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... ¢ & justamente a possibilidade de realizar um sonho o que torna a vida interessante . E
quando se quer alguma coisa, de todo coracdo, todo universo conspira para que possa

consegui-la”.

Paulo Coelho
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RESUMO

As ataxias espinocerebelares (SCAs) constituem um grupo de doencas
neurodegenerativas fatais que apresentam uma grande heterogeneidade clinica. A doenca de
Machado-Joseph (DMJ), ou ataxia espinocerebelar tipo 3 (SCA3), ¢ causada por uma
expansdo de uma seqiiéncia repetitiva CAG em um gene, denominado MJD1, localizado no
brago longo do cromossomo 14, expansdo codificadora de uma seqiiéncia poliglutaminica
constituinte da proteina ataxina 3. Individuos normais apresentam entre 12 a 41 repeticdes,
enquanto individuos afetados apresentam 61 a 84 repeticdes CAGs neste gene.

Este trabalho teve como objetivos principais a padronizagdo de metodologias
moleculares para o identificagdo e a quantificacdo do ntimero de repeticdes CAG no gene
responsavel pela da DMJ.

Um grupo de 112 pacientes, pertencentes a 77 familias, com suspeita clinica de algum
tipo de ataxia espinocerebelar foi avaliado no Hospital de Clinicas de Porto Alegre. Apods a
extracdo de DNA destes pacientes, este material foi amplificado por PCR utilizando
oligonucleotideos iniciadores especificos para a regido de interesse e posterior transferéncia
destes fragmentos (1) para uma membrana de nylon pelo método de Southern blot, visando ao
estabelecimento de um protocolo nao-radioativo para detectar a presenca do alelo normal e/ou
mutante; e (2) analise em gel de poliacrilamida para quantificacdo do niimero de repeti¢des
presentes no alelo mutante.

As andlises laboratoriais identificaram um total de 77 pacientes com uma expansao

CAG no gene da MJDI. Considerando-se apenas individuos nao relacionados, a freqiiéncia

X1
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encontrada foi de 61% (47 individuos). Os protocolos estabelecidos demonstraram-se bastante
eficazes e sensiveis para o diagndstico da DMJ e quantificagdo do alelo expandido da

respectiva doenga.
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ABSTRACT

Spinocerebellar ataxias (SCAs) is a group of fatal neurodegenerative diseases that
show a wide clinical variability. Machado-Joseph disease (MJD), or spinocerebellar ataxia
type 3 (SCA3), is caused by an expansion of a CAG repeat in a gene, named MJD1, located in
the long arm of chromosome 14. This expansion codifies a polyglutamine sequence that is part
of the protein. Normal individuals show between 12 and 41 repeats, while affected individuals
can show 61 to 84 CAG repeats in this gene.

The main aim of this work was to establish a molecular protocol for the identification
and quantification of CAG repeats in the gene associated to MJD.

A group composed by 112 individuals, belong 77 families, with a clinical suspicion of
a type of SCA was examined at Hospital de Clinicas de Porto Alegre. Following DNA
isolation from these patients, regions of interest were amplified by PCR using specific
primers. After this procedure, amplified regions were blotted to a nylon membrane by
Southern blot procedure, aiming the establishment of a non radioactive protocol to identify the
normal or mutant alleles, followed by polyacrilamine gel electrophoresis analysis for
determining the size of the expanded allele.

This approach was able to identify 77 patients, with a CAG expansion in the MJD1
gene. Considering only unrelated individuals, the frequency was 61% (47 individuals).The
established protocols demonstrated to be very efficient for the identification of MJD cases as

well as for determining size of expanded allele in MJD patients.

xiii
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INTRODUCAO

1. ATAXIAS ESPINOCEREBELARES

As ataxias espinocerebelares (SCAs) constituem um grupo de condigdes neurologicas
com grande heterogeneidade clinica e genética. A palavra “ataxia” deriva da palavra grega
taxis, a qual significa, literalmente, ordem. Deste modo, “ataxia” pode ser traduzida como falta
de ordem ou desordem, embora seu sentido moderno seja o de incoordenagdo. A expressao
“ataxia espinocerebelar” tem sido utilizada para designar as doengas genéticas do cerebelo e
de suas conexdes, tanto as autossdmicas recessivas como as autossémicas dominantes.

As ataxias de heranca autossomica dominante constituem um grupo heterogéneo de
doengas com inicio na vida adulta e com fenotipos clinicos variaveis. As pessoas afetadas
apresentam uma série de achados neurologicos cerebelares, como a ataxia axial, a disartria, o
nistagmo, a dismetria, a disdiadococinesia, a decomposi¢do de movimentos € o tremor
intencional, resultantes do envolvimento do cerebelo e de suas vias aferentes e eferentes.
Apesar dos sintomas e sinais de degeneracao do cerebelo, medula e tronco cerebral serem
predominantes, podem também ocorrer alteragdes nos ganglios da base, nervos Opticos, retina
e nervos periféricos, podendo também estar associados a sinais de deméncia (Harding, 1984;
Rosenberg, 1990; Currier e Subramony, 1993).

No passado, pelo desconhecimento dos defeitos genéticos e bioquimicos, as
classificagdes das ataxias basearam-se essencialmente nas suas caracteristicas clinicas,

neuropatolégicas e no modo de transmissdo (Subramony e Currier, 1991). Porém estes
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parametros tornaram-se pouco satisfatorios, devido a variagao intra-familiar das caracteristicas
clinicas, resultante do fato de um mesmo gendtipo causar varios fenotipos, bem como pela
falta de descrigdes clinicas completas, a falta freqiiente de exames neurologicos nos demais
membros das familias de forma a documentar a variagdo clinica e a possibilidade de um
mesmo fenotipo ou fenotipos semelhantes resultarem de diferentes gendtipos (Silveira, 1996).

Com o advento de métodos de biologia molecular, tornou-se possivel classificar as
inimeras formas existentes de ataxias espinocerebelares de acordo com o gene especifico
envolvido.

Atualmente, vinte e um diferentes loci ja foram mapeados e associados a uma ataxia
espinocerebelar autossomica dominante. A SCA1 foi primeiramente descrita por Yakura e
colaboradores em 1974, os quais sugeriram que o gene da atrofia olivopontocerebelosa
encontrava-se no brago curto do cromossomo 6 (Yakura et al., 1974). Trés anos apds, Jackson
e colaboradores confirmaram a existéncia de um tipo de ataxia espinocerebelar nessa regido,
baseados em estudos de ligacdo associados ao complexo HLA (Jackson et al, 1977). A
clonagem do gene responsavel pela SCAl ocorreu em 1993, simultaneamente com a
identificagdo da respectiva muta¢ao: uma expansio do trinucleotideo CAG, que codifica uma
seqiiéncia poliglutaminica, o qual € repetitivo e instavel (Orr ef al., 1993).

Neste mesmo ano, o locus da SCA2, ou ataxia de Holguin, foi mapeado no
cromossomo 12q23-q24.1 por Gispert e colaboradores, o qual também apresenta uma
expansao do trinucleotideo CAG na regido codificadora do gene (Gisper et al., 1993).

No ano seguinte, o gene responsavel pela SCA3, ou doenca de Machado-Joseph
(DMJ), foi clonado ¢ a mutacdo patogénica identificada era, novamente, uma expansao de

seqiiéncia repetitiva CAG localizada na regido 14q24.3-14q32.1 (Kawaguchi ef al., 1994).
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Em 1994, Koide e colaboradores descreveram que a sindrome autossomica dominante
conhecida como atrofia dentatorubropalidolusiana (DRPLA), a qual se caracteriza por uma
ataxia progressiva, coreoatetose, distonia, convulsdes, mioclonus e deméncia, localizava-se no
cromossomo 12p13 (Koide et al., 1994). Neste locus também foi encontrada uma expansao de
uma seqiiéncia CAG instdvel. Também em 1994, a andlise genética de uma familia
escandinava com ataxia hereditaria, caracterizada por neuropatia sensitiva, revelou a
existéncia de um quarto /ocus, ligado ao marcador D16S422, localizado no 16q24-16ter, a
qual passou a ser designada de SCA4 (Gardner ef al., 1994).

A identificagdo de 170 membros, dos quais 56 clinicamente doentes, pertencentes a
uma grande familia descendente dos avds do presidente Abraham Lincon, permitiram a
descoberta de uma nova forma de ataxia autossdmica dominante, entdo denominada de SCAS5
e localizada na regido centromérica do cromossomo 11 (Ranum et al., 1994).

No inicio do ano de 1997, foi identificada, em oito pacientes com sintomatologia de
ataxia espinocerebelar, uma pequena expansdo de um trinucleotideo CAG no interior de um
gene codificador de um canal de calcio, localizado no cromossomo 19p13.1. A analise deste
gene nas familias dos doentes revelou que os individuos afetados apresentavam um nimero
maior de repeticdes em comparacao com os individuos normais, permitindo concluir que esta
expansdo poliglutaminica era a causa de uma nova forma de ataxia espinocerebelar, designada
SCAG6 (Zhuchenko et al., 1997).

