocado

7 bilateral e severa substituicao no sitio de splicing 3’do intron 1  sitio de splicing

8 unilateral e leve substituicao sinonimia dentro do hb desconhecido

9 unilateral e leve substitui¢do sinonimia dentro do hb desconhecido

10 unilateral e leve substitui¢do sinonimia dentro do hb desconhecido

11 unilateral e leve substitui¢do sinonimia dentro do hb desconhecido

12 unilateral e leve dele¢do de uma base dentro do intron 2 desconhecido

13 unilateral e leve substituicdo de uma base dentro do intron 2 desconhecido

hb= dominio homeobox

O gene EMX2 possui 3 exons ¢ 2 introns e localiza-se em 10q26.1, pertencendo
ao grupo de genes Emx, uma familia de genes homeobox homologa ao gene ems
(empty spiracles) de Drosophila que, quando mutado, ¢ responséavel por defeitos na fase de

segmentacio asa-cérebro do inseto (Hirth et al., 1995).

Acredita-se que, em mamiferos, o EMX2 pode ter um papel como inibidor da
proliferacdo celular ou como um regulador positivo da diferenciagdo neuronal
(Cecchi et al., 2000). A medida dos niveis de expressdo de EMX2, tanto do seu RNA como
da proteina (Mallamaci et al.,1998), sugerem que este gene contribui para a polaridade
cortical, identidade celular e no processo inicial de defini¢ao de regides que ocorre na zona
ventricular. No entanto, permanece ainda controversa a participagdo deste gene na etiologia
da esquizencefalia, pois a literatura especializada ¢ muito escassa em relagdo a estudos

genéticos feitos com individuos portando este tipo de malformacao.
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1.4.1- Relacao entre esquizencefalia, polimicrogiria e mutacoes no gene EMX2

A polimicrogiria € caracterizada por um nimero excessivo de pequenos e
proeminentes giros separados por sulcos rasos e espacados (figura 4). A polimicrogiria
pode ser focal ou difusa, unilateral ou bilateral. Além do mais, a polimicrogiria pode
ocorrer isolada ou em associagdo com outras malformagdes como heterotopia
(Wieck et al., 2005), lesdes da substidncia branca ou como parte de sindromes com
multiplas anomalias e retardo mental. O espectro de manifestagcdes clinicas varia de
individuos com leve atraso cognitivo e nenhuma ou pouca crise epilética
(Galaburda et al., 1985), até pacientes com encefalopatia severa e epilepsia intratavel
(Guerrini et al., 2002). Varias sindromes apresentando polimicrogiria bilateral tém sido
descritas, dentre as quais podemos destacar a polimicrogiria perisylviana bilateral,
(Kuzniecky et al., 1993a), a polimicrogiria parietooccipital parasagital bilateral
(Guerrini et al., 1997) e a polimicrogiria frontal bilateral (Guerrini et al., 2000), estas
diferentes formas podem representar entidades distintas que refletem a influéncia de genes

expressos regionalmente.

%

. e

Figura 4- Cortes coronais de RM de um individuo normal (A) e de um paciente com

polimicrogiria perisylviana bilateral (B) (setas brancas).
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E importante destacar que a polimicrogiria esta presente frequentemente nas
bordas das fendas caracteristicas da esquizencefalia, sendo sugerido que ambas as
malformagdes podem fazer parte de um mesmo espectro clinico (Barkovich, et al., 1992;
Guerreiro et al., 2002). Como muta¢des em heterozigose no gene homeobox EMX2 foram
relatadas em alguns pacientes esporadicos e em casos familiais com esquizencefalia
(Brunelli, et al., 1996; Faiella, et al., 1997), seria possivel que mutacdes no gene EMX2

fossem detectadas em pacientes com polimicrogiria.

2- EPILEPSIA DO LOBO TEMPORAL

Dentre os varios tipos de epilepsias, a epilepsia do lobo temporal (ELT) ¢ a
mais freqiiente em adultos, representando cerca de 40% do total de casos (Sutula, 1990).
Somente nos Estados Unidos sdo 2.5 milhdes de pessoas afetadas sendo cerca de 40% dos
pacientes refratarios ao tratamento (De Lanerolle et al., 2005). A doenca ¢ caracterizada por
crises parciais, que podem ou nao se generalizar. As crises se originam na por¢ao medial do
lobo temporal no caso da epilepsia do lobo temporal mesial (ELTM), sendo que a atividade
epileptiforme na ELT pode envolver o lobo temporal medial/rede limbica
(Spencer et al., 2002). Incluidos nesta rede estdo o hipocampo, amidala, cortex entorrinal,
neocortex temporal lateral, tdlamo medial e a por¢cdo inferior dos lobos frontais

(Spencer et al., 2002).

Dentro do grupo das ELT um subtipo foi descrito: a Epilepsia Autossdmica
Dominante com Auras Auditivas (EADAA). A EADAA ¢ uma sindrome benigna com
inicio das crises entre a primeira ¢ a terceira década de vida, nenhuma anormalidade
detectada em exames de ressonancia magnética (RM) e sem associacdo com crises febris.
Os individuos portadores desta sindrome apresentam a ocorréncia de aura com componente
auditivo e/ou afasia ictal, algumas vezes disparadas por ruidos ou sons no ambiente, que

precedem as crises parciais complexas.
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2.1- GENETICA DAS EPILEPSIAS DO LOBO TEMPORAL

Tradicionalmente a ELT tem sido reconhecida como um distarbio adquirido,
muitas vezes secundario a lesdes como esclerose hipocampal, tumores, traumas,
malformagdes vasculares e distirbios de migracdo neuronal (Bruton, 1988).
Falconer et al., (1964), entretanto, estudando a etiologia da ELT em 110 casos refratarios,
demonstrou que 95% dos casos eram devido a algum tipo de patologia cerebral, mas
também apontou que “as lesdes, entretanto, poderiam se desenvolver em um cérebro ja
predisposto as convulsdes”. Nos ultimos anos vem se tornando evidente o envolvimento
de fatores genéticos na etiologia das ELT. A tabela abaixo resume os subtipos de ELT

familiares (Tabela 4).

Tabela 4- Subtipos de ELT familiares.

. ELT em Sindromes de
Sindromes de ELTMF Epilepsia Parcial
ELTMF
ELTMF frequentemente CI?)II;IT(]‘:V;Fe
Sindrome EADAA sem EH, associada com eralmente EPFFV EPEP
sem CF EH e com ou g
sem CF sem EH
Idade de inicio 8 anos a 4° 10 anos a 1 anoa3° 1 anoa?2° lanoa4® 2anosa?2®
década 4° década década década década década
Crises
com
origens Multiplos
Principais Auras Aura focais tipos de
carac terf’)s ticas auditivas, autonomica, variadas crises no
sensoriais psiquica em mesmo
diferentes  individuo
membros
da familia
Descargas Descargas Descargas Descargas  Descargas  Espiculas
EEG temporais temporais temporais temporais ~ temporais  pericentrais
raras raras freqiientes ocasionais  ocasionais  freqiientes
RM Normal Normal EH Normal Normal Normal
Progresso Geralmente  Geralmente  Frequentemente Variavel Variavel Geralmente
g benigno benigno refratario benigno
- 18q,1q(?), 229,29
Ligacao 10q 4q 18p 12q @) 4p
Genes LGII - - - - -

EADAA = Epilepsia Autossomica Dominante com Auras Auditivas, ELTMF = Epilepsia do Lobo Temporal
Mesial Familiar, EPFFV = Epilepsia Parcial Familiar com Foco Variavel, EPEP = Epilepsia Parcial com
Espiculas Perirolandicas, CF = crises febris, EH = esclerose hipocampal, (modificado de Valdlamudi et al.,
2003).
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2.2- GENETICA DA EPILEPSIA AUTOSSOMICA DOMINANTE COM AURAS
AUDITIVAS

O primeiro relato de uma grande familia com padrdo de herancga autossdmico
dominante com EADAA foi realizado por Ottman et al. (1995) que também descreveu
ligacdo no cromossomo 10q para esta sindrome. Familias com caracteristicas clinicas e
padrdo de heranca similar foram descritas sendo o locus mapeado na mesma regido
(Poza et al., 1999; Brodkorb et al., 2002). Apos oito anos de estudo, Kalachikov et al.
(2002) descreveram o gene LGII como sendo o responsavel por esta sindrome. Este gene
foi primeiramente identificado em gliomas de alto grau nos quais foi encontrado deletado
em ambos os alelos (Chernova et al., 1998). Estudos recentes confirmaram que mutacdes
no gene LGII sdo responsaveis pela EADAA (Gu et al., 2002, Morant-Redolat et al., 2002;
Fertig et al., 2003; Michelluti et al., 2003; Pizutti et al., 2003; Berkovic et al., 2004;
Hedera et al., 2004 e¢ Ottman et al. 2004). No entanto, foram descritas familias com
caracteristicas clinicas similares € que ndo possuiam mutagdes no gene LGII
(Bisuli et al., 2002; Michelucci et al., 2003) Acredita-se que cerca de 50% das familias com

EADAA possuem mutagdes em genes ainda ndo identificados (Ottman et al., 2004).

O gene LGII ocupa cerca 36.9kb e consiste de 8 exons que variam entre 72 e
1197pb. O seu RNAm possui uma regido 3 Untranslated Region (UTR) de 262pb e uma
Open Reading Frame (ORF) de 1.674pb. (Chernova et al., 1998). A estrutura da proteina
LGII mostra uma seqiiéncia peptideo sinal na regido 5° e trés repeti¢des funcionais ricas
em leucina (LRR — leucine rich repeat) flanqueadas por clusters de sequéncias ricas em
cisteina. A regiao carboxi terminal ¢ composta por duas repeticdes diretas em fandem e um
possivel dominio transmembrana. Todas as proteinas contendo dominios LRR estdo
envolvidas em processos de ligagdo, interagdes proteina-proteina e vias bioquimicas de
transducdo de sinal (Kobe e Deisenhofer, 1994; Kobe e Deisenhofer, 1995). A presenca de
quatro residuos de cisteina flanqueando as repeticdes LRR pode indicar que o gene LGI!
pertence ao maior grupo da superfamilia das proteinas LRR: a dos receptores e proteinas

adesivas (Kobe e Deisenhofer, 1994).
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E importante destacar que todos os genes identificados anteriormente como
causadores de epilepsias idiopaticas em humanos eram canais i6nicos voltagem dependente
ou ligante dependente (Meisler et al., 2001). O gene LGII ndo ¢ homodlogo a nenhum canal
ionico humano conhecido sendo, portanto o primeiro gene identificado responsavel por
uma epilepsia idiopatica que ndo se encaixa neste grupo. Apesar de ndo haver nenhum dado
experimental direto sobre as fun¢des do gene LGII, sua homologia com outros genes
codificando proteinas contendo repetigdes LRR e seu possivel papel na progressio de
gliomas sugere func¢des envolvidas com comunicagdo e migracdo celular e neuronal e guia
axonal no desenvolvimento do sistema nervoso central (Kalachikov et al., 2002). Além
disso, recentemente Kunapuli et al., (2003) demonstraram que a expressao de LGII reduz
de forma significativa a proliferagdo e habilidade migratéria do glioma. O mesmo grupo,
utilizando chips de expressao da Affimetrix detectou alteragdes significativas nos niveis de
expressdo de genes associados com elementos da matrix extracelular, como genes de
colageno (superexpressos) e metaloproteinases (hipoexpressos) (Kunapuli et al., 2004).
Desta forma, talvez o gene LGI! esteja envolvido com mecanismos celulares de controle da

migracdo e invasividade.

No entanto, dados interessantes sobre os possiveis papéis do gene LGII na
epileptogénese assim como sua participagdo em eventos sinapticos tem sido descritos na
literatura recentemente. Schulte et al., (2006) demonstrou por espectrometria de massa que
a proteina LGI1 se complexa com Kvl.1, o maior constituinte dos canais pré-sinapticos
tipo A que modulam a transmissdo sinaptica no sistema nervoso central. A LGI1 agiria
removendo seletivamente a rapida inativagdo mediada pela subunidade Kvbetal. O exato
mecanismo molecular pelo qual LGI1 inibiria a inativacdo de Kvbetal ainda ndo ¢ claro,
entretanto supde-se que este efeito possa se dar por mecanismos que aturariam prevenindo
0 acesso do dominio de inativagdo ao poro do canal ou por oclusdo do dominio de ativacao
mediado diretamente por interacdes proteina-proteina. Fukata et al., (2006) também
utilizando espectrometria de massa mostrou que ADAM?22, uma proteina transmembrana,
que quando mutada leva a epilepsia, funciona como um receptor para LGI1. A ligacdo de

LGI1 a ADAM22 levaria a um aumento da transmissao sinaptica via AMPA.
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Os objetivos deste trabalho foram:

1. Analisar a presenca de mutacoes nos genes FLNI, LISI, DCX e EMX2 em

um grupo de pacientes com distirbios de desenvolvimento cortical,

2. Mapear os loci para EADAA, primeiramente utilizando a estratégia de genes

candidatos, e em seguida a andlise gendmica randomica se necessario.

3. Estudar o mecanismo molecular das mutacdes encontradas nos genes

pesquisados.
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ABSTRACT

Background/Objective: Mutations in three genes, FLNI, LISI and DCX are responsible
for neuronal migration disorders including bilateral periventricular nodular heterotopia
(BPNH), classical lissencephaly (LIS) and subcortical band heterotopia (SBH). We
describe here, clinical, neuroimaging and molecular findings in a group of 32 patients with

classical and atypical forms of these disorders.

Methods: Thirty patients had high resolution magnetic resonance imaging (MRI) while two
patients had computerized tomography scans (CT). We searched for mutations in FLNI (six
first coding exons), LIS] and DCX genes in all 32 patients and 50 unrelated control

subjects.

Results: Nine patients had atypical periventricular nodular heterotopia (PNH) and four had
classical BPNH, while 10 patients had LIS and nine had SBH determined by imaging
criteria. We have identified mutations in 3/32 patients. A splicing site G987C mutation was
identified in the FLNI gene in two related patients with BPNH whereas a deleterious
missense mutation A1385C was detected in the 5™ WD domain of LIS] gene of one patient
with LIS. This patient has a more severe LIS grade than expected. Genetic screening of

DCX gene had detected only neutral variants.

Conclusion: Mutations were identified only in 6.25% of our patients. Low frequency of
mutations could be related to atypical forms of PNH and LIS-SBH spectrum in our cohort
of patients, somatic mosaicism, mutations in non-coding regions and genetic heterogeneity.
In addition, our results confirm high incidence of FLNI mutations in families segregating
classical BPNH and strongly support that missense mutations localized in latter WD

domains of LIS1 protein could result in severe grade of LIS.
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INTRODUCTION

Migration of post-mitotic neurons from the ventricular zone to form the cortical
plate comprises one of the most critical stages in brain development. Our understanding of
this complex process has progressed based on studies of human malformations and mouse
mutants with deficient neuronal migration, particularly malformations known as bilateral
periventricular nodular heterotopia (BPNH) and lissencephaly — subcortical band
heterotopia spectrum (LIS-SBH). BPNH is a human brain malformation in which masses of
confluent and symmetric subependymal nodules of gray matter located along the lateral
ventricles fail to migrate to the cortex. A gene for BPNH has been identified as Filamin A
(FLNA, also know as FLNI, actin-biding protein 280, ABP-280, MIM#300017)
(Fox et al.,, 1998). The FLNI1 protein is involved in many fundamental processes
surrounding cell protrusion and motility (Ott et al., 1998; Stendahl et al., 1980;
Cunningham et al., 1992; Glogauer et al., 1998). Mutations in the FLNI gene have been
associated with BPNH, both in sporadic patients and families with X-linked pattern of
inheritance and multiple affected women (Fox et al., 1998; Sheen et al., 2001), and in a few

male patients presenting somatic mosaicism (Guerrini et al., 2004; Parrini et al., 2004).

LIS-SBH encompass a spectrum of gyral malformations from complete agyria
(absent gyri) to regional pachygyria (broad gyri) resulting in a simplified and thick cortex
which contains only four of the usual six layers (Crome, 1956) and merges with subcortical
band heterotopia (SBH). SBH or ‘double cortex’ consists of circumferential bands of
heterotopic neurons located just beneath the cortex and separated from it by a thin band of
white matter (Barkovich et al., 1994 Dobyns et al., 1996,). Mutations in two major genes,
DCX and LISI are found in many patients with LIS and SBH. LIS1 was originally
identified as a subunit of platelet-activating factor acetylhydrolase, an enzyme which
degrades platelet activating factor (Hattori et al., 1994), however LIS1 also plays a role in
regulating microtubule dynamics (Gupta et al.,, 2002), nuclear and somal migration
(Faulkner et al., 2000; Liu et al., 2000, Smith et al., 2000) suggesting a crucial role in
neuronal migration. DCX is also a microtubule associated protein (Francis et al., 1999;
Gleeson et al., 1999) and it is involved with the regulation of cell adhesion

(Kizhatil et al., 2002) and microtubule-actin crosstalk (Tsukada et al., 2003, 2005). In this
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paper we report a mutation screening performed in the most important genes involved with
neuronal migration disorders: FLNI, LISI and DCX genes. The cohort analyzed is a large
group of patients with classical and atypical forms of BPNH and LIS-SBH spectrum. We
believe that our results will contribute to a better comprehension of molecular etiology of

these diseases.

METHODS
Patients

A total of 32 patients, thirteen with BPNH and 19 with the LIS-SBH spectrum
were identified through a systematic investigation of patients seen at the Neurology Clinic
of a tertiary hospital at the University of Campinas (UNICAMP). We used a structured
questionnaire in order to obtain a thorough clinical and family history, including antecedent
of epilepsy or other neurological impairment in first-degree, second-degree, or third-degree
relatives and the occurrence of any prenatal event during gestation. All patients signed an

informed consent form approved by the ethics committee of our Institution.

The diagnosis of BNPH, LIS or SBH was established according to Magnetic
Resonance Imaging (MRI) or Computadorized Tomography (CT) findings. The severity of
LIS-SBH was graded wusing an established system described previously
(Dobyns et al., 1999). Two patients included in this study had CT scans while 30 had
high-resolution MRI scans performed in a 2T scanner, with T1- and T2-weighted images in
three orthogonal planes (Elscint Prestige; Elcint Ltd, Haifa, Israel). In general MRI
acquisition parameters were: (/) Sagital T1 spin echo, 6mm thick, flip angle= 180°;
repetition time (TR)=430, echo time (TE)=12, matrix 200X350, field of view
(FOV)=25X25cm; (2) Coronal images, perpendicular to long axis of hippocampus, defined
by the sagital images; (2.a) T2-weighted “fast spin echo” (FSE), 4mm thick, flip
angle= 120°; TR=4800, TE=129, matrix 252X320, FOV=18X18cm; (2.h) T1-weighted IR,
3mm thick, flip angle=200°; TR=2800, TE=14, inversion time (TI)=840, matrix 130X256,
FOV=16X18cm; (3) Axial images parallel to the long axis of the hippocampi; (3.a)
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T1-weighted gradient echo, 3mm thick, flip angle=70°, TR=200, TE=5, matrix 180X232,
FOV=22X22 cm; (3.b) T2-weighted FSE, 4mm thick, flip angle=120°, TR=6800, TE=129,
matrix 252X328, FOV=21X23cm; (4) Tl-weighted 3D gradient echo, acquired in the
sagital plane (Imm thick, flip angle=35" TR=22, TE=9, matrix 256X220,
FOV=23X25cm).

Mutation screening

Genomic DNA was obtained by direct extraction from lymphocytes of fresh
blood, using standard manual techniques. Molecular analysis of the first six coding exons
of FLNI gene and coding region of LISI/ and DCX genes of affected individuals and
controls were initially performed 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 Tag 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 5ul 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.

Individuals that have a different chromatogram profile from normal controls
were subsequently sequenced with the Big Dye Terminator Sequencing kit® for Megabace

1000® (GE Healthcare, Buckinghamshine, UK).
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RESULTS
Clinical and Neuroimaging findings

A total of 32 patients were analyzed in this study. Detailed clinical and
neuroimaging findings of majority of these patients have been presented previously
(Montenegro et al., 2002). To date, twenty individuals were female and 12 were male
whose ages ranged from 1 to 61 years old (mean age = 24.375 years old). Epilepsy was
present in 31 patients; while one individual was seizure free. Seizures were predominantly
partial (n = 20), however, TCG, tonic and mioclonic seizures, drop attack, infantile spasms
and seizures typical of Lennox-Gastaut syndrome were also observed. Age onset for first
seizure ranged from one to 36 years old (mean age = 7.03 years old). Neurological exam
was altered in 16/31 patients whose data were available. Prenatal events were reported by
10 patients, while familiar history of epilepsy, mental retardation, miscarriage, premature
and neonatal death was identified in 19 patients. Recurrence of neuronal migration
disorders confirmed by neuroimaging was identified only in two related patients with
BPNH. Table 1 and 2 summarizes the main demographic, clinical and imaging

characteristics, as well as the molecular findings of the patients studied.

In addition, our cohort of patients was also divided in two groups: patients with
PNH and patients with LIS-SBH spectrum. In PNH group, ten patients were female and
three were male whose age ranged from 21 to 61 years old (mean age = 37.46 years old).
Eleven patients have sporadic PNH while other two patients were related and had familiar
BPNH. Four patients had typical MRI findings of BPNH mainly: bilateral gray matter
predominantly lining the lateral ventricles with otherwise normal appearing white and
cortical gray matter. Whereas nine patients had atypical imaging findings such as unilateral
periventricular heterotopia, highly asymmetric or focally located nodules, or nodules
extending from the surface of the cortex down to the ventricles and involvement of other
cortical malformations. Seizure episodes were reported by all individuals of this group. Age
occurrence for the first seizure ranged from two to 36 years old (mean age = 12.75). Partial
seizures were identified in almost all patients (11/13), however TCG were reported by two
individuals, while drop attack associated with tonic seizures seizure were identified in one

patient. More than one category of seizure could be identified in the same patient.
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Neurological exam was normal in 12/13 patients. Prenatal events such as vaginal bleeding
and abortion attempt were reported by three patients, while familiar history for seizure
occurrence, abortion, consanguineous marriage and recurrence of the neuronal migration
disorder were identified in eight patients. In LIS-SBH spectrum group, eleven patients were
female and eight were men whose age ranged from one to 45 years old (mean age = 14.73).
LIS were identified in 10 patients (three woman and seven men), while SBH were
identified in nine patients (eight women and one man). Seizure episodes were identified in
18 patients and age onset for first seizure ranged from one to 18 years old
(mean age = 3.22). Partial seizures were identified in nine patients; TCG, tonic and
mioclonic seizures, infantile spasms and seizures typical of Lennox-Gastaut syndrome were
also reported, however were less frequent. Neurological exam was altered in 15 patients
(this data was not available for one patient) and ranged from mild to severe delay from
developmental milestones. Prenatal events were reported by seven individuals and include
fever, rash, abortion attempt, bleeding, drugs abuse and infection. Familiar history for
occurrence of epilepsy, mental retardation, spontaneous abortion, premature death and

miscarriage were identified in 11 patients.

Molecular analysis

DHPLC analysis of the adjacent intron boundaries and coding region of FLN1
(only first six coding exons), LIS] and DCX detected altered fragments elution profile for
all genes screened. Seven patients with PNH showed an altered elution profile for FLNI
gene. Automatic sequencing of these fragments revealed two SNPs already described in
NCBI database: IVSV + 519C>G (NCBI, 1s4898478) and IVSV + 506C>T
(NCBI, rs4898479) identified in five and three unrelated patients, respectively. Both
substitutions could be present in the same individual. In addition, a G987C (NCBI, NM
001456) substitution was detected in two related patients with classical BPNH (figure 1,
table 1). This nucleotide change was not identified in 50 unrelated controls. This
substitution is predicted to destroy the splicing-site of FLNI intron 6 (data not showed).
Altered elution profiles were detected in 11 patients with LIS-SBH spectrum for LIS] gene.
A neutral substitution C1805T (NCBI, rs6628) was identified by automatic sequencing in
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nine individuals, while another neutral variant IVSVI+ 27C>T (NCBI, rs3213696) was
detected in three unrelated patients. Both SNPs could be present in the same individual. A
substitution G1670C (NCBI, NM_000430) was identified in a patient with LIS (table 2).
This variant is predictable to change an amino-acid cystein for a serine in the position 372
of protein (C372S); however this nucleotide exchange was also detected in the control
group. In addition, another two variants were identified in a patient with LIS, G1368C
(NCBI, NM_000430) and G1383C (NCBI, NM_000430), both are predict to change a
glutamic acid for an aspartic acid in positions 271 (E271D) and 276 (E276D), respectively,
however these substitutions were also present in the control group. Automatic sequencing
of an altered fragment of one patient with LIS identified a mutation A1385C, (NCBI,
NM 0004300) (figure 1, table 2). This mutation, originally reported by Torres et al. (2004),
was not identified in 50 unrelated controls. This nucleotide exchange is predicted to cause a
histidine to proline substitution at amino acid 277, a residue localized in the 5™ WD-40

domain of the LIS1 protein.

A sequence alignment between human lis1 protein and its orthologues in other
species revealed that the mutated histidine is a very conserved amino acid in different
organisms. All species, with exception of A. thaliana, has a histidine in the position
corresponding to the human amino acid 277. The 5" WD-40 domain is also conserved in
different species, with 100% identity among human, rat and mouse. Furthermore, additional
in silico analysis, including SIFT and Polyphen software and Granthan scale

(Granthan et al., 1974) confirmed that the substitution A1385C is potentially deleterious.

Automatic sequencing of altered elution profiles of DCX gene identified two
neutral variants present in a patient with LIS (table 2): IVSII+28G>A and IVSV+19G>A.

These two nucleotide substitutions were not described in the NCBI database.

DISCUSSION

A total of 32 patients with neuronal migrations disorders were screened for
mutations in FLNI, LISI and DCX gene. Deleterious mutations were found only in 6.25%
of patients studied. In addition, when our data are divided in groups, deleterious mutations

were identified in 7.69% of individuals with PNH and in 5.26% of patients with LIS-SBH.
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Mutations in FLNI gene have been described in 100% of familiar cases and in
approximately 20-25% of sporadically cases with classical BPNH (Fox et al., 1998;
Sheen et al., 2001; Moro et al., 2002; Parrini et al., 2006). Additionally, 93% of patients
described with mutations in the FLNI gene were female, while only 7% were men
(Parrini et al., 2006). Mutations have been described mostly in the actin binding domain
(ABD), which is classified as a hot spot region and must be the first region to be screened

in patients with PNH (Parrini et al., 2006).

Only one pedigree with a classical X-linked pattern of inheritance and two
affected individuals (mother and daughter) with classical BPNH was identified by our
group. Automatic sequencing of altered elution fragments of these two patients revealed a
splicing site mutation localized one base pair upstream of the 6™ intronic region. This result
1s not surprising, since there is a high prevalence of FLNI mutations in X-linked-BPNH
pedigrees and the genomic sequence screened codes for the ABD region. Molecular study
of this mutation was described in other report (Tsuneda et al., 2007 — data not published),

and is out of the scope of this work.

Classical BPNH was identified also in two sporadic patients, a male and a
female. Only neutral variants were detected by automatic sequencing in these individuals.
In despite of fact the low prevalence of mutations reported in sporadic patients, we cannot
exclude the presence of mutations in other exons of FLNI gene or in intronic and promoter

regions. Additional studies will be necessary to rule out these regions.

We also include in our study nine patients with atypical forms of PNH such as
unilateral nodules and periventricular heterotopia associated with other cortical
malformations. Only neutral variants were identified in the ABD region of FLNI gene in
these patients. Mutations in FLNI have never been reported in patients with this pattern of
cortical malformation (Sheen et al., 2001; Parrini et al., 2006) and is expected that other
genes may have a role in the molecular etiology of these forms of PNH, however analysis

of the FLNI remaining exons will be required to confirm this hypothesis.

Mutation prevalence studies in individuals with LIS-SBH spectrum were
actually controversial. While some authors report that 60% of patients with LIS have

mutations in LIS/ (Uyanik et al., 2007) and that mutations are identified in 90% of cases
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(Keerjan and Gleeson, 2007), others describing molecular analysis of LISI and DCX genes
in over 200 patients with the LIS-SBH spectrum detected mutations only in 40% of patients
(Beldjord and Chelly, unpublished data).

We have identified only one individual with LIS] mutation in 19 patients with
the LIS-SBH spectrum. Detailed description of this mutation and clinical characteristic of
the patient were previously reported (Torres et al., 2004). To date, this patient has a LIS
grade 3a, characterized by agyria in posterior and pachygyria in anterior regions and the
mutation A1385C changes a conserved proline to a histidine in the 5" WD domain of LIS1
protein. Some authors reported that patients with missense mutations localized in the
terminal WD domains of LIS1 protein have a milder phenotype than patients with
truncation mutations (Cardoso et al., 2000; Leventer et al., 2001). However, our data and
other very recent report (Uyanick et al., 2007) show that this is a vague correlation, since
neither the location nor the type of mutation appear to modulate the malformation severity.
Somatic mosaicism has been assumed to explain phenotypic variation
(Uyanick et al., 2007) and could be the reason why our mutation screening in LIS/ hasn’t
detected mutations in other patients. We also cannot completely exclude the presence of
major rearrangements, especially deletions, in the LIS/ gene. Additional studies using
fluorescent in situ hybridization (FISH) will be necessary to rule out these types of

deletions.

The absence of DCX mutations in our cohort of patients is not completely
unexpected, since none of the pedigrees showed evidence of X-linked inheritance and
mutation frequency in DCX are extremely variable, ranging from 38 to 85%, in sporadic
patients with SBH (Des Portes et al., 1998; Gleeson et al., 1999; Matsumoto et al., 2001;
Sicca et al., 2003). It’s has been suggested that rates of patients with DCX mutations might
be lower if unselected samples of SBH and LIS were considered (Sicca et al., 2003). Some
individuals of our cohort of patients have atypical forms of SBH, such as SBH-pachygyria
and predominantly posterior SBH, and this could be the reason for the low mutation
frequency in our patients. In addition, approximately 25% of women with typical SBH

don’t have mutations in DCX gene, suggesting genetic heterogeneity for this syndrome.
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These data, together with our findings, emphasize the heterogeneity of
LIS-SBH spectrum and strongly support that other genes are involved in these disorders.
Recently, mutations in tubulin alpha 1A (TUBAIA) have been identified in patients with a
large spectrum of LIS phenotypes (Poirier et al., 2007), revealing a new potential candidate
gene for patients with LIS-SBH spectrum. We pretend to perform a mutation screening in
this gene to establish if TUBAIA is involved in the etiology of LIS-SBH in our group of

patients.

