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RESUMO

A doenga de Parkinson (DP) € uma afecc¢do do sistema nervoso central (SNC), a qual é
expressa de forma cronica e progressiva. E resultante da morte dos neurdnios produtores
de dopamina cerebrais. Estudos genéticos e epidemioldgicos t€ém destacado o papel da
neuroinflamacdo na fisiopatologia da DP, ressaltando que o processo de
neuroinflamagdo estd associado a morte de neurdnios dopaminérgicos. No sangue
periférico ou nos tecidos, leucdcitos ativados por padrdoes moleculares associados a
patdgenos (PAMP) e/ou a danos teciduais (DAMP), via receptores Toll-like (TLR),
produzem mediadores pré e anti-inflamatorios, cujo desequilibrio pode levar a um
processo inflamatério cronico. Em condicdes fisiolégicas sdo detectadas trés
subpopulagdes de mondcitos no sangue periférico humano: os classicos (CD147*CD16
), os intermedidrios (CD14"*CD16") e os ndo cldssicos (CD14"CD16""), estas células
apresentam diferencas fenotipicas e funcionais que podem influenciar nas caracteristicas
da resposta imune contra DAMPs ou PAMPs. O objetivo deste estudo foi comparar o
potencial de leucdcitos do sangue periférico de pacientes com DP ou individuos sadios
na producao de citocinas (TNFa e IL-10) apds estimulo celular com agonistas de TLR4
(LPS) ou TLR2/1(Pam3Cys), avaliar o efeito da idade dos pacientes DP na producdo de
citocinas em hemoculturas, investigar o percentual de subpopulacdes de mondcitos
expressando TLR1, TLR2 e TLR10, avaliar a influéncia da expressdao de TLR10 na
atividade bioldgica de TLR2 ao seu agonista, em culturas de CMN. Foram avaliados
dois grupos de pacientes com DP (< 55 anos e > 65 anos), com idade compativel com os
controles saudaveis (n = 26). A produ¢do de TNFa em hemoculturas foi aumentada
apos a estimulacdo de TLR4 (6 h), principalmente em pacientes com DP adultos jovens,
enquanto que os niveis de TNF-a e IL-10 induzidos por TLR2 diminuiram em pacientes
com DP independentemente da idade (p < 0,05). Observou-se uma correlacio inversa
entre a produ¢do de TNFa induzida pelo LPS e a idade em pacientes com DP e
controles, mas o TNFa induzido pelo agonista de TLR2 ndo estava associado com a
idade dos pacientes com DP ou dos controles. A produciao de TNFa induzida por TLR4,
mas ndo por TLR2 foi inversamente associada a idade de inicio e duracdo da DP. Nao
foram detectadas associacOes entre os escores da UPDRS e os niveis de citocnas. Foi
observado um maior percentual da subpopulacio de mondcitos CDI14""CD16" no

sangue dos pacientes com DP em relacdo aos controles sadios, assim como maior
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percentual de mondcitos de pacientes expressando o TLR10. A expressdao de TLR2 e
TLR10 em mondcitos do sangue periférico de pacientes com DP estava aumentada em
relacdo a dos controles sadios. Os resultados sugerem que a resposta de leucécitos do
sangue periférico ao ligante de TLR2 é reduzida na DP e que a elevacdo da expressdo de
TLR10 em mondcitos influencia inibindo a atividade biolégica de TLR2 ao seu
agonista, demonstrada no experimento de neutralizagdo de TLR10. Verificou-se que o
grupo de pacientes DP com maior gravidade da doenca, avaliada pela escala UPDRS,
apresentava menor percentual de mondcitos expressando o TLR10, sugerindo a
expressdo deste receptor em leucécitos do sangue periférico como um possivel
marcador prognéstico para a DP. Estes achados, em conjunto, podem desempenhar um
importante papel na imunopatologia da DP. O estudo da expressdo celular de TLR em
leucécitos periféricos e no SNC, das vias de sinalizac¢do intracelular e da producdo de
mediadores pré e anti-inflamatérios, € necessario a fim de melhor esclarecer o papel dos
TLR na patogénese DP e talvez para a identifica¢do de biomarcadores de prognéstico da

doenca no sangue dos pacientes.

Palavras-chave: Doenca de Parkinson. Mondcitos. Toll-like receptors. citocinas.
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ABSTRACT

Parkinson's disease (PD) is a condition of the central nervous system (CNS), chronic
and progressive, resulting from the death of brain dopamine-producing neurons. Genetic
and epidemiological studies have highlighted the role of neuroinflammation in the
pathophysiology of PD, emphasizing that the process of neuroinflammation is
associated with the death of dopaminergic neurons. In peripheral blood or tissues,
leukocytes activated by pathogen-associated molecular patterns (PAMP) and / or tissue
damage (DAMP), via Toll-like receptors (TLR), produce pro and anti-inflammatory
mediators whose imbalance can lead to a chronic inflammation. Under physiological
conditions, three subpopulations of human peripheral blood monocytes are detected: the
classical monocytes (CD14""CD16"), the intermediates (CD14*"CD16"") and the non-
classical (CD14"CD16%), these cells present phenotypic and functional differences that
can influence the characteristics of the immune response against DAMPs or PAMPs.
The aim of this study was to compare the peripheral blood leukocyte potential of
patients with PD or healthy individuals in the production of cytokines (TNFa and IL-
10) after stimulation of these cells with TLR4 (LPS) or TLR2 / 1 (Pam3Cys) agonists,
to evaluate the effect of the age of DP patients on the production of cytokines in blood
cultures, to investigate the percentage of monocyte subpopulations expressing TLR1,
TLR2 and TLR10, to evaluate the influence of TLR10 expression on the biological
activity of TLR2 to its agonist in PBMC cultures. Two groups of patients with PD were
evaluated (< 55 years old and > 65 years old), age-matched with healthy controls (n =
26). 6 h-TNFa production was increased after TLR4 stimulation, mainly in young PD
patients, whereas TLR2-induced TNFa and IL-10 levels were decreased in PD patients
independent of age (p < 0.05). A reverse correlation between LPS-induced TNFa
production and age was observed in PD patients and controls, but TNFa induced by
TLR2 agonist was not associated with age of PD patients or controls. TNFa production
induced by TLR4 but not by TLR2 was reversely associated with the age at PD onset
and disease duration. No associations between UPDRS scores and cytokine levels were
detected. A higher percentage of CD14"™"CD16" monocyte subpopulation was observed
in the blood of patients with PD compared to healthy controls, as well as a higher
percentage of monocytes from patients expressing TLR10. The expression of TLR2 and

TLR10 in peripheral blood monocytes from PD patients was increased relative to that of
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healthy controls. The results suggest that the peripheral blood leukocyte response to the
TLR?2 ligand is reduced in PD and that the elevation of TLR10 expression in monocytes
influences inhibiting the biological activity of TLR2 to its agonist as demonstrated in
the neutralization experiment of TLR10. In this study, the group of DP patients with the
highest severity of the disease, evaluated by the UPDRS scale, had a lower percentage
of monocytes expressing TLRI10, suggesting the expression of this receptor in
peripheral blood leukocytes as a possible prognostic marker for DP. These findings,
together, may play an important role in the immunopathology of PD. The study of TLR
cell expression in peripheral leukocytes and CNS, intracellular signaling pathways and
the production of pro and anti-inflammatory mediators is necessary in order to better
clarify the role of TLR in the PD pathogenesis and perhaps for the identification of

biomarkers of disease prognosis in the blood PD patients.

Key words: Parkinson's disease. Monocytes. Toll-like receptors. Cytokines.
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1. INTRODUCAO/JUSTIFICATIVA
1.1 Epidemiologia da doenca de Parkinson

A Doenca de Parkinson (DP) é a segunda doenca neurodegenerativa mais
comum em seres humanos, sendo precedida apenas pela doenca de Alzheimer (OMS,
2008). Esta afeccdo, segundo a OMS, atinge cerca de 2% dos individuos com idade
superior a 65 anos, mas esta prevaléncia pode estar subestimada e de fato estaria entre
10 a 13% desta populagao (OMS, 2008; MUANGPAISAN et al., 2011). H4 uma maior
incidéncia de DP em individuos do género masculino, sendo a idade avangada um fator
de risco para as doencas neurodegenerativas (YOKEL, 2006). O envelhecimento da
populacdo mundial e o consequente aumento da incidéncia e prevaléncia de doencas
neurodegenerativas, como a doenca de Parkinson, traz relevancia aos estudos que visam

conhecer os mecanismos etiopatogénicos destas doengas.

1.2 Etiopatogenia da doenca de Parkinson

A DP ¢é uma sindrome clinica heterogénea, progressiva e debilitante, de causa
desconhecida, caracterizada pela degeneracdo e perda irreversivel dos neurdnios
dopaminérgicos da substincia negra pars compacta, causando defici€éncia de dopamina
nas dreas de projecdes estriatais (SCHAPIRA et al.,, 2006; DE LAU e BRETELER,
2006). E caracterizada pela presenca de sintomas evolutivos que podem levar 2
incapacitacdo funcional e ao comprometimento da qualidade de vida do individuo,
devido a combinacdo dos seguintes sinais e sintomas: bradicinesia (lentiddo dos
movimentos), tremor de repouso, rigidez e alteracdes posturais, que sao considerados
tipicos da DP. Sintomas nao motores, tais como distirbios cognitivos, psiquidtricos,
sensitivos, sensoriais e outros, acompanham a doenca (VERBAAN et al., 2007; LEES,
2009). Quando os sinais e sintomas da DP sdo detectados, provavelmente ja ocorreu a
perda de aproximadamente 60% dos neurdnios dopaminérgicos € o conteido de
dopamina no estriado cerebral € cerca de 80% inferior ao normal (LEWIS &
PROWLAND, 2007). Alteracdes imunes e inflamatérias descritas na DP podem nao
apenas exacerbar ou acelerar a progressao da DP, mas também explicar, pelo menos em
parte, alguns dos sintomas clinicos experimentados pelos pacientes com DP (COLLINS

et al., 2012; LINDQVIST et al., 2012).



A etiologia da DP ainda é obscura, contudo supde-se a participacdo de varios
mecanismos etiopatogénicos como: fatores genéticos, ambientais (mutagdes génicas,
neurotoxinas e agentes infeciosos), estresse oxidativo, anormalidades mitocondriais e
excitotoxicidade (TEIVE, 2003; PRZEDBORSKI, 2007; HIRSCH et al., 2013).
Evidéncias sugerem um papel importante da inflamacao na patogénese da DP. Ressalta-
se que uma série de genes (LRRK2, Parkin, SNCA, PINKI e GAB) podem colaborar
para o desenvolvimento direto da DP ou contribuir como fatores de risco, podendo
também estar implicados no processo inflamatério nesta doenca (DELEIDI &
GASSER, 2013; DZAMKO et al., 2014).

Uma vez que o processo neurodegenerativo foi iniciado pelos fatores causais,
uma cascata de eventos secunddrios deletérios provoca as alteracdes neuroquimicas e
neuroldgicas observadas nos pacientes com DP (MIZUNO et al., 2004; HIRSCH et al.,
2013). Os “insultos” ambientais decorrentes da exposicdo do individuo a substancias
téxicas (pesticidas, herbicidas, produtos petroquimicos, alguns metais pesados, etc.) e a
certos agentes infecciosos tais como, virus e bactérias, podem causar lesdo neuronal e
neuroinflamagdo, associadas ao processo neurodegenerativo da DP (HUNOT e
HIRSCH, 2003; WARNER e SCHAPIRA, 2003; HIRSCH et al., 2013; WALES et al.,
2013).

No contexto de uma predisposicdo genética para DP, ressalta-se que a forma
familiar da doenca € associada a mutagdes gé€nicas, mas a DP familiar € relativamente
rara, pois a maioria dos casos (> 90%) € considerada doencga de natureza esporddica
(HUNOT & HIRSCH, 2003; HARDY et al., 2003). Ao contrario dos casos de DP
familiar, que muitas vezes sdo caracterizadas por idade de inicio precoce, ocorrendo em
individuos abaixo de 50 anos, a DP esporadica € um transtorno relacionado a um inicio
mais tardio, entre 60 a 70 anos de idade, progredindo-se por um periodo varidvel de 10 a
20 anos (MIZUNO et al., 2004). Mutacdes de genes (parkin e a-sinucleina) tém sido
identificadas em alguns casos de DP familiar, sugerindo que podem desempenhar um
papel importante nesta doenga (TEIVE, 2003; PRZEDBORSKI, 2007; SHIMOII, et al.
2009; HIRSCH, et al. 2013). Polimorfismos podem ser considerados marcadores
genéticos, ja que sdo transmitidos juntamente com outros genes em ligacdo, localizados
em regides cromossOmicas vizinhas, que podem, por sua vez, influenciar na
suscetibilidade as doencas (SACHIDANANDAM et al., 2001). O polimorfismo de
nucleotideo unico (do inglés, Single Nucleotide Polymorphisms - SNPs) constitui uma

variacdo génica/mutacdo muito comum na populacdo mundial, podendo interferir na
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funcdo génica e expressdo de seus produtos (SACHIDANANDAM et al., 2001). Os
polimorfismos nos genes que codificam as moléculas pré-inflamatdrias, assim como os
polimorfismos de genes que codificam os TLR, tém sido associados a um maior risco de

desenvolver DP (WAHNER et al., 2007; KALINDERI et al., 2013).

1.3 Neuroinflamacio na doenca de Parkinson

Estudos experimentais e post-mortem sugerem que a inflamacdo estd presente
tanto em lesdes agudas do sistema nervoso central (SNC) quanto em doencgas
neurodegenerativas (MARCHETTI e ABBRACCHIO, 2005; GAO e HONG, 2008). Os
astrocitos e as micrdglias sdo as principais células cerebrais envolvidas na
neuroinflama¢do e morte neuronal dos neur6nios dopaminérgicos. As células da glia
correspondem a um eficiente sistema imune inato e, assim, sob condi¢des patoldgicas, a
desregulacdo ou ativacdo glial excessiva pode resultar na neurodegeneracdo (LIU e
HONG, 2003; LONG-SMITH et al., 2009). A microglia € altamente sensivel a qualquer
perturbacdo no microambiente neuronal e sua ativagdo ocorre gradualmente, podendo
voltar a qualquer momento ao estado de repouso, desde que cesse o estimulo (ORR et
al., 2002). Inicialmente, a micrdglia ativada expressa vérios receptores e moléculas de
adesdo, pode entrar em replicacio aumentando em numero e, posteriormente, se O
estimulo persistir, pode adquirir capacidade de célula apresentadora de antigenos,
fagocitica e pré-inflamatdria, por meio da secre¢do de citocinas (ORR et al., 2002).
Tem-se especulado, atualmente, que a ativagao das micréglias na DP pode resultar em
inflamacdo cronica na tentativa de depurar a a-sinucleina oligomérica extracelular, um
DAMP gerado no SNC, liberada de células nervosas mortas no processo de
neurodegeneracdo (WALES et al., 2013; DZAMKO et al., 2017).

Pesquisas com experimentacdo animal reforcam a ligacdo causal entre a
perturbacdo da integridade da barreira hematoencefalica (BHE) por fatores ambientais,
o desenvolvimento da neuroinflamagdo e a degeneragdo de neurdnios dopaminérgicos
(CARVEY et al., 2005; WHITTON, 2007; RITE et al., 2007). O envelhecimento
humano também parece alterar a estabilidade da BHE. Em modelos animais
experimentais de doencas neurodegenerativas, foi observado uma diminuicdo do
nimero de jungdes ocludentes, maior propensao ao dano e lentiddo na recuperacdo da

BHE (CARVEY et al.,2009). Estudos demonstraram que a neuroinflamacio é capaz de



alterar a funcdo da BHE, facilitando a infiltracdo de leucdcitos sanguineos no cérebro
(CARVEY et al., 2005; WHITTON, 2007).

Sob condi¢des inflamatdrias, citocinas e quimiocinas favorecem a entrada de
leucécitos do sangue periférico no cérebro, especialmente linfécitos, células dendriticas
e mondcitos (NEUMANN & WEKERLE, 1998; ZOZULYA et al., 2010). O
desequilibrio entre sinais pré e anti-inflamatérios pode favorecer um processo
inflamatério cronico, com continuada ativacao da micrdglia, que nestas condi¢des, além
de produzir citocinas pro-inflamatérias (TNFa, IL-1B, IL-6, IL-8), passa também a
secretar reativos intermedidrios do oxigénio (ROI), 6xido nitrico (NO) e
prostaglandinas, todos toxicos para os neurdnios dopaminérgicos da substancia negra
(DELEIDI & GASSER, 2013; DZAMKO et al., 2017). A neurodegeneracdo na DP
pode, portanto, ser consequéncia da neuroinflamagcdo mediada pela ativacdo da
micréglia, o que vem sendo profundamente revisado por varios autores (ORR et al.,
2002; HUNOT & HIRSCH, 2003; CHOI & SUK, 2007; LONG-SMITH et al., 2009;
HENEKA et al., 2010; ETEMAD et al., 2012; SILVA et al. 2013). De fato, um aumento
da expressao e dos niveis de citocinas pré-inflamatorias, tais como IL-1, IL-6 e TNFa,
ja foi encontrado no fluido cerebroespinhal (CSF), soro sanguineo e no cérebro de
pacientes com DP (MCGEER et al., 1988; MOGI et al., 1994; BLUN-DEGEN et al.,
1995; BRODACKI et al., 2008; CHEN et al., 2008;REALE et al., 2009; FUNK et al.,
2013; GROZDANOV et al., 2014).

1.4 Monécitos e Toll-like receptores (TLRs) na doenca de Parkinson

Os mondcitos sao um grupo heterogéneo de células sanguineas que representam,
aproximadamente, 10% do total dos leucécitos do sangue periférico humano. Os
mondcitos originam-se de um precursor mieldide da medula 6ssea vermelha e sdo
fagdcitos/Células Apresentadoras de Antigenos (APCs) do sistema imune inato que
circulam no sangue e migram para diversos tecidos, incluindo o SNC, diferenciando-se
em macrofagos ou células dendriticas (DC), os quais colaboram com a resposta
inflamatéria contra distintos patégenos microbianos (MARTINEZ, 2009; ETEMAD et
al., 2012). No SNC, o macréfago € denominado micréglia, a qual apresenta capacidade
de se autorenovar neste microambiente, porém, sob condi¢des inflamatérias, os
mondcitos podem ser precursores das micrdglias, contribuindo para a reposicao destas

células no SNC (TACKE & RANDOLPH, 2006; MARTINEZ, 2009; ETEMAD et al.,
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2012). Acredita-se que a migracdo de mondcitos para os tecidos e a sua diferenciacdo
em macréfagos possa ser determinada pelo ambiente inflamatdrio, isto €, presenca ou
expressdo de moléculas de adesdo, citocinas, quimiocinas e receptores de
reconhecimento de padrdes moleculares associados aos patégenos (PRRs), tais como os
Toll-like receptors (TLR) (TACKE et al., 2006; PERRY et al., 2009; GEISSMANN et
al., 2010; CROS et al., 2010).

