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Resumo

Apesar de ser considerada um distdrbio motor, a Doenca de Parkinson (DP) também
apresenta sintomas ndo motores (SNM), que podem ser considerados tdo incapacitantes como
0s motores. Mecanismos inflamatdrios tém sido implicados em uma série de SNM, incluindo
distdrbios comportamentais, comprometimento cognitivo e transtornos do humor,
notadamente sintomas depressivos. Evidéncias sugerem que alteracdes imunes/inflamatérias
também estejam associadas ao processo fisiopatologico envolvido na DP. Assim, o presente
estudo teve como objetivo avaliar SNM na DP, sobretudo sintomas depressivos e déficit
cognitivo, e verificar se essas varidveis clinicas estdo associadas com alteracdes
imunes/inflamatorias no sangue periférico desses pacientes. Para isso, 48 pacientes
diagnosticados com DP e 29 controles foram submetidos a avaliacdo clinica e a coleta do
sangue periférico para anélise de citocinas, quimiocinas e fatores neurotréficos no plasma e
para imunofenotipagem e avaliacdo de receptores dopaminérgicos e serotoninérgicos nos
leucdcitos. Pacientes com DP demonstraram pior desempenho cognitivo e maior pontuacdo na
escala de sintomas depressivos do que controles. A gravidade dos sintomas depressivos esta
associada a gravidade da doenca, segundo a escala motora utilizada. Em relacdo as moléculas
avaliadas no plasma, os receptores soltveis do fator de necrose tumoral (STNFRs) encontram-
se com niveis significativamente aumentados no plasma de pacientes com DP. Além disso,
aumento nos niveis de STNFRs e da quimiocina IP-10 estdo associados a pior desempenho
cognitivo entre os pacientes com DP. Em relacdo a imunofenotipagem, observamos que
pacientes com diagndstico de DP apresentaram menor porcentagem de linfécitos T (CD3+),
especificamente menor porcentagem de linfocitos T ativados no sangue periférico em
comparagdo aos controles. Corroborando esses resultados, pacientes com DP apresentaram
niveis plasmaticos reduzidos das citocinas inflamatérias 1L-4, IL-6, IL-10, TNF, IFN-y e IL-
17A. Experimentos in vitro utilizando células de individuos jovens e saudaveis demonstraram
diminuicdo na producdo de citocinas células mononucleares do sangue periférico apds
estimulo com os farmacos antiparkinsonianos levodopa e pramipexol. Além disso, a
porcentagem de expressdao de receptores dopaminérgicos e serotoninérgicos encontra-se
alterada no sangue periférico de pacientes com DP. Ainda ndo esta claro se as diferencas
encontradas decorrem de mecanismos de adaptacdo frente as alteracbes que ocorrem com a
doenga, incluindo o tratamento farmacologico ou se estdo diretamente relacionadas a

fisiopatologia da mesma. S&o necessarios mais estudos nesse aspecto.



Abstract

Although Parkinson’s disease (PD) is considered a motor disturbance, non-motor
symptoms (NMS) associated with PD are considered as disabling as the motor signs.
Inflammatory mechanisms have been implicated in a series of NMS including behavioral
disturbances, cognitive dysfunction and mood disorders, especially depressive symptoms.
Accumulating evidence strongly suggest the involvement of inflammation in PD
pathophysiology. Therefore, this study aimed to assess NMS in PD, mainly depressive
symptoms and cognitive deficit and evaluate the association of these clinical variables with
immune/inflammatory changes in the peripheral blood. For that reason, we enrolled 48 PD
patients and 29 controls, who were subject to the clinical evaluation and peripheral blood
drawn. We analyzed plasma levels of cytokines, chemokines, neurotrophic factors and we
performed immunophenotyping and assessment of dopaminergic and serotonergic receptors in
the leukocytes. PD patients presented poorer performance on the cognitive tests and higher
scores on the depressive symptoms scale in comparison with controls. In addition, the severity
of depressive symptoms was associated with disease severity, as evaluated by the motor scale.
Regarding the plasma molecules, PD patients presented higher levels of soluble tumor
necrosis factor receptors (STNFRs) than control individuals. Among PD patients, higher
STNFRs and IP-10 levels were associated with poorer cognitive tests scores. Regarding
immunophenotyping data, PD patients presented decreased percentage of T lymphocytes
(CD3+), specifically lower percentage of T activated lymphocytes (CD4+CD25+) when
compared to controls. Corroborating these results, PD patients presented reduced plasma
levels of the inflammatory cytokines IL-4, IL-6, IL-10, TNF, IFN-y and IL-17A. In vitro
experiments using cells from healthy and young donors demonstrated that the production of
cytokines by peripheral blood mononuclear cells was reduced after exposure to the
antiparkinsonian drugs levodopa and pramipexole. In addition, the percentages of expression
of dopaminergic and serotonergic receptors are altered in the peripheral blood of PD patients.
It is not clear if the differences that we have found are due to adaptive mechanisms to the
changes that occur in PD, including pharmacological treatment, or if they are directly related

to the disease pathophysiology. More studies are needed in this regard.
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1 PREFACIO

A proposta do presente trabalho € apresentar os resultados da avaliacdo de marcadores
imunolégicos e fatores neurotréficos no sangue periférico de pacientes com diagnostico de
doenca de Parkinson (DP) atendidos no Ambulatério de Distdrbios do Movimento, Servico de
Neurologia do grupo Santa Casa de Belo Horizonte em comparacdo com individuos controles
da comunidade. Especialmente, apresentaremos os dados acerca da associagcdo desses
marcadores biolégicos com cognicao e sintomas depressivos na DP.

Para apresentacdo de seus elementos, a tese foi estruturada em seis partes principais: i)
Introducdo, contendo uma breve revisdo da literatura acerca do tema e justificativa ii)
Obijetivos do presente trabalho; iii) Métodos utilizados para realizacdo do projeto proposto;
iv) Resultados no formato de artigos publicados e dados adicionais ainda ndo publicados; v)
Descricdo do trabalho realizado durante estagio sanduiche na KULeuven, Bélgica; e vi) parte
final composta pelas conclusdes dos achados e as perspectivas.

A revisdo da literatura neste trabalho contém o artigo 1, intitulado “Depression and
cognitive impairment in Parkinson's disease: a role for inflammation and
immunomodulation?” publicado na revista Neuroimmunomodulation (Rocha et al, 2014a).
Trata-se de revisdo da literatura sobre alteracfes imunes/inflamatérias e sua associacdo com

alteracdes cognitivas e sintomas depressivos na DP.

No artigo 2, intitulado “Circulating levels of adipokines in Parkinson's disease”,
publicado na revista Journal of Neurological Sciences (Rocha et al, 2014b), demonstramos
que, apesar da DP estar associada a perda de peso ndo intencional e a prevaléncia reduzida de
fatores de risco cardiovasculares, pacientes com DP e controles ndo diferem quanto aos niveis

plasmaéticos das adipocinas adiponectina, leptina e resistina.

No artigo 3, intitulado “Plasma levels of soluble tumor necrosis factor receptors are
associated with cognitive performance in Parkinson's disease” publicado na Movement
Disorders (Rocha et al, 2014c), demonstramos que os niveis plasmaticos do receptor soltvel
do fator de necrose tumoral (STNFR)1 e sTNFR2 encontram-se aumentados em pacientes
com DP em comparacdo a controles pareados por idade, sexo, escolaridade e indice de massa
corporal (IMC). Aléem disso, quanto maiores os niveis dos sSTNFRs, pior o desempenho

cognitivo dos pacientes com DP. Apés analise de regressdo linear multipla incluindo
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possiveis preditores para desempenho cognitivo, apenas niveis plasmaticos de sTNFR1 e
escolaridade permaneceram como preditores significativos para desempenho cognitivo na DP.

No artigo 4, intitulado “Cognitive status correlates with CXCL10/IP-10 levels in
Parkinson’s disease” (Rocha et al, 2014d) aceito para publicacdo na revista Parkinson’s
disease, demonstramos que 0s niveis plasmaticos das quimiocinas CCL2/MCP-1,
CCL11/eotaxin, CCL24/eotaxin-2, and CXCL10/ IP-10 ndo se encontram alterados em
pacientes com DP em comparacdo a controles. Entretanto, observamos que maiores niveis de

CXCL10/IP-10 estavam associados com pior desempenho cognitivo na DP.

No artigo 5, “Reduced activated T lymphocytes (CD4+CD25+) and plasma levels of
cytokines in Parkinson’s disease”, ainda ndo submetido, verificamos que o sangue periférico
de pacientes com DP apresenta menor porcentagem de linfécitos T (CD3+), em especial,
menor porcentagem de linfocitos T ativados (CD4+CD25+) em relacdo a controles.
Corroborando esses resultados, demonstramos que pacientes com DP apresentam menores
niveis plasmaticos de interleucina (IL)-4, IL-6, IL-10, fator de necrose tumoral (TNF),
interferon (IFN)-vy, e IL-17A em comparacdo com individuos controles. Experimentos in vitro
demonstraram diminuicdo na produgdo de citocinas células mononucleares do sangue
periférico (CMSP) apds estimulo com os farmacos antiparkinsonianos levodopa e pramipexol.
Além disso, observamos que pacientes com DP exibem maiores razdes IFN-y/IL-4, IL-2/1L-4

e IFN-y/IL-17A em comparagdo com controles, sugerindo um viés para um perfil Thl.

Em conjunto com os resultados demonstrados em forma de artigos cientificos,
apresentamos dados ainda ndo publicados ou submetidos para publicacdo cientifica, mas que

sdo importantes para a apresentacdo da presente tese.
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2 INTRODUCAO E JUSTIFICATIVA

A Doenca de Parkinson (DP) é a segunda doenga neurodegenerativa mais comum € a
principal causa de parkinsonismo, sindrome altamente incapacitante. O parkinsonismo é
definido pela presenca de bradicinesia e pelo menos mais um dos seguintes sinais: tremor de
repouso, rigidez e instabilidade postural. O diagnostico da DP é clinico, baseado na presenca
de sinais e sintomas tipicos e na exclusdo de outras causas de parkinsonismo. O teste
farmacolégico com levodopa resultando em resposta satisfatoria também auxilia no
diagnédstico (Hughes et al, 1992; Marti et al, 2013). O diagndstico definitivo, no entanto,
somente é possivel com a realizacdo de exame postmortem, baseado nas caracteristicas
fisiopatoldgicas da doenca. Patologicamente, a DP é caracterizada pela perda progressiva de
neurbnios dopaminérgicos da substancia negra pars compacta (SNPc) e pela presenca de
corpos de Lewy (inclusdes intracitoplasmaticas da proteina a-sinucleina) nos neurdnios

remanescentes (Samii et al, 2004).

2.1 Sintomas ndo motores na DP

Apesar de tradicionalmente entendida como um ‘distirbio do movimento’, a DP
também apresenta sintomas ndo motores (SNM) que podem ser considerados tdo
incapacitantes quanto os sintomas motores. Alguns SNM podem preceder as manifestacdes
motoras da DP, como é o caso dos distUrbios gastrointestinais e da hiposmia, sendo estes
considerados sintomas prodromicos da DP (Jain & Goldstein 2012; Bonnet et al, 2012).
Dentre os SNM na DP, transtornos cognitivos e sintomas depressivos sdo muito importantes
devido ao impacto que provocam na qualidade de vida do paciente e do cuidador, além de
contribuirem significativamente para o aumento das hospitalizacdes ou institucionalizagdes e,
consequentemente, para 0s gastos com salde (Kummer & Teixeira, 2009; Gallagher &
Schrag, 2012; Pagonabarraga & Kulisevsky, 2012).

A prevaléncia de deméncia na DP em porcentagem é em torno de 30 a 40% (Emre et
al, 2007). O declinio cognitivo em diferentes dominios pode estar presente desde estagios
iniciais da doenca. Embora dificuldades de atencdo e memdria sejam frequentes, o prejuizo na
fungéo executiva é o déficit cognitivo mais comum em pacientes com DP. Fatores de risco

para declinio cognitivo na DP incluem idade avancada, baixa escolaridade, longo tempo de
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evolucdo da doenca, gravidade dos sintomas motores, variante rigido-acinética da DP,
depresséo e psicose (Kummer & Teixeira, 2009). Vale a pena mencionar que pacientes com
DP apresentam risco de 4 a 6 vezes maior de desenvolver deméncia comparados a populacédo

em geral da mesma faixa etaria (Pagonabarraga & Kulisevsky, 2012).

Em relacdo a depressdo, ressalta-se sua ocorréncia em varias doencas
neurodegenerativas, ndo apenas na DP. Entretanto, a incidéncia parece ser maior na DP e 0
inicio dos sintomas depressivos pode até mesmo preceder os sintomas motores (Gallagher &
Schrag, 2012). A ocorréncia de depresséo clinicamente significativa na PD pode chegar a
35% (Reijnders et al, 2008) e, portanto, alguns autores afirmam que a depresséao é o principal
fator impactante na qualidade de vida na DP (Kummer & Teixeira, 2009). Em pacientes com
DP, as caracteristicas dominantes da depressdo incluem falta de energia, lentificagdo psiquica
e irritabilidade, enquanto sentimentos de fracasso ou de culpa estdo ausentes (Bonnet et al,
2012). Muitos fatores podem contribuir para a depressao na DP como, por exemplo, as
complicacdes motoras, duracdo ou gravidade da doenca, incapacidade de execucdo das

atividades de vida diaria e distdrbios do sono (Gallagher & Schrag, 2012).

Embora depressdo e declinio cognitivo sejam muito comuns na DP, essas
manifestaces ainda sdo subdiagnosticadas por clinicos que frequentemente tém como foco os
sintomas motores tipicos da DP. Recentemente, o reconhecimento de SNM ganhou atencdo na
pesquisa sobre a DP, uma vez que essas condi¢Bes tém grande impacto na institucionalizacao

e na mortalidade associadas a doenca (Jain & Goldstein, 2012).

2.2 Inflamacéo na DP

Apesar de as caracteristicas fisiopatologicas serem bem descritas e até mesmo
utilizadas como padrdo ouro para diagnostico definitivo da DP, a causa da morte neuronal
ainda é questdo de debate, sendo provavelmente multifatorial. Dentre varios fatores que vém
sendo estudados, alteragbes imunes / inflamatérias na DP tém ganhado importancia nos
ultimos anos (Samii et al, 2004). O envolvimento do processo inflamatério na fisiopatologia
da DP foi inicialmente demonstrado em estudos postmortem. James Parkinson relatou
neuroinflamacdo nas amostras de cérebro quando ele descreveu a doenca pela primeira vez,
em 1817 (Parkinson, 2002). Entretanto, foi apenas em 1988 que 0 assunto tornou-se questdo

de interesse pela comunidade cientifica, quando McGeer e colaboradores demonstraram a
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presenca de microglia ativada em cérebros de individuos com DP (McGeer et al, 1988).
Recentemente, ndo apenas neuroinflamacdo (descrita por estudos postmortem ou modelos
animais), mas também alteracGes periféricas tém sido investigadas em estudos sobre DP. A
contribuicdo da inflamacgéo na fisiopatologia da DP tem sido discutida com base em estudos
epidemioldgicos, genéticos e imunoldgicos em humanos e em modelos animais (Collins et al,
2012).

Alteraces imunes e inflamatdrias descritas na DP podem ndo apenas exacerbar ou
acelerar a progressdo da doenca, mas também explicar, pelo menos em parte, alguns dos
sintomas clinicos experimentados pelos pacientes com DP. Por exemplo, 0 aumento do nivel
sistémico de citocinas pro-inflamatérias pode estar associado a alteracfes comportamentais
descritos na DP. De fato, alteracbes comportamentais associadas a inflamacdo tém sido
investigadas em uma série de doencas neuropsiquiatricas, como esquizofrenia (Noto et al,
2013), transtorno bipolar (Barbosa et al, 2012), transtorno obsessivo compulsivo (Fontenelle
et al, 2012) e Doenca de Alzheimer (Diniz et al, 2010).

Uma revisdo da literatura sobre alteracfes imunes/inflamatdrias e sua associagdo com

alteracGes cognitivas e sintomas depressivos na DP é apresentada a seguir.
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Artigo 1: “Depression and cognitive impairment in Parkinson's disease: a role for

inflammation and immunomodulation?”

Natalia Pessoa Rocha, Helton Jose dos Reis, Pieter Vanden Berghe, Carla Cirillo.

Neuroimmunomodulation. 2014;21(2-3):88-94
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Abstract

The etiology of Parkinson’s disease (PD) is complex and not fully understood, most
probably because of the multiplicity of factors involved. Inflammatory and abnormal immune
responses have been hypothesized to play a crucial role in PD. Not only in the brain, but also
peripherally, inflammation is believed to contribute to the onset and progression of the
neurodegenerative process seen in PD. Furthermore, increased inflammatory responses have
been described both in brain and peripheral blood of PD subjects. Although PD is considered
a motor disorder, non-motor symptoms (NMS) are extremely frequent and disabling.
Cognitive impairment and mood alterations are such symptoms that deserve increased
attention since on the one hand they can appear even before typical motor disturbances are
recognized and on the other hand they are associated with high morbidity and mortality. A
growing body of evidence suggests the existence of a link between inflammatory-immune
responses and the occurrence of depression and cognitive impairment in PD patients.
However, not all data are equally conclusive and sometimes even conflicting. The aim of this
brief review is to give an overview of the possible role that inflammation and
immunomodulation may play in PD together with their putative impact on mood and
cognitive alterations. What clearly emerges from this work is the fact that studies performed
until now lack standardized and comparable methods to analyze both clinical and biological
parameters. It is thus difficult to conclusively link mood and cognitive changes to underlying
pathological mechanisms. Additional studies in this direction are warranted to convincingly

establish or refute any causative relation.
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Introduction

Parkinson’s disease (PD) is the second most common neurodegenerative disorder
worldwide. The prevalence of PD is generally estimated to hover around 0.3% of the total
population in industrialized countries. PD is clearly an age-related disease; its appearance is
rare before the age of 50, while its incidence rises to 1% in subjects over 60 years old and
reaches 4% in the population older than 80 [1]. While about 10% of PD cases have a clear
genetic origin, the etiology of this neurodegenerative disorder still remains inconclusive in the

great majority of cases, classified as sporadic PD [2].

The main pathological features of PD are the progressive loss of dopaminergic
neurons of the substantia nigra pars compacta (SNPc) in the brain and the presence of Lewy
bodies (alpha-synuclein intraneuronal inclusions) in the remaining neurons. The etiology and
molecular mechanisms underlying neuronal death in PD are not fully understood. Apart from
increased age and genetic predisposition also the presence of environmental toxins has been
identified as a risk factor in PD. Moreover, it is accepted that PD is a multifactorial disease in
which immune and inflammatory responses play an important role [3]. The contribution of
inflammation to the pathophysiology of PD has been proposed based on epidemiological,
genetic and immunological studies in humans and animal models and in postmortem
evaluations [4]. Inflammatory and immune mechanisms described in PD can not only
exacerbate or hasten the progression of the disease but also explain, at least in part, some of

the clinical symptoms experienced by PD patients [5-8].

Diagnostic clinical criteria for PD are based on the presence of bradykinesia and at
least one of the following motor signs: resting tremor, rigidity and postural instability [3, 9,
10]. However, PD is not simply a movement disorder. Patients suffering from PD present a
range of non-motor symptoms (NMS), which at least for some individuals, can be even more
disabling than their motor problems [11, 12]. Among NMS, cognitive and mood changes are
of great importance, since they are extremely debilitating and have tremendous impact on

quality of life, hospitalization and healthcare costs [11].

The aim of this brief review is to discuss the role of inflammation and immune
responses in the pathophysiology of PD. Moreover, we will focus on the question as to
whether inflammatory and immune mechanisms might be involved in depression and

cognitive impairment associated with PD.
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Inflammatory and immune mechanisms involved in PD

Despite the fact that neuropathological features of PD are well described, the cause of
dopaminergic neurodegeneration in the brain is still far from being understood and its
pathophysiology remains obscure. Inflammation and abnormal immune responses have been

hypothesized to play a crucial role in the fate of dopaminergic neurons.
Neuroinflammation

The involvement of inflammation in PD was already reported by James Parkinson in
1817, when he first characterized the disease [13]. However, the matter became a real topic of
investigation only 25 years ago, when McGeer et al. (1988) demonstrated the presence of
activated microglial cells within the SNPc of patients with PD [14]. Since then a number of
studies have supported the role of activated microglia in PD pathophysiology, most of them
based on postmortem studies. Microglial cells are the resident immune cells of the central
nervous system (CNS), equivalent to the macrophages in the periphery. Microglial cells
usually respond to neuronal damage in a neuroprotective way by removing impaired cells
through phagocytosis. However, activated microglia can release potentially cytotoxic
molecules such as proinflammatory cytokines, reactive oxygen species and proteins of the
complement system. Chronic activation of microglia can therefore cause neuronal damage
and harm the CNS. It is worth mentioning that dopaminergic neurons in the SNPc are
particularly susceptible to microglial-mediated neurotoxicity due to the high density of
microglia present in this brain compartment. Either central or peripheral inflammation can
activate microglia, which in turn can induce or trigger stronger responses that aggravate

neurodegenerative processes [4].

Proinflammatory cytokines and also the presence of a-synuclein aggregates can trigger
microglia activation, which further causes the release of several neuroinflammatory
mediators, amplifying the inflammatory response and exacerbating neurodegeneration in PD.
In line with this concept, postmortem studies have demonstrated the increase of
proinflammatory cytokines for instance interferon (IFN)-y, tumor necrosis factor (TNF)-a,
interleukin (IL)-1B and IL-6 in PD brains. Inducible nitric oxide synthase, iNOS, and
cyclooxygenase-2, COX-2, two enzymes involved in the inflammatory cascade, have also

been identified as players in PD [4]. Moreover, infiltrating CD8+ T cells and increased major
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histocompatibility complex (MHC) class Il positive antigen presenting microglia were found
in PD brain samples [14, 15]. Besides brain tissues, elevated TNF-a, IL-6 and IL-1p levels
have also been found in the cerebrospinal fluid (CSF) from PD patients [4].

Genetic evidence for inflammation and immune changes in PD

Genetic studies further support the involvement of inflammation in PD
pathophysiology [see review 16]. Polymorphisms in the genes encoding for proinflammatory
molecules have been associated with a higher risk of developing PD [17]. Functional DNA
polymorphism of genes encoding for TNF-o and IL-1p has been extensively studied [17]. A
population-based case-control study reported that carriers of the homozygous variant
genotype of IL-1B-511 and the homozygous variant genotype of TNF-a-308 have a 2-fold
increase to develop idiopathic PD. When both variant genotypes are present, the disease risk
increases 3-fold compared to controls [17]. In the same study environmental factors such as
smoking or use of non-steroidal anti-inflammatory drugs were also taken into account, but no
increased incidence of developing PD was observed in the small group of patients analyzed. A

similar analysis of a larger group of patients is warranted to corroborate these findings.

In addition, a genome-wide association study has demonstrated that patients with late-
onset or sporadic PD have variations in the human leukocyte antigen (HLA) region [18]. Here
again, no correlation with environmental factors such as coffee consumption, smoking or non-
steroidal anti-inflammatory drugs use was found. The strength of this study was the high
number of subjects analyzed (2,000 PD patients vs. 1,986 control subjects) and the
reproducibility of their results, providing genetic explanation for the involvement of the

immune system in PD pathogenesis.
Epidemiological evidence for inflammation in PD

Epidemiological studies have also implicated inflammation in PD development.
Regular use of non-steroidal anti-inflammatory drugs (NSAID), especially ibuprofen, has
been associated with a significant lower risk of developing PD [19]. However, data in this
direction are confusing and conflicting. In fact, a meta-analysis published in 2010 has
demonstrated that only a small percentage of the published studies should be truly considered,
highlighting the lack of well-designed studies in this field [19].

Some research has been conducted in order to evaluate the association between the
presence of inflammatory conditions and the risk to develop PD. Viral or bacterial infections



26

and the exposure to pesticides that trigger the inflammatory cascade seem to increase the risk
to develop PD later in life. Furthermore, respiratory infections such as pneumonia have been
described as main causes of death among PD patients. Additionally, it was described that
gastrointestinal infections could also contribute to PD development and progression [16].

Again, more studies are needed to confirm these associations.
Low-grade systemic inflammation

Aging itself is accompanied by changes in the immune and endocrine systems. These
alterations result in chronic low-grade systemic inflammation, a phenomenon known as
inflammaging. It has been described that inflammaging accelerates neurodegeneration. This
low-grade proinflammatory profile described for elderly people might be more severe in
individuals suffering from neurodegenerative disorders such as PD, which is clearly an age-
related disease. Based on this hypothesis, immune and inflammatory biomarkers have been
investigated not only in the brain and CSF, but also in the peripheral blood of PD patients.

Analyses of serum and plasma have demonstrated that levels of proinflammatory
cytokines such as IL-6 [5,20,21], TNF-a [21], its soluble receptor sSTNFR1 [22], IL-2 [21, 23]
and IFN-y [21] are increased in PD patients compared to age-related control individuals. In
addition, IL-1p levels are significantly elevated while IL-1 receptor antagonist (IL-1Ra) levels
are decreased in serum of PD patients [6] in comparison to controls. Also, the anti-
inflammatory cytokine IL-10 [21, 24] was found to be increased in the serum of PD patients
compared to control subjects. All these studies have corroborated the hypothesis that PD is
associated with chronic asymptomatic systemic inflammation. On the other hand, some
authors failed to show differences between PD patients and control subjects regarding serum
levels of cytokines such as IL-12 [24], IL1-a, IL-6, TNF-a [6, 22], IFN-y, IL-2, IL-4 and IL-
10 [25]. Also, serum levels of the chemokines macrophage inflammatory protein (MIP)-1a,
eotaxin, eotaxin-2, IL-8 and interferon gamma-induced protein (IP)-10 were comparable in
PD patients and control subjects [27]. These discordant results may be due to the fact that the
PD population is very heterogeneous, which makes it difficult to compare data between
different studies. While some have worked with data from patients with severe PD [21],
others have evaluated mild to moderate PD subjects [22]. Moreover, the results might be
different if the patients were under pharmacological treatment or if they had not received any

drug.
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Besides detection in serum and plasma, cytokines secreted by peripheral blood
mononuclear cells (PBMC) have also been evaluated. Basal and lipopolysaccharide (LPS)-
induced production of monocyte chemotactic protein (MCP-1), MIP-1a, IL-8, IFN-y, IL-1P
and TNF-a were significantly higher in PD patients compared to control subjects. In addition,
the level of these cytokines correlated positively with the severity of clinical PD symptoms, as
evaluated through Unified Parkinson’s Disease Rating Scale (UPDRS) [27]. However,
discrepant results were described in a study that showed the secretion of I1L-2 by PBMC after
mitogenic stimulation to be significantly diminished in PD patients in comparison with
control subjects, whereas IFN-a, IL-6, IFN-y and sIL-2R levels were comparable in both
groups [28]. Once again the disagreeing results indicate the need for more studies in this

regard.

Prospective studies may help to understand the role of inflammation in PD. A case-
control study has showed that elevated plasma IL-6 concentration is prospectively associated
with an increased risk of developing PD [29]. In contrast, no correlation between the
concentrations of C-reactive protein, fibrinogen, and TNF-a. and increased risk was found.

However, these results need to be confirmed by other works with similar purposes.
Cell-mediated immunity and activation phenotype

Not only changes in blood levels of cytokines and chemokines, but also phenotypic
alterations of circulating lymphocytes have been described in PD. Using flow cytometry
analysis, lower total lymphocyte counts were shown in PD patients compared to controls [30
— 32]. The decrease in total lymphocytes was also reported to be due to lower numbers of T
(CD3+) and B (CD19+) cells in PD patients. The alterations in CD3+ cells was explained by
the reduction in T helper (Th, CD4+) lymphocytes whereas T cytotoxic (CD8+) cells
remained unchanged [30, 32, 33]. Also, the number of ‘naive’ (CD4+CD45RA+) and memory
helper (CD4+CD29+) cells was decreased while the number of activated (CD4+CD25+) T
cells was markedly increased [30]. The depletion of CD4+ lymphocytes observed in PD
patients has been explained by the fact that these cells presented both increased spontaneous
and activation-induced apoptosis [34]. In addition, a decrease in Thl cell number associated
with disease severity has been reported, whereas no evidence of Th1/Th2 or Treg/Th1l7 cell
predominance in PD has ever been presented [35]. It is worth mentioning that although the
total number of T lymphocytes seems to be diminished, mature activated T cells were found

to be increased in the blood of PD patients [36]. Also impaired ability of regulatory T cells
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(Treg) to suppress effector T cell function has been described in PD patients [32]. Oxidative
stress may actively contribute to the decrease in lymphocytes observed in PD. Both whole cell
and mitochondrial reactive oxygen species (ROS) in PBMC were found to be increased in PD
patients [37].

Conversely, one study has described similar percentages of CD3+ lymphocytes in both
PD patients and control subjects. As in Bas and colleagues’ work [30], T helper lymphocytes
(CD4+) were also found to be decreased in PD patients, while CD8+ cell counting resulted
increased. They also reported fewer CD4+CD25+ T cells [31]. Katsarou and colleagues
(2007) have reported similar percentages of CD3+ lymphocytes and its subsets (CD4+ and
CDB8+) as well as CD19+ cells [6].

There is accumulating evidence for the presence of higher percentages of natural killer
(NK) cells in PD patients compared to control subjects and this increase was associated with
disease severity and progression [6, 25, 35]. While NK cells rose in number, their activity was
described as comparable in PD and control groups [25, 35]. On the other hand, another study

did not find any differences in NK cell number between PD patients and control subjects [33].