In conclusion, our study describes a low frequency of mutations in FLNI, LIS]
and DCX genes in patients with neuronal migration disorders. This low frequency could be
related to atypical forms of BPNH and LIS-SBH spectrum in our cohort of patients,
furthermore somatic mosaicism, genetic heterogeneity and mutations in non-coding regions
may have a role in the molecular etiology of these disorders. We also have described a new
mutation for familiar BPNH that is localized in the ABD hot-spot. This mutation causes an
abolishing of the wild splicing-site, resulting in an aberrant shortened protein
(Tsnuneda et al., 2007 — data not published). In addition, our previously reported data were
confirmed by other group (Uyanik et al., 2007), strongly supporting that missense
mutations in LIS and their localization in latter WD repeats are not always associated with
a milder LIS phenotype as reported previously (Leventer et al., 2001). We believe that
these results are important in advancing our understanding of cortical malformations and
the role of the FLN1, LIS1 and DCX proteins in the cortex embryology. In addition, it may

help to define new boundaries among phenotypes related to LIS mutations.
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Table 1. Clinical, Neuroimaging and molecular findings of 13 patients with periventricular

nodular heterotopia.

familial history

Patient / Neuroimaging findings  Seizure: age Neurological Prenatal (number of molecular findings in
sex/age X FLNI gene
(years)/type exam events relatives)
BPNH, colpocephaly . abortion
hnp-01/F/37 and white matter 29/partial normal attempt epilepsy (1) -
heterotopia P
left asymmetric PNH, .
hnp-02/M/53 asymmetric cerebral 17/partial normal - - -
lobes
hnp-03/F/61 BPNH na/partial normal - BPNH (1) G987C*
. 20/partial normal _ : _
hnp-04/M/38 right temporal PNH epilepsy (1)
hnp-05/E/27 BPNH 2/partial normal - - VSV + 519C>G
r;l%tl;gt\LHiaf;)rfgl i vaginal VSV +519C>G
hnp-06/E/22 olopa a 12/partial normal s ; IVSV + 506C>T
polymicrogyria or bleeding
dysplasia
left pyramidal )
4/tonics, drop  discharge, delayed consanguineous
hnp-07/F/31 BPNH attacks developmental - parents G987C*
milestones BPNH (1)
hnp-08/F/21 transmantle heterotopia 10/partial normal - epilepsy (1) IVSV + 519C>G
right PNH,
hippocampus
y asymmetry and right .
hnp 5(4)19/F/ hippocampus reduction, 36/partial normal - abortion -
corpus callosum
agenesis and
polymicrogyria
IVSV + 506C>T
hnp-10/M/22 BPNH 2/na normal na na IVSV +519C>G
hnp-11/F/40 PNH 13{?(2;2&1’ normal - epilepsy (1) -
left posterior PNH and IVSV + 506C>T
hnp-12/F/27 left subcortical S/partial normal - epilepsy (1) IVSV + 519C>G
heterotopia
posterior nodular parti .
. . partial, abortion ) )
hnp-13/F/54 heterotopia, not TCG normal attempt

contiguous nodules

BPNH=bilateral periventricular nodular heterotopia, PNH=periventricular nodular heterotopia, TCG=tonic-

clonic generalized seizure, na = not available, nd = not determined, IVS = intronic variant sequence, C =

cytosine, G = guanine T = thymidine, * splicing-site mutation.
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Table 2. Clinical, Neuroimaging and molecular findings of 19 patients with LIS-SBH

spectrum.
. . Family history . .
Patient / age N . ing findi Seizure: age . " Molecular findings in LIS1
(years)/ sex eurolmaging tindings (years)/type Neurological exam Prenatal events (number o and DCX gene
(grade) relatives)
LISI: IVSVI+27C>T
delayed positive IgG for DCX: IVSII+28G>A
lis-1/ 04/F agyria/pachygyria (nd) 1/mioclonic de;iggr::gal rubcola - DCX: TVSV+19G>A
diffuse with posterior spontaneous
lis-2/29/F predominance and 7/partial normal - abortion (1), -
discontinuous SBH (6al) epilepsy (1)
‘ diffuse Wlth posterior >/multiform delayed MR (6 maternal
lis-3/12/F predominance developmental fever and rash . -
. (LGS) . cousins)
pachygyria (4a) milestones
diffuse with posterior delayed
lis-4/37/M predominance 1/partial developmental - - -
pachygyria (4a) milestones
delayed LISI: G1368C, E271D
incomplete 1/infantile developmental evtomeealovirus LISI1: G1383C, E276D
lis-5/15/F lissence hgl * (nd) spasms (West) milestones and Y i fegction - LIS1: C1805T (UTR)
phaly multiform (LGS) generalized pyramidal
discharge
delayed
incomplete lissencephal 1/multiform developmental LISI: G1670C, C3728
lis-6/08/M P (nd) phaly (LGS) milestones and fever - LISI: C1805T (UTR)
generalized pyramidal
discharge
dlfgﬁzr&;ﬁ:ﬁ?lor left hemiparesis and
lis-7/25/F continuous and thick 4/partial lef;;irs)zlrlz;rrmslal - epilepsy (1) -
SBH (6b1) g
. . . delayed
. diffuse w1tl} posterior developmental abortion attempt, LISI1: C1805T (UTR)
lis-8/04/M predominance - . . -
- milestones and bleeding
pachygyria® (4a) tetraparesis
1is-9/29/F SBH (6b3) 2partial normal ; epilepsy (1) LIST: C1805T (UTR)
posterior agyria and pyramidal discharge, LISI: C1805T (UTR)
lis-10/06/M . . 1/partial hypotony, subnormal  abortion attempt epilepsy (2) '
anterior pachygyria (3a) vision
delayed LISI: A1385C, H277P
. posterior agyria and developmental ) . LISI: C1805T (UTR)
lis-11/03/M anterior pachygyria (3a) l/nd milestones and epilepsy (2)
tetraparesis
. delayed MR (1), .
lis-12/21/F anterior SBH apd 7/partial developmental - neonatal death LISI: CI805T (UTR)
posterior pachygyria (5a) milestones (1)
inconclusive but possibly Vtonic and LIS1: IVSVI+27C>T
lis-13/01/F  anterior and thin SBH ome at na - MR (1)  LISI: C1805T (UTR)
mioclonic
(nd)
diffuse with anterior
lis-14/45/M  predominance and thin 18/nd normal - LIS1: C1805T (UTR)
SBH (6b3)
diffuse with anterior premature death
lis-15/11/M predominance 2/partial mild mental delay - (4) and epilepsy -
pachygyria (4bl) 5)
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epilepsy (2)

. miscarriage .
lis-16/9/F SBH (nd) o/ ‘;"C“(‘}a" mild mental delay ] @)  USEIVSVIR2ICT
premature
death (1)
hemorrhage in the 5"
lis-17/11/F SBH (6b2) l g*gtéal’ mild mental delay “g’rﬁtghs ‘;iﬁgzg;a}‘:;y epilepsy (6) .
gestation
diffu;e 1eltgyria Im:thza few infantile . dcialayed |
lis-18/5/M shallow sulci (. ),‘ spasms eve opmenta ) ) )
cerebellar hypoplasia, (West) milestones and
Dandy-Walker syndrome hemiparesis
delayed
. 1/atypical developmental
lis-19/5/F SBH (nd) (trembling) milestones and ) ) )
hypotony

* CT scans, nd= not determined, na = not available, UTR = untranslated region, IVS = intronic variant
sequence, LGS= Lennox-Gastaut syndrome, SBH = subcortical band heterotopia, TCG = tonic-clonic
generalized, MR = mental retardation, G = guanine, C = cytosine, A = adenine, T = thymidine, C = cystein, D

= aspartic acid, E = glutamic acid, H = histidine, S = serine.
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Legends

Figure 1. A) Sagital T1 MRI of a patient with BPNH (black arrows) and mutation in FLN/
gene. B) Eletropherogram of the G987C substitution. C) Sagital T1 MRI of patient with
LIS-SBH (grade 3a) and mutation in LIS gene. D) Eletropherogram of the A1385C

substitution.
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Abstract

We describe the clinical and molecular evaluation of two patients, mother and
daughter (proband), with bilateral periventricular nodular heterotopia (BPNH). The clinical
evaluation revealed a more severe phenotype in the proband, with mental retardation and
seizures. Imaging studies showed bilateral periventricular nodules in both patients. We
identified a novel ¢.987G—C mutation in exon 6 of the FLNI gene in the genomic DNA of
both patients. cDNA sequencing revealed the maintenance of intron 6 in the mutated allele.
Bioinformatics analysis indicates that the mutation identified in both patients probably
destroyed the intron 6 donor-splicing site, which is likely to introduce a premature stop
codon resulting in a truncated FLNI1 protein. In addition, X-chromosome inactivation
studies in DNA of blood cells revealed a skewed pattern in the proband, and real time
quantitative PCR showed a higher expression of the mutated allele in the proband when
compared to her mother. This variation in expression of the mutated allele may be

responsible for the differences in the clinical manifestations observed in the two patients.

Keywords: FLNI gene, bilateral periventricular nodular heterotopia, epilepsy,

neurogenetics.

Capitulos
88



Introduction

Bilateral periventricular nodular heterotopia (BPNH) (MIM#300049) is an
X-linked dominant human brain malformation in which masses of confluent and symmetric
subependymal nodules of gray matter located along the lateral ventricles fail to migrate to
the cortex. A gene for BPNH has been identified as Filamin 1 (FLNI, also know as FLNI,
actin-biding protein 280, ABP-280, MIM#300017) (Fox et al.,1998). The FLN1 protein is
involved in many fundamental processes surrounding cell protrusion and motility
(Ott et al., 1998; Stendahl et al., 1980; Cunningham et al., 1992; Glogauer et al., 1998).
Mutations in the FLNI gene have been associated with BPNH, both in sporadic patients
and families with multiple affected women (Fox et al., 1998; Sheen et al., 2001), and in a
few male patients presenting somatic mosaicism (Guerrini et al., 2004; Parrini et al., 2004).
Recently, FLNI gene mutations have been also reported in patients with the Ehlers-Danlos
variant of BPNH and in a group of X-linked skeletal dysplasias: the otopalatodigital (OPD)
syndrome spectrum disorders (Robertson et al., 2003), showing the genetic complexity and

phenotypic heterogeneity of this neuronal migration disorder.

The objective of this study was to identify FLNI gene mutation in patients with
BPNH and determine its molecular effects on the mRNA level. In addition, we aimed to
investigate a possible molecular mechanism responsible for phenotypic differences in the

clinical presentation of BPNH in our patients.
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Materials and Methods
Patients

Patients were identified in our epilepsy clinic and evaluated by a neurologist,
following standard protocols. We also used a structured questionnaire to investigate history
of epilepsy or other neurological abnormalities in first-degree, second-degree, or third-
degree relatives of the patients, and the occurrence of any prenatal event during pregnancy

(Montenegro et al., 2002).

In addition, both patients included in the study were submitted to high
resolution magnetic resonance imaging (MRI scans) performed in a 2T scanner, with
T1- and T2-weighted images in three orthogonal planes (Elscint Prestige™; Elcint Ltd,
Haifa, Israel). All patients signed an informed consent form approved by the Research

Ethics Committee of the University of Campinas (UNICAMP), Brazil.

Mutation screening

Genomic DNA was obtained by direct extraction from lymphocytes of fresh
blood, using standard manual techniques. PCRs were carried out using published primer
sequences (Sheen et al., 2001), in a total volume of 12.5ul containing 40ng of genomic
DNA; 100ng of each primer; 200uM of dGTP, dCTP and dTTP; 25uM of dATP;
1.5nCi[33P]dATP; 0.5units of Taqg DNA polymerize, 1.5mM of MgCl,, and a final volume
of 10% DMSO and 5% glycerol. Samples were processed under the following conditions:
35 cycles of 45s at 94°C, 30s at 62-65°C and 60s at 72°C. PCR products were analyzed by
single strand conformation polymorphism (SSCP) in order to search for mutations in the
first six coding exons of the FLNI gene. PCR fragments that showed an altered mobility
shift were reamplified and subsequently cloned, using the TOPO TA™ Cloning Kit
(Invitrogen, Carlsbad, CA, USA). Sequencing of the cloned fragments was performed using
BigDye™ Terminator Chemistry (Applied Biosystems, Foster City, CA, USA), according

to standard protocols.

Capitulos
90



cDNA analysis

The total RNA was obtained by direct extraction from lymphocytes of fresh
blood, using standard manual techniques. RT-PCR was performed with 1pg of RNA using
the Improm II™ Reverse Transcriptase System (Promega, Madison, WI, USA), in order to
obtain the first cDNA strand. PCRs were performed using specific primer sequences for the
region comprising the exon 6, intron 6 and exon 7. Samples were processed under the
following conditions: 35 cycles of 45s at 94°C, 30s at 62°C and 60s at 72°C, using 10%
DMSO. PCR products were electrophoresed in a 1% agarose gel. Gel bands were purified
and cloned into E. coli DH5a cells using pPGEM' vector (Promega, Madison, WI, USA)
and subsequently sequenced. Bioinformatics analysis was performed using the programs

MultiAlign”™ (Corpet, 1988) and Translate Tool  (Gasteiger et al., 2003).

X-chromosome inactivation analysis

The X-chromosome inactivation pattern was tested with the HUMARA (human
androgen receptor gene) assay, which is based on DNA methylation, using
fluorescence-labeled-primer and genomic DNA (Allen et al., 1992). PCR products were
analyzed by gel electrophoresis and quantified using the software ImageQuantTL" on

Typhoon (GE Healthcare, Chalfont St. Giles, United Kingdom).

Gene expression assays were carried out using real time PCR (7500 Real Time
PCR system from Applied Biosystems, Foster City, CA, USA.) with the TagMan™ system
(Applied Biosystems, Foster City, CA, USA). Primers and probe for the FLNI gene were
obtained from the Assays-On-Demand™ choice of Applied Biosystems (Foster City, CA,
USA), and the 18S gene was used as the endogenous control. In addition, we used probes
and primer sequences for the exon 6—7 cDNA junction and for the intron 6 region. RT-PCR
was performed using SuperScript III'™ System (Invitrogen, Carlsbad, CA, USA). Real time
PCRs were carried out using 100ng of cDNA, in a total volume of 12.5uL with master mix,
probe and primer sequences provided by Applied Biosystems (Foster City, CA, USA), as
well as ABI 7500™ Real Time PCR System. All relative quantification experiments were
performed in triplicate and the y2 test was used to access differences in gene expression

between the two patients.
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Results
Case Report

The proband is a 28-year-old woman, the second child of nonconsanguineous
parents. Her mother reported that her pregnancy was complicated due to a generalized
tonic-clonic seizure during the first trimester. Her developmental milestones were delayed
and she presented seizures since 4 years old. Seizures were refractory to antiepileptic drugs
(AED), despite the use of phenobarbital, carbamazepine, phenytoin, valproic acid,
clobazam, oxcarbazepine and lamotrigine in monotherapy and many polytherapy
associations. Investigation for inborn errors of metabolism was negative and fundoscopy
was normal. The electroencephalogram evaluation showed generalized spike-and-wave
complexes and focal epileptiform abnormalities in the right cerebral hemisphere. Magnetic
resonance imaging of the brain (MRI) showed bilateral periventricular nodular heterotopia
(Figure 1A). Her mother presented normal intelligence and described a history of five
miscarriages and one stillbirth; her seizures were partial and well controlled with AED in
monotherapy. The mothers MRI also showed bilateral periventricular nodular heterotopia,

but with less prominent nodules than the proband (Figure 1B).

Mutation screening:

The SSCP analysis identified a band shift in exon 6 in the proband and her
mother. Sequencing of these fragments revealed a ¢.987G—C mutation (figure 2) in the

two patients. This abnormality was not detected in 50 unrelated sequenced controls.

cDNA analysis

The cDNA PCR product amplified from mother and daughter had a different
size when compared to two different control samples (figure 3), indicating that the cDNA
obtained from the patients was larger. Sequence of these cDNA fragments revealed that the
complete intron 6 was transcribed in the patients (figure 4). Further bioinformatics analysis
showed that the most likely consequence of the maintenance of intron 6 is the introduction

of a premature stop codon, by changing the reading frame (figure 5).
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X-chromosome inactivation analysis

X-chromosome inactivation studies performed in peripheral blood DNA
revealed a skewed pattern of inactivation in the proband, but not in the mother (figure 6).
However, we could not determine which allele was preferably expressed in the proband. In
addition, quantitative real time PCR showed a higher expression of the mutated allele in the

proband when compared to her mother (figure 7).

Discussion

We have identified two patients with BPNH belonging to the same kindred,
mother and daughter (proband). The proband was first seen at our Epilepsy Clinic due to
refractory seizures, since their family history reveled that the mother had seizures in the
past, they both underwent imaging studies. The MRI showed that both patients had
contiguous gross masses of neurons lining all extension of both ventricles, making the
diagnosis of BPNH. In addition, the maternal history of 5 miscarriages is suggestive of
lethality in males. This observation is compatible with an X-linked dominant inheritance,
which has been previously described in families segregating BPNH (Eksioglu et al., 1996).
Male lethality is thought to be due to catastrophic hemorrhage, a pathophysiology still
poorly understood (Robertson, 2005; Moro et al., 2002) that might be explained by the
interaction of the FLN1 protein with coagulation proteins, such as the glycoprotein 1ba

(Robertson, 2005).

The putative function of FLNI1 is to crosslink with actin, forming dimers which
have high flexibility due to the hinge domains added to FLN1. Missense mutations in FLN/
in patients with BPNH are rare, especially in the first six coding exons, which are predicted
to code for the actin binding domain. Missense mutations in this region are usually
associated with more severe phenotypes, such as the otopalatodigital syndrome types 1 and
2 (OPD1 and OPD2), frontometaphyseal dysplasia, Melnick-Needles syndrome
(Robertson et al., 2003; Parrini et al., 2006), and severe mental retardation. By contrast,

splicing site and nonsense mutations are more frequent and are associated with classical
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BPNH. We have identified a novel point mutation in the FLNI gene, the substitution
¢.987G—C. This abnormality could potentially result in two molecular effects: a) a change
of glutaminic acid for aspartic acid in the position 329 of FLNI protein or b) a destruction
of a splicing site. As mentioned above, the precise nature of the molecular defect is relevant
for the establishment of genotype-phenotype correlations; therefore, we investigated its

molecular effects on mRNA level.

Our results clearly showed that the pathogenic mechanism of the mutation
found is the intron 6 splice-donor-site destruction. This was confirmed by the cDNA
sequencing analysis. RNA splicing process consists in the precise removal of intron
sequences from the pre-mRNA and subsequent ligation of the flanking exons. This process
is carried out by the spliceosome, a large ribonucleoprotein complex composed by 5 types
of small nuclear RNAs (snRNAs): Ul, U2, U4, U5 and U6. Each snRNA binds to at least 7
protein subunits to form the small nuclear ribonucleoprotein (snRNP; Thanaraj and Clark,
2001; Newman, 1997). The splicing reaction consists of transesterifications that break the
bounds between the intron and the flanking exons. Subsequently, the exons are connected
in order to form the mRNA that will be translated. The splicing process starts with the
recognition of the 5 splice site, performed by the Ul subunit of the spliceosome. The
binding of the Ul to the pre-mRNA requires a specific sequence composed by the first
dinucleotide of the 5’ intron edge, the three nucleotides upstream, including the conserved
AG at the end of the exon sequence, and the eight nucleotides downstream. Through the U1
binding, the other subunits of the spliceosome are able to recognize their respective sites to
perform the splicing process. The mutation we describe affects the most important
nucleotide position in the splice site (the last base pair of the coding exon); this along with
nucleotide +5 upstream the 5° splice site are essential for the base-pairing of Ul in the
snRNA (Carmel et al., 2004). Therefore, mutations in one of these two nucleotide positions

are very likely to cause damage to the splicing process in its very beginning.

In addition, the intron 6 sequence, abnormally kept by the mutation, introduces
a stop codon at the beginning of the RNAm sequence, resulting in a truncated protein that
loses the dimerization site, hinge domains, and deletes 23/24 filamin repeats. These last

elements work as interaction sites for membrane receptors, signal transduction proteins,
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hormone receptors, proteases and proteins involved in cell migration and coagulation

(Robertson, 2005).

We observed a clear variation in phenotype severity of our two patients, being
the proband more severely affected than her mother. One possible explanation for the large
spectrum of clinical signs and syndromes found in patients with FLNI mutations is the
presence of mosaicism (Parrini et al., 2004). Mosaicism has been also described in male
patients (Sheen et al., 2001; Parrini et al., 2004), and was taken as the explanation for their
survival. In our proband, we found evidence for a skewed X- chromosome inactivation on
methylated HUMARA gene experiments, although we could not determine which allele
was preferentially inactivated. In addition, quantitative real time PCR showed a higher
expression of the mutated allele in the proband when compared to her mother, indicating
that the mutated allele could be preferentially expressed in the proband, but not in the
mother, who had a normal (random) X-chromosome inactivation pattern. However, it is
important to note that the X-chromosome inactivation and expression experiments were
performed on samples from peripheral blood, and may not reflect the X-chromosome

inactivation patterns of FLN/ alleles in the central nervous system.
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FIGURE LEGENDS:

Figure 1: MRI images of the proband (A) and her mother (B). The white arrows are
pointing to contiguous masses of gray nodules lining the lateral ventricles, a typical
characteristic of patients with bilateral periventricular nodular heterotopia (BPNH). Note

that the nodules are less prominent in the mother (1B).

Figure 2: Analysis of genomic DNA sequencing from a control sample (A) and the

proband (B). The site of the mutation is marked with a red circle.

Figure 3: Analysis PCR amplification of cDNA samples from patients (A) and controls
(B). There is a difference of 100 bp in the size of the fragments. Ladder 100bp.

Figure 4: Bioinformatics analysis of the cDNA sequencing (second line) obtained from a
control sample (A) and patients (B) aligned with a genomic DNA sequence (first line). A
black circle marks the position of the mutation we found (B). In panel A it is possible to
observe the alignment of sequences from exons 6 and 7 (in red), while in panel B the

sequence alignment also occurs with intron 6 after the mutation (marked by a white arrow).

Figure 5: Bioinformatics analysis showing the translation of the mutated sequence

containing intron 6 as predicted by the Translate Tool (www.expasy.org). The abnormal

premature stop codon is circled in red.

Figure 6: X-chromosome inactivation analysis using the methylation of the HUMARA
gene assay. A) Electrophoresis of PCR fragments of nondigested genomic DNA of the
proband (1) and the mother (2), showing the amplification of two different alleles
indicating that both patients are heterozygous for the VNTR at the HUMARA gene.
B) Electrophoresis of PCR fragments of digested genomic DNA of the proband (1) and her
mother (2). Enzymatic digestion will only cut DNA fragments which are unmethylated,
preventing its PCR amplification. We expect that in most females X-chromosome
methylation occurs in 50% of each allele. In panel B, the proband shows only a single band,
indicating that the proportion of methylated and unmethylated fragments of the two
amplified VNTR regions are different from the expected 50%; by contrast, a normal pattern

is observed in the mother (2).
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Figure 7: Results of quantitative real time PCR analysis, comparing the expression of the
mutated allele in both patients. We used probes and primer sequences specific for the
intron 6 region, so that only expression of the mutated allele was detected in the
experiment. The proband presents a four fold increased expression of the mutated allele

when compared to her mother.
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Abstract

Schizencephaly is a rare cortical malformation disorder characterized by unilateral or
bilateral full-thickness cleft of the cerebral hemispheres. Large portions of these may be
absent and replaced by cerebrospinal fluid. Polymicrogyria has been considered as a mild
form of schizencephaly and is characterized by abnormal cortical lamination and excessive
number of small gyri and prominent convolutions. Heterozygous mutations in the EMX2
gene have been reported in patients with schizencephaly; however these findings have not
been confirmed in large scale. Clinical analysis and mutation screening of EMX2 gene were
performed in 76 patients, from which 46 presented schizencephaly and 30 polymicrogyria.
Pathologic mutations were not identified in this cohort. Our data show that pathogenic
mutations in the EMX2 gene are not a common cause of schizencephaly and

polymicrogyria.
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INTRODUCTION

Schizencephaly consists of a unilateral or bilateral full thickness cleft of the
cerebral hemispheres with consequent communication between the ventricle and
pericerebral subarachnoid spaces (Guerrini et al., 2003). These clefts are characterized by
an infolding of polymicrogyric gray matter along the cleft from the cerebral cortex into the
ventricle (Barkovich, 1988, Wolpert et al., 1992; Granata et al., 1996). The clinical features
of schizencephaly are extremely variable and their severity is closely related to the
separation of the cleft lips and the position and size of the area involved (Barkovich et al.,
1992). Based on the space separating the walls of the fissure and the hemispheres affected

(unilateral or bilateral clefts), an open-lip form and a closed-lip form can be distinguished.

Polymicrogyria is a cortical malformation characterized by an excessive
number of small and prominent convolutions spaced out by shallow and enlarged sulci,
giving the cortical surface a lumpy aspect (Fried, 1989). There are, at least, two different
types of histological patterns: unlayered type and four-layered type; in both, the cortical
ribbon is abnormally thin, excessively folded, and may show fusion of adjacent gyri.
Layered and unlayered PMG can be both found in the same individual, thus suggesting that
they belong to the same malformation spectrum (Villard, 2004). Association between
polymicrogyria and schizencephaly are well described, including regions of polymicrogyric
cortex lining the borders of the schizencephaly clefts (Levine et al., 1974; Hayashi et al.,
2002). Association of both malformations in adjacent areas of the cortex suggests a

common etiology for these cortical development disorders.

Description of few schizencephaly familial cases (Hilburger et al., 1993) and
the report of heterozygous mutations in EMX2 (Brunelli et al., 1996; Faiella et al., 1997,
Granata et al., 1997), a homeobox gene that codes for a transcription factor involved in the
cortex development (Simeoni et al., 1992), raised the possibility that genetic factors could
play a relevant role in the pathogenesis of this disorder. Since polymicrogyria is probably
part of the schizencephaly spectrum, the EMX2 gene could be involved with the molecular

pathways associated with this malformation.
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In despite of the potential role of EMX2 in the etiology of schizencephaly and
polymicrogiria, previous works failed to describe genetic association between this gene and
cortical malformations. Recently, three reports describing mutation screening in large
cohorts of patients with schizencephaly have detected no mutation in the EMX2 gene
(Barkovich et al., 2001; Granata et al., 2005; Tietjen et al., 2007). Although association
between schizencephaly and polymicrogyria; a genetic screening in EMX2 gene has never

been performed in patients with polymicrogyria.

The aim of this work was to perform a clinical and genetic study in order to
investigate the molecular etiology of the EMX2 gene in a cohort of 76 patients, forty-six of
these with schizencephaly and 30 with polymicrogyria.

METHODS

A total of 76 patients were identified through a systematic investigation at the
neurologic clinic of tertiary hospitals, at University of Campinas (SP) and FIOCRUZ (RJ),
Brazil. All patients were evaluated by a neurologist following standard protocols. The
diagnosis of schizencephaly and polymicrogyria was established according to MRI or CT
findings. All patients signed an informed consent form approved by the ethics committee of

the University of Campinas, Campinas, Brazil and FIOCRUZ, Rio de Janeiro, Brazil.

We systematically interviewed patients and their family members according to
a standard detailed questionnaire, emphasizing the family history of epilepsy or other
neurological impairment in first-degree, second-degree, or third-degree relatives and the

occurrence of any prenatal event during gestation.

Genomic DNA was extracted from peripheral whole blood lymphocytes with a
standard protocol. Polymerase chain reactions (PCRs) were carried out using the published
primer sequences (Brunelli et al., 1996) in a total volume of 22 pl, containing 40ng of
genomic DNA; 100ng of each primer; 200uM of dGTP, dCTP, dTTP e dATP; 0.5 units of
Taq DNA, 1.5mM of MgCl,. Samples were processed in the following conditions: 35
cycles of 45s at 94°C, 30s at 62-65°C and 60s at 72°C. PCR products were analyzed by
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denaturing high-performance liquid chromatography (DHPLC) according to the
manufacturer’s specifications (Transgenomic — Omaha, NE, USA). DHPLC data analysis
was conducted on visual inspection of the chromatogram profiles and comparision with 50
unrelated normal controls. Individuals that have a different chromatogram profile from
normal controls were subsequently sequenced using the Big Dye Terminator Sequencing
kit ® for Megabace ® in order to determine their exact nucleotide sequence. All identified
nucleotide changes in the coding region of the EMX2 gene were submitted to in silico
analysis with Polyphen and SIFT software and to the Grantham scale
(Granthan et al., 1974) to establish if it is deleterious to the protein.

RESULTS
Clinical findings

Detailed clinical and neuroimaging findings of majority of these patients have
been presented previously (Lopes et al., 2006; Brandao de Almeida, unpublished data).
Data are summarized in tables 1, 2 and 3. To date, we have studied a total of 76 patients,
forty-six had schizencephaly and 30 had polymicrogyria (tables 1, 2 and 3). In the
schizencephaly group, Twenty-three were women and 23 were men whose age ranged from
four to 46 years (mean age = 14.28 years), only one familiar case were detected. In
polymicrogyria group, eight were women and 22 were men, twenty cases were familiar and
10 cases were sporadic, age ranged from five to 65 years (mean age = 18.5 years). In
general, seizures were observed in 40/76 patients and were well controlled or have a good
outcome in 20 individuals. The mean age for seizure onset was 6.3 years old. Neurological
deficits were detected in 57 patients. In the schizencephaly group, seizures were observed
in 34/46 individuals. Partial seizures were identified in 20 patients, TCG seizures were
detected in four individuals while other patients had infantile spasms (n=2), seizures typical
of Lennox-Gastaut syndrome (n=2), typical absences (n=1), atypical absences (n=1),
myoclonic seizures (n=1) and seizures not otherwise classified (n=9). More than one
seizure category could be present in the same individual. The overall median age for the

first seizure in individuals whose data is available was 6.6 years old. Schizencephaly
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patients generally have well controlled seizures (n=14). Neurological deficit was observed
in 39 patients, and ranged since mild hemiparesis to severe mental retardation and
tetraparesis. In the polymicrogyria group, seizures were observed in six patients. Partial
seizures were detected only in one individual, TCG were observed in six patients while
infantile spasms were diagnosed in one individual. The overall median age for the first
seizure in this group was 4.6 years old. All individuals had seizures well controlled or with
good outcome. Neurological impairment was observed in 18 patients and ranged from

pseudobulbar palsy to tetraparesis.

Prenatal events

Data are summarized in tables 1, 2 and 3. We have detected prenatal events in
30/76 patients. Prenatal events were reported by 21/46 patients in the schizencephaly group,
and by 9/30 patients of polymicrogyria group. In patients with schizencephaly, vaginal
bleeding was identified in six patients, abortion attempt was observed in five individuals
while IgG positive for infectious agents were detected in other five individuals. Other
prenatal events identified were: fever and rash, low blood pressure, hemorrhage, drug
addiction, fall during pregnancy, anoxia and poor prenatal care. Association between two or
more prenatal events could be observed in patients of this group (table 3). In
polymicrogyria group, hypertension was identified in three patients; vaginal bleeding and
twin pregnancy were reported by two patients while drug addiction and fever were

observed in one individual, respectively.