Em 1995, o gene da SCA7 foi mapeado no cromossomo 3p12-3p21.1, onde também
encontra-se uma repeticdo CAG expandida e instavel, a qual é responsavel por uma ataxia
espinocerebelar associada a degenerescéncia retiniana (Benomar et al., 1995; Gouw et al.,

1995).
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No ano de 1999, cinco novos loci foram localizados e, em alguns casos, as mutagdes
foram identificadas. O gene da SCAS8 foi mapeado no cromossomo 13g21, sendo que a
mutagdo ¢ de uma seqiiéncia repetitiva CTG, localizada em uma regido ndo transcrita do gene
(na porg¢ao 3’ terminal) (Koob et al., 1999). Em uma familia mexicana, foi identificado um
novo gene no cromossomo 22q13-22qter, o qual foi designado de SCA10 (Zu et al., 1999). A
SCAI11 foi mapeada no cromossomo 15q14-15g21.3 em uma familia cujas manifestagdes
eram quase exclusivamente cerebelares (Worth et al., 1999). O gene relacionado a SCA12,
encontrado em uma familia de origem alema, localiza-se no cromossomo 5q31-5q33, o qual
também apresenta uma seqiiéncia repetitiva CAG que estd expandida nos individuos afetados
(Holmes et al., 1999). A SCA17 foi mapeada no cromossomo 6q27, sendo que esta mutagao
também era devido a uma seqiiéncia repetitiva CAG (Koide ef al., 1999).

No ano 2000, a SCA13 e a SCA14 foram descritas, as quais localizam-se no
cromossomo 19, regides q13.3-q13.4 e ql3.4-qter respectivamente (Herman-Bert et al., 2000;
Yamashita et al., 2000). A SCA16 foi mapeada no cromossomo 8q22.1-8q24.1, apos a analise
de quatro geragdes de uma familia de origem japonesa (Miyoshi et al., 2001). Ja no ano de
2002, trés novos loci foram localizados, porém as mutagdes responsaveis por estas alteragdes
nao foram identificadas. A SCA18 foi mapeada no cromossomo 7q22-7q32, apds a analise de
cinco geragdes de uma familia americana (Brkanac et al., 2002). O gene relacionado a SCA19,
também encontrado em uma familia de origem alema, localiza-se no cromossomo 1p21-1g21
(Verbeek et al., 2002). A SCA 21 foi mapeado no cromossomo 7p21.3-7p15.1, em uma
familia de origem francesa (Vuillaume ef al., 2002).

No ano de 2003, dois novos loci foram identificados, a SCA15 e a SCA22. A SCA15

localiza-se no cromossomo 3p24.2-3pter (Knight et al., 2003). A SCA 22 foi mapeada no
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cromossomo 1p21-1g23, apds a analise de varias geracdes de uma familia chinesa (Chung et

al., 2003).

A tabela 1 mostra, de uma forma resumida, as localiza¢des dos genes associados com

algum tipo de ataxia espinocerebelar.

Tabela 1: Localizacdo cromossomica das ataxias espinocerebelares (SCAs)

NOME

LOCUS

Ataxia espinocerebelar tipo 1 (SCA 1)
Ataxia espinocerebelar tipo 2 (SCA 2)

Ataxia espinocerebelar tipo 3 ou Doenca de

Machado-Joseph (SCA 3 ou DMJ)

Atrofia dentato-rubro-pallido-luysiana (DRPLA)

Ataxia espinocerebelar tipo 4 (SCA 4)

Ataxia espinocerebelar tipo 5 (SCA 5)

Ataxia espinocerebelar tipo 6 (SCA 6)

Ataxia espinocerebelar tipo 7 (SCA 7)

Ataxia espinocerebelar tipo 8 (SCA 8)

Ataxia espinocerebelar tipo 10 (SCA 10)
Ataxia espinocerebelar tipo 11 (SCA 11)
Ataxia espinocerebelar tipo 12 (SCA 12)
Ataxia espinocerebelar tipo 13 (SCA 13)
Ataxia espinocerebelar tipo 14 (SCA 14)
Ataxia espinocerebelar tipo 15 (SCA 15)
Ataxia espinocerebelar tipo 16 (SCA 16)
Ataxia espinocerebelar tipo 17 (SCA 17)
Ataxia espinocerebelar tipo 18 (SCA 18)
Ataxia espinocerebelar tipo 19 (SCA 19)
Ataxia espinocerebelar tipo 21 (SCA 21)
Ataxia espinocerebelar tipo 22 (SCA 22)

6p22-6p23
12923-12q24.1

14¢24.3-14¢32.1

12p13
16q24-16qter
11q13.1-11q13.3
19p13.1
3pl12-3p21.1
13g21
22ql3-22qter
15q14-15921.3
5q31-5q33
19q13.3-19q13.4
19q13.4-19qter
3p24.2-3pter
8q22.1-8q24.1
6q27

7q22-7q32
1p21-1g21
Tp15.1-7p21.3
1p21-1g23
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2. ADOENCA DE MACHADO-JOSEPH

A doenga de Machado-Joseph (DMJ) ou ataxia espinocerebelar tipo 3 (SCA 3) ¢ a
degeneragdo espinocerebelar, autossomica dominante, mais freqiientemente encontrada em
pacientes descendentes de portugueses provenientes do Arquipélago dos Agores. O inicio da
doenga ¢ quase sempre precedido por desequilibrio e alteragcdes da marcha. A idade de inicio
dos sintomas clinicos ¢ variavel, existindo casos com inicio na primeira década de vida e
outros em que os primeiros sintomas apareceram depois dos 70 anos, porém, mais
freqiientemente o inicio das manifestagdes clinicas ocorre entre os 25 e os 55 anos de idade,

ou seja, durante a idade reprodutiva.

2.1 — Contexto Historico

A DMJ foi descrita pela primeira vez por Nakano e colaboradores, em 1972, os quais
caracterizaram a familia Machado, de ascendéncia acoriana (da Ilha de Sao Miguel), a qual era
afetada por uma forma progressiva de ataxia, nistagmo, hiporreflexia, variados graus de
amiotrofia e sinais de lesdo no corddo posterior da medula (Nakano et al., 1972). No mesmo
ano, Woods e Schaumburg descreveram doentes provenientes dessa mesma ilha, vivendo em
Massachusetts, afetados por uma degenerescéncia nigro-espinodentada com oftalmoplegia
nuclear, os quais foram identificados como familia Thomas (Woods e Schaumburg, 1972).

Quatro anos depois, Rosenberg e colaboradores descreveram uma nova familia nos
Estados Unidos, com sobrenome Joseph, também de origem agoriana, a qual foi observada a

ocorréncia de ataxia progressiva, disartria, nistagmo, bradicinesia, fasciculagdes de lingua e de
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face, postura distonica, hiperreflexia e sinais de Babinski em sete geracdes (Rosenberg et al.,
1976). Romanul e colaboradores descreveram, em 1977, outra familia agoriana residente em
Massachusetts, com sinais clinicos heterogéneos entre os diversos doentes que reunia as
diferentes caracteristicas descritas nas trés familias anteriores. Concluiram, entdo, que tratava-
se de uma unica doenca com expressividade clinica varidvel, propondo a designacdao de
doenga agoriana (Romanul et al., 1977).

Entretanto, a designa¢do de doenca de Machado-Joseph foi proposta por Coutinho ¢
Andrade somente em 1978, apds a observagdao de quarenta doentes, provenientes de quinze
familias acorianas, que apresentavam fendtipos variaveis dentro de uma mesma familia
(Coutinho e Andrade, 1978).

Em 1993, Takiyama e colaboradores mapearam e localizaram o gene responsavel pela
DML no brago longo do cromossomo 14 (regido q24.3-q32.1) por andlise de ligacao dos loci
de microssatélites D14S55 e D14S48 em familias japonesas (Takiyama et al., 1993). O gene
da DMJ foi identificado no ano seguinte, com o isolamento de seu DNA complementar
(cDNA) de uma biblioteca de cDNA de cérebro humano (Kawaguchi et al., 1994). Esse gene,
denominado MJDI,caracteriza-se pela presenga de uma seqii€ncia repetitiva do trinucleotideo
CAG na regido 3’ terminal, o qual codifica para residuos de glutamina na por¢do carboxi-

terminal da proteina.

2.2 — Epidemiologia

Os melhores estudos epidemiologicos referem-se as populagdes portuguesas e

acorianas. Em Portugal, as prevaléncias calculadas para a DMJ sdo 3,8:100.000 (continente e
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ilhas), 36,9:100.000 nos Agores (27,1 na ilha de Sao Miguel e 8,2 na de Flores) e 1:100.000 no
continente (Sequeiros e Coutinho, 1993).

Nas comunidades portuguesas dos Estados Unidos e Canada, a DMJ também apresenta
uma prevaléncia relativamente elevada (cerca de 25:100.000) (Sequeiros e Coutinho, 1993).
Existem descrigoes de familias com DMJ provenientes das mais variadas regides como Japao
(Yuasa et al., 1986), Italia (Suite et al., 1986), india (Jain e Maheshwari, 1990), China (Guo-
Xiang, 1994), Israel (Goldberg-Stern et al., 1994), entre outros.

