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RESUMO

Introdugdo: A esclerose multipla (EM) é uma doenca inflamatdria cronica, desmielinizante,
imuno-mediada, com envolvimento de muitos mecanismos fisiopatoldgicos que acometem o
sistema nervoso central. Sua etiologia é complexa e multifatorial com a intera¢dao entre
fatores genéticos, falha da tolerancia imunoldgica e fatores ambientais. A EM apresenta
heterogeneidade no seu curso clinico, progressdao da incapacidade, formas clinicas e
resposta ao tratamento. Portanto, a busca por biomarcadores que possam ser Uteis para
auxiliar o diagndstico, predizer incapacidade e sua progressao ao longo do tempo, tem sido
objeto de estudos. Objetivo: Avaliar um conjunto de biomarcadores imuno-inflamatdrios,
metabdlicos, de estresse oxidativo/nitrosativo e a variante rs3761548 no gene FOXP3 em
pacientes com EM. Metodologia: O estudo incluiu 170 pacientes com EM de ambos os
sexos, com idade entre 18 a 70 anos atendidos no Ambulatério de Doengas Desmielinizantes
do Ambulatério de Especialidades do Hospital Universitario de Londrina e 182 individuos
saudaveis. Os pacientes foram classificados com EM remitente-recorrente (EMRR) e EM
progressiva, que compreende as formas clinicas EM primariamente progressiva e EM
secundariamente progressiva. A incapacidade foi avaliada pela Escala Expandida do Estado
de Incapacidade (EDSS), sendo catagorizada em leve (EDSS <3,0) e moderada/grave (EDSS
>3,0). A progressdao da doenca foi avaliada pela escala Multiple Sclerosis Severity Score
(MSSS) e foi considerada progressao quando MSSS >5,0. Os dados sociodemograficos,
antropométricos, epidemioldgicos e clinicos foram obtidos utilizando um questionario
padronizado. Amostras de sangue periférico foram coletadas para a determinacdo de
biomarcadores imuno-inflamatdrios, tais como interleucina (IL)-6, IL-17, IL-10 e fator de
transformacdo do crescimento (TGF)-B1 e biomarcadores metabdlicos como presenca de
sindrome metabdlica (SM), niveis plasmaticos de glicose, niveis séricos de acido urico,
homocisteina; insulina, colesterol total (CT), lipoproteina de baixa densidade (LDL),
lipoproteina de alta densidade (HDL) e triglicerideos; biomarcadores de estresse oxidativo e
nitrosativo como peroxidacdo lipidica (hidroperdxidos), produtos avancados de oxidacdo
proteica (AOPP), dosagem de proteinas carbonilicas e metabdlitos do dxido nitrico (NOx). A
identificacdo dos gendtipos da variante rs3761548 do gene FOXP3 foi realizada em amostras
de DNA genOmico extraido das células do sangue periférico. Uma sequéncia de 155 pares de
bases do gene FOXP3 foi amplificado pela reacdo em cadeia da polimerase (PCR) e
polimorfismo no comprimento dos fragmentos de restricdio (RFLP). Resultados: Os
resultados foram apresentados em dois artigos. No primeiro artigo cientifico, foram
incluidos 122 pacientes com EM. Pacientes com EDSS 23,0 tinham idade mais avancada e
apresentaram niveis elevados de homocisteina, acido urico, AOPP, LDL e maior proporc¢ao de
SM, enquanto os niveis de HDL foram mais baixos quando comparados aos pacientes com
EDSS <3,0. Um modelo de analise demonstrou que 36,3% da variagao no escore EDSS pode
ser explicado pela idade, pelo escore da resposta Th17/T regulatéria (Treg), LDL/HDL e
homocisteina (todos positivamente) e inversamente ao indice de massa corpérea (IMC).



Apds ajustar pelos diferentes esquemas de tratamento para EM usados pelos pacientes, os
efeitos da idade, homocisteina e dos scores Th17/Treg e LDL/HDL na incapacidade
continuaram significativos, enquanto que os efeitos do IMC ndao foram mais associados.
Além disso, as proteinas carbonilicas foram associadas com o aumento no EDSS. No segundo
artigo, foram incluidos 170 pacientes com EM (121 mulheres e 49 homens) e 182 controles
saudaveis (130 mulheres e 52 homens), controlados pela idade, sexo, etnia, indice de massa
corporal (IMC) e tabagismo. A mediana do EDSS nesta coorte de paciente com EM foi 3,0,
utilizado como ponto de corte para a categorizacdo dos pacientes para este artigo. Os
pacientes com EM apresentaram niveis mais altos de TGF-B1 e IL-10 quando comparado aos
controles (p <0,001). Em andlise multivariada com TGF-f1 e IL-10 como varidveis
dependentes e o diagndstico como variavel explanatdria ajustando-se a idade, sexo, IMC,
etnia e tabagismo, constataram que o diagndstico de EM, idade e tabagismo apresentaram
efeitos significativos no niveis de TGF-B1l e IL-10. Testes para efeitos entre individuos
mostraram que o diagndstico de EM estava positivamente associado com os niveis de TGF-
Bl e IL-10 e exercia um efeito em seus niveis de 40,3% e 32,5%, respectivamente. A
distribuicdo dos gendtipos CC, CA e AA em modelos codominantes, dominantes e recessivos,
assim como do alelo A, diferiu de pacientes com EM e controles em mulheres, sendo
associados com a suscetibilidade a EM. No modelo dominante, a frequéncia dos gendtipos
CA + AA em mulheres com EM foi maior do que em mulheres saudaveis, com odds ratio (OR)
de 2,57 [intervalo de confianga (IC) de 95%: 1,50-4,37]. TGF-B1 (OR 1,026, 1C95%: 1,001-
1,053, p = 0,045) e incapacidade moderada/grave incapacidade (EDSS> 3) (OR: 2,678, IC 95%:
1,026-6,995, p = 0,044) foram positivamente associados aos gendtipos CA + AA. Apds ajuste
com os fatores confundidores (idade, etnia, tabagismo, idade de diagndstico e tratamento
para EM), somente os valores de TGF-B1 permaneceram associados aos genétipos CA + AA
(OR 1,027, 95%IC: 1,001-1,054, p=0,043). Conclusdao: No primeiro artigo, os resultados
demonstraram que a relagdo entre a resposta Th17/Treg, juntamente com a idade, niveis
aumentados de proteina carbonilica e homocisteina e o escore LDL/HDL foram associados
com a incapacidade. No segundo artigo, nossos resultados demonstraram que a variante
rs3761548 FOXP3 foi associada ao diagndéstico de EM em mulheres. Além disto, em
mulheres com EM, os genétipos CA+AA foram associados aos niveis mais elevados de TGF-
B1 guando comparadas com as do gendtipo CC. Esses dados sugerem que o alelo A da
variante FOXP3 -3279 C> A pode exercer um papel no nimero e func¢do das células Treg e
pode ser um dos fatores envolvidos na suscetibilidade das mulheres a EM. Estes resultados
reforcam que o perfil imuno-inflamatdrio, metabdlico, o estresse oxidativo e nitrosativo, e as
variantes genéticas desempenham um papel fundamental no curso clinico da doenca e
podem ser possiveis novos alvos para o tratamento desses pacientes.

Palavras-chave: Esclerose multipla. Incapacidade. Inflamacdo. Estresse oxidativo. Variante
genética rs3761548. FOXP3. TGF-f1.
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ABSTRACT

Introduction: Multiple sclerosis (MS) is a chronic, demyelinating, immuno-mediated
inflammatory disease with involvement of many pathophysiological mechanisms that affect
the central nervous system. Its etiology is complex and multifactorial with interactions
between genetic factors, breakdown of immunological tolerance and environmental factors.
The MS shows heterogenicity in its clinical course, disability, disability progression, clinical
forms and response to therapy. Therefore, the search for biomarkers that may help the
diagnosis, predict the disability and disability progress over time, has been the subject of
studies. Objective: The objective of the present study was to evaluate a set of immune-
inflammatory, metabolic, oxidative and nitrosative stress biomarkers, and the rs3761548
FOXP3 gene variant in patients with MS. Methods: The study included 172 MS patients of
both sexes, aged 18 to 70 years, attended the Demyelinating Diseases Outpatient Clinic of
the University Hospital of Londrina and 70 healthy individuals selected from blood donors at
the Regional Blood Center of Londrina and population in general. Patients were classified as
relapsing-remitting MS (RRMS) and progressive MS, which comprised primary progressive
MS and secondary progressive MS. Disability was assessed by the Expanded Disability Status
Scale (EDSS). The disability was categorized as mild (EDSS <3.0) and moderate/severe (EDSS
>3.0). Disease progression was assessed using the Multiple Sclerosis Severity Score (MSSS)
scale and was considered progression when MSSS >5.0. Sociodemographic, anthropometric,
epidemiological and clinical data were obtained using a standardized questionnaire.
Peripheral blood samples were collected for the determination of immuno-inflammatory
biomarkers, such as interleukin (IL)-6, IL-17, IL-10, transforming growth factor (TGF)-B1 and
metabolic biomarkers were the presence of metabolic syndrome (MetS), plasma glucose
levels, serum uric acid levels, homocysteine, insulin, total cholesterol (TC), low-density
lipoprotein-cholesterol (LDL), high-density lipoprotein cholesterol (HDL) and triglycerides;
biomarkers of oxidative and nitrosative stress were lipid peroxidation (hydroperoxides),
advanced oxidation protein products (AOPP), determination of carbonyl proteins and nitric
oxide metabolites (NOx). For identification of the rs3761548 variant of the FOXP3 gene, the
DNA genomic was extracted from the peripheral blood cells. A 155 base pair sequence of the
FOXP3 gene was amplified by polymerase chain reaction (PCR) and restriction fragment
length polymorphism (RFLP) methods. Results: The results were discussed in two articles. In
the first article, a total of 122 patients with MS were included. Patients with EDSS >3 were
older and showed higher homocysteine, uric acid, AOPP and LDL-cholesterol and higher rate
of MetS, while HDL-cholesterol was lower than in patients with EDSS<3. Initially, 36.3% of
the variance in EDSS score were explained by age, a Th17/T regulatory (Treg) profile,
LDL/HDL ratio and homocysteine (all positively related) and body mass index (BMI) (inversely
related); however, after adjusted for the MS therapy, the effects of zLDL/HDL, zTh17/Treg,
homocysteine and age on disability remained and BMI was no longer significant. Moreover,
carbonyl proteins were associated with increased disability. In the second study, 170 MS



patients (121 female and 49 male) and 182 healthy controls (130 female and 52 male) were
included. As expected, MS patients did not differ in the variables age, sex, ethnicity, body
mass index (BMI) and smoking when compared to controls. As the median disability in this
cohort of patients was 3.0, this value was used as the cut-off to categorize the MS patients
for this article, as wild disability (EDSS <3.0) and moderate/high disability (EDSS >3.0). MS
patients showed higher levels of TGF-B1 and IL-10 than controls (p<0.001). The multivariate
GLM analysis with TGF-B1 and IL-10 as dependent variables and diagnosis as the explanatory
variable adjusting for age, sex, BMI, ethnicity, and smoking, we found that MS diagnosis, age
and, smoking had significant effects on the levels of TGF-B1 and IL-10, whereas sex, BMI, and
ethnicity did not. Tests for between-subject effects showed that MS diagnosis was positively
associated with the TGF-B1 and IL-10 levels and exerted an effect size of 40.3% and 32.5%,
respectively, in their levels. The distribution of the CC, CA and AA genotypes in codominant,
dominant and recessive models as well as the A allele differed from female MS patients and
female controls and were associated with MS susceptibility. In the dominant model, the
frequency of CA + AA genotypes in female MS patients was higher than in healthy female,
with an odds ratio (OR) of 2.57 [confidence interval (Cl) 95%: 1.50-4.37]. TGF-f1 (OR 1.026,
Cl 95%: 1.001-1.053, p=0.045) and moderate/high disability (EDSS >3) (OR 2.678, Cl 95%:
1.026-6.955, p=0.044) were positively associated with the genotype CA+AA. Adjusting for
age, ethnicity, smoking, age of diagnosis and MS treatment in the model, only TGF-f1
remained positively associated with the genotypes CA+AA. (OR: 1.027, Cl 95%: 1.001-1.054,
p=0.043). Conclusion: In conclusion, the results demonstrated in the first article showed that
the Th17/Treg ratio coupled with age and increased carbonyl proteins were the most
important biomarkers associated with disability followed by homocysteine and LDL/HDL
ratio. Our results also demonstrated that rs3761548 FOXP3 variant was associated with MS
diagnosis in female patients; moreover, among female MS patients, the CA+AA genotypes
were associated with higher levels of TGF-B1 than those with the CC genotype. These data
suggest that the A allele of FOXP3 -3279 C>A variant may exert a role in the suppressor Treg
cells function, which could be one of the factors involved in susceptibility in females to MS.
Taken together, these results underscore that immune-inflammatory, metabolic, oxidative
and nitrosative stress, and genetic pathways play a key role in the pathophysiology and
clinical course of the MS and may be possible new targets for the treatment of these
patients.

Keywords: Multiple sclerosis. Disability. Inflammation. Oxidative stress. rs3761548 genetic
variant. FOXP3. TGF-B1.
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1 INTRODUCAO

A esclerose multipla (EM) é uma doenga inflamatéria crénica imuno-mediada,
desmielinizante e neurodegenerativa do sistema nervoso central (SNC) que apresenta o
envolvimento de varios processos fisiopatoldgicos como inflamacdo, desmielinizacdo, perda
de oligodendrécitos, comprometimento dos axonios, estresse oxidativo e mecanismos de
reparo. A EM é uma doenga complexa e de etiologia multifatorial, causada pela interagao
entre fatores genéticos, falha da tolerancia imunoldgica e fatores ambientais (SOSPEDRA;
MARTIN, 2016).

A lesdo caracteristica da EM é a placa desmielinizante, formada por areas
desmielinizadas confluentes na substancia branca e cinzenta do cérebro e da medula
espinhal, indicando a apoptose dos oligodendrécitos. Essas lesGes sdo causadas pela
infiltracdo de células imunes através da barreira hematoencefdlica (BHE) que promovem
inflamacdo, desmielinizacdo, gliose e degeneracdo neuroaxonal, levando a ruptura da
sinalizacdo neuronal (FRISCHER et al.,, 2009). As células T aparecem precocemente na
formacdo da lesdo e a doenca é considerada autoimune, iniciada por linfocitos T (LT)
autorreativos que produzem respostas exacerbadas a autoantigenos do SNC, cuja natureza
precisa, no entanto, permanece desconhecida (FRISCHER et al., 2009).

Na maioria dos casos, as manifestacdes iniciais da EM ocorrem entre os 20 e 40
anos de idade, sendo duas a trés vezes mais frequente em mulheres e em individuos
caucasianos (COMPSTON; COLES, 2008; OH; VIDAL-JORDANA; MONTALBAN, 2018) e a maior
causa de incapacidade neurolégica em adultos jovens (REICH; LUCCHINETTI; CALABRESI,
2018).

De acordo com o ultimo atlas geografico de EM realizado no ano de 2013, o
numero estimado de pessoas com EM em todo o mundo é de, aproximadamente, 2,5
milhoes (BROWNE et al., 2014; REICH; LUCCHINETTI; CALABRESI, 2018). A prevaléncia da EM
varia consideravelmente entre os paises, com valores <5 casos em 100.000 habitantes em
areas denominadas de baixo risco, como a maior parte da Africa e Asia Oriental, atingindo
mais que 100 casos em 100.000 habitantes nas areas de alto risco, como norte e centro da
Europa, América do Norte e sudeste da Australia (BROWNE et al., 2014).

Estima-se que varios paises da América do Sul, apresentam risco médio para EM,

com prevaléncia de 5 a 20 casos por 100.000 habitantes. A prevaléncia da EM na Argentina,
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considerado um pais de risco médio para a EM, ¢é estimada de ser 18 por 100.000
habitantes, o que é seis vezes mais alta o que a prevaléncia registrada no Equador, um pais
com risco baixo para EM (EVANS et al., 2013).

No Brasil, de acordo com uma revisao sistematica publicada por Pereira et al.
(2015), a prevaléncia média encontrada foi de 8,69 casos em 100.000 habitantes. O primeiro
estudo, na cidade de Sao Paulo, Sao Paulo, apresentou uma taxa de prevaléncia de 4,3 por
100.000 habitantes (CALLLEGARO et al., 1992). Uma reavaliagdo da epidemiologia de EM
mostrou uma taxa de prevaléncia de 15,0 por 100.000 (CALLEGARO et al.,, 2001). Outra
investigacdo de prevaléncia, realizada em Botucatu, Sdo Paulo, revelou uma taxa de 17 casos
por 100.000 habitantes (ROCHA et al., 2002). No Estado de Minas Gerais, 2 outros estudos
foram realizados e a taxa de prevaléncia foi de 12,5 por 100.000 habitantes em Uberaba
(RIBEIRO, 2011) e de 18,2 por 100.000 habitantes em Belo Horizonte (LANA-PEIXOTO et al.,
2012). Em Santa Maria, Rio Grande do Sul, estudo mostrou prevaléncia de 27,2 por 100.000
habitantes, a maior taxa relatada no Brasil (FINKELSZTEJN et al., 2014).

Em Londrina, cidade no norte do estado do Parang, regidao sul do Brasil, estudos
prévios demonstraram uma taxa de 12,9 por 100.000 habitantes (KAIMEN-MACIEL;
MEDEIRQS, 2003). Devido a aspectos geograficos, demograficos e histéricos de cada regido,
observou-se uma grande variabilidade entre os valores maximos e minimos, que oscilaram
entre 27,2 casos em 100.000 habitantes na regido Sul e 1,36 casos em 100.000 habitantes na
regido Nordeste. De acordo com dados do Ministério da Saude, 35 mil brasileiros convivem
com a EM e, destes, 15 mil estdo em tratamento pelo Sistema Unico de Satde (BRASIL,
2019).

A prevaléncia de EM tem aumentado no decorrer dos anos, especialmente em
mulheres. Esta descoberta pode representar um verdadeiro aumento da doenga, mas
também pode ser atribuido a uma melhoria no acesso ao servico médico e maior precisdo no
seu diagndstico (KOCH-HENRIKSEN; SGRENSEN, 2010). A figura 1 apresenta a prevaléncia da

EM no mundo, segundo a Multiple Sclerosis International Federation (2013).
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Figural Prevaléncia da esclerose multipla no mundo por 100.00 habitantes

PREVALENCIA POR PAIS (2013)

Pessoas com EM por
100.000 habitantes

B -0
] so.01-100
] zo0.01-0

|:| Dados ndo fornecidos

Fonte: Multiple Sclerosis International Federation. Atlas da Esclerose Multipla em 2013: mapeamento
da esclerose multipla no mundo. Disponivel em http://abem.org.br/esclerose/atlas-da-esclerose-

multipla-2013. Acessado em 02/04/2019.

A EM é uma doenca heterogénea do ponto de vista clinico, uma vez que os
pacientes podem apresentar uma grande variedade de sintomas, incluindo altera¢des na
visdo, mobilidade, equilibrio, cognicdo e fungdo do esfincter que sdo, em grande parte,
determinados pela localizacdo e extensdao das lesGes desmielinizantes que podem estar
situadas no nervo 6ptico, medula espinhal, substancia branca periventricular e tronco
cerebral (MILO; MILLER, 2014).

De acordo com a classificacdo recentemente revisada do curso clinico da EM, ha
guatro fendtipos principais: sindrome clinicamente isolada (CIS), EM remitente-recorrente
(EMRR), EM primariamente progressiva (EMPP) e EM secundariamente progressiva (EMSP)
(DENDROU; FUGGER; FRIESE, 2015; THOMPSON et al., 2018a). A forma CIS é a manifestacdo
inicial da EM, afeta os nervos dpticos, tronco cerebral ou medula espinhal. Pode ser definida

como um episddio agudo ou subagudo de disfuncdo neurolégica devido a desmielinizacao


http://abem.org.br/esclerose/atlas-da-esclerose-multipla-2013/
http://abem.org.br/esclerose/atlas-da-esclerose-multipla-2013/
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inflamatdria que dura mais de 24 horas e ocorre na auséncia de febre, infeccao e
encefalopatia (BROWNLEE; MILLER, 2015). A EMRR é a forma mais frequente da doenga e
representa, aproximadamente, 80% de todos os casos no inicio da doenca e é caracterizada
pela presenga de surtos bem definidos com recuperagao parcial ou completa dos sintomas e
auséncia de progressdo entre os episédios (KOCH et al. 2007; MARQUES, 2010). A forma
EMSP é uma evolugdo natural da EMRR em 30 a 40% dos casos apds 10 anos do diagndstico.
Constata-se uma deterioracdo continua das funcbes neuroldgicas e constitui, cerca de, 15 a
20% de todas as formas de EM num dado momento. Aproximadamente 10% dos pacientes
com EM sdo diagnosticados com a forma EMPP e apresentam-se com o curso progressivo
desde o inicio dos sintomas e evoluem de forma lenta e estdvel, sem surtos aparentes

(MARQUES, 2010). A figura 2 ilustra as principais formas clinicas da EM.

Figura2 Formas clinicas da esclerose multipla
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Fonte: Adaptado de Dendrou; Fugger; Friese (2015).
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O diagnéstico da EM é baseado na integracdo de achados clinicos, de imagem e
laboratoriais. No entanto, o conhecimento clinico é necessdrio para demonstrar evidéncias
de disseminacdo no tempo e no espaco e, mais importante, excluir outras condicoes
neurolégicas. A imagem de ressonancia magnética nuclear (RMN) auxilia na exclusdo de
outras doencas e permite um diagndstico mais seguro. Critérios diagndésticos conhecidos
como critérios de McDonald evoluiram a medida que a tecnologia dos exames de imagem
também avancou, tornando-os mais simples e mais acessiveis a uma proporcdo maior da
populagdo, mantendo a sensibilidade e especificidade (BROWNLEE; SWANTON; ALTMANN,
2015; POLMAN et al., 2011; THOMPSON et al., 2018a). Nos critérios de McDonald de 2017,
houve o restabelecimento do exame eletroforético do liquido cefalorraquidiano (LCR) para a
pesquisa da presenca de bandas oligoclonais e um protocolo padronizado para
acompanhamento de pacientes com suspeita ou EM clinicamente definida pelo exame de
RMN (THOMPSON et al., 2018b).

O grau de incapacidade da doenca é avaliado pela Escala Expandida do Estado de
Incapacidade (Expanded Disability Status Scale, EDSS), proposta por Kurtzke (1983), que é
parcialmente baseada em avaliacdes de oito areas do SNC conhecidas como sistemas
funcionais (fun¢Ges piramidais, tronco cerebral, cerebelar, sensoriais, intestinais, vesicais,
cerebrais e visuais). Ao longo do tempo, os pacientes com EM podem apresentar alteracdes
nos escores de incapacidade. A progressdo da incapacidade pode ser avaliada utilizando a
variacdo do EDSS em tempos diferentes. Para pacientes com um EDSS <6,0, o aumento de
pelo menos um ponto completo é considerado como progressao da incapacidade, enquanto
gue para os pacientes com EDSS 26,0 um agravamento de, pelo menos, meio ponto é
necessario para ser considerado como progressao da incapacidade (KOCH et al., 2007).

A progressao da incapacidade também pode ser avaliada pelo AEDSS, ou seja,
pela variacdo entre os escores de EDSS obtidos em intervalos de tempo (EDSS no tempo 2 -
EDSS no tempo 1 = AEDSS). Atualmente, o escore de gravidade da esclerose multipla
(Multiple Sclerosis Severity Score, MSSS) tem sido considerado como o melhor método para
avaliacdo do acumulo de incapacidade na EM ao longo do tempo (KOCH et al.,, 2015).
Proposto por Roxburgh et al. (2005), uma pontuacdo do MSSS é atribuida de acordo com o
EDSS de um paciente, comparado com o EDSS de uma ampla base de dados de pacientes
com duracdo semelhante da doenca. O escore >5,0 denota velocidade maior que a média de

acumulo de incapacidade (KOCH et al., 2015).
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Além disso, alguns fatores estdo relacionados com o pior prognéstico da EM e
podem ser considerados preditores do acimulo da incapacidade (Quadro 1). Entre estes
fatores, o avango da idade é um fator de risco significativo associado com a neuroinflamacao
e com o curso clinico da EM (MUSELLA et al., 2018). Estudos sugerem que os processos de
envelhecimento afetam diferencialmente o desempenho motor e cognitivo em pacientes
com EM (BODLING; DENNEY; LYNCH, 2009; ROY et al., 2017), indicando que os pacientes
com EM mais idosos sdo mais suscetiveis a deficiéncia motora e menos a disfuncdo
cognitiva. Na figura 3 estdao descritos a sequéncia de eventos patoldgicos e reparadores que

ocorrem durante o curso clinico da doencga associados com a idade.