Familiar history

Significantly familiar history was observed in 20/30 patients with
polymicrogyria (table 1 and 2). Familiar cases with recurrence of cortical malformation
confirmed by neuroimaging and segregating in pedigrees were included in our analysis,
thus this data could be overestimated. In schizencephaly group, 18/46 patients showed

familiar history, including schizencephaly recurrence confirmed by neuroimaging in two
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sisters (table 3). Seizure has been identified in relatives of six patients. Miscarriage history
was detected in five patients while consanguineous marriage, familiar history of mental
retardation, amniotic brida, neurofibromatosis, familiar history of deaf and dumb and
neonatal death were respectively reported by no more than one patient. Occurrence of two
or more events in the same patient was also reported. Data of familiar history were not

available for three patients.

Mutation Analysis

DHPLC analysis of the three exons and the adjacent intron boundaries of EMX2
gene detected an altered elution profile corresponding to exon 2 in four patients with
schizencephaly and four individuals from the control group. Sequencing of these fragments
revealed a transversion C796A (NCBI; NM_004098) (figure 1), this substitution does not
change the wild type amino acid arginine in position 156 of the protein. In addition, no
alteration in the DHPLC elution profile of EMX2 gene was detected in patients with

polymicrogyria.

DISCUSSION

Barkovich and Kjos (1992) have proposed that localized damage to the radial
glial cells or the neuronal guidance system causes a wedge-shape defect in the cortical
mantle and disruption of the adjacent migration of neuroblasts and as a result the lips of the
cleft are lined with abnormal gray matter. Furthermore, schizencephaly and polymicrogyria
would be the result of the same ischemic cortical damage in the early postmigrational
period (Barkovich & Kjos, 1992). This hypothesis is supported by the association of areas

of polymicrogyria contralaterally and symmetrically located to unilateral schizencephalies.

Suggestions of the existence of genetics factors associated to schizencephaly
have been reported by Zimmerman et al. (1983), with the identification of a dicentric

chromosome 15 (Maurine et al., 1997) and 13qg-karyotype in a patient with alobar
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prosencephaly (Zimmerman et al., 1983). Brunnelli et al. (1996) reported de novo
mutations in the EMX2 gene in 7/8 patients analyzed. This data were supported by other
studies analyzing familial cases (Granata et al.; 1997) and sporadic patients

(Faiella et al.; 1997).

In addition, genetic contribution to the etiology of polymicrogyria is supported
by reports of familial cases, suggesting that mutations in genes involved with cortex
development may cause this brain anomaly (Bartolomei et al., 1999; Borgatti et al., 1999;
Caraballo et al., 2000; Guerreiro et al., 2000, Roll et al. 2006). A candidate locus was
mapped on ch Xq28 (Villard et al.,, 2002) in five families with bilateral perysilvian
polymicrogyria and mutations in the GPR56 gene were reported in patients with an
autosomal recessive inheritance form of bilateral frontoparietal polymicrogyria
(Piao et al., 2002; 2004). Recently, Roll et al. (2006) found a mutation in the SRPX2 gene
(located on Xg22) in a male patient with bilateral perysilvian with severe seizures and

mental retardation showing that polymicrogyria could have a strong genetic background.

Since schizencephaly and polymicrogyria are closed related malformations with
a potential genetically determined etiology, we supposed that the EMX2 gene may have a

role in the genesis of these cortical malformations in our group of patients.

We have identified a C796A substitution in EMX2 gene in four individuals with
schizencephaly. This substitution is localized in the first codon of the homeobox domain
and doesn’t change the arginine residue of the wild type protein. This synonymous change
could have a pathogenic mechanism, acting though the creation of an alternative splicing
site, however the same nucleotide change was found in four asymptomatic individuals from

a control group.

It is important to note that Brunelli et al. (1996) have detected the C796A
substitution in three patients with schizencephaly and classified this variant as a pathogenic
alteration, in despite of the fact that asymptomatic mothers of some patients harbor the
same nucleotide change. Mosaicism and double heterozygosity effect were proposed to
explain the pathological phenotypes in these patients. Our results clearly show that this

alteration is a neutral variant differing from the data reported previously. The absence of
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this variant in control groups of previous works could be explained by the ethnic
differences between the Brazilian and Italian populations. This ethnic difference is due a
historic process of miscegenation that resulted in a more complex and heterogeneous

genetic composition of the Brazilian population.

Our data together with other reports have suggested that pathologic mutations
in the EMX2 gene are not a common cause of schizencephaly (Barkovich et al., 2001;
Granata et al., 2005; Tietjen et al., 2007). The high frequence of prenatal events identified
in patients with schizencephaly in our cohort of patients point to an environmental origin
for this cortical malformation. Series of patients with positive history for fetal hypotensive
vasculopathy by severe bleeding (Norman et al., 1980), autoimmune thrombocytopenia
(Kuijpers et al., 1994), exposure to organic solvents (Nuri et al., 1998) and CMV infection
(Tanetti et al., 1998; Sener, 1998) have been reported, giving support to the hypothesis of an

environmental etiology.

Polymicrogyria also could be consequence of prenatal events
(Barkovich et al., 1995). In despite of small number of sporadic polymicrogyria cases
analyzed, environmental factors were identified in the majority of patients of this group.
However there is a high incidence of familial cases in our cohort of patients, strongly
supporting that genetic factors are involved with polymicrogyria etiology. X-linked
inheritance was observed in four families (data not showed) and could explain the skewed

sex ratio identified in our patients with polymicrogyria.

It will be interesting to perform mutation screening in GPR56 and SRPX2 to
investigate the potential role of these genes in the etiology of polymicrogyria in our cohort
of patients. In addition, positional cloning studies should be performed in familial cases in

order to identify new genes implicated with this cortical malformation.

In conclusion, the occurrence of EMX2 mutations in patients with
schizencephaly is a very rare event. Furthermore, this gene is not involved with the etiology
of polymicrogyria. We believe that other genes associated with forebrain development
might be involved, especially in familiar cases of polymicrogyria. An environmental

etiology is more probable to schizencephaly cases.
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Table 1: Clinical and demographic data of 20 patients with familiar polymicrogyria

Seizure: Neurologic Language Language Prenatal Molecular
Family | Pt/Age/Gender MRI (PMG) .5 . analysis for
age/type examination Dev. skill events
EMX?2 gene
1-2/65/F PS normal normal normal - -
11-3/42/F PS BPPP normal normal dyslexia - -
PS pseudobulbar
11-4/39/M 13yr/GTC/SF palsy + left delay SLI - -
hemiparesis
1 11-6/35/F PS BPPP normal normal normal - -
1I-1/19/'M PS pseudobulbar delay SLI hypertension -
palsy
11-2/16/M PS BPPP normal delay dyslexia - -
11-3/9'M PS BPPP normal delay dyslexia -
11-12/39/M PS pseudobulbar delay normal - -
palsy
11-13/37/M PS pseudobulbar delay dyslexia . -
palsy
2 111-4/19/M PS BPPP normal delay normal - -
PS BPPP + pseudobulbar .
11-5/16/M ACC palsy delay dyslexia - -
I1-6/9/F PS BPPP pseudobulbar delay SLI - -
palsy
11-10/12/M PS BPPP normal delay SLI - -
3
IMI-11/6/M PS BPPP pseudobulbar delay SLI - -
palsy
T-1/15/M PS 6yr/GTC/SF  Pseudobulbar ) SLI twin ;
4 palsy pregnancy
11-2/15/M PS BPPP normal delay normal twin -
pregnancy
I11-4/9/F PS BPPP normal delay dyslexia - -
5 pseudobulbar
11-6/7/M PS 4yr/GTC/Con palsy + right delay dyslexia - -
hemiparesis
6 111-2/35/F PS BPPP normal normal normal - -
IV-1/6/F PS BPPP normal delay SLI - -

Pt=patient; MRI=magnetic resonance imaging; CT=computed tomography; M=male; F=female; NO= not

obtained; ND=not done; GTC=generalized tonic-clonic; PS=perisylvian, PMG= polymicrogyria; BPPP =

bilateral posterior parietal polymicrogyria; SLI=specific language impairment; ACC = agenesis of corpus

callosum; SF = seizure free; Con = controlled with antiepileptic drug, yr = year.
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Table 2: Clinical and demographic data of 10 patients with sporadic polymicrogyria

Pt/age, MRI Seizure:age/  Seizure Neurologic Language Language  Prenatal al\l/llz?ll;scilsﬂtz'l(fr
y/sex (PMG) outcome examination Dev. events EMX2 gene
114/M PS ) pseudobulbar delay ) )
palsy
210M  PS  Smo/CP,GTC Seizwre-  pseudobulbar delay . .
free palsy
313M S . pseudobulbar delay . :
palsy
pseudobulbar fever at wk
4/10/M PS - palsy + right delay 20th -
hemiparesis
5/10/M PS ) pseudobulbar dela vaginal )
palsy Y bleeding
6/8/M  PS BPPP - normal delay hypertension -
pseudobulbar vaginal
7/15/M PS - . palsy + delay bleeding -
microcephaly
8/12/M  PS BPPP - normal delay hypertension -
pseudobulbar
9/5F  PSPMG 9mofis,GTc controlled - palsy+ dela : :
’ with AED tetraparesis + Y
microcephaly
seizure- pseudobulbar drug
10/8/M  PS+HA froe palsy + left delay addiction -
hemiparesis

IS = infantile spasms; CP

complex partial; GTC

generalized tonic-clonic; ND = not done;

PS = perisylvian; PMG = polymicrogyria; BPPP = bilateral posterior parietal polymicrogyria; SLI = specific

language impairment; mo = months; HA = hippocampal atrophy; AED = antiepileptic drug; wk = week,

mo = month.
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Table 3: Clinical and demographic data of the 46 patients with schizencephaly

Pt Id/sex/ ) ] ] Familial history =~ Molecular
Seizure: age Seizure Neurological Prenatal analysis
age MRI/CT (SCZ) . o,
(years)\type outcome examination events X for EMX2
(years) (No. of Relatives) gene
unilateral left
*1/F/12 tempqro-paqetal, 1/P controlled tetraparesis - neurofibromatosis -
open lips + diffuse
polimycrogyria
*2/F/9 nd, open lips - - - - - -
. e ) right fever, rash,
*3/M/26 bl}aFeral parieto 4/Lennox controlled pyramidal rubeola epilepsy (2) -
occipital closed lips Gastaut g . .
discharge infection
abortion
unilateral left right attempt,
*4/M/11  temporo-parietal open 1.5/P controlled pyramidal vaginal MR (1) -
lips + polimycrogyria discharge bleeding (7"
month)
unilateral left
temporo-frontal open .
* - - - - -
S/F/13 lips + diffuse tetraparesis
polimycrogyria
bilateral left frontal
closed lips and right
frontal open lips + right CT96A
*6/F/8 agenesis of septum na/na controlled pyramidal - epilepsy (12) ?
. g R156R
pellucidum and discharge
atrophy of the optic
nerve
two . .
IMT el apen T S epbedes TR preamane : :
p pen lip per year p preg y
left poor prenatal
3/M/10 bilateral d_lffuse open 471S (West) daily pyramidal care, patient ) )
lips g put up for
discharge .
adoption
. . five left .
OM/23 unilateral rlght frontal o/p episodes pyramidal abortion ) )
closed lips g attempt
per week discharge
unilateral right two
10/M/44 occipital + cortical 37/P episodes normal - - -
dysplasia per week
unilateral right
11/F/15 paricto-occipital, - - left hematemesis -
open lips + hemiparesis
heterotopia
bilateral fronto-
parietal open lips +
12/F/19 agenesis of septum - - tetraparesis - - -
pellucidum, arachnoid
cyst
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left

*13/M/20 nd, right closed lips L.5/P controlled pyramidal abortion - -
f attempt
discharge
unilateral right three rioht
14/M/46 occipital + arachnoid 15/P episodes et - - -
hemiparesis
cyst per week
w1smyr7  Unilateral left frontal 12/P daily normal - - -
open lips
bilateral left fronto-
temporo-parietal abortion
*16/M/12 closed lips and right 1/P na tetraparesis attempt, drug - -
fronto-temporo- addiction
parietal open lips
parlil:tglaz:&igaslercﬁi};ts + five left
17/M/44 right subcortical 18/P episodes pyramldal - epilepsy (1) -
. per week discharge
heterotopia
unilateral left frontal, right
18/M/14 open lips + frontal - - pyramidal - miscarriage (2) -
polimycrogyria discharge
unilateral right . left
. S/atypical . . C796A,
19/M/17 temporo —parlet_al + absence controlled p}_/ramldal - epilepsy (1) RI56R
polimycrogyria discharge
unilateral left parieto- .
. vaginal
temporal open lips + . .
eriventricular right bleeding, consanguineous
*20/F/6 perty . - - . . maternal [gG+  marriage, epilepsy -
calcifications, hemiparesis for @)
agenesis of septum .
. toxoplasmosis
pellucidum
maternal IgG+
unilateral right right for
2 1/M/T parlet_al open lips + ) ) hemiparesis, toxoplasmosis ) C796A,
periventricular hypoton and rubeola, R156R
calcification ypotony 1gG + for
rubeola
bilateral left temporo maternal IgG +
*22/F/6 par ictal and r;ght - - tetraparesis for . - -
parietal open lips + toxoplasmosis
frontal lissencephaly and rubeola
bilateral left fronto- fever, IgG +
temporo-parietal and . not pyramidal for
* - -
23/F/10 right fronto-parietal %/generalised controlled discharge toxoplasmosis
open lips and rubeola
bilateral left fronto-
parietal closed lips 1ot
*24/M/9 and right fronto 1/na tetraparesis - - -
. controlled
fronto-parietal open
lips
bilateral left frontal not materr}zlrIgG *
" . . . . . )
25/F/6 and right parletal na/IS (West) controlled tetraparesis toxoplasmosis miscarriage (1)
open lips
and rubeola
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bilateral fronto
parietal open lips +

% enlargement of lateral not . vaginal
26/F/12 and third ventricles, 1/P controlled tetraparesis bleeding neonatal death (1)
agenesis of septum
pellucidum
bilateral left parietal
% closed lips and right 2/Lennox- not . ) . .
27M frontoparietal open Gastaut controlled tetraparesis miscarriage (1)
lips
four
*28/M/14 inconclusive 1/P episodes na - -
per day
bilateral left
frontoparietal and fever_ and
*29/F/7 . . - - hypotony vaginal -
right parietal open .
. bleeding
lips
bilateral fronto not vaginal
* 1 -
30/F/7 temporo ;I)iaprsletal open 1/na controlled na bleeding
unilateral left frontal
open lips + agenesis
31/F/7 of corpus callosum, - - na - miscarriage (1)
polymicrogyria,
pachygyria
unilateral left temporo miscarriage (1),
% parietal open lips + not . arterial low sister with
32M/12 agenesis of septum I/na controlled tetraparesis blood pressure malformations
pellucidum (amniotic brida)
unilateral left parietal 10 vaginal deaf and dumb
*33/M/12 P 3/na episodes normal &
closed lips bleeding parents
per day
bilateral left parietal
*34/M/13 open lips and right 3/na na hemiparesis - -
parietal closed lips
bilateral left parietal
35/F/37 i i i
Cl;)rsii:(tlalllgs :rl;l (iirlsg }-%l-t 19/P and controlled hemiparesis ht(l?l?gg‘r}rlr?gﬁtﬁl sister with
P pen iip GTC with AED P © schizencephaly (1)
absence of septum of pregnancy
pellucidum
unilateral left frontal controlled sister with
36/F/35 closed lips + absence 25/p with AED tetraparesis - schizencephaly (1)
of septum pellucidum phaly
unilateral right frontal controlled left .
3TMIS closed lips 8/p with AED hemiparesis ) epilepsy (1)
unilateral right frontal four left
38/F/9 . 4/P episodes . . na na
closed lips hemiparesis
per month
unilateral right
parietal closed lips + controlled left abortion .
39/F/8 absence of septum na/P with AED hemiparesis attempt epilepsy (2)
pellucidum
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40/F/2

41/M/12

42/F/4

43/F/5

44/F/6

45/F/4

46/M/4

unilateral right fronto
parietal open lips +
absence of septum
pellucidum

unilateral righ fronto
parietal open lips +
agenesis of corpus
callosum

unilateral right fronto
parietal closed lips

unilateral right
occipital closed lips +
septum optical
dysplasia

bilateral parietal
closed lips

bilateral left frontal
closed lips and right
frontal open lips +
incomplete septum
pellucidum and
malformation of
corpus callosum

bilateral left fronto-
temporo-parietal

closed lips and right
fronto-temporo-
parietal open lips

na/na

4/myoclonic,
P and GTC

1/P and GTC

1/na

1/P, GTC
and typical
absence

controlled
with AED

more than
four
episodes
per month

one
episode per
month

only one
afebrile
episode
during a
meningitis

daily
episodes

tetraparesis

tetraparesis

left
hemiparesis

left
hemiparesis

tetraparesis

tetraparesis

tetraparesis

anoxia

na

na

na -

* CT scans, SCZ = schizencephaly, IS

infantile spasms; P = partial; GTC

generalized tonic-clonic;

nd = not determined; na = not available; AED = antiepileptic drug; MR = mental retardation, R = arginine,

A = adenine, C = citosine.

Capitulos

128



Figure 1
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Legends for Figures

Figure 1. (A) CT of a patient with left open lips and right closed lips schizencephaly (white
arrows) and (B) the C796A substitution in the EMX2 sequence. This substitution doesn’t

change the identity of the wild-type arginine and was also identified in the control group.
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CAPITULO 4

ARTIGO 4

MAGNETIC RESONANCE IMAGING ABNORMALITIES IN FAMILIAL
TEMPORAL LOBE EPILEPSY WITH AUDITORY AURAS

Eliane Kobayashil, Neide F. Santos’, Fabio Rossi Torres?, Rodrigo Secolin®, Luis A.C.

Sardinha', Iscia Lopes-Cendes”, Fernando Cendes'
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ORIGINAL CONTRIBUTION

Magnetic Resonance Imaging Abnormalities
in Familial Temporal Lobe Epilepsy

With Auditory Auras

Efiane EKobayashi, MD, PhI}: Neide F. Santes, PhI); Fabie B, Terres, BSe; Rodrige Secolin, BSc;
Luix A C. Sardinha, ML: Iscia Lopez-Cendes, MD, PhD; Fernando Cendes, MDY, PhD

Backgrewnd: Two forms of Emilial temporal lobe epilepsy
{FTLE) have beendescribed: mesial FTLE and FTLE with
auditory auras, The gene responsible for mesial FTLE has
ot been mapped vet, whereasmmtadons in the LG (lencine-
rich, glioma-imactivated 1) gene, localized om chromosome
104, have been found in FTLE with auditory auras.

Objective: To describe magnetic resonance imaging
{MELI) findings in patients with FTLE with auditory
AUTAs.

Design and Metheds: We perdformed detailed clini-
cal and molecular stodies as well as MEI evaluation (in-
cluding volumetry) in all available individuals from one
family, segregating FTLE from awditory auras.

Reswlis: We evaluated 18 of 23 possibly affected indi-
viduals, and 13 patients reported auditory auras. In one pa-
tient, anditory suras were associated with dgja wa; in one
patient, with ictal aphasia; and in 2 patients, with visnal
misperception. Most patients were not taking medication
at the time, although all of them reported sporadic auras.

Two-point lod scores were positive for 7 genotyped mark-
ers on chromaosome 104, and a fmax of 6.33 was achieved
with marker [M0S183 at a recombination fraction of 0.0
Mucleotide sequence analysis of the LGI gene showed a
point matation, [IV57-2A2-G, in all affected individuals.
Magnetic resonance imaging was performed in 22 indi-
viduals {7 asymptomatic, 4 of them carriers of the affected
haplotype on chromosome 10q and the 1W57-24=G
mutatiorn). Lateral termporal lobe malformations were iden-
tified by visnal analysis in 10 individwals, 2 of them with
global enlargement demonstrated by volnmetry. Mildly re-
duced hippocampd were observed in 4 individuals.

Concluslons: In this lamily with FTLE with auditory au-
ras, we found developmental abnormalities in the lat-
eral cortex of the temporal lobes in 33% of the afocted
individunals. In contmast with mesial FTLE, none of the
affected individoals had MEL evidence of hippocampal
sclercsis,

Arch Neurol. 200360 1546-1551

From the Departments af’
Nearology (Drs Eobayashi,
Sardinka, and Cersdes} and
Medical Genetics (Drs Smrtes
and Lopez-Cemdes mad Mesors
Torres and Secolin), Campinas
State Universaty, Campinas,
Bragal.

HE FAMIIAL occorrence of

temporal lobe epilepsy

{FTLE) was first described

as a benign clindcal form of

TLE.! Magnetic resonance
imaging (MEI) studies in mesial FTLE
demonstrated signs of hippocampal scle-
Tosis, not only in patients with refractory
selzures, but in patients with good sei-
zure control and seizure remission. These
Andings indicate a stromg genetic factor for
the development of hippocampal sclero-
sis in some families 2

CME course available online
at www.archneurol.com

Another form of Bmilial TLE was first
reported by Otiman et al° and later by other
authors™ Seizure semiclogy pointed toan
extmhippocampal epileptogenic area, and

characteristically, most patients reported
anditory avras. Patients had good selzure
control, and epileptiform discharges were
observed in the posterior temporal re-
gioms, Molecular studies identified Hnk-
age to chromosome 10q,% and the gene
has recently been cloned (lencine-rich,
ghoma-inactivated 1 gene [LGI1])." Ho
MBI abnormalities have been described in
these patents so far.* The objective of this
study was to investigate MR abnormali-
ties im a large kindred with familial TLE
with auditory auras, linked to chromo-
some 10g.

— T

Wi shadied one large amily, segregating TLE
From muditary aums by detiled climical and MEL
evaluation. Maolecular studies were per-
formed i all wrailoble lamily members after in-
formed consent was obtained. A family pedi-

ARCH NEUROLSMOL 60, MOV 2003 AW ARCHNEUROL COM

1546
Diowzloadsi arm v s mbauroh boveat Capen Catteorpin, ondfamsary 7, 2008
(REFRINTED WITH CORRECTIONS)
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Figure 1. Summarized pedigree of the family with temporal lobe epilepsy and auditory auras, with haplotypes for kers on ch 10q.
gree was obtained, and all possibly affected individuals were syndromes were determined according to the recommenda-
clinically assessed by at least one of us. Seizures and epilepsy tions of the International League Against Epilepsy,™* and all
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affected individuals were also classified by the clinical out
come,

Genomic DNA was extracted fromblood samples and geno-
Iyped for 7 dinucleotide repeat markers (D 105583, D10S185,
D105574, D10S1680, D105577, D105192, and D105566),"
which flank the 15-centimorgan (¢M) candidate interval on
chl10q. We calculated 2-point lod scores using the MLink pro
gram of the Linkage package (Centre d'Etude des Polimor
phisme Humaine, Paris, France; University of Utah, Salt Lake
City™ and Columbia University, New York, NY, assuming an
antosomal dominant inheritance with 80% penetrance. For mu-
tation analyses, we screened the entire coding region of the LGI1
(leucine-rich, glioma-inactivated 1) gene by polymerase chain
reaction, using primers that flanked all intron-exon junctions.
MNucleotide sequences were analyzed using dye-terminator chem-
istry for megaBACE 1000 (Amersham Pharmacia Biosciences
UK Ltd, Buckinghamshire, England).

Magnetic resonance imaging was pe tlormed b)‘ a 2-T scan-
ner, with T1- and 'l'2—wcigl1r.::d umages in 3 urthugon.al plam:‘s.
including thin coronal (3 mm) T1 inversion recovery images
l'.lefrpendi(:ular to the lnng axis of the hippn:':unpus. In addi
tion, a 3-dimensional T1 acquisition was obtained for multi
planar reconstruction.

Magnetic resonance imaging acquisilion paramelers wers:
(1) sagirtal T1 spin-echo (6-mm thick: flip angle, 180° repeti-
tion time [TR], 430 milliseconds; echo time [TE], 12 millisec-
onds; matrix, 200>350; feld of view [FOV], 23225 cm); (2)
coronal, perpendicular to the long axis of the hippocampus, de-
fined by the sagittal images: |a] T2-weighted fast spin-echo (4-mm
thick; flip angle, 120% TR, 4800 milliseconds; TE, 129 millisec-

Table 1. Different Types of Aura in Affected Family Members

Visual
Individual Auditory Misperception
No. Aura Aura

-2
I1-6
1i-4
-7
-9
1i-10
1-13
11-20
11-18
111-24
V=10 -
V=11 - -
V=15 +
V=17 + -
) :
+

Aphasic
Aura Déja vu

b -
[T B S I |
[ 1

e P e e S | e e e

| =
1

1
|

V-4
-1

Abbireviations: Minus sign, absent; plus sign, present.

onds; matrix, 252 % 320, FOV, 18 % 18 em); [b] T1-weighted in
version recovery (3-mm thick; flip angle, 200% TR, 2800 milli-
seconds; TE, 14 milliseconds; inversion time, 840 ms; matrix,
1304 256, FOV, 16 X 18 cm); (3) axial images parallel to the long
axis of the llippucampi: [a] T1 weighla:d gmdienL echo (3-mm
thick; flip angle, 70% TR, 200 milliseconds; TE, 5 milliseconds;
matrix, 1804 232, FOV, 22 X 22 cm}; [b] T2-weighted [ast spin
echo (4-mm thick; flip angle, 1207; TR, 6800 milliseconds; TE,
129 milliseconds; matrix, 252 > 328; FOV, 21 % 23 cm); (4) T1-
weighted 3-dimensional gradient echo, acquired in the sagittal
plane (1-mm thick; flip angle, 35% TR, 22 milliseconds; TE mil-
liseconds, 9; matrix, 256 < 220, FOV, 23 25 cm).

Visual analyses were performed using a workstation
{OMNIPRO; Elscint, Haifa, 1srael} for multiplanar reconstrue-
tion. Independent analyses were performed by 2 investigators
{E.K. and F.C.) who were blinded to clinical status, and both
agreed with the conclusion, Quantitative analyses of hippo-
campal [ormation and the anterior aspect of the lemporal lobes
(vulumn:tr}-') were done accor{]ing to a standardized proto-
col,'* using thin coronal T1 inversion recovery images and
the Mational Institutes of Health lmage program
(http//rsb.info.nih.gov/nih-image/). Volumes were compared
with those in a control group of 20 healthy adult volunteers,
and data were transformed into z scores (number of SDs from
the mean of control group).

— T

We identified 23 possibly affected subjects (5 were de-
ceased) in the pedigree (Figure 1). We evaluated 18 of
them: 11 men and 7 women. The mean age at seizure on-
set was 19 years (range, 10-35 years). None of the evalu-
ated individuals who met the clinical eriteria for TLE with
auditory auras had a history of risk factors (febrile con-
vulsions, head trauma, or meningitis}. All patients had
a benign clinical course.

Auditory auras were reported by 12 (66%) of 18 pa-
tients, and were described as a radio sound or a motor-
cyele running by most of them (Table 1). Other re-
ported symptoms are presented in Table 1, and included
déja vu, visual misperception, with distortion of faces or
objects, and episodes in which they suddenly were unable
to hear orunderstand what people said (aphasic aura). There
was only 1 patient (I1I-22) who did not report auras, but
she had only a few generalized tonic-clonic seizures dur-
ing sleep. Secondarily generalized tonic-clonic seizures were
reported as a rare manifestation by 12 patients. One indi-
vidual (V-6) had only recurrent febrile seizures during child-
hood but no clinical findings of TLE with auditory auras.

Two-point lod scores were greater than Zmax=3.0 for
all 7 markers genotyped on chromosome 10q (Table 2):

Table 2. Two-Point Lod Score Obtained for 7 Markers on Chromosome 10g Within the Candidate Region for TLE With Auditory Auras

Marker 0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 04
Di0s583 5.61 547 4.69 118 363 3.4 21 1.75 1.06
Hos18s 6:35 589 5.28 470 408 343 2.75 2.02 127
105574 478 433 3.83 M 2.6 2189 1.59 1.00 048
Dostesn 407 437 3 347 297 244 1.89 1.33 077
Di0S577 4.26 3492 354 315 273 2.28 1.82 133 0.88
Diosi92 5.55 5.08 4.58 4.06 350 29 229 1.65 099
10566 3.08 426 405 3.69 124 274 2,18 1.58 0.96

Abbreviation: TLE, temporal lobe epilepsy.
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Table 3. Visual and Volumetric Data on the 22 Individuals Who Underwen! Magnetic Resonance Imaging
Individual Chi 10g Hippocampal
Number Haplotype Status Volumetry Temporal Lobe Abnormalities
11-4 + Affected Normal LTLM, with ITL enlargement* and fusiform qymnus
malformation
1v-8 + Nonaffected Nomal
-7 + Affected Nomal o
V-8 - Nonaffected Nomal LTLM, with LTL enlargement*
V-24 t Affected Nomal o
V-17 + Affected Reduced at left LTLM, with LTL encephalocele
V-1 + Alfected Nommal e
V-7 t Nonaffected Nomal 508
IV-15 ] Affected Nomal LTLM, with ITL enlargement and absence of 1stand 2nd
temporal sulcus. Abnomal shape of left fusiform gyrus
V-5 ] Nonaffected Reduced at right
-13 + Affected Reduced at left/mild LTLM, with LTL enlargement and absence of 1sLand 2nd
increased 12 signal lemporal sulcus, abnormal shape and axis of
hippocampus, and mild hemispheric asymmetry
(left=right} (Figure 2)
V10 it Affected Momal LTLAM, with hipp I g ab | shape and axis,
and widened fusiform gyrus
111-24 t Affecled Normal LTLM, with LTL enlargemnent
-10 { Aftected Normal LTLM, with LTL enlarg 1 and hipp I h 1]
abnormal shape and axis
V-6 - Febrile seizures Reduced at left/mild LTLM, with abnormally rounded hippocampus, fusiform and
increased 12 signal hi 1 gyri maltormati
11120 ' Affected Narmal e
-9 + Affected Normal LTLM, with LTL enlargement
V-4 ' Aifected Normal Mg
16 Nonaffected Normal
V- + Allected Normal
111-22 + Affected Normal
V-3 ' Nonaffected Normal
Abbreviations: LTL, left L | lobe; LTLM, left temporal lobe malformalion; ellipses, nol applicable; minus sign, absent; plus sign, presenl.

*FConfirmed by volumetry.

Zmax=5.61 at 8=0 for D105583; Zmax=6.35 at H=0 for
D105S185; Zmax=4.79 at =0 for D105574; Zmax=4.77 at
B=0 for D10S1680; Zmax=4.26 at 0 =0 for D10S577:
Zmax=5.55at#=0 for D10S192; and Zmax=4.26at0=0.05
for D105566. Nucleotide sequence analysis of the LGII gene
showed a point mutation, IV57-2A>G, that was likely
to abolish the splicing site, We predict that this mutation
results inexon 8 skipping, thus producing a truncated pro-
tein. The point mutation was present in all affected indi-
viduals. An interictal electroencephalogram performed in
6 patients detected ne abnormalities.