Despite some conflicting results, the data in their entirety corroborate the hypothesis
that immunological mechanisms are involved in PD. It is clear that there is a peripheral
immune alteration in PD, which is more than simply a diminution in immune responses.
While the number of some cells is decreased, other cells types are increased in PD patients
compared to controls. It seems that the differences in cell count are associated with
compensatory mechanisms in response to changes in cellular activity. It remains a challenge
to fully understand how the immune system is linked to neurodegenerative disorders;
therefore future studies into this subject are needed in order to confirm the current findings.

Depression and cognitive impairment in PD

Cognitive decline and depression occur at any stage of PD and are NMS of special
interest, since they are very common, worsening as the disease progresses, and leading to

increased disability and poor quality of life [12, 38].

The presence of depression has been reported in several neurodegenerative conditions,

not only in PD. However, the incidence seems higher in PD and the onset of depression may
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even precede the motor symptoms [39, 40]. The occurrence of clinically significant
depression in PD patients reaches 35% [41] and, thus, some authors state that depression is
the main factor impacting the quality of life in PD [38]. The features of PD-related depression
are different from those described in classic depressive disorders. In PD patients the
predominant characteristics include lack of energy, psychomotor slowing and irritability,
while guilty or failing feelings are absent [12]. Several factors may contribute to inducing
depression in PD, for instance motor complications, disease stage and duration, disability to
perform daily live activities and sleep disturbances. Also other neuropsychiatric symptoms
such as hallucinations, anxiety and cognitive impairment are associated with depression in PD
[40].

Apart from depression, cognitive decline in different domains may be present from the
initial stages of PD onwards. Although attention and memory difficulties are very frequent,
impairment in executive functioning is the most common cognitive deficit in PD patients.
Risk factors responsible for cognitive impairment include advanced age, low educational
level, long disease duration, severity of motor signs, rigid-akinetic PD variant, depression and
psychosis [38]. Patients with low educational level are particularly susceptible to the
deleterious effect of depression on cognition [42]. The prevalence of dementia in PD is about
31% [38]. It is worth mentioning that PD patients have a 4- to 6-fold increased risk of

developing dementia compared to an age-matched general population [43].

Although depression and cognitive impairment are very common and extremely
debilitating, these manifestations are still under-estimated by physicians who frequently focus
on the typical motor symptoms caused by the disease. Recently, the recognition of non-motor
symptoms gained increased attention in PD research, since these conditions have a crucial

impact on institutionalization and mortality associated with the disease [11].

The role of inflammation and immune responses in cognitive and mood changes in PD

A growing body of evidence suggests the existence of a link between inflammatory
responses mainly mediated by proinflammatory cytokines and cognitive and mood alterations.
The wording “sickness behavior” describes a range of changes, including mood and cognitive
alterations, which are due to the rise of proinflammatory cytokines. This concept was first
applied to explain the typical behavior observed during systemic infection, in which patients
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present with lethargy, depression, anxiety, appetite and sleep alterations, psychomotor
slowness and difficulty to concentrate. It has been demonstrated that “sickness behavior” can
be reliably reproduced by administration of proinflammatory cytokines or by treatment with
cytokine-production inducers, such as endotoxin or LPS [44]. Nowadays, the term “sickness
behavior” is also employed in the context of an existing inflammation-related profile seen in
neuropsychiatric disorders, such as depression, bipolar disorder, obsessive compulsive
disorder, schizophrenia and Alzheimer’s disease. Despite the well-known association between
systemic inflammation and behavioral changes in several neuropsychiatry disorders, only few

studies have investigated this topic in PD.
Inflammation and cognition in PD

Increased levels of circulating proinflammatory cytokines have been associated with
poorer cognitive performance in PD patients. A study comprising 52 PD patients with
diagnosed depression has found a negative correlation between plasma TNF-a levels and
cognition [7]. The results were presented and discussed based on a composite measure of
cognition calculated by adding the individual scores of several cognitive tests. Thus, it is not
clear if overall cognition or rather a specific cognitive domain was associated with circulating
levels of TNF-a. Moreover, an important confounding factor in this study was the fact that all
patients evaluated were depressed and both cognition and circulating levels of cytokines are
altered in depression. Another study has shown that higher serum levels of IL-6 were
associated with poorer cognitive performance, as assessed by the Mini-Mental State
Examination (MMSE) [20]. Not only proinflammatory cytokines, but also the association
between cognition and anti-inflammatory molecules has been investigated. Plasma levels of
epidermal growth factor (EGF), described to exert anti-inflammatory effects, were found to be
positively associated to cognitive performance in PD. EGF was reported to be the best
candidate among some 102 proteins evaluated in a study that searched for plasma biomarkers
of cognitive impairment in PD. The authors of this study used the Mattis Dementia Rating
Scale-2 (DRS) to evaluate cognition impairment. The DRS provides screening information
about overall cognition, mainly in terms of changes over time. Low levels of EGF not only
correlated with poor cognitive test scores at baseline, but they also predicted an eightfold
greater risk of cognitive decline to dementia-range scores at follow-up for those with intact
baseline cognition. An independent cohort of 113 PD patients confirmed this association [8].
Although this study is weak regarding cognitive assessment, it is until now the most

convincing work that associates inflammatory molecules with cognition in PD.
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On the other hand some other studies failed to show any correlation between
inflammatory parameters and cognitive function. Dufek and colleagues (2009) [45] evaluated
the association between inflammation and both motor and non-motors symptoms in 29
patients with PD. They could not show any correlation between patients’ clinical state (both
motor and neuropsychologic, as expressed by MMSE) and the inflammatory molecules
assessed (IL-6, acute phase proteins and factors of the complement system) [45]. A separate
study comprising a cohort of 73 patients with PD was conducted with a similar purpose [46].
Here, they also failed to demonstrate any associations between C-reactive protein (CRP)
levels and motor as well as cognitive and psychiatric features such as severity of depression,
psychosis, dementia, cognitive decline or frontal lobe dysfunction. CRP is an acute phase
protein whose plasma levels increase during inflammatory states [46]. In line with these
findings, another study has shown the lack of significant correlation between IL-6 or CRP
blood levels and any of the non-motor symptoms scales, including depressive and anxiety
symptoms’ assessment [5]. It is clear that the involvement of inflammatory mechanisms in
cognitive function in PD is under-investigated and that the lack of standardized methods for
evaluating cognitive function in PD makes the comparison between different studies
extremely difficult. More studies are required to render the existing information more
conclusive, especially including specific cognitive assessments like executive function, visual

and verbal memory.
Inflammation and depression in PD

Regarding depression in PD and its association with inflammation, the picture is not
different. A few studies have been conducted but the results are still inconclusive. One study
has shown that high levels of both soluble IL-2 receptor (sIL-2R) and TNF-a were associated
with more severe symptoms of fatigue and depression, as assessed by the Functional
Assessment of Chronic Illness Therapy-Fatigue (FACIT) and the Hospital Anxiety and
Depression Scale (HAD), respectively. Also, sIL-2-R levels were able to predict FACIT and
HAD scores even after the effects of age, gender, anti-parkinsonian medications and severity
of motor symptoms were controlled for [5]. One other study demonstrated that the presence of
current or prior depression was more common in those PD patients who had higher CRP

plasma levels [46].

Again, a similar study performed by Katsarou and colleagues (2007) [6] found

different results. These authors assessed fatigue and its relation with depressive symptoms
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and various immunological factors in PD patients (both depressed and non-depressed),
including serum levels of interleukins IL-1a, IL-1pB, IL-6, IL-1 receptor antagonist (IL-1Ra)
and TNF-a. Fatigue and depressive symptoms were evaluated through Fatigue Severity Scale
(FSS) and Beck Depression Inventory (BDI), respectively. When assessing the whole group
of PD patients, fatigue correlated positively with depressive symptoms and IL-1Ra levels.
However, after exclusion of depressed PD patients, the correlation between fatigue severity
and IL-1Ra levels was no longer significant, identifying depression as the predictor of fatigue.
Unfortunately, the authors did not discuss the association between the immunological

parameters and depressive symptoms in both depressed and non-depressed PD groups [6].

Here again, with respect to the relationship between depression and inflammation in
PD, the results are quite inconclusive. However, the rise in proinflammatory cytokines and the
high prevalence of depressive disorders seen in PD patients, together with the concept of
“sickness behavior”, led some authors to hypothesize that depression in PD might be due to a

shared immune-mediated neurodegenerative process [47].

Conclusions

Accumulating evidence strongly suggests the involvement of inflammatory
mechanisms and immune changes in PD pathophysiology, but the published data are
converging and not fully convincing. NMS in PD patients such as cognitive impairment and
depression have been suggested to be generated, at least in part, via triggering of
proinflammatory mechanisms. Here again, data are still scarce and results are conflicting.
These discordant findings may be resulting from the differences in methodological approach,
including dosage techniques for cytokines and clinical scales to evaluate depression and
cognition in PD patients. Also, clinical features of different PD study samples can be
heterogeneous. Additional studies are needed in order to elucidate the role of inflammation in

mood and cognitive changes in PD.



33

References

1

10

11

de Lau LM, Breteler MM: Epidemiology of Parkinson's disease. Lancet Neurol
2006;5(6):525-535.

Bekris LM, Mata IF, Zabetian CP: The genetics of Parkinson disease. J Geriatr
Psychiatry Neurol 2010;23(4):228-242.

Samii A, Nutt JG, Ransom BR: Parkinson's disease. Lancet 2004;363(9423):1783-1793.

Collins LM, Toulouse A, Connor TJ, Nolan YM: Contributions of central and systemic
inflammation to the pathophysiology of Parkinson's disease. Neuropharmacology
2012;62(7):2154-2168.

Lindgvist D, Kaufman E, Brundin L, Hall S, Surova Y, Hansson O: Non-motor
symptoms in patients with Parkinson's disease - correlations with inflammatory cytokines
in serum. PLoS One 2012;7(10):e47387.

Katsarou Z, Bostantjopoulou S, Hatzizisi O, Giza E, Soler-Cardona A, Kyriazis G:
Immune factors or depression? Fatigue correlates in Parkinson's disease. Rev Neurol
2007;45(12):725-728.

Menza M, Dobkin RD, Marin H, Mark MH, Gara M, Bienfait K, Dicke A, Kusnekov A:
The role of inflammatory cytokines in cognition and other non-motor symptoms of
Parkinson's disease. Psychosomatics 2010;51(6):474-479.

Chen-Plotkin AS, Hu WT, Siderowf A, Weintraub D, Goldmann Gross R, Hurtig HI, Xie
SX, Arnold SE, Grossman M, Clark CM, Shaw LM, McCluskey L, Elman L, Van
Deerlin VM, Lee VM, Soares H, Trojanowski JQ: Plasma epidermal growth factor levels

predict cognitive decline in Parkinson disease. Ann Neurol 2011;69(4):655-663.

Hughes AJ, Daniel SE, Kilford L, Lees AJ: Accuracy of clinical diagnosis of idiopathic
Parkinson's disease: a clinico-pathological study of 100 cases. J Neurol Neurosurg
Psychiatry 1992;55(3):181-184.

Marti MJ, Tolosa E: Parkinson disease: New guidelines for diagnosis of Parkinson
disease. Nat Rev Neurol 2013;9(4):190-191.

Jain S, Goldstein DS: What ARE Parkinson disease? Non-motor features transform
conception of the shaking palsy [Special issue]. Neurobiol Dis 2012;46(3):505-507.



12

13

14

15

16

17

18

19

20

21

22

34

Bonnet AM, Jutras MF, Czernecki V, Corvol JC, Vidailhet M: Nonmotor symptoms in
Parkinson's disease in 2012: relevant clinical aspects. Parkinsons Dis 2012;2012:198316.

Parkinson J: An essay on the shaking palsy. 1817. J Neuropsychiatry Clin Neurosci
2002;14(2):223-236.

McGeer PL, Itagaki S, Boyes BE, McGeer EG: Reactive microglia are positive for HLA-
DR in the substantia nigra of Parkinson's and Alzheimer's disease brains. Neurology
1988;38(8):1285-1291.

Orr CF, Rowe DB, Mizuno Y, Mori H, Halliday GM: A possible role for humoral
Immunity in the pathogenesis of Parkinson's disease. Brain 2005;128(Pt 11):2665-74.

Tansey MG, McCoy MK, Frank-Cannon TC: Neuroinflammatory mechanisms in
Parkinson's disease: potential environmental triggers, pathways, and targets for early
therapeutic intervention. Exp Neurol 2007;208(1):1-25.

Wahner AD, Sinsheimer JS, Bronstein JM, Ritz B: Inflammatory cytokine gene
polymorphisms and increased risk of Parkinson disease. Arch Neurol 2007;64(6):836-
840.

Hamza TH, Zabetian CP, Tenesa A, Laederach A, Montimurro J, Yearout D, Kay DM,
Doheny KF, Paschall J, Pugh E, Kusel VI, Collura R, Roberts J, Griffith A, Samii A,
Scott WK, Nutt J, Factor SA, Payami H: Common genetic variation in the HLA region is
associated with late-onset sporadic Parkinson's disease. Nat Genet 2010;42(9):781-785.

Gagne JJ, Power MC: Anti-inflammatory drugs and risk of Parkinson disease: a meta-
analysis. Neurology 2010;74(12):995-1002.

Scalzo P, Kimmer A, Cardoso F, Teixeira AL: Serum levels of interleukin-6 are elevated
in patients with Parkinson's disease and correlate with physical performance. Neurosci
Lett 2010;468(1):56-58.

Brodacki B, Staszewski J, Toczytowska B, Koztowska E, Drela N, Chalimoniuk M,
Stepien A: Serum interleukin (IL-2, IL-10, IL-6, IL-4), TNFalpha, and INFgamma
concentrations are elevated in patients with atypical and idiopathic parkinsonism.
Neurosci Lett 2008;441(2):158-162.

Scalzo P, Kimmer A, Cardoso F, Teixeira AL: Increased serum levels of soluble tumor
necrosis factor-alpha receptor-1 in patients with Parkinson's disease. J Neuroimmunol
2009;216(1-2):122-125.



23

24

25

26

27

28

29

30

31

32

33

35

Styputa G, Kunert-Radek J, Stepien H, Zylinska K, Pawlikowski M: Evaluation of
interleukins, ACTH, cortisol and prolactin concentrations in the blood of patients with

parkinson's disease. Neuroimmunomodulation 1996;3(2-3):131-134.

Rentzos M, Nikolaou C, Andreadou E, Paraskevas GP, Rombos A, Zoga M, Tsoutsou A,
Boufidou F, Kapaki E, Vassilopoulos D: Circulating interleukin-10 and interleukin-12 in
Parkinson's disease. Acta Neurol Scand 2009;119(5):332-337

Mihara T, Nakashima M, Kuroiwa A, Akitake Y, Ono K, Hosokawa M, Yamada T,
Takahashi M: Natural Kkiller cells of Parkinson's disease patients are set up for activation:
a possible role for innate immunity in the pathogenesis of this disease. Parkinsonism
Relat Disord 2008;14(1):46-51.

Scalzo P, de Miranda AS, Guerra Amaral DC, de Carvalho Vilela M, Cardoso F, Teixeira
AL: Serum levels of chemokines in Parkinson's disease. Neuroimmunomodulation
2011;18(4):240-244.

Reale M, larlori C, Thomas A, Gambi D, Perfetti B, Di Nicola M, Onofrj M: Peripheral
cytokines profile in Parkinson's disease. Brain Behav Immun 2009;23(1):55-63.

Kluter H, Vieregge P, Stolze H, Kirchner H: Defective production of interleukin-2 in
patients with idiopathic Parkinson's disease. J Neurol Sci 1995;133(1-2):134-139.

Chen H, O'Reilly EJ, Schwarzschild MA, Ascherio A: Peripheral inflammatory
biomarkers and risk of Parkinson's disease. Am J Epidemiol 2008;167(1):90-95.

Bas J, Calopa M, Mestre M, Mollevi DG, Cutillas B, Ambrosio S, Buendia E:
Lymphocyte populations in Parkinson's disease and in rat models of parkinsonism. J
Neuroimmunol 2001;113(1):146-152.

Baba Y, Kuroiwa A, Uitti RJ, Wszolek ZK, Yamada T: Alterations of T-lymphocyte
populations in Parkinson disease. Parkinsonism Relat Disord 2005;11(8):493-498.

Saunders JA, Estes KA, Kosloski LM, Allen HE, Dempsey KM, Torres-Russotto DR,
Meza JL, Santamaria PM, Bertoni JM, Murman DL, Ali HH, Standaert DG, Mosley RL,
Gendelman HE: CD4+ regulatory and effector/memory T cell subsets profile motor

dysfunction in Parkinson's disease. J Neuroimmune Pharmacol 2012;7(4):927-938.

Stevens CH, Rowe D, Morel-Kopp MC, Orr C, Russell T, Ranola M, Ward C, Halliday
GM: Reduced T helper and B lymphocytes in Parkinson's disease. J Neuroimmunol
2012;252(1-2):95-99.



34

35

36

37

38

39

40

41

42

43

44

45

36

Calopa M, Bas J, Callén A, Mestre M: Apoptosis of peripheral blood lymphocytes in
Parkinson patients. Neurobiol Dis 2010;38(1):1-7.

Niwa F, Kuriyama N, Nakagawa M, Imanishi J: Effects of peripheral lymphocyte
subpopulations and the clinical correlation with Parkinson's disease. Geriatr Gerontol Int
2012;12(1):102-107.

Hisanaga K, Asagi M, Itoyama Y, Iwasaki Y: Increase in peripheral CD4 bright+ CD8
dull+ T cells in Parkinson disease. Arch Neurol 2001;58(10):1580-1583.

Prigione A, lsaias IU, Galbussera A, Brighina L, Begni B, Andreoni S, Pezzoli G,
Antonini A, Ferrarese C: Increased oxidative stress in lymphocytes from untreated
Parkinson's disease patients. Parkinsonism Relat Disord 2009;15(4):327-328.

Kummer A, Teixeira AL: Neuropsychiatry of Parkinson's disease. Arq Neuropsiquiatr
2009;67(3B):930-939.

Shiba M, Bower JH, Maraganore DM, McDonnell SK, Peterson BJ, Ahlskog JE, Schaid
DJ, Rocca WA: Anxiety disorders and depressive disorders preceding Parkinson's
disease: a case-control study. Mov Disord 2000;15(4):669-677.

Gallagher DA, Schrag A: Psychosis, apathy, depression and anxiety in Parkinson's
disease. Neurobiol Dis: 2012;46(3):581-589.

Reijnders JS, Ehrt U, Weber WE, Aarsland D, Leentjens AF: A systematic review of
prevalence studies of depression in Parkinson's disease. Mov Disord 2008;23(2):183-1809.

Kummer A, Harsanyi E, Dias FM, Cardoso F, Caramelli P, Teixeira AL: Depression
impairs executive functioning in Parkinson disease patients with low educational level.
Cogn Behav Neurol 2009;22(3):167-172.

Pagonabarraga J, Kulisevsky J: Cognitive impairment and dementia in Parkinson's
disease. Neurobiol Dis 2012;46(3):590-596.

Capuron L, Miller AH: Immune system to brain signaling: neuropsychopharmacological
implications. Pharmacol Ther 2011;130(2):226-238.

Dufek M, Hamanova M, Lokaj J, Goldemund D, Rektorova I, Michalkova Z, Sheardova
K, Rektor I: Serum inflammatory biomarkers in Parkinson's disease. Parkinsonism Relat
Disord 2009;15(4):318-320.



37

46 Hassin-Baer S, Cohen OS, Vakil E, Molshazki N, Sela BA, Nitsan Z, Chapman J, Tanne
D: Is C-reactive protein level a marker of advanced motor and neuropsychiatric
complications in Parkinson's disease? J Neural Transm 2011;118(4):539-543.

47 Kummer A, Teixeira AL: Depressive disorders in Parkinson's disease may be due to a
shared immune-mediated neurodegenerative process. Med Hypotheses 2008;70(1):201-
202.



38

3 OBJETIVOS

3.1 Objetivo geral

O presente trabalho teve como objetivo avaliar marcadores imunol6gicos no sangue
periférico de individuos com DP e investigar a correlacdo dos parametros analisados com

variaveis clinicas, sobretudo sintomas ndo-motores.

3.2 Objetivos especificos

1. Avaliar o desempenho cognitivo e a presenca/gravidade de sintomas depressivos em
pacientes com DP e controles.

2. Quantificar os niveis de citocinas, quimiocinas e fatores neurotréficos no plasma de
pacientes com DP e compara-los com individuos controles;

3. Investigar a associacdo entre as moléculas analisadas no plasma dos individuos e o
desempenho cognitivo e a presenca de sintomas depressivos;

4. Avaliar populagdes de células do sistema imune e ativacdo dos subtipos celulares em
pacientes com DP e comparéa-las a individuos controles.

5. Auvaliar a expressao de receptores dopaminérgicos e serotoninérgicos em linfdcitos de

pacientes com DP em compara¢do com individuos controles.
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4 METODOS

Foi realizado um estudo transversal observacional, envolvendo no total 48 pacientes
diagnosticados com DP conforme os critérios do banco de cérebros do Reino Unido (Hughes
et al, 1992). Os pacientes foram recrutados do Ambulatério de Distdrbios do Movimento do
Servico de Neurologia do Grupo Santa Casa de Belo Horizonte. Além disso, foi incluido no
estudo um grupo de 29 individuos controles pareados aos pacientes em relacdo a idade,
género, escolaridade e indice de massa corporal (IMC).

Todos os participantes da pesquisa foram submetidos a avaliacdo clinica para
verificagdo da presenca de comorbidades, tratamentos e uso de medicamentos. Neoplasia,
doenca neuroldgica e/ou neurodegenerativa, delirium ou deméncia foram considerados
critérios de exclusdo para ambos 0s grupos. Também foram excluidos individuos em uso ou
que tenham utilizado nas Ultimas quatro semanas antibioticos, anti-inflamatérios ou
imunossupressores ou que relatassem doenca inflamatéria, auto-imune ou processo infeccioso

em atividade nas Ultimas 4 semanas.

O projeto foi aprovado pelo Comité de Etica em Pesquisa (COEP) da UFMG sob
protocolo CAAE-0417.0.203.000-11. Todos os participantes, ou seus acompanhantes quando
apropriado, assinaram o Termo de Consentimento Livre e Esclarecido (TCLE, anexo 1) antes

de serem incluidos na pesquisa.

4.1 Avaliacdo clinica

Inicialmente, foi aplicado um roteiro de avaliacdo (anexo Il) no qual foram coletados
dados pessoais, habitos de vida, informagfes sobre comorbidades e uso de medicamentos,
entre outros. Os individuos com DP também foram questionados sobre a doenca. Apos
aplicacdo desse roteiro inicial, foram aplicadas escalas clinicas mensurando aspectos
cognitivos e afetivos. O grupo de pacientes com DP também foi submetido a avaliacéo

motora. A seguir uma breve descrigdo das escalas clinicas utilizadas nessa pesquisa.

Escala Unificada de Avaliagdo da Doenca de Parkinson (UPDRS, anexo I11): A
UPDRS (Unified Parkinson’s Disease Rating Scale), tem sido a principal escala utilizada para

avaliar a gravidade dos sintomas da DP através do auto-relato dos pacientes e observagdo
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clinica. Compreende 42 itens divididos em 4 subsecdes, I: Atividade mental, comportamento
e humor; 11 Atividade de vida diéria; I1l: Exame das fun¢Ges motoras e IV: Complicacdes do
tratamento (Fahn e Elton, 1987).

Mini-exame do estado mental (MEEM, anexo 1V): O MEEM permite a avaliacédo
da funcéo cognitiva e rastreamento de quadros demenciais. O MEEM ¢é composto por diversas
questdes tipicamente agrupadas em sete categorias, cada uma delas desenhada com o objetivo
de avaliar funcgdes cognitivas especificas: orientagdo temporal, orientacdo espacial, registro de
trés palavras, atencdo e calculo, recordacdo das trés palavras, linguagem e capacidade

construtiva visual (Folstein et al, 1975; Brucki et al, 2003).

Bateria de Avaliacdo Frontal (BAF, anexo V): A BAF € um teste breve para
avaliacdo da funcdo executiva, consistindo de seis subtestes que exploram processos
neurocognitivos relatados aos lobos frontais: conceitualizacdo, flexibilidade mental,
programacdo motora, sensibilidade a interferéncia, controle inibitério e autonomia ambiental.
Cada subteste pode ser pontuado de zero (pior) a trés (melhor) e a pontuacao total na BAF é

calculada pela soma das pontuac6es em cada subteste (Dubois et al, 2000; Beato et al, 2007).

Inventario de Depressdo de Beck (BDI, anexo VI): O BDI (Beck Depression
Inventory) é um instrumento de autoavaliacdo de sintomas depressivos composto por 21
grupos de afirmagfes, que incluem sintomas e atitudes com intensidade varidvel. Estas
afirmacOes referem-se a tristeza, pessimismo, sensacdo de fracasso, falta de satisfacdo,
sensacao de culpa, sensacdo de punicdo, autodepreciacdo, autoacusacao, ideias suicidas, crises
de choro, irritabilidade, retracdo social, indecisdo, distorcdo da imagem corporal, inibicdo
para o trabalho, disturbio de sono, fadiga, perda de apetite, preocupagdo somatica e perda da
libido (Beck et al, 1961). O BDI foi validado como instrumento de rastreio e diagnostico de
depressdo na DP, inclusive com pacientes brasileiros (Silberman et al, 2006; Tumas et al,
2008).

4.2 Coleta do material bioldgico

Ap0s a avaliacdo clinica dos pacientes, foram coletados 10 mL de sangue venoso em
tubos a vacuo contendo heparina e 10 mL em tubos a vacuo contendo acido

etilenodiaminotetracético (EDTA). As amostras de sangue foram mantidas a temperatura
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ambiente e processadas dentro de no maximo trés horas para separagdo do plasma e 24 horas

para experimentos de citometria de fluxo.

4.3 Separacao do plasma

As amostras de sangue coletadas em tubos heparinizados foram centrifugadas a 1620
g, 4°C, por 10 minutos para separacdo do plasma. A parte referente ao plasma foi coletada e

congelada em freezer -70°C até 0 momento das analises.

4.4 Andlise dos niveis de citocinas, quimiocinas e fatores neurotréficos

As amostras de plasma obtidas previamente foram entdo descongeladas para analise
dos niveis de citocinas, quimiocinas e fatores neurotroficos através de ensaio
imunoenzimatico (ELISA) sanduiche, utilizando kits DuoSet da R&D Systems (Minneapolis,
MN, USA). Além disso, algumas citocinas foram dosadas através da técnica que combina
imunoensaio e citometria de fluxo denominada CBA (do inglés Cytometric Bead Array). O
CBA permite a dosagem de varias proteinas simultaneamente utilizando pequeno volume de

amostra.

4.4.1 Andlise de proteinas plasmaticas por ELISA

Sucintamente, a cada poc¢o da placa de ELISA foram adicionados 100 pL de solugéo
contendo anticorpo monoclonal contra a citocina ou fator neurotrofico que se pretendia
mensurar (anticorpo de captura) diluido em tampéo fosfato-salina (PBS). As placas foram
incubadas por pelo menos 12 horas a 4°C. Os anticorpos ndo aderidos nas placas foram
descartados ap6s lavagem em lavadora de placas automatica, utilizando-se PBS-Tween 0,1%
(v/v). Em seguida, as placas foram blogueadas com 200 pL/pogo de uma solucdo contendo
albumina de soro bovino (BSA) 1% (p/v), durante 2 horas a temperatura ambiente. Apds nova
lavagem das placas, em cada poco foram adicionados 100 pL da amostra ou padrdo. As placas
foram novamente incubadas por pelo menos 12 horas a 4° C. Apos lavagem, foram
adicionados anticorpos conjugados com biotina e diluidos em BSA 0,1% (p/v), sendo as

placas incubadas por duas horas a temperatura ambiente. Em seguida, apds lavagem,
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acrescentaram-se 100 pL/pogo de estreptavidina conjugada com peroxidase as placas, que
foram incubadas por 30 minutos a temperatura ambiente. Finalmente, apds nova lavagem, o
cromogeno @-fenileno-diamina (OPD) foi aplicado as placas, incubadas na auséncia de luz. A
reacao foi interrompida com acido sulfarico 1M. A leitura da intensidade de marcacéo foi
realizada em leitor de ELISA no A de 490 nm (SOFTmax Pro — verséo 2.2.1).

A tabela 1 descreve quais moléculas plasmaticas foram avaliadas no presente estudo
através da técnica ELISA.

Tabela 1: moléculas avaliadas por ELISA

Citocinas e receptores sollveis adiponectina, leptina, resistina, STNFR1, STNFR2

Quimiocinas eotaxina, eotaxina-2, IP-10, MCP-1

Fatores Neurotroficos BDNF, pro-BDNF, GDNF, NGF, CNTF, NT3,
NT4

Abreviacdes: BDNF = fator neurotréfico derivado do cérebro; CNTF = fator neurotrofico
ciliar, GDNF = fator neurotréfico derivado das células gliais; IP-10 = proteina induzida por
interferon gama-10; MCP-1 = proteina quimioatratora de mondcitos-1; NGF = fator de
crescimento neural; NT = neurotrofina; STNFR = receptor soltvel do fator de necrose

tumoral.

4.4.2 Anélise de proteinas plasmaticas por CBA

Utilizamos essa técnica para dosagem dos niveis plasmaticos de citocinas, utilizando-
se 0 kit Th1/Th2/Th17 e seguindo o protocolo recomendado pelo fabricante, com pequenas
adaptacdes (BD Biosciences, San Jose, CA, USA). Esse kit permite a dosagem simultanea das
proteinas IL-2, IL-4, IL-6, IL-10, TNF-a, IFN-y e IL-17A. Sucintamente, microesferas de
captura para cada proteina a ser analisada sdo misturadas, centrifugadas (200g por 5 minutos)
e ressuspendidas em tampdo (plasma enhancement buffer) e incubadas por 30 min a
temperatura ambiente. Em seguida, 25 pL da solucdo contendo as microesferas de captura séo
adicionados a cada poco da placa. A seguir, adicionam-se a cada poc¢o 25 pL das amostras de
plasma ou dos padrdes (padrdes liofilizados reconstituidos e preparados por diluicdo seriada).

