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Resumo

No presente trabalho foram estudados aspectos relacionados ao sono, a
qualidade de vida e achados de microRNA nos individuos com doeng¢a de Parkinson

(DP).

Foi realizada a tradugdo e validacdo da Escala de Sono na DP (PDSS) para
uso no Brasil. A consisténcia interna foi avaliada pelo alfa de Cronbach apresentando
valor igual a 0.82. Todos os itens da versdo brasileira da PDSS (PDSS-BR)
apresentaram correlagdo direta estatisticamente significativa com o escore total da
escala. A confiabilidade teste-reteste do escore total apresentou valor de 0.94. A
PDSS-BR apresentou correlagdo com o Indice de Qualidade de Sono de Pittsburg
(PSQI) e com a Escala de Sonoléncia de Epworth (rs=[10.63 ¢ 1r~=[10.32,
respectivamente; p=0.001). Os achados psicométricos da PDSS-BR foram
satisfatorios e semelhantes aos de estudos previamente desenvolvidos em outros

paises.

Também foi avaliada a qualidade de vida dos pacientes com DP com o
instrumento de Avaliagdo de Qualidade de Vida em Idosos da Organizagao Mundial
da Saude (WHOQOL-OLD). Foi constatado que individuos com maior gravidade da
DP apresentaram pior escore total da WHOQOL-OLD (rs= —0.43; p<0.001). Os
pacientes com estagios mais avangados apresentam pior indice de qualidade de vida
nas facetas de habilidade sensorial e de participagdo social em comparagdo com os

pacientes em estadgio mais leve. Na faceta de habilidade sensorial existe uma
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associacdo com o sono, avaliado pelas escalas PSQI e PDSS-BR (rp= [10.46 ¢

r,=0.41, respectivamente; p<0.001).

Em relagcdo ao sono na DP também foi realizada analise da estrutura do sono
baseado em exames de polissonografia (PSG), tendo sido estudadas duas medidas de
microestrutura do sono: densidade dos fusos do sono (FS) e padrao alternante ciclico
(PAC). Foi realizada quantificagdo automatica dos FS no estdgioN2 do sono nao-
REM (rapid eye movement) de cada individuo. Pacientes com DP sem tratamento
(ntPD) apresentaram maior densidade de FS que os do grupo controle nas derivagdes
parietais, central esquerda e frontal direita (p<0.05). Diferencas entre pacientes e
controles foram constatadas aos analisar tanto fusos lentos (11-13Hz) quanto rapidos
(frequéncia superior a 13 Hz). Na analise do PAC identificou-se aumento da
porcentagem do subtipo A3 e reducdo na duragdo de todos os subtipos-A do PAC no
grupo ntPD em relagdo aos controles. Nao foi observada diferenca estatisticamente
significativa na densidade dos FS e no PAC na comparacdo entre os momentos

anterior e posterior ao tratamento com levodopa.

Ainda, visando maior compreensao da DP e identificagdo de instrumentos que
possam ser utilizados como marcadores da doenca, foi avaliada a expressdo de
microRNAs no sangue de pacientes com DP. Foi identificado que os microRNAs:
miR-1, miR-16-2*, miR-22* miR-26a2*, miR-29a and miR-30a apresentaram
diferenga nos niveis de expressao relativa no sangue dos pacientes com DP. A analise
combinada dos niveis de expressdo relativa de miR-1, miR-22* and miR-29 permitiu
distinguir pacientes com DP, sem tratamento em estagios iniciais da manifestacao

motora da doenca, de individuos saudaveis (p<0.05). Enquanto, a analise conjunta
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dos niveis de expressao de miR-16-2*, miR-26a2* e miR30a diferenciou pacientes

tratados de nado-tratados (p<0.05).

Assim, o presente estudo identificou e disponibilizou diferentes medidas que

podem colaborar na avaliagdo de pacientes com DP.
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Introduciao

A doenca de Parkinson ¢ reconhecida como entidade nosologica desde a
publicagdo, em 1817, do estudo de James Parkinson: An Essay on Shaking Palsy. E
uma doenga neurodegenerativa que acomete homens e mulheres de diferentes etnias
e classes sociais. Apresenta uma prevaléncia de 1.8 casos por 100 habitantes com
idade superior a 65 anos, nimero que varia entre 0.6 casos por 100 habitantes com
idade entre 65 e 69 anos até 2.6 casos por 100 habitantes entre 85 e 89 anos (De Rijk
e col, 2000). No Brasil, um estudo com base populacional identificou a prevaléncia
de 3.3% para doenca de Parkinson (DP) em individuos com idade acima de 60 anos;
sem diferenca estatisticamente significativa entre os homens e as mulheres (Barbosa
e col, 2006). No estudo brasileiro foi observado que 72% dos individuos
identificados pelos investigadores como portadores de DP ndo haviam sido, até
entdo, diagnosticados como tal. Ressalta-se que o diagndstico de DP esté associado a
uma mortalidade duas vezes maior do que a da populagdo em geral para a mesma
faixa etaria (Morgante e col, 2000); desta forma reafirmando a importincia do

reconhecimento e diagndstico da DP.

As manifestacdes clinicas da DP incluem tremor em repouso, rigidez,
bradicinesia, perturbag¢des da marcha e da postura (Hughes e col, 1992) Apesar de ser
identificada como um disturbio do movimento, a DP estd associada a um amplo

espectro de sintomas nao-motores (Adler, 2005, Poewe, 2008; Chaudhuri ¢ Naidu,
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2008). Os quais consistem, entre outros, em transtornos do sono, sintomas
neuropsiquiatricos, autondmicos, gastrointestinais e sensoriais. Muitas das
manifestagdes nao-motoras podem ocorrer nos estagios iniciais da doenga ou
precederem o diagndstico de DP. Nas ultimas décadas, estudos clinicos,
epidemiologicos e histopatoldgicos disponibilizaram evidéncias a favor da existéncia
de uma fase pré-motora (Braak e col, 2004; Tolosa e col, 2007) na qual podem
ocorrer sintomas como redu¢ao do olfato, constipacdo, transtornos de humor,
sonoléncia excessiva diurna, transtorno comportamental do sono REM (rapid eye

movement) (Tolosa e col, 2007).

Assim, tem sido demonstrado que os sintomas nao—motores podem ocorrer
tanto precedendo o diagnostico, como em fases iniciais ou tardias da DP e exercerem
um papel determinante na qualidade de vida do paciente (Schrag e col, 2000a;
Kuopio e col, 2000; GPDS Comitee 2002; Carod-Artal e col, 2007; Scalzo e col,
2009). A incapacitagdo na DP pode resultar de diferentes achados tal como
comprometimento motor, manifestacdes nao-motoras (Poewe, 2008; Adler, 2005) ¢
efeitos adversos do tratamento. Apesar do impacto da doenca na vida dos individuos
(Morgante e col, 2000) os sintomas nao-motores ainda ndo s3o apropriadamente
reconhecidos na pratica clinica (Barbosa e col, 2006). Estudo desenvolvido nos
Estados Unidos da América identificou que nas visitas de rotina a neurologistas, as
alteragdes de sono nao eram identificadas pelos neurologistas numa taxa superior a
40% das consultas e que sintomas como depressdo, ansiedade e fadiga; acima de

50% (Shulman e col, 2002).
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Apesar das limitagdes em ferramentas diagnésticas para DP, instrumentos
para avaliagdo e quantificacdo dos sintomas motores e ndo-motores podem e devem
ser utilizados na pratica clinica. Considerando os sintomas da DP existem escalas
como a Escala Unificada para Doenca de Parkinson (UPDRS) e a Escala Hoehn-
Yahr (HY); a ultima permite o estagiamento da doenga. Os sintomas nao-motores
também podem ser quantificados através do uso de escalas. Podem ser utilizados
instrumentos padrao e o resultado ser interpretado considerando um ponto de corte
corrigido para individuos parkinsonianos, como ocorre com o Inventario de Beck
para Depressao (Leetjens e col, 2000; Visser e col, 2006; Schrag e col, 2007) ou ser
utilizada uma escala especifica para DP, como, por exemplo, na avaliagdo de

distarbio do sono: a Escala de Sono na Doenga Parkinson (Chaudhuri e col, 2002).

No que se refere a sintomas nao-motores da DP, destaca-se os transtornos do
sono; tanto pela elevada freqiiéncia de queixas relacionadas ao sono pelos pacientes
com DP (Lees e col, 1988; Tandberg e col, 1998), como pela potencial ocorréncia
destas manifestagdes em diferentes estagios da doenca. As alteragdes do sono podem
ser quantificadas clinicamente por meio de entrevistas, escalas e exames (por
exemplo, a polissonografia de noite inteira). Acrescenta-se, o interesse na avaliagao
do sono de pacientes com DP também se dever a limitagdes metodologicas de alguns
estudos de sono previamente realizados, assim como a auséncia de consenso entre as
pesquisas quanto a microestrutura do sono no que se refere a fusos de sono (Pucca e
col, 1973; Comella e col, 1993; Happe e col, 2004) e a auséncia de informagdes

relativas a padrdo alternante ciclico na DP. Tanto os fusos do sono como parametros
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do padrdo alternante ciclico (PAC) correspondem a medidas de microestrutura do

Sono.

A andlise dos fusos de sono nessa populagao de pacientes desperta interesse
ao considerar os mecanismos fisiopatoldgicos envolvidos na DP e os processos
talamicos relacionados a formacao dos fusos (Steriade, 2000; Fuentealba e Steriade,
2005); os quais potencialmente poderiam sofrer interferéncia relacionada a doenca. O
PAC esta relacionado a interpretagdo eletroencefalografica da flutuagao do despertar;
considerando que uma queixa entre os pacientes com DP consiste em sono

fragmentado, passa a ser adequado analisar essa medida nesses individuos.

\

Ainda, no que tange a avaliacdo desses pacientes, diversos estudos tém
quantificado alteragdes bioquimicas no sangue ou no liquido céfalo-raquidiano
(LCR) de individuos com DP; assim como, investigado genes ou polimorfismos
associados a apresentagdes da DP e resposta ao tratamento. No entanto, até o
momento, o diagnostico de DP ¢ baseado em critérios do exame clinico (Hughes e
col, 1992; Gelb e col, 1999). Atualmente, o diagndstico definitivo para DP sé ¢

possivel com confirmagao pela necropsia (Gelb e col, 1999).

A auséncia de um marcador diagnostico sérico para esta doenga dificulta o
adequado diagnostico da DP. A exceléncia de um marcador sérico traria, entre outras
vantagens, a facilidade para acesso a amostra bioldgica (sangue) o que permitiria o
maior uso na pratica clinica, assim como em pesquisas. Este marcador poderia
contribuir para o reconhecimento da DP em estagios iniciais — momento no qual o
quadro nosolégico pode ndo ser identificado quer pela baixa intensidade dos

sintomas ou pela interpretagdo de “normalidade” de sintomas como tremor e lentidao
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em idosos da nossa populacdo. O biomarcador também poderia contribuir na
determinagdo da fisiopatologia e mecanismos de acao de drogas (Rascol, 2009). A
busca por um potencial biomarcador da DP tem ocorrido; no entanto, o grande
numero de fatores que interagem na etiologia da DP, como genes (e os diversos
mecanismos relacionados a expressao dos mesmos), determinantes ambientais e
processos relacionados ao envelhecimento, dificultam a identificacdo deste
biomarcador. De fato, o estudo de genes em doencas como a DP ¢ um constante
desafio para a gendmica médica. A analise de microRNAs surge como uma nova
ferramenta. E proposto que a maioria dos microRNAs regule a expressdo do gene
numa etapa poés-transcri¢ao, interferindo na traducao e/ou na estabilidade do acido
ribonucléico mensageiro (mRNA) (Bartel, 2004; Filipowicz e col, 2008). Os
microRNAs tém sido identificados como marcadores moleculares em diferentes
tipos de cancer e vem sendo estudados em doencas neurodegenerativas (Nelson e
cols 2008; Bartels e Tsongalis, 2009; Pauley e cols 2009) podendo ser proposto que

os microRNAs possam exercer um papel na DP.

Logo, considerando a prevaléncia da doenga de Parkinson, a elevada
freqiiéncia de queixas relacionadas ao sono, a potencial incapacitagdo e redugdo da
qualidade de vida dos individuos com DP, o presente trabalho buscou obter
informagdes relativas ao sono e¢ a qualidade de vida nesses pacientes. Também
avaliou medidas moleculares relacionadas a ocorréncia da doenga visando poder
contribuir para uma maior compreensao da DP. Nos estudos para analise do sono,
inicialmente, foi realizada a tradugdo ¢ valida¢do da Escala de Sono na Doenga de
Parkinson (PDSS), permitindo uma analise das propriedades psicométricas da versao
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brasileira da PDSS (Artigol). Em consideragdo ao fato da DP poder interferir na
qualidade de vida dos pacientes e apresentar a sua maior incidéncia em individuos
idosos, foi avaliada a qualidade de vida de pacientes com DP, e sua relagdo com o
sono, através do instrumento WHOQOL-OLD (World Health Organization Quality
of Life — Old); que consiste numa escala especifica para pessoas idosas (Artigo 2). O
sono dos pacientes com DP também foi estudado quanto a sua microestrutura, a
partir de exames de polissonografia, no que se refere a avaliagdo dos fusos de sono e
do padrao alternante ciclico (Artigo 3 e Artigo 4). Enquanto que o estudo de
avaliacdo de medidas relativas a biologia molecular consistiu na anélise de expressao

de microRNAs em sangue de pacientes (Artigo 5 e Artigo 6).

18



Revisao da Literatura

1. Doenca de Parkinson

A doenga de Parkinson ¢ uma doenca neurodegenerativa complexa tanto no
que se refere a neurobiologia, quanto ao diagnostico e as manifestagdes clinicas. A
sua etiologia ainda ndo estd estabelecida. Na maioria dos casos ¢ atribuida a
interacdo de diversos fatores, englobando aspectos ambientais e da genética; sendo
que a doenca de Parkinson com inicio precoce tem sido relacionada, com maior

freqiiéncia, a fatores genéticos.

1.1. Neurobiologia da Doenca de Parkinson
1.1.1. Fisiopatologia

Rigidez, bradicinesia e tremor em repouso sdo as principais manifestagdes
motoras da doenca de Parkinson idiopatica (DP) as quais, classicamente, sao

associadas a altera¢des funcionais dos nucleos da base.

De acordo com o modelo de funcionamento, os nucleos da base estio
funcionalmente interpostos entre o coértex e o tadlamo; a informagdo cortical é
recebida pelos nucleos da base através do estriado. Esta informagdo é processada e
transmitida ao globo palido segmento interno (GP1) e substancia negra pars reticular

(SNr) que sdo os nucleos de saida dos nucleos da base. Esta transmissdo aos nucleos
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de saida pode ocorrer por duas vias: diretamente do estriado aos ntcleos de saida (via
direta); ou via globo palido externo (GPe) e nucleos subtalamicos (via indireta). O
GPi e a SNr projetam em direcao a nucleos de distribui¢ao talamicos (ntcleo ventral
anterior e ventral lateral) os quais projetam para areas corticais. A ativagdo da via
direta provoca uma desinibi¢ao dos neurdnios da regido alvo dos nucleos da base,
enquanto a ativacao da via indireta leva a uma inibicdo destes neuronios (Obeso e

col, 2000; Rieder e col, 2004).

Para o entendimento da fisiopatologia da DP convém ressaltar que o estriado
além de receber projecdes glutamatérgicas excitatdrias corticais também recebe
projecdes dopaminérgicas de neuronios localizados na substincia negra pars
compacta (SNc). Estes neurdnios dopaminérgicos exercem um efeito excitatorio,
através da ativagdo de receptores dopaminérgicos do tipo D1, sobre os neuronios
estriatais que dao origem a via direta; e um efeito inibitorio, por meio da ativagdo de

receptores dopaminérgicos do tipo D2, que ddo origem a via indireta.

A perda de neuronios dopaminérgicos na SNc, inclusdes intraneuronais de
corpos de Lewy e severa deficiéncia de dopamina (DA) em caudado, putamen, globo
palido, nucleo acumbens e ntlcleo subtaldmico sdo caracteristicos da DP
(Hornykiewicz, 1998). Em cérebros normais os niveis de DA em GPe ¢
aproximadamente seis vezes superior ao identificado em GPi. Analise bioquimica em
oito cérebros de individuos com DP identificou uma perda de dopamina de 82% em
GPe e de 51% em GPi; ocorrendo diferentes graus de perda de DA nas diferentes
subdivisdes do GPe e do GPi — ocorrendo os niveis proximos ao normal em GPi

ventral (rostral e caudal) nos individuos que apresentavam tremor como sintoma
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predominante. Avaliando caudado e putamen, no mesmo estudo, os autores
observaram uma perda de DA de 89% e 98%, respectivamente (Rajput e col, 2008).
Resssalta-se que na via estriado-GPe além da acdao do GABA como
neurotransmissor, também ocorre a acdo da encefalina que ¢ derivada da pré-
proencefalina; cujo nivel de mRNA estd elevado antes do aparecimento dos
sintomas, tendo sido proposto como um possivel mecanismo compensatério para

reduzir a hiperatividade gabaérgica para o GPe (Bezard e col, 2003).

Em decorréncia da perda de neurdnios dopaminérgicos na substancia negra ha
uma reducdo de entrada de dopamina no estriado. A degeneracao dos neurdnios
dopaminérgicos na SNc induz a uma cascata de alteracdes que afeta todos
componentes do circuito dos ganglios da base. Os nucleos de saida (GPi e SNr)
tornam-se hiperativos. Esta hiperatividade deve-se ao aumento da estimulacao
glutamatérgica que os nucleos de saida recebem dos nucleos subtalamicos. Assim,
ocorre um aumento da atividade GABA¢érgica dos nucleos de saida, o que provoca
uma inibi¢do do tdlamo motor e possivelmente uma reducdo na sinalizagdo
talamocortical. Foi proposto que as manifestacdes parkinsonianas sdo resultado de
alteracdes em diferentes niveis cerebrais e que decorrem da falha dos mecanismos

compensatdrios para estabilizar os nicleos da base (Obeso e col, 2000).

1.1.2. Achados Anatomopatolégicos e Neuroquimicos

O achado neuropatolégico caracteristico da DP ¢ a presenca, na substincia

negra do mesencéfalo, de corpusculos de Lewy; os quais t€ém como maiores
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componentes a presenca de filamentos que consistem em agregados de proteina,
entre elas a alfa-sinucleina. Atualmente, o diagnostico definitivo para DP s6 ¢
possivel com a confirmagao pela necropsia. Os critérios propostos para confirmagao
histopatologica da DP consistem em reducdao substancial de células nervosas na
substancia negra acompanhada de gliose; pelo menos um corptsculo de Lewy na
substancia negra ou no locus ceruleus (devem ser examinadas pelo menos quatro
diferentes secdes em cada uma dessas areas antes de concluir que os corptsculos de
Lewy estdo ausentes) e; nenhuma evidéncia patologica para outra doenca que
produza parkinsonismo, por exemplo: paralisia supranuclear progressiva,

degeneracao cortico-ganglio-basal, atrofia de multiplos sistemas (Gelb e col, 1999).

Segundo Braak e colaboradores, a formagao dos corpos de Lewy no cérebro
inicia em sitios de inducdo definidos e avancam numa sequéncia topografica
previsivel (Braak e col, 2004). Foi proposto, baseado em estudos de necropsia, que a
DP progride em seis estdgios neuropatologicos (Braak e col, 2004; Braak e col,
2006). No estagio 1 ¢ observado o acometimento do nucleo motor dorsal do nervo
vago e estruturas olfatorias anteriores. No estagio 2 as lesdes no nticleo motor dorsal
do nervo vago se intensificam e corpos de inclusdo também ocorrem nos nticleos
inferior e maior da rafe e porcao celular magna, da formagao reticular contigua; os
corpusculos de Lewy podem ocorrer pela primeira vez no locus ceruleus. Assim,
durante os primeiros dois estagios a patologia em sitios ndo olfatorios esta restrita a
bulbo e tegmento pontino. No estadgio 3 aparecem as manifestacdes parkinsonianas;
nesse estagio o processo se estende e cruza o limite superior do tegmento pontino.
Corpusculos de Lewy ocorrem na SNc; o processo patologico também ¢ visto na
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amigdala, nucleo pedunculopontino tegmental colinérgico e nucleo magnocelular
colinérgico. No estagio 4 ¢ observado franco envolvimento da amigdala e
comprometimento do mesocortex temporal anteromedial. Nos estagios 5 ¢ 6 os
pacientes apresentam uma ampla variagao de sintomas clinicos relacionados a DP e o
processo degenerativo se expande; os corpos de inclusdo se estendem ao neocortex.
A progressao da patologia cortical nos estagios de 4 a 6 repete, em ordem reversa, o

processo de mielinizagao (Braak e col, 2004; Braak e col, 2006).

A progressao da DP também foi avaliada por um estudo multicéntrico
(Sydney Multicenter Study of Parkinson’s Disease) no qual os casos responsivos a
levodopa foram acompanhados longitudinalmente e os dados publicados em
diferentes momentos do seguimento: 3, 5, 10, 15 e 20 anos. Os autores destacaram o
achado de que a maioria dos individuos que alcangaram o estagio final da doenga o
fez em idades semelhantes, apesar de diferentes idades de inicio dos sintomas
(Halliday e col, 2008). A descri¢do da progressdo da patologia foi baseada em
cérebros que eram enviados para necropsia. Tendo sido identificado na coorte,
segundo os autores, trés principais fenotipos clinico-patologicos: (1) individuos que
apresentaram sindrome demencial dominante ¢ doenca neocortical severa; (2) casos
com inicio da DP quando mais jovens, os quais apresentaram um curso clinico tipico
da DP compativel com estagiamento da doenga proposto por Braak e cols (2004); (3)
individuos com DP que apresentaram inicio de doenca mais tardio, menor sobrevida
e curso mais complexo da doenga. Segundo os autores, os dados encontrados ndo sdo
compativeis com o conceito unitdrio de patogénese dos corpos de Lewy.
Descreveram que existia uma propor¢ao dos casos que tinha um grande ntimero de
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corpos de Lewy difusos que tanto ocorriam no inicio da doenga clinica ou,

rapidamente, infiltravam o cérebro (Halliday e col, 2008).

Em outro estudo, a analise postmortem de substancia negra identificou
aumento do nivel de septina-4 com um paralelo aumento de alfa-sinucleina nos
individuos com DP (Shehadeh e col, 2008). Foi observada a co-agregacao de alfa-
sinucleina e septina-4 nos corpos de Lewy na substancia negra; € que a septina-4,
como um componente pré-sinaptico € dos corpos de Lewy, ¢ requerida para a

supressao da neurotoxicidade da alfa-sinucleina (Thara e col, 2007).

A alfa-sinucleina ¢ uma proteina que interage com uma variedade de
proteinas incluindo as envolvidas na regulacdo vesicular da transmissdo de dopamina
(Murphy e col, 2000). Por sua vez, a dopamina tem um papel critico na formacao de
agregados de alfa-sinucleina com elevado peso molecular (Kao, 2009). Acamulo de
alfa-sinucleina pode interferir na solubilidade e distribui¢do de alfa—tubulina
provocando disfun¢do neuronal. Superexpressao de alfa-sinucleina compromete o
trafego dependente de microtibulo (Lee e col, 2006) e, na sua forma agregada, esta
relacionada a patogénese da DP. Estudos in vitro e in vivo demonstraram que a
proteina promotora da polimerizagdo da tubulina (TPPP/p25) interage com sistema
tubulina/microtubulo. De fato, o principal alvo de TPPP/p25 ¢é tubulina/microtubulo
(Hlavanda e col, 2002). O aciimulo anormal de TPPP/p25 tem sido associado com
agregados de alfa-sinucleina; sendo proposto que a regulagao de TPPP/p25 pode ser
um marcador especifico para condigdes patoldgicas associadas a abundante
agregacdo de alfa-sinucleina, tal como é observado na DP (Kovacs e col, 2004;

Kovécs e col, 2007).
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A co-agregagdo alfa-sinucleina/tubulina parece preceder a degeneragdo
neuritica (Lee e col, 2006). O microtubulo ¢ um alvo comum para toxinas da DP e
parkina (Feng, 2006). A parkina ¢ uma proteina—ubiquitina E3 ligase que
ubiquitiniza o e P tubulina e acelera sua degradagdo pelo 26s proteossoma. Esse
efeito estd abolido nas mutacdes de parkina associadas a DP (Ren e col, 2003).
Acumulo de alfa-sinucleina interfere com parkina e com a solubilidade e distribui¢cao
de a-tubulina, provocando alteracdes de citoesqueleto e disfungdes neuronais. A
superexpressao de alfa-sinucleina reduz o-tubulina ubiquitinada e isso poderia
provocar o acumulo de o-tubulina insolavel. A parkina protege neurdnios
dopaminérgicos contra toxinas despolimerizantes de microtubulos através da
atenuagao da ativacdo da proteina-cinase associada a microtubulo (Ren e col, 2009).
A despolimerizacdo do microtubulo desencadeia rapida degradacao de tubulina.
Ressalta-se que a despolimerizagdo do microtubulo exerce maior toxicidade em
neuronios dopaminérgicos que nos nao-dopaminérgicos. Neurdnios dopaminérgicos
tém longos axonios que se projetam ao estriado; estima-se que uma alta porcentagem
do volume celular seja constituido por axonio o qual possui grande quantidade de
microtubulos, os quais sdo polimeros de tubulina o/f. O comprometimento do
transporte baseado em microtubulo provoca aumentado acumulo de vesiculas no
corpo celular e elevadas concentragdes citosolicas de dopamina provindas de
vesiculas. Isso promove aumento do estresse oxidativo e da morte celular decorrente

da oxidagdo de dopamina (Ren, 2005).

Ainda em relagdo a DA, a recaptacdo de DA pelo transportador de DA (DAT)
¢ um importante mecanismo de sinalizacdo da terminag¢do dopaminérgica no cérebro.
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No sistema nervoso central de mamiferos o DAT ¢ expresso em neurdnios
dopaminérgicos (Sorkina e col, 2005). A alfa-sinucleina esta envolvida na funcao do
DAT por regular a modulagdo de dopamina sinaptica (Shindu e col, 2004). A partir
da andlise de sangue periférico foi constatado que os pacientes com DP
apresentavam expressao aumentada de receptores de dopamina em linfécitos
(Barbantini e col 1999) e do CLTB - gene que codifica uma isoforma de clathrina
(Scherzer e col, 2007). Ressalta-se que a clathrina estd relacionada a internalizacao

de receptores D2 de dopamina (Paspalas e cols, 2006).

Ainda, no que diz respeito aos achados neuroquimicos relacionados a
fisiopatologia da DP, acrescenta-se que os receptores de adenosina A2a
funcionalmente se opdem as agdes dos receptores de dopamina D2 nos neuronios
GABA¢érgicos do estriado. Foi identificado que a adenosina estimula neurdnios na
via indireta através de receptores de adenosina A2a localizados no estriado e globo
palido externo (Xu et al, 2005). Receptores A2a também foram identificados como
associados a receptores metabotropicos de glutamato mGlu5. O achado que a
ativagdo motora induzida por antagonista mGlu5 necessita de receptores A2a e D2
reforcou o conceito de interdependéncia destes trés receptores na modulacdo do
funcionamento motor. Destaca-se ainda, relacionado ao papel da adenosina na DP,
que foi identificado aumento da atividade de adenosina deaminase nos linfocitos de
pacientes com DP em uso de antiparkinsonianos em relacdo a individuos controle

(Chiba e col, 1995).

Considerando os diferentes processos implicados na fisiopatologia da DP,

também fatores neurotroficos como o Fator Neurotrofico Derivado do Cérebro
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(BDNF) apresenta expressdo alterada nestes pacientes. Estudos in vitro
demonstraram que o BDNF promove a sobrevida de neuronios dopaminérgicos e os
protege de danos provocados por toxinas (Murer e col, 2001). O BDNF ¢ um inibidor
da morte celular mediada por apoptose e de neurodegeneragdo de neurdnios
dopaminérgicos induzida por neurotoxina. Foi observado em estudo com a rotenona,
a qual ¢ utilizada em pesquisas com modelos animais de DP, que os fatores
neurotroficos tal como fator de crescimento neural (NGF), BDNF, fator neurotrofico
derivado da glia protegem contra toxicidade seletiva da rotenona em neurdnios
dopaminérgicos através da ativagcdo da via MAP cinase e estabilizacdo do

microtubulo (Jiang e col, 2006a).

Individuos com DP, em relacao a controles, apresentam reduzida expressao
de BDNF na substancia negra (Parain e col, 1999; Mogi e col, 1999) e niveis
aumentados no LCR (Salehi e col, 2009). Essa elevacao observada em LCR pode ser
causada por aumento da produgdo nas células gliais resultante do dano cerebral
(Knott e col, 2002). Em condi¢des fisioldgicas, os neuronios apresentam o principal
papel na sintese do BDNF, enquanto que em situagdes de dano cerebral as células da
glia produzem BDNF. Foi proposto que essa producao de BDNF pelas células da glia
nos pacientes com DP poderia representar uma resposta ativa a neurodegeneragdo
(Salehi e col, 2009). Também deve ser considerado o efeito do avango da idade na
habilidade do BDNF em proteger a atividade neuronal. Estudos com modelos
animais demonstraram que elevada expressdo de BDNF apo6s dano estriatal pode ser
benéfico a neurdnios dopaminérgicos, entretanto essas mudangas na expressdo de
BDNF podem ser perdidas com a idade (Collier e col, 2005; Batchelor e col, 1999) .
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E foi proposto que a perda de regulacio do BDNF pode estar relacionada a
ocorréncia de doengas neurodegenerativas. Acrescenta-se que as alteracdes nos
niveis de neurotrofinas como BDNF também foram identificadas em individuos com

transtornos de humor como o transtorno afetivo bipolar (Oliveira e col, 2009).

Diferentes doencas neurodegenerativas também apresentam alteracdo nos
niveis séricos e cerebrais de IGF-1 (Insulin-like-growth factor-1) (Busiguina e col,
2000). Tuncel e colaboradores (2009) informaram que os niveis de IGF-1 no sangue
estavam aumentados em pacientes com DP tratados em comparagcdo a individuos
controle; dados que nao atingiram significancia estatistica. O IGF-1 esta relacionado
a preservacdo ¢ homeostase do sistema nervoso e receptores de IGF-1 foram
identificados na substincia negra (De Keyser e col, 1994). Estudo in vitro
demonstrou que o IGF-1 protege as células neuronais da toxicidade induzida por
dopamina (Offen e col, 2001). E que a ativacao da via de IGF-1 pode proteger a
toxicidade da alfa-sinucleina e suprimir sua agregagdo através da ativacdo da via

PI3K/AKt (Kao e col, 2009).

1.2. Manifestacées Clinicas da Doenca de Parkinson
1.2.1. Sintomas Motores

A doenca de Parkinson tem um progressivo padrdo de manifestagdes motoras
que iniciam de forma insidiosa. Os sintomas motores cardinais da DP sdo: acinesia e

bradicinesia, tremor, rigidez e instabilidade postural.
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A acinesia ¢ definida como redugdo da quantidade de movimento, com
limitagdo para iniciar e executar atos motores voluntarios e automaticos na auséncia
de paralisia. Bradicinesia significa lentiddo na execucdo do movimento. A
bradicinesia/acinesia pode ser observada em diferentes exemplos, como: reducao do
movimento pendular dos bragos durante a deambulagdo, dificuldade de manter um
movimento repetitivo (como abrir e fechar as maos ocorrendo uma tendéncia do
movimento reduzir e esgotar), mimica facial menos expressiva, redugdo da expressao
gestual, redu¢do da movimentacdo em diversas tarefas, micrografia. A acinesia
subita, ou congelamento, que consiste numa hesitacdo no inicio da marcha ou
frenagdo subita dos movimentos dos membros inferiores (podendo provocar quedas).

Outra manifestagdo motora relacionada a acinesia ¢ a festinagao.

O tremor caracteristico da DP ¢ um tremor distal observado em repouso com
freqiiéncia de 3 a 6 Hz. O tremor torna-se mais evidente quando a mao estd em
repouso durante situacdes de estresse. No entanto, pacientes com DP também podem
apresentar tremor de agdo. No inicio da doenga o tremor ocorre em um lado do corpo
e assim permanece por um periodo variavel de tempo; apds também acomete o outro
lado do corpo. Outra manifestacdo ¢ a rigidez muscular. O paciente sente-se rigido e
com pouca mobilidade. H4 acometimento, principalmente, da musculatura flexora
podendo provocar alteragdes tipicas da postura. A instabilidade postural é outra
manifestagdo observada nesses pacientes. H4 uma perda da readaptacdo postural com

a evolugdo da doenga; podendo ocorrer quedas.

As caracteristicas clinicas da DP e a sua progressao sdo muito variaveis para

cada paciente. Existem diferentes propostas para os critérios a serem considerados no
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diagnostico clinico da DP. Os critérios propostos pelo Banco de Cérebros de Londres
(Hughes e col, 1992) tém sido utilizados e consistem em trés etapas. Na primeira
etapa ¢ avaliada a presenca de sintomas compativeis com a sindrome parkinsoniana,
na qual ¢ necessaria a presenca de bradicinesia associada ao menos a uma das
seguintes manifestagdes: rigidez muscular, tremor de repouso, instabilidade postural.
Numa segunda etapa sao considerados os critérios de exclusao para a DP, ou seja, o
individuo ndo pode apresentar: historia de acidentes vasculares encefalicos de
repeticdo com progressao em degraus de sintomas, historia de traumas cranianos
repetidos, antecedente comprovado de encefalite, crises oculogiras, uso de
neuroléptico desde o inicio dos sintomas da doenga, mais que um caso de
acometimento familiar, remissdo prolongada de sintomas, persisténcia de
acometimento unilateral apos trés anos, paralisia ocular supranuclear, sinais
cerebelares, acometimento autondmico precoce e acentuado, deméncia em fases
iniciais da doenga, sinais piramidais, presenca de lesdes expansivas intra-cranianas
(tumores, hidrocefalia a neuroimagem), exposi¢ao ao MPTP, ma-resposta terapéutica
a altas doses de levodopa. Na terceira etapa estdo os critérios denominados como de
sustentacdo para o diagnéstico da DP, sendo necessario trés ou mais dos seguintes:
inicio unilateral, acometimento assimétrico; doenga progressiva; assimetria
persistente afetando principalmente o lado de inicio da doenca; resposta excelente a
levodopa (melhora de 70 a 100%); resposta a levodopa por cinco anos ou mais;
discinesia induzida pela terapia com levodopa; evolucdo clinica igual ou superior a

dez anos.
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As manifestagdes motoras podem ser avaliadas e quantificadas com a
utilizacao de escalas como a Escala Unificada para Doenca de Parkinson (Unified
Parkinson’s Disease Rating Scale, UPDRS) (Fahn e col, 1987; MDS Society Task
Force, 2003) assim como ser feito o estagiamento da DP utilizando a Escala de

Hoehn-Yahr (HY) (Hoehn e Yahr, 1967; Goetz, 2004).

