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RESUMO

A Doenga de Machado Joseph(DMJ) é uma doenca garaitossdmica dominante
de inicio na vida adulta que afeta a coordenacadormoe cursa com sintomas
neurodegenerativos. E causada por uma expansiepdtcéo CAG no genATXN3 Ha
varias hipoteses a respeito da sua fisiopatogenima delas envolve a resposta inflamatoria.
O objetivo deste estudo foi descrever as concdiggagéricas das citocinas em individuos
sintomaticos, assintomaticos e compara-los conoonaes saudaveis. Apoés a confirmacao
molecular dos pacientes e controles pareados par eeidade, os individuos foram
convidados a participar do estudo. A idade deargca duracdo da doenca foram obtidas, e as
escalas clinicas Scale for the Assessment and (RafinAtaxia (SARA), Neurological
Examination Score for Spinocerebellar Ataxias (NEBF SCA Functional Index (SCAFI),
and Composite Cerebellar Functional Score (CCF8)caalas. O soro dos individuos foi
coletado e um painel de citocina foi realizadolumeio a Eotaxina, GM-CSF, IFN-a, IFN-
IL-1b, IL-1Ra, IL-2, IL-2R, IL-4, IL- 5, IL-6, IL-7 IL-8, IL-10, IL-12, IL-13, IL-15, IL-17,
IP-10, MCP-1, MIG, MIP1la, MIP1b, RANTES e O TNFEmtre os individuos sintomaticos,

o painel foi repetido ap6s 90 e 360 dias. O ped# citocinas nbaselinefoi estudado por
analise discriminante. Aquelas que apresentararaafies relevantes entre os grupos tiveram
seus niveis sérico reavaliados apos 90 e 360 diates dados foram avaliados pela equagéo
de estimacdo generalizada (GEE). Sessenta e seisnaticos, 13 assintomaticos e 43
controles foram estudados. Quando comparados tsTgiticos e assintomaticos com seus
respectivos controles saudaveis, ndo se observeremigas nos padrdes das citocinas. No
entanto, apenas uma citocina teve destaque: osisnBéricos de Eotaxina foram
significativamente mais elevados em assintomatigos= 0,001, ANCOVA) e entre os
sintomaticos seus niveis foram menores apds 3&0ddiaque naquelas obtidas no inicio do
estudo (p = 0,039, GEE). A idade, a duracdo da @gea expansdao CAG, e as escalas
NESSCA e SARA nédo se correlacionaram com o0s nidgas citocinas. O padréo
relativamente benigno de citocinas em portadore®rsidticos sugere que a ativacao do
microglia ndo seja primordial na DMJ. Entretants, miveis de eotaxina, um peptideo
secretado por astricitos para repelir as célulasmés circulantes, foram elevados no grupo
assintomatico, o que sugere que uma resposta kspelestas células pode estar relacionada
com a auséncia de sintomas e/ou que a perda deitstrestaria relacionada a progressao da
doenca em DMJ.

Palavras-chaves:Citocinas, Andlise discriminante, Eotaxina, DoedeaMachado-Joseph,
Neuroprotecdo, Ataxia Espinocerebelar Tipo 3.



ABSTRACT

Machado Joseph Disease (MJD) is an autosomal datmgeaetic disease of adulthood which
affects motor coordination and progresses with ogegenerative symptoms. It is caused by
an expansion of the CAG repeat ATXN3 gene. There are several hypotheses about its
pathogenesis, and one of them involves the inflatomaesponse. The aim of the present
study is to describe the serum concentrationshwbad spectrum of cytokines in symptomatic
and asymptomatic carriers of Machado Joseph diséa€A3/MJID) CAG expansions.
Molecularly confirmed carriers and controls wened#d. Age at onset, disease duration, and
clinical scales Scale for the Assessment and RatihgAtaxia (SARA), Neurological
Examination Score for Spinocerebellar Ataxias (NEBF SCA Functional Index (SCAFI),
and Composite Cerebellar Functional Score (CCFSe wbtained from the symptomatic
carriers. Serum was obtained from all individualgl @ cytokine panel consisted of eotaxin,
granulocyte-macrophage colony-stimulating factoM(GSF), interferon (IFN), IFN-y,
interleukin (IL)-18, IL-1RA, IL-2, IL-2R, IL-4, IL-5, IL-6, IL-7, IL-8, IL-10, IL- 12, IL-13,
IL-15, IL-17, interferon gamma-induced protein (), monocyte chemoattractant protein
(MCP)-1, monokine induced by gamma interferon (MI@pcrophage inflammatory protein
(MIP)-a, MIP-b, regulated on activation, normal &llcexpressed and secreted (RANTES)
and tumor necrosis factor (TNE)was analyzed. In a subgroup of symptomatic caritie
cytokine panel was repeated after 90 and 360 daytokine distribution among groups was
studied by discriminant analysis; changes in seewals after 90 and 360 days were studied
by generalized estimation equation. Sixty-six syonptic carriers, 13 asymptomatic carriers,
and 43 controls were studied. No differences imokiyie patterns were found between
controls and carriers of the CAG expansions or betwcontrols and symptomatic carriers
only. In contrast, eotaxin concentrations were ificantly higher in asymptomatic than in
symptomatic carriers or in controls (p = 0.001, ADNA). Eotaxin did not correlate with
age, disease duration, CAG expansion, NESSCA scamei, SARA score. Among
symptomatic carriers, eotaxin dropped after 36Gday= 0.039, GEE). SCA3/ MJD patients
presented a benign pattern of serum cytokines.olmrast, levels of eotaxin, a peptide
secreted by astrocytes, were elevated in the agyngtic carriers, suggesting that a specific
response of these cells can be related to symptogrgssion, in SCA3/MJD.

Keywords: Cytokines, Discriminant analysis, Eotaxin, Machadwseph disease,
Neuroprotection, Spinocerebellar ataxia type 3.
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1. INTRODUCAO

As poliglutaminopatias (PoliQ) sdo um grupo de m@s formado pelas Ataxias
Espinocerebelares tipo (SCA)1, 2, 3, 6, 7, DoeneaHuintington(DH), Dentatorubral-
pallidoluysian atrophfDRPLA) e pela Atrofia Muscular Espinal e BulbarB(8A). Em
geral, manifestam-se por ataxia de marcha, alterdgdcoordenacéo apendicular, disartria,
disfagia e diplopia® Agrupam-se pelo fendétipo e, principalmente, pakcanismo causal e
patogénico baseados na presenca de uma mutac&pates@ de uma sequéncia CAG que
codifica uma cadeia de poliglutamina expandidaméefna do gene referente a cada doénca

A Doenca de Machado Joseph, também conhecida S€AB)a poliglutaminopatia
que ocorre por uma CAG expandida no gaiXN3que codifica Ataxina®¥’. Foi descrita,
inicialmente, em duas familias, Machado e Josepb¢ahdentes de portugueses acorianos
nos anos ) desde entdo é aquela de maior frequéncia emotdondd. No Brasil, dados
apontam para uma frequéncia maior no Rio Grandsulloembora as frequéncias exatas em
alguns estados brasileiros sejam desconhé€citiis Rio Grande do Sul, acredita-se que a
prevaléncia desta doenca seja devido a um eferidafior descrito recentemente que se
mescla com a histéria da colonizacéo daquela remidportugueses acoriafios

E uma doenca que acomete as familias de modosaunia® dominanfe®. Sua
penetrancia é completa e isto justifica o fatoat$ aqueles que herdam o genéAdxN
expandida apresentarem sinais e sintomas da damga repercussdo da degeneracao
cerebelar e de suas vias aferentes e eferentanoDe geral, apresentam sintomas por volta
dos 32 aos 36 ands? A variacdo intra e interfamiliar da apresentachica se da por
fatores diversos, embora o tamanho da expansado seg@s pronunciado frente aos demais.
Ha o fendmeno de antecipacédo e isto € um importéeterminante como agravante na sua
apresentacao clinica como também na precocidadead#estacdo da doenca ao influenciar
diretamente na sobrevida dos pacientes, que umaiéados 0s sintomas, € em média 21
anos®.

Apesar de ndo haver um tratamento curativo, aslilamdevem ser acolhidas e
acompanhadas por uma equipe multiprofissional. (@tiwb desta medida € melhorar a
qualidade de vida dos acometidos por meio de seiplgnostico psicoldgico, fisioterapico,
fonoaudiolégico e clinico. Nao ha tratamento cum#, portanto, o aconselhamento genético
nao diretivo, além da disponibilidade de realizagédestes preditivos nos estagios precoces
da vida reprodutiva em descendentes de pacienteseidos, sdo medidas de intervencao

valiosa na prevenc¢do de novos casos na familia.
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Enquanto isto, embora alguns estudos se aprofungarnompreensédo de fatores
patogénicos ja descritos em outras doencas comocRate Huntington, pouco se sabe sobre
a participacdo do sistema imunolégico na fisiopafial da Doenca de Machado Joséph'®
7 Sendo assim, este estudo visa levantar indi@osngolvimento de uma resposta imune
diante da apresentacdo de uma proteina mutada andidp as células do sistema
imunoldgico ao analisar substancias sinalizada@@a$,o as citocinas, produzidas em virtude
de uma possivel interacdo entre a proteina mudadalula apresentadora de antigeno do

sistema nervoso central, os astrocitos, e 0s n&s:6n
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2 REVISAO DE LITERATURA
2.1 Estratégias de Buscde Informagéo

O referencialtedricc e a revisao da literatura foragkestinado a apresentar aspectos
gerais da Doenca delachadc Joseph, seus aspectiisiopatologico e em especial, sua
correlacdo com agtocinas Devido as poucas informacdes produzidassa area da ciéncia,
utilizamos informagdes jgroduzidas em doencas como doencaHdatingtor e SCA 6,
ambas poliglutaminopatias com fisiopatologia similar que servete embasamento para o
nosso desafio cientifico. A estratégia de busca envolveu seguinte bases de dados:
LILACS e PubMedForan realizadas buscas através dos terfSgsnocerebella ataxia type
3", “Cytokines”, “Huntin gton disease”, “Spinocerebellar ataxia tyg, “Machado-joseph
disease”, “Polyglutamie” e suas combinacfes. Outros artigmstinente tiveram suas
referéncias incluidasime vez que informacdes importantes foramtraidas deles para
complementar conheciment

Figura 1. Estratégia ddusci de referéncias bibliograficas sobreb@se que fundamentam
0S objetivos deste estudo citacbes em revisdo literatura deordc com os critérios de
inclusdo estabelecidgzlc autor.

