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Resumo da Dissertacéao

Introducéo:

Com o aumento da expectativa de vida no Brasil e no mundo, crescem as
preocupacdes com as doencas mais prevalentes entre os idosos, dentre elas
as doencas neurodegenerativas como a doenca de Alzheimer (DA) e a doenca
de Parkinson (DP). Sabe-se que os depdésitos proteicos relacionados com o
desenvolvimento destas doencas podem preceder a fase sintomatica em anos.
A proteina tau é de particular interesse, uma vez que parece ser encontrada no
tronco encefalico e bulbo olfatério muito antes de atingir o cortex limbico,
guando ocorrem 0s primeiros sintomas.

Objetivos:

Este estudo tem como objetivo principal a criacdo de um protocolo local e de
um banco de encéfalos humanos para o estudo de doencas
neurodegenerativas, além da deteccao de alteracBes precoces relacionadas as
doencas neurodegenerativas no tronco encefalico e no bulbo olfatério de
individuos com 50 anos ou mais.

Material e Métodos:

Trata-se de uma amostra coletada por conveniéncia e sob consentimento
informado. Informacdes clinicas dos doadores foram obtidas junto aos
familiares por meio de questionario para rastreamento de declinio cognitivo
(IQCODE) e um segundo questionario, personalizado, para avaliar alteracdes
motoras. Os encéfalos foram fixados em solugdo de formalina a 10% por 4
semanas, avaliados macroscopicamente e cortados conforme protocolo
internacional, amostrando todas as areas encefélicas incluindo as regides em
estudo. Os cortes foram corados pela coloracdo de Hematoxilina-eosina e
imunocorados para 0s anticorpos anti-beta-amiloide, anti-tau e anti-alfa-
sinucleina.

Resultados:

A média de idade entre os doadores foi de 72,07 anos (+15,79). Os individuos
demenciados correspondem a 57% da amostra e a média do IQCODE destes é
de 3,72, enquanto para os nao-demenciados, € de 2,74, havendo diferenca
estatisticamente significativa entre os dois grupos para esta variavel. Dos 14
encéfalos coletados neste estudo, a proteina tau foi encontrada, no tronco, em
10 (71,42%). Dos 7 individuos que tiveram diagnéstico final de DA, todos
apresentavam depositos de tau em alguma regido do tronco encefalico.
Concluséo:

Existem poucos dados publicados sobre os depdsitos proteicos no tronco
encefalico e bulbo olfatério de pacientes com diagnéstico de DA, uma vez que
as manifestacdes clinicas ocorrem quando a proteina tau, em associacdo com
a proteina p-amiloide, deposita-se no hipocampo e no cortex entorrinal. Nossos
dados estdo de acordo com a literatura mais recente, que tem confirmado a
presenca de proteina tau no tronco encefélico e bulbo olfatério nos estégios
mais precoces da DA.

Palavras-chave:
Doencas neurodegenerativas — Alzheimer — Parkinson



1. Introducéo
1.1. O perfil demogréafico no Brasil e o envelhecimento populacional

O envelhecimento da populacdo brasileira pode ser medido pela
proporcdo de pessoas de 60 anos ou mais no total da populagdo. Esta
aumentou de 4% em 1940 para 11% em 2010. Espera-se que este grupo
etario, que era formado por 20,6 milh6es de pessoas em 2010, venha a ser
constituido por 57 milh6es em 2040 (Camarano et al., 2013). O Brasil destaca-
se por apresentar uma das maiores taxas de crescimento desta populagédo. A
guestdao da terceira idade emerge como problema para investigacdo e
planejamento de politicas publicas, em razdo do inevitavel crescimento de
demanda ao sistema de saude (Carvalho e Garcia, 2003;Tavares e Anjos,
1999).

Pode-se afirmar que até os anos 60 a populacao brasileira apresentou-
se como quase-estavel, com distribuicdo etéria praticamente constante. Era
uma populagao extremamente jovem, com cerca de 52% abaixo de 20 anos, e

menos de 3% acima dos 65 anos (Grafico 1) (Carvalho e Garcia, 2003).
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Gréfico 1: Populagéo brasileira de 70 anos e mais entre os anos de 1872 e
2000.
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Fonte: Recenseamento do Brasil 1872-1920. Rio de Janeiro: Diretoria Geral de Estatistica,
[1872] - 1930; Censo demogréafico 1940-2000. Rio de Janeiro: IBGE, 1950 -2001; Contagem
da populacdo 1996. Rio de Janeiro: IBGE, 1997. v. 1: Resultados relativos a sexo da
populacao e situacdo da unidade domiciliar. Dados extraidos de: Estatisticas do Século XX.
Diversas tabelas. Rio de Janeiro: IBGE, 2007.

1.2. O envelhecimento populacional e as novas patologias

A transicdo epidemiologica observada no Brasil €, em sintese,
decorrente de importantes mudancas como a queda na taxa de mortalidade, a
mudanca no padrdo de morbidade com reducdo das doengas transmissiveis e
0 aumento das nao-transmissiveis, bem como o deslocamento da
morbimortalidade para os grupos etarios mais velhos (Mascarenhas et al.,
2008; Zago, 2004).

Na idade muito avancada, aumenta a incidéncia de doencas
neurodegenerativas (DNs), dentre as quais as que se denominam
genericamente de deméncias (de: particula privativa; méncia: do latim mens,
mente. Literalmente, “perda da mente”). As deméncias recebem esse nome

porque comprometem de forma significativa a memoria e outras funcdes
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cognitivas com intensidade suficiente para produzir perda funcional e, em fases
mais avancadas, a realizacdo de atividades da vida diaria elou o
reconhecimento de pessoas e lugares do entorno habitual (o préprio filho, a

prépria casa) (Prado et al., 2007).

1.2.1. Doenga de Alzheimer (DA)

A mais importante das deméncias é a DA (Prado et al., 2007; Nussbaum
e Ellis, 2003). Esta se caracteriza por uma perda intensa da capacidade
cognitiva, com diminuicdo de memodria declarativa ou episddica (isto é,
memoéria de eventos) e dificuldades de linguagem, bem como sintomas
comportamentais como apatia, depressao e agitacdo/agressividade, estas
ultimas principalmente na fase inicial da DA. Frequentemente, a DA néo é
detectada durante os primeiros anos de seu percurso, quando se apresentam
os primeiros sintomas de dificuldades de memdria (Prado et al., 2007).

Seu diagnéstico definitivo €, ainda hoje, dependente do exame
histopatolégico do cérebro pds-morte, feito através da identificacdo da perda
seletiva de neurbnios em determinadas areas, bem como da deteccdo, por
técnicas de imunoperoxidase, de depdsitos de proteinas tau hiperfosforilada e
beta-amiloide. Em vida, o diagndstico de DA provavel é realizado por exclusdo
de outras formas de deméncias e da aplicacdo de testes neuropsicologicos
especialmente desenhados para avaliar a capacidade cognitiva dos pacientes.
Some-se a dificuldade de diagndstico precoce da doenca o fato de que ainda
nao existem tratamentos efetivos capazes de curar ou impedir 0 curso da DA,
nem tampouco métodos preventivos comprovadamente eficazes (Prado et al.,

2007).
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Muitos outros quadros patolégicos também comprometem a cognicao,
mas as sindromes cognitivas resultantes, as vezes, mostram-se
potencialmente reversiveis, como a depressdo severa, 0 alcoolismo, o
hipotireoidismo ou a hidrocefalia. Em muitas ocasibes, o comprometimento
vascular secundario a aterosclerose pode constituir um fator determinante ou
agravante das disfun¢des cognitivas dos idosos e/ou das deméncias (Prado et
al., 2007).

A prevaléncia das deméncias em geral e da DA em particular aumenta
de forma significativa com a idade. A proporcdo da populacdo que apresenta
alteracbes cognitivas decorrentes da DA ou de outras DNs em paises
desenvolvidos parece ser de 30-40% na faixa etaria acima de 80 anos (Gréfico
2). Os custos para a saude publica do cuidado de pacientes nessa situagao
ndo foram ainda rigorosamente estimados no Brasil, mas nos EUA, que
possuem 4,5 milhdes de doentes, calcula-se um custo total de 174 mil dblares
por paciente. Estima-se também, que os custos diretos e indiretos para a
economia americana decorrentes do cuidado com pacientes com a DA possam
chegar a 100 bilhdes de dolares por ano, um valor equivalente ao PIB de
muitos paises meédios. Um estudo epidemiol6gico brasileiro na cidade de
Catanduva (SP), em que foram avaliados 1.656 individuos com idade acima de
64 anos, deméncia foi diagnosticada em 118 idosos, correspondendo a uma
prevaléncia de 7,1%. Na faixa etaria de 85 anos ou mais, foi diagnosticada
deméncia em 38,9% dos individuos. A DA foi a principal causa de deméncia,
responsavel por 55,1% dos casos. A prevaléncia de deméncia aumentou com a
idade e foi maior nas mulheres, além de correlacionar-se inversamente com a

escolaridade (3,5% entre pessoas com escolaridade igual ou superior a 8 anos
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e 12,2% entre os analfabetos). Embora os dados epidemioldgicos disponiveis a
respeito da deméncia no Brasil ainda sejam muito escassos, estima-se que
tenhamos atingido cerca de 800 mil idosos (> 64 anos) com esse diagndstico

em 2005, dos quais 450 mil com DA (Prado et al., 2007).

Gréfico 2: Estimativas mundiais da prevaléncia da DA em homens e mulheres
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Fonte: Nussbaum e Ellis, NEJM, 2003.

Atualmente existem evidéncias que a fase neurodegenerativa da DA
inicia-se por volta de 10 anos antes dos sintomas de déficit cognitivo,
entendendo a DA como um continuum desde estagios neurodegenerativos
precoces assintomaticos até deméncia. O NIA-AA postula trés estagios da
doenca: o pré-clinico, quando ha somente padrfes anormais em
biomarcadores (como o amiléide-34; no liquor, aumento da retencdo de
marcador amiléide no PET-scan ou, mais tarde, evidéncia de degenera¢éo ou

lesdo neuronal) sem déficit cognitivo; o CCL devido a DA, quando surgem 0s



14

primeiros déficits cognitivos mas sem alteracBes importantes na funcionalidade
do individuo e outros biomarcadores e exames podem elevar a probabilidade
diagnostica, e por fim a fase demencial da DA. (Mac'’Khann et al., 2011). A
fase demencial da DA pode ser divida em trés fases: leve, moderada e
grave, de acordo com o nivel de comprometimento cognitivo e o grau de
dependéncia do individuo. Na fase leve da doenca, o paciente mostra queda
significativa no desempenho de tarefas da vida diaria, mas ainda é capaz de
executar as atividades bésicas do dia a dia, mantendo-se independente. Na
fase moderada, o comprometimento intelectual € maior e o paciente passa a
necessitar de assisténcia para realizar tanto as atividades instrumentais como
as atividades béasicas do dia a dia. Na fase grave da DA, o paciente
geralmente fica acamado, necessitando de assisténcia integral. Nessa fase, o
paciente pode apresentar dificuldades de degluticdo, além de outros sinais
neurolégicos (por exemplo: mioclonias e crises convulsivas), incontinéncia
urinaria e fecal (Bottino e Almeida, 1995).

Aproximadamente 80 anos depois de Alois Alzheimer descrever placas
amiloides e emaranhados neurofibrilares (ENFs) no cérebro de um paciente
com deméncia, os componentes histolégicos destes achados foram finalmente
isolados. Um AB-peptideo, produto da clivagem da proteina precursora
amiléide (PPA), acabou por ser o elemento central da bioquimica das placas,
enquanto a proteina tau hiperfosforilada, uma proteina de ligacdo de
microtubulos, estava no centro destes emaranhados (Small e Duff, 2008).