Twenty-two family members underwent MRI (7
asymptomatic, 4 of them haplotype carriers). In Table
3, we present the allected status, the presence of the chro-
mosorme 10q haplotype, and the visual and quantitative
MRI studies [or each subject. Visual analysis showed lat-
eral temporal lobe dysgenetic features (Figure 2 and
Figure 3) in 10 (45%) of 22 patients. Their left tempo-
ral lohes seemed enlarged, sometimes with protrusion of
brain parenchyma with an encephalocelelike appear-
ance (Figure 2). However, anterior temporal lobe volu-
metry showed a significant global increase in volumes
in only 2 individuals.

Volumetric studies revealed mildly reduced hippo-
campi in 4 individuals, with z scores ranging from -2.0
to —=2.5. In 2 of them, a mildly increased hippocampal
T2 signal was also observed on visual analysis. How-
ever, none of these 4 patients fulfilled the criteria for de-

termining MRI evidence of mesial temporal sclerosis on
visual analysis, as commonly encountered in mesial

FTLE?

BN COMMENT R

Although the description of auditory auras in FTLE is
remarkable, some patients also report other sensory and
psychic symptoms, in isolation oraccompanying the au-
ditory symptoms."* Auditory features may vary among
affected family members, from undefined sounds to au-
ditory illusions, such as distortions and volume changes.
Inaddition, some patients had an ictal aphasia. All of these
positive and negative manilestations suggest a lateral temn-
poral lobe seizure focus involving the cortex of poste-
rior temporal regions,

The identification of temporal lobe abnormalities on
MRI in patients with this specific formof TLE, linked to
chromosome 10q, has not been reported so far. We found
clear-cut signs of lateral temporal malformations in 53%
of affected individuals and in 1 asymptomatic carrier of
the haplotype. Although 4 individuals had mildly re-
duced hippocampal volumes on volumetry, this was not
sufficient to define MRI evidence of mesial temporal scle-
rosis. However, this mild volume loss and altered shape
of the hippocampus and parahippocampal gyrus may in-
fluence the pattern of propagation of ictal dischargesand
seizure semiology.
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The relationship of the mesial and lateral aspects of
the temporal lobe has been extensively studied.’” Al-
thongh itis well recognized that in mesial TLE, the main
structures implied in the pathogenesis of epilepsy are the
hippocampus, amygdala, and other mesial temporal lobe
structures, the lateral temporal cortex may also play an
important role in this scenario. The subcortical connec-
tions of mesial temporal structures are bidirectional, and
include afferents from the hypothalamus, the auditory
system, and the lower brainstem nuclei involved in vis-
cerosensory and gustatory functions.'”

Several types of perceptual phenomena can occur
in temporal lobe seizures. Visual and auditory halluci-
nations and illusions are commonly elicited by tempo-
ral lobe seizure discharge. Auditory illusions are usually
changes in the loudness of perceived sounds. Most of these

changes are attributable to discharge in the auditory as-
sociation cortex, but occasionally they can be repro-
duced by amygdaloid stimulation.' These illusions fre-
quently have experiential qualities. Elementary auditory
and visual hallucinations indicate discharge in the pri-
mary auditory and visual cortices. The stimulation re-
sponse map of Penfield and Perot shows that the points
in the temporal isocortex from which auditory experi-
ential phenomena could be elicited occupy the first tem-
poral convolution. Experiential phenomena with audi-
tory features may be elicited by stimulation with
intracranial electrodes of several temporal lobe struc-
tures.'® These have been observed with an after-
discharge beyond the stimulated site in 22 (29%) of 75
individuals.’® In addition, there were reports of audi-
tory hallucinations/illusions ( one with associated visual

Figure 2. &, T1-weighted invarsion recowery coronal magnetic resonance images from patient 111-13 show laft temporal lobe dysgenesis, characterizad by
enlargement of the lateral temporal lobe, with small gyri (although not characterizing polymicrogyria). B, T1 sagittal images from the same patient show the
absence of the first and second temporal sulci on the anterior and middle portions of the left temporal lobe. The posterior basolataral aspect of the left temporal
lobeis also abnormal, with a dowrward protrusion of parenchyma, exhibiting an encephalocelelike appearance (arrow).

Figure 3. T1-wsighted imversion recovery coronal magnetic resonance images from patients (<4 (4) and V-11 {B) show left temporal lobe malformation, with a
disgenetic aspect of temporal gyri and enlargement of the lateral aspect of the temporal lobe
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hallucination) in 3 patients after hippocampus stimula-
tion. Experiential phenomena without an after-
discharge or with discharges limited to the stimulated site
were elicited in 20 (27%) of 75 patients, and 3 of them
had auditory hallucinationsfillusions combined with vi-
sual features (one from temporal isocortex stimulation
and 2 from amygdala stimulation).*®

At this point, we cannot be sure that the develop-
mental structural abnormalities in the temporal lobes
found in our patients are directly implicated in seizure
origin. However, the MRI lindings in this family with TLE
with auditory auras are clearly distinct from the MRI find-
ings in mesial FTLE, and these different abnormalities
are consistent with the distinct seizure semiology in these
2 [orms of familial TLE.
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Error in Wording and Terminology. Inthe article titled
“Magnetic Resonance lmaging Abnormalities in Famil
ial Temporal Lobe Epilepsy With Auditory Auras” in the
November issue of the ARCHIVES (2003:60:1546-1551),
the last sentence of par:lgraph 3 in the “Results” section
should have read. “An interictal electroencephalogram
performed in 6 patients detected no abnormalities,” and
SVINST(-2)A-G” in the “Results™ section of the Ab
stract and article should have been “IVS7-2A>G." This
correction was made previously to online versions of this
article.
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ABSTRACT

Purpose: To describe clinical, neuroimaging and genetics finding of families with
autosomal dominant partial epilepsy with auditory features (ADPEAF) and whether clinical
differences are able to predict the presence of LGII mutations in ADPEAF families.

Methods: Four families with ADPEAF were studied (S, MG, N and B). Clinical evaluation
including neurological exam, EEG and MRI were performed. Families S and MG were
genotyped for ch10q locus. MG kindred were genotyped for LGI gene family and MASS].
Linkage analysis was not performed in N and B kindred. Mutation screening was
performed by DHPLC, sequencing and RFLP analysis. Mutation repercussion was studied
by RT-PCR and Real Time PCR.

Results: Auditory auras were identified in all families studied and an overrepresentation of
“déja-vu” phenomena was detected only in MG family. Lateral temporal lobe malformation
was observed in S kindred. Lod-scores were above 3.00 for ch10q locus in S kindred and
negative (>-2.00) for LGI gene family and MASS] in MG kindred. A point mutation (IVS7-
2A>Q) in LGII was detected in S pedigree. No pathogenic variant was identified in other
LGI genes and MASSI-EPTP domain. Molecular studies in mRNA of patients with LG/

mutation were not conclusive.

Discussion: Clinical and genetic heterogeneity in ADPEAF have been identified and LGI2,
3, 4 and MASS1 gene were excluded from ADPEAF etiology. This study does not permit to
establish if distinct clinical signs are a predictive factor for LGII mutations. A wide
genome search in MG family should be performed to identify the alternative locus for

ADPEAF.

Key Words: Epilepsy, Genetics, Genetics Heterogeneity, Linkage, Mutation Screening,
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INTRODUCTION

Autonomic dominant partial epilepsy with auditory features (ADPEAF) is a
benign epilepsy syndrome characterized by seizure onset in late adolescence, typical
auditory auras and/or symptoms suggesting a lateral temporal onset and absence of any
brain structural abnormality (Ottman et al, 1995; Michelucci et al., 2003).
Ottman et al. (1995) reported the first family segregating the disease and mapped a
candidate locus on chromosome 10q. Additional families were soon reported, improving
the phenotype characterization and the refinement of the candidate region
(Poza et al., 1999, Winawer et al., 2002). These efforts resulted in the identification of
mutations in a gene originally related to high-grade gliomas (Chernova et al., 1998): the
leucine-rich glioma inactivated 1 gene (LGI/) (Kalachikov et al., 2002; Morante—Redolat
et al., 2002; Gu et al., 2002a; Fertig et al., 2003; Pizzuti et al., 2003, Berkovic et al., 2004;
Ottman et al. 2004 e Hedera et al., 2004; Pisano et al., 2005).

Although mutations in LGII have been reported in several kindreds,
identification of families that do not have mutations in LGII suggested genetic
heterogeneity in ADPEAF (Bisulli et al., 2002; Michelucci et al., 2003; Ottman et al.,
2004). Families with and without mutations in the LG/I gene had similar clinical features,
but those with mutations contained significantly more subjects with auditory symptoms and
significantly fewer with autonomic symptoms (Ottman et al., 2004). We have previously
reported a large family with ADPEAF and mutations in LGI/ (Kobayashi et al., 2003). In
the present work we present information on additional family members of this family as
well describe three other families and report their clinical features comparing with the

genetic findings from linkage analysis and mutation screening in candidate genes.

PATIENTS AND METHODS
Ascertainment of families

We studied four unrelated families segregating ADPEAF: S (previously
reported, Kobayashi et al., 2003), MG, N and B kindred (figure 1). All participating

individuals gave informed consent before undergoing MRI scanning and blood sample
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collection for molecular studies; both studies were approved by our Institution Research

Ethics Committee.

Detailed clinical histories and pedigrees were obtained during field trips, in
which we had the opportunity to evaluate a large number of affected and unaffected
individuals. Seizures and epilepsy syndromes were determined according to the ILAE
recommendations (Commission, 1981; 1989). Affected status for the diagnosis of ADPEAF
was considered when we had clear identification of auditory auras, ictal aphasia or
visual/auditory complex hallucinations that were compatible with a neocortical temporal

origin.

EEG and MRI studies

Patients were subsequently invited for electroencephalogram (EEG) and MRI
investigation. EEGs were performed in a 32 channels recorder, using the 10-20

international electrode placement system.

MRI scans were performed in a 2T scanner (Elscint Prestige®), and included
T1- and T2- weighted images in three orthogonal planes, as well as thin coronal T1
inversion recovery (IR) images, perpendicular to the long axis of hippocampus to optimize

the evaluation of mesial temporal structures.

MRI acquisition parameters were: (/) Sagital T1 spin echo, 6mm thick, flip
angle= 180°; repetition time (TR)=430, echo time (TE)=12, matrix 200X350, field of view
(FOV)=25X25cm; (2) Coronal images, perpendicular to long axis of hippocampus, defined
by the sagital images; (2.a) T2-weighted “fast spin echo” (FSE), 4mm thick, flip
angle= 120°; TR=4800, TE=129, matrix 252X320, FOV=18X18cm; (2.h) T1-weighted IR,
3mm thick, flip angle=200°; TR=2800, TE=14, inversion time (TI)=840, matrix 130X256,
FOV=16X18cm; (3) Axial images parallel to the long axis of the hippocampi; (3.a)
T1-weighted gradient echo, 3mm thick, flip angle=70°, TR=200, TE=5, matrix 180X232,
FOV=22X22 cm; (3.b) T2-weighted FSE, 4mm thick, flip angle=120°, TR=6800, TE=129,
matrix 252X328, FOV=21X23cm; (4) Tl-weighted 3D gradient echo, acquired in the
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sagital plane (Imm thick, flip angle=35 TR=22, TE=9, matrix 256X220,
FOV=23X25cm). MRI visual analyses were performed using multiplanar reconstruction on

an OMNIPRO® workstation.

Molecular studies
Genotyping

Genomic DNA was obtained by phenol-chloroform extraction from
lymphocytes of fresh blood. For the two large families (S and MG), family members were
genotyped by Polymerase Chain Reaction (PCR) for 12 polymorphic dinucleotide repeats
sequences (D10S1644, D10S1687, D10S1765, D10S1753, D10S583, D10S185, D10S574,
D10S1680, D10S577, D10S192, D10S566 and D10S187), which flank the LGII locus on
chl0q. For family MG we genotyped additional 9 microsatellites (D4S3013, D4S2498,
D4S391, D8S261, D8S560, D8S1786, D19S868, D19S425 and D19S224) that flank LGI2,
LGI3 and LGI4 loci respectively and six polymorphic dinucleotide repeats sequences
(D5S1725, D5S815, D5S618, D5S644, D5S652 and D5S2498) which flank the MASS1
locus. Genotyping was carried out using capillary electrophoresis on MegaBACE™ 1000
96-capillary sequencers (GE Healthcare, Buckinghamshine, UK). The fluorescent
dye-labeled primers (FAM™, VIC™, 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).
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Linkage between loci and each of the markers was analyzed by the maximum
likelihood method using the computer program MLINK and LINKMAP (version 5.2)
(CEPH, University of Utah, and Columbia University 1990) of the LINKAGE® package
(Terwillinger and Ott, 1993). Frequency for each marker allele was calculated from
controls and unrelated individuals married into the pedigrees. We assumed an autosomal
dominant inheritance, a gene frequency of 0. 001 and penetrance of 0.8, which were
calculated based on age-onset seizures obtained in our families with ADPEAF. Individuals
considered as phenocopy and whose clinical evaluation was inconclusive or indicative of
other syndrome than ADPEAF were excluded from the linkage analysis. Genetic
heterogeneity analysis between S and MG kindred for ch10 locus was performed using the

HOMOG Program (version 3.5) (Copyright © Jurg Ott, 1988) (Terwillinger & Ott, 1993).

Mutation Screening in Candidate Genes

Three individuals from family S and MG were submitted to automatic
sequencing of LG! gene with the Big Dye Terminator Sequencing kit® for Megabace
1000® (GE Healthcare, Buckinghamshine, UK). In addition, in order to investigate the
presence of the mutation identified in LGII in additional family members of the S kindred

we designed an assay using restriction enzyme digestion with BstN I.

For families N and B, mutation analysis of the LGII, LGI2, LGI3, LGI4 and
epitempin (EPTP) domain of MASSI gene were initially performed by denaturing
high-performance liquid chromatography (DHPLC) which was carried out with the
WAVE® 4500 system (Transgenomic, San Jose, CA). For MG family, we also performed
DHPLC for all these genes, with exception of LGI! that has been previously sequenced. In
brief, DNA samples of the affected individuals and ten controls were screened for
mutations by DHPLC. PCR was performed in 20ul containing SuM of each specific
primers, 200uM of each dNTP, 0.5 units of Taq 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
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buffers used for DHPLC was: buffer A — 0.1M triethylammonium acetate (TEAA) and
buffer B- 0.1M 25% acetonitrile in TEAA. Aliquots of 5ul 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.

Individuals that have a different chromatogram profile from normal controls
were subsequently sequenced with the Big Dye Terminator Sequencing kit® for Megabace

1000® (GE Healthcare, Buckinghamshine, UK).

All Primers used in the mutation screening were designed with the Generunner®
program package to amplify the entire coding region and splicing sites boundaries of the
LGII, LGI2, LGI3 and LGI4 genes, for the MASS1 gene we investigated only exon 49,
which is part of the EPTP functional domain (primer sequence oligonucleotides could be

obtained on request).

c¢DNA analysis

The total RNA was obtained by direct extraction from the epidermis of four
individuals of the S kindred harboring the IVS7(-2)A—G mutation, using standard manual
techniques. RT-PCR was performed with 1ug of RNA using the Improm II Reverse
Transcriptase System (Promega, Madison, WI, USA), in order to obtain the first cDNA
strand. PCRs were performed using specific primer sequences for the region comprising the
entire coding sequence of LGII gene. Samples were processed under the following
conditions: 35 cycles of 45s at 94°C, 45s at 60.5°C and 105s at 72°C. PCR products were
submitted to electrophoresis in a 1% agarose gel and analyzed for altered mobility when

compared with a control individual.
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Gene expression assay

Gene expression assays were carried out using real time PCR (7500 Real Time
PCR system from Applied Biosystems, Foster City, CA, USA.) with the TagMan™ system
(Applied Biosystems, Foster City, CA, USA). Primers and probe for the LGII gene were
obtained from the Assays-On-Demand choice of Applied Biosystems (Foster City, CA,
USA), and the 18S gene was used as the endogenous control. RT-PCR was performed
using SuperScript III System (Invitrogen, Carlsbad, CA, USA). Real time PCRs were
carried out using 100ng of cDNA, in a total volume of 12.5ulL with master mix, probe and
primer sequences provided by Applied Biosystems (Foster City, CA, USA), as well as ABI
7500 Real Time PCR System. All relative quantification experiments were performed in
triplicate and the y2 test was used to access differences in gene expression among different

patients.

RESULTS
Phenotype characterization

A summary comparing the general clinical findings of S, MG, N and B families
is given in table 1. More detailed clinical data of these families could be visualized in

table 2.

S Kindred: detailed clinical description of this family was presented previously
(Kobayashi et al., 2003). We evaluated 18 symptomatic subjects, and auditory auras were
reported by 15 of them (83.33%).The seizure onset was 21,06+ 7, 44 years old. Associated
ictal phenomena reported were: visual misperception, ictal aphasia and “jamais-vu” in one
patient respectively, “déja-vu” in two individuals, CPS was identified in four patients and
GTCS were reported by 14 patients. “Déja-vu” associated with GTCS were identified in
one individual, isolated febrile seizure and GTCS were reported by one patient respectively
(table 2). Six individuals underwent interictal routine EEG recordings in our hospital
(III-9, III-10, 1II-13, IV-10, IV-11, V-1), with no abnormalities. MRI scan was performed
in 15 symptomatic individuals and malformation of the lateral aspects of the temporal lobes

was identified in nine individuals (60.0%). These abnormalities were characterized as an
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enlarged temporal lobe and, sometimes, protruded brain parenchyma with an
encephalocele-like appearance (figure 2). All affected family members from both kindreds
had benign clinical course, either with spontaneous remission and a few seizures during life
or isolated auras. Some of them were not aware of the fact that these auditory phenomena

were seizures.

MG Kindred: We evaluated 21 symptomatic subjects, auditory auras were
reported by 20 of them (95.23%), and “déja-vu” was present in 12 individuals (57.14%).
The seizure onset was 14.9 + 8 years old. Ictal aphasia had been reported by only one
patient while febrile seizures were detected in five patients. One individual had isolated
“déja-vu” episodes. CPS and GTCS were identified, respectively in two patients. (table 2).
MRI was performed in 17 individuals and no abnormalities were identified by visual
analysis (figure 2). Only one individual underwent EEG recordings (IV-4) but this exam
was performed in another service, and could not be analysed by our group. In general,
individuals of this family also have a good outcome, with isolated auras and few seizures

during their life.

N Kindred: We evaluated six subjects of this family. Auditory auras were
present in three patients (50%). “Déja vi” or febrile seizures episodes were not observed in
this family. GTCS were presented in all six subjects (table 2). One of the subjects had only
GTCS during sleep, without any other symptoms. The outcome of all subjects was benign
with few episodes during their life. EEG was recorded on five patients. Two exams were
considered normal (III-2 and III-8) and, on the other three (II-6, III-1, IV-2), the exam
showed epileptiform activity without predominance on both the centrotemporal lobes. MRI
scan was performed in three of the subjects without any abnormality detectable on visual

inspection.

B kindred: We evaluated only three individuals of this family and all of them
were considered affected (table 2). The three subjects presented auditory features
characterized by felling ears plugged followed by visual blurring and GTCS. None of them
presented “déja vu” or febrile seizures, neither nocturnal seizure. EEG was performed in
only one subject and it showed epileptiform activity on right mesial temporal lobe. MRI

was performed in the same subject and it was classified as normal on visual analysis.
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Molecular studies

Two-point  lod-scores of S  kindred, as described previously
(Kobayashi et al., 2003), were above 3.00 for seven markers with a Z,,,=6.35 at 6=0.00 for
D10S185 (table 3). However, two-point lod-score analyses of the MG kindred were
significantly negative (below -2.00) for all markers genotyped for this locus excluding
linkage to the LGII gene (table 3). Multipoint lod-score analysis confirmed these results
for both kindred to locus in chlO (figures 3A and 3B). Statistical analysis with the
HOMOGO program showed significant genetic heterogeneity between the two families for
chl0 locus (p<0.001) (table 4). A statistical simulation with the MLINK program was
performed to confirm statistical significance of the MG family. Lod-score values were
significantly positive, with Z;,,x=5.00 at 6=0.00 (table 5). In addition, LGI2, LGI3, LGI4
and MASSI loci were also genotyped for MG family excluding linkage to these genes
(table 5). Automatic sequencing of the LGII gene showed an IVS7-2A>G substitution in
the three affected individuals from S kindred which was identified previously (figure 4).
Restriction enzyme fragment analysis showed that all affected individuals in S kindred have
this substitution while it's absent in a control group (figure 5). However, no mutation was
detected in LGII gene in MG kindred. In addition, mutation screening by DHPLC of this

gene in N and B families had not detected any variant when compared to a control group.

Furthermore, mutation screening by DHPLC in LGI2, LGI3, LGI4 and EPTP
domain of MASSI gene in MG, N and B kindred only detected non- pathogenic variants,
since the alterations in nucleotide sequence detected are synonymous or also found in the

control group (table 6).

Electrophoresis of cDNA PCR products of patients from S family with the
IVS7-2A>G mutation in the LGII gene did not show any altered mobility pattern when
compared with control individual (figure 6). In addition, real time PCR could not detect
differences in expression of LGII between patients and control individuals since graphics
generated by the real time PCR point to a low expression of this gene in the epithelial tissue
(figure 7B) when compared with a endogenous control (figure 7A). To assess the liability
of LGII primers, cDNA from a hippocampus specimen was also submitted to real time

analysis showing detectable levels of LGII expression (figure 7B).

Capitulos
149



DISCUSSION

Although ADPEAF is a rare benign epilepsy syndrome, consecutive new
families have been described worldwide, and it is possible that not all these families will
present the same genetic basis (Bisulli et al., 2002; Gu et al, 2002a;
Kalachikov et al., 2002; Morante—Redolat et al., 2002; Winawer et al., 2002;
Fertig et al., 2003; Michelucci et al., 2003; Pizzuti et al., 2003; Berkovic et al., 2004;
Ottman et al. 2004 e Hedera et al., 2004; Pisano et al., 2005). Genetic heterogeneity has
been described in other epileptic syndromes as autosomal-dominant nocturnal frontal lobe
epilepsy, generalized epilepsy with febrile seizures and juvenile myoclonus epilepsy
(Jentsch et al., 2004). These syndromes have similar clinical aspects in despite of fact that
been caused by mutations in different genes (Chabrol et al., 2007). The clinical observation
of the four families described in this paper together with the previous observations, raise
important questions about which genes are involved with the molecular etiology of

ADPEAF in these pedigrees.

The discovery of genes and loci predisposing to epileptic syndromes has been
rising due to recent progress in the molecular biology (Ottman et al., 2001). Genetic
mapping by linkage has been broadly used as a tool to identify major genes involved in
Mendelian diseases, including epilepsy monogenic syndromes (Winawer et al., 2002;
Szepetowski et al., 1997; Berkovic et al., 2004). In addition, linkage analysis are also used
to test directly candidate loci, avoiding expensive and time consuming mutation screening
and wide genome scan projects. Otherwise, to achieve reliable results, its necessary large
families with several affected individuals, very clear and detailed clinical information and
well defined inheritance pattern. Working with small pedigrees, which on your own don’t
have statistical power to generate significant lod-scores values, could generate non-reliable
results. In this scenario, lod-score values of single and small kindred are added and, if
families are heterogeneous genetically with more than one locus responsible for a single
syndrome, the summed lod-scores could result in not reliable values. Phenocopies must be
detected and removed from the cohort of patients because they also can affect lod-score
values. It is important to note that phenocopies, such as low penetrance and variable

expressivity, are examples of the little assurance of molecular tests in the clinical diagnosis
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of epilepsies, since a negative result in the test does not exclude the possibility of an
individual to develop epilepsy in the future, neither a positive result is a certainty that

patients harbouring mutations will be affected by seizures in the future.

To perform genetic analysis of these families we have defined two distinct
strategies: large pedigrees such as S and MG were firstly analyzed for candidate loci by
linkage studies and results were confirmed by mutation screening, for small pedigrees only

mutation screening of candidate genes by DHPLC were carried out.

Although S kindred has been reported previously (Kobayashi et al., 2003) we
are presenting in this manuscript, the molecular analysis of this pedigree with more details,
including positive lod-score values for LGII locus in ch10 (table 3) and chromatogram of
the IVS7-2A>G mutation (figure 4). We believe that the presentation of these results will
result in a better comprehension of the goals of this article. Initially, we performed an in
silico linkage analysis simulation with the MG kindred to prove its statistical significance.
Computer testing has resulted in a lod-score value of 5.00 at 6=0.0 (table 5) showing that
linkage analysis in MG family “per se” is able to generate significant results without the
requirement of include other families in the analysis. This is important because eliminate
the genetic heterogeneity effect in the lod-score values. In addition, we have identified one
phenocopy in this family that was excluded from analysis: a woman with auditory auras
and GTCS married to an unaffected man of the pedigree. Clinical and genetic examination
of S family also revealed the occurrence of one phenocopy in this pedigree: a boy suffering

of febrile seizures without auditory auras and mutation in LGI/ gene.

Lod-score values of all markers flanking LGII locus on ch10 were significantly
negative in MG family, otherwise a Z;,x=6.35 at 6=0.00 for D10S185 was achieved in S
family (table 3). Automatic sequencing of the LGII followed by restriction fragment
analysis revealed an IVS7-2A>G mutation in this gene in all affected patients and absent in
normal controls. These results show that the IVS7-2A>G mutation in LGI! is responsible

for molecular etiology of ADPEAF at least in this family.

This mutation probably destroys the intronic acceptor AG site, resulting in
pathogenic mechanisms such as exon skipping or the formation of alternative splicing sites.

mRNA transcription will be affected, with the production of aberrant RNAs including
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intronic or incomplete exons regions and/or formation of non-stable molecules that will be
destroyed by the cellular machinery. As consequence the wild type protein could undergo
to dramatic structural changes like insertion of a premature stop codon and consequently

deletion of the protein C-terminal region or haploinsufficiency of LGI1 protein synthesis.

LGI1 has been supposed to be a secreted protein (Senechal et al., 2000).
Sirerol-Piquer et al., 2006 using artificial mutations showed that an intact EPTP domain,
with all seven in tandem repeats are required for the protein to exit the cell. The EPTP
domain is located in the C-terminal region of the protein that is possibly deleted in patients
with the IVS7-2A>G mutation , consequently we may suggest that a truncated form of the
LGI1 protein suffer retention in the Endoplasmatic Reticulum (ER) and fail to enter in
Golgi and secretory pathway. Alternatively, if there is removal of non stable mRNA, this
phenomenon could change normal ratio between LGI1 and their protein partners, probably

affecting excitability of neuronal circuits.

To test these hypotheses we have performed cDNA analysis of patients with the
IVS7-2A>G mutation. Gel electrophoresis has not detected any altered migration pattern
and expression studies could not detect LGII expression. Experiments were carried out
with epidermis of patients; since nervous tissue was not available for study. We suppose
that low levels of LGII expression in the epidermis tissue may possibly be the reason why
our experiments were not able to detect gene expression. Other studies have to be

performed to elucidate questions related to molecular mechanisms of this mutation.

Following initial screening in LGII gene, our naturally choice to perform a
candidate gene screen were genes belonging to the LGI subfamily, LGI2, LGI3 and LGI4
(Staub et al., 2002; Scheel et al., 2002; Gu et al., 2002). One of the most interesting features
of LGI genes are the EPTP repeats located in the C-terminal half of the gene. Except for the
LGI gene family, this repeat has only been found in the MASSI gene and in a putative
human gene, TNEP1/TSPEAR (Staub et al., 2002). LGI4 has been considered as a potential
candidate gene for childhood absence epilepsy (CAE) and benign familial infantile
convulsions (BFIC). A strong association between polymorphisms in LGI4 and CAE has
been reported, indicating that this gene could act as a susceptibility gene for CAE

(Gu et al., 2004). In addition a knock-out mouse for this gene has been generated showing
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defects in segregation and hypomielination of axons of the peripheral nervous system
(Bermingham et al., 2006). A naturally occurring mutation of the mass/ gene has been
reported in the Frings mouse strain, which is susceptible to audiogenic seizures
(Skradski et al., 2001). In addition, a nonsense mutation in this gene was detected in one
Japanese family with febrile and afebrile seizures (Nakayama et al., 2002). These findings
in association with the presence of the EPTP domain show that these genes are potential

candidates for ADPEAF in families without mutations in LGI/ gene.

The lod-scores values for MG family were significantly negative, showing that
these genes are not involved with ADPEAF, at least in the MG kindred. DHPLC mutation
screening corroborates these results since only neutral variants were detected. For N and B
kindred, DHPLC screening also identified only neutral variants also presented in a control
group. Although promoter and intronic regions were not analyzed, our findings are in
according with previous works that analyzed the LGI gene family in sporadic and familial
temporal lobe epilepsy (Berkovic et al., 2004; Ayerdi-Izquierdo et al. 2005), strongly
supporting that these genes do not confer susceptibility to ADPEAF.

Recently has been demonstrated that LGII could interact with ADAM22 and
Kvi.1. These genes are involved in nervous systems disorders and epilepsy. ADAM22
deficient mice show cerebellar ataxia and die around 2 to 3 weeks after birth in
consequence of multiple seizures (Saganek-Hayakawa et al., 2005) and mutations in human
Kvl.1 result in the dominant disorder Episodic Ataxia Type 1 (Browne et al., 1994; Herson
et al., 2003). Interaction between LGII, Kvi.I and ADAM22 were detected in complex
containing various proteins, for example Kv1.1 is a major constituent of presynaptic A-type
channels, and has its gating properties, trafficking and cellular distribution determined by
Kvla, Kvp subunits and cell adhesion molecules (Campomanes et al., 2002; Coetze et al.,
1999), in addition, ADAM22 may stabilize the AMPA receptor-mediated synaptic
transmission trough interaction with various proteins (Fukata et al., 2006). However,
Chabrol et al., 2007, studying a cohort of 18 families without mutations in the LGII gene,
failed to detect pathogenic mutations in ADAM22 indicating that this gene is not a major
gene for ADPEAF. Although the negative results described (Chabrol et al., 2007) Kvi.1,

ADAM?22 and other proteins involved in biochemical pathways with these genes remain as
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potential candidates to have a role in the molecular etiology of ADPEAF and must be

screened in future.

Molecular results achieved by our group and previously reported molecular
studies by other authors (Bisulli et al., 2002; Michelucci et al., 2003; Ottman et al., 2004)
suggest that there is another gene involved with ADPEAF. Linkage analysis and DHPLC
mutation screening showed that LGI1 locus is not involved with ADPEAF in MG, N and B
families. Furthermore, statistical analysis performed by our group with the HOMOG©
program (table 4) confirmed the genetic heterogeneity between MG and S kindred.

Regardless genetic heterogeneity proposed by diverse groups, no considerable
difference in clinical signs has been reported between ADPEAF families with and without
mutations in LGII (Michelutti et al., 2003; Berkovic et al., 2004). Ottman et al. (2004) have
described in families with LGII mutations, a higher occurrence of patients with auditory
features and a small number of individuals with autonomic features than pedigrees without
mutations in this gene. Autonomic symptoms were not identified in the majority of our
patients however when clinical data of MG kindred were analyzed (table 1 and 2) a
noteworthy difference could be identified in the number of individuals with “déja-vu” and
GTCS. MG family shows an over-representation of “déja-vu” phenomenon when
compared with S, N and B families and other kindred described previously, while there is a
small incidence of GTCS (table 1 and 2). “Déja-vu” is a symptom associated with mesial
structures of temporal lobe. In mesial temporal lobe epilepsy, structures involved with
epilepsy are hippocampus, amygdale and other mesial temporal lobe structures. There are
relationships of mesial and lateral aspects of temporal lobe that may have influence in the
seizure manifestation, for example, subcortical connections of mesial temporal structures
are bidirectional and include afferents of auditory system (Gloor, 1997). We supposed that

these connections may have a role in the genesis of “déja-vu” auras in MG.