Quadro 1 Fatores associados ao pior progndstico em pacientes com esclerose multipla

Fatores associados ao pior progndstico em pacientes com esclerose multipla

- Localizagao das lesGes no sistema nervoso central (esfincteriano, motor, cerebelar,
tronco-
cerebral)
- Incapacidade inicial (baseline)
- LesGes na ressonancia magnética
- Presenca de duas ou mais lesdes gadolineo-positivas em T1
- Presenca de duas ou mais lesdes em T2
- Aumento do nimero e tamanho das lesdes
- Presenca de duas ou mais lesdes medulares
- Atrofia cerebral
- Idade mais avancgada
- Elevado numero de surtos nos dois primeiros anos de doenca
- Surtos multifocais
- Gravidade dos surtos
- Tempo de recuperagdo dos surtos
- Grau de recuperacgdo ap0s surto
- Sexo masculino

- Descendente afro-americano

Fonte: Adaptado de Thompson et al. (2018a).
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Figura3 Eventos patolégicos e reparadores no curso clinico da esclerose multipla
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Com o avango da idade do paciente com esclerose multipla (EM), processos neurodegenerativos e
neuroinflamatérios sdo exacerbados, causando déficits cognitivos e motores graves. A inflamagdo
estd presente em todos os estdgios da doenga. Desde a fase inicial da EM remitente-recorrente
(EMRR) ocorre desmielinizagdo, sinaptopatia e dano axonal, causando neurodegeneragdo
progressiva. Para evitar danos cerebrais e compensar funcionalmente eventuais déficits de estimulos
sindpticos, o sistema nervoso central (SNC) utiliza mecanismos de neuroprotegdo, remielinizagdo e
plasticidade sinaptica. A transicdo da EMRR para a EM secundariamente progressiva (EMSP) é,
provavelmente, o ponto no qual a reserva compensatdria de plasticidade cerebral que contorna a
lesdo neuronal, estd esgotada. Com o avango da idade, o poder de remielinizagao, neuroprotegao e
plasticidade sindptica diminuem, independentemente do curso e gravidade da doenca.

Fonte: Adaptado de Musella et al. (2018).
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1.1 ETIOLOGIA E FISIOPATOLOGIA DA ESCLEROSE MULTIPLA

A etiologia da EM ainda nao esta totalmente elucidada. Evidéncias sugerem que
a interacdo entre fatores genéticos, epigenéticos e ambientais com fatores de risco
modificaveis estejam envolvidos com a patogénese da doenga (OLSSON; BARCELLOS;
ALFREDSSON, 2016). Ainda ndo estd claro quais fatores sdo responsaveis pela
heterogeneidade na apresentacgao clinica e curso clinico da EM, assim como diferengas nas
alteragcdes morfolégicas observadas na RMN e na avaliacdo histopatoldgica, funcdes
neurolégicas afetadas e resposta ao tratamento. Evidéncias sugerem que esta
heterogeneidade seja atribuida aos diferentes mecanismos fisiopatolégicos envolvidos da
EM, como desregulacdo da resposta imune inata e adaptativa, estresse oxidativo e
alteracGes metabdlicas, em associacdo com fatores genéticos e ambientais (SOSPEDRA;
MARTIN, 2016).

Entre os fatores ambientais, os mais frequentes incluem o tabagismo, obesidade,
dislipidemia, latitude geografica (em geral a exposicdo ao sol e raios ultravioleta B tendem a
diminuir com o aumento da latitude), deficiéncia de vitamina D e infec¢des virais,
principalmente envolvendo o virus Epstein-Barr (REICH; LUCCHINETTI; CALABRESI, 2018).
Alguns estudos tém mostrado que o microbioma intestinal, da pele e das vias aéreas poderia
estar associado com respostas autoimunes e inflamatdrias, contribuindo para a patogénese
na EM (CHU et al., 2018). Além disso, pesquisas indicam que altos niveis de homocisteina
podem ser um fator de risco para condi¢cOes neurodegenerativas (SESHADRI, 2006; ZHU; HE;
LIU, 2011), sendo associados com progressao da incapacidade (OLIVEIRA et al., 2018) e
prejuizo cognitivo em pacientes com EM (RUSSO et al., 2008).

Com relacdo a contribuicdo genética na EM, sabe-se que a variacdo génica é
responsavel por aproximadamente 30% do risco global de EM e, com o advento de estudos
de associacdo genOmica ampla (Genome-wide association studies, GWAS), mais de 100
variantes genéticas foram identificadas como fatores de risco para o desenvolvimento da EM
(BEECHAM et al., 2013; SOSPEDRA; MARTIN, 2016). Cada variante genética teria um
pequeno efeito no risco da doenca e diferentes combinacbes dessas variantes
provavelmente contribuem para a suscetibilidade em diferentes pacientes (SOSPEDRA;
MARTIN, 2016). A maioria dessas variantes codifica moléculas envolvidas no sistema

imunoldgico, tais como os genes Human leukocyte antigen (HLA) no cromossomo 6,
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incluindo variantes nos alelos HLA-DRB1*15:01, HLA-DRB1*0301 e HLA-DRB1*1303
expressos nas células da resposta imune inata que estdo associados a um maior risco do que
outros disturbios imunoldgicos sistémicos (HEMMER; KERSCHENSTEINER; KORN, 2015).

Estudo prévio realizado pelo nosso grupo de pesquisa em pacientes com EM
provenientes de Londrina e regido norte do Parand, Sul do Brasil, demonstrou que o alelo
HLA-DRB1*15 em heterozigose foi positivamente associado a EM e poderia ser considerado
um marcador genético de suscetibilidade a doenca. O estudo demonstrou, também, uma
associacao negativa entre o alelo HLA-DRB1*11 em homozigose e EM, sugerindo que este
alelo poderia ser considerado um marcador genético de resisténcia a EM nessa populagao
(KAIMEN-MACIEL et al., 2009). Outro estudo do nosso grupo de pesquisa demonstrou que a
variante do fator de necrose tumoral (TNF)-B +252 G>A (rs909253) foi associado com a EM
independente dos alelos do HLA-DRB1 (KALLAUR et al., 2014) e desempenha um papel na
fisiopatologia da EM e progressao da doenca (KALLAUR et al., 2017).

Embora o Jlocus HLA-DRB1 localizado no cromossomo 6p2l1 seja o mais
importante para a suscetibilidade genética a EM (SCHMIDT; WILLIAMSON; ASHLEY-KOCH,
2007), ele ndo explica completamente a base genética desta doenca e responde por menos
de 50% do componente genético na EM (COMPSTON; COLES, 2002). Muitos genes ndao HLA
tém sido sugeridos na associacao com EM, mas poucos tém mostrado reprodutibilidade em
diferentes populacdes (BAHREINI et al., 2010). Bahreini et al. (2010) revisaram as principais
variantes de um unico nucleotideo (Single Nucleotide Variant, SNV) associados a EM e
destacaram variantes no gene do receptor alfa da interleucina 2 (IL2RA), gene do receptor
alfa da interleucina 7 (/IL7RA) e do membro A da familia do dominio 16 da lectina tipo C
(CLEC16A).

A delecdao de 32 pares de bases do gene do receptor 5 da quimiocina CC
(CCR5432) foi associada com menor numero de lesGes gadolineo-positivas avaliadas por
RMN em pacientes com EM (KAIMEN-MACIEL et al, 2007). Além disso, outras variantes em
genes de citocinas e seus receptores, como por exemplo o gene da interleucina (IL)-1B, IL-2,
IL-10, TNF-a, TNF-B, receptor da IL-1B e receptor da IL-2, quimiocinas (CCL3, CCL4 e CCL5) e
receptores de quimiocinas (CCR2) foram revisados quanto ao seu papel na suscetibilidade e

curso clinico da EM (KALLAUR et al., 2011).
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1.1.1 Imunopatogénese da Esclerose Multipla

A EM inicia como uma resposta imune celular mediada por LT. A ativacao dos LT
CD4" autorreativos que escaparam dos mecanismos de tolerancia central e periférica.
Individuos geneticamente suscetiveis ao entrar em contato com estimulos ambientais, como
infeccao viral, podem desencadear reagdes imunogénicas ao reconhecer moléculas ou
células com peptideos semelhantes aos da mielina (DENDROU; FUGGER; FRIESE, 2015).
Células apresentadoras de antigenos (APC), como macréfagos e células dendriticas entram
em contato com o antigeno, e pela expressao de moléculas coestimulatérias e do complexo
maior de histocompatibilidade (MHC) de classe Il, apresentam o antigeno para os LT CD4"
naives no tecido periférico, implicando em sua ativacdo (DENDROU; FUGGER; FRIESE, 2015;
RODGERS; MILLER, 2012). Estes linfocitos ativados podem se diferenciar em varios subtipos
de células funcionalmente distintas incluindo T helper (Th)1, Th2, Thl7 e células Treg
(DENDROU; FUGGER; FRIESE, 2015; RODGERS; MILLER, 2012). Além disso, linfécitos B (LB)
autorreativos também desempenham um papel fundamental nos danos causados na EM,
participando da producdo de anticorpos contra proteinas da mielina, como o anti-MOG
(myelin oligodendrocyte glycoprotein) e anti-MBP (myelin basic protein), produzindo
citocinas efetoras e contribuindo para a ativacdo de LT CD4" através da apresentacdo de
antigenos via MHC Il no SNC (DUDDY et al., 2007; FRANCIOTTA et al., 2008).

Na EM, o processo inflamatdrio cronico responsavel pela neurodegeneracao e
destruicdo da mielina é caracterizado pelo predominio de uma resposta imune de células
CD4" Thl e Th17 (MURPHY et al., 2010; SOSPEDRA; MARTIN, 2005). As células autorreativas
produzidas na periferia tém a capacidade de entrar no SNC através da BHE, onde persistem e
geram uma cascata inflamatéria, aumentando a producdo de espécies reativas de oxigénio
(EROs) e nitrogénio (ERNs), levando a formacao de lesGes e déficits neurolégicos (SOSPEDRA;
MARTIN, 2005).

Os mecanismos envolvidos no aumento da permeabilidade da BHE ainda ndo
estdo totalmente esclarecidos, no entanto, a ativacdo da microglia e a producdo de uma
grande variedade de mediadores pré-inflamatérios, como o TNF-a e IL-6, podem afetar a
permeabilidade da BHE (RODGERS; MILLER, 2012). Além disso, a ativacdo do LT CD4" induz a
expressao de moléculas de adesdo em sua superficie com o antigeno muito tardio 4 (VLA4) e

o antigeno associado a funcdo de linfécitos 1 (LFA1). A BHE passa a expressar moléculas de
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adesdo celular vascular 1 (VCAM1) e moléculas de adesdo intercelular 1 (ICAM1). A interacdo
do VLA4 com a VCAM1 e do LFA1 com a ICAM1 permite a entrada dos LT CD4" no SNC
(HARTUNG et al., 1995; KALINOWSKA-LYSZCZARZ et al., 2016). Na figura 4 estdo descritos os
mecanismos envolvidos na imunopatogenia da EM.

A micréglia apresenta antigenos via MHC classe Il para os LT CD4" que
adentraram o SNC, reativando estas células (DENDROU; FUGGER; FRIESE, 2015). Além disso,
a micréglia ativada produz citocinas inflamatdrias, quimiocinas e metaloproteinases (MMPs).
As citocinas e quimiocinas irdo aumentar a expressao de moléculas de adesdo na BHE e
ativar LT CD4", enquanto que as MMPs irdo auxiliar na degradacdo da BHE permitindo a
entrada de mais LT no SNC. Os LT CD4" ativados produzem citocinas como TNF-a, interferon
(IFN)- y e IL-2 que irdo ativar a resposta citotdxica e humoral. Os LT CD8" citotdxicos agridem
a bainha de mielina, enquanto que a imunidade humoral ird produzir anticorpos contra
componentes da mielina, que ativam as proteinas do sistema complemento, contribuindo
para a lesdo da bainha de mielina (DENDROU; FUGGER; FRIESE, 2015).

Os niveis de citocinas pré-inflamatdrias e anti-inflamatérias estdo associados a
mudancas na atividade da doenca na EM (GRABER et al., 2007; KALLAUR et al.,, 2013).
Inicialmente, mecanismos inflamatdrios da resposta adaptativa eram atribuidos as citocinas
liberadas pelas células Thl. Posteriormente, verificou-se que, além dos efeitos deletérios do
TNF-a produzidos pelas células Thl, a IL-17 produzida pelas células Th1l7 também
desempenha um papel critico na patogénese da EM, afetando a degradacdao da BHE,
induzindo a infiltracdo de células imunes no compartimento do SNC, amplificando respostas
inflamatdrias e gerando mediadores citotéxicos que resultam em desmielinizacdo e dano
neuronal (KOLBINGER et al., 2016).

A IL-17 aumenta a expressao de mediadores inflamatérios, incluindo IL-8, ligante
1 de quimiocina CXC (CXCL1), ligante 6 de quimiocina CXC (CXCL6), IL-1B, IL-6, TNF-a, fator
estimulador de col6nias de mondcitos e granulécitos (GM-CSF), proteina inflamatéria de
macrofago 2 (MIP-2), proteina quimioatatica de monécito 1 (MCP-1) e fator estimulador de
colonias de granulécitos (G-CSF), induzindo a infiltracido de neutrdfilos no SNC e

contribuindo para a inflamagdo (JOVANOVIC et al., 1998).



Figurad4 Mecanismos envolvidos na imunopatogenia da esclerose multipla
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Macrofagos da circulacdo periférica apresentam antigenos com epitopos semelhantes a mielina aos
linfécitos T CD4" naives (ThO) que, apds ativadas, podem se diferenciar em Thl, Th2, Th17 e T
reguladora (Treg). Os Th1 ativados ligam-se as células endoteliais por meio das moléculas de adesdo
(VLA4 se liga a VCAM-1 e LFA1 se liga a ICAM-1), facilitando a entrada destas células no SNC através
da barreira hematoencefélica (BHE). No parénquima nervoso, um novo contato ocorre entre as
células T CD4" e macréfagos ou micrdglia. Nesta fase de reativacdo, a micrdglia torna-se ativada e
produz grande quantidade de medidores proinflamatérios como fator de necrose tumoral (TNF)-a,
interferon (IFN)-y, IL-12, quimiocinas, metaloproteinases de matriz (MMPs) e aumento da expressao
de moléculas de adesdo. Ocorre aumento da expressdao das enzimas Oxido nitrico sintase induzivel
(iNOS) e nicotinamida adenina dinucleotideo fosfato (NADPH) oxidase responsaveis pela produgdo de
oxido nitrico (NO) e anion superdxido, respectivamente. Estas duas moléculas levam a formacgdo de

peroxinitrito que é um potente oxidante envolvido na lesao dos oligodendrdécitos e axdnios na EM.

LT

CD4" ativados produzem IL-2 e IFN-y que estimulam linfécitos B na produc3o de anticorpos contra a

glicoproteina da mielina de oligodendrdcitos (anti-MOG) e anticorpo contra a proteina basica

de

mielina (anti-MBP), que fixam o complemento levando a morte celular. Estas citocinas também
estimulam linfdcitos T citotdxicos (CTL) que agem diretamente nas lesdes desmielinizantes. Os

macréfagos perivasculares ativados também produzem espécies reativas de oxigénio (EROs) e

de

nitrogénios (ERNs) que reagem com lipideos poli-insaturados causando peroxidagdo lipidica e
fagocitose da mielina. Todos estes mecanismos contibuem para o processo de desmielinizagdo na

EM.
Fonte: Adaptado de Oliveira et al. (2014).
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Apesar disso, nem todos os aspectos da inflamacdo sao deletérios ao SNC, uma
vez que varios componentes da resposta inflamatdria possuem efeitos neuroprotetores.
Estudos tém demonstrado que oligodendrdcitos e micréglia expressam constitutivamente
receptores para citocinas, principalmente do tipo Th2 (CANNELLA; RAINE, 2004). A expressao
de transforming growth factor beta (TGF-B) e IL-10 esta associada com recuperac¢do da
doenca na encefalomielite experimental autoimune (EAE), o principal modelo animal
utilizado para estudar a EM in vivo (BEGOLKA et al., 1998), além disso, neurGnios expressam
TGF-B (ISSAZADEH et al., 1996). In vitro, o TGF-B parece inibir a ativacdo da caspase-3 e a
apoptose neuronal (DEIGNER; HABERKORN; KINSCHERF, 2000). Por outro lado, um aumento
na expressdo de TGF-B aumenta astrogliose e a infiltracdo de monécitos, resultando em uma
EAE mais grave com inicio precoce quando comparado a controles (WYSS-CORAY et al.,
1997). A IL-10 parece diminuir a resposta imune na EAE e ter efeitos neuroprotetores
(BETTELLI et al., 1998). Deste modo, citocinas Th2 parecem desempenhar um papel protetor
na sobrevivéncia e diferenciacdo de neurdnios e oligodendrdocitos no SNC durante o
processo de dano e desmielinizagdo (MARCHIONNI et al., 1999).

No entanto, dependendo do microambiente, o TGF-B podem influenciar a
diferenciacdo dos L T CD4" naives em duas populacdes diferentes de células Th CD4". O TGF-
B induz a diferenciacdo da célula T CD4°CD25 em Treg, enquanto que na presenca de IL-6
promove a diferenciacdo de LT CD4" naives em células Th17 (LEE; SEVERIN; LOVETT-RACKE,
2017). Além disto, a sinalizacdo via TGF-B é vital para a diferenciacdo e funcdo das células
Tregs (LEE; SEVERIN; LOVETT-RACKE, 2017). Com isso, outra hipdtese que tem sido estudada
para avaliar a predisposicdo a EM é a perda da tolerancia imunoldgica das células T
autorreativas que circulam em baixos niveis pelo organismo (SAKAGUSHI, 2000; IRANI,
2005).

As células Treg desenvolvem um importante papel no controle das células T
autorreativas, fazendo a supressdao dessas células. Originalmente descrita como Treg
CD4'CD25"%, as células Treg exercem um papel essencial na prevencdo de autoimunidade e
na manutenc¢do da homeostasia imunoldgica, assim como no controle da resposta de células
T (ODA et al., 2013). Embora as células Treg expressem varios marcadores, o forkhead box
P3 (FOXP3) é o unico marcador especifico destas células, importante no desenvolvimento de

Treg naturais provenientes do timo (nTreg), sendo também necessdrio para a manutencao
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da funcdo supressora das células Treg induzidas (iTreg) que se diferenciam nos érgados
linfoides periféricos (TAVAKOLI et al., 2008).

Estudos in vivo, demonstraram que a diminuicdo das células T CD4" CD25"
FOXP3" leva ao inicio da doenca autoimune em ratos (SAKAGUSHI, 2000; IRANI, 2005). Na
EM, foram descritos um numero reduzido de células Tregs e deficiéncia de sua atividade
(HAAS et al., 2005). Portanto, hd ampla evidéncia de que as células Treg, que se caracterizam

pela secrecdo de IL-10 e TGF-B, sdo importantes para o controle de mecanismos pro-

inflamatdérios em modelos animais de doencas autoimunes.

1.1.2 Variante genética do FOXP3 -3279 C>A (rs3761548)

Variantes em genes que alteraram a resposta imunolégica podem estar
envolvidos na suscetibilidade a EM, sendo o gene FOXP3 um bom candidato devido sua
expressao em células Treg. Como visto anteriormente, as células Treg sdo responsaveis pela
regulacdo e manutencdo da homeostase imunoldgica, e defeitos na diferenciacdo e fungao
destas células estdo relacionados a maior suscetibilidade as doencas autoimunes e
infecciosas.

O gene FOXP3 contém 11 éxons e estd localizado no braco curto (p) do
cromossomo X (Xp11.23), uma regido relacionada a doencgas autoimunes (ORTONA et al.,
2011; PEREIRA et al., 2017). Este gene codifica a proteina FOXP3, um importante marcador
das células Treg e sua expressdo em células T CD4" naives diferencia estas células no fenétipo
Treg. Sendo assim, o FOXP3 é um regulador crucial do desenvolvimento e da fung¢ao das
células Treg (BLUESTONE; ABBAS, 2003; DING; XU; BROMBERG, 2012). A perda da expressao
deste fator diminui a capacidade reguladora das Tregs, tanto em nlimero como em sua
funcdo (BLUESTONE; ABBAS, 2003).

Os mecanismos de controle da expressdo de FOXP3 nas células Treg CD4'CD25"
ainda ndo esta totalmente elucidado. A expressdao de FOXP3 é regulada por mecanismos
complexos, podendo ser induzida em células T efetoras que ndao possuem atividade
supressora, por meio da ativacdo simultdnea de multiplos fatores de transcricdo. Essa
ativacdo ocorre através de receptores de células T (TCR) e receptores de citocinas, incluindo
o receptor do TGF-B (ALLAN et al., 2007; TONE; GREENE, 2011).

Os SNVs tém sido descritos em varias regides no gene FOXP3, tais como regides

promotora, intronica e exbnica, e podem alterar a expressao e funcdao do FOXP3, sugerindo
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gue estas variantes podem exercer um papel no desenvolvimento ou manutencdo de
doengas autoimunes (GAO et al., 2010; HE et al., 2013). Além disso, os SNVs no gene FOXP3
podem influenciar os microRNAs, estrutura e atividade da proteina codificada ou splicing do
gene (MARQUES et al., 2015).

Uma regido critica para a iniciacdo e a regulacdo da transcricio do FOXP3 é a
sequéncia conservada promotora de seu gene, regido onde a variante rs3761548 foi
identificada e tem sido descrito que pode alterar a expressdo do FOXP3. A presenca do
gendtipo AA impede a fixacdo de certos fatores de transcri¢dao inibindo a transcricdo do
FOXP3 (SHEN et al., 2010). A figura 5 demonstra o gene FOXP3 e seus principais SNVs.

Vdarios estudos associaram a variante rs3761548 do gene FOXP3 ao risco e
progndstico de doengas multifatoriais como a psoriase (GAO et al., 2010), tireoidite
autoimune (INOUE et al., 2010), rinite alérgica (ZHANG et al., 2009), vitiligo (JAHAN et al.,
2013), artrite reumatoide (HASHEMI et al., 2018) e EM (EFTEKHARIAN, et al. 2015;
JAFARZADEH, et al. 2014). Além disso, um estudo de meta andlise encontrou associacdao
deste SNV com varias doencas autoimunes (HE et al., 2013). Hashemi et al. (2018)
demonstraram que a presenca do gendtipo AA da variante rs3761548 no FOXP3 em
pacientes com artrite reumatoide diminui a quantidade de células T CD4'CD25'FOXP3"
guando comparada aos gendtipos CC e CA. No entanto, poucos estudos avaliaram as
variantes genéticas do FOXP3 com a suscetibilidade a EM e estao descritos na Tabela 1.
Diante desse cenario, fica evidente a importancia de se avaliar SNVs no gene FOXP3 que
possam estar envolvidos na variabilidade da resposta regulatéria de células T autorreativas e

tolerancia imunoldgica, e assim associados a suscetibilidade genética a EM.

Figura5 Gene FOXP3 e principais variantes de um Unico nucleotideo
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Tabelal Variantes genéticas na regido promotora do FOXP3 avaliados em pacientes com esclerose multipla (EM)
Amostra Pais dbSNP Frequéncia Alélica Efeito Referéncia
Caso: C=0,430/A=0,570
rs3761548  -3279 C>A rs3761548: alelo A associado com
410 EM - Controle: C=0,540/A=0,460  En: rs2232365: alelo A associado EFTEKHARIAN, et
446 controles Caso: G=0,460/A=0,540 com EM; Haplétlpo A/A também foi al. 2015.
rs2232365 -924 A>G associado com EM.
Controle: G=0,550/A=0,450
140 EM Caso: C=0,578/A=0,421 Alelo A associado com EM; menores AFARZADEH
Ira rs3761548  -3279 C>A niveis de IL-35 na presenca do JI 2014 ;o et
140 controles Controle: C=0,728/A=0,271  genotipo AA. al. :
Homens
Associacdo do alelo C em homens
rs3761547 -3499 A>G Caso: G= 0,180/A=0,820
com EM.
Controle: G= 0,101/A=0,899
Homens
174 EM WAWRUSIEWICZ-
Polénia  rs3761548  -3279 C>A  Caso: C=0,620/A=0,380 Ndo encontrou associagao. KURYLONEK et al.,
174 controles 2018.
Controle: C=0,663/A=0,337
Homens
rs3761549 -2383 C>T  Caso: T=0,160/C=0,840 N3ao encontrou associagao.

Controle: T=0,112/C=0,888

Fonte: autor
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1.1.3 Estresse Oxidativo na Esclerose Mdltipla

Embora a etiologia da EM seja multifatorial, tem sido sugerido que o aumento na
producao de EROs e ERNs poderia levar ao aumento da produ¢dao de substratos oxidados
gue contribuem para a desregulacdo da resposta imunoldgica e agravam o curso clinico da
EM (SAYRE; PERRY; SMITH, 2008). O estresse nitro-oxidativo desempenha um papel
importante no desenvolvimento e progressao de doengas cronicas e autoimunes (DICHI et
al., 2014).

Estudos tém sugerido que o estresse oxidativo pode exercer importante papel na
patogénese da EM. EROs e ERNs, geradas em excesso pela micréglia ativada, tém sido
implicadas como mediadores da desmielinizagdo e podem contribuir para a formagao e
persisténcia das lesdes caracteristicas da doenca (FERRETTI et al.,, 2005). O SNC é
particularmente susceptivel ao estresse oxidativo devido ao elevado consumo de oxigénio,
resultando em producdo excessiva de EROs, além da alta concentracdo de acidos graxos poli-
insaturados, os quais sdo particularmente vulneraveis ao ataque de peroxidagao lipidica
(FRIEDMAN, 2011). Além disso, o cérebro possui menor defesa antioxidante comparado a
outros dérgdos, altos niveis de ferro que agem como proé-oxidantes sob condigdes
patoldgicas, e a ocorréncia de reagdes envolvendo oxida¢dao de dopamina e glutamato no
tecido cerebral (ALLEN; BAYRAKTUTAN, 2009).