Alguns marcadores celulares como as moléculas CD14 e CDI16 tém sido
utilizados para diferenciar subpopulacdes de mondcitos. A expressdo diferencial de
CD14 (parte do complexo receptor para o Lipopolissacarideo, LPS) e de CD16 (também
conhecido como receptor para a por¢ao fragmento cristalizavel (Fc) de imunoglobulina
G III, FcyRII) definem duas subpopulagdes principais de mondcitos no sangue
periférico: mondcitos cldssicos CD14"™"CD16" e os ndo cldssicos CD14"CD16"
(GRAGE-GRIEBENOW et al. 1993; ZIEGLER-HEITBROCK et al., 2015; CROS et al.
2010). Segundo os estudos de Cros et al. (2010) e Ingersoll et al. (2010), a
subpopulacdo de mondcitos cldssicos representa, aproximadamente 90% do total de
mondcitos do sangue periférico humano e sdo equivalentes aos mondcitos Grl™ de
camundongos, enquanto que a subpopulacdo de mondcitos ndo cldssicos representa
aproximadamente 5-15% dos mondcitos. Estudos de transcricdo genOmica celular
sugerem que as subpopulagdes de mondcitos humanos originam-se de um mesmo
precursor mieléide comum. Estas subpopulagdes de mondcitos podem modificar sua
expressdo de marcadores fenotipicos celulares, e se diferenciar em macréfagos ou
células dendriticas, a partir do contato dos seus receptores de superficie celular com
determinadas citocinas, quimiocinas € padrdoes moleculares associados aos patégenos
(PAMPs — Pathogen Associated Molecular Patterns), presentes no sangue ou em
diversos tecidos durante uma resposta imune (SERBINA et al., 2006; FOGG et al.,
2006; ANCUTA et al.,, 2009). Uma terceira subpopulacdo de mondcitos tem sido
descrita, a dos mondcitos intermedidrios, os quais expressam elevadas quantidades de
CD14 e CD16 (CD14™CD16™) (ZIEGLER-HEITBROCK et al., 2015). Dados
oriundos de andlises transcricionais reforcam a existéncia das trés subpopulacdes
mondcitos, com os mondcitos intermedidrios apresentando caracteristicas
fenotipicas/funcionais distintas daquelas dos mondcitos ndo cldssicos (ZAWADA et al.,
2011). No entanto, hd também evidéncias de que as trés subpopulagdes representem um
continuo de maturacdo dos mondcitos (WONG et al., 2011; WONG et al., 2012a).

Independente de serem ou ndo trés estidgios terminais de subpopulacdes, por
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apresentarem diferencas quanto a expressio de citocinas inflamatdrias, a expressao de
receptores para quimiocinas (controlando diferentes perfis migratdrios) e de genes
envolvidos na angiogénese e na apresentacdo de antigenos, as trés subpopulacdes
podem desempenhar diferentes fun¢des na homeostasia e nas doengas (CROS et al.,
2010; ZAWADA et al. 2011; WONG et al., 2011). Alteracdes fenotipicas, quantitativas
e funcionais nas subpopulacdes de mondcitos humanos podem colaborar para o
processo de neuroinflamacdo/neurodegeneracdo e, consequentemente, para o
desenvolvimento ou progressdio da DP (GROZDANOV et al., 2014; DROUIN-
OUELLET et al.,, 2015). Nas ultimas décadas alguns estudos, principalmente em
modelo animal experimental da DP, tém gerado evidéncias da participacdo dos
mondcitos/microglia na patogénese ou na progressdo da DP, destacando a ativacdo
destas células, via TLRs, por PAMPs e/ou DAMPs, produzindo mediadores
inflamatérios que colaboram para o processo de neuroinflamacao/neurodegeneracdo na
DP (PASHENKOV et al., 2001; IRIBARREN et al., 2002; DE VOS et al., 2002; LIU et
al., 2003; KARMAN et al.,, 2004; MCMAHON et al., 2006; LANDE et al., 2008;
DOUBLE et al., 2009; ZOZULYA et al., 2010; CAO et al., 2011; ZHANG et al., 2011;
PANARO e CIANCIULLI, 2012; KOUTSILIERI et al., 2013; HIRSCH et al., 2013).
Algumas moléculas expressas nas membranas dos mondcitos determinam suas
funcdes, como os toll-like receptors (TLRs). Os TLRs sdo essenciais para o
reconhecimento de moléculas associadas a patégenos (PAMPs), bem como de
substancias endogenas produzidas ou liberadas em situacdes de dano tecidual (DAMPs,
do inglés damage-associated molecular patterns). Tais receptores consistem em um
grupo de proteinas transmembranicas presentes nas células da imunidade natural,
incluindo, além dos mondcitos, os macréfagos, as células dendriticas e os
polimorfonucleares. Os TLRs medeiam a sinalizacdo para a produgdo de citocinas pro-
e anti-inflamatérias, bem como para a producao de 6xido nitrico (FITZGERALD et al.,
2004; KAWAI e AKIRA, 2010). Nos tecidos ou no sangue periférico, as células sdao
ativadas por agonitas de TLRs, sendo estes agonistas enddégenos ou exdgenos,
produzem citocinas pré- e anti-inflamatérias, cujo desequilibrio pode levar a um
processo inflamatério cronico (CROS et al., 2010; NOELKER et al., 2013). Avaliar a
expressao e a funcdo dos TLRs, especialmente nos mondcitos, as principais células que
rapidamente produzem citocinas no sangue, pode contribuir para a identificacdo de
biomarcadores periféricos de ativacdo celular envolvidos na neuroinflamagao,

patogénese ou progressao da DP.



A DP ¢ uma prevalente doenca neurodegenerativa em idosos, sendo progressiva,
incapacitante, compromete a qualidade de vida dos doentes, sendo geradora de altos
custos para o sistema de sadde. E fundamental, portanto, conhecer melhor esta afeccio
neurodegenerativa que constitui um dos problemas de sadde publica do idoso;
ressaltando-se que, no Brasil a expectativa de vida do brasileiro tem aumentado nos
ultimos anos (IDB, 2009) e como um dos fatores de risco para esta doenca € a
senescéncia, isto pode ser um indicativo de aumento da incidéncia da DP no pais. Desta
forma, com o propdsito de aprofundar os conhecimentos sobre fatores etiopatogénicos
da DP e a busca por biomarcadores da doencga, iniciamos um estudo para avaliar a
ativacdo de leucdcitos do sangue periférico humano, preparando hemoculturas ativadas
com diferentes agonistas de TLRs, onde foi detectada a hiporresponsividade de TLR2
ao seu agonista (Pam3Cys), em moénocitos de um grupo de pacientes portadores da DP
em relacdo a individuos controles sadios pareados por sexo e idade (SILVA et al.,
2016). Avancando nesta linha, o presente estudo propde uma avaliacdo da ativacdo de
leucécitos do sangue periférico induzida por agonistas de TLR4 ou de TLR2/1,
investigando o efeito do fator idade dos pacientes com DP na produgdo de citocinas
induzidas via estes receptores (Manuscrito 1); bem como a andlise da expressdo de
TLR1, TLR2 e TLRI0 em mondcitos de pacientes com DP e uma avaliacio da
influéncia da expressao do TLR10, em mondcitos de pacientes com DP, na atividade
biolégica de TLR2 em resposta ao seu agonista (Manuscrito 2). Posteriormente,
realizamos uma revisao da literatura abordando polimorfismos genéticos de TLRs nas

doencas neurodegenerativas (Manuscrito 3).



2. OBJETIVOS

2.1 GERAL

Avaliar a participacdo de receptores similares a Toll (TLR1, TLR2 e TLR10) em

mondcitos na doenca de Parkinson.

2.2 Objetivos do Manuscrito 1

- Avaliar a produgdo das citocinas: Fator de Necrose Tumoral Alfa (TNFo) e
Interleucina-10 (IL-10) em hemoculturas, estimuladas com agonista de TLR4 ou de

TLR2, em pacientes com doenca de Parkinson.

- Verificar o efeito da idade na ativacdo de leucdcitos do sangue periférico com
agonistas de TLR (TLR4 e TLR2/1) e a produgdo de citocinas (TNFa e IL-10) em
hemoculturas de pacientes com doenga de Parkinson e individuos controles pareados

por idade e sexo.

2.3 Objetivos do Manuscrito 2
- Quantificar o percentual das subpopulagcdes de mondcitos no sangue periférico e nas
suspensoes de células mononucleares (CMN), baseado na expressdao de CD14 e CD16,

de pacientes com DP;

- Avaliar a expressao de TLR1, TLR2 e TLR10 em mondcitos de pacientes com DP e

de individuos controles sadios pareados por idade e sexo;

- Avaliar a influéncia da expressio de TLR10 em CMN (mondcitos) do sangue

periférico na responsividade do TLR2 ao seu agonista (Pam3Cys) in vitro.



2.4 Objetivos do Manuscrito 3

- Abordar, por meio de uma revisdo da literatura, a associacdo dos TLRs com a
neuroinflamacdo/neurodegeneracdo e a provavel relacdo dos polimorfismos genéticos
(Single Nucleotide Polymorphisms - SNPs) de TLR com a etiopatogenia das doengas

neurodegenerativas.
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ABSTRACT

Parkinson disease (PD) is an age-related neurodegenerative disease characterized by
loss of dopaminergic neurons associated with neuroinflammation. Toll-like receptors
(TLRs) are expressed in peripheral blood leukocytes and also in neurons and glial cells
mediating inflammation. This study aimed to investigate the peripheral blood leukocyte
response to TLR2 and TLR4 agonists in young and elderly PD patients. Two groups of
patients with PD were evaluated (< 55 years old and > 65 years old), age-matched with
healthy controls (n = 26). Severity of PD was evaluated by Unified Parkinson’s Disease
Rating Scale (UPDRS). Whole blood cultures were stimulated with lipopolysaccharide
(LPS), a TLR4 agonist or Pam3;Cys (Pam), a TLR2 agonist. Tumor necrosis factor alpha
(TNFa) and interleukin 10 (IL-10) were measured by immunoenzimatic assay. 6 h-
TNFa production was increased after TLR4 stimulation, mainly in young PD patients,
whereas TLR2-induced TNFoa and IL-10 levels were decreased in PD patients
independent of age (p < 0.05). A reverse correlation between LPS-induced TNFa
production and age was observed in PD patients and controls, but TNFa induced by
TLR2 agonist was not associated with age of PD patients or controls. TNFa production
induced by TLR4 but not by TLR2 was reversely associated with the age at PD onset
and disease duration. No associations between UPDRS scores and cytokine levels were
detected. In conclusion, TLR4 and TLR2 responses seem to be differentially affected
during PD. Data suggest that TLR2 deficiency in periphery is independent of age of the

patients, age at PD onset or PD duration.

KEYWORDS: Whole Blood Cultures; Toll-like receptors; cytokines; aging;

Parkinson's disease.
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Introduction

Parkinson's disease (PD) is a chronic and progressive neurodegenerative disease
of unknown aetiology characterized by specific loss of dopaminergic neurons in the
nigrostriatal system. This loss of neurons leads to motor and non-motor disturbances
that impair the quality of patients” life. Non-motor symptoms more commons include
sleepness/fatigue, cognition, attention and memory deficits (Lees, 2009; Bugalho et al.,
2016). Neurodegeneration in PD has been associated with neuroinflammation mediated
by activated microglia that releases inflammatory mediators and reactive species of
oxygen (ROS) responsible for neuron damage. In addition, during peripheral
inflammation activated blood leukocytes can migrate into Central Nervous System
(CNS) contributing to neuroinflammation and neuronal loss (Collins et al., 2012). Yet,
increase of pro-inflammatory cytokine levels in serum as well as in CNS have been
reported during PD (Boka et al., 1994; Brodacki et al., 2008; Lindqvist et al., 2012;
Collins et al., 2012).

Activation of innate cells in the CNS or in peripheral blood can occur after toll-
like receptor (TLR) agonist exposure. These receptors are essential for recognition of
microbial-associated molecular patterns (MAMPs) or damage-associated molecular
patterns (DAMPs) (Kawai and Akira, 2010). TLRs are associated with
neuroinflammation in PD (Panaro et al., 2008; Kim et al., 2013; Dzamko et al., 2017)
and they are expressed in microglia and also in blood leukocytes (Kawai and Akira
2010; Dzambko et al., 2017). An imbalance in the inflammatory response in periphery
or CNS can contribute to neuroinflammation and, consequently, neurodegeneration
(Collins et al., 2012; Kannarkat et al., 2013; Dzamko et al., 2014). However, some
studies showed controversial alterations in the levels of tumor necrosis factor alpha
(TNFa), a potent pro-inflammatory cytokine, and interleukin 10 (IL-10), a regulatory
and anti-inflammatory cytokine in blood or TLR-activated peripheral blood
mononuclear cell (PBMC) cultures from patients with PD (Hasegawa et al., 2000;
Brodacki et al., 2008; Reale et al., 2009; Rocha et al., 2017).

The risk of developing PD is increased with aging, which is a complex process
leading to reduced homeostasis in tissues/organs. Besides biochemical alterations in the
brain, aging also affects immune system. Whereas adaptive immune response seems to
be reduced, innate immune cells maintain certain level of activation in elderly people

(Michaud et al., 2013; Fulop et al., 2016; Bickford et al., 2017). Nevertheless, despite of
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studies showing a low-grade inflammation during aging, suggesting that
monocytes/macrophages can contribute for inflamm-aging (Feen et al., 2012; Michaud
et al., 2013; Lee et al., 2013; Fulop et al., 2016), circulating pro-inflammatory cytokine
levels can be reduced in patients with PD (Rocha et al. 2017). In addition, monocytes
from PD patients can produce less amounts of TNFa than controls (Hasegawa et al.,
2000). Yet, whole blood cultures from PD patients stimulated with TLR2 agonist
produced less cytokines (TNFa, IL-1B, IL-6, IL-10) than healthy controls (Silva et al.
2016). There is little information about evaluation of cytokine production in PD patients
considering the influence of age (Dobbs et al., 1999) and none information about TLR4
or TLR2 function in PD patients comparing young and elderly individuals. Thus,
although PD is considered an age-related disease the association between production of
cytokines induced by TLR activation and age must be investigated in this disease.

In the present study we aimed to investigate whether the decreased TLR2
response could be associated to age of PD patients and healthy controls. For this, we
studied two groups of patients with PD, one with less than 55 years old and another with
more than 65 years old age-matched with healthy controls. In addition, we evaluated the
association between levels of TNFa and IL-10 induced by TLR2 and TLR4 agonists and
the duration or severity of the disease. We chose these cytokines to represent one pro-

inflammatory and one immunomodulatory cytokine.

Material and Methods

Patients and Controls

Patients with PD were recruited from the Hospital das Clinicas (Universidade Federal
de Goids - UFG, Goiania, Goids, Brazil) and Instituto Integrado de Neurociéncias
(IINEURO), Goiania, Brazil. Controls were healthy blood donors from the blood bank
of Instituto Goiano de Oncologia e Hematologia (INGOH) and healthy individuals from
the local community. Patients (n = 26) and controls (n = 26) were matched by sex
(20M/6F) and age, with ages ranging from 34 to 76 years. The participants in this study
were subdivided in two groups according to age: < 55 years of age (young adults) and >
65 years of age (elderly adults). Healthy donors and healthy elderly individuals included
in this study do not present hematological alterations evaluated by the blood count,
absence of fever or other clinical signs of infection or systemic inflammation evaluated

by laboratory determination of serine C-reactive protein. Diagnosis of PD followed the
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UK Parkinson’s Disease Society Brain Bank criteria (Litvan et al., 2003), and patients
were evaluated using the Unified Parkinson’s Disease Rating Scale (UPDRS) providing
scores of changes in mental activity and mood, daily activities and motor activities
(Lang and Fahn,1989) and the Hoehn and Yahr staging scale to evaluate of the general
disability status of PD patients (Hoehn &Yahr, 1967). Patients and controls undertaking
anti-inflammatory drugs and/or presenting inflammatory or infectious diseases were
excluded from the study. All procedures were approved by the local ethics committee
(Research Ethics Committee of Hospital das Clinicas, UFG, protocol n°. CAAE:
20032113.0.0000.5078) and participants gave their written informed consent.

Blood Samples and treatment of Whole Blood Cultures with TLR Agonists

Samples of venous blood from patients and controls were collected for culture (4.0 ml
with heparin) and serum sampling (4.0 ml) (Vacutainer, Becton Dickinson, BD, EUA),
between 9:00 and 11:00 a.m. After 1 h at room temperature (R.T.), the blood samples
were centrifuged (500 g, 5 min, 4°C), and serum was collected and stored at — 20 °C
until analysis. Blood serum was used for the determination of C-reactive Protein
performed by immunoturbidimetry (automated analyzer Selectra XL, The Netherlands).
Leukocyte count was performed using automated hematology analyzer Sysmex XED-
2100 (Roche, Switzerland), and results were expressed as leukocytes/mm3 . For cultures,
blood samples were diluted (1:2) into RPMI 1640 medium supplemented with 2 mM L-
glutamine, 11 mM sodium bicarbonate, 100 U/ml penicillin, and 100 pg/ml
streptomycin (all reagents were from Sigma-Aldrich Co., St. Louis, Mo., USA). Diluted
blood was distributed into 2-ml tubes (endotoxin, DNase, RNase free; Axygen
Scientific Inc., Union City, Calif., USA), in a final volume of 0.6 ml. Whole blood
cultures were incubated in the absence or presence of lipopolysaccharide (LPS), a TLR4
agonist (E. coli, serotype 0111:B4, Sigma-Aldrich); Pam;Cys SKKKK (Pam), a
synthetic triacyl-lipopeptide, which is a TLR2/1 agonist (EMC Microcollections,
Tiibingen, Germany). LPS was added to the cultures at the concentration of 100 ng/ml
and Pam at the concentration of 1.0 ug/mL, as standardized in previous experiments.
Tubes were closed and kept under shaking at 37 °C, for 6 h and 24 h (Mixing Block
MB-101; Bioer, Hangzhou, China). After incubation, cells were centrifuged (200 g, 5

min) for collecting supernatants, which were stored at -20 °C until analysis.
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Determination of TNFa and IL-10 by enzyme-linked immunosorbent assay
(sandwich ELISA)

The concentrations of cytokines TNFo and IL-10 were determined in blood culture
supernatants by enzyme-linked immunosorbent assay (ELISA). All hybridomas were
provided by Dr. Giorgio Trinchieri (National Cancer Institute, Center for Cancer
Research, Laboratory of Experimental Immunology, Bethesda, Maryland, USA).
ELISA microplates (Corning Costar, High Binding, NY, USA) were sensitized with the
capture anti-TNFa monoclonal antibody (clone B154.9, 2.5 pg/ml, 12 h, 4°C) or anti-
IL-10 (Clone JES907, 5.0 pg/ml, 14 h, 4°C). After incubation, plates were washed with
PBS containing 0.04% tween 20 and blocked (PBS 3% of FBS, 60 min, R.T.). After
washing, samples and reference standards (recombinant TNFa and IL-10, R&D System,
Minneapolis, MN, USA) were added. After incubation (about 18 h, 4 °C) and washings,
the biotin-conjugated antibody (Clone B154.7 anti-TNFa, 1.0 pg/ml; Clone B27 anti-
IL-10, 2.6 pg/ml) was added. After 1 hr and washings, the streptoavidin-peroxidase
conjugate (Sigma, 1:1000) was added, the plates were incubated for 30 min (R.T.).
After washings, the substrate solution OPD (orthophenylenediamine 5 mg/mL and
hydrogen peroxide 30 volumes 1:1000 in citrate-phosphate buffer pH 5.0) was added
and the reaction was quenched with 2N H,SOy solution. Optical density was obtained in
a microplate reader (Multskam, ThermoLabsystems, Taunton, MA, USA) with filters of
492 nm and reference 620 nm. The concentration of TNFa or IL-10 was determined
according to the standard curves prepared with the recombinant cytokines, the detection

limit being 50 pg/ml for TNFa and 15 pg/ml for IL-10.

Statistical Analyses

Data were presented as medians (minimum and maximum). Mann-Whitney U test was
used to compare unpaired samples (patients vs. controls) and a Wilcoxon test was used
for paired samples (medium vs. TLR agonists). Spearman’s test was used for correlation
analysis. All analyses were performed using GraphPad Prism version 5.0 software
(GraphPad Software Inc., San Diego, CA, USA). The significance level was set at p <
0.05.
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Results
Characteristics of Parkinson disease patients and controls

The characteristics of PD patients and healthy controls are presented in Table 1.
Patients and controls were matched by age and the table shows the data of the whole
group and subgroups according to age (< 55 years old and > 65 years old). Comparing
clinical and laboratorial data of PD patients and controls (total group or subgroups) no
differences were found between them for age, blood leukocyte or monocyte counts and
C-reactive protein levels in the serum.