Regarding B and N kindred, there was a predominance of GTCS, presented in
all affected subjects. The presence of GTCS is reported as a less frequent finding in
previous studies that describe LGII mutations. Berkovic et al. (2004), studying four
families bearing mutations in this gene, showed an GTCS incidence of 50% while Bisulli et

al. (2002) referred GTCS as an ictal manifestation in 79% of the subjects in a family
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without mutation on LGII. Otherwise, it is important to note that S kindred also showed a
high incidence of GTCS (93.33%), showing that the correlation between GTCS incidence
and LGII mutations is not clear yet. Other genes may have influence in the subtle clinical
differences between kindred with and without LGII mutations, and also could modulate

phenotype expression of families with LG/ mutations.

Finally, one of most significant divergence between families studied was in
relation to the neuroimaging results. The S kindred showed clear-cut, MRI abnormalities on
the lateral aspects of the temporal lobes (Kobayashi et al., 2003) localized exclusively in
the left temporal lobe in the majority of individuals carrying a mutation in the LGII gene,
while MG, N and B kindred had a normal pattern of neuroimaging. This is a very
significant finding since it is the first evidence of a possible anatomical- pathological
substrate that may link the molecular defect with seizure semiology in ADPEAF.
Furthermore, this result also strongly supports the connection between clinical and

genetically heterogeneity of this syndrome.

Recently, left-hemisphere predominance has been confirmed by other authors
that related left-side electroencephalogram (EEG) abnormalities and asymmetry of long-
latency evoked potentials (Brodtkorb et al., 2005; Gu et al., 2005). In addition, Tessa et al.
(2007) identified by voxel-based analyses an area of high anisotropy in the left temporal
cortex of patients with mutations in LGII gene. More detailed neuroanatomical and
histological experiments may help to understand the anatomical and functional basis of this

intriguing lateralization of ADPEAF.

It is very important to observe that the presence of individuals in the S kindred
who have LGII mutations, but no structural abnormalities on the temporal lobes, avoid us
to make major assumptions on the relevance of these MRI findings in the generation of
seizures. However, they may represent the “tip of the iceberg” of a yet undetermined
malformation of white matter and cortical development. Further neuroimaging and
neurophysiological studies may be helpful in clarifying the role of LGI/ mutations in the
development of seizures in ADPEAF.
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We have studied four Brazilian families with ADPEAF. These kindred are very
singular in clinical and molecular aspects, showing that the spectrum of the ADPEAF is
much broader than suspected and that the limits for the more accurate diagnosis of this
syndrome have to be established. A genome wide scan should be realized to find the

alternative locus for MG family.
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Tables:

Table 1 — General clinical features of MG, S, N and B families with ADPEAF.

Family Number of symptomatic Seizure onset Auditory “Déja- CPS TCGS MRI Temporal lobe

individuals evaluated (yr) aura vu”’ abnormalities
MG 21 14,9+ 8,19 20 12 2 2 0/17
S 18 21,06+7,44 15 3 4 14 9/15
N 6 14,83 + 10,34 3 0 5 6 0/3
B 3 6,0+1,0 3 0 3 3 0/1

Yr = years, CPS=complex partial seizure, TCGS= tonic-clonic generalized seizures, MRI = magnetic

resonance imaging
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Table 2 — Detailed clinical features of MG, S, N and B families with ADPEAF

Family Patient Id. ?ygrs Auditory Aura CPS GTCS 133‘,',3 : MRI Other symptoms
MG II-1 74 Buzzing no no no - Depression, panic
syndrome
MG II-3 75 Buzzing in the left car that stopped at no no no normal febrile seizures
least 15 years ago
MG 114 66 A sound like a whistle no no no - -
A butterfly sound in the left year and
MG 1I-6 55 can’t understand what people are no no no - -
saying
MG 1I-8 52 Buzzing yes yes no normal -
MG III-2 52 Very frequently motgr, radio and no no yes normal Nightmare like episodes
waterfall noises
MG III-5 47 Motorcycle noise no no no normal Episodes that sounds start
to get low
MG 111-7 45 A sound like a cricket no no yes normal Vertigo, febrile seizures
MG Beetle sound in the left year, waterfall
MG III-11 41 noise ’ no no yes normal -
MG III-12 24 Buzzing no no yes normal -
MG 1II-14 24 Whistle sound no no yes normal Febrile seizures
MG IV-1 31 no no no yes normal -
MG IV-2 29 Buzzing no no yes normal -
MG IV-3 25 Buzzing, motor noise no no yes normal Psychosis
MG IV-4 29 Buzzing no yes no normal Febrile seizures
MG IV-5 17 Sound of a bee in both ears no no yes normal -
MG IV-6 17 Noise of a microphone no no no - -
MG V-7 29 Whistle sound in both ears no no yes normal -
MG IV-8 24 Buzzing no no yes normal -
MG IV-11 24 Buzzing and loss of hearing no no no normal Febrile seizures
MG IV-12 23 Buzzing yes no yes normal -
*S 11-2 91 Motorcycle noise yes yes no - -
*S 11-8 79 Noise in the right ear yes yes no - -
*S 111-4 56 Noise in the left year no yes no LTLM -
S 1117 54 S . Start to see disfigured
- trong buzzing no yes no normal faces
Start to see disfigured
*S -9 32 no no yes no LTLM faces and distortedgobjects
*S I1-10 50 People clapping yes yes no LTLM -
*S 11113 44 Radio and TV noise no yes no  LTLM it szecfS“ﬁgured
S *S 11I-18 71 Whistle sound no no yes - “Jamais-vu”
*S MI-20 64 Whistle sound no yes no normal -
*S 111-22 55 no no yes yes normal -
*S 111-24 52 Whistle sound and loss of hearing no yes no LTLM -
*SIV-10 20 Felling ears plugged no yes no LTLM -
*SIV-11 21 Felling ears plugged no yes no normal -
*S IV-15 43 Radio noise no yes no LTLM -
*SIV-17 40 Noise no yes no LTLM -
*S1V-24 29 Buzzing no no yes normal -
*S V.1 19 Whistle sound in the left ear and can’t 1
. understand what people are saying yes no no norma )
**S V-6 17 no no no no LTLM Febrile seizures
N 1I-6 69 no yes yes no - -
N III-1 54 Hearing misperception yes yes no normal
yes-
N N II1-2 52 no no during no normal -
sleep
N III-3 54 Strong buzzing yes yes no normal -
N III-8 40 Pressure over the ears yes yes no - Visual hallucination
NIV-2 19 no yes yes no normal -
BI-1 43 Felling ears plugged yes yes no normal Visual blurring
B BI-2 - Felling ears plugged yes yes no - Visual blurring
BI-3 - Felling ears plugged yes Yes no - Visual blurring

* Patients with LGII mutation, ** phenocopy, Yr = years, CPS=complex partial seizures, GTCS= tonic-clonic

generalized seizures, MRI = magnetic resonance imaging, LTLM=lateral temporal lobe malformations
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Table 3 — Two-point Lod-score
ADPEAF for MG and S kindreds

obtained for 12 markers within the candidate region

Recombination fraction

Marker Kindreds 0 5 10 15 20 25 30 35 40

MG 472 289 204 -142 09 -061 -035 -0.17 -0.05
D10S1644

S 276 242 281 280 262 232 194 148 097

MG 249 -141 -082 -044 -0.18 -001 009 014 0.13
D10S1687

S 324 071 146 170 1.71 159 136 106 0.70

MG 3.03 -191 -128 -082 -048 -023 -0.07 004 008
D10S1765

S 090 202 226 223 207 18 150 112 071

MG 421 222 -159 -1.13 -078 -0.51 -031 -0.17 -0.07
D10S1753

S 063 164 166 155 138 1.17 094 070 045

MG -1.16 -0.72 -044 -024 -0.1 -0.01 0.03 005 004
D10S583

S 561 517  4.69 418 363 304 241 175 106

MG 402 -1.66 -0.85 -040 -0.11 0.07 0.16 020 0.18
D10S185

S 635 583 528 470 408 343 275 202 127

MG 221 -0.19 0.8 036 044 045 041 035 025
D10S574

S 479 433  3.83 331 276 219 159 100 049

MG 346 -126 -067 -031 -008 006 0.15 0.18 0.16
D10S1680

S 477 437  3.94 347 297 244 189 133 077

MG 390 -1.77 -101 -056 -027 -0.08 004 009 0.10
D10S577

S 426 392  3.54 315 273 228 182 133 082

MG 262 -160 -096 -054 -027 -0.09 002 007 0.9
D10S192

S 555 508 458 406 350 291 229 165 099

MG 282 09 -071 -063 -061 -0.60 -055 -044 -0.29
D10S566

S 3.08 426 405 369 324 274 219 159 096

MG -1.69 083 -052 -034 -021 -0.12 -0.06 -0.01 0.0l
D10S187

S 502 -1.71  -1.06  -0.68 -044 -028 -0.18 -0.11 -0.06
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Table 4- Statistical analysis for genetic heterogeneity in ADPEAF.

Locus Marker ;(z LRTHl = H((i.F. pvalue
D10S1644 10.356 177.3195 2 0.00563
D10S1687 7.829 50.1187 2 0.01995
D10S1765 8.474 69.1831 2 0.01445
D10S1753 5.061 12.5588 2 0.07961
D10S583 23.484 1.257x 10° 2 7.952 x 10
D10S185 26.514 5.719x 10° 2 1.748 x 10

104 1108574 21.184 3.981 x 10* 2 2.511x 10
D10S1680 19.304  1.555x 10* 2 6.429 x 10
D10S577 19.228 1.497 x 10* 2 6.678 x 10
D10S192 16.895 4663.7806 2 0.000214
D10S566 23.018 9.959 x 10* 2 1.003 x 10
D10S187 17.564 6514.2757 2 0.000153

H; = heterogeneity; Hy, = homogeneity; (1 =chris-square; LRT = Likelihood ratio test; d.F. = degree of

freedom
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Table 5 — Simulation of statistical significance of MG family and lod-score values for

microsatellites markers flanking the LGI2, LGI3, LGI4 and MASS1 loci.

Recombinant fractions (0)

Gene Markers 0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40
Simulation 500 456 410 363 313 26l 207 151 0.94
D4S3013 -1.88  -159 -133 -1.09 -085 -0.63  -045 -029  -0.16

LGI2 D4S2948 -456 285 -195 -134 -091 -059  -036 -0.19  -0.08
D4S391 2294 211 -149 -101 -066 -039  -021 -008  -0.01
D8S261 213 -181 -152 -122 -093 -067 -046 -028  -0.15

LGI3  D8S560 399 280 -203 -145 -1.02 -070  -045 -027  -0.13
D8S1786 274 -164 -131 -1.08 -087 -067  -048 -031  -0.18
D19S868 278  -111  -054 -021 -0.02 0.8 013  0.12 0.09

LGI4 D19S425 355  -268 -186 -124 -081 -051 -030 -0.16  -0.06
D19S224 2258  -133  -098 -073 -053 -037  -023 -0.13  -0.06
D5S1725 272 -185 -128 -087 -056 -034  -0.18 -008  -0.01
D5S815 332 249 -188  -139  -099 -067  -042 -023  -0.10
D5S618 -1.14 088 -0.66 -048 -034 -023  -0.14 -0.08  -0.03

MASST 1355644 358 233 -161  -1.12 -0.77 -050  -031 -0.17  -0.07
D58652 -6.14 325 224 -156 -1.08 -0.72  -045 -026  -0.12
D552498 -446 261 -180 -126 -0.87 -0.57  -034 -0.18  -0.07
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Table 6- SNPs identified in DHPLC mutation screening of MG, N and B families.

Genes Families
MG N B
LGI1 - - -
LGI2 - - -
IVS IV+61C>A*
IVS IV+61C>A* IVS IV+61C>A*
*
LGI3 VS V+49C=T IVS IV+61C>A* IVS V+49C>T*
C778T, L260L (rs35142808)
VS [1+47G>A* .
IVS T1+47G>A* C1603A%, L5341 PR
LGI4 G831C, P267P, C595A, L181T* GE31C, P26TP (o1 687998)
(rs1687998) C1396T, L465L (rs12610146) ’
G831C, P267P (rs1687998)
EPTP- MASS1 -

IVS= intronic variant sequence, L= leucine, I = isoleucine, P = proline. (*) SNP not described in database

from NCBI. SNP positions were determined with sequences NM 139278 (LGI3) and NM 139284 (LGI4)

from NCBI database.
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Figure 2
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Figure 4
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Legends for figures:

Figure 1: Pedigree structure of MG, S and N kindred segregating ADPEAF. Blackened
symbols denote affected individuals. A diagonal line through a symbol denotes that the
individual is deceased. The pedigree of B family couldn’t be obtained due lack of

information.

Figure 2: Coronal T1-IR MRI from patient II-8 (52 years old woman) from MG kindred,
with seizures since age 16 (auditory auras, CPS and rare GTCS), showing normal

morphology of the temporal lobes (2A).

Coronal T1-IR MRI from patient III-13 (41 years old woman), the proband on S kindred
with seizures since age 24 (auditory auras and GTCS). We observe signs of left temporal
lobe dysgenesis (white circle), characterized by enlargement of the temporal lobe, with
small gyri (although not characterizing polymicrogyria), and absence of first and second
temporal sulci. The basolateral aspect of the temporal lobe is also abnormal, more
pronounced posteriorly, suggesting features of a small temporal lobe encephalocele. The

mesial structures have also abnormal shape and axis, but no clear signs of mesial temporal

sclerosis (2B).

Figure 3: Multipoint lod-scores obtained in S kindred (3A) and MG kindred (3B) with
ADPEAF. Genetic distances between markers were obtained from NCBI. Values under the
horizontal dashed line in figure 3a indicate exclusion of linkage between markers and gene.
The horizontal dashed line in figure 3b represents the maximum lod-score —1.00 and the

full line fix the 90% maximum interval confidence for gene localization.

Figure 4: Eletropherograms from affected (4A) and unaffected individuals (4B) from S
kindred, showing the IVS7-2A>G mutation (orange arrow).

Figure 5: BstN I restriction enzyme analysis for three individuals of MG and S kindreds in
agarose gel. Mutation carriers present three fragments (a-292bp, b-128bp and c-163bp),

whereas non-carriers present only two fragments a and c. bp = base pairs.
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Figure 6: Gel analysis of LGII cDNA from individuals of S kindred with the IVS7-2A>G
mutation. Lines 1, 2, 3 and 4 are corresponding to patient samples. C= control individual,

M= 1.0 Kb plus ladder (Invitrogen, Carlsbad, CA, USA).

Figure 7: Real time PCR analysis showing expression of the endogenous control 18S (A)
and LGII gene (B) from epidermis of a control individual and patients with the IVS7-
2A>G mutation from S kindred. The red curve in B is related to the LGII expression of a

control hippocampus specimen.
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CAPITULO 6

ANALISE DE LIGACAO GENOMICA RANDOMICA
NA FAMILIA MG
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Foram analisados 384 marcadores microsatélites distribuidos por todo o
genoma humano e que distam um intervalo médio de 10cM. O calculo de lod-scores de
dois pontos gerou resultados negativos (lod-scores < -2,00) ou ndo informativos (-2,00 <
lod-scores < 3,00) para a grande maioria dos marcadores analisados (Anexo 4). E
importante destacar a alta porcentagem de marcadores nao informativos em relagdo aos que

resultaram em valores significativos (figura 5)

48%

52%

B nio informativos

B informativos

Figura 5. Grafico mostrando a propor¢ao de marcadores informativos (lod-score < - 2,00)

e ndo informativos (-2.00< lod-score< 3,00).
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A figura abaixo mostra um panorama geral dos valores de lod-score obtidos na

analise de ligagdo gendmica randomica da familia MG (figura 6).
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Figura 6. Esquema da andlise de ligacdo genomica randomica. Neste esquema estdo

representados todos os 384 marcadores testados. A seta representa o marcador do

cromossomo 6 que atingiu o maior valor de lod-score de dois pontos.

A visualizag¢do atenta da figura acima revela que um marcador microsatélite

localizado no cromossomo 6 atingiu valores de lod-score indicativos de uma possivel

ligacdo genética.
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O marcador D6S687, localizado mais especificamente no cromossomo 6q22,
atingiu um Zmax de 2.07 a uma freqiiéncia de recombinagdo de 5 cM (06=0.05). Os valores
de lod-score para todas as freqiiéncias de recombinacdo e marcadores do cromossomo 6

podem ser visualizados na tabela abaixo (tabela 5).

Tabela 5-Valores de lod-score para marcadores microsatélites do cromossomo 6.

Fregiiéncia de recombinagdo ( cM )

Marcador 0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40

D6S1574 -3.29 -1.44 -0.97 -0.65 -0.40 -0.21 -0.08 0.01 0.05

D6S309 -2.76 -1.81 -1.26 -0.87 -0.58 -0.36 -0.19 -0.08 -0.01
D65470 -1.92 -1.31 -0.87 -0.54 -0.31 -0.14 -0.03 0.04 0.06
D65289 -0.75 0.13 0.31 0.36 0.34 0.29 0.21 0.13 0.05
D6S422 -0.57 0.42 0.66 0.72 0.68 0.60 0.49 0.36 0.23
D6S276 -1.68 -0.45 -0.07 0.14 0.24 0.28 0.26 0.22 0.15
D651610 -0.69 0.05 0.33 0.46 0.51 0.49 0.44 0.36 0.26
D6S5282 -2.15 -0.99 -0.45 -0.13 0.07 0.18 0.23 0.23 0.19
D6S257 -2.84 -1.06 -0.49 -0.16 0.05 0.18 0.24 0.25 0.21
D6S460 -3.71 -1.69 -0.95 -0.49 -0.19 0.00 0.11 0.16 0.15
D6S462 -2.79 -0.75 -0.37 -0.18 -0.06 0.01 0.05 0.06 0.06
D65434 -2.77 -1.21 -0.63 -0.29 -0.08 0.05 0.12 0.14 0.12
D6S5287 2.01 2.07 2.02 1.88 1.69 1.45 1.17 0.86 0.54
D65262 -2.19 -0.55 -0.10 0.12 0.24 0.29 0.29 0.26 0.20
D6S308 -0.28 -0.21 -0.16 -0.12 -0.08 -0.06 -0.04 -0.02 -0.01
D6S5441 -1.20 -0.59 -0.30 -0.12 -0.03 0.02 0.03 0.02 -0.00

D6S1581 -0.51 -0.41 -0.31 -0.22 -0.16 -0.12 -0.09 -0.07 -0.05

D6S264 -0.67 -0.45 -0.24 -0.07 0.03 0.08 0.09 0.07 0.04

D65446 -1.73 -0.56 -0.22 -0.04 0.06 0.11 0.12 0.10 0.07

D6S281 -1.85 -1.35 -0.99 -0.71 -0.48 -0.31 -0.18 -0.09 -0.04
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Com a identificacdo deste locus potencial, a préxima etapa foi saturar a regiao
candidata com marcadores microsatélite adicionais. Os experimentos de saturag¢do do locus

geraram os seguintes valores de lod-score de dois pontos (tabela 6):

Tabela 6- Valores de lod-score de dois pontos para marcadores saturando o locus

candidato no cr 6.

Fragées de recombinagdo

Markers 0.0 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40
D6S301 -0.03 0.09 0.17 0.23 0.25 0.26 0.25 0.21 0.16
D6S1580 -1.87 -1.08 -0.77 -0.51 -0.30 -0.14 -0.04 0.02 0.05
D6S268 -2.29 -1.03 -0.46 -0.11 0.11 0.24 0.29 0.29 0.24
D6S1635 -2.27 -1.12 -0.59 -0.27 -0.07 0.06 0.12 0.14 0.12
D6S474 -1.82 -0.49 -0.09 0.11 0.20 0.23 0.21 0.16 0.10
D6S433 -3.89 -2.21 -1.49 -1.0 -0.65 -0.39 -0.21 -0.08 -0.01
D6S287 2.01 2.07 2.02 1.88 1.69 1.45 1.17 0.86 0.54
D6S1657 -4.99 -2.79 -1.88 -1.30 -0.88 -0.58 -0.35 -0.19 -0.08
D6S1608 -0.75 -0.37 -0.21 -0.12 -0.06 -0.03 -0.01 -0.00 -0.00
D6S1639 -2.86 -0.88 -0.40 -0.12 0.06 0.16 0.21 0.22 0.18
D6S407 -1.24 -0.66 -0.34 -0.14 -0.01 0.07 0.12 0.13 0.12
D6S1620 -1.0 -0.81 -0.65 -0.51 -0.39 -0.29 -0.20 -0.13 -0.07
D6S1705 -2.24 -0.89 -0.28 0.03 0.21 0.29 0.32 0.29 0.23
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Para confirmar os resultados, foram realizados calculos de lod-score de
multiplos pontos. Como pode ser visualizado na figura abaixo, estd andlise evidenciou
ainda mais os valores negativos obtidos, excluindo definitivamente a possibilidade do locus

em questdo estar envolvido com EADAA na familia MG.
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Figura 7. Grafico de andlise de lod-score de multiplos pontos para marcadores saturando a
regido candidata no cromossomo 6. Observar que os valores negativos da analise de dois
pontos se tornam ainda mais evidentes, incluindo o marcador D6S287 que havia gerado um

lod-score positivo na andlise de dois pontos.
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1 - Distarbios do Desenvolvimento Cortical

A triagem de mutacdes nos principais genes responsaveis pelos distarbios de
migracdo identificou alteracdes deletérias em 6,25% dos 32 individuos analisados, sendo
uma delas presente em dois individuos aparentados com HNP. Ja a pesquisa realizada para
os disturbios de organizacdo cortical ndo detectou nenhuma alteragao deletéria para os 76
individuos testados. Portanto, alteragcdes deletérias foram identificadas em apenas 2,7% do
total de pacientes pesquisados (n=3/108), no entanto se considerarmos a mutagdo
encontrada nos dois individuos aparentados apenas como uma e descontarmos de nossa

amostra um dos aparentados, nossa taxa de detec¢do de mutacdes sera de 1,87% (n=2/107).

1.1- Distirbios de migracao neuronal
1.1.a- HNP e FLNI

Nossa analise para o gene FLNI compreendeu somente 0s seis primeiros exons
codificantes, pois ¢ esta regido que codifica o importante dominio funcional protéico
envolvido na ligacdo com a actina (Fox et al. 1998, Poussaint et al. 2000) e onde se
encontra a grande maioria das mutacdes identificadas at¢é o momento em pacientes com
HNP (Fox et al., 1998, Sheen et al., 2001, Moro et al., 2002; Parrini et al., 2006). Além
disso, o gene FLNI ¢ muito extenso (48 exons) e rico em seqiiéncias CGs fato que dificulta
a sintese de primers e a amplificagdo dos produtos de PCR, tornando a padronizagdo da

técnica de PCR uma etapa dispendiosa em tempo.

A triagem de mutagdes em pacientes com HNP revelou uma substitui¢do na
posicao C987G, isto € na terceira base do ultimo cédon do exon 6 em dois pacientes
aparentados (mae e filha) com padrao cléssico de HNP. Estudos anteriores demonstram que
a taxa de deteccdo de mutagdes deletérias em casos familiares de HNP ¢ de
aproximadamente 100% (Parrini et al., 2006). Portanto, nossos achados confirmam a alta
freqiiéncia de mutacdes deletérias em casos familiares de HNP classico com um padrao de

heranca ligado ao cromossomo X.
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Geralmente, familias com padrdes classicos de neuroimagem de HNP e com um
grande nimero de abortos do sexo masculino possuem mutagdes sem sentido que se
localizam proximas ao dominio N-terminal da proteina (regido de ligagcdo com actina) ou de
sitio de splicing que podem produzir um RNAm instavel, truncando qualquer produto

protéico que seja eventualmente traduzido (Sheen et al., 2001; Parrini et al., 2006).

No entanto a alteragdo encontrada por nosso grupo poderia levar a troca de um
glutamato por um aspartato. Mutacdes de sentido trocado no gene FLNI tém sido descritas
em homens e mulheres acometidos por sindromes clinicamente distintas da HNP e que
afetam multiplos 6rgdos como: as sindromes otopalatodigital tipo 1 e 2, displasia
frontometafiseal e sindrome de Melnick-Needles (Robertson et al., 2003). Ainda ndo se
sabe ao certo qual a razdo de diferengas tdo grandes entre doencas causadas por mutagdes
deletérias no mesmo gene, mas diferente do que ocorre com as mutagdes em pacientes com
HNP, acredita-se que as mutagdes responsaveis por estas sindromes nao resultam em
instabilidade do RNAm, inser¢ao de um cdédon de parada ou mudanga de matriz de leitura
da proteina e sim em manutencdo do sentido de leitura, resultando em um mecanismo de
‘ganho de fun¢do’ da proteina. Uma proteina com fun¢do modificada poderia ser mais
danosa do que a auséncia total da mesma, prejudicando drasticamente o fenomeno da

organogeénese.

Além do mais, tem sido descrito que as mutagdes de sentido trocado levando as
sindromes otopalatodigital 1 e 2 estdo concentradas nos exons 3 e 5 e que na sindrome de
Melnick-Needles estdo localizadas principalmente no exon 22 (Robertson et al., 2003;
Parrini et al., 2006). Estes exons codificam regides como o dominio homdlogo a calponina
2 (CHD2) e o dominio em bastdo (rod domain). Mutagdes de sentido trocado nesses exons
nunca foram descritas em pacientes com HNP. Desta forma podemos sugerir que estes
exons codificariam regides de extrema importdncia para o funcionamento correto da
proteina e que o mecanismo de ganho de fungdo nestas regides levaria a fendtipos mais
severos do que os produzidos por mutagdes de sentido trocado ja descritas em outros exons

para pacientes com HNP (Sheen et al., 2001; Moro et al., 2002)

A andlise cuidadosa da mutagdo descrita por nosso grupo indica um segundo
mecanismo patogénico, muito mais provavel que a troca de aminoacidos sugerida acima. A

substitui¢ao G987C altera um nucleotideo adjacente ao sitio doador de splicing GT. Apesar
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de serem cruciais, os dinucleotideos GT e AG nao sdo suficientes para realizar o fendmeno
de splicing sozinhos, necessitando das seqiiéncias adjacentes que também possuem um alto
grau de conservacao entre genes e espécies. Desta forma a perda do sitio doador de splicing
do exon 6 poderia fazer com que sitios de splicing cripticos fossem ativados levando a um
processamento erréneo do RNAm e a produgdo de uma proteina FLNI truncada ou sem

nenhuma fung¢ao residual (perda de fungao).

Os estudos funcionais realizados por nosso grupo demonstraram claramente a
manuten¢do do sexto intron do gene FLNI no produto de transcricdo nos pacientes
portadores da alteragao C987G, resultando em uma mudan¢a de matriz de leitura e em um
codon de parada prematuro. Desta forma, nossos resultados confirmam que o mecanismo
molecular das mutagdes deletérias associadas com formas classicas de HNP familiar ¢ o de

perda de funcao.

No entanto, uma atenta avaliagdo das duas pacientes (mae e filha) mostrou uma
grande varia¢do na manifestacdo dos sintomas clinicos. A mae, apesar de possuir padrao de
neuroimagem idéntico ao da filha, ndo tem retardo mental e suas crises sdo controladas por
DAE, a filha, por sua vez apresenta retardo mental moderado e crises epiléticas refratarias
ao tratamento por DAE. A analise comparativa realizada através de PCR em Tempo Real
apontou uma maior expressdo do alelo mutado na filha, quando comparada a mae.
Complementar a este dado, os testes de inativagao preferencial do cromossomo X
apontaram um resultado positivo na filha. Portanto, nossos dados sugerem uma explicacao
molecular para tal diferenca nos quadros fenotipicos, resultado de um mosaicismo nas
pacientes, causado pela metilagdo desigual do cromossomo X. E importante citar que todas
as andlises foram feitas com material genético extraido de tecido sangiiineo, € ndo de tecido
do sistema nervoso central dos pacientes. A obtencdo desse tecido, no momento, ¢
impraticavel e seria a forma ideal de prosseguir com os estudos funcionais destes pacientes.

Nossa amostra de pacientes também ¢ composta por mais dois individuos com o
padrao classico de HNP, no entanto ambos sdo casos esporadicos (sem histérico familiar) e
um deles ¢ do sexo masculino. Apesar de ndo termos analisado os 48 exons do gene FLNI a
chance de encontrarmos alteracdes deletérias nestes pacientes ¢ bem pequena, ja que a

prevaléncia de mutagdes deletérias para casos esporadicos de HNP classica é de 26%, além
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de haver uma significativo desvio de frequéncia de mutagdes a favor do sexo feminino
(93% de mulheres contra 7% de homens) (Parrini et al., 2006). O mesmo raciocinio pode
ser aplicado aos nossos demais casos com neuroimagem atipica para HNP, ja que triagens
de mutagdes em FLNI realizadas anteriormente foram negativas para alteragdes deletérias
neste gene em pacientes com padrdes atipicos de neuroimagem (Sheen et al., 2001; Parrini
et al., 2006). Assim acreditamos que, mesmo sem excluir completamente toda a regido
codificando do gene FLNI, nossas chances de encontrar mutagdes deletériaa nos demais

pacientes de nossa amostra sdo muito pequenas.

1.1.b- LIS1, DCX e espectro LIS/HSB

Os dados de freqiiéncia de mutagdes deletérias em pacientes com o espectro
LIS-HSB sdo controversos. Enquanto alguns autores sugerem que cerca de 90% dos casos
possuem mutacdo identificada (Keerjan e Gleeson, 2007), outros descrevendo uma analise
nos genes LISI ¢ DCX em cerca de 200 pacientes com o espectro LIS-HSB, encontraram

mutagao em apenas 40% dos pacientes (Beldjord e Chelly, dados ndo publicados).

Foi identificado apenas um individuo com mutacdo deletéria em 19 analisados
em nosso grupo de pacientes com LIS-HSB. Este paciente possui um padrio da
malformagdo claramente antero-posterior seguindo, portanto as caracteristicas encontradas
em individuos com mutagdes deletérias no gene LISI. A andlise por DHPLC e o
sequenciamento automatico revelou uma mutacdo de sentido trocado A1385C que altera
uma histidina para uma prolina no aminoéacido 277 (H277P) do 5° dominio WD-40 da

proteina.