Estudos prévios evidenciaram aumento dos produtos de peroxidagao lipidica no
liquido cefalorraquidiano (LCR) e no plasma de individuos com EM (GRECO; MINGHETTI;
LEVI, 2000; FERRETTI et al., 2005). Além disso, marcadores de oxidagdo proteica como os
produtos avancados da oxidacdo proteica (AOPP) e proteinas carbonilicas, mostraram-se
elevados em pacientes com EM (LJUBISAVLIEVIC et al., 2013; MOREL et al., 2017; MILLER et
al., 2012). Os radicais livres danificam os componentes celulares como lipidios, proteinas e
acidos nucléicos o que resulta em morte celular por necrose ou apoptose (GILGUN-SHERKI;
MELAMED; OFFEN, 2004). Desta maneira, teoricamente, o tratamento de pacientes com EM
com antioxidantes poderia prevenir a propagacao do dano tecidual e melhorar o quadro
clinico (GILGUN-SHERKI; MELAMED; OFFEN, 2004).

A incapacidade dos pacientes com EM, avaliada pelo EDSS, foi associada com o
estresse oxidativo, mesmo em fase de remissdo clinica (OLIVEIRA et al., 2012). Marcadores

do estresse oxidativo como produtos de peroxidacdo lipidica determinados por método de
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qguimioluminescéncia e proteinas carbonilicas apresentaram uma correlacdo positiva com
EDSS, sugerindo que o estresse oxidativo poderia ter um importante papel na fisiopatologia
da progressao da doenca (OLIVEIRA et al., 2012).

Enquanto a oxidagdo lipidica tem sido extensivamente estudada em EM, a
oxidacdo proteica tem recebido menos atencdo (BIZZOZERO et al.,, 2005). Proteinas
modificadas oxidativamente sdo responsdveis por pertubac¢des adicionais na tolerancia ao
préprio porque representam potenciais alvos para o sistema imunolégico pela falha da
tolerancia de células B (SHEIKH et al., 2007). Além das proteinas carbonilicas, os niveis de
AOPP s3ao marcadores do estresse oxidativo e encontram-se elevados em plasma de
pacientes com doengas crénicas como uremia cronica na doenga renal dialitica (WITKO-
SARSAT et al., 1996), doenca arterial coronariana (KANEDA et al., 2002), diabetes mellitus
tipo 2 (PIWOWAR; KNAPIK-KODECKA; WARWAS, 2007, 2009), esclerose sistémica
(SERVETTAZ et al., 2007) e cancer coloretal (CHANG et al., 2008). A formacao de AOPP é
correlacionada com a concentracdo de oxidantes clorinados, indicando que AOPP resulta da
interacdo entre oxidantes e proteinas plasmaticas (WITKO-SARSAT et al., 1996).

Ljubisavljevic et al. (2013) demonstraram que pacientes com EM apresentaram
niveis mais altos de AOPP medidos no plasma e no LCR, enquanto que os niveis de
grupamento sulfidrila (SH) estavam diminuidos, em comparacdo aos controles. Além disso,
os niveis de AOPP no plasma e no LCR foram positivamente correlacionados com o EDSS e o
SH foi inversamente correlacionado com o EDSS (LJUBISAVLIEVIC et al., 2013).

Em relacdo a EM, um estudo avaliou marcadores de oxidacdo proteica em
pacientes com EMRR sem tratamento com imunomoduladores, pacientes com surtos e
pacientes tratados com interferon (IFN)-B e acetato de glatiramer (SADOWSKA-BARTOSZ et
al.,, 2013) e verificaram que os niveis de AOPP foram maiores em pacientes EMRR sem
tratamento e em pacientes com surto. Além disso, este estudo mostrou que marcadores de
oxidacdo proteica estdo correlacionados com proteina C reativa, sugerindo que as
modificacGes de proteinas estdo relacionados com o processo inflamatdrio. Os resultados do
estudo indicam que ocorre oxidacdo de proteinas na EM e que marcadores do dano
proteico, especialmente, a AOPP, podem ser Uteis no monitoramento do estresse oxidativo
em pacientes com EM. Portanto, o processo inflamatorio cronico esta associado ao aumento
de estresse oxidativo criando um ambiente de retroalimentacdo positivo favorecendo a

inflamacdo (SADOWSKA-BARTOSZ et al., 2013).
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1.1.4 Homocisteina e Esclerose Multipla

A homocisteina é um aminodcido sulfidrilico ndo-essencial derivado do
metabolismo da metionina dependente de dacido félico, vitamina B6 e vitamina B12. A
homocisteina é considerada um marcador inflamatério e um fator de risco para doencas
cardiovasculares (DCV) (FAEH; CHIOLERO; PACCAUD, 2006). Além disso, ha forte evidéncia
que estd molécula apresenta efeito neurotéxico direto (HO et al., 2002; SKOVIEROVA et al.,
2016), estudos epidemioldgicos indicam que altos niveis de homocisteina podem ser um
fator de risco para condi¢cdes neurodegenerativas, como EM e Alzheimer (SESHADRI, 2006;
ZHU; HE; LIU, 2011).

Em sua reacdo de sintese, a metionina proveniente da dieta proteica é ativa em
S-adenosilmetionina (SAM), que perde um grupamento metil e forma a S-adenosil-
homocisteina (SAH), seguida por hidrdlise do S-adenosil e formacdo da homocisteina. Os
niveis de homocisteina sdo controlados por dois mecanismos de regulagdo: (a) metilagao,
que é dependente da enzima metionina sintase, do metabolismo do acido fdlico e de
vitamina B12; (b) transulfuracdo, onde a homocisteina se liga a serina dando origem a
cistationina, que posteriormente dard origem ao antioxidante glutationa (MATTSON; SHEA,
2003).

Os niveis de homocisteina sdo normalmente mantidos baixos pela remetilacao
da homocisteina para regenerar a metionina, em uma reacdo que requer folato e vitamina
B12. Além disso, a homocisteina convertida em cistationina pela a¢dao da cistationina-p-
sintase (CBS) pode aumentar os niveis de glutationa em um possivel mecanismo
compensatdrio que neutraliza o potencial dano oxidativo resultante do aumento da
homocisteina (MATTSON; SHEA, 2003). O metabolismo da homocisteina e seu papel na
sobrevivéncia e morte neuronal estdao demonstrados na figura 6.

A homocisteina extracelular pode ser responsavel por varios efeitos deletérios
no SNC, uma vez que promove a excitotoxicidade via estimulacdo dos receptores de
glutamato e danos ao DNA neuronal, desencadeando, assim, a apoptose (HO et al., 2002;
SKOVIEROVA et al., 2016). O aumento na estimulacdo de ambos os receptores de glutamato,
alfa-amino-3-hidroxi-metil-5-4-isoxazolpropiénico (AMPA) e N-metil-D-aspartato (NMDA),
pode resultar no aumento da concentracdo de calcio citoplasmatico, aumentando a
producdo de radicais livres e ativacdo de caspases (SKOVIEROVA et al., 2016). Da mesma

forma que as células neuronais, as células da glia também sdo expostas aos efeitos toxicos



36

da homocisteina (LONGONI et al., 2018; SKOVIEROVA et al., 2015). Além disso, a
homocisteina pode causar disfun¢do sinaptica e morte neuronal promovendo danos no DNA
e induzindo o estresse do reticulo endoplasmatico (MATTSON; SHEA, 2003). Estudos tém
demonstrado que pacientes com EM apresentam maiores niveis de homocisteina quando
comparado aos controles (MOGHADDASI et al., 2013; RAMSARANSING et al., 2006). Além
disso, foi demonstrado que valores maiores que 15 pumol/L foram significativamente
associados com prejuizo cognitivo, anormalidades visuais e progressao clinica em pacientes
com EM (RUSSO et al.,, 2008). Outro estudo demonstrou que os niveis séricos de
homocisteina foram associados com marcadores da progressao da EM mas ndo com o
diagnéstico da doenca, ou seja, ndo diferiram entre pacientes e controles (TEUNISSEN et al.,

2008).

Figura6 O papel da homocisteina na sobrevivéncia e morte neuronal.
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Outros estudos também encontraram associacdes entre os niveis elevados de
homocisteina e prejuizo da incapacidade, estando presentes em pacientes com EDSS>5
(GUZEL et al., 2016) e associados com progressdo da incapacidade (OLIVEIRA et al., 2018).
Portanto, é concebivel sugerir que a associacdo entre niveis mais elevados de
homocisteinemia e aumento da incapacidade e progressdo da doenca pode ser explicada
pelo efeito neurotéxico direto que a homocisteina provoca via mecanismo de
excitotoxicidade, contribuindo assim para a neurodegeneragdo na EM (MATTSON; SHEA,

2003; ZHU; HE; LIU, 2011).

1.1.5 Alteracdes Metabdlicas na Esclerose Multipla

O acumulo de incapacidades em pacientes com EM é lento, mas persistente,
muitas vezes levando a uma diminui¢cdo da mobilidade e atividade fisica, resultando em mais
fraqueza, fadiga e aumento do risco de sindrome metabdlica (SM). Por outro lado, a SM é
considerada um dos fatores de risco para o desenvolvimento de EM em individuos
suscetiveis (REALE; SANCHEZ-RAMON, 2017).

A SM é um desafio global de saude publica e um transtorno complexo
caracterizado por um conjunto de fatores interconectados que levam a um aumento do risco
de DCV e diabetes mellitus tipo 2 (KASSI et al., 2011). A SM é geralmente definida como uma
condicdao complexa representada por uma combina¢ao de fatores de risco, como obesidade
central, dislipidemia, hipertensao e alteracdes no metabolismo da glicose (REAVEN, 1997).
Pesquisas anteriores mostraram que, para individuos com doencas autoimunes, como artrite
reumatoide, lUpus eritematoso sistémico e EM, a proporcdo de SM é maior quando
comparado aos individuos sem doencas autoimenus (PINHAS-HAMIEL et al., 2015; VERSINI
et al., 2014).

Comorbidades metabdlicas estdo envolvidas no curso clinico da EM (MARRIE et
al., 2010; OLIVEIRA et al., 2014; WEINSTOCK-GUTTMAN et al., 2011). A resisténcia a insulina,
hipertensao, hipercolesterolemia e doenca vascular periférica foram independentemente
associadas a um aumento do risco de incapacidade em pacientes com EM (MARRIE et al.,
2010; OLIVEIRA et al., 2014). A piora da incapacidade foi associada com niveis elevados de
colesterol total, lipoproteina de baixa densidade (LDL)-colesterol e triglicerideos em

pacientes com EM, enquanto que altos niveis de lipoproteina de alta densidade (HDL)-
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colesterol foi associado com niveis mais baixos de atividade inflamatéria aguda nestes
pacientes (WEINSTOCK-GUTTMAN et al., 2011).

Os lipideos estdo envolvidos na regulacdo de fung¢des neuronais, sinalizacdo
celular e na estrutura tecidual, sendo que as apolipoproteinas desempenham um papel
chave em seu metabolismo e transporte (ADIBHATLA; HATCHER, 2007). Modificacdes
oxidativas no colesterol LDL tém sido encontrada no parénquima de placas de EM (GILGUN-
SHERKI; MELAMED; OFFEN, 2004). A peroxidacgdo lipidica e a oxidagdo do LDL internalizado
pela micréglia ativada e macréfagos nos estdgios iniciais do desenvolvimento da lesdo
desempenham um papel crucial no processo de desmialinizagdo (NEWCOMBE; LI; CUZNER.
1994). O colesterol HDL, por outro lado, apresenta efeitos protetores devido suas
propriedades antioxidantes e seu papel no transporte reverso do colesterol (BALAZS et al.,
2004).

Giubilei et al. (2002) encontraram uma forte associa¢do entre colesterol total e
LDL com o numero de lesdes gadolineo-positivo na RMN, indicando a presenca de novas
lesdes (GIUBILEI et al. 2002). Um estudo prospectivo em pacientes com EM demonstrou que
niveis elevados de colesterol total estavam associados a maior incapacidade avaliada por
EDSS. Além disso, observou-se uma associacdo positiva entre a relacdo colesterol total/HDL
e a variacdo anual do EDSS (TETTEY et al., 2014). Um estudo clinico realizado em pacientes
com EM demonstrou que o uso de estatina estava associado a uma menor mudanga no EDSS
apo6s dois anos de tratamento, quando comparado ao grupo placebo (CHATAWAY et al.,
2013). Além disso, esses autores mostraram que, comparado ao placebo, a sinvastatina 80
mg por dia reduziu a taxa anual de atrofia cerebral total em 43%, considerado um efeito
positivo, uma vez que estudos longitudinais mostraram uma relacdo entre a progressao da
atrofia e a incapacidade. Esses autores também observaram um efeito pequeno, mas
significativo, em dois dos desfechos de incapacidade secundaria, avaliados pelo EDSS e pelo
relato do paciente, apoiando um verdadeiro efeito da dislipidemia na progressao da doenca

(CHATAWAY et al., 2013).
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1.2 TRATAMENTO DA ESCLEROSE MULTIPLA

A EM nado possui ainda um tratamento curativo, no entanto, ao longo das ultimas
décadas vdrias drogas modificadoras da doenca tém sido aprovadas. A maioria destes
medicamentos tem efeito anti-inflamatério; algumas drogas tém propriedades
imunossupressoras, enquanto outras sdo direcionadas contra moléculas especificas com o
emprego de anticorpos monoclonais (TORKILDSEN; MYHR; B@, 2016; COMI; RADAELLI;
SOELBERG, 2017). Com o desenvolvimento de tratamentos mais efetivos, houve também
uma mudanc¢a no foco do tratamento, de reducdo da taxa de surtos e diminuicdao da
progressdao da incapacidade para prevencdao de novas evidéncias da atividade da doenca
(como evidenciado pela auséncia de novas lesdes, surtos, progressao da incapacidade e mais
recentemente, atrofia tecidual) (REICH; LUCCHINETTI; CALABRESI, 2018). Além disso, outro
grande desafio tem sido a escassez de tratamento efetivo para formas progressivas da
doenca (MYHR et al., 2019).

A primeira droga a ser aprovada para EMRR foi o interferon beta (IFN-B).
Atualmente, numerosas formulagdes estdo disponiveis para aplicagdo subcutanea e
intramuscular, sendo que a mais recente é o IFN-Ba peguilado que permite uma Unica dose a
cada duas semanas. Embora seu modo de a¢do seja complexo, acredita-se que inclua a
inibicdo da proliferacdo e ativacdo das células T, inducdo da apoptose das células T
autorreativas, inducdo das células T regulatérias, modulacdo da producdo de citocinas
endogenas e inibicdo da migracdo de leucdcitos através da BHE (YAMOUT; ALROUGHANI,
2018; FOSTER et al, 2019). Os efeitos adversos mais frequentes s3o as reacdes no local da
aplicacdo e sintomas flu-like, como febre, mialgia, cefaleia, fadiga e calafrios que ocorrem
em até 75% dos pacientes (TORKILDSEN; MYHR; B@, 2016).

Outro composto utilizado é o acetato de glatiramer, uma composi¢do de alanina,
glutamina, lisina e tirosina que sdo os aminoacidos mais comuns da mielina. Pode ser
aplicado pela via subcutanea diariamente ou em diferente formulacdo trés vezes por
semana. Embora o seu mecanismo de acdo ndo seja totalmente esclarecido, parece
depender da polarizacdo da resposta Th2 a partir das células T CD4" e na modulagdo da
atividade das APCs (FOSTER et al, 2019). Geralmente é bem tolerado pelos pacientes, e o
principal efeito adverso é a reacdo no local da aplicacdo (dor, eritema, inchaco e prurido)

(COMI; RADAELLI; SOELBERG, 2017). Em pacientes gestantes, o acetato de glatiramer parece
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ser o preferido sobre outras terapias modificadoras da doenca, enquanto que em pacientes
pedidtricos, tanto o IFN-B e quanto o acetato de glatiramer sdo aparentemente seguros e
efetivos e deveriam ser selecionados como terapia de primeira linha (MARQUES et al, 2018).
Os mecanismos de a¢ao dos principais medicamentos utilizados no tratamento da EM estado
descritos na figura 7.

Fingolimode foi a primeira terapia modificadora da doencga oral aprovada para
EMRR e atua como um modulador do receptor esfingosina 1 fosfato (S1P), impedindo a
saida de leucdcitos do linfonodo, com consequente redugdo na infiltracao de linfécitos
autorreativos no SNC (KAPPOS et al., 2010; COHEN et al., 2010). O principal efeito adverso
do fingolimode estd relacionado ao fato que os receptores esfingosina 1 fosfato estdo
presentes em todo o corpo humano, incluindo o coragao. Como resultado, pode haver
inducdo de bradicardia e necessidade de monitorizacdo cardiovascular apds a primeira dose
ou mesmo apos algumas semanas (FOSTER et al., 2019).

Fumarato de dimetila é outra medicacdo oral aprovada para o tratamento de
EMRR. Embora seu mecanismo de ag¢ao nao seja completamente elucidado, sabe-se da sua
atuacdo em diversos passos da reacdo imunoldgica, mediada principalmente por meio da
ativacdo do fator nuclear tipo 2 (Nrf2) da via de transcricdo, regulando os genes
antioxidantes dependentes de Nrf2, sugerindo acdo sobre o estresse oxidativo (LINKER et al.,
2011; SCANNEVIN et al., 2012). Apresenta propriedades anti-inflamatérias, com inibicdo da
resposta Thl e Th1l7 e estimulagdo da resposta Th2 (OCKENFELS et al., 1998). Os efeitos
adversos mais comuns sdo sintomas gastrointestinais como diarreia, vbmito e ndausea
(VIGLIETTA et al., 2015; BAHARNOORI et al., 2016).

A teriflunomida é um agente imunomodulador com propriedades anti-
inflamatdrias que inibe de forma seletiva e reversivel a enzima mitocondrial diidroorotato
desidrogenase com consequente inibicdo da proliferacdo das células B e T autorreativas
(CLAUSSEN; KORN, 2012). Os efeitos adversos mais comuns sdo cefaleia, aumento das
enzimas hepaticas, diarreia, queda de cabelo e ndusea (O'CONNOR et al., 2011;
CONFAVREUX et al., 2014; VERMERSCH et al., 2014).

A cladribina foi introduzida recentemente como um tratamento para EMRR e é
administrada oralmente em ciclos anuais de 8 - 19 dias. Seu mecanismo de acdo esta
relacionado a reducdo duradoura na contagem de linfécitos e os efeitos adversos mais

frequentes sdo infec¢des e linfopenia (FOSTER et al., 2019).
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O natalizumabe é um anticorpo monoclonal humanizado que reconhece a4
integrinas e interrompe a sua interagdo com a molécula de adesdao VCAM-1, resultando na
diminuicdo da passagem dos linfocitos através da BHE (WINKELMANN et al., 2016). O efeito
adverso mais importante da terapéutica com natalizumabe é a leucoencefalopatia multifocal
progressiva (LMP). A LMP é uma doenca desmielinizante causada pela infecdo oportunista
aos oligodendrdcitos pelo poliomavirus John Cunningham (JC) (FOSTER et al., 2019).
Natalizumabe é altamente efetivo, porém, além dos graves efeitos adversos, outro fator
limitante sdo as infusGes mensais da droga (HOLMOY; VON DER LIPPE; LEEGAARD, 2017;
WILLIS et al., 2016).

Com o sucesso do natalizumabe outros anticorpos monoclonais foram
desenvolvidos para EMRR, como o alemtuzumabe. Ele atua contra o CD52, um marcador
presente na superficie de linfocitos, e outras células, levando a lise celular dependente de
anticorpo e complemento, resultando em uma eliminacdo rapida e duradoura de linfécitos T
e B CD52°, e consequentemente, diminui¢do da resposta autoimune (RUCK et al., 2015). O
tratamento com alemtuzumabe é intravenoso e realizado em ciclos anuais (MARQUES et al.,
2018). O efeito adverso mais importante consiste de doencas autoimunes secundarias
(FOSTER et al, 2019).

Ocrelizumabe é um anticorpo monoclonal humanizado que se liga seletivamente
a linfocitos B que expressam o antigeno de superficie CD20, levando a citotoxicidade direta
destas células. E utilizado no tratamento da EMRR e EMPP com efeitos benéficos na taxa de
surtos e progressdo da incapacidade. Os efeitos adversos mais importantes e mais
frequentes sdo reagdes relacionadas com a perfusdo (tais como prurido, erupc¢do cutanea e
dificuldades respiratdrias) e infecdes (FOSTER et al., 2019).

Mitoxantrona é um agente antineoplasico que atua como um inibidor da
topoisomerase tipo Il utilizado no tratamento de cancer de mama metastatico, leucemia
mieloide aguda e linfoma ndo Hodgkin (FOX, 2004). Este medicamento é capaz de inibir a
sintese de DNA e consequentemente a proliferacdo rapida de linfocitos T e B, sendo utilizado
no tratamento da EMRR agressiva e da EMSP (MARQUES et al., 2018). Todavia seu uso tem
diminuido devido as altas taxas de efeitos adversos incluindo cardiotoxicidade e leucemia
(YAMOUT; ALROUGHANI, 2018; FOSTER et al., 2019). A figura 8 demonstra o consenso

brasileiro para o tratamento da EM.
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De acordo com o ultimo Consenso brasileiro para o tratamento da EM
(MARQUES et al., 2018), pacientes com EMRR que apresentam niveis leves ou moderados de
atividade da doencga (ocorréncia de surtos ou aumento/novas lesGes verificadas por RMN)
poderiam iniciar o tratamento utilizando drogas com um bom perfil de seguranca e mais
facilmente acessiveis, como acetato de glatiramer, dimetil fumarato, interferon-pf em suas
varias formulagdes ou teriflunamida. Por outro lado, em casos de EMRR altamente ativos ou
com fatores associados a um pior progndstico, deveria se considerar o uso de drogas mais
potentes como alemtuzumabe, cladribina, fingolimode, natalizumabe e ocrelizumabe

(MARQUES et al., 2018). A figura 9 mostra a evolucdo no tratamento da EM.

Figura7 Mecanismos de a¢do dos principais medicamentos utilizados no tratamento da

esclerose multipla
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Fonte: adaptado de Linker; Kieseier; Gold, 2008.
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EM: esclerose multipla; EMRR: esclerose multipla remitente-recorrente; EMSP: esclerose multipla secundariamente progressiva; EMPP: esclerose multipla

primariamente progressiva; IFN-B: interferon beta.

Fonte: adaptado de MARQUES et al., 2018.
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2 JUSTIFICATIVA

Diante da fisiopatologia complexa e multifatorial da EM, o estudo de
biomarcadores envolvidos em diferentes mecanismos da resposta inflamatdria, metabdlica e
de estresse oxidativo pode contribuir para a compreensdo da heterogeneidade clinica e de
resposta ao tratamento apresentada pelos pacientes com EM. Portanto, um estudo
concomitante destes diferentes biomarcadores da resposta imuno-inflamatdria, metabdlica,
de estresse oxidativo e nitrosativo (IM&NO) pode possibilitar a identificacdo de um modelo
preditor para a avaliacdo da incapacidade destes pacientes. Os resultados podem, também,
apontar dados para possiveis estratégias terapéuticas que possam ser utilizadas em
associacao com os atuais medicamentos no tratamento de pacientes com EM, em especial
aos que ndo respondem a estes medicamentos, contribuindo para um melhor progndstico
destes pacientes.

Além disto, os escassos estudos sobre a variante rs3761548 -3297 C>A no gene
FOXP3 em pacientes com EM tiveram como objetivo avaliar sua associagdo com a
suscetibilidade a doenca; ainda, foram realizados em populagdes do Hemisfério Norte (Ird e
Pol6nia), geneticamente mais homogéneas que a populacdo brasileira, o que limita a sua
generalizacdo. Além de terem apresentado resultados conflitantes, ndao se avaliou o papel
desta variante na incapacidade, progressdao da incapacidade bem como nas citocinas

imunomoduladoras, como IL-10 e TGF-B, envolvidas na fisiopatologia da EM
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OBIJETIVOS

Objetivo Geral

Avaliar os marcadores imunoldgicos, metabdlicos e de estresse oxidativo e a variante

rs3761548 no gene FOXP3 em pacientes com EM.