Between the subgroups of patients differences were found when comparing age
(<55 and > 65 years old; p < 0.05), age at PD onset (< 45 vs > 45 years old; p < 0.05),
disease duration (5 to 16 vs 12 to 20 years, young vs elderly adults, p < 0.05) and
disease severity according to UPDRS (19 to 32 vs 21 to 46, young vs elderly adults) but
not H&Y scale. Within the UPDRS scale, changes in mental activity and mood of PD
patients were evaluated, varying from 1.0 to 8.0, alterations in daily life activities with
scores from 2.0 to 14.0, and motor alterations of the DP patients with scores varying
from 11.0 to 32.0, all representing mild to moderate changes (Table 1). The H&Y scale
was used to assess the state of general disability according to the severity of PD,
indicating mild to moderate disability of PD patients. For blood leukocyte or monocyte
counts and C-reactive protein levels in the serum no differences were found between
subgroups of patients with PD.

As the main focus of this study was to evaluate the effects of age on cytokine
production after TLR2 and TLR4 activation in whole blood cultures, we first evaluate
the associations between age and blood leukocyte and monocyte counts as well as
serum C-reactive protein levels in PD patients and controls. As it is shown in
Supplementary Figure 1, blood leukocyte and monocyte counts are reversely associated
with age in PD patients as well as in controls (Supplementary Figure 1A — D, p < 0.05)
whereas serum levels of C-reactive protein are positively associated with age in both
groups (Supplementary Figure 1E, F). Thus, during aging there is a decrease in
leukocyte/monocyte blood counts and an increase of serum C-reactive protein levels

similarly in controls and PD patients.
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TLR4 and TLR2 responses in patients with Parkinson Disease are differentially

affected depending on the age of patients

First, we stimulated whole blood cultures with LPS (TLR4 agonist) or Pam;Cys
(TLR2 agonist) and measured the TNFa concentrations in culture supernatants after 6 h
or 24 h of incubation as well as IL-10 after 24 h, using ELISA. As it is shown in Figure
1, 6 h-TNFa production was increased after LPS/TLR4 stimulation in whole blood
cultures from PD patients whereas the response to TLR2 agonist was decreased in these
patients (Figure 1A). After 24 h, no differences could be detected in LPS-induced TNFa
concentrations, but the response to TLR2 agonist continued to be reduced in PD patients
in comparison to control individuals (Figure 1B). In addition, production of IL-10 was
similar in LPS-stimulated cultures from PD patients and controls, but after TLR2
stimulation PD patients produced less IL-10 than controls (Figure 1C).

Further, we evaluated the TNFoa and IL-10 production in the subgroups
separated according to age. We observed that the higher production of LPS-induced
TNFa production in PD patients (Figure 1A) was mainly detected in the subgroup of PD
patients < 55 years old (Figure. 2A, p < 0.05). The production of TNFa was not
significantly altered in whole blood cultures from control individuals after stimulation
with LPS (6 h) when comparing young vs elderly individuals. However, it was lower in
LPS-treated cultures from elderly than young PD patients (p < 0.05). Nevertheless, after
24 h of incubation, LPS-induced TNFa production was similarly decreased in both
cultures from elderly PD patients and controls in comparison to young individuals
(Figure 2B, p < 0.05). No significant differences were found between PD patients and
controls independent of age (Figure 2B). The LPS-induced IL-10 production seems to
be not significantly affected by age both in PD patients or controls (Figure 2C).

Considering the response to TLR2 agonist, independent of the age PD patients
presented lower TNFa production than controls (Figure 2A, 2B). Similar 6 h-TLR2
responses were detected in PD patients or in controls when comparing young and
elderly individuals (Figure 2A, 2B). But after 24 h of incubation, elderly individuals
(patients or controls) presented lower levels of TNFa concentrations in the cultures than
young individuals (Fig. 2B). The TLR2-induced IL-10 production was reduced in PD
patients in comparison to controls independent of age (Figure 2C). Pam-treated cultures
from young and elderly individuals (PD patients or controls) produced similar amounts

of IL-10 (Figure 2C).
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As we were expecting that LPS-induced TNFa production decreased along the
culture, we compared the levels of TNFa after 6 h to 24 h of incubation in the young
and elderly PD patients and controls. We observed that the production of TNFa after
stimulation with TLR4 agonist (Supplementary Figure 2A — D) presented higher
reduction from 6 h to 24 h than after TLR2 agonist treatment (Supplementary Figure 2E
— H), both in cultures from PD patients and controls. This reduction was especially
observed in individuals with > 65 years old with or without PD (~40% - 50% of
reduction in TNFo concentrations).

According to these results, age seems to be associated with alterations in TLR4
but not TLR2 responses in patients with PD. In fact, we observed a reverse correlation
between LPS-induced TNFa production and age in patients with PD as well as in
controls, especially after 24 h of culture incubation (Figure 3 A-D). Nevertheless,
concentrations of TNFa induced by TLR2 agonist were not associated with age of PD
patients or controls (Figure 3 E-H). For IL-10, no associations were detected after TLR4
or TLR2 activation of cultures from PD patients or controls (Supplementary Figure 3A-

D).

Cytokine production decreases with disease duration in Parkinson Disease patients

We evaluated the cytokine production induced by TLR4 and TLR2 agonists in
relation to clinical data. As it is shown in Figure 4 TNFa production induced by TLR4
was reversely associated with the disease duration (Figure 4A, B). This was especially
observed in elderly patients when analyzing TNFa production after 24 h of LPS
activation (Supplementary Figure 4). Considering TNFo induced by Pams;Cys, no
significant association was observed with disease duration (Figure 4 C, D;
Supplementary Figure 4 E-H). When analyzing the production of IL-10 in whole group
of PD patients, no significant association between TLR2- or TLR4-induced IL-10
concentrations and disease duration was found (Figure 4 E, F). However, IL-10 is
negatively associated with disease duration in elderly group of PD patients (Figure 5 B,
D).

In addition, correlations between cytokine levels (TNFo and IL-10) in whole
blood cultures from patients with PD and age at PD onset and UPDRS scores were also
evaluated. As showed in Table 2, a significant negative correlation was observed

between LPS-induced TNFa production in whole blood cultures from patients with PD
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and age at PD onset (24 h, p < 0.05; 6 h, p = 0.071). Pam-induced TNFa production
seems to be not associated with age at PD onset (6 h), although there is a tendency a
negative correlation when the TNFa concentrations were evaluated at 24 h of culture (p
=0.079). The production of IL-10 was not associated with age at PD onset, independent
of the stimuli used in whole blood cultures (Table 2). The severity of PD, evaluated by
the UPDRS scale, is not associated with LPS- or Pam-TNFa or -IL-10 production in
whole blood cultures (Table 2). The correlations evaluated with the whole group of PD

patients and controls are summarized in Table 2.

Discussion

In this study we evaluated the response of leukocytes in whole blood cultures to
TLR2 and TLR4 agonists in two groups of patients with PD. To our knowledge this is
the first study to evaluate the association between TLR responses and age in PD
patients. To evaluate the effect of the age in the patient responses, we assessed TLR-
induced cytokine production in PD patients < 55 years old and > 65 years old. The
results showed that the young adult PD patients produced higher levels of TNFa after
TLR4 stimulation than the controls. In addition, they produced more TNFa than elderly
PD patients. As in health controls there were no differences between young and elderly
groups and there is no difference between elderly PD patients and matched controls, the
data suggest that TLR4 response is higher in patients with PD that have < 55 years old
and early onset of the disease. In contrast, the response to TLR2 agonist was lower in
PD patients than in controls independent of the age. Between young and elderly controls
or young and elderly patients no differences were detected after 6 h of incubation, but
the TLR2-induced TNFa was reduced in elderly individuals after 24 h of incubation.
Thus, whereas TLR4 response is increased in the group of young PD patients, TLR2 is
similarly reduced in young and elderly PD patients, suggesting that the age of the
patients does not influence the reduced TLR2 response in PD. We have previously
showed that the response to TLR2 is diminished in patients with PD, evaluating another
group of patients showing a large range of age (Silva et al., 2016). Here, we confirmed
these results in other group of PD patients and demonstrated that this reduced TLR2
response is independent of age or onset of the disease.

The response to TLR4 agonist has been evaluated in PD patients mainly in

peripheral blood mononuclear cells (PBMCs) showing no consensus on the results.
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Higher or lower levels of TLR4-induced TNFa have been found in PBMC cultures from
patients than from controls (Bessler et al., 1999; Hasegawa et al., 2000; Reale et al.,
2009). In whole blood cultures, previously we showed no differences between PD
patients and controls when comparing TNFa concentrations in cultures stimulated with
LPS (Silva et al., 2016). In these studies the age of patients was heterogeneous around
50 to 76 years. In the present study using a large range of age (34 to 76 years) we
showed that the response to LPS/6 h is elevated only in patients with age < 55 years old.
Most importantly, in the previous studies TNFa concentrations were measured after 24
h of incubation not after early time points. We and others observed that the TNFa
concentration reaches a peak around 6 h of cell stimulation and is declined at 24 h
(Waal Malefyt et al., 1991; van Furth et al., 1994; Schildberger et al., 2013). Here, the
LPS-induced TNFa production decreased from 6 h to 24 h mainly in elderly individuals
(PD patients and controls), suggesting that old people have difficult to maintain elevated
levels of TNFa after LPS stimulation than young individuals. Thus, it is important to
keep in mind the relevance of time point to evaluate differences between TNFa
concentrations in ex vivo cultures. Our data suggest that early TLR4-induced TNFa
production in whole blood cultures is increased in PD patients with < 55 years old and
seems to be not related to aging in PD. Results suggest an intrinsic high TLR4 response
in PD patients when they are young that can be lost in old patients. Or alternatively the
PD in young or elderly people can present different mechanisms accounting for the
TLR4 responses. The mechanisms to explain these differences must be further
investigated. IL-10 induced by TLR4 stimulation was similar between PD patients and
controls and it seems to be not affected by age. In accordance, similar results comparing
LPS-stimulated IL-10 production in PBMC cultures from PD patients and controls were
previously obtained (Hasegawa et al., 2000).

In PD, TLR2 plays a role as an important receptor to oligomeric a-synuclein
released from neurons to activate microglia and increases the neuroinfammation (Kim et
al., 2013; Daniele et al., 2015; Kim et al., 2016). However, the role of TLR2 in
periphery during PD has been poorly evaluated. To our knowledge only our group has
evaluated leukocyte response to TLR2/1 agonist showing a reduced production of TNFa
and IL-10 in PD patients (Silva et al., 2010). These results were confirmed in the
present study and we did not find an association between the blood leukocyte TLR2-
decreased response and age of PD patients. As a similar reduced TLR2 response was

detected in young and elderly PD patients, the results suggest that the decreased
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response of peripheral blood leukocytes to TLR2/1 agonist is early detected in PD and
is maintained during aging in these patients. Although it is known that aging is the
main risk to neurodegenerative diseases (Bickford et al., 2017) and PD is considered an
age-related disease, according to our results altered peripheral TLR2 response in PD
maybe is not linked to aging.

Although in this study similar production of TNFa (6 h) and IL-10 (24 h) was
found when comparing young and elderly healthy individuals after TLR4 stimulation of
peripheral blood leukocytes, a tendency for negative correlation between TNFa
concentrations and age was found (r = -0.36, p = 0.06, n = 26) and none correlation was
detected for IL-10 levels. Similar results were obtained with PD patients. However, in
controls or PD patients no correlations between TNFa or IL-10 concentrations and age
of individuals was detected when cultures were stimulated with Pam3;Cys. These results
indicate that in healthy subjects > 65 years old the response to TLR4 tends to decrease
but TLR2 response is preserved, but in PD patients TLR2 response is decreased
independent of age. Previous studies showed a similar (van Duin et al., 2007) or a
decreased (Bruunsgaard et al., 1999; van der Kleij et al., 2004) response to LPS in
PBMC and whole blood cultures, respectively, from elderly healthy subjects in
comparison with young ones. In addition, different results were obtained from PBMC
and whole blood cultures in a same study comparing LPS-induced cytokine production
in elderly and young individuals (Gabriel et al., 2002). Thus, controversial results have
been published about the leukocyte TLR4 response in elderly subjects. Concerning
TLR?2 response, one study about aging influence on the function of this receptor showed
a decreased TNFa and IL-6 production in Pam;Cys-stimulated PBMC cultures from
elderly subjects in comparison with young controls. This decreased response was
ascribed to a lower expression of TLR1 in monocytes from elderly subjects (van Duin et
al.,, 2007). A reduced TLR2/1- or TLR2/6-induced cytokine production was also
reported in human dendritic cells from older than young individuals (Panda et al.,
2010). Thus, these results are in contrast to ours that indicate a preserved TLR2
response in old healthy individuals. In general, a consensus about the effects of aging on
TLR or innate immune response is missing due to a reduced number of studies,
heterogeneity of age ranges and assay conditions.

The alterations in TLR4- and TLR2-induced cytokines in young or elderly PD
patients could be also associated with PD duration. We observed that whereas TNFa

concentrations induced by TLR4 engagement is reversely associated with disease
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duration TLR2 response is independent of this. In addition, the LPS- or Pam;Cys-
induced IL-10 levels decreased as disease duration increased in elderly patients. Results
suggest that both pro and anti-inflammatory TLR4-induced cytokines decrease as PD
progresses. TLR2-induced IL-10 levels were also negatively correlated with PD
duration in elderly patients. Collectively, these results showed that TLR2 deficient
response in PD patients is present in young PD patients as well as in elderly patients,
but only anti-inflammatory IL-10 levels can be associated with the PD duration. In
attempt to clarify whether these results could be explained by severity of PD, we
evaluated correlations between cytokine levels and UPDRS scores. In accordance with
our previous report (Silva et al., 2016) no association between levels of cytokines in
TLR2- or TLR4-stimulated cultures and UPDRS scores was found. Reale et al. (2009)
found a weak positive correlation between LPS-induced cytokine (TNFa, IL-1B) levels
in PBMC cultures and UPDRS III scores. On the otherwise, Hasegawa et al. (2000)
showed a negative correlation between cytokine levels in PBMC cultures stimulated
with LPS and H&Y disability scores of the patients. The patients of the present study
present mild PD according to UPDRS and HY scores what can explain controversial
results obtained in the previous studies. Thus, although our results indicate that TLR4
and TLR?2 altered responses in PD seem to be not explained by the severity of PD, it is
not possible to rule out the possibility that TLR4 and TLR2 play a role in
immunopathogenesis of PD in periphery and in CNS.

The present study has as strong points the additional information about
peripheral TLR2 response in PD evaluated in two groups of patients with PD that
differs according to age, age at onset of the disease, PD duration and UPDRS scores.
The criteria for exclusion, inclusion and matching of patients and controls were
rigorous. We used whole blood cultures that represent the most physiological condition
to evaluate peripheral leukocyte responses. We first performed the analysis of the total
leukocyte/monocytes counts and the determination of serum levels of CRP in PD
patient groups and controls. The results showed no differences between PD patients and
controls, but a negative correlation between leukocytes/monocytes counts and age was
detected in both PD patients and controls (Supplemental Figure 1). In opposite, the
levels of CRP increased as age progress similarly in PD patients and controls. In
accordance with our results, Lindqvist et al. (2012) found similar levels of CRP in the
blood of PD patients in comparison with controls. In addition, similar number of

monocytes has been found in PD patients and controls (Funk et al., 2013; Grozdanov et
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al., 2014). Monocytes are the main cell population that produces TNFa in whole blood
cultures, especially after short periods of incubation (Fokema et al., 2003; Damsgaard et
al.,, 2009). In fact, we observed a moderate positive correlation between LPS- or
Pam;Cys-induced TNFa concentrations and monocyte counts (Table 2). Thus, altered
TLR4 and TLR2 leukocyte responses in PD patients can be ascribed to monocytes. In
our previous report (Silva et al., 2016) the expression of TLR2 or TLR4 in monocytes
from PD patients was not deficient. Thus we need to investigate the mechanisms of
altered TLR2 and TLR4 leukocyte responses in PD patients other than receptor
expression.

In conclusion, the present study showed that TLR4 and TLR2 are differentially
affected during PD. Peripheral TLR4 response is increased in young PD patients
whereas TLR2 response is decreased in both young and elderly patients. The results
suggest that TLR?2 deficiency in periphery is independent of age of the patients and PD
duration. Then, although PD is an age-related disease, some immunological alterations
can occur independent of age such as the response of TLR2. The mechanisms

responsible for this decreased response are under investigation by our group.
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Table 1. Demographic and clinical characteristics of patients with Parkinson Disease

(PD) and healthy controls

Characteristic PD Patients Controls P
Total group n=26 n=26
Age (years) 66 (35 -76) 65 (34-175) 0.97
Age at PD onset (years) 45 (32 - 60) -
Disease duration (years) 13 (5-20) -
UPDRS 20 (19 - 46) -
Mental activity and mood 2.0 (1.0-28.0) -
Daily activities 4.0(2.0-14.0) -
Motor activities 20 (11.0-32.0) -
H&Y 2.0(2.0-3.0) -
Blood leukocytes (mm®) 6,745 (3,630 - 9,100) 6,510 (4,650 — 10,860) 0.57
Monocytes (%) 8.1(5.8-11.0) 7.5@4.8-11.2) 0.45
C-reactive protein (mg/L) 1.00.4-2.7) 1.0 (0.4-29) 0.52
Male/Female 20M/6F 20M/6F
Young adult individuals < 55 years n=12 n=12
old
Age (years) 50 (35 - 55)* 51 (34 -55) 0.99
Age at PD early onset (years) 37 (32 — 43)* -
Disease duration (years) 11 (5-16)* -
UPDRS 22 (19 - 32)* -
Mental activity and mood 1.0 (1.0-2.0) -
Daily activities 2.0 (2.0-6.0) -
Motor activities 19 (11.0-29.0) -
H&Y 2.0 (2.0-3.0) -
Blood leukocytes (mm3) 7,530 (3,330 - 9,100) 7,440 (5,120 — 10,200) 0.96
Monocytes (%) 8.0(5.8-12.0) 7.50(4.7-11.2) 0.71
C-reactive protein (mg/L) 0.90 (0.4 -1.9) 1.10 (0.4 -2.9) 0.28
Male/Female O9M/3F 9M/3F
Elderly adult individuals > 65 years n=14 n=14
old
Age (years) 69 (65 -76) 69 (65 -175) 0.95
Age PD late onset (years) 54 (46 — 59) -
Disease duration (years) 16 (12 - 20) -
UPDRS 30 (21 - 46) -
Mental activity and mood 2.0 (1.0-28.0) -
Daily activities 4.0(2.0-14.0) -
Motor activities 27.0 (15.0 - 32.0) -
H&Y 2.0(2.0-3.0) -
Blood leukocytes (mm3) 6,230 (4,580 — 8,120) 6,350 (4,650- 10,860) 0.53
Monocytes (%) 8.0(5.8-104) 7.4 (5.2-10.1) 0.44
C-reactive protein (mg/L) 1.1(04-2.7) 1.1 (0.5-2.9) 0.56
Male/Female 11M/ 3F 11M/3F

Patients with Parkinson's disease (PD) and control subjects were matched by sex and age. UPDRS:
Unified Parkinson's Disease Rating Scale; H&Y: Hoen & Yahar scale. The data represent the medians
(minimum and maximum values); *p < 0.05 (Young vs elderly PD patients; Mann Whitney test).
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Supplementary Figure 1. Age is negatively associated with blood leukocyte and monocytes counts, and

positively associated with serum C-reactive protein concentrations in healthy individuals and patients

with Parkinson Disease (PD). Correlation between blood leukocyte count and age of PD patients (A) and

healthy control subjects (B). Correlation between blood monocytes counts and the age of PD patients (C)

and healthy controls (D). Correlation between serum C-reactive protein concentrations and age of PD

patients (E) and healthy controls (F). The data represent the individual values evaluated by Spearman’s

Correlation test.
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Figure 1. Production of tumor necrosis factor alpha (TNFa) and interleukin10 (IL-10) is decreased
in whole blood cultures from Parkinson Disease patients after activation with TLR2 agonist. Whole
blood cultures from PD patients and healthy control were treated with either 100 ng/ml LPS (TLR4
agonist) or 1.0 pg/ml Pam;Cys (Pam, TLR2/1 agonist), for 6 h or 24 h. After, the supernatants were
harvested for evaluation of TNFa or IL-10 concentration by ELISA. TNFa concentrations after 6 h (A) or
24 h (B) of stimulation with TLR4 or TLR2/1 agonists. Concentrations of IL-10 after 24 h of stimulation
with TLR4 or TLR2/1 agonists (C). The data represent the individual and median values (n = 26 patients;
26 controls matched by sex and age), * p < 0.05 (medium vs LPS, medium vs Pam, Wilcoxon paired test);