Os primeiros relatos sobre familias brasileiras com o diagnostico clinico de DMJ foram
apresentados na década de oitenta e no inicio dos anos noventa (Lisboa e Mariotto, 1984;
Radvany et al., 1988; Teive et al., 1994; Cassa et al., 1994). Estudos recentes indicaram que a
DMIJ ¢ a mais freqiiente SCA encontrada no Rio Grande do Sul, totalizando 81% dos pacientes
estudados (92% das familias averiguadas) com uma prevaléncia de 1,8:100.000 habitantes

nessa regido (Jardim et. al., 2001).

2.3 — Aspectos Clinicos e Patologicos

Considerando que a DMJ ¢ dificil de ser diferenciada com precisao das outras SCAs
apenas por sintomatologia clinica ou por estudos anatomo-patoldgicos, uma série de achados
neuroldgicos e familiares devem ser avaliados para facilitar o seu diagnéstico (Jardim, 2000).
Desde as primeiras descricdes, a DMJ foi considerada uma doenca bastante pleiomorfica.
Parte disso se explica pela variagdo na idade de inicio, e por trés tipos de evolucdo a ela

relacionada. Quanto mais precoce, mais graves € menos periféricos sdo os sinais, e vice-versa.
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A observacao de trés evolugdes clinicas diversas fundamentou uma classificagdo clinica que

até hoje ¢ bem aceita, a qual mencionaremos posteriormente.

2.3.1. Idade, modo de inicio e duragao total da doeng¢a

E dificil determinar uma idade média de inicio da doenga, pois ela varia de acordo com
a populagdo estudada. Sabe-se que, de uma forma geral, a mesma encontra-se na faixa dos 38
a 40 anos entre pacientes portugueses ou de ascendéncia portuguesa, mas que tende a ser mais
precoce em individuos indianos, japoneses e afro-americanos (Sequeiros e Coutinho, 1993). E
importante salientar que as familias originarias da ilha de Flores apresentam idades de inicio 8
anos mais precoce, em média, do que as familias originarias da ilha de Sao Miguel, ambas nos
Acgores. Até o momento, ndo existem estudos que demonstrem diferencgas significativas na
idade de inicio de homens ¢ mulheres.

Conforme descrito por Sequeiros e Coutinho em 1993, apds analisarem 143 pacientes
portugueses (78 homens e 65 mulheres), a ataxia da marcha foi o sintoma clinico mais
freqlientemente encontrado (92%), enquanto que nos demais pacientes a queixa inicial foi a de
diplopia.

A duracdo média da doenga, ou seja, o tempo entre o seu inicio e a morte do paciente, é
de 15,6 anos entre os portugueses, variando entre 7 e 29 anos (Sequeiros e Coutinho, 1993). J&
em alemaes, a duragdo média ¢ de 21 a 25 anos (Klockgether, 1998) e em pacientes brasileiros

¢ de 17 anos, variando entre 5 e 30 anos (Jardim et al., 2001).
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2.3.2. Achados cerebelares e oculares

Os achados cerebelares, encontrados em 97,8% dos casos portugueses, abrangem
ataxia de marcha, disartria e incoordenagdo apendicular, nessa ordem de aparecimento ¢ de
gravidade (Sequeiros e Coutinho, 1993). J& em pacientes brasileiros a ocorréncia destes
sintomas ¢ de 93% (Jardim et al., 2001).

A oftalmoplegia supranuclear é a segunda caracteristica clinica mais freqiientemente
descrita em doentes portugueses (90,5%), porém em pacientes brasileiros sua freqiiéncia ¢
52,5% (Jardim et al., 2001). Outro achado tipico encontrado em pacientes com DMJ ¢ a
retracdo palpebral, a qual foi encontrada em 25,7% dos casos estudados por Sequeiros e
Coutinho (Sequeiros ¢ Coutinho, 1993) e 27,4% dos pacientes analisados por Jardim e

colaboradores (Jardim et al., 2001).

2.3.3. Achados piramidais e sinais de neurdnio motor inferior e de nervos

periféricos

A hiperreflexia foi encontrada em 79,2% dos casos examinados por Sequeiros e
Coutinho durante os primeiros anos da doenga, freqiiéncia semelhante a encontrada por Jardim
e colaboradores (74%) (Sequeiros e Coutinho, 1993; Jardim et al., 2001). Esta mesma
caracteristica também foi encontrada com bastante freqiiéncia em individuos ainda
assintomaticos (Sequeiros ¢ Coutinho, 1993).

Os sinais de neurdnio motor inferior e de nervos periféricos foram encontrados em

55% dos casos descritos por Sequeiros e Coutinho. A freqliéncia da ocorréncia de
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fasciculagdes foi de 13% dos relatos portugueses e de 41% dos brasileiros (Sequeiros e
Coutinho, 1993; Jardim et al., 2001). Em 29% dos pacientes foram encontradas altera¢des

sensoriais, sejam elas cinético-posturais, vibratdrias ou tateis (Sequeiros e Coutinho, 1993).

2.3.4. Outros Achados

Outros achados clinicos presentes em pacientes portugueses com DMJ foram a disfagia
(alguns doentes se engasgavam com a prépria saliva) (59%), distirbios do sono (47%) e
consideravel perda de peso (54%) apds 5 a 10 anos do inicio dos sintomas clinicos (Sequeiros
e Coutinho, 1993).

Em pacientes brasileiros com DMJ, a disfagia foi encontrada em 63,5% dos casos

(Jardim et al., 2001).

2.3.5. Cronologia dos sintomas

Os primeiros sintomas clinicos apresentados por pacientes portugueses com DMJ sdo
os piramidais e cerebelares, acompanhados posteriormente por oftalmoplegia. Apds cinco anos
do inicio da doenga podem aparecem, entdo, os sinais extrapiramidais; em caso de auséncia
deste tipo de sintoma ocorre apenas o agravamento dos achados clinicos iniciais (Sequeiros ¢
Coutinho, 1993). J4 em pacientes brasileiros, a ataxia da marcha, a disartria, a disfagia e as
fasciculagdes sdo as manifestacdes que progridem com a passagem do tempo. O mesmo nao

acontece com o nistagmo, a sindrome piramidal, a incoordenagdo apendicular, a

11
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oftalmoplegia, a distonia, a rigidez/bradicinesia, a retracao palpebral e a atrofia Optica (Jardim

et al., 2001).

2.4 — Tipos Clinicos

Em 1978, Coutinho e Andrade propuseram dividir em trés tipos as diferentes
caracteristicas clinicas expressas por doentes com DMJ, classificacdo a qual esta em uso até os
dias de hoje.

Tipo 1: os pacientes com o tipo 1 da DMJ apresentam inicio precoce da doenca (24,6
anos, nos estudos portugueses) ¢ um desenvolvimento bastante rapido da mesma. As
caracteristicas mais freqiientemente encontradas s3o os achados cerebelares e oftalmoplégicos,
e intensos sinais piramidais e extrapiramidais (Sequeiros ¢ Coutinho, 1993).

Tipo 2: os pacientes portadores do tipo 2 da DMJ possuem uma forma intermediaria da
doenca. A idade de inicio dos sintomas clinicos ocorre em torno dos 40,3 anos e caracteriza-se
pela presenga de incoordenagdo, com ou sem achados piramidais e oftalmoplegia progressiva.
Os achados periféricos e extrapiramidais sdo leves ou ausentes. Costuma-se afirmar que todos
os pacientes sdao do tipo 2 no inicio da doenga, e que somente ap6s cinco anos de evolugdo ¢
que os tipos 1 e 3 se estabelecem ou nao (Sequeiros e Coutinho, 1993).

Tipo 3: os pacientes classificados com o tipo 3 da DMJ possuem um inicio mais tardio,
em torno de 47,1 anos, e uma evolu¢do mais lenta da doenga. Estes pacientes apresentam
ataxia, oftalmoplegia, sinais periféricos importantes e poucos achados piramidais ou

extrapiramidais (Sequeiros e Coutinho, 1993).

12
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2.5 -0 Gene da DMJ

O gene da DMIJ, o qual é designando MJDI, localiza-se no braco longo do
cromossoma 14 na regido q24.3-32.1 e ¢ constituido por dois exons e por um intron. Este gene
contém uma regido com repeti¢des do trinucleotideo CAG perto do inicio do segundo exon,
cujo numero destas repeti¢cdes ¢ polimodrfico na populagao geral, mas que, a partir de um certo
limite, passa a desencadear neurodegeneragao.

O cDNA do gene MJDI apresenta 1776 pb e codifica para uma proteina de 42 kDa, a
qual foi denominada de ataxina 3. A funcdo metabdlica desta proteina, que possui uma longa
seqiiéncia poliglutaminica e que encontra-se predominantemente no nucleo da células, ¢é
desconhecida até o momento.