As placas senis sdo lesbes extracelulares complexas que sao
associadas com o processo de degeneragcdo neuronal, ativam a microglia

entrelacada com os depdsitos centrais e sdo circundadas por astrocitos
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reativos. Estes depésitos sdo encontrados em todo o neocdrtex e hipocampo
de pacientes com DA (Eckman e Eckman, 2007).

Na classificacdo publicada por Braak e Braak em 1991 para a
distribuicdo da proteina B-amiloide, apenas o cértex cerebral € levado em
conta: no estagio A, os depositos ocorrem nas porcdes basais do cértex; no
estagio B, todas as areas do isocortex estdo involvidas, enquanto o hipocampo
e as areas corticais primarias estdo comprometidas de forma discreta; no
estagio C, os depdsitos podem ser vistos em todas as areas do isocortex
incluindo as areas primarias sensoriais e motoras. Ja de acordo com Thal e
cols., o acometimento das estruturas do tronco cerebral € considerado e as
fases que explicam os depodsitos de B-amiloide s&o divididas em cinco. O
isocortex esta envolvido na fase 1, o hipocampo e o cortex entorrinal na fase 2,
o0 estriado e o nucleo diencefalico na fase 3, varios nucleos do tronco cerebral
na fase 4 e, finalmente, o cerebelo e nicleos adicionais do tronco encefalico na
fase 5 (Thal et al., 2002).

Notavelmente, as mutacdes em dois genes codificando a PPA e a
proteina tau hiperfosforilada, foram encontradas como causa da doenca
demencial. Mutagcbes na PPA, que aceleram a producdo de AR, foram
encontradas em alguns casos, sendo esta a base de uma forma monogénica
da doenca, relacionada ao inicio precoce da doenca de Alzheimer (DAIP)
(Goate et al.,, 1991). Embora extremamente rara, a DAIP recapitula o perfil
histolégico de placas e emaranhados, sendo este fenétipo clinico da doenca
caracterizado por uma disfuncdo do hipocampo predominante e disfuncao de
outros sitios neocorticais. Em contraste, as mutagdes no gene que codifica a

proteina tau, apesar de presentes quando ocorre a hiperfosforilacao desta, ndo
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levam a DA (Hutton et al., 1998). Pelo contrario, estas mutacfes resultam em
um tipo diferente de deméncia, a deméncia frontotemporal (DFT) que, como o
proprio nome indica, é caracterizada por uma disfuncdo frontal
predominante. Além disso, a DFT é histologicamente diferente da DA, sendo a
primeira caracterizada por emaranhados que ocorrerem inicialmente em sitios
extra-hipocampais e, 0 mais importante, o cérebro ndo apresenta placas senis
(Levy-Lahad et al., 1995).

A formagdo anormalmente alterada de proteina tau microtubulo-
associada em determinados tipos de células nervosas humanas é crucial para
a patogénese da DA (Braak e Del Tredici, 2012; Mandelkow et al., 2007;
Alonso et al., 2008; Igbal et al., 2009). As lesdes induzidas pela proteina tau
estdo presentes desde o inicio até a fase final da doenca e ndo regridem
(Braak e Del Tredici, 2012; Braak e Del Tredici, 2011). A fase mais precoce da
doenca é de especial interesse porque apenas a tau anormal esta envolvida
neste ponto, em contraste com a fase final (Braak e Del Tredici, 2011; Braak e
Del Tredici, 2012; Pimplikar, 2009).

Por razbes ainda desconhecidas, projecdes celulares particularmente
vulneraveis do cérebro comecam a produzir uma proteina tau anormalmente
fosforilada que ndo se liga ao microtibulo e permanece livre, em altas
concentragdes, no citosol. Sob tais condi¢des, a tau anormal tende a formar
agregados ndo biodegradaveis. Nado se sabe porque 0s mecanismos de
depuracgéo celular ndo desagregam ou eliminam este material. Os agregados
acumulam-se dentro dos neur6nios, inicialmente como inclusdes né&o fibrilares,
visiveis sob microscopia 6tica e chamadas de pré-emaranhados neurofibrilares

(PENFs). Este pré-emaranhado pode (mas ndo sempre) evoluir para fibrilas
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rigidas nos processos dendriticos, chamadas de neuritos (NTs) e
emaranhados nos corpos celulares, chamados de emaranhados neurofibrilares
(ENFs). Ambos os tipos de proteina tau anormal coram fortemente em reacdes
de imuno-histoquimica com o anticorpo AT8 (Braak e Del Tredici, 2012;
Bancher et al., 1989; Braak et al., 1994).

O processo da doenca intraneuronal progride de uma maneira
topograficamente sistemética e pode exigir um periodo bastante prolongado,
guase uma vida inteira, para alcancar sua extensdo. (Braak e Del Tredici,
2011; Arnold et al., 1991; Braak e Braak, 1991; Braak e Braak, 1997; Braak e
Del Tredici, 2012). Fases tardias da doenca causam sintomas reconheciveis e
se correlacionam com o quadro clinico da DA (Braak e Del Tedici, 2012;
Nelson et al., 2007; Dolan et al., 2010; Sabbagh et al., 2010).

A presenca de emaranhados neurofibrilares (ENFs) é graduada em
estagios de | a VI. Os estagios | e Il, correspondentes a fase prodrémica,
comecam na adolescéncia e aumentam de forma constante até a quinta e
sexta décadas de vida e as lesdes causadas pela proteina tau estédo
localizadas principalmente dentro da regido entorrinal do lobo temporal (Braak
e Del Tredici, 2012; Braak e Del Tredici, 2011; Braak et al., 2006). As fases Il
e IV comegcam a ocorrer entre os 31 e 40 anos e vado aumentando em
frequéncia. Na fase lll, a patologia esta restrita a algumas poucas regides na
porcdo medial do lobo temporal e alguns pacientes ja sdo diagnosticados com
declinio cognitivo leve. No estagio IV, h4 um aumento dos depdsitos nas
mesma regides acometidas na fase Ill e pode haver discreto envolvimento de
areas neocorticais (Braak et al., 2012; Markesbery et al., 2006; Albert et al.,

2011). Os estagios V e VI representam o estagio final da DA. Nestes estagios,
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virtualmente todas as regides corticais estdo acometidas e a diferenca entre os
estagios V e VI esta no grau de depodsitos de tau, sendo que no estagio V o
acometimento € menos extenso (Braak e Del Tredici, 2012; Braak e Braak,
1991; Braak et al., 2006).

Configuracdo anormal e agregacéao proteicas sdo caracteristicas comuns
entre a DA e as doengas pridnicas. Embora a transmissdo entre individuos ou
entre espécies seja rara na doenca pridnica, algumas evidéncias recentes
sugerem que um prionoide possa desenvolver algum papel na patogénese da
DA. InvestigacBes experimentais recentes apontam para a hipétese de que os
agregados de proteina tau podem se mover de uma célula para outra (Braak et
al., 2011; Clavaguera et al.,, 2009; Frost e Diamond, 2009). Permanecem
guestdes ndo resolvidas tanto em relagcéo a teoria da cascata amiloide quanto a
atualmente presumida hierarquia da vulnerabilidade entre os varios tipos de
células nervosas que sao acometidas nos diferentes estagios do processo
patoldgico associado a DA. Por outro lado, levando-se em conta as recentes
descobertas de pENFs em cérebros de pacientes muito jovens, a hipétese
ainda controversa de transferéncia neurdnio-neurbénio e a propagacao através
de semeadura oferecem uma explicacdo mais objetiva tanto para o padrédo de
distribuicdo previsivel das lesdes intraneuronais pela tau no cérebro, bem como
para a taxa extremamente lenta de progresséo da doenca, que caracterizam,
neuropatologicamente, a DA (Braak e Del Tredici, 2011; Brundin et al., 2010;

Goedert et al., 2010).
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1.2.2. Doencga de Parkinson (DP)

A doenca de Parkinson (DP) é a segunda desordem neurodegenerativa
mais comum, depois da DA. E caracterizada clinicamente pelo parkinsonismo
(tremor de repouso, bradicinesia, rigidez e instabilidade postural) e
patologicamente pela perda dos neurbnios na substancia nigra, além da
associacdo com a presenca de depdésitos da proteina alfa-sinucleina (corpos de
Lewy). A DP tem uma prevaléncia aproximada de 0.5 a 1% entre individuos de
65 a 69 anos, atingindo 1 a 3% entre individuos com 80 anos ou mais
(Nussbaum e Ellis, 2003). Semelhante as outras DNs, o principal fator de risco
€ a idade, embora 10% das pessoas com a doenca tém menos de 45 anos. A
incidéncia parece diminuir na nonagésima década de vida, o que pode ser em
consequéncia do sub-diagndstico nesta faixa etaria ou por um declinio real,
semelhante ao que ocorre em outras DNs como a doenca do neurénio motor
(Bossy-Wetzel et al., 2004).

O diagnostico é feito clinicamente, embora outras doencas com sintomas
proeminentes e sinais de parkinsonismo encontrados em situacdes poés-
encefalite, parkinsonismo droga-induzido e parkinsonismo arterioesclerotico,
possam ser confundidas com DP até que o diagndstico seja confirmado em
estudos de necrdpsia (Nussbaum e Ellis, 2003).

Um componente genético foi durante muito tempo considerado como
improvavel, pois a maioria dos pacientes apresenta a forma esporadica da
doenca e estudos iniciais em gémeos mostraram taxas igualmente baixas de
ocorréncia entre monozigoticos e dizigoticos. A visdo de que a genética esta

envolvida em algumas formas da DP foi reforcada pela observacdo de que os
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gémeos monozigbticos que apresentavam os sintomas antes dos 50 anos
tinham uma taxa muito elevada de concordancia, taxa muito maior do que a
observada entre gémeos dizig6ticos com inicio precoce da doenca. Um risco
aumentado de ocorréncia da DP foi observado em parentes de primeiro grau
de pacientes afetados pela doenca, particularmente quando os resultados da
tomografia por emissdo de positrons realizada em familiares assintométicos
foram considerados, adicionando evidéncias da existéncia de um componente
genético da doenca (Nussbaum e Ellis, 2003).

A DP esporadica é a doenca por corpos de Lewy mais frequente (Del
Tredici, 2012) e progressiva do sistema nervoso que se manifesta clinicamente
depois que a patologia ja alcancou estagios avancados. Um pré-requisito para
o diagnostico pos-morte das fases pré-clinica e clinica do processo patoldgico
€ a perda seletiva de neurdnios em determinados locais, além da evidéncia de
corpos de inclusdo especificos, denominados de corpos de Lewy (CL). Esses
corpos contém uma fosfoproteina chamada de alfa-sinucleina, que se encontra
sob um aspecto alongado e pouco estruturado em solucdo, mas que se agrega
em filamentos insolUveis ao nivel destes corpos, sendo provavel que esta
agregacao conduza a morte celular (Moore et al., 2005; Del Tredici e Braak,
2012).

Na DP esporadica, apenas alguns tipos especificos de células nervosas
estao propensas a desenvolver lesGes (Braak et al., 2003).

Danos a sub-nucleos especificos da substancia nigra pars compacta,
com obliteracdo grave das suas proje¢cdes neuronais neuromelanina-carreadas,
frequentemente séo considerados o marco mais importante da DP (Braak et al.,

2003).
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Os fatores patogénicos intrinsecos e extrinsecos subjacentes a esta
proteinopatia ndo sdo totalmente entendidos, mas a faléncia dos mecanismos
celulares fisiologicos de limpeza (Del Tredici e Braak, 2012) provavelmente
resultam na formacéo das lesbes que a caracterizam, como 0s neuritos palidos,
os neuritos de Lewy (NL) dentro dos axdnios e dendritos, e corpos palidos e CL
dentro do corpo celular neuronal (Del Tredici e Braak, 2012; Dale et al., 1992;
Irizarry et al., 1998; Kuusisto et al., 2003), sendo que os NL ocorrem antes dos
CL na maioria dos sitios envolvidos (Del Tredici e Braak, 2012; Braak e Del
Tredici, 2009).