Objetivos Especificos

Determinar a associagdo entre as caracteristicas demograficas, antropométricas,
epidemioldgicas, clinicas e biomarcadores da resposta imuno-inflamatoéria,
metabdlica, de estresse oxidativo e nitrosativo (IM&NO) e a incapacidade dos
pacientes com EM;

Propor um modelo de biomarcadores IM&NO que possam predizer a incapacidade e
a progressao da incapacidade nos pacientes com EM;

Avaliar a frequéncia da variante rs3761548 no gene FOXP3 nos pacientes com EM e
grupo controle;

Determinar a associacdo entre as caracteristicas demograficas, antropométricas,
epidemioldgicas, clinicas, citocinas e a incapacidade nos pacientes com EM de

acordo a variante rs3761548 no gene FOXP3.
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4 MATERIAIS E METODOS
4.1 Aspectos Eticos

O estudo foi aprovado pelo Comité de Etica em Pesquisa Envolvendo Seres
Humanos da Universidade de Londrina (UEL), com o Parecer de Aprovagdo no. 250/2013,
CAAE n°. 22290913 9 0000 5231, em 17 de margo de 2014 (Anexo A). Todos os participantes
foram convidados a participarem voluntariamente da pesquisa, informados, em detalhes,
sobre o estudo a ser desenvolvido e assinaram o Termo de Consentimento Livre e

Esclarecido (Apéndice A).

4.2 Delineamento

Para a avaliagdo dos biomarcadores IM&NO que estavam associados com a
incapacidade, realizou-se um estudo descritivo e transversal, e para a avaliacdo da variante

rs3761548 no gene FOXP3, foi realizado um estudo de caso-controle.

4.3 PoPULACAO

Foram convidados a participar do estudo todos os pacientes com diagndstico de
EM, adultos e de ambos os sexos, atendidos no Ambulatério de Doengas Desmielinizantes do
Ambulatério de Especialidades do Hospital Universitario (AEHU) da UEL, em Londrina,
Parana. O convite foi realizado de forma consecutiva durante o ano de 2015. Neste mesmo
periodo, foram convidados individuos adultos, de ambos os sexos, sem histérico de doencas
autoimunes, entre os candidatos a doadores de sangue do Hemocentro Regional de

Londrina, em Londrina, Parand, para constituirem o grupo controle.

4.4 CRITERIOS DE EXCLUSAO

Foram seguidos os seguintes critérios de exclusdo: pacientes que se recusaram a
participar do estudo; presenca de processo infeccioso; os pacientes com a forma CIS e
neuromielite dptica, pacientes e controles que estavam em uso de medicamentos anti-

inflamatdrios, suplemento com vitamina D e/ou antioxidante.
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4.5 AMOSTRA

A amostra foi obtida por conveniéncia de tempo e local. Foram avaliados no
estudo 170 pacientes com EM, diagnosticados segundo os critérios de McDonald (POLMAN
et al.,, 2011) e classificados como EMRR, EMSP e EMPP. O grau de incapacidade dos
pacientes foi avaliado por meio da EDSS, no momento da admissdo (baseline), com escores
que variam de 0,0 a 10,0 (KURTZKE, 1983). Os pacientes foram categorizados com
incapacidade leve (EDSS < 3,0) e moderada /grave (EDSS > 3,0), como descrito previamente
(KALLAUR et al. 2017). Para avaliar a progressao da incapacidade, utilizou-se a escala MSSS,
de acordo com o método proposto por Roxburgh et al. (2005), e escore > 5,0 foi considerado
progressao mais rapida de incapacidade (KOCH et al., 2015). Para calcular o MSSS de cada
paciente, utilizou-se o EDSS e o tempo de diagndstico da doenca; desta forma, observou-se a
rapidez da progressao da incapacidade (ROXBURGH et al., 2005).

O grupo controle foi composto de 182 individuos selecionados entre candidatos
a doadores de sangue fidelizados do Hemocentro Regional de Londrina. Além dos critérios
de exclusdo definidos para os pacientes, os individuos do grupo controle apresentaram
auséncia de reatividade em todos os testes soroldgicos realizados na triagem de doadores
de sangue, como anticorpos contra o virus da imunodeficiéncia humana tipos 1 e 2,
anticorpos contra o virus da hepatite C, antigeno de superficie do virus da hepatite B,
anticorpos contra o antigeno core do HBV, anticorpos contra o virus linfotrépico de células T
humanas tipos | e Il, anticorpos anti-Trypanosoma cruzi e teste nao treponémico para sifilis.

Foram coletados dados demogréaficos (idade, sexo, etnia), epidemiolégicos,
antropométricos [peso, altura e indice de massa corpdrea (IMC)], estilo de vida e historia
médica foram obtidas na avaliacdo clinica, por meio de um questiondrio (Apéndice B).
Foram, também, obtidos dados clinicos como pressao arterial sistélica (PAS), pressado arterial
diastdlica (PAD), formas clinicas, EDSS, terapia para EM dos individuos inseridos no estudo.
Os dados foram, também, obtidos por meio de consulta aos prontuarios médicos e a base de
dados LABHOS do Laboratério de Analises Clinicas (LAC) do HU/UEL.

O peso corporal foi medido com aproximacao de 0,1 quilograma (kg) utilizando
uma balanca eletrénica, com os individuos vestindo roupas leves, sem sapatos e no periodo
da manha. A altura foi medida com uma aproximacdo de 0,1 centimetro (cm) por meio de

um estadiémetro. O IMC foi calculado como peso (kg) dividido pela altura (m) ao quadrado.
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PAD e PAS foram obtidas no periodo da admissdo pelo uso de aparelho digital devidamente
calibrado e expressas em mmHg. PAS 2130 mmHg e PAD 290 mmHg ou uso de anti-
hipertensivo foram os critérios considerados para definir hipertensdao (JAMES et al., 2014).
Presenca de DM foi definida como glicose em jejum 2126 mg/dL e/ou o uso de
medicamentos hipoglicemiantes (American Diabetes Association, 2014).

A SM foi definida quando o individuo apresentou trés ou mais das seguintes
medidas: obesidade abdominal com circunferéncia abdominal 290 cm para homens, e >80
cm para mulheres; niveis de triglicerideos 2150 mg/dL; colesterol HDL menor que 40 mg/dL
para homens e menor que 50 mg/dL para mulheres; glicose em jejum 2100 mg/dL ou uso de
hipoglicemiantes; e/ou PAS >130 mmHg e PAD =85 mmHg ou uso de anti-hipertensivos, de

acordo com os critérios propostos pela “American Heart Association” (GRUNDY et al., 2005).

4.6 COLETA DE MATERIAL BloLoGIco

Apds jejum de 12 horas, os individuos (pacientes e controles) foram submetidos
a coleta de sangue venoso sem e com anticoagulante (10 mL e 20 mL, respectivamente). O
material foi centrifugado a 3.000 r.p.m. por 15 minutos e aliquotas do soro, plasma e buffy-
coat foram armazenadas no freezer a -80°C até o momento das andlises quando as amostras

ndo eram analisadas no mesmo dia.

4.7 DETERMINACAO DE MARCADORES INFLAMATORIOS, IMUNOLOGICOS E METABOLICOS

Os niveis de acido urico, glicose, colesterol total, colesterol HDL, LDL e
triglicerideos foram determinados por método colorimétrico em autoanalisador bioquimico
(Dimension Dade AR Dade Behring, Deerfield, IL, USA), utilizando kits Dade Behring®. Os
niveis de insulina e homocisteina foram avaliados por imunoensaio em microparticula com
guimiluminescéncia (Architech™, Abbott Laboratory, Abbott Park, IL, USA). Os niveis de IL-6,
IL-17A, IL-10 e TGF-B1 foram determinados por ensaio magnético de microesferas em
multiplex pelo kit (Novex Life Technologies, Frederick, MD, USA) para plataforma Luminex®

utilizando o equipamento MAGPIX® (Luminex Corporation, Austin, TX, USA).
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4.8 MARCADORES DO ESTRESSE OXIDATIVO
4.8.1 Peroxidagao lipidica

A avaliacdo da formacdo de hidroperdxidos lipidicos por quimioluminescéncia foi
efetuada em uma adaptagao da técnica descrita anteriormente (GONZALEZ FLECHA; LLESUY;
BOVERIS, 1991) utilizando o equipamento GloMax® 20/20 Luminometer (Promega

Corporation, Madison, WI, USA). Os resultados foram expressos em contagens por minuto

(cpm).

4.8.2 Produtos avancados da oxidacdo proteica (AOPP)

Os niveis de AOPP foram determinados no plasma pelo método descrito
previamente por Witko-Sarsat et al (1998). AOPP resultam da oxidagdo de residuos de
aminodcidos, tais como a tirosina, que conduzem a formacdao de produtos ditirosina
detectados por espectrofotometria em ensaio colorimétrico (Microplate reader LMR-96,
Loccus, Cotia, Sdo Paulo, Brasil). As concentracdes de AOPP foram expressas em umol/L de

equivalentes de cloramina-T.

48.3 Determinacdo de proteinas carbonilicas

O conteudo carbonilico de proteinas é amplamente utilizado como biomarcador
de dano oxidativo em proteinas sob condi¢des de estresse oxidativo (VASCONCELOS et al.,
2007). As proteinas carbonilicas plasmdticas foram avaliadas por espectrofotometria
utilizando a leitora de microplacas (Microplate reader LMR-96, Loccus, Cotia, Sdo Paulo,
Brasil), em uma adaptacdo da técnica descrita por Reznick e Packer (1994). O método baseia-
se na reacdo da 2,4 dinitrofenilhidrazina com o grupo carbonila, formando a
2,4dinitrofenilhidrazona que é determinada em ensaio colorimétrico. Os resultados foram

expressos em nmol de proteinas carbonilicas/mg proteinas totais.

4.8.4 Metabdlitos do éxido nitrico (NOx)

Os niveis de NOx foram determinados no plasma por espectrofotometria de

acordo com a reacdo de Griess, como descrita previamente (NAVARRO-GONZALVEZ;
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GARCIA-BENAYAS; ARENAS, 1998). Esta técnica utiliza o granulo de caddmio para reduzir
nitrato a nitrito, o qual é quantificado ao formar um complexo colorido com reagente de

Griess. Os resultados foram expressos em puM.

4.9 VARIANTE RS3761548 DO GENE FOXP3
49.1 Extracao de DNA

A extracdo do DNA gendmico a partir do buffy-coat de ambos os grupos foi
realizada utilizando o método de separacdo em coluna com reagentes comercialmente
disponiveis (Biopur, Biometrix Diagndstica, Curitiba, PR, Brasil), segundo as instru¢des do

fabricante.

A integridade do DNA extraido foi analisada por eletroforese em gel de agarose
1%, aplicando-se 5 pL da amostra de DNA extraido e 5 pL do corante xileno cianol (XC). A
eletroforese foi realizada a 100 V, em tampdo Tris-Acetato-EDTA (TAE) 1x (Gibco™,
Invitrogen Corporation, Life Technologies, Carlsbad, CA, USA). Apés a corrida de 45-60
minutos, o gel foi submerso em uma cuba com tampao TAE 1x (Gibco™, Invitrogen
Corporation, Life Technologies, Carlsbad, CA, USA) contendo brometo de etidio (20 mg/mL)
por 20 minutos e a imagem do gel foi capturada e armazenada pelo sistema de
fotodocumentacdo L-PIX-HE (Locus Biotecnologia, Cotia, SP, Brasil). Em cada eletroforese
realizada, foi incluido um controle de DNA, com concentragdo de 100 ng/uL, para analise

comparativa com o DNA das amostras do estudo.

49.2 Reacdo em Cadeia da Polimerase para a variante alélica do FOXP3 rs3761548

Aproximadamente 100 ng de DNA foram utilizados para amplificar um fragmento
de 155 pares de base (pb) do gene FOXP3 utilizando a reacdo em cadeia da polimerase (PCR)
seguindo os protocolos descritos na literatura, com algumas modificacdes (BANIN HIRATA et
al., 2017). Os primers utilizados para a amplificacdo de uma sequéncia de 155 pb do gene
FOXP3 foram sintetizados de acordo com a sequéncia do GenBank numero NT_079573. O
primer forward é formado pela sequéncia 5 GGC AGA GTT GAA ATC CAA GC 3’ e o primer
reverse é formado pela sequéncia 5 CAA CGT GTG AGA AGG CAG AA 3’.
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A reacdo de PCR foi realizada em um volume final de 25uL, contendo 0,25mM de
cada primer, 1,50 mM de MgCl,, 0,10mM de dNTP (/nvitrogen™, Life Technologies, Carlsbad,
CA, USA), 1,25U da enzima DNA polimerase recombinante diluida em seu tampdo 1X (20mM
de Tris-HCI ph: 8,5; 50mM de KCI) (/nvitrogen™, Life Technologies, Carlsbad, CA, USA), e
100ng da amostra de DNA. A reacdo de amplificacdo foi realizada em termociclador (Applied
Biosystems Veriti™ 96-well Thermal Cycler, Life Technologies, Foster City, CA, USA), com um
ciclo de desnaturacdo inicial de 4 minutos a 94°C; seguido por 35 ciclos de 30 segundos a
94°C para desnaturacao, 30 segundos a 65°C para o anelamento e 30 segundos a 72°C para
extensdo; e 10 minutos a 72°C para a extensao final. Todas as reacdes foram realizadas com
um controle negativo (auséncia de DNA) para assegurar a ndo contamina¢do com acidos
nucleicos.

Para a andlise da amplificacdo do gene FOXP3, 5 pL do produto por PCR e 5 plL do
corante XC foram aplicados em gel de poliacrilamida 10%. Em cada eletroforese foi incluido
o controle negativo, com auséncia de DNA e o ladder de 50pb (/nvitrogen™, Life
Technologies, Carlsbad, CA, USA) para determinar o tamanho do fragmento de DNA
amplificado. A eletroforese foi realizada a 100 V por 60 minutos com posterior coloracdo do

gel com nitrato de prata.

49.3 Polimorfismo no comprimento dos fragmentos de restricdio (RFLP) para a

variante rs3761548

A enzima de restricdo Pstl (Invitrogen™, Life Technologies, Carlsbad, CA, USA) é
purificada de Providencia stuartii e tem como sitio de restricao a sequéncia de nucleotideos

mostrada abaixo.

v
5...C TG CA[G..3'
3.GACGTC..5'

A partir dos produtos de amplificacdo da PCR, foi realizada a digestdo enzimatica
com a enzima de restricao Pstl. Cinco microlitros do produto da PCR foram completamente
digeridos com 0,3 pL de enzima Pst/ 10U/uL overnight a 37°C em termobloco. Os produtos

da digestdao enzimdtica foram analisados por eletroforese em gel de poliacrilamida 10%,
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aplicando-se 5 uL do produto de digestdo enzimatica de cada amostra e 5 uL de corante XC
no gel para a visualizagdo dos fragmentos formados. A eletroforese foi realizada a 100 V
durante 60 minutos e o gel corado com nitrato de prata conforme descrito anteriormente
(BANIN HIRATA et al., 2017). A analise dos fragmentos permitiu a identificagdo dos trés

gendtipos da variante em estudo (figura 11).

= CCrepresenta o gendtipo com homozigose para o sitio de restricao e apresenta dois
fragmentos na eletroforese, com 75 pb e 80 pb.

= CA representa o gendtipo em heterozigose, contendo trés fragmentos na
eletroforese, com 75 pb e 80 pb (provenientes da clivagem do sitio de restricdo
presente no alelo C) e 155 pb (proveniente do alelo A que ndo sofre a a¢do da
enzima).

= AA representa o gendtipo em homozigose sem o sitio de restricdo, apresentando

somente um fragmento com 155 pb.

Figura 10 Perfil eletroforético em gel de poliacrilamida 10% apds coloragdo com nitrato de

prata para leitura dos gendtipos do rs3761548 FOXP3 -3279 C>A

Eletroforese em gel de poliacrilamida 10% apds coloragdo com nitrato de prata caracterizando os
trés gendtipos apos a digestdo com a enzima de restricdo Pstl. L: ladder de DNA com 50 pb; gendtipo
AA (presenca de um Unico fragmento com 155 pb); gendtipo CC (presenca de dois fragmentos com
80 e 75 pb); gendtipo CA (presenca de trés fragmentos com 155, 80 e 75pb).
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4,10 ANALISE ESTATISTICA

As andlises de contingéncia (teste X?) foram utilizadas para verificar as
associacOes entre as varidveis categdricas e grupos de diagndstico, sendo expressas em
numero absoluto (n) e o percentual (%). Foram avaliadas as diferencas das varidveis
continuas entre os grupos utilizando andlises de variancia (ANOVA) e teste de Mann-
Whitney quando ndao houve normalidade em ambos os grupos, sendo expressas como média
+ desvio padrdo (Standard deviation, SD) ou mediana e intervalo interquartil (25-75%),
qguando apropriado.

Para o artigo 1, os valores de EDSS foram categorizados em dois grupos,
utilizando o valor de corte >3. Correlacdes entre varidveis continuas foram calculadas com os
coeficientes de correlagdo de Pearson. A analise univariada do modelo linear geral (GLM) foi
utilizada para avaliar os efeitos das varidveis independentes (incluindo os biomarcadores
imuno-inflamatorios, metabdlicos e de estresse oxidativo, SM, tratamento) nas variaveis
dependentes (escore EDSS), ajustando-se para idade, IMC e sexo. A andlise de regressao
logistica bindria stepwise foi utilizada para avaliar os biomarcadores mais significativos que
predizem o grupo com EDSS 23 (com EDSS <3 como grupo de referéncia).

Usamos os valores de Nagelkerke como estimativas do tamanho do efeito e
calculo da odds ratio (OR) e intervalos de confianga de 95% (IC95%). Uma andlise de em
camadas de redes neurais (Multilayer Perceptron Neural Network models) foi utilizada para
identificar os melhores biomarcadores associados com a incapacidade moderada/grave
(EDSS > 3) e para avaliar as complexas relagdes nao-lineares entre escores EDSS e
biomarcadores e outras varidveis, como SM e idade. Utilizamos modelos automatizados de
arquitetura feedforward com biomarcadores SM, idade, sexo, duracdo da doenca como
varidveis de entrada, enquanto a camada de saida contém os subgrupos EDSS
(dicotomizados) ou os escores do teste EDSS (varidveis de escala) como varidveis de saida.
Calculamos a area sob a curva operacional de recepcdo (AUC ROC) ou a correlagdo entre o
escore EDSS previsto pelo modelo e o escore EDSS real foram computados. Finalmente,
avaliamos a importancia (relativa) das varidveis de entrada nas anadlises de sensibilidade e
especificidade.

Para o artigo 2, o teste de Kolmogorov-Smirnov foi utilizado para avaliar a

normalidade da distribui¢cdo. A transformacao da raiz quadrada foi utilizada em IL-10 e TGF-
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para garantir a normalidade dos dados, pois as varidveis ndo apresentaram distribuicdo
normal e heterogeneidade de variancia (avaliada pelo teste de Levene). As correlagbes entre
TGF-B e IL-10 foram avaliadas pelos coeficientes de correlacdo de Spearman. A associa¢ao
entre a variante genética FOXP3 foi analisada em modelos dominantes, co-dominantes e
recessivos de acordo com o sexo. A analise multivariada do modelo linear geral (GLM) foi
usada para avaliar os efeitos das varidveis explicativas (incluindo o diagndstico) nas varidveis
dependentes (TGF-B e IL-10) enquanto controlava a idade, sexo, etnia, IMC e tabagismo. A
associacao entre os niveis de TGF-f3 e EDSS> 3 e a variante FOXP3 de acordo com o sexo foi
avaliada por meio de andlise de regressao logistica binaria automatica stepwise controlada
por covaridveis que podem confundir a associacdo de interesse em trés modelos diferentes.
A analise também incluiu o odds ratio (OR) e o intervalo de confian¢a de 95% (IC) avaliados.
A andlise estatistica foi realizada com SPSS para Windows, versdao 22.0 (SPSS 31
Inc., CHIGADQO, IL, EUA) e a significancia estatistica foi definida como p<0,05. Todos os dados
foram analisados utilizando as janelas do IBM SPSS versdo 24, Statistica 12, MaesStat e

MATLAB.
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5 RESULTADOS

Os resultados obtidos neste trabalho foram apresentados e discutidos em dois

artigos cientificos:

= Artigo 1: Disability in multiple sclerosis associated with age and inflammatory,
metabolic and oxidative/nitrosative stress biomarkers: results of multivariate and
machine learning procedures. O artigo foi submetido na revista Metabolic Brain

Disease, Fator de impacto: 2,441.

= Artigo 2: The rs3761548 FOXP3 variant is associated with multiple sclerosis and
transforming growth factor 81 levels in female patients. O artigo foi submetido na

revista Molecular Neurobiology, Fator de impacto: 5,076.
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Abstract

The aim of this study was to evaluate the immune-inflammatory, metabolic, and nitro-
oxidative stress (IM&NO) biomarkers as predictors of disability in multiple sclerosis (MS)
patients. A total of 122 patients with MS were included; their disability was evaluated using
the Expanded Disability Status Scale (EDSS) and IM&NO biomarkers were evaluated in
peripheral blood samples. Patients with EDSS >3 were older and showed higher
homocysteine, uric acid, advanced oxidized protein products (AOPP) and low-density
lipoprotein (LDL)-cholesterol and higher rate of metabolic syndrome (MetS), while high-
density lipoprotein (HDL)-cholesterol was lower than in patients with EDSS <3; 84.6% of all
patients were correctly classified in these EDSS subgroups. We found that 36.3% of the
variance in EDSS score was explained by age, Th17/T regulatory (Treg) and LDL/HDL ratios
and homocysteine (all positively related) and body mass index (BMI) (inversely related).
After adjusting for MS treatment modalities, the effects of the LDL/HDL and zTh17/Treg
ratios, homocysteine and age on disability remained, whilst BMI was no longer significant.
Moreover, carbonyl proteins were associated with increased disability. In conclusion, the
results showed that an inflammatory Th17 profile coupled with age and increased carbonyl
proteins were the most important variables associated with high disability followed at a
distance by homocysteine, MetS and LDL/HDL ratio. These data underscore that IM&NO
pathways play a key role in increased disability in MS patient and may be possible new
targets for the treatment of these patients. Moreover, a panel of these laboratory biomarkers

may be used to predict the disability in MS.

Keywords: Multiple sclerosis; disability; inflammation; oxidative stress; homocysteine;

biomarkers
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Introduction

Multiple sclerosis (MS) is a chronic inflammatory immune-mediated disease that
affects the central nervous system (CNS) and is the major cause of disability in adults. Many
different pathological mechanisms are involved in MS, including autoimmune inflammation,
demyelination, neurodegeneration with axonal and death and gliosis in the brain and spinal
cord. Genetic, immunological, hormonal, environmental, and epigenetic factors are most
likely responsible for the heterogeneity of neurological symptoms disseminated in time and
space, as well as disease progression (Versini et al., 2014). The autoimmune inflammation in
early MS is primarily mediated by adaptive immune responses and involves autoreactive T
cells, B cells, and antibodies, while the later, chronic stages of MS are characterized by a
compartmentalized immune response in the CNS with activated microglia and macrophages
(Sospedra; Martin 2016). The adaptive immune response in MS is characterized by the
imbalance in the expression of T helper (Th)1, Th2, Th17 and T regulatory (Treg) cytokines,
as well as chemokines and their receptors (Mikulkova et al., 2011; Sospedra and Martin,
2005; Sospedra and Martin, 2016).

Mounting evidence suggests that autoreactive Thl and Th17 cells generated in the
periphery have the ability to enter to the CNS by crossing the brain blood barrier (BBB).
There, they persist and generate an inflammatory cascade and increase reactive oxygen
species (ROS) and reactive nitrogen species (RNS) leading to formation of lesions and
neurologic deficits (Das Sarma et al. 2009; Murphy et al. 2010). Pro-inflammatory and anti-
inflammatory cytokine levels are associated with changes in MS disease activity (Graber et al.
2007). Interleukin (IL)-17A produced by a number of different cell types plays a critical role
in the pathogenesis of MS by affecting the BBB breakdown, inducing the infiltration of
immune cells into the CNS compartment, amplifying inflammatory responses and by the

generation of cytotoxic mediators that result in demyelination and neuronal damage
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(Kolbinger et al. 2016). Moreover, there is ample evidence that Treg cells, which are
characterized by secretion of 1L-10 and transforming growth factor (TGF)-p, are important for
controlling inflammatory mechanisms in animal models of experimental autoimmune
encephalomyelitis (EAE). In MS, a reduced number and activity of Treg were described
(Haas et al. 2005).

Moreover, oxidative and nitrosative stress play a major role in the development and
progression of chronic and autoimmune diseases, including MS (Dichi et al., 2014). The
increased production of ROS and RNS leads to high production of oxidized substrates, such
as lipids, proteins and nucleic acid, that contribute to immune dysregulation and aggravate the
clinical course of the MS (Sayre et al. 2008). Excessive nitro-oxidative stress and decreased
anti-oxidant levels are found in MS patients and are associated with disability progression
(Oliveira et al. 2012).

Changes in metabolic pathways and metabolic comorbidities are involved in the
disease course of MS and disability (Marrie et al. 2010; Weinstock-Guttman et al. 2011;
Oliveira et al. 2014). There is strong evidence that homocysteine, an inflammatory marker of
risk for cardiovascular disease (Faeh et al. 2006) is able to induce BBB disruption (Kamath et
al. 2006). Studies in animal models demonstrated that homocysteine is neurotoxic and
increased risk of neurodegenerative diseases (Bonetti et al. 2016; Longoni et al. 2018).
Increased levels of homocysteine were associated with cognitive impairment in
neurodegenerative disorders, such as Alzheimer’s disease and MS (Seshadri 2006; Russo et
al. 2008), and were associated with MS clinical progression (Teunissen et al. 2008; Oliveira et
al. 2018).