A mutag¢do no gene da DMJ consiste na expansdo deste trato de CAGs sempre bem
acima dos limites da variagdo normal, correspondendo a praticamente uma duplicacdo do
tamanho habitual. Individuos normais apresentam de 12 a 41 repeticdes CAG, enquanto os
afetados pela DMJ podem apresentar entre 61 e 84 repetigdes.

Uma forte correlagdo entre o nimero de repeticoes CAGs e a gravidade dos sintomas
clinicos apresentados pelos pacientes foi observada, porém apenas cerca de metade da
variabilidade clinica pode ser explicada pela variagdo no tamanho da expansdo do gene da
DMJ (Sequeiros, 1996). Portanto, fica evidente a existéncia de outros fatores genéticos e/ou
ambientais que possam influenciar no curso natural da doenga. Esses fatores podem ser
denominados de fatores modificadores.

Entre os principais fatores modificadores que podemos salientar encontram-se: 0 sexo

do genitor afetado, pois sabe-se que a transmissdo paterna do alelo mutante ¢ mais instavel

13
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(Maciel et al., 1995; Maruyama et al., 1995) e o tamanho do alelo normal, pois a presenca de
polimorfismos intragénicos estd associado a maiores expansdes € contragdes meidticas

(Igarashi et al., 1996; Maciel et al., 1999).

2.6 — Diagnostico e Tratamento da DMJ

Apds a identificacdo do gene MJDI por Kawaguchi e colaboradores (Kawaguchi et.
al, 1994), foi possivel o desenvolvimento de um diagndstico laboratorial para a DMJ, o qual é
essencial para estabelecer o diagnostico atualmente. Devido a inexisténcia de algum tipo de
marcador bioquimico especifico para a DMJ, somente a andlise molecular ¢ capaz de
estabelecer um diagnoéstico laboratorial para os casos sintomaticos e assintomaticos.

Uma dificuldade encontrada referente ao manejo de pacientes com DMJ ¢ a
inexisténcia, até 0 momento, de um tratamento farmacoldgico eficaz para os sintomas clinicos
da doenca. Desta forma, um tratamento curativo também parece estar distante. Portanto, a
manuten¢do da qualidade de vida diaria e do bem-estar dos pacientes restringe-se ao suporte
fisico ¢ emocional dos doentes, através de atendimentos psicoldgicos, fisioterapicos e
fonoaudiologicos.

No futuro, a terapia génica aliada a agentes farmacoldgicos talvez possa ajudar no
combate ao avango da sintomatologia da DMJ.

Uma questdo extremamente importante que se encontra nas familias de doentes com
DMJ ¢ a disponibilidade de acesso a testes preditivos. Entretanto, existe uma série de

implicagdes éticas e legais que devem ser levadas em consideragdo. O oferecimento destes
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testes deve fazer parte de um aconselhamento genético abrangente, o qual ajude cada

individuo ou casal a tomar as decisdes adequadas as suas necessidades.
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JUSTIFICATIVAS

Uma série de justificativas pode ser listada para o estudo da DMJ no nosso meio.
Devemos considerar, em primeiro lugar, que uma parte significativa da coloniza¢do do Rio
Grande do Sul ¢ de origem agoriana, em especial a capital Porto Alegre, e que a DMJ
apresenta uma prevaléncia relativamente elevada no Arquipélago de Acores (cerca de 1:4.000)
(Sequeiros e Coutinho, 1993).

Outra justificativa importante ¢ a elevada incidéncia da DMJ em relagdo as demais
SCAs em nosso Estado, apresentando uma freqiiéncia relativa de 81% nos pacientes estudados
por Jardim e colaboradores (Jardim et al., 2001).

Devemos considerar que, antes da caracterizagdo molecular da doenga, o diagnostico
da DMJ baseava-se apenas no fen6tipo apresentado pelo paciente, levando, muitas vezes, a um
diagnostico impreciso, devido a dificuldade de semelhanga clinica existente entre as diferentes
SCAs. A imprecisdo do diagnostico tornava mais dificil o aconselhamento genético de
familias em risco.

A partir do conhecimento da alteracdo molecular responsavel pela doenga, tornou-se
prioritaria a implementagdo de protocolos de investigagdo laboratorial para a mesma, o qual
proporciona a detec¢do da presenga e a quantificacdo de expansdes do trinucleotideo CAG no
gene da DMJ, contribuindo para o diagnostico precoce dos doentes, ajudando no
aconselhamento genético das familias em risco e, quando indicado, proporcionando o

diagnostico de casos pré-sintomaticos.
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OBJETIVOS

Os objetivos deste estudo foram:

v

Desenvolver um protocolo laboratorial ndo radioativo para a caracterizagdo de
pacientes com DMJ;

Identificar a presenga da expansdo trinucleotidica CAG em individuos com
suspeita clinica de DMJ;

Determinar o tamanho da expansio trinucleotidica CAG nos pacientes portadores
desta mutagao;

Identificar outros portadores da mutagdo em questdo entre os familiares do caso
indice;

Correlacionar o tamanho da expansao no caso-indice com o tamanho da expansao
em outros membros afetados pela doenga da mesma familia;

Correlacionar o tamanho da expansdo trinucleotidica com a idade de inicio dos

sintomas clinicos nos pacientes com DMJ.
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RESULTADOS

Os resultados deste trabalho serdo apresentados na forma de dois artigos cientificos, os

quais serdo submetidos para publicagao.
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ARTIGO 1

A non-isotopic protocol for molecular detection of patients with the Machado-
Joseph Disease

Artigo a ser submetido para publicagcdo no American Journal of Medical Genetics

(Neuropsychiatric Genetics).
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ABSTRACT

Spinocerebellar ataxias (SCAs) is a group of fatal neurodegenerative diseases with a
wide clinical heterogeneity. Machado-Joseph disease (MJD) or spinocerebellar ataxia type 3
(SCA3) is caused by an expansion of a CAG repeat in a gene located on the long arm of
chromosome 14, which codify for a polyglutamine tract within the protein. Normal individuals
show from 12 to 41 repeats, while in affected individuals 61 to 84 CAG repeats can be found.
Protocol was based on the amplification of region of interest, followed by transferring
fragments to a nylon membrane by the Southern blot method. Using this strategy, a novel non-
isotopic method was establish to detect the presence of the normal or/and expanded allele. The
same strategy can be used to estimate the size of the present expansion in the gene through the

determination of the number of repeats found in the analyzed sample.

Key Words:

Machado-Joseph Disease

Autosomal Dominant Spinocerebellar Ataxias
Neurogenetics

Trinucleotide Repeats

Chemiluminescence
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INTRODUCTION

The spinocerebellar ataxias (SCAs) is a heterogeneous group of debilitating and fatal
neurodegenerative diseases that cause generalized incoordination, affecting mostly the
walking, speaking and swallowing. These diseases are characterized by a progressive
degeneration, which affect the cerebellum and the spinocerebellar stem in various grades.
Considering models of genetic heredity, these diseases can be divided into autosomal
dominant, such as Machado-Joseph disease (MJD), autosomal recessive, and isolated cases
(Ranum et al., 1995; Silveira et al., 1996).

Onsets of these diseases are, in general, in the adult life and show a great clinical
heterogeneity and a slow and progressive evolution. Up to date, 21 different types of SCAs
were characterized, 7 of them are caused by a trinucleotide expansion (Jardim et al., 2001).

Machado-Joseph disease (MJD), or spinocerebellar ataxia type 3 (SCA3), presents gait
ataxia, dysarthria, dystonia, ophtalmoplegia, hyperreflexia, and dysphagia as the main clinical
manifestations (Sequeiros and Coutinho, 1993). This pathology shows a high prevalence in the
Archipelago of Azores and in Portuguese communities from the USA and Canada (1:4000)
(Silveira, 1997). MID is also frequent in other specific populations, such as Japanese, Italian,
Spanish and Brazilian. Onset of the disease can vary from 25 to 55 years old, and is
characterized by unbalance and march alteration.

In 1993, Takiyama and co-workers located the gene responsible for MJD in the long
arm of chromosome 14 (14q24.3-q32.1) by linking association of the /loci to D14S55 and
D14S48 microsatellites (Takiyama et al., 1993). MJD gene was identified a year later, with the

isolation of its complementary DNA (cDNA) from a cDNA library from human brain
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(Kawaguchi et al., 1994). The gene is characterized by the presence of CAG repeats in the
carboxi-terminal portion of the protein, which codify a polyglutamine tract. Analysis of size of
this expansion in normal individuals and in MJD patients demonstrated that the molecular
basis of MJD is the size of this hypervariable region. Normal individual show between 12 to
41 CAG repeats, while affected individual show between 61 to 84 repeats (Kawaguchi et al.,
1994; Silveira, 1997). Size of CAG expansion is inversely correlated to onset and disease gravity,
although size of repeat in isolation cannot be used to predict disease onset (Maciel et al., 1995;
Silveira, 1997).

Before the characterization of the gene, the diagnosis of MJD was based only in the
phenotype presented by the patient, which lead to a erroneous diagnosis very often, due to a
similar features shown by patients with other SCA. This limitation was a difficulty to allow a
proper genetic counseling in families at risk.