Adicionam-se, entdo, 25 pL do reagente de deteccdo PE e incuba-se por mais 2h a
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temperatura ambiente. Adicionam-se 150 pL do tampdo de lavagem a cada poco e centrifuga-
se a placa a 200g por 5 min. Repete-se o procedimento de lavagem e, por fim, o sobrenadante
é descartado e adiciona-se novamente 200 puL do tampdo de lavagem a fim de ressuspender o
pellet. Os padrBes e amostras foram adquiridos em citdmetro de fluxo (FACS Canto II, BD
Biosciences, San Jose, CA, USA). Os resultados foram analisados através do programa FCAP
Array versdo 1.0.1 (Soft Flow Inc., Pecs, Hungary).

4.5 Imunofenotipagem por citometria de fluxo

As amostras de sangue coletadas em tubos contendo EDTA foram utilizadas para
andlise de citometria de fluxo no contexto ex vivo. O sangue foi submetido a lise das hemécias
com solucéo a base de cloreto de amdnio. Apds lavagem com PBS as células foram incubadas
com os anticorpos para marcacdo de superficie - inclusive os controles negativos (isotipos
IgG1l e 1gG2a) - diluidos em solucdo de diluicdo de anticorpos (PBS/BSA/Azida), nas
concentragcfes previamente padronizadas. A suspensdo de células mais os anticorpos foram
incubados por 30 minutos a 4°C ao abrigo da luz. Apds esse tempo, foram adicionados 150
uL de PBS/BSA/Azida a 4°C. Centrifugou-se por 8 minutos, 300 g a 4°C, desprezando-se 0
sobrenadante. Ressuspendeu-se o precipitado de celulas em 200 pl de formaldeido 2% (v/v).
Para marcacdo de FoxP3 (proteina intracelular), as células foram lavadas com
PBS/BSA/Azida e entdo permeabilizadas em solugdo de saponina 0,1% (p/v) em PBS e
incubadas com os anticorpos de marcacdo intracelular por 30 min a temperatura ambiente e ao
abrigo da luz. Apo6s nova lavagem, as células foram ressuspendidas em formaldeido 2% (v/v).
Para marcacdo de proteinas fosforiladas (pDARPP e pAKT), utilizamos para lise das
hemaécias solucdo comercial Lyse/Fix (BD Biosciences, San Jose, CA, USA) pré-aquecida a
37 °C e para permeabilizacdo solucdo Perm Buffer 111 a 4°C (BD Biosciences, San Jose, CA,
USA).

As amostras foram transferidas para tubos FALCON™ de poliestireno, 5 mL -
proprios para aquisicao, que foi realizada com o instrumento FACSCanto Il (BD Biosciences,
San Jose, CA, USA). A tabela 2 mostra quais marcadores foram utilizados nas analises de
citometria de fluxo no presente estudo. A identificacdo das populagdes celulares de interesse,
bem como a determinacéo do valor percentual das populagbes e subpopulagdes celulares foi
realizada utilizando-se o programa FlowJo versdo 7.6.5 (Tree-Star Inc., Ashland, OR, USA).
A figura 1 exemplifica a estratégia de anélise utilizada.
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Tabela 2: subtipos celulares, receptores de neurotransmissores e proteinas intracelulares

avaliados por citometria de fluxo.

Imunofenotipagem CD3+CD4+ (linfocitos T auxiliares), CD3+CD8+ (linfécitos T
citotdxicos), CD4+CD25+FoxP3+ (linfécitos T regulatérios), CD19+
(linfocitos B), CD56+CD16+ (células NK - natural killer), CD14+
(mondcitos).

Receptores dopaminérgicos DRD1, DRD2, DRD3, DRD4 e DRD5.

Receptores e transportador 5-HTR1a, 5-HTR1g, 5-HTR24, 5-HTR28, 5-HTR2c, 5-HTR3, 5-HTRy,
serotoninérgicos 5-HTT.

Proteinas intracelulares fosfoliradas pDARPP32 (Thr 75) and pDARPP32 (Thr 34); pAKT (Thr 308) and
pAKT (Ser 473).

Abreviacbes: 5-HTR = receptor serotoninérgico; AKT = proteina quinase B; DARPP =
fosfoproteina regulada por dopamina e cAMP; DR = receptor dopaminérgico.

4.6 Analises estatisticas

Foi realizada andlise descritiva de todas as varidveis. As varidveis foram avaliadas
quanto a distribuicdo normal através do teste de Kolmogorov-Smirnov. Para a comparagao
das variaveis quantitativas foi utilizado o teste t de Student ou o Teste U de Mann-Whitney
para dados com distribui¢cdo paramétrica ou ndo-paramétrica, respectivamente. A correlacéo
entre os instrumentos de medida foi realizada através do coeficiente de correlacdo de
Spearman (rho). As analises foram realizadas utilizando-se o programa estatistico SPSS
versdo 16.0 (SPSS Inc., Chicago, IL, USA), assim como GraphPad Prism 4.0 para
Windows™ (GraphPad Software, Inc., La Jolla, CA, USA). Um valor de p bilateral menor

que 0,05 foi adotado como nivel de significancia estatistica para todos os testes.
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Figura 1: Exemplo ilustrativo de andlise realizada no FlowJo 7.6.5. (A) Dot-plot demonstrando a regido
selecionada conforme tamanho e granulosidade para andlise da populacdo de linfdcitos. (B) Dot-plot
demonstrando a selecdo da subpopulagdo de linfocitos CD3+. (C) Dot-plot demonstrando a subpopulacéo de
células CD4+ dentro da populacdo CD3+ representada em (B). (D) Dot-plot representativo da populagdo de
linfocitos CD4+CD25+. (E) Histograma representativo de uma populacdo de células usada como controle
negativo (controle de isotipo) em vermelho e das células CD4+CD25+ selecionadas em (D) e que expressam a
proteina intracelular FoxP3 (azul).
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5 RESULTADOS

No total foram avaliados 48 pacientes com diagndstico de DP e 29 controles. Partindo
dessa amostra, alguns individuos foram incluidos na dosagem de citocinas e fatores
neurotroficos e/ou nas analises de citometria de fluxo, de forma que os resultados serdo

apresentados separadamente conforme a subamostra de individuos utilizada.

5.1 Dosagem de citocinas e fatores neurotroficos

Para dosagem dos niveis plasmaticos de citocinas e fatores neurotroficos foram
incluidos 40 pacientes com DP e 25 controles. A tabela 3 mostra as caracteristicas clinicas e
demogréficas dos individuos incluidos nessas analises. Pacientes e controles ndo diferiram em
relagdo ao sexo, idade, IMC e escolaridade. Os individuos controles apresentaram melhor
desempenho cognitivo global do que os pacientes com DP como demonstrado pelo maior
escore obtido pelos controles no MEEM. Além disso, pacientes com DP foram piores do que
os controles na tarefa de programacdo da BAF, evidenciando prejuizo nesse dominio da
funcdo executiva. De fato, o déficit cognitivo observado na DP tem sido comumente
relacionado ao comprometimento da funcdo executiva. Os pacientes com diagnéstico de DP
também apresentaram maior pontuacdo no BDI em comparacgdo aos controles. Esse resultado
evidencia que os pacientes apresentam mais sintomas depressivos (ou maior gravidade dos

mesmos) do que individuos que ndo sao diagnosticados com a DP.

Os resultados referentes as caracteristicas clinicas dos pacientes com DP séo
apresentados na tabela 4. Os pacientes apresentaram, em média, aproximadamente 5 anos de
diagnostico de DP. Os valores obtidos na escala UPDRS mostraram comprometimento leve a
moderado dos pacientes. Para a escala de estagios de incapacidade de Hoehn e Yahr (H&Y), a
mediana obtida foi 2. Nesse estagio, o paciente apresenta alteracdo bilateral, mas sem déficit
de equilibrio. Em relacdo a escala de atividades de vida diaria de Schwab e England (S&E), a
mediana obtida foi de 80%, o0 que corresponde ao limite entre independéncia e dependéncia na
realizacdo das atividades de vida diaria. A maioria dos pacientes com DP incluidos nesse

estudo (92,5%) estava em uso de levodopa.
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Tabela 3: Caracteristicas clinicas (ndo motoras) e demograficas dos participantes da pesquisa

incluidos nas dosagens de citocinas e fatores neurotroficos.

Pacientes com DP (n = 40) Controles (n = 25) Valor p
Género (feminino/masculino) 13/27 6/19 0,582
Idade em anos (média + dp) 68,71 + 10,07 65,23 + 8,75 0,20°
Errfe'gfa fgp ;“assa corporal - Kg/m? 26,02 + 3,73 27,64 +3,71 0,09¢
Escolaridade em anos (média + dp) 4,72 + 2,87 6,72 + 5,37 0,16°
MEEM [média + dp (mediana)] 24,00 + 3,99 (25) 27,00 + 3,57 (29) 0,001°
BAF [média £ dp (mediana)] 11,49 + 2,99 (12) 12,32 £ 3,67 (13) 0,28°
Conceitualizagdo 1,23 +1,01 (1) 1,64+1,11(2) 0,12°
Flexibilidade mental 1,82+£1,10 (2) 2,08 +1,04 (2) 0,34°
Programacdo 1,74+£0,91 (2) 2,24£0,83 (2) 0,04°
Sensibilidade a interferéncia 2,26 £ 0,94 (3) 1,84 £1,25(2) 0,21b
Controle inibitério 1,41+0,88 (1) 1,52+ 1,09 (1) 0,73%
Autonomia ambiental 3,00 £0,00 (3) 3,00 £0,00 (3) 1,00°
BDI [média + dp (mediana)] 8,64 + 7,58 (6) 2,76 +3,35 (1) <0,001°
Medicamentos em uso (frequéncia
em %)
Anti-hipertensivos (%) 55 48 0,622
Antidiabeticos (%) 10 20 0,292
Hipolipémicos (%) 10 24 0,178
Levotiroxina (%) 10 4 0,642
Antidepressivos 20 12 0,512

Abreviagdes: DP = Doenca de Parkinson; dp = desvio padrdo; BAF = Bateria de Avaliacdo Frontal; MEEM =
Mini-Exame do Estado Mental; BDI = Inventério de Depressdo de Beck. Teste Exato de Fisher; PTeste Mann-
Whitney; ‘Teste t de Student.



Tabela 4: Caracteristicas clinicas (motoras) dos pacientes com doenca de

Parkinson incluidos nas dosagens de citocinas e fatores neurotréficos.

Pacientes com DP (n = 40)

Tempo de diagndstico em anos [média + dp

(variacdo)]

UPDRS [média * dp (variacao)]
UPDRS | [média £ dp (variacédo)]
UPDRS Il [média + dp (variacdo)]
UPDRS |1l [média + dp (variagéo)]

H&Y [média £ dp (variacdo)]

S&E em % [média £ dp (variacdo)]

Medicamentos em uso [frequéncia (%)]

Levodopa
Pramipexol
Entacapona

Amantadina

545+ 4,13 (0,4 - 18)

51,82 + 25,27 (11 — 105)
3,36 +2,96 (0 - 11)
14,08 + 7,14 (2 - 31)

34,56 + 18,43 (8 - 69)
2,44+ 0,69 (1 - 4)

77,95 £ 11,96 (50 — 100)

37 (92,50)
20 (50,00)
7 (17,50)

11 (27,50)
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Abreviagfes: DP = Doenga de Parkinson; dp = desvio padrdo; UPDRS = Escala
Unificada de Avaliacdo da Doenca de Parkinson; H&Y = Escala de Estagios de
Incapacidade de Hoehn and Yahr; S&E = Escala de Atividades de Vida Diria de
Schwab e England.

A tabela 5 apresenta os resultados obtidos quanto a dosagem das adipocinas,
receptores soltveis de TNF-o (sTNFRs), quimiocinas e fatores neurotréficos. Pacientes com
DP e controles ndo diferiram estatisticamente em relacdo aos niveis plasmaticos de adipocinas
(artigo 2), quimiocinas (artigo 4) e fatores neurotroficos (figura 2) avaliados. Pacientes com
DP apresentaram um aumento significativo nos niveis plasmaticos dos STNFRs em relagéo
aos controles (artigo 3). A tabela 6 apresenta as correlagdes entre as variaveis clinicas ou
citocinas/fatores neurotroficos analisados e as escalas utilizadas para avaliar desempenho

cognitivo (MEEM e BAF) e sintomas depressivos (BDI).



Tabela 5: Concentracdes plasmaticas (pg/mL) das adipocinas,

quimiocinas e fatores neurotroficos avaliados em pacientes com DP e controles.
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receptores sollveis,

Pacientes com DP (n = 40) Controles (n = 25) Valor p

Adipocinas

Adiponectina 13113,33 + 1586,94 (13375,71) 13428,60 + 664,43 (13602,08) 0,662

Leptina 1424,63 + 528,07 (1536,51) 1472,19 + 400,93 (1641,59) 0,872

Resistina 2315,65 + 514,87 (2271,53) 2271,90 + 552,50 (2271,53) 0,75°
Receptores sollveis

STNFR1 1168,62 + 811,75 (931,41) 769,29 + 295,86 (710,02) 0,012

STNFR2 6387,77 + 2630,90 (5610,94) 4906,28 + 1519,31 (4955,72) 0,052
Quimiocinas

Eotaxina 2897,14 + 1542,20 (2896,50) 3303,42 + 1762,07 (3012,26) 0,57

Eotaxina-2 2945,90 + 1603,03 (2405,04) 2446,78 + 1144,81 (2148,00) 0,20

IP-10 1655,26 + 2567,31 (1150,47) 1421,98 + 672,52 (1120,57) 0,982

MCP-1 4277,64 + 6581,16 (3154,24) 3207,53 + 1166,37 (3185,96) 0,892
Fatores Neurotréficos

BDNF 4878,22 + 2786,02 (4256,39) 4810,83 + 3269,54 (4025,40) 0,692

Pro-BDNF 11526,15 + 7599,66 (9423,39) 11638,26 + 4738,97 (10237,25) 0,302

NGF 225,94 + 297,01 (88,40) 112,78 + 76,87 (76,56) 0,382

GDNF 661,2 + 1242 (88,78) 127,4 + 139,3 (68,67) 0,222

CNTF 630,33 + 1585,85 (25,94) 176,24 + 254,66 (53,58) 0,402

NT3 799,00 + 1988,73 (92,55) 140,34 + 145,35 (92,55) 0,402

NT4 697,91 + 1768,08 (86,67) 94,09 + 48,49 (87,68) 0,322

Resultados expressos em pg/mL [média £ desvio padrdo (mediana)].

Abreviagdes: DP = Doenca de Parkinson; STNFR = receptor sollvel do fator de necrose tumoral; IP = proteina

induzida por interferon; MCP = proteina quimioatratora de mondcitos; BDNF = fator neurotréfico derivado do

cérebro; NGF = fator de crescimento neural; GDNF = fator neurotréfico derivado da glia; CNTF = fator

neurotréfico ciliar; NT = neurotrofina. ®Teste Mann-Whitney; PTeste t de Student
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Figura 2: Andlise da concentracdo plasmatica de fatores neurotréficos. Pacientes com doenga de
Parkinson (DP) e controles ndo apresentaram diferenca estatisticamente significativa em relacdo
aos niveis plasmaticos dos fatores neurotréficos avaliados. BDNF = fator neurotréfico derivado do
cérebro; CNTF = fator neurotréfico ciliar; GDNF = fator neurotréfico derivado da glia; NGF =
fator de crescimento neural; NT = neurotrofina.
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Tabela 6: CorrelacGes entre varidveis clinicas / citocinas / fatores neurotréficos e escalas

utilizadas para avaliar desempenho cognitivo e sintomas depressivos.

Pacientes com DP (n = 40)

Controles (n = 25)

MEEM BAF BDI MEEM BAF BDI
rho -0,316 - 0,242 0,421 - - -
UPDRS
Valor p 0,057 0,150 0,010 - - -
rho - 0,149 -1,34 0,440 - - -
H&Y
Valor p 0,372 0,424 0,006 - - -
rho 0,245 0,071 - 0,457 - - -
S&E
Valor p 0,139 0,673 0,004 - - -
Tempo de rho - 0,075 - 0,305 0,048 - - -
diagndstico /z10r 0,651 0,059 0,771 - - -
rho - 0,292 -0,445 - 0,166 -0,751 -0,677 0,136
Idade
Valor p 0,071 0,005 0,314 <0,0001 <0,0001 0,516
rho 0,429 0,463 0,108 0,790 0,771 0,074
Escolaridade
Valor p 0,006 0,003 0,515 <0,0001 0,001 0,793
rho - 0,527 - 0,087 - 0,658 -0,135
MEEM
Valor p - 0,001 0,597 - <0,0001 0,521
rho 0,527 - - 0,091 0,658 - -0,534
BAF
Valor p 0,001 - 0,580 <0,0001 - 0,006
rho - 0,087 -0,091 - -0,135 - 0,534 -
BDI
Valor p 0,597 0,580 - 0,521 0,006 -
rho -0,079 -0,166 0,025 0,208 0,029 0,111
Adiponectina
Valor p 0,631 0,313 0,878 0,319 0,892 0,597
rho 0,159 0,154 0,079 0,213 - 0,087 0,419
Leptina
Valor p 0,340 0,357 0,637 0,307 0,678 0,037
rho - 0,304 -0,291 0,112 -0,071 - 0,044 - 0,184
Resistina
Valor p 0,063 0,076 0,504 0,737 0,836 0,378
rho - 0,288 -0,518 -0,112 - 0,426 - 0,261 0,025
STNFR1
Valor p 0,076 0,001 0,495 0,034 0,208 0,904
rho -0,328 -0,411 -0,024 - 0,367 - 0,162 - 0,015
STNFR2
Valor p 0,041 0,009 0,885 0,071 0,439 0,943

Tabela 6: continua
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Tabela 6: continuagdo

Pacientes com DP (n = 40)

Controles (n = 25)

MEEM BAF BDI MEEM BAF BDI
rho 0,152 -0,113 -0,029 -0,017 0,054 -0,162
Eotaxina
Valor p 0,369 0,506 0,866 0,934 0,798 0,439
rho -0,148 -0,113 0,133 - 0,093 - 0,065 - 0,086
Eotaxina-2
Valor p 0,380 0,505 0,432 0,660 0,757 0,684
rho - 0,395 - 0,458 0,109 0,335 -0,014 0,255
IP-10
Valor p 0,016 0,004 0,522 0,102 0,947 0,219
rho 0,173 - 0,068 - 0,280 0,002 0,094
MCP-1
Valor p 0,306 0,688 0,093 0,992 0,653
rho -0,272 - 0,289 0,101 -0,013 0,155 - 0,547
BDNF
Valor p 0,094 0,074 0,539 0,953 0,460 0,005
rho - 0,073 0,159 -0,339 0,175 0,042 0,062
Pro-BDNF
Valor p 0,660 0,335 0,035 0,402 0,841 0,769
rho 0,029 - 0,153 0,097 -0,096 - 0,133 -0,122
NGF
Valor p 0,861 0,353 0,555 0,647 0,525 0,561
rho 0,204 0,026 0,117 -0,096 - 0,079 - 0,079
GDNF
Valor p 0,212 0,875 0,479 0,648 0,708 0,709
rho 0,197 -0,112 -0,152 0,257 0,234 -0,071
CNTF
Valor p 0,229 0,498 0,356 0,215 0,260 0,736
rho 0,201 0,177 -0,136 -0,045 0,008 - 0,362
NT3
Valor p 0,220 0,282 0,409 0,830 0,968 0,076
rho -0,159 - 0,295 - 0,074 -0,002 - 0,067 - 0,061
NT4
Valor p 0,335 0,069 0,652 0,993 0,749 0,772

Abreviacbes: DP = Doenca de Parkinson; UPDRS = Escala Unificada de Avalia¢cdo da Doenca de Parkinson;
H&Y = Escala de Estagios de Incapacidade de Hoehn and Yahr; S&E = Escala de Atividades de Vida Diéria de

Schwab e England; BAF = Bateria de Avaliacdo Frontal; MEEM = Mini-Exame do Estado Mental; BDI

Inventorio de Depressdo de Beck; sTNFR = receptor sollvel do fator de necrose tumoral; IP = proteina induzida

por interferon; MCP = proteina quimioatratora de mondcitos; BDNF = fator neurotrofico derivado do cérebro;

NGF = fator de crescimento neural; GDNF = fator neurotréfico derivado da glia; CNTF = fator neurotréfico ciliar;

NT = neurotrofina.
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Dentre as correlagOes estatisticamente significativas podemos observar que maior
pontuacdo na UPDRS esta associada & maior pontuacdo no BDI. Isso demonstra que maior
gravidade de sintomas motores na DP estd relacionada a maior gravidade de sintomas

depressivos.

O aumento da idade estd associado a um pior desempenho nos testes cognitivos
(MEEM e BAF), tanto nos pacientes quanto nos controles. Além disso, maior escolaridade -
avaliada conforme anos de estudo — estd associada a um melhor desempenho nos testes
cognitivos em ambos os grupos. Esses resultados j& eram esperados, visto que aumento na
idade e menor escolaridade sdo conhecidamente relacionados a um pior desempenho

cognitivo.

Considerando pacientes com DP, os niveis plasmaticos de sTNFR1 correlacionaram
negativamente com o escore na BAF. Embora ndo tenha atingido significancia estatistica, 0s
niveis plasméaticos de STNFR1 também correlacionaram negativamente com 0 escore no
MEEM (p = 0.076). Igualmente, os niveis STNFR2 correlacionaram negativamente com 0s
escores no MEEM e BAF. Além disso, 0 aumento nos niveis plasmaticos da quimiocina IP-10
estd associado a menores escores em ambos 0s testes cognitivos aplicados. Por Gltimo, o
aumento nos niveis plasmaticos de pro-BDNF est4 associado a menores escores no BDI, ou

seja, menor gravidade de sintomas depressivos.

Ja em relacdo aos controles, a Unica associacao significativa com os testes cognitivos
utilizados ocorreu entre os niveis plasmaticos de sTNFR1 e o escore no MEEM, que
correlacionaram negativamente. Além disso, aumento nos niveis plasmaticos de leptina e
diminuicdo nos niveis de BDNF estdo associados a maior escore no BDI, ou seja, maior
gravidade de sintomas depressivos.

A seguir apresentamos 0s artigos 2, 3 e 4 que contém os dados publicados acerca dos
resultados obtidos nessa etapa. Vale a pena mencionar que os resultados referentes a dosagem
das citocinas IL-1B, IL-2, IL-4, IL-6, IL-10, IL-17A, IFN-y e TNF serdo apresentados
posteriormente, juntamente com os resultados referentes & imunofenotipagem por citometria

de fluxo.
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Introduction

Parkinson’s disease (PD) is the second most prevalent neurodegenerative disorder
worldwide and the main cause of parkinsonism, a highly disabling syndrome [1]. Studies have
concordantly shown that PD patients present lower body weights in comparison with age-
matched subjects. The unintended weight loss can even precede the motor signs required for
clinical diagnosis in PD. Several factors have been proposed to explain this weight change,
including anorexia, dysphagia, reduced sense of smell and taste, altered gastrointestinal
motility and absorption and increased energy requirements [2]. However, the mechanisms
underlying the weight loss in PD are still unknown. Besides the unintended weight loss, PD
has also been associated with reduced prevalence of cardiovascular risk factors, such as
arterial hypertension, diabetes and dyslipidemia [3]. Here again the mechanisms involved
have not been completely elucidated.

The cause of neurodegeneration observed PD is not fully understood. Inflammation
has been proposed as one of the factors contributing to the onset and progression of neuronal
death in PD. Postmortem, epidemiological, genetic and immunological studies in humans and
animal models have supported this hypothesis [4]. Activated microglial cells were found
within the substantia nigra pars compacta (SNPc) of PD patients [5]. Increased levels of
proinflammatory cytokines [6-8], human leukocyte antigen (HLA)-DR-positive microglia and
infiltrating CD8+ cells [5] were reported in PD brains. Analyses of blood have also
demonstrated that levels of inflammatory cytokines such as interleukin (IL)-6 [9-11], tumor
necrosis factor (TNF)-a [11] and its soluble receptor sTNFR1 [12], IL-2 [11, 13], interferon
(IFN)-y [11], IL-1B [14] and IL-10 [11, 15] are increased in PD patients compared to age-

related control individuals, indicating a peripheral proinflammatory status.

Among several inflammatory molecules, adipokines are of great interest since they are
involved not only in inflammation but also in other physiological process. Adipokines are
adipocyte-derived secretory factors, which have functions in satiety, energetic homeostasis,
insulin sensitivity, vascular disease and also in immune response. Leptin, adiponectin and
resistin are typical examples of adipokines [16, 17]. The physiological function of leptin
involves appetite control through the central nervous system [18]. It is generally accepted that
leptin acts as a proinflammatory adipokine, since it induces the production of TNF-o, and 1L-6
by monocytes [19] and enhances the mMRNA expression of CC-chemokines, including CCL3,

CCL4 and CCL5 [20]. In contrast to leptin, adiponectin levels are decreased in obesity and it
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appears to have anti-inflammatory effects, resulting in TNF-a and IFN- y decrease and 1L-10
increase [21,22]. Adiponectin levels are also decreased in insulin resistance [23]. Unlike
leptin and adiponectin, the role of resistin in human physiology and inflammation is more
controversial. Resistin has at first been suggested as an adipokine upregulated during weight
gain, impairing insulin sensitivity, which provided a direct connection between adiposity and
insulin resistance [24, 25]. This role, however, seems to be limited to rodents [26]. In
addition, resistin synthesis is restricted to adipocytes in mice, whereas in humans resistin is
mainly produced by leukocytes [16]. Nonetheless, the proinflammatory properties of resistin
in human mononuclear cells are evident, since resistin promotes the expression of TNF-o and
IL-6 by these cells [27].

Since weight loss, reduced prevalence of cardiovascular risk factors and peripheral
proinflammatory status are described in PD, and the adipokines are strongly associated with
all these processes, studies have hypothesized that adipokines levels are altered in PD
patients. Until now however the few studies about this topic failed to show any alteration in
adipokines levels in PD. Since the literature about adipokines in PD is still scarce, this study
was designed to investigate adipokines levels - adiponectin, leptin and resistin — in PD
patients and compare them to control individuals. Also, we aimed to evaluate association

between adipokine levels and clinical variables in PD.
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Methods
Subjects

This study included 40 PD patients diagnosed according to the United Kingdom PD
Brain Bank criteria [28] and a group of 25 controls matched by age, gender, body mass index
(BMI) and educational level. Patients were recruited from the outpatient movement disorders
clinic of the ‘Santa Casa de Belo Horizonte’ Hospital, Belo Horizonte, Brazil. Controls were
recruited from the local community. Participants reported no weight changes in the three
months preceding the study and were excluded if they had undergone previous neurosurgery
or if they had any other neurological disorder and/or cognitive decline (i.e, delirium or
dementia, according to the DSM-IV criteria), significant sensory impairment and infectious or
autoimmune diseases in activity in the previous 4 weeks. In addition, individuals who had
used corticosteroids, anti-inflammatories or antibiotics in the 4 weeks prior to the study were
excluded. All subjects provided written informed consent before admission to the study. This
study was approved by the Research Ethics Committee of the Universidade Federal de Minas
Gerais, Brazil. An overview of the demographic and clinical characteristics of the sample
enrolled in this study is given in Table 1. PD patients and controls did not differ in age,
gender, BMI index, educational level and use of medications (except for those used for PD

treatment).
Clinical evaluation

All patients were evaluated with the Unified Parkinson's Disease Rating Scale
(UPDRS) [29] which assesses different signs and symptomatic dimensions of PD. The
UPDRS scores were obtained in the “on” state. In order to estimate the PD disease staging,
we applied the modified Hoehn and Yahr Staging Scale (HY) [30]. Also, the modified
Schwab and England Activities of Daily Living Scale (S&E) assessed disability in performing
activities of daily living in PD patients [29].

All individuals were subjected to cognitive examination, which included the Mini-
Mental State Examination (MMSE) [31] adapted for the Brazilian elderly population [32].
The MMSE is a brief battery for cognitive screening, comprising 30 items from different
domains such as orientation, attention, memory and language [31]. It is a traditional test used

to assess overall cognitive performance and to screen for dementia.
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Adipokines assessment

Ten milliliters of blood were drawn by venipuncture in vacuum tubes containing
heparin (Vacuplast, Huangyn, China) on the same day of the clinical assessment. In order to
rule out any confounding factors caused by circadian rhythm and fasting/feeding conditions,
all samples were collected at the same time of the day, 4 hours after the last meal. The whole
blood samples were kept at room temperature and used within 2 hours of having been drawn.
These samples were then centrifuged at 3,000 g for 10 min, 4 °C, twice. The plasma was

collected and stored at —70 °C until assayed.

Plasma levels of leptin, adiponectin and resistin were measured by Enzyme-Linked
Immunosorbent Assay (ELISA) according to the procedures supplied by the manufacturer
(DuoSet, R&D Systems, Minneapolis, MN, USA). All samples were assayed in duplicate and
analyses were performed blinded. Lower detection limits for all analyzed adipokines were 5

pg/mL. Concentrations are expressed as pg/mL.
Statistical analysis

Association between dichotomous variables was assessed by the Fisher's exact test. All
variables were tested for Gaussian distribution by the Kolmogorov-Smirnov normality test.
Two groups (patients vs. controls) were compared by Mann—Whitney or Student’s t tests
when non-normally or normally distributed, respectively. Leptin levels are gender-dependent
[33] and are higher in women than in men even when adjusted for BMI, being important to
report calculations of men and women separately. Spearman's correlation analyses were
performed to examine the relationship between clinical variables and plasma levels of
adiponectin, leptin and resistin. All statistical tests were two-tailed and were performed using
a significance level of 0=0.05. Statistical analyses were performed using SPSS software

version 16.0 (SPSS Inc., Chicago, IL, USA).
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Results
Socio-demographic and clinical results

PD patients presented lower score in the MMSE than controls (Table 1). Patients had
in average 5.45 years of PD diagnosis. In general, motor impairment was considered mild to
moderate based on UPDRS and H&Y scores (means + standard deviations (SD) = 51.82 +
25.27 and 2.44 + 0.69, respectively). The means £ SD of the UPDRS |, Il and Il were 3.36
2.96, 14.08 + 7.14 and 34.56 + 18.43, respectively. The S&E ADL score was 77.95 + 11.96%.
The great majority of PD patients (92.5%) was in use of Levodopa. The other
antiparkinsonian drugs in use were Pramipexole (50.0%), Entacapone (17.5%) and
Amantadine (27.50%).

Plasma adipokines levels

There was no significant difference between PD patients and controls regarding
plasma levels of the evaluated adipokines (Figure 1). Adiponectin levels were [mean £ SD
(median)] = 13,113.33 + 1,586.94 (13,375.71) pg/mL and 13,428.60 + 664.43 (13,602.08)
pg/mL for PD patients and controls, respectively (P=0.66, Mann-Whitney test). Resistin
levels were 2,272.90 + 552.50 (2,271.53) pg/mL and 2,315.65 + 514.87 (2,271.53) pg/mL for
PD patients and controls, respectively (P=0.75, Student’s t test). As expected, leptin plasma
concentrations were higher in women than in men, either in controls (P=0.04; Student’s t test)
and in PD patients (P<0.01; Student’s t test). Women’s leptin levels were 1,752.74 + 330.30
(1,843.32) pg/mL and 1,763.07 + 102.17 (1,745.64) pg/mL for PD patients and controls,
respectively (P=0.94, Student’s t test). Men’s leptin levels were 1,260.58 + 536.22 (1,283.15)
pg/mL and 1,380.34 + 417.52 (1,404.28) pg/mL for PD patients and controls, respectively
(P=0.43, Student’s t test).

In PD patients, higher leptin levels were associated with increased age (p=0.361,
P=0.02) and BMI (p=0.531, P<0.01). No other correlation was found between adipokines

levels and clinical or demographic data.
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Discussion

In the current study we demonstrated that circulating levels of the adipokines
adiponectin, leptin and resistin are not changed in PD patients when compared to BMI-,
gender- and age-matched controls. In addition, adipokines levels were associated neither with
disease duration nor with the degree of motor or functional impairment as assessed by the
UPDRS.

Most of studies investigating peripheral adipokines levels in PD are focused on
unintended weight loss and leptin. Similar to our data, these studies have found comparable
leptin concentrations between PD patients and controls matched by age and BMI [34-36]. As
expected, leptin levels correlated positively with BMI. Lower leptin levels were found in PD
patients with weight loss. The results indicate that unintended weight loss in PD patients is
unlikely to be due to abnormal leptin concentrations. As leptin is mainly produced by
subcutaneous fat, the lower leptin values in weight losing PD patients seems to be related to

decreased body fat mass.

There is only one previous study which evaluated adiponectin, leptin and resistin
simultaneously in PD and control subjects. They focused on diurnal rhythmicity of adipokines
production. Corroborating our data they reported that serum levels of these adipokines did not
differ between PD patients and age-, gender- and fat mass-matched controls. Also in
agreement with our results, serum levels of leptin, adiponectin, and resistin were not
associated with clinical parameters in PD [37]. It is worth mentioning that sample size was a
limitation of the study, since they have evaluated only 16 subjects, i.e, 8 PD patients and 8
controls. Also the differences between the sample assessed by Aziz et al [37] and our sample
must be taken into account. While they evaluated early PD patients (mean age 61 years; mean
disease duration 1.4 years; mean total UPDRS score 20.3; mean motor UPDRS score 11.0),
we assessed advanced PD patients (mean age 68 years; mean disease duration 5.5 years;
mean total UPDRS score 51.8; mean motor UPDRS score 34.6). Since we used a distinct and
independent sample and we found neither a difference between patients and controls nor any
association between adipokines levels with clinical parameters, our results are important to

confirm the previous findings.

Another study evaluated serum adiponectin concentration in a group of PD patients in
advanced stages of the disease. Here again, adiponectin serum levels in PD patients were not

changed in comparison with a group of normal-weight, healthy and young subjects [38]. In
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other neurodegenerative disorders, for instance Alzheimer’s disease, peripheral adiponectin
levels were reported to be decreased in comparison with elderly controls [39]. Our data and
previous studies do not prove the same in PD, indicating that different inflammatory/immune

pathways are probably involved in distinct neurodegenerative diseases.

Increased body weight has been reported in PD patients after deep brain stimulation
(DBS) in the subthalamic nucleus (STN), but the mechanisms involved are still unknown.
Some authors therefore have investigated changes in leptin levels due to STN-DBS in PD
patients. Although some patients showed increased weight after surgery, leptin [40-42] and
also adiponectin and resistin [42] levels did not differ between baseline (before surgery) and
3, 6 or 12 months after surgery. These results reinforce the hypothesis that adipokine levels -

mainly leptin - are associated with BMI and/or fat mass rather than with PD itself.

Limitations of our study include the fact that all patients were medicated and the
observed findings might also be influenced by their ongoing treatment. However, it is worth
mentioning that the use of antiparkinsonian or other drugs such as anti-diabetic and
hypolipidemics did not influence adipokines levels in the present study. Individuals’ body-fat
percentage and regular practice of physical activities were not taken into account in the
present work, and they can also interfere in circulating adipokines levels. By contrast, the
strict exclusion criteria, the selection of controls with comparable age, gender and BMI, and
the analysis of clinical and inflammatory parameters together can be regarded as strengths of

the study.

In conclusion, although adipokines play relevant roles in inflammatory response and
inflammation has been associated with the underlying pathophysiology of PD, it seems that
adipokines are not implicated in this process. Also the weight loss and reduced prevalence of

cardiovascular risk factors observed in PD might not be due to changes in adipokines levels.
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Table 1

Demographic and non-motor features of Parkinson’s disease (PD) patients and control subjects.

PD patients (n = 40) Control subjects (n = 25) p value

Gender (female/male) 13/27 6/19 0.58f
Age in years (mean £ SD) 68.71 + 10.07 65.23 +8.75 0.16%
Body mass index in Kg/m? (mean + SD) 26.02 £ 3.73 27.64+£3.71 0.09%
(Erzlejgf‘;‘;;a' level iin years [mean + SD ) 25, 587 () 6.72 + 5.37 (6) 0.16'"
MMSE [mean + SD (median)] 24.00 + 3.99 (25) 27.00 + 3.57 (29) 0.0011t
Medication in use (frequency in %)
Anti-hypertensive (%) 55.00 48.00 0.62f
Anti-diabetic (%) 10.00 20.00 0.297
Hypolipidemic (%) 10.00 24.00 0.177
Levothyroxine (%) 10.00 4.00 0.64"
Antidepressants (%) 20.00 12.00 0.51f

Abbreviations: PD = Parkinson’s disease; SD = standard deviation; MMSE = Mini-Mental State Examination;

T Fisher’s exact test; T Mann-Whitney test; # Student’s t test.
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Fig. 1: Control individuals and Parkinson’s disease (PD) patients
presented similar plasma levels of Adiponectin (A), Leptin (B) and

Resistin (C). The figure shows mean and standard error of the mean.
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Abstract

Inflammatory mechanisms have been implicated in a series of neuropsychiatric
conditions, including behavioral disturbances, cognitive dysfunction, and affective disorders.
Accumulating evidence also strongly suggests their involvement in the pathophysiology of
Parkinson’s disease (PD). This study aimed to evaluate plasma levels of inflammatory
biomarkers, and their association with cognitive performance and other non-motor symptoms
of PD. PD patients and control individuals were subjected to various psychometric tests,
including the Mini-Mental State Examination (MMSE), Frontal Assessment Battery (FAB),
and Beck’s Depression Inventory (BDI). Biomarker plasma levels were measured by enzyme-
linked immunosorbent assay (ELISA). PD patients exhibited worse performance on MMSE
and the programming task of FAB, and presented higher soluble tumor necrosis factor
receptor (STNFR) plasma levels than control individuals. Among PD patients, increased
STNFR1 and sTNFR2 concentrations were associated with poorer cognitive test scores. After
multiple linear regression, STNFR1 and education remained a significant predictor for FAB
scores. Our data suggest that PD is associated with a proinflammatory profile, and STNFRs
are putative biomarkers of cognitive performance, with elevated STNFR1 levels predicting

poorer executive functioning in PD patients.

Key Words: cognition; inflammation; non-motor symptoms; Parkinson’s disease; tumor

necrosis factor
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Introduction

Parkinson’s disease (PD) is characterized by the specific loss of neurons in the
nigrostriatal system causing distinctive motor disturbance, however non-motor symptoms
(NMS) are also frequent and disabling. One of the most common NMS is cognitive
impairment, which progresses as PD advances and leads to poorer quality of life.l
Inflammatory mechanisms have been associated with cognitive performance in
neuropsychiatric disorders such as Alzheimer’s disease (AD) and bipolar disorder,*° and they
are also known to play roles in the pathophysiology of PD.®

Tumor necrosis factor (TNF)-a is the prototype of proinflammatory cytokine,
produced by different cellular sources including macrophages and lymphocytes, in addition to
astrocytes and neurons. It binds toTNF-receptor (TNFR)-1 and TNFR2, both of which are
also present as soluble forms (sSTNFR1 and sSTNFR2).” At low concentrations, STNFRs are
able to stabilize TNF-o activity by gradually binding/releasing the cytokine. On the other
hand, high amounts of these receptors are known to antagonize the biological effect of TNF-a.
STNFR1 and sTNFR2 are released in response to changing levels of TNF-a. As such, STNFRs
levels reflect TNF- o secretion because their release is regulated by the availability of TNF- a;
therefore, STNFRs seem to be more reliable markers of TNF- a activity than TNF- a itself.?

STNFRs have been associated with cognitive symptoms in AD and other
neurocognitive disorders; however,their association with the clinical variables in PD, notably
cognitive parameters, remains underinvestigated. Even though it is reasonable to hypothesize
that inflammatory biomarkers are also linked with poorer cognitive performance in PD, their
role has not been fully characterized. The aim of this study, therefore, was to assess the
plasma levels of STNFR1 and sTNFR2 and their possible association with cognitive

performance in PD.
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Subjects and Methods
Subjects and Clinical Evaluation

This study included 40 PD patients diagnosed according to the United Kingdom PD
Brain Bank criteria® and a group of 25 controls. All subjects provided written informed
consent before admission to the study. This study was approved by the Research Ethics
Committee of the Universidade Federal de Minas Gerais, Brazil. The patients were evaluated
during their on state using the Unified Parkinson’s Disease Rating Scale (UPDRS).!° The
modified Hohn and Yahr staging scale (H&Y) served to establish the stage of PD, and the
modified Schwab and England activities of daily living (ADL) scale (S&E) was employed to
assess the daily routine of PD patients.!* All individuals were subjected to a full cognitive
assessment, which included the Mini-Mental State Examination (MMSE) adapted for the
Brazilian elderly population. The cutoff score established for the low level of education of the
participants is MMSE = 18, and subjects with poorer test values were excluded from this
study.'>!3 Because impairment in executive functioning is the most common cognitive deficit
in PD, the Frontal Assessment Battery (FAB) was also used.!*!® In addition, Beck’s
Depression Inventory (BDI) was also used to determine whether cognitive functions were
influenced by affective symptoms.2® The BDI is a validated tool for screening and diagnosing

depression in PD.1718
Measurement of STNFR1 and STNFR2

Ten milliliters of blood were drawn by venipuncture in vacuum tubes containing
heparin (Vacuplast, Huangyn, China) on the same day of the clinical assessment. Plasma was
collected and stored at -70°C until assayed. Levels of STNFR1 and sTNFR2 were measured
by enzyme-linked immunosorbent assay (ELISA) according to the manufacturer’s instructions
(DuoSet, R&D Systems, Minneapolis, MN, USA).

Statistical Analysis

Association between dichotomous variables was assessed with the Fisher’s exact test.
All variables were tested for Gaussian distribution by the Kolmogorov-Smirnov normality
test. Two groups (patients vs controls) were compared by Mann-Whitney or Student t tests
when non-normally or normally distributed, respectively. Spearman’s correlation analyses
were performed to examine the relationship between clinical variables and plasma levels of

STNFR1 and sTNFR2. Multiple linear regression analysis was conducted to evaluate the
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contribution of independent variables in the total FAB score. All statistical tests were 2-tailed
and were performed using a significance level of a50.05. Statistical analyses were performed
using SPSS software version 16.0 (SPSS Inc., Chicago, IL, USA).
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Results
Sociodemographic, Clinical, and Cognitive Results

Demographic and clinical features of both groups are shown in Table 1. Among PD
patients, age correlated negatively with total FAB score (p = -0.445, p = 0.005). Higher
educational attainment was associated with better cognitive performance, as assessed by
MMSE (p =0.455, p =0.004) and FAB scores (p = 0.483, p = 0.002).

Plasma sTNFR1 and sTNFR2 Levels

PD patients presented higher plasma sTNFR1 (p = 0.01; Fig. 1A) and sSTNFR2 (p =
0.05; Fig. 1B) concentrations compared to control individuals (Table 1). sTNFR1 and
STNFR2 plasma levels in PD correlated positively with age (p = 0.574, p<0.001 and p =
0.387, p = 0.014, respectively) and negatively with total FAB score (p =-0.518, p = 0.001 and
p =-0.411, p = 0.009, respectively), conceptualization (p = -0.345, p = 0.031 and p = -0.460,
p = 0.003, respectively) and mental flexibility (p = -0.528, p = 0.001 and p = -0.419, p =
0.008, respectively). In addition, STNFR1 plasma level correlated negatively with sensitivity
of interference (p = -0.453, p = 0.004) and sSTNFR2 with MMSE (p = -0.328, p = 0.041). It is
worth mentioning that STNFR1 level also correlated with MMSE, but this correlation did not
reach a statistical significance (p = -0.288, p = 0.076). There were no significant correlations
between the STNFR1 and sTNFR2 levels and the UPDRS and its subtests, H&Y score, or
S&E scale.

Multiple Linear Regression Analysis

Analyzed independent variables included those considered as putative predictors for
total FAB score; ie. age, educational level, BDI score, STNFR1 plasma concentration, and
STNFR2 plasma concentration. The regression model was significant (P<0.001). In our
sample, these variables accounted for 49.6% of the variance in FAB performance. However,
only sSTNFR1 plasma level and educational level were found to be significant predictors for
FAB score (B =-0.704; p = 0.004 and 3 = 0.375; p = 0.009, respectively).

Multiple regression analysis with MMSE as the dependent variable was not possible
because scores were not normally distributed even after several attempts at data

transformation.



78

Discussion

This report demonstrates that the plasma levels of both soluble TNF-a receptors
(STNFR1 and sTNFR2) are increased in PD, suggesting a proinflammatory state in the
disease. In line with this observation, previous studies have also found increased TNF-a levels
in brain and cerebrospinal fluid (CSF) of PD patients.'>?° Not only TNF-a, but also STNFR1
has been found to be increased in PD brains.?’ Considering peripheral TNF-a levels (ie, when
evaluated in serum, plasma, or produced by peripheral cells) the results are conflicting.
Although some studies have found an increase in levels of TNF-o in PD patients in
comparison with age-related controls,?*?? others have found no difference between these
groups.?>?* Moreover, one study found that the production of TNF-o by monocytes and
macrophages was significantly lower in PD patients when compared to the control groups,
which included age-related individuals and also patients with cerebrovascular disease.?® These
discordant results may be a consequence of the chemical instability of the TNF-a molecule. It
is possible that TNF-a is degraded shortly after its production and, for this reason, STNFRS

appear to be more reliable markers of TNF-a activity than TNF-a itself.

Our work group has previously shown an increase in serum level of STNFR1 in PD
patients compared to controls, but no association between the levels of STNFRs and motor
signs in PD was found.?* In the present study, we also failed to demonstrate any association
between the levels of STNFRs and motor signs. Nonetheless, our current findings showed that
among PD patients higher plasma levels of STNFRs were associated with worse performance
in executive functions, as we observed in the total FAB score, conceptualization, and mental
flexibility. These associations were not observed in control subjects. After performing
multiple regression analysis, we showed that the plasma level of STNFR1 and the level of
formal education are significant predictors of FAB performance in PD patients.
Corresponding to our data, other studies have reported that higher peripheral levels of
STNFR1 are associated with poorer cognitive performance in other neuropsychiatric

disorders, such as bipolar disorder and AD.*°

To the best of our knowledge, this is the first publication to describe the association between
peripheral levels of STNFRs and cognitive performance in PD. In line with our results, Menza
and colleagues® evaluated 52 PD patients with depression and they found a negative
correlation between plasma TNF-a levels and cognition. However, all patients were

diagnosed as depressed. As such, confounding factors might be considered because both
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cognition and circulating levels of cytokines are altered in depression. Also, cognition was
evaluated based on the sum of a range of cognitive test scores and they did not describe any

association between TNF-a levels and performance on specific cognitive tests.?®

All patients in our study were medicated, and the findings observed might have been
influenced by their ongoing treatments. In addition, individuals’ body fat percentage and
regular practice of physical activities were not taken into account, which can also interfere
with circulating cytokine levels. Also, the fact that some data were not normally distributed
even after transformation (mainly MMSE) limited the statistical analyses. By contrast, the
strict exclusion criteria, the selection of controls with comparable age, gender, educational
level, body-mass index (BMI), and the combined analysis of cognitive, depressive, and
inflammatory parameters can be regarded as strengths of the study. Finally, the use of
multiple statistical tests also needs to be considered when drawing conclusions from our data.

Altogether, our results reinforce the hypothesis that PD is associated with a
proinflammatory profile and suggest that STNFRs are putative biomarkers of cognitive
performance in PD. Especially higher sSTNFR1 level predicted poorer executive functioning in
PD patients, as evaluated through FAB. Additional studies are needed to elucidate the role of
STNFRs in PD, especially with respect to cognitive impairment.

Acknowledgments: Authors would like to acknowledge the participation of volunteers in this
study, and are indebted to their care-givers for their magnificent support. We also appreciate
the critical comments and expert technical assistance of members of our collaborative
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Tables and figures legends

Table 1: Abbreviations: PD = Parkinson’s disease; SD = standard deviation; UPDRS
unified Parkinson’s disease rating scale; H&Y = Hoehn and Yahr staging scale; S&E =
Schwab and England activities of daily living scale; MMSE = mini-mental state examination;
FAB = frontal assessment battery; BDI = Beck’s depression inventory; STNFR = soluble
tumor necrosis factor receptor. Note: length of illness was based on date of diagnosis.

* Fisher’s exact test; T Mann-Whitney test; * Student’s t test.

Figure 1: Parkinson’s disease (PD) patients presented higher sSTNFR1 (A) and sTNFR2 (B)
plasma levels in comparison with control individuals. The figure shows median and

interquartile ranges. *P<0.05, Mann-Whitney test.



Table 1

Demographic and clinical features of Parkinson’s disease (PD) patients and control subjects.
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PD patients i
Control subjects (n = 25) P value
(n=40)
Gender (female/male) 13/27 6/19 0.58*
Age in years (mean + SD) 68.71 + 10.07 65.23 +8.75 0.16*
Body mass index in kg/m? (mean * SD) 26.02 +3.73 27.64 £3.71 0.09%
Educational level in years [mean + SD (median)] 4,72 +2.87 (4) 6.72 £5.37 (6) 0.16%
Length of illness in years [mean + SD (range)] 5.45+4.13 (0.4 -18) - -
UPDRS [mean £ SD (range)] 51.82 +25.27 (11 - 105) - -
UPDRS | [mean £ SD (range)] 3.36 £2.96 (0 — 11) - -
UPDRS Il [mean + SD (range)] 14.08 £7.14 (2 -31) - -
UPDRS 11l [mean £ SD (range)] 34.56 + 18.43 (8 — 69) - -
H&Y [mean + SD (range)] 244 +0.69 (1-4) - -
S&E in % [mean £ SD (range)] 77.95 +11.96 (50 — 100) - -
MMSE [mean £ SD (median)] 24.00 + 3.99 (25) 27.00 £ 3.57 (29) 0.001f
FAB [mean + SD (median)] 11.49 +2.99 (12) 12.32 + 3.67 (13) 0.32#
Conceptualization 1.23+1.01 (1) 1.64+1.11 (2) 0.12f
Mental flexibility 1.82£1.10 (2) 2.08 £1.04 (2) 0.34%
Programming 1.74£0.91 (2) 2.24 £0.83 (2) 0.04%
Sensitivity to interference 2.26+£0.94 (3) 1.84+1.25(2) 0.21f
Inhibitory control 1.41+0.88 (1) 1.52 £1.09 (1) 0.73f
Environmental autonomy 3.00+£0.00 (3) 3.00+£0.00 (3) 1.007
BDI [mean + SD (median)] 8.64 £ 7.58 (6) 276 £3.35(1) <0.001%
Medication in use (frequency in %)
L-dopa 92.50 - -
Pramipexole 50.00 - -
Entacapone 17.50 - -
Amantadine 27.50 - -
Anti-hypertensive 55.00 48.00 0.62*
Anti-diabetic 10.00 20.00 0.29*
Hypolipidemic 10.00 24.00 0.17*
Levothyroxine 10.00 4.00 0.64*
Antidepressants 20.00 12.00 0.51*
STNFR1 plasma levels in pg/mL [median R
931.41 (706.98-1,447.55) 710.02 (533.71-960.17) 0.01f

(25™-75™ percentiles)]
STNFR2 plasma levels in pg/mL [median

(25'"-75 percentiles)]

5,610.94 (4,363.21-8,572.85) 4,955.72 (3,585.58-5,995.92)  0.05f

Abbreviations: PD = Parkinson’s disease; SD = standard deviation; UPDRS = unified Parkinson’s disease
rating scale; H&Y = Hoehn and Yahr staging scale; S&E = Schwab and England activities of daily living
scale; MMSE = mini-mental state examination; FAB = frontal assessment battery; BDI = Beck’s
depression inventory; STNFR = soluble tumor necrosis factor receptor. Note: length of illness was based on

date of diagnosis. * TFisher’s exact test; T Mann-Whitney test; # Student’s t test.
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Figurel: Parkinson’s disease (PD) patients presented higher STNFR1 (A)
and sTNFR2 (B) plasma levels in comparison with control individuals.

The figure shows median and interquartile ranges. *P<0.05, Mann-

Whitney test.
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Abstract

Cognitive impairment and depressive symptoms are of great interest in Parkinson’s
disease (PD), since they are very common and lead to increased disability with poor
quality of life. Inflammatory mechanisms have been implicated in PD and its non-motor
symptoms. In the current pilot study, we aimed to evaluate plasma levels of chemokines in
PD patients and to analyze the putative association of chemokines with depressive
symptoms and cognitive performance. We hypothesized that higher chemokines levels are
associated with worse cognitive performance and increased depressive symptoms in PD.
For this purpose, 40 PD patients and 25 age- and gender-matched controls were subjected
to a clinical evaluation including cognitive and mood tests. Peripheral blood was drawn
and plasma levels of CCL2/MCP-1, CCL11/eotaxin, CCL24/eotaxin-2, and CXCL10/IP-
10 were measured by enzyme-linked immunosorbent assay. PD patients and control
individuals presented comparable plasma concentrations of all the evaluated chemokines.
In PD patients, CXCL10/IP-10 plasma levels correlated positively with Hoehn and Yahr
staging scale. In addition, the higher CXCL10/IP-10 levels, the worse performance on
cognitive testes. Although there was no significant difference between PD patients and
control individuals regarding chemokines levels, our preliminary results showed that
CXCL10/1P-10 may be associated with cognitive status in PD.

Keywords: chemokines; cognition; CXCL10/IP-10 (interferon gamma-induced protein

10); inflammation; Parkinson’s disease.
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Introduction

Parkinson’s disease (PD) is the second most common neurodegenerative disorder
worldwide. PD is characterized by the progressive loss of dopaminergic neurons of the
substantia nigra pars compacta (SNpc) and the presence of alpha-synuclein intraneuronal
inclusions called Lewy bodies in the remaining neurons [1]. It is well known that genetic
mutations can cause familial parkinsonism, but only 10% of PD cases have a clear genetic
origin. The etiopathogenesis of PD remains inconclusive in the great majority of cases [2].
Among several proposed causes of neuronal death in PD, mitochondrial dysfunction,
oxidative stress, environmental toxins and immune/inflammatory responses may be
relevant candidates. The contribution of neuroinflammation (i.e., microglia activation,
leukocytes infiltration and increased levels of inflammatory mediators) to the
pathophysiology of PD was first described in postmortem studies [3,4]. Epidemiological,
genetic and immunological studies in humans and animal models have shown that not only
neuroinflammation but also peripheral inflammatory changes may contribute to PD onset
and development [5]. Lately, it has been shown that peripheral inflammatory and immune
changes described in PD may be associated with some of the clinical signs, especially non-

motor symptoms, experienced by PD patients [6-9].

Chemokines are interesting molecular candidates to be studied in PD. Chemokines
are chemotactic cytokines, i.e. they attract and activate immune and non-immune cells. For
instance, they act as immune mediators, regulating leukocyte infiltration into the brain
during inflammatory or infectious diseases [10]. A range of studies has also suggested that
besides the well-established role in the immune system, chemokines and their receptors
may also play an important role in the central nervous system (CNS). Chemokines and
their receptors may modulate neurotransmitter release, regulating synaptic transmission
and cell survival. Guyon and colleagues demonstrated that the injection of CCL2/MCP-1
(monocyte chemotactic protein 1) onto dopaminergic neurons in the SNpc of rats increased
cell excitability, dopamine release and related locomotor activity [11]. Therefore,
chemokines may represent a new class of neuromodulators, especially in dopaminergic
neurons, potentially representing new targets for the treatment of PD. In addition, one post
mortem study found that, despite the loss of dopaminergic neurons, the SNpc of PD
patients exhibited increased levels of CXCR4 and its ligand CXCL12/SDF-1 (stromal cell-
derived factor 1) in comparison with controls. Experiments in 1-methyl-4-phenyl-1,2,3,6-

tetrahydropyridine (MPTP)-induced PD mice confirmed these results, showing that MPTP
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produced a time-dependent up-regulation of CXCR4 that preceded the loss of
dopaminergic neurons [12]. Genetic studies also suggested the involvement of chemokines
in PD. For instance, a single nucleotide polymorphism of the CXCL8/interleukin (IL)-8 A-
251T gene was associated with PD in the Irish population [13]. Changes in the peripheral
levels of chemokines such as CCL5/RANTES (acronym for Regulated on Activation,
Normal T cell Expressed and Secreted), CCL2/MCP-1, CCL3/MIP-1a (macrophage
inflammatory protein-1 o) and CXCLS&/IL-8 have been demonstrated in PD in comparison
with controls [14,15]. The dysregulation of chemokines is described in several
neuropsychiatric disorders such as major depression [16], bipolar disorder [17],
schizophrenia [18], obsessive-compulsive disorder [19] and Alzheimer’s disease (AD)
[20].

Although PD is largely characterized by specific motor signs, non-motor symptoms
are also frequent and disabling. Among these, cognitive impairment and depressive states
are of great interest since they are common, progress as the disease advances and lead to
increased disability with poor quality of life [21-23]. Chemokines may influence functions
such as mood, behavior and cognition, possibly related to their neuromodulatory and/or
direct neurotransmitter-like effects, regulation of neuroendocrine axes, control of the
blood-brain barrier (BBB) permeability and regulation of neurogenesis (for a review, see
[24]). In the current study, we aimed to evaluate the plasma levels of chemokines in PD
patients and to investigate the putative association of their levels with depressive
symptoms and performance in cognitive tests. We hypothesized that higher chemokines
levels are associated with worse cognitive performance and more depressive symptoms in
PD.
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Material & Methods
Subjects

This study included 40 PD patients diagnosed according to the United Kingdom PD
Brain Bank criteria [25] and a group of 25 healthy controls matched by age, gender, body
mass index (BMI) and educational level. Patients were recruited from the outpatient
movement disorders clinic of the ‘Santa Casa de Belo Horizonte’ Hospital, Belo Horizonte,
Brazil. Controls were recruited from the local community. Participants were excluded if
they had undergone previous neurosurgery or if they had any other neurological disorder
and/or cognitive decline (i.e., delirium or dementia), significant sensory impairment and
infectious or autoimmune diseases in activity in the previous four weeks. In addition,
individuals who had used corticosteroids, anti-inflammatories or antibiotics in the four
weeks prior to the study were excluded. All subjects provided written informed consent
before admission to the study. The Research Ethics Committee of the Universidade Federal

de Minas Gerais, Brazil approved this study.
Clinical evaluation

All patients were evaluated with the Unified Parkinson’s Disease Rating Scale
(UPDRS) [26] which assesses different signs and symptoms of PD. The UPDRS scores
were obtained in the “on” state of the disease. The modified Hoehn and Yahr staging scale
(HY) was used to establish the stage of PD [27]. The modified Schwab and England
activities of daily living (ADL) scale (S&E) was used to assess daily routine of PD patients
[26].

All individuals were subjected to cognitive examination which included the Mini-
Mental State Examination (MMSE) [28] adapted for the Brazilian elderly population.
MMSE is a brief test for cognitive screening, comprising items from different domains
such as orientation, attention, memory and language. Since impairment in executive
functioning is the most common cognitive deficit in PD patients, the Frontal Assessment
Battery (FAB) was also used [29]. FAB is a brief assessment tool that evaluates executive
functioning and consists of six sub-tests exploring cognitive processes related to the frontal
lobes: conceptualization mental flexibility, motor programming, sensitivity to interference,
inhibitory control and environmental autonomy. In each subtest, scores range from 0

(worst) to 3 (best). The total FAB score is calculated by the sum of the scores of each of
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the six sub-tests. In addition, all participants were evaluated using the Beck’s Depression
Inventory (BDI), a self-rating instrument for depressive symptoms comprising 21 items,
each one ranging from 0 to 3, according to the severity of symptoms [30]. BDI has been

validated as a tool for depression screening and diagnosis in PD.
Chemokines assessment

Ten milliliters of blood were drawn by venipuncture in vacuum tubes containing
heparin (Vacuplast, Huangyn, China) on the same day of the clinical assessment. In order
to rule out any confounding factors caused by circadian rhythm, all samples were collected
at the same time of the day, between 14-16h. The whole blood samples were kept at room
temperature and used within 2 h of having been drawn. These samples were then
centrifuged at 3,000 g for 10 min, 4 °C, twice. The plasma was collected and stored at —70
°C until assayed. The samples were thawed and excess of proteins was removed by
acid/salt precipitation as routinely performed in our laboratory [17,31]. Briefly, we mixed
equal volume of plasma and 1.2% trifluoracetic acid/1.35 mol/L NaCl and left at room
temperature for 10 minutes. Afterward, the samples were centrifuged for 5 minutes at
10,000 rpm. We then adjusted the supernatants for salt content (0.14 mol/L sodium
chloride and 0.01 mol/L sodium phosphate) and pH (7.4), for the determination of

chemokines concentration.

Plasma levels of CCL2/MCP-1, CCL11/eotaxin, CCL24/eotaxin-2, and
CXCL10/1P-10 (interferon gamma-induced protein 10) were measured by Enzyme-Linked
Immunosorbent Assay (ELISA) according to the procedures supplied by the manufacturer
(DuoSet, R&D Systems, Minneapolis, MN, USA). Concentrations are expressed as pg/mL.
Lower detection limits for all analyzed chemokines were 10 pg/mL.

Statistical analysis

Association between dichotomous variables was assessed with the Fisher's exact
test. All variables were tested for Gaussian distribution by the Shapiro-Wilk normality test.
Two groups (patients vs. controls) were compared by Mann—Whitney or Student’s t tests
when non-normally or normally distributed, respectively. Spearman’s correlation analyses
were performed to examine the relationship between clinical variables and plasma levels of

chemokines. All statistical tests were two-tailed and were performed using a significance
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level of a=0.05. Statistical analyses were performed using SPSS software version 16.0
(SPSS Inc., Chicago, IL, USA).

Results
Socio-demographic and clinical results

Demographic and non-motor features of both groups are shown in Table 1. PD
patients’ clinical data are given in Table 2. PD patients presented a worse performance in
the MMSE in comparison with controls (Z = -3,325; p = 0.001). There was no difference
between PD and control individuals regarding total FAB performance. Nonetheless, the
analysis of the subtests demonstrated that PD patients presented a lower score in
programming (Z = -2,107; p = 0.04). In addition, BDI score was higher in PD patients
compared to controls (Z = -3,528; p<0.001).

Regarding PD patients, there was a negative correlation between total FAB score
and age (p= -0.445, p=0.005). As expected, higher educational level was associated with
better performance in both cognitive tests, MMSE and FAB (p=0.429, p=0.006 and
p=0.463, p=0.003, respectively). BDI score correlated positively with UPDRS total score
and HY stage (p=0.421, p=0.010 and p=0.440, p=0.006, respectively), and negatively with
S&E scale (p= -0.457, p=0.004). Considering control subjects, total FAB performance
correlated negatively with age and BDI score (p=-0.677, p<0.001 and p=-0.534, p=0.006,
respectively). Here again, educational level correlated positively with MMSE and FAB
scores (p=0.790, p<0.001 and p=0.771, p=0.001, respectively).

Plasma levels of chemokines

As shown in figure 1, there was no significant difference between PD patients and
controls regarding plasma levels of the evaluated chemokines CCL11/eotaxin (t =-0.967; p
= 0.34, Student’s t test), CCL24/eotaxin-2 (Z = -1,300; p = 0.19, Mann-Whitney test),
CXCL10/IP-10 (Z = -0.035; p = 0.97, Mann-Whitney test) and CCL2/MCP-1 (Z = -0.148;
p = 0.88, Mann-Whitney test).

Circulating CXCL10/IP-10 levels were associated with PD progression since
CXCL10/1P-10 plasma concentration correlated positively with HY staging scale (p =
0.366, p = 0.026). Moreover, among PD patients increased CXCL10/IP-10 levels were
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associated with worse performance in cognitive testes, i.e. CXCL10/1P-10 levels correlated
negatively with MMSE (p = -0.395, p = 0.016) and FAB (p = -0.458, p = 0.004) scores
(figure 2). More specifically, increased CXCL10/IP-10 levels were associated with
decreased mental flexibility (p = -0.439, p = 0.007) and inhibitory control (p = -0.365, p =
0.026). It is worth mentioning that the correlation between CXCL10/IP-10 levels and total
FAB score remained significant even after Bonferroni’s correction. We found no
correlation between plasma levels of chemokines and BDI or S&E scores. In addition, we
found no association between chemokines levels and clinical or demographic data in

control subjects.
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Discussion

This report demonstrated that PD patients and control individuals present
comparable plasma concentrations of the chemokines CCL2/MCP-1, CCL11/eotaxin,
CCL24/eotaxin-2, and CXCL10/IP-10. Interestingly, increased CXCL10/IP-10 levels were

associated with PD progression and worse performance in cognitive testes.

Only few studies have evaluated circulating levels of chemokines in PD and the
results are inconclusive. Our work group has already measured serum levels of chemokines
in an independent cohort of PD patients, finding no significant difference between PD
patients and age- and gender-matched controls [31], corroborating the current data.
Rentzos and colleagues (2007) evaluated serum levels of CCL5/RANTES in 41 PD
patients and 19 controls. PD patients presented higher levels of CCL5/RANTES in
comparison with controls, and circulating levels of CCL5/RANTES positively correlated
with UPDRS 111 scores. Remarkably, untreated patients (n=20) showed higher levels of
CCL5/RANTES than control and treated PD groups [14], indicating that PD-related drugs

may interfere with chemokines levels.

Other study has demonstrated that basal and lipopolysaccharide (LPS)-induced
levels of the chemokines CCL2/MCP-1, CCL3/MIP-1a and CXCLS8/IL-8, and basal levels
of CCL5/RANTES were significantly higher in PD patients than in controls. In addition,
chemokines levels were associated with PD severity, since they correlated positively with
UPDRS 111 scores and HY stages [15]. It is worth mentioning that, although all patients
were taking anti-parkinsonian drugs, as well as in our study, they used a different strategy
to assess peripheral levels of chemokines, i.e., they measured the levels of chemokines
produced by peripheral blood mononuclear cells instead of serum/plasma quantifications
[15].

To the best of our knowledge, the current study is the first to describe the
association between peripheral chemokines levels and cognitive performance in PD. A few
studies have assessed the association between chemokines and non-motor symptoms in
PD. One recent study evaluated the association between non-motor symptoms and
chemokines assessed in the cerebrospinal fluid (CSF) of PD patients [32]. With this
purpose, CCL11/eotaxin, CXCL-10/IP-10, CCL2/MCP-1 and CCL4/MIP-1B levels were
measured in the CSF of 87 PD patients (16 with dementia diagnosis) and 33 controls.
Corroborating our results, there was no difference between groups for any of the measured
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CSF chemokines. CCL2/MCP-1 levels correlated with symptoms of depression, as
assessed by the Hospital Anxiety and Depression Scale, and UPDRS motor score. FACIT-
fatigue score correlated negatively with CXCL10/IP-10 and CCL2/MCP-1 levels, i.e. the
higher the levels of chemokines the more severe the fatigue symptoms. They did not find
any significant correlation between cognitive performance as assessed by the MMSE, and
the evaluated chemokines [32]. Other study measured CX3CL1/fractalkine levels in the
CSF of 126 PD patients in comparison with multiple systems atrophy patients (n=32), AD
patients (n=50) and age-matched controls (n=137) [33]. Again, there was no significant
difference between groups regarding chemokine CSF levels. CSF fractalkine/amyloid-p
ratio increased significantly with increasing UPDRS scores, HY stage, being a putative
biomarker for PD severity. In an independent cohort comprising 39 PD patients,
CX3CL1/fractalkine alone correlated with the clinical progression of PD [33].
Interestingly, an experimental study showed that this chemokine is neuroprotective in
MPTP-induced PD mice [34].

We found that CXCL10/IP-10 levels were associated with PD progression. The
chemokine CXCL10/IP-10 has already been associated with PD pathophysiology, since
IL-1B-induced CXCL10/IP-10 protein expression was potentiated by co-exposure to o-
synuclein in human A172 astroglial cells [35]. The chemokine CXCL10/IP-10 has also
been associated with cognitive status in AD, the prototype cognitive disorder. CSF
CXCL10/IP-10 concentration was significantly increased in patients with mild cognitive
impairment and mild AD in comparison with controls, but not in patients with severe AD.
There was a significant positive correlation between MMSE score and CSF CXCL10/IP-10
levels [36]. Nonetheless, the same authors showed that serum levels of CXCL10/IP-10
were not increased in mild cognitive impairment and AD regardless the stage of the
disease. In addition, no correlation between serum CXCL10/IP-10 levels and MMSE
scores or the duration of the disease was found [37]. These observations suggest that CSF
CXCL10/1IP-10 levels increase may be restricted to an early stage of the disease, when
proinflammatory events are thought to play a more relevant role in its pathogenesis [37].
Since our sample is composed by patients with moderate to advanced PD (mean age = 68
years; mean disease duration = 5.5 years; mean total UPDRS score = 51.8; mean motor
UPDRS score = 34.6), it is not possible to test this hypothesis, which deserves further

investigation.
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Limitations of our study include sample size and the fact that all patients were
under anti-parkinsonian treatment that may influence the results. However, statistical
analysis showed that the use of antiparkinsonian or other drugs did not influence
chemokines levels in the present study. We also have to take into account that only
peripheral blood levels of chemokines were evaluated, and they did not necessarily reflect
what it is going on in the CNS. The parallel assessment of chemokines in the CSF would
be interesting. By contrast, the strict exclusion criteria, the selection of controls with
comparable age, gender and BMI, and the analysis of clinical and inflammatory parameters

together can be regarded as strengths of the study.

Although there was no significant difference between PD patients and control
individuals regarding plasma levels of chemokines, our results showed that CXCL10/IP-10
levels may be associated with cognitive status in PD. Additional studies are needed in

order to elucidate chemokines role in PD, mainly regarding cognitive impairment.
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TABLES

Table 1

105

Control subjects (n

PD patients (n = 40) - 25) p value
Gender (female/male) 13/27 6/19 0.58?
Age in years (mean £ SD) 68.71 + 10.07 65.23 + 8.75 0.20P
Body mass index in Kg/m? (mean * SD) 26.02 + 3.73 27.64 +3.71 0.09¢
Educational level in years (mean + SD) 4,72 +2.87 6.72 +5.37 0.16"
MMSE [mean + SD (median)] 24.00 + 3.99 (25) 27.00 + 3.57 (29) 0.001P
FAB [mean £ SD (median)] 11.49 £ 2.99 (12) 12.32 £ 3.67 (13) 0.32¢
Conceptualization 1.23+1.01 (1) 1.64+1.11(2) 0.12°
Mental flexibility 1.82+1.10 (2) 2.08 +1.04 (2) 0.34°
Programming 1.74+0.91 (2) 2.24+£0.83(2) 0.04°
Sensitivity to interference 2.26 +£0.94 (3) 1.84+1.25(2) 0.21°
Inhibitory control 1.41+0.88 (1) 1.52+1.09 (1) 0.73°
Environmental autonomy 3.00£0.00 (3) 3.00£0.00 (3) 1.00°

BDI [mean + SD (median)] 8.64 + 7.58 (6) 2.76 +3.35 (1) <0.001°

Medication in use (frequency in %)

Anti-hypertensive (%) 55.00 48.00 0.62°
Anti-diabetic (%) 10.00 20.00 0.292
Hypolipidemic (%) 10.00 24.00 0.17#
Levothyroxine (%) 10.00 4.00 0642
Antidepressants 20.00 12.00 0.51°

Demographic and non-motor features of Parkinson’s disease (PD) patients and control subjects.

Abbreviations: BDI = Beck Depression Inventory; FAB = Frontal Assessment Battery; MMSE = Mini-

Mental State Examination; PD = Parkinson’s disease; SD = standard deviation.

aFisher’s exact test; "Mann-Whitney test; °Student’s t test.



Table 2

Clinical features of Parkinson’s disease (PD) patients

106

PD patients (n = 40)

Length of illness in years [mean £ SD (range)]
UPDRS [mean + SD (range)]
UPDRS I [mean £ SD (range)]
UPDRS Il [mean + SD (range)]
UPDRS Il [mean £ SD (range)]
HY [mean £ SD (range)]
S&E in % [mean £ SD (range)]
Medications in use [frequency (%)]
Levodopa
Pramipexole
Entacapone

Amantadine

5.45+4.13 (0.4 - 18)
51.82 + 25.27 (11 - 105)
3.36+2.96 (0 - 11)
14.08 +7.14 (2 - 31)
34.56 + 18.43 (8 - 69)
2.44+0.69 (1 - 4)

77.95 + 11.96 (50 — 100)

37 (92.50)
20 (50.00)
7 (17.50)

11 (27.50)

Abbreviations: HY = Hoehn and Yahr staging scale; PD =

Parkinson’s disease; SD = standard deviation; S&E = Schwab

and England activities of daily living scale; UPDRS = Unified

Parkinson's Disease Rating Scale.
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Fig. 1: Control individuals and Parkinson’s disease (PD) patients did not differ regarding
plasma levels of the evaluated chemokines CCL11/eotaxin (A), CCL24/eotaxin-2 (B),
CCL2/MCP-1 (C) and CXCL10/IP-10 (D). The figure shows mean and standard
deviation of the mean (SEM). IP-10 = interferon gamma-induced protein-10; MCP-1 =

monocyte chemotactic protein 1; PD = Parkinson’s disease.
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Fig. 2: Among Parkinson’s disease (PD) patients, plasma levels of CXCL10/IP-10 were
inversely associated with MMSE (A; p = -0.395, p = 0.016) and total FAB scores (B; p = -
0.458, p = 0.004). IP-10 = interferon gamma-induced protein-10; MMSE = Mini-Mental

State Examination; FAB = Frontal Assessment Battery.
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5.2 Imunofenotipagem

No artigo a seguir, ainda ndo submetido, apresentamos os resultados sobre as
andlises de imunofenotipagem por citometria de fluxo a andlise das citocinas IL-1p, IL-2,
IL-4, IL-6, IL-10, IL-17A, IFN-y e TNF.

Verificamos que pacientes com DP e controles ndo diferem em relagcdo a
porcentagem de mondcitos (CD14+), linfécitos B (CD19+), células natural killer (NK,
CD56+), linfocitos T auxiliares (CD4+), linfécitos T citotoxicos (CD8+) e células T
regulatorias (CD4+CD25+FoxP3+) no sangue periférico. Entretanto, pacientes com DP
apresentaram menor porcentagem de linfocitos T (CD3+), especificamente celulas T
ativadas (CD4+CD25+) em relacdo aos controles. Corroborando esses achados, os niveis
plasméaticos das citocinas inflamatorias IL-4, IL-6, IL-10, TNF, IFN-y e IL-17A
encontram-se reduzidos em pacientes com DP em comparacdo aos controles. A fim de
investigar uma possivel causa para essas alteragBes imunes, coletamos CMSP de
individuos saudaveis, as quais foram expostas aos farmacos antiparkinsonianos levodopa e
pramipexol. Assim, demonstramos, in vitro, a reducdo na producdo de citocinas

inflamatorias por CMSP frente & exposicao aos farmacos antiparkinsonianos.
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Artigo 5: “Reduced activated T lymphocytes (CD4+CD25+) and plasma levels

of cytokines in Parkinson’s disease”.

Natalia Pessoa Rocha, Frankcinéia Assis, Paula Luciana Scalzo, Izabela Guimaraes
Barbosa, Erica Leandro Marciano Vieira, Mariana Soares de Souza, Isabela Boechat

Morato, Paulo Pereira Christo, Helton José Reis, Antonio LUcio Teixeira

Dados ndo submetidos.
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Abstract

Parkinson’s disease (PD) is the second most common neurodegenerative disease. The
cause of neurodegeneration in PD is not completely understood and evidence has shown that
inflammatory/immune changes may be involved in PD pathophysiology. Therefore, this study
aimed to determine the profile of peripheral immune system in PD patients in comparison
with controls. Specifically we investigated blood monocytes and lymphocytes subsets, and
plasma levels of cytokines in PD patients and matched controls. In addition, we investigated
whether there was any association between immune parameters and clinical data, notably
cognitive and depressive symptoms. Forty PD patients and a group of 25 age- and gender-
matched controls were enrolled on this study. From these, 23 PD patients and 21 controls
were included in the immunophenotyping analyses. Peripheral blood was drawn on the same
day of the clinical assessment and submitted to plasma separation for ELISA or CBA assays.
Immunophenotyping analyses of the peripheral blood were performed by flow cytometry. We
found that PD patients presented peripheral immune changes evidenced by decreased
percentage of T lymphocytes (CD3+ cells), especially activated T lymphocytes (CD4+CD25+
cells), when compared to age-matched controls. In line with these results, we also found
decreased plasma levels of cytokines IL-4, IL-6, IL-10, TNF, IFN-y and IL-17A in PD
patients. In addition, we observed that PD patients showed increased ratios of IFN-y/IL-4, IL-
2/IL-4 and IFN-y/IL-17A in comparison with controls, suggesting a bias towards to Thl
profile in PD. In vitro experiments demonstrated that production of cytokines by peripheral
blood mononuclear cells was reduced after exposure to the antiparkinsonian drugs levodopa
and pramipexole. Our data together with previous studies corroborate the hypothesis that
immunological mechanisms are involved in PD. It is not clear whether the differences that we
have found are due to adaptive mechanisms or to changes associated with PD, including
pharmacological treatment, or even directly related to the disease pathophysiology. Future
studies into this subject are needed to enlarge the knowledge regarding the mechanisms

involved in PD pathogenesis.

Keywords: Parkinson’s disease, inflammation, immunophenotyping, leukocytes, cytokines.
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Introduction

Parkinson’s disease (PD) is the second most common neurodegenerative disease.
Pathologically PD is defined by the progressive loss of dopaminergic neurons in the
substantia nigra pars compacta (SNpc) and the presence of intraneuronal inclusions of a-
synuclein (called Lewy bodies) in the remaining neurons. The neuronal death results in
dopamine deficit in the basal ganglia, mainly striatum, and cortical brain regions, leading to
the motor signs that characterize PD clinically: bradykinesia, resting tremor, rigidity and
postural instability (Samii et al, 2004).

The cause of neurodegeneration in PD is not completely understood. Although 5 to
10% of PD cases have a clear genetic origin (Bekris et al, 2010), the mechanisms underlying
neuronal death in PD are not known in the great majority of cases. Among several proposed
factors that may contribute to PD pathophysiology, inflammatory processes may also
participate in the cascade of events leading to neuronal degeneration. Genetic,
epidemiological and immunological studies in humans and animal models support this
hypothesis (Collins et al, 2012). For instance, several authors have reported abnormalities in
immune functions in PD patients, including changes in lymphocyte subsets (Bas et al, 2001;
Baba et al, 2005; Katsarou et al, 2007; Niwa et al, 2012; Saunders et al, 2012; Stevens et al,
2012), poor response of peripheral blood mononuclear cells (PBMC) to mitogens (Kluter et
al, 1995), and impaired production of cytokines (Bessler et al, 1999; Wandinger et al, 1999).
These immunological changes do not seem to be the primary cause of neuronal cell death in
PD but they may exacerbate or hasten the progression of the disease.

Although there is evidence supporting the hypothesis of systemic immune dysfunction
in PD, there is no consensus on its general pattern, providing a basis for further investigation.
Therefore, this study aimed to determine the profile of peripheral immune system in PD
patients in comparison with controls. Specifically we investigated blood monocytes and
lymphocytes subsets, and plasma levels of cytokines in PD patients and matched controls. In
addition, we investigated whether there was any association between immune parameters and

clinical data, notably cognitive and depressive symptoms.
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Material & Methods
Subjects

This study included 40 PD patients diagnosed according to the United Kingdom PD
Brain Bank criteria (Hughes et al, 1992), and a group of 25 controls matched by age, gender,
body mass index (BMI) and educational level. From these, 23 PD patients and 21 age- and
gender-matched controls were included in the immunophenotyping analyses. Patients were
recruited from the outpatient movement disorders clinic of the ‘Santa Casa de Belo Horizonte’
Hospital, Belo Horizonte, Brazil. Controls were recruited from the local community.
Participants were excluded if they had undergone previous neurosurgery or if they had any
other neurological disorder and/or cognitive decline (i.e., delirium or dementia), significant
sensory impairment and infectious or autoimmune diseases in activity in the previous four
weeks. In addition, individuals who had used corticosteroids, anti-inflammatories or
antibiotics in the four weeks prior to the study were excluded. All subjects provided written
informed consent before admission to the study. The Research Ethics Committee of the

Universidade Federal de Minas Gerais, Brazil approved this study.
Clinical evaluation

All patients were evaluated with the Unified Parkinson’s Disease Rating Scale
(UPDRS) (Fahn and Elton, 1987) which assesses different signs and symptoms of PD. The
UPDRS scores were obtained in the “on” state of the disease. The modified Hoehn and Yahr
staging scale (HY) was used to establish the stage of PD (Hoehn and Yahr, 1967). The
modified Schwab and England activities of daily living (ADL) scale (S&E) was used to assess
daily routine of PD patients (Fahn and Elton, 1987).

All individuals were subjected to cognitive examination which included the Mini-
Mental State Examination (MMSE) (Folstein et al, 1975) adapted for the Brazilian elderly
population. MMSE is a brief test for cognitive screening, comprising items from different
domains such as orientation, attention, memory and language. Since impairment in executive
functioning is the most common cognitive deficit in PD patients, the Frontal Assessment
Battery (FAB) was also applied (Dubois et al, 2000). FAB is a brief assessment tool that
evaluates executive functioning and consists of six sub-tests exploring cognitive processes
related to the frontal lobes: conceptualization mental flexibility, motor programming,

sensitivity to interference, inhibitory control and environmental autonomy. In each subtest,
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scores range from 0 (worst) to 3 (best). The total FAB score is calculated by the sum of the
scores from each of the six sub-tests. In addition, all participants were evaluated using the
Beck’s Depression Inventory (BDI), a self-rating instrument for depressive symptoms
comprising 21 items, each one ranging from 0 to 3 according to the severity of symptoms
(Beck et al, 1961). BDI has been validated as a tool for depression screening and diagnosis in
PD.

Blood samples

Ten milliliters of blood were drawn by venipuncture in vacuum tubes containing
heparin or ethylenediamine tetraacetic acid (EDTA) (Vacuplast, Huangyn, China) on the same
day of the clinical assessment. In order to rule out any confounding factors caused by

circadian rhythm, all samples were collected at the same time of the day.
Immunophenotyping

The blood samples collected in EDTA containing tubes were kept at room temperature
and used within 16h after drawn for immunophenotyping analyses. Erythrocytes were briefly
lysed using an ammonium chloride-based solution. After washing twice with phosphate-
buffered saline (PBS), cells were stained for 30 min with combinations of the following
monoclonal anti-human antibodies: anti-CD3 FITC, anti-CD4 PECy5, anti-CD8 PECyS5, anti-
CD25 FITC, anti-CD19 FITC, anti-CD56 PE, anti-CD16 PECy5, anti-CD14 FITC (all from
BD Biosciences, San Jose, CA, USA). After staining, cells were washed and fixed with 2%
formaldehyde in PBS solution. For intracellular staining for FoxP3, the fixed cells were
permeabilized with 0,1% saponine for 10 min. After washing twice with PBS, cells were
stained using anti-FoxP3 PE monoclonal antibodies (BD Biosciences, San Jose, CA, USA)
for 30 min. Immediately after staining cells were washed, resuspended and analyzed by flow
cytometry. FITC and PE-labeled immunoglobulin control antibodies and a control of non-
stained cells were included in all experiments. Preparations were acquired using a
FACSCanto Il cytometer (BD Biosciences, San Jose, CA, USA). A minimum of 50,000 gated
events on lymphocytes and monocytes population identified by size (FSC) and granularity
(SSC) were acquired for analysis. The instrument has been checked for sensitivity and overall
performance with Cytometer Setup and Tracking beads (BD Biosciences, San Jose, CA,
USA) prior to data acquisition. Data were analyzed using the Flowjo 7.6.5 software (Tree
Star, Ashlamb, OR, USA).
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Plasmatic cytokines assessment

The blood samples collected in heparinized tubes were used for plasma obtaining
within 2 h of having been drawn. These samples were centrifuged at 3,000 g for 10 min, 4 °C,
twice. The plasma was collected and stored at —70 °C until assayed. The samples were thawed
and cytokines were measured as routinely performed in our laboratory. Multiple cytokines
(IL-2, 1L-4, IL-6, IL-10, TNF, IFN-y and IL-17) were simultaneously measured by flow
cytometry using the Cytometric Bead Array (CBA) Human Th1/Th2/Th17 Cytokines Kit (BD
Biosciences, San Jose, CA, USA). Acquisition was performed using a FACSCanto Il flow
cytometer (BD Biosciences, San Jose, CA, USA). The instrument has been checked for
sensitivity and overall performance with Cytometer Setup & Tracking beads (BD
Biosciences) prior to data acquisition. Quantitative results were generated using FCAP Array
v1.0.1 software (Soft Flow Inc., Pecs, Hungary). Plasma levels of IL-1B were measured by
high sensitivity Enzyme-Linked Immunosorbent Assay (ELISA) according to the procedures
supplied by the manufacturer (R&D Systems, Minneapolis, MN, USA). Concentrations are
expressed as pg/mL.

Effects of dopaminergic drugs on cytokines production

We aimed to evaluate cytokines production after exposition of peripheral blood
mononuclear cells (PBMC) to the antiparkinsonian drugs levodopa (dopamine precursor) and
pramipexole (dopaminergic agonist). Peripheral blood samples were harvested from five
healthy donors (two male, three female, 32.2 + 3.8 years) in heparin containing tubes. The
fresh blood samples were diluted in phosphate-buffered saline (PBS, 1:1), gently layered on
Ficoll solution (Ficoll-PaquePlus, GE Healthcare Bio-Sciences AB, Uppsala, Sweden) at
room temperature, and centrifuged at 405 g for 40 min. The PBMC-containing layer was
collected and washed twice in PBS at 4 °C. The viable cells, as determined by trypan blue
exclusion, were ressuspended at the concentration of 1x107 cells/mL in a medium composed
of RPMI-1640 (Roswell Park Memorial Institute-1640) with I-glutamine (Cultilab, Campinas,
Brazil), 40 1U/mL of penicillin (Ariston, S&o Paulo, Brazil), 40 pg/mL of gentamicin (Nova
Farma, Anapolis, Brazil), supplemented with 10% of heat-inactivated human serum (Sigma
Aldrich, St. Louis, MO, USA).
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PBMC were transferred to a u-bottom 96-well cell culture cluster (Costar, New York, NY,
USA) at 1x10° cells/mL final concentration. Cells were then treated with levodopa (LD) or
pramipexole (PX) at three different concentrations, as following: i) the peak plasma
concentration (LD: 6 pg/mL; PX: 2 ng/mL); ii) 0.1X the peak plasma concentration (LD: 0.6
pg/mL; PX: 0.2 ng/mL) and iii) 100X the peak plasma concentration (LD: 600 pg/mL; PX:
200 ng/mL). Phytohemagglutinin at 1% (PHA, Sigma Aldrich, St. Louis, MO, USA) served
as non-specific stimulus for PBMC (positive control). Non-treatment (i.e. absence of any drug
or stimulus, referred to as baseline) was used as control. Cells were incubated at 37°C in a 5%
CO, atmosphere. The supernatants were collected 24 h after treatment and stored at -70°C
until assayed. The CBA Human Inflammatory Cytokine Kit (BD Biosciences, , San Jose, CA,
USA) was used to quantitatively measure IL-1p, IL-6, IL-8, IL-10, TNF, and IL-12p70 in the
supernatants samples. Procedures followed the manufacturer’s recommendations as described

above, as well as acquisition and analysis.
Statistical analysis

Association between dichotomous variables was assessed with the Fisher's exact test.
All variables were tested for Gaussian distribution by the Kolmogorov-Smirnov normality
test. Two groups (patients vs. controls) were compared by Mann—Whitney or Student’s t tests
when non-normally or normally distributed, respectively. Spearman's correlation analyses
were performed to examine the relationship between clinical variables and percentage of cell

subset or plasma levels of cytokines.

Regarding the analyses on the effects of antiparkinsonian drugs on cytokines
production, we used one-way analysis of variance (ANOVA) to test group differences.
Dunnett's multiple comparison test was used to compare each treatment with a single control

(i.e., baseline condition).

All statistical tests were two-tailed and were performed using a significance level of
a=0.05. Statistical analyses were performed using SPSS software version 16.0 (SPSS Inc.,
Chicago, IL, USA), as well as GraphPad Prism 5.0 (GraphPad Software, Inc., La Jolla,
California, EUA).
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Results
Socio-demographic and clinical results

Demographic and non-motor features of both groups are shown in Table 1. PD
patients’ clinical data are given in Table 2. PD patients and controls did not differ regarding
age, gender, body mass index and educational level. PD patients presented a worse
performance in the MMSE in comparison with controls (Z = -3,325; p = 0.001). There was no
difference between PD and control individuals regarding total FAB performance.
Nonetheless, the analysis of the subtests demonstrated that PD patients presented a lower
score in programming (Z = -2,107; p = 0.04). In addition, BDI score was higher in PD
patients compared to controls (Z = -3,528; p<0.001).