Os dominios WD sao encontrados em muitas proteinas de varias espécies e sao
compostos por pelo menos quatro repeticdes comegando com glicina/histidina na regido N-
terminal e terminando com triptofano/aspartato (WD) na regido C-terminal. Cada repeticao
¢ composta por quatro fitas (a, b, ¢, d) que variam entre 31 e 60 aminodacidos, ficando a fita
a e d préximas ao poro central e superficie externa da proteina (Smith et al., 1999). O gene

LIS 1 possui sete repeticoes WD que conferem a proteina uma correta capacidade de dobra e
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estrutura tridimensional estavel (Reiner et al., 1993; Sapir et al., 1999). A mutagao H277P
identificada pelo nosso grupo, altera um aminoacido altamente conservado no segundo
dominio WD. Como conseqiiéncia ¢ provavel que ocorram mudangas na conformagdo da
proteina LIS1 mutante que prejudicariam a sua interagdo com proteinas como NUDE e
NUDEL (Feng et al., 2000; Sasaki et al., 2000), fatores importantes no desenvolvimento do

sistema nervoso.

Até o momento foram descritas 61 mutagdes intragénicas no gene LGII
(Cardoso et al., 2002; Uyanik et al., 2007). Deste total, apenas 11 s@o mutagdes de sentido
trocado, incluindo a identificada por nosso grupo, desta forma, mutagdes de sentido trocado

em LIS sdao eventos raros.

Tem sido proposto que as caracteristicas de neuroimagem de pacientes com
mutagdes deletérias de sentido trocado no gene LIS sdo geralmente mais varidveis e leves
do que as de pacientes com outros tipos de mutagdo, apresentando padrdes de malformacao
entre LIS 4 e 6 (Cardoso et al.,, 2000; Leventer et al.,, 2001). Além do mais,
Leventer et al. (2001) sugeriu que mutagdes de sentido trocado em regides do gene LIS/
codificando dominios WD localizados proximos a regido 3’ terminal da proteina levariam a

fenotipos menos severos, conseqiiéncia de uma proteina LIS1 mutante com fungdo residual.

Leventer et al. (2001) baseou sua hipdtese em um de seus pacientes estudados.
O individuo em questdo apresenta paquigiria generalizada (grau 4a) e possui uma mutacao
que substitui um aspartato localizado no 5° dominio WD por uma histidina (A317H).
Nossos dados refutam esta hipotese, ja que a mutacdo descrita por nosso grupo se encontra
localizada no mesmo dominio e resulta em um grau de malformag¢ao muito mais severo do
que se esperaria, caso a hipotese proposta fosse realmente valida. Além do mais,
recentemente Uyanick et al, (2007) realizando um estudo em 21 pacientes com LIS,
identificou diversos tipos de mutagdes deletérias intragénicas ndo encontrando nenhum tipo
de correlagdo entre a natureza e localizacdio da mesma com o grau de malformacao
cerebral. Uma possivel explicagdo para esta variacao fenotipica é a presenga de mosaicismo
somatico, j& que o mesmo foi descrito em um paciente com HSB e mutacdo de sentido

trocado em LIS (Pilz et al., 1999).
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Neste ponto ¢ importante discutir uma possivel limitacdo da metodologia
empregada para o estudo de mutagdes no gene LIS/. A baixa porcentagem de mutagdes
deletérias encontradas em nossa amostra pode ser explicada pela técnica inicial de pesquisa,
pois como ja citado anteriormente uma grande parte dos casos de LIS se deve a grandes
delecdes detectadas por citogenética de alta resolugdo e fluorescence in situ hibridization
(FISH) (Cardoso et al., 2000; Piltz et al., 1998), eventos mutacionais que ndo sao
detectados pela técnica de DHPLC.

Outro importante dado a ser discutido ¢ a auséncia de mutagdes deletérias no
gene DCX em nossa amostra de pacientes. Geralmente, mutacdes deletérias na regido
codificante do gene DCX sdo responsaveis por 100% dos casos familiares de LIS-HSB
ligadas ao cromossomo X (Matsumoto et al., 2001) e de 38 a 85% dos casos esporadicos de
HSB em mulheres (Des Portes et al., 1998; Gleeson et al., 1999b; Matsumoto et al., 2001;
Sicca et al., 2003). Todas as mulheres com mutagdes no gene DCX tem HSB e paquigiria
predominantemente em regides anteriores, no entanto cerca de 25% das mulheres com um
padrdo de banda anterior e todas aquelas com bandas localizadas em regides posteriores ou
bandas unilaterais ndo apresentam mutagdes em DCX, sugerindo que outros loci ou
mosaicismo somatico podem ser responsaveis por estes diferentes fenotipos
(Gleenson et al., 2000a; Gleeson et al., 2000b). Mutagdes de linhagem germinativa materna
ou mosaicismo podem ocorrer em 10% dos casos de HSB e lissencefalia ligada ao
cromossomo X (Gleeson et al., 2000b). Apesar de raro, também ja foram identificados

homens com HSB e muta¢des em DCX e LISI (Pilz et al., 1999).

Desta forma, nds podemos atribuir a auséncia de mutagdes deletérias no gene
DCX em nossos pacientes com o espectro LIS-HSB aos seguintes fatores: 1-) A maioria de
nossos pacientes portadores do espectro sdo esporadicos e nenhum deles mostra um padrao
familiar claro de ligacdo ao cromossomo X, 2-) foram testados apenas nove pacientes com
HSB, uma amostra muito pequena quando comparada aos nimeros descritos na literatura,
3-) nossa estringéncia quanto as caracteristicas de neuroimagem foi baixa, incluindo
individuos com caracteristicas atipicas, 4-) a presenca de homens com HSB em nossa

amostra cuja freqiiéncia de mutagdes deletérias em DCX ¢ rara (D agostino et al., 2002) e
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5-) pode haver a presenca de mosaicismo somatico nos individuos de nossa amostra que

ndo foi detectada em nossas analises por DHPLC.

Permanece aberta ainda a questdo se outros tipos de mutacdes no gene DCX,
localizadas possivelmente na regido 3’UTR, nas seqiiéncias promotoras ou dentro de

regides intronicas poderiam estar presentes nesses pacientes.

Existe ainda a possibilidade da presenca de heterogeneidade ndo alélica, ou
seja, de que outros genes estejam envolvidos na génese de LIS-HSB em nossos pacientes.
Bons candidatos seriam alguns genes identificados em camundongos, e ainda ndo testados
em humanos, que estdo relacionados com malformagdes corticais similares ao fendtipo
reeler, um modelo animal de lissencefalia. Apesar de o gene REELN humano ter sido
clonado e ndo estar relacionado com lissencefalia classica, genes que participam das
mesmas vias bioquimicas como DABI, VLDRL ¢ APOE?2 (Olson et al., 2002) e que ja tem
comprovado suas ligacdo com fenotipos semelhantes ao reeler em camundongos knock-out
sdao candidatos potenciais. Recentemente foram identificadas mutagdes deletérias no gene
TUBAIA em um grupo de pacientes com um grande espectro de malformagdes associadas a
LIS (Poirier et al. 2007). Todos estes genes devem ser testados para que se confirme ou se
exclua a participagdo dos mesmos na etiologia da LIS cldssica em pacientes sem alteragdes
deletérias nos genes DCX e LISI. Portanto, com a amostra coletada de pacientes que ja
possuimos, podemos ampliar nossos estudos para incluir novos genes candidatos recém

identificados.

1.2- Distarbios de organizacio cortical
Esquizencefalia, Polimicrogira e EMX2

O achado de mutagdes no gene EMX2 em dois irmaos ¢ a auséncia do mesmo
defeito nos seus pais neurologicamente normais fornece evidéncias de que, pelo menos em
alguns casos, as esquizencefalias sdo determinadas por mutagdes deletérias em genes
homeobox (Granata et al., 1997). No entanto, a hipdtese genética ndo substitui a

possibilidade de mecanismos patogénicos alternativos como lesdes encefaloclésticas
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adquiridas resultantes de infartos locais no territorio das principais artérias cerebrais

(Sarnat et al., 1992).

E também importante ressaltar que a grande maiorias das mutagdes descritas até
o momento estdo localizadas dentro do dominio homeobox ou em regides proximas do
inicio do exon 2 como substituigdes na primeira base do exon 2 ou no sitio de splicing 3’do
intron 1 (Brunelli et al., 1996; Granata et al., 1997; Faiella et al., 1997). Grande parte destas
mutagdes foram detectadas utilizando-se os pares de primers que amplificam o exon 2 e
parte do intron 1 (Brunelli et al., 1996), justamente o mesmo par para o qual identificamos

alteracdes no padrao de eluicdo de DHPLC.

O sequenciamento dos padrdes de elui¢ao alterados identificou a substituicao
C796A no dominio homeobox do gene EMX2 em quatro pacientes com esquizencefalia.
Esta alteracdo ndo leva a troca de residuos ou cria um cddon de parada, mantendo o
aminoacido arginina intacto. Surpreendentemente esta mesma alteracdo foi detectada por

Brunelli et al. (1996) e foi considerada como uma mutacdo sinonimia ja que ndo foi

encontrada no grupo controle testado.

Apesar de ndo terem pesquisado os efeitos transcricionais e pos-transcricionais
destas mutacdes, Brunelli et al. (1996) propuseram que estas alteragdes podiam ser
patogénicas, ja que haviam sido descritos casos da Sindrome de Crouzon devido a
mutagdes sinonimias no gene FGFR2 (Li et al., 1995). Nestes casos o mecanismo de
patogenicidade se daria a partir da cria¢do de sitios de splicing alternativos que levariam a

um processamento erroneo do RNAm (Richard et al., 1995).

No entanto um achado do grupo de Brunelli et al. (1996) ficou sem uma
explicagdo clara: as maes dos pacientes que portavam a substituicgdo C796A também
possuiam a mesma alteracdo, mas sem qualquer malformagdo cortical associada. Nosso
achado da mesma substituicdo em quatro individuos de um grupo controle composto de 50
individuos (8% do total) esclarece esta contradicdo, demonstrando que a substituicao

C796A ¢ provavelmente um polimorfismo neutro.
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A razdo da auséncia do polimorfismo nos controles do grupo de Brunelli et al.,
(1996) pode ser explicada pela composicdo genética da populagdo italiana, muito mais
homogénea que a da populacdo brasileira que possui um alto grau de miscigenagdo e,

portanto, uma composi¢ao genética mais heterogénea.

Portanto, permanece ainda controversa a participagao deste gene na etiologia da
esquizencefalia ja que a literatura especializada ¢ muito escassa em relacdo a estudos
genéticos realizados em individuos portando este tipo de malformagdo. Dobyns (dados nao
publicados) relatou que de um grupo composto por 15 pacientes portadores de
esquizencefalia e analisados geneticamente para o gene EMX2, nenhum se mostrou
portador de mutagdo deletéria no mesmo, somado a este relato, um trabalho recente
pesquisando mutagdes no gene EMX2 também ndo encontrou nenhuma alteragdo deletéria

em 84 pacientes com esquizencefalia (Tietjen et al., 2007).

Novas regides candidatas t€ém sido descritas, em trabalho recente Tietjen e
colaboradores por meio de estudos de ligagdo, identificaram duas regides para
esquizencefalia em uma familia com trés individuos afetados. Uma no cromossomo
8q24.22-24.3, assumindo um modelo de heranga recessivo € uma outra no cromossomo
5921.3-23.2, assumindo modelo de heranca dominante (Tietjen, et al., 2005). Estes dados
demonstram uma possivel heterogeneidade genética na etiologia molecular das

esquizencefalias, embora ainda ndo confirmada diretamente.

Por ser sugerido que tanto a esquizencefalia como a polimicrogiria facam parte
de um mesmo espectro de malformagdes (Jansen e Andermann, 2005), realizamos também
a pesquisa de mutagdes em EMX2 em um grupo de pacientes com polimicrogiria, composto
de casos esporddicos e familiares. Nossa triagem de muta¢des ndo identificou nenhuma
alteracdo nos pacientes portadores desta malformagao, mostrando claramente que este gene
ndo esta envolvido na etiologia de polimicrogiria, pelo menos em nossa amostra de
pacientes. Recentemente, um gene para polimicrogiria foi identificado, o gene GPR56,
codifica um receptor de proteina G e mutacdes deletérias foram identificadas em 12
familias de origem canadense (Piao et al., 2004). Este gene esta envolvido com uma forma
fronto parietal bilateral, diferente da grande maioria dos pacientes por nds analisada que

possui uma forma perisylviana bilateral. No entanto, seria interessante testar este gene para
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outras formas de polimicrogiria, no intuito de verificar se existe heterogeneidade fenotipica

em pacientes portadores de mutacdes deletérias em um mesmo gene.

E de nossa opinido que a origem da maioria dos casos por nos analisados ocorra
devido a um insulto ambiental, como sangramentos durante o periodo de gestagdo, ou a
mutacdes em outros genes responsaveis pelo desenvolvimento do prosencéfalo. O historico
de eventos pré-natais ¢ especialmente notdvel nos pacientes com esquizencefalia, uma

pesquisa detalhada dos eventos gestacionais deve ser realizada para confirmar esta hipdtese.

1.3- Variantes submicroscopicas e distirbios do desenvolvimento cortical

Os SNPs costumam ser considerados como a principal fonte de variacdo no
genoma humano, porém com o avango das tecnologias de triagem do genoma foi
descoberto um grupo de alteragdes estruturais com tamanho variavel entre lkb e 3Mb.
Estas variantes sdo alteracdes submicroscopicas ndo detectadas por métodos de citogenética
classica ou por sequenciamento tradicional (Feuk et al., 2006). Estas alteragdes estruturais
tém ganhando énfase atualmente nas pesquisas devido a sua grande freqiiéncia no genoma
humano e sua possivel correlacio com disturbios do sistema nervoso (Lee et al., 2006).
Desse modo futuras analises das variagdes estruturais nos pacientes com DDC serdo de
fundamental importancia nos casos negativos para alteragdes deletérias pontuais e para uma
melhor compreensdo da influéncia da dosagem génica na variagdo fenotipica destes

pacientes.

2- Epilepsia Autossomica Dominante com Auras Auditivas (EADAA)

Dentre todas as familias com ELT identificadas em nosso servico ambulatorial
foram identificadas quatro com quadro clinico compativel com EADAA: familias S, MG, N
e B. Apenas as familias S e MG foram suficientemente informativas para estudos de
ligacdo genética, ou seja, possuiam varias geracdoes de individuos afetados, além de

fornecerem um niimero consideravel de amostras de DNA para estudos de ligagao.
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A primeira familia analisada pelo nosso grupo foi o pedigree S. Estudos de
ligacdo foram realizados com marcadores microsatélites saturando o locus candidato para o
cromossomo 10, mesma regido que havia sido mapeada anteriormente por outros grupos
(Ottman et al., 1995; Pozza et al. 1999). Valores de lod-score significantemente positivos
para os marcadores microsatélites testados nos levaram a investir no sequenciamento do
gene LGII, localizado nesta regido gendmica e no qual haviam sido descrito mutagdes
levando a EADAA (Kalachikov et al., 2002). O sequenciamento de individuos afetados
desta familia revelou uma mutacao deletéria IVS7-2A>G que provavelmente altera o sitio
de splicing deste intron. A mutacdo ndo estava presente em nenhum dos parentes nao
afetados, assim como em um grupo de controles normais. Estudos de RM em pacientes
desta familia demonstraram malformag¢des no lobo temporal esquerdo, descritas como um
alargamento do 16bulo acompanhado algumas vezes de uma protusdo do parénquima
cerebral, lembrando a aparéncia de encefalocele. Esta foi a primeira descricdo de um
possivel substrato anatomico-patoldgico para este subtipo de ELT. Recentemente outros
autores tém confirmado a lateralidade para EADAA, ja que descrigdes de anormalidades no
eletro-encefalograma, potencial evocado e alta anisotropia tém sido detectados no lobo
temporal esquerdo de pacientes com mutagdes deletérias em LGII (Brodtkorb et al., 2005;
Gu et al., 2005, Tessa et al., 2007). No entanto, serdo necessarios estudos neuroanatomicos
e histologicos mais profundos para desvendar esta intrigante lateralizagdo esquerda

observada na EADAA.

Seguindo os estudos genéticos, experimentos de andlise de ligacdo genética
para o locus no cr 10 foram realizados para a familia MG. Os valores de lod-score para os
marcadores utilizados foram significantemente negativos, excluindo o locus como potencial
candidato. Para confirmar o resultado, trés individuos desta familia com clinica de EADAA
tiveram a regido codificante do gene LGI!I seqiienciada, sendo que nenhuma alteragdo no
mesmo foi encontrada. Além do mais, o gene LGI1, foi analisado diretamente por DHPLC
e sequenciamento automatico nas duas outras pequenas familias, N e B, ndo sendo
detectado nenhum padrdo alterado. Nosso resultado demonstra que existe uma
heterogeneidade genética nesta sindrome, estando de acordo e fortalecendo ainda mais
relatos de trabalhos anteriores (Bisulli et al., 2002; Michelucci et al., 2003; Ottman et al.,
2004). O proximo passo logico foi analisar a familia de genes LGI (LGI2, LGI3, LGI4) e o
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gene MASSI. A escolha destes genes se deu pelos seguintes motivos: 1) por serem 0s
unicos a possuirem o dominio recém identificado EPTP (Scheel et al., 2002), fato que
sugere participacao em fungdes bioldgicas semelhantes, 2) uma forte associagdo entre LGI4
e epilepsia de auséncia da adolescéncia foi identificada (Gu et al. 2004), 3) um
camundongo knock-out para Igi4 foi descrito apresentado problemas de hipomielinizagao
no sistema nervoso periférico (Bermingham et al., 2004), 4) mutagdes deletérias em MASS1
sdo responsaveis por uma forma audiogénica de epilepsia em ratos (Skradski et al., 2001) e
5) foram descritas mutagdes deletérias em MASS/ em uma familia com crises febris
(Nakayama et al., 2002). Desta forma estes genes seriam candidatos potenciais a estarem

envolvidos na etiologia da EADAA.

Estudos de ligagdo foram realizados com marcadores flanqueando o locus dos
genes candidatos para a familia MG, enquanto para as familias menores estes mesmos
genes foram analisados diretamente por DHPLC e sequenciamento. Ambas as analises
demonstram que os genes em questao ndo estao envolvidos com a etiologia de EADAA,
pelo menos nas familias por nds estudadas. Para a familia MG os marcadores mostraram
valores de lod-score negativos, enquanto o sequenciamento dos genes identificou apenas
alteragdes neutras. Para confirmar o resultado do estudo de ligagdo realizado na familia
MG, trés individuos afetados também foram analisados por sequenciamento que detectou
apenas variagdes nao deletérias, presentes em grupo controle e/ou ja descritas como SNPs

neutros no banco de dados do NCBI.

Alguns dados relevantes em relagdo as caracteristicas clinicas destas familias
podem ser apontados. A familia MG possui um grande numero de individuos afetados com
auras do tipo dejd-vit e quase nenhuma generalizagdo das crises, enquanto os exames de
RM desta familia, assim como das familias N e B ndo apontam para nenhuma anormalidade
cortical. Estes resultados apontam para uma maior heterogeneidade clinica na EADAA do
que havia sido sugerido anteriormente (Ottman et al. 2004), fato que pode ser reflexo direto
da heterogeneidade genética. Além do mais acreditamos que malformagdes do lobo
temporal esquerdo podem ser um possivel marcador biologico para EADAA com mutacdes
deletérias no gene LGI1, no entanto estudos mais detalhados de neuroimagem, incluindo as

familias descritas por outros grupos, devem ser realizados para confirmar esta hipdtese.
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Recentemente, foram descritos dois genes cujas proteinas interagem com LGI1,
o Kvl.l e ADAM22 (Schulte et al., 2006; Fukata et al., 2006). Ambos os genes estdo
envolvidos com fenotipos associados com crises epiléticas, tanto em humanos como em
camundongos, tornando-os bons candidatos para futuros experimentos de triagem de
mutacdo e analise de ligacdo. Chabrol et al. (2007) realizando triagem de mutacdes em
ADAM22 em familias negativas para mutagdes em LGI/, ndo identificou nenhuma
alteracdo deletéria neste gene que pudesse estar levando a EADAA nas familias estudadas

por este grupo.

Levando em conta os resultados negativos para pesquisa dos genes candidatos
escolhidos realizada por nosso grupo, assim como os resultados de Chabrol et al., (2007) e
o alto poder estatistico da familia MG, passamos entdo para a etapa de analise de ligacdo
gendmica randdmica, perfazendo todo o genoma humano, com exce¢do do cromossomo X,

j& que a familia analisada possui um claro padrao de heranga autossémico dominante.

2.1- Analise de liga¢io genémica randomica

Todo o genoma humano foi praticamente genotipado (Anexo IV). Uma
reavaliacdo fenotipica para a familia MG foi realizada, esclarecendo as condicdes de
individuos considerados como possivelmente afetados e de outros com clinica duvidosa.
Quando as duvidas sobre a clinica dos pacientes permaneciam, os mesmos eram excluidos
da andlise gendomica. Pudemos também identificar fenocopias que foram retirados da
amostra, ja que a presen¢a dos mesmos prejudicaria o calculo dos lod-scores. A eliminagdo
de alguns individuos nao diminuiu significantemente o poder estatistico de nossa familia.
Além do mais, pudemos eliminar as classes de probabilidade por idade, ja4 que no momento
em que foi realizada a primeira andlise clinica da familia vérios individuos ndo haviam
atingido a idade de manifestacdo das crises. Desta forma, utilizamos para a analise de
ligacdo apenas duas classes, afetados e nao afetados. Foram considerados como afetados os
individuos que relataram mais de um episddio, associado ou ndo, de aura auditiva, dejd-vi,
CPS e CTCG. A alteragdo destes parametros tornou os calculos estatisticos mais simples e

diretos.

Discussio

197



Os calculos de lod-scores apontaram uma regido candidata em d6s287
localizada no cr6q22 (Zmax=2.07, 8=0.05). Proximo a este marcador existem genes cujas
proteinas nao foram caracterizadas (ex: C60rf60), outros envolvidos com o metabolismo de

oligossacarideos de membrana (MANIA1I) e histonas (ASFIA).

A saturagdo da regido com marcadores microsatélites, no entanto, nao
confirmou a mesma como candidata potencial a conter o gene principal para EADAA nesta
familia. O fato de ndo termos detectado ligacdo nesta familia refor¢a mais uma vez a
importancia da caracterizagao fenotipica bem determinada dos pacientes. Embora a familia
analisada seja grande e informativa, com varios individuos afetados segregando EADAA, o
fendtipo desta familia € complexo se, por exemplo, comparado ao da familia portadora de
mutagdo no gene LGII. Os sinais clinicos muito sutis das auras citadas pelos pacientes,
associado a um quadro de cefaléia familiar podem ter influenciado nossa analise clinica,
além do mais, devido a manifestacdo e evolucdo benigna deste tipo de epilepsia, talvez
alguns individuos considerados como nao afetados, na realidade tenham crises que passam
despercebidas. Os mesmos problemas com o estabelecimento dos fenodtipos foram
encontrados em um trabalho recente, desenvolvido em nosso laboratdério, no qual foi
identificada ligagdo genética no cr18q para uma familia com ELT mesial. No entanto o
mesmo estudo também descreveu uma familia com ELT mesial cuja ligacdo genética nao
foi identificada por andlise de ligacdo gendmica randomica (Morelli, 2006). Também nao
podemos excluir a hipdtese de que genes modificadores estejam sendo introduzidos na
familia tanto por linhagem paterna como materna, através de fenocopias ndo detectadas ou
familiares com historico de epilepsia ndo identificada. Estes genes de predisposi¢ao

tornariam os calculos de lod-score e a interpretacdo dos mesmos muito complexos.

Outro fator que pode ter influenciado nossos resultados, foi a escolha do painel
genomico de estudo de ligacdo. O kit utilizado foi o da Applied Biosystem, apesar de ser
um painel eficiente em relagdo ao sucesso da amplificagdo de microsatélites, possui alguns
marcadores com um valor de PIC (polymorphism information content) abaixo de 0.75. O
PIC ¢ um fator muito importante para estudos de ligacdo, ja que mede o nimero de alelos
que um determinado marcador possui, assim como a freqiiéncia dos mesmos na populagao.

Este valor pode variar de populacdo para populacdo, revelando uma limitagdo do painel
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escolhido que foi montado tendo como base as freqiiéncias alélicas de populagdes com

estrutura genética diferente da brasileira.

Um novo refinamento na andlise clinica dos individuos da familia MG sera
necessario assim como a escolha de microsatélites com maior valor de PIC nos
cromossomos nos quais houve nimero consideravel de marcadores nao informativos. Estas
duas estratégias irdo assegurar a identificacdo de locus responsavel por EADAA nesta

familia.
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5- CONCLUSAO
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Artigo I:

Artigo II:

Artigo II1:

Foram encontradas mutagdes em trés pacientes em um grupo de 32 pacientes

com distdrbios de migracao neuronal,

A maioria das alteragdes encontradas nos genes trata-se de variacdes neutras,

Mutacdes de sentido trocado no gene LISI sdo eventos raros em pacientes

com o espectro LIS-HSB,

A correlagdo entre classe de mutacdo, localizacio do dominio WD e

gravidade de LIS ndo € vilida,

Mosaicismo, mutacdes em regides nao codificantes e outros exons, grandes
delecdes e rearranjos, além da presenca de casos atipicos, sdo fatores que
podem estar influenciando na baixa freqii€ncia de mutagdes encontradas em

pacientes com HNP e espectro LIS-HSB.

O mecanismo envolvido na mutagdo G987C no gene FLNI € a destruicdo do
sitio doador de splicing do intron 6, levando a manutencdo do intron 6
durante o processamento do RNAm e a conseqiiente criagcdo de um cédon de

parada prematuro, resultando na sintese de uma proteina truncada,

As diferencas clinicas encontradas nas duas pacientes que apresentam a
mesma mutacdo em FLNI (mae e filha) podem em parte, ser explicadas por

alteracdes no mecanismo de inativacdo randdmica do cromossomo X.

O gene EMX2 nao estd envolvido na etiologia da esquizencefalia e
polimicrogiria em nossa amostra de pacientes, portanto questionamos o

papel deste gene na determinacao destes DDC.
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Artigo IV:

Artigo V:

A mutagdo IVS7(-2)A>G no gene LGII é a causa de EADAA na familia S,

A descricdo, pela primeira vez, de uma possivel base etiologica para as
crises: presenca de malformagdes corticais no lobo temporal esquerdo de

pacientes com EADAA.

A confirmacdo de heterogeneidade genética na EADAA,

Os genes da familia LGI, assim como o dominio EPTP do gene MASS/ nao

estdo envolvidos com a etiologia da EADAA nas familias MG, N e B,

Presenca de heterogeneidade clinica na EADAA, principalmente na familia
MG, j4 que um grande nimero de pacientes apresentou a ocorréncia de dejd-

vie e rara generalizagdo secunddria,

Ainda ndo é possivel correlacionar a heterogeneidade fenotipica com a

presenca/auséncia de mutagdes no gene LGI1,

A malformacdo do lobo temporal esquerdo surge como um possivel

marcador para mutagdes em LG/,

Sao necessarios maiores estudos de neuroimagem na EADAA.

Andlise de Ligacao:

e Uma regido candidata para o novo locus responsdvel por EADAA foi

identificada em 6q22 na familia MG, no entanto estudos com marcadores

microsatélites saturando a regido nao confirmaram este achado.
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ANEXO I — Protocolo de Genotipagem Automatica

1- Selecao dos marcadores

Para a analise gendmica randomica forma utilizados primers comerciais do
conjunto ABI Prism® Linkage Mapping Set. Estes primers sdo especialmente escolhidos e
sintetizados pelo fabricante, distando cerca de 10cM, possuindo heterozigozidade

geralmente acima de 0.70 e temperaturas de anelamento semelhantes.

Para saturacdo de regides cujo valor de lod-score encontrados na andlise
gendmica randomica indicam possivel ligacdo, foram selecionados marcadores nao
distando 2cM entre si e que tenham heterozigozidade acima de 0.75. No entanto, por
limitagdes de resolugdo dos mapas de ligacdo disponiveis (Genethon, Marshefield e

Decode) nem sempre as duas caracteristicas puderam ser seguidas.

2- Genotipagem Automatica

O seqiienciador automatico MegaBACE 1000 foi adaptado para genotipagem
através de um conjunto especifico de filtros e com a aquisicdo do software Fragment
Profiler v1.2, para a analise da genotipagem. As amostras foram amplificadas em placas de
96 amostras contendo um volume final de 7,50ul, composto de 0,6pul de DNA gendmico
50ng; 0,5ul de primer mix (5 uM cada primer); 0,75ul GeneAmp dNTP mix (2,5mM)
0,06ul de AmpliTaq Gold DNA polimerase (5 unidades/pl); 0,75ul Tampaol0x GeneAmp
PCR; 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 agua: 20x para fluoréforos FAM e VIC e 10x para
fluoroforo NED. Em seguida, 2ul de cada diluigdo foi distribuida em outra placa de 96
amostras previamente preparada com um mistura contendo 7,75ul de Genotyping Loading
Solution (0,1% de Tween 20 em H,0) + 0,25ul de MegaBACE Size standards ET550-R,
perfazendo um volume final de 10ul por amostra em placa propria para o MegaBACE. As
amostras foram desnaturadas a 95°C por 3 minutos antes de serem injetadas no

MegaBACE.
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3- Analise dos dados

Apds a analise dos esferogramas pelo software Fragment Profiler v1.2 da
genotipagem automadtica, os dados de cada individuo sdo analisados por métodos
paramétricos de analise de ligagdo genética, através do calculo de lod-score de dois pontos
pelo programa de computador LINKAGE®. Em resumo: arquivos contendo a informagao
genealdgica, clinica e genotipagem dos marcadores foram criados utilizando a ferramenta
Makeped. Em seguida foram construidos arquivos contendo informacgdes a respeito do
modo de heranga, freqliéncia génica e freqiiéncia dos alelos dos marcadores genotipados
através da ferramenta Preplink do programa LINKAGE®. O calculo do lod-score ¢
automaticamente realizado para diferentes valores de fragdo de recombinagdo baseado no
método de “maximum likelihood”. Para doencas com heranga autossomica, lod-scores
iguais ou acima de 3,00 indicam confirmagao de ligagdo (probabilidade 1:1000 em favor de
ligacdo) e lod-scores menores ou iguais a -2,00 excluem ligagao (probabilidade de 1:100

contra ligacao).
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ANEXO II - Protocolo de DHPLC e sequenciamento automatico

A triagem de mutacgdes estd foi realizada através da técnica de DHPLC que
detecta a presenca de mutagdes através da retengdo diferencial de homoduplex e
heteroduplex formados por moléculas de DNA parcialmente desnaturadas em uma
cromatografia liquida de fase reversa. As fitas de heteroduplex sdo menos estaveis do que
as fitas com pareamento perfeito (homoduplex), causando esta retencdo diferencial na
coluna em determinadas temperaturas. Para a formacao dos heteroduplex, os produtos de
PCR foram desnaturados por 5 minutos a 95°C e deixados em repouso por 45 minutos em
temperatura ambiente. Apds este reanelamento por resfriamento gradual, o produto de PCR
¢ analisado pelo sistema WAVE® 4500 (Transgenomic). A triagem de mutacdes ¢
realizada com temperaturas especificas para cada fragmento definidas pelo software
WAVEMAKER™, sendo que a porcentagem de tamp3o utilizado na coluna varia para cada
fragmento. Aliquotas de Sul do produto amplificado de cada exon foram injetadas em

coluna DNASep®™ com fluxo de 0.9ml/min.