Followed the characterization of the molecular alteration associated to the disease, the
introduction of laboratory protocols for the detection of the CAG repeat tract in the MJDI gene
became a priority. An early diagnosis can contribute to the genetic counseling of families at risk
and, when necessary, to the diagnosis of pre-symptomatic cases.

We present here a novel non-isotopic protocol for detecting CAG expansion in the MJD]
gene. The protocol aimed the identification of a normal and/or an expanded allele. In addition,

number of repeats in expanded alleles can be also determined through a similar technique.
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MATERIALS AND METHODS

Samples: (1) positive controls: samples from thirteen individuals with MJD that show
an expansion in the (CAG), in the MJDI locus, previously identified by a radioactive
technique; (2) negative controls: samples from thirteen individuals with no clinical suspicion
of MJD. A sample of peripheral blood (10mL) from positive and negative controls was
collected and kept at —20°C, until being processed.

DNA extraction: The applied protocol was based on DNA isolation using high salt
concentration (Miller et al., 1988). DNA was diluted in a 10 mM Tris-HCl and 0.1 mM EDTA
solution, to obtain a final concentration of 100 ng/uL.

DNA amplification: DNA fragments of interest were amplified by the polymerase
chain reaction (PCR) (Saiki ef al., 1985). A 200 ng sample of genomic DNA was amplified
using 20 pmoles of each of forward and reverse primers (MJDI - 5
CCAGTGACTACTTTGATTCG 3', and MID2 - 3' AAGTGTAGGTACACTTTCCGGT 5")
(Kawaguchi et al., 1994), 0.5 mM dNTPs, 3 mM MgCl,, 20 mM Tris-HCI pH 8.4, 50 mM
KCl, and 2.5 U of Tag DNA polymerase, which was added to the mixture after the initial
denaturing time. Amplification conditions were 5 minutes at 96°C, followed by 30 cycles of
60 seconds at 94°C, 60 seconds at 50°C, and 90 seconds at 72°C, followed by a final extension
cycle at 72°C for 5 minutes. Amplicons were analyzed in an 1% (w/v) agarose gel, followed
by treatment of this gel with ethidium bromide solution and the visualization of these products

under ultraviolet light.
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DNA transfer to a nylon membrane: DNA fragments were transferred by capilarity
from the agarose gel to a nylon membrane (Hybond™ N"), using a solution containing 3 M
sodium chloride and 0.3 M sodium citrate. DNA was fixed to the membrane through
ultraviolet light exposure during 4 minutes (Southern, 1975; Ausubel et al., 1992).

Probe labelling and allele detection using ECL™ 3°- oligolabelling and detection
system kit (Amersham): Protocol was based on the instructions provided by the manufacturer.
Some modifications were made according to the characteristics of the experiment.

DNA fragments resolution in polyacrilamide gel and transfer to a nylon membrane:
following PCR amplification, amplicons were analysed by electrophoresis in a 6% (W/v)
polyacrilamide gel (acrilamide: bis-acrilamide 19:1) in a solution containing 7 M urea, 89 mM
tris-borate, and 2 mM EDTA. DNA was transferred to a nylon membrane (Hybond™ N*) for
120 minutes based on the Southern method. Membrane was then denatured for 20 minutes in a
solution containing 1.5 M NaCl and 0.5 M Tris-HCI. Finally, membrane was used for the

hybridisation with a labelled probe as described previously.
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RESULTS

PCR Optimization: PCR protocol for amplifying the region of interest of MJD gene
was established using primers MJD1 and MJD2, which would be expected to amplify a
product would present variable size from 239 bp to the normal allele (considering a variation
from 12 to 41 CAG repetitions) and from 343 bp to 412 bp to the mutant allele (to variations
from 61 to 84 repetitions). PCR conditions did not allow a specific amplification of the regions
of interest, even changing reagents concentrations (such as primers), adding formamide or
dimethylsulfoxide solution (DMSO). The amplified material was analyzed by electrophoresis
in agarose gel and can be visualized in figure 1a. Due to amplification of unspecific products,
a further step using hybridization with a CAG probe to the products was essential for selecting
normal from mutant alleles.

Normal and mutant allele detection using a non-radioactive protocol: amplicons from
PCR were transferred to a nylon membrane and hybridized to a labeled probe. Detection of the
normal and/or mutant allele was obtained as shown in figure 1b. The applied protocol allowed
the identification of individuals carrying alleles with a CAG expansion, which is the mutation
responsible for MJD.

Quantification of the expanded allele: of a variation in the protocol described above
was tested for the development of a method of determination of CAG expansion size in
affected individuals. Presence of alleles with different sizes was identified, as shown in figure

2, which can be quantified by the using a suitable allelic ladder.
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DISCUSSION

The molecular defect of MJD was determined as being a mutant allele containing a
expanded CAG tract in the carboxi-terminal portion of the protein. Based on the high number
of cases with clinical suspicion of MJD, which symptoms and signs overlap with SCAs, the
establishment of a molecular protocol for detecting both normal and mutant alleles in the
MJDI1 gene was essential for a the accurate diagnosis of index cases and family studies.

In general, protocols established previously by other groups were derived from
hybridization using an isotopic marker to label a probe. Thus, a non-radioactive technique was
thought to be developed in order to minimize risks of exposure to nasty chemicals as well as
reduce eventual contamination and radioactive spills.

The complexity to establish a PCR reaction in this case can be explained by the
instability associated to the dynamic mutations, which may cause simultaneous amplifications
of unspecified fragments along with the expected one. In order to increased reaction
specificity, additional reagents were used to the basic PCR protocol, such as 2% (v/v)
formamide and 4 to 8% (v/v) dimethylsulfoxide (Newton and Graham, 1994). However, no
major improvement was observed. In addition to these reagents, a hot start procedure was also
applied. This procedure relies upon physical separation of reagents until a high temperature
has been reached in order to avoid non-specific primer/template and primer/primer annealing
events. However, this procedure was not sufficient to lead to a considerable improvement in

the results.
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The use of PCR associated to a blotting protocol followed by a hybridization step with
a specific probe showed to be a suitable strategy to distinguish normal from mutant alleles. As
far as we are aware, the use of chemiluminescence for detecting mutant alleles in the MJDI
gene is a pioneer and effective initiative of our group for identification of MJD patients.

Similar strategy was also used to verify the size of expanded alleles in affected
patients. The results obtained in this study were not quantified properly and were limited to the
visualization of these alleles. However, this limitation can be overcome by the employment of
an allelic ladder for a proper determination of sizes of mutant MJD alleles.

The present study allowed the introduction of an effective laboratory protocol for the
identification of patients with the MJD. The developed protocol can be used directly for the
diagnosis of individuals with clinical suspicion of this disease and can be adapted for the
detection of other diseases that show similar molecular basis (i.e., dynamic mutations). The
determination of expansion size and the presence of additional factors (such as polymorphism
in the gene) can affect the degree of instability of the hypervariable region. Therefore, the

detection of these factors can help for a better understanding of the MJD physiopathology.
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FIGURE LEGENDS:

Figure 1: CAG expansion detection in the MJDI gene. a) Analysis of amplicons from PCR in
an 1% (w/v) agarose gel. Lane 1: 1 kb ladder; lane 2: 50 bp ladder; lanes 3, 4, and 10:
individuals with no clinical suspicion of MJD (negative controls); lanes 5, 6, 7, 8, and 9:
individuals with clinical suspicion of MJD (positive controls); lane 11: negative control for the
PCR reaction (no DNA); lane 12: 100 bp ladder. b) Exposure of a autoradiograph film after
Southern blot of gel from part “a” hybridized to a (CAG);s probe. Lanes 1, 2, and 12: ladders;
lanes 3, and 4: samples from individuals with normal alleles; lanes 5, 6, 7, 8, and 9: samples
from individuals presenting a normal and an expanded allele in the MJDI gene; lane 10:
sample that did not present amplification in the PCR; lane 11: negative control for the PCR

reaction (no DNA). NA= normal allele; EA= expanded allele.

Figure 2: Expanded allele analysis in the MJDI gene in a 6% (w/v) polyacrilamide gel. Lanes

1 to 6: samples from individuals with MJD presenting expanded alleles with different sizes.
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ABSTRACT

Machado-Joseph Disease (MJD) is an autosomal dominant multisystem
neurodegenerative disorder characterized by cerebellar ataxia, spasticity, progressive external
ophthalmoplegia, dystonia, bulging eyes, facial myokymia, and peripheral neuropathy.
Unstable CAG trinucleotide repeat expansion in the MJD gene on the long arm of
chromosome 14 has been identified as the pathological mutation for MJD. The number of
CAG repeats units in expanded alleles of the MJDI gene was reported to range from 61 to 84,
whereas that in normal alleles ranges from 12 to 41. Our results indicated that the CAG repeat
number was inversely correlated with the age of onset, as well as there was a tendency
towards the phenomenon of anticipation in MJD families. We also demonstrated that was
possible development a molecular protocol for the diagnostic of the MJD and quantification of
the expanded allele, based on polymerase chain reaction, polyacrylamide gel electrophoresis

and staining with silver nitrate.