# P < 0.05 (patients vs controls, Mann Whitney U test).
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Figure 2. TLR2-induced tumor necrosis factor alpha (TNFa) and interleukin 10 (IL-10) production
is decreased in PD Patients independent of age. Patients (n = 26) and healthy control subjects (n = 26)
were subdivided into two groups according to their age: < 55 years and > 65 years of age. Whole blood
cultures from PD patients and healthy controls were treated with 100 ng/ml of LPS (TLR4 agonist) or 1.0
pg/ml of Pam;Cys (Pam, TLR2/1 agonist). Supernatants were harvested for evaluation of TNFa (6 h, A,
B) or IL-10 (24 h, C) concentrations by ELISA. Data represent individual values and median, * p < 0.05
(Medium vs LPS, Medium vs Pam, Wilcoxon paired test); # P < 0.05 (patients vs controls, Mann Whitney
U test). ¢ p < 0,05 Pacientes DP < 55 anos vs Pacientes DP > 65 anos e Controles sauddveis < 55 anos vs
Controles sauddveis > 65 anos (teste de Mann Whitney).
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Supplementary Figure 2. Production of tumor necrosis factor alpha (TNFa) decreases from 6 h to
24 h of incubation with LPS/TLR4 or Pam;Cys/TLR2/1: intensification of the reduction of TLR4
response with age. Whole blood cultures from PD patients and healthy controls were incubated with
LPS (100 ng/ml) or Pam;Cys (Pam, 1.0 pg/ml) for 6 h or 24 h. TNFa concentration was assessed by
ELISA in culture supernatants. TNFa concentrations in cultures incubated with LPS from PD patients (A)
or controls (B) <55 years old; TNFa concentrations in cultures incubated with LPS from PD patients (C)
or controls (D) > 65 years old; TNFa concentrations in cultures incubated with Pam from PD patients (E)
or controls (F) < 55 years old; TNFa concentrations in cultures incubated with Pam from PD patients (G)
or controls (H) > 65 years old. The data represent individual values evaluated by Wilcoxon paired test,
and Md = Median of % of reduction from 6 h to 24 h.
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Figure 3. TLR4- but not TLR2-induced tumor necrosis factor alpha (TNFa) levels are reversely
associated with age in Parkinson Disease (PD) patients and controls. Whole blood cultures from PD
patients and controls were treated with 100 ng/ml of LPS (TLR4 agonist) or 1.0 pg/ml of Pam;Cys (Pam,
TLR2/1 agonist). Supernatants were collected for evaluation of TNFa concentrations by ELISA. TNFa
concentrations after 6 h (PD Patients (A) or Controls (B)) or 24 h (PD Patients (C) or Controls (D)) of
stimulation with LPS. TNFa concentration after 6 h (PD Patients (E) or Controls (F)) or 24 h (PD Patients
(G) or Controls (H)) of stimulation with Pam. The data represent the individual values evaluated by

Spearman’s Correlation test.
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Supplementary Figure 3. Evaluation of interleukin 10 (IL-10) concentrations in whole blood cultures

from Parkinson Disease (PD) patients and healthy controls according to age. Whole blood cultures from

PD patients and controls were treated with 100 ng/ml of LPS (TLR4 agonist) or 1.0 pg/ml of Pam;Cys

(Pam, TLR2/1 agonist). Supernatants were harvested for evaluation of IL-10 concentration by ELISA. IL-

10 concentrations after 24 h of stimulation with LPS (PD Patients (A) or Controls (B)) or with Pam;Cys

(PD Patients (C) or Controls (D)). The data represent the individual values evaluated by Spearman’s

Correlation test.
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Figure 4. Production of LPS-induced tumor necrosis factor alpha (TNFa) decreases as the duration
of Parkinson Disease (PD) increases, but the response to TLR2/1 agonist seems to be not affected by
duration of PD. Whole blood cultures from patients and controls were incubated with LPS (100 ng/ml)
or Pam;Cys (Pam, 1.0 pg/ml). Culture supernatants were evaluated for TNFa and IL-10 concentrations by
ELISA. Correlation between TNFa concentrations and disease duration after 6 h (A) or 24 h (B) of
incubation with LPS . Correlation between TNFa concentrations and duration of disease after 6 h (C) or
24 h (D) of incubation with Pam;Cys. Correlation between IL-10 concentrations and duration of disease
after 24 h (E) of incubation with LPS or with Pam (F). The data represent the individual values evaluated

by Spearman’s Correlation test.
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Supplementary Figure 4. Reduction of TNFa production (24 h) is associated with disease duration
in elderly Parkinson Disease (PD) patients. PD patients were subdivided into two groups according to
their age (< 55 years and > 65 years old). Whole blood cultures were incubated with LPS (100 ng/ml) or
Pam;Cys (Pam, 1.0 ug/ml). Culture supernatants were evaluated for TNFa concentrations by ELISA.
Correlation between TNFa concentrations and disease duration, after 6 h of incubation with LPS: (A) PD
patients < 55 years old and (B) PD patients > 65 years of age. Correlation between TNFa concentrations
and duration of disease after 24 h incubation with LPS: (C) PD patients < 55 years old and (D) PD
patients > 65 years of age. Correlations between TNFa concentrations after stimulation with Pam for 6 h
(E, PD patients < 55 years old; F, PD patients > 65 years old) or 24 h (G, PD patients < 55 years old; H,
PD patients > 65 years old). The data represent the individual values evaluated by Spearman’s Correlation
test (p < 0.05).
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Figure 5. TLR4- and TLR2-induced interleukin 10 (IL-10) production is reversely associated with
disease duration in elderly patients with Parkinson Disease (PD). Whole blood cultures from PD
patients subdivided into two groups according to their age (< 55 years and > 65 years old), were incubated
with LPS (100 ng/ml) or Pam;Cys (Pam, 1.0 pg/ml). Culture supernatants were evaluated for IL-10
concentrations by ELISA after 24 h of incubation. Correlation was evaluated for LPS-induced IL-10
concentrations and disease duration: (A) PD patients < 55 years and (B) PD patients > 65 years old;
correlation between Pam-induced IL-10 concentrations and duration of disease: (C) PD patients < 55
years and (D) PD patients > 65 years old. The data represent the individual values evaluated by

Spearman’s Correlation test (p < 0.05).
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Abstract

Parkinson's disease (PD) is a complex neurodegenerative disease characterized by the
progressive and irreversible loss of dopaminergic neurons. Inflammatory mechanisms
have been associated with the pathophysiology of this disease. Toll-like receptors
(TLR) are expressed in different immune cells and recognize a wide variety of
pathogen-associated molecular patterns (PAMPs) and damage-associated molecular
patterns (DAMPs), leading to the release of inflammatory and toxic molecules, which
may contribute for neuroinflammation in PD. The objective of this study was to
compare the peripheral blood leukocyte potential of patients with PD or healthy
individuals in the production of TNFa or IL-10 after exposure of these cells to TLR
agonists and to investigate the expression of TLR1, TLR2 and TLR10 in monocyte
subpopulations. Patients' peripheral blood leukocytes produced lower levels of TNFa
and IL-10 in response to the TLR2 agonist than control subjects' blood leukocytes. A
higher percentage of the subpopulation of CD14™*CD16 * monocytes in the peripheral
blood of patients with PD compared to healthy controls was observed, as well as a
higher percentage of monocytes from PD patients expressing TLR10. The results
demonstrate that the peripheral blood leukocyte response to TLR2 ligand is reduced in
PD and that the expression of TLR10 in monocytes plays an inhibitory role in the
activity of TLR2 on its agonist, confirmed by the neutralization assay of TLR10 with
monoclonal antibody. DP patients with greater disease severity had lower expression of
TLR10 in monocytes, and TLR10 expression in peripheral blood leukocytes from

patients could be suggested as a possible prognostic biomarker for PD.

Key words: Parkinson's disease. Toll-like receptors. Monocytes. Cytokines.
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Resumo

A doengca de Parkinson (DP) é uma enfermidade neurodegenerativa complexa
caracterizada pela perda progressiva e irreversivel de neur6nios dopaminérgicos.
Mecanismos inflamatdrios tém sido associados com a fisiopatologia desta doenca. Os
receptores similares a Toll (TLR) sdo expressos em diferentes células imunoldgicas e
reconhecem uma ampla variedade de padrdes moleculares associados a patégenos
(PAMPs) e moléculas derivadas de danos teciduais (DAMPs), levando a liberacao de
moléculas inflamatérias e tdxicas, que podem contribuir para a neuroinflamacgdo
associada a DP. O objetivo deste estudo foi comparar o potencial de leucdcitos do
sangue periférico de pacientes com DP ou individuos sadios na produ¢dao de TNFa ou
IL-10 apds a exposicao destas células a agonistas de TLR e investigar a expressdo de
TLR1, TLR2 e TLRIO em subpopulagdes de mondcitos. Os leucécitos do sangue
periférico dos pacientes produziram niveis reduzidos de TNFa e IL-10 em resposta ao
agonista de TLR2 do que os leucdcitos dos individuos controles. Foi observado um
maior percentual da subpopulacdo de mondcitos CD14++CD16+ no sangue periférico
dos pacientes com DP em relacdo aos controles, assim como maior percentual de
mondcitos de pacientes expressando o TLRI10. Os resultados demonstram que a
resposta de leucdcitos do sangue periférico ao ligante de TLR2 é reduzida na DP e que a
expressdo de TLR10 em mondcitos exerce um papel inibitério na atividade de TLR2 ao
seu agonista, confirmado pelo ensaio de neutralizacdio de TLR10 com anticorpo
monoclonal. Pacientes DP com maior gravidade da doenga apresentaram menor
expressdo de TLR10 nos mondcitos, podendo-se sugerir a expressdo de TLRI10 em
leucécitos do sangue periférico dos pacientes como um possivel biomarcador

progndstico para a DP.

Palavras-chave: Doenca de Parkinson. Receptores Toll-like. Mondcitos. Citocinas
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1. Introducao

A doencga de Parkinson (DP) € uma afecc@o neurodegenerativa de etiologia ainda
desconhecida, que atinge os ganglios da base cerebrais, provocando a perda progressiva
de neurdnios dopaminérgicos, na substancia negra (pars compacta) no mesencéfalo. A
DP € a segunda doenca neurodegenerativa mais comum e pode provocar sintomas
motores € ndo motores, podendo levar a incapacidade funcional e a0 comprometimento
da qualidade de vida (Verbaan et al., 2007; Lees, 2009). A causa da neurodegeneragao
na DP ndo é completamente compreendida, mas evidéncias demonstram que alteragcdes
inflamatérias/imunes podem estar envolvidas na fisiopatologia da doenca (Collins et al.,
2012; Dzamko et al., 2014). A fisiopatologia da DP envolve aspectos da resposta imune
evidenciados por alteracdes no sangue periférico e no sistema nervoso central (SNC)
que, geralmente, aumentam com a duracdo da doenga (Croisier et al., 2005). A
reatividade da micrdglia contra estimulos exdgenos e/ou enddgenos, no cérebro de
pacientes com DP, gerando neuroinflamacdo, tem sido reconhecida como o mecanismo
imunolégico primordial na patogénese desta doencga, correlacionada também com a
gravidade das deficiéncias motoras (McGeer e McGeer, 2004, Ouchi et al., 2005;
Dzamko et al., 2017).

Estudos tém evidenciado o possivel envolvimento dos receptores similares a
Toll (Toll-like receptors — TLRs) na patogenia da DP (Panaro et al., 2008; Ros-Bernal
et al., 2011; Kim et al., 2013; Silva et al., 2016; Dzamko et al., 2017). Os TLRs sao
expressos, basicamente, em células do sistema imune inato, que desempenham um
importante papel na resposta imune contra microrganismos e também em processos de
lesdo tecidual por agentes ndo microbianos, reconhecendo os padrdes moleculares
associados a danos teciduais (Damage-associated molecular pattern — DAMPs) (Kawai
e Akira, 2010). Estimulos inflamatérios podem produzir efeitos benéficos, tais como
fagocitose de restos celulares e de células apoptéticas e iniciar um processo de reparo
tecidual, porém a inflamacdo ndo adequadamente controlada pode resultar na produgdo
de fatores neurotoxicos capazes de desencadear ou exacerbar a patologia das afeccoes
neurodegenerativas (Esiri, 2007; Nolan et al., 2013).

Alguns estudos tém demonstrado a co-existéncia de neuroinflamagdo e
neurodegeneracdo na DP (Esiri, 2007; Klegeris et al., 2007), mas pouco se sabe sobre a
participacao de células periféricas nestes processos, sendo ressaltado que o processo de

neuroinflamacdo ndo regulado colabora para a morte de neurdnios dopaminérgicos. No
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sangue circulante, dentre as células da imunidade natural, os mondcitos t€ém acesso ao
cérebro, especialmente durante processos inflamatérios (Getts et al., 2008; Drevets et
al.,, 2010; Kannarkat et al., 2013; Grozdanov et al., 2014). Estas células expressam
varios TLRs e, apds interacdo com PAMPs (do inglés, Pathogen-associated molecular
patterns) e/lou DAMPs, produzem citocinas, tanto pré- quanto anti-inflamatdrias,
podendo participar ativamente da neuroinflamacdo. Ainda, o mondcito pode se
diferenciar em micréglia durante um processo inflamatério (Djukic et al., 2009; Etemad
et al., 2012).

Distintas subpopulagdes de mondcitos podem ser observadas no sangue
periférico. Os mondcitos cldssicos expressam a molécula CD14 em grande intensidade
(CD14™) e ndo expressam CD16 (CD16), compreendendo cerca de 90% dos mondcitos
do sangue (Ziegler-Heitbrock et al., 2010). Além destes, cerca de 10% dos mondcitos
expressam o CD14 e o CD16, identificando duas subpopulagdes, a CD14""CD16",
denominados mondcitos intermedidrios, e a CD14"CD16" ou mondcitos ndo cldssicos
(Cros et al., 2010; Ziegler-Heitbrock et al., 2010). Acredita-se que alteracdes das
subpopulagdes de mondcitos, da expressao de TLRs nestas subpopulagdes e do perfil de
citocinas produzidas por estas células possam estar envolvidos na patogenia da DP
(Drouin-Ouellet et al., 2014; Grozdanov et al., 2014). Os mondcitos expressam TLR2,
que reconhece a a-sinucleina, que € um DAMP produzido no cérebro durante a DP
(Codolo et al., 2013). Recentemente, nosso grupo mostrou que, em hemoculturas de
pacientes com DP, hd uma reduzida producdo de citocinas inflamatdrias apds ativacao
celular com agonista de TLR2 (Silva et al., 2016).

O TLR2 € um receptor que pode atuar em conjunto com TLR1, TLR6 ou TLR10
(Hasan et al., 2005; Jin et al., 2007; Kang et al., 2009), formando heterodimeros que
potencializam o reconhecimento de PAMPs ou DAMPs, especialmente, por células do
sistema imune inato, como os mondcitos/macréfagos. O TLR10 pode formar
homodimeros entre si ou heterodimeros com TLR1, TLR2 ou TLR6 (Hasan et al., 2005;
Guan et al., 2010; Godfroy et al., 2012), mas o seu ligante ndo é conhecido até o
momento. A expressdo de TLR10 tem sido observada em diversos leucdcitos, tais
como: linfécitos B, células dendriticas, mondcitos, neutrdfilos e eosinéfilos (Hasan et
al., 2005;Hornung et al., 2002; Berma et al., 2013; Nagase et al., 2003; Mansson et al.,
2006). Estudos sugerem que TLR10 seja um receptor de reconhecimento de padrdes

incomum, com funcdes principalmente inibidoras sobre respostas imunes dirigidas por
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TLR2 (Guan et al., 2010; Laayouni et al., 2014; Mikacenic et al., 2013; Oosting et al.,
2014).

Como em nosso estudo prévio (Silva et al. 2016) a resposta via TLR2 estava
diminuida em pacientes com DP, nds hipotetizamos que isto possa ser devido a uma
acdo de TLR10 sobre o TLR2. Assim, no presente estudo foi avaliada a expressdo de
TLR1, TLR2 e TLR10 nas subpopula¢gdes de mondcitos, a producao de citocinas em
culturas de células mononucleares (CMN) do sangue periférico, apds estimulagdo com
agonista de TLR2 e o impacto da neutralizacdo de TLR10 na ativacdo de TLR2, em

pacientes com DP.

2. Material e Métodos
2.1. Desenho do estudo, pacientes com DP e controles

Trata-se de um estudo prospectivo que incluiu pacientes com DP, assistidos no
Niucleo de Neurociéncias do Hospital das Clinicas da Universidade Federal de Goids
(UFG), no Instituto Integrado de Neurociéncias — IINEURO e no Centro de Referéncia
em Transtornos do Movimento — CerMovi do Nucleo de Neurociéncias do Hospital das
Clinicas da UFG, Goiania, Goids, Brasil. O presente projeto foi aprovado pelo Comité
de Etica em Pesquisa do Hospital das Clinicas (HC) da UFG (protocolo CAAE:
20032113.0.0000.5078). Pacientes com DP e individuos controles sadios que aceitaram
0 convite para participar da pesquisa assinaram o termo de consentimento livre e
esclarecido (TCLE).

Foram incluidos e pareados, por sexo e idade, 26 novos pacientes com DP e 26
individuos controles sadios, de ambos os sexos (20 M / 6 F), com idades de 34 a 76
anos. Os individuos controles foram doadores de sangue do Banco de Sangue do
Instituto Goiano de Oncologia e Hematologia (INGOH), do Banco de sangue do HC-
UFG e individuos sadios da comunidade. O diagnéstico da DP foi realizado de acordo
com os critérios do Banco de Cérebro de Londres (Litvan et al., 2003), sendo os
pacientes avaliados pelas escalas: Unificada da Doenca de Parkinson (UPDRS); Hoehn
& Yahr (Hoehn &Yahr, 1967) e Schawb & England (Horta, 2003). Foram excluidos os
pacientes que apresentaram parkinsonismo secunddrio e/ou atipico; pacientes e
individuos controles em uso de medicamentos imunossupressores, corticosterdides e/ou
anti-inflamatdrios nao esteroides ha pelo menos trés meses; pacientes e controles febris,

individuos portadores de doengas cardiovasculares, diabéticos e aqueles participantes
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que apresentaram alteracOes sugestivas de infeccdo e/ou inflamagdo, avaliados pelo

hemograma e dosagem da proteina C-reativa.

2.2. Obten¢do das amostras de sangue

O sangue periférico dos pacientes com DP e individuos controles sadios foi
obtido por meio de punc¢do venosa periférica, em tubos a vacuo (Vacuette, GreinerBio-
one, Americana, SP, Brasil). Foram colhidos 10 mL de sangue em tubos contendo o
anticoagulante EDTA-K3 (Vacutainer, Becton Dickinson, BD, EUA), para a realizacdo
do hemograma, citometria de fluxo e separacdo de células mononucleares (CMN).
Foram obtidos 5 mL de sangue em tubos sem anticoagulante (Vacutainer, BD) para
obtencdo de soro e dosagem da proteina C reativa (PCR). Apds coagulacdo e retragao
do codgulo (1 h, temperatura ambiente, T.a.), o soro foi obtido apds centrifugagdo a 500
g, 5 min, 4°C. Todas as amostras sanguineas foram processadas, no méximo, 3 h apés a
colheita, no periodo das 9:00 as 11:00 da manhd, para ndo comprometer a sua

viabilidade ou ativagao celular.

2.3. Leucometria e dosagem da proteina C reativa (PCR)

Uma aliquota de 500 pulL de sangue venoso periférico dos pacientes e de
controles foi utilizada para a realizagdo do hemograma em analisador hematolégico
automatizado Sysmex XED-2100 (Roche, Suica). Os resultados da contagem absoluta e
percentual dos leucécitos e mondcitos foram apresentados como leucécitos ou
monécitos/mm° e %, respectivamente.