A patologia de Lewy (PL) € encontrada em necropsias de individuos sem
manifestacbes clinicas de sintomas motores da DP (PL incidental) ocorrendo
dentro de todas as subdivisdes do sistema nervoso (Pimplikar, 2009; Del
Tredici e Braak, 2012; Ross et al., 2006; Bloch et al., 2006). No entanto, a PL
nao obrigatoriamente acompanha a idade avancada e podemos encontrar NL e
CL incidentais em individuos neurologicamente assintomaticos, sendo esses
marcadores prodromicos da DP e utilizados pra descrever a fase pré-clinica
(pré-motora) da doenca (Del Tredici e Braak, 2012; Halliday et al., 2011; Lang,
2011; Adler et al., 2010).

Os estagios da DP variam de | a VI, acometendo o nucleo motor dorsal
do nervo vago (estagio 1), progredindo caudorostralmente ao longo do
neuroeixo durante os estagios Il a VI através das porcbes basais do tronco
cerebral inferior bem como o mesencéfalo e prosencéfalo, até atingir o cortex
cerebral. Nos estagios | e Il, h4 envolvimento apenas do bulbo e do tegmento

da ponte; nos estagios lll e IV, ha envolvimento adicional do mesencéfalo e do



22

mesocortex temporal e, nos estagios finais V e VI, somam-se os depdsitos de
a-sinucleina no neocortex (Braak et al., 2003).

A PL esta geralmente presente no nucleo olfatério anterior do trato
olfatorio (Pimplikar, 2009; Del Tredici e Braak, 2012; Hubbard e Esiri, 2007) a
partir do estagio | em diante (Del Tredici e Braak, 2012; Braak et al., 2003). A
existéncia de casos envolvendo apenas o bulbo olfatério ndo elimina a
possibilidade de que um patégeno do nariz possa alcancar o limen intestinal e
induzir o enovelamento e agregacao incorretos da alfa-sinucleina nos plexos
neuronais intramurais antes de entrar no sistema nervoso central através de
um transporte axonal retrégrado e transmissdo transsinaptica ao longo dos
sistemas nervosos simpético e parassimpatico (Del Tredici e Braak, 2012;
Goedert et al., 2010). O envolvimento do nucleo olfatério anterior inclui perda
de células mitrais e a presenca de PL, especialmente dentro da camada
plexiforme interna (Del Tredici e Braak, 2012; Jellinger, 2009). Embora o
envolvimento das vias olfatdrias ainda necessite de muitos esclarecimentos, €
amplamente reconhecido que o teste para hiposmia na presenca de outros
sintomas ndo motores é uma ferramenta diagndéstica preditiva muito util (Del
Tredici e Braak, 2012; Ross et al., 2008).

Assim como a patologia tau-associada na DA, acredita-se que as lesdes
causadas pela a-sinucleina se espalhem de maneira progressiva e sua
propagacdo se relacione com o estadiamento dos sintomas clinicos. Alguns
estudos mostraram que neurdnios embrionarios transplantados no estriado de
um individuo com DP desenvolveram patologia de Lewy-like, sugerindo que a
a-sinucleina patolégica possa ser transmitida de neurdnios doentes para

neurdnios saudaveis (Masuda-Suzukake et al., 2013).
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1.3 As doencgas neurodegenerativas e o tronco encefalico

1.3.1 O tronco cerebral nos estagios precoces da DP

Muitos sintomas ndo motores foram descritos em paciente com DP, mas
esses eram considerados, em sua maioria, como ndo associados as lesdes
cerebrais pela DP. Esse cendrio mudou dramaticamente a partir de 2003,
guando Braak et al. propuseram um esquema cronologico para a propagacao
dos corpos de Lewy durante o curso da doenca e demonstraram que VAarios
nucleos do tronco cerebral estdo envolvidos pela doenca antes da substancia
nigra. Atualmente, aceita-se que a substancia nigra seja afetada apenas no
estagio Il da progressdo da DP e que os primeiros sintomas motores sao
geralmente detectados no estdgio IV, momento este em que a maioria da
substancia nigra ja estd degenerada. Apds estes achados foi possivel
correlacionar muitos dos sintomas ndo motores e ndo especificos, como
disfuncdes autondbmicas, depressdo e distarbios do sono, as alteracbes
histopatolégicas ocorrendo no tronco cerebral.

Estes achados mudaram dramaticamente a visdo sobre a DP,
caracterizando-a como uma doenga multissistémica com sintomas motores e
ndo motores. No entanto, as vias exatas que ligam a ordem cronoldgica dos
acontecimentos e 0s centros topograficamente afetados com as regides

corticais, precisam ser desvendadas (Grinberg et al., 2011).

1.3.2 Otronco cerebral nos estagios precoces da DA
Como os corpos de Lewy na DP, a patologia tau-associada na DA
também segue uma progressado anatémica caracteristica, ndo-randémica. Essa

progresséao estereotipada demonstrada em detalhes pelos estudos de Braak e
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Braak de 1991 é a base para o estadiamento da DA utilizado atualmente. No
entanto, esse sistema é confinado as é&reas alocorticais e neocorticais e,
portanto, ndo trata das alteragdes que ocorrem no tronco cerebral. Nas Ultimas
duas décadas, estudos confirmaram o envolvimento do tronco cerebral na DA,
mas esse envolvimento tem sido considerado, principalmente, como
secundéario as alteracdes supratentorais. Em 2009, um estudo utilizando
cérebros pés-morte com envelhecimento normal, demonstrou que o nucleo
dorsal da rafe apresentava ENFs antes da regido transentorrinal (estagio | da
classificacdo de Braak). Neste estudo com 118 casos, 100% dos 80 individuos
gue tinham a regido transentorrinal afetada por ENFs, também apresentavam
essa alteracdo no nucleo dorsal da rafe. Além disso, 22% dos 38 individuos
gue nao apresentavam ENFs na regido cortical (Estdgio 0 de Braak),
apresentavam essa alteracdo no nucleo dorsal da rafe. Esses achados
sugerem fortemente que as areas do tronco cerebral sejam afetadas pela DA
antes das regides supratentoriais. Esse acometimento precoce do nucleo
dorsal da rafe poderia explicar os sintomas depressivos relatados por muitos
pacientes com DA, anos antes das alteracdes cognitivas, pois este nudcleo

produz grande parte da serotonina cerebral (Grinberg et al., 2011).

1.4 As doencas neurodegenerativas e o bulbo olfatério

Dados recentes na literatura tém confirmado que disfuncdes olfatérias
(hiposmia e anosmia) sdo uma caracteristica muito comum em numerosas
DNs, estudadas em detalhe, principalmente, nas doencas de Alzheimer e
Parkinson. Em muitos casos, o déficit olfatério € um evento precoce dessas

doencas. No caso da DP, pode preceder os sintomas clinicos tipicos por muitos
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anos, portanto reforcando que a patologia olfatéria ocorre em estagios
precoces da doenca e, consequentemente, a diminuicdo ou perda do olfato
pode ser considerada um marcador prematuro de um grande nimero de DNs
(Mundifiano et al., 2011).

Os mecanismos subjacentes a disfuncdo olfatéria nas DNs nao sdo
totalmente compreendidos. O acumulo de agregados proteicos em Vvarios niveis
do sistema olfatério, a degeneracdo de neurénios intrinsecos do bulbo olfatério
e 0 aumento da transmissado inibitéria criada pelo aumento do ndimero de
neurdnios dopaminérgicos podem estar relacionados a diminuigdo do olfato em

pacientes com DNs (Mundifiano et al., 2011).
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2. Objetivos

2.1. Objetivos Gerais:
Implementar uma metodologia para obtencédo e investigacado de tecido
encefalico humano em nosso meio, dando inicio a um Banco de Cérebro

para estudo de doencas neurodegenerativas.

2.2. Objetivos Especificos:

2.2.1. Verificar a presenca de alteragcdes cognitivas e sintomas
parkinsonianos em uma amostra de pacientes acima de 55
anos.

2.2.2. Verificar a presenca e distribuicdo de depodsitos de a-
sinucleina em tronco encefalico (bulbo, ponte e
mesencéfalo) e areas olfativas (bulbo olfatorio).

2.2.3. Verificar a presenca e distribuicdo de depdsitos de proteina
tau hiperfosforilada em tronco encefalico (bulbo, ponte e
mesencéfalo) e areas olfativas (bulbo olfatorio).

2.2.4. Verificar a presenca e distribuicao de depdsitos de proteina
B-amiloide em tronco encefédlico (bulbo, ponte e
mesencéfalo) e areas olfativas (bulbo olfatorio).

2.2.5. Correlacionar os depdésitos das proteinas a-sinucleina, tau
hiperfosforilada e B-amiloide com informacdes clinicas
obtidas pos-morte, através de questionarios para avaliacdo
de declinio cognitivo (ANEXO 2) e alteragbes motoras
(ANEXO 3)
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Francine Hehn de Oliveira®, Edson Rodrigues Neto?, Mariana Kumaira Fonseca?®, André
Silvestre Reitz da Costa’ Marcio Aloisio Bezerra Cavalcanti Rockenbach? Renata
Renata dos Santos Padilha % Liana Lisboa Fernandez®, Arlete Hilbig®

ABSTRACT

With the increase in the life expectation in Brazil and around the world, the concerns with the
most prevalent diseases in elderly people grow, and among these diseases are the
neurodegenerative diseases, such as Alzheimer (AD) and Parkinson (PD). It is known that the
protein deposits related to the development of these diseases can anticipate in years the
symptomatic phase. The tau protein is particularly interesting, once it seems to be found in the
brainstem and olfactory bulb long before reaching the limbic cortex, when the first symptoms
occur. Out of the 14 brains collected in this study, the tau protein was found in the brainstem of
10 (71.42%). Out of the 7 individuals who had final diagnosis of AD, all presented tau deposits in
some region of the brainstem. Our data agree with the most recent literature, which has
confirmed the presence of tau protein in the brainstem and olfactory bulb in the earliest stages of
AD.

Keywords:
Neurodegenerative Diseases, Alzheimer, Parkinson, tau protein, brainstem.

RESUMO

Com o aumento da expectativa de vida no Brasil e no mundo, crescem as preocupacdes com as
doengas mais prevalentes entre os idosos, dentre elas as doengas neurodegenerativas (DN)
como a Doenca de Alzheimer (DA) e a Doenca de Parkinson (DP. Sabe-se que os depdsitos
proteicos relacionados com o desenvolvimento destas doencas podem preceder a fase
sintoméatica em anos. A proteina tau € de particular interesse, uma vez que parece ser
encontrada no tronco encefalico e bulbo olfatério muito antes de atingir o cortex limbico, quando
ocorrem 0s primeiros sintomas. Dos 14 encéfalos coletados neste estudo, a proteina tau foi
encontrada, no tronco encefalico, em 10 (71,42%). Dos 7 individuos que tiveram diagndstico final
de DA, todos apresentavam depésitos de tau em alguma regido do tronco encefalico. Nossos
dados estdo de acordo com a literatura mais recente, que tem confirmado a presenca de
proteina tau no tronco encefalico e bulbo olfatério nos estagios mais precoces da DA.

Palavras-chave:
Doencas neurodegenerativas, Alzheimer, Parkinson, proteina tau, tronco cerebral.
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INTRODUCTION

The elderly population in Brazil has increased significantly in the last
decades, and has reached a prevalence of 11% in 2010. With the growth of this
population, common diseases for this age-group emerge, and new investments
are necessary for public health [1, 2].

In aged population, there is an increase in frequency of
neurodegenerative diseases (NDs) [3], which, from the pathologic point of view,
are characterized by neuronal loss in specific regions associated to the
presence of intra or extracellular protein deposits. The pathologic changes
increase in intensity and frequency with the evolution of the disease, and reach
different brain regions in a stereotyped manner [4].