Key Words:
Machado-Joseph Disease
Spinocerebellar Ataxias
Trinucleotide Repeats

Neurodegenerative Diseases
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INTRODUCTION

Hereditary ataxia is a complex group of debilitating and wusually fatal
neurodegenerative diseases that lead to generalized incoordination particularly affecting gait,
speech, and swallowing. This group of disorders is characterized by progressive degeneration
that affects the cerebellum, brain stem, and spinocerebellar tracts, to varying degrees (Ranum
et al., 1995). To date, twenty one different /oci responsible for autosomal dominant
spinocerebellar ataxia (SCA) have been mapped. The prevalence of the various SCAs varies
considerably among different populations, but MJD appears to be the most prevalent disease
in all groups ethnic, accounting for 25 to 35% of all dominant ataxias (Zoghbi and Orr, 1999).

MIJD is characterized by a wide range of clinical manifestations, including ataxia,
progressive external ophtalmoplegia, pyramidal and extra pyramidal signs, dystonia with
rigidity, distal muscular atrophies, facial myokymia and eyelid retraction (Coutinho and
Andrade, 1977; Lima and Coutinho, 1980). Typically, patients will become confined to a
wheelchair and will later be bedridden, the median survival time after onset is 20 years.
Disease manifestations usually start during adulthood, with a mean age of onset of 37 + 14
years (Sequeiros and Coutinho, 1993), while among Brazilian patients the mean age of onset
was recently established by our group was 32 + 12 years (Jardim et al., 2001).

The disease locus was mapped to chromosome 14q32.1 in Japanese families, and
linkage analysis in families of Portuguese Azorean origin as wells as in Portuguese American
and Brazilian pedigrees confirmed this finding (Takiyama et al., 1993; Sequeiros et al., 1994;
Twist et al., 1995). The gene was identified a year later and contained a CAG repeat motif in

the 5’ region of the coding sequence, which encodes a polyglutamine tract (Kawaguchi et al.,
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1994). This CAG tract was observed to be expanded in MJD patients, and number of units in
expanded alleles was reported to range from 61 to 84, whereas 12 to 41 repeats were observed
in normal alleles (Kawaguchi et al., 1994; Maciel et al., 1995; Takiyama et al., 1997). The
MJDI gene codes for an intracellular protein of unknown function, with a predicted molecular
weight of 42kDa. The MJD1 gene product, ataxin 3, is a cytoplasmatic protein, although it has
occasionally been found within the nucleous in patient’s tissues (Paulson et al., 1997).

As previously shown in other diseases caused by CAG expansion, inverse correlation
of age at onset or clinical features of MJD patients with the size of expanded CAG repeat in
the MJDI gene has been demonstrated, in a phenomenon known as genetics anticipation
(Nagafuchi et al., 1994; Koide et al., 1994; Imbert et al., 1996; Pulst et al., 1996; Sanpei et al.,
1996). Yet, the correlation of repeat size with age at onset is not perfect, and some clinical
features do not correlate with repeat length, suggesting that factors other than number of
repeats may influence the clinical presentation in this disorder (Andrew ef al., 1993; Ranum et
al., 1994).

No effective treatment or biochemical marker is known for this incapacitating disorder;
none of the proposed therapies has been shown to affect progression or prognosis. Genetic
counseling is the only means of contending with the disease.

In this study, we have developed a fast and reliable protocol for detecting normal and
expanded alleles in the MJD1I gene based on the polymerase chain reaction (PCR). In addition,
number of CAG repeats was determined by polyacrylamide gel electrophoresis (PAGE) and
silver nitrate staining. Through this protocol, a correlation between age at onset and number of

CAG repeats was established.
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MATERIALS AND METHODS

SUBJECTS: This study was performed using DNA samples from 112 individuals with
signs and/or symptoms of ataxia, all of them from same geographic origin: the southernmost state
of Brazil, Rio Grande do Sul. The suspicion of MJD or another SCA was determined by clinical
examination by experienced neurologists and geneticists using previously established diagnostic
criteria (Lima and Coutinho, 1980). Age at onset was based on information provided by the
patient and/or a close relative.

DNA ISOLATION: Peripheral blood was collected from patients and their relatives, after
signing an informed consent form. DNA isolation protocol was based on a salting-out
procedure (Miller et al., 1988). DNA was then diluted to a final concentration of 100 ng/pL in
a solution containing 10 mM Tris-HCI and 0.1 mM EDTA.

AMPLIFICATION OF MJD1 GENE BY THE POLYMERASE CHAIN REACTION: The
region of interest, containing the CAG repeats and adjacent areas, was amplified by PCR using
primers MJD 52 (5'-CCAGTGACTTTGATTGC-3") and MJD 25a (a slight modification of MJD
25, of sequence 5-GGCTGGCCTTTCACATGGAT-3") (Kawaguchi et al., 1994). PCR was
performed in a final volume of 25 ul, containing 100 ng of genomic DNA, 5 mM Tris-HCI (pH
8.0), 5 mM KCl, 0.1 mM DTT, 0.01 mM EDTA, 5% (w/v) glycerol, 1 mM MgSQOs, 20 pmoles of
each primer; 0.3 mM of each dNTP, and 2 U of PLATINUM® Pfx DNA polimerase. After a
denaturing step at 94°C for 1 minute, 30 cycles were performed consisting of 15 seconds at 94°C,

30 seconds at 59°C, 30 seconds at 68°C, and a 5 minutes final extension at 68°C (Laccone et al.,
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1999). Amplicons were analyzed in a 1.5% (w/v) agarose gel followed by ethidium bromide
staining and the visualization of products under ultraviolet light.

DETERMINATION OF NUMBERS OF CAG REPEATS: Amplicons were separated by
electrophoresis on a 5% (w/v) polyacrylamide gel (acrylamide:bis-acrylamide 19:1). Typically, 5
ul aliquots of each PCR sample were resolved at 7 W for 2 hours, followed by a further run for 7
h at 8 W (Vuillaume et al., 1998). Gel was then stained using silver nitrate solution. The size of
different alleles was estimated by comparing with samples from patients that had expansion
previously determined by a different method and in other laboratory. These samples were used as
positive controls.

STATISTICAL ANALYSIS: Statistical analyses were performed using Pearson’s

correlation test, t test (with P < 0.05 ), and analysis of variance with linear tendency.
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RESULTS

PCR OPTIMIZATION: Optimization of PCR was just reached using a highly specific
DNA polymerase, using primers MJD52 and MJD25a. Amplicon produced allowed to
distinguish normal from expanded allele. In this protocol, normal alleles vary in size from 196 bp
to 283 bp (considering variations from 12 to 41 CAG repeats), and mutant alleles were shown to
range from 370 bp to 400 bp (for variations of 70 to 80 CAG repeats) (Maciel et al., 1995). The
amplified product was analyzed by electrophoresis in an agarose gel and is shown in figure 1.

STANDARDIZATION OF EXPANDED ALLELE QUANTIFICATION: Figure 2 shows
the size of mutant alleles by comparing with others samples of MJD patients with known alleles
size, that were previously determinate by a different method. Electrophoresis and staining
conditions were optimized and allowed quantification of expanded alleles in MJD patients.

FREQUENCY OF CAG REPEAT EXPANSION FOR MJD: We have examined 112
individuals, according to criteria defined in material and methods. Seventy-seven individuals
showed an expanded allele in the MJDI gene. Therefore, considering unrelated individuals, the
frequency of the mutant allele (> 69 repeats) was established to be 61.0% (47 individuals).

DISTRIBUTION OF CAG REPEATS SIZE: All 77 patients with an expanded allele were
included in the protocol for determining size of expanded allele, which vary from 69 to 81
repeats. The most frequent showed 73 CAG repeats (19.5%) followed by expansions with 77
CAG repeat (16.9%). No allele with 79 CAG repeat was identified.

MEAN AGE OF ONSET: We were able to trace age of onset in 72 MJD patients, and

mean was established to be 33 + 11 years among them.
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MJID REPEATS SIZE VERSUS AGE OF ONSET: Seventy two affected individuals out of
forty two MJD families were examined further in order to determine the relationship between the
CAG array size and age of onset of MJD. This result is shown in figure 4. The Pearson
correlation coefficient obtained was r = - 0.49 (P = 0.001).

CORRELATION OF CAG EXPANSIONS AND MEAN AGE OF ONSET: When
comparing size of the CAG expansions showed by patients and mean age of onset, we observed a
tendency of decrease the mean age of onset with the increase of trinucleotide repeat length (P =
0.001). However, the deviation from linearity was not significant (P = 0.13), as shown in table 1
and figure 5.

CORRELATION OF SIZE OF THE CAG EXPANSIONS AND MEAN AGE OF ONSET
IN MALES AND FEMALES: The mean age of onset of MJD and mean value of the CAG
expansions length in males and females were compared. Results found do not show a significant
difference when the both genders are compared (P = 0.75 for ages and P = 1.0 for CAG repeats
CAQG) (table 2) . Gender distribution in the population studied (77 individuals) were 46.7% males
(36 individuals) and 53.3% females (41 individuals).