‘PubMed LILACS |
‘ artigos | | ‘ art'tgos ‘ artigos ' artigos ‘
| selecionados | encontrados encontrados | selecionados |
15 -~ 1013 e 33
6 -~ 648305 ~ e—]p 2002
8 el 12899 S 120
2 e 6128 e 39
14 g 935 B St 30
19 i 4025 e 7
2 i 3 e 0
0 -~ 287 — 0
§ 33 e 0
3 e 69 i 0
| 3 i 0
| —— 33 = 0
Legenda
1 - Spinocerebellar ataxitype 3 2 - Cytokines 3 - Huntingtor disease

4 - Spinocerebellar ataxitype 6 5 - Machado-Joseph diseasé - Polyglutamine
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2.2 Doencgas de Machado Joseph/ Ataxia de Machadaosaph
2.2.1 Conceito

As ataxias sdo um grupo de distUrbios neurolégiras afeta em variados graus as
vias que controlam a coordenacdo motora. As ataggsnocerebelares (SCAs) - de
transmissao autossémica dominante — acometememsisteurolégico, em especial o sistema
nervoso central, com predominio de alteragcbes nebed, tronco cerebral e trato
espinocerebeld:

A Doenca de Machado Joseph (DMJ), também conheomi® ataxia espinocerebelar
tipo 3, é a SCAs mais prevalente em todo munde(1,80.000) 2% 2! especialmente em
paises onde a colonizacdo portuguesa e acoriandhdNde Flores, sua prevaléncia chega a
1:140 habitantéé *2 No Rio Grande do Sul, a sua prevaléncia minirtimeda de 3-6 casos
para cada 100.000 habitantds

A DMJ é causada por uma expansao de seqUéncidtivep&AG no locusATXN3
localizado no 14g32.1. Repeti¢cdes acima de um flisu@erior ao redor de 54-56 repeticoes
sdo consideradas patogénicas e a sua penetraccipieta, ou seja, ao se herdar um gene
com a expansdo, o paciente inexoravelmente apsedesintomas da doericdO alelo
expandido € dominante e existe uma forte correlag@ice o tamanho da expansdo e a
gravidade da doenta®> % Essas expans6es codificam repeticdes de poligings (PoliQ).
Este mesmo mecanismo de mutagdo também ocorre &as @loencas como na Atrofia
Muscular Espinhal e Bulbar, Doenca de Huntingtoene outras SCAs. Este grupo de

afeccdes esta sendo reconhecido recentemente ligutaminopatias” 22

Um marco patologico da DMJ € a formacao de agregatocanucleares neuronais
(NI) compostos por tratos de PoliQ expandidas. &aeRapel desses agregados nao esta bem
estabelecido. Acredita-se que a estrutura tercilasapoliQs seja andmala e tenha propenséao
& agregacao, levando a um ganho de funcéo téxicéldlas. Estes agregados sdo resultantes
da interacdo das PoliQ expandidas de conformag&folded com ubiquitinas e com
chaperonas. Varias SCAs sdo causadas por expamsdesoliQs em sua proteinas
relacionadas, que em geral recebem o nome de fatagdtaxina 1, 2, 3 etc). Além de terem
em comum a estrutura de poliQ expandidas, elas axitmam sintomas entre as condi¢des
causadas pelas ataxinas alteradas (ataxina 1 ndl,S&Axina 2 na SCA2 etc), com
neurodegeneragdo, em especial, do cerebelo e deoaldo tronco cerebral. As inclusdes

intraneurais antecedem o0s sintomas nos paciensg® eencontradas em todas as regides
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afetadas do sistema nervoso e também em estr@nragie ndo ha lesdo neuronal, como o

cortex cerebral, o tAlamo striatume a oliva inferior.

2.2.2 Funcdes da Ataxina 3 (ATXN3)

A ATXN3 é um peptidio encontrado nas células tamtaitoplasma como no nucleo.
Existem vérias evidéncias de que a ATXN3 partidilwa sistema ubiquitina-proteassoma
(UPS), fora do nucleo. Ela interage com a ubigai{idIMsyF®3°*! age como uma protease
ubiquitina-especifick **** que por sua vez esta envolvida no reconhecindmsubstratos
proteoliticos pelo proteassofia” e regula a formacdo de agressotha® resultado dessas
interacdes é a supressao da toxicidade induzida peliQ®.

A respeito da funcédo nuclear da ATXN3, um estudoalestrou que a ATXN3 pode
regular a transcricdo ao interagir diretamente @anfatores de transcricdo CBP, p300 e
PCAF através do dominio C terminal, no qual estadidas as repeticdes CAG. Além disso,
mostrou-se que as repeticbes CAG estdo na regifimite importancia para essa interaGao
Logo, alteracbes nestas regides podem acarretalepras de funcdo da ATXN3.

A ATXN3 expandida (ATX3e) interage com esses fatale transcricdo melhor ou
mais intensamente do que a ATX3 normal, e, comsperado, reprime a transcricdo mediada
por esses fatores. Esta linha de evidéncias sastemipotese de que a ATXN3 aja como um
repressor da transcricdo nuclear e que esta futaj@ez possa sofrer alteracdes com a
estrutura de glutaminas expandidas. A repressdcadacricdo relacionada a ATXN3 da-se
via inibicho da acetiltransferase das histonas (HAdfetando aqueles coativadores
transcripcionais (CAMP response element-bindinggino(CREB) binding protein (CBP), o
p300, e o fator p300/CBP-associado, ou PCARDs coativadores transcripcionais por meio
da atividade HAT promovem a acetilacdo das histonam a finalidade de alcancar a
ativacdo da transcrichb Ao contrario, a desacetilacdo das histonas vicetdases de
histona (HDAC) torna os promotores génicos inavessiaos seus fatores reguladdte®
equilibrio entre acetilagdo e desacetilacdo deoindst pode ser um processo chave na
patogénese das poliQ em geral e a expansao deepatisdes pode alterar este equilibrio.

Expressoes diferenciais de alguns genes ja foramngentadas em modelos celulares
e em célulascerebrais na D¥1JVarios genes ficam subregulados na presenca 8AE
hiperregulados na presenca da ATX3e, sugerindoagA@XN3 normal seja um repressor
transcricional que se perde nas situacbes de expadas poliQs. Nesse modelo de
patogénese, perdas e ganhos de funcdo se confupdésna perda da funcdo normal da

ATX3n associa-se a um ganho de funcéo via expresdtezadas daqueles genes.
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E possivel, que alguns destes eventos relacionadoscdo da ATXN3 sejam os
principais protagonistas na fisiopatologia da DNk&ndémenos como a antecipagcédo e a
associacdo entre CAG expandido e gravidade/idadricie ndo excluem o mecanismo da
perda de funcdo da ATXN3. Desse modo, o tamantexpgansdo CAG poderia teoricamente
determinar diferentes graus de perda de funcacldaNa.

A respeito das fun¢des da ATXN3 no citoplasma, mhegimento também é escasso e
impreciso, pois ndo se sabe com certeza qual d fingdeo da agregacao das poliglutaminas.
Porém, existem evidéncias de que ocorram alterapdss mecanismos de controle da
qualidade protéica intracelul&t

Véarios mecanismos de controle celular devem regidariveis de proteinas propensas
a agregacao. As chaperonas moleculares estaoestdie proteinas, incluindo as chaperonas
da familia das proteinas heat shock HSP40/HSPBbipAr-expressdo da HSP70 e da HSP40
reduz a agregacgao e a morte celular em modelotamduda doenca de Huntington e das
SCAS™. A HSP27, como as anteriores, também suprime #eruelular relacionada as poliQ,
mas em contraste com as anteriores HSP40 e HSRT8P2a7 impede a morte celular por
meio da reducdo dos niveis de espécies reativagigénio presentes mas sem suprimir a

agregacéo das poliQ.

2.2.3 Manifestacdes Clinicase Historia Natural

A DMJ é uma doenca autossdmica dominante com [@aoedr completa e
expressividade variavel, ou seja, apresenta umaessgo clinica heterogénea intra e
interfamiliar, com manifestacées clinicas abrangemditiplos sistemas neurol6giéds Esta
variabilidade fenotipica resultou na classificagé@m diferentes subtipos clinicos com
evolucdes clinicas, idade de inicio e envolvimatgasistemas neurolégicos distiffs®, No
entanto, em todos os casos, a doenca tem um awatavelmente progressivo. Os pacientes
evoluem com dependéncia funcional e com isolamsottal. Ndo ha tratamentos curativos
para a condicdo, mas sabe-se que os cuidadosivoslisg a medicina de reabilitacdo
contribuem de modo substancial para a melhoriaudéidade de vida dos pacientes. Estima-
se que a sobrevida média ap6s o inicio da doefgdes®1 ands.

Frente & necessidade de graduar a evolucdo daadeeagrogressdo dos sintomas,
diversos instrumentos de avaliacdo da gravidadecaliforam desenvolvidos nos ultimos
anos. Para as manifestacbes ataxicas, duas estiailaas tém se destacado. A primeira
publicada foi a International Cooperative AtaxiaiRa Scale (ICARS) avalia o disturbio de

marcha, de postura, a disartria, a ataxia dos nesvdistirbio do movimento ocufarA
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Scale for Assessment and Rating of Ataxia (SARA) nthis rapida aplicacdo, apareceu em
2006 e se utiliza de testes que avaliam o grautas&aade marcha, da dismetria, da
desdiadococinesia, das alteraces posturais esaaridf®. Para medir a progresséo global das
manifestacdes neuroldgicas, nosso grupo desenvainela a escala NESSCA que avalia a
ataxia de marcha e de membros, alteracbes do motdnoeular e da sua musculatura
extrinseca, achados piramidais, disartria, disfafgisciculacdes, perdas sensitivas, distonia,
rigidez, bradicinesia, atrofia muscular, funcédieterianas, caimbras e vertigém

O surgimento de escores validados de acometiment@idgico nas SCASs permitiu o
adequado estudo da progresséo destas doencaselagdora estudos prospectivos, em uma
peguena coorte de pacientes com DMJ acompanhadds3 poeses foi demonstrada a piora
de 4,7 /100 pontos da escala ICARS ao final deoldanevolucéo da doeriaA progressao
de diferentes SCAs foi avaliada por meio da esBARA e os resultados mostraram que a
progress&o ocorre em média de 1.38/40 pontos &a ano

Nosso grupo realizou um estudo de coorte paraaavalevolugdo da doenca. Em 10
anos de seguimento, 105 pacientes foram acompasladcdvés da escala NESSCA. Nesse
estudo, foi mostrada uma piora linear das manigésta neuroldgicas, da ordem de 1.26/40
pontos da escala NESSCA ao #naélém disso, foi observado que quanto maior a es@a
CAG, maior era o escala NESSCA, logo, mais rapideaaesua progressao. Assim existe uma
concordancia entre as escalas de modo que aocautfjizalquer uma destes instrumentos
observa-se que a progressao média da DMJ € len@apragressiva.

Posteriormente, Jacobi e colaboraddtemmbém estudaram a progressdo das Ataxias
espinocerebelares 1, 2, 3 e 6. Utilizaram as esc&RA e 0 Inventario de Sinais Nao
Atavicos (INAS) em 526 pacientes. Observaram gpeogressao anual da escala SARA era
de 2,11/40 em pacientes com SCA1, 1,49/40 naquetesSCA2, 1,56/40 nos pacientes com
SCA3 e 0,80/40 nos pacientes com SCAG6. A idadend®idos sintomas e o tamanho da
expansado estavam associados a progressao rapidescdéda SARA em SCAl e 2,
respectivamente. Em mulheres com SCA3, a precaeidad sintomas foi associada com a
progressao dos sintomas nao ataxicos. Estes achag@em um efeito bioldgico do tamanho
da expansao na dinamica da progressao da doemgaS€A 3 e 6 ndo encontraram fatores

gue afetassem a progressao da escala SARA.

2.2.4 Fatores Modificadores da Doenca
Dentre os fatores modificadores que explicam aadariexpressdo fenotipica da

doenca, sem duvida o tamanho da expressdao CAGlwonalitado € o0 que mais se destaca. E
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isto se deve ao fato de, por meio deste paramsgropossivel definir o subtipo clinico da
doenca, a idade de inicio dos sintomas e a grazidadloenca. Entretanto, a expansdo CAG
€ considerada como responsavel por apenas 45-60%ardado da idade de inicio da
DMJ**>>*% Assim, outros fatores genéticos e/ou ambientiBoedevem contribuir de modo

importante para a expressao fenotipica da doenca.

2.2.4.1 O Papel das Expansdes na Determinacdo dméipo

Esta muito estabelecido que as expansdes determdermodo primordial na
determinacdo do fenoétipo entre os pacientes com.@anto maior for a expansdo, mais
precoce é o inicio da doenca. Além disso, os alelgsandidos tendem a continuar se
expandindo, e, na maioria das doencas causadag@ig), iSso acontece com mais
intensidade quando os alelos atravessam meiosesngat Os mecanismos moleculares
subjacentes as contracdes e as expansdes permamadanpouco compreendidos. O qué se
sabe é que o motivo repetitivo @is pode influenciar na instabilidade da expans4b

2.2.4.2 O Papel do Alelo Normal

Héa fortes evidéncias que elementos émans podem afetar a instabilidade da
repeticdo. A identificacéo desses elementos temdifitil. Os candidatos incluem genes de
reparo do DNA como o MSH2, um componente da rotaeg@aro que poderia facilitar
expansdes ao se ligar e estabilizar a estruturaa@min®. Recombinacées meidticas e/ou

convers&o génica também poderiam influenciar alilslade CAGE,

2.2.4.3 A Metilagéo do Promotor do GenATXN3

Ao reduzir a expressdao do gene em si, a metilagiagyehe pode modular as
manifestacdes clinicas. Foi observada uma posa$gelciacdo entre o estado de metilacéo de
uma ilha CpG do promotor do geAdXN3e a idade de inicio da doefitaQuanto mais
metilada a ilha CpG, mais tardio foi o inicio deedga, evidéncia que vai ao encontro da

hipétese predominante do ganho de funcao toxica.