The most prevalent neurodegenerative disease (ND) is the Alzheimer's
Disease (AD) [3, 4], characterized by a progressive loss cognitive capacity with
impairment of memory and linguistic difficulty. AD frequently is not detected
during the early years [3], and its clinic diagnosis is always based on probability.
The definitive diagnosis depends on the anatomopathological exam of the post-
mortem brain, carried out through the identification of selective neuronal loss in
specific areas and the detection, by imunoperoxidase reaction, of intracellular
deposits of hyperphosphorylated tau protein and extracellular deposits of -
amyloid protein [3, 5-7].

There are current evidences that the pathologic process of AD initiates
around 10 years before the cognitive deficit, being understood as a continuum,
from early asymptomatic neurodegenerative stages until dementia. The altered
formation of microtubule-associated protein tau in certain types of human nerve

cells can be associated to the pathogenesis of the AD [7-9]. The deposition of
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this protein is present from the beginning until the late stages of the disease,
and do not reverse [7, 10]. The aggregates accumulate inside the neurons,
initially as non-fibrillar inclusions, visible on optical microscopy and called
pretangles (pNFTs). These pNFTs can evolve to rigid fibrils in the dendritic
processes, called neurites (NTs) and to mazes in the cell bodies, called tangles
(NFTs) [7, 11, 12]. The process of the intraneuronal disease progresses in a
topographically systematic manner, and can require a very long period, almost
a whole life, to reach all its extension [7, 10, 13-15]. According to the study of
Braak et al. [13], the presence of tau deposits is classified in stages, from | to
VI, and occurs in the following way: stages | and Il present changes virtually
confined to only one layer of the transentorhinal region; stages Ill and IV are
characterized by a severe commitment of the transentorhinal and entorhinal
regions; finally, stages V and VI are characterized by a severe involvement of
the isocortex. Late phases of the disease cause recognizable symptoms and
are correlated to the clinical of the AD [7, 16-18], however, studies on this
phase are laden with difficulties, due to the large number of altered nerve cells.
In the early phases of the disease, the circumstances are clearer and
individuals without clinical symptoms can present pathologic changes
associated to the AD, such as the presence of abnormally phosphorylated tau
protein in some nerve cells or even in one sole neuron [19].

Besides the tau protein deposits, it is known that B-amyloid deposits in
the form of senile or neuritic plagues are hallmarks in the pathogenesis of the
AD. The classical senile plaques are complex extracellular injuries associated to
the neuronal degeneration process [20]. The neuritic plagues are usually

restricted to the gray matter and preferably localized in layers Il and Ill of the
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cortex. According to Braak and Braak's classification [21], the B-amyloid
deposits are not random, and start in the basal cortex (stage A); then, they
involve all the isocortex and, in a discreet manner, the hippocampus and the
primary cortex (stage B); finally, they are found in all isocortex areas, including
the primary sensory and motor areas [13].

Parkinson Disease (PD) is the second most common ND, after AD. It is
pathologically characterized by loss of neurons in the substantia nigra
associated to intracellular deposits of a-synuclein proteins (Lewy bodies). The
PD has an approximated prevalence of 0.5 to 1% among individuals aged 65 to
69, and reaches 1 to 3% among individuals aged 80 or more [4]. The sporadic
PD (90% of the cases) is the most frequent Lewy bodies’ disease. It is
progressive and manifests clinically after the pathologic stages are already
advanced. The anatomopathological diagnosis, both in preclinical and clinical
phases, is accomplished through the identification of the selective neuronal loss
in determined locations and the presence of Lewy bodies [22, 23]. Damages to
specific subnucleus of the pars compacta substantia nigra are frequently
considered the most important hallmark of PD [24]. The Lewy pathology can be
found in necropsy of individuals without clinical manifestations of motor
symptoms of PD (incidental Lewy Pathology) [5, 23, 25, 26]. Currently, Braak’s
classification [24] is used to the pathologic staging of the disease, and ranges
from | to VI. In stages | and Il, only the medulla oblongata and the posterior
pons are involved; in stages Il and IV, there is additional involvement of the
midbrain and temporal mesocortex, and, in the late stages V and VI, a-

synuclein deposits are founded in the neocortex [24].
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The present study is the initial phase of a human brain bank for the study
of neurodegenerative diseases in our environment. The authors’ aim is to
organize a protocol for acquisition, collection and study of human brains from
individuals with and without a history of ND, investigating first the presence of
pathological changes related to these diseases in the brainstem (midbrain, pons

and medulla oblongata) and olfactory bulb (OB).

METHODS

This is a descriptive study, in which the sample was collected by
convenience and under the informed consent signed by first-degree relatives.
Fourteen brains were collected from individuals aged 50 years or over that
underwent death verification in the Forensic Department (FD) of Porto Alegre.
Individuals who were victims of violent death, those whose relatives did not sign
the informed consent and those who had some acute neurological event as the
cause of death were excluded from the sample.

The donors' clinical information was obtained after death with next of kin,
through a questionnaire to monitor cognitive decline (IQCODE) and a
customized form to evaluate the motor and sensory changes. For the IQCODE,
the cut-off point for the dementia was the score of 3.27, as suggested by
Sanchez and colleagues [27]; the individuals which scored under 3.27 were
considered non-demented. After the removal, the brains were fixed in formalin
solution at 10% for four weeks, weighted, sectioned, and macroscopically
evaluated, in accordance to the international protocol (Figure 1). After the
macroscopic examination, besides the specific areas for this study, described in

the paragraph below, the following areas were sampled for histopathological



39

evaluation, stained with Hematoxylin-Eosin (HE) and immunohistochemical
(IHC): frontal, parietal, temporal and occipital cortex, hippocampus, amygdala,
basal ganglia and cerebellum.

For this paper, specific regions of particular interest for the researchers
were selected: midbrain (substantia nigra at the level of the emergence of the
oculomotor nerve), pons (at the level of the locus ceruleus), medulla oblongata
(at the level of the dorsal raphe nucleus) and olfactory bulb. These regions were
also evaluated by the routine HE staining and by IHC technique.

The immunohistochemical technique was performed in compliance with
the routine protocols of Laboratory of Pathology of the Institution. After
deparaffined, samples were immersed in hydrogen peroxide 3% and methanol
10% for 15 minutes, to inhibit the endogenous peroxidase activity. Then, they
were boiled in citrate 10mM, pH6.0 and/or treated with formic acid 1% to recover
the antigen. After being washed with PBS, they were incubated with common
horse serum for 1 hour and then, with primary antibody at 4°C in wet chamber
overnight. The following primary antibodies were used: anti-AB (human
monoclonal mouse antibody, DAKOCYTOMATION, clone 6F/3D, code M0872),
1:60 dilution, previously treated for 3 minutes in formic acid 1%; anti-
phosphorylated Tau (monoclonal mouse antibody, INNOGENETICS, clone AT-
8, code 90206), 1:500 dilution, previously treated for 10 minutes in citrate; and
anti-alpha-synuclein (mouse monoclonal antibody, NOVOCASTRA, clone
KM51, code ASYN-L), 1:200 dilution, previously treated for 4 minutes in formic
acid 1% and for 20 minutes in citrate. After overnight, the slides were washed
three times in PBS, remained in DAKO secondary polymer for 40 minutes,

followed by the tertiary joint horseradish peroxidase for 30 minutes and, finally,
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in DAB. All the slides were counterstained with Hematoxylin for 10 seconds. All
the reactions were made with negative and positive controls.

The slides of the selected regions were studied by optical microscopy for
the histopathological diagnosis, aiming the identification of possible changes in
the morphological and anatomical structures, with 100-times enlargement. The
presence of protein inclusions in IHC against specific antibodies was semi-
guantitatively classified as follows: absent, 1+ (1 to 4 positive cells/10 HPF), 2+
(5 to 9 positive cells/10 HPF) and 3+ (more than 10 positive cells/10 HPF).

The data collected from each case was compared with the corresponding
values of the IQCODE, with the evaluation form for motor changes and with
clinical information.

The study was approved by the ethics committees in both involved
institutions (CEP — UFCSPA and CEP - DML Porto Alegre).

To correlate IQCODE data and cognitive state, we performed Fisher test.
The others variables are exposed in a descriptive way.

Data are presented in a descriptive way and to compare the mean age

between demented and non-demeted patients, Fisher test was performed.



41

COLLECTION FLOWCHART

Researcher’s arrival to the Forensic Department

N/

Identification of potential donors that meet the
inclusion's criteria

Telephone contact with the next of kin

N/

Explanation of the project, the necropsy
procedures and brain removal

Consent Refusal

« Signature of Consent Agreement » Questioning about the reason for refusal

¢ Questionnaire Application ¢ Reiteration that the examination will not be

« Brain collection during necropsy affected and thanks for the attention
RESULTS

Sample Description:

The donors analysis shows that their average age was 72.07 years old
(x15.79), and, when categorized in individuals demented (D) and non-demented
(ND) by the values obtained through the IQCODE, this average was 72.87
years old and 71.16 years old, respectively; there was no statistically significant
difference between the groups for the age variable. While the demented
individuals corresponded to 57% of the sample, and their average IQCODE was
3.72, the non-demented individuals average was 2.74, and there was a
statistically significant difference between the two groups for this variable
(p=0.016, Fisher test). The sample was constituted by 50% of women in each
group. Regarding the questionnaire applied for the motor changes, only one
patient presented light tremor and rigidity. The detailed sample description is in

table 1.
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Macroscopic Findings (Table 2):

Six out of the 14 analyzed brains presented macroscopic changes, and
the presence of mild frontal atrophy with expansion of the frontal horn of the
lateral ventricles was the most frequent finding, in three cases. Moreover, one
brain (number 10) presented a temporal atrophy with volumetric reduction of the
hippocampus. In this case, the IQCODE was 4.77, compatible with dementia,
and tau and B-amyloid proteins were also found. One brain (number 3) was
from a patient with clinic diagnosis of multiple system atrophy (MSA). In this
case, the findings were: severe cerebellar atrophy, predominantly in the white
matter, putamen atrophy with discreet brownish discoloring, pons basis and
cerebellar peduncle atrophy, and slight paleness of the substantia nigra (Figure
2). Besides these, other two brains presented alterations: in the case number 7,
Six metastatic tumors were found, from a known uterine cervix carcinoma, and
in the case number 14, an old parietal-occipital 1.0 cm infarction, besides a
frontal lacuna, near the right-side ventricle. It is also convenient to highlight that
individual n°9 had a diagnosis of amyotrophic lateral sclerosis (ALS), without

macroscopic changes.

Microscopic Findings (Table 2):
Hematoxylin-Eosin (HE):

In brain number 1, we found an old 0.3 cm infarction in the pons, besides
areas with increase of perivascular spaces, compatible with an atherosclerotic
vascular disease. In the case with clinic diagnosis of MSA (brain number 3), the

microscopy confirmed the atrophic areas already described in the macroscopic
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exam, besides neuronal loss. In this case, we also found areas of demyelination
mainly in pons and cerebellar white matter.

Another common finding, observed in 11 out of 14 brains, was the
presence of variable amount of corpora amylacea, ranging from rare in some
cases to numerous in others, predominantly localized in the subpial and
periventricular regions. This observation does not seem to have a relation with
the patient’s age or with the presence of protein deposits associated to the NDs,
as they were present both in younger and older patients, as well as in patients
with and without protein deposits.

In 11 out of 14 cases the olfactory bulb was evaluated, and no

histological alteration was identified in any case.

Immunohistochemical Findings:

Histopathological diagnosis and classification for Alzheimer
Disease according to the Braak stages [13]

Besides the protein evaluation in the four areas proposed for the
accomplishment of this study, we evaluated the same proteins in areas
previously described by Braak et al.,, such as hippocampus and entorhinal,
frontal, parietal, and occipital cortex, to establish an anatomopathological
diagnosis.

Out of 10 patients who presented tau protein deposits in some
localization of the brainstem, 3 met criteria for stage 5/6 of Braak's Classification
for AD, always in association with B-amyloid protein deposits. These three were
also considered demented patients, according to the IQCODE evaluation.