A determinacdo quantitativa da PCR foi realizada por imunoturbidimetria
(analisador automatizado Selectra XL, Holanda), usando particulas de latex revestidas
com anticorpos anti-PCR. O limite de detec¢do da reacdo foi de 0,05 mg/L de PCR,
sendo os valores menores do que 3,0 mg/L considerados normais (Kit SPINREACT,

Ref. 43134, Santa Coloma, Espanha).

47



2.4 Obtengcdo de Células Mononucleares (CMN) do Sangue Periférico, cultura e

tratamentos com agonistas de TLR

As CMN do sangue periférico dos pacientes e individuos controles foram
separadas pela técnica de centrifugacdo em gradiente de densidade, utilizando-se a
solucdo Lymphoprep™ (Stemcell Technologies, WA, EUA, densidade = 1,077 g/mL).
O sangue total, colhido com EDTA, foi diluido v/v em solu¢do salina tamponada com
fosfatos (PBS)-EDTA (0,01 mM, pH 7,3) e aplicado sobre o Lymphoprep. Apés
centrifugacdo a 1400 g, por 30 min., a 21 °C, o anel de CMN foi colhido e as células
foram lavadas duas vezes com PBS, a 800 g, 10 min., a 4°C. O sobrenadante foi
descartado e as CMN foram ressuspendidas em 1,0 mL de meio RPMI 1640,
suplementado com Hepes 10 mM, penicilina 100 U/mL e estreptomicina 100 pg/L,11
mM de bicarbonato de s6dio e 2 mM de L-glutamina (todos os reagentes Sigma),
acrescido de 10% de soro fetal bovino (SFB) (Gibco Invitrogen, Sdo Paulo, Brasil). A
viabilidade celular foi avaliada com azul tripan 0,01% em PBS, sendo as células usadas
somente quando a viabilidade foi maior do que 90%. As CMN foram quantificadas em
hematocitémetro, um total de 1,0 x10° CMN/ml foi utilizado para marcacdo celular de
mondcitos com anticorpos monoclonais e andlise por citometria de fluxo. As CMN da
suspensdo celular foram acertadas para 4,0 x10° células/200 pL e cultivadas em
microplacas de poliestireno, fundo em U, de 96 pocos (Sarstedt, Niimbrecht,
Alemanha), na auséncia ou na presenca de Pam3;Cys SKKKK (EMC-Biochemicals,
Tiibingen, Alemanha) na concentragdo de 1,0 pg/mL, por 24 horas, a 37 °C, 5% de CO..
Apdés o periodo de incubacdo, os sobrenadantes foram colhidos, aliquotados e

congelados (-20°C), para posterior dosagem de citocinas.

2.5 Andlises das subpopulagcoes de mondcitos e da expressdo de TLR1, TLR2 e TLRIO0

por citometria de fluxo

Para a imunofenotipagem dos mondcitos, o sangue periférico e a suspensao
celular de CMN (1,0 x 10°mL) dos pacientes e seus respectivos controles, foram
incubados na auséncia ou presenga de anticorpos monoclonais, previamente titulados,
anti-CD14 (APC, clone M5E2, BioLegend, San Diego, CA, EUA) e anti-CD16 (PerCP,

clone 3G8, Exbio, Vestec, Czech Republic) e seus respectivos isétipos controles, por 30
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minutos. Os anticorpos anti-CD16 foram do clone 3G8, os neutréfilos CD16" foram
excluidos das andlises (Heimbecket al., 2010). Apds a incubag@o com 0s anticorpos, os
eritrécitos foram lisados com 2 mL de soluc¢do de lise (BD, Pharmingen), durante 30
minutos. Em seguida, as células foram lavadas (500 g, 7 min, 4°C) e, posteriormente,
fixadas com solucdo de paraformaldeido a 1% em PBS. A aquisi¢cdo dos dados foi
realizada em citdmetro de fluxo (Becton Dickinson, FACScalibur), sendo adquiridos
30.000 eventos totais, baseados nos parametros de tamanho celular (ForwardScatter -
FSC) e complexidade citoplasmatica (SideScatter - SSC), e 5.000 eventos na janela das
células CD14". As andlises das subpopulagdes dos mondcitos foram realizadas de
acordo com Cros et al. (2010) e Heimbeck et al. (2010). Os dados adquiridos foram
avaliados com a utilizacdo do programa Flow Cytometry Software (FCS) versao 4
(DNS, Los Angeles, CA, EUA). Os dados sdo apresentados como porcentagens de
células positivas (%) e intensidade média de fluorescéncia (IMF).

A avaliagdo da expressdo celular dos TLRs nos mondcitos foi realizada apenas
na suspensdo de CMN. Assim, as CMN do sangue periférico foram incubadas com
anticorpos anti-TLR1 (PE, clone GD2.F4, eBioscience, San Diego, CA, EUA), TLR2
(FITC, clone TL2.1, eBioscience) ou TLR10 (PE, clone 3C10C5, eBioscience), em
paralelo aos tratamentos com anti-CD14 e anti-CD16, como acima descritos. Apds a
adicao de todos os anticorpos, as CMN foram incubadas, T.a. protegidas da luz, durante

30 min, sendo processadas e analizadas como descrito acima.

2.6 Avaliacdo do efeito do bloqueio de TLR10 na resposta via TRL2

As CMN (4,0 x10° células/200uL) obtidas do sangue periférico de pacientes
portadores da doenca de Parkinson (n = 6) e de individuos controles sadios (n = 6)
foram cultivadas em duplicatas em microplacas (Sarstedt, Niimbrecht, Alemanha),
fundo em U, de 96 pocos, contendo meio RPMI 1640 suplementado como descrito
acima, na auséncia ou presenca de Pam;Cys SKKKK (EMC-Biochemicals, Tiibingen,
Alemanha) na concentracdo de 1,0 pg/mL, por 6 h e 24 horas, a 37 °C, 5% de CO,.

Para o bloqueio do TLR10, as CMN foram pré-incubadas durante 1 h com 10
pg/mL de anticorpo monoclonal anti-TLR10 (Isétipo IgGl Kappa murino, Clone
3C10C5, Novus Biological, Cambridge, Reino Unido) ou IgG murino controle antes da

exposicao ao Pam;Cys SKKKK.
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2.7 Andlises Estatisticas

Os resultados s@o apresentados como valores individuais, medianas (minimo e
maximo), sendo comparados por meio do teste de Mann Whitney para amostras
independentes e teste de Wilcoxon para amostras pareadas. Para andlises de correlacdo,
foi utilizado o teste de correlacdo de Spearman. Foi utilizado o GraphPad PRISM
software versao 5.0 (San Diego, CA, EUA). O nivel de significancia foi estabelecido em

p <0,05.

3. Resultados

3.1. Caracteristicas dos pacientes com DP e individuos controles

As principais caracteristicas demogréficas e clinico-laboratoriais dos 26
pacientes e 26 individuos controles sadios incluidos neste estudo estdo resumidas na
tabela 1. Os participantes do estudo foram pareados por sexo (20M/6F) e idade (34 — 76
anos). O grupo total de pacientes apresentou tempo de duracdo da doenca bastante
varidvel (5 — 20 anos) e a gravidade da doenca, de acordo com a escala de UPDRS,
variou de escores de 19 a 46 pontos, indicando, portanto, um grupo de pacientes com
doenca leve a moderada. Dentro da escala UPDRS foram avaliadas alteragdes da
atividade mental e do humor dos pacientes DP com variacdo de escores de 1.0 a 8.0,
representando alteragdes leves, alteracOes para a realizacao de atividades de vida didria
com variacdo de escores de 2.0 a 14.0, representando altera¢des leves a moderadas,
também foram avaliadas alteracdes motoras dos pacientes DP, com variacdo de escores
de 11.0 a 32.0, representando alteracdes leves a moderadas. A escala de Hoen & Yahr
foi utilizada para a avaliacio do estado de incapacidade geral de acordo com a
gravidade da DP, que variou dos escores de 2.0 a 3.0, indicando incapacidade leve a
moderada dos pacientes DP.

O numero de leucdcitos sanguineos circulantes, a contagem diferencial de
mondcitos e a dosagem sérica da proteina C-reativa foi semelhante entre pacientes DP e

individuos controles sadios.
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Tabela 1. Caracteristicas clinico-laboratoriais e demogréficas de pacientes com doenca

de Parkinson e individuos controles

Variaveis Pacientes DP Controles P
Grupo total N =26 N =26

Idade (anos) 66 (35 -76) 65 (34 -175) 0.97
Idade de inicio da DP (anos) 45 (32 - 60) -

Duracao da doenga (anos) 13 (5-20) -

UPDRS 20 (19 - 46) -

H&Y 2,0 (2,0-3,0) -

Leucécitos (mm’) 6.745 (3.630 - 9.100) 6.510 (4.650 — 10.860) 0.57
Mondcitos (% sangue) 8,1(5,8-11,0) 7,5(4,8-11,2) 0.45
Proteina C-reativa (mg/L) 1,0(0,4-2,7) 1,0 (0,4 -2,9) 0.52
Sexo M/F 20M/6F 20M/6F

Pacientes com doenca de Parkinson e individuos controles foram pareados por sexo e
idade.UPDRS:Unified Parkinson’s Disease Rating Scale; H&Y: Hoen & Yahar scale. Os dados
representam valores individuais e medianas (minimo e médximo), comparados por meio do teste de Mann

Whitney para amostras independentes. O nivel de significancia foi estabelecido em p < 0,05.

3.2. Pacientes com doenca de Parkinson apresentam maior expressdo de TLRI0 em

mondcitos intermedidrios.

Para avaliar se os pacientes com doenca de Parkinson apresentavam maior
expressao dos TLRs 1, 2 e 10, mondcitos foram analisados, primeiramente, de acordo
com o tamanho celular e a granulosidade citoplasmatica (FSC x SSC). A expressdo de
TLRI1, TLR2 e TLR10 foi avaliada nas células CD14". A estratégia de andlise das
citometrias estd resumida na Figura 1A.

Nao observamos diferencas na porcentagem de células positivas para TLR1 e
TLR2 entre controles e pacientes com DP. Por outro lado, a porcentagem de mondcitos
TLR10" estava aumentada nos pacientes com DP comparados ao grupo controle (Figura
1B). As médias de intensidade de fluorescéncia (MFI) de TLR2 e TLR10 estavam
aumentadas em pacientes com DP, em compara¢do com o controle, enquanto nenhuma

alteracao foi observada na MFI de TLR1 (Figura 1C).
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Figura 1. Elevada expressiao de TLR10 em mondcitos de pacientes com doenca de Parkinson. Mondcitos
foram identificados com anticorpos anti-CD14 em CMN do sangue periférico e a expressdo de TLR1, TLR2 e
TLR10 foi avaliada por citometria de fluxo. (A) Estratégia de andlise da expressdo de TLRs em mondcitos
CD14". (B) Porcentagem de células expressando TLR1, TLR2 e TLR10 em controles sadios e pacientes com
DP. (C) Média da intensidade de fluorescéncia (MFI) para TLR1, TLR2 e TLR10 em controles sadios e
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idade. Os dados representam valores individuais e as medianas. *p < 0,05 (pacientes vs controles, teste U de
Mann Whitney).

Para avaliar se a expressdo de TLR10 € associada com alguma subpopulagdo de
mondcitos, analisamos, inicialmente, se haviam diferencas na frequéncia dessas
subpopulagdes entre controles e pacientes com DP. A estratégia de andlise das
subpopulagdes de mondcitos estd resumida na Figura 2A. Nao encontramos diferencas
nas porcentagens de mondcitos cldssicos (CD14"™"CD16) e ndo-cldssicos
(CD14"CD16") entre pacientes e controles. Por outro lado, observamos que pacientes
com DP apresentam maior frequéncia de mondcitos intermedidrios (CD147"CD16") do

que os controles sadios (Figura 2B). Observamos, ainda, que a expressdao de TLR1 é
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similar entre pacientes e controles em todas as subpopulacdes de mondcitos (Figura
2C). A frequéncia de mondcitos classicos e intermedidrios expressando TLR2,
entretanto, estava aumentada em pacientes com DP em relacdo aos controles (Figura
2D). Finalmente, observamos que a elevada expressdao de TLR10 em pacientes com DP
se restringe aos mondcitos intermedidrios (Figura 2E).

Nossos dados indicam que hd um aumento da porcentagem de mondcitos

intermedidrios expressando TLR10 em pacientes com doenca de Parkinson.
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Figura 2. Pacientes com doenca de Parkinson apresentam maior frequéncia de mondcitos intermediarios
expressando TLR10. As subpopulacdes de mondcitos do sangue periférico foram separadas de acordo
com a expressdo das moléculas CD14 e/ou CD16, para avaliacdo da expressdo de TLRs em diferentes
subpopulagdes. (A) Estratégia de andlise das diferentes subpopulacdes de mondcitos. (B) Frequéncia das
subpopulagdes de mondcitos em controles e pacientes com DP. (C) Frequéncia de células positivas para
TLR1 em cada subpopulagdo de mondcitos. (D) Frequéncia de células positivas para TLR2 em cada
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dados representam valores individuais e as medianas. *p < 0,05 (pacientes vs controles, teste U de Mann

Whitney).
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34. A expressdo de TLRIO em monocitos é reduzida em individuos idosos,
independente da doenga de Parkinson.

Para avaliar se a idade compromete a expressdo de TLR10 correlacionamos a
idade e a expressdo de TLR10 por mondcitos de controles sadios e pacientes com DP.
As andlises de correlacdo demonstraram, claramente, que a idade influencia,
negativamente, a expressao de TLR10, tanto em individuos sadios (Figura 3A), quanto

em pacientes com DP (Figura 3B).

Nossos dados indicam que a expressdao de TLR10 em mondcitos € reduzida com

a idade, independente da doenca de Parkinson.
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Figura 3. Expressio de TLR10 em mondcitos diminui com a idade. (A) Correlacdo entre a idade e a
frequéncia de mondcitos expressando TLR10 em controles sadios. (B) Correlagdo entre a idade e a frequéncia
de mondcitos expressando TLR10 em pacientes com DP. Pacientes DP (n = 26) e individuos controles sadios
(n = 26) foram pareados por sexo e idade. Os dados representam valores individuais e a curva de regressao

linear. Os valores de r e p foram obtidos pelo teste de correlacdo de Spearman.

3.5. A expressdo de TLRI0 correlaciona-se negativamente com a gravidade da doenga
de Parkinson.

Para investigar se a expressao de TLR10 em mondcitos influencia a patogenia da
doenca de Parkinson, correlacionamos a frequéncia de mondcitos expressando TLR10 e
a gravidade da doenca, segundo a escala UPDRS. N6s observamos uma forte correlagdao

negativa entre a frequéncia de mondcitos expressando TLR10 e a gravidade da doenca,

avaliada pela escala UPDRS (Figura 4).

54



Esses dados sugerem que mondcitos expressando TLR10 sao importantes no

controle da gravidade da doenga de Parkinson.
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Figura 4. Correlagio negativa entre a frequéncia de monécitos TLR10+ e a gravidade da doenca de
Parkinson. Correlacdo entre a frequéncia de mondcitos expressando TLR10 e a gravidade da DP pela escala
UPDRS. Os dados representam valores individuais e a curva de regressdo linear. Os valores de r e p foram

obtidos pelo teste de correlagdo de Spearman.

3.5. Expressdo de TLRIO é importante para a reducdo da ativagdo de TLR2 em

pacientes com doenga de Parkinson.

Uma vez que demonstramos que leucdcitos do sangue periférico (hemoculturas)
de pacientes com DP respondem menos a ativacdo com agonista de TLR2/1 do que os
individuos controles sadios (Silva et al., 2016) e que esses pacientes apresentam maior
percentual de mondcitos expressando TLR10 do que os controles sadios, noés
investigamos se a expressao de TLR10 seria importante na reducdo da resposta imune
frente a ativacdo de TLR2. Para isso, CMNs de controles e pacientes com DP foram
estimuladas com agonista de TLR2/1 (Pam3;Cys) na auséncia ou presenga de anticorpo
neutralizante anti-TLR10. N6s observamos que a neutralizacdo do TLR10 com anti-
TLR10 reverteu completamente a baixa producdo de TNF-a apds a ativagdo do TLR2
com Pam3;Cys observada em pacientes com DP comparados aos controles sadios. IgG
normal de rato foi usado com controle de isotipo e nao teve efeito sob a producdo de

TNF-a pelas células tanto de controles sadios, quanto de pacientes (Figura 5).

55



Nossos dados sugerem que a expressao de TLR10 em mondcitos € importante

para reduzir a producao de TNF-a por essas células apés a ativagdo do TLR2/1.
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Figura 5. O bloqueio de TLR10 aumenta a secrecio de TNF-o em cultura de CMN de pacientes
portadores da doenca de Parkinson, apds a exposiciao a agonista de TLR2/1 (Pam;Cys). As CMNs
(4,0 x10°/200uL) foram pré-incubadas durante uma hora com anticorpo monoclonal neutralizante de
TLR10 (10 pg/mL) ou com anticorpo IgG controle, seguido de incubagdo durante 6 h com Pam;Cys (1,0
pg/mL). A secrecdo de TNF-a foi determinada nos sobrenadantes da cultura por ensaio imunoenzimatico
(ELISA). Os dados representam os valores individuais e a mediana, *p<0,05 (teste U de Mann Whitney).

#p<0,05 (teste de Wilcoxon).

4. Discussao

Né6s demonstramos, neste trabalho, que o percentual de mondcitos
intermedidrios expressando TLR10 é maior em pacientes com DP em relagdo aos
individuos controles sadios, enquanto os percentuais de mondcitos expressando TLR1 e
TLR2 foram semelhantes entre os grupos, ainda que a intensidade de fluorescéncia de
TLR2 foi maior em mondcitos de pacientes com DP. Interessantemente, foi
demonstrado que apesar dos mondcitos de pacientes com DP expressarem maiores
quantidades de TLR2, corroborando achados anteriores (Drouin-Oullet et al., 2015;
Silva et al., 2016), a responsividade do TLR2 ao seu agonista foi reduzida nos pacientes
DP, comparado aos individuos controles (Silva et al., 2016).

Estudos tém evidenciado a agdo inibitéria da expressdo de TLR10 sobre a
responsividade do TLR2 (Hasan et al., 2005; Guan et al., 2010; Godfroy et al., 2012;
Stapers et al., 2015). De fato, o bloqueio do TLR10 por anticorpos monoclonais
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neutralizantes aumenta producdo de citocinas pro-inflamatdrias apds a exposicao a
ligantes de TLR2 e individuos com polimorfismo disfuncional no gene para o TLR10
sa0 mais responsivos ao ligante de TLR2 (Oosting et al., 2014; Hess et al., 2017). Por
outro lado, camundongos transgénicos para o gene da TLR10 sdo menos responsivos ao
desafio com agonista de TLR2 (Oosting et al., 2014), indicando claramente o papel
supressor desse receptor sob o TLR2. Inicialmente, acreditava-se que a sinalizacdo
intracelular do TLRI10 estava associada com a via MyD88 (Hasan et al., 2005),
entretanto, observou-se uma falha na ativa¢do tipica de TLR por esta via, sendo,
atualmente, verificado que a sinalizacdo ocorre via NF-kB (Guan et al., 2010) e/ou
ativacdo de citocinas anti-inflamatérias mediada por PI3K/Akt (Oosting et al., 2014).
Nossos dados corroboram com trabalhos anteriores ao demonstrarem que o bloqueio de
TLR10, com anticorpo monoclonal neutralizante, modula a ativa¢do celular induzida
pela estimulacdo de TLR2/1 com Pams;Cys em culturas de CMN (mondcitos) de
pacientes com DP.

Embora grande parte dos estudos descrevevam que o TLR10 possui um papel
supressor da resposta pré-inflamatdria, alguns estudos sugeriram que esse receptor atua
como um receptor estimulador da resposta imune inata relacionada com o
reconhecimento de Lysteria monocytogenes e Influenza virus (Regan et al., 2013; Lee et
al.,, 2014). A variacdo genética no gene de TLR10 pode modular o equilibrio entre
respostas imunes pré e anti-inflamatérias e, consequentemente, explicar a influéncia
genética do ser humano a suscetibilidade a doencas (Stevens et al., 2008; Morgan et al.,
2012).