Os pacientes que desenvolvem os sintomas da doenca de Parkinson antes
dos quarenta anos de idade sdo identificados como tendo DP de inicio precoce
(Giovanini e col, 1991). Foi descrito que os pacientes com inicio precoce apresentam
predominio de rigidez e bradicinesia, apresentam significativa resposta a baixas
doses de levodopa, mas precocemente apresentam efeitos colaterais motores
(Giovanini e col, 1991) como discinesias (Arevalo e col, 1997). Flutuagdes motoras
s30 mais comuns nos pacientes com inicio precoce que em individuos com inicio

mais tardio da doenca.

Existe uma heterogeneidade na manifestagao dos sintomas da DP, podendo
ser observado subtipos de apresentagdo clinica como citado a seguir (Lewis e col,
2005): com, ou sem, predominancia de tremor, quadro com rapida progressao da
doenga e inicio precoce dos sintomas de DP. Considerando a subdivisdo dos
pacientes de acordo com a manifestacdo clinica como (1) com predomindncia de
tremor, (2) com predominancia de sintoma rigido-acinético ou (3) com apresentagao
mista (quando ndo ¢ observada a predominancia entre as manifestagdes dos dois
primeiros subtipos) foi constatado, a partir de estudo de seguimento clinico

longitudinal (1968-2006) e estudo de necropsia, que o curso da doenga era mais
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favoravel no subgrupo com predominancia de tremor. A idade de inicio era menor e

a progressao da doenga mais lenta nesse subgrupo (Rajput e col, 2009).

Diversas abordagens ja foram propostas, € continuam sendo desenvolvidas,
para o tratamento dos sintomas motores da DP: como orientacdes educativas,
exercicios, medicamentos (agonistas dopaminérgicos ergolinicos € ndo ergolinicos,
inibidores da monoaminoxidade B, anticolinérgicos, amantadina, levodopa e
associacdes com inibidores da catecol-O-metil-transferase) (Olanow e col, 2001),
cirurgia (palidotomia, talamotomia), estimulagdo cerebral profunda em nucleo
subtalamico (Herzog e col, 2003) ou GPi entre outras. Revisao sobre as estratégias e
indicacdes terapéuticas estd além do escopo desse trabalho. No entanto, deve—se
ressaltar que a levodopa tem sido utilizada desde a década de 1960 e permanece
sendo considerada uma droga eficaz no tratamento da DP (Olanow e col, 2001). Nos
estagios iniciais da doenca a levodopa propicia a melhora da maioria, se ndo de
todos, os sintomas (Lewis e col, 2003). Ela atua como precursora da dopamina. A
levodopa ¢ rapidamente absorvida pelo intestino, tendo uma meia-vida de 1 a 2
horas. No sangue periférico a levodopa ¢ metabolizada pela dopa-descarboxilase
convertendo-se em dopamina e pela catecol-O-metil-transferase convertendo-se em
3-O-metil dopa. No tratamento com a levodopa ¢é rotineiramente associado o uso de
inibidores periféricos da dopa-descarboxilase, com intuito de aumentar a

concentragdo da droga no sistema nervoso central.
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1.2.2. Sintomas Nao-motores
A. Geral

A partir dos achados descritos por Braak e colaboradores (2004) foi destacado
o envolvimento de diferentes estruturas cerebrais, além dos nucleos da base, na
fisiopatologia da DP o que auxilia a compreender as diferentes manifestagdes nao-
motoras. De fato, a DP apresenta um amplo espectro de sintomas nao-motores
(Adler, 2005; Poewe, 2008; Chaudhuri e Naidu, 2008) os quais consistem, entre
outros, em transtornos do sono, sintomas neuropsiquidtricos, autonomicos,
gastrointestinais ¢ sensoriais. Na tabela 1 sdo citadas diferentes manifestacdes nao-
motoras que podem ocorrer na DP (Adler, 2005; Ziemsen ¢ Reichmann, 2007; Tolosa

e col, 2007; Poewe, 2008; Chaudhuri e Naidu, 2008).

As disfung¢des nao-motoras podem ocorrer em qualquer estdgio da doenga. A
partir de estudos clinicos, epidemiologicos e histopatologicos foi demonstrada a
existéncia de uma fase pré-motora (Chaudhuri e col, 2006; Tolosa e col, 2007) na
qual podem ocorrer sintomas como reducdo do olfato (Ziemssen ¢ Reichmann,
2007), constipagdo, transtornos do sono (Schenck e Mahowald, 2002) ¢ do humor

(Leetjens e col, 2003; Tolosa e col, 2007).
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Tabela 1: Manifestacoes nao-motoras da Doenca de Parkinson

Transtornos do Sono
Sonoléncia excessiva diurna
Sonhos vividos
Insénia
Transtorno respiratorio no sono
Sono REM sem atonia
Transtorno comportamental do sono REM
Sindrome de pernas inquietas
Movimento periddico de membros

Sintomas Neuropsiquiatricos
Depressao
Ansiedade
Apatia
Anedonia
Desatencao
Alucinagdes, ilusdes
Delirios
Deméncia
Delirium
Sintomas obsessivos *
Comportamentos compulsivos*
Confusdo
Disfunc¢ao sexual ( hipersexualidade™®)

Sintomas Sensoriais
Dor
Alteracdo do olfato

Sintomas Gastrintestinais
Sialorréia
Disfagia
Refluxo gastro-esofagico
Retardo no esvaziamento géstrico
Nauseas, vomitos
Constipagao
Incontinéncia fecal

Sintomas Autonomicos
Tontura
Hipotensao ortostatica
Disturbios vesicais
Xeroftalmia
Hiperhidrose

Outros sintomas
Seborrea
Alteracao de peso

*geralmente induzido por droga



Os sintomas depressivos e as alteragdes do sono afetam, respectivamente, em
torno de 45% (Cummings, 1992) e 60% (Tandberg e col, 1998) dos pacientes com
DP. Essas taxas apresentam variacdo entre os diferentes estudos, de acordo com as
caracteristicas da populagdo investigada, sintomas, ou manifestacdo nao-motora, que
estd sendo avaliada; tanto no que tange a critérios diagndsticos, como instrumentos ¢

escalas utilizadas (Burn, 2002).

Os sintomas depressivos em individuos com DP podem ser compreendidos,
em determinados pacientes, como uma reacdo ao diagnostico de doenga crdnica
debilitante; no entanto ¢ inegavel que os diversos mecanismos neuroquimicos
envolvidos na DP exer¢cam um papel na ocorréncia de depressdo; como as
deficiéncias de neurotransmissores no sistema monoaminérgico mesocortical, nas
projecdes dopaminérgicas mesocorticolimbicas e nas proje¢des noradrenérgicas e
serotonérgicas mesocorticais (Poewe, 2008). Acrescenta-se que tais sintomas
depressivos podem ocorrer anos antes do diagnostico de DP ser estabelecido;
especialmente nos trés anos que antecedem o diagnostico hd aumento na incidéncia

de depressao (Leentjens e col, 2003).

Queixas de cansago, reducao de energia, lentificacdo psicomotora, dificuldade
de concentragdo, reducdo de apetite e insdnia, podem ocorrer tanto no episddio
depressivo como na DP (Leentjens, 2004; Weintraub e Stern, 2005; Lemke, 2008) e
isso, por vezes, pode dificultar o reconhecimento destes sintomas como pertencentes
a um transtorno de humor. Acrescenta-se, que os individuos com DP diferem de
outros pacientes com episddio depressivo, pois na DP os pensamentos de culpa, auto-
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acusacdo e tentativas de suicidio sao menos prevalentes (Cummings, 1992; Lemke,
2008). A depressao, como manifestagao ndo-motora da DP, foi nesse texto destacada
devido a prevaléncia de tais sintomas e a necessidade de reconhecimento dos
mesmos para adequado tratamento. A presenca de depressdo nesses pacientes esta
associada a pior qualidade de vida (Kuopio e col, 2000; Schrag e col, 2000a), mais
rapida progressao do comprometimento motor e incapacitagcdo relacionada a doenga
(Burn, 2002). Logo, a identifica¢ao de sintomas depressivos ¢ de crucial importancia
tanto na pratica clinica - para melhor cuidado do paciente - assim como, para
controlar tal fator quando da realizacao de pesquisas cientificas e para a utilizagao
adequada dos instrumentos de avaliagao (Visser e col, 2006; McDonald e col, 2006;

Schrag e col, 2007).

B. Sono

Estudo que avaliou diferentes quadros neurodegenerativos identificou que o
transtorno comportamental do sono REM, que se caracteriza por comportamento
anormal emergindo durante o sono REM causando dano ou interrup¢do do sono
associada a perda da atonia do sono REM (American Academy of Sleep Medicine,
2005), ocorre com maior freqii€éncia nas alfa-sinucleinopatias (como doenga de
Parkinson, atrofia de multiplos sistemas e deméncia de corpos de Lewy) comparado
a outros quadros degenerativos (Boeve e col, 2001). E descrita a coexisténcia de
transtorno comportamental do sono REM com transtornos parkinsonianos; e, por
vezes, o transtorno do sono pode ser a manifestagdo inicial da DP (Schenck e

Mahowald, 2002).
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Queixas relacionadas ao sono ocorrem em 60% (Tandberg e col, 1998;
Karlsen e col, 1999) a 98% (Lees e col, 1988) dos pacientes com DP. Existem
diferentes estruturas e neurotransmissores envolvidos na fisiopatologia da DP que
potencialmente podem alterar a estrutura do sono. A degeneracdo de centros de
regulacao central do sono no tronco cerebral e nas vias tdlamo-corticais tem sido

estudada quanto a sua relacdo na fisiopatologia das alteracdes do sono na DP.

A degeneracao de neurdnios dopaminérgicos, no sistema nervoso central,
afeta os centros regulatorios do sono. Neurdnios dopaminérgicos do mesencéfalo
possuem conexdes com estriado e tdlamo (Stenberg, 2007). Acredita-se que esses
neurdnios modulem a excitabilidade talamo-cortical, a qual influencia o ciclo sono-
vigilia. A a¢do glutamatérgica em circuito ganglio basal também repercute no ciclo
sono-vigilia. A degeneragdo de areas como o nucleo da rafe e locus ceruleus, que
correspondem aos estdgios pré-clinicos 1-2 do estagiamento proposto por Braak
(2004), parecem exercer um papel no alerta talamocortical e no ciclo sono-vigilia;
tendo sido proposto que a sua degeneracdo poderia comprometer a arquitetura do
sono. O locus ceruleus pela agdo da noradrenalina apresenta papel na regula¢do do
sono REM (Stenberg, 2007). A area peri-locus ceruleus tem sido relacionada a

funcdo de inibi¢do dos motoneurdnios espinais (via nucleo magnocelular); assim a

o~

perda desta funcdo pode estar envolvida a perda da atonia do sono REM, a qual
observada no transtorno comportamental do sono REM. Os nucleos
pedunculopontino e retro-rubral tém forte influéncia na atonia do sono REM e tém
sido implicados na patogénse do transtorno comportamental do sono REM (Rye,
2004; Mahowald e Schenck, 2005).
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Apesar da possibilidade dos mecanismos associados a fisiopatologia da DP
contribuirem para a ocorréncia de alteracdes do sono nesses pacientes, deve-se
também considerar o papel da interferéncia dos sintomas relacionados a doencga
(como alteragdo motora, dificuldade urinaria, ins6nia, manifesta¢des
neuropsiquiatricas) e das medicacgdes utilizadas (Stocchi e col, 1998; Chaudhuri e
col, 2006; Chaudhuri e Schapira, 2009). Assim, as alteragdes do sono noturno
relacionadas a DP podem ser agrupadas como, por exemplo: alteracdo motora
(acinesia ou dificuldade de se mover na cama, sindrome de pernas inquietas e
movimentos periddicos dos membros); alteragdo urinaria (nocturia, nocturia com
hipotensdo postural secundaria); insonia (fragmentagdo do sono, dificuldade de
manutengdo do sono; insdnia inicial); parassonias e problemas neuropsiquiatricos
(vocalizagdes noturnas, sonambulismo, transtorno comportamental do sono REM,
sonhos vividos, pesadelos, depressdao). Da mesma forma, as manifestagdes do sono
podem estar vinculadas ao tratamento: sintomas motores relacionados ao tratamento
(tremor relacionado a periodo-off noturno, distonia, discinesias, cadimbras
musculares, parestesias, dor relacionadas ao periodo-off); sintomas urinarios
relacionados ao tratamento (incontinéncia urinaria relacionada a periodo-off);

medicagdes que alteram o sono.

O sono noturno nos pacientes com DP geralmente tem baixa eficiéncia
(Shpirer e col, 2006) e tende a ser fragmentado com despertares freqilientes e
prolongados (Pappert e col, 1999; Comella, 2003). Logo, ¢ permitido o
questionamento dos mecanismos subjacentes, na arquitetura do sono, potencialmente
envolvidos na fragmentagdo do sono e na flutuacdo do despertar. Na avaliagdo
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clinica observa-se que a baixa eficiéncia do sono pode provocar sonoléncia excessiva
diurna, fadiga, alteragdes do humor e comprometer a capacidade cognitiva do

individuo.

A prevaléncia da sonoléncia excessiva diurna (SED) varia entre os estudos de
acordo com a populacao estudada e o critério utilizado para avaliagdo, sendo
identificado taxas de 15.5% (Tandberg e col, 1999) nos pacientes com DP em
relacdo a 1% em individuos controle até indices de 51% nos pacientes com DP
(Hobson e col, 2002; Monaca e col, 2006). Foi descrito a ocorréncia de SED
ocorrendo com mais freqiiéncia em individuos com DP em vigéncia de tratamento
que no grupo controle (Brodsky e col, 2003; Shpirer e col, 2006). A SED pode
decorrer do avanco da doenca, fragmentacao do sono noturno (como descrito acima),
insonia (Dauvilliers e col, 2007), parassonia, depressdao e também resultar do efeito
de farmacos (Kumar e col, 2002; Hobson e col, 2002) (por exemplo: medicagdao
dopaminérgica ou ansiolitica); no entanto, ndo ha um consenso quanto a contribui¢ao
desses diversos fatores (Arnulf e col, 2002). A identificacdo ¢ o controle da
sonoléncia excessiva diurna nos pacientes devem ocorrer, entre outros motivos, por
que a SED pode provocar aumento do risco de quedas e acidentes, comprometimento
da ateng¢do (Monaca e col, 2006); além de reduzir a intera¢ao social. Ainda, entre as
alteragdes do sono identificadas nesses pacientes, deve-se poder avaliar a ocorréncia
de transtorno de movimento periddico de membros (Wetter e col, 2000) e apnea do
sono (Arnulf e col, 2002; Diederich e col, 2005; Shpirer e col, 2006). A apnea do

sono pode coexistir nesses pacientes com outros transtornos do sono como transtorno
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comportamental do sono REM, sindrome de pernas inquietas e movimentos

periddicos dos membros (Arnulf e col, 2002).

Frente aos diferentes aspectos ressaltados acima ¢ evidente a necessidade de
adequada avaliagao do sono nos pacientes com DP. Isso pode ser feito utilizando a
polissonografia que ¢ atualmente aceita como o padrdo ouro para avaliacdo
fisiologica do sono (aspectos relacionados a polissonografia - macroestrutura e
microestrutura do sono - serdo abordados na se¢do 2, abaixo), como pela utilizacao

de questiondrios e escalas.

Entre as escalas que avaliam a doenca de Parkinson as questdes relacionadas
ao sono sao minimas; por exemplo, a escala UPDRS tem apenas uma questdo que
avalia a presen¢a ou a auséncia de alteracdo do sono. Entre as escalas especificas
para avaliagdo das alteragdes do sono, apesar de amplamente utilizadas como a
Escala de Sonoléncia de Epworth (Johns, 1991) e o Indice de Qualidade de Sono de
Pittsburg (Buysse e col, 1989) existe a limitacdo de ndo considerarem as alteragdes
relacionadas as manifestagdes da DP que, por si, interferem no sono como destacado

previamente.

Nesse contexto, tem sido proposto o uso da Escala de Sono na Doenga de
Parkinson (Parkinson's disease sleep scale — PDSS) (Chaudhuri e col, 2002). A
PDSS foi desenvolvida e validada na Inglaterra, ja tendo sido traduzida para
diferentes idiomas (Martinez-Martin e col, 2004; Suzuki e col, 2007; Wang e col,

2008a).
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A PDSS ¢ uma escala composta por quinze itens, a ser preenchida pelo
proprio paciente, que permite identificar varios tipos de manifestagdes noturnas que
possam interferir no sono (Chaudhuri e col, 2002; Chaudhuri e Martinez-Martin,
2004), considerando os sete dias anteriores. A pontuagao em cada item varia entre
zero (sintoma grave ou sempre vivenciado) e dez (sem o sintoma). A pontuagdo
maxima da escala ¢ 150 (paciente livre de sintomas). A escala visa avaliar
manifestagdes como insodnia, sintomas motores noturnos, inquietude, distonia, dor,
caimbra, sintomas neuropsiquiatricos, nocturia, percepcdo de sono reparador e
sonoléncia durante o dia. A Escala de Sono da Doenca de Parkinson na sua versao

Brasileira esta apresentada no anexo 1.

Estudo comparando individuos com DP sem tratamento, pacientes com DP
em estagio avancado e grupo controle utilizando a PDSS e polissonografia confirmou
os achados de comprometimento do sono nos individuos com DP em relagdao aos
controles ¢ tais alteragdes foram identificadas no grupo sem medicacdo. De fato,
problemas especificos como caimbras noturnas, nocturia, distonia, tremor e
sonoléncia diurna distinguiu os pacientes (do subgrupo sem tratamento) em relagdo

ao grupo controle (Dhawan e col 2006).

Tais achados reafirmam que aspectos relacionados ao sono devem ser
investigados nesses pacientes mesmo nos estagios iniciais da doenga, sendo

controlados ao longo do acompanhamento clinico.
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1.3. Qualidade de Vida e Doenca de Parkinson

Diferentes fatores associados a DP podem interferir na qualidade de vida. De
fato, estudos tém demonstrado que sintomas motores da DP (Chrischilles e col, 1998;
Schestatsky e col, 2006; Carod-Artal e col, 2007; Hirayama e col, 2008; Rahman e
col, 2008) como instabilidade postural, dificuldade na marcha (Schrag e Quinn,
2000), discinesias e flutuagdes motoras (Carod-Artal e col, 2007) podem ser
preditores de qualidade de vida relacionados a satide. Previamente, nosso grupo
avaliou a qualidade de vida de pacientes com DP, através do instrumento de
avaliacdo de qualidade de vida da Organizagao Mundial da Saude identificado como
WHOQOL-BREF (World Health Organization Quality of Life), e observou uma
correlagdo inversa entre o dominio psicologico da escala e a duragdo da doenga assim
como entre o dominio social e severidade da DP (Schestatsky e col, 2006). Em outro
estudo, através do instrumento WHOQOL-100 foi constatado que o
comprometimento dos niveis de independéncia e capacidade fisica estava associado a

uma pior qualidade de vida nos pacientes com DP (Valeikiene e col, 2008).

Também foi demonstrado, em estudos prévios, o papel determinante do
transtorno de humor (Carod-Artal e col, 2007; Schrag e col; 2000; Kuopio e col
2000; The Global Parkinson’s Disease Survey Steering Comitee, 2002; Scalzo e col,
2009) e da disfungdo cognitiva (Schrag e col, 2000) na qualidade de vida. Assim,
utilizando diferentes instrumentos de avaliagdo como SF-36 (Questionario do Estado
de Saude — forma curta) (Kuopio e col, 2000) e PDQ-39 (Questionario da Doenga de

Parkinson — 39 itens) (Schrag e col; 2000; Souza e col, 2007; Carod-Artal e col,
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2007; Rahman e col, 2008; Scalzo e col, 2009) foi evidenciada a influéncia da
depressdao na qualidade de vida. Da mesma forma, foi destacada pelos diversos
autores a necessidade do adequado reconhecimento e tratamento da depressdo; assim

como da avaliacao de diferentes determinantes da qualidade de vida.

Sabe-se que diversos sdo os fatores que interagem na qualidade de vida de
cada individuo; tanto no que se refere a situagdes do presente como do passado,
doencgas, expectativas e percepgdes. As necessidades e valores atribuidos aos
diversos aspectos da vida podem ser modificados com o envelhecimento e merecem
ser considerados quando da avaliagdo da qualidade de vida, tanto que a Organizacao
Mundial Satde desenvolveu um instrumento de avaliagdo de qualidade de vida em
idosos identificado pela sigla WHOQOL-OLD (Power e col, 2005). Logo, uma vez
que a populagdo de pacientes com DP ¢ constituida por um grande nimero de
individuos com idade superior a sessenta anos a possibilidade de utilizagdo do
instrumento especifico para essa faixa etaria como a WHOQOL-OLD (Power e col,
2005; Fleck e col, 2006) deve poder ser considerada na avaliagdo da qualidade de

vida nos pacientes idosos com DP.

2.Sono

O sono consiste num estado ativo e complexo envolvido com diferentes
fendmenos comportamentais, eletrofisiologicos e bioquimicos (Tononi e Cirelli,

2006; Stenberg, 2007).
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2.1. Macroestrutura do Sono

Em 1968, foi desenvolvido e publicado, sob a direcdo de Allan Rechtschaffen
e Anthony Kales, pela primeira vez, um manual padronizado de escoreamento para

sono normal e estes parametros foram aplicados até recentemente.

No ano de 2007, a Academia Americana de Medicina do Sono (American
Academy Sleep Medicine, AASM) publicou o Manual de Escoreamento do Sono
(Iber e col, 2007), o qual tem sido utilizado atualmente. A classificagdao dos estagios
do sono ¢ baseada em achados da polissonografia a partir de informacdes da
atividade cerebral (através do eletroencefalograma), do movimento ocular (registrado

pelo eletrooculograma) e do tonus muscular (avaliada pelo eletromiograma).

Segundo o Manual de Escoreamento do Sono da Academia Americana de
Medicina do Sono as derivagdes recomendadas para analise do eletroncefalograma
(EEG) na polissonografia consistem em eletrodos na posicdo frontal, central e
occipital referenciados com o processo mastdide contralateral (Iber e col, 2007). Os
eletrodos para avalia¢dao do eletrooculograma serdo colocados um centimetro lateral
e superior ao canto externo do olho e outro eletrodo serd colocado a um centimetro
lateral e inferior ao canto externo do outro olho e serdo referenciados a mastdide
contralateral. A recomendagao proposta para analise do eletromiograma esta baseada

em trés eletrodos de superficie na regido submentoniana.

O sono humano normal pode ser dividido em dois estados principais, de

acordo com estudo eletroencefalografico, em sono REM (abreviatura de rapid eye
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movement, que significa movimento rapido dos olhos) e sono ndo-REM. O estagio de
sono REM ¢ caracterizado por movimento rapido dos olhos registrado pelo eletro-
oculograma, atonia muscular constatada pelo eletromiograma e por um tracado
dessincronizado no EEG de freqiiéncia mista e baixa amplitude. No estagio de sono
nao-REM (NREM) normalmente nao ¢ observado o movimento rapido dos olhos. O
sono NREM, de acordo com caracteristicas observadas no EEG, é subdividido em
trés estagios: estagio N1 (NREM1), estagio N2 (NREM?2) e estdgio N3 (NREM3)

(Iber e col, 2007).

O registro do sono humano através da polissonografia (PSG) tem sido
amplamente utilizado para o diagndstico dos transtornos do sono. A PSG consiste no
registro do sono do paciente no decorrer de uma noite inteira, possibilitando uma
avaliacdo objetiva dos padrdes -eletroencefalograficos do sono quanto a sua
arquitetura (macro e microestrutura) e correlacdo com outras varidveis como o tonus
muscular o qual € essencial para estagiamento de sono REM, também utilizado para
identificar movimentos durante o sono, por exemplo, a partir dos eletrodos em
pernas. Da mesma forma, pode-se correlacionar com alteragdes respiratdrias (como,
por exemplo, apnéias ou hipopnéias do sono) que podem provocar fragmentacao do
sono. As correlagdes entre as diferentes manifestagdes fisiologicas e os estagios do
sono em que ocorrem sdo importantes para o entendimento das mesmas, por isso €
realizado o registro simultineo de multiplas varidveis fisioldgicas. Assim, a PSG
envolve a monitorizagdo continua durante o sono de diferentes pardmetros tais como:
EEG, eletro-oculograma, eletromiograma (sendo esses utilizados no estagiamento do
sono), mas também sdo avaliadas outras caracteristicas como, por exemplo, aspectos
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cardio-respiratorios (fluxo aéreo, esforco respiratorio, eletrocardiograma, oximetria).
A macroestrutura do sono pode ser avaliada pelo tempo total de sono (TTS), tempo
na cama, eficiéncia do sono, laténcia para o sono, tempo acordado apds adormecer,

sono REM, estagios do sono NREM e laténcia para o sono REM.

2.2. Microestrutura do Sono

Informagdes contidas na organizagdo da atividade de base e dos
grafoelementos combinam-se compondo a macro € a microestrutura no tracado do
EEG. A nog¢ao de microestrutura se baseia nas observacdes quantitativas realizadas
sobre o sinal do EEG do sono; se trata de informa¢dao no limite, ou além, da
capacidade humana de discriminagdo visual. A seguir serdao abordados aspectos
relacionados aos fusos do sono e ao padrdo alternante ciclico (PAC) que consistem
em fenomenos transitérios e ciclicos (Nicolas e col, 2001) identificados no tragado

EEG do registro polissonografico.

2.2.1. Fusos do Sono

Os fusos do sono consistem num trem de ondas com freqiiéncia entre 11 e 16
Hz com duracdo igual ou superior a 0.5 segundo. Eles apresentam periodicidade no
sono humano (Nicolas e col, 2001). A maior incidéncia de fusos é identificada no
estagio N2 (Dijk e col, 1993); o fuso do sono ¢ um grafoelemento utilizado na
descri¢ao dos critérios para o estagiamento como N2. De acordo com o Manual de

Escoreamento do Sono da Academia Americana de Medicina do Sono (Iber e col,
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2007) o estagio N2 inicia quando, na auséncia de critério para N3, ocorre um (ou
mais) complexo K (ndo associados a despertar) e/ou um (ou mais) trem de fusos de
sono na primeira metade de uma época de sono ou na ultima metade da época
anterior. No que se refere ao escore do estagio N3, ressalta-se que ele deve ocorrer
quando 20%, ou mais, da época ¢ composta por atividade de onda lenta; a qual
consiste em ondas com freqiiéncia de 0.5Hz a 2.0Hz, com amplitude pico-a-pico
superior a 75 pV medida em regido frontal. Deve ser esclarecido que os fusos do

sono podem persistir no estagio N3.

Os fusos do sono sdao sequéncias de ondas eletroncefalograficas num formato
“crescendo e decrescendo” que sdo geradas em células do nucleo reticular talamico
(Fuentealba e Steriade, 2005). Os fusos resultam de descargas repetitivas nas células
reticulares gabaérgicas do tdlamo, as quais produzem potenciais pOs-sindpticos
inibitorios ritmicos em neuronios tdlamo-corticais. Isso provoca rebote pos-inibitério
destas descargas que sdo transferidos para o cortex e produzem potenciais poOs-
sinapticos excitatorios em células corticais. Como os neurdnios tadlamo-corticais
despendem tempo de sono nos potenciais inibitdrios pos-sinapticos relacionados aos
fusos do sono ha uma forte inibicdo da entrada de mensagens na sua rota para o
cortex cerebral (Steriade, 2000; Steriade, 2005). Registros de potenciais evocados
pela estimulagdo de axonios pré-talamicos tém o tdlamo como a primeira esta¢ao na
qual sinais aferentes sdo completamente bloqueados. Esta obliteracao do talamo leva
a deaferentacdo do cortex cerebral; um requisito para o processo de adormecer. Os
fusos do sono ocorrem na fase de despolarizagdo da oscilagdo lenta (Mdlle e col,
2002). Estudos com animais evidenciaram que a freqiiéncia do fuso esté relacionada

47



a duragao das seqiiéncias de hiperpolarizagao rebote das células talamo-corticais
(McCormick e col 1997). Com a duracao da hiperpolarizacdo de aproximadamente
70ms a freqliéncia do fuso ¢ de aproximadamente 14Hz a 15Hz e com uma maior
duragdo da hiperpolarizagdao os fusos sdo mais lentos. Registros intracelulares, em
estudos com gatos, de neurdnios talamicos e corticais demonstraram que, devido a
hiperpolarizagdo, durante o sono células talamo-corticais ndo transferem para o
cortex sinais oriundos da estagdo de relay pré-talamico. No entanto, a comunicag¢do
cortico-cortical e cortico-talamica podem ser mantidas durante o sono. Assim,
enquanto as oscilagdes dos fusos sdo geradas no nucleo reticular talamico, elas sao

sincronizadas por projecdes cortico-talamicas glutamatérgicas (Steriade, 2000).

A detecgao dos fusos do sono pode ser feita através de analise visual (Nicolas
e col, 2001; Himanen e col, 2002; Happe e col, 2004; Bastien e col, 2009; Selvitelli e
col, 2009) ou utilizando detectores automaticos (Wei e col, 1999; Ferrarelli e col,
2007; Huupponen e col, 2008). Muitas pesquisas com fusos do sono nos ultimos anos
basearam-se na analise visual — tendo como conseqiiéncia limitagcdes de tamanho
amostral ou no calculo do poder espectral na banda sigma (intervalo de freqiiéncias
correspondendo a atividade de fusos) com dificuldade de caracterizagdo de eventos

isolados (Landolt e col, 1996).

Em relacdo a analise do sinal deve-se esclarecer que a série temporal original
do EEG ¢ a sua representagdo no espaco de tempo-amplitude, mas & possivel
utilizar opera¢ao matematica denominada Transformada de Fourier (FT) que permite
que o sinal obtido no dominio do tempo seja representado no dominio da freqiiéncia.

Assim, a FT permite a sua representagdo no espaco de freqiiéncia-amplitude; nao
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havendo a informag¢ao de localizagdo temporal e obtendo-se, em troca, a informacao
sobre o contetido espectral (distribuicdo de freqiiéncias) do sinal. A completa
localizagdo em tempo e freqiiéncia ndo ¢ possivel simultaneamente, pois qualquer
ganho numa variavel tipo freqiiéncia acarreta perda na variavel tempo. No entanto,
quando um 6timo ¢ atingido, a separacao dos blocos em um espago tempo-freqiiéncia
torna-se factivel na sua maior precisao. O espaco de tempo-freqiiéncia ¢ chamado de
grafico ou plano de Wigner e as elevagdes que aparecem nesse grafico sao chamadas
de atomos de Heisenberg, os quais podem ser utilizados na quantificagdo. Uma
ferramenta disponivel para analise dos fusos do sono e utilizada pelo nosso grupo € o
algoritmo do tipo Matching Pursuit (MP) que consiste em uma rotina para
aproximacao adaptativa de sinais (Zygierwicz e col,1999; Durka e col, 2001). A
decomposi¢do por MP baseia-se na aproximagao adaptativa recursiva do sinal, com
fungdes escolhidas de um conjunto de formatos de ondas, denominado dicionario. O
sinal é decomposto em forma de ondas que podem ser representadas como atomos,
num espaco tempo-freqiiéncia (diagrama de Wigner), relacionadas com a voltagem
do sinal original. Foi descrito que a concordancia do MP com a detecgdo visual de
fusos do sono por trés especialistas atingiu 90% para limiares de amplitude acima de
25 uV em uma amostra de estdgio N2, oriunda de trés individuos (Zygierewicz e col,

1999).

Diferentes caracteristicas dos fusos do sono podem ser descritas como o seu
numero, densidade, duragdo, freqiiéncia interna (11-16Hz) e distribui¢do topografica.
Em relacdo a topografia, ¢ descrito um predominio de fusos lentos (freqliéncia
inferior a 13Hz) nas areas frontais do escalpo ¢ um predominio de fusos rapidos nas
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areas centro-parietais (freqiiéncia superior a 13Hz) (Jobert e col, 1992). Em relacao a
freqiiéncia interna dos fusos do sono, deve-se destacar a possivel sobreposicdo de
elementos na freqiiéncia alfa (8-13Hz) e sigma (11-16Hz) (De Gennaro e col, 2003).
Uma comparacao de mapas topograficos do EEG durante o estagio N2 antes e apos
os fusos do sono identificou que, em individuos jovens, os fusos do sono com
freqiiéncia de 12Hz facilitava a atividade de ondas lentas em areas fronto-centrais;
enquanto, 14Hz facilitava a atividade de ondas lentas em areas centro-parietais (Ueda
e col, 2001), sugerindo que a via talamo-cortical ¢ diferente para os dois tipos de
fusos (Ueda e col, 2000; Ueda e col, 2001). Estudo em individuos normais utilizando
simultanecamente EEG e Ressondncia Magnética Funcional identificou um padrao de
ativacdo, em comum, para fusos lentos e rapidos que engloba talamo, cortex, cingulo
anterior, insula anterior esquerda e bilateralmente o giro temporal superior. Nao foi
identificada diferenga significativa na ativacdo talamica quando fusos lentos e
rapidos foram comparados. No entanto, diferenca significativa foi observada na
ativagdo cortical entre fusos lentos e rapidos. Fusos lentos estavam associados com
aumento da atividade no giro frontal superior; enquanto os fusos rapidos recrutaram
uma série de regides corticais envolvidas no processamento sensoriomotor, assim

como o cortex frontal mesial e hipocampo (Schabus e col, 2007).