Disability accumulation over time in MS patients is slow but persistent, often leading
to a decreased mobility and physical activity, resulting in more weakness, fatigue and

increased risk of metabolic syndrome (MetS). On the other hand, MetS may trigger MS in
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susceptible individuals and is considered one of the risk factors (Reale and Sanchez-Ramon
2017). Insulin resistance, hypertension, hypercholesterolemia, and peripheral vascular disease
were independently associated with increased risk of disability (Marrie et al. 2010; Oliveira et
al. 2014). Worsening disability was associated with high total cholesterol, low-density
lipoprotein (LDL)-cholesterol, and triglycerides in patients with MS, whilst high-density
lipoprotein (HDL)-cholesterol was associated with low levels of acute inflammatory activity
(Weinstock-Guttman et al. 2011).

MS is a heterogeneous disease and the search for more adequate biomarkers predicting
disease course is currently an active area of research. The concomitant evaluation of immune-
inflammatory (Th1, Th17 and Treg response), metabolic pathways (MetS, lipid metabolism,
homocysteine) and oxidative stress biomarkers may provide more accurate predictive models
for the evaluation of disease disability in MS patients. Hence, the aim of the present study was
to evaluate immune-inflammatory, metabolic and nitro-oxidative stress (IM&NO) biomarkers

as predictors of disability in MS patients.

Materials and Methods

Subject Data

The study included 122 MS patients consecutively recruited from the Demyelinating Diseases
Outpatient of the State University of Londrina, Londrina, Parana, South of Brazil. The MS
diagnosis was established according to the McDonald criteria (Polman et al. 2011), and the
patients were classified with relapsing-remitting MS (RRMS) (n=103) or progressive MS
(n=19), including primary progressive MS (PPMS, n=3) and secondary progressive MS
(SPMS, n=16). The majority of the patients were treated with interferon (IFN)-p (n=76), and
others with glatiramer acetate (n=30), natalizumab (n=7), and fingolimod (n=2). Patients

without treatment (n=7) were those who abandoned therapy or were drug naive at the time of
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blood collection. Disability was evaluated using the EDSS score (Kurtzke 1983) and the
patients were categorized with mild (EDSS <3) and moderate/severe (EDSS >3) disability
(Kallaur et al. 2017). All MS patients were in the remission clinical phase, defined as the
period of recovery with no relapse episodes within the last three months prior to the time of
enrollment in the study. The patients were not on a special diet or on the use of antioxidants.
Baseline characteristics and the MS therapy used before the enrollment of MS patients
were obtained using a standard questionnaire on study admission. The ethnicity was self-
reported as Caucasians and non-Caucasians (Black, Afro-Brazilian, and Asiatic) (IBGE:
Brazilian Institute of Geography and Statistics 2011; Suarez-Kurtz et al. 2012). Body mass
index (BMI), waist circumference, systolic blood pressure (SBP) and diastolic blood pressure
(DBP) values were measured as previously described (Kallaur et al., 2017; Oliveira et al.,
2016). Type 2 diabetes mellitus (T2DM) was defined as a fasting serum glucose >126 mg/dL,
a non-fasting serum glucose > 200 mg/dL and/or use of hypoglycemic medication (American
Diabetes Association 2014). MetS was defined as previously reported (Grundy et al. 2005).
The protocol was approved by the Institutional Research Ethics Committees of
University of Londrina, Parand, Brazil (CAAE: 22290913.9.0000.5231) and all of the
individuals invited were informed in detail about the research and gave written informed

consent.

Blood Collection, Biochemical and Immunological Biomarkers

Venous blood samples were obtained after fasting for 12 h with
ethylenediaminetetraacetic acid (EDTA) as anticoagulant and without anticoagulant. The
samples were consecutively and anonymously coded and centrifuged at 2,500 rpm for 15 min.
Further, plasma and serum aliquots were stored at -80° C until use. Uric acid, total cholesterol,
HDL-cholesterol, LDL-cholesterol, triglycerides, and glucose were evaluated using enzymatic

colorimetric assay with a biochemical autoanalyzer (Dimension® EXL200, Siemens
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Healthcare Diagnostics Ltd, Newark, DE, USA). Homocysteine levels were determined by
chemiluminescent microparticle immunoassay (CMIA, Architect, Abbott Laboratory, Abbott
Park, IL, USA). IL-6, IL-17 and IL-10 levels were determined using microspheres multiplex
immunoassay (Novex Life Technologies, Frederick, MD, USA) for Luminex platform
(MAGPIX®, Luminex Corp., Austin, TX, USA). All laboratory analysis were performed

according to the manufacturer's instructions and their reference values.

Oxidative and nitrosative stress biomarkers

The oxidative and nitrosative stress biomarkers were determined as reported elsewhere
(Oliveira et al., 2012; Oliveira et al., 2016). Briefly, lipid hydroperoxides were evaluated by
tert-butyl hydroperoxide-initiated chemiluminescence (CL-LOOH), as described (Gonzales-
Flecha et al., 1991), using the GloMax® 20/20 Luminometer (Promega Corporation,
Madison, WI, USA). Advanced oxidation protein products (AOPP) and protein carbonyl
levels were determined as described previously (Witko-Sarsat et al., 1998; Reznick; Packer,
1994, respectively) using colorimetric assay (Microplate reader LMR-96, Loccus, Cotia, Séo
Paulo, Brazil). Nitric oxide (NO) was estimated by measuring NO metabolites (NOX) nitrites
(NO ) and nitrates (NOs ) using colorimetric assay, according to Navarro-Gonzélvez et al.,
(1998) and the results were obtained by microplate reader (LMR-96, Loccus, Cotia, Sao

Paulo, Brazil).

Statistical Analysis

Continuous variables were expressed as mean and + standard deviation (+ SD) and
categorical variables were expressed as absolute number (n) and percentage (%). Analysis of
variance (ANOVAs) was employed to check differences in continuous variables among EDSS
groups dichotomized using a cut off value >3. Analysis of contingence tables (x* tests) was

used to assess the associations between these EDSS groups and other nominal variables.
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Correlations between scale variables were computed with Pearson’s product moment
correlation coefficients. Computed z unit-weighted composite scores were used to assess
indices of atherogenicity based on HDL-cholesterol and LDL-cholesterol levels, and indices
of Th17 profile using the cytokine levels, as reported previously (Maes and Carvalho 2018).

Univariate general linear model (GLM) analysis was employed to assess the effects of
independent variables (including biomarkers, MetS, drug state) on the dependent variables
(the EDSS score), while adjusting for age, BMI and sex. Hierarchical binary logistic
regression analysis was used to delineate the most significant explanatory variables predicting
the group with EDSS scores >3 (with EDSS <3 as reference group). We used Nagelkerke
values as estimates of effect size and computed Odds ratio (OR) and 95% confidence intervals
(95% CI). A multilayer perceptron (MLP) neural network (NN) analyses was used to separate
patients with EDSS scores > 3 from those with scores <3 and to assess the complex non-linear
relationships between EDSS scores and biomarkers and other variables, such as MetS and
age. We used automated feedforward architecture models with biomarkers MetS, age, sex,
duration of illness as input variables, while the output layer contains the EDSS subgroups
(dichotomized) or EDSS test scores (scale variables) as output variables. Two hidden layers
were considered with a variable number of nodes. As a stopping rule, we used one
consecutive step with no further decrease in the error term. The relative number of cases
assigned to the training (to estimate the network parameters), testing (to prevent overtraining)
and holdout (to evaluate the final network) sets were 7, 3 and 3, respectively. We computed
error terms for the training and testing samples as well as relative errors in the three samples.
The rate of incorrect predictions and the partitioned confusion matrices for categorical output
variables (EDSS groups) in the three samples and the area under the receiving operating
curves (AUC ROC) or the correlation between the model-predicted EDSS score and the actual

EDSS score were computed. Finally, we assessed the (relative) importance of the input
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variables in sensitivity analyses. The EDSS score was used both as a continuous and also as a
binary-split dichotomized dependent variable in regression and NN analyses. The former
method because the use of continuous dependent variables is statistically more adequate than
using its dichotomized values (Altman and Royston 2006; Naggara et al. 2011). The second
method was employed because an EDSS score > 3 is a recognized cut-off point denoting
increased disability and, thus, is important in the clinical practice. All data were analyzed

using IBM SPSS windows version 25 and Statistica 12.

Results

Subjects characteristics

Table 1 shows the demographic, clinical as well as the biomarker characteristics of
subjects according to the EDSS score >3 versus those with EDSS score < 3. We did not use p-
corrections for false discovery rate because the results of Table 1 and the correlation matrices
between the variables shown in Table 1 were used to delineate the explanatory variables that
were consequently used in the multivariate statistical analyses presented in Tables 3 and 4.
Three patients did not have data on EDSS score. Patients with higher EDSS score were
significantly older than those with lower EDSS score. There were no significant differences in
sex ratio (female/male), ethnicity, smoking and alcohol use, T2DM frequency, BMI, waist
circumference, cytokines, NOx, CL-LOOH, and carbonyl proteins between both groups.
Nevertheless, subjects with EDSS >3 showed higher homocysteine, uric acid, AOPP and
LDL-cholesterol levels and higher rate of MetS, while HDL-cholesterol levels were
significantly lower than those with EDSS <3.

There were significant positive correlations between age and AOPP (r=0.234,
p=0.010), NOx (r=0.234, p=0.010), carbonyl proteins (r=0.188, p=0.039), homocysteine

(r=0.224, p=0.015 and LDL-cholesterol (r=0.333, p<0.001), but not with the other
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biomarkers. There were significant sex-related differences in uric acid and homocysteine, but
not with the other biomarkers. Uric acid (mean +SD = 4.7 £1.1 versus 3.8+1.2 mg/dL;
F=14.91, df=1/120, p<0.001) and homocysteine (13.9 £4.6 versus 11.7 +3.7 umol/L; F=8.26,
df=1/117, p=0.005) were significantly higher in males than females. HDL-cholesterol was
significantly lower in men than women (45.3 +13.2 versus 57.6 +18.7 mg/dL; F=13.61,
df=1/116, p<0.001). Duration of illness was significantly associated with EDSS score
(r=0.368, p<0.001, n=119) and NOx (r=0.317, p<0.001, n=121), but not with the other

biomarkers.

Use of z unit-weighted composite scores

Consequently, we have computed z unit-weighted composite scores to assess indices
of atherogenicity based on HDL-cholesterol and LDL-cholesterol levels, reflecting Castelli
index risk factor 1 as z value of total cholesterol (z cholesterol) - zHDL-cholesterol
(zcholesterol/HDL). We also computed zLDL-zHDL as an atherogenic marker reflecting
Castelli risk index 2. Table 2 shows that both Castelli risk indices were strongly correlated
with the new z unit-weighted composite scores. Likewise we computed z unit-weighted
composite scores reflecting Th17 profile activity as z natural logarithmic of IL-6 (zLnIL-6) +
zLnlIL-17 (zTh17). Table 2 shows that this z composite score is similar to the first principal
component (PC) extracted from both LnIL-6 and LnIL-17 values. Finally, we have also
computed an index reflecting Th17/Treg ratio as zLnlL6+zLnIL17 — zInIL-10 (zTh17/Treg).
The latter ratio was strongly correlated with the first PC extracted from LnlL-6 and LnlL-17/
LnIL10 (see table 2).

Age was significantly associated with zcholesterol/HDL (r=0.235, p=0.10, n=118) and
zLDL/HDL (r=0.239, p=0.009, n=118), but not with the other z-unit weighted composite
scores. The zLDL/HDL ratio was significantly higher in men than women (+0.49 +1.35

versus -0.24 £1.29; F=7.83, df=1/116, p=0.006), but there were no significant sex differences
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in the other z unit-weighted composite scores. Duration of illness was significantly and
positively correlated with zcholesterol/HDL (r=0.266, p=0.004, p=118) and zLDL/HDL

(r=0.282, p=0.002, n=118).

Prediction of the EDSS score

Correlation analyses showed significant relationships between the EDSS score and age
(r=0.377, p<0.001), AOPP (r=0.190, p=0.039), homocysteine (r=0.332, p<0.001) and LDL-
cholesterol (r=0.246, p=0.008) but not with the other biomarkers. There were significant
correlations between the EDSS score and zcholesterol/HDL (r=0.291, p=0.002), zLDL/HDL
(r=0.331, p<0.001), zThl7 (r=0.202, p=0.037) and zThl17/Treg (r=0.267, p=0.006).
Consequently, we have used zTh17, zTH17/Treg, zcholesterol/HDL, zLDL/HDL, MetS and
the significant biomarkers (see Table 1) together with age, sex and BMI as explanatory
variables in GLM and binary logistic regression analyses. After defining the best model, we
also examined the possible impact of the other biomarkers as well as demographic data
(including ethnicity, diabetes mellitus, smoking and alcohol use) and the drug state of the MS
patients.

Table 3 regression #1 shows the outcome of univariate GLM analysis with EDSS
score as dependent variable and zThl7, zThl17/Treg, zcholesterol/HDL, zLDL/HDL,
homocysteine, uric acid, AOPP, MetS together with age, sex and BMI as explanatory
variables. The EDSS score was best predicted by age, zLDL/HDL, zTh17/Treg and
homocysteine (all positively related) and BMI (inversely correlated). These variables
independently predicted 36.3% of the variance in the EDSS scores. None of the other
biomarkers yielded a significant effect, while sex (F=1.16, df=1/95, p=0.285), ethnicity
(F=2.11, df=1/95, p=0.150), smoking (F=0.00, df=1/95, p=0.964), alcohol use (F=1.48,

df=1/95, p=0.227), MetS (F=1.27, df=1/94, p=0.263) and T2DM (F=0.03, df=1/95, p=0.860)
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did not result in significant effects after considering the five variables entered in model
regression #1. In order to examine whether the effects of these five significant predictors
would change after controlling for the drug state of the patients we have entered the use of
drugs as additional predictor variables, namely no drugs (n=7), IFN-B (n=76), glatiramer
(n=30) and natalizumab (n=7). There were only two patients taking fingolimod and therefore
the latter was excluded from the analysis. Table 3 regression #2 shows that controlling for the
drug state did not change the effects of zLDL/HDL, zTh17/Treg, homocysteine and age,
although BMI was no longer significant.

Table 4 regression # 1 shows the outcome of binary logistic regression analysis with
the group with EDSS >3 (versus those with EDSS <3) as dependent variables and MetS, age,
sex and BMI as explanatory variables. We found that age (positively), MetS (positively) and
BMI (inversely) significantly predicted high EDSS score with a Nagelkerke value of 0.294.
After introducing zThl7, zTh17/Treg, zcholesterol/HDL, zLDL/HDL, homocysteine, uric
acid and AOPP in the same analysis (regression #2), we found that age, zLDL/HDL and
zTh17/Treg better predicted the EDSS score with a Nagelkerke value of 0.330. MetS
(Wald=1.04, df=1, p=0.307) and BMI (Wald=2.31, df=1, p=0.128) were no longer significant
in this regression analysis. Entry of the other variables in regression #2 (namely sex, ethnicity,
smoking and alcohol use, T2DM, or the biomarkers CL-LOOH, uric acid, NOx, AOPP and
carbonyl proteins) did not change the significance level of these three predictors and showed
that none of these variables had a significant effect. Entering the drug state of the patients
(four groups) as a categorical variable showed that the significances of zTh17/Treg,

zLDL/HDL and age were unaffected, while the drug state had no significant effect.

Results of neural network procedures

Table 5 shows the results of two different MLP/NN models predicting EDSS scores

(output variables) using the biomarkers and demographic or clinical data as input variables. In
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MLP/NN model #1 we used the EDSS score as a scale variable (continuous variable) and
biomarkers together with age, sex, BMI, MetS and duration of illness as input variables.
Automatic architecture training of the MLP/NN delineated two hidden layers with three units
in layer one (with hyperbolic tangent as activation function) and two units in layer two (with
identity as activation factor for the output layer). The differences in sum of square error
between the training and testing samples show that the MLP/NN model has learnt to
generalize from the trend. The relative error was relatively stable across the training, testing
and holdout samples. The predicted EDSS score was significantly and positively correlated
with the actual EDSS score (r=0.616, p<0.001). Fig. 1A shows the relative and normalized
importance of the input variables predicting the EDSS score. Homocysteine, zZLDL/HDL and
zTh17/Treg were the most important determinants of the predictive power of MLP/NN model
#1, followed at a distance by duration of illness.

In MLP/NN model #2, Table 5, we trained the MLP/NN using the dichotomized
EDSS score as output variable and the same input variables as in MLP/ NN model #1.
Automatic architecture training model delineated two hidden layers with two units in layer
one (activation function: hyperbolic tangent) and two units in layer two (activation factor in
the output layer: softmax). The differences in cross-entropy error between the training and
testing samples show that the model learnt to generalize from the trend. The rate of incorrect
predictions was 21.2% in the training sample, 21.7% in the testing sample and 15.4% in the
holdout sample. Table 5 shows also the partitioned confusion matrices. In the training sample,
the sensitivity of the model was 92.0% and specificity 66.7%, while in the testing sample it
was 93.3% and 50.0%, respectively. The accuracy of the holdout sample was somewhat better
with a sensitivity of 94.4% and a specificity of 62.5%, whilst the AUC ROC curve was 0.842.
Fig. 1B shows the relative and normalized importance of the input variables predicting the

dichotomized EDSS score. As showed, zTh17/Treg, carbonyl proteins and age were the most
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important determinants of the predictive power of high EDSS followed at a distance by

homocysteine, MetS and LDL/HDL ratio.

Discussion

The major finding of this study is that disability in MS patients is strongly associated
with age, an inflammatory Th17 immune response profile, carbonyl proteins, as well as MetS,
homocysteine and LDL/HDL ratio. This study established a model predicting increased risk
towards high EDSS indicating that age, the LDL/HDL ratio (Castelli index 2) and a
Th17/Treg profile are the most important features of disability independently of other
confounding factors. Moreover, we used MLP/NN models to predict the EDSS score, both as
a scale and a dichotomized variable, in MS patients and detected that of the top-6 features in
each model 4 variables corresponded among both models, namely Th17/Treg, zZLDL/HDL,
homocysteine and age. Nevertheless, when we used the dichotomized EDSS score, also
carbonyl protein was among the top features. Phrased differently, the cumulative effects of
Th17 activation, a pro-atherogenic index, homocysteine, age and protein oxidation are
important predictors.

Our data showing that patients with EDSS >3 were significantly older than those with
EDSS <3 are in agreement with previous studies, which demonstrated an association between
increased age and disability progression (Trojano et al. 2002; Scalfari et al. 2011). Previous
studies show that many aspects of the clinical course of MS, including clinical symptoms
(Tremlett et al. 2006), occurrence of relapses (Tremlett et al. 2008) and disability progression,
are associated with age (Trojano et al. 2002; Confavreux and Vukusic 2006; Tremlett et al.
2006; Scalfari et al. 2011). Furthermore, a five-year follow-up progression in the EDSS
demonstrated that increased age was a strong predictor of the EDSS and pyramidal
dysfunction scores but was not significantly associated with the actual changes in the EDSS,

pyramidal, sensitive, or cerebellar symptoms (Kallaur et al. 2016).
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Initially, it was postulated that an imbalance between Th1l cytokines, such as interferon
(IFN)-y, tumor necrosis factor (TNF)-a and IL-2 and Th2 cytokines, such as IL-4 and 1L-10
was the major mediator of inflammation in the CNS in patients with MS (Sredni-Kenigsbuch
2002; Imitola et al. 2005; Langrish et al. 2005), which damages oligodendrocytes, myelin
sheaths and neurons/axons, resulting in demyelination and axonal loss (Imitola et al. 2005).
Further, mounting evidence showed the role of other CD4" T cell lineages in MS
inflammatory mechanisms, such as Th17 and Treg cells through the production of IL-17, IL-
21, IL-22, and granulocyte-macrophage colony-stimulating factor (GM-CSF) by Th17 cells,
and IL-10 and TGF- B by Treg cells (Rostami and Ciric 2013). Reduced number and activity
of Treg cells have been described in MS, creating an imbalance between the Th17/Treg cells
and their cytokines (Hemmer et al., 2015; Sospedra and Martin 2016). Therefore, the
demyelination and neurodegeneration that occur in the MS are driven by Th1/Th2 and
Th17/Treg imbalance, which Thl and Thl7 cytokine profiles mediate the inflammatory
damage mechanisms whereas Th2 and Treg cytokine profiles mediate a compensatory anti-
inflammatory and protective mechanisms in MS (Hemmer et al., 2015; Sospedra and Martin
2016).

The role of the Treg response through IL-10 and TGF-B cytokines is to dampen an
overzealous inflammatory response caused by Thl and Th1l7 immune responses. In the
present study, the positive association between the z-unit weighted composite score
zTh17/Treg with moderate/severe disability in MS patients obtained in different statistical
models (Table 4) underscores the important role of T17 cells in the physiopathology of MS.
Moreover, this result showed that the Treg-mediated anti-inflammatory response, by itself,
was unable to restore the immune homeostasis and that this failure in the compensatory
immune-regulatory reflex system (CIRS) as recently reviewed (Maes and Carvalho 2018)

and, consequently, may result in a uncontrolled inflammation that contributed to the disability
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and disease progression in this cohort of MS patients. Altogether, this result suggests that
Th17/Treg score may be considered an important biomarker to predict the disability
progression in MS patients.

Possibly, in different clinical forms of MS, or in different clinical phases, either Thl
or Th17 cells are the main drivers of pathological processes. This might also be the case in the
evolution of individual CNS lesions, with one Thl lineage initiates the pathologic
mechanisms and Th17 lineage perpetuates them. Therefore, the Th17 cells will continue to be
of intense interest for therapeutic targeting in MS and new approaches could be developed,
hopefully with great benefit to MS patients (Rostami and Ciric 2013).

Moreover, the present study showed that higher levels of homocysteine were obtained
in patients with moderate/severe disability than those with wild disability, underscoring the
association between hyperhomocysteinemia and disease progression, independently of
confounding factors, when MS patients were evaluated using the Multiple Sclerosis Severity
Score (MSSS) (Oliveira et al. 2018). Hyperhomocysteinemia was also associated with the
presence of MS (Ramsaransing et al. 2006; Moghaddasi et al. 2013), as well as with high
disability (Guzel et al. 2016). Homocysteine is known to be toxic to the CNS and
hyperhomocysteinemia may be a risk factor for neurodegenerative conditions (Seshadri 2006;
Zhu et al. 2011). The CNS may be particularly sensitive to extracellular homocysteine, as it
promotes excitotoxicity via stimulation of N-methyl-D-aspartate receptors (NMDA), and
damages neuronal DNA, thereby triggering apoptosis (Ho et al. 2002; Skovierova et al. 2015).
Different mechanisms are involved in the neurotoxic effect of homocysteine on neuronal and
glial cells (Skovierova et al. 2015; Skovierova et al. 2016; Longoni et al. 2018). On neuronal
cells, homocysteine acts as an agonist for both groups of glutamate receptors, NMDA and
non-NMDA, and the overstimulation of these receptors results in increased level of

cytoplasmic calcium, higher production of free radicals and activation of caspases leading to
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apoptosis (Skovierova et al. 2016). Moreover, homocysteine promotes oxidative stress. An in
vitro effect of homocysteine in rat hippocampus showed that it significantly increases lipid
peroxidation parameter and decreases total antioxidant plasma capacity, both in a dose-
dependent manner, but did not change antioxidant enzymes (Streck et al. 2003). On glial cells,
hyperhomocysteinemia in vitro showed to be a potent gliotoxic agent capable of inducing the
death of human glial cells already at concentrations reached in brain during
hyperhomocysteinemia (Skovierova et al. 2015). Moreover, homocysteine induced in adult
astrocytes changes in cellular morphology/cytoskeleton proteins, pro-inflammatory TNF-a,
IL-1B, and IL-6 cytokines release, cellular antioxidant defenses, nuclear factor x B (NF-kB)
transcriptional activity, and heme oxygenase 1 (HO-1) expression levels (Longoni et al.
2018). Therefore, it is conceivable to suggest that association between hyperhomocysteinemia
and increased disability and progression of the disease may be explained by direct neurotoxic
effects of homocysteine via excitotoxic mechanism thereby contributing to
neurodegeneration.

The results of the current study also showed that the presence of MetS and increased
levels of LDL-cholesterol were significantly associated with moderate/severe disability. MetS
is a global public health challenge and a complex condition represented by a combination of
risk factors, such as central obesity, dyslipidemia, hypertension, and disturbed glucose
metabolism, a cluster of interconnected factors which lead to an increased risk of
cardiovascular diseases and T2DM (Reaven 1997; Kassi et al. 2011). Previous research has
shown that the prevalence of MetS is higher than national averages for individuals with
autoimmune diseases, such as rheumatoid arthritis, systemic lupus erythematosus (Versini et
al. 2014). However, conflictin results are also reported, such as that the rate of 30% of MetS

obtained in a sample of 130 MS patients with moderate/severe disability (EDSS score > 3),
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with no gender difference, did not differ from the general population (Pinhas-Hamiel et al.
2015).