Nossos resultados mostram, ainda, que a expressdo de TLR10 estd associada
com menor gravidade da doenca de Parkinson, avaliada pela escala UPDRS.
Acreditamos que o complexo TLR2/10 possa estar envolvido no reconhecimento e
resposta imune a DAMPs no SNC. A a-sinucleina ¢ um DAMP produzido por células
do SNC e esta relacionada com a fisiopatologia da DP, sendo reconhecida via TLR2 por
mondcitos/microglia (Codolo et al., 2013). Acreditamos que possa haver participacao
do TLR10 no reconhecimento de a-sinucleina, ou de outros DAMPs, no SNC e que o
TLR10 possa modular a neuroinflamacao gerada pela ativacdo de TLR2 durante a DP,
reduzindo, assim, a neurodegeneracdo e a gravidade da doenca.

O aumento da expressao de TLR10 em pacientes com DP parece estar restrito
aos mondcitos intermedidrios. NOs observamos que essa subpopulacdo de mondcito foi

a unica aumentada em pacientes com DP em relacdo aos controles sadios. Mondcitos
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classicos e ndo classicos nao foram alterados, corroborando com estudos anteriores
(Funk et al., 2013; Silva et al., 2016). Por outro lado, os estudos de Grozdanov e
colaboradores (2014) e de Speidal e colaboradores (2016) demonstraram um maior
percentual da subpopulacdo de mondcitos cldssicos e menor percentual de mondcitos
ndo classicos no sangue periférico de pacientes com DP. Embora haja diferencas
genéticas e diferentes métodos para separacdo de mondcitos das amostras sanguineas, as
razdes para essas discrepancias permanecem desconhecidas.

Os mondcitos intermedidrios sd@o considerados mondcitos pré-inflamatorios,
uma vez que eles produzem elevados niveis de TNFa e baixos niveis da citocina
reguladora IL-10 em resposta a agonistas de TLR, especialmente, a agonistas de TLR2 e
de TLR4 (Belge et al., 2002; Mizuno et al., 2005). Entretanto, uma vez que pacientes
com DP sdo menos responsivos ao agonista de TLR2, hipotetizamos que a expressao de
TLR10 por esses mondcitos regule a resposta pro-inflamatéria advinda da ativacdo de
TLR2/1.

E interessante notar que a expressio de TLR10 foi negativamente correlacionada
com a idade, independente do estado clinico do individuo. Sabe-se que envelhecimento
¢ o fator de risco mais significativo para o desenvolvimento de doencas
neurodegenerativas (Phinney et al., 2006; Sawada et al., 2007; Bliederhaeuser et al.,
2016). Por outro lado, a concentragdo de a-sinucleina plasmatica nao se correlaciona
com o envelhecimento (Fjorback etal., 2007). Existe, portanto, a possibilidade de que a
reducdo da expressdo de TLR10 com a idade possa estar associada a severidade do
processo de neuroinflamacdo/neurodegeneragdo e, consequentemente, a maior
gravidade da DP em pacientes mais idosos.

Nossos dados demonstram que, durante a doenca de Parkinson, hd um aumento
do percentual de mondcitos intermedidrios expressando TLR10 e que a expressdao de
TLR10 € fundamental para hiporresponsividade ao agonista de TLR2/1 observado nas
células desses pacientes. Estudos adicionais sdo necessarios para decifrar o mecanismo
exato pelo qual o TLR10 induz seu efeito inibitério e para elucidar o potencial de
polimorfismos genéticos de TLR10 na avaliagdo de risco, progndstico e tratamento de

doencas neurodegenerativas.
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Abstract

Toll-like receptors (TLR) are a large group of proteins that recognize conserved
pathogen-associated molecular patterns (PAMPs) and damage-associated molecular
patterns (DAMPs). Cellular expression of these receptors in blood peripheral cells and
tissues is critical to the proper functioning of the immune system. Activation of TLR
leads to inflammation, which is essential for innate defense mechanisms. However,
unbalanced inflammatory process can contribute to tissue lesions resulting in chronic
inflammatory diseases. The TLR plays important roles in neuroinflammation and has
been associated with neurodegenerative diseases. Genetic polymorphism of TLRs has
been seen in a number of diseases linked to susceptibility or resistance. Some
polymorphisms can affect the biological functions of TLR and exacerbate or reduce the
inflammatory process. This review summarizes the main TLR properties and genetic
polymorphisms that have been evaluated in neurodegenerative diseases while
highlighting their roles in susceptibility or resistance to development of these diseases.
Key words: Toll-like receptors, genetic polymorphism; neuroinflammation;

neurodegenerative diseases

Resumo

Os receptores similares a Toll (TLRs) compreendem um grupo de proteinas que
reconhecem padrées moleculares associados a patdégenos (PAMPs) e padroes
moleculares associados a danos teciduais (DAMPs). A expressdo destes receptores
emcélulas imunolégicas € fundamental para a atividade do sistema imune. A ativacdo de
TLRs leva a inflamacao, que é essencial para mecanismos de defesa inatos. Entretanto,
a inflamacgao desregulada pode contribuir para lesdes teciduais, resultando em doengas
inflamatorias cronicas. Os TLRs desempenham papéis importantes na neuroinflamacao,
a qual tem sido associada a doengas neurodegenerativas. Polimorfismos genéticos dos
TLRs tém sido relatados em vdrias doengas, sendo relacionados a suscetibilidade ou
resisténcia. Alguns polimorfismos podem afetar as func¢des biolégicas dos TLRs, o que
pode contribuir para a exacerbacdo ou reducdo da inflamacao. Esta revisao sintetiza as
principais propriedades dos TLRs e seus polimorfismos genéticos que foram avaliados
em doencas neurodegenerativas, destacando seus papéis na suscetibilidade ou
resisténcia ao desenvolvimento dessas doengas.

Palavras-chave: Receptores similares a T7oll (TLR); polimorfismo genético;

neuroinflamacdo; doencgas neurodegenerativas
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Introduction

As life expectancy has increased, many individuals reach old age where
neurodegenerative diseases are more frequent. Some of these diseases cause dementia
including Alzheimer's disease (AD) and Parkinson's disease (PD). These are major
public health problemsl’z. These neurodegenerative diseases are progressive,
heterogeneous, and present several pathophysiological changes of unknown etiology.
The destruction of neurons is observed in the central nervous system (CNS) of the
patients, and this may result in motor or non motor symptoms including sensory,
cognitive, psychiatric, and other alterations, which can lead to functional impalirment3 4,

Data has shown that CNS surveillance by innate immune cells such as resident
microglia and newly recruited bone-marrow derived cells occurs in both physiological
and pathological conditions”. Consequently, even in the presence of an intact blood-
brain barrier (BBB), inflammation can take place in the CNS following tissue damage
or infections. The association between genetic and environmental factors (infectious
agents and neurotoxins) may be involved in the etiology of neurodegenerative diseases
either as a causative agent or as risk factors’. While there have been considerable
advances in the knowledge of the pathophysiology of these diseases over the last
decade, the etiopathogenic mechanisms underlying the neurodegeneration process
remains unclear. Molecular biology studies have identified mutations and genetic
polymorphisms in patients with different neurodegenerative diseases. Thiss trengthens
the hypothesis that the causes of neuropathological changes are polygenic and
multifactorial>®”.

Neurodegenerationis associated with neuroinflammation followed by neuronal
death. The exposure of individuals (or experimental models of neurodegenerative
diseases) to infectious organisms and environmental toxins may induce the development
of inflammatory processes and production of neurotoxic factors®. The toll-like receptor
(TLR) family of innate immune receptors has an important role in driving the activation
and inhibition of pathogenic pathways involved in neurodegenerative diseases'".
Activation of microglia, a resident macrophage in CNS, with TLR agonists such
aspathogen-associated molecular patterns (PAMPs) as well as damage-associated
molecular patterns (DAMPs) induces inflammatory responses involved in neuronal

deathg’w’“’lz.
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The TLR can also be neuroprotectivelo. The TLRs may present genetic
polymorphisms that are characterized by variations or mutations in the sequence of
nucleotides in the DNA that can lead to changes in the function or expression of the
protein receptor and, consequently, in the induction of genes related to inflammation'.
This may result in an unbalanced inflammatory response that can cause tissue damage
and contribute to the etiopathogenesis of neurodegenerative diseases. The imbalance
between pro-and anti-inflammatory signals may favor a chronic inflammatory process
with prolonged activation of peripheral blood leukocytes or cells in CNS. This produces
pro-inflammatory cytokines and also releases reactive oxygen intermediates (ROI),
nitric oxide (NO) and prostaglandins all of these are toxic to neurons™'?. Therefore,
understanding the association between the TLR polymorphisms and neurodegenerative
diseases can help explain the pathogenesis of these diseases. We have studied TLR in
PD14, and we revised the role of TLRs in neuroinflammation in PD'. In this review we
describe the TLRs and their participation in the neuroinflammation during
neurodegenerative diseases. Furthermore, this review presents data about TLR genetic

polymorphisms associated with neurodegenerative diseases.

Toll-like receptors and neurodegenerative diseases

TLRs are type I transmembrane glycoproteins coded by germ line genes and
expressed on the cytoplasmic membrane or intracellular vesicle membranes of immune
and non-immune cells. These receptors recognize a wide variety of antigens produced
by microorganisms (PAMPs) as well as endogenous molecules from tissue damage
(DAMPs). There are 13 TLRs in mammals, but only 10 are functional in human
beingsTLR1 to TLR10.The TLRs have characteristic motifs rich in cysteine in the
extracellular domain, and these interact with the ligand. A transmembrane domain and
an intracellular toll-interleukin 1 (IL-1) receptor (TIR) domain is essential for signal
transduction. These receptors activate immune cells with subsequent production and
release of molecules participating in the inflammatory response (Figure 1). According to
their cellular location, the TLRs can be divided into two groups. The first is composed
of TLR2, TLR4, TLR1, TLRS5, TLR6 and TLR10, which are expressed on the cell
surface and recognize microbial molecular compounds as lipids, lipoproteins, proteins,

or DAMPs'®"(Figure 1).
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The TLR can form homodimers or heterodimers to recognize a wide range of
exogenous or endogenous molecules. Although most TLR are homodimers, TLR2
forms heterodimers with TLR1, TLR6, or TLR10 as well as with CD36 receptor (a
scavenger receptor). These complexes recognize oxidized phospholipids, lipoproteins,
long chain lipids, collagen, trombospondin, etc.'®!”. The TLR10 forms homodimers
with high affinity, but it can also be associated with TLR1 or TLR2'®.

Govindaraj et al. (2010)"used homology modeling and molecular dynamic
stimulations to construct a three-dimensional structure of TLR10 and predicted the
interactions between TLRI0/TLR10, TLRI10/TLR1, TLRI10/TLR2 and possible
lipopeptide ligands. TLR3 and TLR4 act as homodimers, and the latter still requires two
accessory molecules: MD-2 (Lymphocytic antigen 96, Ly96) and CD14 (human
leukocyte differentiation Antigen 14)'®'” Table 1 summarizes the different TLRs and
their ligands (PAMPs) in the major cell types expressing these receptors.

The endogenous ligands of TLR are usually produced during tissue lesions.
These include fragments of hyaluronic acid, fibrinogen, fibronectin, high-mobility
group B1 (HMGBI1), heat shock proteins (HSP), eosinophil-derived neurotoxins, A and
D surfactants, and heparin sulfate proteoglycans (Table 2)***'. These DAMPs activate
innate immune cells leading to inflammatory responses that are the basis of the
imunopathogenesis of autoinflammatory, autoimmune, or chronic inflammatory
diseases™. Several DAMPs are produced in the CNS, and they mediate inflammation in
aging-related diseases such as PD, AD, and multiple sclerosis (MS). They act on TLRs
expressed in CNS cells*.

The recognition of PAMPs or DAMPs by TLR activates intracellular signaling
pathways with recruitment of adapter proteins to the TIR domain as well as the nuclear
transcription factors that induce the expression of inflammatory genes. There are two
pathways of TLR signalingone is dependent on myeloid differentiation 88 (MyD88),
and the other is dependent on TIR domain-containing adaptor-inducing interferon
(TRIF) (Figure 1). The MyD88-dependent pathway is responsible for inflammatory
reactions because it leads to the activation of transcription nuclear factor Kappa B
(NFkB) and mitogen-activated protein kinases (MAPKSs). This produces inflammatory
molecules such as cytokines, chemokines and lipid mediators'®. The TRIF-dependent
pathway is involved in the activation of both NFkB and interferon regulatory factors
(IRF3) resulting in the production of type 1 interferons (IFN), which have pivotal role in

23,24

anti-viral responses”"". Thus, the recognition of microbial ligands by TLR contributes
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to inflammation and maximizes the immune response against harmful agents. Figure 1
illustrates the cellular expression of TLR and recognition of PAMPs and DAMPs by
these receptors. This induces inflammatory responses during tissue injury.

TLR are expressed in immune cells such as monocytes/macrophages, dendritic
cells, and polimorphonuclear leukocytes. They are also expressed in other cells
including CNS cells like astrocytes, neurons, oligodendrocytes, and microglia resident
innate cell in the CNS'%**%. TLR2 and TLR3 are constitutively expressed in all three
types of human glial cells, and microglia express other TLRs (TLR1-9)*%7,
Expression of TLR3 has been described in human neurons and neural progenitor cells
where it is important to control neurogenesis and anti-viral responses”’zg. Besides
microglia, astrocytes, oligodendrocytes and neurons express TLR4'*?*?7. Other TLRs,
including TLR5, TLR6, TLR8 and TLRY are also expressed in CNS cells****. TLRs
are important to the development and homeostasis of CNS as well as to recognize
PAMPs and DAMPs leading to anti-microbial responses in the brain and
neuroinflammation' %%,

Signaling pathways after TLR activation in CNS cells are similar to those of
innate immune cells but with minor differences. In dendritic cells and microglia, the
TLR4 pathways similarly recruit MyD88 and TRIF adaptor molecules to induce pro-
inflammatory cytokines, chemokines, and type I IFNs***. However, in astrocytes,
TLR4 used only MyD88 to transduce signal activation and both TLR2 and TLR4
activate NFkB?. Although NFkB is activated in neurons, the connection between this
pathway and TLR4 was not determined. Cultured neurons with agonists of TLR2 or
TLR4 do not show NFkB activation. In addition, TLR8 activation in rat neurons is
independent of NFkB activation®. Thus, glial cells and neurons can be activated via
TLR triggering to produce pro-inflammatory mediators such as cytokines, chemokines
and prostaglandins. This establishes and controls inflammatory responses in CNS**°,

Altered expression of TLR in CNS has been reported in neurodegenerative
diseases. In patients with MS, TLR3 and TLR4 are increased in active lesions in the
brain and spinal cord®®. In addition, TLR1, TLR3, TLR4, TLRS, TLRS, and TLRO are
increased in different parts of CNS of patients with multiple system atrophyzg. In AD
patients, TLR2 and CD14 molecule expression is increased in the brain®’. Moreover,
TLR4 is expressed in the brains of AD patients in association with amyloid B-peptides

(AP) plaque deposition''; TLR2 is differentially expressed in the microglia present in
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substantia nigra and hippocampus of patients with incidental Lewy body disease and
PD’!.

Several studies have shown the functional role of TLR expressed in CNS during
neurodegenerative diseases. The recognition of endogenous proteins in CNS by TLR
can lead to chronic inflammatory disease and can trigger neurodegeneration. DAMPs
released in CNS can initiate and perpetuate the neuroinflammation and
neurodegeneration®”. Of these endogenous proteins, o-synuclein - a small (14 KDa)
presynaptic protein of undefined function - can be misfolded/aggregated, released from
neurons under pathological conditions, contributing to Lewy body formation. Lewy
bodies are cytoplasmic protein-insoluble inclusions that cause neuronal death and
induce inflammatory response in microglial cells”". These inclusions are characteristics
of neurodegenerative diseases such as PD, diffuse Lewy body disease, and multiple
system atrophy. These are synucleinopathieszg.

Misfolded and aggregated a-synuclein released from neurons acts as a DAMP
recognized by TLR2 in microglia®**. The activation of microglia by a-synuclein alters
the expression of TLR* and induces release of inflammatory mediators such as TNFa,
IL-1B, ROS, and nitric oxide (NO). This causes neuroinflammation®>*>*. Thus, the
cross-talk between neurons and microglial cells is mediated by neuron-released o-
synuclein to perpetuate neuroinflammation and contribute to the pathogenesis of
neurodegenerative diseases.

TLR2 might play a role in neuroinflammationin PD by activation of microglia in
CNS. This activation might be responsible for neurotoxicity and progression of the

. 31,32,33
disease

. In PD, the loss of dopaminergic neurons is responsible by clinical
symptoms™”". In addition to these data about TLR2 in neuroinflammation, our group
has shown that blood leukocytes from PD patients present lower response to TLR2 and
TLR7/8 agonists than cells from healthy controls'. These results suggested that
continuous peripheral release of a-synuclein or another DAMP from CNS can lead to
TLR2 or TLR7/8 tolerance. This avoids excessive peripheral leukocyte activation.
Moreover, evaluation of TLR activation in peripheral cells can be a biomarker of
neuroinflammation.

Besides the involvement in PD, TLR2 has been suggested to be an important
receptor in the pathology of AD, dementia with Lewy bodies, and amyotrophic lateral

sclerosis® suggesting that the activation of TLR2 is part of a non-specific effector

mechanisms involved in neuroinflammation in different neurodegenerative diseases. In
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fact, TLR2 activation in microglia produces pro-inflammatory cytokines and
chemokines that drive the traffic of blood leukocytes (especially T lymphocytes) into
the brain. In addition, activation of TLR2 causes microglial proliferation®®.

Insoluble or fibrillar amyloid B-peptides (AB) are DAMPs that are components
of extracellular senile plaques seen in AD. These senile plaques are foci of
inflammation in the brain of AD patients. In these foci, microglia can be activated by
AP causing inflammation and neurotoxicity. AP is recognized by formyl peptide
receptor-like 1 (FPRL1) a chemotactic receptor expressed in human microglia and in
monocytes/macrophages that mediates chemotaxis and reactive oxygen species
production3 7. The AB/FPRLI complex is internalized and can lead to destruction of Ap;
if there is persistent presence of AP then it can culminate in the formation of fibrils™.
When TLR2 is activated in mouse microglia, the expression of the human homologous
chemotactic receptor (formyl peptide receptor-2, FPR2) is increased as well as
microglial chemotactic response and the uptake of AP*. Similar effects were seen when
microglia was activated by a TLR4 agonist”. Moreover, the TLR4 is increased in
neurons exposed to AP that increase the AB-induced apoptosis of these cells*'. The
lower expression of TLR4 in brain specimens (inferior parietal cortex) of AD patients
compared to healthy controls suggests that TLR4-expressing neurons are deleted by
apoptosis after exposure to AB*'. In addition, TLR4 mediates the activation of mouse
microglia by A leading to TNFa, IL-6 and NO release, which cause neurotoxicity.

The deposits of AP are associated with increased expression of TLR4 in AD
mouse models and in the brains of AD patients“. Reed-Geaghan et al. (2009)** showed
that response of microglia to AP is dependent on CD14, TLR2, and TLR4 to induce
production of ROS and increase phagocytosis. In addition, AP activates macrophages to
produce TNFa by triggering TLR2 or TLR4*. Thus, the TLR2 and TLR4 can promote
inflammation and neurodegeneration in AD. However, TLR2 has a beneficial role in
AD murine models becausethis receptor increases the uptake and clearance of AB. This
decreases cognitive decline44.Moreover, activation of TLR2, TLR4, or TLR9
contributes to AP clearance by microglia to reduce brain plaque formation*’. The
activation of TLR9 is also protective in a murine model of AD. It reduces the AP
accumulation in cortical and vascular compartments of the CNS and is associated with
cognitive improvement*®.