Besides these, 3 patients were classified as stage 3/4, and other 2 as stage 1/2.
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Out of the 8 patients staged according to Braak's classification, 7 presented
IQCODE = 3.27. In the case in which IQCODE < 3.27 (number 7), the individual
was classified as an Alzheimer-type pathology holder, stage 3/4, without clinical
correlation.

Other 3 cases presented only tau protein deposits in cortical neurons,
without beta-amyloid. In all these cases, the IQCODE was < 3.27 (numbers 1, 2

and 13).

Beta-amyloid Protein (Tables 2 and 3):

Only one out of 14 brains presented rare beta-amyloid deposits in
brainstem, in the form of diffuse and senile plaques (Figure 3), localized in
midbrain. Besides this one, other two cases presented beta-amyloid deposits in

the brainstem vessels, characterizing amyloid angiopathy.

Phosphorylated Tau Protein (Tables 2 and 3):

The data on distribution and quantity of tau protein deposits is detailed in
Table 2. Ten out of 14 brains presented some tau deposit in one of the four
evaluated areas. In these positive cases, the most common protein deposits
were pretangles (pNFT) (Figure 4a) and dystrophic neurites (DN) (Figure 4b),
and less frequently, tangles (NFT) (Figure 4c) and granules (Figure 4d). Among
the anatomical locations where deposits occurred more densely in brainstem, it
is possible to highlight: substantia nigra (n=10) and periaqueductal gray matter
(n=4) in midbrain; locus ceruleus (n=6) and the reticular formation (n=4) in
pons; and dorsal raphe nucleus (n=4) and hypoglossal nucleus (n=3) in medulla

oblongata. From cases in which the olfactory bulb was available for analysis
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(n=11), three presented diffused and strong tau protein deposits, mainly in the

external plexiform layer (Figure 5).

Alpha-synuclein Protein (Tables 2 and 3):

Deposits of a-synuclein were found only in one case, in the individual
with clinical diagnosis of probable MSA, and these showed a distribution
compatible with the disease, confirming it. In this case, a-synuclein deposits in
the form of cytoplasmic glial inclusions (CGIs) (Figure 6a) and perinuclear
neuronal inclusions (PNIs) (Figure 6b) were identified. These findings were
mainly observed in the white matter of cerebellum (Figure 6¢) in great quantity,
in the medulla oblongata, pons and midbrain, in the form of CGls. Many CGIs

and PNIs were also identified in the putamen and few in the cortex.

DISCUSSION

There are few published data about the protein deposits in the brainstem
and olfactory bulb of patients with AD diagnosis, since the clinical
manifestations occur when tau protein, associated with p-amyloid, forms
deposits in the hippocampus and in the entorhinal cortex [14, 28].

Although the IQCODE does not define the etiology of dementia, it has
demonstrated to be a good tracking instrument for cognitive changes and had a
good correlation with the anatomopathological findings. According to the
publication of the transcultural validation study of the questionnaire for
Portuguese, Sanchez et al. concluded that this tool is an excellent resource to

track demential syndrome in community studies [27].
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We categorized patients in two groups: non-demented (NoD) and
demented (D). When compared, the groups did not present statistically
significant differences regarding gender and age. As the most frequent dementia
is AD, which presents a higher prevalence in females, it was expected to find, in
the demented group, a higher number of women [13, 29]. However, in our study,
we found the same number of men and women, which can be explained by the
small number of samples. Another aspect to be highlighted is that the majority of
our sample (57%) was classified, according to the IQCODE, in the demented
group, probably because families who suffer difficulties of this disease are more

open to donation.

Although we found a significant number of individuals (n=11) with some
kind of protein deposits in at least one of brainstem segments or olfactory bulb,
if compared demented to non-demented cases, our data did not show
statistically significant differences regarding deposits. This data was expected,
in fact, as dementia may be related to the protein deposits in limbic and
neocortical areas, and not in the brainstem or olfactory bulb. Researches have
currently attempted to find early ND clinical signs, and these changes could
result from protein deposits in the brainstem and olfactory bulb, since, according
to more recent studies, these segments would be committed long before the
cortical areas [30]. No association was found between the protein deposits in
the brainstem and the clinical changes informed by the next of kin through

IQCODE and the motor alteration questionnaire.

Some authors [31, 32] have demonstrated that the dorsal raphe nucleus
(DRN) presents NFTs before the transentorhinal region. According to Grinberg

et al. [31], in all cases in which the transentorhinal region presented NFTs, these
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were also found in the DRN. Moreover, 22% of the individuals who did not
present NFTs in the cortical regions (Braak 0) exhibited NFTs in the DRN,
suggesting that the brainstem is affected by the AD before the supratentorial
region [31]. Our findings are in agreement with this data, as out of the 8 cases in
which we found Alzheimer pathology, seven (87.5%) also presented tau protein
deposits in some brainstem segment or in the olfactory bulb. In 10% of the
cases (1/10) in which we found tau deposits in the brainstem, this protein was

not found in cortical areas, what could be related to AD in early stage.

It has been well documented that the olfactory dysfunction (hyposmia or
anosmia) is a very common characteristic in various NDs, particularly in patients
with AD and PD [33]. In many cases, the olfactory deficit is an early event of
these diseases, and can precede the typical clinical manifestations in many
years. Deposits of a-synuclein, tau and B-amyloid proteins are present in many
ND patients’ OB and olfactory epithelium [25], and have suggested that the OB
can be the first neuronal structure in which the deposits appear during the NDs
[33]. We found NFTs and NTs in the OBs in three out of the 11 individuals
whose OBs were available for analysis (cases 10, 12 and 14). Our data are
identical to the ones found in the literature, regarding the prevalence of NFTSs.
Mundifiano et al (2011) shows the presence of NFTs in 42.9% of the OBs from
patients with confirmed diagnosis of AD, exactly the same percentage that we
found [33].

We found no case of sporadic PD. In relation to a-synuclein deposits,
only the case that had clinical diagnosis of MSA presented this protein in all
segments of the brainstem, as well as in the olfactory bulb. Alpha-synuclein is

the main component of CGls in the MSA [34].
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Besides Braak and Braak's classification [13] for the (-amyloid protein
distribution in AD, a more recent classification has been proposed, considering
the involvement of brainstem regions, which are not taken into account in the
previous classification. According to Thal et al., there are five phases of -
amyloid deposits. In phase 1, the isocortex is involved; in 2, the hippocampus
and the entorhinal cortex; in 3, the striatum and the diencephalic nucleus; in 4,
various brainstem nuclei; and, finally, in phase 5, the cerebellum and the
additional brainstem nuclei [21]. We found only one case with beta-amyloid
deposit in the brainstem, more specifically in the midbrain, and this individual
had stage 5/6 AD according to Braak's classification.

This study has interesting findings regarding brainstem and olfactory bulb
protein deposition in people with or without dementia, but consists of a very

small sample precluding better interpretation of results.
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Table 1: Clinical data of patients

Demented (D)

Non Demented (ND)

n (%) 8 (57,14)
Age (years) 72,87
Gender

Female 4 (50%)
IQCODE Mean (SD) 3,72 (0,6)

6 (42,36)
71,16

3 (50%)
2,74 (0,7)
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Table 2. Description of sample

Case Age of Gender IQCODE Cause of Microscopic B-amyloid Tau a-synuclein Final
Death Death Findings Pathological
Diagnostic
DP SP NTs pNFTs NFTs Gr LB NTs PNIs CGls
1 91 F 1,32 Pneumonia Tauopathy
M - - 2+ 1+ - 2+ - - - -
P - - 2+ - 1+ 1+ - - - -
MO - - 1+ 1+ - 1+ - - - -
OB NA NA NA NA NA NA NA NA NA NA
2 79 M 3,15 Cardiac Tauopathy
M Tamponade - - 1+ 1+ 1+ - - - - -
=] - - - - - - - - - -
MO - - - - - - - - - -
OB - - - - - - - - - -
3 59 F 4,52 Septic shock Cerebellar MSA
M atrophy - - - - - - - - 3+ 3+
P BG atrophy - - - - - - - - 3+ 3+
MO - - - - - - - - 3+ 3+
OB - - - - - - - - 3+ 3+
4 56 M 3,00 Undetermined NORMAL
M - - 1+ - 1+ 1+ - - - -
=] - - - - - - - - - -
MO - - - - - - - - - -
OB NA NA NA NA NA NA NA NA NA NA
5 93 F 3,33 Myocardial Frontal Alzheimer
M Infarction atrophy - - 3+ 1+ 3+ 1+ - - - - Pathology
P Increase TH - - 2+ 1+ 3+ - - - - - Braak lll/IV
MO - - 1+ 1+ 1+ - - - - -
OB NA NA NA NA NA NA NA NA NA NA
6 68 F 3,27 Undetermined Alzheimer
M - - 1+ - - - - - - - Pathology
P - - - - - - - - - - Braak I/Il
MO - - - - - - - - - -
OB - - - - - - - - - -
7 89 F 3,00 Multiorgan Metastatic Alzheimer
M Failure carcinoma of - - 1+ - - - - - - - Pathology
P the cervix - - - - - - - - - - Braak lll/IV
MO - - 1+ - - - - - - -
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OB
8 49 M 3,00 Undetermined Isolate 3-
M - - - - - - - - - - amyloid
P - - - - - - - - - - deposit
MO
OB

9 54 M 3,86 Pneumonia Alzheimer
M - - - - - - - - - - Pathology
P - - - - - - - - - - Braak I/11

MO - - - - - - - - - -

OB - - - - - - - - - -

10 95 M 4,77 Acute Frontal and Alzheimer
M Pulmonar Temporal 1+ 1+ 3+ 3+ 3+ 2+ - - - - Pathology
P edema atrophy - - 2+ 2+ 3+ 1+ - - - - Braak V/VI

MO - - 2+ 1+ 2+ 2+ - - - -

OB - - 3+ 1+ 1+ - - - - -

11 62 M 3,38 Liver Frontal Alzheimer
M Cirrhosis atrophy - - 2+ 1+ 2+ 1+ - - - - Pathology
P Increase of LV - - 2+ 2+ 1+ 1+ - - - - Braak lll/IV

MO - - 1+ - - - - - - -

OB - - - - - - - - - -

12 81 F 3,36 Undetermined Alzheimer
M - - 2+ 1+ 2+ 1+ - - - - Pathology
P - - 1+ - 1+ - - - - - Braak V/VI

MO - - - - 1+ - - - - -

OB - - 2+ 1+ 1+ 1+ - - - -

13 62 F 3,00 Undetermined Tauopathy
M - - - - - - - - - -
=] - - - - - - - - - -

MO - - - - - - - - - -

OB - - - - - - - - - -

14 71 M 3,28 Cardiac Parieto- Alzheimer
M Tamponade occipital - - 2+ 1+ 1+ - - - - - Pathology
P infarction - - 2+ 1+ 2+ - - - - - Braak V/VI

MO - - - - - - - - - -

OB - - 3+ 3+ 1+ - - - - -

DP: diffuse plaque; SP: senile plague NTs: neurites; pNFTs: pre-tangles; NFT: tangles; Gr: granules; LB: Lewy Bodies; PNIs: Perineuronal Nuclear Inclusions; CGls: Cytoplasmic Glial
Inclusions; M: Midbrain; P: Pons; MO: medulla oblongata, OB: olfactory bulb; BG: basal ganglia; NA: not available; MSA: multiple system atrophy; TH: temporal horn; LV: lateral ventricle.
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Table 3. Brainstem location of protein deposits

Case Beta-amyloid Tau Alfa-synuclein
Midbrain 1/14 10/14 1/14
Substantia Nigra 1/14 10/14 1/14
Periaqueductal gray matter 0 4/14 1/14
Pons 0 6/14 1/14
Locus ceruleus 6/14 1/14
Reticular formation 4/14 1/14
Medulla Oblongata 0 5/14 1/14
Dorsal raphe nucleus 4/14 1/14
Hypoglossal nucleus 3/14 1/14
Olfactory Bulb 0 3/11 1/11

Total number of brainstem segments: 14  Total number of Olfactory bulbs: 11
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Figure 1: Case 3 - Basal view of the brain after removal (A); sagital section of
the brain after four weeks of in formalin10% (B); standardized sections after
fixation in formalin (C).

Figure 2: Case 3 - Anterior view of the brainstem showing pons basis atrophy
(A); sagital section also shows pons basis atrophy and severe atrophy of the
cerebellum (B).



56

z N - > .
} "
. g o s -
e )
.‘ ’
: (%
= . w - .
» f
& s
T Sl '
‘ v 29 5
- S L;.
B 2 & -
- ‘ >\ ‘ o |
~ A e - ‘B

Figure 3: Case 10 - senile plaques of B-amyloid deposit in the midbrain (A and

B)
(B-amyloid, 600X).
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Figure 4: Cases 5 and 10 - pretangles in the medulla oblongata (A);
dystrophic neurites in the midbrain (B); tangle in the pons (C) and granules in

the pons (C) (Tau, 400X)
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Figure 5: Case 14 - Pretangles and dystrophic neurites (A) and tangles (B) in
the olfactory bulb (Tau, 400X)

Figure 6: Case 3 - Cytoplasmic glial inclusions in the pons (A); perinuclear neuronal
inclusion in the midbrain (B) and cytoplasmic glial inclusions in the cerebellum white
matter (C) (a-synuclein, 600X)
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ABSTRACT:

Introduction: The neuropathological examination of postmortem human brain tissue is an
essential resource for the definitive diagnosis and research on neurodegenerative diseases.
Due to the growing need of donated brains to supply the Brain Banks, the understanding of the
factors associated with the consent for the donation in our context is an important aspect of the
process of brain donation. Methods: The verbal answers and the donation consent rate were
evaluated in three groups: 30 relatives of patients who underwent verification of death, 14
patients assisted at a neurology ambulatory, and 18 dementia and PD patients’ relatives.
Results: The donation consent rates were of 46.6%, 92.8% and 88.8%, respectively. The main
reasons for refusal were the disagreement with the autopsy, philosophical and religious issues,
objections from other family members, and the consideration of the wishes of the deceased.
The consent was specially motivated by the interest in the advances of scientific knowledge,
altruistic reasons and the personal experiences with the disease. Conclusion: Factors as the
emotional fragility at the moment of death, the beliefs, family matters, and the lack of knowledge
are key elements in the donation process. Future goals include the establishment of a brain
donor program with the support of academic institutions, hospitals, scientists, community,
patient’s associations and autopsy assistants. Approaching patients and relatives in specialized
ambulatories during assistance is probably the most efficient mean of obtaining brains for
research.

Keywords: brain donation, research participation, neurodegenerative diseases.
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INTRODUCTION

In the last decades, Brain Banks have been established worldwide in an
attempt to provide human brain tissue in both quantity and quality for
conducting neuropathological research. These are institutions specialized in
collecting, storing, preserving and assessing brains in special laboratories,
always seeking for adequate and detailed clinical, demographic and functional
characterization of the donor.

The neuropathological examination of postmortem human brain tissue is
an essential resource for the definitive diagnosis and for research on
neurodegenerative diseases. By means of comparative studies between
diseased and non-diseased brains, it is possible to establish a clinical-
pathological correlation of processes related to normal aging and those with
conditions affecting the central nervous system? These data enables the
investigation of genetic and environmental factors that underlie the progression
of the disease, as well as that of the molecular events leading to the onset of
characteristic neuropathological hallmarks — thereby contributing for a better
understanding of the etiopathogenesis of the neurodegenerative diseases.

In this context, the increasing demand for human brains to supply the
banks emerges as one of the main challenges for researchers. On the other
hand, the basic condition to meet this need is mainly based on the society’s
trust, support and collaboration with the scientific research and with the
donation processes. Whereas there is a solid understanding of the factors that
influence the consent for organ donation and transplantation, few researchers
have gone further and tried to identify the principles that motivate brain donation

for scientific purposes around the world. Besides that, most of these studies are
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confined to countries that house the main Brain Banks, such as the United
Kingdom, United States and Australia.

The lack of Brazilian or even Latin studies about brain donation for
research does not allow, so far, a precise description of the motivating factors
which influence this decision in our context — and this represents a gap for the
understanding of how the Brazilian’s culture, beliefs and knowledge affect this
process. The aim of this paper was to verify and compare the consent rates to
brain donation in different situations: among relatives of patients underwent
verification of death, among the patients of a reference outpatient clinic in
neurodegenerative diseases, and, finally, among patients’ relatives from this

clinic.

METHODS

The population studied in this paper is composed by relatives of subjects
underwent verification of death, patients of a model clinic in neurodegenerative
diseases, and these patients’ relatives. To verify and compare the consent rate
for brain donation, the sample of the study was divided in two groups.

Group 1 is composed by relatives of subjects aged 50 years old or more
underwent verification of death in the Forensic Department (FD) of the General
Examination Institute of Rio Grande do Sul. This phase is part of a project that
proposes a methodology to obtain and investigate human brain tissue, thus
starting the Brain Bank for the study of neurodegenerative diseases of the
Federal University of Health Sciences of Porto Alegre — UFCSPA. Divided in
shifts along the week, the researchers were responsible for the identification of

potential donors in the FD and for the contact with their relatives, either
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personally or by telephone. The approach was standardized and trained: after
an explanation about the project objectives, the execution mode, the normal
necropsy procedures and the removal of the brain, the relative was invited to
take part in the research. The donation was authorized trough the signature of
a informed consent by the responsible person. Then, a validated questionnaire
was answered by the next of kin to investigate possible cognitive alterations
(IQCODE) and motor alterations that the donor could have presented during
his/her life, as well as the family history and disease history (Figure 1).

Group 2 is formed by a sample of patients with diagnosis of dementia
and/or parkinsonism (subgroup 2A) and their relatives (subgroup 2B),
approached as part of an observational study at the Movement Disorders and
Dementia outpatient Clinic of the Neurology Service at the Irmandade Santa
Casa de Misericérdia of Porto Alegre (ISCMPA). Before the signature of the
informed consent, a mini mental status examination was applied to detect
cognitive impairment which would spoil the adequate comprehension of the
guestionnaire. In the cases which dementia was verified, the participant was
excluded from the sample. The data were collected during routine medical
examination, by means of standard questionnaire containing information on
demographic and socioeconomic variables, as well as the patient’'s diagnosis,
his/her opinion and the relative’s opinion about brain donation for research
purposes (Figure 2).

The comparison between the consent rates in both groups was made in
a descriptive way. The projects were approved by the Committees of Ethics in
Research of the Federal University of Health Sciences of Porto Alegre, of the

Forensic Department and of the Santa Casa de Misericérdia of Porto Alegre.
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Researcher’s arrival to the DML

Identification of potential donors that meet inclusion’s criteria

Telephone contact with the next of kin

Explanation of the project, the necropsy procedures and brain removal

Consent Refusal
Signature of Consent Agreement Questioning about the reason for refusal
Questionnaire Application Reiteration that the examination will not

be affected and thanks for the attention

Brain collection during necropsy

Figure 1. Flow chart of the approach of relatives at the Forensic Department (Group 1).

Researcher’s arrival at the Clinic of Dementia and Movement Disorders of the
Neurology Service of the ISCMPA/UFCSPA

Identification of potential participants by previous analysis of medical records

Explanation of the objectives and procedures of the research after the medical
appointment

Application of the Mini Exam of Mental status for the exclusion of dementia

Consent Refusal Exclusion

Signature of the Consent Questions on the reason

Agreement for refusal

Application of Reiteration that the

guestionnaire appointment will not be
affected and thanks for the
attention

Figure 2. Flow chart of the approach of patients and relatives at the Clinic of Dementia and
Movement Disorders (Group 2)
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brain donation

SrotherSister

Partner

Grandson

Adopted SonDaughler

SonDaughter

Donation
" Refusals
0% 20% 405 50% 80%

Graphic 4. Group 1: Degree of kinship (n=30)

In Group 1, 30 relatives were approached, and 16 of them (53.3%) did

not consent the donation. The main reasons indicated by the interviewees were

the disagreement with the necropsy procedure which the subject should

undergo (25%; n=4), philosophical or religious issues (12.5%; n=2), objections

from other relatives (12.5%; n=2), and the consideration for the deceased

person’s wish manifested when alive (12.5%; n=2). For most of the refusals

(31.25%; n=5), no reason was presented [Graphic 2]. The family degree

predominating between victims and relatives was first degree (parents or
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children), both for the donations (71.4%; n=9) and for the refusals (75%; n=12)
[Graphic 4]. For a significant number of subjects that underwent verification of
death, it was not possible to obtain the consent, as the body arrives at the FD
without the presence of relatives, which complicates the approach.

In Group 2, a total number of 32 people were interviewed, 14 of which
were patients and 18 were relatives. When questioned about the brain donation
for research purposes, 71.4% (n=10) of the patients interviewed (Subgroup 2A)
considered that the current knowledge about neurodegenerative diseases was
insufficient for an adequate treatment, and 92.8% (n=13) considered that the
brain donation for research was important. However, most of them (92.8%;
n=13) have never discussed the topic with family and friends. Among the
reasons for a positive intention to donate, the interest in contributing to the
scientific development (46.15% n=6) and helping other people (38.46%; n=>5)
[Graphic 3] stand out. Only one of the interviewees would not consent with the
donation, justifying this with lack of knowledge and unbelief in the direct benefit
of this process.

Among the relatives participating in Subgroup 2B, 83.33% (n=15) believe
that the brain donation is important to scientific research, and 16.66% (n=3)
have already debated the idea with other family members. Most of them
(88.8%; n=16) would donate the brain of the relative who has a
neurodegenerative disease, and, among the reasons which influence this
decision, are to help other people (43.75%; n=7), to contribute to the progress
of the scientific knowledge (37.5%; n=5), and the uselessness of the body for
themselves after death (18.75%; n=3) [Graphic 3]. Two relatives (11.11%)

refused, due to the unbelief in the donation process and discomfort with the
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idea of removing parts of the body. The consent rates obtained in the three

groups are summarized on Graphic 1.

DISCUSSION

Understanding the principles that influence the consent to brain donation
is critical for the future of the research on aging and neurodegeneration, since it
allows identifying the appropriate strategies for obtaining study material.
However, this process is still little investigated, so relatively few studies have so
far tried to identify and understand the individuals’ and their relatives’
motivations, feelings and decisions in relation to brain donation for scientific
research. Key factors relative to the donation for organ transplants have already
been defined, but the relevance of these findings remains a speculation in
relation to the same process for the medical research®*. Besides that, the
findings in the literature are very variable and particular to each culture, and a
specific evaluation in our context is necessary.

The publications about this theme present different approaches.
Whereas some authors analyze the verbal responses given by the relatives on
the day of the potential donors’ necropsy, others concentrate in evaluating the
perceptions of healthy individuals on the neurological point of view — either in
population-based enquiries or among participants of donation programs. There
is also a sparse literature focusing on patients with neurodegenerative
diseases. The consent rates to brain donation found in different studies are

summarized on Table 1.
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Study Country Approach Consent
AZIZI et al., 2006 Australia Family 58.3%
BEARDSALL et al., 1992 | United Kingdom Family / Patient 75% / 85%
DARNELL et al., 2011 United States Individual 37%
EATOUGH et al., 2012 United Kingdom Family -
GARRICK et al., 2003 Australia Family 62%
GARRICK et al., 2009 Australia Family 54%
KAYE, 1999 United States Individual 68%
KUHTA et al., 2011 United States Patient 56%
LAMBE et al., 2011 United States Individual 20%
MILLAR et al., 2008 Scotland Family 18%
SCHIMITT et al., 2001 United States Individual 38.7%
SHAW, 2012 United States Individual 31%
SOLOMON et al., 1993 United Kingdom Family 65%
STEVENS, 1998 United Kingdom Individual 32.4%
Brazil Family 46.6%
FONSECA et al., 2013 Patient 92.8%

Table 1. Consent rates to brain donation

In the present study, the verbal responses and the consent rate to brain
donation in three different situations were also analyzed: among relatives of
dead patients submitted to verification of death at the moment of the necropsy
(Group 1), among patients of a model clinic for neurodegenerative diseases
(Subgroup 2A), and among these patients’ relatives (Subgroup 2B). Rates of
46.6%, 92.8% and 88.8%, respectively, were verified, which demonstrates the
difference between the moments of a hypothetical future donation and of a
decision at the time in which de family faces death.