A prospective cohort design in patients with MS found that high levels of total
cholesterol were associated with increased disability, and increased total cholesterol/HDL
ratio was associated with annual accumulating disability (Tettey et al. 2014). A placebo-
controlled trial carried out with MS patients showed that those using lipid-lowering statins
had a lower change in EDSS after two years than the placebo group (Chataway et al. 2013).
Further, these authors showed that, compared with placebo, simvastatin 80 mg per day
reduced the annualized rate of whole-brain atrophy (the primary outcome) by 43.0%,
considered a positive effect given that longitudinal studies have shown a relation between
atrophy progression and disability. These authors also noted a small, but significant, effect in
two the secondary clinical outcomes, such as the mean score at 24 months of EDSS evaluated
by a physio and multiple sclerosis impact scale 29 (MSIS-29) by a patient reported viewpoint,
supporting a true effect of dyslipidemia on disease progression (Chataway et al. 2014).

Regarding the lipid profile of the present cohort of MS patients, our results are in
agreement with the findings that patients with acute transverse myelitis (ATM) and patients
with MS showed higher serum triglycerides, total cholesterol, and LDL-cholesterol levels
than healthy controls. Moreover, longer disease duration was associated with high
triglycerides while high HDL-cholesterol was associated with a trend toward low disability
scores (Liu et al. 2016).

Mounting evidence indicates that serum cholesterol and other risk factors for
cardiovascular diseases intensify normative trajectories of age-related cognitive decline and
may have impact on brain networks (Spielberg et al. 2017). These authors demonstrated a

deleterious effect of cholesterol on brain health and suggested that cholesterol accelerates the
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impact of age on neural trajectories by disrupting connectivity in circuits implicated in
integrative processes and behavioral control (Spielberg et al. 2017).

Some lines of evidence also indicates that nitro-oxidative stress plays a major role in
the pathogenesis of MS by contributing to myelin and oligodendroglia degeneration (Ferretti
et al. 2005). We previously demonstrated that individuals with MS have persistent oxidative
stress, even when the disease remained in clinical remission, and that oxidative stress may
play an important role in the physiopathology of disability progression (Oliveira et al. 2012).
Increased AOPP and progression of MS were significantly and positively associated with
increase of ferritin; furthermore, the combination of serum ferritin levels and oxidative stress
markers were responsible for 13.9% of the MS diagnosis and the results suggested that
ferritin could aggravate oxidative stress in patients with MS and contribute to progression of
disease (Ferreira et al. 2017).

Our results showed that AOPP was higher in MS with moderate/severe disability
(EDSS >3) than those with mild disability (EDSS <3), while carbonyl proteins was associated
with the dichotomized EDSS score. Differences between both indices of protein oxidation
may be explained by differences in formation. AOPP, a group of oxidatively modified
proteins that contain pentosidine, dityrosine and carbonyls, is formed as a consequence of
hypochlorous acid stress which may proceed via elevated activity of myeoloperoxidase
coupled with increased peroxide and peroxynitrite production (Huang et al. 2013;
Gryszczynska et al. 2017). The formation of protein carbonyl is earlier than the AOPP and is
the consequence of many more oxidative processes and therefore reflects overall oxidation of
proteins (Weber et al. 2015; Gryszczynska et al. 2017). Carbonylation refers to the non-
enzymatic addition of aldehydes or ketones to specific amino acid residues and constitutes the
most common oxidative modification of proteins affecting the function and/or metabolic

stability of the modified proteins (Levine 2002). While AOPP is an irreversible process,
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carbonylation is a reversible one. The formation of protein carbonyls seems to be a common
phenomenon during oxidation, and their quantification can be used to measure the extent of
oxidative modification (Dalle-Donne et al. 2003).

Our previous study showed that RRMS patients exhibited higher plasma levels of lipid
peroxidation (CL-LOOH) and carbonyl proteins, while lower plasma levels of NOx, TRAP,
and sulfhydryl (SH) groups than controls. Moreover, patients with moderate/severe disability
showed higher CL-LOOH than controls and a positive correlation was observed between CL-
LOOH and EDSS, as well as between carbonyl proteins and EDSS (Oliveira et al. 2012).
Previous findings also showed that plasma and cerebrospinal fluid AOPP levels were higher
and SH group levels were lower in patients with clinically isolated syndrome (CIS) and with
RRMS than those obtained in controls. Furthermore, regarding to disability of patients with
CIS and RRMS, plasma and cerebrospinal fluid AOPP levels were positively correlated with
EDSS, while SH group levels was inversely correlated with EDSS (Ljubisavljevic et al.
2013). Taken together, these results suggest that oxidative and nitrosative stress pathways
could be possible new targets of integrative therapies for patients with MS.

Carbonylation of brain proteins has been implicated in the etiology and/or progression
of several neurodegenerative disorders including Alzheimer’s disease (Aksenov et al. 2001),
Parkinson’s disease (Floor and Wetzel 2002), amyotrophic lateral sclerosis (Ferrante et al.
1997), as well as MS (Bizzozero et al. 2005; Zheng and Bizzozero 2010). Elevated levels of
carbonyl proteins are generally a sign not only of oxidative stress but also of disease-derived
protein dysfunction and the assay of carbonyl protein has a major advantage over lipid
peroxidation products as markers of oxidative stress because oxidized proteins are generally
more stable (Floor and Wetzel 2002). Moreover, a positive correlation was observed between

carbonyl group level and disability in SPMS patients (Morel et al. 2017).
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We have shown previously that the immune-inflammatory and oxidative stress
mechanisms, as well as the TNFS +252 G/A (rs909253) genetic variant play a role in the
pathophysiology of MS and disease progression and that biomarkers of these pathways are
predictors of high disability and are associated with different aspects of disease progression
(Kallaur et al. 2017). We demonstrated that IL-10, TNF-a, IFN-y, AOPP, and NOx levels
were higher while IL-4 was lower in MS patients with moderate/severe disability compared
with those with mild disability. The actual accumulating disability observed during five-year
follow-up were positively associated with TNF-a and IFN-y. In that study, increased IFN-y
values were associated with high pyramidal symptoms, increased IL-6 with sensitive
symptoms while increased carbonyl protein and IL-10 but lowered albumin levels predicted
cerebellar symptoms. Moreover, the TNFB1/B2 genotype of TNFS +2552 G/A (rs909253)

variant decreased the risk towards progression of pyramidal symptoms (Kallaur et al. 2017).

Conclusions

To our knowledge, no studies have evaluated the association between Castelli indices
1 and 2 surrogates, such as total cholesterol/HDL-cholesterol ratio and LDL/HDL ratio,
respectively, as well as the association between IM&NO biomarkers and MS disability. The
results demonstrated here underscore that IM&NO pathways play a key role in increased
disability in MS patient and may be possible new targets for the treatment of them. Moreover,
the results contribute to the identification of a laboratory biomarker panel that may be used in

predicting the disability in MS patients.
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Table 1 Clinical, demographic and biomarker characteristics of patients with multiple sclerosis

categorized according to their disability evaluated using Expanded Disability Scale Score (EDSS)

Variable EDSS <3 (n= 49) EDSS >3 (n=70) FIX? df P value
EDSS 0.99 (0.85) 4.79 (1.56) 239.69 1/117  <0.001
Age (years) 37.3(11.3) 46.8 (12.3) 1851  1/117 <0.001
Sex (F/M) 35 (71.4)/14 (28.6) 46 (65.7)/24 (34.3) 0.43 1 0.511
Caucasian/Non-Caucasian 41 (83.7)/8 (16.3) 55 (78.6)/15 (21.4) 0.48 1 0.488
BMI (kg/m?) 26.0 (5.3) 25.7 (4.9) 014 1117  0.707
Waist circumference (cm) 88.4 (13.4) 92.5(13.1) 2.77 1/112 0.099
Smoking (No/Yes) 45 (91.8)/4 (8.2) 59 (84.3)/11 (15.7) 1.49 1 0.222
Alcohol use (No/Yes) 42 (85.7)/7 (14.3) 63 (90.0)/7 (10.0) 0.51 1 0.475
T2DM (No/Yes) 46 (93.9)/3 (6.1) 63 (90.0)/7 (10.0) 0.56 1 0.453
MetS (No/Yes) 43 (87.8)/6 (12.2) 42 (61.8)/26 (38.2) 9.68 1 0.002
Glucose mg/dL 89.6 (2.8) 90.3 (2.3) 0.03 1/117 0.855
Total cholesterol mg/dL 182.9 (6.0) 195.0 (5.1) 2.37 1/114 0.127
Triglycerides (mg/dL) 108.6 (8.7) 13.4 (7.6) 1.62 1/114 0.205
HDL-cholesterol (mg/dL) 58.2 (18.5) 50.9 (17.1) 445  1/113  0.037
LDL-cholesterol (mg/dL) 102.9 (33.4) 119.2 (33.1) 6.78  1/113  0.010
Uric acid (mg/dL) 3.82 (1.06) 4.31 (1.35) 453  1/113  0.035
Homocysteine (umol/L) 11.4 (2.9) 13.3 (4.7) 5.82 1/114 0.017
Hydroperoxide (cpm) 174 (91) 176 (92) 0.05 1/116 0.829
Carbonyl Protein (nmol mL™

3.07 (1.34) 3.29 (1.20) 0.84 1/116  0.362
mg ™ total protein)
AOPP (umol/L

118.7 (41.2) 136.7 (48.6) 513  1/116  0.025
chloramine-T equivalents)
NOX (UM) 11.7 (3.7) 13.2 (3.7) 0.39 1/116 0.533
IL-6 (pg/mL) 22.2 (79.7) 19.7 (93.6) 114  1/105  0.289
IL-17 (pg/mL) 11.2 (19.9) 27.0 (122.3) 0.82 1/105  0.367
IL-10 (pg/mL) 22.3(62.2) 26.8 (117.2) 0.05 1/105  0.819
Clinical form 12.040 1 0.001




88

RRMS 48 (97.9) 52 (74.3)

ProgMS (PPMS + SPMS) 1(2.1) 18 (25.7)

EDSS: Expanded Disability Status Scale; EDSS < 3: mild disability; EDSS > 3.0: moderate/high disability;
F/X?: the results of analyses of variance. x2: results of analyses of contingency tables. Continuous variables were
expressed as mean and + standard deviation (SD) and categorical variables were expressed as absolute number
(n) and percentage (%). df: degree of freedom; BMI: body mass index; T2DM: type 2 diabetes mellitus; MetS:
metabolic syndrome; AOPP: advanced oxidation protein product; NOx: nitric oxide metabolites; IL: interleukin;
HDL: high-density lipoprotein cholesterol; LDL: low-density lipoprotein cholesterol; RRMS: relapsing-remitting
multiple sclerosis; ProgMS: progressive clinical forms of multiple sclerosis; PPMS: primary progressive

multiple sclerosis; SPMS: secondary progressive multiple sclerosis
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Table 2 Description of the z-unit weighted composite scores of inflammatory and metabolic biomarkers

used in the present study

z-unit score Index Correlation

zcholesterol/HDL Castelli risk index 1 r=0.955, p<0.001, n=118
zLDL/HDL Castelli risk index 2 r=0.944, p<0.001, n=118
zTh17 profile PC IL-6 and IL-17 (Th17 profile) r=1.000, p<0.001, n=110
zThl7/Treg PC IL-6 and IL-17/1L-10 (Treg profile) r=0.701, p<0.001, n=110

~ zcholesterol/HDL: z value of total cholesterol - high-density lipoprotein cholesterol; zZLDL/HDL: z value of
low-density lipoprotein cholesterol - high-density lipoprotein cholesterol; zThl17profile: z natural
logarithmic (Ln) of interleukin (IL)-6 (zLnIL-6) + zLnIL-17; zTh17/Treg: zLnIL6 + zLnIL17 — zLnIL-10;

PC: principal component; Treg: T regulatory cells.
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Table 3 Results of univariate general linear model (GLM) analysis with Expanded Disability Scale Score

as dependent variable and immune-inflammatory, metabolic, and oxidative stress biomarkers as

explanatory variables

Regression  Explanatory F df  pvalue R’ F df  Pvalue R’

variables

#1 Age (+) 12.25 1/96 0.001 0.113 10.92 5/96 <0.001  0.363
BMI () 528  1/96  0.024  0.052
zLDL/HDL (+) 531 1/96 0.023 0.052
zZTh17/Treg (+) 11.08 1/96 0.01 0.103
Homocysteine (+) 7.30 1/96 0.008 0.071

#2 Age (+) 10.30 1/91 0.002 0.102 9.50 8/91 <0.001 0.455
BMI 1.30 1/91 0.257 0.014
ZLDL/HDL (+) 981  1/91  0.002  0.097
zTh17/Treg (+) 511  1/91  0.026  0.053
Homocysteine (+) 7.42 1/91 0.008 0.075
Drug state 5.37 1/91 0.002 0.150

All the results of analyses of variance (F values); df: degree of freedom; BMI: body mass index; Treg: T

regulatory cells; zLDL/HDL: z value of low-density lipoprotein cholesterol - high-density lipoprotein

cholesterol; zTh17/Treg: z natural logarithmic value of interleukin (IL) 6 + z natural logarithmic value of IL17 —

z natural logarithmic value of 1L-10; (-): negatively associated; (+): positively associated.
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Table 4 Result of binary logistic regression analysis with an increased EDSS score (>3) as dependent

variable and those with lower EDSS score (<3) as reference group

Regres Explanatory Wald df P OR Cl 95% X?  df P Nagel
sion Variables value value
#1 Age (+) 1123 1  0.001 1.07 1.03-1.11 2816 3 <0.001 0.294
MetS (+) 6.84 1 0009 542 153-19.20
BMI (-) 420 1 0.040 090 0.82-0.99
#2 Age (+) 768 1 0.006 107 1.03-111 2923 3 <0.001 0.330
zZLDL/HDL (+) 5.08 1 0.024 1.69 1.17-2.45
zZTh17/Treg (+) 7.18 1 0.007 1.78 1.08 -2.93
#3 Age (+) 8.71 1 0.003 1.07 1.02-111 36.77 6 <0.001 0.407
zZLDL/HDL (+) 9.99 1 0.002 1.99 1.30-3.04
ZTh17/Treg (+) 389 1 0.049 169 1.00-285
Drug state 118 3 0.759 - -

df: degree of freedom; OR: odds ratio; ClI: confidence interval; MetS: metabolic syndrome; BMI: body mass

index; HDL.: high-density lipoprotein; LDL: low-density lipoprotein; Treg: T regulatory cells

ZLDL/HDL: z value of low-density lipoprotein cholesterol — z value of high-density lipoprotein cholesterol;

ZTh17/Treg: z natural logarithmic (Ln) value of interleukin (IL) 6 + z Ln value of IL17 —z Ln value of IL-10
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Table 5 Multilayer Perceptron (MLP) Neural Network (NN) models with the EDSS score (continuous
or dichotomized variable) as output variables and age, sex, duration of iliness, metabolic syndrome and

IM&NO biomarkers as input variables

NN models Model NN #1 NN #2
Output Scale EDSS EDSS >3
Input All (n=14 variables) All (n=14 variables)
SS/CE error 1.418 27.356
Training Relative error or % incorrect 0.644 21.2%
prediction (sensitivity-specificity) - (92.0% — 66.7 %)
SS/CE error 0.602 10.337
Testing Relative error or % incorrect 0.669 21.7%
prediction (sensitivity-specificity) - (93.3% — 50.0%)
Holdout Relative error or % incorrect 0.653 15.4%
prediction (sensitivity-specificity) - (94.4% — 62.5%)
AUC ROC - 0.842

EDSS: Expanded Disability Status Scale; IM&NO: immune-inflammatory, metabolic, and oxidative stress
biomarkers; AUC ROC: area under the receiving operating curves; SS/CE: sum of squares or cross-entropy

error.
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Fig. 1 Results of two different multilayer perceptron (MLP) neural network (NN) models of analysis showing the relative and normalized importance of the input variables

predicting the disability using Expanded Disability Scale Score (EDSS). A: Model #1 used EDSS as continuous variable and immune-inflammatory, metabolic and oxidative

stress biomarkers, together with age, sex, body mass index, metabolic syndrome (MetS), and duration of illness as input variables. As showed, the homocysteine, zLDL/HDL

and zTh17/Treg were the most important determinants of the predictive power of MLP/NN model #1, followed at a distance by duration of illness. B: Model #2 used

dichotomized EDSS (EDSS <3 and EDSS >3) as output variable and the same input variables as in MLP/ NN model #1. As showed, zZTh17/Treg, carbonyl proteins and age

were the most important determinants of the predictive power of higher EDSS followed at a distance by homocysteine, MetS and LDL/HDL ratio. *z-scores obtained on Ln

transformations. AOPP: advanced oxidation protein product; NOx: nitric oxide metabolites; CL-LOOH: hydroperoxide; Treg; T regulatory; HDL: high-density lipoprotein

cholesterol; LDL: low-density lipoprotein cholesterol.
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Abstract

The aim of this study was to evaluate the association between rs37611548 FOXP3 (-3279
C>A) variant and multiple sclerosis (MS) diagnosis, disability, disability progression, as well
as transforming growth factor (TGF)-B1 and interleukin (IL)-10 plasma levels in MS patients.
The study included 170 MS patients and 182 controls, adults, both sexes. Disability was
evaluated using Expanded Disability Status Scale (EDSS) and categorized as mild (EDSS<3)
and moderate/high (EDSS>3). Disability progression was evaluated using Multiple Sclerosis
Severity Score (MSSS). The rs3761548 variant was determined with polymerase chain
reaction-restriction fragment length polymorphism (PCR-RFLP). Plasma levels of TGF-B1
and IL-10 were determined using immunofluorimetric assay. CA and AA genotypes were
associated with MS [odds ratio (OR): 2.03, 95% confidence interval (CI): 1.66-3.53, p=0.012;
OR: 8.19, 95%CIl: 3.04-22.07, p<0.001, respectively]. With the dominant model, the CA+AA
genotypes were associated with MS (OR: 2.57, 95% CI: 1.50-4.37, p<0.001). In the recessive
model, the AA genotype was also associated with MS (OR: 5.38, 95% CI: 2.12-13.64,
p<0.001). After adjustment by age, ethnicity, BMI and smoking, all these results remained
significant, as well as female patients carrying the CA+AA genotypes showed higher TGF-p1
than those carrying the CC genotype (OR: 1.35, 95%CI: 1.001-1.054, p=0.043). No
association was observed between the genotypes and disability, disability progression and IL-
10 levels. These results suggest that the A allele of FOXP3 -3279 C>A variant may exert a
role in the T regulatory cell function, which could be one of the factors involved in the

susceptibility for MS in females.

Keywords: Multiple sclerosis; disability; rs3761548 FOXP3 variant; transforming growth

factor B1; T regulatory cell.
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Introduction

Multiple sclerosis (MS) is a progressive chronic inflammatory disorder of the central
nervous system (CNS) which molecules in the white matter and grey matter of the brain,
spinal cord, and optic nerve are attached by immune-mediated mechanisms [1]. The
pathogenesis of MS involves complex interactions between genetic susceptibility and
environmental triggers, as well as gene-environment interactions and epigenetic mechanisms
[2]. MS is a heterogeneous disease that affects women two to three times as often as men.
While females are at higher risk for MS, males are more likely to display primary progressive
disease and accumulate disability faster than female patients in relapse-onset MS [3].

Variations in genes coding for the expression and regulation of immune response may
play a role in MS susceptibility and disease progression [4]. The forkhead box protein 3
(FOXP3) gene, a member of transcription factor winged-helix family, is located on
chromosome Xp11.23 within the area of autoimmune diseases linkage [5, 6]. The FOXP3
gene is primarily expressed in CD4" CD25" T regulatory (Treg) cells [7]. It encodes the
FOXP3 protein that is a transcriptional factor for the Treg cell development and function,
mainly in the downregulation of cytokine production by T helper (Th)-1 and Th17 effector
cells [8].

Treg cells produce the pleotropic cytokine transforming growth factor beta (TGF-B)
and interleukin (IL)-10, which are dominantly viewed as critical mediators for tolerance and
immunosuppression. TGF-B is a key regulator of the signaling pathways that initiate and
maintain Foxp3 expression and suppressive function in CD4" CD25 precursors. In fact, in a
cell type and environment-dependent fashion, Treg and TGF- exert both negative and
positive effects on the immune system. TGF-B suppresses immune responses through
inhibiting the function of inflammatory cells and promoting the function of Treg cells. TGF-p

suppresses the expression of important genes for T-cell differentiation and function, such as
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GATAS3, Thet, signal transducer and activator of transcription 4 (STAT4), interferon (IFN)-vy,
and granzyme-B. TGF-p also regulates the adaptive immunity components, such as T cells, as
well as the innate immunity components, such as natural Killer (NK) cells [9].

Different single nucleotide variants (SNVSs) in the promoter region of FOXP3, which
can affect the expression of FOXP3 and impair the Treg differentiation and function, have
been associated with the susceptibility and prognosis of autoimmune diseases, such as
autoimmune thyroid diseases [10], psoriasis [11], systemic sclerosis [12], rheumatoid arthritis
[13], and MS [14, 15].

The rs3761548 FOXP3 -3279 C>A variant is located on the promoter region and the A
allele is correlated with a reduction in FOXP3 expression [16]. Surveys in Iranian population
showed an association between the A allele of the variant rs3761548 with MS [14, 15], while
in Polish population this association was not demonstrated [17]. In fact, it is well-known that
ethnicity influences the presence of variants in various genes, which may cause controversial
results in different populations, that is why is important to survey this association in different
ethnicities. Thus, the aim of this study was to evaluate the rs37611548 FOXP3 (-3279 C>A)
variant and its association with MS, disability, and disability progression, as well as with

TGF-B1 and IL-10 levels in MS patients from Southern Brazilian population.

Materials and Methods

Subjects

The study included 170 MS patients, adults and both sexes, consecutively recruited
from the Demyelinating Diseases Outpatient of the State University of Londrina, Londrina,
Parana, South Brazil. The MS diagnosis was established according to the McDonald criteria
[18]. The patients were clinically evaluated for disability using the Expanded Disability Status

Scale (EDSS) [19]. Based on their EDSS scores, patients were divided into two groups with
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EDSS less or equal to the median value of disability among them (minor disability) and more
than this median (moderate/high disability) [20]. Disability progression was evaluated by
using the Multiple Sclerosis Severity Score (MSSS), as proposed elsewhere [21] and score
>5.0 denoted higher than the average speed of disability accumulation [22].

As controls, 182 healthy individuals were selected among blood donors of the
Regional Blood Bank of Londrina, from the same geographic region of the MS patients. None
of the participants in the study presented clinical symptoms or laboratory biomarkers of heart,
thyroid, kidney, hepatic, gastrointestinal, or oncologic diseases.

All MS patients were in the remission clinical phase, defined as the period of recovery
with no relapse episodes within the last three months prior to the time of enrollment in the
study. Demographic, epidemiological and anthropometric data (for patients and controls), as
well as clinical history and the use of therapy for MS before the inclusion in this study (for
patients) were obtained using a standard questionnaire at the admission of the individuals.
Body mass index (BMI) was calculated as weight (kg) divided by height (m) squared and the
ethnicity was self-reported as Caucasian and non-Caucasian [23].

The protocol was approved by the Institutional Research Ethics Committees of
University of Londrina, Parana, Brazil (CAAE: 22290913.9.0000.5231) and all of the
individuals invited were informed in detail about the research and gave written informed

consent.

Blood Collection and Immunological Biomarkers

After fasting for 12 h, venous blood samples were obtained with anticoagulant
ethylenediaminetetraacetic acid (EDTA), centrifuged at 3000 rpm for 15 min; further, plasma
and buffy-coat were separated and divided into aliquots and stored at —80 °C until use. TGF-
B1 and IL-10 levels were determined using microspheres multiplex immunofluorimetric assay

(Novex™, Life Technologies, Frederick, MD, USA) for Luminex platform (MAGPIX™,
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Luminex Corp., Austin, TX, USA), that was performed according to the manufacturer's

instructions and their reference values.

Allelic variant rs3761548 (-3279 C>A) of FOXP3

Genomic DNA was extracted from a buffy-coat of peripheral blood cells using a resin
column procedure (Biopur, Biometrix Diagndstica, Curitiba, PR, Brazil). DNA was used to
amplify a 155 base pairs (bp) sequence of the FOXP3 by polymerase chain reaction (PCR) as
previously reported [24] with some modifications. Briefly, the primers used were determined
according to the GenBank number NG_007392.1, 5-GGCAGAGTTGAAATCCAAGC-3
(forward) and 5’-CAACGTGTGAGAAGGCAGAA-3' (reverse). PCR was performed with a
final volume of 25 uL, with 0.25mM of each primer, 1.50 mM MgCl,, 0.10 mM dNTP, 1.25
units of Taq DNA polymerase (Invitrogen™, Life Technologies, Carlsbad, CA, USA). PCR
conditions were performed in a thermocycler (Applied Biosystems Veriti™, 96-Well Thermal
Cycler, Life Technologies, Foster City, CA, USA) and comprised of 4 min denaturation at
94°C for initial denaturation; 35 cycles of 30 sec at 94°C for denaturation, 30 sec at 65°C for
the annealing and 30 sec at 72°C for the elongation; and 10 min at 72°C for final elongation.
In all PCR analyses, a negative control (without a DNA sample) was included.