CAG EXPANSIONS SIZE ON JUVENILE AND ADULTS: Ten individuals (between 9 to
21 years of age) showed CAG expansions size ranging from 73 to 80, with a mean of 76.7 + 2
repeats; this is statistically significant from the adult population. Among adults (62 individuals
between 22 to 58 years of age), that showed expansion length ranged from 70 to 78 with a mean
value of 73.6 + 2.1 CAG repeats (P = 0.001).

ANALYSIS OF MEAN AGE APPERANCE OF CLINICAL SYMPTOMS AND MEAN
CAG LENGTH IN PARENTS AND SONS: MJD was clinically and molecularly confirmed in four

families. Three affected individuals have inherited a paternal expanded allele and only one was
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maternally inherited. Table 3 shows that the mean age of onset in parents was 39 + 8.4 years,
while in sons was 16.5 + 5.8 years. Data show that mean CAG expansion length of parents is 75
+ 1.4 repeats, while 77.5 + 0.6 repeats is the length of inherited expansions by sons. Figures 6 and
7 show the anticipation intergenerational present in MJD.

CASE OF MJD IN CHILDREN: In the sample studied here, there were two individuals
with disease onset during childhood. In one case, patient began with clinical features at 9 years of
age and the expanded allele was composed by 78 CAG repeats. This patient inherited the
expanded allele from her father, who carry 76 CAG repeats and his age of onset was 30 years. In
the second case, patient began with clinical features when she was 10 years old and her expanded
allele was established to be 80 CAG repeats. The expanded allele, in this case, was also paternally
inherited. However, her father did not show any clinical symptoms yet, her uncles (brothers of
her father) are already affected.

ANALYSIS OF MJD FAMILIES: We have analyzed ten families with vertical
transmission of mutant allele. All families showed increase in the length of CAG to the next
generation, except in one case that resulted in a decrease of 3 CAG repeats. In four cases, these
transmissions were increased by 1 CAG repeat; in two cases, an increase of 2 CAG repeats were

observed, and other transmissions were characterized by an increase of 4, 5, and 7 CAG repeats.
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DISCUSSION

Several large studies showed that MJD was the most frequent dominant ataxia, being
responsible for 17% of autosomal dominant non-Portuguese families studied in Canada
(Silveira et al., 1996), for 50% of German families (Schoéls et al., 1995), for 74% of families
from mainland Portugal and for 89% of families from Azores (Silveira et al., 1996), and for
81% of patients with some SCA from South of Brazil (Jardim et al., 2001). In our study the
frequency found on unrelated individuals was 61%. This finding could be the result of our
ethnic origin, due to the Portuguese predominant occupation of Southern territory of Brazil —
from where all cases originated.

In this study, the optimization of a molecular diagnostics of MJD based on PCR was
obtained due to an enzyme with high specificity; this enzyme was able to amplify only the
desired alleles (normal and mutant). PCR conditions were also optimized in order to obtain the
required fragment(s). Therefore, the protocol presented here is distinct from that described by
Kawaguchi et al. (1994).

Nowadays, most methods developed to accurately measure trinucleotide repeats imply
radioactive analysis or fluorescent techniques, which limits laboratory management. The
optimization of a quantification protocol of expanded alleles through silver nitrate staining
showed very efficient. Sensitivity of this method seems equivalent to that observed when
using radioactive labeled compounds (Koide et al., 1994 and Orr et al., 1993). No

intermediary alleles were detected. The distribution of the expanded alleles is within 61 to 84
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repeats range, which is in agreement to data reported previously (Takyiama et al., 1997,
Maciel et al.1995).

The most frequent expanded MJD allele contains 73 CAG repeats (19.5%). This repeat
length can be related to the kind of sample, mainly represented by an adult population (86%).
Analyzing all our cases we found CAG mean repeat + SD is 74.2 + 2.33. These data are very
similar to the described by Jardim and co-workers in 2001. In the future, the possibility of
analyzing the size of offsprings alleles of these affected individuals will give further
information to confirm intergenerational instability.

The mean age of onset of MJD patients was 33 years, similar to those found by other
studies in Brazilian patients (Lopes-Cendes et al., 1997; Jardim et al., 2001). Therefore, it is
important to stress that onset in Brazilian patients is usually earlier than in Portuguese and
Azorean patients (Sequeiros et al., 1993), but is latter than in Indian, Japanese and Black
American patients (Sequeiros et al., 1993).

When analyzed the MJD repeat size and the age of onset a correlation coefficient of r =
- 0,49 was found (figure 4). This result is in agreement to data previously reported
(Kawaguchi et al., 1994; Maciel et al. 1995; Hisieh et al., 1997, Silveira et al., 1998; Jardim et
al., 2001). As expected, we observed a significant negative correlation between the age of onset
and the number of CAG repeats of the expanded alleles. This indicates a tendency for age of
onset to decrease as the CAG repeat length increase. Likewise, we also verify a strong correlation
of size of CAG repeat and mean age of onset (P= 0.13 for deviation from linearity) (figure 5).
However, the size of the repeat cannot be used solely to predict the age of onset accurately in
affected mutations carriers. A wide variation in age of onset could be seen among individuals

with the same expanded repeat number.
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As shown in the table 2, the average age of onset was similar among males (32.9 years)
and females (33.7 years). These data are similar to those found in other study on Brazil
(Jardim et al., 2001). Other similarity was the CAG mean repeat size on males and females,
which was exactly the same.

Our results about CAG expansion size on juvenile age and adult age demonstrated a
significantly difference among the two populations, suggesting that the greater CAG
expansions result in a more severe phenotype (Maciel et al., 1995 and Soong et al., 1997). Our
data also showed that the mean age of onset in offspring’s was 22.5 years earliest than the
observed in their parents, as well as the CAG mean repeat size in offspring’s was 2.5 CAG
repeat larger than their parents (table 3). Although only a small number of cases was analyzed,
a strong anticipation phenomenon was observed in those cases (figures 6 and 7).

Although the number of families with vertical transmission of mutant allele in the
present study is limited (ten families), we could observe that 90% of cases showed an increase
in the length of CAG. This finding supports the hypothesis that intergenerational instability is
one of the most important features on the disease associated trinucleotide expansions, leading
to variation (in the majority case increasing) in size of the repeat among and within families.
This phenomenon partly explains the variable age of onset and severity of the disease, and is

the likely basis for the occurrence of anticipation (Maciel ef al., 1999).
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FIGURE LEGENDS:

Figure 1 — CAG expansion detection in the MJD1 gene. Agarose gel 1.5% (w/v) for the PCR
amplification products analysis. Lane 1: ladder 100 bp; lane 2: negative control for the PCR
reaction (without DNA); lanes 3, 4, 5, and 6: individuals with MJD (presence of expanded
allele); lane 7 and 8: individuals without MJD (absence of expanded allele); lane 9: negative
control; lane 10 positive control. NA= normal allele; EA= expanded allele.

Figure 2 — Polymerase chain reaction analysis of the CAG trinucleotide repeats in MJD.
Samples from thirteen affected patients with 75, 76, 72, 73, 71, 71, 76, 77, 72, 72, 72, 72 and
71 triplet repeats were amplified and detected in lanes 4 to 16, respectively. Four controls
were analysis in lanes 2, 3, 17 and 18. The size of the triplet repeat was compared to controls
and to a molecular weight marker of 100 bp (lane 1) and 50 bp (lane 19).

Figure 3 — Distribution of CAG repeat size in the MJDI gene in expanded alleles.

Figure 4 — Correlation of age of onset with CAG repeat length in the MJD chromosomes of 72
affected individuals. The regression line is defined by Y= - 2,2728 X + 201,89 (Y: age at
onset, X: repeat length).

Figure 5 — Correlation of mean age of onset with CAG repeat length in the MJD chromosomes
of 72 affected individuals.

Figure 6 — Correlation of age of onset of the MJD among of parents and sons.

Figure 7 — Correlation of CAG repeat length in the MJD gene among parents and sons.
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Table 1 — Distribution of CAG expansion size and mean age of onset.

\ , AGE OF ONSET (YEARS)
N°INDIV.  N°CAG MEAN SD RANGE

2 70 42.5 6.4 3847
7 71 33.9 5.8 28— 45
12 72 39.1 10.2 27-58
14 73 36.2 12.9 1258
4 74 43.0 9.1 31-50
8 75 33.4 10.8 21-50
10 76 31.2 7.2 21-42
11 77 25.7 4.9 20 - 34
3 78 16.0 7.5 09 — 24
0 79 0 0.0 0
1 80 10.0 0.0 10

TOTAL 72
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Table 2 — Correlation between age of onset and CAG repeat size on male and female.

MALE FEMALE
AGE OF ONSET CAG REPEAT AGE OF ONSET CAG REPEAT
MEAN 32.9 74.3 33.7 74.3
SD 10.6 2.2 10.9 2.5

N 35 36 37 41
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Table 3 — Mean age of onset and CAG mean repeat size in parents and sons.