A triagem de mutacdes foi realizada através da andlise dos perfis
cromatograficos gerados no software WAVEMAKER™. Cada pico observado no
programa representa um tipo de fragmento de DNA presente na amostra. Portanto, em um
individuo com alteragdo pode ocorrer a formagdo de quatro picos, representando dois
homoduplex e dois heteroduplex presentes na amostra. Geralmente estes picos podem
apresentar-se unidos, gerando um cromatograma com dois ou trés picos. Os individuos sem

alteragdo apresentarao um pico, representando o homoduplex.

Sequenciamento automatico

Os fragmentos de PCR com perfil cromatografico diferente do padrdo normal
foram submetidos ao sequenciamento automatico através do MegaBacel000 (Amersham
Biosciences). A reacdo de seqlienciamento consistiu de 4 pul. de solugdo pré-mix, 1ulL de
primer (5 pmol/uL) e 1uL do produto de amplificagdo para um volume final de 15 puL. O

programa utilizado para o seqiienciamento foi: 35 ciclos de 95°C por 20 segundos, 50 °C
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por 15 segundos, 60 °C por 1 minuto. A purificagdo da reacdo de seqiienciamento foi
realizada com etanol e acetato de amdnio 7.5mM como sugerido pelo fabricante. Também
foi utilizado o seqiienciador automatico da Applied Biosystems - Modelo ABI 3100. A
reagdo de sequenciamento consistiu de 2,0 puL de Big Dye, 1,0 uL de DNA (de 200ng/uL a
600ng/pL), 1,0 pL. de cada “primer” (5 pmol/uL), 2ul. de tampdo para um volume final de
10 pL, utilizando-se o seguinte programa: 40 ciclos repetitivos de 96 °C por 45 segundos,
50 °C por 30 segundos e 60 °C por quatro minutos. Em seguida a reagdo de sequenciamento

¢ purificada segundo recomendagdes do fornecedor.
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ANEXO III - Termos de consentimento livre e esclarecido

FORMULARIO DE CONSENTIMENTO PARA PESQUISA MEDICA, Pagina 1 de 3

Titulo do projeto: Estudos de mutacdes em genes responsaveis por diferentes formas de desordens do

desenvolvimento cortical

Investigador principal: Dra. Iscia Lopes Cendes

OBJETIVO DA PESQUISA:

Eu entendo que fui convidado(a) a participar de um projeto de pesquisa envolvendo pacientes e

familias com suspeita clinica de malformacdes cerebrais. O objetivo geral do estudo ¢ comprovar a presenca

de defeitos no DNA que podem ser os responsaveis por estas malformagdes em nossa amostra de pacientes.
Esses estudos poderdo levantar dados que possibilitardo um conhecimento mais aprofundado sobre as estas
malformagdes de um modo geral. Tanto as amostras de DNA, de linhas celulares e a informagdo médica que
forem obtidas para este estudo, poderdo ser compartilhadas com outros pesquisadores, podendo assim ser
utilizadas eventualmente para outros fins de pesquisa destas desordens. O sigilo serd mantido em todos os

estudos colaborativos através da utilizagdo de um cddigo para a identificagdo dos individuos participantes.

PROCEDIMENTO:

Entendo que se eu 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 e
neurologico para confirmar meu estado clinico. Além disso, poderei ser submetido a exames subsidiarios
laboratoriais, e/ou de imagem (como tomografia computadorizada ou a uma ressondncia magnética de cranio).
Uma amostra de sangue sera colhida (20 a 30 ml, o equivalente a duas colheres de sopa). Hospitalizagdo nao
sera necessaria. Os precedimentos mencionados acima, serdo realizados dentro do primeiro ano apds o
consentimento em participar no estudo e, com exce¢do da coleta de amostra de sangue, fazem parte dos
cuidados médicos de rotina para um paciente com digenesia cortical. Porém, a pesquisa laboratorial utilizando
as amostras de sangue podera ser feita durante um periodo maximo de 30 anos apds a coleta. As células que
por ventura forem isoladas do sangue do propdsito serdo 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 sera efetuada. Os riscos associados a esse procedimento
sdo minimos, podendo ocorrer dor e manchas roxas (equimoses) no local da coleta de sangue. O desconforto
sera minimo pois se trata de uma coleta de sangue geralmente da veia do brago que sera realizado por

profissional treinado e devidamente habilitado para realizar esse procedimento.
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FORMULARIO DE CONSENTIMENTO PARA PESQUISA MEDICA, Pagina 2 de 3

Titulo do projeto:_Estudos de mutacdes em genes responsaveis por diferentes formas de desordens do

desenvolvimento cortical

Investigador principal: Dra. Iscia Lopes Cendes

VANTAGENS:

Entendo que ndo obterei nenhuma vantagem direta com a participagdo neste estudo e que o
diagnostico e o tratamento provavelmente ndo serdo modificados. Os resultados dos testes moleculares que

por ventura forem obtidos, estardo disponiveis através do acompanhamento no ambulatério de origem.

SIGILO

Entendo que toda a informagdo médica, assim como o resultados dos testes genéticos
decorrentes desse projeto de pesquisa, fardo parte do prontuario médico do proposito ¢ serdo submetidos aos

regulamentos do HC-UNICAMP referentes ao sigilo da informagao médica.

Se os resultados ou informagoes fornecidas forem utilizados para fins de publicagio cientifica,

nenhum nome sera utilizado.

FORNECIMENTO DE INFORMACAO ADICIONAL

Entendo que posso requisitar informagdes adicionais relativas ao estudo a qualquer momento. A
DRa Iscia Lopes Cendes, tel (019) 3788-8907 estara disponivel para responder minhas questdes e
preocupagoes. Em caso de recurso, duvidas ou reclamagdes contactar a secretaria da comissdo de ética da

Faculdade de Ciéncias Médicas-UNICAMP, tel. (019) 3788-7232.

RECUSA OU DESCONTINUACAO DA PARTICIPACAO

Entendo que a participagdo é voluntaria e que eu posso me recusar a participar ou retirar meu
consentimento ¢ 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 reconhego também que a Dra. Iscia Lopes Cendes pode interromper a minha participagdo

nesse estudo a qualquer momento que julgar apropriado.
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FORMULARIO DE CONSENTIMENTO PARA PESQUISA MEDICA, Pagina 3 de 3

Titulo do projeto: Estudos de mutacdes em genes responsaveis por diferentes formas de desordens do

desenvolvimento cortical

Investigador principal: Dra. Iscia Lopes Cendes

Eu confirmo que o (a) Dr. (a)

me explicou o objetivo do estudo, os procedimentos que serdo realizados, os riscos, desconforto
e possiveis vantagens advindas desse projeto de pesquisa. Eu li e/ou me foi explicado, assim como

compreendi esse formulario 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 ¢ os possiveis riscos ¢ vantagens que
poderdo advir do estudo, usando o melhor do meu conhecimento. Eu me comprometo a fornecer uma copia

desse formulario de consentimento ao participante ou responsavel.

Nome do pesquisador ou associado

Assinatura do pesquisador ou associado data
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FORMULARIO DE CONSENTIMENTO PARA PESQUISA MEDICA, Pagina 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
doenca através de métodos de genética molecular. A identificagdo desses genes pode eventualmente melhorar
o diagnostico e levar a um melhor tratamento dessa doenga. Tanto as amostras de DNA, de linhas celulares e
a informacdo 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 numero de cédigo 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
neurologico 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 sera colhida (20 a 30 ml, o equivalente a duas colheres de sopa). Hospitalizagdo ndo sera
necessaria. Os procedimentos mencionados acima, com excecdo 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 poderdo ser feitas durante um periodo maximo de 30 anos apos a
coleta. As células que por ventura forem isoladas do meu sangue serdo 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 € manchas roxas (equimoses) no local da coleta do sangue.
O desconforto sera minimo pois se trata de uma coleta de sangue geralmente da veia do brago que sera

realizada por profissional treinado e devidamente habilitado para realizar esse procedimento.
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FORMULARIO DE CONSENTIMENTO PARA PESQUISA MEDICA, Pagina 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 participag@o nesse estudo e
que o meu diagnostico € 0 meu tratamento provavelmente ndo serdo modificados. Contudo, os resultados
desse estudo podem, a longo prazo, oferecer vantagens para os individuos com epilepsia e suas familias,
possibilitando um melhor diagnéstico e tratamento mais adequado. E importante notar que o diagnostico pré-
sintomatico ndo faz parte dessa pesquisa, mas se eu desejar obter orientacdo genética, ela sera oferecido nos
ambulatorios 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¢do 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 informagdo médica.

Se os resultados ou informagdes fornecidas forem utilizados para fins de publicagdo 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 estara disponivel para responder minhas questdes e

preocupagoes. Em caso de recurso, duvidas ou reclamagdes contactar a secretaria da comiss@o de ética da

Faculdade de Ciéncias Médicas-UNICAMP, tel. (019) 788-7232.

RECUSA OU DESCONTINUACAQ DA PARTICIPACAOQ:

Eu entendo que a minha participa¢do ¢ voluntaria 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 reconhego também que a Dra. Iscia Lopes Cendes pode interromper a minha

participacdo nesse estudo a qualquer momento que julgar apropriado.
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FORMULARIO DE CONSENTIMENTO PARA PESQUISA MEDICA, Pagina 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 e os riscos, desconforto e
possiveis vantagens advindas desse projeto de pesquisa. Eu li/e ou me foi explicado, assim como compreendi

esse formulario 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

o0 objetivo do estudo, os procedimentos requeridos e os possiveis riscos e vantagens que poderdo advir do
estudo, usando o melhor do meu conhecimento. Eu me comprometo a fornecer uma cépia desse formulario de

consentimento ao participante ou responsavel.

Nome do pesquisador ou associado

Assinatura do pesquisador ou associado data
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ANEXO IV - Valores de lod-score para os marcadores microsatélites testados

Tabela 1. Valores de lod-score para marcadores do cromossomo 1.

Fregiiéncia de Recombinagdo ( cM )

Marcador
D1S468
D1S214
D1S2667
D1S2697
D1S199
D1S234
D1S255
D1S2797
D1S2890
D1S230
D1S2841
D1S207
D1S2868
D1S206
D1S2726
D1S252
D1S498
D1S484
D1S2878
D1S196
D1S249
D1S213
D1S2800
D1S2785
D1S2842
D1S2836

0,00

-1,64
-0,75
-2,06
-0,75
-1,62
-0,74
-1,97
-1,91
2,03
-1,38
1,14
0,40
-0,98
0,16
-0,60
2,26
-1,53
-2,20
-1,88
-1,03
2,27
-1,89
-1,86
4,14
2,66
-4,09

0,05
-0,59
-0,67
1,31
-0,67
-0,50
-0,37
-0,81
-0,34
-0,77
1,11
0,72
0,45
-0,82
0,13
-0,35
-1,50
-1,01
-1,60
-0,42
-0,59
-1,54
-1,39
-0,95
2,34
-1,96
2,48

0,10
-0,48
-0,58
-1,07
-0,58
0,26
0,21
-0,55
0,03
-0,45
-0,86
-0,51
0,46
-0,65
0,11
0,21
-1,02
-0,65
-1,17
-0,13
-0,36
-1,03
-1,05
-0,47
-1,57
-1,45
-1,71

0,15
-0,47
-0,49
-0,91
-0,49
-0,14
-0,12
-0,38
0,22
0,27
-0,65
0,36
0,45
-0,49
-0,09
-0,12
-0,67
-0,39
-0,84
0,02
0,23
-0,69
-0,80
-0,16
-1,08
-1,06
-1,18

0,20
-0,50
-0,41
-0,77
-0,41
-0,08
-0,06
-0,26
0,32
-0,15
0,47
0,25
0,42
0,34
-0,07
-0,06
-0,42
-0,21
-0,58
0,10
-0,16
-0,45
-0,59
0,04
-0,73
-0,77
-0,78

0,25
-0,52
0,33
-0,62
0,33
-0,04
-0,03
0,17
0,34
-0,06
-0,33
-0,17
0,38
0,22
-0,05
-0,03
-0,24
-0,08
-0,38
0,14
0,12
-0,28
-0,43
0,16
0,47
-0,53
-0,48

0,30
-0,49
-0,25
-0,49
-0,25
-0,03
-0,01
-0,1
0,32
-0,00
0,21
-0,10
0,32
-0,13
-0,04
-0,01
0,11
0,01
0,23
0,14
-0,09
-0,16
-0,29
0,22
-0,28
-0,35
-0,26

0,35
-0,42
-0,18
-0,35
-0,18
-0,02
-0,00
-0,05
0,26
0,03
0,12
-0,06
0,26
-0,06
-0,02
-0,00
-0,04
0,05
-0,12
0,13
-0,08
-0,08
-0,18
0,22
-0,14
0,21
-0,11

0,40
-0,30
-0,11
0,22
-0,11
-0,01
0,00
-0,02
0,17
0,04
-0,06
-0,02
0,18
-0,02
-0,01
0,00
0,01
0,07
-0,05

0,1
-0,07
-0,03
-0,1
0,19
-0,06
-0,11
-0,02
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Tabela 2.

Valores de lod-score para marcadores do cromossomo 2.

Fregiiéncia de Recombinagdo ( cM )

Marcador 0,00 0,05 0,10 0,15 0,20 0,25 0,30 035 0,40
D28319 -1,56  -0,36 0,08 0,31 0,43 0,47 0,45 0,38 0,28
D282211 0,55 0,47 0,40 0,32 0,24 0,17 0,11 0,06 0,03
D28162 -1,35 -0,65 -0,35 -0,13 0,04 0,15 0,20 0,21 0,18
D2S168 -3,30 -1,71 -0,99 -0,56 -0,27 -0,08 0,03 0,1 0,11
D2S305 -0,99 -0,70 0,51 -0,37 0,27 -0,19 0,13 -0,09 -0,05
D2S165 -3,93 2,85 2,10 -1,60 -1,21 -0,89 -0,62 -0,39 0,22
D2S367 2,95 -1,88 -1,43 -1,19 -1,04 -0,89 0,72 0,52 0,32
D2S2259 456 228  -1,60  -1,17  -0,84  -0,58  -038  -022  -0,12
D28391 0,99  -0,95 0,90  -0,83 -0,72 0,60  -046  -033 -0,21
D28337 2,28 -1,78 -1,40 -1,07 0,79 -0,55 0,37 0,22 0,12
D2S2368 1,95 -1,51 129 -L12 096 0,79  -0,60  -0,41 -0,24
D28286 0,81 0,66 0,49 0,31 0,12 -0,05 -0,18 -0,23 -0,21
D2S2333 0,30 0,14 -0,01 0,15 024  -028  -027  -021 -0,14
D282216 0,55 0,47 0,40 0,32 0,24 0,17 0,11 0,06 0,03
D28160 -2,81 -1,42 -1,06 -0,82 -0,62 -0,45 -0,30 -0,18 -0,1
D28347 -1,12 057 -023 -0,01 0,12 0,19 0,20 0,18 0,13
D28112 0,28 0,35 0,40 0,42 0,41 0,38 0,33 0,27 0,19
D2S151 1.12 1.16 1.20 1.17 1.07 0.93 0.75 0.54 0.33
D2S5142 3,64 2,08 -1,45 -1,01 -0,68 -0,43 -0,25 -0,12 -0,04
D282330 21,99 -1,00  -0,57 -0,30 -0,12 -0,01 0,05 0,07 0,07
D2S8335 3,07 2,04 -148 -1,07 -0,75 -0,51 032 -0,18 -0,08
D28364 -3,45 2,13 -1,53 -1,11 -0,79 -0,54 -0,34 -0,19 -0,08
D28117 -1,73 -1,35 -1,13 -0,95 -0,78 -0,61 0,44 -0,29 -0,17
D28325 2,18 -1,23 -0,91 -0,68 -0,49 -0,34 0,21 -0,12 -0,05
D252382 -0,41 -0,15 -0,01 0,06 0,09 0,09 0,08 0,05 0,03
D28126 -3,30 -1,43 -0,76 -0,38 -0,14 0,00 0,08 0,11 0,1
D28396 -3,22 -1,66 -1,05 -0,64 -0,35 -0,14 -0,00 0,07 0,09
D25206 3,15 -1,45 -0,88 0,51 -0,25 0,07 0,04 0,1 0,10
D28125 0,87 0,78 0,64 -0,50 0,36 0,25 -0,15 -0,08 -0,03
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Tabela 3. Valores de lod-score para marcadores do cromossomo 3.

Fregiiéncia de Recombinagdo ( ¢cM )

Marcador 0,00 0,05 010 0,15 020 025 0,30 0,35 0,40
D381297 0,86  -045 024  -0,09  -0,00 0,05 0,07 0,05 0,01
D3S1304 0,15 0,08 0,02  -0,13  -024  -031  -031 026  -0,18
D381263 033  -026  -027 -031  -035 -037 -035 -028  -0,19
D382338 0,56  -034  -027  -028  -032 -037 -036  -030  -0,20
D3S1277 301 203  -154  -1,17  -087  -0,63 -044  -028  -0,16
D351289 339 1,52 -091 0,56  -032  -0,17  -0,07  -0,02 0,01
D381300 -1,05 0,59 -028  -0,08 0,03 0,08 0,09 0,08 0,05
D381285 0,26 0,39 0,45 0,48 0,48 0,45 0,41 0,34 0,25
D381566 2,96 143 081  -044  -0,19  -0,03 0,06 0,11 0,11
D3S3681 278  -1,07  -0,54  -024  -0,06 0,05 0,08 0,08 0,04
D351271 2,69  -1,57 -1,04  -0,70  -0,47  -032  -022  -0,15 -0,1
D3S1278 -1,70  -1,11 -0,76  -0,51  -033  -021  -0,13  -0,08  -0,05
D3S1267 2,18 -091 042  -0,11 0,08 0,18 0,23 0,22 0,18
D381292 3,51 -1,18  -0,60  -024  -0,01 0,12 0,19 0,21 0,17
D381569 320 -1,59  -093  -052  -024  -0,06 0,05 0,1 0,11
D381279 337 1,68 -1,00  -059  -032  -0,14  -0,03 0,03 0,05
D3S1614 0,81 047  -0,23 0,07 0,04 0,10 0,13 0,14 0,11
D3S1565 0,98  -0,14 0,18 0,34 0,40 0,40 0,36 0,28 0,19
D381262 455 262  -1,83  -130  -091  -0,62  -0,40  -023  -0,11
D381580 413 259 -1,75 -1,17 -0,74  -043  -021  -0,07 0,01
D3S1601 316 -1.63  -115  -081  -056  -037  -022  -0.12  -0.05
D381311 2,82 -133 087  -057  -035 -0,19  -0,08  -0,01 0,02
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Tabela 4.

Valores de lod-score para marcadores do cromossomo 4.

Fregiiéncia de recombinagdo ( cM )

Marcador 0,00 0,05 0,10 0,15 0,20 0,25 0,30 0,35 0,40
D4S412 -2,44 -0,91 -0,54 -0,26 -0,07 0,05 0,11 0,12 0,09
D4S2935 0,38 0,48 0,44 0,35 0,22 0,09 -0,03 -0,10 -0,11
D4S403 -1,45 -0,12 0,15 0,29 0,37 0,39 0,35 0,26 0,16
D4S419 -0,86 -0,48 -0,34 -0,25 -0,17 -0,1 -0,04 -0,01 0,01
D4S391 -2,38 -1,09 -0,74 -0,51 -0,34 -0,21 -0,11 -0,03 0,01
D4S405 -2,08 -1,52 -1,01 -0,68 -0,44 -0,27 -0,15 -0,07 -0,02
D4S1592 -0,39 0,03 0,29 0,39 0,42 0,40 0,35 0,28 0,20
D4S392 -2,26 -1,28 -0,70 -0,32 -0,07 0,08 0,15 0,17 0,15
D4S2964 -2,57 -2,16 -1,69 -1,32 -1,01 -0,72 -0,48 -0,28 -0,13
D4S1534 -2,36 -1,36 -0,88 -0,60 -0,40 -0,25 -0,15 -0,08 -0,03
D4S414 0,48 0,37 0,27 0,18 0,11 0,06 0,03 0,00 -0,01
D4S1572 -2,08 -1,64 -1,35 -1,12 -0,92 -0,75 -0,58 -0,42 -0,27
D4S406 -4,89 -1,66 -0,86 -0,42 -0,16 -0,01 0,07 0,10 0,10
D4S402 -3,82 -2,52 -1,87 -1,39 -1,01 -0,71 -0,47 -0,28 -0,15
D4S1575 -0,98 -0,14 0,05 0,13 0,16 0,17 0,15 0,13 0,09
D4S424 -2,95 -1,68 -0,93 -0,51 -0,26 -0,1 -0,01 0,03 0,04
D4S413 -3,02 -1,54 -0,89 -0,47 -0,20 -0,03 0,07 0,11 0,11
D4S1597 -3,84 -1,89 -1,24 -0,85 -0,56 -0,35 -0,19 -0,09 -0,02
D4S1539 -0,50 -0,26 -0,17 -0,12 -0,11 -0,09 -0,08 -0,07 -0,05
D4S415 -2,90 -1,21 -0,80 -0,59 -0,45 -0,33 -0,22 -0,13 -0,06
D4S1535 0,38 0,48 0,44 0,35 0,22 0,09 -0,03 -0,10 -0,11
D4S426 -2,71 -1,83 -1,32 -0,98 -0,74 -0,55 -0,40 -0,26 -0,14
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Tabela 5.

Valores de lod-score para marcadores do cromossomo 5.

Fregiiéncia de recombinagdo ( cM )

Marcador 0,00 0,05 0,10 0,15 0,20 0,25 0,30 035 0,40
D5S1981 439 236 -1,39 -0,82 -0,45 0,20  -0,05 0,04 0,07
D5S406 2,65 2,13 -1,71 134 -1,02 0,74 -0,51 -0,33 -0,19
D5S630 3,17 212 -1,55 1,12 -0,78 -0,51 -0,30 -0,15 -0,06
D5S416 2,07 -1,68 -1,27 -0,95 -0,69 -0,49 -0,33 -0,21 -0,12
D5S419 -0,37 029  -029 -0,32 -0,35 -0,35 -0,31 024  -0,15
D55426 2,14 -161 1,34 -1,13 -0,94 0,74  -0,54 -0,37 0,22
D5S418 1,17 -0,68 -0,38 -0,20 -0,08 -0,01 0,02 0,03 0,03
D5S407 -3,18 2,13 1,72 -1,40 -1,10 -0,83 -0,58 -0,37 -0,20
D5S647 330 2,02 1,52 120 -0,95 0,72 -0,52 034  -020
D5S424 2,88 2,12 1,64 -1,28 -0,97 -0,71 -0,48 -0,29 -0,15
D5S641 2,62 -1,78 -1,43 -1,23 -1,07 0,92  -0,73 -0,53 0,32
D5S1725 2,72 -1,85 -1,28 0,87  -0,56 034  -0,18 -0,08 -0,01
D5S428 2,89 -1,86 144 -115 -0,92 0,71 -0,51 -0,33 0,19
D5S618 -3,32 -2,49 -1,88 139 <099 -0,67  -042 -0,23 -0,10
D5S815 1,14 -0,88 -0,66 -0,48 034 -0,23 0,14 -0,08 -0,03
D5S644 -4,45 2,61 -1,80 -1,26 -0,87 -0,57 -0,35 -0,18 -0,07
D5S652 -3,58 2,33 -1,61 1,12 0,77 0,50  -031 0,17 -0,07
D552498 -4,73 3,10 2,23 -1,65 1,21 -0,85 -0,57 -0,35 0,18
D55433 327 1,94 -1,48 -1,16 -0,90 0,68  -0,49 -0,33 -0,20
D5S2027 -0,25 0,19 0,14  -0,10  -0,07 -0,05 -0,03 -0,02 -0,01
D5S471 -0,48 -0,28 0,17 -0,11 -0,07 -0,05 -0,03 -0,02 -0,01
D5S2115 -1,71 -1,35 1,14 20,93 -0,71 -0,51 -0,35 0,22 -0,13
D55436 3,27 2,00  -134 089  -0,58 036  -021 0,10  -0,04
D5S410 -1,28 -0,93 -0,68 049  -035 024 0,15 -0,09 -0,04
D5S422 2,15 -1,36 -0,93 -0,65 0,45 0,30  -0,18 0,10  -0,04
D5S400 -4,36 2,36 -1,52 -1,0 0,64  -039  -021 -0,1 -0,03
D5S408 -3,26 1,11 0,50  -0,18 0,00 0,10 0,14 0,15 0,12

Anexos

239



Tabela 6.

Valores de lod-score para marcadores do cromossomo 6.

Fregiiéncia de recombinagdo ( cM )

Marcador 0,00 005 010 015 020 025 030 035 040
D6SIS74 329 144 097 065 040 021 008 001 0,05
D6S309 576 181 126 087 058 036 019 008  -00I
D6SAT0 oo 131 087 054 031 014 003 004 006
D6S289 075 013 031 036 034 029 021 013 005
D6S422 057 042 066 072 068 060 049 036 023
D6S276 168 045 -007 014 024 028 026 022 0,5
D6SI6I0 6o 005 033 046 051 049 044 036 026
D6S282 515 099 045 013 007 018 023 023 019
D6S257 o84 106 049 016 005 018 024 025 021
D6S460 371 60 095 049 019 000 011 016 0,15
D6S462 579 075 037 018 006 00l 005 006 006
D6S434 5,77 21 063 -029 =008 005 0,12 0,14 0,12
D6S28T  Ho1 207 202 188 160 145 117 08 054
D6S262 519 055 -000 0,12 024 029 029 026 020
D6S308 o8 001 006 0,12 -008 -006 -004 -0,02 -001
D6SML 120 050 030 002 003 002 003 002  -0,00
D6SISSL 51 041 031 022 006 002 009 -007 005
D6S264 67 045  -024 007 003 008 009 007 004
D6S446 173 056 022 004 006 011 012 010 007
D6S281 185 135 099 071 048 031 018 009 _ -0.04
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Tabela 7.

Valores de lod-score para marcadores do cromossomo 7.

Fregiiéncia de recombinagdo ( cM )

Marcador 0,00 0,05 0,10 0,15 0,20 0,25 0,30 0,35 0,40
D78531 077  -0,60 -047  -036  -027  -020  -0,14 -0,1 -0,06
D78517 140  -1,12  -088  -0,68  -0,51  -038  -027  -0,18  -0,10
D78513 171 -1,09 -093  -088  -086 -0,82  -0,72  -0,56  -037
D78507 087  -0,91 0,90 -084  -0,74  -061 -0,48 034 022
D75493 2,55 -1,82 1,40 -1,09 -0,84  -0,63 -0,45 030  -0,18
D78516 114  -1,11 1,05 095  -081  -0,66 -0,50  -0,36  -0,23
D78484 0318  -0,09 -0,07 -0,09 -0,11  -0,13  -0,13  -0,12  -0,08
D78510 363  -195  -1,50  -1,16  -0,88  -0,63  -0,43  -027  -0,15
D78519 142  -1,19 -1,02  -083  -063  -043  -027  -0,15  -0,06
D78502 206  -148  -1,08 -0,77  -0,53  -035  -021  -0,11  -0,04
D78669 466 241  -1,65 -1,17 082  -0,56  -036  -021  -0,11
D75630 2,15 1,84 1,58 -132 -1,04 0,78  -0,55 0,35 -0,20
D75657 -1,45 1,44 2134 -1,16  -0,93 0,70  -049  -031 0,18
D78515 313 -147 086  -048  -024  -0,08 0,02 0,07 0,08
D75486 0,04 0,04 0,03 0,02 0,02 0,01 0,01 0,00 0,00
D7S530  -030  -0.15  -0.05  0.03 0.08 0.11 0.12 0.12 0.1
D78640 306  -196  -1,55  -123  -095  -0,69 -047  -029  -0,15
D78684 256  -1,75  -131  -1,00  -0,76  -0,57  -040  -027  -0,17
D78661  _101  -081  -0,64 -0,50 -0,39  -029  -021  -0,14  -0,08
D75636 1,92 -140  -1,08  -0,83 0,62  -045  -031 020  -0,11
D78798 225 1,08  -0,77  -0,55  -037  -023  -0,12  -0,05 0,00
D782465 271 098  -0,51 023  -0,05 0,05 0,09 0,1 0,08
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Tabela 8. Valores de lod-score para marcadores do cromossomo 8.

Fregiiéncia de recombinagdo ( cM )

Marcador 0,00 0,05 0,10 0,15 020 025 030 0,35 0,40
D8S264 -1,73 -120 -0,79  -048  -027  -0,13  -0,05 -0,02  -0,01
D8S277 -1,01  -0,51  -023  -0,07 0,02 0,06 0,07 0,05 0,02
D8S550 2,17 -075  -029  -0,04 0,11 0,18 0,19 0,17 0,12
D8S549 2,80  -1,35 -086  -057 -038 -025 -0,16 -0,09  -0,04
D8S258 2,54 -1,15  -0,72  -046  -029 -0,18  -0,11  -0,06  -0,03
D8S1771 -1,00  -0,79  -0,62  -048 -036 -027  -0,19 -0,12  -0,07
D8S505 3,16 2,51 -1,91 -1,41 -1,02 -0,71 0,46  -028  -0,14
D8S285 -1,75 -0,53 0,18 0,01 0,11 0,17 0,18 0,17 0,13
D85260 -1,00 0,18 0,46 0,58 0,61 0,58 0,51 0,41 0,29
D8S270 3,12 -0,66  -0,16 0,08 0,21 0,27 0,28 0,26 0,20
D8S1784 2,61 -1,70  -1,18  -0,84  -0,59  -041  -027 -0,17  -0,10
D8S514 220 -1,56 -1,12 -0,79  -0,53  -034  -0,19  -0,09  -0,02
D85284 3,57 232 -1,52 -098  -0,60 -033  -0,15  -0,03 0,03
D8S272 0,44  -0,33 -024 -0,18 -0,13 -0,08 -0,05 -0,03  -0,01
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Tabela 9. Valores de lod-score para marcadores do cromossomo 9.