2.2.4.4 Genes Modificadores do Fendtipo

Ha alguns anos, publicamos o efeito do tamanhepeticdo CAG no genARTXN2
sobre o fenétipo DMJ3, de modo que, quanto maior o CAG normal no gen8@&2, maior
a chance de os pacientes com DMJ apresentarencuiagéies. Siebert e colaboradores ao

considerar o fato que pacientes com Doenca de @aydtdem cursar com manifestacbes
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associadas a Doenca de Parkinson, estudaram naientga com DMJ com sintomas
parkinsonianos e encontraram que 33%(3/9) apresentavariagbes nas sequéncias dos
genes GBA]l, mostrando que alteracdes nestes genes podembuoonipara variacdes
fenotipicas da Doenca de Machado Jo%eph

Bettencourt e colaboradorkaseados na hipétese que a expressao alélicandifdre
do geneATXNS3 poderia contribuir para a explicacdo das difeentades de inicio em
pacientes que apresentam tamanhos CAG repetidashsartes, analisaram a extensao da
variacdo de sequéncia a montante do ATXN3 coédoinideacido. Variacdes nas regides
reguladoras 5 do genATXN3 poderiam ter o potencial para influenciar os msivde
expressdo e, em JUltima andlise, modular o fenédJ. Foi encontrado um SNP

(rs3814834) porém nenhum efeito funcional podepsaristo para esta variafite

2.2.5 O Sistema Imune e as Poliglutaminopatias

O estudo do sistema imune nas poliglutaminopatidgou na era pré-gendmica,
quando alteracdes na resposta celular de linféeitoa migracéo celular foram relatadas em
pacientes com Doenca de Huntington (BfHPoucos estudos subsequientes foram realizados
a este respeito. A avaliacdo do plasma de pacientesDH evidenciou niveis elevados de
interleucina 6 e 8 '° A concentracdo aumentada de IL-6 ja estava pregem até 16 anos
antes da idade prevista de inicio dos sintomasodagh’. Alteracbes nos niveis de outras
citocinas como IL-4, IL-10, TNFk-e IL-5 também foram identificadas nestes pacieisiesia
que n&o no inicio, mas sim em estagios moderaddeeted*.

Nao s6 na DH, mas também na SCA-6, ha evidencisandelvimento do sistema
imune com a doenga. Diversos polimorfismos do geiae Interleucina 1-B foram
considerados como fator modificador da SCA-6, ienelente do tamanho da CAGOs
homozigotos para o alelo G apresentavam idade i@# idos sintomas mais precoces
comparados aos homozigotos para o alelo A. Pogadiw alelo G s&o considerados como
produtores de menor quantidade de IL1B, enquantdooalelo A sé&o considerados como
altamente produtores desta interleu®ina

O polimorfismo (rs16944) da IL1B mostrou um efesignificativo sobre a idade de
inicio da DMJ. Assim como na SCAG, os individuos Dkbm gendtipo GG (ou seja, de
baixa expressao da IL1B) apresentaram idades de imiis precoces dos que os portadores
do genétipo AR’. Além disso, alteracdes nesta interleucina janfioidentificadas em outras
doencas neurodegenerativas, podendo a IL1B exewtr efeitos protetores quanto toxicos

no sistema nervoso central.
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As alteracdes imunes na DH e demais poliglutamitigpasejam elas eventos centrais
ou epifendmenos, ndo necessariamente seriam damfdaagoderiam eventualmente tornar
os individuos mais saudaveis durante a vida repr@dle com menor incidéncia de
neoplasias, atuando contra a selecdo natural magstia a doenta
Além disso, o sistema imune também influencia nagémese das poliglutaminopatias por
intermédio da producgdo de citocinas. Como exempl®NF- a, € uma citocina conhecida
como fator de necrose tumoratou caquexina e através de suas propriedades
hipoanorexigénica promove alteracdes nutricionesgas doencas®

As citocinas sdo um grande grupo de pequenos peptigblliveis que actuam como
moléculas de sinalizagdo a fim de regular a inflginee modular as actividades celulares tais
como o crescimento, sobrevivéncia, diferenciacéparo de danos celulaf@s

No sistema nervoso, as citocinas exercem efeitconeadulador e regulam o
neurodesenvolvimento, a neuroinflamacéo, e a trsssim sinapticd. As microglias sdo
células imunoldgicas responsaveis por administraresposta imune inata nos fluidos
cerebrais. Em estados de desequilibrio ocasionpdosinflamacdo, as microglias séo
activadas emedeiam lesédo neuronal. A morte neyrematascata, por fim, ocorre provocada
pela acdo de citocinas pro-inflamatorias, glutameatespécies reativas de oxigénio, dentre
outros fatore§. Em resposta a este status inflamatério, ocorrerodegeneracéo
concomitante de astrdcitos, micréglia e remodelamela microvasculatura. Embora o0s
astrocitos tentem impedir este desequilibrio asale liberacdo de outros fatores, a fim de
reestabelecer um ambiente que proporcione o reg@ardano tecidual, isto sO resulta em
amplificacdo da resposta inflamatoria. Assim, coste emicroambiente pro-inflamatoério
resultante, é inevitavel a neurodegerer&dgéo
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3. MARCO TEORICO
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Figura 2 - O papel do Sistema Imune na Doenca a¢igiion. Adaptado de SOULET D
AND CICCHETTI( 20115".

Frente a escassez de conhecimento da interacasstdma imune e a doenca de
Machado Joseph, tomamos por base o exemplo da ®oémc¢Huntington (DH). De
semelhante modo, trata-se de uma a poliglutamiroatpartimos daquilo que se tem
publicado sobre este assunto relativo a esta doemwgep referencial para esta pesquisa.
Soulet e colaboradorEsugeriram que as micréglias sejam fundamentaisategpnese da
DH. Foi demonstrado que em meio ao processo inftminada DH, a Huntingtina expandida,
produto da degeneragdo e morte neuronal, sejaifadagela microglia e a expressao de

seus epitopos por estas células seja capaz de@sistema imune. Isto resultaria na ativacao
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do sistema complemento e secrecao de citocinamfematoérias. O resultado disso, seria a
producdo de espécies reativas de oxigénio(ROS)ido auindlico(QA) prejudiciais as
células. Em combinacdo com os astrocitos, asaehll microglia exacerbam a toxicidade
celular. Além disso, os astrocitos por acao daihgtiha expandida promovem diminuicdo da
expressdo eda secre¢cdo de quimiocinas (CCL5) qusupovez, resultam na diminuicdo do
beneficio que estas substancias tém no desenvaolionde neurite e atividade neuronal.
Microglias reativas sdo também privadas de promaeeroprotecdo por meio da liberacao
constitutiva de seus fatores neutroficos. Alemajisabe-se que o0s receptores canabinoides
(CB2) na DH modulam a reatividade microglial e @ ®xpressao pode ser afetada pela
expressdo de huntingtina expandida.

Existem varias evidencias do envolvimento do siatemune na DH. Leblhuber e
colaboradoré$, mostraram que pacientes com DH apresentaramsrééeicos aumentados
de marcadores inflamatorios neopterina, IgA, TN&adbluvel e o IL-2R. Bjorkgvist,
Dalrymple e seus colaboradore¥ relataram niveis elevados de interleucinas 6 en8 e
plasma e LCR de pacientes com Doenca de Huntingiteracdes nos niveis de IL-4, IL-6,
IL-10, TNF-u e IL-5 também foram identificados em pacientes, estagios iniciais de
apresentacdo da doenca. A concentracdo aumentaid® ji& estava presente por até 16 anos
antes da idade prevista de inicio dos sintoma®daga.

Forest e seus colaboraddregncontraram niveis séricos elevados de IL-23 em
pacientes com DH. Observaram que os niveis de le2Bivam a depender do estagio de
evolucdo doenca e que a ativacdo de microglialpeiingtina expandida levou ao aumento
de IL-23 que por sua vez desencadeia aumento mes e IL-6 e 8. Seus estudos foram
baseados em estudos anteriores que mostraram ABedéta presente em niveis elevados na
presenca de inflamac&o e dano cerébral

Reflexo desta andlise descritiva da patogénese cdgcd de Huntington e da
participacdo do sistema imune, é que nasce a daessle conhecimento das associacfes do
sistema imune na doenca de Machado Joseph.
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4. JUSTIFICATIVA

Diversos estudos tém mostrado o envolvimento deteseneuroinflamatérios em
doencas neurodegenerativas como ha Doenca de diehddoenca de Parkinson e Esclerose
Lateral Amiotréficd>’®’"’® Na Doenca de Huntington, uma poliglutaminopatie
evidéncias que a ativacéo do sistema imune ocorrestagios pre-sintométicos da doéfica
56'

Anormalidades imunolégicas ndo foram encontradasnedelos de camundongos
transgénicos com SCA3/DMJ. No entanto, estes med&o possuem a parte C-terminal da
Ataxina 3. Estes modelos mimetizam uma doenca degemerativa que € patologicamente
distinta da doenca humana, uma vez que esta @terag geneATXN3dos camundongos
modelos ndo causa um aumento da expansdo no geftexdiaa 3 como é encontrado nos
pacientes com Doenca de Machado JoSepkssim, ha uma lacuna no conhecimento a
respeito dos padrdes de citocinas e de anormalidadaoldgicas em pacientes com DMJ.

Desta forma, em virtude da falta de conhecimentdaenecessidade de maior
compreensao sobre as implicacdes e interacbesstdonsi imunoldgico na fisiopatologia da

DMJ, que delineamos os objetivos deste estudo.
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5 OBJETIVOS
5.1 Objetivos Gerais

Avaliar o perfil das citocinas de pacientes hetgamps quanto a presenca de alelo
mutado no gen&TXN3 tanto sintomaticos como pré-sintomaticos, commirans com 0s
obtidos em individuos controles néo relacionades(siutacées patogénicas).

5.2 Objetivos Especificos

« Comparar 0s niveis seéricos de 25 citocinas entdividtuos com DMJ,
individuos pré-sintomaticos com mutacdes patogénieasadoras de DMJ e
individuos controles sem mutac¢des patogénicas;

» Correlacionar os niveis das citocinas com a idadmig¢io da doenca entre o0s
pacientes com DMJ sintomaticos;

» Correlacionar os niveis das citocinas com o0 numeeo repeticbes de
trinucleotideos nos pacientes com DMJ sintomaticos;

» Correlacionar os niveis das citocinas com a doragidoencga nos pacientes
com DMJ sintomaticos;

» Descrever a evolugdo dos niveis das citocinas @strpacientes com DMJ
sintomaticos que apresentarem alteracdes sigivisanos itens anteriores nos
dias 1, 90 e 360;

» Correlacionar os niveis das citocinas e 0 graum®leimento neurologico
através de escalas clinicas SARA, NESSCA, SCAFIGF® dos pacientes
com DMJ sintomaticos.
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Abstract The aim of the present study & to describe the seum
concentrations of a broad spectrum of eytokines in symptom-
atic and asymptomatic carriers of Machado Joseph disease
(SCA3MID) CAG expansions. Molecularly confirmed car-
riers and controls were studied. Age at onset, disease duration,
and chimcal scales Scale for the Assessment and Rating of
Ataxia (SARA), Neurological Examination Score for
Spinocerebellar Ataxias (NESSCA), SCA Functional Index
(SCAFT), and Composite Cerebellar Functional Score (CCFS)
were obtained from the symptomatic carriers, Serum was ob-
tained from all individuals and a cytokine panel “consisted of™
eotaxin, gramulocyte-macrophage colony-stimulating factor
{GM-CSF), interferon (IFN)-at, IFN-y, interleukin (IL)-1p,
IL-1RA, IL-2, IL-2R, IL-4, IL-5, IL-6, IL-7, IL-R, IL-10, IL-
12, IL-13, IL-15, IL-17, interferon gamma-induced protein
(IP)-10, monocyte chemoattractant protein (MCP)-1, monokine
induced by gamma interferon (MIG), macrophage inflammato-
ry protein (MIP)-a, MIP-b, regulated on activation, nomal T
cell expressed and secreted (RANTES) and tumor necrosis fac-
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tor (TNF)-o was analyzed. In a subgroup of symptomatic car-
riers, the cytokine panel was repeated after 360 days. Cyvtokine
distribution among groups was studied by discnminant analy-
sis; changes in serum levels after 360 days were studied by
generalized estimation eguation. Sixty-six symptomatic car-
riers, 13 asymptomatic carriers, and 43 controls were studied.
No differences in cytokine patterns were found between con-
trols and carmers of the CAG expansions or between controls
and symptomatic camers only. In contrast, eotaxin concentra-
tions were significanty higher in asymptomatic than in symp-
tomatic carriers or in controls (p=0.001, ANCOVA). Eotaxin
did not correlate with age, disease duration, CAG expansion,
NESSCA score, and SARA score. Among symptomatic car-
riers, eotaxin dropped afier 360 days (p=0.039, GEE). SCA3/
MID patients presented a benign patiern of serum cytokines, In
contrast, levels of eotaxin, a peptide secreted by astrocvtes,
were elevated in the asymptomatic carmers, suggesting that a
specific response of these cells can be related 1o symptom pro-
gression, in SCA3/MID.
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Background