The PCR products (155bp) were digested with Pstl restriction endonuclease (Anza™,
Invitrogen, Life Technologies, Carlsbad, CA, USA) and analyzed with the restriction
fragment length polymorphism (RFLP). The presence of two fragments (80 bp and 75 bp)
corresponded to C allele, while the presence of one fragment (155 bp), corresponded to the A
allele that did not undergo enzymatic cleavage. All PCR-RFLP products were analyzed on

polyacrylamide gel (10%) stained with silver nitrate [24].
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Statistical Analysis

Analysis of contingency tables (2 test) were employed to check the associations
between categorical variables and diagnostic groups. The Kolmogorov-Smirnov test was used
to assess the normality of distribution. TGF-B1 and I1L-10 plasma levels were transformed into
square root because the data were in right obliquity (as assessed with the Levene test), to
ensure data normality. We assessed the differences in continuous variables between groups
using the Mann-Whitney test. Categorical variables were expressed as absolute number (n)
and percentage (%) and continuous variables were expressed as median and interquartile
range 25%-75% (IQR). The correlations between TGF-B1 and IL-10 were assessed using
Spearman correlation coefficients.

The association between the rs3761548 (-3279 C>A) of FOXP3 was analyzed in
dominant, codominant, and recessive models according to the sex of the individuals.
Multivariate general linear model (GLM) analysis was used to assess the effects of
explanatory variables (including diagnosis) on dependent variables (TGF-p1 and IL-10) while
controlling for age, sex, ethnicity, BMI, and smoking. The association between TGF-B1 levels
and EDSS>3, and the FOXP3 variant according to sex was evaluated using automatic
stepwise binary logistic regression analysis controlled for covariates that may confound the
association of interest in three different models. The analysis also included the odds ratio
(OR) and 95% confidence interval (CI) evaluated. All statistical analyses were performed

using IBM SPSS windows version 24.

Results

Characteristics of the subjects

Table 1 shows the baseline data of MS patients and controls. As expected, MS

patients did not differ in the variables age (p=0.251), sex (p=0.958), ethnicity (p=0.759), BMI
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(p=0.102), and smoking (p=0.326) when compared to controls. The median age at MS
diagnosis and disease duration was 32 years (26-43) and 6 years (3-12), respectively.
According to the clinical form, 146 patients were classified with relapsing-remitting MS
(RRMS) and 24 with progressive MS [5 with primary progressive MS (PPMS) and 19 with
secondary progressive MS (SPMS)]. As the median disability in this cohort of patients was
3.0, this value was used as the cut-off to categorize the MS patients for this article, as wild
disability (EDSS<3) and moderate/high disability (EDSS >3).

Of the 162 patients with EDSS scores, 92 (56.8%) presented moderate/high disability
(EDSS>3) and 70 (43.2%) presented mild disability (EDSS<3). Eight patients did have the
record of EDSS. Of the 144 MS patients with MSSS scores, 68 (47.2%) showed progression
(MSSS>5) and 76 (52.8%) showed no progression (MSSS<5). Twenty-six MS patients did
have the record of MSSS. According to the MS therapy, 16 (9.5%) patients were without
treatment, 97 (57.7%) were treated with interferon B, 42 (25.0%) were treated with glatiramer
acetate, 12 (7.2%) were using natalizumab and one (0.6%) was using fingolimod. Two
patients did have the therapy recorded.

MS patients showed higher levels of TGF-B1 than controls, with median of 3015.3
pg/mL (IQR: 1441.9-4675.6) versus 725.0 pg/mL (IQR: 324.5-1555.7), p<0.001; moreover,
they showed higher IL-10, with median of 5.283 pg/mL (IQR: 1.569-16.950) versus 0.010
pg/mL (IQR: 0.010-0.957), p<0.001, than controls (Figure 1). It should be stressed that all
these biomarker results were not adjusted for possible extraneous variables including age, sex,

BMI, ethnicity, and smoking.

Associations with MS diagnosis

Table 2 shows the results of a multivariate GLM analysis with TGF-p1 and IL-10 as
dependent variables and MS diagnosis as the explanatory variable while adjusting for age,

sex, BMI, ethnicity, and smoking. We found that MS diagnosis, age and smoking had
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significant effects on the TGF-B1 and IL-10 levels, whereas sex, BMI, and ethnicity did not.
Tests for between-subject effects showed that MS diagnosis was positively associated with
TGF-B1 and IL-10, with a strong effect size of 40.3% and 32.5%, respectively. Smoking and
age showed a modest effect on IL-10 levels. The GLM model showed the equivalence of
covariance matrices (P=0.100) and the dependent variables presented equal variances

(P>0.05).

rs3761548 FOXP3 -3279 C>A genotypes

The Hardy—Weinberg equilibrium of rs3761548 FOXP3 -3279 C>A observed in the
MS patients and controls was analyzed only in the females because of males carry only one
copy of the X-chromosome; the genotype and allele frequencies were consistent with those
expected (p>0.05) in both groups (female patients and controls).

Table 3 shows the rs3761548 FOXP3 -3279 C>A allelic and genotype frequency in
different genetic models, according to the sex of the individuals. In all genetic models tested,
we observed an association between this genetic variant and MS susceptibility in female
individuals. Among females, the allele model showed that the presence of A allele was
associated with MS (OR: 2.23; 95% CI: 1.54-3.22, p<0.001).

In a codominant model, the results demonstrated that the frequency of the CC, CA and
AA genotypes in females differed between patients with MS and controls (25.6%, 53.7% and
20.7% versus 46.9%, 48.5%, and 4.6%, respectively, p<0.001). The CA and AA genotypes
were associated with MS (OR: 2.03, 95% CI. 1.66-3.53, p=0.012; OR: 8.19, 95%CI: 3.04-
22.07, p<0.001, respectively). With the dominant model, the CA+AA genotypes were also
associated with MS (74.4% versus 53.1%) with OR of 2.57 (95% CI. 1.50-4.37, p<0.001).
Furthermore, in the recessive model, the AA genotype was also associated with MS (20.7%
versus 4.6%) with OR of 5.38 (95% CI: 2.12-13.64, p<0.001). After adjustment by age,

ethnicity, BMI and smoking, all these results remained significant. On the other hand, we
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have also observed that the frequency of A allele of the rs3761548 did not differ in male
patients with MS in comparison to male controls (56.7% versus 46.2%, OR 0.72 and 95% ClI
0.30- 1.69, p=0.338).

In Table 4, we evaluated whether the genotyping, using the dominant model (CC
versus CA+AA) could interfere in disability, disability progression, and clinical forms of MS
in both female and male MS patients. Female MS patients carrying the CA+AA genotypes
were older and had a higher frequency of moderate/high disability (EDSS >3, p=0.047) than
those carrying the CC genotype. However, there was no association between the genotypes
and ethnicity (p=0.636), BMI (p=0.859), smoking (p=0.165), IL-10 levels (p=0.785), age of
diagnosis (p=0.086), disability progression (p=0.354), MS clinical forms (p=0.262), and MS
treatment (p=0.074). In male MS patients, no association was observed between genotype
frequency and age (p=0.329), ethnicity (p=0.880), BMI (p=0.553), smoking (p=0.565), IL-10
levels (p=0.950), age of diagnosis (p=0.152), disability (p=0.716), disability progression
(p=0.611), MS clinical forms (p=0.460), and MS treatment (p=0.254).

Figure 2 shows the plasma levels of TGF-B1 according to rs3761548 FOXP3
genotypes and alleles and the sex of MS patients. In a codominant model, female MS patients
carrying the AA and CA genotypes showed higher TGF-B1 levels than those carrying the CC
genotype [median 2137.3 pg/mL (IQR: 808.8-4251.2) for CC genotype; median 3509.0
pag/mL (IQR: 2043.74-4694.28) for CA genotype, and median 3872.0 pg/mL (IQR: 1589.7-
5175.5), for AA genotype, p=0.043]. With the dominant model, female MS patients carrying
the CA+AA genotypes showed higher TGF-B1 levels than those carrying the CC genotype
[median 3524.4 pg/mL (IQR: 2003.9-4793.9) versus median 2137.2 pg/mL (IQR: 808.7-
4251.2), p=0.019]. However, in the recessive model, female MS patients with AA genotype
showed no difference in the TGF-B1 levels compared to those with CC+CA genotypes

[median 3873.0 pg/mL (IQR: 1589.7-5175.5) versus median 3142.8 pg/mL (IQR: 1435.19-
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4581.0), p=0.329]. TGF-B1 did not differ in male MS patients according to allele frequency,
with median 3254.3 pg/mL (IQR: 2032.6-4955.3) among those with C allele versus median
1759.2 pg/mL (IQR: 1326.3-3785.6) among those with the A allele (p=0.080).

In order to delineate whether TGF-B1 levels and moderate/high disability (EDSS >3)
were independently associated with the dominant model (CC versus CA+AA) of rs3761548
FOXP3 variant in female MS patients, we carried out three different automatic stepwise
regression analyses models with TGF-B1 levels, disability, age, BMI, smoking, age on
diagnosis, and MS treatment as dependent variables.

Table 5, regression #1 shows that TGF-B1 levels (OR: 1.026, 95% CI: 1.001-1.053,
p=0.045) and moderate/high disability (EDSS >3) (OR: 2.678; 95% CIl: 1.026-6.995,
p=0.044) were positively associated with the CA+AA genotypes. Entering age, ethnicity,
smoking, and age of diagnosis in the model #2, TGF-B levels and moderate/high disability
remained associated with the CA+AA genotypes (OR: 1.027, 95% CI: 1.000-1.055, p=0.050;
OR: 2.842, 95% CI: 1.042-7.750, p=0.041), respectively. After entering the MS treatment in
the model #3, TGF-B1 levels remained positively associated with the CA+AA genotypes in
female MS patients (OR: 1.027, 95%CI: 1.001-1.054, p=0.043); however, the moderate/high
disability was no longer significantly associated with the presence of CA+AA genotypes

(OR:0.480; 95% Cl: 0.159-1.450, p=0.193).

Discussion

The main finding of the present study is that, in all the genetic models, the rs3761548
FOXP3 -3279 C>A variant was associated with MS diagnosis in female patients. In the allele,
codominant, dominant, as well as recessive models, the presence of A allele in heterozygosity
or in homozygosity increased the chance to have the MS diagnosis. Other important result is
that IL-10 and TGF-B1 plasma levels were higher in MS patients than controls, as well as

female MS patients carrying the A allele in heterozygosity or homozygosity (CA+AA
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genotypes) showed higher levels of TGF-B1 than those female MS patients carrying the C
allele in homozygosity (CC genotype). The presence of MS diagnosis was the explanatory
variable that exerted the strongest effect in both TGF-p1 and IL-10 plasma levels (40.3% and
32.5%, respectively).

The higher IL-10 levels observed among the MS patients than controls are consistent
with previous studies and underscored the role of IL-10 as anti-inflammatory cytokine
produced by macrophages M2 and other cells to modulate the inflammatory autoimmune
responses [9]. Huss et al (2010) reported that IL-10 was being induced in a dose-dependent
manner in Thl cells by TGF-p and that this IL-10 expression in effector Th cells diminished
the encephalitogenic capacity of myelin-specific Thl cells [25]. Further, Huss et al (2011)
observed that the percentage of myelin-specific Thl cells expressing IL-10, as well as the
amount of IL-10, increased with each cycle of antigen activation, and that TGF-B1 induces
IL-10 by the Th1 via Smad4 [26]. They also concluded that the encephalitogenicity could be
restored by inhibiting IL-10. However, contradictory results are also reported [27]. According
to these authors, MS patients have defects in peripheral immune regulation, including higher
expression of costimulatory molecules on antigen presenting cells (APCs), lower cytotoxic T
lymphocyte antigen (CTLA)-4 levels, and lower IL-10 production [27].

The high levels of TGF-B1 observed in the present study are also in agreement with
other studies carried out in MS patients [28-30], even in the cerebrospinal fluid (CSF) of MS
patients during remissions [31] and in the stable phase of MS [32]. Both RRMS and
progressive SPMS patients have more elevated blood levels of TGF-B1 compared with either
healthy controls or patients with other neurological diseases, such as amyotrophic lateral
sclerosis, multisystemic atrophy and lumbar discopathy [33]. However, other studies have
contradicted these findings by reporting decreased TGF-B1 production in cultured peripheral

blood mononuclear cells (PBMC) from patients with MS compared to healthy controls [34]
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and that T cell clones isolated from patients with MS during exacerbation were less likely to
produce TGF-B1 upon proteolipid protein stimulation than those obtained during remission
[35].

One study showed the disturbed cytokine levels in RRMS patients categorized as mild
disability (EDSS 1.0-2.0) and moderate disability (EDSS 2.5-4.0) compared to controls.
While IL-4 was increased in both RRMS patient groups, IL-10 were slightly increased in
patients with minor neurological disability; however, TGF-B1 levels were decreased in both
groups of RRMS patients compared to controls as well as did not differ between the both
groups of RRMS patients [20].

Actually, TGF-B1 can have multifunctional roles and the net effect outcome appears to
depend on the location, timing, and the nature of the cell that is targeted. In this respect, TGF-
B1 has differential effects on virtually every cell type in the CNS [36-38]. It is also well
established that in the presence of IL-6, TGF-B1 is critical for the induction of Th17 cells,
while in the absence of IL-6, Tregs can be induced [39]. Some studies have demonstrated
TGF-B1 as a strong immunoregulatory cytokine on antigen presenting cells (APCs) both in
vitro and in vivo [40]. These effects can be attributed to different major pathways including
the control of IL-12 production by monocyte-derivate dendritic cells (moDCs) by the
blockage of IL-12-induced tyrosine phosphorylation inhibiting the Jak-Stat pathway and
differentiation of Thl cell; subsequent inhibition of IFN-y production by Thl cells and the
reactive oxygen species (ROS) production by moDCs [40]. Moreover, TGF-B1, which is up-
regulated in the remission phase of MS, induces microglia to secrete hepatocyte growth factor
(HGF) to promote oligodendrocyte precursor cells (OPC) chemotaxis; with this effect, may
play pivotal role in myelin repair [37]. Yang et al (2009) suggested that TGF-B1 negatively
regulated the differentiation of encephalitogenic Th17 cells but that this can be overcome

when myelin-specific T cells are reactivated in the absence of TGF-B1 [41]. TGF-B1 has also
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been shown to play a role in the differentiation of Th9 cells which produce robust amounts of
IL-9 [42], a cytokine that negatively regulated Th17 cells.

Taken together, these data may suggest that enhancement of TGF-f1 signaling in T
cells of MS patients may be beneficial. Although TGF-B1 has been implicated in some
potentially inflammatory T cell populations, such as Th9 and Th17 cells, the data is not
compelling in human CD4 T cells. In contrast, there is a consensus that TGF-B1 enhances
Treg development and function, and negatively regulates encephalitogenic Thl cells [43].
Therefore, we hypothesized that the increased TGF-f1 and IL-10 plasma levels observed
among the MS patients in the present study, probably, could represent an endogenous anti-
inflammatory response aimed at counteracting ongoing immunoinflammatory events in the
MS.

The association between rs3761548 FOXP3 variant with MS susceptibility among
female patients in the present study in three genetic models, suggest a functional defect on
Treg in patients with the AA and CA genotypes. The functional consequence of this variant in
the promoter region of FOXP3 is the loss of binding of some transcription factors, such as
E47 and C-Myb, leading to defective transcription of FOXP3 [16], and therefore, might affect
the function or quantity of Tregs [44]. Similarly with our results, other authors found an
association between rs3761548 FOXP3 variant and MS in population of Iran [14, 15]. The
frequencies of AA and CA genotypes were also higher in MS group as compared with healthy
subjects [14]. On the other hand, other study failed to demonstrate this association [17].

The rs3761548 FOXP3 genotypes have been associated with the function of Tregs in
different conditions. While CC genotype was associated with the normal suppressor role of
Tregs [45], the AA genotype was associated with impaired immune tolerance [46, 47].
Individuals with the rs3761548 FOXP3 CC genotype showed better graft survival in kidney

transplantation than those with the CA or AA genotype [45]. On the other hand, patients with
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the AA genotype showed a weaker Treg function and were more prone to allograft rejection
in kidney transplantation than those with the CC genotype [46]. In addition, an association
between the rs3761548 AA genotype and lower graft survival have been reported in Indian
individuals [47].

Moreover, the rs3761548 FOXP3 AA genotype has been associated with other
autoimmune diseases, including psoriasis in Chinese individuals [11], and intractability of
Graves’ disease in Japanese individuals [10].

The high levels of TGF-B1 observed among the female MS patients carrying the
CA+AA genotypes in the present study may be explained, in part, by the fact of many other
cell types, such as macrophages M2, leukocytes and stromal cells, are able to generate TGF-
Bl [9]. Considering that TGF-Bl1 is able to convert CD4'CD25 non-Treg cells into
CD4'CD25 Treg cells, and this conversion was accompanied with increased Foxp3
expression [48, 49], one possible hypothesis is that the high levels of TGF-f1 observed in
patients with the CA+AA genotypes, could be produced by other cells than Treg in an attempt
to restore the number and function of Treg cells that may be decreased in these patients.

The inconsistent results observed on reported studies may be explained by the
different autoimmune diseases included at that studies, the genetic heterogeneity presented by
the genotyped individuals, the genotyping methods (RFPL versus non-RFLP), the assay for
the cytokine measurement, the sample size and the control population (hospital-based controls
versus community-based controls) [50].

Limitations of this study should be considered. Firstly, this is a case-control design,
which does not allow inferences on causal relationship. In addition, the relatively small
number of subjects, a single basal TGF-B1 and IL-10 measurement and a specific genetic
variant analysis, which precludes the assessment of how other factors may impact on the

complex relationship between FOXP3 genotype, cytokine levels and MS. However, the
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statistical analysis with adjusting for many confounding variables including age, sex, ethnicity
and smoking is one of its strengths. To our knowledge, this is the first study to investigate the
relationship between rs3761547 FOXP3 -3279 C>A variant in MS patients from Brazilian
population.

Taken together, our results demonstrated that rs3761548 FOXP3 CA+AA genotypes
were associated with MS diagnosis and higher levels of TGF-B1 among female MS patients
than those with the CC genotype. However, the presence of the A allele was not associated
with moderate/high disability as well as disability progression. These data suggest that the A
allele of FOXP3 -3279 C>A variant may be associated with the quantitative or functional
alteration of Treg cells, which could be one of the factors involved in susceptibility to MS in
females. The complex interaction between FOXP3 genetic variants, TGF-B1 levels and MS

deserves further investigation.

Compliance with ethical standards
Conflict of interest

The authors declare that they have no conflict of interest.
Ethical approval

The protocol was approved by the Institutional Research Ethics Committees of
University of Londrina, Parana, Brazil (CAAE: 22290913.9.0000.5231) and all of the
individuals invited were informed in detail about the research and gave written Informed

Consent.

Financial support
The study was supported by grants from Coordination for the Improvement of Higher

Level of Education Personnel (CAPES) of Brazilian Ministry of Education; Institutional



110

Program for Scientific Initiation Scholarship (PIBIC) of the National Council for Scientific

and Technological Development (CNPQ).

Author’s contributions

Conception and research design: Edna Maria Vissoci Reiche and Andrea Name
Colado Simdo; Manuscript writing and discussion of results: Edna Maria Vissoci Reiche,
Andrea Name Colado Simdo; Tamires Flauzino; Data collection: Damacio Ramon Kaimen-
Maciel, Wildea Lice de Carvalho Jennings Pereira, Tamires Flauzino, Daniela Frizon Alfieri,
Ana Paula Kallaur, and Sayonara Rangel Oliveira, which contributed equally; Laboratory
analysis: Tamires Flauzino, Daniela Frizon Alfieri, Marcell Alysson Batisti Lozovoy, Karen
Brajdo de Oliveira; Statistical analysis: Andrea Name Colado Siméo, Daniela Frizon Alfieri.

All authors have read and approved the final manuscript.

References

1. Sospedra M, Martin R (2016) Immunology of Multiple Sclerosis. Semin Neurol
36:115-127. doi: 10.1055/s-0036-1579739

2. Olsson T, Barcellos LF, Alfredsson L (2016) Interactions between genetic, lifestyle and
environmental risk factors for multiple sclerosis. Nat Rev Neurol 13:26-36. doi:
10.1038/nrneurol.2016.187

3. Ribbons KA, McEIlduff P, Boz C, et al (2015) Male sex is independently associated
with faster disability accumulation in relapse-onset MS but not in primary progressive
MS. PLoS One 10:1-11 . doi: 10.1371/journal.pone.0122686

4. Kallaur AP, Kaimen-Maciel DR, Morimoto HK, et al (2011) Genetic polymorphisms
associated with the development and clinical course of multiple sclerosis (review). Int J
Mol Med 28:467-79 . doi: 10.3892/ijmm.2011.731

5. Pereira LMS, Gomes STM, Ishak R, Vallinoto ACR (2017) Regulatory T cell and
forkhead box protein 3 as modulators of immune homeostasis. Front Immunol 8:1-24 .
doi: 10.3389/fimmu.2017.00605



10.

11.

12.

13.

14.

15.

111

Ortona E, Pierdominici M, Maselli A, et al (2011) Sex-based differences in
autoimmune diseases. Ann Ist Super Sanita 52:205-12 . doi: 10.4415/ANN_16 02 _12

Walker MR, Kasprowicz DJ, Gersuk VH, et al (2003) Induction of FoxP3 and
acquisition of T regulatory activity by stimulated human CD4+CD25— T cells. J Clin
Invest 112:1437-1443. doi: 10.1172/JC1200319441

Fontenot JD, Gavin MA, Rudensky AY (2003) Foxp3 programs the development and
function of CD4+CD25+ regulatory T cells. Nat Immunol 4:330-336. doi:
10.1038/ni904

Wan YY, Flavell RA (2007) ‘Yin-Yang’ functions of TGF-B and Tregs in immune
regulation. Immunol Rev 220:199-213. doi: 10.1111/j.1600-065X.2007.00565.x

Inoue N, Watanabe M, Morita M, et al (2010) Association of functional
polymorphisms related to the transcriptional level of FOXP3 with prognosis of
autoimmune thyroid diseases. Clin Exp Immunol 162:402—406. doi: 10.1111/j.1365-
2249.2010.04229.x

Gao L, Li K, Li F, et al (2010) Polymorphisms in the FOXP3 gene in Han Chinese
psoriasis patients. J Dermatol Sci 57:51-56. doi: 10.1016/j.jdermsci.2009.09.010

D’Amico F, Skarmoutsou E, Marchini M, et al (2013) Genetic polymorphisms of
FOXP3 in Italian patients with systemic sclerosis. Immunol Lett 152:109-113. doi:
10.1016/j.imlet.2013.05.006

Hashemi V, Farrokhi AS, Tanomand A, et al (2018) Polymorphism of Foxp3 gene
affects the frequency of regulatory T cells and disease activity in patients with
rheumatoid arthritis in lIranian population. Immunol Lett 204:16-22. doi:
10.1016/j.imlet.2018.10.001

Jafarzadeh A, Jamali M, Mahdavi R, et al (2015) Circulating Levels of Interleukin-35
in Patients with Multiple Sclerosis: Evaluation of the Influences of FOXP3 Gene
Polymorphism and Treatment Program. J Mol Neurosci 55:891-897. doi:
10.1007/s12031-014-0443-z

Eftekharian MM, Sayad A, Omrani MD, et al (2016) Single nucleotide polymorphisms
in the FOXP3 gene are associated with increased risk of relapsing-remitting multiple
sclerosis. Hum Antibodies 24:85-90. doi: 10.3233/HAB-160299



16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

112

Shen Z, Chen L, Hao F, et al (2010) Intron-1 rs3761548 is related to the defective
transcription of Foxp3 in psoriasis through abrogating E47/c-Myb binding. J Cell Mol
Med 14:226-241. doi: 10.1111/j.1582-4934.2008.00370.x

Wawrusiewicz-Kurylonek N, Chorgzy M, Posmyk R, et al (2018) The FOXP3
rs3761547 Gene Polymorphism in Multiple Sclerosis as a Male-Specific Risk Factor.
NeuroMolecular Med 20:537-543. doi: 10.1007/s12017-018-8512-z

Polman CH, Reingold SC, Banwell B, et al (2011) Diagnostic criteria for multiple
sclerosis: 2010 Revisions to the McDonald criteria. Ann Neurol 69:292-302. doi:
10.1002/ana.22366

Kurtzke JF (1983) Rating neurologic impairment in multiple sclerosis: an expanded
disability status scale (EDSS). Neurology 33:1444-52

Mikulkova Z, Praksova P, Stourac P, et al (2011) Imbalance in T-cell and cytokine
profiles in patients with relapsing-remitting multiple sclerosis. J Neurol Sci 300:135-
141. doi: 10.1016/j.jns.2010.08.053

Roxburgh RHSR, Seaman SR, Masterman T, et al (2005) Multiple sclerosis severity
score: Using disability and disease duration to rate disease severity. Neurology
64:1144-1151. doi: 10.1212/01.WNL.0000156155.19270.F8

Koch MW, George S, Wall W, et al (2015) Serum NSE level and disability progression
in multiple sclerosis. J Neurol Sci 350:46-50. doi: 10.1016/j.jns.2015.02.009

BRAZIL. IBGE. Brazilian Institute of Geography and Statistics (2011) Characteristics
of the  population and households: results of the  universe.
https://ww2.ibge.gov.br/english/estatistica/populacao/censo2010/caracteristicas_da_po

pulacao/default_caracteristicas_da_populacao.shtm. Accessed 3 jul 2018

Banin Hirata BK, Losi Guembarovski R, Vitiello GAF, et al (2017) FOXP3 Allelic
Variants and Haplotype Structures Are Associated with Aggressive Breast Cancer
Subtypes. Dis Markers 2017:1-8 . doi: 10.1155/2017/6359603

Huss DJ, Winger RC, Peng H, et al (2010) TGF-beta Enhances Effector Thl Cell
Activation but Promotes Self-Regulation via IL-10. J Immunol 184:5628-5636. doi:
10.4049/jimmunol.1000288



26.