Fregiiéncia de recombinagdo ( cM )

Marcador 0,00 0,05 010 0,15 020 0,25 0,30 035 0,40
D9S288 294  -134 098 08  -076 -0,72  -067 -057  -0,41
D9S286 383 230  -1,67 -125  -094  -0,69 -0,50 -034  -021
D9S285 411 300 233  -1,84  -144  -1,10  -080  -054  -0,32
D9S157 411 280  -2,13  -1,66  -129  -098  -0,72  -049  -030
D9S171 454 308 -228 -1,77 -139  -1,06 -0,77  -052  -030
D9S161 154  -075  -036  -0,15  -0,04 0,02 0,05 0,04 0,03
D9S1817 167  -0,63 -037 -023  -0,15  -0,08 -0,04 -0,01 0,00
D9S273 117 -0,67 -041 024  -0,12  -0,05 -0,00 0,02 0,03
D9S175 481 231  -1,51  -106 -0,75  -0,50  -031  -0,17  -0,07
D9S167 4728 2,12 -143  -1,05 -0,79 -0,57  -039  -023  -0,12
D9S283 950 464 301  -197 -127 -0,78  -043  -020  -0,05
D9S287 122 099 -0,71  -049  -033  -021  -0,12  -0,06  -0,02
D9S1690 363 197 143  -1,03 -0,72 -048  -029  -0,16  -0,07
D9S1677 435 263  -1,88  -143  -1,09 -0,82  -0,60  -040  -0,24
D9S1776 267  -1,63  -1,00  -060  -033  -0,15  -0,04 0,03 0,05
D9S1682 181  -141  -1,06 -0,78  -056  -039  -026  -0,16  -0,09
D9S290 216  -041  0.01 0.23 0.34 0.38 0.38 0.33 0.25
D9S164 513 152  -1,13  -085  -0,63 -045 -031  -020  -0,11
D9S1826 60 0,73 0,87 0,87 0,80 0,70 0,58 0,44 0,29
D9SIS8 913 0,11 0,25 0,32 0,36 0,35 0,32 0,27 0,20
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Tabela 10. Valores de lod-score para marcadores do cromossomo 10.

Fregiiéncia de recombinagdo ( cM )
Marcador 0,00 0,05 0,10 0,15 0,20 0,25 0,30 0,35 0,40
D10S249 -3,53 -1,76 -1,12 -0,69 -0,40 -0,20 -0,07 0,01 0,05
D10S591 -1,93 -0,75 -0,41 -0,23 -0,14 -0,09 -0,07 -0,07 -0,06
D10S189 -0,90 -0,53 -0,31 -0,19 -0,11 -0,07 -0,04 -0,03 -0,02
D10S547 -0,26 -0,08 0,03 0,1 0,13 0,15 0,15 0,13 0,1
D10S1653 -0,65 -0,41 -0,22 -0,08 0,03 0,09 0,13 0,14 0,12
D10S548 -2,07 -1,59 -1,16 -0,80 -0,52 -0,32 -0,18 -0,09 -0,04
D10S197 -0,98 -0,67 -0,41 -0,21 -0,06 0,03 0,09 0,10 0,09
D10S208 -0,78 -0,54 -0,31 -0,12 0,02 0,11 0,16 0,17 0,14
D10S196 -2,43 -2,14 -1,86 -1,55 -1,22 -0,90 -0,62 -0,40 -0,22
D10S1652 -3,30 -2,29 -1,72 -1,30 -0,97 -0,71 -0,49 -0,32 -0,18
D10S537 -2,52 -1,01 -0,57 -0,33 -0,19 -0,11 -0,06 -0,03 -0,02
D10S1686 -0,26 0,02 0,17 0,24 0,28 0,28 0,26 0,22 0,16
D10S185 -4,02 -1,66 -0,85 -0,40 -0,11 0,07 0,16 0,20 0,18
D10S192 -2,62 -1,60 -0,96 -0,54 -0,27 -0,09 0,02 0,07 0,09
D10S1693 -1,18 -0,86 -0,63 -0,46 -0,32 -0,21 -0,13 -0,07 -0,03
D10S587 -3,88 -2,37 -1,85 -1,51 -1,23 -0,97 -0,73 -0,51 -0,31
D10S217 0,63 0,64 0,62 0,58 0,53 0,47 0,40 0,32 0,23
D10S1651 -0.28 0.04 0.22 0.32 0.36 0.35 0.30 0.23 0.15
D10S212 0,05 0,11 0,14 0,15 0,15 0,14 0,12 0,10 0,07
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Tabela 11.

Valores de lod-score para marcadores do cromossomo 11.

Fregiiéncia de recombinagdo ( cM )

Marcador 0,00 0,05 0,10 0,15 0,20 0,25 0,30 0,35 0,40
D11S4046 -2,47 -2,02 -1,62 -1,26 -0,95 -0,69 -0,48 -0,31 -0,18
D11S1338 -2,65 -1,93 -1,59 -1,31 -1,04 -0,78 -0,55 -0,36 -0,20
D11S902 -3,96 -2,62 -2,14 -1,76 -1,41 -1,07 -0,77 -0,50 -0,29
D11S904 -2,18 -1,87 -1,51 -1,17 -0,86 -0,61 -0,41 -0,25 -0,13
D11S935 -1,13 -1,15 -1,16 -1,14 -1,06 -0,91 -0,71 -0,50 -0,31
D11S905 -0,02 -0,09 -0,21 -0,36 -0,51 -0,64 -0,67 -0,57 -0,38
D11S4191 -0,95 -0,81 -0,76 -0,73 -0,68 -0,59 -0,45 -0,31 -0,18
D11S987 -3,15 -1,96 -1,61 -1,35 -1,09 -0,82 -0,58 -0,37 -0,20
D11S1314 -3,78 -2,34 -1,67 -1,17 -0,78 -0,49 -0,28 -0,13 -0,03
D11S937 -3,58 -1,42 -0,85 -0,47 -0,21 -0,04 0,06 0,11 0,12
D11S901 -3,16 -1,92 -1,34 -0,94 -0,65 -0,43 -0,27 -0,14 -0,06
D11S4175 -0,78 -0,57 -0,42 -0,30 -0,21 -0,14 -0,09 -0,05 -0,02
D11S898 -1,66 -1,03 -0,63 -0,35 -0,17 -0,05 0,03 0,07 0,07
D11S908 -2,32 -1,28 -0,78 -0,46 -0,24 -0,10 -0,02 0,03 0,04
D11S925 -2,22 -1,31 -0,82 -0,51 -0,29 -0,14 -0,05 0,01 0,03
D11S4151 -3,77 -2,33 -1,73 -1,30 -0,97 -0,71 -0,50 -0,33 -0,20
D11S912 -3,64 -2,16 -1,57 -1,15 -0,84 -0,60 -0,42 -0,29 -0,18
D11S1320 -2,08 -1,65 -1,24 -0,91 -0,64 -0,44 -0,29 -0,17 -0,09
D11S968 -0,04 0,04 0,08 0,10 0,11 0,11 0,1 0,08 0,06
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Tabela 12.

Valores de lod-score para marcadores do cromossomo 12.

Fregiiéncia de recombinagdo ( cM )

Marcador 0,00 0,05 0,10 0,15 0,20 0,25 0,30 0,35 0,40
D12S352 -1.82 -1,39 -1,03 -0,75 -0,52 -0,35 -0,22 -0,12 -0,05
D12S99 -3,36 -2,59 -2,13 -1,78 -1,47 -1,15 -0,85 -0,58 -0,34
D12S336  -1,12 -0,52 -0,28 -0,15 -0,08 -0,03 -0,01 0,00 0,00
D12S364  -2,78 -1,93 -1,62 -1,45 -1,32 -1,18 -0,97 -0,72 -0,46
D12S310  -3,04 -1,97 -1,66 -1,48 -1,34  -1,15 -0,92 -0,66  -0,41
D12S1617  -1,23 -0,97 -0,77 -0,59 -0,44  -0,31 -0,20 -0,12 -0,06
D12S345  -1,10 -0,79 -0,55 -0,38 -0,24  -0,14 -0,07 -0,02 0,01
D12S85 -1,76 -1,52 -1,33 -1,12 -0,90  -0,69 -0,50 -0,33 -0,19
D12S368  -0,36 -0,42 -0,52 -0,65 -0,77 -0,85 -0,81 -0,66  -0,44
D12S83 -4,09 -2,60  -1,91 -1,40 -1,0 -0,68 -0,44 -0,25 -0,12
D12S326  -4,21 -2,65 -1,91 -1,37 -0,96  -0,64 -0,40 -0,22 -0,1
D12S1710  -3,61 -2,32 -1,56 -1,06 -0,70  -0,44 -0,25 -0,12 -0,03
D12S351  -4,48 -2,84  -2,03 -1,46 -1,04  -0,72 -0,47 -0,28 -0,14
D12S346  -1,91 -1,05 -0,65 -0,39 -0,21 -0,1 -0,03 0,01 0,03
D12S78 -1,63 -1,04  -0,75 -0,57 -0,43 -0,33 -0,25 -0,17 -0,11
D12S79 -1,17 -0,77 -0,49 -0,31 -0,18 -0,11 -0,06 -0,04  -0,03
D12S86 -1,82 -1,39 -1,03 -0,75 -0,52 -0,35 -0,22 -0,12 -0,05
D12S1659 -1,60 -1,18 -0,87 -0,65 -0,47 -0,34 -0,23 -0,15 -0,08
D12S1723  -1,73 -1,23 -1,03 -0,88 -0,72 -0,57 -0,43 -0,31 -0,20
D12S357  -3,39 -2,34  -1,78 -1,36 -1,01 -0,73 -0,50 -0,32 -0,18
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Tabela 13.

Valores de lod-score para marcadores do cromossomo 13.

Fregiiéncia de recombinagdo ( cM )

Marcador 0,00 0,05 0,10 0,15 0,20 0,25 0,30 0,35 0,40
D13S175 -1,57 -1,23 -0,91 -0,63 -0,42 -0,26 -0,14 -0,07 -0,02
D13S217 -2,37 -1,27 -0,99 -0,83 -0,69 -0,54 -0,39 -0,26 -0,14
D13S171 -1,29 -1,13 -0,86 -0,60 -0,39 -0,24 -0,13 -0,06 -0,01
D13S218 -2,00 -1,34 -0,93 -0,62 -0,38 -0,21 -0,10 -0,04 -0,01
D13S263 -1,30 -1,13 -0,95 -0,77 -0,59 -0,43 -0,30 -0,19 -0,10
D13S153 -1,22 -0,36 -0,08 0,1 0,19 0,22 0,21 0,16 0,10
D13S156 -1,89 -0,92 -0,49 -0,28 -0,16 -0,1 -0,06 -0,04 -0,03
D13S170 -1,51 -1,31 -1,14 -0,97 -0,80 -0,64 -0,49 -0,34 -0,21
D13S265 -3,65 -2,66 -1,99 -1,50 -1,11 -0,80 -0,56 -0,37 -0,22
D13S159 -3,01 -1,65 -1,13 -0,80 -0,59 -0,44 -0,32 -0,23 -0,15
D13S158 -2,75 -2,02 -1,54 -1,19 -0,90 -0,66 -0,46 -0,30 -0,17
D13S173 -2,16 -1,43 -1,13 -0,94 -0,79 -0,65 -0,51 -0,38 -0,25
D13S1265 -2,50 -0,94 -0,38 -0,06 0,14 0,24 0,28 0,27 0,21
D13S285 -1,57 -1,23 -0,91 -0,63 -0,42 -0,26 -0,14 -0,07 -0,02
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Tabela 14. Valores de lod-score para marcadores do cromossomo 14.

Fregiiéncia de recombinagdo ( cM )

Marcador 0,00 0,05 010 0,15 020 0,25 0,30 035 0,40
14261 0,98  -0,50 -030 -0,19 -0,13 -0,09 -0,06 -0,04 -0,03
D14S283 1,35 -095  -0,65 -044 -030 -0,19 -0,12 -0,07 -0,04
D14S275 3,78 2,00 -122  -0,75 -044  -024  -0,10 -0,02 0,02
D14S70 191 -1,35  -098 -0,72 -0,52 -037 -026 -0,17 -0,
D14S288 147 -1,19  -098  -0,80  -0,63 -048  -035 -024 -0,15
D14S63 1,58 -0,72  -026 0,01 0,16 023 023 0,19 0,11
D14S258 0,86 -0, 0,35 -021 -0,11 -0,04 000 003 003
D14S74 3,15 -1,83 <129 093 -0,68 -049 034 023 -0,14
D14S68 028 -0,17 -0,09 -0,05 -0,02 -0,0 -0,01 -0,01 -0,01
D14S280 185 -145  -1,13 087  -0,66 -049  -035 023  -0,13
D14S65 2,92  -1,9 1,35  -092 -0,60 -037 -020 -0,09 -0,02
D14S985 0,92 -0,58 035 -020 -0,  -0,03 001 003 003
D14S292 28 -1,79 145  -1,19  -097 -0,76  -0,56 -039  -024
Anexos

248



Tabela 15. Valores de lod-score para marcadores do cromossomo 15.
Fregiiéncia de recombinagdo ( cM )

Marcador 0,00 0,05 0,10 015 020 0725 030 035 0,40
DI5S128 g1 -0,02 0,15 0,20 0,20 0,17 0,13 0,08 0,04
D15S1002 -2,10 -0,61 -0,14 0,11 0,24 0,30 0,31 0,27 0,21
D15S165 -0,37 0,74 0,89 0,89 0,82 0,71 0,56 0,39 0,22
D15S1007 -0,11 0,62 0,80 0,84 0,79 0,70 0,56 0,40 0,23
D15S971 -1,12 -0,23 0,04 0,16 0,21 0,21 0,17 0,12 0,06
D15S1012  -3,33 -1,77 -1,13 -0,73 -0,46 -0,28 -0,15 -0,06 -0,01
D15S994 -1,29 0,73 0,91 0,93 0,88 0,77 0,63 0,47 0,31
D15S659 -3,11 -0,99 -0,45 -0,17 -0,01 0,08 0,12 0,12 0,10
D15S978 -1,47 -1,13 -0,88 -0,69 -0,54 -0,42 -0,31 -0,22 -0,14
D15S1016  -3,22 -2,08 -1,50 -1,09 -0,78 -0,54 -0,36 -0,22 -0,12
D15S117 -3,10 -1,99 -1,47 -1,12 -0,84 -0,62 -0,45 -0,30 -0,18
D15S153 -0,79 -0,58 -0,53 -0,55 -0,62 -0,67 -0,65 -0,53 -0,35
D15S131 -4,31 -2,90 -2,20 -1,69 -1,29 -0,95 -0,68 -0,45 -0,26
D15S205 -1,98 -1,47 -1,12 -0,85 -0,64 -0,46 -0,32 -0,20 -0,11
D15S127 -1,53 -0,86 -0,50 -0,27 -0,12 -0,03 0,02 0,05 0,04
D15S130 -2,10 -0,61 -0,14 0,11 0,24 0,30 0,31 0,27 0,21
D15S120 -0,37 0,74 0,89 0,89 0,82 0,71 0,56 0,39 0,22
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Tabela 16.

Valores de lod-score para marcadores do cromossomo 16.

Fregiiéncia de recombinagdo ( cM )

Marcador 0,00 0,05 0,10 0,15 0,20 0,25 0,30 0,35 0,40
D16S423 0,40 0,42 0,41 0,39 0,35 0,29 0,21 0,14 0,07
D16S404 -0,95 -0,39 -0,20 -0,10 -0,05 -0,01 0,00 0,00 -0,00
D16S3075 -1,70 -1,43 -1,17 -0,92 -0,70 -0,53 -0,39 -0,28 -0,18
D16S3103  -1,55 -1,29 -1,05 -0,84 -0,66 -0,51 -0,38 -0,27 -0,18
D16S3046 -4,44 -2,99 -2,15 -1,57 -1,14 -0,81 -0,56 -0,37 -0,22
D16S3068 -3,77 -1,79 -1,03 -0,58 -0,28 -0,1 0,01 0,07 0,08
D16S3136  -3,20 -1,48 -0,88 -0,52 -0,28 -0,12 -0,02 0,04 0,06
D16S415 -0,47 -0,24 -0,09 0,01 0,07 0,11 0,12 0,11 0,09
D16S503 -2,81 -0,68 -0,17 0,11 0,26 0,34 0,36 0,32 0,25
D16S515 -3,29 -1,23 -0,63 -0,31 -0,12 -0,01 0,04 0,05 0,04
D16S516 -3,84 -2,33 -1,61 -1,13 -0,78 -0,52 -0,32 -0,18 -0,08
D16S3091 -3,34 -1,97 -1,42 -1,05 -0,76 -0,54 -0,37 -0,23 -0,12
D16S520 -1,70 -1,43 -1,17 -0,92 -0,70 -0,53 -0,39 -0,28 -0,18
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Tabela 17.

Valores de lod-score para marcadores do cromossomo 17.

Fregiiéncia de recombinacdo ( cM )

Marcador 0,00 0,05 0,10 0,15 0,20 0,25 0,30 0,35 0,40
D175849 -3,79 -2,06 -1,33 -0,88 -0,57 -0,35 -0,19 -0,08 -0,01
D17S831  -2,65 -1,12 -0,66 -0,37 -0,18 -0,05 0,02 0,06 0,07
D17S938  -2,15 -1,35 -0,89 -0,58 -0,36  -0,20 -0,09 -0,02 0,01
D17S1852  -1,64 -0,79 -0,35 -0,08 0,09 0,18 0,21 0,20 0,15
D17S796  -3,22 2,30 -1,74  -1,32 -0,98 -0,70 -0,47 -0,29 -0,16
D17S799 0,43 0,53 0,55 0,54 0,49 0,43 0,35 0,27 0,18
D175921 -0,1 -0,07 -0,05 -0,04 -0,03 -0,02 -0,01 -0,01 -0,00
D17S1857 -0,75 -0,53 -0,37 -0,25 -0,16  -0,09 -0,04 -0,01 0,01
D178798  -0,90 -0,62 -0,42 -0,27 -0,16  -0,08 -0,02 0,01 0,03
D17S51868 0,32 0,30 0,27 0,24 0,21 0,18 0,15 0,12 0,08
D178787  -1,80 -0,88 -0,47 -0,22 -0,07 0,02 0,07 0,09 0,08
D175944  -0,32 0,09 0,23 0,28 0,28 0,25 0,20 0,13 0,07
D175949  -0,66 -0,53 -0,43 -0,35 -0,27 -0,21 -0,16 -0,11 -0,07
D178785  -0,42 -0,20 -0,07 0,00 0,04 0,04 0,03 0,01 -0,01
D175784  -1,96 -1,16 -0,77 -0,52 -0,35 -0,22 -0,13 -0,07 -0,03
D178928  -3,79 -2,06 -1,33 -0,88 -0,57 -0,35 -0,19 -0,08 -0,01
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Tabela 18. Valores de lod-score para marcadores do cromossomo 18.

Fregiiéncia de recombinagdo ( cM )

Marcador 0,00 0,05 0,00 015 020 0,25 0,30 0,35 0,40
pi8ss9  -0.23  -007 002 008 012 013 013 012 0,09
DI8S63  -0.95 -051 024  -007 004 0,1 0,11 0,10 0,07
DI8S452  -250 -048  -0,03 0,18 027 030 028 024 0,18
DISSd64 283  -165 -1,08 072 -046 -028 -0,15 -006 -001
D18S53  -347 236 -1,75 <129  -094 0,65 043 -026 -0,14
D18S478  -238  -193  -1,55 -121  -091 0,65 043 -026 -0,14
DI8S1102 -335 -1,64 -097 -0,55 -027 -0,08 004 009 0,10
DI8S474  -1,64 132  -1,13  -097 -081 0,65 -049 -034 -021
DI8S64 276 -177  -129  -096 -0,70 -0,51  -035 -023 -0,14
DI8S68  -281 -1,62 -1,09 -0,76 -0,51 -034 -021  -0,13  -0,08
DI8S61  -3,79 246  -1,88  -148  -1,16 -0.88  -0,64 043  -025
DI8S1161 -2,66  -198  -1,59  -132  -1,I0  -091 0,73  -0,55 -036
DI8S462  -2,55 -132  -1,05 -091 -0,80 -0,70  -0,58  -0,44  -030
DI8S70  -2,55 -144 094 -063 -041 -026 -0,15 -0,08 -0,03
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Tabela 19. Valores de lod-score para marcadores do cromossomo 19.

Fregiiéncia de recombinagdo ( cM )
Marcador 0,00 0,05 0,10 0,15 020 025 030 0,35 0,40
D19S209  -2.40 -1,64 -1,20 -0,90 -0,67 -0,49 -0,35 -0,24 -0,15
D19S216  -2.95 -1,89 -1,34 -0,97 -0,70 -0,49 -0,34 -0,21 -0,12
D19S884  -2.52 1,05 1,42 1,48 1,39 1,22 0,98 0,72 0,44
D19S221 -0.12 0.01 0.11 0.18 0.21 0.21 0.19 0.15 0.11
D19S226  -1,17 -0,92 -0,73 -0,58 -0,47 -0,37 -0,28 -0,20 -0,13
D19S414 -2,83 -2,10 -1,67 -1,34 -1,06 -0,81 -0,60 -0,42 -0,26
D19S220 -1,13 -0,95 -0,77 -0,60 -0,46 -0,34 -0,23 -0,15 -0,09
D19S420 -1,83 -1,61 -1,40 -1,20 -1,00 -0,81 -0,62 -0,44 -0,28
D19S902 -0,07 0,08 0,13 0,14 0,12 0,09 0,06 0,03 0,01
D19S571 0,18 0,07 -0,05 -0,17 -0,24 -0,27 -0,26 -0,23 -0,18
D19S418  -0,69 -0,27 -0,07 0,04 0,09 0,10 0,09 0,07 0,04
D19S210 -2,40 -1,64 -1,20 -0,90 -0,67 -0,49 -0,35 -0,24 -0,15
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Tabela 20. Valores de lod-score para marcadores do cromossomo 20.
Fregiiéncia de recombinagdo ( cM )

Marcador 0,00 0,05 0,10 0,15 0,20 0,25 0,30 0,35 0,40
D20S117 -3,58 -1,73 -1,06 -0,65 -0,38 -0,20 -0,08 -0,01 0,02
D20S889 -1,27 -0,92 -0,68 -0,50 -0,36 -0,25 -0,16 -0,1 -0,05
D20S115 0,54 0,59 0,57 0,51 0,43 0,33 0,23 0,14 0,06
D20S186 -1,31 -0,99 -0,76 -0,60 -0,47 -0,36 -0,27 -0,19 -0,12
D20S112 -2,97 -1,09 -0,55 -0,25 -0,07 0,04 0,09 0,11 0,09
D20S195 -2,06 -0,78 -0,35 -0,20 -0,18 -0,25 -0,36 -0,44 -0,41
D20S107 -2,99 -2,05 -1,41 -0,95 -0,61 -0,37 -0,20 -0,08 -0,01
D20S119 -2,09 -0,95 -0,46 -0,19 -0,03 0,06 0,11 0,11 0,1
D20S178 -1,46 -1,20 -0,97 -0,74 -0,51 -0,32 -0,17 -0,07 -0,01
D20S196 -0,71 -0,24 -0,01 0,11 0,17 0,18 0,16 0,12 0,07
D20S100 -3,05 -1,58 -0,99 -0,65 -0,43 -0,27 -0,15 -0,06 -0,01
D20S171 -2,06 -1,38 -0,99 -0,70 -0,48 -0,32 -0,20 -0,13 -0,07
D20S173 -1,96 -1,14 -0,68 -0,38 -0,17 -0,04 0,04 0,08 0,08
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Tabela 21. Valores de lod-score para marcadores do cromossomo 21.

Fregiiéncia de recombinagdo ( cM )
Marcador 0,00 0,05 0,10 0,15 0,20 0,25 0,30 0,35 0,40
D21S1256  -4,29 -1,81 -1,24 -0,91 -0,68 -0,50 -0,36 -0,24 -0,15
D21S1914  -8,95 -2,66 -1,54 -0,90 -0,49 -0,23 -0,05 0,04 0,08
D21S263 -3,02 -1,12 -0,66 -0,41 -0,26 -0,16 -0,09 -0,05 -0,02
D21S1252  -6,17 -1,45 -0,56 -0,12 0,11 0,24 0,29 0,28 0,22
D21S266  -1,25 0,89 1,01 0,98 0,89 0,75 0,59 0,42 0,26
Tabela 22. Valores de lod-score para marcadores do cromossomo 22.

Fregiiéncia de recombinagdo ( cM )

Marcador 0,00 0,05 0,10 0,15 0,20 0,25 0,30 0,35 0,40
D22S420 -3,73 -2,04 -1,34 -0,87 -0,55 -0,32 -0,19 -0,12 -0,10
D22S539 -5,32 -0,69 -0,18 0,02 0,1 0,11 0,09 0,06 0,04
D22S315 -5,70 -2,38 -1,46 -0,93 -0,59 -0,37 -0,23 -0,14 -0,08
D22S280 -6,82 -2,83 -1,61 -0,94 -0,53 -0,29 -0,15 -0,08 -0,05
D22S283 -5,08 -2,96 -2,28 -1,90 -1,65 -1,44 -1,20 -0,90 -0,57
D22S423 -5,76 -2,84 -1,94 -1,36 -0,96 -0,66 -0,44 -0,27 -0,15
D22S274 -1,58 -1,46 -1,34 -1,17 -0,94 -0,70 -0,50 -0,33 -0,19
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ANEXO V- Parecer do CEP e do CONEP

FALTTUDADE DE CIENCIAS MEDIC AS
b CON[ITE DE ETICA EM PESQUISA
&4 Caixa Postal 6111

' 13083-970 Campinas-S.P.
".\ ®0_ 197888936
UNICAMP fax0 _ 19 7888925

B cepierhead fomannicamp.br

CEF, 13/02/01
(Grupo I)

PARECER PROJETO: N° 383/2000

I-IDENTIFICACAO:

PROJETO: “ESTUDO DAS MUTAGCOES EM GENES RESPONSAVEIS POR
DIFERENTES FORMAS DE DESORDEM DO DESENVOLVIMENTO CORTICAL"
PESQUISADOR RESPONSAVEL: Fabio Rossi Torres

INSTITUICAO: Departamento de Genética Médica/FCM/UNICAMP
APRESENTACAO AO CEP : 16/01/2001 = B

1 - OBJETIVOS

Os objetivos do estudo sdo delimitar se as DCC- Desordens de Desenvolvimento
Cordcal na amostra de pacientes estdo relacionadas com as mutagdes descritas em literatura
e estabelecer a correlagdo gendtipo-fenétipo entre os diversos tipos de mutagdo e os
sintomas clinicos do paciente.

III - SUMARIO

A identificagio dos pacientes com quadro clinico sugestivo de DDC serd feita
através de critérios diagnésticos ja descritos na literatura . Esta etapa serd realizada através
da colaboragdo dos docentes responsiveis pelos ambulatérios de Epilepsia Infantil, Epilepsia
e Neurogenética. A caracterizagio detalhada dos aspectos de neuroimagem se realizara no
Laboratério de Neuro-imagem do Departamento de Neurologia da FCM/UNICAMP. Os
individuos selecionados serdo convidados a participar do projeto e serd solicitada a
assinatura de um formulirio de consentimento pés-informagao.

Para assegura que toda a manipulagio da informagio clinica e molecular seja
confidencial, questionarios clinicos e amostras de sangue e de DNA serdo identificados por
um cédigo comum designado no momento em que o individuo entrar no estudo.
Informagdes geradas durante o nosso projeto e que possam ter implicagdes na confirmagio
diagn6stica de individuos sintoméiticos, serio comunicados aos profissionais responsaveis
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pelo acompanhamento dos pacientes. Dados para serem usados em diagnéstico preditivo de
individuos assintométicos, com risco de desenvolver a doenga, ndo serdo gerados por este
projeto.

IV - COMENTARIOS DOS RELATORES

O projeto estd bem estruturado. O risco a que o paciente é submetido é minimo. O
Termo de Consentimento Livre e Esclarecido é claro e adequado. Acreditamos que o
projeto nio tenha problemas éticos, estando de acordo com a Resolugio 196/96 CNS-MS.

&

V - PARECER DO CEP

O Comité de Etica em Pesquisa da Faculdade de Ciéncias Médicas da UNICAMP,
ap6s acatar os pareceres dos membros-relatores previamente designados para o presente
caso e atendendo todos os dispositivos das Resolugdes 196/96 e 251/97, bem como ter
aprovado o Termo do Consentimento Livre e Esclarecido, assim como todos os anexos
incluidos na Pesquisa, resolve aprovar sem restrigoes o Protocolo de Pesquisa supracitado

/
7

VI - DATA DA REUNIAO

Homologado na II Reunido Ordinaria do CEP/FCM, em 13 de fevereiro de 2001.

Profa. Dra. Carmen Silvj rtuzzo
VICE-PRESIDENTE do COMITE DE ETICA EM PESQUISA
FCM / UNICAMP
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MINISTERIO DA SAUDE
Consellau Nacionul dr Sudde
Comitsho Nacional dc €tica em Posquiva - CONEP

PARECER N*° §16/2001

Reglstro CONEP = 2173 { Eote n* devers sof citado nas correapondénciay raterentes a ute projeio )

Protocolo CEP = 383/2000 Processo n® 26000.023733/2001-32

Projeto de Pesquisa: “Estudo das mutagSes em genes respensdvers por oiterentes formas
de desordem do desenvolimento cortical”.

Pesquisador Responsével: Dr Fabic Rossi Torres

Institulglo: Universidade Estadual de Campinas / UNCAMP

Area Temética Especial: Genédtica Humana.

Ao se proceder 3 andlise do protocoio em questdo. cabem as seguintes
consideractes

a) as informagdas enviadas atendem aos espectos fundemantats da Fas
CNS 196/96, sobre Diretrizas ® Normas Regulamentadoras de Pesquisas Envolvendo
Seres Humanos,

b) o projeto for aprovado pelo Comita de Euca em Pesguisa - CEF oa
instituigdo supracitada

Diante do exposto, a Comissho Nuacional de Etica em Pesquisa -
CONEP, de acordo com as atribui¢bes definidas na Res. CNS 188/86, manifesta - se |
pola aprovaglo do projeto de pesquisa proposto, com as seguintes recomuandagbes
a ssrem scompanhadas pelo CEP :

1- 0O Termo de Consentimento Livre e Esclaracido —~ TCLE dave aer escrito
8m uma linguagem mais acessivel a0 sujeito da pesquisa  0s termas téchicos doverm ser
substituides & a estrutura das frases simplificadas

2- O CEP dave acompanhar o procgesc de recrutamentd uma vez que

trata-se de suBitos vulneravels - criancas e/ou suietos com deficéncia mental

Situagho : Projeto aprovado com racomendagoes
Brasiia. 24 de mais de 2001

//l/ )é)o-ﬁ( ")(*:F‘h
WILLIAM SAAD HOSSNE
Coordenador da CONEP-MS
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)
P‘ UNIVERSIDADE ESTADUAL DE CAMPINAS

N

— FACULDADE DE CIENCIAS MEDICAS
COMITE DE ETICA EM FESQLIS
aY ity
UNICAMP

PARECER N° 006/98 - CEP/FCM

PESQUISA: LOCALIZACAO DE GENES QUE PREDISPOEM A EPILEPSIA
IDIOPATICA GENERALIZADA E PARCIAL

PESQUISADOR: [scin Lopes Cendes

O Comité de Etica em Pesquisa da Faculdade de Ciéncias Médicas da
UNICAMP, apos acatar os pareceres dos membros-relatores, aprova a Pesquisa
supracitada por estarem contempladas as Resolugoes 19696 e 251,/97.

CEF/FCM, 06 /02 /98. /.

f
| -

f’

PROF. DR, P‘{}HTUMT::}MGNIG BADAN PALHARES

FREEIDENTE [}{J TE DE ETICA EM PESQUISA
s M [ UNICAMP
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