Os fusos do sono tém sido avaliados tanto em grupos de individuos saudaveis
(Wei e col, 1999; Nicolas e col, 2001; Huuponen e col, 2008), descrito acima; como
em diferentes doengas ou desafios farmacologicos (Jobert e col, 1992; Paterson e col,
2009). De fato, os fusos do sono foram quantificados, por exemplo, em individuos
com malformag¢des no desenvolvimento cortical (Selvitelli e col, 2009), com
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esquizofrenia (Ferrarelli e col, 2007), insdnia psicofisiologica (Bastien e col, 2009),
DP (Puca e col, 1973; Comella e col, 1993; Happe e col, 2004). Na secao 2.2.4 sdao

descritos alguns achados envolvendo pesquisas com DP.

2.2.2. Padrao Alternante Ciclico

O padrao alternante ciclico (PAC) ¢ aceito como uma ferramenta para avaliar
a microestrutura do sono em condigdes normais ou patologicas e tem sido utilizado
em diferentes estudos (Ferini-Strambi e col, 1995; Droste e col, 1996; Parrino e col,
1998; Parrino e col, 2001; Terzano e col, 2002a; Farina e col, 2003; Manni ¢ col,
2005; Thomas e col, 2004; Ferri e col, 2005a; Parrino e col, 2009). De fato, regras
para a técnica de registro e estagiamento do PAC foram estabelecidas (Terzano e col,
2002b) e publicadas num estudo que demonstrou elevada confiabilidade entre

avaliadores de diferentes centros de pesquisa (Ferri e col, 2005a).

O PAC ¢ uma atividade do EEG periddica do sono NREM. O PAC ¢
caracterizado por seqiiéncias de eventos eletrocorticais transitorios que sdo distintos
da atividade EEG basal do estagio e que recorrem em intervalos de até um minuto.
(Terzano e Parrino, 2000). O PAC estd relacionado a interpretagdo
eletroencefalografica da flutuagao do despertar (Parrino e col, 2001). A presenca de
PAC ¢ tida como um marcador de sono instavel enquanto que a auséncia de PAC
(fase nao-PAC) reflete uma condi¢do de sono consolidado (Terzano e col, 1985). O
PAC traduz uma condi¢do oscilatoria sustentavel entre um maior (fase A) e um

menor nivel de despertar (fase B). A identificagdo do PAC deve ser precedida pela
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definicado dos estdgios do sono de acordo com critérios convencionais de
estagiamento do sono. A seqiiéncia PAC ¢ composta por sucessao de ciclos PAC. O
ciclo PAC ¢ composto por uma fase A e uma fase B. A fase A pode ser dividida em
trés subtipos (A1, A2, e A3) que diferem na porcentagem de ondas sincronizadas e
cuja importancia e relevancia com os achados clinicos estdo sendo estudados (Ferri e
col, 2005b). Toda seqiiéncia PAC inicia com a fase A e termina com a fase B. A
fenomenologia dos subtipos da fase A sao bem definidos e com duragdo limitada
(Parrino e col, 1998; Parrino e col, 2001). Cada fase PAC tem duragdo de 2-60s. A
auséncia de PAC por mais de 60s ¢ estagiada como nao-PAC. A seqiiéncia PAC nao
¢ interrompida pela mudanga de estdgio, desde que os critérios para PAC sejam
respeitados (Terzano e col, 2002b). As seqiiéncias PAC podem se estender ao longo
de sucessivos estagios de sono e as fases A podem se apresentar em diferentes
padrdes na mesma seqiiéncia PAC. As seqiiéncias PAC comumente precedem a

transi¢do do sono NREM para REM.

Estudo desenvolvido por Parrino e colaboradores (1998) demonstrou que no
PAC o arranjo entre as fases A é baseado numa periodicidade que se mostrou
independente da idade. Tal informagdo foi obtida em estudo que avaliou individuos
saudaveis em diferentes faixas etarias. Foi identificado que a duragdo média da fase
B permanece aproximadamente igual entre os grupos (variando de 16,2 a 18,8
segundos). Desta forma, o que influencia o tamanho do ciclo PAC ¢ a duragao das
fases A, sendo o subtipo A3 mais longo que Al e A2. O ponto de corte em dois
segundos para o menor limite da fase B foi determinado como o minimo possivel
para a discrimina¢dao visual. Ponto de corte de sessenta segundos para o limite

52



maximo foi convencionado independentemente de distingdo entre sono em estagio
N2 ou estagio N3. Acima de 90% das potenciais fases A do PAC eram separadas por
intervalos nesta variacdo, com pico entre 20 e 40 segundos e aproximadamente 10%

das fases A eram separadas por mais de 60 segundos.

Diferente estrutura de tempo pode ser identificada no PAC comparando
estagios N2 e N3 de sono. Em adultos a diferenca ¢ evidente, preponderando
intervalos com menor duragdo (<60s) em N3 comparado com o observado no sono
N1 e N2; assim, N1 e N2 apresentam maior numero de intervalos longos (>60s). Foi
demonstrado que existe uma maior tendéncia para os componentes PAC se
organizarem em seqiiéncias regulares durante o sono N3 (sono de ondas lentas) que

durante N1 e N2 (Ferri e col, 2006).

Foi demonstrada correlagao entre os valores do indice de PAC ¢ a avaliagao
subjetiva da qualidade de sono; maiores taxas do indice de PAC foram
correlacionadas com pior qualidade de sono (Terzano e col, 1990). O PAC tem sido
estudado também em diferentes condi¢des clinicas. Pacientes com insOnia
apresentaram significativo aumento do indice PAC e subtipos Al e A2 em relagdo
aos individuos controles (Terzano e col, 2003). Foi descrito que pacientes com
depressdo apresentaram aumento significativo no indice PAC enquanto que pela
avaliagdo dos parametros de macroestrutura do sono nao havia sido encontrada
diferenca em relacdo aos controles saudaveis (Farina e col, 2003). Estudo avaliando
epilepsia focal e sono identificou que as crises convulsivas ocorriam com maior
freqiiéncia na fase PAC em relacdo a ndo-PAC e durante a fase PAC as crises

ocorriam com maior freqliéncia na fase A em relacdo a fase B (Manni e col, 2005).
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Também tem sido avaliado o efeito de diferentes farmacos, especialmente sedativos
e hipno-indutores no padrao alternante ciclico, por exemplo, foi demonstrado que o

zolpidem reduz o indice PAC em insones (Terzano e Parrino, 1992)

Enfim, existem diferentes aspectos relacionados ao PAC que estdo sendo
estudados e que visam maior compreensao da fisiologia do sono, assim como dos
efeitos provocados por diferentes patologias e farmacos (Parrino e col, 1998; Ferri e

col, 2006; Guilleminault e col, 2007).

2.2.3. Avanco da idade: efeito na macro e microestrutura do sono

Sabe-se que o sono varia ao longo da vida (Ohayon e col, 2004). Muitos
estudos de avaliacao do sono no passado nao controlavam adequadamente o critério
idade na comparagdo entre os individuos facilitando com isso que diferengas
inerentes ao processo de amadurecimento e envelhecimento interferissem nos
resultados dos estudos. Meta-andlise dos pardmetros quantitativos do sono
(publicagoes entre 1960 e 2003) incluindo estudos com individuos saudaveis com
variadas idades identificou que diversos parametros do sono modificam-se ao longo
da vida (Ohayon e col, 2004). Considerando pessoas adultas, foi observado redugdo
no tempo total de sono, na eficiéncia de sono e na porcentagem do sono em estagio
N3 com o aumento da idade. Destaca-se que, apds os sessenta anos de idade a
reducdo da eficiéncia do sono permanece significativa. A porcentagem do sono REM
reduz do adulto-jovem até a meia-idade, esse decréscimo nao ¢ significativo apos os

60 anos. Ocorre um aumento do tempo acordado apds o adormecer com o avango da
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idade. Estudo publicado no ano de 2005, baseado na analise do sono, pela PSG, de
198 individuos com idade entre 20 e 95 anos descreveu que tempo total de sono,
indice de eficiéncia do sono, porcentagem do estdgio N3 e porcentagem do sono
REM diminuiu com o avango da idade. Pronunciada redugdo no tempo total de sono,
no indice de eficiéncia do sono e na porcentagem do estagio N3 do sono NREM foi
observada principalmente nos percentis baixos (P25 e P10); indicando, segundo os
autores, que o numero de individuos com comparativamente baixos valores nesses
parametros aumenta com a idade, assim também a variabilidade nesses parametros

(Danker- Hopfe e col, 2005).

Além disso, tem sido descrito um aumento no nimero de despertares, assim
como do indice de despertar, em funcdo da idade. No entanto, no artigo publicado
por Bonnet e Arand (2007) ¢ destacado que a correlagdo entre o indice de despertar e
a idade torna-se ndo significativa quando o célculo ¢ controlado para o tempo total de
sono. Atualmente, de acordo com o Manual de Escoreamento do Sono da Academia
Americana de Medicina de Sono (Iber e col, 2007), o escoreamento de despertar
deve ser feito se, durante os estagios de sono N1, N2, N3 ou sono REM, ocorrer uma
abrupta mudanga de freqiiéncia do EEG, incluindo alfa, teta e/ou freqiiéncias maiores
que 16 Hz (exceto fusos do sono) com duragdo minima de trés segundos, tendo no
minimo dez segundos de sono estdvel precedendo a mudanga; sendo que no sono
REM ¢ necessario ainda um aumento do tonus muscular observado por aumento no

eletromiograma submentoniano com duragdo de, no minimo, um segundo.

Em relacdo aos fusos do sono, foi descrito uma influéncia da idade na

periodicidade desses elementos. Foi constatado que em individuos jovens (no estudo
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citado, idade média: 22.8 anos) a amplitude, a freqiiéncia, a duracao e a incidéncia
dos fusos do sono aumenta com a progressao do sono ao longo da noite. Em idosos
(idade média no estudo: 66.6 anos) o aumento na amplitude e duragao dos fusos ao
longo da noite ndo ¢ tao evidente quanto o observado em jovens; tendo sido
constatado que a freqiiéncia dos fusos declina com a evolugdo do sono (Wei e col,

1999).

A redugdo do nimero de fusos com o avanco da idade (DeGennaro e col,
2003) foi observado tanto com escoreamento visual (Nicolas e col, 2001) quanto com
detectores automaticos de fusos (Wei e col, 1999). Em jovens a variacdo da
densidade dos fusos sono aumenta com o tempo de sono, o que ndo atingiu

significancia estatistica no grupo dos idosos (Wei e col, 1999).

Assim, ha uma progressiva redu¢do no nimero e densidade de fusos do sono
com o envelhecimento e um aumento na freqiiéncia interna do fuso (Wei e col, 1999;
Nicolas e col, 2001). Essas modificagdes ocorrem principalmente nas primeiras
quatro décadas, exceto o numero e densidade dos fusos que mantém a reducdo até a

sexta década de vida (Nicolas e col, 2001).

Em relagdo ao padrido alternante ciclico, Parrino e colaboradores (1998)
identificaram que o PAC apresenta uma freqiiéncia em forma de “U” ao longo da
vida (adolescentes: média de 43,4%; adultos jovens: 31,9%; meia-idade: 37,5%;
idosos: 55,3%). Indice de PAC foi minimo no adulto jovem (faixa de idade entre 20 ¢
39 anos) e maximo no idoso (idade superior a 60 anos). Quanto aos ciclos PAC, a
média da duragdo dos ciclos PAC em idosos mostrou-se maior (média de duragdo do

ciclo PAC em idosos: 31s) que a de individuos adolescentes e de meia-idade. Nos
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estagios 2 e 4 (o atual estagio N3 do sono na classificacao anterior era subdividido
em estagio 3 e estagio 4 de acordo com a propor¢do menor ou maior de ondas lentas)
a maior duracdo do ciclo PAC do grupo idoso deveu-se pela maior fase A. A
duragdo da fase B foi estavel para todas as idades no sono NREM. O subtipo A3 da

fase A do CAP foi o mais longo em todos os grupos etarios.

2.2.4. Macro e Microestrutura do Sono na Doenca de Parkinson

No que se refere a macroestrutura do sono e doenca de Parkinson, diferentes
estudos apontam achados de baixa eficiéncia do sono (Happe e col, 2004), sono
fragmentado (Pappert e col, 1998) maior nimero de despertares, sendo também
descrito a reducao da porcentagem de sono REM (Emser e col, 1988; Comella e col,
1993). A avaliacao por polissonografia de onze pacientes com DP leve (Hoehn-Yahr
1-2) e sete pacientes com DP severa (Hoehn-Yahr 4-5) apresentou eficiéncia de sono
reduzida e estrutura do sono fragmentada nos dois grupos, no entanto ndo foi
observada diferenga estatisticamente significativa, entre os grupos, nos parametros de

macroestrutura do sono (Young e col, 2002).

Hé décadas, os fusos do sono vém sendo avaliados em grupos de pacientes
com parkinsonismo. Algumas pesquisas anteriores informaram a menor produgio
(Myslobodosky e col, 1982; Emser e col, 1988; Comella e col, 1993) dos fusos do
sono nesses individuos. No entanto, algumas limitagdes desses estudos anteriores
devem ser consideradas para melhor julgamento quanto a validade dos resultados. A

analise destas pesquisas ¢ dificultada, pois, nem sempre, a metodologia empregada
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estd adequadamente descrita. Os critérios diagnosticos, por vezes, nao sao
especificados, sendo identificados apenas como casos de parkinsonismo (para citar,
estudo de Puca e col, 1973; Myslobodosky e col, 1982). Também ¢ constatada
grande variacao na idade dos sujeitos pesquisados - como observado no estudo de
autoria de Puca (Puca e col, 1973) no qual os individuos apresentavam idade entre 40
e 76 anos; ou no estudo de Emser (Emser e col, 1988) no qual foram avaliados
individuos entre 45-65 anos. Assim, além da grande variagcdo da idade; tal
informacao permite o questionamento sobre a diferenca na etiologia da DP, por ter
incluido pacientes que iniciaram com os sintomas mais precocemente. Além disso,
alguns estudos nao apresentavam grupo controle para adequada comparagdo (Puca e
col, 1973; Myslobodosky e col, 1982; Comella e col, 1993). Outro aspecto a ser
considerado ¢ o fato de que, a maioria desses pacientes foi avaliado sob efeito de
tratamento e de diferentes esquemas de terapéutica; o que sinaliza a caréncia de
informagdes sobre fusos do sono nos pacientes com DP sem tratamento e permite o
questionamento se os achados representam as alteracdes da doenga ou dos

tratamentos aos quais esses pacientes foram submetidos.

Estudo que comparou a microestrutura do sono de pacientes com DP, em
tratamento, com controles saudaveis e mediu através de SPECT (['*’I]p-CIT SPECT)
a ligagdo ao transportador de dopamina no estriado e a densidade de transportador de
serotonina em regido de talamo-hipotadlamo ndo identificou diferenca entre DP e
controles, na quantidade de complexos-K, complexos K-alfa e fusos do sono. Os

grupos apresentaram, ao longo da noite, reducdo de complexos-K, mas nao de fusos
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do sono. Também ndo foi observada correlacdo entre fusos do sono e o grau de

degeneracdo dopaminérgica (avaliada por SPECT) (Happe e col, 2004).

Considerando a analise do poder espectral do sono NREM de individuos com
DP, em relagdo a grupo controle; foi descrito um aumento, apesar de nao
estatisticamente significativo, na atividade EEG na faixa de freqiiéncia sigma (12-16
Hz) em individuos com PD (Brunner e col, 2002). Ao analisarem as derivacdes
centrais e occipitais (C3-A2; C4-Al; C3-C4; O1-02) os autores observaram que os
individuos com DP (previamente ao tratamento), em comparagdo a individuos
controles, apresentaram aumento da atividade teta-alfa (6.3—10.9 Hz); os pacientes
com DP ndo apresentaram o declinio fisiologico da atividade alfa no sono REM

como observado em controles (Wetter e col, 2001).

Ainda no que se refere a microestrutura do sono ¢ DP, em relagdo ao padrao
alternante ciclico, pelo o que ¢ do conhecimento do autor , at¢ momento dessa

revisdo nao havia sido publicado estudo analisando o PAC na doenca de Parkinson.

3. MicroRNA

O microRNA (miRNA) corresponde a uma seqiiéncia de aproximadamente
22 nucleotideos (nt) de acido ribonucléico (RNA) nao-codificante e tem sido
relacionado aos processos de regulacdo da expressio do gene através do
emparelhamento base-especifico com o0 mRNA alvo. A maioria dos miRNAs sdo
transcritos pela polimerase II; no entanto, em humanos alguns miRNAs sdo

transcritos pela polimerase III (Borchert, 2006). No nucleo, o transcrito primario
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(pri-miRNA) ¢ processado pela enzima RNase III Drosha resultando em um
precursor de miRNA (pré-miRNA) com aproximadamente 70 nt que contém
seqliéncia saliente com 2nt na extremidade 3°. Esta regido ¢ reconhecida pela
Exportina-5 que transporta o pre-miRNA para o citoplasma. O pre-miRNA ¢
processado pela RNase dicer resultando na formac¢do de um intermediario duplo
miRNA:miRNA*; que consiste em ~2Int do miRNA maduro e a seqiiéncia
complementar (secundaria), miRNA*. Subseqiientemente a dupla hélice do miRNA
duplo ¢ separada pela helicase, 0 miRNA maduro ¢ incorporado no complexo de
silenciamento induzido por RNA (RISC) enquanto o miRNA* ¢ geralmente
degradado (Bartel, 2004; Borchert, 2006). Os miRNAs guiam o complexo RISC até
o mRNA alvo, que tem uma sequéncia alvo complementar ao do miRNA. A ligacdo
entre 0 miRNA e o seu mRNA alvo necessita tanto a presenga do complexo RISC
contendo a proteina Argonauta. Nao ¢ necessario que a interacao entre miRNA e o
alvo seja totalmente complementar; de fato, ¢ descrito que o reconhecimento envolve
residuo 2-8 da porc¢ao 5’-terminal do miRNA, identificada como sequéncia cerne
(seed), e a seqiiéncia complementar 3’UTR do mRNA alvo. Como conseqiiéncia

deste processo, 0 mRNA alvo serd degradado ou tera sua traducao inibida.

Até o momento entende-se que a maioria dos miRNAs, em espécies animais,
atuem através da inibicdo da efetiva tradu¢do do mRNA dos genes alvo através de
um pareamento imperfeito das bases da regido 3’UTR (untranslated region) dos
mRNA alvo. Esse mecanismo esta envolvido com a inibi¢do do inicio da tradugdo

(Bartel, 2004).
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Em muitos casos os miRNAs podem agir como reguladores genéticos; por
exemplo o alvo do miRNA codifica um fator regulador e, muitas vezes, pela acao
destes reguladores ocorre um comando em sentido contrario (feed-back) no sentido

de reprimir o miRNA (Flynt e Lai, 2008).

Deve-se saber que, em geral, os mecanismos moleculares que regulam a
expressao de um gene podem ser determinados por processos bioquimicos e
moleculares inter-relacionados. A regulacdo pos-transcricional dependente de
miRNA ¢ um dos mecanismos moleculares de regulagao da expressao génica (Liang
e col, 2009). Ainda, diferentes mRNA podem ser alvos de diversos miRNAs; e

diferentes miRNA podem regular multiplos mRNAs (Hobert, 2008).

Na ultima década centenas de miRNAs tém sido identificados e catalogados e
podem ser acessados em bancos de dados como, por exemplo, miRBase (Mendes e
col, 2009); tendo sido constatado que muitos dos miRNAs sdo conservados ao longo

da evolugdo das espécies, incluindo plantas e humanos.

Diversas pesquisas tém avaliado os miRNAs e demonstrado o seu
envolvimento em diferentes processos bioldgicos do desenvolvimento, assim como
na ocorréncia de doencas (Alvarez-Garcia e col, 2005). De fato, estudos tém
identificado miRNAs e os relacionado a diferentes processos bioldgicos das células
como proliferacdo, diferenciagdo e apoptose. A ocorréncia de alteragcdes na expressao
de miRNAs foram descritas em células tumorais e tem sido proposto que tais
alteragcdes possam contribuir no desenvolvimento do cancer (Meltzer, 2005).
Também foi descrito modificagdo na expressdo de miRNA em liquido cérebro-

espinhal relacionados a Doenga de Alzheimer (Cogswell e col, 2008).
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No entanto, ndo € necessario considerar unicamente situagdes envolvendo
patologias; os processos fisiologicos, assim como a interferéncia na regulagao desses
processos, também podem alterar a expressao dos miRNAs. Por exemplo, o sono —
sabe-se que diversas estruturas € mecanismos estao relacionados com a regulagao do
sono - foi constatado que ratos privados de sono apresentaram mudanca nos niveis de
miRNA em relacdo ao grupo controle. Foi observado que o tipo de miRNA, assim
como seu padrdo de expressao (aumento ou reducao) variou de acordo com a regiao
(cortex pré-frontal, hipocampo ou hipotdlamo) avaliada. O maior nimero miRNAs

alterados, apos a privagdo do sono, foi observado em hipocampo (Davis e col, 2007).

3.1. MicroRNA: detec¢ao

Inicialmente a técnica de northern-blotting era tida como o padrao ouro na
deteccdo do miRNAs. Baseados na avaliagdo de precursores de miRNA utilizando
teste da reacdo em cadeia da polimerase (polymerase chain reaction, PCR) em tempo
real foi percebido que apenas precursores com valores de expressdo mais elevada
eram detectados com a técnica de northern-blotting. Ressalta-se que muitos
precursores estudados tém uma baixa expressdo relativa ndo sendo detectaveis pela

técnica de northern-blotting (Jiang e col, 2005).

Atualmente, a técnica de PCR em tempo real, ou RT-qPCR, ¢ o padrao ouro
na quantificagdo de acidos nucléicos devido a sua sensibilidade e especificidade.
Diferentes metodologias tém sido desenvolvidas para amplificacdo e quantificagdo

de miRNAs precursores e maduros (Schmittgen e col, 2008). Para analise dos
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miRNAs , Schmitgen e colaboradores (2004) descreveram o método de PCR em
tempo real para quantificar precursores de miRNA contendo estrutura em grampo
(hairpin). O método consiste em utilizar primers gene-especificos e transcriptase
reversa termo-estavel para converter o hairpin do precursor primario ¢ precursor do
miRNA em DNA complementar (cDNA). Apds, o cDNA ¢ amplificado e
quantificado usando PCR em tempo real e para detec¢do utiliza-se sondas
fluorescentes (TagMan) ou o corante intercalante SYBR Green. Chen e
colaboradores (2005) desenvolveram técnica para identificar miRNAs maduros.
Assemelha-se ao teste que analisa os precursores tendo como principal diferenga o
uso de um primer com haste em lago (stem-loop) durante a rea¢ao da transcriptase

reversa.

A quantificacdo de miRNAs pode ser feita por PCR quantitativo com o
emprego de fluordforos intercalantes como o SYBR-green (ou equivalente) como
descrito nos trabalhos de Chen e colaboradores (2005) e de Jiang e colaboradores

(2005).

A quantificagdo do nivel de expressdo dos miRNAs, tendo-se como base a
metodologia de PCR em tempo real, ¢ realizada em duas etapas. Por exemplo, na
primeira etapa, uma série de oligonucleotideos (multi-plex) contendo uma seqiiéncia
universal fusionada a uma seqiiéncia microRNA especifica de seis nucleotideos ¢
utilizada para a sintese de cDNA a partir do miRNA. Na segunda etapa, as reacdes de
PCR em tempo real sdo realizadas utilizando um oligonucleotideo que ¢ miRNA
especifico e um oligonucleotideo complementar a seqiiéncia universal presente no

oligonucleotideo utilizado para a sintese dos cDNAs. As reagoes de PCR quantitativa
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em tempo real (qQPCR) sdo realizadas em equipamento padrdo. De forma ilustrativa,
considera-se que a PCR apresente etapas das reacdes que sao compostas de uma
desnaturagao inicial a 94°C por 5 minutos, seguido por 40 ciclos de 10s a 94°C, 15s a
60°C e 10s a 72°C. Apo6s, as amostras sao aquecidas de 60 para 99°C com um
aumento de 0,1°C/s para adquirir os dados produzidos pela curva de desnaturacao
dos produtos amplificados. As reagdes de RT-qPCRs sdo feitas em um volume final
de 20 pL composto de 10 pL de cada amostra de cDNA diluida de 50 a 100 vezes,
adiconadas de 2 pL de Platinum Taq 10x PCR buffer, 1,2 uL. MgCl, 50 mM, 0,4 uL
dNTPs 5 mM, 0,4 uL. do par de oligonucleotideos a 10 uM, 3,95 uL H,O, 2,0 uL

SYBR green ou sonda marcada, e 0,05 uL Tag DNA polymerase (5 U/uL).

3.2. MicroRNA na Doenca de Parkinson

Diversos estudos tém identificado miRNAs e os relacionado a diferentes
processos bioldgicos como os envolvidos na plasticidade sinaptica, na neurogénese e
nos processos neurodegenerativos. Nesse tema, as pesquisas englobam modelos in
vitro, in silico e in vivo; andlises em humanos tem quantificado a expressdo de
miRNA tanto em tecido cerebral como em LCR. Tem sido proposto que miRNAs
possam agir em diferentes estdgios de producdo ou regulacdo da degradacdo de
proteinas toxicas e que mudangas nessas etapas possa exercer um papel no processo

neurodegenerativo (Eacker e col, 2009).

Estudo postmortem comparando DP e controle (trés individuos por grupo)

quanto a expressdo, por RT-qPCR, de uma lista de 224 precursores de miRNA
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identificou deficiéncia de expressao do miR-133b no cérebro de individuos com DP
em relacdo ao grupo controle. Em estudos com modelos animais de deficiéncia de
neurdnios dopaminergicos, tanto os camundongos com deficiéncia do fator de
transcrigdo Pitx3 como os tratados com 6-hidroxidopamina apresentaram reduzida
expressao de miR-133b em relagdo aos camundongos normais. Ainda, foi
demonstrado que a elevada expressao de Pitx3 em cultura de células tronco-
embrionarias propiciou um aumento da expressdo do precursor miR-133. A
aumentada expressao de miR-133b induziu a redugdo dos niveis de Pitx3 em células
tirosina-hidroxilase positivas, enquanto que a reducdo de miR-133b provocou um

aumento da proteina Pitx3 nessas células (Kim e col, 2007).

Na busca da compreensdao dos mecanismos envolvidos no desenvolvimento
da DP as alteracdes genéticas também sao investigadas nesses pacientes. Estudo que
avaliava fatores de risco para DP identificou um polimorfismo (SNP) no gene FGF20
(fibroblast growth factor 20) (Wang e col, 2008b), o qual tem ligagdo com miR-433.
Esse SNP na seqiiéncia 3’"UTR do FGF20 modifica a ligagdo do miR-433, resultando
em um aumento na traducdo de FGF20. Elevados niveis da proteina FGF20 aumenta
a expressao de alfa-sinucleina que, como descrito na se¢do 1.1.2 deste trabalho, ¢é
uma proteina que se acumula nos corpusculos de Lewy. Estudo publicado no ano
seguinte ndo identificou associacdo entre a variabilidade de FGF20 e risco para DP

(Wider e col, 2009).

Diversos artigos de revisdo relacionando miRNA e doencas
neurodegenerativas t€m sido publicados (Weinberg ¢ Wood, 2009; Eacker e col,

2009; Christensen e Schratt, 2009; Barbato e col, 2009; Roshan e col, 2009; Lau e
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Strooper, 2010) entretanto ainda existe pouca sobreposi¢do entre os achados de
diferentes estudos. Nao havendo, até o momento, evidéncia direta de relacdo causa e

efeito entre miRNA e as doengas neurodegenerativas.
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Objetivos
Objetivos Gerais
1) Avaliar o sono de individuos com doenga de Parkinson.

2) Avaliar a qualidade de vida em pacientes idosos com doenga de

Parkinson.

3) Awvaliar a expressao de microRNAs no sangue de pacientes com doenca

de Parkinson.

Objetivos Especificos

1) Avaliar as propriedades psicométricas da versao brasileira da “Escala de

Sono na Doencga de Parkinson”.

2) Avaliar a qualidade de vida em pacientes idosos com doenga de

Parkinson e sua relagdo com o sono.

3) Analisar a microestrutura do sono de pacientes com doenga de Parkinson

sem tratamento através da avaliacdo da densidade dos fusos do sono.

4)  Analisar a microestrutura do sono de pacientes com doenca de

Parkinson sem tratamento através da avaliagdo do padrio alternante ciclico.

5) Avaliar a expressdo de microRNAs em sangue periférico nos pacientes

com doenca de Parkinson em relagao ao grupo controle.
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Abstract: Parkinson’s Disease Sleep Scale (PDSS) is a specific scale for the
assessment of sleep disturbances in subjects with Parkinson’s Disease (PD). This cross-
sectional study set out to validate the PDSS in a Brazilian Portuguese Version (PDSS-
BR). Ninety-five patients with PD participated in the study; their PD symptoms were
evaluated by Unified Parkinson’s Disease Rating Scale(UPDRS sections I[-IV) and
Hoehn and Yahr scale. Patients completed Pittsburgh Sleep Quality Index (PSQI),
Epworth Sleepiness Scale(ESS), Beck Depression Inventory (BDI) and PDSS-BR.
PDSS-BR internal consistency was satisfactory (Cronbach’s a: 0.82; all PDSS-BR
items were significantly and positively associated with total score). Test-retest
reliability for total PDSS-BR score was 0.94. PDSS-BR score was highly correlated
with sleep scales (PSQI, r; =-0.63; p<0.0001 and ESS, r=-0.32; p=0.001) and
moderately with UPDRS-sections I (rs= —0.38, p<0.0001) and II (r= —0.36, p<0.0001)
and BDI (r&=—0.55; p<0.0001). Depressive symptoms, as determined by the BDI, were
associated with significantly worse quality of nocturnal sleep, as measured by the

PDSS-BR.

The psychometric attributes of the PDSS-BR were satisfactory and consistent with
those of previous studies. In summary, PDSS-BR can be useful for clinical and research

purposes in Brazil.
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1.Introduction

Sleep disturbances are a frequent problem in patients suffering from Parkinson’s
Disease (PD) [1,2]. A community-based study showed that nearly two-thirds of patients
with PD reported sleep disturbances and one third rated their overall nighttime problems
as moderate to severe [2]. Sleep complaints in patients with PD include: difficulty
falling asleep, frequent awakenings (sleep fragmentation), early morning waking,
nocturnal cramps, painful dystonia, nocturnal motor symptoms, nocturia, nocturnal
confusion, hallucinations and daytime sleepiness [2,-6]. Some patients present with a
combination of symptoms. It has been shown that during routine visits neurologists fail
to identify sleep disturbance in 40% of patients [7]. Diagnosis and assessment of sleep
problems are based on clinical history, caregivers’ reports, questionnaires, sleep logs,
polysomnography or videorecordings. Rating scales employed in clinical practice such
as Epworth Sleepiness Scale (ESS) [8] and Pittsburgh Sleep Quality Index (PSQI) [9]
may be used for evaluation but do not systematically address and quantify different
aspects of sleep disturbances in PD. The Unified Parkinson’s Disease Rating Scale

(UPDRS) [10] contains one question (item 41) related to sleep disturbances.

Parkinson’s Disease Sleep Scale (PDSS) [11] is a specific scale for the assessment
of sleep disturbances in subjects with PD: it is a formal instrument for quantifying sleep
problems in PD and can be easily administered in the clinic or at the bedside [12]. PDSS
is a self-administered visual analogue scale addressing 15 symptoms associated with

sleep disturbance. The first item evaluates the global quality of nocturnal sleep. Items 2
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to 14 relate to the presence of nocturnal sleep (sleep onset and maintenance insomnia,
nocturnal restlessness, nocturnal psychosis, nocturia, nocturnal motor symptoms and
sleep refreshment) disturbances. Item 15 addresses somnolence during the day. Patients
complete the PDSS based on their experiences over the previous week. Scores for each
item range from always (0) to never (10), except for item 1, where scale ranges from
awful (0) to excellent (10). The maximum score for the PDSS is 150 (patient is free
from all symptoms). PDSS is available in several languages (English, German, Italian,
Swedish, Spanish, Japanese) [12]. Translation of the original PDSS from English into a
Brazilian Portuguese version was undertaken by our group in a previous study. In this
translation study Cronbach’s alpha was 0.85. Correlation coefficients between items

were all positive and total score intraclass correlation coefficient was 0.88.

The present study was designed to validate a Brazilian version of the Parkinson’s

Disease Sleep Scale (PDSS-BR). Figure 1.

2.Subjects and Methods

This was an observational, cross-sectional study carried out at The Movement
Disorders Clinic of a University Hospital in Southern Brazil from May 2007 to July
2008. All patients gave their written informed consent to participate in the study, which
was approved by the ethics committee of Hospital de Clinicas de Porto

Alegre/Universidade Federal do Rio Grande do Sul.
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2.1Patients

Ninety-five patients fulfilling clinical criteria for PD (the United Kingdom
Parkinson’s Disease Society Brain Bank clinical diagnostic criteria) [13] were included
in the study. Cognition was evaluated by Mini-Mental State Examination (MMSE)
[14,15]. Patients had to have a MMSE score equal to or above 20 if they had no

schooling and equal to or above 24 for subjects with some schooling [16]

2.2 Assessment

Patients in the study answered a questionnaire that included marital status,
disease duration and drug record. PD symptoms were evaluated using Unified
Parkinson’s Disease Rating Scale (UPDRS) [10], and Hoehn and Yahr modified version
(HY) [17]. Sleep perception was assessed by UPDRS item 41, Pittsburgh Sleep Quality
Index (PSQI) [9,18] while somnolence was measured by the Epworth Sleepiness Scale
(ESS) [8,19]. Depressive symptoms were assessed with the Beck Depression Inventory
(BDI) [20,21].