Machado Joseph disease, also known as spinocerebellar ataxia
type 3 (SCA3/MID), is an autosomal dominant, untreatable
polyglutamine (poly()) disorder caused by a CAG repeat expan-
sion (CAGexp) at ATANS gene. SCAIMID usually starts
around 3240 vears [ 1, 2]. Gant ataxia is the mamn neurological
deficit, but ataxia later affects speech, swallowing, and mb
coordination. Pyramidal, extrapyramidal, and peripheral nerve
findings also occur dunng disease course. Afler some years,
patients become bedridden. The median survival ime afier onset
is 21 years [3]. Expansion of the polyQ) tmct in ATXNS is
thought to promote an altered conformation in the protein
ataxin-3, leading to changes m mteractions with native partners
and to the formation of insoluble aggregates. The principal dis-
ease mechanisms remain unclear [4]. Mutant ataxin-3 might
rigger multiple, interconnected pathogenic cascades, and an
inflammatory response might be among them.

Cytokines are a large group of small soluble peptides that act
as signaling molecules to regulate inflammation and modulate
cellular activities such as growth, survival, and differentiation [5,
6]. In the nervous system, cyiokines work as neuromodulators
and regulate neurodevelopment, neurocinflammation, and synap-
tic transmission [6]. Microgha are the bam immune cells, re-
sponsible for orchestratng the brain innate immune response. In
the disease state, activated microglia mediate neuronal and glial
cell injury and death through production and release of proin-
flammatory cytokines, ghitamate, and reactive oxygen species
among others [6]. Neurodegeneration is concomitant with
astroglosis, microgliosis, and microvasculature remodeling.
Though the trophic faciors released initially by astrocytes during
astrogliosis aid in tissue repair, these factors might amplify the
inflammatory response, and a balance between repair and pro-
nflammatory factors might modify the outcome of a neurode-
genemtive process | 7] (Kettenmann et al. 2011).

Several studies already demonstrated an involvement of
neuroinflammation in neurodegenerative diseases like
Alzheimer’s disease, Parkinson’s disease, or amyotrophic lat-
eral sclerosis [8-11]. In Huntington disease (HD), a poly()
disorder, there is evidence that activation of the immune sys-
tem starts in the presympiomatic stage of the disease [12, 13].

Immune abnormalities were not seen In a tmnsgenic mice
model of SCA3/MID that lacks the C-terminal part of ataxin 3
and, therefore, the poly() stretch. However. this model mimics
a neurodegenerative disorder that is pathologically distinct
trom human SCA3/MJD [14]. Therefore, immune abnommal-
ities and cytokine patterns related to SCAI/MID patients are
currently unknown.

GO @ springer

In the present explomtory study, we aimed to determine the
serum concentrations of cytokines, found among presymptomat-
ic and symptomatic individuals camrying a CAGexp at ATXN3.

Methods
Population and Clinical Evaluations

Individuals were invited to participate in this study either if they
were symptomatic and previously diagnosed with SCA3IMID
or if they were asymptomatic, at 50 % risk subjects looking for
presymptomatic testing in our outpatient clinics from May,
2011, to July, 2013, Molecular chamcterization of the CAG
repeats at ATYNT in both symptomatic SCA3 and asympom-
atic SCA3 groups was performed by amplifying region of in-
terest using fluorescent-labeled primers. Following amplifica-
tion, products were separated on an ABI3130x] Genetic
Analyzer and length of CAGexp allele was determined against
size standard 500 LIZ as well as positive and negative controls.

The symptomatic individuals comprised the symptomatic
SCA3 group. After consent, ther data was collected during
baseline assessments of a randomized controlled trial where
disease duration [DD] of more than 10 years was exclusion
criteria [ 15]. At-risk individuaks proved to carry a CAGexp at
ATXN3 and whose neurological examination was normally
comprised the asymptomatic SCA3 group. The control group
consisted of those at-risk individuals who do not carry
CAGexp, plus healthy, unrelated individuals with age, gender,
and environmental characteristics similar to the symptomatic
individuals. Individuals with chronic or acute inflammatory,
infectious, or allergic diseases were excluded.

Age at onset (AQ) of the first symptoms and DD of the
symptomatic individuals were noted. The clinical scales
Neurological Examination Score for Spinocerebellar Ataxias
(NESSCA) [16], Scale for the Assessment and Rating of
Ataxia (SARA) [17], SCA Functional Index (SCAFI) [18],
and Composite Cerebellar Functional Score (CCFS) [19] were
applied.

This study was approved by the Ethics in Research
Committee of our institution (register number 10-512),

Sample Collections

After consent, blood was collected to study peripheml cyto-
kines. All subjects were under fasting conditions: collections
were done between 8 am. and 4 pm,, and processing was
done within 4 h. Serum was obtained by blood centrifugation
at 6000¢g for 5 mun, frozen immediately, and stored at =80 °C
until analyses [20].

As already mentioned, the symptomatic SCA3 individuals
were included in a recent phase 2 clinical trial m SCA3MJD
[15] Due to the design of that study, other serum samples were
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obtained 90 and 360 days afier the first blood collection. The
present cytokine panel was repeated in the samples collected at
90 and 360 days from the placebo group. Smee we considered
that the placebo intervention would not produce any biological
effect, the placebo group of that trial comprised the prospective
subgroup of symptomatic individuals of the present study.

Cyvtokine Measurements

We performed cytokine assessment in semim samples with the
commercial kit Human Cytokine Magnetic 25-Plex Panel
(Reference # LHCO009M, Invitrogen, USA). This is a solid-
phase protein immumoassay that uses spectrally encoded
antibody-conjugated beads as the solid suppornt. Each bead is
given a unique identification number, or bead region, allowing
differentiation of one bead from another. The assay 1s per-
formed in a 96-well plate format and analyzed with a
Luminex " instrument, which captures beads while simulta-
neously measuring the quantity of associated fluorophore.

The 25-Plex Panel “consisted of ™" eotaxin. granulocyte-
macrophage colony-stimulating factor (GM-CSF), interferon
(IFN}a, IFN-y, interleukin (IL)-1f, IL-1RA, IL-2, IL-2R,
114, IL-5, IL-6, IL-7, IL-8, IL-10, IL-12, IL-13, IL-15, IL-
17, interferon gamma-induced protein (IP)-10, monocyte
chemoattractant protein (MCP)-1, monokine induced by gam-
ma interferon (MIG), macrophage inflaimmatory protein
(MIP)-a, MIP-b, regulated on activation, normal T cell
expressed and secreted (RANTES), and tumor necrosis factor
(TNF }ox (all measured in pg/ml).

This panel represents different finctional cytokine profiles
such as “cytotoxic cellular cytokines™ (e.g., IL-1p, IL-2, IL-
12, IL-15, IL-17, IFN-o, IFN-y, and TNF-«), “humoural
cytokines” (e.g, IL4, IL-1RA, IL-5, IL-6, IL-10, and IL-13),
“growth factors™ (e.g., GM-CSF, IL-7), “chemokines” [e.g.,
CXCLS (IL-8), MCP-1, CCL3 (MIP-la), IP-10, CCLA4 (MIP-
Ib), MIG, OCL11 (eotxin), and CCLS (RANTES)] and “death
receptors” (g, IL-2R) [21].

Statistical Analyses

Since the distnbution of all 25 cytokines under study was high-
ly skewed, the obtained measurements were log,, normalized.

Since this is an exploratory study without an a priori hy-
pothesis, functional groups of cytokines were not chosen to be
studied. Each cytokine was treated as a unique variable.
However, some cytokines covariated with others and could
be excluded from the analysis. In accordance, only those cy-
tokines that did not present collinearity (variance impact fac-
tor=VIF <0.2) were picked up for further analysis.

The distribution of the selected cytokines among groups was
then compared by discriminant analysis. This analysis was per-
formed in three settings, in order to predict whether an individual
was as follows: (1) a CAGexp-camrying (symptomatic SCA3

plus asymptomatic SCA3 groups) or & CAGexp-non-carrying
individual (control group), W explore the possible pattems relat-
ed to the presence of a CAGexp per se: (2) a symptomatic SCA3
or an unaftected individual (control group), to explore the pos-
sible patterns related to the disease status of SCA3/MID indi-
viduals; and (3) a symptomatic SCA3 or an asymptomatic
SCA3, o explore the possible pattems reluted to the appearance
of symptoms per se and not to the presence of a CAGexp.

A stepwise analysis (using Wilk s lambda method and with
p-in=0.05, p-out=0.10) was done in order to identify the best
or most useful cytokines for distinguishing between groups.

The cross-validated classification accuracy rate of the dis-
criminant analyses shows the proportion of the original
grouped cases that would be correctly classified by the cyto-
kine panel. Cross-validated classification accuracy rates
=20 % higher than the proportional by chance accuracy rate
were considered good. The proportion by chance of the accu-
racy rate was computed by squaring and summing the propor-
tion of cases in each group.

Ifa given cvtokine was associated to any status under study
(carrying a CAGexp at ATXNI gene or being symptomatic),
its serum levels along 90 and 360 days after basel ine evalua-
tion were studied by generalized estimation equation (GEE),
in the prospective symptomatic subgroup.

Resulis

Sixty-six individuals comprised the symptomatic SCA3 group;
13, the asymptomatic SCA3 group; and 43, the control group
(9 related and 34 unrelated to SCA3MID individuals). Clinical
and demographic charactenstics are descnbed in Table 1.

Twenty-seven out of 63 symptomatic individuals were
followed for 360 days. Their gender proportion, age, AO,
DD, CAGexp, NESSCA, SARA, and ataxia severity scores
were similar to the overall group of symptomatic individuals
(data not shown).

The cytokines that did not present collinearity (VIF <0.2)
and that were selected for further analysis were the logl( of
eotaxin, IFN-a, IFN-y, IL-1pB. IL-2, IL-5, IL-6, IL-§, IL-12,
IL-13, IL-17, IP-10, TNF-a;, and RANTES, all reported as
picogram per milliliter.

Comparisons Between the CAGexp-Carrying
and CAGexp-Non-Carrying Individuals

Seventy-nine individuals (66 symptomatic SCA3 plus 13
asymptomatic SC A3 jcompnsed the CAGexp-carrying group,
whereas the 43 controls compnsed the non-carrying group.

The 19 identified cytokines were not significantly different
between groups. The panel was able to comectly classify
61.5 %o of individuals.

Q springer  GHO
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Iable 1 Clinical and molecular
characteristics of the three Asymptomatic Symptomatic (those with Controls
subgroups under study 360-day follow-up)

N 13 66{27) 43

Females 8 33(15) 25

Age 33.15£82% 40.7+9 5% (40.3+9) 409+14

M+5D

Age at onset 34840 (32.21£8.9)

M+SD

CAG expanded repeats 733£3 T491£3.1 (75.5+£2.8)

M+8D

Disease duration 5.9+£2.5(6.13£2.5)

M+8D

NESSCA baseline 143£4 8 (15£5.1)

M+8D

SARA baseline 10,744 (11.6+4)

M+8D

Amxia severity at baseline 2.17+0.75 (2240.6)

M+SD

Only significant differences between comparisons were described

M+S8D mean+tstandard deviation
*p<0.05, 1 test

The discnimmant finction did not reveal a significant associ-
ation between groups and any predictors (the cytokines under
study), accounting for 17.1 % of between-group varability. The
cross-validated classification showed that, overall, 52.1 % were
correctly classified, which is lower than 66.0 % (the proportional
by chance accuracy rate times 1 20 or (0.355°+0.645%) % 1.20).

Comparisons Between Symptomatic SCA3
and the Unaffected Individuals

The 66 symptomatic SCA3 individuals were compared
against the 43 controls.

Again, the 19 identified cytokines were not significantly
different between groups. The panel was only able to correctly
classify 63.3 % of individuals.

The discriminant function did not reveal a significant asso-
ciation between groups and any predictors, accounting for
16.2 % of between-group vanability. The cross-validated clas-
sification showed that, overall, 42.2 % were correctly classi-
fied, which is lower than 65.3 % (the proportional by chance
accuracy rate times 1.20 or (03947 +0.6067) » 1.20).

Comparisons Between the Symptomatic
and the Asymptomatic Carriers of CAGexp: Eotaxin
as a Biomarker of Disease Status

The 66 symptomatic SCA3 individuals were compared
against the 13 asymptomatic carriers of CAGexp. Since both

GED 4 Springer

groups showed significant differences between their age, age
was inclided in the discriminant function.

Although the discriminant fimction revealed a significant
association between groups and all predictors, it accounted for
47.0 % of between-group variability. The cross-validated clas-
sification showed that, overall, 85.9 % were correctly classi-
fied, which is lower than 88.7 % (the proportional by chance
accuracy rate times 1.20 (0.1547+0.846%) %1 20).

The stepwise analysis identified eotaxin, IFN-y, and age as
the most important predictors. The discriminant function re-
vealed a significant association between groups and eotaxin,
but it accounted for 31.1 % of between-group variability. The
cross-validated classification showed that, overall, 91.0 %
were correctlv classified using those three variables, which
is higher than 88.7 %, the proportional by chance accuracy
rate times 1.20.

Age differences between these groups were expected,
however, and could act as a confounder. To study eotaxin
and IFN-y individually, ANCOVA was done, using age as
covariate. Means of log IFN-y in asymptomatic (M=-0.9,
standard error (SE)=0.2) and in symptomatic SCA3 (M=
—0.5, SE=0.1) groups were not significantly different (p=
0.152). In contrast, mean of log eotaxin in asymptomatic
carriers (M=2.3, SE=0.2) was significantly larger than the
value obtained in symptomatic SCA3 group (M=1.3, 8E=
0.1, p=0.001). In other words, the higher values of eotaxin
among asymptomatic SCA3 individuals were not ex-
plained by differences in ages between groups (Table 1).
Serum concentrations of log eotaxin are depicted in Fig. 1.
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Fig. 1 Comparison of serum
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Serum log eotaxin levels of SCA3 symptomatic individ-
uals were very similar to control values, whereas levels in
SCA3 asymptomatic individuals were higher than SCA3
symptomatic and control groups.

Among the asymptomatic carriers, no correlation was
found between eotaxin levels and one of its main peripheral
sources, number of peripheral eosinophils (rho=-0.07, p=
(0.8, Spearman test).

A post hoc analysis was done in order to clanfy if any
of the cytokines excluded from the analysis covariated
with eotaxin. None of them (GM-CSF, IL-1RA, [L-2R,
IL-4, IL-7, IL-10, IL-15, MCP-1, MIG, MIPla, MIP1b)
presented a relevant correlation with eotaxin (rhos be-
tween 0.2 and 0.3),

Possible Associations of Eotaxin with Age, Disease
Severity and Duration, and CAGexp: Eotaxin Progression
During Time

Log eotaxin did not correlate with age or with any of the
parameters of disease severity: DD, CAGexp, NESSCA,
SARA, SCAFIL, and CCFS (data not shown). Log eotaxin
means obtained in subgroups of gait ataxia severity were com-
pared, and no differences were found (data not shown).
Although not a good candidate for a SCA3/MID biomarker,
the same analyses were done for log [FN-y: no significant
associations were observed (data not shown).

Clinical and molecular characteristics of the prospective
symptomatic subgroup were similar to the other symptomatic
SCA3 individuals (Table 1). In this subgroup, GEE was used
to analyze if there was a change of log eotaxin along time. Log
eotaxin presented a significant reduction in a 360-day interval
{(p=0.039), but not in 90 days (p=0.398) (Fig. 2). The same
analysis was done for log IFN-y: no significant changes were
observed (data not shown).

Symptomatic-SCA3

Discussion

Our study did not disclose an altered patiem of cyiokines n
SCA3MID, as occuwrs in diseases related to microglia activation.
In contrast, the asymptomatic status of SCA3/MJD was assoct
ated with increased levels of only one cytokme, eotaxin, a peptide
secreted by astrocyies o repel circulating immune cells and also
on peripherl tissues mainly by T lymphocytes (Th2) [6, 22].

Few studies have been done on the role of microglia and
astrocytes, cells that secrete cytokines in response to the dis-
ease processes, in SCA3/MID and other poly(Q SCAs
[23-28] A transgenic mouse expressing the expanded human
ataxin-3 with 94 CAGs showed astrogliosis but not mucroglial
activation [23]. In a conditional Tet-Off mouse model using
the full-length human ataxin-3 cONAwith 77 CAGs, ataxin-3
was predominantly detected in glial cells of the cerebellum—
not in newrons, This model showed that glial cells expressing
expanded ataxin-3 can secondarily alter Purkinje cell function
[24]. Pathological studies in humans disclosed that microglial
cells might be activated in degenerated brainstem nuclei of
SCA3/MJD patients, an effect that might be related to late
stages of the disease [25, 26] Distnbution of reactive astro-
cyles is quite interesting. While present in affected and in
preserved, nondegenerated gray matter regions such as tha-
lamic and vestibular nuclei, reactive astrocytes were absent
from some severely degenerated nuclei, such as lateral and
interstitial vestibular nuclei, and pulvinar and reticular nuclei,
in thalamus [27, 28]. Similar findings were obtained in other
polyQ SCAs [25]. The possible astrocyte and microglial acti-
vation on cytokines was never studied, in SCA3I/MID.

We have chosen to perform a large explomtory study cov-
ering 25 cytokines belonging to different functional groups, in
order to detect those that could be related to this disease.
Unforunately, only 13 asymptomatic carriers with nommal
neurological examination accepted to participate in this study.
The low acceptance of presymptomatic testing among
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Fig. 2 Eotaxin progression
during a 360-day interval in 27
SCA3 sympiomatic individuals. a
Log cotaxin changes: each line
represents one ndividual. b Mean

of log comxin changes in the
overall group of sympiomatic
indridunls
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Brazilians might explain these numbers [29]. Even so, an un-
biased analysis was able to show that eotaxin serum levels in
asymptomatic carriers of the mutation were significantly
higher than those measured in symptomatic patients and
higher than those found in controls. Moreover, eotaxin serum
levels seemed to progressively drop among symptomatic in-
dividuals. If that is true, one would expect an association be-
tween eotaxin levels and DD among the symptomatic individ-
uals. The lack of association in the present study may have
been due to the low DD (up to 10 years) of the symptomatic
subjects recruited.

Many different cell types can produce eotaxin: in CNS,
astrocyles and, peripherally, lymphocytes, endothelial cells,
and others [6, 22, 30]. On periphery, eotaxin is strongly che-
motactic for eosinophils, as well as for basophils and Th2 cells
[31]. Aswe measured serum eotaxin levels in SCA3I/MID, the

GO ) springer

80 180 210 360
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first question would be if eotaxin crosses the blood-brain bar-
rier (BBB) from periphery and/or if there is a bram efflux of
eotaxin that may reflect CNS immune changes. Studies per-
formed in vitro showed that eotaxin can ¢ross the BBB in both
directions [20]. Since SCAIMID was never related to any
allergic cascade, we decided to not discuss the possible rela-
tionship of periphemal sources of eotaxin with our findings.
Eotaxin is secreted by astrocytes in an attempt to keep
away circulanng immune cells [6, 32]. Astrocytes are the pn-
mary cell type found in glia scar formation. They help the
resolution of inflammation by reducing the secretion of pro-
inflammatory cytokines and increasing anti-inflammatory
processes [6]. Increased numbers of reactive astrocytes and
activated microglial cells are present in SCAIMID [25, 26].
In polyQ) SCAs, including SCA3/MID, reactive astrocytes are
often seen in affected and apparently preserved gray areas. In
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contrast, astrocytes are frequently absent from some of the
totally degenerated gray matter areas. If these astrocyte losses
reflect that functional capacities are exhausted or that they
could be targets of the disease processes and could ultimately
degenerate similarly to neurons remains to be tested [26].

The present data shows that serum concentrations of
eotaxin are higher in asymptomatic than in symptomatic car-
riers of a CAGexp at ATANS and in controls. Since there is no
evidence in the literature in favor of a penipheral activation of
the immune system in SCA3/MJD, a possible interpretation s
that eotaxin is highly secreted by astrocytes during the pre-
symptomatic period. Among the anatomical structures studied
in detail, there is evidence that unaffected regions show
astrogliosis [27, 28]. Maybe, astrogliosis might start during
the presymptomatic period. These concentrations drop as time
passes, maybe when astrocytes get exhausted or degenerated
and undergone cell death. This might roughly coincide with
the symptomatic period. If the eotaxin measured in peripheral
serum is portraying the eotaxin secreted by astrocytes, then
our preliminary data matches with the theory that the progres-
sive loss of astrocytes would be related to the disease process,
in SCA3/MID and other polyQ disorders, and to the stant of
symptoms. The astrocyte vanishing from the destroyed brain
grays, in poly(Q) SCAs, suggests that after ther functional ca-
pacities are exhausted, the progression of symptoms would
appear [26]. In this context, eotaxin either might play a direct
protective role in the presymptomatic phase of the disease or
might only be a biomarker of astrocyte dysfunction.

These are very speculative hypotheses. Understanding the
role of cytokines in neurodegenerative diseases is complicated
by several factors. The first is the distance between the serum
and the central nervous system. The second is the cytokine
dual roles in neuroprotection and neurodegenemtion. The ex-
ample of [L-6, a neurotrophin that promotes neuronal survival
in some cases and brain diseases in others [33], should refrain
us to attribute a clear neuroprotective role to eotaxin, with the
present evidence.

Conclusion

The study of evtokines in neurodegenemtive diseases such as
SCA3/MID might enlighten the understanding of the disease
process of this and other poly(Q) disorders. Moreover, changes
in cytokine pattems could be used as a biomarker of disease
state/progression. This exploratory study raised significant
new information about cytokines in SCA3I/MID. There is no
evidence of a generalized cviokine change associated with the
disease, In contrast, serum levels of eotaxin, a cytokine secret-
ed by astrocytes, were shown to be elevated in asymptomatic
carriers; these levels deareased among symptomatic indivad-
uals in a progressive way. Eotaxin might be a good candidate
biomarker of the presymptomatc state. In order to confirm

this, further prospective studies, especially those measuring
eotaxin in cerebrospinal fluid and those relating eotaxin with
brainstem atrophy, are needed.

Acknowledgments Wethank the patients who participated in the sudy.
We thank HCPA and its Postgraduste Research Group (GPPG ),

Compliance with Fthical Standards

Funding This sndy was supported by FAPERGS (09/0078-5), CNPg
(478888/2010-4), and FIPE-HCPA (09-418; 10-512). DOS, LVP, MLSP,
and LBJ were supported by CNPg,

Conflict of Interest  The authors declare that they have no competing
inferests.

Ethical Approval  All procedures performed were in accordance with
the athical smndards of the mstiutional and'or national research commit-
tee and with the 1964 Helsinki declaration and is later amendments or
comparable ethical standards.

Informed Consent  Informed consent was obtained from all individual
participants included in the study.