PARENTS SONS
FAMILY CAG AGE GENDER CAG AGE GENDER
1 75 44 MALE 77 20 MALE
2 73 48 MALE 78 15 MALE
3 76 30 MALE 78 9 FEMALE
4 76 34 FEMALE 77 22 MALE
MEAN 75 39 77.5 16.5
SD 1.4 8.4 0.6 5.8
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FIGURE 1
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FIGURE 2
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FIGURE 3
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FIGURE 4
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FIGURE 5
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CONCLUSOES

Os achados obtidos no presente estudo permitiram as seguintes conclusoes:

v A introdugdo de protocolos laboratoriais nao-radioativos para a identificagdo de
pacientes com DMJ demonstrou-se bastante eficaz.

v Os protocolos estabelecidos podem ser adaptados para a detec¢do de outras
doengas genéticas causadas pelo mesmo tipo de mutagdo (mutagdes dindmicas).

v A padronizagdo das condicdes ideais para andlise do tamanho da expansao
trinucleotidica em pacientes com a respectiva mutacdo mostrou-se sensivel e reprodutivel,
apesar da presenga simultanea de fragmentos inespecificos além do fragmento esperado.

v Através da determinagdo do tamanho exato da expansdo CAG se torna possivel
uma maior contribuicdo para a melhor compreensdo da fisiopatologia da DMJ.

v A DMJ ¢ a mais freqiente SCA encontrada no Rio Grande do Sul,
correspondendo a 61 % das familias averiguadas.

v A idade média de inicio da doenga dos casos analisados neste trabalho foi 7
anos mais precoce, em geral, do que a encontrada em portugueses e agorianos.

v Nao existiu diferencga significativa da presenca da doenca em um dos sexos em
relacdo ao outro, entre 0s pacientes que compuseram a amostra.

v Nenhuma associag¢do foi encontrada entre o sexo dos pacientes e o tamanho da
expansao trinucleotidica ou a idade de inicio dos sintomas clinicos.

v Existe uma correlagdo inversa entre a idade de inicio da doenga e o nimero de

repeticdoes CAG.

64



Tiago Santos Carvalho Dissertagdo de Mestrado

v A instabilidade intergeneracional das expansdes de trinucleotideos foi
demonstrada e parece ser uma das responsaveis pela ocorréncia de antecipagdo nas familias
analisadas.

v O diagnéstico molecular da DMJ pode contribuir para a identificacdo precoce
dos doentes, ajudar no aconselhamento genético das familias em risco e, quando indicado,

proporcionar o diagnostico de casos pré-sintomaticos.
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ANEXOS

PROTOCOLOS DE ANALISE MOLECULAR

Extra¢do de DNA genomico a partir de sangue total: o DNA gendmico foi extraido a
partir de 5 ou 10 mL de sangue coletado em EDTA. Foi utilizado o método de precipitacdao
com sais (salting-out), descrito a seguir:

1. Transferir o sangue para um tubo plastico conico estéril de 50 mL.

2. Adicionar agua destilada estéril gelada até¢ completar 50 mL e agitar a amostra em
agitador de tubos.

3. Centrifugar a amostra por 20 minutos a 4.000 rpm em TA e desprezar o sobrenadante.

4. Adicionar 25 mL de Triton X-100 0,1% (v/v) ao precipitado e homogeneizar o precipitado
por alguns segundos até que este fique completamente ressuspenso.

5. Centrifugar a solugao por 20 minutos a 4.000 rpm em TA e desprezar o sobrenadante.

6. Adicionar ao precipitado 3 mL de tampao de lise nuclear (Tris-HC1 100 mM pH 8,3; NaCl
4 M; EDTA 20 mM pH 8,2) e agitar a solucdo no agitador de tubos durante
aproximadamente 20 segundos.

7. Adicionar 120 puL da solugdo de proteinase K 10 mg/mL, seguida de 200 uL de SDS 10%
(p/v) e agitar rapidamente a solucdo no agitador de tubos.

8. Incubar a amostra a 37°C durante um periodo de 12 a 16 horas.

9. Adicionar 1 mL de acetato de amdnio 9,6 M e homogeneizar no agitador de tubos por 15

segundos.
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10. Deixar a amostra em TA por 10 a 15 minutos.

11. Centrifugar a solug@o durante 20 minutos a 4.000 rpm em TA e transferir o sobrenadante
para um frasco de vidro de 20 mL estéril.

12. Adicionar ao sobrenadante 10 mL de etanol absoluto gelado ¢ misturar levemente por
inversao.

13. Retirar o DNA precipitado com auxilio de um capilar de vidro e transferi-lo para um
tubo de plastico conico de 1,5 mL.

14. Ressuspender o DNA em 150 a 200 uL de TE (Tris-HCl 10 mM pH 8,0; EDTA ImM
pH 8,0) ou mais, dependendo da quantidade de DNA obtida.

15. A solugdo deve ser mantida em TA durante alguns minutos e posteriormente armazenada
a -20°C até o momento de uso.

Uma aliquota de 10 uL da solugao de DNA foi colocada em um tubo de pléstico conico
de 1,5 mL e diluida at¢ 500 pL com &gua estéril. A amostra foi homogeneizada para uma
posterior leitura da concentracdo do DNA em espectrofotometro (A=260nm).

Com base na concentragao obtida da solucdo de DNA foi calculada uma nova diluicao
para uma concentragdo final de aproximadamente 100 ng/uL.

™M 3" oligolabelling and

Marcacdo da sonda e deteccdo dos alelos utilizando ECL
detection system (Amersham): o protocolo empregado baseou-se nas informagdes fornecidas pelo
fabricante, como segue a seguir:

1. Hibridizar a membrana com 6,25 pmoles de uma sonda composta de 15 repeticdes CAG,

previamente marcada com fluoresceina-11-dUTP na posi¢do 3' terminal. A hibridiza¢do deve
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ocorrer a 56°C durante 12 a 16 horas, sob agitacdo constante, e, apds decorrido este tempo, lava-
se a membrana inicialmente com solugdo de SSC 5X - SDS 0,1% (p/v) durante 10 minutos em
temperatura ambiente, seguido por lavagem com solu¢dao de SSC 1X - SDS 0,1% (p/v) durante
30 min. na mesma temperatura de hibridizacao.

2. Preparar a membrana para a reagdo com o anticorpo pela manutencdo da mesma por 30
minutos em solugdo contendo NaCl 0,15 M -Tris-HCI 0,1 M — liquid block™ diluido 1:20. A
reagdo com a anti-fluoresceina deve ser realizada em solucdo contendo NaCl 0,4 M - Tris-HCI
0,1 M — albumina bovina 0,5% (p/v) e o anticorpo conjugado diluido 1:1000 durante 30 minutos
em temperatura ambiente.

3. A deteccdo dos fragmentos de DNA hibridizados a sonda deve ser realizada pela utilizagao de
um reagente contendo perdxido de hidrogénio, o qual libera O, livre por agdo da peroxidase. O
O, liberado ira oxidar o luminol, presente em um segundo reagente de detec¢do, produzindo luz

azul (A max 428 nm), a qual ¢ detectada em um filme de autoradiografia hipersensivel.

Detecgdo do tamanho das expansoes CAG: Os produtos de PCR foram analisados em
gel de poliacrilamida a 5% (v/v) conforme descrigao abaixo:
1. Um volume de 5,0 uL do produto amplificado por PCR foi adicionado a 2,0 uL de loading
buffer. Paralelamente as amostras, foi aplicado no gel 6 uL. de marcador de peso molecular de
50 pb.
2. Realizou-se a separagdo eletroforética, aplicando-se, primeiramente, uma forca de 7 W por

2 horas, seguida por mais 7 horas a 8 W.
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3. Transcorrido o tempo necessario revelou-se o gel utilizando solu¢do de nitrato de prata,
através da técnica abaixo:

3.1. Cobrir o gel com solugdo de etanol a 10% (v/v) durante 5 minutos para fixagao das
amostras.

3.2. Transferir o gel para solugdo de acido nitrico 1% (v/v) durante 3 minutos para
oxidar o gel.

3.3. Usar agua destilada e deionizada durante poucos segundos para lavar o gel.

3.4. Cobrir o gel com solugdo de nitrato de prata 0,012 M durante 20 minutos para
impregnacao com prata.

3.5. Lavar o gel com agua destilada e deionizada durante poucos segundos.

3.6. Cobrir o gel com solugdo de carbonato de so6dio anidro 0,28 M e formaldeido 37%
(v/v), até que as bandas aparecam por completo (aproximadamente 15 minutos) para revelar o
gel.

3.7. Usar solu¢do de acido acético a 10% (v/v) durante 2 minutos para parar o
processo.

3.8. Lavar o gel com agua destilada e deionizada durante poucos segundos.

3.9. Cobrir o gel com solugao de etanol 50% (v/v) durante 30 minutos para encolher o
mesmo.

O gel foi transferido para papel Whatman e colocado em um secador de gel a vacuo. O

mesmo foi mantido durante 25 minutos a uma temperatura de 65°C até a secagem completa.
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