In addition patients completed the Brazilian Version of the PDSS (PDSS-BR)
(Figure 1) and a re-test evaluation was carried out on 42 patients 7,71+ 2,02 days after

the first assessment.
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2.3Data Analysis

The SPSS for Windows versions 12-14 (SPSS inc.) program was used for all
analyses. Descriptive statistics were used as required. Comparison of score distributions
between populations was assessed with the Mann-Whitney test. Cronbach’s alpha [22],
item-total (item-corrected correlation without contribution of the test item) and inter-
item correlations (Spearman’s rank correlation coefficients) were determined to
ascertain internal consistency of PDSS-BR. Test-retest reliability was assessed by
intraclass correlation coefficient (ICC). PDSS-BR factor analysis was carried out using

the principal components method with varimax rotation.

Kruskal-Wallis analysis was used to evaluate the relationship between PDSS-BR
and HY scores. Spearman’s rank correlation coefficients were used to determine the
association between total PDSS-BR score and other variables concerning sleep (ESS
and PSQI), PD (UPDRS sections I-IV) and depressive symptoms (BDI). It was
hypothesized a priori a high correlation (rs >0.50) between PDSS-BR and the other
variables concerning sleep and a moderate correlation (rs = 0.35-0.50) of the PDSS-BR

with UPDRS and BDI (association levels as per Juniper et al [23]).

Patients were stratified into two groups according to the cutoff score proposed for
depression screening in PD patients [24,25]. Stratified analysis was performed to
evaluate differences between these two groups: group with BDI score bellow 14
(BDI<14) and group with depressive symptoms evaluated by BDI with score equal to or

above 14 (BDI >14).
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3.Results

Table 1 shows the sample characteristics. No significant differences in age,
marital status, disease duration, MMSE, HY, UPDRS, PSQI and BDI were found
between the sexes, but men showed higher ESS scores than women (Mann-Whitney test
p=0.013). No significant differences in parameters were found between retest patients
and the rest of the sample. Eighty—two (86.3%) patients were taking antiparkinsonian
drugs: levodopa(80), pramipexole(19), amantadine (11), biperiden (6), entacapone (8)
and tolcapone(3). Thirty-seven (45%) patients were taking a combination therapy.
Eleven patients were taking benzodiazepines, thirty-one patients were on

antidepressants and six patients were taking antipsychotic drugs.

Mean total PDSS score was 96.34 + 29,65 (mean + standard deviation), ranging
from 31 to 150; median, 93.3. There was a uniform score distribution across the range
covered by the scale (93 different total scores in 95 patients). Mean item scores are
shown in Table 2. For comparison, similar data from the original study by Chaudhuri
and colleagues [11], from the Spanish Version Study by Martinez-Martin and
colleagues [26], from the Japanese Study by Suzuki and colleagues [27] and from the

Chinese Version Study by Wang and colleagues [28] are included in Table 2.

Cronbach’s alpha for PDSS-BR was 0.82. All PDSS-BR items were significantly
and positively associated with total PDSS-BR score, the items 1,3,4,5 and 12 showing
the closest correlation (rs >0.6; p<0.01) (Table 3). The highest inter-item correlation

coefficient (r; =0.63; p<0.0001) was observed between items 1 (overall quality of sleep)
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and 3 (difficulty staying asleep). The lowest inter-item correlation coefficient (r; =0.22;
p=0,04) was found between item 4 (restlessness) and 13 (tremor on waking). ICC values
obtained from the test-retest evaluation are shown in Table 3. Test-retest reliability for

total PDSS-BR score was 0.94.

Factor analysis identified one principal factor that explained 31% of the variance.
PDSS-BR items loading on the principal factor were items 1, 2, 3, 5, 8, 12, 14. Values
lower than but close to 1.0 were found for three additional dimensions (items 6,7,10 and

13;4,9and 15; and 11).

There was no significant relationship between total PDSS-BR scores and age,
gender, marital status, MMSE, HY and number of dopaminergic drugs, or use of

benzodiazepine, antipsychotic and antidepressant medication.

Concerning sleep evaluation, total PSQI score showed significant association with
total PDSS-BR score (r; =-0.63; p<0.0001). Overall quality of nocturnal sleep assessed
by PDSS-BR item 1 showed association with total PSQI score (r; = -0.61; p<0.0001).
Epworth Sleepiness Scale was correlated with total PDSS-BR score at a moderate level
(rs=-0.32; p=0.001). Falling asleep during the day (PDSS-BR item 15) was moderately
associated with ESS (r; = -0.42; p<0.0001). Patients (45%) who reported sleep
disturbances according to UPDRS item 41 showed lower PDSS-BR scores (87.75+28.2,
mean + standard deviation) than patients who reported no sleep disturbances in this

question (102.6 + 29.2) (Mann-Whitney, p=0.02).

Considering the UPDRS scale, we found a moderate association between the total

PDSS-BR score and UPDRS-section I (cognition, behavior and mood symptoms, 1= —
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0.38, p<0.0001) and UPDRS-section II (daily activities, r= —0.36, p<0.0001). There
was no significant association between UPDRS section III (motor symptoms) and
PDSS-BR (r&= —0.11); nor UPDRS-section IV (treatment complications) (r&= —0.18).
We found no significant association between the HY stage, and total PDSS-BR score. In
summary, significant associations were found between total PDSS-BR scores and

UPDRS sections I and II, but not with the HY or UPDRS motor section.

There was a high degree of correlation between depressive symptoms evaluated
by BDI and total PDSS-BR scores (rs= —0.55; p<0.0001). Fifty-seven subjects showed
BDI<14. These patients (no depressive symptoms) showed statistically significant lower
scores in UPDRS sections I and II, PSQI and ESS. They had significantly higher PDSS-
BR total scores than the group with BDI >14 (Table 4). Statistically significant
differences between BDI groups were observed for nine PDSS-BR items (1, 2, 3, 6, 7,
9, 11, 12, and 14); however, for the group with BDI<I14, total PDSS-BR scores
maintained a significant association with PSQI (rs=0.54, p<0.0001) and ESS
(r=0,41, p=0.001). Within group BDI >14, total PDSS-BR scores only showed a
moderate but significant association with total PSQI (r;= — 0.35, p= 0.03) and UPDRS-
section I (r;=—-0.37, p=0.02). There was no significant relationship between BDI scores

and gender, duration of disease and MMSE scores.

4.Discussion

Parkinson’s Disease Sleep Scale is an instrument for sleep evaluation in PD

patients. PDSS-BR’s internal consistency (Cronbach’s alpha=0.82) is considered
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satisfactory for groups [22], and all items were significantly related to total PDSS-BR
scores. Correlation coefficients between items were all positive, showing that scores for
items lay in the same direction. The highest inter-item correlation coefficient (rs =0.63;
p<0.0001) was observed between items 1 (overall quality of sleep) and 3 (difficulty
staying asleep); similar results have been obtained in previous studies [11,26]. Test-
retest reliability for total PDSS-BR scores was high (ICC = 0.94); again, similar results
were obtained by Chaudhuri and colleagues [11] and Martinez-Martin and colleagues
[26], although each item coefficient was higher in Martinez-Martin’s study [26]. This
difference may be related to the moment of retest evaluation and possible partial
response recall. Discrepancies previously identified by Chaudhuri and colleagues [11]
and Martinez-Martin and colleagues [26] studies for items 12 and 15 were not observed
between our study and the Martinez-Martin study. Some differences can be identified
between studies as in original study by Chaudhuri and colleagues [11], in Spanish
Version Study [26], in Japanese Study [27] and in Chinese Version Study [28]. This
suggests that some discrepancies in mean scores might be explained by different sample

compositions.

An exploratory factor analysis identified a principal factor that explained 31% of
the variance. This dimension comprises sleep quality, perception of sleep onset
difficulties and maintenance insomnia, and two other manifestations (fidgeting and
passing urine) potentially interfering with sleep onset and maintenance. This dimension
also comprises perception of well-being upon waking (painful posturing and degree of

sleep refreshment) which may be consequent to sleep onset and maintenance patterns.
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As expected, PDSS showed significant association with PSQI and ESS, denoting
the robustness of PDSS Brazilian version. PDSS-BR results were also consistent with
patients” reports of sleep disturbances according to the only UPDRS item (41) that

evaluates sleep.

No significant correlations were found between PDSS-BR and motor symptoms
assessed by UPDRS-III. Chaudhuri and colleagues [11] identified different PDSS
scores between subjects with early/moderate and advanced disease. Similar results
could not be observed in the current study, one possible reason being that only 10
patients were in advanced HY stages. Moreover, it should be noted that motor
manifestations as per PDSS (fidgeting, legs restlessness and early morning tremor) do
not equal motor symptoms evaluated by UPDRS-III. It is also necessary to consider
that other aspects may interfere with subjective sleep evaluation, such as

environmental and behavioural factors, other clinical conditions and mood disorders.

Beck Depression Inventory groups showed association between PDSS-BR and
PSQI, but this was more evident for BDI<14. Within this subject category an
association was also seen between PDSS-BR and ESS. Considering the BDI>14 group,
a moderate inverse association was shown between PDSS-BR and UPDRS-section 1. As
this section evaluates cognitive, behavioural and mood, it is reasonable to have
observed this finding in this group. Whole sample evaluation had shown an inverse
correlation between PDSS-BR and UPDRS-section II (daily activities), but this
correlation was not maintained after stratified analyses. This result may be explained by
the sample size in each BDI group (BDI<14 and BDI>14 groups composed by 57 and

38 subjects, respectively). Statistical differences between BDI groups were observed for
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several PDSS-BR items. This can be explained by the fact that many manifestations
such as poor sleep quality, sleep onset difficulties, maintenance insomnia, distressing
dreams, hallucinations and unrefreshing sleep may be observed in patients with
depressive symptoms. Altogether, these findings reinforce the notion that depressive
symptoms may interfere in sleep perception/evaluation, and need to be identified and

treated in PD patients.

In conclusion, PDSS, a tool for measuring sleep disturbances in PD, has been
successfully validated into Brazilian Portuguese. Psychometric attributes of the PDSS-
BR were satisfactory and consistent with those of previous studies. PDSS-BR can be

useful for clinical and researches purposes in Brazil.
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Table 1: Descriptive Statistics

Measure % Mean SD Min Max
Men 49.5

Age at study (y) 64.65 11.46 33 86
MMSE 27.13 2.54 20 30
Duration of disease (yr) 7.33 5.17 1 31
UPDRS-1 2.54 2.38 0 10
UPDRS-II 14.38 8.26 0 40
UPDRS-III 27.26 15.58 4 68
UPDRS-1V 3.48 3.83 0 15
PSQI 8.48 4.56 0 19
ESS 7.74 4.82 0 21
BDI 12.7 8.28 1 47
HY 1 16.8

HY 1,5 4.2

HY 2 38.9

HY 2,5 9.5

HY 3 20.0

HY 4 7.4

HY 5 3.2

Total n=95 patients. SD, standard deviation; Min, minimum; Max, maximum; MMSE, Mini-Mental State Examination; UPDRS, Unified Parkinson’s Discase

Rating Scale (section I-IV); PSQI, Pittsburg Sleep Quality Index; ESS, Epworth Sleepiness Scale; BDI, Beck Depression Inventory; HY: Hoehn-Yahr stage.
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Table 2. Total and individual item scores for the Parkinson’s Disease Sleep Scale

Chaudhuri et

Martinez-

Current study alll Martin et al?® Suzukietal””  Wang et al®®
(n=95) (n=143) (0=100) (n=188) (n=126)

PDSS Items Mean SD Mean SD Mean SD Mean SD Mean SD
1.0verall quality 573 324 590 270 520 276 64 3.4 6.96 234
2.Fallingasleep ~ 6.07 381 7.60 250 6.15 329 74 3.4 7.13 2.96
3.Staying asleep  5.68 394 580 290 429 347 57 3.7 6.99 3.12
4 Restlessness 623 407 670 270 639 3.07 86 2.6 7.96 2.84
5.Fidgeting 475 407 640 290 652 3.18 84 2.7 8.20 2.66
6.Distressing 723 329 740 260 7.72 218 79 29 137 3.05
dreams
7 Distressing 8.76 26 820 220 871 126 85 238 9.02 240
hallucination
8.Passing urine 269 367 280 294 420 280 42 3.8 5.71 3.66
9.Incontinence 862 283 850 180 807 218 87 24 9.48 1.75
of urine
10.Numbness or ~ 7.29  3.63 730 260 642 281 84 29 8.39 2.97
tingling
11.Painful 7.15 34 670 280 7.05 266 85 24 8.67 293
cramps
12.Waking with ~ 5.72 43 780 250 623 295 85 2.7 8.32 3.02
painful posturing
13.Tremor on 582 419 7.00 280 672 3.18 74 3.4 8.94 2.10
waking
14.Tired after 596 403 630 29 600 337 70 33 7.42 3.23
waking
15.Unexpectedly ~ 8.07 32 540 3.00 857 156 72 3.3 1.5 293
asleep
PDSS Total 96.34 29.65 101.10 21.70 96.89 20.45 1128 254 118.38  26.07
Score

PDSS, Parkinson’s Disease Sleep Scale; SD, standard deviation
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Table 3. Item-total correlation and test-retest reliability of Parkinson’s

Disease Sleep Scale

PDSS Item rs ICC
1.Overall quality 0.68 0.79
2.Falling asleep 0.57 0.89
3.Staying asleep 0.70 0.87
4.Restlessness 0.62 0.72
5.Fidgeting 0.66 0.81
6.Distressing dreams 0.58 0.53
7.Distressing hallucination 0.47 0.95
8.Passing urine 0.34 0.95
9.Incontinence of urine 0.37 0.96
10.Numbness or tingling 0.50 0.78
11.Painful cramps 0.39 0.67
12.Waking with painful posturing 0.75 0.81
13.Tremor on waking 0.50 0.91
14.Tired after waking 0.59 0.83
15.Unexpectedly asleep 0.35 0.89
PDSS Total Score -- 0.94

PDSS, Parkinson’s Disease Sleep Scale r,, Spearman rank correlation coefficient;
ICC, intraclass correlation coefficient; *p<0.01.
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Table 4. Comparison of variables scores according to depressive ymptoms level.

BDI <14 BDI > 14
(n:57) (n:38)
Mean (SD) Mean (SD) p-value

Disease Duration 7 4,5) 7,9 (6,0) 0.4

UPDRS_1 1,8 (1,9) 3,6 (2,6) 0.001
UPDRS 11 11,9 (7,5) 18 (8,0) 0.001
UPDRS III 25 (15.,7) 30,7 (14,8) 0.08
UPDRS IV 24 (3,0) 1,3 (0,9) 0.001
PSQI 6,8 (3,9) 11 (4,4) 0.001
ESS 6,7 (4,3) 9,2 (5,2) 0.013
PDSS-BR Total 107,3  (27.8) 80 (24,0) 0.001

SD, standard deviation; BDI, Beck Depression Inventory; UPDRS, Unified Parkinson’s Disease
Rating Scale (section I-IV); PSQI, Pittsburg Sleep Quality Index; ESS, Epworth Sleepiness
Scale; PDSS-BR, Brazilian Version of the Parkinson’s Disease Sleep Scale.
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Abstract

Objective: Parkinson’s disease is a neurodegenerative disease with a number of
motor and non-motor features that can affect quality of life. In this study, we aimed to
assess quality of life, as well as to evaluate the potential determinants of quality of life,
such as sleep quality, motor and depressive symptoms, in elderly patients with
Parkinson’s disease. Method: This was a cross-sectional study in which we applied the
World Health Organization Quality of Life Assessment for Older Adults in 57
Parkinson’s disease patients over 60 years of age. Results: Total World Health
Organization Quality of Life Assessment for Older Adults score was found to be
associated with Parkinson’s disease severity (r; = —0.43; p < 0.001). World Health
Organization Quality of Life Assessment for Older Adults scores for sensory abilities
(facet 1) and social participation (facet 4) were higher among the patients with mild
Parkinson’s disease than among those in the more advanced stages (rs = -0.43; p <
0.001). Facet 1 scores were found to be associated with Pittsburg Sleep Quality Index
and Parkinson’s Disease Sleep Scale score (r, = -0.46 and r, = 0.41; p < 0.001,
respectively). The Geriatric Depression Scale score showed an association with the total
score on the World Health Organization Quality of Life Assessment for Older Adults (r,
= -0.70; p < 0.001) conclusion: Quality of life in Parkinson’s disease patients can be
assessed by the World Health Organization Quality of Life Assessment for Older
Adults. Greater Parkinson’s disease severity can worsen patient quality of life, as can

the presence of depressive symptoms.
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Descriptors: Quality of life; Parkinson Disease; Depression; Sleep; Aged

Resumo

Objetivo: A doenga de Parkinson ¢ uma enfermidade neurodegenerativa com
diversas manifestagdes motoras e nao-motoras que podem provocar impacto na
qualidade de vida. Este estudo teve como objetivo avaliar a qualidade de vida em
pacientes com doenca de Parkinson com idade superior a 60 anos por meio do
questionario World Health Organization Quality of Life Assessment for Older Adults ¢
possiveis fatores determinantes, tais como qualidade de sono, sintomas motores e
depressivos. Método: Foi realizado estudo transversal avaliando a qualidade de vida
pelo questionario World Health Organization Quality of Life Assessment for Older
Adults em 57 pacientes com doenca de Parkinson. Resultados: World Health
Organization Quality of Life Assessment for Older Adults total apresentou associagdo
com a severidade da doenca de Parkinson (r; = -0,43; p < 0,001). As facetas de
habilidade sensorial e de participacdo social apresentaram maior pontuacdo nos
individuos com estagio leve em comparacdo ao grupo com doenga de Parkinson
avancada. World Health Organization Quality of Life Assessment for Older Adults
(faceta-I) apresentou associagdo com Indice de Qualidade de Sono de Pittsburg e Escala
de Sono na Doenga de Parkinson (r, = -0,46 e 1, = 0,41; p < 0,001, respectivamente). A
Escala Geriatrica de Depressdo apresentou associagcdo com World Health Organization

Quality of Life Assessment for Older Adults (r, = -0,70; p < 0,001). Conclusdao: A
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qualidade de vida em pacientes com doenga de Parkinson pode ser avaliada pelo
questionario World Health Organization Quality of Life Assessment for Older Adults ¢
foi demonstrado que a severidade da doenga de Parkinson e os sintomas depressivos

podem comprometer negativamente a qualidade de vida.

Descritores: Qualidade de vida; Doenga de Parkinson; Depressao; Sono; Idoso

Introduction

Parkinson’s disease (PD) is a chronic neurodegenerative disease affecting 1.8-3.3%
of subjects 65 years of age or older."” Patients with PD are characterized with motor
symptoms—resting tremor, bradykinesia, rigidity and loss of postural reflexes’—as well
as with non-motor symptoms—autonomic and sensory dysfunction, sensory and
neuropsychiatric manifestations.* The most common non-motor symptoms include sleep
disturbances (fragmented sleep, painful dystonia, muscle cramps, motor symptoms, and

daytime sleepiness) and depression.*”

In PD patients, disability can result from distinct features such as motor impairment,
non-motor complications,** and treatment side effects. Studies have shown that PD-

13-17 s .14
and cognitive dysfunction ™ can be

related motor symptoms,” " affective disorder,
determinants of quality of life. According to the World Health Organization (WHO),
quality of life (QOL) is “individuals’ perception of their position in life in the context of

the culture and value systems in which they live and in relation to their goals,

124



expectations, standards and concerns”.'® Studying quality of life in elderly people might

require attention to particular characteristics of this population.

The WHO Quality of Life Assessment for Older Adults (WHOQOL-OLD) was
originally developed by the WHOQOL group for the investigation of quality of life in
older adults.” It consists of six facets: sensory abilities; autonomy; past, present and

future activities; social participation; (thoughts on) death & dying; and intimacy.

The present study aimed to assess quality of life, as well as to evaluate its possible
determinants (such as sleep quality, motor symptoms and depressive symptoms), in PD

patients over 60 years of age.

Method

This was an observational, cross-sectional study carried out between May 2007 and
July 2008 at the Movement Disorders Clinic of the Porto Alegre Hospital de Clinicas,
located in the city of Porto Alegre, Brazil, and operated by the Universidade Federal do
Rio Grande do Sul. The study design was approved by the Research Ethics Committee

of the Hospital, and all patients gave written informed consent.

1. Patients

We included consecutive patients diagnosed with PD according to the United

Kingdom Parkinson’s Disease Society Brain Bank clinical diagnostic criteria.’ Clinical
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interviews were conducted in order to determine whether patients met the inclusion
criteria. Exclusion criteria were being below the age of 60 and presenting a low score on
the Mini-Mental State Examination (MMSE).?**! A low MMSE score was defined as

below 20 for illiterate subjects and below 24 for subjects with any schooling.*

2. Assessment

Patients were selected for assessment on the basis of their scores on questionnaires
evaluating disease severity—the Hoehn and Yahr Scale” and the Unified Parkinson’s
Disease Rating Scale (UPDRS)*—as well as on the basis of general clinical findings.
Somnolence was measured by the Epworth Sleepiness Scale.”>*® Sleep quality was
evaluated by the Pittsburg Sleep Quality Index (PSQI)*"** and the Parkinson’s Disease
Sleep Scale (PDSS).**”* Depressive symptoms were measured with the Portuguese-
language version of the 30-item Geriatric Depression Scale (GDS30), which has been

validated for use in Brazil >

The WHOQOL-OLD'** comprises 24 items (rated on a five-point Likert scale),
divided into six facets. Facet 1 evaluates sensory abilities based on the following items:
sensory impairment (taste, smell, sight, hearing and touch) affecting daily life; a loss of
sensory abilities that affects participation in activities; problems with sensory
functioning affecting social interaction; and rating of sensory functioning. Facet 2
evaluates autonomy based on the following items: freedom to make decisions; feeling in
control of one’s future; people around oneself being respectful of one’s freedom; ability
to do things one would like to do. Facet 3 includes questions regarding past, present and

future activities in order to determine the following: satisfaction with the current
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availability of opportunities to achieve goals; having received the recognition one
deserves in life; satisfaction with what one has achieved in life; and confidence that one
has things to look forward to. Aspects of social participation are evaluated in facet 4:
perception that one has a sufficient number of activities to perform each day;
satisfaction with the way in which one is using one’s time; perception of an appropriate
activity level; and satisfaction with the number of opportunities one has to participate in
community activities. Facet 5 evaluates the attitudes an individual has toward death &
dying: concerns regarding the way in which one will die; fear of not being able to
control one’s own death; fear of dying itself; and fear of a painful death. Facet 6
includes questions related to intimacy in order to determine the following: feeling a
sense of companionship in life; experiencing love in life; having opportunities to love;
and having opportunities to be loved. Higher scores indicate better quality of life in each
domain. This questionnaire was administered on a face-to-face basis, and the period
assessed was the previous two weeks. The WHOQOL-OLD was validated for use in

Brazil by Fleck et al.**

The UPDRS is a composite scale consisting of six sections, in which most of the
items are rated from zero (normal) to four (severely affected): part I (UPDRS-I) consists
of four items, assessing mentation, behavior and mood; part II (UPDRS-II) consists of
thirteen items describing the ability to perform a number activities of daily living, as
well as ratings of any difficulty walking, tremor, and sensory symptoms; part III
(UPDRS-III) is a fourteen-item rating of motor signs based largely on items in the
Columbia Disability scale; part IV (UPDRS-IV) rates complications of therapy,

including questions regarding the duration/severity of dyskinesias and motor
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fluctuations, together with a three-item section concerning anorexia, sleep disturbance
and orthostatic hypotension—some UPDRS-IV items are rated as present or absent; part
V (UPDRS-V) is a modified version of the Hoehn and Yahr scale; and part VI
(UPDRS-VI) is a disability scale, estimating the degree of dependency in activities of

daily living.

3. Data analysis

Data were analyzed using the Statistical Package for the Social Sciences, version 15
(SPSS Inc., Chicago, IL, USA). Results are expressed as mean + standard deviation.
The WHOQOL-OLD scores were linearly transformed in order to range from 0 to 100.
The normal distribution of all variables was tested by the Kolmogorov-Smirnov test.
Most variables were not significant on the Kolmogorov-Smirnov test, the exceptions
being UPDRS-I score, UPDRS-IV score and disease duration. The ratings of PD
severity were based on the Hoehn and Yahr scale: patients with scores from 1 to 1.5
were classified as having mild PD; those with scores from 2 to 2.5 were classified as
having moderate PD; and those with scores from 3 to 5 were classified as having
advanced PD. In order to compare those groups (stratified by PD severity), we used
one-way analysis of variance, followed by Dunnett’s T3 post hoc test for UPDRS-III

and Tukey’s post hoc test for other variables.

On the basis of the UPDRS-III scores, we divided the patients into three groups by
PD type: the akinetic rigid type (ART) group; the tremor-dominant type (TDT) group;

and the mixed type (MT) group. We then calculated a score for each group, as
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previously described.* The tremor score was derived from the sum of UPDRS-III items
20 (tremor at rest) and 21 (postural tremor) divided by seven (the number of sub-items
included). The non-tremor score was derived from the sum of the UPDRS-III items 18
(speech), 19 (facial expression), 22 (rigidity), 27 (arising from chair), 28 (posture), 29
(gait), 30 (postural stability) and 31 (body bradykinesia) divided by twelve (the number
of sub-items included) for each body region. Patients with a non-tremor score at least
twice as high as the tremor score were classified as having ART PD, whereas those with
a tremor score at least twice as the non-tremor score were classified as having TDT PD.
The remaining patients were classified as having MT PD. The Kruskal-Wallis test was

used to compare variables among these groups.

Spearman’s correlation coefficient (r5) was used to test whether the WHOQOL-OLD
score was associated with the UPDRS-I score, UPDRS-IV score or disease duration.

Pearson’s correlation coefficient (r,) was used to evaluate association between

WHOQOL-OLD and other variables.

Patients were divided into two groups (PD with depression and PD without
depression) according to the GDS30 cutoff score of 10 proposed for depression
screening in PD.*® A GDS30 score >10 indicates the presence of depressive symptoms.
Differences between those two groups were analyzed by Student’s t-test. Values of p <

0.05 were assumed to indicate statistical significance in all tests.
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Results

Fifty-seven patients were evaluated. Of those, 53% were male. In the sample as a
whole, the mean age was 70.3 (standard deviation = 6.8) years (range, 60-86 years), the
mean MMSE score was 26.8 (sd = 2.7) and the mean disease duration was 7.5 (sd = 5.8)
years (range, 1-31 years). Most (73.7%) of the patients were married, the remaining
patients being either single (7%), widowed (5.3%) or divorced (14%). Forty-nine
patients (86%) were taking at least one antiparkinsonian drug (levodopa, pramipexole,
amantadine, biperiden, entacapone or tolcapone); 14 were receiving some combination
of these drugs. Nine patients (15.8%) were receiving benzodiazepines, 17 (29.8%) were
receiving antidepressants, and four (7%) were taking an antipsychotic drug. Age did not
differ significantly among the PD severity groups. The most common PD subtype was
MT (in 47.4%), followed by ART (in 43.9%) and TRT (in 8.8%). Motor symptoms of

PD (UPDRS-III scores), sleep measures and GDS30 scores are shown in Table 1.

Quality of life (total WHOQOL-OLD score) showed an inverse association with PD
severity (rs = -0.43; p < 0.001) and was worse in advanced compared to mild disease (p
= 0.01). Sensory abilities and social participation facets scored higher in mild PD than
in the advanced PD group (Table 1). In terms of social participation (WHOQOL-OLD
facet 4 scores), a significant difference was observed among the ART, TDT and MT
groups (p = 0.03), scores being lowest in the ART group. There were also significant
differences among those same three groups regarding the UPDRS-III and UPDRS-IV

scores (p = 0.04 and p = 0.01, respectively). Facet score correlations with total
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WHOQOL-OLD score and UPDRS part scores are presented in Table 2. Scores for the
WHOQOL-OLD facets 1, 3 and 4 showed inverse correlations with all UPDRS part
scores, as did the total WHOQOL-OLD score. Scores for facets 2 and 6 also showed
inverse correlations with the UPDRS-I score. In other words, cognition, behavior and
mood symptoms (UPDRS-I score) showed an inverse association with most WHOQOL-
OLD facets. Facet 5 scores did not show any correlation with PD severity or UPDRS
part scores. In this sample, the WHOQOL-OLD scores did not correlate significantly

with age, gender, disease duration or MMSE score.

In our patient sample, sleep measures did not differ significantly among the PD
severity groups (Table 1). In terms of quality of life, only the scores for WHOQOL-
OLD facets 1 and 2 correlated significantly with sleep measures. In fact, the scores for
facet 1 showed associations with PSQI and PDSS scores (r, = -0.46 and 1, = 0.41,
respectively, p < 0.001 for both), whereas those for facet 2 (autonomy) showed an

inverse association with PSQI (r, =-0.37; p <0.01).

Depressive symptoms, as evaluated by the GDS30, were negatively correlated with
total WHOQOL-OLD score (r, = -0.70; p < 0.001), denoting a strong association
between depressive symptoms and quality of life. The correlations between WHOQOL-
OLD facet scores and the GDS30 score are presented in Table 2. Five facet scores
showed an inverse association with the GDS30 score. Significant associations were also
observed between the GDS30 score and UPDRS part scores (UPDRS-I: 1, = 0.51, p <
0.001; UPDRS-II: 1, = 0.43, p = 0.001; UPDRS-III motor symptoms: 1, = 0.29, p = 0.03
and UPDRS-IV treatment complications: rs = 0.53, p < 0.001). Twenty-eight subjects

showed depressive symptoms (GDS30 > 10). Comparisons of variable scores by GDS30
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cut-off point are presented in Table 3. Patients with depressive symptoms showed
statistically significant worse quality of life than did those without (p = 0.001). The
GDS30 >10 group showed statistically significant worse scores for WHOQOL-OLD
facets 1, 2, 3 and 6, facets 4 and 5 showing a trend towards significance. The GDS30 >
10 group showed worse results than did the GDS30 < 10 group in terms of the PSQI
score (p = 0.002) and PDSS score (p = 0.01). The GDS30 scores did not show any

significant relationship with age, gender or MMSE score.

Discussion

The results of the present study show that PD has an impact on quality of life, as
evaluated by the WHOQOL-OLD, and this is consistent the findings of with previous
studies using questionnaires that are less age-specific.'>'*'**7>% In our study, patients in
the advanced stages of PD (Hoehn and Yahr score 3-5) showed worse quality of life
than did those with mild PD. Although various factors can be involved, it should be
borne in mind that patients with advanced PD present a number of motor limitations.
Some studies have indicated that postural instability, gait difficulties’® and motor
complications (dyskinesia and fluctuation)'® are predictors of health-related quality of
life. In the present study, total WHOQOL-OLD scores showed an inverse association

with all UPDRS part scores.

A previous study conducted by our group evaluated quality of life in PD patients
using the brief (26-item) version of the WHOQOL (WHOQOL-BREF), a

multidimensional scale comprising physical, psychological, social relationships and
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environment domains. In the PD patients, there was a moderate inverse correlation
between the WHOQOL-BREF psychological domain score and disease duration, as
well as between the WHOQOL-BREF social domain score and disease severity
(assessed by the Hoehn and Yahr scale).'® In another study, PD patients were evaluated
by the 100-item version of the WHOQOL (WHOQOL-100); scores for the level of
independence and physical capacity domains of the WHOQOL-100 were found to be

inversely associated with quality of life.*

In the present study, the association between worse quality of life and PD symptoms
was significant for features related to the perception of sensory impairment interfering
with routine and social interaction, for general satisfaction with achievements (past,
present and future) and with social participation. In addition, differences were observed
among ART, TDT and MT groups in terms of the WHOQOL-OLD domain 4 scores.
Although previous studies have demonstrated that these PD subtypes have different

4142

courses, '~ ours is the first to show that the level of social participation differs among

them.

We found that aspects such as freedom to make decisions, feeling in control of one’s
own future, people around oneself being respectful of one’s freedom and ability to do
things one would like to do showed an inverse association with sensory abilities,
although not with activities of daily living or motor symptoms. In a previous study,
disability (UPDRS-II score) was weakly correlated with the total score on the 39-item
Parkinson’s Disease Questionnaire (PDQ-39)."* The absence of such an association in
the present study might be attributed to the autonomy concept applied. It could be

argued that the UPDRS-II evaluates activities of daily living considering motor
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autonomy, whereas the WHOQOL-OLD autonomy facet seems to explore mainly

subjective perceptions of autonomy and freedom.

Although PD is primarily considered in terms of motor disability, non-motor
symptoms, such as sleep disturbances and depression, can be major quality of life

4,8,17,42

determinants. Therefore, various manifestations can have a negative effect on

quality of life."*7"

This underscores the notion that non-motor symptoms should be
evaluated. In the present study, a quality of life score related to sensory abilities
(WHOQOL-OLD facet 1) was found to be associated with sleep measures. Olfactory
and sleep disturbances can both be observed in PD patients.* However, the above-
mentioned results might not be attributed specifically to olfactory disturbance, since

Facet 1 questions do not distinguish among senses. This remains an interesting point to

be evaluated in future research.

Another of the non-motor manifestations evaluated in the present study was the
occurrence of depressive symptoms which, as would be expected, was strongly
correlated with worse quality of life. Patients with depressive symptoms showed worse
scores in four facets: sensory abilities; past, present and future activities; autonomy; and
intimacy. Other authors have assessed quality of life in PD with different instruments,
such as the Medical Outcomes Study 36-item Short-form Health Survey'’ and the PDQ-
39.!7141737 Those studies showed that depression has an influence on quality of life,

lending further credence to the idea that mood disorders must be actively investigated

and treated in PD patients.
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One study,' also conducted in Brazil, demonstrated that the principal determinants
of health-related quality of life in elderly PD patients are mood disorders (as shown in
the present study), disability, PD complications and years of education. It is of note that,
in the present study, scores for the UPDRS parts related to death & dying and to
intimacy did not correlate significantly with PD severity. Although no conclusions can
be drawn from this isolated finding, it highlights the fact that quality of life is a broad

concept, susceptible to interference from several factors.

This study has some limitations, primarily the fact that it was uncontrolled. It might
have been useful to evaluate a control group composed of healthy subjects or of patients
with chronic disease. Another limitation was the small sample size. In particular, the
small size of the TDT subgroup limited the statistical analyses. Due to these limitations,
our findings cannot be generalized to the PD patient population at large, and further
studies are warranted. However, despite these shortcomings, this is, to our knowledge,
the first study to employ the WHOQOL-OLD in the investigation of quality of life in

PD.