In MS, increased TLR expression has been described in patients with

active/chronic lesions, and a mechanism for a TLR2 role in failure of remyelination has
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been proposed26’47. TLR2 are highly expressed on oligodendrocytes and their
precursors. During disease, hyaluronan oligomers are generated, which trigger
TLR2/MyD88 on oligodendrocyte precursor cells to inhibit its maturation and
remyelination*’. The failure of remyelination is responsible for sustained neurological
symptoms in MS, which is an autoimmune disease that causes destruction of CNS
myelin*®. Animal models of MS including experimental autoimmune encephalomyelitis
(EAE) mediated by CD4+ T lymphocytes have been developed to study the
pathological mechanisms of MS***. TLR1-9 expression is increased in spinal cord
tissue of mice with EAE®, Moreover, TLR9 and MyD88 are needed for EAE
development. This suggests that endogenous ligands of TLR9 activate CNS-resident
innate cells and contribute to the disease pathogenesis*.

Activation of TLR3 by synthetic RNA (a viral-like model of neuroinflammation)
in the rat brain increases the susceptibility of dopaminergic neurons to neurotoxic
triggers suggesting that TLR3 can be involved in neurodegeneration during PD.
Besides microglia, TLR3 expressing human neurons produce cytokines and chemokines
leading to neuroinflammation and an anti-viral response”'. Thus, TLR3 activation can
lead to detrimental effects in PD. The microtubule regulator stathmin is present in CNS
and acts as an endogenous ligand for TLR3 in astrocytes and microglia to induce
cytokines and chemokine release. In chronic active MS lesions, the TLR3 is found
inside microglia and on the astrocyte surface co-localized with stathmin.These results
suggests that stathmin can act as a DAMP during neuroinflammation, but stathmin-
activated TLR3 in astrocytes also induces factors important to neuroprotection and
repair in CNS>!, Furthermore, in a MS murine model, TLR3 is protective because it
induces IFNB that suppress demyelination™.

TLR activation leads to differential and unique effects in different
neurodegenerative diseases. Thus, it is necessary to investigate the mechanisms of TLR
activation in each disease individually to understand the disease pathology. Table 2
presents the main DAMPs whose TLRs have been identified including those involved in
neurodegenerative diseases. Several endogenous molecules are DAMPs in the CNS and
mediate innate immune responses by engaging pattern recognition receptors (PRRs) on
local CNS cells. These include high mobility HMGB1, HSPs, uric acid, chromatin,
adenosine and ATP, galectins, thioredoxin, surfactant proteins A and D, hyaluronan,

fibrinogen and aggregated, modified or misfolded proteins such as B-amyloid, alpha

75



synuclein (a-synuclein), and microtubule associated protein-tau, mutant huntigtin, and

mutant superoxide dismutase (SOD1) (see Table 2)22.

The genetic polymorphism of toll-like receptors and their association with

neurodegenerative diseases

Activation of TLRs triggers a signaling cascade that results in expression of
several inflammatory genes. Variation in this immune response is under genetic
control'*3. Genetic changes in the nucleotides of DNA are substitution, addition, and
deletion. Many single nucleotide polymorphisms (SNPs) do not have effects on cellular
function, but some especially those that affect the functional gene region may
predispose individuals to diseases’. When the polymorphisms are located in coding
regions of the genome, the nucleotide change can lead to a variation in one amino acid.
In some cases, changes in a single amino acid can modify the protein making it more or
less active or even completely abolishing its biological function. This non-synonymous
SNPs can alter the protein sequence and are particularly important. They are target of
several disease studies’. SNPs are the most common form of genetic variants in the
human genomeS4. Some of them can influence the susceptibility to microbial pathogens
and toxic substances as well as the response to self-proteins. Studies of candidate and
sequenced genes with known biological action suggest that it is possible to select
genetic polymorphisms involved in the immune response of the host associating the
allele and/or genotypic differences found in the population with the susceptibility to a
disease or to specific features of disease'”. The SNPs in receptors for PAMPs/DAMPs
as the TLRs can alter the immune responses and increase or decrease the risk of
developing human diseases'>~"°.

Relative few studies have been conducted to evaluate the genetic polymorphism

26,47
o In

of TLR in neurodegenerative diseases. TLRs are involved in MS pathogenesis
2003, Reindlet al.”’ evaluated a SNP in TLR4 in patients with MS. The TLR4
Asp299Gly and Thr3991le mutations (co-segregating variants) were found in similar
frequencies in Austrian MS patients and matched controls. The presence of these SNPs
did not affect the production of soluble adhesion molecules, and it seems that it does not
influence the incidence or progression of the disease. The TLR4 Asp299Gly SNP was
first demonstrated to be associated with hyporesponsiveness to lipopolysaccharide

(LPS), and this SNP alters the extracellular domain of the receptorsg. Further studies
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have shown that this SNP cannot be relevant for cytokine production after TLR4
stimulation, but can decrease lymphoproliferation in PBMC cultures®”®. In LPS-treated
whole blood cultures from patients with TLR4Asp299Gly SNP reduced the production
of lipid mediators of inflammation®'.

In a large cohort of German MS patients (n = 890), TLR4 Asp299Gly (+896A/G)
SNP was investigated but no association between different genotypes and susceptibility,
clinical presentation, or severity of MS was detected®. In addition, analysis of 12 SNPs
of the TLR4 gene in Spanish MS patients suggests that TLR4 is not relevant
forpredisposition or susceptibility to MS®. Considering that TLRY is needed for EAE
development in mice®®, one study was performed to analyze the role of T-1237C SNP
TLRY in Portuguese MS patients. The results showed that the allele or genotype
distribution of this SNP in patients and matched controls were similar®.

Some early studies showed no relevant frequencies of TLR4 and TLR9 SNPs in
MS. Then, Enevold et al. (2009)° selected 30 SNPs in genes encoding TLRI-10
including three polymorphisms in TLRI1, three in TLR2, one in TLR3, two in TLR4,
five in TLRS, two in TLR6, four in TLR7, three in TLRS, two in TLRY, and five in
TLR10. These were evaluated in a group of 963 patients with MS and 960 healthy
controls in Denmark. These authors observed significant associations between the
frequencies of the TLR4 rs7873784 (3' UTR, on chromosome 9) and TLR9 rs187084
(promoter region, chromosome 3) polymorphisms with the clinical course of MS. The
frequency of homozygote carriers of the TLR4 SNP was higher (2x) in patients with
secondary progressive MS and in patients with primary progressive MS (6x) than in
relapsing-remitting MS patients. The TLR9 SNP was more frequent in primary
progressive MS patients than in the other clinical forms of MS. Despite this, the authors
concluded that these findings are uncertain due to the results of the previous studies
about TLR4 and TLRY9 SNPs. However, they have shown that a TLR6 Ser249Pro SNP
is associated with production of antibodies to IFNf after 24 months of treatment in male
MS patients6. Thus, to date, only a few studies have evaluated the role of TLR
polymorphisms in MS. The results suggest that TLR SNPs cannot modify thedisease.
Nevertheless, additional studies are needed before excluding the involvement of TLR
mutations in MS pathology.

In AD, the TLR4 Asp299Gly (+896 A/G) SNP was also investigated in a group
of Italian patients. The 299Gly allele is associated with resistance of Late-onset

Alzheimer Disease (LOAD) development55 whereas the allele Asp299 is associated with
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disease susceptibility64. These results suggest the link between inflammatory profile
(allele Asp299) and increased risk to AD strengthening a role of TLR4 in
physiopathology of AD.

The G11367C is a SNP present in the 3 untranslated region (3°'UTR) of the
TLR4 gene that attenuates the TLR4 function and decreases the response to LPS®. The
TLR4/11367 polymorphism is a common 7LR4 gene variant detected in Chinese Han
populations. This polymorphism has been evaluated in patients with LOAD, and it had a
significant difference between the genotype and allele frequencies when comparing AD
patients with healthy control groups. The results indicate that allele C increases the risk
of LOAD development in a Han Chinese population. Because this SNP can affect the
expression of TLR4, it might be possible that the clearance of AP in the brain is
deficient in carriers of this genetic variant and increases the risk for AD
development™® These data corroborate those from another study in a Chinese
population%. After evaluating five TLR4 SNPs, the authors demonstrated an association
between TLR4 151927907 polymorphism with an increased risk to develop LOAD. This
intronic SNP regulates alternative splicing and protein production suggesting that
TLR4-altered function can contribute to LOAD®. Nevertheless, evaluation of seven
other TLR4 SNPs (listed in Table 3) in a Han Chinese population showed that these
polymorphisms are associated with less risk of developing LOAD. Thus, these results
indicate that TLR4 can contribute to LOAD susceptibility in this population®. In fact,
the role of TLR4 in AD can be a double-edge sword in AD physiopathology - it is
needed for clearance of AP to avoid plaque formation in the brain, but it can also
increase inflammation and contribute to neurotoxicity as described above. Thus,
depending on the TLR4 SNP, different functions of TLR4 can be affected differentially
influencing AD development or progression.

TLR2 is also involved in an inflammatory response mediated by microglia as
well as clearance of AB in the brain®***. Seven TLR2 SNPs (listed in Table 3) were
investigated in AD patients. No significant differences between the frequencies of TLR2
alleles or genotypes of patients and controls were found. The data suggested no
association between risk to LOAD development and TLR2 SNPs®’. However, -196 to -
174 del polymorphism of the untranslated 5°-region in TLR2 gene has been associated
with an increased risk to LOAD development. This polymorphism decreases the
transcriptional activity leading to a deficiency in TLR2 expression. This contributes to

the increased risk toAD®”. Corroborating the hypothesis that TLR2 polymorphism can
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increase the susceptibility to AD, the presence of GT microsatellite polymorphism in
intron II of TLR2 gene was associated with risk for LOAD’®. Besides TLR4 and TLR2,
TLRY is also important in the pathophysiology of AD. Wang et al. (2011)°
demonstrated that the functional 7LR9 rs187084 SNP (variant homozygote GG)
decreases LOAD risk. This effect could be associated with a higher expression of TLR9
in the monocytes of the patients carrying the GG genotype of TLR9 rs187084 SNP than
in those with other genotypes. All of these studies were performed in Han Chinese
populations.

To date only two studies have assessed TLR polymorphisms in patients with
PD- one in a Greek cohort®™ and the other in Han Chinese patientng.Two
polymorphisms were evaluated in Greek sporadic PD patients:TLR2-194 to-174 del (on
chromosome 4q) and 7LR9 rs18708 (-1237 T/C) (on chromosome 3). Both
polymorphisms alter the gene promoter activity suggesting that they may modulate
TLR2 and TLR9 functions. The TLR9 (-1237 T/C) and TLR2 (-196 to-174 del)
polymorphisms are not associated with increased risk of development of PD®. The
TLR9 rs352140 and rs187084 SNPs were evaluated in a Han Chinese cohort, and the
frequency of the TLR9 rs352140 T allele was lower in female PD patients than in
controls revealing an association between TLR9 rs352140 with a reduced risk for PD
development in females®. The results indicate that whileTLR9 rs352140 SNP can
protect against PD in females, TLR9 rs187084 has no effect in susceptibility for PD
development®. Table 3 summarizes the studiesof TLR SNPs in neurodegenerative

diseases.

Conclusions

The role of TLR in neuroinflammation and the pathogenesis of
neurodegenerative diseases is currently a significant target of scientific research.
Neurodegenerative diseases are not caused by alterations in a single gene, but result
from the accumulation of such alterations. Each has small effects that result in disease
with different levels of severity.The presence of minor variations in innate immunity
genes can result in major effects on the risk for disease development. There is limited
data on the impact of TLR polymorphisms on neurodegenerative disease. Most studies
fail to link TLR4 and TLR9 polymorphisms with susceptibility to MS. Some studies

showed no alteration or an increase or decrease in the risk for AD after evaluating
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polymorphisms in 7LR2, TLR4 and TLR9 genes. No association between
TLR2/TLRYpolymorphisms and PD was seen in one study, but another showed that
TLR9 SNP was associated with resistance to PD in females. The studies only evaluated
the frequency of alleles and genotypes in the populations associated with clinical
aspects of the diseases. The mechanism that explains these effects in TLR genes and its
inflammatory response or neurodegeneration deserves further study. In addition, only a
few ethnicities have been investigated. Studies indicate differential results regarding the
frequency of polymorphisms, vulnerability, and outcome of the diseases in different
ethnic groups. Thus, TLR polymorphisms need to be investigated in different ethnicities

to clarify the role of these polymorphisms in neurodegenerative diseases.
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Table 1. Summary of TLR ligands and their different cellular expression in humans.

TLR Ligands Origin of ligands Cells
TLR1 Triacylated lipopeptides Bacteria Monocytes, macrophages (microglia),
dendritic cells, B lymphocytes,
astrocytes
TLR2 Diacylated lipopeptides Bacteria Monocytes, macrophages (microglia)
Lipoteichoic acid Gram-positive bacteria  myeloid dendritic cells, mast cells, NK
Zymosan Fungi cells, astrocytes
Lipophosphoglycan Protozoan parasites
(Leishmania sp)
TLR3 Double stranded RNA Virus Macrophages (microglia), dendritic

TLR4 Lipopolysaccharide (LPS)
Glycoinositolphospholipids

TLRS Flagelin

TLR6 Diacylated lipoproteins

TLR7 Single-stranded RNA

TLR8 Single-stranded RNA

TLRY DNA unmethylated CpG
rich*

TLR10 RNA

Gram-negative bacteria

Protozoan parasites

Bacteria

Bacteria

Virus

Virus

Bacteria

Virus

Bacteria

Virus

cells, B lymphocytes, astrocytes,
neurons
Monocytes, macrophages (microglia),
myeloid dendritic cells, mast cells,
B cells, intestinal epithelial cells,
astrocytes
Monocytes, macrophages (microglia),
dendritic cells, intestinal epithelial
cells, astrocytes
Monocytes, macrophages (microglia),
mast cells, B lymphocytes
Monocytes, macrophages (microglia),
plasmacytoid dendritic cells,

B lymphocytes
Monocytes, macrophages (microglia),
dendritic cells, B lymphocytes
Monocytes, macrophages (microglia),
plasmacytoid dendritic cells,

B lymphocytes, astrocytes
Macrophages, monocytes,
dendritic cells,

B lymphocytes

Based on: Carty e Bowie (2011)"; Kawai & Akira (2010)'®; Aravalli et al. (2007)*'; Carpentier et al.

(2008)™. *CpG: dinucleotideo citosina-guanosina.
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Figure 1. Overview of the expression, assembly and cell activation through Toll-like

receptors (TLR) in humans during the inflammatory response
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Legenda: TLRs = Toll-like receptors. PAMPs = Pathogen-associated molecular pattern. DAMPs =
Damage-associated molecular pattern. MyD88 = Myeloid differentiation primary response gene 88.
TRIF = TIR domain-containing adaptor-inducing interferon. MAPKs = Mitogen-activated protein
kinases. NF-kB = nuclear factor kappa-light-chain-enhancer of activated B cells. IRF3 = Interferon
regulatory factor 3. IRF7 = Interferon regulatory factor 7. IL-1p = Interleukin 1 beta. IL-6 = Interleukin

6. TNF-a = Tumor Necrosis Factor alpha.
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Table 2 Summary identified DAMPs, cell distribution and associated TLR.

DAMP Cellular distribution TLR
Alpha-synuclein Neurons TLR2
Amyloid B- Neurons TLR2
protein
MicroRNAs Nucleated cells TLR2/17
HMGBI1 All nucleated cells TLR2, TLR4
Double-stranded All nucleated cells TLR9
DNA /
Chromatin
Mitochondrial All nucleated cells TLR9
DNA
Defensins Leucocytes TLR4
HSP Nucleated cells TLR4
Galectins Nucleated cells TLR4?
Uric acid Nucleated cells TLR2/TLR4
Hyaluronan Nucleated cells ?
Fibrinogen Nucleated cells ?
Thioredoxin Nucleated cells ?
SOD1 Nucleated cells ?
Extracellularly Nucleated cells ?
ATP

Abbreviations: HMGB1 - High Mobility Box-1; HSP - Heat Shock Protein.

Based on: Misch & Hawn, (2008)*°; Lehnardt et al., (2008)’’; Béraud et al., (2011)*°; Thundyil & Lim,

2015.
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Table 3 Major single nucleotide polymorphisms (SNP) of TLRs and their effects on human neurodegenerative diseases

SNP Diseases Effect Reference
TLR1
Asn248Ser; 1e602Ser Multiple sclerosis Not determined 6
TLR2 Alzheimer Increases the risk of developing this disease 67
- 196 a— 174 del
TLR2 Alzheimer (LOAD) Increases the risk of developing LOAD 56
GT Intron II
TLR2 Alzheimer (LOAD) Increases the risk of developing LOAD 67
Arg 677Trp
Arg753Gln
rs1898830
rs11938228
rs3804099
rs3804100
1s7656411
TLR2 Parkinson Not determined 68
- 196 a— 174 del
TLR2 Multiple sclerosis Increases the risk of developing this disease 6
Arg753Gln
TLR3 Multiple sclerosis Not determined 6
Leu412Phe; Pro554Ser
TLR4 Alzheimer Increases the risk of developing Late Onset Alzheimer's disease. 55,64
Asp299Gly
TLR4 C/T Alzheimer Increases the risk of developing Late Onset Alzheimer's disease. 66
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151927907
TLR4
G11367C
TLR4
3’UTR (11367)

TLR5
Asn592Ser; Phe616Leu
TLRY9
-1237 T/C
rs187084
rs352140
TLR9
rs187084

TLR10
I1e369Leu

Alzheimer (LOAD)

Multiple sclerosis

Multiple sclerosis

Parkinson

Alzheimer

Multiple sclerosis

Increases the risk of developing Late Onset Alzheimer's disease. 71
It increases the progression of the disease in the late phase 6
Not determined 6
Not determined 68
Has no effect in susceptibility for PD development in a Han Chinese 69
Can protect against PD in females 69
The G allele was revealed to be a protective factor for the LOAD in a Han Chinese population 72
Not determined 6
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5. DISCUSSAO GERAL

A etiopatogenia da doenga de Parkinson (DP) € complexa e ndo totalmente
compreendida, provavelmente devido a multiplicidade de fatores envolvidos (genéticos
e ambientais) (NOLAN et al., 2013; HIRSCH et al., 2013). Estudos tém evidenciado
que as respostas imunes inflamatdrias e anormais podem desempenhar um papel crucial
na patogénese da DP (COLLINS et al., 2012; NOLAN et al., 2013; HIRSCH et al.,
2013; ROCHA et al., 2017). Acredita-se que nao apenas no cérebro, mas também
perifericamente, a inflamac@o possa contribuir para o inicio e progressdao do processo
neurodegenerativo observado na DP (COLLINS et al., 2012). A neuroinflamacao
cronica € provavelmente um fator que colabora para a patogénese da DP. A contribui¢ao
da inflamagao para a fisiopatologia da DP tem sido proposta com base em estudos
epidemioldgicos, genéticos e imunolégicos em humanos e modelos animais e em
avaliacoes post mortem (MCGEER et al., 1988; MOGI et al., 1994; MOGI et al., 2007;
GROZDANOV et al., 2014). Mecanismos inflamatoérios e imunolégicos descritos na DP
podem nao apenas exacerbar ou acelerar a progressdao da doenca, mas também explicar,
pelo menos em parte, alguns dos sintomas clinicos experimentados por pacientes com
DP (MOGI et al.,, 2007; COLLINS et al., 2012). Evidéncias tém demonstrado o
envolvimento de células do sistema imune inato e adaptativo, que, ao serem ativadas via
TLR, produzem mediadores pro-inflamatérios ou migram para o SNC, colaborando,
assim, para o processo de neurodegeneracdo na DP (COLLINS et al., 2012; DELEIDI
& GASSER, 2013; KANNARKAT et al., 2013; DZAMKO et al., 2017).