Immunophenotyping

Monocytes and lymphocytes subpopulations were evaluated by the expression of the
membrane-bound molecules CD14, CD19, CD56, CD3, CD4, CD8, and by the activation
marker CD25. In addition, FoxP3 expression was assessed in order to investigate regulatory
T-lymphocytes (Treg) population. Results about immunophenotyping are shown in Table 3.
PD patients and controls presented similar percentage of monocytes (CD14+), B-lymphocytes
(CD19+) and NK cells (CD56+). The percentage of T-lymphocytes (CD3+) was decreased in
the peripheral blood of PD patients in comparison with controls. We did not find any
difference between PD patients and controls regarding neither the percentage of CD4+ nor
CD8+ lymphocytes, as well as the CD4:CD8 ratio. Interestingly, PD patients presented lower
percentage of activated T-lymphocytes (CD4+CD25+ lymphocytes). In addition, PD patients
and controls did not differ with respect to the percentage of Treg cells (FoxP3+ in
CD4+CD25+ lymphocytes).
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Plasma levels of cytokines

Th1/Th2/Th17 cytokines (IL-2, IL-4, IL-6, IL-10, TNF, IFN-y, and IL-17A) were
assessed in plasma by CBA. In addition, plasma levels of IL-1B were evaluated by ELISA. As
shown in Table 4, there was no significant difference between PD patients and controls
regarding plasma levels of IL-2 and IL-1pB. PD patients presented lower plasma levels of 1L-4,
IL-6, IL-10, TNF, IFN-y, and IL-17A in comparison with controls.

To further investigate the cytokine profile in PD we also compared cytokine ratios
(figure 2). PD patients showed higher IFN-y/IL-4 (p < 0.01, Student’s t test), IL-2/IL-4 (p <
0.001, Student’s t test) and IFN-y/IL-17A ratios (p = 0.03, Student’s t test) in comparison with
controls, suggesting a bias towards a Th1 profile. There was no statistical difference regarding
IFN-y/IL-10 ratio (p > 0.05, Student’s t test). PD patients also presented lower IL-6/IL-10
(p<0.001, Mann-Whitney test) and TNF/IL-10 (p<0.001, Mann-Whitney test) ratios compared
to controls, showing an anti-inflammatory weighted imbalance in PD.

Among PD patients, higher TNF/IL-10 ratios were associated with worse cognitive
performance, since TNF/IL-10 correlated with MMSE (p = -0.451, p <0.01) and the domains
of FAB mental flexibility (p = -0.400, p = 0.01) and sensitivity of interference (p = -0.365, p
=0.027).

Effects of dopaminergic drugs on cytokines production

The highest doses of both levodopa and pramipexole decreased the production of
cytokines by PBMC (figure 3). Specifically, the levels of IL-1, IL-6, IL-8, IL-10 and TNF
were significantly lower in the supernatants from PBMC exposed to the highest dose of
levodopa (600 pg/mL). In addition, pramipexole at the highest dose (200 ng/mL) significantly
decreased the production of IL-6, IL-8 and TNF by PBMC.
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Discussion

In the current report we demonstrated that PD patients presented peripheral immune
changes evidenced by decreased percentage of T lymphocytes (CD3+ cells), especially
activated T lymphocytes (CD4+CD25+ cells), when compared to age-related controls. In line
with these results, we also found decreased plasma levels of the cytokines IL-4, IL-6, IL-10,
TNF, IFN-y and IL-17A in PD patients.

Corroborating our data, several studies have shown lower percentage of total
lymphocytes (Bas et al, 2001; Baba et al, 2005; Saunders et al, 2012), in addition to CD3+
(Niwa et al, 2012; Katsarou et al, 2007), CD4+ (Niwa et al, 2012; Stevens et al, 2012) and
CD19+ cells (Stevens et al, 2012) in PD patients as compared to controls. One study has also
found lower percentage of CD4+CD25+ T cells in PD patients (Baba et al, 2005). The
reduced percentage of T lymphocytes might be due to enhanced apoptosis process (Hurny et
al, 2013). Also similar to our results, some studies have found no change in the percentage of
B lympocytes (CD19+), NK cells (CD56+), as well as CD4+ and CD8+ lymphocytes and
CD4:CD8 ratio (Kluter et al, 1995; Katsarou et al, 2007; Stevens et al, 2012; Hurny et al,
2013) in PD.

Changes in peripheral lymphocytes subsets in PD may result in changes in cytokines
levels. We found a reduction in the percentage of activated T lymphocytes in PD and, as a
consequence, PD patients presented lower plasma levels of cytokines IL-4, IL-6, IL-10, IL-
17A, TNF and IFN-y. Corroborating our data, the production of IL-6 and TNF-a by PBMC
and TNF-a by monocytes/macrophages were found to be significantly lower in patients with
PD as compared to controls groups composed of age-related healthy donors and patients with
cerebrovascular diseases (Hasegawa et al, 2000). Kliter and colleagues evaluated cytokine
production in the supernatants of mitogen-stimulated whole-blood cultures, finding reduced
production of IL-2 but no differences regarding sIL-2R, IL-6, IFN-02 and IFN-y. Interestingly
the mean dose of levodopa was negatively associated with I1L-2 production (Kliter et al,
1995). IL-2 production by PBMC from PD patients was found to be significantly lower than
that from controls, while the production of IL-6 and IL-1B did not differ between groups
(Bessler et al, 1999). The production of IL-2 and IFN-y by whole blood cultures of PD
patients was also markedly decreased in PD compared to healthy controls and major
depression patients. After amantadine treatment, IL-2 secretion was comparable to controls
(Wandinger et al, 1999).
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Indeed specific drugs used for PD treatment may influence lymphocytes subsets,
activation and, therefore, cytokines levels. Long-term treatment with antiparkinsonian drugs
may influence the immune system through direct effects on lymphocytes or in antigen-
presenting cells. For example, treatment with amantadine, originally establish as an anti-viral
drug but also with a weak anti-NMDA effect, has been demonstrated to alter lymphocytes
subsets. Short-term treatment with amantadine was associated with an increase of the
CD4:CD8 ratio (Tribl et al, 2001). Levodopa therapy is also capable of inducing changes in T
lymphocytes proteome (Alberio et al, 2012). After treatment with levodopa, both the
CD95:CD3 ratio and the number of lymphocytes dead due to apoptotic processes were found
to be decreased. These data indicate that levodopa treatment in PD has an impact on apoptotic
processes and this should be taken into consideration as a positive event in the

pathomechanism precipitated by this treatment (Hurny et al, 2013).

The main limitation of our study comprises the fact that all patients were medicated
and the observed findings might be influenced by patients’ ongoing treatment. In order to
investigate the putative effect of antiparkinsonian drugs on the immune system, we evaluated
cytokines production after exposition of PBMC to levodopa and pramipexole. We found that
both levodopa and pramipexole were able to decrease the production of cytokines by PBMC,
suggesting that antiparkinsonian treatment is responsible, at least in part, for the observed

findings.

We observed that PD patients showed increased ratios of IFN-y/IL-4, IL-2/IL-4 and
IFN-y/IL-17A in comparison with controls, suggesting a bias towards a Thl profile in PD.
Increased ratios of IFN-y/IL-4 producing T cells have also been described in PD patients in
comparison with controls (Baba et al, 2005). When activated, T helper (Th) lymphocytes can
differentiate in three different types of effective Th cells, named Thl, Th2 and Th17. Thl
cells act mainly in macrophage and T cytotoxic cells activation; Th2 cells contribute to B
lymphocytes activation; while Th17 cells are responsible for tissue inflammation induction
and protection against extracellular pathogens (Striz et al, 2014). Th1 cells are responsible for
cell-mediated immunity raised by intracellular pathogens, being also involved in
autoimmunity. The bias towards a Thl profile seen PD reinforce the hypothesis that PD is
associated with immunological imbalance or dysfunction. In addition, we found that higher
TNF/IL-10 ratios were associated with worse cognitive performance in PD patients. This
result is in line with the idea that a shift to a pro-inflammatory status is directly associated

with worse cognitive performance.
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To the best of our knowledge, this is the first report to describe reduced T lymphocytes
activation and decreased plasma levels of inflammatory cytokines in the sample of PD
patients in comparison with age-related controls. Despite the fact that all PD patients were
medicated, the strict exclusion criteria, the selection of controls with comparable age and
gender and the analysis of clinical and inflammatory parameters together can be regarded as
strengths of the current study. In addition, we showed that the production of cytokines by
PBMC in vitro is reduced with the exposure to the antiparkinsonian drugs levodopa and
pramipexole. More studies are needed in order to elucidate the role of antiparkinsonian drugs

in the immune system.

Our data together with previous studies corroborate the hypothesis that immunological
mechanisms are involved in PD. It is clear that there is a peripheral immune alteration in PD,
which is more than simply a decrease in immune responses. Immune changes observed in PD
partially resemble those seen in normal ageing, though being exaggerated in PD. PD is clearly
an age-related disease and it is possible that the immune alterations observed during aging are
more pronounced in individuals who suffer from PD. It remains a challenge to fully
understand how the immune system is linked to PD, therefore future studies into this subject

are needed confirm the current findings.
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Figure legends

Fig. 1: Representative example of analysis strategy performed using FlowJo 7.6.5 software.
The immunophenotyping of leukocytes was verified by flow cytometry assays. Whole blood
samples from Parkinson’s disease (PD) patients and controls were stained with surface
markers and intracellular FoxP3 after erythrocytes lyse. Total lymphocytes were gated (A)
and fluorescents dot-plots were selected, for example for T lymphocytes (CD3+), as
demonstrated in (B). Then, the lymphocyte subset, for instance T helper cells (C) were gated
based on T lymphocytes (B) or total lymphocytes (A) gates. In some cases, double positive
gates (for example, CD4+CD25+, D) was necessary. Intracellular staining for FoxP3 was
analyzed through histogram (E; red, isotype control, blue, positive cells for FoxP3) based on
CD4+CD25+ gate (D).

Fig. 2: Th1/Th2 and Th17 cytokines were evaluated in the plasma of Parkinson’s disease
(PD) patients and controls by Cytometric Bead Array (CBA). PD patients showed higher IFN-
v/IL-4 (A), IL-2/IL-4 (B) and IFN-y/IL-17A ratios (D) in comparison with controls,
suggesting a bias towards a Thl profile. There was no statistical difference regarding IFN-
v/IL-10 ratio (C). In addition, PD patients presented lower IL-6/1L-10 (E) and TNF/IL-10 (F)
ratios compared to controls, showing an anti-inflammatory weighted imbalance in PD. A-D =
Student’s t test. E,F = Mann-Whitney test. *p<0.05, **p<0.01, ***p<0.001.

Fig. 3: In vitro exposure of peripheral blood mononuclear cells (PBMC) to high doses of the
antiparkinsonian drugs pramipexole (PX) and levodopa (LD) resulted in decreased production
of cytokines. Phytohemagglutinin (PHA) was used as positive control. One-way analysis of
variance (ANOVA) followed by Dunnett's multiple comparison test was used to compare

each treatment with the baseline condition. *p<0.05, ***p<0.001.
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Table 1. Demographic and non-motor features of Parkinson’s disease (PD) patients and

control subjects.

PD patients (n = 40) Control subjects (n =25)  p value
Gender (female/male) 13/27 6/19 0.58?
Age in years (mean + SD) 68.71 + 10.07 65.23 £ 8.75 0.20°
?g‘;y mass index in Kg/m* (mean + 26.02 +3.73 27.64+3.71 0.09°
ggt;cational level in years (mean % 472 +287 6.72 + 537 0.16
MMSE [mean + SD (median)] 24.00 + 3.99 (25) 27.00 + 3.57 (29) 0.001°
FAB [mean £ SD (median)] 11.49 £ 2.99 (12) 12.32 £ 3.67 (13) 0.32¢
Conceptualization 1.23+1.01(1) 1.64+1.11(2) 0.12°
Mental flexibility 1.82+1.10 (2) 2.08 +1.04 (2) 0.34b
Programming 1.74+£0.91 (2) 2.24+0.83(2) 0.04°
Sensitivity to interference 2.26 £ 0.94 (3) 1.84+1.25(2) 0.21b
Inhibitory control 1.41+0.88 (1) 1.52+1.09 (1) 0.73%
Environmental autonomy 3.00£0.00 (3) 3.00£0.00 (3) 1.00°

BDI [mean + SD (median)] 8.64 +7.58 (6) 2.76 £3.35 (1) <0.001°

Medication in use (frequency in %)

Anti-hypertensive (%) 55.00 48.00 0.62°2
Anti-diabetic (%) 10.00 20.00 0.292
Hypolipidemic (%) 10.00 24.00 0.172
Levothyroxine (%) 10.00 4.00 0642
Antidepressants 20.00 12.00 0.51¢@

Abbreviations: BDI = Beck Depression Inventory; FAB = Frontal Assessment Battery; MMSE = Mini-

Mental State Examination; PD = Parkinson’s disease; SD = standard deviation.

Fisher’s exact test; "Mann-Whitney test; °Student’s t test.
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Table 2. Clinical features of Parkinson’s disease (PD) patients

PD patients (n = 40)

Length of illness in years [mean £ SD (range)]
UPDRS [mean + SD (range)]
UPDRS I [mean + SD (range)]
UPDRS Il [mean + SD (range)]
UPDRS Il [mean £ SD (range)]
HY [mean £ SD (range)]
S&E in % [mean £ SD (range)]
Medications in use [frequency (%)]
Levodopa
Pramipexole
Entacapone

Amantadine

5.45+4.13 (0.4 - 18)
51.82 + 25.27 (11 - 105)
3.36+2.96 (0 - 11)
14.08 +7.14 (2 - 31)
34.56 + 18.43 (8 — 69)
2.44.+0.69 (1 - 4)

77.95 £ 11.96 (50 — 100)

37 (92.50)
20 (50.00)
7 (17.50)

11 (27.50)

Abbreviations: HY = Hoehn and Yahr staging scale; PD = Parkinson’s disease;

SD = standard deviation; S&E = Schwab and England activities of daily living

scale; UPDRS = Unified Parkinson's Disease Rating Scale.
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Marker Cell Type Controls PD patients P value
% CD14+ monocytes Monocytes 82.75 £ 10.36 77.28 £10.36 0.118
% CD19+ lymphocytes B lymphocytes 4.46 + 2.67 5.05+ 2.97 0.41°
% CD3+ lymphocytes T lymphocytes 79.37 £ 9.53 62.07 + 15.71 0.012
. T helper
% CD4+ in CD3+ lymphocytes 49.95 + 9.00 53.90 £ 19.89 0.29°
lymphocytes
. T cytotoxic
% CD8+ in CD3+ lymphocytes 2453 £5.61 31.14 £13.95 0.062
lymphocytes
% CD4+CD25+ in total Activated T
531+225 0.87£1.32 0.001°
lymphocytes lymphocytes
% FoxP3+ in CD4+CD25+ Regulatory T
70.82 £ 13.13 43.50 + 33.83 0.14°
lymphocytes lymphocytes
% CD56+ lymphocytes NK cells 18.21 + 14.62 12.50 + 6.00 0.86°
CD4:CD8 ratio - 2.20+£0.85 2.35+£1.40 0.62°

Abbreviations: PD = Parkinson’s disease; Th = T helper cell; Tc = T cytotoxic cell;

aStudent’s t test; "Mann-Whitney test
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Cytokine (pg/mL) Controls PD patients P value
IL-2 (mean £ SD) 1.65+0.23 1.56 +0.10 0.082
IL-4 (mean * SD) 0.59 £0.15 0.49 £ 0.06 <0.0012
IL-6 (mean £ SD) 3.82+348 1.85+0.87 <0.0012
IL-10 (mean £ SD) 1.53+0.27 1.36 +0.12 <0.0012
TNF-a (mean = SD) 1.11+£1.00 0.33+0.13 <0.0012
IFN-y (mean * SD) 1.25+0.12 1.19£0.08 0.012
IL-17A (mean + SD) 3.35+2.15 2.57 +2.48 0.012
IL-1B (mean £ SD) 3.02+1.73 2.81+2.35 0.142

Abbreviations: IFN = interferon; IL = interleukin; PD = Parkinson’s disease; SD= standard deviation;

TNF = tumor necrosis factor
aMann-Whitney test
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Figure 3
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5.3 Imunofenotipagem — Analise dos receptores dopaminérgicos e serotoninérgicos e das

proteinas de sinalizacdo intracelulares

Para andlise da expressdo dos diferentes subtipos de receptores dopaminérgicos e
serotoninérgicos e das proteinas de sinalizacdo intracelulares foram incluidos 11 pacientes
com DP e 15 controles. As tabelas 7 e 8 mostram as caracteristicas clinicas e demograficas
dos individuos incluidos nessas andlises. Os resultados foram semelhantes aqueles descritos
para a subpopulacdo de individuos incluidos na dosagem plasmatica de citocinas e fatores

neurotréficos.

Comparados aos controles, pacientes com DP apresentaram maior porcentagem de
linfécitos expressando receptores serotoninérgicos 5-HTR1B, 5-HTR2B, 5-HTR2C, 5-HTR3
e 5-HTR4. Por outro lado, os linfocitos dos individuos controles apresentaram maior
porcentagem de expressao do receptor 5-HTR2A. Nao houve diferenga entre pacientes com
DP e controles em relacdo a porcentagem de expressao nos linfécitos do receptor 5-HTR1A e

do transportador de serotonina, 5-HTT (figura 3).

Em relacdo aos receptores dopaminérgicos, encontramos aumento na porcentagem de
linfécitos que expressam os receptores do tipo D2 (DRD2, DRD3 e DRD4) de pacientes com
DP quando comparados aos controles. Por outro lado, a porcentagem de expressdo de
receptores do tipo D1 (DRD1 e DRDS5) foi semelhante em pacientes e controles (figura 5).
Apesar da diferenca encontrada na analise dos receptores dopaminérgicos do tipo D2, ndo
houve diferenca entre pacientes e controles em relacdo a expressao das proteinas pDARPP32.
Além disso, pacientes com DP demonstraram aumento significativo na porcentagem de

linfocitos que expressam pAKT (Ser 473) (figura 5).
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Tabela 7: Caracteristicas clinicas (ndo motoras) e demograficas dos participantes da pesquisa

incluidos nas analises dos receptores de serotonina e dopamina e proteinas de sinaliza¢do

intracelulares.

Pacientes com DP (n = 11) Controles (n = 15) Valor p
Género (feminino/masculino) 6/5 8/7 1,002
z(rjried deiang)? anos  [média + dp 66,76 + 10,00 (65,60) 62,97 + 8,09 (60,62) 0,36
Esgg'f‘nz'gg‘gi:)r]" anos [ média 3,91+ 2,51 (4) 6,80 + 4,90 (8) 0,16
MEEM [ média + dp (mediana)] 23,00 + 3,94 (24) 27,40 + 3,04 (29) 0,03°
BAF [ média + dp (mediana)] 11,36 + 3,47 (12) 13,07 + 3,28 (14) 0,220
Conceitualizagdo 1,64 £0,92 (2) 1,67+1,18 (2) 0,78°
Flexibilidade mental 1,45+£1,21 (1) 1,93+1,10 (2) 0,32°
Programagdo 1,55+ 1,04 (2) 2,47+0,74 (3) 0,02°
Sensibilidade & interferéncia 2,09+1,04 (2) 2,00+ 1,25 (3) 1,00°
Controle inibitorio 1,64+1,12 (1) 2,00 + 1,07 (2) 0,40°
Autonomia ambiental 3,00+ 0,00 (3) 3,00+ 0,00 (3) 1,00°
BDI [ média + dp (mediana)] 7,73+ 4,86 (8) 3,00+ 2,93 (3) 0,01°
Medicamentos em uso (frequéncia
em %)
Anti-hipertensivos (%) 55 40 0,692
Antidiabéticos (%) 9 13 1,002
Hipolipémicos (%) 18 40 0,392
Levotiroxina (%) 18 6 0,562
Antidepressivos 27 13 0,622

Abreviagfes: DP = Doenga de Parkinson; dp = desvio padrdo; BAF = Bateria de Avaliacdo Frontal; MEEM =

Mini-Exame do Estado Mental; BDI = Inventdrio de Depressdo de Beck. Teste Exato de Fisher; PTeste Mann-

Whitney.



Tabela 8: Caracteristicas clinicas (motoras) dos pacientes com doenca de
Parkinson incluidos nas analises dos receptores de serotonina e dopamina

e proteinas de sinalizacdo intracelulares.

Pacientes com DP (n = 11)

Tempo de diagndstico em anos [média + dp

(variagdo)] 4,21 +3,42 (0,4 - 10)

UPDRS [média + dp (variacdo)] 56,60 + 27,06 (16 — 94)
UPDRS | [média £ dp (variacdo)] 3,30+2,54 (0-8)
UPDRS |l [média + dp (variacéo)] 17,00 £7,50 (4 -31)
UPDRS |1l [média + dp (variagéo)] 36,40 £ 21,71 (10 - 67)

H&Y [média £ dp (variacdo)] 2,60+0,46 (2-3)

S&E em % [média + dp (variacdo)] 73,00 £ 12,52 (50 —90)

Medicamentos em uso [frequéncia (%)]

Levodopa 9 (81,81)
Pramipexol 5 (45,45)
Entacapona 2 (18,18)
Amantadina 4 (36,36)

Abreviagdes: DP = Doenga de Parkinson; dp = desvio padrdo; UPDRS = Escala
Unificada de Avaliacdo da Doenca de Parkinson; H&Y = Escala de Estagios de
Incapacidade de Hoehn and Yahr; S&E = Escala de Atividades de Vida Diaria de
Schwab e England.
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Tabela 9: Expressdo de receptores e transportados serotoninérgicos, receptores
dopaminérgicos e proteinas de sinalizacdo intracelular em linfécitos de pacientes com Doenca

de Parkinson e controles.

Pacientes com DP (n = 11) Controles (n = 15) Valor p

Receptores e transportador serotoninérgicos

5-HTR1a 1,31+ 1,20 (1,10) 1,12 + 1,37 (0,57) 0,302
5-HTR1s 0,85+ 0,66 (0,63) 0,46 + 0,69 (0,14) 0,052
5-HTR2a 69,43 + 27,74 (76,50) 95,33 £ 5,10 (97,40) 0,001
5-HTRs 2,83 + 2,65 (2,58) 0,78 + 0,59 (0,50) 0,012
5-HTRac 7,98 + 9,60 (5,24) 2,61 + 3,05 (1,41) 0,032
5-HTR; 1,28 +0,76 (1,34) 0,53 + 0,51 (0,37) 0,022
5-HTRy 2,63+1,59 (2,35) 1,05+ 0,82 (0,67) 0,012
5-HTT 74,14 + 28,52 (88,90) 86,59 + 8,60 (85,60) 0,66°
Receptores Dopaminérgicos
DRD1 1,45+ 0,74 (1,16) 1,31+ 0,78 (1,08) 0,472
DRD2 1,41+1,17 (1,35) 0,24 +0,22 (0,34) 0,0012
DRD3 1,94 + 1,86 (1,00) 0,65+ 0,57 (0,41) 0,012
DRD4 0,94 + 1,13 (0,43) 0,11 + 0,07 (0,10) <0,0012
DRD5 2,63+ 1,54 (2,47) 2,32 +2,05(1,73) 0,442
Proteinas Intracelulares
pDARPP32 (Thr34) 1,37 £ 0,75 (1,26) 1,44 + 0,80 (1,33) 0,882
pDARPP32 (Thr75) 92,87 + 16,51 (98,50) 98,87 + 1,28 (99,30) 0,118
pAKT (Thr308) 2,78 + 2,19 (1,72) 1,74 + 0,88 (1,38) 0,80
PAKT (Ser473) 2,09 + 2,08 (1,09) 0,61+ 0,67 (0,35) 0,0042

Resultados expressos em % de linfocitos positivos [média + desvio padrdo (mediana)].
Abreviagdes: DP = Doenca de Parkinson; 5-HTR = receptor de serotonina; DR = receptor de dopamina;

DARPP32 = Fosfoproteina regulada por dopamina e cAMP; AKT = proteina quinase B. #Teste Mann-Whitney
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Figura 3: Analises por citometria de fluxo da expressdo de receptores serotoninérgicos em linfécitos.
Os resultados demonstraram que pacientes com doenca de Parkinson (DP) apresentam maior
porcentagem de linf6citos do sangue periférico que expressam os receptores serotoninérgicos (5HTR)
5HTR1B, 5HTR2B, 5HTR2C, 5HTR3 e HTR4 e do transportador de serotonina (S5HTT). J& a
porcentagem de linfdcitos que expressam o receptor SHTR2A esta reduzida em pacientes com DP.
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Figura 4: Analises por citometria de fluxo da expressao de receptores dopaminérgicos em linfécitos.
Os resultados demonstraram que pacientes com doencga de Parkinson (DP) apresentam aumento na
porcentagem de linfécitos do sangue periférico que expressam receptores dopaminérgicos (DR)
DRD2, DRD3 e DRD4 em comparacdo aos controles. Nao ha alteracdo, no entanto, em relacdo aos

receptores DRD1 e DRDS5.



142

pDARPP32(Thr34)+ pDARPP32(Thr75)+
2.0 150-
9 15 [ | @
£ £ 100- —
o NS
€ 1.0- c
§ § 50
X 051 X
0.0 T T 0 T T
\@6 QQ o\Q? OQ
N & N &
& o° & 0"
& &
o &
T 44
pAKT(Thr308)+ pAKT (Serd73)+
4- 31 *
= s 24
Ne) el
£ 21 — £
£ £
[ o 14
S 14 X — —
C T T O T T
3 Q > Q
&o\Q' &0 \o\z &O
& &® & &0
P > & )
NS Na
o o
QT QT

Figura 5: Analises por citometria de fluxo da expressdo das proteinas pDARPP e pAKT em
linfécitos. Apesar de apresentarem aumento na porcentagem de linfocitos que expressam receptores
dopaminérgicos DRD2, DRD3 e DRD4, pacientes com doenca de Parkinson (DP) ndo demonstraram
alteracfes em relagdo a porcentagem de linfécitos do sangue periférico que expressam receptores as
proteinas de sinalizacdo intracelular pDARPP e pAKT (Thr308). Entretanto, a porcentagem de
linfocitos que expressam pAKT (Ser473) encontra-se aumentada em pacientes com DP. As analises
foram realizadas por citometria de fluxo.
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6 PESQUISA REALIZADA DURANTE O DOUTORADO SANDUICHE

Visando agregar conhecimentos e qualidade a pesquisa, uma parte do doutorado foi
realizada na Universidade KULeuven, Bélgica, sob orientacdo do professor Pieter Vanden
Berghe. Durante o periodo de fevereiro de 2013 a janeiro de 2014, trabalhamos investigando
alteracbes em vias serotoninérgicas em biopsias duodenais de pacientes com DP. Assim,
continuamos na linha de pesquisa sobre SNM e alteracbes periféricas na DP, mas com
enfoque diferente do que havia sendo pesquisado.

6.1 Introducao

Apesar de a DP ser considerada uma doenca predominantemente motora,
manifestacdes ndo motoras, sobretudo relacionadas ao trato gastrointestinal, sdo de grande
relevancia clinica para a doenga. Estudos sugerem que constipacdo intestinal e doencas
inflamatdrias intestinais precedem os sintomas motores da DP, podendo até serem
considerados sinais prodrémicos ao parkinsonismo idiopatico (Miciele et al, 2003; Strang,
1965; Warren and Marshall, 1983).

Embora os sinais cardinais da DP sejam atribuidos ao déficit de dopamina, o sistema
serotoninérgico também estd afetado nessa doenca. Neurdnios serotoninérgicos dos nucleos
da rafe sofrem degeneracdo na DP idiopatica, levando a déficits serotoninérgicos em varias
areas corticais como parte do cortex frontal, cortex cingular anterior, cortex entorrinal e
formagdo hipocampal. Além disso, os niveis de serotonina estdo reduzidos no liquido
cefalorraquidiano (LCR) de pacientes com DP. As alteragcbes no sistema serotoninérgico
podem contribuir para uma série de sintomas ndo motores sofridos por pacientes com DP,
como depressdo, transtornos compulsivos e psicéticos (Huot et al, 2011). Alguns estudos tém
sugerido que o sistema serotoninérgico esteja envolvido ndo apenas em sintomas ndo motores,
mas também nas manifestacGes tipicas da DP. Os niveis de serotonina estdo particularmente
reduzidos no LCR de pacientes com instabilidade postural e distdrbios da marcha (lacono et
al, 1997). Ainda, estudos sugerem que a disfuncdo serotoninérgica desempenha papel
importante na geracdo do tremor postural (Loane et al 2013) e discinesia induzida por L-
DOPA (Huot et al 2011).

A grande maioria da serotonina em nosso organismo é encontrada no trato

gastrointestinal (TGI, quase 95% do total de serotonina no corpo). No TGI, 90% da
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serotonina é sintetizada pelas células enterocromafins e os 10% restantes por neurénios
entéricos. Dentro do TGlI, a serotonina desempenha papel essencial na transmissao entérica,
inicio do reflexo peristaltico e sinalizacdo TGI — cérebro. Tanto no cérebro quanto no TGI a
serotonina é sintetizada em duas etapas a partir do aminoacido essencial triptofano, sendo a
triptofano-hidroxilase (TpH) a enzima limitante deste processo. Ja foram descritas duas
isoformas da TpH: enquanto as células enterocromafins conttm a TpH1, os neur6nios
entéricos expressam a TpH2. A acdo da serotonina é terminada por sua recaptacao através do
transportador para recaptacdo da serotonina (SERT) (Cirillo et al, 2012). A acdo
farmacoldgica da serotonina € complexa uma vez que sua a¢do envolve varios subtipos de
receptores (5-HTR). Até o momento, sete tipos e varios subtipos de receptores
serotoninérgicos foram descritos. No TGI, 5-HTR3 e 5-HTR4 possuem papel crucial na
iniciacdo do reflexo peristaltico e mediacdo da motilidade intestinal. De fato, varias
transtornos relacionados a motilidade intestinal tém sido associadas a disturbios no sistema
serotoninérgico e farmacos que atuam em receptores serotoninérgicos tém sido usados no
tratamento de desordens do TGI, como sindrome do intestino irritavel e constipacdo (Sullivan
et al, 2006).

Embora ainda ndo esteja claro se na DP ocorrem alteracdes no sistema serotoninérgico
no TGI, sabe-se que a constipacdo € uma caracteristica proeminente associada a DP. De fato,
agonistas do receptor 5-HTR4 tém sido usados para tratar constipacdo na DP. O Tegaserod é
um agonista parcial do receptor 5-HTR4 que aumenta o peristaltismo através da estimulacéo
de neurdnios aferentes primarios intrinsecos. Estudos com tegaserod e mosapride para
tratamento da constipacdo na DP obtiveram resultados promissores (Sullivan et al. 2006; Asai
et al, 2005).

O sistema serotoninérgico tem sido subinvestigado no TGI de pacientes com DP
apesar de: 1) constipacdo ser um sintoma muito comum na DP, sendo 0s agonistas
serotoninérgicos utilizados para tratar essa condicdo; 2) Alteracbes na transmissao
serotoninérgica no SNC tém sido descritas na DP; 3) Corpos de Lewy e morte neuronal
tambem tém sido descritas ndo apenas no SNC, mas também TGI de pacientes com DP.
Portanto, 0 objetivo desse estudo foi investigar o sistema serotoninérgico na mucosa do TGl
de pacientes com DP em comparacdo com controles. Nossa hipotese é de que o sistema
serotoninérgico apresenta alteragdes no TGI dos pacientes com DP. Para testar essa hipotese,
nos avaliamos a expressao de mRNA de proteinas relacionadas ao sistema serotoninérgico:
TpH1, SERT, e dos receptores 5-HTR3c, 5-HTR3e e 5-HTR4 na mucosa duodenal de
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pacientes com DP e comparamos a controles, que eram os conjuges dos pacientes. Além
disso, através de imunohistoquimica foram realizadas anélises para verificar a presenca de

serotonina e células enterocromafins na mucosa.

6.2 Justificativa

A maior prevaléncia de doencas do TGI em pacientes com DP, sobretudo precedendo
0s sintomas motores da doenca, leva-nos ao questionamento de um processo fisiopatologico
em que se desenvolve em tecidos periféricos, concomitante ou precedente a degeneracao de
neurbnios do SNC. A investigacdo de alteracdes em tecidos periféricos pode auxiliar ndo
apenas na elucidacdo da causa da DP, mas também na descoberta de biomarcadores da
doenca. Os biomarcadores tém particular relevancia em doencas degenerativas crénicas por
muitos motivos. Em primeiro lugar, para auxiliar no diagnostico precoce em estagios que
ainda permitam uma terapia modificadora da doenca. Ou seja, tratamentos que afetam a
evolucdo dos mecanismos fisiopatoldgicos da doenca e ndo apenas os sintomas. Em segundo
lugar, para monitorar a progressao da doenca e, por ultimo, determinar a eficacia de qualquer

intervencdo terapéutica.

6.3 Métodos
6.3.1 Sujeitos e avaliacdo clinica

Este estudo incluiu oito pacientes com DP diagnosticados de acordo com o critério do
banco de cérebros do Reino Unido (United Kingdom PD Brain Bank criteria). Os pacientes
foram recrutados da clinica de disturbios do movimento da Universidade de Leuven, Bélgica.
Os parceiros dos pacientes foram recrutados como controles. As endoscopias e todos os
procedimentos subsequentes foram conduzidos simultaneamente para cada par de
paciente/controle. Todos os participantes da pesquisa assinaram 0 termo de consentimento
livre e esclarecido antes de serem de serem admitidos no estudo. Este estudo foi aprovado

pelo Comité de Etica do Hospital da Universidade de Leuven, Bélgica.
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6.3.2 Endoscopia do trato gastrointestinal superior

Oito bidpsias duodenais foram retiradas de cada individuo por endoscopistas
utilizando foérceps padrdo para bidpsias com agulha (férceps para bidpsia de uso Unico
NBF01-11123180, didametro 2,3 mm, largura de abertura 6,7 mm; Micro-Tech, Nanjing,
China). Apds serem removidas, as biopsias foram imediatamente imersas em solucdo de
Krebs a 4°C previamente oxigenada (95% O2/ 5% COz) e mantidas em gelo por no méximo 1
hora até serem dissecadas. A seguir, as biopsias foram colocadas em uma placa de Petri
alinhadas com Sylgard e dissecadas sob um estereomicroscopio. A camada relativa @ mucosa
foi cuidadosamente removida e colocada em reagente para estabilizacdo do RNA
(RNAlater®, Invitrogen, Merelbeke, Belgium) ou solucdo de Krebs, para propoésitos de

extracdo de RNA ou fixacdo, respectivamente.
6.3.3 Imunohistoquimica

As amostras de mucosa foram fixadas por 30 min a temperatura ambiente em
paraformaldeido 4% em PBS. Apds fixacao, as amostras foram lavadas com PBS (3 lavagens
de 10 min) e colocadas em solucéo crioprotetora (sacarose 30% em PBS) e armazenadas a 4
°C por pelo menos 24h. Em seguida, as amostras sdo embebidas em Tissue-Tek® (Sakura
Finetek, Torrance, USA) e congeladas em nitrogénio liquido. Apds congelamento, as
amostras sdo armazenadas em freezer -80°C até o momento do corte em criostato. Utilizando
um criostato, foram feitos cortes de 14 um de espessura, os quais foram coletados em laminas
cobertas de poli-L-lisina. Os cortes foram armazenados em freezer -80 °C até a marcagdo para
imunohistoquimica. Para isso, 0s cortes foram entdo incubados em tampéo de bloqueio (soro
de burro 4% e triton X-100 0,5% em PBS) por 2h a temperatura ambiente. A seguir, as
amostras foram incubadas por 12h com 0s anticorpos primarios contra serotonina (mouse
anti-human serotonin; 1:100; Dako, Glostrup, Germany) e cromogranina A (rabbit anti-
chromogranin A; 1:500; Chemicon International, Temecula, CA, USA) diluidos em tampéo
de bloqueio. Apds essa incubacdo as amostras foram lavadas com PBS (3 vezes de 10 min) e
incubadas com os anticorpos secundarios por 2h (donkey anti-mouse Alexa fluor 594; 1:1000;
Molecular Probes, Invitrogen e donkey anti-rabbit Alexa fluor 488; 1:1000; Molecular
Probes, Invitrogen, Merelbeke, Belgium). Os nucleos foram marcados com 4,6-diamino-2-
fenilindol (DAPI; 3 pg/ml; Invitrogen). Apos trés lavagens de 10 min com PBS, as
preparacdes foram montadas com solucdo de montagem Citifluor® (Citifluor Ltd., Leicester,

UK) e laminulas. As marcagfes imunohistoquimicas foram visualizadas em um microscopio
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epifluorescente (BX 41 Olympus, Belgium). As contagens foram realizadas utilizando um
aumento de 20 vezes. Apds escolher um campo baseado na marcacdo nuclear com DAPI
(azul), foram contamos as células duplamente positivas para cromogranina A (verde) e
serotonina (vermelho). As imagens confocais foram obtidas utilizando um microscépio

confocal Zeiss LSM510 Meta (Cell Imaging Core, KU Leuven, Belgium).

6.3.4 Analise da expressao de mRNA (Reagdo em cadeia da polimerase por transcrigdo

reversa, quantitativa — qRT-PCR)

O RNA total foi extraido da mucosa utilizando um mini kit RNeasy® (Qiagen,
Hilden, Germany) e P-mercaptoetanol. As amostras de RNA foram transcritas a cDNA
utilizando transcriptase reversa SuperScript® Il (Invitrogen, Merelbeke, Belgium). O cDNA
obtido foi amplificado através de reacdo em cadeia polimerase (PCR) realizada em sistema
LightCycler®480 (Roche Diagnostics, Mannheim, Germany) utilizando LightCycler®480
SYBR Green | Master mix. Foram avaliadas as expressdes dos mRNAs de SERT, TpH1, 5-
HTR3c, 5-HTR3e e 5-HTR4 na mucosa duodenal utilizando sequéncias de iniciadores
(primers) especificas (tabela 1). Foi utilizado um calibrador intercorridas e uma curva padrao
para cada gene avaliado. Os niveis de expressao relativos para todas as amostras foram
calculados usando o programa LightCycler®480 e estdo expressos relativos ao gene do RNA

ribossomal S18 humano e corrigidos por variabilidade intercorridas.

Tabela 10: Sequéncias dos iniciadores (primers) utilizados para o gRT-PCR

Gene Sequéncia senso Sequéncia anti-senso

SERT CGTAGTTGTGGCGGGCTCAT GCCGTGGTCATCACCTGCTT

TpH: TGCAAAGGAGAAGATGAGAGAATTTAC CTGGTTATGCTCTTGGTGTCTTTC
5-HTR3c ACACTTCTGCTGGGCTACAAC TGACCACCATCAGGGACAGG
5-HTRze AACGCTCCTGCTGGGCTAC AGGGCGAAGTAGACACCGATG
5-HTR, CAAGGCTGGAATAACATTGGCATA GTTGACCATGAAGACACAGTACG
S18 ACCAACATCGATGGGCGGCG TGGTGATCACACGTTCCACCTCA

As sequéncias dos primers sdo mostradas no sentido 5° — 3’
Reacdo PCR: 45 ciclos de amplifica¢do 95°C (10 s), 60°C (15 s), 72°C (15 3).
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6.3.5 Analises estatisticas

AssociagOes entre variaveis dicotdmicas foram avaliadas através do teste exato de
Fisher. Todas as variaveis apresentaram distribuicdo normal, avaliada através do teste de
Kolmogorov-Smirnov. Como utilizamos amostras pareadas, dois grupos (pacientes X
controles) foram comparados usando teste t pareado. Comparacfes entre trés grupos foram
feitas através do teste ANOVA one-way seguido pelo pds-teste Tukey. As analises foram
realizadas utilizando o programa estatistico GraphPad Prism™ 4.0 para Windows (GraphPad
Software, Inc., La Jolla, CA, USA). Um valor de p bilateral menor que 0,05 foi adotado como

nivel de significancia estatistica para todos os testes.

6.4 Resultados

Uma viséo geral dos resultados encontra-se na tabela 11. Pacientes com DP e controles
ndo diferiram em relacdo a idade e género. Ndo houve diferenca na porcentagem de células
enterocromafins positivas para serotonina (figura 6). Embora ndo tenha atingido significancia
estatistica, houve uma tendéncia ao aumento nos niveis de expressdo de todos 0s mMRNAS
avaliados (SERT, TpH1, 5-HTR3c, 5-HTR3e e 5-HTR4; figura 7). O aumento nos niveis de
expressao dos mRNAs ndo foram devidos a diferencas nos niveis do gene constitutivo
(housekeeping gene, S18) utilizado para normalizacdo dos valores de expressdo dos mMRNAS
(figura 8).

Quatro dos oito pacientes com DP estavam utilizando medicamentos que podem afetar
0 metabolismo ou transmissdo da serotonina (selegilina, rasagilina, amantadina, trazodona).
Logo, separamos 0s pacientes em dois grupos: medicados e ndo-medicados, em relacdo ao uso
dos medicamentos supracitados. Observamos que os niveis de expressdo de mRNA para todas
as proteinas avaliadas foram influenciados pelo uso de tais medicamentos (figura 9), uma vez
que as diferencas entre pacientes e controles sdo mais proeminentes quando levamos em
consideracdo apenas os pacientes com DP do grupo ‘ndo medicados’ (figura 9). Por outro
lado, a porcentagem de células enterocromafins produtoras se serotonina ndo foi afetada pelo
uso de medicamentos que alteram o metabolismo/transmissdo serotoninérgica (figura 9). Para
melhor concluir sobre esses resultados precisamos aumentar o nimero de individuos na

pesquisa.



Tabela 11: Parametros

Parkinson e controles

avaliados em bidpsias
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duodenais de pacientes com doenca de

Controles Pacientes com DP Valor P
Idade em anos 58.50 + 12.65 61.25 + 10.66 0.167
(Glzirr]iirr?i,nnolMasculino) 6/2 2/6 013"
SERT mRNA 0.65+0.49 0.92+0.38 0.077
TpH: MRNA 0.94 £0.35 1.09+0.43 0.577
5-HTR3c mMRNA 0.73+0.59 0.87 £0.39 0.46"
5-HTRz MRNA 0.65 £ 0.52 0.88 £ 0.63 0.40°
5-HTRsmRNA 0.79+0.32 1.14+0.29 0.167
% de células 5-HT+/ChA+ 60.97 + 10.03 58.89 + 12.91 0.467

Abreviaces: DP = Doenga de Parkinson; SERT = transportador para recaptacdo da serotonina; TpH =

Triptofano hidroxilase; 5-HTR = receptor de serotonina; ChA = cromogranina A.

T Teste t pareado
§ Teste exato de Fisher
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Figura 6: Andlise de células enterocromafins produtoras de serotonina na mucosa duodenal de
pacientes com doenca de Parkinson (DP) e controles. (A) Imagem representativa de um campo para
contagem das células. Azul = marcacdo dos nucleos das células (DAPI); verde = células positivas
para cromogranina A (células enterocromafins); e vermelho = células positivas para serotonina. (B)
Pacientes com DP e controles ndo diferiram em relacdo a porcentagem de células enterocromafins
produtoras de serotonina. Anticorpos: mouse anti-human serotonin; 1:100; rabbit anti-chromogranin
A; 1:500.
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Figura 7: Expressdo relativa de mRNA do transportador de serotonina (SERT), triptofano
hidroxilase 1 (TpH1) dos receptores de serotonina (5SHTR) encontrados na mucosa gastrointestinal.
Embora ndo tenha atingido significancia significativa (teste t pareado), houve uma tendéncia a
aumento de expressdo de mMRNA em todas as proteinas avaliadas nos pacientes com doenca de
Parkinson (DP) em relagéo aos controles.



152

SERT TpH1
201 20
154 154
[ee] [ee]
R —
9 104 9 104
o o
) O
54 54
0 T T 0 T T
& & & &
& & N &
& eo & 60
< <
2 S
o &
QT Q°
5HTR3c SHTR3e
201 20+
154 154
(o] [oe]
— —
9 104 9 104
o o
) O
54 54
0 r r 0 r r
N $ N S
& s & s
< 60 & eo
< <
3 S
o &
Q’Zr Q’Zr
5HTR4
20
15-
[oe]
—
9] 104
o
O
5-
0 r r
9 R
\°Q’ 6\0
& &
O @9
(\
&
Q‘Zr

Figura 8: Valores Cp (crossing point) obtidos para o gene constitutivo utilizado, proteina ribossomal
S18. Os valores relativos obtidos para todos os genes analisados (mostrados na figura 1) ndo foram

influenciados pelo gene constitutivo usado para normalizacéo.
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Figura 9: Expresséo relativa de mRNA do transportador de serotonina (SERT), triptofano hidroxilase
1 (TpH1) e dos receptores de serotonina (5HTR) em controles e pacientes com doenca de Parkinson
(DP). Os termos ‘medicados’ ¢ ‘ndo medicados’ referem-Se ao uso ou ndo de medicamentos que
interferem com o metabolismo e/ou transmissdo serotoninérgica. A diferenca entre controles e
pacientes € mais proeminente no grupo de pacientes ‘ndo medicados’, exceto para a porcentagem de
célula senterocromafins produtoras de serotonina. ANOVA one-way seguido por teste de Tukey.
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6.5 Conclusdes

Demonstramos através da presente pesquisa que 0 sistema serotoninérgico
provavelmente encontra-se alterado no TGI de pacientes com DP quando comparados a
controles. Surpreendentemente, o nimero de células enterocromafins produtoras de serotonina
parece ndo estar alterado nos pacientes com DP. Entretanto, o transportador, a enzima
produtora e os receptores de serotonina avaliados parecem estar alterados, como avaliado pela
expressdo do mRNA das proteinas em questdo. O uso de medicamentos que alteram o
metabolismo/transmissdo serotoninérgica influenciou os resultados obtidos. A diferenca entre
pacientes com DP e controles foram mais proeminentes quando consideramos apenas que nao
fazem uso de tais medicamentos. Até o presente momento, foram avaliadas bidpsias de apenas
16 individuos, sendo 8 pacientes com DP e 8 controles. Precisamos recrutar um nimero maior
de individuos. A obtencdo de bidpsias duodenais de humanos é tarefa dificil, mas os
resultados sdo de grande valia. Assim, a continuidade desse trabalho pela equipe do LENS —
Universidade de Leuven é essencial para uma melhor concluséo acerca dos resultados obtidos.
No momento, os pesquisadores do LENS estdo dando continuidade a essa pesquisa para que
possamos aumentar o numero de individuos participantes e, consequentemente, o poder de

conclusdo da anélise estatistica.
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7 CONCLUSOES E PERSPECTIVAS

Pacientes com DP demonstraram pior desempenho cognitivo do que controles,
conforme avaliado pelo MEEM e pela BAF. Além disso, de acordo com o BDI pudemos
observar que pacientes com DP possuem maior incidéncia e/ou gravidade de sintomas
depressivos do que controles. A gravidade dos sintomas depressivos esta associada a

gravidade da doenca, segundo a UPDRS.

N&o encontramos diferencas entre pacientes e controles em relacdo as concentragdes
plasmaticas das adipocinas, quimiocinas e fatores neurotroficos avaliados. Entretanto, o0s
niveis plasmaticos STNFRs encontram-se significativamente aumentados no plasma de
individuos com DP. Além disso, aumento nos niveis de sTNFRs estdo associados a pior
desempenho cognitivo. Comprometimento cognitivo é um dos principais e mais
incapacitantes SNM da DP, e é possivel que o mesmo ocorra em decorréncia da alteracdo dos
niveis de citocinas na DP. Assim, os niveis plasmaticos de sTNFRs podem constituir
potenciais biomarcadores para declinio cognitivo na DP. Além disso, maiores niveis
plasmaticos da quimiocina IP-10 também estdo significativamente correlacionados a pior

desempenho cognitivo nos pacientes com DP.

Ainda como parte deste estudo, verificamos que pacientes com DP e controles ndo
diferem em relagdo a porcentagem de mondcitos (CD14+), linfécitos B (CD19+), linfécitos T
auxiliares (CD4+), linfécitos T citotdxicos (CD8+), linfécitos T regulatérios
(CD4+CD25+FoxP3+) e células NK (CD56+). Entretanto, verificamos uma reducdo na
porcentagem de linfécitos T (CD3+), especialmente células ativadas (CD4+CD25+) no
sangue periférico de pacientes com DP. Confirmando esse resultado, observamos redugdo nos
niveis plasmaticos de citocinas inflamatorias no plasma de pacientes com DP. Vimos que na
DP a resposta encontra-se direcionada para um perfil Thl. Os linfécitos T ou células T séo os
principais efetores da chamada imunidade celular. Existem duas classes principais de células
T - as células T citotoxicas e as células T auxiliares (Th). Quando ativada por uma célula
apresentadora de antigeno, uma célula T auxiliar pode diferenciar-se em trés tipos distintos de
células T auxiliares efetoras, denominadas Thl, Th2 e Thl7. As células Thl auxiliam
principalmente a ativacdo de macrofagos e células T citotdxicas; as células Th2 auxiliam na
ativacdo das células B; enquanto as células Th17 que sdo responsaveis pela inducdo da
inflamacéo tecidual e a protecdo contra patdgenos extracelulares. A célula T auxiliar efetora
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Th1l secreta IFN-y e 0 TNF-a e ativa os macrofagos para fagocitarem antigenos. A célula T
auxiliar efetora Th2 ir4 secretar IL-4, IL-5, IL-10, IL-13 defendendo o organismo
principalmente contra patdgenos extracelulares. A celula T auxiliar Th1l7 secreta
principalmente citocinas pré-inflamatorias (IL-6, TNF-o e IL-1B) e quimiocinas (CXCLI,
CXCL8, CCL2) (Striz et al, 2014). Outro tipo de célula T que vem sendo recentemente
estudado na resposta imunologica sdo as celulas T reguladoras (Tregs) que tém o propdsito de
controlar as respostas dos processos imunes. Ainda sdo escassos 0s estudos avaliando células
T em pacientes com o diagnostico de DP, apesar das evidéncias na literatura sugerirem

alteracdes no perfil Th1/Th2 de tais pacientes (Baba et al, 2005).

N&o apenas moléculas plasmaticas e a porcentagem de linfocitos T, mas também a
porcentagem de expressdo de receptores dopaminérgicos e serotoninérgicos encontra-se
alterada no sangue periférico de pacientes com DP. Ainda ndo esta claro se as diferencas
encontradas decorrem de mecanismos de adaptacdo frente as alteracdes que ocorrem com a
doenca ou se estdo diretamente relacionadas a fisiopatologia da mesma. S&o necessarios mais

estudos nesse aspecto.

Nossos resultados, de forma geral, corroboram a hip6tese de que ha mecanismos
imunes e alteracGes inflamatdrias estdo envolvidas na doenca de Parkinson. Esté claro que na
DP ocorrem alteracGes imunes periféricas, as quais representam mais do que uma simples
reducdo ou aumento das funcBes imunes. Enquanto alguns paencontram-se em niveis
aumentados, outras encontram-se reduzidas em pacientes com DP em comparagdo a controles
de mesma idade. Ainda trata-se de um grande desafio compreender como o sistema imune
esta relacionado ao processo degenerativo que ocorre na DP. Algumas alteracdes observadas
podem assemelhar-se aquelas que ocorrem com o envelhecimento. Entretanto, essas
mudancas parecem ser mais exacerbadas em individuos com DP. Para um melhor
entendimento do assunto, mais estudos sdo necessarios, especialmente 0s que contemplem a

DP em suas vaérias fases e inclua pacientes ainda ndo submetidos a tratamento farmacolégico.

Como perspectivas, pretendemos continuar a pesquisa em varios aspectos. Para
compreender melhor as alteragdes imunes/inflamatérias na DP, acreditamos que é de suma
importancia a investigacdo de vias de sinalizacdo intracelulares, como por exemplo via das
MAP quinases, via PISBK/AKT/mTOR e via do inflamasoma. Além disso, a avaliagdo de
pacientes com DP com deméncia e depressdo associados enriqueceria a pesquisa no que diz

respeito & investigacdo dos SNM de nosso interesse. Em relacdo a pesquisa realizada no
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doutorado sanduiche, pretendemos aumentar o ndmero de individuos recrutados a fim de

melhor concluir sobre os resultados obtidos.
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Anexo | — Termo de Consentimento Livre e Esclarecido

TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO

Aspectos neuroimunofarmacolégicos envolvidos na Doenca de Parkinson

Introdug&o: Vocé esta sendo convidado a participar desta pesquisa clinica. E muito importante que vocé leia e compreenda a
seguinte explicagdo sobre os procedimentos propostos antes de aceitar participar da mesma. Esta declaragdo descreve o
objetivo, procedimentos, beneficios e riscos do estudo, e o seu direito de sair do estudo a qualquer momento. Nenhuma
garantia ou promessa pode ser feita sobre o resultado do estudo. Estas informagdes estdo sendo dadas para esclarecer
guaisquer dividas sobre a pesquisa proposta, antes de obter o seu consentimento. Se ainda assim persistirem dividas a

respeito do estudo, pergunte ao pesquisador responsavel.

Objetivo: O objetivo deste estudo é avaliar os niveis de determinadas moléculas/substancias no plasma
(citocinas/quimiocinas) e nos leucocitos/globulos brancos do sangue de pacientes com doenga de Parkinson e em individuos
controles. Esse estudo buscara identificar variagdes na quantidade de expressdo dessas moléculas entre os pacientes com
doenca de Parkinson e idosos sem doencas neurodegenerativas e/ou psiquiatricas, o que podera contribuir para a sua
diferenciacado e para o maior entendimento da Doenca de Parkinson.

Resumo: A doenga de Parkinson (DP) é uma doenca degenerativa, crénica e progressiva, que acomete em geral pessoas
idosas. Ela ocorre pela perda de neurbnios do sistema nervoso central em uma regido conhecida como substancia negra (ou
nigra). Os neurdnios dessa regido sintetizam o neurotransmissor dopamina, cuja diminuicdo nessa area provoca sintomas
principalmente motores. Os principais sintomas motores se manifestam por tremor, rigidez muscular, diminui¢cdo da velocidade
dos movimentos e disturbios do equilibrio e da marcha. Entretanto, também podem ocorrer outros sintomas, como depresséao,
alteragBes do sono, diminuicdo da meméria e distirbios do sistema nervoso autdnomo. A doenca de Parkinson é a segunda
doenca neurodegenerativa mais comum apos a doenga de Alzheimer e é altamente incapacitante. Entretanto, ndo se sabe a

exata dimenséo dos aspectos neuroimunofarmacolégicos sobre essa doenca.

Procedimentos: Este estudo ird consistir de uma avaliagédo clinica padronizada realizada por profissional capacitado. Este
profissional aplicard alguns questionarios e testes para investigar a presenca de alteragbes motoras, cognitivas e do
comportamento. A aplicagdo desses testes e questionarios néo traz constrangimentos ao paciente e o Unico possivel incbmodo
refere-se ao tempo de duragdo da entrevista, que pode durar de 40 a 60 minutos. Posteriormente, sera realizada coleta de
20,0mL de sangue com material descartavel apropriado. Esse sangue sera encaminhado para o estudo laboratorial. A coleta
de sangue venoso implica em risco minimo de acidente de puncéo, caracterizado por extravasamento sangiineo para o tecido
debaixo da pele, provocando uma pequena “mancha roxa” no local. Para minimizar este risco, a coleta de sangue sera
realizada por profissional treinado, com capacidade técnica e experiéncia que estara atento e tomara todas as providéncias

necessarias.

Critérios de inclusdo: Serédo incluidos pacientes de ambos os sexos com o diagnostico estabelecido de doenca de Parkinson
e que pretendam participar do estudo. Para fins de comparagdo, também serdo incluidos voluntarios higidos (ver Grupo
Controle).

Grupo Controle: Este grupo constitui-se dos voluntarios que ndo apresentam diagnéstico para doenca de Parkinson ou
qualquer outra doenca neurodegenerativa ou psiquiatrica. Os dados provenientes dos participantes desse grupo serdo

utilizados apenas para fim de comparagdo com os grupos de pacientes supracitados.

Beneficios: Nao haverd compensacéo financeira pela sua participagdo, nem remuneracéo financeira do pesquisador, cujo
interesse é apenas cientifico. O participante ndo terd nenhum beneficio direto além de estar contribuindo para o
desenvolvimento cientifico e a melhor compreenséo da doenca de Parkinson. A participagédo no estudo também n&o implicara

em 6nus financeiro (despesas) para vocé.

Confidencialidade: Os registros de sua participagdo neste estudo serdo mantidos confidencialmente até onde é permitido por

lei e todas as informagdes estardo restritas a equipe responsavel pelo projeto. No entanto, o pesquisador e, sob certas



164

circunstancias, o Comité de Etica em Pesquisa/lUFMG, poderao verificar e ter acesso aos dados confidenciais que o identificam
pelo nome. Qualquer publicacdo dos dados n&o o identificard. Ao assinar este formulario de consentimento, vocé autoriza o
pesquisador a fornecer seus registros médicos para o Comité de Etica em Pesquisa/UFMG, além da divulgacdo dos dados

desta para o meio cientifico desde que n&o haja quebra de confidencialidade.

Desligamento: A sua participagdo neste estudo é voluntaria e sua recusa em participar ou seu desligamento do estudo nédo
envolvera penalidades ou perda de beneficios aos quais vocé tem direito. Vocé podera cessar sua participacdo a qualquer

momento sem afetar seu acompanhamento médico em andamento.

Emergéncia / contato com a Comiss&o de Etica: E garantido seu direito a respostas a eventuais ddvidas que surgirem
durante o estudo. Assim, se vocé tiver qualquer duvida ou apresentar qualquer problema médico, contate o Prof. Helton J. Reis
pelo telefone 3409-2719 ou o Comité de Etica em Pesquisa (COEP/UFMG) no telefone 3409-4592. O COEP/UFMG localiza-se
na Av. Antdnio Carlos, 6627, Unidade Administrativa Il, 2°. Andar, Campus Pampulha da UFMG, Belo Horizonte, CEP31270-
901.

Consentimento: Li e entendi as informacdes precedentes. Tive a oportunidade de fazer perguntas e todas as minhas davidas
foram respondidas a contento. Este formulério esta sendo assinado voluntariamente por mim, indicando o meu consentimento

para participar do estudo, até que eu decida o contrario.
TERMO DE CONSENTIMENTO

Declaro que, ap6s convenientemente esclarecido (a) pelo pesquisador e ter entendido o que me foi explicado, autorizo a coleta

de 20,0mL de sangue para ser utilizado na pesquisa descrita acima.

Nome do voluntario participante:

Data: / /

Assinatura do voluntario participante:

Nome médico responsavel:

Data: / /

Assinatura do médico responsavel:

NATALIA PESSOA ROCHA
ALUNA DE DOUTORADO - CO-RESPONSAVEL PELO PROJETO

TEL.: 34092719



Anexo Il — Roteiro de Avaliacéo

Aspectos neuroimunofarmacolégicos envolvidos na Doenga de Parkinson

ROTEIRO DE AVALIACAO DATA: / /
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Dados Gerais:

Nome do paciente: Identificagao:

Sexo:( )JF ( )M Data de Nascimento: / /

Estado Civil: Escolaridade (anos):

Altura: cm Massa corporal: Kg

Profissdo: Estado previdenciario:
Tel:

Enderego: Bairro:
Cep: Cidade: Estado:
Co-morbidades: ( ) HAS ( ) Diabetes ( ) Cardiopatia ( ) Hipotireoidismo

( ) Outras:
Tabagista: ( ) Ndo ( )Sim Cigarros por dia:
Etilista: ( ) Ndo ( )Sim Vezes por semana:

Medicamentos em uso:

Critérios de exclusdo:

Uso atual (altimas quatro semanas) de antibidticos, anti-inflamatdrios nio
corticoides:

Presenca de doenga inflamatéria, auto-imune ou processo infeccioso em atividade nas ultimas
neoplasia:

Histdrico de outras doengas neurodegenerativas ou doengas psiquiatricas:

Informagd&es sobre a Doenga de Parkinson:

Inicio dos sintomas: Tempo de diagnéstico:
UPDRS:
Hoehn e Yahr: Schwab e England:

Informag&es sobre os medicamentos utilizados para a Doenga de Parkinson:

Medicamentos em uso para tratamento da Doenga de Parkinson:

esteroides ou

4 semanas ou

Dose Levodopa:

Inicio do uso de Levodopa

Laténcia / duragdo:

Efeitos Colaterais: ( ) Sim ( ) Nado

( ) Discinesias ( ) Fenémeno On-Off ( ) Flutuagdo ( ) Wearing-Off
( ) Outros:
Alteragdo do sono: ( )Sim ( ) Nao

Quadros psiquiatricos relevantes (alteragées comportamentais, alucinagdes): ( ) Sim ( ) Nado

Avaliagbes complementares:

MEEM:
BAF:
BDI:
PDQ-39:
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Anexo 111 - Escala de Avaliacdo Unificada para a Doenca De Parkinson (UPDRS)

I. ATIVIDADE MENTAL, COMPORTAMENTO E HUMOR

1) Deterioracéo Intelectual

0 = Nenhum.

1 = Leve. Esquecimentos constantes com lembrangas parciais de acontecimentos, porém sem outras dificuldades.
2 = Perda moderada da memoria com desorientag&o e dificuldade moderada no manejo de situagdes problematicas complexas. Deterioragao
funcional leve, ainda que evidente no domicilio, com necessidade de ajudas ocasionais.

3 = Perda grave da memdria com desorientacdo temporal e, muitas vezes também espacial. Dificuldade severa para resolver problemas.
4 = Perda grave da memdria com preservagao da orientagdo apenas no que diz respeito a pessoas. Incapaz de emitir juizo de valor ou de
resolver situagdes problematicas. Requer muita ajuda nos cuidados pessoais. Nao se pode deixa-lo sozinho.

2) Transtornos de Pensamento (devido a deméncia ou a toxicidade medicamentosa)

0 = Nenhum.

1 = Pesadelos.

2 = Alucinagdes “benignas” com conservagdo da introspecgao.

3 = Alucinagdes ou delirios esporadicos ou freqlentes; perda da introspecgéo; pode ter dificuldades nas atividades cotidianas.
4 = Alucinagdes persistentes, delirios ou psicose “ativa”. Nao ¢ capaz de cuidar de si mesmo.

3) Depressao

0 = Ausente.

1 = Periodos de tristeza ou culpabilidade superiores ao normal, nunca persistindo durante dias ou semanas.

2 = Depressdo persistente (Uuma semana ou mais).

3 = Depressdo persistente com sintomas vegetativos (insdnia, anorexia, perda de peso, perda de interesse).

4 = Depressdo persistente com sintomas vegetativos e pensamentos ou tentativas de suicidio.

4) Motivacéo / Iniciativa

0 = Normal.

1 = Com menos energia que o habitual, mais passivo.

2 = Perda de iniciativa ou desinteresse em atividades néo rotineiras.

3 = Perda de iniciativa ou desinteresse em atividades diarias/rotineiras.

4 = Isolado, sem nenhuma motivacéo.

1. ATIVIDADES DE VIDA DIARIA (ESPECIFICAR ON/OFF)

5) Linguagem falada

0 = Normal.

1 = Levemente afetada. Sem dificuldades para ser compreendido.

2 = Alteracdo moderada. Em algumas ocasifes é necessario pedir para repetir o que disse.

3 = Alteracéo grave. Freqlientemente é necessario pedir para repetir o que esta falando.

4 = Ininteligivel na maioria das vezes.

6) Sialorréia

0 = Normal.

1 = Aumento leve da saliva, mas evidente na boca; pode ocorrer baba noturna.

2 = Aumento moderado da saliva; pode ter uma baba minima.

3 = Aumento marcante de saliva com alguma baba.

4 = Baba marcante que requer uso constante de lencos.

7) Degluticéo

0 = Normal.

1 = Engasga raramente.

2 = Engasga de forma esporadica.

3 = Requer alimentos macios.

4 = Requer alimentagéo por sonda nasogastrica ou gastrotomia.



8) Escrita

0 = Normal.

1 = Ligeiramente lenta ou pequena.

2 = Moderadamente lenta ou pequena. Todas as palavras sdo legiveis.
3 = Alterac8o grave, nem todas as palavras séo legiveis.

4 = A maioria das palavras séo ilegiveis.

9) Corte de alimentos e manejo de talheres

0 = Normal.

1 =Um pouco lento e torpe, mas néo precisa de ajuda.

2 = Pode cortar a maioria dos alimentos, ainda que de um modo torpe e lento; precisa de certa ajuda.

3 = Os alimentos devem ser cortados por outra pessoa, porém; pode alimentar-se lentamente.
4 = Necessita que o alimentem.

10) Vestir-se

0 = Normal.

1 = Um pouco lento, apesar de ndo necessitar de ajuda.

2 = Em algumas ocasides necessita de ajuda para abotoar e colocar 0s bragos nas mangas.

3 = Requer uma ajuda consideravel, porém pode fazer algumas coisas sozinho.

4 = Precisa de ajuda completa.

11) Higiene

0 = Normal.

1 = Um pouco lento, mas néo precisa de ajuda.

2 = Precisa de ajuda para se barbear ou tomar banho, ou é muito lento nos cuidados de higiene.

3 = Requer ajuda para lavar-se, escovar os dentes, pentear-se e ir ao banheiro.
4 = Precisa de cateter de Foley e outras medidas mecanicas.

12) Dar a volta na cama ou arrumar os lengéis

0 = Normal.

1 =Um pouco lento e torpe, mas ndo precisa de ajuda.

2 = Pode dar a volta sozinho ou arrumar os lengois, ainda que com grande dificuldade.
3 = Pode tentar, mas néo dé a volta nem arruma os lencdis sozinho.

4 = Ajuda total.

13) Quedas

0 = Nenhuma.

1 = Quedas infrequentes.

2 = Quedas ocasionais, menos de uma vez por dia.

3 = Quedas uma vez por dia em media.

4 = Quedas mais de uma vez por dia.

14) Bloqueio/congelamento durante a marcha

0 = Nenhum.
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1 = Bloqueio/congelamento pouco freqiiente durante a marcha; pode experimentar uma hesitagdo ao comegar a andar (“start-hesitation”).

2 = Bloqueio/congelamento esporadico durante a marcha.

3 = Bloqueio/congelamento freqiiente que ocasionalmente levam a quedas.
4 = Quedas freqiientes causadas por blogueio/congelamento.

15) Marcha

0 = Normal.

1 = Dificuldade leve. Pode n&o ocorrer balanceio dos bragos ou tender a arrastar uma perna.
2 = dificuldade moderada, porém necessita de pouco ou nenhuma ajuda.

3 = Alteragdes graves da marcha, com necessidade de ajuda.

4 = A marcha é impossivel, ainda que com ajuda.

16) Tremor

0 = Ausente.

1 = Leve e pouco frequente.
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2 = Moderado, incomodo para o0 paciente.

3 = Grave, dificulta muitas atividades.

4 = Marcante, dificulta a maioria das atividades.

17) Moléstias sensitivas relacionadas com o parkinsonismo

0 = Nenhuma.

1 = Em algumas ocasifes, tem edema, formigamento ou dor leve.

2 = Freqlientemente tem edema, formigamento ou dor, ndo preocupantes.

3 = Frequentes sensacdes dolorosas.

4 = Dor muito intensa.

I11. EXPLORAGAO MOTORA

18) Linguagem falada

0 = Normal.

1 = Leve perda de expresséo, dicgao e/ou volume da voz.

2 = Mondtona, arrastada, mas compreensivel, alteracdo moderada.

3 = Alteragdo marcada, dificil de entender.

4 = Dor muito intensa.

19) Expresséo facial

0 = Normal.

1 = Hipomimia minima; poderia ser normal (“cara de jogador de poker”)

2 = Diminuicéo leve, mas claramente anormal da expressdo facial.

3 = Hipomimia moderada; labios separados em algumas ocasides.

4 = Face fixa ou em mascara, com perda grave ou total da expresséo facial; labios separados 0,6 cm ou mais.
20) Tremor em repouso

0 = Ausente.

1 = Leve e pouco fregiente.

2 = De pequena amplitude e continuo ou de amplitude moderada e aparicéo intermitente.

3 = De amplitude moderada e presente quase continuamente.

4 = De amplitude marcada e presente quase continuamente.

21) Tremor de ag&o ou postural das maos

0 = Ausente.

1 = Leve; presente durante a atividade.

2 = De amplitude moderada, presente durante a atividade.

3 = De amplitude moderada, presente ao manter uma postura assim como durante a atividade.
4 = De amplitude marcada, dificulta a alimentagio.

22) Rigidez (Avaliada através da mobilizagdo passiva das articulagdes maiores, com o paciente sentado e relaxado. N&o avaliar o
fendmeno da roda denteada)

0 = Ausente.

1 = Leve ou s6 percebida quando ativada por movimentos contralaterais ou outros movimentos.
2 = Leve a moderada.

3 = Marcada, mas permite alcangar facilmente a maxima amplitude de movimento.

4 = Grave, a maxima amplitude do movimento é alcancada com dificuldade.

23) Destreza digital (O paciente bate o polegar contra o indicador rapido sucessivamente com a maior amplitude possivel, cada mao
separadamente)

0 = Normal.

1 = Ligeiramente lento e/ou reducéo da amplitude.

2 = Alteracdo moderada. Fadiga clara e precoce. O movimento pode se deter ocasionalmente.

3 = Alteragdo grave. Freqiente indecisdo ao iniciar o movimento ou paradas enquanto realiza 0 movimento.
4 = Apenas pode realizar o exercicio.

24) Movimento das médos (O paciente abre e fecha as maos rapido e sucessivamente com a maior amplitude possivel, cada mao
separadamente)

0 = Normal.
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1 = Lentidéo leve e/ou reducéo da amplitude.

2 = Alteracdo moderada. Fadiga clara e precoce. O movimento pode se deter ocasionalmente.

3 = Alteragdo grave. Freqiiente indecisdo em iniciar o movimento ou paradas enquanto realiza 0 movimento.

4 = Apenas realiza o exercicio.

25) Movimentos das méos rapidos e alternantes (Movimentos de pronagdo-supinacdo das maos, vertical ou horizontalmente com a
maior amplitude possivel e ambas as méos simultaneamente)

0 = Normal.

1 = Lentiddo leve e/ou reducdo da amplitude.

2 = Alteracdo moderada. Fadiga clara e precoce. O movimento pode se deter ocasionalmente.

3 = Alteracéo grave. Freqliente indecisdo em iniciar o movimento ou paradas enquanto realiza 0 movimento.

4 = Apenas realiza o exercicio.

26) Agilidade das pernas (O paciente bate o calcanhar contra o solo em sucessdo rapida, levantando a perna por completo. A
amplitude deveria situar-se em 7 a 8 cm)

0 = Normal.

1 = Lentidéo leve e/ou reducéo da amplitude.

2 = Alteracdo moderada. Fadiga clara e precoce. O movimento pode se deter ocasionalmente.

3 = Alterag8o grave. Freqiiente indecisdo em iniciar o movimento ou paradas enquanto realiza 0 movimento.

4 = Apenas realiza o exercicio.

27) Levantar de uma cadeira (O paciente tenta levantar-se de uma cadeira de madeira ou metal de encosto vertical mantendo os
bracos cruzados sobre o torax)

0 = Normal.

1 = Lento ou necessita de mais de uma tentativa.

2 = Levanta-se com apoio nos bragos da cadeira.

3 =Tende a cair para tras e pode tentar varias vezes ainda que se levante sem ajuda.

4 = N&o pode se levantar sem ajuda.

28) Postura

0 = Erguido normalmente.

1 = Néo totalmente erguido, levemente encurvado, pode ser normal em pessoas idosas.

2 = Postura moderadamente encurvada, claramente anormal; pode estar inclinado ligeiramente para um lado.

3 = Postura intensamente encurvada com cifose; pode estar inclinado moderadamente para um lado.

4 = Flexdo marcada com extrema alteragéo postural.

29) Marcha

0 = Normal.

1 = A marcha é lenta, pode arrastar os pés e 0s passos podem ser curtos, mas ndo existe propulsdo nem festinagéo.

2 = Caminha com dificuldade, mas necessita pouca ou nenhuma ajuda; pode existir certa festinagdo, passos curtos ou propulsao.

3 =Grave transtorno da marcha que exige ajuda.

4 = A marcha é impossivel, ainda que com ajuda.

30) Estabilidade postural (Observa-se a resposta a um deslocamento subito para tras, provocado por um empurrdo nos ombros,
estando o paciente de pé com os olhos abertos e os pés ligeiramente separados. Avisar o paciente previamente)

0 = Normal.

1 = Retropulsdo, ainda que se recupera sem ajuda.

2 = Auséncia de reflexo postural; poderia ter caido se o avaliador ndo impedisse.

3 = Muito instavel; tendéncia a perder o equilibrio espontaneamente.

4 =Incapaz de manter-se de pé sem ajuda.

31) Bradicinesia e hipocinesia (Combinagdo de lentid&o, indeciséo, diminuicéo da oscila¢do dos bragos, redugédo da amplitude dos
movimentos e escassez de movimentos em geral)

0 = Ausente.

1 = Lentiddo minima, dando ao movimento um carater decidido; poderia ser normal em algumas pessoas. Amplitude possivelmente reduzida.
2 = Grau leve de lentiddo e escassez de movimentos, evidentemente anormal. Pode haver diminui¢do da amplitude.

3 = Lentiddo moderada, pobreza de movimentos ou amplitude reduzida dos mesmos.

4 = Lentiddo marcada e pobreza de movimentos com amplitude reduzida dos mesmos.
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V. ESTAGIOS DE HOEHN E YAHR

0. Auséncia de sinais patolégicos.

1. Alteracéo unilteral.

1,5. Alteragdo unilateral com comprometimento axial.

2. Alteracéo bilateral, sem déficit de equilibrio.

2,5. Alteracéo bilateral leve com recuperacdo na prova do empurrdo (deslocamento).

3. Alteracéo bilateral leve a moderada, certa instabilidade postural, fisicamente independente.
4. Incapcidade grave, ainda capaz de caminhar ou permanecer de pé sem ajuda.

5. Confinado a cama ou cadeira de rodas a néo ser que receba ajuda.

V1. ESCALA DE ATIVIDADES DE VIDA DIARIA DE SCHWAB E ENGLAND

100% Completamente independente. Capaz de realizar todas as atividades sem lentidéo, dificuldade ou limitac&o. Praticamente normal. N&o
é consciente de nenhuma dificuldade.

90% Completamente independente. Capaz de realizar todas as atividades com certo grau de lentiddo, dificuldade e limitagdo. Poderia
necessitar um tempo duas vezes superior. Comeca a ser consciente de suas limitagdes.

80% Completamente independente na maioria das tarefas. Requer um tempo duas vezes superior. Consciente de sua dificuldade e lentidéo.
70% Né&o é completamente independente. Tem mais dificuldade em algumas tarefas. Para certas atividades requer um tempo de trés a quatro
vezes superior. Deve dedicar uma grande parte do dia as tarefas.

60% Certa dependéncia. Pode realizar a maioria das atividades ainda que muito lentamente e com grande esforco. Erros; algumas tarefas séo
impossiveis.

50% Maior dependéncia. Necessita de ajuda parcial, mais lento, etc. Dificuldade em todas as tarefas.

40% Muito dependente. Colabora na maior parte das atividades, mas realiza poucas sozinho.

30% Com esforco, as vezes realiza algumas tarefas sozinho ou as comega sozinho. Precisa de uma grande ajuda.

20% Néo realiza nenhuma atividade sozinho. Pode ajudar ligeiramente em algumas atividades. Invalidez grave.

10% Totalmente dependente, invalido. Ndo consegue fazer nada.

0% As funcdes vegetativas do tipo degluticdo, micgéo e defecagéo nao se realizam normalmente. Permanece na cama.
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Anexo IV — Mini-Exame do Estado Mental (MEEM)

MINI-EXAME DO ESTADO MENTAL
(Folstein, Folstein & McHugh, 1.975)

Paciente:

Data da Avaliagdo: / / Avaliador:

ORIENTACAO

¢ Dicrda sermanc (1 DORTON: in s wwm o 55 o s 5 wowre o wse oo m ot v s s ona e m s w o wi e C )
o: DIGHEDG MIES C). DOMTO). @ coes vone i 605 55 H 85 8 G S AT G E 58 D805 FOIUTTE 0 BETETER € 2
@ VIBS (1 ONTO) 56 o iminr 555 0 o e 6 mse s oo o o7 55 3 sakobstoan simad o s e 0 0050 OR300 52388 9 05 8150 o « )
o ANG (] PONTO). + o vionvws aos o5 5 G 8 5 AW E G REST M ¥ 533 HIEEEE g5 wa s mwinas C )
e Hora aproximada (1 ponto) . ...t iin i C )
o Local especifico (aposento ou seton) (T ponto) ..o ¢
o Instituicdo (residéncia, hospital, clinica) (1 ponfo) ...t 6 )
¢ Bairro oy ruct proXinn@iCl PORTO). i s s wmsv s ammre ¢ voamnve s wie s v o o w s i s ¢ )
o CIAAAE (] POMIO)  wwvwwmnibm i i (o @0 BB RT ARG S5 F A0 00 F BOGHE W EPE v g € )
o ESTOIEE ] DONFOY: 6o s s s o e w t o v wn v msvsssn e on s o0 ko vos o o 608 007 9 « )

MEMORIA IMEDIATA

e Fale 3 palavras ndo relacionadas. Posteriormente
pergunte ao paciente pelas 3 palavras. D& 1 ponto
para cada resposta correta .. C )
Depois repita as palavras e certifique-se de que o paciente as aprendeu, pois
mais adiante vocé ird perguntd-las novamente,

ATENCAO E CALCULO

e (100 - 7) sucessivos, 5 vezes sucessivamente
(1 ponto para cada calculo COorreto) ... vvvvvv i ¢ )
(alternativamente, soletrar MUNDO de trds para frente)

EVOCACAO
» Pergunte pelas 3 palavras ditas anteriormente

(1 PoNto POr PAIAVIA) vt vt e e ¢ )
LINGUAGEM
e Nomear um relégio e uma caneta (2 pontos) ... C )
e Repetir 'nem aqui, nem ali, nem &) (1 ponto) ... C )
o Comando: "pegue este papel com a mdo direita

dobre ao meio e coloque NOchdo (3PTos) ..o )
e Ler e obedecer: 'feche 0s olhos" (1 poONtO) ..o v C )
¢ Escrever umd frase (1 PONTO) s v s e v oo o wn oo a o o on v o eis o b s a0 i C )
e Copiarum desenho (1 ponto) ...t C )

ESCORE: (___/30)



Anexo V — Bateria de Avaliacéo Frontal

BATERIA DE AVALIACAO FRONTAL (BAF)

Nome:

Avaliador:

Prontuario:

Data da Avaliacéo:
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1) Semelhancas (elaboragéo de conceitos) Respostas Pontuacéo
Qual é a semelhanca entre: - 3 respostas corretas _ 3
- Uma laranja e uma banana?
Ajudar o paciente no caso de uma resposta parcial ou nenhuma | - 2 respostas corretas _ 2
resposta: “Elas ndo tém nenhuma semelhanga” ou “Elas tém casca”
dizendo: “A laranja e a banana s&o...” Ndo ajudar o paciente nos | - 1 resposta correta 1
itens seguintes.
- Uma mesa e uma cadeira? - Nenhuma resposta correta _ 0
- Umarosa, uma margarida e uma tulipa?
Apenas as respostas referentes as categorias sdo consideradas
corretas (frutas, méveis, flores).
2) Evocagao Lexical (flexibilidade mental) Respostas Pontuagéo
“Diga o maior numero possivel de palavras, por exemplo |- Mais de 9 palavras _ 3
animais, plantas, objetos, comegando com a letra S. Ndo diga
nome de pessoas e nomes proprios em geral.” Se o paciente ndo | - De 6 a 9 palavras _ 2
disser nenhuma palavra nos dez primeiros segundos, dar um
exemplo: “serpente”. Se o paciente interromper a sequliéncia mais de | - De 3 a 5 palavras 1
30 segundos estimula-lo apés cada pausa dizendo “Qualquer
palavra comegando com a letra S.” - Menos de 3 palavras _ 0
3) Seqliéncias motoras (programagao) Respostas Pontuacéao
“Olhe com atencdo o que estou fazendo.” O examinador se |- O paciente realiza 6 seqiéncias _ 3
assenta em frente do paciente e executa trés vezes a seqiéncia de | corretas.
Luria: “palma-canto-punho”. “Agora vocé vai fazer esta seqiiéncia | - O paciente faz sozinho pelo menos _ 2
com a mao direita, primeiro ao mesmo tempo que eu e depois | 3 sequéncias consecutivas corretas.
sozinho.” O examinador realiza trés vezes a sequéncia com a méo | - O paciente ndo é capaz de fazer a
esquerda ao mesmo tempo que o paciente e depois lhe pede para | seqiiéncia sozinho, mas faz 3 1
continuar sozinho. sequéncias consecutivas.

- O paciente ndo pode realizar 3

sequéncias consecutivas corretas 0

mesmo com o0 examinador.

2) Evocacéo Lexical (flexibilidade mental)

Palavras:
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4) InstrugcBes geradoras de conflito (sensibilidade a | Respostas Pontuacgéo
interferéncia)
“Eu bato uma vez e vocé bate duas vezes.” Para |- Nenhum erro 3
certificar-se que o paciente compreendeu a regra, ele
deve realizar uma sequéncia de trés batidas: 1 -1 -1 -1o0u 2 erros 2
“Eu bato duas vezes e vocé bate uma vez.” Para
certificar-se que o paciente compreendeu a regra, ele | - Mais de 2 erros 1
deve realizar uma sequéncia de trés batidas: 2 -2 — 2
A sequéncia proposta é a seguinte: 1 —1-2-1-2-2—| - O paciente bate 0 mesmo nimero de _ 0
2-1-1-2 vezes que o examinador pelo menos 4
vezes consecutivas
5) Go-No-Go (controle inibidor) Respostas Pontuacéo
“Eu bato uma vez e vocé bate uma vez.” Para |- Nenhum erro _ 3
certificar-se que o paciente compreendeu a regra, ele
deve realizar uma sequéncia de trés batidas: 1 -1 -1 -1 ou 2 erros _ 2
“Eu bato duas vezes e vocé nao bate”. Para certificar-
se que o paciente compreendeu a regra, ele deve realizar | - Mais de 2 erros _ 1
uma sequéncia de trés batidas: 2 -2 - 2
A sequéncia proposta é a seguinte: 1 —-1-2-1-2-2—| - O paciente bate 0 mesmo nimero de _ 0
2-1-1-2 vezes que o examinador pelo menos 4
vezes consecutivas
6) Comportamento de preensdo (autonomia | Respostas Pontuacéao
ambiental)
O examinador se assenta em frente do paciente. Este | - O paciente ndo segura as méaos do 3
deixa as méaos sobre os joelhos com a palma virada para | examinador.
cima. O examinador toca as maos do paciente e observa | - O paciente hesita e pergunta o que 2
a sua reacdo. Se 0 paciente segura as maos do | ele deve fazer.
examinador, pedir: “Nao segure as minhas maos.” - O paciente segura as mé&os sem _ 1
hesitacao.
- O paciente segura as maos mesmo 0

apos o pedido para ndo fazé-lo.

ESCORE:
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Anexo VI — Inventario de Depressédo de Beck (BDI)

INVENTARIO DE DEPRESSAO DE BECK

Nome:

Este questionario consiste em 21 grupos de afirmagdes. Depois de ler cuidadosamente cada grupo, faga um circulo em torno do
namero (0, 1, 2 ou 3) proximo a afirmagéo, em cada grupo, que descreve melhor a maneira que vocé tem se sentido na uUltima
semana, incluindo hoje. Se varias afirmagées em um grupo parecerem se aplicar igualmente bem, fagca um circulo em cada uma.

Tome o cuidado de ler todas as afirmagdes, em cada grupo, antes de fazer a sua escolha.

N&o me sinto triste.
Eu me sinto triste.

Estou sempre triste e ndo consigo sair disto.

w N o

Estou téo triste ou infeliz que ndo consigo suportar

N&o estou especialmente desanimado quanto ao futuro.
Eu me sinto desanimado quanto ao futuro.

Acho que nada tenho a esperar.

w N o

Acho o futuro sem esperanca e tenho a impresséo de que as coisas ndo podem melhorar.

N&o me sinto um fracasso.
Acho que fracassei mais do que uma pessoa comum.

Quando olho para tras, na minha vida, tudo o que posso ver € um monte de fracassos.

w N o

Acho que, como pessoa, sou um completo fracasso.

Tenho tanto prazer em tudo como antes.
N&o sinto mais prazer nas coisas como antes.

N&o encontro um prazer real em mais nada.

w N o

Estou insatisfeito ou aborrecido com tudo.

N&o me sinto especialmente culpado.
Eu me sinto culpado grande parte do tempo.

Eu me sinto culpado na maior parte do tempo.

w N o

Eu me sinto sempre culpado.

N&o acho que esteja sendo punido.
Acho que posso ser punido.

Creio que serei punido.

w N PO

Acho que estou sendo punido.

o

N&o me sinto decepcionado comigo mesmo.
Estou decepcionado comigo mesmo.

2. Estou enjoado de mim.



w N o

ISA I S O A w N o

w N o w N o w N o w N o w N o

w N o

Eu me odeio.

N&o me sinto, de qualquer modo, pior que 0s outros.
Sou critico em relagdo a mim por minhas fraquezas ou erros.
Eu me culpo sempre por minhas falhas.

Eu me odeio.

N&o tenho qualquer idéia de me matar.
Tenho idéias de me matar, mas ndo as executaria.
Gostaria de me matar.

Eu me mataria se tivesse oportunidade.

N&o choro mais do que o habitual.

Choro mais agora do que costumava.

Agora, choro o tempo todo.

Costumava ser capaz de chorar, mas agora ndo consigo, mesmo que o queira.
N&o sou mais irritado agora do que ja fui.

Fico aborrecido ou irritado mais facilmente do que costumava.

Atualmente me sinto irritado o tempo todo.

N&o me irrito mais com as coisas que costumavam me irritar.

N&o perdi o interesse pelas outras pessoas.
Estou menos interessado pelas outras pessoas do que costumava estar.
Perdi a maior parte do meu interesse pelas outras pessoas.

Perdi todo 0 meu interesse pelas outras pessoas.

Tomo decis@es tdo bem quanto antes.
Adio as tomadas de decisdes mais do que costumava.
Tenho mais dificuldade em tomar decisGes do que antes.

N&o consigo mais tomar decisdes.

N&o acho que minha aparéncia esteja pior do que costumava ser.
Estou preocupado por estar parecendo velho ou sem atrativos.
Acho que ha mudancas permanentes na minha aparéncia que me fazem parecer sem atrativos.

Acredito que pareco feio.

Posso trabalhar tdo bem quanto antes.
Preciso de um esforgo extra para fazer alguma coisa.
Tenho que me esforgar muito para fazer alguma coisa.

N&o consigo mais fazer trabalho algum.

Consigo dormir tdo bem como o habitual.
N&o durmo tdo bem quanto costumava.
Acordo uma a duas horas mais cedo que habitualmente e tenho dificuldade em voltar a dormir.

Acordo varias horas mais cedo do que costumava e ndo consigo voltar a dormir.

Né&o fico mais cansado do que o habitual.
Fico cansado com mais facilidade do que costumava.
Sinto-me cansado ao fazer qualquer coisa.

Estou cansado demais para fazer qualquer coisa.

175



Score:

w N o

0
1
2.
3

Meu apetite nédo esta pior do que o habitual.
Meu apetite nédo é tdo bom quanto costumava ser.
Meu apetite esta muito pior agora.

N&o tenho mais nenhum apetite.

Nao tenho perdido muito peso, se é que perdi algum recentemente.
Perdi mais de dois quilos e meio.
Perdi mais de cinco quilos.

Perdi mais de sete quilos.

Estou tentando perder peso de propdésito, comendo menos: Sim () Nao ( )

0.

w N

w N o

N&o estou mais preocupado com minha satde do que o habitual.
Estou preocupado com problemas fisicos, tais como dores, indisposi¢éo do estdmago ou priséo de ventre.
Estou muito preocupado com problemas fisico e é dificil pensar em outra coisa.

Estou tdo preocupado com meus problemas fisicos que ndo consigo pensar em qualquer outra coisa.

N&o notei qualquer mudancga recente no meu interesse por sexo.
Estou menos interessado por sexo do que costumava estar.
Estou muito menos interessado em sexo atualmente.

Perdi completamente o interesse por sexo.
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