Conclusion

Here, we have shown that quality of life in older PD patients can be successfully
assessed with an age-specific questionnaire, as well as that disease severity and

depression can be determinants of poor quality of life in elderly PD patients.
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Table 1 - Sleep characteristics, depressive symptoms and quality of life according
to PD severity

HY Stage
Mild Moderate Advanced
All subjects n=12) (n =26) n=19)
HY1 (n=9)and HY2 (n=19) and HY3 (n=10), HY4 (n=6)
Score @=57) HY1.5 (n=3) HY25(n=7) and HYS (n=3) p
UPDRS part 111 28.5+16.2 11.7 £ 6.4* 25.8 £ 10.9)** 42.8 £ 14.7)*** 0.02
(motor signs)
PSQI 93+4.6 8.6 £4.7)* 9.3+4.6)* 9.7 +4.7% 0.8
ESS 7.8+44 5.5+3.4)* 8.8 £4.5)* 7.8 £4.5)* 0.09
PDSS 91.5+29.7 95.5+£25.1)* 88.1 £29.3)* 93.6 + 7.7)* 0.7
GDS30 11.0+6.7 6.7 £3.1)* 10.6 + 6.8)* ** 14.2 £ 6.8)** 0.007
WHOQOL-
OLD
Sensory abilities 60.8 +£23.7 77.6 £ 16.5)** 58.2 +24.4)* 53.9+22.4)* 0.02
Autonomy 61.3+16.4 66.1 £ 13.4)* 60.6 + 15.5)* 59.2 +19.2)* 0.5
Past, present and 66.0+18.4 70.8 + 13.7)* 68.0 +20.6)* 60.2 +17.2)* 0.3
future activities
Social 58.3+20.8 70.3 £ 14.1)** 60.1 £ 21.0)* ** 48.3 £20.1)* 0.01
participation
Death & dying 67.5+25.2 71.9 £21.7)* 71.9 £22.7)* 58.9 £29.3)* 0.2
Intimacy 70.2+£20.2 79.2 £ 10.4)* 68.3 +23.4)* 67.1 +£19.3)* 0.2
Total 639+ 14.0 72.6 £ 9.7)** 64.5 + 15.0)* ** 57.6 £ 12.2)* 0.01

HY = Hoehn and Yahr (scale); UPDRS = Unified Parkinson’s Disease Rating Scale; PSQI = Pittsburg Sleep Quality Index; ESS =
Epworth Sleepiness Scale; PDSS = Parkinson’s Disease Sleep Scale; GDS30 = 30-item Geriatric Depression Scale; WHOQOL-
OLD = World Health Organization Quality of Life Assessment for Older Adults.

*, ** and *** indicate statistically significant differences between groups.
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Table 2 - Correlations between World Health Organization Quality of Life
Assessment for Older Adults scores, Parkinson’s disease scores and depressive
symptoms scale score

Score
Total
WHOQOL-

WHOQOL-OLD OLD UPDRS I UPDRS II UPDRSIII  UPDRS 1V HY GDS30
score I, rs rp rp I I Ip
Domain 1

Sensory abilities 0.64 -0.37 —-0.50 -0.41 -0.30 -0.31 -0.52
Domain 2

Autonomy 0.66 -0.53 NS NS -0.47 NS —-0.61
Domain 3

Past, present and 0.84 —0.28 -0.29 -0.31 -0.39 —0.31 —-0.52

future activities
Domain 4

Social participation 0.79 -0.28 -0.39 —0.42 —-0.39 -0.43 —0.44
Domain §

Death & dying 0.45 NS NS NS NS NS NS
Domain 6

Intimacy 0.70 —0.26 NS NS NS NS —0.56
Total 1.00 -0.35 —0.39 -0.37 —-0.38 -0.43 —-0.70

WHOQOL-OLD = World Health Organization Quality of Life Assessment for Older Adults; UPDRS = Unified Parkinson’s Disease

Rating Scale; HY = Hoehn and Yahr (scale); GDS30 = 30-item Geriatric Depression Scale;

rs= Spearman’s Correlation Coefficient; NS = non significance.

r, = Pearson’s Correlation Coefficient;
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Table 3 - Comparison of variables scores according to
Geriatric Depression Scale

GDS30 score
<10 =10

Score (n=29) (n=28) p-value*
WHOQOL-OLD
Sensory abilities 69.2+21.4 52.2+23.1 0.006
Autonomy 67.9+14.1 54.5+16.0 0.001
Past, present, future 71.1+13.0 60.7 £21.7 0.03
activities
Social participation 63.4+19.3 53.1+21.3 0.06
Death & dying 73.9+19.2 60.9 +29.2 0.06
Intimacy 759+13.5 64.3+242 0.03
Total 70.2+11.0 57.4+13.9 0.001
PSQI 7.5+43 11.2+42 0.002
ESS 6.7+4.8 8.9+3.7 0.06
PDSS total 100.9 + 29.1 81.8+27.6 0.01
UPDRS part 111 26.1+17.4 31.1+£14.8 0.2
(motor signs)

*Student’s t-test

GDS30 = 30-item Geriatric Depression Scale; WHOQOL-OLD World Health

Organization Quality of Life Assessment for Older Adults; PSQI = Pittsburg Sleep
Quality Index; ESS = Epworth Sleepiness Scale; PDSS = Parkinson’s Disease Sleep
Scale; UPDRS = Unified Parkinson’s Disease Rating Scale.
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Abstract

We investigated sleep spindles in non-rapid eye movement sleep stage 2 (N2)
in patients with Parkinson’s disease (PD) who had never received dopaminergic
treatment. Nontreated PD patients (ntPD) were compared to healthy control subjects
and to PD patients after levodopa treatment. There was no significant difference in
conventional sleep parameters between ntPD and control subjects. When we
analyzed the slow (<13 Hz) spindles, ntPD patients showed a higher sleep spindle
density in the frontal, central and left parietal areas compared to the controls.
Similarly, ntPD had a higher density of fast (>13 Hz) spindles in almost all
electroencephalographic regions examined (except left frontal). Conventionally
scored sleep variables and sleep spindle density did not show significant differences
between PD groups (before and after dopaminergic treatment). In conclusion, we
demonstrated an increase in sleep spindle density in stage N2 sleep in de novo PD

patients compared to controls.

Introduction

Sleep disturbances are a frequent problem in Parkinson’s disease (PD) [1, 2]
and several patients develop sleep problems even before motor symptoms appear [3-
5]. Pathologically, PD is characterized by the loss of dopaminergic nigral neurons,

accompanied by gliosis and Lewy bodies in the remaining substantia nigra pars
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compacta neurons. PD is also associated with extensive nondopaminergic pathology,
involving cholinergic neurons of the nucleus basalis of Meynert, norepinephrine
neurons of the locus ceruleus and serotonin neurons in the midline raphe as well as
neurons in the cerebral cortex, brainstem, spinal cord and peripheral autonomic
nervous system [6]. Sleep disturbances in PD may reflect degeneration of the raphe

nuclei, locus ceruleus and subceruleus nuclei [7].

Sleep spindles are the electrophysiological marker of non-rapid eye
movement (NREM) sleep stage 2 (N2) in humans. Sleep spindles are defined as a
train of distinct waves with frequency 11Hz to 16Hz with a duration > 0.5 seconds
[8]. Slow (<13 Hz) spindles prevail over frontal scalp areas and fast (>13Hz)
spindles predominate over centro-parietal areas. These sequences of waxing and
waning electroencephalographic (EEG) waves are generated in the nucleus reticularis
thalami neurons [9] and synchronized on cortico-thalamo-cortical loops. Aging has
been shown to decrease spindle density [10]. Disease and pharmacological

intervention can also influence sleep spindle activity [11-13].

Previous studies have shown spindle occurrence [14-17] to be reduced in PD
patients. However, some of this research lacked an adequate comparison group and
included subjects with mixed treatment regimens and large age spans. The
methodology was not always described in detail. Additionally, conflicting results

have been published [18, 19].

The aim of this study was to examine the occurrence of sleep spindles during
stage N2 sleep of PD patients. Nontreated PD patients (ntPD) were compared to

healthy control subjects and to PD patients after levodopa treatment. By examining
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PD pathophysiology and sleep spindle generation, this study explored the differences

in spindle occurrence between PD patients and healthy aging people.

Methods

This study was approved by the local ethics committee and all subjects
provided informed consent before entering the study. Fourteen consecutive de novo
PD patients (ntPD) attending an outpatient movement disorders unit of a university
hospital were enrolled in the study. Selected patients fulfilled the United Kingdom
Parkinson’s Disease Society Brain Bank clinical diagnostic criteria for PD [20].
Exclusion criteria included the presence of another neurological disease, the presence
of psychiatric disorder according to DSM-IV-TR [21] and a Mini-Mental State
Examination [22] score below 24 [23]. Information on demographic variables and
disease history was obtained by semi-structured interview. PD symptoms were
assessed by Hoehn-Yahr (HY) staging [24] and Unified Parkinson’s Disease Rating
Scale (UPDRS) [25]. Depressive symptoms, sleep and somnolence were assessed by
the Beck Depression Inventory (BDI) [26, 27], Pittsburgh Sleep Quality Index

(PSQI) [28, 29] and Epworth Sleepiness Scale (ESS) [30, 31], respectively.

Data from six of the fourteen ntPD subjects were excluded for the following
reasons: an inconsistent response to levodopa (1), treatment following interruption
(1), the presence of artifacts in the polysomnogram (PSG) (1), failure to attend the
second PSG (2) and a PSG-apnea index >15 (1). No subjects were taking hypnotics

or benzodiazepine drugs. The control group was comprised of 10 non-PD volunteers
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selected from the outpatient clinic. Control group exclusion criteria were the same as
described above. After the second PSG, ntPD subjects were started on levodopa
associated with a decarboxylase inhibitor and followed for one year. All seven ntPD
patients showed improvement in motor symptoms with levodopa therapy (p<0.01)
and were invited to repeat PSG. Five patients received a PSG 71 + 11 days after

beginning levodopa.

Subjects slept for two nights in the sleep laboratory. The first night allowed
the patients to adapt to the surroundings and the data used for analysis were taken on
the second night. Patients were asked to avoid napping and to refrain from drinking

caffeinated and alcoholic beverages during the day prior to the PSG.

PSG was carried out during the usual sleep time on a 64-channel Racia-Alvar
digital system (Deltamed software, 256Hz and 16bit resolution). Initial impedances
were below 10K ohms. The recording protocol followed standard guidelines; studies
were visually scored according to AASM [8] criteria by a trained rater blinded to the
diagnosis and treatment condition. The sample contained all N2 stage EEG epochs
from left and right frontal, central and parietal electrodes referenced to (A1+A2)/2,
presented in puV. Segments inspected for noise were removed. Analysis was
performed on the unfiltered signal. The free Matching Pursuit algorithm version

provided at http://eeg.pl/mp was used in this study (because it was originally

designed for EEG signal analysis [32], it has been benchmarked and shown to be
suitable for human sleep spindle detection [33]). Atoms with intra-spindle frequency
from 11-16 Hz and duration from 0.5-2.0 seconds were collected and defined as

sleep spindles. They were divided into slow (<13 Hz) and fast (>13 Hz) spindles.
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Data were analyzed using Statistical Package for Social Sciences version 17.
Mann-Whitney U-test was conducted to compare PSG macrostructure and sleep
spindle density (sleep spindles per minute). Student’s t test was applied to other

variables that showed non-significance in Kolmogorov-Smirnov test.

Results

Table 1 shows clinical characteristics and sleep macrostructure data for
controls and ntPD patients. There were no significant differences between groups for
conventionally scored sleep variables. Compared to the controls, ntPD patients
showed higher sleep spindle density in the EEG regions tested (Table 2). This
difference was statistically significant in the bilateral parietal, left central and right
frontal areas. For both slow and fast spindles, ntPD patients showed a higher spindle

density than the healthy control group (Table 2).

PSQI and ESS scores were similar between the ntPD and control groups.
Both groups had mean BDI scores that were below the cutoff proposed for

depression screening [34, 35].

The post-treatment sleep macrostructure results were as follows (mean +
standard deviation): total sleep time (min) = 363 + 58.1, sleep efficiency (%) = 80.1
+ 9.8, N1(%) = 18.8 + 4.2, N2(%) = 37.8 + 13.9, N3(%) = 28.9 + 10.4 and REM(%)
= 14.8 + 5.6. Conventionally scored sleep variables, sleep spindle density, ESS and
PSQI score did not show significant differences between PD groups (that is, before

and after treatment).
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Discussion

The present study showed that there were differences in sleep spindle density
during stage N2 sleep in de novo PD patients compared to controls. However,
macrostructure sleep variables did not show significant differences between groups,
reinforcing the necessity of investigating the microstructure patterns occurring during
sleep. We observed that ntPD patients showed an elevated sleep spindle density
when compared to control patients in parietal, central and frontal areas. Furthermore,
when we analyzed the slow (<13 Hz) spindles, ntPD patients showed a greater
density of sleep spindles in frontal, central and left parietal areas than controls.
Similarly, PD subjects had a higher fast (>13 Hz) sleep spindle density in almost all

brain areas examined (except in the left frontal area).

Data interpretation should take into account the influence of dopaminergic
pathways. The authors suggest that the high spindle density seen in PD patients
might result from a mechanism that either stimulates an increase and/or inhibits a
decrease in spindle production. Previous studies have shown that spindle waves
result from an interaction between thalamocortical and thalamic reticular GABAergic
neurons [9]. The brainstem cholinergic pathway also influences thalamocortical
spindle generation [13]. Considering the neurodegeneration involved in PD
(particularly pedunculopontine nucleus degeneration) and that spindles are blocked
by cholinergic projections, the authors suggest that modulatory changes in
cholinergic pathways might interfere with the hyperpolarization of reticular neurons

and consequently reduce sleep spindle inhibition.
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PD patients showed a higher density of both slow and fast spindles; these data
reduce the likelihood of an interpretation error because spindles bound to the sigma
band include frequency bins traditionally identified as belonging to the alpha band.
However, questions remain. It is unknown whether the increased spindle density in
ntPD is due to an adaptation to correct sleep maintenance problems in the early

stages of PD. It is also unknown how the later progression of PD affects spindles.

Despite the fact that levodopa treatment improved motor symptoms, there
were no differences in PSQI or PSG parameters between PD groups. This result
might be due to the small sample size or to the short treatment duration. Repeating
the experiment with a longer follow-up would be an interesting future study. In spite
of these shortcomings, we have evaluated naive PD, which allowed us to examine
PD pathophysiology without interference from drugs. Though many aspects of sleep
regulation remain unknown and despite the complexity of PD, studies of sleep

spindle occurrence in PD can offer insight into both PD and the mechanisms of sleep.
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Table 1: Descriptive characteristics

Control ntPD
mean (sd) mean (sd)
Men (%) 50 50
Age (years) 67.5 (4.6) 64.9 (6.3)
Age (range) 6073 58-74
Disease duration (years) - 3.0(2.7)
Hoehn & Yahr (range) - 1-2
UPDRS section I - 1.8 (1.5)
UPDRS section 11 - 12.3 (5.0)
UPDRS section III - 15.5(5.8)
PSQI 52(3.0) 9.0(3.9)
ESS 7.7 (4.7) 93(3.9)
Sleep macrostructure
TST (min) 375.8 (58.9) 384.4 (63.4)
Sleep efficiency (%)  83.0 (27.2) 81.8 (9.2)
N1 % 16.2 (7.2) 16.5 (4.4)
N2% 30.3 (12.7) 38.2 (8.8)
N3% 39.5 (9.9) 31.6 (8.0)
R% 15.2 (8.5) 13.6 (5.1)

ntPD: untreated Parkinson’s disease; mean (sd): mean (standard deviation).
UPDRS: unified Parkinson’s disease rating scale; PSQI: Pittsburg sleep
quality index; ESS: Epworth sleepiness scale; TST: total sleep time; N1%:
NREM 1 percentage of TST; N2%: NREM 2 percentage of TST; N3%:
NREM 3 percentage of TST; R%: REM percentage of TST.
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Table 2: Sleep spindle density

EEG Frequency Control ntPD P
Channel (Hz) mean (sd) mean (sd) Mann-
median median Whitney
F3 11-16 0.61 (0.55) 1.18 (1.64) 0.062
0.50 1.54
<13 0.51 (0.48) 1.48 (1.27) 0.045
0.37 121
>13 0.10 (0.09) 0.35 (0.40) 0.110
0.07 0.18
F4 11-16 0.57 (0.40) 2.06 (1.65) 0.026
0.64 1.73
<13 0.49 (0.36) 1.56 (1.27) 0.033
0.51 122
>13 0.08 (0.07) 0.50 (0.40) 0.004
0.08 0.46
C3 11-16 0.42 (0.41) 2.00 (1.77) 0.021
0.30 1.83
<13 0.26 (0.33) 1.18 (0.97) 0.033
0.19 1.24
>13 0.15 (0.13) 0.82 (0.82) 0.021
0.13 0.59
C4 11-16 0.51(0.57) 1.89 (1.53) 0.056
0.31 1.49
<13 0.29 (0.34) 0.98 (0.79) 0.045
0.19 0.79
>13 0.22 (0.24) 0.91 (0.75) 0.026
0.13 0.79
P3 11-16 0.54 (0.54) 2.16 (1.77) 0.033
0.43 1.74
<13 0.20 (0.24) 0.85 (0.75) 0.050
0.14 0.84
>13 0.34 (0.31) 1.31(1.14) 0.010
0.26 0.93
P4 11-16 0.48 (0.43) 2.11(1.83) 0.026
0.41 1.67
<13 0.20 (0.23) 0.81 (0.66) 0.068
0.16 0.70
>13 0.27 (0.24) 131 (1.24) 0.021
0.24 1.05

EEG: electroencephalogram; ntPD: untreated Parkinson’s disease; sd:
standard deviation.

155



Acknowledgements

This work was supported by a grant from CNPq and FIPE.

REFERENCES

[1] Lees AJ, Blackburn NA, Campbell V. The nighttime problems of

Parkinson's disease. Clin Neuropharmacol 1988;11(6):512-519.

[2] Tandberg E, Larsen J, Karlsen K. A community-based study of sleep

disorders in patients with Parkinson’s disease. Mov Disord 1998;13(6):895-899.

[3] Chaudhuri KR, Healy DG, Schapira AHV. Non-motor symptoms of

Parkinson’s disease: diagnosis and management. Lancet Neurol 2006;5:235-245.

[4] Schenck CH, Mahowald MW. REM sleep behavior disorder:clinical,
development and neuroscience. Perspectives 16 years after its formal identification

in sleep. Sleep 2002; 25(2):120-138.

[5] Chaudhuri KR, Naidu Y. Early Parkinson’s disease and non-motor

issues. J Neurol 2008; 255 (suppl5):33-38.

[6] Braak H, Del Tredici K, Riib U, Vos RAI de, Jansen Steur ENH, Braak
E. Staging of brain pathology related to sporadic Parkinson’s disease. Neurobiol

Aging 2003; 24:197-211.

[7] Stenberg D. Neuroanatomy and neurochemistry of sleep. Cell Mol Life

Sci2007; 64:1187-1204.

156



[8] Iber C, Ancoli-Israel S, Chesson A, Quan SF, for the American
Academy of Sleep Medicine. The AASM manual for the scoring of sleep and
associated events: Rules, Terminology and technical specifications, 1%d.:

Westchester, Illinois: American Academy of Sleep Medicine, 2007.

[9] Fuentealba P, Steriade M. The reticular nucleus revisited: intrinsic and

network properties of a thalamic pacemaker. Prog Neurobiol 2005;75:125-141.

[10]Nicolas A, Petit D, Rompré S, Montplaisir J. Sleep spindle
characteristics in healthy subjects of different age groups. Clin Neurophysiol

2001;112:521-527.

[11]Ferrarelli F, Huber R, Peterson MJ, Massimini M, Murphy M, Riedner
BA, Watson A, Bria P, Tononi G. Reduced sleep spindle activity in schizophrenia

patients. Am J Psychiatry 2007;164:483-492.

[12]Paterson LM, Nutt DJ, Ivarsson M, Hutson PH, Wilson SJ. Effects on
sleep stages and microarchitecture of caffeine and its combination with zolpidem or
trazodone in healthy volunteers J Psychopharmacol 2009;23(5):487-494.

[13]Keifer JC, Baghdoyan HA, Becker L, Lydic R. Halothane decreases
pontine acetylcholine release and increases EEG spindles. Neuroreport

1994;51(5):577-580.

[14]Comella CL,Tanner CM,Ristanovic RK Polysomnographic sleep
measures in Parkinson's disease patients with treatment-induced hallucinations. Ann

Neurol 1993;34 (5):710-714.

157



[15]Emser W, Brenner M, Stober T. Changes in nocturnal sleep in

Huntington and Parkinson’s disease. J Neurol 1988,235: 177-179.

[16]Myslobodsky M, Mintz M, ben-Mayor V, Radwan H. Unilateral

dopamine deficit and lateral EEG asymmetry. Clin Neurophysiol 1982;54:227-231.

[17]Puca FM, Bricolo A, Turella G. Effect of L-dopa or amantadine therapy
on sleep spindles in parkinsonism. Eletroencephalogr Clin Neurophysiol 1973; 35:

3427-3430.

[18]Happe S, Anderer P, Pirker W, Klosh G, Gruber G, Saletu B, Zeitlhofer
J. Sleep microstructure and neurodegeneration as measured by [ '* I] p-CIT SPECT

in treated patients with Parkinson’s disease. J Neurol 2004;251:1465-1471.

[19] Brunner H, Weter TC, Hoegl B, Yassouridis A, Trenkwalder C, Friess E.
Microstructure of non-rapid eye movement sleep electroencephalogram in patients
with newly diagnosed Parkinson’s disease: effects of dopaminergic treatment. Mov

Disord 2002;17(5):928-933.

[20]Hughes AJ, Daniel SE, Kilford L, Lees AJ. Accuracy of clinical
diagnosis of idiopathic Parkinson’s disease: a clinic-pathological study of 100 cases.

J Neurol Neurosurg Psychiatry 1992;55:181-184.

[21] American Psychiatric Association. Diagnostic criteria from DSM-IV-

TR™ Whashington 2000.

[22]Folstein M, Folstein S, McHugh P. “Mini Mental State”: a practical
method for grading the cognitive states of patients for the clinician. J Psy Res

1975;12:189-198.
158



[23] Almeida OP. Miniexame do estado mental e o diagnostico de deméncia.
Arq Neuropsiquiatr 1998;56:605-612.

[24]Hoehn MH, Yahr MD. Parkinsonism: onset, progression, and mortality.
Neurology 1967;17(5):427-447.

[25]Fahn S, Elton RL and Members of the UPDRS Development
Committee. Unified Parkinson’s disease rating scale. In: Fahn S, Marsden CD,
Calne D, Goldstein M, editors. Recent Developments in Parkinson’s Disease.
Florham Park, N.J.: Macmillan Healthcare Information; 1987. p.153-163.

[26]Beck AT, Ward CH, Mendelson M, Mock J, Erbaugh J. An inventory
for measuring depression. Arch Gen Psychiatry 1961; 4:561-571.

[27]Gorenstein C, Andrade L. Validation of a Portuguese version of the
Beck depression inventory and the State-Trait anxiety inventory in Brazilian
subjects. Braz J] Med Biol Res 1996;29:453-457.

[28]Buysse DJ, Reynolds III CF, Monk TH, Berman SR, Kupfer DJ. The
Pittsburgh Sleep Quality Index: a new instrument for psychiatric practice research.

Psychiatry Res 1989;28(2):193-213.

[29] Bertolazi AN, Fagondes SC, Perin C, Schonwald SV, John AB, DeBarba
M, et al. Validation of the Pittsburgh sleep quality index in the Brazilian Portuguese

language. Sleep 2008; 31(Suppl):A347.

[30]Johns MW. A new method for measuring daytime sleepiness: the

Epworth Sleepiness Scale. Sleep 1991;14(6):540-545.

159



[31]Bertolazi AN, Fagondes SC, Perin C, Schonwald SV, John AB, Miozzo
I, et al. Validation of the Epworth Sleepiness Scale in the Brazilian Portuguese

language. Sleep. 2008; 31(Suppl):A347.

[32] Durka PJ, Ircha D, Blinowska KJ. Stochastic time-frequency dictionaries

for Matching Pursuit. IEEE Trans Signal Process 2001; 49(3):507-510.

[33]Schonwald SV, Santa-Helena EL, Rossatto R, Chaves MLF, Gerhardt
GJL. Benchmarking matching pursuit to find sleep spindles. J Neurosci Methods

2006; 156: 314-321.

[34] Visser M, Leetjens AFG, Marinus J, Stiggelbout AM, van Hilten JJ.
Reliability and Validity of Beck Depression Inventory in patients with Parkinson’s

disease. Mov Disord 2006; 21(5):668-672.

[35]Schrag A, Barone P, Brown RG, Leetjens AFG, McDonald WM,
Starkstein S, Weintraub D, Poewe W, Rascol O, Sampaio C, Ste bbins GT, Goetz
CG. Depression Rating Scales in Parkinson’s Disease: Critique and

Recommendations. Mov Disord 2007; 22(8):1077-1092.

160



Capitulo 4.

Polysomnographic Study of Sleep in Untreated Parkinson’s Disease

Regina Margis', Raffacle Ferri’, Suzana V.Schonwald’, Diego Carvalho',

Giinther J. L. Gerhardt4, Oliviero Bruni’ , Carlos R.M. Rieder'”

'Universidade Federal do Rio Grande do Sul, Porto Alegre, Brazil

Sleep Research Centre, Department of Neurology I.C., OASI Institute

(IRCCS), Troina, Italy

*Neurology Section, Movement Disorders Unit, Hospital de Clinicas de Porto

Alegre, Brazil
*Universidade de Caxias do Sul, Caxias do Sul, Brazil

Center for Pediatric Sleep Disorders, Department of Developmental

Neurology and Psychiatry, University "La Sapienza", Rome, Italy

161



Abstract

Objective: The aim of the present study was to analyze polysomnographic

features of untreated PD patients in early years of the disease.

Methods: Ten non-PD volunteers and eight untreated PD patients were
enrolled in the polysomnographic study; in a subgroup of 5 patients we also analyzed
the effect of levodopa treatment. Sleep recordings were scored for sleep stages and
cyclic alternating pattern (CAP) analysis; additionally, periodic leg movements
during sleep (PLMS) were counted and chin EMG amplitude was analyzed by means

of a quantitative computer approach.

Results: Control and PD patients groups did not show important differences
in sleep architecture. CAP was different between the two groups for an increase in
the percentage of A3 subtypes (arousals) and a decrease in all subtypes duration in
PD patients. Levodopa therapy did not modify any sleep architecture or CAP
parameter. Two PD patients showed a high PLMS index which was abolished by

levodopa in one of them. No alterations of the chin tone were found.

Conclusions: In conclusion, our study shows that untreated PD patients
present a mild involvement of sleep microstructure with altered sleep maintenance
mechanisms. PLMS can be found with a frequency similar to that of controls but
with much higher values, while REM sleep without atonia is probably a late stage

phenomenon in PD.
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Introduction

Sleep disorders are among the most frequent non-motor symptoms of
Parkinson’s disease (PD). Patients with PD very frequently complain of insomnia,
with inability to fall asleep and frequent nighttime awakenings.' The etiology of
insomnia in PD is believed to be multifactorial, with a role for mood disturbances,
persistent tremor, nighttime occurrence of PD symptoms, nocturia, and altered
sleep/wake pattern. Restless legs syndrome (RLS) has also been reported to occur in
up to 20% of patients with PD.*> The relationship between PD (and the
synucleinopathies in general) and REM sleep behavior disorder (RBD) is strict but
complex; RBD can precede parkinsonism for several years while in PD, RBD

represents a risk factor for the development of dementia and hallucinations.’

Finally, excessive daytime somnolence (EDS) and fatigue in PD may be due
to the disease itself, to medications, or the presence of other sleep disorders; in

particular, EDS is common with dopamine agonists than with levodopa.*

Beside clinical evaluations, there are not many studies on
polysomnographically recorded sleep in PD. In one study, PD patients were found to
have a lower sleep efficiency and shorter duration of REM sleep, in comparison with

age-matched controls.” In other studies, a progressive sleep structure alteration has
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been reported in PD patients, with different sleep parameters, and slow-wave sleep

(SWS) in particular, being inversely correlated with disease duration.®’

The cyclic alternating pattern (CAP) is a periodic electroencephalographic
(EEG) activity of non-rapid eye movement (NREM) sleep characterized by
sequences of transient episodes that differ from the activity of basal EEG and recur at

up to 60 seconds.®

CAP is believed to indicate a condition of sleep instability oscillating between
greater (phase A) and lesser (phase B) arousal level. Phasic events of the slow wave
activity (subtypes Al of CAP) have been interpreted as the attempt of the brain to
preserve sleep; while, subtypes A2 and A3 of CAP have been identified as

constituting a central nervous system arousal.®

According to previous studies which had reported that many Parkinson’s
disease patients show sleep fragmentation’, the authors considered that CAP
parameters could be altered in Parkinson’s disease. The aim of the present study was
thus to analyze the characteristics of CAP events in untreated Parkinson disease (PD)
and the eventual influence of treatment on it. Additional aim of this study was to
analyze periodic leg movements during sleep (PLMS) and chin EMG amplitude

during REM sleep in the same patients, at baseline and after treatment.

Subjects and Methods

This study was approved by the local ethics committee and all subjects

provided informed consent before entering the study.
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Patients and control subjects

Twelve consecutive, previously untreated PD patients attending an outpatient
Movement Disorders Clinic of a university hospital in Brazil were enrolled in the
study. Selected patients fulfilled the United Kingdom Parkinson’s Disease Society
Brain Bank clinical diagnostic criteria for PD.'" Exclusion criteria were: presence of

112 gcore below 2413,

other neurological disease, Mini-Mental State Examination
presence of a psychiatric disease according to Diagnostic Statistical Mental (DSM-

V)", and polysomnographic (PSG) study showing apnea/hypopnea index above 15

per hour.

Sleep and somnolence were evaluated by means of the Pittsburgh Sleep
Quality Index (PSQI)" and Epworth Sleepiness Scale (ESS)'®, respectively.

Depressive symptoms were assessed by Beck Depression Inventory (BDI).'"'®

Data from 4 of the twelve PD subjects originally included in the study were
not further analyzed. These subjects were excluded for the following reasons: no
consistent response to levodopa (1), artifacts in PSG (2) and PSG showing AHI>15
(1). All analyses of the untreated PD group therefore pertain to 8 subjects, 4 males,
with a mean age of 65.0 (6.50 S.D). Three patients had unilateral involvement only
(Hoehn and Yahr'® stage 1) and five patients had bilateral disease without balance
impairment (Hoehn and Yahr stage 2). Mean disease duration was 2.9 years (2.59
S.D.). A detailed description of demographic and clinical features of these patients is

provided in table 1.
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The control group was comprised of 10 non-PD volunteers, 5 males, with a
mean age of 65.8 years (6.43 S.D.), selected from the outpatients clinic. Control
group exclusion criteria were the same as described to PD patients. Additionally, the
presence of subjective sleep complaints (insomnia, daytime sleepiness, restless legs
syndrome, REM sleep behavior disorder symptoms, snoring, or witnessed apnea)

was also ruled out. No patients or controls were taking hypnotics or benzodiazepines.

Sleep recordings

Subjects slept two nights in the sleep laboratory. The first night was used for
adaptation and the second night for analysis. Patients were asked to avoid napping
and to refrain from drinking caffeinated and alcohol beverages during the day prior
to the sleep investigation. Sleep recording was carried out during the usual sleep time
on a 64-channel Racia-Alvar digital system (Deltamed software, 256 Hz and 16-bit

resolution).

The recording protocol followed standard AASM guidelines®’: including
information on scalp EEG (at least three channels, F3 or F4, C3 or C4 and O1 or O2,
referenced to the contralateral mastoid; electrodes placed following the 10-20
International System), 2 eye movement channels, chin and leg electromyogram,
electrocardiogram, snoring, oronasal thermistor, thoracic and abdominal respiratory
effort, body position and pulse oximetry. Electrode placement followed standard

guidelines. Initial impedances had to be below 10 kOhms. Recordings of the second

166



night were transformed into European data format, with indications of lights out and

lights on and coded for anonymity.

After the second PSG recording, PD patients were started on levodopa
associated with decarboxylase inhibitor treatment and were followed up for one year.
All PD patients had motor symptoms improvement evaluated by Unified Parkinson’s
Disease Rating (UPDRS)?' with levodopa therapy and were invited to repeat PSG.
Five patients underwent a new PSG recording two months after beginning levodopa
treatment. Two patients had received levodopa+carbidopa (375+75 mg/day), one was
treated  with  levodopatcarbidopa  (500+100 mg/day), another  with
levodopatbenserazide (300+75 mg/day), and the last patient took

levodopa+benserazide (400+100 mg/day).

Conventional sleep parameters

Sleep recordings were visually scored according to Rechtschaffen and Kales

22,23

rules criteria by a trained rater blinded to diagnosis or treatment condition. Each

recording was first analyzed by 30-seconds epochs according to standardized criteria.

CAP analysis

CAP was scored according the criteria published by Terzano et al.® CAP is a
periodic EEG activity of NREM sleep characterized by sequences of cycles
composed by a phase A (transient electrocortical event) and a phase B (recurring

EEG background activity). Phase A activities can be classified into three subtypes.
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This classification is based on the reciprocal proportion of high-voltage slow-waves
(EEG synchrony) and low-amplitude fast rhythms (EEG desynchrony).® Subtype Al
shows a predominance of synchronized EEG activity; if present, EEG desynchrony
occupies less than 20% of the entire A phase duration. Subtype Al specimens
include delta bursts, K-complex sequences, vertex waves, polyphasic bursts with less
than 20% of EEG desynchrony. Subtype A2 is scored in the presence of 20% to 50%
of desynchronized EEG activity, with predominance of polyphasic bursts. Subtype
A3 EEG activity is predominantly rapid low-voltage rhythms with more than 50% of
phase A occupied by EEG desynchrony. Subtype A3 include EEG arousals, K-alpha
and polyphasic bursts (with at least 50% of EEG desynchrony). CAP cycles are
based on the presence of two successive phases A and B. CAP sequences are defined
as three or more A phases separated from each other by no more than 60s. CAP rate
is defined as the percentage of total NREM time occupied by CAP sequences. The

remaining NREM sleep is called non-CAP (NCAP).

The following CAP parameters were measured: CAP time (temporal sum of
all sequences) in NREM; CAP rate (percentage of total NREM time occupied by
CAP sequences); number and duration of CAP cycles; number and duration of CAP
sequences; number, duration and percentages of A phases (including the phase A
subtypes); A1% (percentage of Al number from total A phases number); A2%
(percentage of A2 number from total A phases number); A3% (percentage of A3
number from total A phases number) and B phases duration. All of these variables
were visually detected and their parameters measured by means of the sleep analysis
software Hypnolab 1.0.
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Analysis of leg movements during sleep

Leg movements during sleep were first detected by the software Hypnolab
1.2 (SWS Soft, Italy) which allows their computer-assisted detection. With this
software, the detection is performed on the rectified EMG signal from the tibialis
anterior muscles, using a human-supervised automatic approach controlled by the
scorer (blind to the treatment assignment) that used the WASM-IRLSSG criteria.*!
The performance of this system has been evaluated and validated,” but in this study
one scorer, blind to group and treatment assignment, visually edited the detections
proposed by the automatic analysis, before computing the final results. In particular,
the PLMS index was calculated as the number of LM included in a series of 4 of

more, separated by more than 5 and less than 90 s, per hour of sleep.

Quantification of Submentalis Muscle EMG Amplitude

For the computer quantitative analysis, the submentalis muscle EMG signal
was digitally band-pass filtered at 10-100 Hz, with a notch filter at 60 Hz and
rectified. Subsequently, each REM sleep epoch included in the analysis was divided
into 30 1-second mini-epochs. The average amplitude of the rectified submentalis
muscle EMG signal was then obtained for each miniepoch. The values of the
submentalis muscle EMG signal amplitude in each miniepoch were used to compute
the percentage of values in the following 20 amplitude (amp) classes (expressed in

pV): amp<l, I<amp=<2, ....., 18<amp=<19, amp>19. Muscle atonia is expected to be
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reflected by high values of the first class (amp<1) while phasic and tonic activations
are expected to increase the value of the other classes.”®?’ As proposed in the
previous studies, an index summarizing in a single value the degree of preponderance

of the first class was used in REM sleep:
Sleep Atonia Index = amp<1 /(100 — 1<amp=<2).

Mathematically, this index can vary from 0 (absence of mini-epochs with
amp<l), i.e. complete absence of EMG atonia, to 1 (all mini-epochs with amp<1) or

stable EMG atonia in the epoch.

Statistical analysis

For the statistical analysis, all comparisons between patients and controls
were performed by means of the non parametric Mann-Whitney test for unpaired
datasets; for the comparison between baseline values and those obtained after
treatment in PD patients, the non parametric Wilcoxon test for paired datasets was
used. Finally, for the correlation between CAP and sleep quality, the Spearman rank
correlation coefficient was computed. The commercially available Statistica software
package (StatSoft, Inc., 2001. STATISTICA data analysis software system, version
6. www.statsoft.com) was used. Differences were considered significant when they

reached the p<0.05 level.
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Results

Sleep architecture and CAP

Table 2 contains the baseline sleep architecture parameters in untreated PD
subjects and in normal controls; in this comparison, only sleep latency was found to
be slightly but significantly longer in PD patients while all the other parameters of

sleep architecture were very similar between the two groups of subjects.

Table 3 reports the baseline CAP parameters in untreated PD subjects and in
normal controls; in this table, a statistically significant difference was found for the
percentage of A3 CAP subtypes which was higher in PD patients than in controls and
for the duration of all CAP subtypes which was found to be shorter in PD patients.
The correlation between the percentage of A3 CAP subtypes and the PSQI was
computed for PD patients which was found to be positive (Spearman correlation
coefficient = 0.587, 0.1>p>0.05) but failed to reach statistical significance, probably

because of the low number of patients included in the analysis.

Table 4 shows the comparisons of the sleep architecture parameters obtained
at baseline and after treatment in the subgroup of PD subjects for whom a control
PSG was obtained. No significant differences were found for this comparison and

also for the same comparison regarding CAP parameters (table 5).
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Leg movements during sleep

Figure 1 depicts the distribution of the PLMS index found in PD patients at
baseline and in control subjects. The presence of two subjects in each group with
values much higher than the remaining subjects does not allow a correct statistical
comparison of these findings; however, it is possible to notice that the 2 values of
PLMS index above 15 found in the PD group are much higher (48.4 and 74.8) than
those found in the control group (15.0 and 25.5). Moreover, the PD subject with
PLMS index of 48.4 at baseline had a complete abolition of PLMS after treatment
(PLMS index = 0). The other subject with high PLMS index was not studied after
treatment. None of the four PD subjects with low PLMS index at baseline showed an

increase after treatment with all PLMS index values below 5.

Chin tone amplitude during REM sleep

REM atonia index was found to be within the normal range (>0.9) in all
subjects included in this study (PD and controls), with no significant difference for
its mean values: 0.968 (0.030 S.D.) in PD vs. 0.987 (0.012 S.D.) in controls.
Treatment did not modify REM atonia index which was on average 0.968 (0.015
S.D.) before and 0.963 (0.013 S.D.) after treatment, with all patients still showing

values above 0.9.
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Discussion

To our knowledge, this is the first study investigating CAP in untreated
Parkinson’s disease. Previous studies proposed an increase in total CAP rate and an
increase in CAP subtypes reflecting arousal (A2 and A3) with aging.”® We have
found that, compared to normal control, untreated PD patients in the early years of
their disease show CAP characteristics not very different from normal controls but
with a significant increase in the relative percentage of A3 subtypes. These subtypes
correspond to EEG arousals and reflect a true sleep transient interruption (sleep
discontinuity), as opposed to NREM sleep instability (without interruptions)
reflected by the repeated occurrence of Al subtypes, with a sleep stabilizing effect
and a probable involvement in the sleep restorative processes and cognitive
processing during sleep.”’ Thus, even if our untreated PD patients showed classical
sleep architecture parameters substantially identical to those of controls, their sleep
microstructure, as reflected by CAP, showed some differences indicating a subtle but
significant involvement of the sleep maintenance mechanisms and reflected by the

increase in arousal-related CAP components (A3).

Interestingly, when we attempted to correlate the percentage of A3 subtypes
with the subjective report of sleep quality in PD patients (PSQI) we found a positive
correlation which almost reached statistical significance, despite the low number of
subjects in the group. This is in agreement with previous reports of a good
concordance between CAP and subjective sleep quality.”® This is further reinforced

by the observation of frequent high scores at the ESS in these subjects which would
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seem to be uncorrelated to nocturnal sleep if only classical sleep scoring is
considered; CAP alterations might be the nocturnal correlate of the subjective

increase in somnolence during the day.

We also observed that controls and untreated PD subjects showed significant
differences in CAP A phase duration, with PD patients showing shorter CAP A
subtypes than control subjects. Also the shorter duration of Al subtypes might be
interpreted as a decreased brain capacity to preserve sleep. However, also A2 and A3
subtypes were shorter and this indicates that a more complex mechanism is needed to
understand these results which are probably related to the sleep disruption in PD
patients determining an increase in number of A3 phases and a homeostatically-

determined decrease in duration.

Regarding the lack of effects of the levodopa treatment on both sleep stages
and CAP, our results are in agreement with the lack of effects of dopaminergic
therapy in a larger group of PD patients reported earlier’ but are different from the
results of another short uncontrolled report on the effect of one-night administration
of apomorphine.’’ This study reported a 16% increment of total sleep time, a 12%
increment of sleep efficiency, a 16% increment of NREM sleep stages 3 and 4, a
15% reduction of PLMS index, a 22% reduction of arousal index, and a 23%
reduction of total CAP rate. However, the shortness of this report does not allow us
to evaluate better its results and only the entity of the reductions are indicated,
without mention of the values of the various parameters. The comparison between
our results and those of the study by Priano et al. (2003)' is practically impossible

also because of the significant difference between the PD patients included; in fact
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the PD patients of these authors were under levodopa treatment at a higher dosage
(mean 584 mg/day) than our patients, had a longer disease duration (mean 6.3 years)
and at a more advanced Hoehn and Yahr stage (mean 3.2). Also the comparison with
the results reported by Monaca et al (2006)*? is virtually impossible because their 36
patients were all under dopaminergic treatment, they did not have a control group,

and 55.5% of them had more than 10 apnea episodes per hour of sleep.

Our exploratory study, however, indicates that future studies are needed on
larger groups in order to understand better the mechanisms of CAP changes in PD;
these studies should include longer treatment periods and also alternative

dopaminergic treatment schemes.

Our results regarding PLMS in untreated PD are interesting. As expected for
their age, we found that some controls, even in the absence of any sleep complaint,
showed an increased PLMS index.” Also two PD patients showed increased PLMS
index but to a much larger extent than controls, with values very similar to those
expected for patients with Restless Legs Syndrome™ or periodic leg movements
during sleep disorder.”® The dopaminergic hypothesis®® reflects the most popular
mechanism invoked for the genesis of PLMS in these disorders and there is no doubt
of a dopamine involvement in PD; also, treatment with levodopa abolished PLMS in
the subject who was evaluated polysomnographically also after treatment in this
study. However, the dopamine hypothesis is not sufficient because it would not
explain why not all PD patients had increased PLMS. An interaction between
dopamine mechanisms and genetic factors® might be important and would also be an

interesting topic for future research.
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As pointed out in the Introduction, the relationship between PD and RBD is
strict but complex; in PD, RBD seems to represent a risk factor for the development
of dementia and hallucinations.” However, while in RBD typical features of PD
evolve months or years later, from our study it seems that REM sleep without atonia
is not a common finding in untreated PD patients in the first years of their disease
(normal REM sleep Atonia index). This is important because there is no doubt that
RBD has a tendency to occur frequently in the synucleinopathies at later stages and
that selective vulnerability occurring in key brain-stem neuronal networks in the
synucleinopathies should be invoked for the genesis of RBD.*® Our study seems to
indicate that selective late involvement of brainstem in the synucleinopathies might

be responsible for RBD rather than early lesions.

In conclusion, this polysomnographic study of untreated PD patients, most of
whom in the first years of the disease and with a low Hoehn and Yahr scale value,
shows that these patients present a mild but significant involvement at the level of
sleep microstructure, pointing at altered sleep maintenance mechanisms. PLMS can
be found in these patients with a frequency not dissimilar from that of controls but
with much higher values while REM sleep without atonia is not present and is

probably a late stage phenomenon in PD.
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Table 1. Demographic and clinical characteristics of the patients included in this study.

Subject Age Gender H&Y UPDRS’ Disease PSQI ESS BDI MMSE Nocturnal events

stage duration,
years
1 58  Male 2 16 3 9 7 10 29
2 66  Male 2 25 9 11 15 10 28
3 68 Female 1 11 1 8 11 30
4 57  Male 1 10 2 2 14 4 30
5 66 Female 2 22 3 12 9 13 26
6 59  Male 2 18 2 8 10 13 29 muscle pain
7 75 Female 2 35 2 6 12 11 25 muscle pain
8 71  Female 1 13 1 14 8 13 29

*UPDRS-motor symptoms; H&Y = Hoehn and Yahr, PSQI = Pittsburgh Sleep Quality Index; ESS =
Epworth Sleepiness Scale; BDI = Beck Depression Inventory (BDI); MMSE = Mini-Mental State
Evaluation.
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Table 2. Baseline sleep architecture parameters in de novo PD subjects and in normal

controls.
untreated PD controls Mann-Whitney
(n=8) (n=10) test
mean S.D.  mean S.D. p<
Time in bed, min 4717.3 3777  463.6  35.45 NS
Sleep period time, min 442.6 43.23 435.4 35.59 NS
Total sleep time, min 386.5 60.76 381.7 45.82 NS
Sleep latency, min 22.9 7.58 184  20.32 0.03
Stage REM latency, min 143.6 47.35 120.6 64.69 NS
Stage shift/hour 9.5 1.57 11.5 2.60 NS
Awakenings/hour 4.7 1.40 6.5 2.14 NS
Sleep efficiency,% 80.8 9.59 82.2 6.07 NS
Wakefulness, % 12.9 8.25 12.5 5.64 NS
NREM stage 1, % 9.0 3.89 7.1 3.85 NS
NREM stage 2, % 50.7 4.57 51.9 14.19 NS
NREM SWS, % 14.1 6.38 11.0 8.07 NS
REM stage, % 13.4 5.34 17.6 5.71 NS

The percentages of all stages are referred to sleep period time. NS: not significant.

NREM: non-REM; REM: rapid eye movement; SWS: slow wave sleep = NREM stage 3 and 4.
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Table 3. Baseline CAP parameters in untreated PD subjects and in normal controls.

untreated PD Controls Mann-Whitney
(n=8) (n=10) Test
mean S.D. mean S.D. p<
Total CAP Rate, % 36.8 12.33 38.0 13.03 NS
in NREM, stage 1 13.9 13.45 12.4 16.45 NS
in NREM, stage 2 37.8 13.81 38.0 15.30 NS
in NREM, SWS 50.9 17.27 50.9 17.57 NS
Al subtypes, % 51.5 21.69 45.5 16.20 NS
A2 subtypes, % 28.4 16.76 43.0 13.99 NS
A3 subtypes, % 20.1 7.57 11.5 5.93 0.026
A1l mean duration, s 7.9 1.27 9.6 0.96 0.006
A2 mean duration, s 8.5 0.96 9.6 1.05 0.05
A3 mean duration, s 10.7 2.01 13.9 2.24 0.009
Al index, number/hour 25.8 12.93 23.7 8.84 NS
A2 index, number/hour 15.7 13.63 20.5 11.43 NS
A3 index, number/hour 8.5 4.65 4.7 4.32 NS
B phase mean duration, s 23.5 2.97 23.0 1.87 NS
Cycle (A+B) mean duration, s 31.9 2.90 32.9 1.66 NS
CAP sequence mean duration, s 204.6 54.88 209.5 38.39 NS
Number of CAP sequences 34.9 4.26 32.7 7.39 NS

NS = not significant. NREM: non- rapid eye movement; SWS: slow wave sleep = NREM stage 3
and 4.
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Table 4. Sleep architecture parameters at baseline and after treatment in PD subjects

(n=5).
Baseline treatment Wilcoxon

mean S.D. mean S.D. p<
Time in bed, min 486.4 45.33 460.8  29.66 NS
Sleep period time, min 463.5 41.60 4344 33.46 NS
Total sleep time, min 422.2 38.77 364.2 61.54 NS
Sleep latency, min 20.9 8.17 22.3 13.90 NS
Stage R latency, min 144.1 43.38 177.8 114.46 NS
Stage shift/hour 9.5 1.84 10.4 1.34 NS
Awakenings/hour 4.5 1.57 4.5 0.95 NS
Sleep efficiency,% 86.9 4.34 78.8 10.32 NS
Wakefulness, % 8.9 3.36 16.5 8.54 NS
NREM stage 1, % 9.8 2.73 9.3 2.15 NS
NREM stage 2, % 51.1 5.73 51.7 12.80 NS
NREM SWS, % 15.5 3.95 8.6 7.65 NS
REM stage, % 14.7 4.75 13.9 5.36 NS

The percentages of wakefulness after sleep onset and sleep stages are referred to sleep period
time. NS = not significant. NREM: non-REM; REM: rapid eye movement; SWS: slow wave
sleep = NREM stage 3 and 4.
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Table 5. CAP parameters at baseline and after treatment in PD subjects (n=5).

Baseline Treatment Wilcoxon
mean S.D. mean S.D. p<

Total CAP Rate, % 33.0 11.82 34.2 11.78 NS

in NREM, stage 1 4.1 5.43 5.5 5.01 NS

in NREM, stage 2 33.0 14.45 36.7 14.01 NS

in NREM, SWS 53.2 17.49 62.1 13.27 NS
Al subtypes, % 66.1 10.36 70.7 3.77 NS
A2 subtypes, % 16.8 5.66 13.6 4.89 NS
A3 subtypes, % 17.1 7.25 15.6 4.80 NS
Al mean duration, s 7.1 0.49 6.2 1.18 NS
A2 mean duration, s 8.2 0.90 7.6 0.99 NS
A3 mean duration, s 9.3 0.82 8.2 0.61 NS
Al index, number/hour 31.1 12.83 36.5 9.75 NS
A2 index, number/hour 7.6 4.27 6.8 3.57 NS
A3 index, number/hour 5.3 1.98 5.5 1.35 NS
B phase mean duration, s 24.7 2.53 22.0 5.15 NS
Cycle (A+B) mean duration, s 323 2.68 28.8 4.01 NS
CAP sequence mean duration, s 200.3 63.94 197.5 63.10 NS
Number of CAP sequences 34.8 5.50 31.8 9.36 NS

NS = not significant. NREM: non- rapid eye movement; SWS: slow wave sleep = NREM
stage 3 and 4.
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Abstract

The present study demonstrates that blood samples can be used as a source
of miRNA identification and as Parkinson’s disease (PD) biomarkers. A set of six
microRNAs with differential expression were chosen. They were clustered in two
groups according to their expression profile in control, non-treated, early-onset and
treated Parkinson’s disease subjects. While miR-1, miR-22* and miR-29
expression levels allowed us to distinguish non-treated PD from healthy subjects,

miR-16-2*, miR-26a2* and miR30a differentiated treated from untreated patients.

1.Introduction

The molecular mechanism of neurodegeneration in Parkinson’s disease (PD)
is mostly unknown. Pathologically, PD is characterized by the loss of dopaminergic
nigral neurons, accompanied by gliosis and the presence of eosinophilic
intracytoplasmic inclusions known as Lewy bodies in the remaining substantia nigra
pars compacta neurons. Alpha-synuclein is the principal component of filamentous
of Lewy bodies, the defining pathological hallmark of PD [1]. It is also now
appreciated that PD is associated with extensive nondopaminergic pathology, which
involves cholinergic neurons of the nucleus basalis of Meynert, norepinephrine
neurons of the locus coeruleus, serotonin neurons in the midline raphe, as well as

neurons in the cerebral cortex, brainstem, spinal cord and peripheral autonomic
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nervous system [2]. The etiology of PD is a complex interaction among genes,
environment and brain aging. Although in a minority of cases it is due to well-
defined genetic causes, a combination of genetic and environmental factors are
believed to account for the vast majority of cases. This includes interactions
between several genes, modifying effects by susceptibility alleles, the influence of
environmental agents on gene expression and their direct impact on the developing

and aging brain [3].

The use of biomarkers remains investigational in PD. A biomarker is a
characteristic that is objectively measured as an indicator of normal biologic
processes, pathogenic processes or pharmacological responses to a treatment.
Biomarkers can help determine disease pathophysiology and a drug’s mechanism of
action [4]. The identification of potential biomarkers in PD would be of remarkable
value. Currently, there is no reliable biomarker for PD, except in a small minority of
patients with a monogenetic form of the disorder, in whom at least the underlying
disease trait can be unequivocally determined by mutational analysis. However,
even in these patients, the relationship between the biomarker (a mutation detection
method) and disease development is complex because of the often reduced and age-

dependent penetrance and variable expressivity [5].

The genetic dissection of common diseases such as PD is the current
challenge of medical genomics. Several diseases have genetic components that are
not easily detected, in part because loci involved in these conditions may have a
small size effects, and these loci may interact among them. This may not be the case

for microRNAs, which can regulate a large set of genes from different pathways at
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the transcriptional and translational levels. Indeed, microRNAs have been used as
molecular markers in a series of diseases, including cancer, neurodegenerative
disorders and others [6-8]. Recently, it has been proposed that microRNAs

(miRNAs) can play a role in PD [9-11].

MicroRNAs are evolutionarily conserved, small, approximately 22
nucleotides, non-coding RNAs. Most miRNAs are thought to post-transcriptionally
inhibit protein coding genes by affecting their translation and/or mRNA stability
[12,13]. The miRNAs bind multiple target RNA species and are associated with
many biological functions [14] like neuronal gene expression [15] and pathological
processes like the development of cancer [16], neurodegenerative disorders [17] and

schizophrenia [18].

The present study was designed to evaluate the expression of miRNAs in de
novo PD (untreated patients) and the effect of levodopa treatment on miRNA
expression. As among patients with early manifestation of the disease, there is a
high incidence of affected first-degree relatives, indicating that genetic factors play
a role in pathogenesis. We also evaluated if there were differences in miRNA

between early-onset and late-onset PD.

2.Methods
2.1.Subjects and procedures

This study was approved by the local ethics committee and all subjects
provided informed consent before entering into the study.
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Fifteen PD patients were included in the study. Eight were untreated PD
patients (de novo PD) and seven were early-onset PD attending an outpatient
Movement Disorders Clinic of a university hospital in Southern Brazil from May
2007 to June 2008. All patients fulfilled the clinical criteria for PD (the United
Kingdom Parkinson’s Disease Society Brain Bank clinical diagnostic criteria) [19].
Exclusion criteria were as follows: (1) presence of other neurological disease; (2)
presence of psychiatric disorder according to a structured clinical interview for
DSM disorders; (3) Mini-Mental State Examination (MMSE) [20] lower than
24[21]. The semi-structured interview was used to collect information on
demographic variables, disease history and drug record. PD symptoms were
evaluated using the Unified Parkinson’s Disease Rating Scale (UPDRS) [22] and
the Hoehn and Yahr modified version (HY) [23]. Depressive symptoms were
assessed by the Beck depression inventory (BDI) [24]. Previous untreated de novo
patients (NT group) were treated with levodopa plus carbidopa and followed for one
year. Levodopa treatment resulted in motor symptom improvement as evaluated by

UPDRS subset III in the NT group.

The control group was constituted by eight no-PD volunteers. These subjects
were selected among outpatient clinics and among PD spouses. Control group

exclusion criteria were the same as described above.

Blood samples were taken from all subjects interviewed: de novo PD (NT
group), early-onset PD (EOPD group), control subjects (CNT group) and from four
randomly selected previously untreated PD patients after 97 (+ 39) days of the

levodopa/carbidopa treatment (T group).
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2.2.Quantitative Real Time PCR

Peripheral blood samples were obtained between 5-8 PM and immediately
mixed with a five-fold volume of Trizol (Invitrogen) for total RNA extraction.
Mature microRNA expression was evaluated by quantitative real time PCR (qRT-

PCR) of microRNAs by stem-loop RT-PCR, as described by Chen et al [25].

Mature miRNA c¢cDNA was synthesized according to the following: 100 ng
of total RNA(1:20); 4 ul of stem loop primer mix (supplementary Table 1) (0.4 uM
each); 0.4 ul of M-MLYV reverse transcriptase (Promega) 200 U/ul; 4 ul M-MLV
reverse transcriptase 5X reaction buffer (Promega) and 2 ul of 5 mM dNTP in a
final volume of 20 pl. The synthesis of the cDNA was completed after a series of

three incubations: 16 °C for 30 min, 42 °C for 30 min and 85 °C for 5 min.

The qRT-PCR mix: 10 ul of ¢cDNA (1:30); 0.4 ul of specific microRNAs
forward primer (supplementary Table 1) (20 uM) and universal reverse primer
(supplementary Table 1) (10 uM) primers; 0.4 ul of 5 mM dNTPs; 2 ul of 10X PCR
buffer; 1.2 ul of 50 mM MgCl,; 2 pl of 1X SYBR Green® (Molecular probes); 0.05
ul of Platinum Taq DNA polymerase (Invitrogen) to a final volume of 20 ul. SYBR-
Green® was used to detect amplification, estimate Cr values and to determine
specificity after melting curve analysis. The PCR cycling conditions were
standardized to: 94 °C for 5 min followed by 40 cycles at 95 °C for 15 s, 60 °C for 10
s and 72 °C for 15 s. After the main amplification, sample fluorescence were

measured at temperatures from 55 to 99 °C with an increasing ramp of 0.1° C in order
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to obtain the denaturing curve of the amplified products and assure their
homogeneity after peak detection and T,, estimation using data obtained from an

Applied Biosystems StepOne system.

As an initial step of this study, a PCR array was performed with microRNAs
previously reported as potentially associated with sleep deprivation [26] and
neurodegenerative disorders [9-11, 27]. The complete list of the 85 microRNAs used
in the PCR array are indicated in supplementary data (Table 2). A set of six
microRNAs with more informative expression patterns among each experimental
group was chosen. The group was composed of miR-1, miR-22*, miR-29a, miR-16-
2* miR-26a2* and miR-30a, which were selected out of 85 microRNAs present in

the initial screening due their differential expression patterns.

2.3.Data Analysis

The six selected microRNAs presented an efficiency of amplification in the
0.94 to 0.98 range among the different cDNA-derived blood samples, as calculated
by internal sample exponential amplification analysis [28]. The relative expression

was obtained using the 2"

method, where the Crossing threshold (Ct) values of
the target samples are subtracted from the average Ct values of the standard or
control samples. The use of 2°°“* is adequate, as the amount of RNA among the
different blood samples to produce the cDNAs did not differ significantly and

produced similar Ct values among samples for 20 different microRNAs used in the

initial screening (data not shown).
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Statistical analysis of the relative expression values obtained for each
microRNA between pairs of experimental groups were performed by the Student’s
t-test implemented in SPSS Statistics 17 software. In order to compare the
expression levels among the four experimental groups, the Waller-Duncan and
Tukey HSD tests were performed with SPSS 17, with identical group discrimination

and similar probability values.

The target microRNAs that have the potential binding sites for individual
microRNAs were identified by searching them on public databases endowed with

prediction algorithms present in miRBase [29]

3.Results

We evaluated eight de novo PD patients (NT group) with a mean age of 66
years (sd 6.7), seven EOPD subjects with a mean age of 45 years (sd 8.7) and eight
no-PD volunteers (CNT group) with a mean age of 67 years (sd 8.0). Disease
duration was 3.0 (sd 2.6) and 7.2 years (sd 6.6) in the NT and EOPD groups,
respectively. Each group was constituted by 50% males. Motor symptoms evaluated
by UPDRS-section III were 19.9 (sd 8.9) and 21.6 (sd 13.8) in the NT and EOPD
groups, respectively. Most of the NT subjects (62.5%) showed unilateral motor
impairment only, corresponding to the HY 1 stage, while 37.5% of the NT patients
presented bilateral or midline involvement without impairment of balance (HY 2
stage). Distribution of the Hoehn-Yahr staging among EOPD subjects was as

follows: HY 1(42.8 %), HY 2 (28.6 %) and HY 3, corresponding to bilateral disease
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with mild to moderate disability and postural reflex impairment (28.6%). Levodopa
treatment resulted in motor symptom improvement as evaluated by UPDRS subset
III. All subjects presented mean BDI scores below the cutoff score for depression
screening [30,31]. No significant differences in MMSE score were found between

groups.

A set of three miRNAs, miR-1, miR-22* and miR-29a, showed reduced
profiles of relative expression in the de novo PD (NT) and treated groups (T) when
compared to control subjects (CNT) and the early-onset PD group (EOPD) (Figure
1). NT group had significantly lower miR-1 expression than the CNT and EOPD
groups (p=0.031 and p=0.015, respectively). In addition, miR-1 expression was not
statistically different between the T group, which was constituted by NT patients
after levodopa treatment and CNT subjects. According to this result, it is suggested
that levodopa treatment can play a role in restoring normal miR-1 relative

expression levels.

De novo PD patients also showed low relative miR-22* expression. In
comparison with the CNT group, NT subjects showed a trend toward low miR-22*

expression (p=0.067).

Considering miR-29a, the NT group showed lower miR-29a expression than
the CNT group, and levodopa treatment did not significantly change this
expression. Interestingly, low miR-29a expression was maintained after treatment;

the T group showed a trend to lower expression than the CNT group.
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A second set of three miRNAs, miR-16-2*, miR-26a2* and miR-30a,
presented no statistical differences in their relative expressions between the CNT
and NT groups (Figure 2A). These same miRNAs showed a 50% increase in their
relative expression in the groups constituted by PD patients taking dopaminergic
drugs, EOPD compared to CNT group (Figure 2B), while only miR-16-2* and miR-
26a2* were increased in treated individuals (T) compared to the NT group (Figure

20).

In summary, miR-1, miR-22* and miR-29a showed low expressions in PD
blood samples. Altogether, this miRNAs expression analysis showed a significant
distinction between the NT and control group (Figure 3A). The group of miR-16-
2* miR-26a2* and miR-30a analyzed together showed a higher expression in the

EOPD group than in the CNT and NT groups (Figure 3B).

4.Discussion

The present study demonstrated that six microRNAs, miR-1, miR-16-2%*,
miR-22* miR-26a2*, miR-29a and miR-30a, have their relative expression levels
altered in the blood of PD patients. Examples of differential miRNA expression have
been shown in patients and animal models of neurodegenerative disorders [32]. In a
mouse model of PD, miR-133b was found to be downregulated [9], and analyses on
post-mortem tissue showed a decreased expression of miR-133b in the midbrain of

patients with PD. The miRNAs can act at many stages to trigger the production or
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degradation of toxic proteins, and changes in these steps may have a role in the

neurodegenerative process [11].

Alpha-synuclein accumulation can interfere with o-tubulin solubility and
distribution, leading to neuronal dysfunction. Alpha-synuclein overexpression
impairs microtubule—dependent traffic, [33] and in its aggregated forms, plays a
critical role in the pathogenesis of PD. Tubulin polymerization-promoting protein
(TPPP/p25) interacts with the tubulin/microtubule system in vitro and in vivo, and is
enriched in human pathological brain inclusions. The primary intracellular target of
TPPP/p25 is tubulin/microtubules, [34] and abnormal TPPP/p25 accumulation has
been associated with alpha-synuclein aggregates. It has been proposed that
upregulated TPPP/p25 could be a specific marker for pathological conditions
associated with abundant aggregation of alpha-synuclein, such as PD [35, 36].
Reinforcing this idea, it should be noted that TPPP/p25 is a target of miR-1, which,
in the present study, showed lower expression levels in de novo PD when compared

with healthy subjects.

In addition to TPPP/p25, clathrin heavy chain is also a target of miR-1. In
humans, there are two isoforms of clathrin heavy chain (CHC17 and CHC22), which
are encoded by the genes CLTC and CLTD. Studies have indicated that clathrin may
be involved in mediating microglial endocytosis of aggregated alpha-synuclein and
associated with microglial activation [37]. Knockdown of CHC by small interfering
RNAs inhibited both constitutive and protein kinase C-mediated internalization of
the dopamine transporter (DAT)[38]. Internalization of D2 dopamine receptors is

clathrin-dependent and select to nonsynaptic membranes in the primate prefrontal
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cortex [39]. Peripheral blood lymphocytes also express many neurotransmitters and
neuropeptide receptors. Previous studies have shown that blood samples from PD
subjects present increased expression of CLTB [40] and dopamine receptors on

lymphocytes [41].

Considering the current study data, it should be noted that dopamine transport
regulation in PD patients is related to miR-1 and mir-30a. The former is associated
with CHC properties, as described above, and miR-30a has SLC6A3 (solute carrier
family 6 — neurotransmitter transporter — dopamine) as a potential target. The plasma
membrane dopamine transporter (DAT) present at the cell surface is regulated by the
rate of DAT internalization to endosomes and DAT recycling back to the plasma
membrane. DAT is expressed in presynaptic terminals of substantia nigra
dopaminergic neurons, where it mediates the re-uptake of synaptic-released
dopamine. Alpha-synuclein acts in the modulation of DAT functions by regulating

synaptic tone of dopamine [42].

Moreover, miR-30a may also target fibroblast growth factor (FGF20), which
is targeted by miR-16-2*. In this study, both miR-30a and miR-16-2* showed the
highest expression in PD subjects after levodopa treatment. In vitro studies showed
that FGF20 promotes survival and stimulates dopamine release in a calbindin-
negative subset of cells that are preferentially lost in PD, [43] and it has been
suggested that FGF20 regulates alpha-synuclein expression [44]. A previous study
identified a point mutation in PD patients in the 3’UTR of FGF20 that disrupts the
miR-433 binding site [27]. Recent study found no evidence of association between

FGF20 variability and PD risk [45].
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Like miR-16-2*, our data demonstrated that PD subjects after levodopa
treatment have higher miR-26a2* expression than the de novo PD group. miR-26a2*
has a tyrosinase precursor gene as one of its potential targets. It is known that in the
presence of tyrosinase, dopamine modifies and inactivates tyrosine hydroxylase [46].
Tyrosinase overexpression may be either neuroprotective due to the formation of
neuromelanin, or toxic due to increased dopamine [47]. A previous study [48]
demonstrated that tyrosinase is expressed at low levels in the human brain, and the
tyrosinase activity was found to be higher in substantia nigra. Another potential
target of miR-26a2* is the glutamate receptor 1 precursor (GRIA1), as with miR-30a.
Glutamate receptor-1 mRNA is widely expressed in the human brain [49]. Studies
have demonstrated that glutamatergic regulation can take place in PD symptoms and
treatment, [50] but discussion about glutamate’s role in PD is beyond the scope of

this section.

The assembly of miR-16-2*, miR-26a2* and miR30a presented higher
expression in treated PD (Figure 3B). The treatment effects were evaluated in two
groups: T and EOPD. These miRNAs showed the highest expression in the EOPD
group. It should be noted that the EOPD group consisted of patients that were
submitted to more than one antiparkinsonian drug, and they had a longer disease
duration than the T group. When miR-16-2*, miR-26a2* and miR-30a were analyzed
together, we identified that they were expressed significantly higher in both treated
groups (EOPD and T groups) than in the CNT and NT groups. A statistical

difference was not observed when this analysis was performed between the EOPD
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and T groups, reinforcing the potential role of the antiparkinsonian drug in these

miRNAs expressions.

The miR-1, miR-22* and miR-29a expression levels evaluated together
showed that the EOPD group had higher expression levels than the NT and T groups.
It should be noted that distinct mechanisms can underlie these results. There are
some additional features implicated in these data, including that the EOPD and T
groups received distinct antiparkinsonian drugs, whose mechanism of action, as well
the treatment duration, could exert interference in miRNA expression. Considering
the EOPD and NT groups, it should be noted that some group characteristics like

disease duration and EOPD pathophysiology may contribute to these results.

Relative expression of miR-1, miR-22* and miR-29a analyzed together did
not show a significant distinction between the NT and T groups. Each of these
miRNAs (miR-1, miR-22* and miR-29a) showed lower expressions in the NT group
compared to the CNT group, indicating a possible regulatory mechanism among their
targets. Some miR-1 targets have been mentioned previously in this text. Concerning
miR-22%* it is appropriate to remark on two of its potential targets: tumor suppressor
pS53-binding protein 2 (TP53BP2) and GRIA. As cited above, GRIA is also targeted

by miR-26a2* and miR-30a.

According to the present data, miR-29a was the only miRNA evaluated where
the decreased expression observed in the NT group was maintained after levodopa
treatment (Figure 1). These results allow us to suggest that (i) mir-29a is associated
with PD, as demonstrated by the relative expression difference between the NT and

control groups, and that (ii) the lower miR-29a expression in PD should not be
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directly related to the occurrence of motor symptom changes because the decreased
miR-29a expression was maintained despite motor symptom improvement. This
maintained low expression pattern evokes special interest in terms of miR-29a

having a role in PD.

Cell division cycle 42 (CDC42), which is related with septin, is targeted by
miR-29a. Septin4 is a member of the septin family of polymerizing GTP-binding
proteins that serve as scaffolds for molecules beneath the plasma membrane[51].
Recently, postmortem substantia nigra of a PD study described the presence of
increased levels of septin4 and the parallel increase of septin4 and alpha-synuclein in
PD [52]. Septin4 was found to co-aggregate with alpha-synuclein in substantia nigra
Lewy bodies. It may be required as a component of a presynaptic scaffold that
supports the molecular machinery for dopamine turnover [53]. In mammals, CDC42
seems to have dual roles in promoting the organization of the actin cytoskeleton and
septin complexes [54]. In summary, mir-29a targets CDC42. CDC42 is related to

septin, which is associated with alpha-synuclein in substantia nigra Lewy bodies.

Curiously, the expression of miR-29a also has a decreased expression level in
Alzheimer’s disease [55, 56]. These studies correlated miR-29 decrease with
increased BACE1/beta-secretase expression and neuron navigator 3. Other positive
correlations of miR-29a in PD neurodegenerative processes are the identification of
microtubule and tubulin regulation, including microtubule-associated protein 6
(MAP6), microtubule-associated protein member 2 (MAPRE2) and tubulin beta
2B(TUBB2B) as other potential targets. Moreover, as described above, CDC42

exerts a role in PD. Schnack et al. [57] has proposed that components of small
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GTPase signal transduction pathways might be targeted by alpha-synuclein

oligomers, which potentially leads to signaling deficits and neurodegeneration.

Considering the neurodegenerative process and cell damage occurrence in
PD, some miRNAs evaluated in the present study also have trophic factors as their
targets. This can be understood, in one way, as a kind of compensatory mechanism
target by some miRNAs. Conversely, the reduction of these trophic factors by
distinct features, such as aging, may exacerbate the neurodegenerative process. It
must be considered that BDNF’s ability to protect neuronal activity can be affected
by aging [58]. Animal models have shown that increased BDNF expression
following striatal damage can be beneficial to dopaminergic neurons; however, these
changes in brain-derived neurotrophic factor (BDNF) expression may be lost with

age [59, 60].

BDNF has been identified as a potential target of miR-1. It is present in
neurons, glia and peripheral immune cells. BDNF promotes the survival of
dopaminergic neurons and protects them from toxin-induced damage in vitro [61].
BDNF increases dopamine content and tyrosine hydroxylase activity [62]. BDNF
action is transduced through the high affinity tyrosine kinase receptor (trkB), and a
large number of dopaminergic mesencephalic neurons seem to express both BDNF
and TrkB [61]. BDNF protein expression is reduced in substantia nigra, [63] and
BDNF levels are increased in PD cerebral spinal fluid when compared with normal
subjects [64]. This BDNF elevation in CSF may be caused by an increased
generation of glial cells resulting from brain damage [65]. Production of BDNF by

glial cells in PD patients may represent an active response to neurodegeneration [64].
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Insulin-like-growth factor-1(IGF-1) is also linked to the preservation and
homeostasis of the nervous system. MiR-1, miR-29a and miR-30 all target IGF-1.
The considerable density of the IGF-1 receptors is evident in the substantia nigra,
[66] and a protective effect of IGF-1 against dopamine-induced neurotoxicity has
been shown in human and rodent neuronal cultures [67]. Activation of the IGF-1
pathway can rescue o-synuclein toxicity and suppress a-synuclein aggregation
through the activation of PI3K/Akt pathways [68]. Serum and brain IGF-1 levels
change in several human neurodegenerative diseases [69]. Recently, a study found
that blood IGF-1 levels, although statistically non-significant, were mildly elevated

in treated PD patients in comparison with controls [70].

We have shown miRNA expression levels from peripheral blood sources and
discussed some potential miRNA targets that could be related to PD
pathophysiology. Some limitations should be kept in mind considering the results of
this study, like the small sample size and properties of miRNA. A single miRNA can
target many transcripts and a single transcript can be targeted by many miRNAs,
transcripts can present differences in tissue distribution. We are concerned that the
present results were obtained from blood, and that these miRNAs may show different
expression patterns in brain tissue. Moreover, these differences in miRNA expression
may even occur among distinct brain areas [9,26]. The extent of miRNA expression
pattern correlation between peripheral blood and different brain structures should be

evaluated in future research.
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5.Conclusion

MiR-1, miR-22* and miR-29a showed low expressions in PD blood samples.
Altogether, this miRNAs expression analysis showed a significant distinction
between the NT and control group. MiR-16-2*, miR-26a2* and miR30a expression
levels allowed us to distinguish treated from untreated patients. Despite the cellular
functions of many human miRNAs remaining unknown and the complexity of
Parkinson’s disease, we assume that further miRNA studies will contribute to PD
biomarker development. In addition, peripheral blood as a source of this information

could facilitate miRNA studies in humans, as well their future clinical applicability.
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Figure 1. Relative expressions of miR-1, miR-22* and miR-29a among the
patient groups. Mean (+ standard deviation) miRNA relative expression in blood of
the control (CNT), de novo PD (NT), treated PD (T) and early-onset PD (EOPD).
Mirl: lower expression in NT than CNT and EOPD; miR-22*: a trend to lower
expression in NT than CNT; miR-29a: lower expression in NT (statistically
significant) and T (trend) than the CNT group. Waller-Duncan and Tukey HSD tests;
asterisks indicate p<0.05, triangle indicates p=0.07.
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Figure 2. Pairwise analysis of the set of six miRNAs: miR-1, miR-22*, miR-29a,
miR-16-2%, miR-26a2* and miR-30a. Data represent mean (+ standard deviation)
of miRNA relative expression. (2A) De novo PD group (NT) showed lower miR1,
miR-22* and miR-29a relative expression than the control group (CNT); NT and
CNT presented no statistical difference in miR16-2, miR-26a2* and miR30a;
Student’s t test, asterisks indicate p<0.05, triangle indicates p=0.07. (2B) Higher
miR16-2* and miR26a2* relative expression occurred in early—onset Parkinson’s
disease (EOPD) than the CNT group; Student’s t test, double asterisks indicate
p<0.01, triangle indicates p=0.07. (2C) Treated group (T) showed higher miR-16-2*
and miR-26a2* than the NT group; Student’s t test, asterisks indicate p<0.05.
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Figure 3. Grouped miRNA relative expression analysis. (3A) Altogether, miR-1,
miR-22* and miR-29a expression showed lower expression in de novo PD (NT) than
the control (CNT) and early—onset Parkinson’s disease (EOPD) groups. (3B)
Assemblage of miR-16-2* miR-26a2* and miR-30a relative expression analysis
showed a significant difference between treated (T and EOPD) and untreated groups.
Waller-Duncan and Tukey HSD tests; different letters indicate statistically

significant differences between groups, p<0.05.

208



[1]

[2]

[3]

[4]

[5]

Acknowledgements

This work was supported by Universal grant from CNPq (485347/2007-5).
Regina Margis, Carlos Roberto de Mello Rieder and Rogerio Margis were partially
supported by Ph.D. and research fellowships from Conselho Nacional de
Desenvolvimento  Cientifico e Tecnologico, Brazil (307213/2008-0 and

303967/2008-0).

REFERENCES

M. G. Spillantini, M.L. Schmidt, V.M. Lee, J.Q. Trojanowski, R. Jakes, and M.
Goedert, “Alpha-synuclein in Lewy bodies,” Nature, vol 388, pp.839-840, 1997.

H. Braak, K. Del Tredic, U. Rub, R.A. de Vos, E.N. Jansen Steur, and E. Braak,
“Staging of brain pathology related to sporadic Parkinson’s disease,” Neurobiology
Aging, vol. 24, pp.197-211, 2003.

C. Klein, and M.G. Schlossmacher, “Parkinson disease, 10 years after its genetic
revolution: multiple clues to a complex disorder,” Neurology, vol. 69, no.22,

pp.2093-2104, 2007.

O. Rascol, "Disease-modification trials in Parkinson disease: target populations,

endpoints and study design,” Neurology, vol.72, suppl.7, pp.S51-58, 20009.

T. Gasser, “Genomic and proteomic biomarkers for Parkinson disease,” Neurology,

vol.72, suppl.7, pp.S27-31, 2009.

209



[6] C.L. Bartels, and G.J. Tsongalis, “MicroRNAs: novel biomarkers for human cancer,”

Clinical Chemistry, vol. 55, pp.623-631, 20009.

[7] P.T. Nelson, W.X. Wang, and B.W. Rajeev, “MicroRNAs (miRNAs) in
neurodegenerative diseases,” Brain Pathology, vol.18, pp.130-138, 2008.

[8] K.M. Pauley, S. Cha, and E.K.L. Chan, “MicroRNA in autoimmunity and

autoimmune diseases,” Journal of Autoimmunity, vol.32, pp.189-194, 2009.

[9] J. Kim, K. Inoue, J. Ishii, W.B. Vanti, S.V. Voronov, E. Murchison, G. Hannon, A.
Abeliovich, “A microRNA feedback circuit in midbrain dopamine neurons,” Science,

vol. 317, pp.1220-1224, 2007.

[10]C. Barbato, F. Ruberti, and C. Cogoni, “Searching for MIND: microRNAs in
neurodegenerative diseases,” Journal of Biomedicine and Biotechnology, article ID
871313, 2009.

[11]S.M. Eacker, T.M. Dawson, and V.L. Dawson, “Understanding microRNAs in

neurodegeneration,” Nature Reviews Neuroscience, vol. 10, pp. 837-841, 2009.

[12]W.Filipowicz, S.N. Bhattacharyya, and N. Sonenberg, “Mechanisms of post-
transcriptional regulation by microRNAs: are the answers in sight?,” Nature Reviews
Genetic, vol.9, pp.102-114, 2008.

[13]D.P. Bartel, “MicroRNAs: genomics, biogenesis, mechanism, and function,” Cell,

vol. 116, pp.281-297, 2004.

[14]V. Ambros, “The functions of animal microRNAs,” Nature, vol. 431, pp. 350-355,
2004.

[15]). Wu, and X. Xie, “Comparative sequence analysis reveals an intricate network
among REST, CREB and miRNA in mediating neuronal gene expression,” Genome
Biology, vol. 7, pp.R85, 2006.

[16]P.S. Meltzer, “Cancer genomics: small RNAs with big impacts,” Nature, vol.435,
pp.745-746, 2005.

210



[17]M.S. Weinberg, and M.J.A. Wood, “Short non-coding RNA biology and
neurodegenerative disorders: novel disease targets and therapeutics,” Human

Molecular Genetics, vol.18, pp.R27-39, 2009.

[18]D.0. Perkins, C.D. Jeffries, L.F. Jarskog, J.M. Thomson, K. Woods, M.A. Newman,
J.S. Parker, J. Jin, and S.M. Hammond, “microRNA expression in the prefrontal

cortex of individuals with schizophrenia and schizoaffective disorder,” Genome

Biology vol.8, R27,2007.

[19] A.J. Hughes, S.E. Daniel, L. Kilford, and A.J. Lees, “Accuracy of clinical diagnosis
of idiopathic Parkinson’s disease: a clinic-pathological study of 100 cases,” Journal

of Neurology Neurosurgery and Psychiatry, vol.55, pp.181-184, 1992.

[20]M. Folstein, S. Folstein, and P. McHugh, “Mini-mental state: a practical method for
grading the cognitive states of patients for the clinician,” Psychiatry Research,
vol.12, pp.189-198, 1975.

[21]0.P. Almeida, “Miniexame do estado mental ¢ o diagnostico de deméncia,” Arquivos

de Neuropsiquiatria, vol.56, pp. 605-612, 1998.

[22]S. Fahn, R.L. Elton, and Members of the UPDRS Development Committee, “Unified
Parkinson’s disease rating scale,” In: S. Fahn, C.D. Marsden, D. Calne, M.
Goldstein, editors. Recent Developments in Parkinson’s Disease. Florham Park, N.J.
Macmillan Healthcare Information, pp.153-163, 1987.

[23]M.H. Hoehn, and M.D. Yahr, “Parkinsonism: onset, progression, and mortality,”
Neurology, vol. 17, pp. 427-447, 1967.

[24]A.T. Beck, C.H. Ward, M. Mendelson, J. Mock, and J. Erbaugh, “An inventory for
measuring depression,” Archieves of General Psychiatry, vol.4, pp.561-571, 1961.

[25]C. Chen, D.A. Ridzon, A.J. Broomer, Z. Zhou, D.H. Lee, J.T. Nguyen, M. Barbisin,
N.L. Xu, V.R. Mahuvakar, M.R. Andersen, K.Q. Lao, K.J. Livak, and K.J. Guegler,
“Real-time quantification of microRNAs by stem-loop RT-PCR”, Nucleic Acids
Research vol.33, no.20, pp.e179, 2005.

211



[26]C.J. Davis, S.J. Bohnet, J.M. Meyerson, J.M. Krueger, “Sleep loss changes
microRNA levels in the brain: a possible mechanism for state-dependent

translational regulation,” Neuroscience Letters, v.422, pp.68-73, 2007.

[27]G. Wang, J.M. van der Walt, G. Mayhew, Y-J. Li, S. Ziichner, W.K Scott, E.R.
Martin, and J.M. Vance, “Variation in the miRNA-433 binding site of FGF20
confers risk for Parkinson’s disease by overexpression of a-synuclein,” The

American Journal of Human Genetics, vol. 82, pp.283-289, 2008.

[28]C. Ramakers, J.M. Ruijter, R.H. Deprez, A.F. Moorman, “Assumption-free analysis
of quantitative real-time polymerase chain reaction (PCR) data,” Neuroscience
Letters, vol.339, no.1, pp.62-66, 2003.

[29]N.D Mendes, A.T. Freitas, and M.F.Sagot, “Current tools for the identification of
miRNA genes and their targets”, Nucleic Acids Research , vol 37, pp.2419-2433,
2009.

[30]M. Visser, AFG. Leetjens, J.Marinus, A.M. Stiggelbout, J.J van Hilten, “Reliability
and validity of Beck depression inventory in patients with Parkinson’s disease,”

Movement Disorders, vol.21, no.5, pp.668-672, 2006.

[31]A. Schrag, P. Barone, R.G. Brown, A.F.G. Leetjens, W.M. McDonald, S. Starkstein,
D. Weintraub, W. Poewe, O. Rascol, C. Sampaio, G.T. Stebbins, and C.G. Goetz,
“Depression rating scales in Parkinson’s disease: critique and recommendations,”

Movement Disorders, vol. 22, no.8, pp.1077-1092, 2007.

[32]R. Roshan, T. Ghosh, V. Scaria, and B. Pillai, “MicroRNAs: novel therapeutic
targets in neurodegenerative diseases,” Drug Discovery Today, vol. 14 (23/24), pp.
1123-1129, 2009.

[33]H-J. Lee, F. Khoshaghideh, S. Lee, S-J. Lee, “Impairment of microtubule —
dependent trafficking by overexpression of a-synuclein,” European Journal of
Neuroscience, vol. 24, pp.3153-3162, 2006.

212



[34] E.Hlavanda, J. Kovacs, J. Olah, F. Orosz, K.F. Medzihradsky, and J. Ovadi, “Brain-
specific p25 protein binds to tubulin and microtubules and induces aberrant
microtubule assemblies at substoichimetric concentrations,” Biochemistry, vol.41,

pp. 8657-8664, 2002.

[35]G.G. Kovacs, L. Laszlo, J. Kovacs, P.H. Jensen, E. Linderson, G. Botond, T.
Molnér, A. Perczel, F. Hudecz, et al, “Natively unfolded tubulin polymerization
promoting protein TPPP/p25 is a common marker of alpha-synucleinopathies,”

Neurobiology of Disease, vol. 17, pp.155-162, 2004.

[36] G.G. Kovacs, E. Gelpi, et al, “The brain—specific protein TPPP/p25 in pathological
protein deposits of neurodegenerative diseases,” Acta Neuropathol, vol.113, pp.153-
161, 2007.

[37]J. Liu, Y. Zhou, Y. Wang, H. Fong, T.M. Murray, J. Zhang, “Identification of
proteins involved in microglial endocytosis of alpha-synuclein,” J Proteome Res,

vol. 6, n0.9, pp.3614-3627, 2007.

[38]T. Sorkina, B.R. Hoover, R. Zahniser, A. Sorkin, “Constitutive and protein kinase c-
induced internalization of the dopamine transport is mediates by a clathrin-

dependent mechanism,” Traffic, vol.6, pp.157-170, 2005.

[39]C.D. Paspalas, P. Rakic, P.S. Goldman-Rakic, “Internalization of D2 dopamine
receptors is clathrin-dependent and select to dendro-axonic appositions in primate

prefrontal cortex,” European Journal Neuroscience, vol.24, pp.1395-1403, 2006.

[40]C.R. Scherzer, A.C. Eklund, L.J. Morse, Z. Liao, J.L. Locascio, et al, “Molecular
markers of early Parkinson’s disease based on gene expression in blood,”

Proceeding of the National Academy of Sciences, vol.104, no.3, pp. 955-960, 2007.

[41]P. Barbanti, G. Fabbrini, A. Ricci, R. Cerbo, E. Bronzetti, B. Caronti, C. Calderaro,
L. Felici, F. Stocchi, G. Meco, F. Amenta, and G.L. Lenzi, “Increased expression of

dopamine receptors on lymphocytes in Parkinson's disease,” Movement Disorder,
vol.14, no.5, pp.764-771, 1999.

213



[42]A. Sidhu, C. Wersinger, P. Vernier, “a-synuclein regulation of the dopaminergic
transporter: a possible role in the pathogenesis of Parkinson’s disease,” FEBS

Letters, vol. 565, pp.1-5, 2004.

[43]S. Murase, and R.D. McKay, “A specific survival response in dopamine neurons at
most risk in Parkinson’s disease,” The Journal of Neuroscience, vol. 26, no.38, pp.

9750-9760, 2006.

[44]H.J. Rideout, P. Dietrich, M. Savalle, W.T. Dauer, L.Stefanis, “Regulation of a-
synuclein by bFGF in cultured ventral midbrain dopaminergic neurons,” Journal of

Neurochemistry, vol.84, pp. 803-813, 2003.

[45]C. Wider, J.C. Dachsel, A.I. Soto, M.G. Heckman, N.N. Diehl, M. Yue, S. Licoln,
J.0. Aasly, K. Haugarvoll, J.Q. Trojanowski, et al, “FGF20 and Parkinson’s disease:
an association or pathogenicity via a-synuclein expression,” Movement Disorders,

vol. 24, no.3, pp. 455-459, 20009.

[46]Y. Xu, A.H. Stokes, R. Roskoski Jr, and K.E. Vrana. “Dopamine in the presence of
tyrosinase, covalently modifies and inactivates tyrosinase hydroxylase,” Journal of

Neuroscience Research vol. 54, pp.691-697, 1998.

[47]T. Hasegawa, M. Matsuzaki, A. Takeda, A, Kikuchi, K. Furukawa, S. Shibahara,
and Y. Itoyama, “Increased dopamine and its metabolites in SH-SYS5Y
neuroblastoma cells that express tyrosinase,” Journal of Neurochemistry, vol. 87,

pp. 470-475, 2003.

[48]E. Greggio, E. Bergantino, D. Carter, R. Ahmad, G-E. Costin, V.J. Hearing, J.
Clarimon, A. Singleton, J. Eerola, O. Hellstrom, P.J. Tienari, D.W. Miller, A.
Beilina, L. Bubacco and M.R. Cookson, “Tyrosinase exacerbates dopamine toxicity
but is not genetically associated with Parkinson’s disease,” Journal of

Neurochemistry, vol.93, pp.246-256, 2005.

[49]C. Puckett, C.M. Gomez, J.R. Korenberg, H. Tung, T.J. Meier, X.N. Chen, and L.
Hood, “Molecular cloning and chromosomal localization of one of the human
glutamate receptor genes,” Proceeding of the National Academy of Sciences, vol.8,

pp.7557-7561, 1991.
214



[S0]F. Calon, A.H. Rajput, O. Hornykiewicz, P.J. Bédard, T Di Paolo, Levodopa-
induced motor complications are associated with alterations of glutamate receptors

in Parkinson’s disease, Neurobiology of Disease, vol. 14, pp.404-416, 2003.

[51]C.M. Field, and D. Kellogg, “Septins: cytoskeletal polymers or signaling
GTPases?,” Trends in Cell Biology, vol.9, pp.387-394, 1999.

[52]L. Shehadeh, G. Mitsi, N. Adi, N. Bishopric, and S Papapetropoulos, “Expression of
Lewy body protein septin 4 in postmortem brain of Parkinson’s disease and control

subject,” Movement Disorder, vol.24, pp. 204-210, 2008.

[53]M. Ihara, N. Yamasaki, A. Hagiwara, A Tanigaki, A Kitano, R. Hikawa, H.
Tomimoto, M. Noda, M Takanashi, H. Mori, N. Hattori, T. Miyakawa, and M
Kinoshita, “Sept4, a component of presynaptic scaffold and lewy bodies, is required

for the suppression of a-synuclein neurotoxicity,” Neuron vol.53, pp. 519-533,

2007.

[54]Lihuan Cao et al, “The evolution, complex structures and function of septin

proteins,” Cellular and Molecular Life Science, vol.66, pp.3309—3323, 2009.

[55]S.S Hébert, K. Horré, L. Nicolai, A.S. Papadopoulou, W. Mandemakers, A.N.
Silahtaroglu, S. Kauppinen, A. Delacourte, and B. De Strooper, “Loss of
microRNAs cluster miR-29a/b-1 in sporadic Alzheimer’s disease correlates with
increased BACE 1/B-secretase expression”, Proceeding of the National Academy of
Sciences, vol.105, pp.6415-6420, 2008.

[56]M. Shioya, S. Obayashi, H. Tabunoki, K. Arima, Y. Saitoh, T. Ishida, and J. Satoh,
“Aberrant microRNAs expression in the brains of neurodegenerative diseases: miR-
29a decreased in Alzheimer disease brains targets neuron navigator-3”,
Neuropathology and Applied Neurobiology, doi:10.1111/j.1365-2990.2010.01076.x,
2010.

[57]C. Schnack, K.M. Danzer, B. Hengerer, and F. Gillardon, “Protein array analysis of
oligomerization-indiced changes in alpha-synuclein protein-protein interactions
points to an interference with CDC42 effector proteins,” Neuroscience, vol. 154, pp.
1450-1457, 2008.

215



[58]F. Sohrabji, and D.K. Lewis, Estrogen-BDNF interactions: implications for
neurodegenerative diseases, Frontiers in Neuroendocrinology, vol.27, pp.404-414,
2006.

[59]T.J. Collier, Z. Dung Ling, P.M. Carvey, A. Fletcher-Turner, D.M. Yurek, J.R.
Sladek Jr, J.H. Kordower, “Striatal trophic factor activity in aging monkeys with
unilateral MPTP-induced parkinsonism,” Experimental Neurology, vol.191, suppl. 1,
pp.60-67, 2005.

[60]P.E. Batchelor, G.T. Liberatore, J.Y. Wong, M.J. Porritt, F. Frerichs, G.A. Donnan,
D.W. Howells, “Activated macrophages and microglia induce dopaminergic
sprouting in the injured striatum and express brain-derived neurotrophic factor and
glial cell line-derived neurotrophic factor,” Journal Neuroscience, vol.19, no.5,
pp-1708-1716, 1999.

[61]M.G. Murer, Q. Yan, and R. Raisman-Vozari, “Brain-derived neurotrophic factor in
the control human brain, and in Alzheimer’s disease and Parkinson’s disease,”

Progress in Neurobiology, vol. 63, pp.71-124, 2001.

[62] A. Othberg P. Odin, A. Ballagi, A. Ahgren, K. Funa, and O. Lindvall, “Specific
effects of platelet derived growth factor (PDGF) on fetal rat and human
dopaminergic neurons in vitro,” Experimental Brain Research, vol.105, pp.111-
22,1995.

[63]K. Parain, M.G. Murer, Q. Yan, B. Faucheux, Y Agid, E, Hirsch, and R, Raisman-
Vozari, “Reduced expression of brain-derived neurotrophic factor protein in

Parkinson's disease substantia nigra,” Neuroreport, vol.10, pp.557-561,1999.

[64]Z. Salehi, F. Mashayeki, “Brain-derived neurotrophic factor concentrations in the
cerebrospinal fluid of patients with Parkinson’s disease,” Journal Clinical

Neuroscience, vol.16, pp.90-93, 2009.

[65]C. Knott, G. Stern, A. Kingsbury, A.A. Welcher. G.P. Wilkin, “Elevated glial brain-
derived neurotrophic factor in Parkinson’s diseased nigra,” Parkinsonism and
Related Disorders, vol.8, pp. 329-341, 2002.

216



[66]]. De Keyser, N. Wilczak, J.P.De Backer, L. Herroelen, and G. Vauquelin, “Insulin-

like growth factor-I

receptors

in human brain and pituitary gland:

autoradiographic study,” Synapse vol. 17, pp.196-202, 1994.

an

[67]D. Offen, B. Shtaif, D. Hadad, A. Weizman, E. Melamed, 1. Gil-Ad, “Protective

effect of insulin-growth-factor-1 against dopamine-induced neurotoxicity in human

and rodent neuronal cultures: possible implications for Parkinson’s disease,”

Neuroscience Letters, vol.316, no.3, pp.129-132, 2001.

[68]H-S. Kao, “Rescue of a-synuclein cytotoxicity by insulin-like-growth factors,”

Biochemical and Biophysical Research Communications, vol. 385, pp.434-438,

2009.

[69]S. Busiguina, A.M. Fernandez, V. Barrios, R. Clark, D.L. Tolbert, J. Berciano, .

Torres-Aleman, “Neurodegeneration is associated to changes in serum insulin-like

growth factors,” Neurobiology of Disease, vol.7, pp.657-665, 2000.

[70]D. Tuncel, F.I. Tolun, and I. Toru, “Serum insulin-like growth factor-1 and nitric

oxide levels in Parkinson’s disease,” Mediators of Inflammation, 1D:132464, 2009.

Suplementary Table 1: Primers used in RT-qPCR

miR MiRNA
acronym sequence

Acro mirF

Forward Primer

miRNA Loop Primer

Universal Reverse
Primer

miRHs26a-2*  CCUAUUCUUGAUUACUUGUULC
miRHs30a UGUAAACAUCCUCGACUGGAAG
miRHs29%a UAGCACCAUCUGAAAUCGGUUA
miRHs1 UGGAAUGUAAAGAAGUAUGUAU
MiRHs16-2*  CCAAUAUUACUGUGCUGCUUUA
miRHs22* AGUUCUUCAGUGGCAAGCUUUA

miRHs26a-2*
miRHs30a
miRHs29a
miRHs1
miRHs16-2*
miRHs22*

5" CCTATTCTTGATTACTTGTTTC
5" TGTAAACATCCTCGACTGGAAG
5" TAGCACCATCTGAAATCGGTTA
5" TGGAATGTAAAGAAGTATGTAT
5" CCAATATTACTGTGCTGCTTTA
5" AGTTCTTCAGTGGCAAGCTTTA

5" GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACGAAACA
5" GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACCTTCCA
5" GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACTAACCG
5" GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACATACAT
5" GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACTAAAGC
5" GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACTAAAGC

5" GTGCAGGGTCCGAGGT
5" GTGCAGGGTCCGAGGT
5" GTGCAGGGTCCGAGGT
5" GTGCAGGGTCCGAGGT
5" GTGCAGGGTCCGAGGT
5" GTGCAGGGTCCGAGGT
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Suplementary

Table 2. List of microRNAs

miRNA Forward primer miRNA Forward primer

mirF99a AACCCgUAgAUCCgAUCUUgUg miR30e* CUUUCAGUCGGAUGUUUACAGC
miRF132* ACCgUggCUUUCgAUUgUUACU miR143* GGUGCAGUGCUGCAUCUCUGGU
miRF100* CAAgCUUgUAUCUAUAggUAUg miR26a-1* CCUAUUCUUGGUUACUUGCACG
miR26a-2*  CCUAUUCUUgAUUACUUguUUC miR126 UCGUACCGUGAGUAAUAAUGCG
miR128 UCACAgUgAACCggUCUCUUU let7d AGAGGUAGUAGGUUGCAUAGUU
miR30d UgUAAACAUCCCCgACUggAAg miR24-1* UGCCUACUGAGCUGAUAUCAGU
miR30a* CUUUCAgUCggAUgUUUgCAgC miR99b* CAAGCUCGUGUCUGUGGGUCCG
miR342-3p  UCUCACACAgAAAUCQCACCCgU miR29a UAGCACCAUCUGAAAUCGGUUA
miR138-2*  gCUAUUUCACgACACCAggguU miR139-5p UCUACAGUGCACGUGUCUCCAG
miR30a UgUAAACAUCCUCgACUggAAg miR16-1* CCAGUAUUAACUGUGCUGCUGA
miR29a* ACUgAUUUCUUUUggUgUUCAg miR125b-2*  UCACAAGUCAGGCUCUUGGGAC
miR99b CACCCgUAgAACCgACCUUgCg miR23a AUCACAUUGCCAGGGAUUUCC
miR139-3p  ggAgACgCggCCCUgUUggAgU miR150* CUGGUACAGGCCUGGGGGACAG
miR191* gCUgCgCuUUggAUUUCgUCCCC miR181b AACAUUCAUUGCUGUCGGUGGGU
miR1 UggAAUgUAAAgAAgQUAUQUAU miR22* AGUUCUUCAGUGGCAAGCUUUA
miR422a ACUGGACUUAGGGUCAGAAGGC miR30c-2* CUGGGAGAAGGCUGUUUACUCU
miR138-1*  GCUACUUCACAACACCAGGGCC miR222* CUCAGUAGCCAGUGUAGAUCCU
let7e UGAGGUAGGAGGUUGUAUAGUU miR191 CAACggAAUCCCAAAAgCAgQCUg
miR23b AUCACAUUGCCAGGGAUUACC miR222 AGCUACAUCUGGCUACUGGGU
miR127-5p  CUGAAGCUCAGAGGGCUCUGAU miR181a AACAUUCAACgCUgUCggUgAgu
miR126* CAUUAUUACUUUUGGUACGCG miR181a* ACCAUCgACCgUUgAUUgUACC
miR145 GUCCAGUUUUCCCAGGAAUCCCU miR26a UUCAAQUAAUCCAggAUAggCU
miR16 UAGCAGCACGUAAAUAUUGGCG miR150 UCUCCCAACCCUUgUACCAgUg
miR23a* GGGGUUCCUGGGGAUGGGAUUU miR30c UgUAAACAUCCUACACUCUCAgC
miR185* AGGGGCUGGCUUUCCUCUGGUC miR125a-5p UCCCUgAgACCCUUUAACCUgUgA
miR16-2* CCAAUAUUACUGUGCUGCUUUA miR125a-3p ACAggUgAgguUCUUgggAgCC
let7c UGAGGUAGUAGGUUGUAUGGUU miR18la-2*  ACCACUgACCgUUgACUgUACC
miR103 AGCAGCAUUGUACAGGGCUAUGA miR132 UAACAQUCUACAQCCAUggUCg
miR27b* AGAGCUUAGCUGAUUGGUGAAC miR24-2* UgCCUACUgAQCUgAAACACAg
let7d* CUAUACGACCUGCUGCCUUUCU let7e* CUAUACggCCUCCUAgCUUUCC
miR23b* UGGGUUCCUGGCAUGCUGAUUU miR342-5p AggggUgCUAUCUgUgAUUgA
miR125b UCCCUGAGACCCUAACUUGUGA miR487b AAUCgUACAgggUCAUCCACUU
miR24 UGGCUCAGUUCAGCAGGAACAG let7c* UAgAgQUUACACCCUgggAgUUA
miR100 AACCCGUAGAUCCGAACUUGUG miR125-b1*  ACgggUUAggCUCUUgggAgCU
miR22 AAGCUGCCAGUUGAAGAACUGU let7b* CUAUACAACCUACUgCcuuccc
miR99a* CAAGCUCGCUUCUAUGGGUCUG miR145* ggAUUCCUggAAAUACUgUUCU
miR99a AACCCGUAGAUCCGAUCUUGUG miR185 UggAgAgAAAggCAgUUCCUQA
let7b UGAGGUAGUAGGUUGUGUGGUU miR30-c1* CUgggAgAgggUUgUUUACUCC
miR30d* CUUUCAGUCAGAUGUUUGCUGC miR27b UUCACAgUggCUAAgUUCUgC
miR143 UGAGAUGAAGCACUGUAGCUC miR107 AgCAgCAUUgUACAgggCUAUCA
miR138 AGCUGGUGUUGUGAAUCAGGCCG miR30e UgUAAACAUCCUUgACUggAAg
miR127-3p  UCGGAUCCGUCUGAGCUUGGCU miR433 AUCAUgAUgggcuccuCggugu
miR133b UJUUggUCCCCUUCAACCAQCUA
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Capitulo 6.
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Relatorio Descritivo de Patente de Invencao

METODO PARA DIAGNOSTICO E MONITORAMENTO DE ALFA-SINUCLEINOPATIAS PELA

DETERMINACAO DE NfVEIS DE MIRNAS EM AMOSTRAS BIOLOGICAS

Campo da Invencio

A presente invengdo refere-se a métodos in vitro de diagndstico e/ou
prognostico. Mais especificamente, a presente invenc¢ao proporciona um método para o
diagnostico e/ou progndstico de alfa-sinucleinopatias, como a Doenga de Parkinson. O
método da invengdo compreende a quantificacdo comparativa de miRNAs de amostras
de individuos suspeitos ou acometidos de alfa-sinucleinopatias, proporcionando

informacdo diagnostica/prognostica ttil na defini¢do de condutas clinicas.

Antecedentes da Invencao

A Doenca de Parkinson (DP) ¢ uma doenca neurodegenerativa crénica que
acomete homens e mulheres de diferentes ragas e classes sociais. Estudos
epidemiologicos tém demonstrado que a DP ocorre em 1.8'-3.3°% dos individuos com
idade superior a 65 anos. Frente ao aumento da expectativa de vida da populacao
mundial torna-se evidente a tendéncia ao aumento do numero de pessoas
potencialmente acometidas pela DP e a importancia do adequado diagndstico nestes
pacientes. Também tem sido demonstrado piora na qualidade de vida dos individuos
com DP*” e de seus cuidadores®.

A Doenga de Parkinson ¢ uma alfa-sinucleinopatia caracterizada pela ocorréncia
de sintomas motores como rigidez muscular, tremor de repouso, bradicinesia e
instabilidade postural®. Os sintomas ndo-motores da DP incluem disfungdes
autondmicas, sensoriais e neuropsiquiétricas’.

As caracteristicas clinicas da DP e a sua progressdo sdo muito variaveis para

cada paciente. Existem diferentes propostas para os critérios a serem considerados no
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diagnostico clinico da DP. Os critérios propostos pelo Banco de Cérebros de Londres®
tém sido utilizados e consistem em trés etapas: (1) Na primeira etapa ¢ avaliada a
presenca de sintomas compativeis com a sindrome parkinsoniana, na qual é necessaria a
presenga de bradicinesia associada a pelo menos uma das seguintes manifestagdes:
rigidez muscular, tremor de repouso, instabilidade postural. (2) Na segunda etapa sao
considerados os critérios de exclusdo para a DP, ou seja, o individuo ndo pode
apresentar: historia de acidentes vasculares encefalicos de repeticdo com progressao em
degraus de sintomas, histdria de traumas cranianos repetidos, antecedente comprovado
de encefalite, crises oculogiras, uso de neuroléptico desde o inicio dos sintomas da
doenca, mais que um caso de acometimento familiar, remissdo prolongada de sintomas,
persisténcia de acometimento unilateral apds trés anos, paralisia ocular supranuclear,
sinais cerebelares, acometimento autondmico precoce e acentuado, deméncia em fases
iniciais da doenca, sinais piramidais, presenca de lesdes expansivas intra-cranianas
(tumores, hidrocefalia a neuroimagem), exposi¢do ao MPTP, mé-resposta terapéutica a
altas doses de levodopa. (3) Na terceira etapa estdo os critérios denominados como de
sustentacdao para o diagnostico da DP, sendo necessario trés ou mais dos seguintes:
inicio unilateral, acometimento assimétrico; doenga progressiva; assimetria persistente
afetando principalmente o lado de inicio da doencga; resposta excelente a levodopa
(melhora de 70 a 100%); resposta a levodopa por cinco anos ou mais; discinesia

induzida pela terapia com levodopa; evolugao clinica igual ou superior a dez anos.

Atualmente, o diagnostico definitivo para DP s6 € possivel com a confirmagao
pela necropsia. Os critérios propostos para confirmag¢do histopatolégica da DP
consistem em reducdo substancial de células nervosas na substancia negra acompanhada
de gliose; pelo menos um corpusculo de Lewy na substancia negra ou no locus ceruleus
(devem ser examinadas pelo menos quatro diferentes se¢des em cada uma dessas areas
antes de concluir que os corpusculos de Lewy estdo ausentes); nenhuma evidéncia
patologica para outra doenca que produza parkinsonismo, por exemplo: paralisia
supranuclear progressiva, degeneracdo cortico-ganglio-basal, atrofia de multiplos

sistemas®. Ressalta-se, desta forma, a importancia da diferenciagio entre DP e outras
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doengas que apresentem parkinsonismo como paralisia supranuclear progressiva,

degeneracdo cortico-ganglio-basal, atrofia de multiplos sistemas.

Os sinais e sintomas motores da DP devem-se, primariamente, a alteragdes
funcionais dos ntcleos da base. De fato, a progressao das dificuldades motoras na DP
reflete a gradual degeneracao dos neurdnios dopaminérgicos nigroestriatais. No entanto,
ressalta-se que a partir dos achados descritos por Braak e cols (2002)° foi destacado o
envolvimento de diferentes estruturas cerebrais, além dos nucleos da base, na
fisiopatologia da DP o que auxilia a compreender as diferentes manifestagdes motoras e
nao motoras da DP. Apesar dos avangos na compreensao da fisiopatologia da DP a sua
etiologia ainda ndo estd completamente estabelecida. Deve-se destacar que o
diagnostico de DP permanece unicamente baseado em critérios clinicos € na experiéncia
da avaliacdo realizada pelo médico neurologista. Ressalta-se que diversos quadros
clinicos cursam com a ocorréncia tremor o que reforca a necessidade do adequado
diagnéstico diferencial. Estudos atuais sugerem que ¢ freqiiente a presenga de sintomas

ndo motores antecedendo os sintomas motores e desta forma o diagnéstico de DP'°.

Pesquisas em biologia molecular tém estudado e identificado diferentes
microRNAs (miRNAs)"'. As miRNAs sdo seqiiéncias de aproximadamente 22
nucleotideos de RNA (4cido ribonucléico) ndo-codificante e tem sido proposto que
regulem a expressdo do gene através do emparelhamento base-especifico com
RNAmensageiro (RNAm) alvo. At¢é o momento entende-se que a maioria do miRNAs,
em espécies animais, atuem através da inibicao da efetiva traducdo do RNAm de genes
alvo através de um imperfeito pareamento de base com a regido 3’UTR (untranslated
region) dos RNAm alvo. Esse mecanismo parece estar envolvido com a inibi¢do do
inicio da tradugdo'?. Em 2007, foi identificado um miRNA, miR-133b, que é expresso
em neurdnios dopaminérgicos. O miR-133b regula a maturacdo e fun¢do de neurdnios

. .. . . , . 13
dopaminérgicos e foi identificado como deficiente no cérebro de pacientes com DP .

A ocorréncia de alteracdes na expressdo de miRNA também foi descrita em

células tumorais e tem sido proposto que tais alteracdes possam contribuir no
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desenvolvimento do cancer'®. Também foi identificado modificacio na expressio de

miRNA em liquido cérebro-espinhal relacionados a Doenga de Alzheimer'”.

Considerado o potencial da quantificagdo de miRNA para o diagnostico de
diversas patologias a necessidade de utilizar tecido para essa dosagem dificulta a
utilizagdo desta medida em patologias neurologicas. No entanto, a possibilidade da
quantificagdo de miRNAs em sangue venoso periférico poderia ser considerado como
uma ferramenta 1util e de baixo risco se comparado a procedimentos como biopsia

cerebral e puncao de liquido cérebro-espinhal.

A literatura cientifica que circunscreve os objetos da invengdo, sem contudo

antecipa-los ou sequer sugeri-los ¢ apresentada a seguir.
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A literatura patentaria contempla documentos apenas parcialmente relacionados

aos objetos da presente invengao.

O pedido internacional de patente WO 2009/009457 “ALZHEIMER'S
DISEASE-SPECIFIC MICRO-RNA MICROARRAY AND RELATED METHODS*,
depositado pela Fundagao de Pesquisa da Universidade de Louisville, revela métodos de

diagndstico e/ou prognostico de Deméncia de Alzheimer pela medida da quantidade, em
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uma amostra biologica, de um ou mais micro-RNAs relacionados a Deméncia de

Alzheimer.

O pedido internacional de patente WO 2008/153692 “MICRORNA
EXPRESSION PROFILING OF CEREBROSPINAL FLUID®, depositado por THE
BRIGHAM AND WOMEN'S HOSPITAL, INC., revela métodos de diagnodstico nos
quais o nivel de determinado microRNAs especificos sao determinados no fluido
cérebro-espinhal de um individuo. O método pode ser usado para o diagndstico ou

monitoramento de doencgas neurologicas, especialmente tumores cerebrais.

O pedido internacional de patente WO 2007/107789 “TREATMENT OF CNS
CONDITIONS*, depositado por Silentis S.A., revela métodos e composi¢des para o
tratamento de condigdes patologicas do sistema nervoso central, por meio da
administracao intranasal de uma composicdo que modula, por RNA interferéncia, a

expressdo e/ou atividade de genes envolvidos em tais condigdes.

O pedido internacional de patente WO 2009/025852 “METHODS OF USING
miRNA FOR DETECTION OF IN VIVO CELL DEATH”, depositado por Xenomics,
INC. revela métodos nao-invasivos para a detec¢do de morte celular, através da medida
de miRNAs tecido-especificos. O método pode ser aplicado na detec¢ao de patologias
causadas ou acompanhadas de morte celular, efeitos citotoxicos induzidos por fatores

quimicos ou fisicos e a presenca de anormalidades fetais especificas.

O pedido internacional de patente WO 2009/026416 “SHORT-CONTROLLING
NUCLEIC ACIDS USEFUL IN THE TREATMENT AND DETECTION OF
DISEASES®, depositado por VDX LLC, revela métodos para a utilizagdo de sequéncias
curtas controladores (sScCRNAs) para triagem e identificacdo de &cidos nucléicos alvo que
se liguem a seqiiéncias de scRNAs em loop. Também sdo revelados métodos para
detectar scRNAs e métodos para diagnostico e tratamento uteis de doencas nas quais

scRNAs ou niveis aberrantes dos mesmos sao expressos.

O pedido internacional de patente WO 05045034, “RNA INTERFERENCE
MEDIATED TREATMENT OF PARKINSON DISEASE USING SHORT
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INTERFERING NUCLEIC ACID (siRNA)”, depositado por SIRNA Therapeutics,
INC., revela métodos e reagentes uteis na modulagao de genes da Doenga de Parkinson,
por exemplo, a expressdo génica de PARK1 (SNCA), PARK?2, PARK?7, e/ou PARKS
em uma variedade de aplicagdes, incluindo terapéutica, diagnostica, valida¢ao de alvos
e descobertas gendmicas. Especificamente, sdo reveladas moléculas pequenas de acido
nucleico, como siNA, siRNA, dsRNA, miRNA, e shRNA, como moléculas capazes de
mediar a RNA interferéncia contra a expressdo génica e/ou atividade de SNCA. As
referidas moléculas sdo propostas como uteis no diagndstico e tratamento de Doenga de
Parkinson e a qualquer outra doenca ou condigdo que responda & modulagao da

expressdo ou atividade de PARK1 (SNCA), PARK2, PARK?7, e/ou PARKS.

Nao foram encontrados no estado da arte antecedentes que antecipem
integralmente, ou sequer sugiram, mesmo que em combinacdo, a estratégia da presente

invengao.

Sumario da Invencéo

E um dos objetos da presente invengdo proporcionar métodos de diagndstico

e/ou prognostico de alfa-sinucleinopatias, como a Doenca de Parkinson.

Em um aspecto, sendo, portanto, um dos objetos da invengdo, é proporcionado
um método que compreende a quantificagdo comparativa de miRNAs de amostras de

individuos suspeitos ou acometidos de alfa-sinucleinopatias.

E também um outro objeto da presente invengdo proporcionar um método
diagnostico/prognostico que compreende a quantificagdo comparativa de miRNAs
(microRNAs) selecionados de um grupo que compreende: miR 1, miR16-2*, miR22*,
miR26a2*, miR29a, miR30a, miR487b, let7c*, miR16, miR100, miR150, miR125-b1*,

miR132 e miR191, ou ainda combinagdes dos mesmos.

Estes e outros da presente invengdo serdo melhor compreendidos e valorizados

a partir da descricao detalhada da invengao e das reivindicagdes anexas.
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Breve Descricao das Figuras

A figura 1 mostra o padrdo de expressdao de microRNAs com niveis alterados na
comparacdo entre individuos controle (Cnt) e diagnosticados clinicamente como

apresentando a Doencga de Parkinson (PD) — Grupo I (Low temperature).

A figura 2 mostra o padrdo de expressao de microRNAs com niveis alterados na
comparagdo entre individuos controle (Cnt) e diagnosticados clinicamente como

apresentando a Doenga de Parkinson (PD) - Grupo II (High temperature).

Descricao Detalhada da Invencao

Os detalhes relatados a seguir visam facilitar a reprodu¢do da invencao,
devendo, portanto, ser compreendidos como meramente ilustrativos, sem com isso

restringir o escopo da invencgao.

A presente invengdo ¢ baseada no fato de que alguns miRNAs sdo expressos em
diferentes niveis em sangue periférico, quando avaliado pacientes com Doenca de
Parkinson em relacdo a individuos sem a doenca. Esta observagdo permite considerar a
utilizacdo de sangue periférico na avaliacdo desta patologia. A comparacdo pode ser
feita entre os niveis de miRNA em sangue venoso de um determinado individuo em
relagdo a controles. A comparagao pode ser feita de forma direta ou pelo calculo da
razdo entre os microRNAs e a determinagdo da presenca da patologia (e sua evolugdo
ou remissdo) se a relagdo exceder limites de 25, 50 ou 75% em relagdo aos niveis

observados em individuos controle, sem a doenca.

A invengdo ¢é direcionada para o diagndstico e monitoramento de uma alfa-
sinucleinopatia, a Doenca de Parkinson, a partir de amostra de sangue venoso em um
determinado individuo. O termo diagnostico se refere a deteccdo da doenca. O termo

monitoramento se refere aos testes realizados em pacientes com o diagndstico prévio da
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referida doenca tendo como proposta medir a progressdo da doenca ou efeito do

tratamento.

Em uma concretizagdo preferencial, o método da invencdo compreende a
obtencdo de uma amostra de sangue venoso periférico de um dado individuo e a anélise
dessa amostra para determinar a concentracdo ou quantidade de uma série de até
quatorze microRNAs em analise. Os resultados obtidos sdo comparados com os obtidos
de amostras controle. A amostra controle provém de individuos livres da doenga. No
caso em que o método for utilizado para monitorar a doenga, a amostra “controle” é o
resultado do teste obtido do préprio paciente na medida anterior. Ou seja, o paciente
pode ser avaliado para mudangas nos niveis de miRNAs em diferentes momentos e
estagios da doenca, assim como previamente e posteriormente a determinada

interveng¢ao terapéutica (medicacao ou cirurgia).

Ressalta-se que ndo ¢ necessario que a amostra controle seja obtida e analisada
no mesmo momento em que esteja sendo realizada a andlise da amostra teste. Uma vez
que os dados “controle” podem ser pré-estabelecidos, esses niveis poderdo fornecer a
base para comparagdo sem a necessidade de repetir uma nova analise do controle para
cada teste a ser analisado. A comparagdo entre as amostras teste e controle fornece a
base para a conclusdo quanto ao fato de o individuo ser acometido por uma alfa-
sinucleinopatia (por exemplo, Doenga de Parkinson) em analise no caso do método estar
sendo utilizado para o diagnéstico ou se a doenga estd progredindo ou regredindo; no
caso do método estar sendo utilizado para monitorar a patologia. De um modo geral,
quanto maior diferenca entre a amostra teste e a amostra controle, mais intensa a

indicagdo da presenca da doenga.

Os microRNAs empregados no método da inveng¢do incluem: miR-1; miR16-2%;
miR22*; miR26a2*;miR29a; miR30a; miR487b; let7c*; miR16, miR100, miR150,
miR125-b1*, miR132 e miR191. As designagdes fornecidas estdo associadas a

sequéncias especificas que podem ser encontradas no registro de microRNA
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(http://microrna.sanger.ac.uk/sequences/). Os microRNAs referem-se a sequéncias

encontradas em humanos, ilustrada/os na tabela 1.

Tabela 1: Sequéncia nucleotidica dos microRNAs maduros, com os quais foi desenvolvido a

metodologia para diagnostico de alfa-sinucleinopatias.

MicroRNA Seqiiéncia
miR-1 UGGAAUGUAAAGAAGUAUGUAU
let-7c* UAGAGUUACACCCUGGGAGUUA
miR-22* AGUUCUUCAGUGGCAAGCUUUA
miR-26a2* CCUAUUCUUGAUUACUUGUUUC
miR-292 UAGCACCAUCUGAAAUCGGUUA
miR-302 UGUAAACAUCCUCGACUGGAAG
miR-16-2* CCAAUAUUACUGUGCUGCUUUA
miR-487b AAUCGUACAGGGUCAUCCACUU
miR-16 UAGCAGCACGUAAAUAUUGGCG
miR-100 AACCCGUAGAUCCGAACUUGUG
miR-150 UCUCCCAACCCUUGUACCAGUG
miR-125-b1* ACGGGUUAGGCUCUUGGGAGCU
miR-132* ACCGUGGCUUUCGAUUGUUACU
miR-191 CAACGGAAUCCCAAAAGCAGCUG

Por vezes, ha membros da familia destes miRNAs que sdo reconhecidos e os

quais poderiam ser considerados como equivalentes a seqiiéncia especifica. Apesar das

seqiiéncias serem apresentadas como seqiiéncias de RNA, deve ser compreendido que

se referindo a hibridizagdo ou outros ensaios as seqiiéncias de DNA correspondente
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podem ser utilizadas da mesma forma. Por exemplo, seqiiéncia de RNA pode ser
transcrita ao reverso e amplificada usando a reacdo em cadeia da polimerase visando
facilitar a deteccdo. Nesses casos serd o DNA diretamente quantificado. Também deve
ser esclarecido que o complemento da seqiiéncia de DNA transcrita ao reverso pode ser
analisado ao invés da seqii€ncia em si. Nesse contexto, o termo complemento se refere

ao oligonucleotideo que apresenta a exata seqiiéncia complementar.

Para analise dos microRNAs a partir da amostra de sangue ¢ utilizado o método
de PCR quantitativo, com o emprego de fluoréforos intercalantes como o SYBR-green
(ou equivalente) como descrito no trabalhos de Chen et al de 2005 (Real-time
quantification of microRNAs by stem-loop RT-PCR. Nucleic Acids Research 33:¢179)
e de Jiang JM et al de 2005 (Real-time expression profiling of microRNA precursors in

human cancer cell lines. Nucleic Acids Research 33: 5394-5403).

Também podem ser utilizadas sondas marcadas com fluordforos especificos
(FAM, HEX, TAMRA ou outros) como descrito em trabalhos correlacionando niveis de
miRNAs com o cancer (Chen et al. 2009. The role of microRNA expression pattern in
human intrahepatic cholangiocarcinoma. Journal of Hepatology 50: 358-369; Childs et
al. 2009. Low-Level Expression of MicroRNAs let-7d and miR-205 Are Prognostic
Markers of Head and Neck Squamous Cell Carcinoma. American Journal of Pathology
174: 736-745; Sun et al. 2008. Curcumin (diferuloylmethane) alters the expression
profiles of microRNAs in human pancreatic cancer cells. Molecular Cancer
Therapeutics 7: 464-473; Szafranska et al. 2008. Analysis of microRNAs in pancreatic
fine-needle aspirates can classify benign and malignant tissues. Clinical Chemistry 54:
1716-1724; Tang et al. 2008. Effect of alcohol on miR-212 expression in intestinal
epithelial cells and its potential role in alcoholic liver disease. Alcoholism-Clinical and
Experimental Research 32: 355-364).

O nivel de expressao dos microRNAs quantificada, tendo-se como base a
metodologia de PCR em tempo real, serd realizada em duas etapas. Na 1* etapa, uma
série de até 14 oligonucleotideos (multi-plex) contendo uma seqiiéncia universal

fusionada a uma seqiiéncia microRNA especifica de seis nucleotideos sera utilizado
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para a sintese de cDNA a partir do microRNA. Na 2? etapa, as reacoes de PCR em
tempo real serdo realizadas utilizando um oligonucleotideo que ¢ microRNA especifico
e um oligonucleotideo complementar a seqiiéncia universal presente no

oligonucleotideo utilizado para a sintese dos cDNAs.

As reagoes de PCR quantitativa em tempo real (qPCR) serdo realizadas em
equipamento padrao. De forma ilustrativa, considera-se que a PCR apresente etapas das
reagdes que serao compostas de uma desnaturagdo inicial a 94°C por 5 minutos, seguido
por 40 ciclos de 10s a 94°C, 15s a 60°C e 10s a 72°C. Apds, as amostras serdo
aquecidas de 60 para 99°C com um aumento de 0,1°C/s para adquirir os dados
produzidos pela curva de desnaturagao dos produtos amplificados. qRT-PCRs serdo
feitos em um volume final de 20 pLL composto de 10 pL. de cada amostra de cDNA
diluida de 50 a 100 vezes em 2 pL de Platinum Taq 10x PCR buffer, 1,2 uL MgCl, 50
mM, 0,4 uL dNTPs 5 mM, 0,4 pL do par de oligonucleotideos a 10 uM, 3,95 uL H,O,
2,0 uL SYBR green ou sonda marcada, e 0,05 pL. Tag DNA polymerase (5 U/uL).

Os versados na arte valorizardo imediatamente os importantes beneficios
decorrentes do uso da presente invengdo. Variagdes na forma de concretizar o conceito
inventivo aqui exemplificado devem ser compreendidas como dentro do espirito da

invencao e das reivindicacdes anexas.

231



Reivindicacoes

METODO PARA DIAGNOSTICO E MONITORAMENTO DE ALFA-SINUCLEINOPATIAS PELA

1.

DETERMINACAO DE NiVEIS DE MIRNAS EM AMOSTRAS BIOLOGICAS

M¢étodo para diagnéstico/progndstico de alfa-sinucleinopatias em

determinado individuo, caracterizado por compreender:

a) determinar a concentragdo, em um material compreendendo fluido
e/ou tecido bioldgico, da quantidade ou niveis de um grupo de
microRNAs através de metodologias de PCR quantitativa utilizando
fluoréforos intercalantes e/ou sondas fluorescentes;

b) comparar a concentragdo ou quantidade de um ou do conjunto dos
microRNAs determinada na etapa “a” com a concentragdo ou
quantidade dos mesmos de uma ou mais amostras bioldgicas de
individuos controle.

M¢étodo, conforme reivindicagdo 1, caracterizado pelo fato de que a

referida alfa-sinucleinopatia ¢ a Doenca de Parkinson.

Me¢étodo, conforme reivindicagdo 1, caracterizado pelo fato de que o

referido fluido bioldgico ¢ sangue.

Me¢étodo, conforme reivindicagdo 1, caracterizado pelo fato de que o

referido material biolodgico compreende células mononucleares.

M¢étodo, conforme reivindicagdo 1, caracterizado pelo fato de que os

microRNAs sdo selecionados de um grupo que compreende: miR 1,

miR16-2*, miR22*, miR26a2*, miR29a, miR30a, miR487b, let7c*,

miR16, miR100, miR150, miR125-b1* miR132 e¢ miR191, ou ainda
combinacodes dos mesmos.

M¢étodo, conforme reivindicacdo 1, caracterizado por compreender

amostras de individuos submetidos a tratamentos ou modificacdo de
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tratamentos farmacoterapicos para alfa-sinucleinopatias ¢ Doenca de

Parkinson, baseadas na quantificacdo de um ou mais miRNAs.

Método para determinar a eficiéncia de tratamento e/ou progressao de alfa-

sinucleinopatias e/ou Doenga de Parkinson em um individuo, caracterizado

por compreender:

a.

b.

obter uma série de amostras bioldgicas de um mesmo individuo,
ao longo de um periodo de tempo;

analisar uma série de amostras biologicas para identificar e
determinar a quantidade de um ou mais miRNAs correlacionados a
alfa-sinucleinopatias e Doenca de Parkinson; onde um ou mais
miRNA s3o selecionados do grupo que compreende: miR 1,
miR16-2*, miR22*, miR26a2*, miR29a, miR30a, miR487b e
let7c*, miR16, miR100, miR150, miR125-b1*, miR132 e miR191,
ou ainda combinag¢oes dos mesmos; e

comparar as mudangas mensuraveis de quantidades de um ou mais
dos miRNAs em cada uma das amostras biologicas
proporcionando indicadores para a determinagdo da eficiéncia do
tratamento e/ou progressdo da alfa-sinucleinopatias e/ou Doenca

de Parkinson.
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Resumo

METODO PARA DIAGNOSTICO E MONITORAMENTO DE ALFA-SINUCLEINOPATIAS PELA

DETERMINACAO DE NiVEIS DE MIRNAS EM AMOSTRAS BIOLOGICAS

A presente invencdo revela um método de diagnostico/progndstico de alfa-
sinucleinopatias como a Doenca de Parkinson. O método da invengdo compreende a
deteccdo do nivel de microRNAs maduros especificos em amostras de fluidos
bioldgicos como o sangue, sendo ttil para o diagnostico, monitoramento de resposta a

tratamento quimico ou cirurgico.
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Figura 1

Log , Expressao relativa

4,00

OCnt mPD

1,856
2,00 T
1,00
0,591
0,50 !
2 0,538 0,526 0,511 0,541 0495
0,460 !

0,25

miR1l  miR16-2* miR22* miR26a2* miR29a miR30a miR487b  let7c*

235



Figura 2
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Consideracoes Finais

O aumento da expectativa de vida da populacdo mundial ¢ evidente, com isso
¢ possivel que um maior nimero de pessoas venha a apresentar manifestagdes
clinicas relacionadas ao envelhecimento. A DP ¢ a segunda doenca
neurodegenerativa mais comum cujo fator de risco mais importante € o
envelhecimento. Pesquisas vém sendo desenvolvidas na busca da compreensdo dos
processos degenerativos tanto na identificacio de biomarcadores como em

intervengoes terapéuticas.

A DP pode comprometer a qualidade de vida dos pacientes. Em nossos
estudos demonstramos através da escala WHOQOL-OLD de avaliagdo da qualidade
de vida uma correlagdo de pior qualidade de vida com estagios avangados da doenca.
A presenca de sintomas depressivos foi outro fator relacionado com prejuizo na
qualidade de vida (capitulo 2). Demonstramos também que determinadas facetas na

qualidade de vida se correlacionam com a qualidade de sono.

O sono na DP foi outro aspecto que estavamos interessados em explorar neste
trabalho. A informacdo de que muitos pacientes com DP apresentam alteragcdes do
sono permite considera-lo como um aspecto a ser periodicamente reavaliado tanto
por que alteragdes do sono podem ocorrer precocemente na doenga, como pela
possivel alteragdo ao longo da evolugdo da DP. Assim, a partir da utilizacdo das
ferramentas e medidas estudadas nesse trabalho, passa a ser um topico, para

pesquisas futuras, a realiza¢do de estudos com delineamento longitudinal que visem

237



identificar potenciais correlagdes entre o processo de progressivo comprometimento
motor ¢ padrdes de alteracdo do sono. Estudos de seguimento e reavaliagao desses
pacientes poderao ser realizados tanto com o emprego da versao brasileira da escala
de sono para doenga de Parkinson — que agora validada no nosso meio (capitulo 1)
poderd ser utilizada em pesquisas e na pratica clinica — assim como através de

medidas obtidas por exames de polissonografia.

Reafirmando o interesse de avaliacdo do seguimento dos achados que até
agora observamos esta o efeito identificado na microestrutura do sono. Poderiamos
propor que a maior densidade dos fusos do sono nos pacientes com DP (sem
tratamento) em comparagdo a individuos sem a doenca possa estar relacionado a
alteracdo no mecanismo de regulagdo da produgao de fusos (tanto provocado por um
aumento do estimulo ou por uma reducao da inibi¢do) (capitulo 3). Isso pode ser
decorrente da neurodegeneracao de estruturas tais como o nucleo pedunculopontino
observada na DP. Assim, alteragdo nas vias colinérgicas poderia interferir na
hiperpolarizacdo dos neurdnios reticulares e, consequentemente, reduzir a inibi¢cao da
producdo dos fusos do sono. No nosso estudo ndo foi identificada modificacdo do
efeito apos o tratamento com levodopa. No entanto, frente ao pequeno numero de
pacientes avaliados e ao curto tempo de tratamento, a analise da densidade dos fusos
do sono merece ser realizada com um maior nimero de pacientes, em diferentes
estdgios da doenca e idealmente em estudos com delineamento longitudinal.
Destacamos que alguns estudos, desenvolvidos previamente, descreveram a redugdo
do nimero de fusos do sono ou nao identificaram a alteragdo; nesses estudos a
amostra era constituida por individuos em diferentes estagios da doenga e utilizando
variadas medica¢des antiparkinsonianas. Logo, permanecem questdes em relagdo a
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densidade de fusos do sono na DP: se decorrem de uma modificagdo na regulagcdo
dos fusos, se 0 aumento observado nos estagios iniciais da doenga resulta de uma
resposta adaptativa a qual se esgota com a evolucdo da doencga, ou se provém do
efeito de diferentes esquemas medicamentosos, ou ainda da soma desses fatores.
Ainda, no que se refere aos fusos do sono também merece ser avaliado, numa
proxima etapa da pesquisa, as caracteristicas dos fusos como a amplitude, a duragao
e a freqliéncia interna, pois dessa forma poderad ser ampliada a compreensao desses

elementos.

Modificacao da microestrutura do sono também pode ser constatada com a
avaliacdo do PAC (capitulo 4) que evidenciou reducao da duragao dos subtipos A do
PAC no sono NREM. Estudos prévios ja haviam descrito a reducao do subtipo Al do
PAC com o avango da idade e que tal achado poderia estar relacionado a uma
manifestagdo de menor capacidade do cérebro de manter o sono. Logo, poderiamos
supor que frente ao processo degenerativo observado na DP essa manifestacdo tenha
se mostrado acentuada nos pacientes. Assim, demonstramos que a analise do PAC
pode ser uma ferramenta 1til na avaliagdo dos pacientes com DP. Ressaltamos que as
consideracdes expostas acima relacionadas ao seguimento dos pacientes na analise
dos fusos do sono também devem ser analisadas em estudos com o PAC, tanto no
que se refere ao aumento da amostra a ser estudada quanto na avaliagdo em
diferentes estagios da doenca e nos variados esquemas terapéuticos. Dado que os
pacientes em estagios iniciais apresentaram alteracio em duas medidas de

microarquitetura do sono: fusos e PAC.

Além dessas alteragdes na neurofisiologia do sono observadas na DP também

foi explorado por nosso grupo alteragdes na expressao de microRNAs. No presente
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estudo identificamos diferenca de expressao de microRNAs em sangue periférico
quando comparamos dados de pacientes com DP e individuos sem a doenca Os
pacientes com DP apresentaram menor expressao de miR-1, miR-22* e miR-29.
Também, analisando em conjunto dados de expressao do miR-16-2*, miR-26a2* e
miR-30a identificamos que a maior expressdao ocorreu nos individuos com DP com
inicio precoce em relagdo aos grupos controle e de pacientes ndo tratados. O fato de
se tratar de uma andlise baseada em sangue periférico permite maior facilidade e
seguranca quanto ao procedimento de coleta para obter a informagdo quanto a
expressao dos miRNA, sobretudo quando comparado a outros estudos que avaliaram
microRNA em LCR ou em tecido. Dessa forma, ¢ do interesse dos autores ampliar a
amostra de individuos estudados, assim como acompanhar os ja avaliados quanto a
possivel modificagdo da expressdo desses microRNAs ao longo da evolucao da

doenca.

Nao restam duavidas quanto a complexidade dos diversos mecanismos
associados as diferentes manifestagdoes da DP. A possibilidade de associar as
diferentes medidas tanto clinica quanto eletrofisiolégica ou molecular de avaliagdo
desses pacientes podera ampliar a compreensdo da doenca de Parkinson. Sobretudo
devemos poder considerar que as diversas ferramentas de avaliacdo possam ser
complementares visando a identificacdo de biomarcadores, pois nos cabe reconhecer
que as diferentes manifestagdes identificadas ndo sdo expressdes isoladas e; sim,

fazem parte de uma rede de interagdes, vias e mecanismos que compdem a DP.
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Anexo

Anexo I: Escala de Sono para doenca de Parkinson
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Escala de Sono para Doencga de Parkinson (PDSS)

Como vocé classificaria 0 que segue baseado na sua experiencia na ultima

semana (coloque um X no local apropriado da linha)

1.A qualidade total de seu sono
noturno é:
PESSIMA EXCELENTE
2\Vocé tem dificuldade em pegar no
sono acadanoite?
SEMPRE NUNCA
3.Vocé tem dificuldade em
permanecer dormido?
SEMPRE
NUNCA
4Vocé tem inquietude das pernas ou
dos bragos a tardinha ou a noite
i & ?
causando interrupgdo do sono? SEMPRE NUNCA
5.Vocé se remexe cama?
SEMPRE NUNCA
6.Vocé sofre de sonhos
perturbadores a noite?
SEMPRE NUNCA
7NVocé sofre de alucinacéo
perturbadoraa noite (vendo ou
ouvindo coisas que lhe dizem ndo SEMPRE NUNCA
existirem)?
8.Vocé levanta a noite para urinar?
SEMPRE NUNCA
9.Vocé tem incontinencia urinaria
por queficaincapaz de se mover
devido aos sintomas “ off” (perdad
acdo dos remédios)? SEMPRE NUNCA
10.Vocé sentedorménciaou
formigamento nos bracos ou pernas
que lhe acordam anoite?
SEMPRE NUNCA
11.Vocétem cdibras musculares
dolorosas em seus bragosou
pernas enquanto dorme anoite? SEMPRE NUNCA
12.Vocé acordacedo pelamanha
numaposicdo dolorida de pernas e
bra(;os? SEMPRE NUNCA
13.Vocé tem tremor quando acorda?
SEMPRE NUNCA
14Vocé se sente cansado e
sonolento apds acordar de manha?
SEMPRE NUNCA
15.Vocé jaadormeceu
inesperadamente durante o dia?
FREQUENTEMENTE NUNCA
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