A participagdo de citocinas inflamatérias tais como o TNFa, IL-1 e IL-6 tem
sido relacionadas com a fisiopatologia da DP, sugerindo um estado pré-inflamatério
nesta doenca (BRODACKI et al., 2008; CHEN et al., 2008; REALE et al., 2009;
GROZDANOYV et al., 2014; SILVA et al., 2016; ROCHA et al., 2017), onde acredita-se
que a neuroinflamacio cronica desenvolva um importante papel na morte de neurdnios
dopaminérgicos induzindo a causa ou progressao da DP (COLLINS et al., 2012). Os
mondcitos sdo a principal populagdo de leucécitos produtora de TNFa em reposta a
agonistas de TLR (LPS) em hemoculturas, podendo colaborar para o processo de
neuroinflamac¢do na DP (FOKEMA et al., 2003; DAMSGAARD et al., 2009). Para
avaliar a participacdo de leucdcitos sanguineos no processo inflamatério da DP, o
presente estudo, investigou a ativacdo de leucdcitos do sangue periférico de pacientes

brasileiros com DP e individuos controles sadios, pareados por sexo e idade, utilizando-
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se agonistas de TLR4 (LPS) e de TLR2/1 (Pam3Cys) em hemoculturas e avaliaou-se
também a expressdao de TLR1, TLR2 e TLR10 em subpopula¢des de mondcitos.

Sabe-se que o envelhecimento humano é o principal fator de risco para as
doencas neurodegenerativas (BRICKFORD et al., 2017). No primeiro estudo nos
avaliamos o efeito da idade dos pacientes com DP e de individuos controles saudéveis,
pareados por sexo, na producdo de citocinas (TNFa e IL-10) em hemoculturas
estimuladas com LPS e Pam3;Cys. Os nossos resultados mostraram que os pacientes DP
adultos jovens produziram niveis mais elevados de TNFa apds a estimulagdo de TLR4
do que os controles. Além disso, eles produziram mais TNFa do que pacientes com DP
idosos. Como ndo houve diferengas entre os grupos de controles jovens e idosos e
também nao houve diferenca entre pacientes com DP idoso se controles pareados, os
dados sugerem que a resposta TLR4 € maior em pacientes com DP que tém < 55 anos e
inicio precoce da DP. Em contraste, a resposta ao agonista TLR2 foi menor nos
pacientes com DP do que nos controles independentes da idade. Entre os controles
jovens e idosos ou pacientes jovens e idosos nao foram detectadas diferencas apds 6 h
de incubagdo com os agonistas de TLR, mas o TNF-induzido por TLR2 foi reduzido em
individuos idosos apds 24 h de incubagdo. Assim, enquanto a resposta do TLR4 é
aumentada no grupo de pacientes jovens com DP, a TLR2 € reduzida em pacientes
jovens e idosos com DP, sugerindo que a idade dos pacientes nao influencia na redugao
da resposta a TLR2 na DP. J4 demonstramos que a resposta ao TLR2 est4d diminuida em
pacientes com DP, avaliando outro grupo de pacientes com ampla faixa etéria (Silva et
al., 2016). Aqui, confirmamos esses resultados em outro grupo de pacientes com DP e
demonstramos que essa resposta reduzida de TLR2 € independente da idade ou do inicio
da doenca.

A resposta ao ja LPS foi avaliada em pacientes com DP, principalmente em
células mononucleares de sangue periférico (CMN), ndo mostrando consenso sobre os
resultados. Niveis mais elevados ou mais baixos de TNFa induzido por TLR4 foram
encontrados em culturas de CMN de pacientes com DP do que em controles (BESSLER
et al., 1999, HASEGAWA et al., 2000, REALE et al., 2009). Nas hemoculturas,
anteriormente, ndo se verificaram diferencas entre os pacientes com DP e os controles
quando se compararam as concentracdoes de TNFa em hemoculturas estimuladas com
LPS (SILVA et al., 2016).

Estudos tém evidenciado o possivel envolvimento dos TLRs na patogenia da DP

(PANARO et al., 2008; ROS-BERNAL et al., 2011; KIM et al., 2013; SILVA et al.,
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2016; DZAMKO et al., 2017). A participacao de células da imunidade inata no SNC
(micréglia) e na periferia (mondcitos) tem sido apontada como importante na
etiopatogénese da DP (GETTS et al., 2008; DREVETS et al., 2010; FUNK et al., 2013;
GROZDANOV et al., 2014; SILVA et al., 2016; DZAMKO et al., 2017). A micréglia e
os mondcitos sdo células que expressam diferentes TLR e podem responder,
rapidamente, a estimulos de DAMPs ou PAMPs, produzindo moléculas inflamatdrias
que podem aumentar a permeabilidade da barreira hematoencefilica, permitindo o
acesso de leucdcitos do sangue periférico, substancias neurotoxicas e citocinas no SNC,
que podem ser potencialmente lesivas aos neur6nios dopaminérgicos (REALE et al.,
2009; DZAMKO et al., 2017). Aventa-se a hipdtese de que a neuroinflamagdo na DP
pode ser modulada por células sanguineas periféricas, apds exposicdo a substancias
indutoras de processo inflamatério (agentes infecciosos e substincias neurotdxicas)
(ROS-BERNAL et al., 2011; KIM et al., 2013); ou, ainda, que altera¢cdes no SNC,
durante a neuroinflamacdo, podem levar a alteragdes do estado funcional de leucécitos
do sangue periférico (GROZDANOV et al., 2014; SILVA et al., 2016; DZAMKO et al.,
2017). Estudo de Drouin-Ouellet e colaboradores (2015) demonstrou uma elevada
expressao de TLR4 e do fator de transcricdo nuclear NF-kB em células do estriado
cerebral de pacientes com DP “post mortem” sugerindo ativacdo da via TLR4, a qual
ativa MyD88, que envolve enzimas quinases que atuam sobre o NF-kB, que, por sua
vez, ativa genes pro-inflamatérios e elevada producdo de TNF-a e IL-1PB e espécies
reativas de oxigénio, que desempenham um papel importante facilitando a ativacdo da
micréglia e a resposta desta célula a DAMPs (a-Sinucleina) ou PAMPs (LPS) durante a
neuroinflamagdo. Outro estudo revela que as moléculas CD14, TLR2 e TLR4 sao
necessdrias, em conjunto, para o reconhecimento de proteina fibrilar f amiloide A, um
DAMP produzido na doenca de Alzheimer, para estimular ativagdo de micréglias de
camundongos (REED-GEAGHAN et al., 2009).

O nosso segundo estudo caracterizou fenotipicamente, subpopulagdes de
mondcitos, demonstrando que ha alteragcdes na subpopulacdo de mondcitos
intermedidrios (CD14""CD16"), uma populacdo de mondcitos pré-inflamatérios que
produzem grandes quantidades de citocinas em resposta a PAMPs (ZIEGLER-
HEITBROCK, 2007; ZIEGLER-HEITBROCK, 2015), e da funcdo do TLR2 nos
mondcitos de pacientes com DP. Ainda demonstramos que hd um aumento na
porcentagem celular de CMN expressando o TRL10 e na sua intensidade de expressao

celular (IMF), nos pacientes com DP. Também foi demonstrado, in vitro, que a
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expressdo celular de TLR10 colabora para a modulacdo da atividade de TLR2 sobre o
seu agonista (Pam3Cys). Portanto, alteracdes em TLR2 e TLR10 podem contribuir para
a imunopatogénese da DP. O TLR10 pode formar homodimeros entre si ou
heterodimeros com TLR1, TLR2 ou TLR6 (HASAN et al., 2005; GUAN et al., 2010;
GODFROY et al., 2012), mas o seu ligante, até 0 momento ndo € conhecido. Estudo de
modelagem molecular sugere que Pam3;Cys poderia ser um ligante do complexo
TLR2/10 e colaborar para a ativacdo de leucdcitos (GOVINDARAJ et al., 2010). A
variagdo genética no gene de TLR10 pode modular o equilibrio entre respostas imunes
pré e anti-inflamatérias e consequentemente explicar a influéncia genética do ser
humano a suscetibilidade a doengcas (MORGAN et al., 2012).

Os resultados do nosso trabalho corroboram com o estudo de Stappers e
colaboradores (2015) que avaliou a interferéncia do bloqueio de TLR10 com anticorpo
monoclonal neutralizante, em culturas de CMN do sangue periférico de pacientes
europeus portadores de infec¢des cutdneas por patdgenos bacterianos (S. aureus,
Bacterioides fragilis, E. coli), onde demonstraram um aumento da producao de IL-6 em
culturas de CMN de pacientes com infeccdes bacterianas cutdneas, apds estimulagao
celular com Pam3Cys ou com antigenos bacterianos de S. aureus e de B. fragilis. Além
disso, camundongos transgénicos para o gene da TLR10 sdao menos responsivos ao
desafio com agonista de TLR2, indicando claramente o papel supressor desse receptor
sob o TLR2 (OOSTING et al., 2014).

Nosso estudo verificou que o grupo de pacientes DP com maior gravidade da
doenca, avaliada pela escala UPDRS, apresentou menor expressio de TLR10 em
mondcitos, sugerindo a participacdo deste receptor na modulacdo da resposta imune
inata a agonistas de TLR2/1. Diante destes achados, acredita-se que a avaliacdo da
expressdo de TLR10 em leucdcitos periféricos e em células do SNC pode atuar como
um biomarcador prognoéstico para a DP. Estudos adicionais sdo necessarios para decifrar
o mecanismo exato pelo qual TLRI10 induz seu efeito inibitério e para elucidar o
potencial de polimorfismos genéticos de TLR10 na avaliacdo de risco, progndstico e
tratamento de doencas neurodegenerativas.

A revisdo de literatura, aqui apresentada, ressalta que estudos genéticos sobre os
TLR identificaram polimorfismos considerados capazes de afetar a defesa do
hospedeiro e contribuir para a suscetibilidade e progressdo de doengas, aumentando a
suscetibilidade a doencas neurodegenerativas (YU et al., 2011; WANG et al., 2011;
KALINDERI et al., 2013). O estudo de polimorfismos funcionais nos genes TLR2,
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TLR4 e TLR9 em doencas neurodegenerativas tem demonstrado associacao positiva
entre estes € o aumento do risco para o desenvolvimento de doenca de Alzheimer (DA),
entretanto, os mecanismos precisos de como estes polimorfismos de TLR afetam a
resposta inflamatoria, colaborando para a neurodegeneracdo, ainda ndo foram
elucidados (YU et al., 2011; WANG et al., 2011; KALINDERI et al., 2013). A busca de
SNPs ou de genes com padrdo de expressdo alterado pode contribuir para a elucidacdo
da patogénese da DP, além de identificar genes de suscetibilidade especificos e
potenciais alvos terapéuticos. Portanto, mais estudos do polimorfismo funcional de
genes TLR e das vias de sinalizagc@o intracelular destes receptoressao necessarios para
melhorar a compreensdo da associagdo entre estes polimorfismos ea patogénese das
doencas neurodegenerativas. O papel da neuroinflamagdo na patogénese das doengas
neurodegenerativas é atualmente um alvo da investigagcdo cientifica. A quantidade de
dados disponiveis atualmente relacionando o envolvimento do polimorfismo genético
de TLR com a patogénese destas doencas € considerada limitada. Sugerimos estudos
adicionais de polimorfismos SNP de TLR2 e TLR10 em leucdcitos do sangue periférico
e em células do SNC (post mortem) de pacientes com DP para investigar a sua
associacdo com a neuroinflamacio e consequentemente com a patogenia da DP.

Nossos dados, juntamente com estudos anteriores corroboram a hipdtese de que
mecanismos imunoldgicos estdo envolvidos na fisiopatologia da DP (GROZDANOV et
al., 2014; SILVA et al., 2016; DZAMKO et al., 2017; ROCHA et al., 2017). H4
evidéncias de alteracdes da resposta imune periférica, especialmente no sangue de
pacientes com DP, destacando-se que apesar das alteracdes imunoldgicas esperadas
durante o envelhecimento normal humano, tais como o declinio progressivo das funcdes
imunitdrias, neuroldgicas e aumento da suscetibilidade a infec¢cdes microbianas, parece
que na DP estas alteracdes sao mais acentuadas.

O estudo da expressdo celular de TLR em leucdcitos periféricos e no sistema
nervoso central (SNC), das vias de sinalizacdo intracelular e da producio de mediadores
pré-inflamatoérios, € necessario a fim de esclarecer o papel dos TLR na patogénese DP e
talvez para a identificacdo de biomarcadores de progndstico da doenca, como a
expressao de TLR10 em leucdcitos periféricos e em células do SNC. Identificar e
compreender a natureza e o papel dos mediadores neuroinflamatérios envolvidos na
patogénese da DP pode fornecer vérias opgdes para modular essas vias

neuroinflamatdrias para ajudar a reduzira morte neuronal na DP.
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6. CONCLUSOES E PERSPECTIVAS

O presente estudo ndo demonstrou diferencas entre a contagem total de
leucécitos do sangue periférico, mondcitos e a dosagem da PCR entre os pacientes com
DP e os controles sauddveis. Entretanto, ao avaliar as subpopulagdes de mondcitos no
sangue periférico observou-se um aumento significante da subpopulacdo de mondcitos
intermedidrios (CD14""CD16") dos pacientes com DP em relacio aos individuos
controles, estas células apresentam um fenétipo pré-inflamatério podendo contribuir
para a fisiopatologia da DP. Nao foram detectadas diferencas significantes no percentual
de mondcitos expressando TLR1 e TLR2 entre pacientes e controles, ambos
apresentavam alto percentual de mondcitos positivos para estes dois receptores, mas a
intensidade média de experssdo de TLR2 foi aumentada nos pacientes com DP. A
porcentagem de mondcitos TLR10"™ no sangue periférico de pacientes com DP estava
significantemente aumentada em relacdo a dos controles sadios, este receptor forma
heterodimeos com TLR1 e TLR2 podendo interferir na fun¢do destes receptores e
consequentemente na atividade bioldgica da célula.

O grupo de pacientes com DP e individuos controles sadios avaliados, nesta
pesquisa, apresentou alta expressdo celular de TLR2 em CMN do sangue periférico,
independente da idade. Observou-se que TLR4 e TLR2 sao diferencialmente afetados
durante a DP. A resposta imune periférica de TLR4 estd aumentada em pacientes jovens
com DP, enquanto que a resposta de TLR2 estd diminuida em pacientes DP jovens e
idosos. Os resultados sugerem que a deficiéncia funcional de TLR2 na periferia é
independente da idade dos pacientes e da duracdo da DP. Entdo, embora a DP seja uma
doenca relacionada a idade, algumas alteracbes imunoldgicas podem ocorrer
independentemente da idade (inflamacdo, infecgdes, contato com substancias
neurotdxicas, autoimunidade, etc), como a resposta de TLR2.

Nossos dados monstram que nos pacientes com DP a expressdo de TLR10 é
fundamental para hiporresponsividade ao agonista de TLR2/1 comprovada pelo ensaio
de neutralizacdo de TLR10 em CMN do sangue periférico, com anticorpo monoclonal.
Foi demonstrado ainda, que a expressao de TLR10 esta associada com menor gravidade
da doenca de Parkinson, avaliada pela escala UPDRS. Acreditamos que o complexo
TLR2/10 possa estar envolvido no reconhecimento e resposta imune a DAMPs no SNC,
como a o-Sinucleina. Polimorfismos genéticos em genes, como os que codificam a

sintese e expressdo dos TLRs, de células do sistema imune inato podem resultar em
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grandes efeitos sobre o risco de desenvolvimento de doencas. Poucos sdo os estudos que
avaliaram polimorfismos genéticos de TLR em doencas neurodegenerativas. Alguns
estudos ndo demostraram alteragdo ou aumento ou diminui¢do do risco de doenca de
Alzheimer apés a avaliagdo de polimorfismos nos genes TLR2, TLR4 e TLR9. Nao foi
observada associacdo entre os polimorfismos TLR2/TLR9 e DP em um estudo, mas
outro mostrou que SNP de TLRY foi associado com resisténcia a DP em mulheres
chinesas. O mecanismo que explica os efeitos nos genes TLR e sua resposta
inflamatéria ou neurodegeneracdo merece um estudo mais aprofundado. Estudos
adicionais sdao necessarios para decifrar o mecanismo exato pelo qual o TLR10 induz
seu efeito inibitério sobre TLR?2 e para elucidar o potencial de polimorfismos genéticos
de TLR10 na avaliagdo de risco, progndstico e tratamento de doengas
neurodegenerativas.

De forma geral, os resultados desta pesquisa, corroboram com a hipétese de que
mecanismos imunes e altera¢des inflamatdrias estdo envolvidas na doenca de Parkinson.
Sabe-se que na DP ocorrem altera¢des imunes periféricas, as quais representam mais do
que uma simples redu¢do ou aumento das fun¢des imunoldgicas. Considera-se um
grande desafio compreender como o sistema imune estd relacionado ao processo
degenerativo que ocorre na DP. Algumas alteracdes fisiologicas ou imunoldgicas
observadas podem assemelhar-se aquelas que ocorrem com o envelhecimento.
Entretanto, essas alteragdes parecem ser mais exacerbadas em individuos com DP.

Como perspectivas pretendemos continuar a pesquisa realizando a avaliacdo dos
niveis de outras citocinas pro-inflamatdrias e anti-inflamatdrias nos sobrenadantes de
culturas de CMN dos pacientes DP e individuos controles e estudar polimorfismos
genéticos (SNP) de TLR2 e TLR10 nas amostras de DNA extraidas dos pacientes DP e
individuos controles, provavelmente aumenatndo o nimero amostral de pacientes DP e
controles sadios. Durante a presente pesquisa foram aplicados, a pacientes com DP e
individuos controles sadios, questiondrios para avaliacdo da Ansiedade (Inventario de
Ansiedade de Beck), da Depressio (BDI — Beck Depression Inventory), do Sono
(Escala de sono da doenga de Parkinson), da Fadiga (Parkinson’s Disease Fatigue Scale
— PDFS-16), cujos escores serdo correlacionados com a produgdo de citocinas pro-
inflamatodrias e anti-inflamatdrias por leucécitos do sangue periférico dos pacientes com

DP e controles sadios.
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Enderego: 12 Avenida s/n® - Unidade de Pesquisa Clinica

Bairro: St. Leste Universitario CEP: 74.605-020
UF: GO Municipio: GOIANIA
Telefone: (62)3260-8338 Fax: (62)3269-8426 E-mail: cephcufg@yahoo.com.br

P3gina02de 03

117



HOSPITAL DAS CLINICAS
UNIVERSIDADE FEDERAL DE W
GOIAS - GO

Continuagdo do Parecer: 430.085

Situag3o: Protocolo aprovado.

GOIANIA, 21 de Outubro de 2013

Assinador por:
JOSE MARIO COELHO MORAES
(Coordenador)

Enderego: 12 Avenida s/n® - Unidade de Pesquisa Clinica

Bairro: St. Leste Universitario CEP: 74.605-020
UF: GO Municipio: GOIANIA
Telefone: (82)3260-8338 Fax: (62)3260-8428 E-mail: cephcufg@yahoo.com.br

Pagina 03 de 03

118



Anexo 2 — Manuscrito submetido

Arquivos de Neuro-Psiquiatria

ARQUIVOS DE

NEURO-PSIQUIATRIA

Toll-like receptors and their genetic polymorphisms in

neurodegenerative diseases

Journal:

Arquivos de Neuro-Psiquiatria

Manuscript ID

ANP-2017-0149

Manuscript Type:

Review Articles

Date Submitted by the Author:

17-May-2017

Complete List of Authors: | Rocha Sobrinho, Herminio; Universidade Federal de Goias
Ribeiro-Dias, Fatima; Universidade Federal de Goias, Immunology
Keyword: Toll-like receptors, genetic polymorphism, neuroinflammation,

neurodegenerative diseases

SCHOLARONE™

Manuscripts

119



Anexo 3 — Manuscrito submetido

Immunological Investigations

TLR4 and TLR2 are differentially associated with age during

Parkinson disease

Journal:

Immunological Investigations

Manuscript ID

Draft

Manuscript Type:

Original Paper

Date Submitted by the Author:

n/a

Complete List of Authors:

Rocha Sobrinho, Herminio; Universidade Federal de Goias, Immunology
Silva, Delson; Universidade Federal de Goias, Neurology

Gomides, Larissa; Universidade Federal de Goias

Dorta, Miriam; Universidade Federal de Goias

Oliveira, Milton; Universidade Federal de Goias

Ribeiro-Dias, Fatima; Universidade Federal de Goias, Immunology

Keywords:

Whole Blood Cultures, Toll-like receptors, Parkinson's disease, cytokines,
aging

SCHOLARONE™
Manuscripts

120