Many variables are involved in a family’s decision for donating a relative’s
brain in the moment of the necropsy. Among the main reasons to give consent
highlighted by the bibliography are the desire to help people who suffer with the
disease, the progress of the scientific knowledge and the deceased person’s
wish manifested in life>®. The consent rate verified at the FD is close to the
ones found by various studies which evaluated the consent rate for donation on
the same perspective®®°. These authors also demonstrated that, in most of the

refusals, families prefer do not declare any reason to justify their decision, as
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was also verified in the present sample (31.25%); the families who do frequently
relate discomfort with the idea of the necropsy and the donation, worries with
delays in the funeral, consideration for the other relatives or with the deceased
person him/herself and, mostly, the impact of the decision for other relatives®®.

Mostly, the decision to donate is not defined by one relative alone.
Therefore, the impact of the other relatives’ opinion is extremely relevant in this
issue. The present study supports this statement, with 12.5% of the refusals
due to the objections from other relatives as a justification. Garrik et al. (2009)
showed a positive association between the proximity of kinship degree and the
donation consent. However, other authors defend that the kinship relation
among the relatives does not tend to affect the donation process, that is, this
association is not consensual yet’.

Many studies have pointed out that the consideration of the deceased
person’s wish manifested during his/her life is a decisive factor in the moment of
the decision. Thus, knowing the deceased person’s wish facilitates the decision

taking by the family®®?®

. In the sample studied, 12.5% of the relatives who
refused, did it because they knew the deceased person’s contrary wish
manifested in life. In a study carried out with relatives who allowed the brain
donation, Sundqvist et al. (2010) showed that 44% did not discuss the theme
with the deceased person in life, but points out higher consent rates among
families who had previously debated the theme with their family members and
knew their wishes. These findings highlight the importance of discussion about
the theme with the family and the promotion of positive attitudes about it.

Yet, being against the necropsy procedure that the subject would

undergo was a very frequent justification, summing 25% of the interviewees. In
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Brazil, on the contrary of countries such as the United States, England and
Australia, where the relative’'s authorization is not required to perform
verification of death — it is for the doctor to refer the body to examination in the
FD. So, many relatives experience the anguish of lacking information about the
purpose and the execution of the necropsy procedure, being suspicious about
the invitation to participate in the research.

Among the patients with movement disorders and/or dementia, brain
donation is specially motivated by the interest in the advance of the medical
knowledge®®. In the present study, 92.8% of the patients interviewed affirm that
they would accept to donate their brains for scientific research. This proportion
is close to the ones found in other studies that also questioned the patients’
interest in participating in this kind of study®'%**, Most of the people interviewed
(92.8%) consider that brain donation is important for research, and 42.85%
would donate for the sake of the scientific development, suggesting that the
disease in the patients’ lives, their personal experiences as an ill person, and
the consequent interest in its cure end up by representing a positive factor in
the decision of getting involved in a tissue donation program for science.

On the other hand, even if there is an important positive association
between being affected by the disease and getting involved in a donation
program, some patients manifest the wish of not thinking about this theme
before their death, besides the worries with the reaction of the family, possible
delays in the funeral organization, fear of disfigurement of the body, and
impediments due to religious issues**°. At the clinic of ISCMPA, the only patient
who would refuse the donation alleged lack of knowledge and unbelief in the

direct benefits of the process.



71

In the subgroup 2B, the number of patients’ relatives who would accept
to take part in a donation project is very high (88.8%), when compared to the
consent rate found in Group 1. Close contact with an ill person, the desire to
help people who suffer with the disease and the understanding of the necessity
of scientific research to relief the suffering of others and to contribute to a future
cure are factors that exert a positive influence in the decision®®**. In contrast,
the relatives believe it is easier to decide about their own organs than about
those of some other family member®®, a fact that can explain the difference
between the consent rates in Group 2.

In population-based inquiries or inquiries made with participants inserted

in donation programs®®'413

, the involvement with researches in the area is
based on the strong desire of promoting scientific knowledge, and many are
influenced by acquaintances who declared themselves as donors. The
importance of the personal experiences with the disease, such as knowing a
relative or a friend who was affected by it, also influence in the decision
process. Concerns with body disfigurement and delay in the funeral, general
lack of information about the procedure, lack of direct benefit with the findings of
the research, religious objections, family disagreement, and discomfort with the

1215 are some of the factors that demotivate

idea of the necropsy procedure
potential donors. It is important to point out that many do not understand the
necessity of healthy people’s brains in researches about neurodegenerative
diseases™.

Another obstacle to obtain brains is the failure of the health professionals

in requiring the family’s consent, either for fear of disputes, pre-existing opinions

about the relatives’ reactions, lack of training to approach them, or even
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discomfort to discuss the theme?®. Considering that the human tissue donation
process involves not only the family members, but also the active participation
of an assistance team, these professionals must be encouraged to identify the
ways that facilitate the approach of patients and relatives, providing adequate
information about the procedures and emphasizing the need of obtaining

material for research.

CONCLUSION

The results verified in the sample studies suggest that many variables
are involved in the decision of agreeing with the brain donation, so that the
emotional fragility in the moment, the approaching form, family issues, and the
lack of information about the theme become decisive elements in this scenario.
Thus, it is possible to highlight the determinant role of health professionals and
the need of supplying them with education and training of standard techniques
to approach people, encouraging them to identify the ways to facilitate the
discussion with patients and families. Our results demonstrate that the strategy
of approaching patients and relatives in life at specialized clinics is the most
effective way of obtaining human brains for the research in our context. Teams
must be capable of conducting the process in an ethical and comfortable way
for the families who face the pain of losing a beloved one™®.

As strategies to recruit the biggest number of donors, it is also necessary
to provide the population with more detailed information about brain donation,
as well as stimulating the dialogue inside the families about the topic and to
clarify how the research can contribute to the community and the future

generations®’. This work contributes to the understanding about brain donation
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for medical research in our context, by means of its specific focus on this
process from different perspectives: as limitations, we indicate the few variables
analyzed and the small sample obtained — which is due to the logistic difficulties
in collecting the brains in the Forensic Department — besides the absence of a
donation program established that would allow a more extensive interview with

relatives.
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4. Consideracgdes finais

O presente estudo intitulado “ Alteracdes neurodegenerativas no
tronco encefalico e bulbo olfatério em individuos acima de 50 anos”,
aprovado pelos Comités de Etica em Pesquisa (CEP) da UFCSPA (Parecer N°
1156/10) e do Departamento de Medicina Legal de Porto Alegre teve por
objetivo iniciar a organizacdo de um protocolo para aquisicdo e estudo de
encéfalos humanos em um banco de cérebros. Paralelamente a este estudo,
outros trabalhos estdo sendo desenvolvidos com o material coletado.

A Unica maneira de entendermos melhor a patogénese das doencas
neurodegenerativas é através do estudo de encéfalos humanos pds-morte,
tanto os com envelhecimento normal quanto aqueles com doencas
neurodegenerativas. Por esta razao, este trabalho tem um importancia
fundamental em nosso meio, uma vez que foi a primeira tentativa de instalagao
de um banco de cérebros para o estudo de doencas neurodegenerativas,
tratando-se de uma iniciativa pioneira no Estado.

A parceria entre 0 nosso grupo de pesquisa e o DML de Porto Alegre
instituiu-se em 2010, quando iniciamos este projeto. Desde la, estamos
reunindo esforgos para encontrar alternativas para melhorar a comunicagdo
entre os pesquisadores, funcionarios do DML e familiares dos potenciais
doadores. Neste trabalho, antes de qualquer aprendizado cientifico, tivemos a
oportunidade de entender o funcionamento do sistema de verificacdo de ébito
atual, o que nos fez perceber que muitas mudancas sdo necessarias para que

a coleta de material bioldgico para pesquisa seja mais efetiva e viavel.
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Sabemos que muito ainda precisa ser feito para aumentar a nossa
casuistica, muito pequena em funcao das dificuldades encontradas. No futuro,
este numero deve ser aumentado em larga escala para producéo de dados que
contribuam para o desenvolvimento da pesquisa neste campo.

Apesar das dificuldades encontradas e da amostra pequena, 0S
objetivos propostos pelos pesquisadores foram alcancados em grande parte.
Nés conseguimos demonstrar a existéncia de depdsitos proteicos relacionados
as doencas neurodegenerativas, no tronco encefélico e bulbo olfatério de
pacientes que ainda ndo desenvolveram alteracbes cognitivas ou deméncia.
Alguns estudos recentes da publicados na literatura sugerem que as estruturas
do tronco encefélico e do bulbo olfatério estdo envolvidas em fases precoces
das doencas neurodegenerativas e poderiam explicar alguns dos sintomas
apresentados pelos pacientes, muitos anos antes da instalacdo do quadro
demencial.

Este trabalho pode ainda ser um incentivo para que outros
pesquisadores interessados neste campo possam agregar esforcos aos

nossos, aumentando o niumero de doacdes e de material para pesquisa.
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5. Anexos

51 ANEXO1

TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO

O projeto de pesquisa intitulado “Prevaléncia e caracterizagdo pos-mortem de alteracdes
neurodegenerativas no tronco encefalico e bulbo olfatério de cadaveres acima de 55 anos
submetidos a verificacdo de Obito e suas possiveis correlagdes com manifestagcdes clinicas” tem
por objetivo estudar as alteracdes neurodegenerativas (depdésitos de proteinas) presentes no cérebro de
pessoas acima de 55 anos, falecidas de morte natural, causadas por problemas nao cerebrais. Além disso,
gostariamos de relacionar estas altera¢gdes com algumas manifestacBes clinicas que o0s pacientes
apresentassem, sendo que para isso vocé respondera um questionario sobre algumas possiveis
alteracdes de marcha e de comportamento apresentadas pelo seu familiar.

Para que este estudo possa acontecer é necessaria a doacao do cérebro do seu familiar. Para seu
conhecimento, o cérebro é retirado pelo médico legista durante a necropsia onde este € examinado como
rotina. Em funcdo disso, ndo se soma nenhum desconforto ou risco para o falecido, familiares ou
responsaveis legais da pessoa falecida, ja que o procedimento a ser realizado é o habitual e esta indicado
por normas técnicas/académicas legais. Nao serd realizado nenhum procedimento a mais para este
estudo. A diferenca, no caso de sua concordancia, é que, ao invés de ser descartado apds a analise, o
cérebro sera utilizado para pesquisa. O material sera estudado e ficara guardado, para estudos futuros, no
Banco de Cérebro vinculado ao no Laboratério de Patologia da Universidade Federal de Ciéncias da
Salde de Porto Alegre, R. Sarmento Leite, 245, Porto Alegre — RS. Gostariamos de enfatizar que com a
sua colaboracéo, daqui a alguns anos poderemos estar ajudando milhares de pessoas com problemas de
deméncia, pois a partir deste estudos, queremos entender o processo de envelhecimento do cérebro. Se o
familiar ou responsavel legal pela pessoa falecida tenha alguma davida sobre o que foi informado acima,
podera perguntar a qualquer um dos pesquisadores envolvidos neste estudo. Podera também nao querer
participar deste estudo, pedindo para que o cérebro ndo seja utilizado por nds na pesquisa, sem que isso
acarrete nenhum prejuizo na qualidade do procedimento. Também podera abandonar esta pesquisa no
momento em que bem entender, sem que isso acarrete necessidade de justificativas ou qualquer tipo de
indenizagéo.

Os autores deste estudo se comprometem a divulgar os resultados obtidos para o avanco do
conhecimento cientifico de maneira a ndo expor dados pessoais completos que possam identificar as
pessoas que contribuiram para esta pesquisa.

Caso eu tenha novas perguntas sobre a doac&do ou este estudo, posso entrar em contato com a
Prof® Arlete Hilbig (pesquisadora responsével), e/ou com Francine Hehn de Oliveira (pesquisadora
aluna de mestrado) no endereco R. Sarmento Leite, 245, Porto Alegre — RS, telefone 0 xx 51 33039000
ramal 8802. Para qualquer pergunta sobre os meus direitos como participante deste estudo ou se penso
que fui prejudicado pela minha participacdo, posso chamar o coordenador do Comité de Etica em
Pesquisa da Universidade de Ciéncias da Saude de Porto Alegre, Prof. José Geraldo V. Taborda, ou seu
substituto, na R. Sarmento Leite, 245, Porto Alegre — RS/ telefone 0 xx 51 3303 8804. Declaro que recebi
cépia do presente Termo de Consentimento

Assinatura de familiar ou do responsavel legal

Nome do familiar e grau de parentesco Assinatura do Pesquisador

Nome do Pesquisador Assinatura de testemunha

Data: / /




5.2 ANEXO?2

IQCODE (Informant Questionnaire on Cognitive Decline in the Elderly)
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Marque com um “X” na resposta apropriada. Se a pessoa nunca fez determinada funcéo ou tarefa,
marque “ndo se aplica”. Se o familiar ndo tem certeza ou desconhece alguma informacéo, marque

“nao sabe”.

Comparada ha 10 anos
atrds, como essa pessoa
esta em:

Muito
melhor

Melhor

Nao
muito
alterado

Pior

Muito
pior

Néo
se
aplica

Nao
sabe

. Reconhecer familiares e amigos

. Lembrar-se do nome dos familiares amigos

. Lembrar-se de coisas sobre os familiares

. Lembrar-se de coisas que aconteceram ha pouco tempo

. Lembrar-se de conversas dos ultimos dias

DO |WIN|F

. Esquecer o que ele(a) queria dizer
no meio da conversa

7. Lembrar-se do seu endereco e telefone

8. Lembrar-se em que dia e més estamos

9. Lembrar onde as coisas sdo guardadas usualmente (ex.
roupa, talheres, etc)

0. Lembrar onde achar coisas que foram guardadas em lugar
diferente do de que de costume (ex. 6culos, dinheiro,
chaves)

11. Adaptar-se a mudancgas em sua rotina diéria

12. Saber usar aparelhos domésticos que ja conhece

13. Aprender a usar um aparelho doméstico novo

14. Aprender novas coisas em geral

15. Lembrar-se de coisas que aconteceram quando ele (a) era
jovem

16. Lembrar-se de coisas que ele(a)aprendeu quando era
jovem

17. Entender o significado de palavras pouco comuns

18. Entender artigos de revista e de
Jornal

19. Acompanhar uma histéria em um livro ou na televisao (ex.
novelas, seriados, filmes)

20. Escrever uma carta para amigos ou para negocios

21. Conhecer fatos histéricos importantes do passado

22.Tomar decisbes em questbes do dia-a-dia

23. Lidar com dinheiro para fazer compras

24. Lidar com suas finangas, por exemplo, pensao, coisas de
banco

25. Lidar com outros problemas concretos do dia-a-dia, como
por exemplo, saber quanta comida comprar, quanto
tempo transcorreu entre as visitas de familiares ou
amigos

26. Compreender o que se passa a sua volta.

Sub-Total
(soma dos itens assinalados nas colunas)

Total
(multiplicar o sub-total de cada coluna pelo nimero indicado)

X 1=

X 2=

X 3=

X 5=

Total geral (soma dos resultados das 5 colunas)




OBS: Nas colunas N&o se aplica ou N&o sabe, o sub-total ndo deve ser multiplicado por
nenhum valor e, portanto, € igual ao total. Faca os calculos com calma, depois de ter terminado
a entrevista.

O calculo do Escore final do IQCODE deve ser feito dividindo o total geral pelo nimero de
perguntas respondidas (excluindo-se as questdes assinaladas como Nao se aplica ou Nao
sabe):

Escore IQCODE = Total geral ESCORE FINAL IQCODE
Numero de itens respondidos
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5.3 ANEXO3
QUESTIONARIO ADICIONAL PERSONALIZADO

Idade: Sexo:

Causa mortis:

Doengas Associadas:

Historia familiar de doencga neurodegenerativas (Deméncia — Alzheimer ou Parkinson)?
( ) NAO ()SIM
Presenca de tremores? ( ) NAO ( ) SIM
Onde? ( ) MsSs () Msls
Quando? () repouso ( ) em movimento
Dificuldades (lentificacdo) para realizar atividades usuais, mantendo bracos ou pernas rigidos ?
( ) NAO () SIM
( ) Simétrica
() Assimétrica ( ) mais a direita
( ) mais & esquerda
Dificuldade de marcha? ( ) NAO ( ) SIM
Arrastava os pés? ( ) SIM ( ) NAO
Ficava “grudado” no chdo, sem conseguir iniciar movimentos? ( ) NAO( ) SIM
Apresentava dificuldades do sono, do tipo agitacao noturna?
( ) NAO ()SIM
Apresentava alguma alteracdo no olfato?

( ) NAO () SIM
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5.4 PROTOCOLO DE CORTES HISTOLOGICOS DO BANCO DE CEREBRO

MESTRADO FRANCINE

HEMISFERIO PADRAO PARA CORTES: DIREITO

AREAS CORTES N©°

CORTEX FRONTAL

+ F1-F2 imediatamente rostral a ponta do lobo temporal 1

+ Giro frontal superior e cértex pré-motor ao nivel do pulvinar 2
CORTEX TEMPORAL

+ T1-T2 ao nivel do corpo mamilar 3e4

+ Ponta do lobo temporal 5
CORTEX PARIETAL

+ Sulco intraparietal 1cm atras do esplénio do CC 6
CORTEX OCCIPITAL

+ Cortex visual 7
CORTEX LIMBICO

+ Cingulo anterior ao nivel do acumbens, 1,5cm atras do genu do CC 8
HIPOCAMPO

+ Ao nivel do corpo mamilar 9

+ Ao nivel do corpo geniculado lateral 10
AMIGDALA

+ Ao nivel da comissura anterior 11
GANGLIOS DA BASE

+ Ao nivel do nacleo acumbens 12

+ Ao nivel da comissura anterior 13

+ Globo palido ao nivel do corpo mamilar 14
TALAMO

+ Ao nivel do nlcleo subtalamico 15
MESENCEFALO

+ Ao nivel do ndcleo rubro + ao nivel da decussacgdo do pedinculo cerebelar superior 16
PONTE

+ Ao nivel do locus coeruleus 17

+ Ponte inferior 18
BULBO

+ Superior + Inferior 19
CEREBELO

+ Vermis 20

+ Hemisfério incluindo nucleo denteado 21
CORTES ADICIONAIS
MESENCEFALO

+ Ao nivel do ndcleo rubro + ao nivel da decussacgdo do pedinculo cerebelar superior 22
PONTE

+ Ao nivel do locus coeruleus + ponte inferior 23
BULBO

+ Superior + inferior 24
QUANDO DISPONIVEL:

+ TO distal (bulbo olfatério e trato distal — pintar parte proximal) 25

+ TO proximal (trato olfatério proximal — pintar parte proximal) 26
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5.5 Parecer do Comité de Etica da UFCSPA

Parecer Consubstanciado de Projeto de Pesquisa

Titulo do Projeto: Prevaléncia ¢ caracterizagio pos-mortem de alteragdes neurodegenerativas
ne tronco encefalico ¢ bulbo oifative de cadaveres acima de §5 anos submetidos a verificagao
de obitos e suas possiveis correlagdes com manifestagoes clinicas

| Pesquisador Responsavel Arlete Hilbig Parecer n® 1156/10
| Data da Versic 09/06/2010 | | Cadastro 625/10 | | Data do Parecer 08/07/2010 |
| Grupo e Area Temdtica  Classificagio utilizada pela CONEP |
Objetivos do Projeto

Geral: caracterizar e quantificar, post-mortem.as alteragoes neurodegenetativas encontradas
no tronco encefalico @ bulbo olfative de cadaveres acima de 55 anos, na tentativa de
correlacionar depositos protéios com possiveis manifestacoes precoces das doenagas de
Alzheimer e Parkinson.

Especificos: - implementar uma metodologia para obtengaoc e investigacao de tecido
encefalico humano no nosso meio, dando inicio ao projeto do banco de cerebro para estudo
de doengas neurodegenerativas; - verificar 3 prevalencia de alteragoes neurologicas
caracteristicas da doenga de Parkinson e da doenga de Alzheimer em uma amostra de
pacientes acima de 55 anos; - verificar a prevalenia e distribui¢cdo de deposites de alfa
sinucleina em tronco encefalaico (bulbo. ponte e mesencefalo) e areas olfativas (bulbo
olfatorio}; - verificar a prevalenia e distribuigio de deposito de proteina tau hiperfosforilada
em tronco encefalice ( bulbo, ponte @ mesenefalo) @ areas olfativas { bulbo olfatorio);- verificar
a prevalenia e distribuicao de depositos de beta-amiloide em tronco encefalaico (bulbo. ponte
& mesencafalo) e areas olfativas (bulbo olfatorio); - correlacionar os depositos das proteinas
alfa sinucleina, tau hiperfosforilada ¢ beta-amiloide com informag¢des clinicas obtidas post-
mortem atraves de questionarios especifico, formulado pelos autores contendo perguntas
sobre disfungoes motoras, doencas associadas, historia familiar para doenaga
neurodegenerativas. uso de medicacoes, etc..

Sumario do Projeto

serao utilizados encefalos de cadaveres com idade igual ou superior a $5 anos, submetidos a
verificagao de obtidos no departamento de medicina legal de Porto Alegre: a amostra sara por
convenienciaa no periodo de julho de 2010 a dezembro de 2010, sendo o numero desejado de
100 encefalos.

 Titulo Adequado
Autores Adequados
 Local de Onigem na Instituicdo Adequado
Progeto elaborado por patrocinador Nio informado
| Aprovagio no pais de origem Nio necessita
Local de Realizacao Qutro (citar no comentario)
Outras instituicoes anvolvidas Nao informado
Comentnios solis os itsns de lentificacao
| Introdugao | Adequada ]
Comentirios sobre a Nwoducso
[ opjetivos | Adequados |
Comentarics solwe os Objetivos
'Pacientes ¢ Métogos
Adequado
Tamanho de amostra Total 100 Local 100
Caiculo do tamanho da amostra Adequado




Participantes pertencentes a grupos especiais Nio

Selec3o equitativa dos Individuos participantes Adequada

Critérios de inclusio e exclusao Adequados

Relag3ao rnisce- beneficio N30 se aplica

Uso de placebo Nao utiliza

Periodo de_suspensao de uso de drogas (wash out) | Nao utiliza

Monitoramento da seguranga & dados Nao se aplica

Avallacio dos cados Adequada - quantitativa |

Privacidade & conndencialidade Adequada

Termo de Consentimento Adequado

Adequacao 35 Normas e Diretrizes Sim

Comentanos sebre os itens de Pacientes @ Metodos

Cronograma Adequado

Data de Inicio prevista

Data de termino prevista

Adequado
Fonte de financiamento externa Agencia de fomento
Comemarics soore o Cronograma & o Jrgamento
_Reteréncias Bidliograncas [ Acequadas ]
Comentaios solee as Referéncias Bibliograncas
Recomendacgao
Aprovar

Comentanos Geras sobire o Projeto
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