Authors’ Contributions  GSC conceived the audy, recruited subjects,
organized the dat bank, and reviewed the manuscript JAMS participated
in the recruitment of subjects, paformed nevrological examinations and
clinical scales, organized the data and the sample banks, reviewed the
statistical analysis, and helped to draft the manuseripe. CBH, VRT, and
AWB camied out the cytokine assays and reviewod the manuscript. GNS,
AR, TLM, ASS, RDA, KCD, and RMC performed newrological evalua-
tions and clinical scales and reviewed the mamnusenpe. GVF, TCG, and
MLSP camied out the molecular genetic studies, helped oganizing the
sample hank, and reviewed the mamnoscript. VLT and SC performed the
statistical analysis and helped to draft the manuscript. DOS participated in
the design of the study, helped in obtaining funding, and reviewed the
manuscript. LVP participated in the design and coondination of the sndy
and helped to dmft the manuscript LB conceived and coordinated the
sty and drafied the manuseript. Al authors read and approved the final

manuscript.

References

1. Bettencourt C. Lima M. Machado-Joscph disease: from first de-
sCriptions to new perspectives. Orphanet J Rare Dis. 2011;6:35,
de Castilhos RM, Furiado GV, Gheno TC, Schaeffer P, Russo A,
Barsowini O, etal. Rode Newmgenetica, Spmocerchellar ataxins in
Brazil—frequencies and modulating effects of related genes.
Cerehellum. 2014;13(1):17-28

3. Kieling C, Prestes PR. Samiva-Pereira ML, Jardim LB, Sorvival
estimates for patients with Machado-Joseph disease (SCA3), Clin
Genet. 2007, 72(6):543-5.

4, Costa MC, Paulson HL. Toward understanding Machado-Joseph
disease. Prog Neumbiol. 201 2:97(2): 23957,

5. Devi LA, G-protein-coupled receptor dimers in the lime light.
Trends Pharmacol Sci, 2000,21({9):324-6,

6. Ramesh G. Maclean AG. Philipp MT. Cytokines and chemoknes
at the crossmoads of neurom flammation, neurodegeneration, and
neuropathic pain. Mediators Inflamm. 2013.2013:480739,

7. Kemenmann H, Hanisch UK, Noda M, Verkhratsky A. Physiology
of microghia. Physiol Rev. 201191 (2):461-553.

|

& springer GO



40

Cercbellum

10,

1.

13.

14.

15,

16,

17,

19.

2L

(O]

Hamry GJ, Kraft AD. Nevronflammation and microgha: consider-
ations and approaches for neumtoxicity asessment, Exp Opin Drug
Metab Toxicol. 2008;4(10y1265-77.

Hirsch EC, Hunot S, Neuroinflammation in Parkinson's discasc: a
target for newoprotection? Lancet Mearol 2009;8(4)382-97.
Lobsiger CS, Cleveland DW. Glial cells as intnnsic components of
non-cell-autonomous neurodegencrative disease. Mat Neuroscl
2007:10(11):1355-60.

Hofmann KW, Schub AF, Saute J, Townsend R, Fricke D, Leke R,
et al. Interleukin-6 serum levels in patents with Parkinson s disease.
Newochem Res. 2000,34(8):1401-4,

Bjorkqvist M, Wild EJ, Thicke J, et al. A novel pathogenic pathway
of immune activation detectable before clinical onset in
Humtington's disease. J Exp Med. 2008;205(8):1869-77.

van der Burg IM, Bjirkgvist M, Brundin . Beyond the bramn:
widespread pathology in Huntington's disease. Lancet Neurol.
2009, /(8 765-74.

Hiibener |, Casadei N, Teismann P, Seeliser MW, Bjorkqvist M,
von Harsten S, et al. Automated behavioral phenotyping reveals
presymptomatic altemtions in o SCA3 genetrap mouse model. J
Genet Genom. 2012;39(6):287-99,

Same JA, de Castilhos RM, Monte TL, Schumacher-Schuh AF,
Donis KC, D'Avila R,  al. A randomized. phase 2 clinical rial
of lithium carbonate in Machado-Joseph disense. Mov Disord
2014;29(4):568-73.

Kieling C, Riader CR, Silva AC, Saute JA, Cecchin CR, Monte TL,
et al. A newological examination score for the assessment of
spinocerchellar ataxin 3 (SCA3). Eur J Newrol. 2008;15:371-6,
Schmiw-Hiibsch T, duMontcel ST, Balko L, Berciano J, Boesch S,
Depondt C, et al. Scale for the assessment and mting of ntaxin:
development of a new clinical scale. Newrology. 2006:66:17 17-20.
Schmiz-Hiibsch T, Giunti P, Stephenson DA, Globas C, Baliko L,
Sacch F, etal SCA Functional Index: a useful compound perfor-
mance messure for spinocerebellar ataxia Neurology. 2008;71:
486-92,

du Montcel ST, Charles F, Ribai P, Goizet C, Le Bayon A, Labauge
P, ctal Compaosite cercbellar functional seventy soore: validation of
a quantitative score of cerchellar impairment. Brain. 2008;131:
1352-61,

Edckson MA, Morofuji Y, Owen JB, Banks WA. Rapid transport of
CCLI across the blood-brain barner: regonal varation and im-
pormnce of blood cells. J Pharmacol Exp Ther, 20143493 :497-
sa7.

Szodoray P, Alex P, Brun JG, Centola M, Jonsson R. Circulating
cytokmes in prmary 8jogren’s syndrome determined by a multi-
plex cytokine armay system. Scand J Immunol. 2004 39(6):592-9,
Baruch K, Ron-Harel N, Gal H, Deczkowska A, Shifrut E, Ndifon
W, et al. CNS-specific immunity at the choroid plexus shifts toward

£ Springer

23.

7.y

28,

29,

30,

3l

33

desmuctive Th2 inflammation in brain aging. Proc Natl Acad Sci U
S A 201 K116 2264-9,
Silva-Fernandes A, Costa Mdo €, Duarte-Silva 8, Oliveira P,
Botelho CM, Marins L, et al. Motor uncoordination and neuropa-
thology in a mansgenic mowse model of Machado-Joseph disease
lacking intranuclear inclusions and ataxin-3 cleavage products.
Neurobiol Dis. 2010:40:163-76.
Boy 1, Schmidt T, Wolburg H, Mack A, Nuber 8, Boticher M, etal.
Reversibility of symptoms m a conditional mouse model of
spinocerebellar ataxia type 3. Hom Mol Genet. 2000;18:
4282-95,
Evert BO, Vogt IR, Kindermann C, Ozimek L, de Vs RA, Brunt
ER, et al. Inflammatory genes are upregulated m expanded ataxin-
3-expressing cell ines and spmocemrcbellar ataxia type 3 brains. J
Neumsci, 2001;21:5389-96,
Riib U, Schils L, Paulson H, Avburger G, Kermer P, Jen JC, et al
Clnical feamres, neurogenetics and neuropathology of the
tamine spi lar amxias type 1, 2, 3, 6 and 7, Prog
Neumbiol. 201 3;104:38-66.
Rib U, de Vos RA, Brunt ER, Schultz C, Paulson H, Del Tredici K,
et al. Degeneration of the external cuncate nucleus in
spinocerebellar ataxia type 3 (Machado-Joseph discase). Brain
Res 2002;953(1-21126-34.
Rib U, Brunt ER, de Vos RA, Del Tarco D, Del Tredici K, Gierga
K, et al. Degencration of the central vestibular system in
spinocerebellar ataxia type 3 (SCA3) patients and its possible clin-
ical significance. Neuropathol Appl Neurobiol. 2004:30(4 :402-14.
Rodngues C8, de Oliveira VZ, Camargo G, Osdrio CM, de
Castilhos RM, Samiva-Perim ML, o al Presymptomatic testng
for neurogenetic diseases m Brazil: asessing who seeks and who
follows through with testing. J Genet Couns. 2012;21(1 :101-12.
doi:10.1007/510897-011-9383-8,
Waddell A, Ahrens R, Sweinbrecher K, Donovan B, Rothenberg
ME, Munitz A, et al. Colonic eosinophilic inflammation in exper-
mmental colitis & mediated by Ly6C(high) CCR2(+) inflammatory
monocyte/macrophage -derived CCL11. J Immunol. 2011 ;186(10):
59936003,
van Dooren FH, Duijvis NW, te Velde AA. Analysis of cytokines
and chemokines produced by whole blood. penpheral mononuclear
and polymorphomuclear cells. J Immunol Methods. 2013;396(1-2):
128-33.
Cardona AE, Gonzalez PA, Taale JM. Chemokines medmte |ouko-
cyte trafficking into the central nervous system dunng murine
neurocysticarcosis role of 44 T cells in amplification of the host
immune response. Infect Immun. 20037 1(5): 263442,
Erta M, Quintana A, Hidalgo J. Intereukin-6 a major cytokine in
the central nervous system. Int J Biol Sci 201 2;8: 1254-66.



41

8. CONSIDERACOES FINAIS

Nas doencas neurodegenerativas como na DoencdzbeirAer, Doenca de
Parkinson e Esclerose Lateral Amiotréfica, diversestudos mostraram o
envolvimento de eventos neuroinflamatériosna figfogenid> "® ' "® Na Doenca de
Huntington existem evidéncias que a ativacdo d&rsg imune ocorre em estagios
iniciais da doencZ.

Neste trabalho foi avaliada a relacdo do sistemaneé na patogénese da
Doenca de Machado Joseph, em especifico, no quesheito a imunidade humoral.
Né6s estudamos o0s niveis séricos das citrinas enpaéfentes sintomaticos, 13
assintomaticos e 43 controles. Foi analisada acagsm destes niveis com a idade de
inicio dos sintomas, com a gravidade da doenca,cctamanho das repeticdes CAG e
buscado correlacdo com a gradacéo das escalas IMEFECA, SCAFI e CCSF.

Nossos resultados ndo apontam para resultadokrgsia aqueles achados
encontrados na DH, ndo houve diferenca estatistita os niveis séricos de citocinas
entre os pacientes estudados com Doenca de Madoadph e seus controles pre-
sintomaticos e ndo portadores. Apesar disto, fegspel mostrar que nos pacientes
pré-sintomaticos, os niveis de Eotaxina estavawedles e que tendem a diminuir ao
longo da evolucdo da doenca. No entanto, estugimsuen nimero mais robusto de

participantes sdo necessarios para fortalecer asteslos.
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9. PERSPECTIVAS FUTURAS

Nossos estudos mostraram niveis elevados de Bataxn fases iniciais da doenca.
Assim, ndo é possivel excluir a participacdo diesia imune na fisiopatologia da Doenca de
Machado Joseph. No entanto, novos estudos saosaeossno objetivo de confirmar estes
achados e expandir a avaliagédo para outros aspeddsumorais como a imunidade celular.
A compreensdo dos mecanismos fisiopatologicos dasgas neurodegenerativas € muito
importante no conhecimento de diversos aspectoggsive, para darmos resposta a diversos
guestionamentos que possam estar relacionadosatswesf modificadores de fendtipo da
doenca. Além disso, h& necessidade de novos estallos a presenca de biomarcadores que
possam se correlacionar com a idade de iniciojdagde e evolucdo da Doenca de Machado
Joseph. A Eotaxina se mostrou um candidato, ermpiale como marcador de fases pre-
sintométicos na evolugdo da doenca.

E importante que este estudo seja ampliado conmmero maior de participantes.
NOs sugerimos que Eotaxina seja dosada em ouiogdds corporais como o liquido
cefalorraquidiano como também seus niveis sejamelagionados com outros achados como

a atrofia cerebral.
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TERMOS DE CONSENTIMENTO |

PROJETO: CARACTERIZACAO DE NOVOS BIOMARCADORES PARA A
DOENCA DE MACHADO-JOSEPH.
INFORMACOES AOS INDIVIDUOS CONVIDADOS A PARTICIPARO ESTUDO
(CASOS SINTOMATICOS).

Esta € uma pesquisa que tem por objetivo prineipalisar se substancias naturais e
circulantes no sangue e nos tecidos das pessaasrdaucinas, estao alteradas nos pacientes
com a Doencga de Machado-Joseph. A intencéo é @ dengpreender melhor os mecanismos
dessa doenca e, talvez, buscar a aquisicdo de ciomto que possibilite um futuro
tratamento eficaz para os pacientes afetados perpgsblema de saude. Serdo dosadas varias
interleucinasno seu sangue ou plasma, além dos siéecos de Colesterol Total, Colesterol
HDL, Triglicerideos, Glicose, Creatinina, Bilirrul@is e Tempo de Protrombina. Essas
substancias serdo dosadas em trés grupos de passeatentes portadores da Doenca de
Machado-Joseph, em seus parentes de sangue asdiot@ne em pessoas nao relacionadas,
que servirdo de comparacdo. E necessario estudgrupon de pessoas que ndo possuam a
doenca para comparar seus resultados com os do deupacientes portadores da Doenca de
Machado-Jospeh.

Vocé esta sendo convidado a participar dessa @asquor ser portador da Doenca de
Machado-Joseph. Sua participacdo, caso estivercdela com ela, envolvera (1) uma
entrevista clinica; (2) o preenchimento de um dome&étio para avaliar se vocé tem
manifestacbes depressivas; (3) a realizacdo deesxéisicos neuroldgicos padronizados; e
(4) a coleta de 20 mL de sangue. Entretanto, tago somente sera feito, depois de vocé
autorizar a sua participacdo nesse estudo, enttegan documento assinado por si ou por
seu representante legal.

O sangue coletado sera armazenado, para fins jpesgaisa. Ele podera ser utilizado
para outros fins somente mediante a sua autorizagéescrito, tanto no presente termo de
consentimento, como em documentos futuros. Sakeiias sua autorizacdo expressa para
gualguer nova pesquisa para a qual cogitarmos eovefar seu material armazenado. Por
Isso, ficaremos com seu endereco e telefone. Nonajstos de pesquisa que aparecerem no
futuro, para os quais eventualmente solicitarmasaguovacao para o aproveitamento do seu
material estocado, também deverdo obter aprovagédapda Comissdo de Etica Local
(chamada de GPPG) e da Comisséo Nacional de Pag¢goénada de CONEP).
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Os riscos envolvidos nessa pesquisa sao: mal-patsageiro ou mancha roxa no
local da coleta de sangue e cansac¢o. Seu nomensetédo em sigilo pelos pesquisadores
envolvidos no estudo, sendo estes dados utilizajgeisas para esta pesquisa.

Os resultados definitivos ndo terdo prazo para ldsacdo, pois dependem de
andlises bioquimicas em implementacdo no labocat&sses resultados também néo terdo
uma interpretacdo direta: ou seja, ndo serdo “bons*maus”. Mesmo assim, se vocé o
desejar, podemos entrega-los assim que ficaremgsroNossa estimativa é a de que isso
aconteca no final do estudo, em 2012. Se assinsejate por favor, assinale na folha do
Termo de Consentimento.

Os resultados dos exames realizados no seu mdieaido guardados em bancos de
dados protegidos, aos quais terdo acesso somerpesgsisadores envolvidos. Nenhum
resultado seu sera divulgado ou liberado paraitesceSao considerados dados sigilosos, e

estardo apenas a sua disposi¢do ou de seu represdagal.

Pesquisador Responsavel: Dr2 Laura Bannach Jardim

Pesquisador Executor: Gerson da Silva Carvalho

Endereco e telefone da pesquisadora responsawef Bannach Jardim,
Servigco de Genética Médica do HCPA

Hospital de Clinicas de Porto Alegre

Rua Ramiro Barcelos 2350

90035-903 Porto Alegre, RS, Brasil

Tel.: (51) 3359-8011

Fax: (51) 3359-8010
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TERMOS DE CONSENTIMENTO I

PROJETO: CARACTERIZACAO DE NOVOS BIOMARCADORES PARA A
DOENCA DE MACHADO-JOSEPH.
INFORMACOES AOS INDIVIDUOS CONVIDADOS A PARTICIPARO ESTUDO,
COMO CONTROLES SAUDAVEIS.

Esta € uma pesquisa que tem por objetivo prineipalisar se substancias naturais e
circulantes no sangue e nos tecidos das pessdaasrdaucinas, estao alteradas nos pacientes
com a Doencga de Machado-Joseph. A inten¢do é e dengpreender melhor os mecanismos
dessa doenca e, talvez, buscar a aquisicdo de aciowmto que possibilite um futuro
tratamento eficaz para os pacientes afetados perpgsblema de saude. Serdo dosadas varias
interleucinasno seu sangue ou plasma, além dos rsiéecos de Colesterol Total, Colesterol
HDL, Triglicerideos, Glicose, Creatinina, Bilirruleis e Tempo de Protrombina. Essas
substancias serdo dosadas em dois grupos de pesgsaientes portadores da Doenca de
Machado-Joseph e em pessoas sadias, que servidiongaracdo. E necessario estudar um
grupo de pessoas que ndo possuam a doenca pararaosgus resultados com os do grupo
de pacientes portadores da Doenc¢a de Machado-Joseph

Vocé esta sendo convidado a participar dessa [sesgpor ndo ter a Doenca de
Machado-Joseph e ser um possivel “controle”, oa, sspudavel. Sua participagdo, caso
estiver de acordo com ela, envolvera (1) uma eisteeclinica; (2) o preenchimento de um
questionario para avaliar se vocé tem manifestagépeessivas; e (3) a coleta de 20 mL de
sangue. Entretanto, tudo isso somente serd fapmisl de vocé autorizar a sua participacao
nesse estudo, entregando um documento assinadoquopor seu representante legal.

O sangue coletado sera armazenado, para fins jpesgaisa. Ele podera ser utilizado
para outros fins somente mediante a sua autorizagaescrito, tanto no presente termo de
consentimento, como em documentos futuros. Sakeriias sua autorizacdo expressa para
qualquer nova pesquisa para a qual cogitarmos eovefar seu material armazenado. Por
isso, ficaremos com seu endereco e telefone. Nonajstos de pesquisa que aparecerem no
futuro, para os quais eventualmente solicitarmasaguovagao para o aproveitamento do seu
material estocado, também deverdo obter aprovagédapda Comissdo de Etica Local
(chamada de GPPG) e da Comisséo Nacional de Peggnénada de CONEP).
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Os riscos envolvidos nessa pesquisa sao: mal-patsageiro ou mancha roxa no
local da coleta de sangue e cansac¢o. Seu nomensetédo em sigilo pelos pesquisadores
envolvidos no estudo, sendo estes dados utilizajgeisas para esta pesquisa.

Os resultados definitivos ndo terdo prazo para ldsacdo, pois dependem de
andlises bioquimicas em implementacdo no labocat&sses resultados também néo terdo
uma interpretacdo direta: ou seja, ndo serdo “bons*maus”. Mesmo assim, se vocé o
desejar, podemos entrega-los assim que ficaremgsroNossa estimativa é a de que isso
aconteca no final do estudo, em 2012. Se assinsejate por favor, assinale na folha do
Termo de Consentimento.

Os resultados dos exames realizados no seu mdieaido guardados em bancos de
dados protegidos, aos quais terdo acesso somerpesgsisadores envolvidos. Nenhum
resultado seu sera divulgado ou liberado paraitesceSao considerados dados sigilosos, e

estardo apenas a sua disposi¢do ou de seu represdagal.

Pesquisador Responsavel: Dr2 Laura Bannach Jardim

Pesquisador Executor: Gerson da Silva Carvalho

Endereco e telefone da pesquisadora responsawef Bannach Jardim,
Servigco de Genética Médica do HCPA

Hospital de Clinicas de Porto Alegre

Rua Ramiro Barcelos 2350

90035-903 Porto Alegre, RS, Brasil

Tel.: (51) 3359-8011

Fax: (51) 3359-8010
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TERMOS DE CONSENTIMENTO 11l
PROJETO: CARACTERIZACAO DE NOVOS BIOMARCADORES PARA A
DOENCA DE MACHADO-JOSEPH.
INFORMACOES AOS INDIVIDUOS CONVIDADOS A PARTICIPARO ESTUDO A
PARTIR DE SUA BUSCA POR TESTES PRE-SINTOMATICOS

Esta € uma pesquisa que tem por objetivo prinapalisar como substancias naturais
e circulantes no sangue e nos tecidos das pessaasnportam nos filhos de portadores da
doenca de Machado Joseph, sejam eles portadone&ooportadores. A intencédo é a de se
compreender melhor os mecanismos da Doenca de Mtachaseph e, talvez, buscar a
aquisicdo de conhecimento que possibilite um futbatamento eficaz para os pacientes
afetados por esse problema de saude. Serdo dogadss interleucinas substancias no seu
sangue ou plasma.

Vocé esta sendo convidado a participar dessa mesqpor ser filho de um(a)
afetado(a) pela Doenca de Machado-Joseph. Suaipagtio, caso estiver de acordo com ela,
envolvera (1) uma entrevista clinica; (2) o preégmeimto de um questionario para avaliar se
vocé tem manifestacdes depressivas; e (3) a adePd mL de sangue. Entretanto, tudo isso
somente sera feito, depois de vocé autorizar garipacdo nesse estudo, entregando um
documento assinado por si ou por seu represerieyae

O sangue coletado sera armazenado, para fins jpesgaisa. Ele podera ser utilizado
para outros fins somente mediante a sua autorizagéescrito, tanto no presente termo de
consentimento, como em documentos futuros. Sakeiias sua autorizagcdo expressa para
gualguer nova pesquisa para a qual cogitarmos eovefar seu material armazenado. Por
isso, ficaremos com seu endereco e telefone. Nonajstos de pesquisa que aparecerem no
futuro, para os quais eventualmente solicitarmasaguovacao para o aproveitamento do seu
material estocado, também deverdo obter aprovagédapda Comissdo de Etica Local
(chamada de GPPG) e da Comisséo Nacional de Pag¢goénada de CONEP).

Os riscos envolvidos nessa pesquisa sdo: mal-pasmageiro ou mancha roxa no
local da coleta de sangue e cansa¢o. Seu nomens@tédo em sigilo pelos pesquisadores
envolvidos no estudo, sendo estes dados utilizapgesas para esta pesquisa.

Os resultados definitivos ndo terdo prazo para ldesacdo, pois dependem de
analises bioquimicas em implementacédo no labocat&sses resultados também nédo terédo
uma interpretacdo direta: ou seja, ndo serdo “bons"maus”. Mesmo assim, se vOcé o

desejar, podemos entrega-los assim que ficaremgsroNossa estimativa é a de que isso
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aconteca no final do estudo, em 2012. Se assinmsejate por favor, assinale na folha do
Termo de Consentimento.

Os resultados dos exames realizados no seu mdiesi@io guardados em bancos de
dados protegidos, aos quais terdo acesso somerpesgsisadores envolvidos. Nenhum
resultado seu sera divulgado ou liberado paraitesceSao considerados dados sigilosos, e
estardo apenas a sua disposi¢do ou de seu represdagal.

Pesquisador Responsavel: Dr2 Laura Bannach Jardim

Pesquisador Executor: Gerson da Silva Carvalho

Endereco e telefone da pesquisadora responsawef Bannach Jardim,
Servico de Genética Médica do HCPA

Hospital de Clinicas de Porto Alegre

Rua Ramiro Barcelos 2350

90035-903 Porto Alegre, RS, Brasil

Tel.: (51) 3359-8011

Fax: (51) 3359-8010
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TERMOS DE CONSENTIMENTO IV

PROJETO: CARACTERIZACAO DE NOVOS BIOMARCADORES PARA A
DOENCA DE MACHADO-JOSEPH.

TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO
(uma copia para o Servico Executor e outra pamdigiduo)

Responsavel: Professora Laura Bannach Jardim
Servico de Genética Médica do Hospital de Clindm®orto Alegre;
e Universidade Federal do Rio Grande do Sul.

Marque a sua resposta a cada um desses itens:

1. Vocé teve acesso as informacdes dadas pelotdhorque vai realizar a pesquisa? Ficou
com essas informacdes?

() Sim ( ) Néao

2. Vocé pode fazer perguntas a respeito do teste?

() Sim ( ) Néao

3.As respostas que lhe deram foram satisfatérias?

() Sim ( ) Nao

4.Vocé entendeu que o resultado sera sigiloso eers@mentregue a vocé ou a seu
representante legal?

() Sim ( ) Nao

5.Vocé entendeu que ndo ha prazo para a entregegidsados de seus exames, pois 0s testes
serdo feitos como pesquisa?

() Sim ( ) Nao

6. Vocé concorda que a sua amostra seja aprovertadatras pesquisas, futuras, e para isso
seja guardadano laboratorio que vai fazer a pesguis

() Sim ( ) Nao
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7.Vocé entendeu que vocé esta livre para sair tlml@s qualquer momento? Sem precisar
dar qualquer explicacdo? Sem que isso afete oterdimento médico aqui?

() Sim ( ) Nao
8.Vocé deseja receber os resultados das analiaegdmicarem prontos?
() Sim ( ) Néo

Se for sim como vocé prefere recebé-los?
Em consulta a ser agendada ()

Por carta ()

9. Vocé concorda em participar desse estudo?

() Sim ( ) N&o

10. Quais médicos e estudantes conversaram conswboé esses testes e estudos?

ASSINATUIA ... e e e e, Data ...................

NOME POI EXLENSO ....veee ittt ee e
Paciente ou Responsavel legal

Endereco:

Telefone:

1Y =T [ o PP
Assinatura Nome por extenso

O médico preenche: ( ) caso () controlenefaxionado () teste preditivo

Servigco de Genética Médica do HCPA
Hospital de Clinicas de Porto Alegre
Rua Ramiro Barcelos 2350
90035-903 Porto Alegre, RS, Brasil
Tel.: (51) 3359-8011

Fax: (51) 3359-8010

Data:
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Escore 9-Hole Pegboard Test
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Paciente:

Data:

Examinador:

Avaliacao: Baseline?

90 dias

360 dias

Instrucdes: O paciente, que esta sentado, segueaciimdros (9mm de diametro e 32mm de
comprimento) em uma da maos e os coloca arbitrarisanum por um, com a mao contraria
em uma prancha de madeira com 9 buracos. O cror@rdete ser iniciado quando o
primeiro cilindro é colocado corretamente em unmabare términa quando o ultimo cilindro
tiver sido colocado. O examinador deve segurarein@nte a pracha durante o teste. Uma
tentativa € desempenhada para cada mao. Se otpadégxar cair um cilindro o examinador

para o crondmetro e o paciente reinicia o testdedeseu inicio.

9-Hole Pegboard

Tempo ()

Mao dominante

Mao nao-
dominante

(anotar esquerda ou direita para todos e espacsgcambidestro)




ESCALA I

SCALE FOR THE ASSESSMENT AND RATING OF ATAXIA (SARA )

Paciente:

Data:

Examinador:

Avaliacao: Baseline? 6 meses? 12 meses?
1) Gait 2) Stance

Proband is asked (1) to walk at a safe distance
parallel to a wall including a half-turn (turn around
to face the opposite direction of gait) and (2) to

walk in tandem (heels to toes) without support.

1. Normal, no difficulties in walking, turning and
walking tandem (up to one misstep allowed)

1 Slight difficulties, only visible when walking 10
consecutive steps in tandem
2 Clearly abnormal, tandem walking >10 steps
not
possible
3 Considerable staggering, difficulties in half-
turn, but
without support
4 Marked staggering, intermittent support of the
wall
required
5  Severe staggering, permanent support of one
stick or
light support by one arm required

6. Walking > 10 m only with strong support (two
special sticks or stroller or accompanying

Proband is asked to stand (1) in natural position, (2)
with feet together in parallel (big toes touching each
other) and (3) in tandem (both feet on one line, no
space between heel and toe). Proband does not
wear shoes, eyes are open. For each condition, three

trials are allowed. Best trial is rated.

0 Normal, able to stand in tandem for >10 s
1 Able to stand with feet together without sway,
but
not in tandem for > 10s
2  Able to stand with feet together for > 10 s, but
only
with sway
3 Able to stand for > 10 s without support in
natural
position, but not with feet together
4 Able to stand for >10 s in natural position only
with
intermittent support
5 Able to stand >10 s in natural position only
with
constant support of one arm
6 Unable to stand for >10 s even with constant

person) support
7. Walking < 10 m only with strong support (two of one arm
special sticks or stroller or accompanying
person)
8 Unable to walk, even supported
Score Score




3) Sitting
Proband is asked to sit on an examination bed
without support of feet, eyes open and arms

outstretched to the front.

0 Normal, no difficulties sitting >10 sec
1 Slight difficulties, intermittent sway
2. Constant sway, but able to sit > 10 s without

support
3 Able to sit for > 10 s only with intermittent
support
4 Unable to sit for >10 s without continuous
support

4) Speech disturbance
Speech is assessed during normal conversation.

Normal

Suggestion of speech disturbance
Impaired speech, but easy to understand
Occasional words difficult to understand

Many words difficult to understand

g b W N P O

Only single words understandable

6 Speech unintelligible / anarthria

Score

Score

5) Finger chase

Rated separately for each side

Proband sits comfortably. If necessary, support
of feet and trunk is allowed. Examiner sits in front
of proband and performs 5 consecutive sudden
and fast pointing movements in unpredictable
directions in a frontal plane, at about 50 % of
proband’s reach. Movements have an amplitude
of 30 cm and a frequency of 1 movement every 2
s. Proband is asked to follow the movements
with his index finger, as fast and precisely as
possible. Average performance of last 3

movements is rated.

6) Nose-finger test

Rated separately for each side

Proband sits comfortably. If necessary, support of
feet and trunk is allowed. Proband is asked to point
repeatedly with his index finger from his nose to
examiner’s finger which is in front of the proband at
about 90 % of proband’s reach. Movements are
performed at moderate speed. Average performance
of movements is rated according to the amplitude of

the kinetic tremor.

0 No tremor
0 No dysmetria 1 Tremor with an amplitude <2 cm
1 Dysmetria, under/ overshooting target <5 cm 2 Tremor with an amplitude <5 cm
2 Dysmetria, under/ overshooting target < 15 3 Tremor with an amplitude >5cm
cm 4 Unable to perform 5 pointing movements
3 Dysmetria, under/ overshooting target > 15
cm
4 Unable to perform 5 pointing movements
Score Right Left Score Right Lef

mean of both sides (R+L)/2

mean of both sides (R+L)/2
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7) Fast alternating hand movements

Rated separately for each side

Proband sits comfortably. If necessary, support of
feet and trunk is allowed. Proband is asked to
perform 10 cycles of repetitive alternation of pro-
and supinations of the hand on his/her thigh as fast
and as precise as possible. Movement is
demonstrated by examiner at a speed of approx. 10
cycles within 7 s. Exact times for movement

execution have to be taken.

0 Normal, no irregularities (performs <10s)
Slightly irregular (performs <10s)

2 Clearly irregular, single movements difficult
to distinguish or relevant interruptions, but
performs <10s

3 Very irregular, single movements difficult
to distinguish or relevant interruptions,
performs >10s

4 Unable to complete 10 cycles

8) Heel-shin slide

Rated separately for each side

Proband lies on examination bed, without sight
of his legs. Proband is asked to lift one leg, point
with the heel to the opposite knee, slide down
along the shin to the ankle, and lay the leg back
on the examination bed. The task is performed 3
times. Slide-down movements should be
performed within 1 s. If proband slides down

without contact to shin in all three trials, rate 4.

2. Clearly abnormal, goes off shin up to 3
times
during 3 cycles

3. Severely abnormal, goes off shin 4 or mo
times
during 3 cycles

4 Unable to perform the task

0 Normal
1 Slightly abnormal, contact to shin
maintained

re

Score Right Left

Score Right

Left

mean of both sides (R+L)/2

mean of both sides (R+L) / 2
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ESCALA II
NEUROLOGICAL EXAMINATION SCORE FOR SPINOCEREBELLAR ATAXIAS
(NESSCA)
Name: Date: Baseline 90 dias 360 slia
Item Proofs Severity Score
Gait ataxia - Walking spontaneously, te Absent 0
steps, parallel to a wall, anc . ) ) )
including a half-turn Minimal: only while walking on toes, heels, or in 1
- Walking on toes, on heels, fandem
and in tandem Moderate: gait autonomy preserved 2
Inability to walk without help 3
Wheelchair bound or bedridden 4
Limb ataxia - Finger-to-nose test Absent 0
- - Test for
LRl dysdiadochokinesia (fast Minimal: one single altered proof 1
alternating pronation and  \j5qerate: two altered proofs 2
supination of hands, elbows
fixed to his/her sides) Important: three altered proofs 3
- Rebound test of Gordon- Proofs: (a) dysmetria, (b) fast alternating hand
Holmes movements, and (c) upper limb rebound. Positiv
findings can be uni or bilateral.
Nistagmus Absent 0
On extreme gaze; or circular, after saccades 1
Permanent 2
Progressive Absent 0
external ) o )
ophthalmoplegia Supranuclear: medial longitudinal fasciculus 1
syndrome; or limitation in upward gaze or
convergence
Nuclear ophthalmoplegia, with strabismus 2
Pyramidal - Limb reflexes, including  Absent 0
findings patellar and ankle clonus te )
- Plantar reflex Few brisk reflexes 1
- Muscle tone examination - General hyperreflexia; or clonus; or Babinski sig 2
- Motor strength proofs:
extended arms and Three findings: (a) general hyperreflexia, (b) 3
Mingazzini tes{ 60 sec each) spasticity, (c) clonus, (d) Babinski sign; (e) sse
Four or five of the above mentioned signs 4
Dysarthria Absent 0
Mild: Impaired speech, but easy to understand 1
Moderate: speech understandable, but with 2
difficulty
Severe: speech hardly understandable 3




Anarthria
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Dysfagia

Absent
Mild

Important; occuring every day

Fasciculations

Absent
Contraction fasciculation in the face

Diffuse, or in other parts of the body

(a) Vibratory sense in the
first toes; normal: >11 sec.
(b) Discrimination between
tactile and algesic stimuli
using a needle; 10 trials per
foot (tpf).

(c) Discrimination between
cold (10C) and warm (40-
60°C) water; 10 tpf

Sensory loss

Absent

One altered proof: Reduction in (a) or (b) or (c):
two to four mistakes, on average of both feet

Two altered proofs

Total loss of vibratory sense in toes; or 5 or mor:
mistakes in one of discriminating proofs; or three
altered proofs

P O N kB O|N Pk O|+

N

Dystonia

Absent
Mild, triggered by voluntary movements

Moderate, impairing, in some degree, voluntary
movements (vm)

Almost constant, severely impairing vm

Rigidity

Absent

Moderate: does not prevent total, passive
mobilization

Important: prevent total, passive mobilization

=

- Patient is asked to perforn
10 cycles of repetitive
opposition (extension and
flexion) of the second finger
against the thumb

Bradykinesia

Absent
Slow movements, with reduction in amplitude

Movements can hardly be done

N B O DN

Eyelid
retraction

Absent

Present

Blepharospasm

Absent

Present

Distal - Inspection of the interosse
amyotrophies tenar and hypotenar muscle

Absent

Present

b Ok, O|FL, O

Sphincter
function

Normal
Urgency

Incontinence

Cramps

Absent

Ol N B O
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Present 1
Vertigo Absent °

Present 1
Total score



ESCALA IV

Composite Cerebellar Functional Severity Score (CCFS)

Ming-hole pegboard test

The patient s seated and nclds nine dowels
ismm in diameter and 38mm long) in cne
hRand and nlaces them rancomly, one By one,
with the other 1and in 8 board with mine holes.
Timing beging when the first Jeq is placed in
@ hole and ends when the 1351 067 i olaces.
The gsaminer nelds the board steady on the
tadle during the test. The trial is performed
with 1ne dominanl hand. If the palient drops &
peg the examiner siops the times and the
patient starts the test again once from the
beginning.

Timing Dominant hand:

et

Click test

The patient is sedted facing 1he examiner
across & table on which is places a cevice
composed of twoe mechanical counters fixed
on a woooen ooard 32 om apart. The patient
wses hig index finger to press the outtons on
the aoounters alternately 10 tmes. Timing
beging when e first butlon s pressed and
stops wien the second counter reaches 10

The trigl is performes once with the dominant
Fand.

Timing Dominant hand:

S8C
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CCFS =log., (7 + Z pegboard dominant hand 10 + 4*2Z click dominant hand /10) =

whena
and

Z pegnoard dominant hand = Pegboard dominant hand — (1.3.4-0.16%age +0.002%age)
Z click dominant hand = Click dominant hang - (B+0. 05 zga )

(Mean normal values 0.89 £ 0.05 (0.64 — 0.54))