27.

28.

29.

30.

31.

32.

33.

34.

113

Huss DJ, Winger RC, Cox GM, et al (2011) TGF-p signaling via Smad4 drives IL-10
production in effector Th1 cells and reduces T-cell trafficking in EAE. Eur J Immunol
41:2987-2996. doi: 10.1002/eji.201141666

Nylander A, Hafler DA (2012) Multiple sclerosis. J Clin Invest 122:1180-1188. doi:
10.1172/3C158649

Monteyne P, Guillaume B, Sindic CJ (1998) B7-1 (CD80), B7-2 (CD86), interleukin-
12 and transforming growth factor-beta mRNA expression in CSF and peripheral blood
mononuclear cells from multiple sclerosis patients. J Neuroimmunol 91:198-203

Link J, Soderstrom M, Olsson T, et al (1994) Increased transforming growth factor-p,
interleukin-4, and interferon-y in multiple sclerosis. Ann Neurol 36:379-386. doi:
10.1002/ana.410360309

Hassanzadeh G, Hosseini Quchani S, Sahraian MA, et al (2016) Leukocyte Gene
Expression and Plasma Concentration in Multiple Sclerosis: Alteration of
Transforming Growth Factor-ps, Claudin-11, and Matrix Metalloproteinase-2. Cell
Mol Neurobiol 36:865-872. doi: 10.1007/s10571-015-0270-y

Carrieri PB, Provitera V, Bruno R, et al (1997) Possible role of transforming growth

factor-beta in relapsing-remitting multiple sclerosis. Neurol Res 19:599-600

Carrieri PB, Provitera V, Rosa T De, et al (1998) Profile of Cerebrospinal Fluid and
Serum Cytokines in Patients with Relapsing-Remitting Multiple Sclerosis. A
Correlation with Clinical Activity. Immunopharmacol Immunotoxicol 20:373-382.
doi: 10.3109/08923979809034820

Nicoletti F, Di Marco R, Patti F, et al (1998) Blood levels of transforming growth
factor-beta 1 (TGF-betal) are elevated in both relapsing remitting and chronic
progressive multiple sclerosis (MS) patients and are further augmented by treatment
with interferon-beta 1b (IFN-betalb). Clin Exp Immunol 113:96-9

Mokhtarian F, Shi Y, Shirazian D, et al (1994) Defective production of anti-
inflammatory cytokine, TGF-beta by T cell lines of patients with active multiple
sclerosis. J Immunol 152:6003-10



35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

114

Correale J, Gilmore W, McMillan M, et al (1995) Patterns of cytokine secretion by
autoreactive proteolipid protein-specific T cell clones during the course of multiple
sclerosis. J Immunol 154:2959-68

Wyss-Coray T, Borrow P, Brooker MJ, Mucke L (1997) Astroglial overproduction of
TGF-beta 1 enhances inflammatory central nervous system disease in transgenic mice.
J Neuroimmunol 77:45-50

Lalive P, Paglinawan R, Biollaz G, et al (2005) TGF-beta-treated microglia induce
oligodendrocyte precursor cell chemotaxis through the HGF-c-Met pathway. Eur J
Immunol 35:727-737. doi: 10.1002/eji.200425430

He Y, Zhang H, Yung A, et al (2014) ALK5-dependent TGF-B signaling is a major
determinant of late-stage adult neurogenesis. Nat Neurosci 17:943-952. doi:
10.1038/nn.3732

Fu S, Zhang N, Yopp AC, et al (2004) TGF-beta Induces Foxp3 + T-Regulatory Cells
from CD4 + CD25 - Precursors. Am J Transplant 4:1614-1627. doi: 10.1111/j.1600-
6143.2004.00566.x

Parsa R, Lund H, Tosevski I, et al (2016) TGFp regulates persistent neuroinflammation
by controlling Th1l polarization and ROS production via monocyte-derived dendritic
cells. Glia 64:1925-1937. doi: 10.1002/glia.23033

Yang Y, Weiner J, Liu Y, et al (2009) T-bet is essential for encephalitogenicity of both
Thl and Th17 cells. J Exp Med 206:1549-1564. doi: 10.1084/JEM.20082584

Dardalhon V, Awasthi A, Kwon H, et al (2008) IL-4 inhibits TGF-p-induced Foxp3+ T
cells and, together with TGF-B, generates IL-9+ IL-10+ Foxp3- effector T cells. Nat
Immunol 9:1347-1355. doi: 10.1038/ni.1677

Lee PW, Severin ME, Lovett-Racke AE (2017) TGF-p regulation of T cells in multiple
sclerosis. Eur J Immunol 47:446-453. doi: 10.1002/eji.201646716

Hoogendoorn B, Coleman SL, Guy CA, et al (2003) Functional analysis of human
promoter polymorphisms. Hum Mol Genet 12:2249-2254. doi: 10.1093/hmg/ddg246

Park H, Lee N, In JW, et al (2017) Association of Foxp3 Polymorphism With Allograft
Outcome in Kidney Transplantation. Ann Lab Med 37:420-425. doi:
10.3343/alm.2017.37.5.420



46.

47.

48.

49.

50.

115

QIU X-Y, JIAO Z, ZHANG M, et al (2012) Genetic association of FOXP3 gene
polymorphisms with allograft rejection in renal transplant patients. Nephrology
17:423-430. doi: 10.1111/j.1440-1797.2012.01561.x

Misra MK, Mishra A, Pandey SK, et al (2016) Association of functional genetic
variants of transcription factor Forkhead Box P3 and Nuclear Factor-«B with end-stage
renal disease and renal allograft outcome. Gene 581:57-65. doi:
10.1016/j.gene.2016.01.028

Fantini MC, Becker C, Monteleone G, et al (2004) Cutting edge: TGF-beta induces a
regulatory phenotype in CD4+CD25- T cells through Foxp3 induction and down-
regulation of Smad7. J Immunol 172:5149-53

Rich S, Seelig M, Lee HM, Lin J (1995) Transforming growth factor beta 1
costimulated growth and regulatory function of staphylococcal enterotoxin B-
responsive CD8+ T cells. J Immunol 155:609-18

He Y, Na H, Li Y, et al (2013) FoxP3 rs3761548 polymorphism predicts autoimmune
disease susceptibility: A meta-analysis. Hum Immunol 74:1665-1671. doi:
10.1016/j.humimm.2013.08.270



116

Table 1 Socio-demographic and clinical data in patients with multiple sclerosis and controls

Control (n=182) MS (n=170) p value
Age (year) 40 (31-47) 39 (31-51) 0.251
Sex (Female/Male) 130 (71.4)/52(28.6) 121 (71.2)/49 (28.8) 0.958
Ethnicity
Caucasian/Non-Caucasian 141 (77.5)/41 (22.5) 134 (78.8)/36(21.2) 0.759
Body mass index (kg/m?) 25.41 (22.64 — 29.03) 24.40 (21.80 — 28.70) 0.102
Smoking (No/Yes) 164(90.1) /18 (9.9) 144/22 0.326
Age at diagnosis (year) - 32 (26-43)
Duration of illness (year) - 6 (3-12)
Clinical forms
Relapsing-remitting MS - 146 (85.9)
Secondary Progressive MS - 19 (11.2)
Primary Progressive MS - 5(2.9)
EDSS Range (Median, IQR)* - 0.0-9.0 (3.0, 1.0-4.5)
EDSS >3 - 92 (56.8)
EDSS <3 - 70 (43.2)
MSSS Range (Median, IQR)** 0.09-9.92 (4.63, 1.62-7.65)
MSSS >5 - 68 (47.2)
MSSS <5 - 76 (52.8)
MS Treatment ***
Without treatment - 16 (9.5)
Interferon f3 - 97 (57.7)
Glatiramer acetate - 42 (25.0)
Natalizumab - 12 (7.2)
Fingolimod - 1(0.6)

Al results of Mann Whitney test. X*: results of analyses of contingency tables. Continuous variables

were expressed as median and interquartile range (25%-75%) and categorical variables were expressed
as absolute number (n) and percentage (%). EDSS: Expanded Disability Status Scale; MSSS: Multiple

Sclerosis Severity Score; *: Eight patients did have the record of EDSS. **: Twenty-six MS patients

did have the record of MSSS. ***: Two patients did not have the MS treatment record.
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Figure 1. Plasma levels of transforming growth factor beta 1 (TGF-1) and interleukin 10 (IL-10) in
patients with multiple sclerosis (MS) and controls. A) Increased TGF-B1 levels in MS patients
compared to controls (p<0.001); B) Increased IL-10 levels in MS patients compared to controls

(p<0.001); results of Mann Whitney test expressed as median and interquartile range (25%-75%).
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Table 2 Results of multivariate GLM analysis with transforming growing factor beta (TGF-B) and

interleukin 10 (IL-10) as dependent variables and multiple sclerosis as independent variable

Model Dependent Independent F df p Partial eta
variable variable square
Multivariable  TGF-p1 MS 112.20 2/192  <0.001 0.549
IL-10 Age 3.77 2/192 0.025 0.039
Sex 1.24 2/192 0.292 0.013
Ethnicity 0.39 2/192 0.674 0.004
BMI 1.12 2/192 0.329 0.012
Smoking 4.27 2/192 0.015 0.044
Univariate TGF-B1 MS (+) 124,72  1/191  <0.001 0.403
IL-10 MS (+) 88.87 1/191  <0.001 0.325
Age (-) 6.20 1/191 0.014 0.032
Non-smoking (+) 8.52 1/191 0.004 0.044

All the results of analyses of variance (F values); df: degree of freedom; MS: multiple sclerosis; BMI:

body mass index; TGF-B1: transforming growing factor beta 1; IL-10 interleukin 10.



Table 3 Distribution of rs3761548 FOXP3 -3279 C>A genotypes and allelic frequencies among Brazilian patients with multiple sclerosis (MS) and

controls according to their sex

Sex Controls MS patients Adjusted Adjusted p
OR (95% CI) p value
(n=182) (n=170) OR (95% CI)* value*
Female  Allele model
C 185 (71.5) 127 (52.5) Reference Reference
<0.001 <0.001
A 75 (28.8) 115 (47.5) 2.23 (1.54-3.22) 2.21 (1.51-3.24)
Co-dominant
cC 61 (46.9) 31 (25.6) Reference - Reference -
CA 63 (48.5) 65 (53.7) 2.03 (1.66-3.53) 0.012 2.04 (1.14-3.63) 0.015
AA 6 (4.6) 25 (20.7) 8.19 (3.04-22.07) <0.001 9.38 (3.19-27.59) <0.001
Dominant model
ccC 61 (46.9) 31 (25.6) Reference Reference
<0.001 0.001
CA+AA 69 (53.1) 90 (74.4) 2.57 (1.50-4.37) 2.56 (1.46-2.47)
Recessive model
CC+CA 124 (95.4) 96 (79.3) Reference Reference
<0.001 0.001
AA 6 (4.6) 25 (20.7) 5.38 (2.12-13.64) 6.01 (2.18-16.56)
Male Allele model
C 28 (53.8) 31 (63.3) Reference Reference
0.338 0.567
A 24 (46.2) 18 (56.7) 1.450.66-3.27) 0.72 (0.30-1.69)

* Adjusted by age, ethnicity, body mass index, and smoking.
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Table 4 Demographic and clinical data in relation to rs3761548 FOXP3 -3279 C>A dominant model for multiple sclerosis (MS) according to sex of the

patients
Female Male
p value p value
CC (n=31) CA+AA (n=80) C (n=31) A (n=18)
Age (year) 35.0 (28.0-47.0) 44.5 (31.0-54.0) 0.043 36.0 (31.0-51.0) 37.0 (29.0-44.0) 0.329
Ethnicity (C/NC) 26 (83.9)/ 5 (16.1) 72 (80.0)/ 18 (20.0) 0.636 23 (74.2)/ 8 (25.8) 13 (72.2)/ 5 (27.8) 0.880
BMI (kg/m?) 23.7 (20.3-29.7) 24.20(21.3-28.4) 0.859 25.4 (22.3-28.6) 26.2 (24.1-30.2) 0.553
Smoking (Yes) 6 (20.0) 9(10.2) 0.165 4 (12.9) 3(17.6) 0.565
IL-10 (pg/mL) 4.330 (1.844-12.342)  5.709 (1.328-16.224) 0.785 3.609 (1.904-26.788) 6.165 (1.316-28.050)  0.950
Age of diagnosis (year) 30.0 (24.0-37.0) 35.0 (26.0-43.0) 0.086 32.0 (23.0-41.0) 37.0 (29.0-44.0) 0.152
EDSS >3* 9(33.3) 48 (55.2) 0.047 14 (46.7) 7(41.2) 0.716
MSSS >5** 10 (40.0) 39 (50.6) 0.354 13 (48.1) 6 (40.0) 0.611
RRMS 26 (83.9) 82 (91.1) 23 (74.2) 15 (83.3)
Progressive MS 5 (16.1) 8(8.9) 0202 8 (25.8) 3(16.7) 0.460
MS Treatment***
Without treatment 6 (19.4) 6 (6.8) 0.074 4 (12.9) 0 (0.0) 0.254
Interferon 11 (35.5) 53 (60.2) 22 (71.0) 11 (64.0)
Glatiramer 11 (35.5) 24 (27.3) 3(9.7) 4 (23.5)
Natalizumab 3(9.7) 5(5.7) 2 (6.5) 2(11.8)

Results of Mann Whitney test. X*: results of analyses of contingency tables. Continuous variables were expressed as median and interquartile range (25%-
75%) and categorical variables were expressed as absolute number (n) and percentage (%). BMI: body mass index; EDSS: Expanded Disability Status Scale;
MSSS: Multiple Sclerosis Severity Score. RRMS: Relapsing-remitting multiple sclerosis. *: Eight patients did have the record of EDSS; **: Twenty-six
MS patients did have the record of MSSS; ***: Two patients did have the therapy recorded
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Figure 2. Plasma levels of transforming growth factor beta 1 (TGF-B1) according to rs3761548
FOXP3 -3279 C>A variant models and sex in multiple sclerosis (MS) patients. In female patients,

TGF-B1 plasma levels were associated with MS according to: A: codominant model (CC vs. CA vs.
AA, p=0.043); B: dominant model (CC vs. CA+AA, p=0.019); C: recessive model (CC+CA vs. AA,
p=0.329). D: In male patients, TGF-B1 levels did not differ according to allele model (C vs. A,

p=0.080).
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Table 5 Result of binary logistic regression analysis with the dominant model of FOXP3 genetic

variant in females MS patients as dependent variables

Sex Model Variable Wald df P value OR (CI 95%)

Female #1 TGF-B1* 4.009 1 0.045 1.026 (1.001-1.053)
EDSS >3 4.046 1 0.044 2.678 (1.026-6.995)

#2 TGF-B1* 3.838 1 0.050 1.027 (1.000-1.055)

EDSS >3 4.162 1 0.041 2.842 (1.042-7.750)
Smoking 3.066 1 0.080 3.244 (0.869-12.109)

#3 TGF-p1* 4.107 1 0.043 1.027 (1.001-1.054)

EDSS >3 1.692 1 0.193 0.480 (0.159-1.450)

Age 3.548 1 0.060 1.35 (0.999-1.073)

MS: multiple sclerosis; TGF-p1: transforming growth factor Bl; *TGF-B1 plasma levels were
transformed into square root because the data were in right obliquity; EDSS: Expanded Disability
Status Scale; Models: #1: TGF-B1 + EDSS; #2: TGF-B1 + EDSS + age + ethnicity + smoking + age of
diagnosis; #3: TGF-1 + EDSS + age + ethnicity + smoking + age of diagnosis + MS treatment
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CONCLUSOES

Dentre as caracteristicas demograficas, antropométricas, epidemiolégicas, clinicas e
os biomarcadores IM&NO avaliados, os melhores parametros que foram associados
ao aumento da incapacidade foram a idade, o escore da resposta Th17/Treg, escore
LDL/HDL, os niveis de homocisteina e as proteinas carbonilicas (todos

positivamente);

O conjunto de biomarcadores formado pela relagdo entre Th17/Treg, juntamente
com a idade e niveis aumentados de proteina carbonilica, foram os biomarcadores
mais importantes para predizer a incapacidade dos pacientes com EM, seguido

pelos valores de homocisteina e do escore LDL/HDL;

Os pacientes com EM apresentaram niveis mais altos de TGF-f1 e IL-10 quando
comparados aos controles e, apds ajuste com as varidveis confundidoras (idade,
sexo, IMC, etnia e tabagismo), o diagndstico de EM foi positivamente associado com
os niveis de TGF-B1 e IL-10 e exerceu um efeito em seus niveis de 40,3% e 32,5%,

respectivamente;

A variante rs3761548 do FOXP3 -3279 C>A foi associada com a EM, no sexo feminino,
em todos os modelos genéticos avaliados (alélico, co-dominante, dominante e
recessivo). A frequéncia dos gendtipos CC, CA e AA nas pacientes com EM foi de
25,6%, 53,7% e 20,7%, respectivamente, e de 46,9%, 48,5% e 4,6% para CC, CA e

AA, respectivamente, no grupo controle;

Em mulheres com EM, a presenca do alelo A (CA+AA) foi associada com maiores
niveis de TGF-B1 apds ajuste pelas varidveis confundidoras (idade, etnia, tabagismo,

idade de diagndstico e tratamento);

A incapacidade e a progressao da incapacidade ndao foram associadas com a variante

genética rs3761548 FOXP3 -3279 C>A apds ajuste das varidveis confundidoras.
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7 CONSIDERAGOES FINAIS

Este estudo possui uma andlise estatistica robusta e o ajuste dos resultados para
muitas variaveis confundidoras, incluindo idade, sexo, etnia, tabagismo e terapia para EM.
Além disso, este é o primeiro estudo a investigar a relagao entre a variante rs3761547 FOXP3
-3279 C>A em pacientes com EM da populacdo brasileira. O melhor conhecimento dos
mecanismos envolvidos na patogénese da EM pode identificar biomarcadores que pode
explicar, em parte, a sua heterogeneidade clinica, como também, apontar para possiveis
estratégias terapéuticas que possam ser utilizadas em associagdo com os atuais
medicamentos no tratamento de pacientes com EM, em especial, aos que ndo respondem a

estes medicamentos.

Os resultados obtidos suportam as evidéncias que a fisiopatologia da EM é complexa
e de que a utilizacdo de diferentes estratégicas terapéuticas que levem em consideracdo o
perfil inflamatdrio, metabdlico e de estresse oxidativo, bem como o perfil genético, possam

contribuir para um melhor progndstico destes pacientes.
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Prezado(a) Senhor(a):

O “Comité de Etica em Pesquisa Envolvendo Seres Humanos da
Universidade Estadual de Londrina” (Registro CONEP 5231) — de acordo com as
orientacées da Resolugdo 466/12 do Conselho Nacional de Saude/MS e Resolucées
Complementares, avaliou o projeto:

“AVALIACGAO DOS MARCADORES INFLAMATORIOS E DE ESTRESSE
OXIDATIVOEM PACIENTES COM ESCLEROSE MULTIPLA: UM ESTUDO DE
SEGUIMENTO.”

Situagao do Projeto: Aprovado

Informamos que devera ser comunicada, por escrito, qualquer modificagdo que ocorra
no desenvolvimento da pesquisa, bem como deverd apresentar ao CEP/UEL, via
Plataforma Brasil, relatorio final da pesquisa.

Londrina, 17 de margo de 2014.
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APENDICE A — TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO

Titulo da pesquisa:
Avaliacdo dos marcadores inflamatérios e do estresse oxidativo em pacientes com
esclerose multipla: um estudo de seguimento.

Prezado (a) Senhor(a):

Gostariamos de convida-lo (a) a participar da pesquisa “Avaliacio dos marcadores
inflamatdrios e do estresse oxidativo em pacientes com esclerose miiltipla: um estudo de
seguimento. realizada no Hospital Universitario (HU) da Universidade Estadual de Londrina.
O objetivo da pesquisa é verificar se ha alteracdes nos exames laboratoriais que indicam
inflamacdo e estresse oxidativo durante o periodo de 16 meses de acompanhamento da
esclerose multipla. A sua participacdo é muito importante e ela se daria da seguinte forma: 3
avaliagOes clinicas pelo médico neurologista. seguidas de coleta de sangue. com intervalo de
8 meses entre elas. realizada por profissionais treinados para esta fun¢cdo. com material
descartavel e tubos de coleta a vacuo. o que minimiza os possiveis desconfortos decorrentes
deste procedimento. como dor e hematoma leves no local da puncdo.

Gostariamos de esclarecer que sua participacdo é totalmente voluntaria. podendo vocé:
recusar-se a participar. ou mesmo desistir a qualquer momento sem que isto acarrete
qgualquer O6nus ou prejuizo a sua pessoa. Informamos ainda que as informacgdes serdo
utilizadas somente para os fins desta pesquisa e serdao tratadas com o mais absoluto sigilo e
confidencialidade. de modo a preservar a sua identidade.

Os beneficios esperados sdo: 1) o entendimento dos mecanismos envolvidos nas
alteragOes do estresse oxidativo e inflamagao na esclerose multipla. possibilitando o melhor
monitoramento da doencga e desenvolvimento de novos medicamentos; 2) identificacdo dos
exames laboratoriais que estdo relacionados com a progressdo da doenca e o grau de
incapacidade que a doenca causa. o que podera contribuir para uma melhor monitoracao e

deteccdo mais precoce da progressido da doenca;

Informamos que o (a) senhor (a) ndo terd nenhum custo nem serd remunerado por sua
participacdo. Garantimos. no entanto. que todas as despesas decorrentes da pesquisa serao

ressarcidas. quando devidas e decorrentes especificamente de sua participacdo na pesquisa.
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Caso vocé tenha duvidas ou necessite de maiores esclarecimentos. pode entrar em contato
com a equipe de pesquisadores (Prof® Dr* Edna Maria Vissoci Reiche ou Prof® Dr’ Andréa
Name Colado Sim&o). pelo telefone: 3371-2321. ou procurar o Comité de Etica em Pesquisa
Envolvendo Seres Humanos da Universidade Estadual de Londrina. localizado no HU. na

Avenida Robert Kock. n2 60. ou no telefone 3371-2490.

Este termo devera ser preenchido em duas vias de igual teor. sendo uma delas. devidamente

preenchida e assinada entregue a vocé.

Londrina. de de 2014.

Pesquisadores Responsaveis
Edna Maria Vissoci Reiche
RG: 1.242.514-7

Andréa Name Colado Simao

RG: 6.226.736-4

(nome por extenso do sujeito de pesquisa).

tendo sido devidamente esclarecido sobre os procedimentos da pesquisa. concordo em

participar voluntariamente da pesquisa descrita acima.

Assinatura (ou impressao dactiloscopica):

Data:

Obs: Caso o participante da pesquisa seja menor de idade. deve ser incluido o campo para

assinatura do menor e do responsavel.
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Dados demograficos

N2 no projeto:

Nome

Endereco

Telefone:

Data de nascimento

Imunomodulador

( )IFN-Bla ( )IFN-Blb ( ) Glatiramer ( ) Natalizumab

Corticoide ( ) Pulsoterapia ( ) Corticoide oral > mg
Outros medicamentos

Doengas associadas

Etnia ( )Caucasiano ( )Negro ( )Mulato ( ) Asidtico
Cor da pele ( )Branca ( )Negra ( )Pardo ( )Amarela

Exposi¢do solar diaria

() N&o se expde ao sol diariamente
() Baixa exposigdo ( < 20 min/dia)

() Exposicdo solar adequada (> 20 min/dia)

Usa protetor solar?

()Sim ( ) Nao

Frequéncia

Tabagismo

( )Sim () Nao

Consumo de élcool

() Sim ( ) Nao

Profissdo

Habitos de dieta

( ) Dieta especifica

( ) Suplementagdo alimentar ( ) Antioxidante ( ) Vitamina

Obs.:
Dados Clinicos
IMC: Peso: Altura: Circunferéncia:
Forma clinica ()RR ()SP ()PP ()CIS ()ndodefinida

EDSS 2013

Atividade da doenca

( ) Remissdo ( )Surto

N° de surtos/ ano:

N° lesGes: ()Gd+ ()Gd- Data RMN:
RMN Local:

Tipo de RMN:
Inflamagdo/ Infecgdo ( )Sim ( )Nao Qual?

Pés Menopausa

( )Sim ( )Nao

Data ultima menstruacdo:




