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Oliveira, Sayonara Rangel. Avaliagao do estresse oxidativo e fatores de risco
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RESUMO

Esclerose multipla (EM) é uma doenga desmielinizante, imuno-mediada,
caracterizada por processo inflamatério cronico que afeta o sistema nervoso central
e o estresse oxidativo tém sido implicado na patogénese da doenca. Além disso,
alteracbes metabdlicas foram observadas em pacientes com EM como dislipidemia,
hipertenséo e resisténcia a insulina (RI), considerados importantes fatores de risco
cardiovascular. O objetivo deste trabalho foi avaliar o estresse oxidativo, fatores de
risco cardiovascular e mediatores inflamatérios em pacientes com EM e verificar a
correlagao entre estes marcadores e a progressao da doenga. Foram avaliados 134
pacientes com EM atendidos no Ambulatério de Neurologia do Ambulatério do
Hospital de Clinicas, Londrina, Parana, Regido Sul do Brasil. A gravidade da EM foi
avaliada pela Escala Expandida do Estado de Incapacidade (EDSS). O grupo
controle foi composto por 196 individuos saudaveis, doadores de sangue do
Hemocentro Regional de Londrina. Em todos os individuos, os parametros idade,
género, etnia, tabagismo e indice de massa corporal (IMC) foram controlados. O
estresse oxidativo foi avaliado pela formacao de hidroperdxidos lipidicos iniciada por
t-butil, dosagem de proteinas carbonilicas, determinagdo dos metabdlitos do éxido
nitrico (NOx), dosagem do grupamento sulfidrila de proteinas e capacidade
antioxidante total do plasma (TRAP). Os marcadores bioquimicos avaliados foram os
niveis séricos de acido urico, colesterol total, lipoproteina de baixa densidade (LDL),
lipoproteina de alta densidade (HDL), triglicerideos, niveis plasmaticos de glicose e
insulina. A RI foi avaliada pelo indice homeostasis model assessment (HOMA),
sendo detectada quando HOMA-IR = 2,5. Niveis séricos das citocinas inflamatorias
fator de necrose tumoral alfa (TNF-a), interleucina 6 (IL-6), interleucina 17 (IL-17) e
interferon gama (IFN-y) foram determinados por enzimaimunoensaio. Pacientes com
EM apresentaram niveis plasmaticos aumentados de hidroperdxidos lipidicos
(p<0,0001), proteinas carbonilicas (p=0,0217) e diminuidos de NOx (p<0,0001),
grupamento sulfidrila de proteinas (p=0,0004) e TRAP (p=0,0001) quando
comparados com o grupo controle. Uma correlagao positiva foi obtida entre os niveis
plasmaticos de hidroperoxidos lipidicos e os valores de EDSS (r=0,212, P=0,014) e
entre proteinas carbonilicas e EDSS (r=0,221, p=0,035). Os niveis séricos de acido
urico nao diferiram entre os grupos (p=0,115). Pacientes com EM mostraram niveis
séricos elevados de colesterol total (p=0,005), LDL-colesterol (p=0,003),
triglicerideos (p=0,003) e diminuidos de HDL-colesterol (p=0,038) comparados ao
grupo controle. Niveis plasmaticos de glicose n&o diferiram entre os individuos
(p=0,426); entretanto, pacientes com EM apresentaram niveis mais elevados de
insulina (p<0,0001), HOMA-IR (p<0,0001) do que os controles, além de uma
frequéncia de RI de 2,8 vezes maior nos pacientes com EM que no grupo controle
(odds ratio: 2,781; intervalo de confianca de 95%: 1,723-4,801, p<0,0001).
Pacientes com EM também apresentaram aumento da pressao arterial diastolica
(p=0.005) e dos niveis séricos das citocinas IL-6, IL-17 e IFN-y (p=0,0009,
p=0,0377, p=0,0379, respectivamente) em relacdo aos controles. Os resultados



sugerem o envolvimento do processo inflamatério crénico mediado pelas citocinas
inflamatorias e do estresse oxidativo na fisiopatologia de progressdo da EM. Estas
alteragdes imunolégicas e metabdlicas, podem explicar, em parte, a maior
prevaléncia de Rl e aumento do risco cardiovascular nestes pacientes. Futuras
pesquisas sdo necessarias para confirmar o envolvimento do estresse oxidativo na
doencga e considerar este componente fisiopatoldgico como possivel alvo terapéutico
no tratamento de pacientes com EM. As alteragdes metabdlicas observadas
reforcam a importdncia da monitorizagdo destes marcadores metabdlicos em
pacientes com EM, para prevenir e/ou tratar futuras comorbidades cardiovasculares
que podem estar relacionadas a progressdo da doenga. Além disto, aponta para a
necessidade de desenvolvimento de pesquisas para identificacdo de novos
biomarcadores que se correlacionem com a atividade e progresséo da doenca.

Palavras-chave: Esclerose multipla. Estresse oxidativo. Espécies reativas de
oxigénio. Resisténcia a insulina. Inflamacgéao. Citocinas.



Oliveira, Sayonara Rangel. Evaluation of oxidative stress and cardiovascular risk
factors in multiple sclerosis patients. 2012. 78p. Dissertacdo (Mestrado em
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ABSTRACT

Multiple sclerosis (MS) is a demyelinating, immune-mediated disease, characerized
by chronic inflammatory proccess of the central nervous system. Studies indicate that
oxidative stress plays a major role in the pathogenesis of MS and reactive oxygen
species (ROS) and nitrogen (RNS) have been implicated as mediators of
demyelination. Biochemical changes were also observed in MS patients such as
dyslipidemia, hypertension, and insulin resistance (IR), considered important
cardiovascular risk factors. The aim this study was to evaluate oxidative stress,
biochemical biomarkers and inflammatory mediators in MS patients and to verify the
correlation between these biomarkers with the progression of disease. The study
enrolled 134 MS patients from the Neurology Outpatient of the Outpatient Clinical
Hospital, Londrina, Parana, Southern Brazil. The severity of MS was evaluated by the
Expanded Disability Status Scale (EDSS). The control group was composed by 196
healthy individuals, blood donors from Regional Blood Bank of Londrina. The
individuals were age, gender, ethnicity, smoking, and body mass index (BMI)
controlled. The oxidative stress biomarkers evaluated were t-butyl hydroperoxide-
initiated chemiluminescence, carbonyl protein content, measurement of nitric oxide
metabolites (NOx), sulfhydryl groups of protein, and plasma total antioxidant capacity
(TRAP). Biochemical serum biomarkers evaluated were uric acid, total cholesterol,
low density lipoproteins (LDL), high density lipoproteins (HDL), triglycerides, plasma
levels of glucose, and insulin. IR was evaluated by homeostasis model assessment
(HOMA) and was detected when HOMA-IR = 2.5. The inflammatory cytokines tumor
necrosis factor alpha (TNF-a), interleukin 6 (IL-6), interleukin 17 (IL-17), and
interferon gamma (IFN-y) were assayed by enzyme-linked immunoassay. MS
patients had higher plasma levels of lipid hydroperoxide (p<0.0001), carbonyl protein
(p=0.0217), and lower plasma levels of NOx (p<0.0001), TRAP (p=0.0001), and
sulfhydryl group of proteins (p=0.0004) than controls. There was a positive
correlation between plasma levels of hydroperoxide lipid and EDSS values (r=0.212,
p=0.014) and between carbonyl protein and EDSS (r=0.221, p=0.035). Serum uric
acid levels did not differ among the individuals (p=0.115). In relation to biochemical
biomarkers, MS patients showed higher serum levels of total cholesterol (p=0.005),
LDL-cholesterol (p=0.003), triglycerides (p=0.003), and lower HDL-cholesterol
(p=0.038) than controls. Plasma levels of glucose did not differ among the individuals
(p=0.426); however, MS patients showed higher values of insulin (p<0.0001) and
HOMA-IR (p<0.0001) than controls, and had 2.78 times more chances for developing
IR than control group (odds ratio: 2.781, 95% confidence interval 1.723-4.801,
p<0.0001). In addition, MS patients showed higher diastolic blood pressure than
controls (p=0.005), and higher serum levels of IL-6, IL-17, and IFN-y than controls
(p=0.0009, p=0.0377, 0.0379, respectively). These results suggest that inflammatory
processes and oxidative stress play an important role in the pathophysiology and
progression of MS and could explain, in part, the high IR prevalence and
cardiovascular risk factor in these patients. Further researchs are needed to
underscore the involvement of oxidative stress in disease and consider this



component as a possible pathophysiological therapeutic target in the treatment of MS
patients. The metabolic changes observed in MS patients underscore the importance
of monitoring these biochemical biomarkers in these patients to prevent and/or to
treat further cardiovascular comorbidities that mey be related with disease
progression. Moreover, the study shows that new researches should be developed to
identify new biomarkers that correlate with the activity and progression of the
disease.

Keywords: Multiple sclerosis. Oxidative stress. Reactive oxigen species. Insulin
resistance. Inflammation. Cytokines.
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1 INTRODUGAO

Esclerose Multipla (EM) é uma doenga imuno-mediada, inflamatdria
cronica e desmielinizante que afeta o Sistema Nervoso Central (SNC) de maneira
progressiva (MILO; KAHANA, 2010). Na maioria dos casos, as manifestagdes iniciais
da EM ocorrem entre os 20 e 40 anos de idade, sendo 2 a 3 vezes mais frequente
em mulheres e em individuos caucasianos (CONFAVREUX et al., 2000). Estima-se
que 2,5 milhdes de pessoas vivam com EM em todo o mundo (MILO; KAHANA,
2010). No Brasil, sua taxa de prevaléncia é de, aproximadamente, 15 casos por cada
100.000 habitantes (CALLEGARO et al.,2001; FRAGOSO; PERES, 2007). A
etiologia da EM é pouco conhecida, mas sabe-se que € uma doenga multifatorial
desencadeada pela associagao de fatores genéticos e ambientais (MILO; KAHANA,
2010).

As manifestagdes clinicas da doengca sao atribuidas ao
aparecimento das lesdes desmielinizantes e os locais mais comuns para as lesdes
agudas sdo o nervo Optico, a medula espinhal, o tronco cerebral e a substancia
branca periventricular (MILO; KAHANA, 2010). Deste modo, os sintomais mais
frequentes da EM sado fraqueza de um ou mais membros, disturbios visuais,
disturbios sensoriais, vertigem ou desmaios, disturbios vesicais ou intestinais e
desordens cognitivas (CONFAVREUX; VUKUSIC, 2008). Para o diagndstico de EM
utilizam-se os critérios definidores descritos inicialmente por Poser (1991),
posteriormente, por McDonald et al. (2001) e revisados por Polman et al. (2005).

EM é uma doenca heterogénea do ponto de vista clinico e,
atualmente, ndo existem marcadores bioldgicos ou de imagem que permitam
caracterizar, com rigor, a forma clinica de evolugao dos pacientes (LUCCHINETTI et
al., 2000). A gravidade da doenca ¢é avaliada pela Escala Expandida do Estado de
Incapacidade (Expanded Disability Scale Status, EDSS) que é parcialmente baseada
em medigdes de oito areas do SNC conhecidas como sistemas funcionais, nos quais
sao avaliados as funcbes piramidais, tronco cerebral, cerebelar, sensoriais,
intestinais, vesicais, cerebrais e visuais (KURTZKE, 1983).

De acordo com a sociedade norte-americana de EM, ha quatro
formas principais de evolugédo clinica da doencga: remitente-recorrente (EM-RR),
secundariamente progressiva (EM-SP), primariamente progressiva (EM-PP) e

progressiva recidivante (EM-PR). A forma mais comum é a EM-RR que representa
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80% de todos os casos no inicio da doenga. Esta forma clinica € caracterizada por
episodios de surtos bem definidos no tempo, com alteracdo de uma ou mais fungdes
neurologicas, com posterior recuperagao que pode ser completa ou deixar sequelas
(KOCH et al., 2007; CONFAVREUX; VUKUSIC, 2008). A forma EM-SP é uma
evolugdo natural da forma EM-RR em 30 a 40% dos casos apés 10 anos do
diagnostico. Caracteriza-se pela progressdao apdés um periodo de evolugdo por
surtos. Constata-se uma deterioragédo continua das fungdes neurologicas e constitui
cerca de 15 a 20% de todas as formas de EM num dado momento (CONFAVREUX;
VUKUSIC, 2008). EM-PP ¢é a forma mais grave da doenga e também a menos
frequente entre os portadores de EM, responsavel por cerca de 10 a 15% dos casos.
Nesta forma, observa-se uma progressédo desde o inicio da doenga e a velocidade
de progressao pode ser variavel. A EM-PP é a forma que mais se distingue das
outras pelos critérios classicos de disseminagao no tempo nao estarem presentes, o
que dificulta seu diagnostico (CONFAVREUX; VUKUSIC, 2008). EM-PR ¢é
caracterizada pelo inicio progressivo surgindo posteriormente surtos bem
identificados, mantendo um padrdo de progresséo entre os surtos. Esta forma
constitui apenas cerca de 5% dos casos (CONFAVREUX; VUKUSIC, 2008).

Conceitualmente, pode-se considerar duas fases distintas na
fisiopatologia da EM: uma fase inicial predominantemente inflamatéria e uma fase
tardia degenerativa (STEINMAN, 2001). A EM possui componentes fisiopatologicos
importantes: a inflamagédo, a desmielinizagdo, a perda de oligodendrdcitos e o
comprometimento dos axbénios. Ha evidéncias de que diferentes processos
fisiopatoldgicos estejam envolvidos no desencadeamento e progressao da EM e a
elucidagao completa destes mecanismos ainda nao estio totalmente compreendidos
(MILLER et al., 2011).

As lesbes ativas na EM podem ser classificadas em 4 padrdes
distintos de desmielinizagdo: Padréo tipo | é o mais comum e esta associado a
presenga principalmente de linfécitos T e macréfagos no infiltrado inflamatdrio,
observa-se remielinizagdo parcial e preservagao dos oligodendrdcitos, células
responsaveis pela sintese da mielina (IRANI, 2005; KANTARCI et al., 2005). O
padrao tipo Il € menos frequente quando comparado ao padrao tipo |, caracteriza-se
pela deposicdo de imunoglobulinas e ativacdo do complemento nos locais das
lesbes e de maneira semelhante ao tipo | ndo ha comprometimento dos

oligodendradcitos (IRANI, 2005). Por outro lado, nos padrées tipos Ill e IV quase néo
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se observa a remielinizagdo devido ao comprometimento dos oligodendrdcitos,
sendo estes padrdes caracterizados pelo processo de degeneragao (KANTARCI et
al., 2005; BIRNBAUM; ANTEL, 2008).

Células do sistema imunologico como linfocitos T CD4", linfocitos T
CD8’, linfécitos B, mondcitos, macréfagos e micréglia ativada atuam de maneira
complexa e estdo envolvidas na fisiopatologia da EM. Além disso, moléculas de
adesao, quimiocinas, interleucinas (IL) e seus receptores tém sido implicadas na
patogénese da doenga (MAHAD; TRAPP; RANSOHOFF, 2008).

Individuos geneticamente susceptiveis, apds entrarem em contato
com um fator ambiental, como infecgbes virais, podem desencadear reagdes imune-
cruzadas que reconhecem os componentes da mielina como alvos antigénicos,
mecanismo conhecido como mimetismo molecular (FONTOURA, 2010). O primeiro
contato com o antigeno, o qual compartilha epitopos semelhantes aos da mielina,
ocorre no tecido periférico. Células apresentadoras de antigeno, principalmente
macrofagos, apresentam este antigeno por meio da molécula MHC classe |l para
linfécitos T CD4" naives que se tornam ativados e podem se diferenciar em
basicamente 4 células funcionalmente distintas: Th1, Th2, Th17 e T reguladores (T
reg) (IRANI, 2005).

As células Th1 produzem um perfil de citocinas pro-inflamatorias
como interferon-y (IFN-y), fator de necrose tumoral a (TNF-a) e IL-2 e parecem
predominar nas lesbes desmielinizantes. A principal fungdo destas citocinas é
estimular as células fagociticas na destruicdo da bainha de mielina, ou seja, séo
mediadores do processo inflamatorio intenso coordenado contra os componentes da
mielina (KANTARCI et al., 2005).

As células Th2 também podem ser encontradas em alguns pacientes
com EM e ha evidéncias de que o componente humoral exerce papel importante
nestes pacientes. Caracterizam-se pela producao das citocinas IL-4, IL-5, IL-10 e IL-
13, estimulam a producédo de imunoglobulinas e, por agdo da IL-10, inibem as
células Th1. Observa-se deposi¢cao de anticorpos dirigidos contra os componentes
da mielina, principalmente contra a glicoproteina dos oligodendrécitos associadas a
mielina (anti-MOG) e a proteina basica associada a mielina (anti-MBP), além da
ativagdo das proteinas do sistema complemento (KANTARCI et al., 2005; IRANI,
2005).

A necessidade de compreender os mecanismos imunoldgicos
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responsaveis pela lesdo tecidual nas doencas inflamatdrias crénicas levou a
caracterizagao do fendtipo celular Th17. Estudos recentes tém demonstrado que a
subpopulacdo de linfécitos T CD4" produtores de IL-17, mais que as células Thf1,
tem um papel central na patogénese de modelos experimentais de doencgas
autoimunes (SOUZA et al., 2010). O perfil Th17 estimula a produgédo de citocinas
pré-inflamatérias como IL-6, IL-17, IL-21 e IL-22 e esse fendtipo tem sido
intimamente associada a patogénese da EM. Ha evidéncias de que o interferon 3
(IFN-B), medicamento imunomodulador utilizado no tratamento da EM, parece inibir
a diferenciacdo dos LT CD4" para Th17 via inibicdo de IL-23, podendo ser
considerado um dos mecanismos de acao deste farmaco (KRAKAUER et al., 2008).

Além disso, as células LT CD4" podem ser estimuladas a se
diferenciar em células Tregs, cuja principal fungdo é de imunossupresséo,
diminuindo a atividade de células T proé-inflamatorias e consequentemente o
processo inflamatério. As citocinas liberadas por este subgrupo de linfécitos T sao
fator transformador de crescimento B (TGF-B), IL-10 e IL-35 e parecem regular
negativamente o perfil Th17, de maneira semelhante ao que acontece com os perfis
Th1 e Th2 (SOUZA et al., 2010). Ha evidéncias de que individuos com diminuicdo de
células Treg apresentam maior predisposi¢cao para desenvolver doengas autoimunes
pela perda da tolerancia imunoldgica (IRANI, 2005). Um estudo reportou que
pacientes com EM apresentaram significativa redugao do numero e da fungao das
células Treg examinadas no sangue periférico em relagdo a individuos controles
(VIGLIETTA et al., 2004).

Apods a diferenciacao dos linféctos T nos tecidos periféricos, ocorre a
migracao destas células através da barreira hematoencefalica (BHE) para o SNC. O
processo de migragdo transendotelial é regulado por um conjunto de sinais
moleculares bem caracterizados, incluindo moléculas de adesédo celular e
quimiocinas (FONTOURA, 2010). As moléculas de adeséo expressas nos linfocitos
T sdo membros das familias da integrina e selectina, exercem importantes fungdes
na migracado das ceélulas T para o sitio inflamatorio (ABBAS; LICHTMAN;PILLAI,
2008). Do extenso conjunto de moléculas de adesdo celular, destacam-se a
integrina o431 também conhecida como VLA4 (very late antigens 4) que se liga a
molécula de adesao das células vasculares (VCAM-1), que é expressa nas células
endoteliais ativadas pelas citocinas e a integrina 2, comumente chamada de LFA-1

(antigeno associado a fun¢do do leucdcito) que se liga as moléculas de adeséo
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intercelular (ICAM-1 e ICAM-2) expressas no endotélio (ABBAS; LICHTMAN;PILLAI,
2008). Estas moléculas parecem ser os principais fatores responsaveis pela
aderéncia dos linfécitos ao endotélio vascular no SNC e constituem alvo especifico
de uma das terapéuticas atualmente aprovadas para o tratamento da EM, o
anticorpo monoclonal natalizumab (FONTOURA, 2010).

Outras moléculas que contribuem para o ingresso das células T
dentro do SNC s&o as quimiocinas, cujas fungdes principais sao recrutar linfocitos T
e monadcitos para os locais da inflamagao e aumentar a afinidade das integrinas nos
leucécitos para seus ligantes no endotélio (ABBAS; LICHTMAN;PILLAI, 2008).
Algumas quimiocinas e seus receptores tém sido associados com as lesdes
desmielinizantes na EM e no modelo experimental EAE. Entre os principais grupos
de quimiocinas destacam-se CCL2, CCL3, CCL4, CCL5 e CXCL10 que sao
expressas nas lesbes da EM, bem como seus receptores CCR1, CCR2, CCR3,
CCR5 e CXCR3 (MAHAD; TRAPP; RANSOHOFF; 2008). Polimorfismos nos genes
de quimiocinas e seus receptores foram associados com a EM em populacdes
mundiais (KAIMEN-MACIEL et al.,, 2007; KALLAUR et al.,, 2011). Um estudo
demonstrou que a expressao de CCL3 correlacionou-se com a gravidade da doencga
(KENNEDY et al., 1998) bem como a expressao do receptor CCR5 foi associada
com a atividade da doenca na EM (SIMPSON et al., 2000; BAGAEVA et al., 2003).

A penetracdo das células inflamatérias no SNC também ¢é auxiliada
pelas metaloproteinases (MMPs), enzimas que contribuem para a destruicdo da
BHE. As células T ativadas que penetraram no SNC sofrem uma reativagao e
entram novamente em contato com o antigeno que |he sdo apresentadas por
macrofagos ou micréglia por meio do MHC classe Il (IRANI, 2005). Este fendmeno
de reativagdo implica na produgdao de varios mediadores pro-inflamatorios pela
microglia ativada e macrofagos perivasculares como citocinas (TNF-a, IL-1, [L-12, IL-
23, entre outras), quimiocinas CCL2, CCL3, metaloproteinase 9 (MMP-9), aumento
da expressao das moléculas de adesao, além da produgao de espécies reativas de
oxigénio (EROs) e nitrogénio (ERNs) que parecem contribuir para o dano a mielina
(RAIVICH; BANATI, 2004).

Ha evidéncias de que diferentes células inflamatérias participam do
processo de desmileinizacdo na EM: linfocitos T CD4" que ao produzirem citocinas
podem estimular linfocitos T CD8" a se transformarem em linfocitos T citotdxicos

(CTL), causando dano direto a mielina; linfécitos B que s&o estimulados a
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produzirem imunoglobulinas e ativam o complemento, formando imunocomplexos
que se depositam no local da lesdo; além dos macréfagos ativados que fagocitam e
participam do processo de digestdo dos componentes da mielina (IRANI, 2005).

A fase tardia da EM caracteriza-se pelo preocesso degenerativo,
quando se observa acumulo de lesbes cicatriciais, incapacidade neuroldgica
progressiva, danos ao axoOnios e dificuldade de remielinizagdo devido ao
comprometimento dos oligodendrécitos (FOUNTOURA, 2010). A interagao de todos
esses componentes imunoldgicos e da inflamagéo faz da EM uma doenga complexa

na sua patogénese, fisiopatologia e imunologia (figura 1).

Figura 1 - Mecanismos imunopatogénicos e estresse oxidativo envolvidos na
esclerose multipla (EM).
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Macréfagos da circulagdo periférica apresentam antigenos que compartilham epitopos
semelhantes aos da mielina aos linfocitos T CD4" naives (ThO). Estas células tornam-se
ativadas e podem se diferenciar em 4 fendtipos celulares: Th1, Th2, Th17 e Treg. Os
linfécitos T ativados ligam-se as células endoleliais por meio das moléculas de adeséao,
VLA4 liga-se na VCAM e LFA1 liga-se na ICAM-1, facilitando a entrada destas células no
sistema nervoso central (SNC) através da barreira hematoencefalica (BHE). No parénquima
nervoso ocorre um novo contato do linfocito T CD4* com a microglia (macrofagos residentes
no SNC). Nesta fase de reativagcéo, a micréglia torna-se ativada e produz grande quantitade
de mediadores pré-inflamatdérios como fator de necrose tumoral a (TNF-a), interferon-a (IFN-
a), IL-12, metaloproteinases (MMPs) e quimiocinas, que por sua vez, aumentam a
expressdo das moléculas de adesdo e atuam no linfocito T CD4". Ha, também, aumento da
expressao da 6xido nitrico sintase induzivel (iNOS) e a NADPHoxidase na micréglia ativada,
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responsaveis pela produgdo de 6xido nitrico (NO) e anion superdoxido (Oy) que, juntos,
formam peroxinitrito, importante oxidante que parece estar envolvido com o dano aos axénio
e oligodendrécitos na EM. Os linfocitos T CD4" ativados produzem citocinas como IL-2 e
IFN-y que estimulam os linfécitos B (LB) a produzirem anticorpos, principalmente anti-MOG
e anti-MBP, com posterior ativacdo do sistema complemento, levando a morte celular. Estas
citocinas também estimulam os linfécitos T citotoxicos (CTL) a produzirem citotoxinas e
agem diretamente na lesdo desmielinizante. Os macréfagos perivasculares ativados
produzem espécies reativas de oxigénio (EROs) e espécies reativas de nitrogénio (ERNs)
que ao reagirem com os lipidios poliinsaturados da mielina provocam peroxidagéo lipidica e
contribuem para a fagocitose da mielina. Todos estes mecanismos associados contribuem
para a desmielinizacdo na EM.

Além dos mecanismos imunolégicos envolvidos na fisiopatologia da
doenga, estudos tém sugerido que o estresse oxidativo pode exercer importante
papel na patogénese da EM. EROs e ERNs, geradas em excesso pela microglia
ativada, tém sido implicadas como mediadores da desmielinizacdo e parecem atuar
como fator agravante para a doenga, contribuindo para a formagao e persisténcia
das lesbes caracteristicas da EM (VAN HORSSEN et al., 2008; GILGUN-SHERKI;
MELAMED; OFFEN, 2004).

O SNC é particularmente susceptivel ao estresse oxidativo devido
ao elevado consumo de oxigénio e alta concentracdo de acidos graxos
poliinsaturados, biomacromoléculas mais vulneraveis ao ataque oxidativo
(FRIEDMAN, 2011).

Estudos evidenciaram aumento dos produtos de peroxidacgao lipidica
(GRECO; MINGHETTI; LEVI, 2000; FERRETI et al., 2005; MILLER et al., 2011) e
proteica (MILLER et al., 2012) nos fluidos biologicos de pacientes com EM.
Entretanto, ha poucos dados na literarura sobre correlacdo entre os marcadores do
estresse oxidativo e progressdo da doencga avaliada pela escala EDSS. Apenas um
estudo avaliou a relacido entre os niveis plasmaticos de hidroperdxidos lipidicos e a
progressao da incapacidade em pacientes com EM; no entanto, os autores nao
encontraram correlacéo (KOCH et al., 2007).

Macrofagos cerebrais e microglia ativada mostraram aumento da
expressdo da enzima oxido nitrico sintase induzivel (INOS) na EM e no modelo
experimental, encefalomielite aguda experimental (EAE) (DE GROOT, et al., 1997,
VAM DAM, et al., 1995). No entanto, estudos sobre o papel do 6xido nitrico (NO) na
fisiopatologia da EM tém mostrado resultados discordantes. Enquanto alguns
estudos encontraram niveis elevados de metabdlitos do oxido nitrico (NOx) no
plasma e LCR de pacientes com EM (YUCEYAR; TASKIRAN; SAGDUYU, 2001;
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DANILOV et al., 2003), outro estudo demonstrou diminuigdo de NOx nos fluidos
biolégicos (DE BUSTOS et al.,, 1999). Os diferentes resultados encontrados na
literatura podem ser explicados, principalmente, devido a sele¢cdo de pacientes em
diferentes fases da doenga (surto ou remissdo) e ao uso de terapia
imunomoduladora. Mais estudos sao necessarios para se determinar qual o
envolvimento do NO na patogénese da EM.

EROs e ERNs sao fisiologicamente neutralizadas por varias
moléculas antioxidantes que podem ser de origem enzimatica como a superdxido
dismutase (SOD), catalase, glutationa peroxidase, ou ndo enzimatica como acido
urico, glutationa, vitamina C, vitamina E, entre outras (AMORINI et al., 2009).
Estudos demonstraram reducdo da capacidade antioxidante total do plasma (TRAP)
em pacientes com EM (BESLER; COMOGLU, 2003); também foi demonstrada
reduzida atividade de enzimas antioxidantes, como a SOD, nos eritrocitos destes
pacientes (ZAGORSKI et al., 1991).

Estudos relataram que individuos com EM apresentaram diminuicéo
nos niveis de antioxidantes ndo enzimaticos como acido urico, glutationa e vitamina
E (VAN MEETEREN et al., 2005; RENTZOS et al., 2006). Acido arico é considerado
um importante antioxidante enddgeno e tem sido extensivamente estudado em
pacientes com EM, entretanto os dados na literatura tém sido contraditorios. Alguns
estudos encontraram diminui¢do dos niveis séricos de acido urico em pacientes com
EM (RENTZOS et al., 2006; TONCEYV et al., 2002), no entanto, outros encontraram
niveis elevados deste marcador bioquimico nesta populagcao (AMORINI et al.,2009).
Diante de resultados discordantes, torna-se necessario mais estudos que avaliem
qual o papel do acido urico na EM.

Baseando-se na hipotese de que o estresse oxidativo € um
componente importante dos processos fisiopatolégicos da EM, teoricamente, a
introdug&o da terapia antioxidante associada a terapia convencional poderia ser uma
estratégia complementar para o tratamento dos pacientes com EM, contribuindo
para a melhoria da qualidade de vida destes individuos. Até o presente momento,
nao ha registros de estudos que tenham avaliado marcadores do estresse oxidativo
em pacientes com EM da populagdo brasileira, correlacionando-os com a
progressao da doenca.

Varios biomarcadores bioquimicos como colesterol total, lipoproteina

de baixa densidade (LDL), entre outros, também tém sido associados com EM e



20

estudos demonstraram aumento de comorbidades cardiovasculares nesta populagao
(MARRIE et al., 2010; D’HAESELEER et al., 2011). A presenca de fatores de risco
cardiovascular como diminuigdo de atividade fisica, dislipidemia e resisténcia a
insulina (RI), pode contribuir para o aumento de mortalidade de pacientes com EM.

Uma associagao entre niveis séricos elevados de colesterol total,
LDL-colesterol e triglicerideos foi observada com a progresséao e atividade da EM,
evidenciada pelo aumento do valor na escala de EDSS e do numero de lesdes
observadas no exame de imagem de ressonancia magnética nuclear,
respectivamente (WEINSTOCK-GUTTMAN et al., 2011).

Ha poucos relatos na literatura sobre a frequéncia de RI em
pacientes com EM. No entanto, sabe-se que a insulina contribui para o
funcionamento normal do cérebro e que anormalidades periféricas como RI
aumentam o risco de perda de memdria e desordens neurodegenerativas como
doencga de Alzheimer e EM (WATSON; CRAFT, 2006). Consideranto que a Rl € um
fator de risco cardiovascular e que a insulina desempenha um papel importante na
funcdo cerebral, justifica-se o aumento do interesse em se monitorar o perfil
glicémico em pacientes com EM.

Estudos tém mostrado que estados inflamatérios crénicos estao
intimamente associados com o desenvolvimento de Rl (OLEFSKY; GLASS, 2010).
Mediadores inflamatérios como TNF-a e IL-6 liberados em grande quantidade por
macrofagos ativados, como na EM, parecem induzir a Rl por meio de mudangas na
cascata de sinalizacdo deste horménio. Ha evidéncias de que agentes com agao
anti-inflamatéria podem ter efeito benéfico no aumento de sensibilidade a insulina
(OLEFSKY; GLASS, 2010). Além disso, estudos observaram que o bloqueio da
atividade do TNF-a melhorou a sensibilidade a insulina em ratos obesos
(HOTAMISLIGIL et al., 1993). No entanto, mais estudos sdo necessarios para
compreensao do papel da inflamagao na patogénese da RI.

A grande maioria das terapias atualmente aprovadas para o
tratamento da EM tém como alvo o componente inflamatério da doenca; no entanto,
esta se tornando claro que, semelhante ao tratamento de pacientes com cancer, a
estratégia terapéutica de sucesso na EM deve envolver a combinacao de diferentes
alvos terapéuticos que predominam nos diferentes processos fisiopatolégicos da EM.
No entanto, o desenvolvimento de terapias especificas a estes processos lesivos

sera muito dificil sem o uso de biomarcadores que refletem os processos alvo.
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Diante de uma doenca neurologica tdo complexa e heterogénea
como a EM, tornam-se necessario estudos que avaliem as principais alteragoes
metabdlicas e do estresse oxidativo nestes pacientes, na tentativa de identificar
biomarcadores viaveis que contribuam para o desenvolvimento de novos alvos

terapéuticos para o tratamento de pacientes com EM.
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2 OBJETIVO GERAL

Avaliar o estresse oxidativo e os fatores de risco cardiovascular em

pacientes com EM

2.1 OBJETIVOS ESPECIFICOS

- Avaliar o estresse oxidativo por meio de metodologias diferentes,
analisando marcadores de peroxidagdo lipidica (hidroperoxido
lipidico), oxidagao proteica (proteinas carbonilicas), metabdlitos do
oxido nitrico (NOx), além das defesas antioxidantes (acido urico,
grupo sulfidrila associado a proteinas e TRAP) em pacientes com
EM e individuos saudaveis;

- Avaliar os niveis séricos de acido urico, perfil lipidico (colesterol total,
LDL, HDL, triglicerideos), perfil glicémico (glicose e insulina) em
individuos com e sem EM;

- Avaliar os niveis séricos de mediadores inflamatérios como as
citocinas TNF-a, IL-6, IL-17 e IFN-y em pacientes com EM e em
individuos saudaveis;

- Determinar a prevaléncia de Rl em pacientes com e sem EM;

- Relacionar a progressdo da EM por meio da escala EDSS com os

marcadores do estresse oxidativo e fatores de risco cardiovascular.
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3 CASUISTICA, MATERIAIS E METODOS

3.1 DELINEAMENTO

Trata-se de um estudo observacional do tipo caso-controle realizado

no periodo de agosto de 2010 a janeiro de 2012.

3.2 CALCULO DO TAMANHO DA AMOSTRA

O calculo do tamanho da amostra foi realizado no STATCALC do
Programa Epi Info versdo 6.04d, tendo como referéncia dados de um estudo
desenvolvido por Naidoo e Knapp (1992). De acordo com os calculos, a estimativa

do tamanho da amostra para o presente estudo seria de 70 individuos em cada

grupo.
3.3 AMOSTRA

O protocolo de pesquisa foi aprovado pelo Comité de Etica em
Pesquisa Envolvendo Seres Humanos da Universidade Estadual de Londrina
(ANEXO A). Todos os individuos 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 (ANEXO B). Os pacientes
com EM foram selecionados no Ambulatério de Neurologia do Ambulatério do
Hospital de Clinicas (AHC) da Universidade Estadual de Londrina.

A amostra foi obtida por conveniéncia de tempo e local. Foram
avaliados 134 pacientes com EM, diagnosticados segundo os critérios de McDonald
revisados (POLMAN et al., 2005) e classificados como EM-RR, EM-SP e EM-PP. A
gravidade da doenca foi avaliada por meio da Expanded Disability Scale Status
(EDSS), com escores que variam de 0,0 a 10,0 (KURTZKE, 1983). Informagbes
sobre fatores que influenciam no estilo de vida e histéria médica foram obtidas na
avaliacao clinica. Os habitos nutricionais dos pacientes foram similares aos do grupo
controle e nenhum dos individuos estava recebendo algum tipo de dieta especifica.

O grupo controle foi composto de 196 individuos saudaveis

selecionados consecutivamente entre os doadores de sangue fidelizados do
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Hemocentro Regional de Londrina. Para obtengdo de grupos homogéneos,
parametros como idade, género, etnia, tabagismo e indice de massa corporal (IMC)
foram controlados.

Os dados demograficos, clinicos e terapéuticos dos individuos
inseridos no estudo foram coletados pelo grupo de pesquisa por meio de um
questionario (ANEXO C) e pela consulta aos prontuarios do Hospital Universitario da

Universidade Estadual de Londrina.

3.3.1 Critérios de Selecao dos Pacientes com EM

- Individuos diagnosticados segundo os critérios McDonald revisados
(Polman et al., 2005) e que nédo estavam no periodo de surto da
doenca.

- Pacientes com sindrome clinicamente isolada (CIS) e neuromielite
optica foram excluidos do estudo.

- Pacientes que utilizavam suplemento antioxidante como vitaminas ou

tinham diabetes tipo Il foram excluidos do estudo.

3.3.2 Critérios de Selecio dos Controles

- Individuos saudaveis que nao apresentavam caracteristicas clinicas ou
laboratoriais de doengas autoimune, renal, cardiaca ou hepatica e
reportaram nao fazerem uso de medicamentos anti-inflamatorios e
suplementos antioxidantes.

- Todos os individuos envolvidos neste estudo relataram n&o fazerem
uso de bebidas alcodlicas e nao praticavam exercicio fisico

regularmente.

3.4 MARCADORES DO ESTRESSE OXIDATIVO

Para avaliar o estresse oxidativo, amostras de sangue periférico
foram coletadas utilizando acido etilenodiaminotetracético (EDTA) como
anticoagulante. O material foi centrifugado a 3.000 r.p.m. por 15 minutos e aliquotas

do plasma foram armazenadas no freezer a -80°C até o momento de uso.
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3.4.1 Capacidade Antioxidante Total do Plasma (Total Radical Trapping Antioxidant
Parameter, TRAP)

Determinou-se a capacidade antioxidante total do plasma por meio
da técnica do TRAP. Nesta analise, avalia-se a acdo cumulativa de todos os
antioxidantes presentes no meio que resulta em um parametro integrado capaz de
revelar alteragbes no delicado equilibrio redox existente in vivo (VASCONCELOS et
al., 2007). Esta técnica quantifica antioxidantes hidro e lipossoluveis presentes no
plasma, por meio de quimioluminescéncia (QL), como descrito previamente por
Repetto e colaboradores (1996). Baseia-se no principio da adigdo de um
azoiniciador ao plasma, substancia capaz de gerar radicais livres, que por sua vez,
sao neutralizados pelos antioxidantes presentes no plasma, periodo no qual a
oxidagao é inibida e comparada ao do Trolox (New Jersey, EUA). O Trolox é um
analogo hidrossoluvel da vitamina E, usado como antioxidante de referéncia e
quantitativamente relacionado a capacidade antioxidante total do plasma. Os valores
de TRAP foram expressos em uM Trolox® (VASCONCELOQOS et al., 2007).

3.4.2 Grupamento Sulfidrila de Proteinas

Grupamento sulfidrila de proteinas foi avaliado no plasma pelo
método de espectrofotometria descrito previamente por Hu (1994). Esta técnica
baseia-se na reagéo do acido 2,2 ditiobisnitrobenzdico (DTNB) com o grupo tiol (P-

SH) das proteinas. Os resultados foram expressos em uM.

3.4.3 Determinagao de Hidroperoxidos Lipidicos Iniciados por t-butil (CL-LOOH)

A avaliacdo da formacgao de lipoperoxidos por QL foi efetuada em
uma adaptagao da técnica descrita por Gonzales-Flecha e colaboradores (1991). A
QL estimulada por t-butil hidroperoxido (CL-LOOH) foi empregada para analisar a
integridade dos mecanismos de defesa antioxidantes ndo enzimaticos e os niveis de
lipoperoxidos presentes no plasma. O teste baseia-se na premissa de que um
aumento de QL esta relacionado com um estresse oxidativo prévio sofrido pelo
tecido, levando ao consumo das defesas antioxidantes de baixo peso molecular, tais

como vitamina E, com formacgao de lipoperdxidos, resultando em um aumento da
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emissdo de fétons. Foi utilizado um contador B marca Beckman® modelo LS 6000
(Fullerton, California, EUA) que possui um modelo de contagem nao coincidente por
30 segundos, com uma faixa de resposta entre 300 e 620 nM. As analises foram
efetuadas em frascos de plastico para cintilagdo e protegidas da luz. Os resultados

foram medidos em contagem por minuto (c.p.m.) (SIMAO, et al., 2010).

3.4.4 Determinacdo de Metabdlitos do Oxido Nitrico (NOx)

Os NOx foram determinados no plasma por espectrofotometria de
acordo com a reagao de Griess, com algumas modificagdes, descrita previamente
por Panis e colaboradores (2011). Esta técnica utiliza o grénulo de cadmio para
reduzir nitrato a nitrito, o qual € quantificado ao formar um complexo colorido com

reagente de Griess. Os resultados foram expressos em uM.

3.4.5 Determinagao de Proteinas Carbonilicas

O conteudo carbonilico de proteinas € amplamente utilizado como
biomarcador de dano oxidativo em proteinas, sob condigdes de estresse oxidativo
(VASCONCELOS et al., 2007). O método utilizado para sua quantificagdo no plasma
foi espectrofotométrico, baseado na reacéo da 2,4 dinitrofenilhidrazina com o grupo
carbonila, formando a 2,4dinitrofenilhidrazona, de acordo com a técnica descrita por
Reznick et al. (1994). Os resultados foram expressos em nmol mL" mg™ proteinas

totais.

3.5 BIOMARCADORES BloQuimMICOS

Para analise dos marcadores bioquimicos, a coleta de sangue
periférico, com e sem anticoagulantes, foi realizada ap6s um periodo de 12 horas de
jejum. O material coletado foi centrifugado a 3.000 r.p.m. por 15 minutos e aliquotas
de plasma e soro foram armazenadas no freezer a -80°C até o momento de uso.

As dosagens séricas de colesterol total, LDL-colesterol, HDL-
colesterol, triglicerideos e acido urico e a dosagem plasmatica de glicose foram
realizadas em um autoanalisador bioquimico (Dimension™ Dade AR Dade Behring,

Deerfield, IL, USA). A determinacédo dos niveis plasmaticos de insulina foi realizada
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por QL em imunoensaio com microparticulas como fase sodlida, utilizando-se o
equipamento ARCHITECT™ (Abbott Laboratory, Abbott Park, IL, USA).

O meétodo Homeostatic Model Assessment (HOMA) foi utilizado para
avaliacdo da Rl e a fungdo das células beta do pancreas (HAFFNER; MIETTINEN;
STERN, 1997) O indice HOMA foi calculado de acordo com a férmula a seguir. A R
foi considerada quando HOMA = 2,5.

HOMA-IR= glicemia de jejum (mmol/L) x insulinemia de jejum (mU/L) / 22,5.

3.6 CITOCINAS INFLAMATORIAS

Os niveis séricos das citocinas inflamatérias TNF-a, IL-6, IL-17 e IFN-y foram
determinados pelo método de enzimaimunoensaio (ELISA) do tipo sanduiche, com
microplacas sensibilizadas com anticorpos de captura especificos contra as citocinas
avaliadas (ELISA Ready-SET-Go!, eBioscience, San Diego, CA, EUA). O
procedimento técnico e os valores de referéncia foram seguidos de acordo com as

instrucdes do fabricante.
3.7  ANALISE ESTATISTICA

Para realizar a analise estatistica das variaveis categdricas como
género, etnia e tabagismo, o teste de qui-quadrado (x?) foi utilizado. Para as
variaveis quantitativas e continuas utilizou-se o teste de Mann-Whitney para
comparagao dos grupos, pois os dados ndo apresentaram distribuicdo gaussiana. A
analise estatistica foi realizada no programa Graph Pad Prism versédo 5.0 (GrahpPad
Software, San Diego, CA). Os dados foram expressos como mediana e interquartil
(25%-75%). Correlacdes de variaveis foram realizadas utilizando-se o coeficiente de
Spearman.

Para determinar quais fatores estavam associados com EM, foi
realizada uma analise multivariada de regressao logistica, utilizando-se o programa
GraphPad Instat versdao 3.0 (GrahpPad Software, San Diego, CA). Todos os

resultados foram considerados significativos quando p<0,05.
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4 RESULTADOS

Os resultados obtidos neste trabalho foram apresentados e
discutidos em dois artigos cientificos descritos a seguir. O primeiro artigo descreve
os resultados dos marcadores do estresse oxidativo correlacionando-os com a
progressao da doenca, por meio da escala de EDSS. O segundo artigo discute a
associacao entre Rl e fatores de risco cardiovascular e a incapacidade nos pacientes

com EM.
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4.1 ARTIGO 1: OXIDATIVE STRESS IN MULTIPLE SCLEROSIS PATIENTS IN CLINICAL
REMISSION: ASSOCIATION WITH THE EXPANDED DISABILITY STATUS SCALE

Oxidative stress in multiple sclerosis patients in clinical remission: association

with the expanded disability status scale

Sayonara Rangel Oliveira’, Ana Paula Kallaur Andréa Name Colado Sim&o®*,

Helena Kaminami Morimoto?, Josiane Lopes’, Carolina Panis®, Diego Lima

Petenucci®, Eloisa da Silva*, Rubens Cecchini®, Damacio Ramon Kaimen-Maciel*®,

Edna Maria Vissoci Reiche?

Abstract

Increased levels of oxidative stress markers and/or decreased levels of antioxidant
molecules are described in patients with multiple sclerosis (MS) and this imbalance
has been implicated in demyelination and axonal damage. The aim of this study was
to evaluate oxidative stress in MS patients and to verify its correlation with disability
assessed by the Expanded Disability Status Scale (EDSS). This study included 134
MS patients and 196 healthy individuals controlled by age, gender, ethnicity,
smoking, and body mass index. The oxidative stress was evaluated by plasma levels
of lipid hydroperoxide, carbonyl protein, nitric oxide metabolites (NOx), sulfhydryl
groups of proteins, serum uric acid levels, and total radical-trapping antioxidant
parameter (TRAP). MS patients had higher plasma levels of lipid hydroperoxide
(p<0.0001), carbonyl protein (p=0.0217), and lower plasma levels of NOx (p<0.0001),
sulfhydryl groups (p=0.0004), and TRAP (p=0.0001), than controls. Uric acid levels
did not differ among the individuals (p=0.115). Positive correlation was observed
between hydroperoxide lipid and EDSS (r=0.212, p=0.014) and carbonyl protein and
EDSS (r=0.221, p=0.035). Multivariate analysis showed that TRAP and sulfhydryl
groups are associated with EDSS (p=0.0344 and p=0.0318, respectively). These
results underscore that oxidative stress plays an important role in the
physiopathology of the MS progression.

Keywords: Oxidative stress. Multiple sclerosis. Lipid peroxidation. EDSS. Carbonyl
protein. Sulfhydryl groups.
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1. Introduction

Multiple sclerosis (MS) is a chronic inflammatory immune-mediated
disease of the central nervous system (CNS), characterized by a T-cell-dependent
process associated with macrophage-mediated demyelination driven by myelin-
specific autoantigens [1]. Accumulating data indicate that oxidative stress plays a
major role in the pathogenesis of MS. Reactive oxygen species (ROS) and reactive
nitrogen species (RNS) might play a key role in the disease development by
contributing to myelin and oligodendroglia degeneration, the pathological hallmarks
of MS [2].

There is increasing evidence that relapsing-remitting and progressive
clinical phases of MS are caused by two distinct mechanisms. Focal inflammation is
believed to be caused by relapses, whereas diffuse axonal degeneration appears to
be the main contributor to disease progression. Oxidative stress in MS is believed to
contribute to both processes [3,4].

The CNS is particularly vulnerable to oxidative insult on account of
the high rate of O, utilization, the relatively poor concentration of classical
antioxidants and related enzymes, and the high content of polyunsaturated lipids, the
most of biomacromolecules susceptible to oxidation. In addition, there is regionally
high concentration of redox-active transition metals such as iron, capable of the
catalytic generation of ROS [5].

Increased levels of oxidative stress markers and/or decreased levels
of antioxidant enzymes and small molecule antioxidants are described in blood,
serum, and cerebrospinal fluid (CSF) of patients with MS [6]. Studies reported that
MS patients showed increase lipid peroxidation products in biological fluids [7,8].
However, only one study evaluated the relationship of plasma lipid peroxidation with
the progression of the disability in MS, but this correlation was not demonstrated [9].
Previous study showed that MS patients had higher plasma levels of carbonyl protein
than healthy subjects [10]; however, at present moment, the association between
disability and this protein oxidation marker was not described.

Additionally, results about the evidences of the role of nitric oxide
(NO) in the physiopathology of MS have been contradictory. One study reported that
metabolites of nitric oxide (NOx) were significantly increased in plasma and CSF of

MS patients [11] and other demonstrated that NOx are decreased in the MS patients
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[12]. Regard to antioxidant status, there were evidences of antioxidant deficiency in
MS patients [6]. Decreased levels of antioxidant intracellular enzymes and low
plasma total antioxidant capacity were demonstrated in MS patients [13,14]. Serum
levels of non-enzymatic antioxidants such as uric acid were also decreased in MS
patients [15,16]. In addition, studies reported inverse correlation between serum uric
acid levels and disease activity [15,17] and with disability in MS patients [18].

Contradictory results are showed regard to the oxidative stress
markers in MS patients and the relevance of oxidative stress in the clinical course
and progression of disease in MS is unclear. The most of the studies have evaluated
the oxidative stress in MS patients when they are in relapse phase of the disease or
with high disability status. Moreover, these studies have evaluated some pro-oxidants
and antioxidant parameters, individually, fact that limits a consistent evaluation of the
redox imbalance that may occur in MS.

The present study was carried out to evaluate the oxidative stress in
patients with MS during the remission clinical phase and to verify a possible

association with the disability of them.

2. Materials and Methods

2.1 Subjects

The protocol was approved by the Institutional Research Ethics
Committees of State University of Londrina. All invited individuals were informed in
detail about the research and a voluntary written consent form was obtained from 134
MS patients and 196 healthy volunteers enrolled consecutively. The 134 MS patients
were from the Neurology Outpatient of Outpatient Clinical Hospital, State University
of Londrina, Londrina, Southern Brazil, diagnosed with MS according to the
McDonald criteria [19]. The patients were classified into relapsing remitting MS (RR-
MS), secondary progressive MS (SP-MS), and primary progressive MS (PP-MS).
Patients with clinically isolated syndrome (CIS) and neuromyelitis optica were not
included. MS patients were clinically evaluated using the Extended Disability Status
Scale (EDSS) [20] and they were separated into two groups according to EDSS
cutoff value of 3.5, and patients with EDSS < 3.5 were considered with low disability

[21]. Information on lifestyle factors and medical history were obtained at clinical
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evaluation. Nutritional status of patients did not differ from the control group and none
of the subjects were receiving a specific diet. MS patients that were using antioxidant
supplements such as vitamins were also excluded.

The control group was composed by 196 healthy individuals from the
same geographic area and they did not present either clinical or laboratory
characteristics of autoimmune, renal, heart, or liver disease, and reported were not
using anti-inflammatory drugs or antioxidant supplements. All individuals enrolled in
the study reported that neither drink alcohol nor practice physical activity regularly.
The parameters such as age, gender, ethnicity, smoking and body mass index (BMlI)

were controlled.

2.2. Oxidative Stress Markers

For oxidative stress evaluation, peripheral blood samples were
collected with EDTA as anticoagulant. All samples were immediately centrifuged at
3,000 rpm for 15 minutes and plasma and serum aliquots were stored at freezer -
80°C until use. The samples were identified, consecutively, by number in order to
guarantee the confidentiality. Oxidative stress was evaluated by tert-butyl
hydroperoxide-initiated chemiluminescence (CL-LOOH), as described previously [22]
and the results were expressed in counts per minute (cpm). Carbonyl protein content
was measured as an estimate of protein oxidative injury, as described elsewhere
[23]. The NOx plasma levels were assessed by nitrite (NO>) and nitrate (NO3’)
concentration according to Griess reaction supplemented by the reduction of nitrate
to nitrite with cadmium [24] and the results were expressed in yM. Sulfhydryl groups
of proteins were evaluated in plasma samples by a spectrophotometric assay based
on 2,2-dithiobisnitrobenzoic acid (DTNB), as reported previously [25] and the results
were expressed in uM.

Serum uric acid levels were evaluated by biochemical auto-analyzer
(Dimension Dade AR Dade Behring, Deerfield, IL, USA). The method was performed
according to the manufacturer’s instructions and the results were expressed in
mg/dL. Total radical-trapping antioxidant parameter (TRAP) was determined as
reported previously [26]. Briefly, this method detects hydrosoluble and/or lyposoluble

plasma antioxidants by measuring the chemiluminescence inhibition time induced by
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2,2-azobis (2-amidinopropane). The system was calibrated with vitamin E analog

Trolox and TRAP values were expressed in equivalent of uM Trolox.

2.3. Statistical analysis

The data were evaluated by the statistical analysis program Graph
Pad Prism version 5.0 (GrahpPad Software, San Diego, CA, USA) and Graph Pad
InStat version 3.0 (GrahpPad Software, San Diego, CA, USA) for the multivariate
analysis. Distribution of gender, ethnicity, and smoking was analyzed by chi-square
test. Comparisons between control subjects and MS patients were done using the
Mann-Whitney test and data were expressed as the median and interquartile range
(25%-75%). Correlation was evaluated by Spearman’s rank correlation. To
determinate which factors were independently associated with EDSS, the variables
that presented p<0.10 in the univariate analyses and those values with supposed
clinical relevance. An independent variables was considered when r* < 0.75. All the

results were considered significant when p<0.05.

3. Results

Demographic and anthropometric characteristics of MS patients and
controls are shown in table 1. As expected, there was no difference between the
individuals regard to age (p=0.089), gender (p=0.267), ethnicity (p=0.736), smoking
(p=0.157), and BMI (p=0.261). Some clinical characteristics of MS patients are
shown in table 2. Among them, 119 (88.8%) were RR-MS, the EDSS scores ranged
from 0.0 to 8.0 (median 2.25) and the duration of disease showed a median of 6
years (with interquartile range 2 -10 years). Concerning to therapy for MS, 97
(72.0%) patients were using interferon beta (IFN-) 1a or 1b.

The results of oxidative stress markers evaluated are shown in table
3. MS patients presented significant increase of oxidative stress assessed by CL-
LOOH (p< 0.0001) compared with healthy controls (figure 1). In addition, they
presented higher carbonyl protein content and lower serum levels of NOx than
healthy controls (p=0.0217 and p< 0.0001, respectively). Regard the antioxidant
status, MS patients showed lower sulfhydryl group of proteins and TRAP values than

control subjects (p=0.004 and p=0.0001, respectively). Although MS patients have
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presented lower serum uric acid levels than control subjects, the difference was not
significant (p=0.115), as showed in table 3. A positive correlation, although fair, was
observed between CL-LOOH (r=0.212, p=0.014) and carbonyl protein (r=0.221,
p=0.035) with disability of the MS patients evaluated by EDSS. However, correlation
between EDSS and other oxidative markers evaluated in this study, such as NOx
(p=0.270), sulfhydryl group of protein (p=0.528), uric acid (p=0.580), and TRAP
(p=0.663) was not observed (table 4).

The multivariate analysis between oxidative stress parameters and
disability of disease demonstrated that sulfhydryl groups and TRAP are associated
with the EDSS scores (p=0.0318 and p=0.0344, respectively). While an association
between NOx levels and EDSS was not observed (p= 0.7106), the data showed a
trend between CL-LOOH and EDSS (p=0.0683) and also between carbonyl proteins
and EDSS (p=0.0683 and p=0.0810), as shown in table 5.

4, Discussion

In the present study, a redox imbalance was observed in MS patients
revealed by the increased serum levels of pro-oxidants parameters and the reduced
antioxidant defenses when compared with healthy individuals.

Previous study also found increased products of lipid peroxidation in
MS patients evaluated by urine isoprostanes and plasma level of thiobarbituric acid
reactive species (TBARS) [8]. The data obtained in the present study showed
significant enhance in CL-LOOH, a robust and highly sensitive chemiluminescence
method. The CL-LOOH is a method that takes into account a kinetics analysis of the
ascending part of emission curve under the assumption that variation of initial velocity
values depends on the level of pre-existing antioxidant defenses. It also reflects
increased lipid hydroperoxides originated from phospholipids, cholesterol esters,
protein, and free fat acid oxidation and decreased antioxidants levels, brought about
by previous free radicals action mainly on plasma lipoprotein particles [24]. This
result may be considered one of the strengths of this study. The relationship between
oxidative stress and disability of MS patients has been little investigated. In one study
that evaluated the correlation between lipid peroxidation marker and EDSS changes
for five-year follow-up, this correlation was not observed [9]. The present data was

not in agreement with this previous study. It is possible that differences in design and
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markers used by different researchers may explain this disagreement, such as the
measurement of plasma florescent total lipid peroxidation products (PFLPP) [9]. In
the current study, CL-LOOH was positively correlated with EDSS. As cited
previously, this method provides data about the redox balance of the individuals.

MS patients evaluated in this study showed higher plasma levels of
carbonyl protein content than control subjects, in accordance with the only research
that evaluated carbonyl protein in humans [10]. While lipid oxidation in
neurodegenerative disorders, such as MS, has been extensively studied, protein
oxidation has received little attention. In autoimmune and immune-mediated
diseases, oxidatively modified proteins are responsible for additional perturbations in
the self-tolerance because they represent potential targets for the immune system by
breaking the B-cell tolerance [27]. Previous experimental studies have been shown
that protein oxidation may also play a critical physiopathological role in the
inflammatory demyelinating disease [28]. Therefore, the current study is the first
investigation that demonstrated a relationship between disability evaluated by EDSS
and serum levels of carbonyl proteins in MS patients.

Regard to NO, at low concentration it has been shown to play a
unique role in neurotransmission and vasodilation; however, at high concentration,
NO is a potent neurotoxin [29]. Consistently, NO derived in excessive amounts from
activation of inducible nitric oxide synthase (iINOS) in glial cells (microglia and
astrocytes), is assumed to contribute to the oligodendrocytes degeneration in
demyelinating diseases and neuronal death during MS [29]. However, the results of
NOx serum levels obtained among patients with MS have been contradictory. While
elevated NOx levels were obtained in CSF, urine, and serum of MS patients [30],
lower plasma levels of NOx were obtained in MS patients than controls [12]. In
agreement with previous study [12], the present data also showed that MS patients
had lower serum NOXx levels than controls. This result could be explained by some
factors including that NO levels may be affected by therapies such as IFN-B that
decreases the induced-NO synthesis in a dose-dependent manner by inhibiting the
iINOS. There are evidences that one of the mechanisms of therapeutic efficacy of
IFN-£in MS is on the basis of inhibition of NO production by astrocytes in MS brain
plaques [31]. In the present research, 97 (72.3%) patients with MS were using IFN-3
(1a or 1b) and this fact should influence the results obtained. Moreover, is possible

that the reduction in NOx levels is coherent with the increased level of oxidative
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stress biomarkers evaluated. It is well known that inflammation might raise ROS
levels leading oxidative stress and that increased NO consumption occurs with high
inflammatory activity, resulting in a decrease of serum NOx. This statement is
supported by the fact that NO is consumed when reacts with superoxide anion
yielding a strong oxidant specie, peroxynitrite, which in turn, accelerates the lipid
peroxidation reaction [32]. The apparent discrepancy of the results about NOx in MS
patients may also be explained mainly by differences in selection criteria of patients
that were in different clinical stages of the disease e the use of immunomodulatory
and immunossupressive therapies [30].

The present study showed decreased total antioxidant capacity,
evaluated by TRAP, in MS patients and this result is in agreement with previous
study [14]. TRAP methodology takes into account the cumulative action of all
antioxidant molecules, such as uric acid, protein, ascorbate, and vitamin E. Thus, this
method provides an integrated evaluation of all parameters rather than the simple
sum of measurable antioxidants [33]. Uric acid is responsible for 60.0% of the
scavenging activity of free radicals in human plasma and it is directly correlated with
TRAP [34]. In the present study, uric acid levels were not different between the
individuals. Thus, decrease in TRAP concentration in MS patients is due to change in
other plasma low-weight antioxidant molecules, such as decrease of sulfhydryl
groups observed in the present study. Antioxidant deficiencies may occur during the
clinical course of MS as a result of chronic inflammation that is accompanied by
increased oxidative stress [35]. Moreover, this is the first study that reported the
association between EDSS and antioxidant defenses in MS patients.

Some weakness of this study must be discussed such as the fact
that oxidative stress markers were evaluated in peripheral blood samples instead of
CFS samples. However, some studies that evaluated oxidative stress both in plasma
and CSF samples showed conflicting results [36]. Some reasons could explain these
discrepancies such as the characteristics of control groups matched with MS patients
enrolled in different researches in order to evaluate plasma and CSF parameters.
Most of the studies where CFS samples were evaluated, the control group was
composed by patients with other non-inflammatory neurological diseases [30] and the
oxidative stress presented in these clinical conditions must not be excluded. In
addition, CSF is an invasive procedure and therefore can be used only in the

experimental setting for a selected patient population. It remains unclear whether
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CSF markers have definite advantages over markers collected from blood [37].
Moreover, as the present study has a cross-sectional design, it is not possible to
conclude whether oxidative stress observed in MS patients represents one of the
primary factors for the disease or a secondary effect as a result of the inflammatory
processes within the CNS.

Taken all together, MS patients showed persistent oxidative stress
with increase of protein and lipid oxidation markers and decrease of antioxidant
defenses even they were not in relapse of the disease. This is the first report that
shows an association between oxidative stress and disability of MS patients
assessed by EDSS, suggesting that oxidative stress may have an important role in
the physiopathology of disease progression, even in patients with clinical remission.
These data also subsidize further studies to evaluate the effects of antioxidant
therapies that could be integrated with the conventional approaches for treatment of

MS patients in remission phase of disease.
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Table 1 - Demographic and anthropometric characteristics of patients with multiple
sclerosis (MS) and healthy individuals (controls) from Southern Brazil

population.
MS patients Controls p value
n=134 n=196
Age (years)
Median 40.0 36.5 0.089°
Interquartile range (29.0-49.0) (29.0-45.0)
Gender n (%)
Female 96 (71.6%) 151 (77.0%) 0.267°
Male 38 (28.4%) 45 (23.0%)
Ethnicity n (%)
Caucasian 106 (79.1%) 158 (80.6%) 0.736°
No Caucasian 28 (20.9%) 38 (19.4%)
Smoking (%)
No 115 (85.8%) 178 (90.8%) 0.157°
Yes 19 (14.2%) 18 (9.0%)
Body Mass Index
(kglcm?) 23.7 24.8 0.261°
Median (21.2-27.3) (21.9-28.0)

Interquartile range

a: Mann-Whitney test; b:

Chi-square test.
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Table 2 - Clinical characteristics and therapy data of 134 patients with multiple
sclerosis (MS) from Southern Brazil population

MS patients Frequency
n=134 %

MS clinical forms
Relapsing-remitting 119 88.8
Secondary progressive 13 9.7
Primary progressive 02 1.5
Therapy
Interferon B1a 37 27.6
Interferon 31b 60 44.8
Glatiramer acetate 18 13.4
Natalizumab 3 2.2
Azatioprina monotherapy 6 4.5
Other immunossupressive 10 7.5
drugs
EDSS scores
<35 95 70.9
>3.5 39 29.1

EDSS: Extended Disability Status Scale (Kurtzke, 1983)
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Table 3 - Oxidative stress markers evaluated in multiple sclerosis (MS) patients and
healthy individuals (controls) from Southern Brazillian population

MS patients Controls p value
n= 134 n=196
CL-LOOH (cpm) 21,510 14,100 < 0.0001

(17,850-27,360)  (11,090-17,780)

Carbonyl protein (nmol 71.82 71.73 0.0217

mL" mg™ total protein)  (66.00-92.41) (59.55-83.82)

Plasma NOx (pM) 10.78 39.91 < 0.0001
(6.14-26.00) (27.79-56.92)

TRAP (pM of Trolox) 640.70 713.20 0.0001

(562.90-764.60) (621.70-817.20)

Sulfhydryl group (uM ) 0.271 0.310 0.0004
(0.203-0.365) (0.260-0.287)

Uric acid (mg/dL) 3.67 3.77 0.1150

(2.93-4.63) (3.17-4.72)

Mann-Whitney test. Data are expressed as median (interquartile range 25%-75%).
CL-LOOH: hydroperoxide concentrations by tert-butil hydroperoxide-initiated
chemiluminescence, expressed in cont per minute (cpm); NOX: nitric oxide
metabolites; TRAP: total radical-trapping antioxidant parameter.
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Table 4 - Spearman’s rank correlation between oxidative stress markers and the
severity of multiple sclerosis evaluated by Expanded Disability Status

Scale (EDSS) in multiple sclerosis patients.

Oxidative stress markers Correlation (r) p value®

Pro-oxidant molecules

Hydroperoxide 0.212 0.014
Carbonyl protein 0.221 0.035
Nox 0.104 0.270
Antioxidant defenses

Sulfhydryl group 0.050 0.528
Uric acid 0.040 0.580
TRAP 0.030 0.663

NOx: nitric oxide metabolites; TRAP:total radical-trapping antioxidant parameter

a: Spearman’s rank correlation, p<0.05.
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Table 5 - Multivariate analysis between Expanded Disability Status Scale (EDSS)
and oxidative stress markers obtained in multiple sclerosis patients in
clinical remission of the disease, from Southern Brazilian population .

Oxidative stress markers r? p value?

Pro-oxidant molecules

Hydroperoxide 0.1201 0.0683
Carbonyl protein 0.0722 0.0810
Nox 0.0629 0.7106

Antioxidant defenses
Sulfhydryl group 0.0812 0.0318

TRAP 0.0099 0.0344

NOx: nitric oxide metabolites; TRAP: total radical-trapping antioxidant parameter
a: multivariate analysis, p<0.05
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Figure 1 - Oxidative stress evaluated by tert-butyl hydroperoxide-initiated
chemiluminescence (CL-LOOH) in patients with multiple sclerosis (MS).
The results were expressed in counts per minute (cpm).
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4.2 ARTIGO 2: INSULIN RESISTANCE AND CARDIOVASCULAR RISK FACTORS ARE
ASSOCIATED WITH DISABILITY IN MULTIPLE SCLEROSIS PATIENTS

Artigo 2: Insulin resistance and cardiovascular risk factors are associated with

disability in multiple sclerosis patients

Sayonara Rangel Oliveira ', Ana Paula Kallaur', Andréa Name Colado Simao?*,
Damacio Ramon Kaimen-Maciel®, Helena Kaminami Morimoto?, Josiane Lopes’,

Elaine Regina Delicato de Almeida?, Edna Maria Vissoci Reiche?

Abstract

Increased frequency of cardiovascular disease is reported in patients with multiple
sclerosis (MS), and cardiovascular risk factors such as insulin resistance (IR),
dyslipidemia, hypertension, and inflammation can be involved. The aim of this study
was to evaluate the prevalence of IR, cardiovascular risk factors, and inflammatory
mediators in MS patients, and to verify the association between these biomarkers
and clinical disability of the patients. The study enrolled 111 MS patients from the
Neurology Outpatient of the Outpatient Clinical Hospital, Londrina, Parana, Southern
Brazil. The severity of MS was assessed by Extended Disability Status Scale
(EDSS). The control group was contituted by 191 healthy blood donors from Regional
Blood Bank of Londrina. The individuals were controlled by age, gender, ethnicity,
smoking, and body mass index (BMI). Demographic, antropometrical, clinical, and
therapeutic data were obtained from the hospital and blood bank records.
Biochemical serum biomarkers evaluated were total cholesterol, low density
lipoproteins (LDL), high density lipoproteins (HDL), triglycerides, plasma levels of
glucose, and insulin. IR was evaluated by homeostasis model assessment (HOMA-
IR) and was detected when HOMA-IR = 2.5. Nitric oxide metabolites (NOx) were also
measured. The inflammatory cytokines tumor necrosis factor alpha (TNF-a),
interleukin 6 (IL-6), interleukin 17 (IL-17), and interferon gamma (IFN-y) were
determined by enzyme linked immunoassay. MS patients showed higher diastolic
blood pressure (p=0.005), total cholesterol (p=0.005), LDL-cholesterol (p=0.003),
triglycerides (p=0.003), and lower HDL-cholesterol (p=0.038) than controls. Plasma
levels of glucose did not differ among the individuals (p=0.426); however, MS
patients presented higher values of insulin (p<0.0001), HOMA-IR (p<0.0001), and
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2.78 times more chance for developing IR than controls (odds ratio: 2.781, 95%
confidence interval 1.723-4.801, p<0.0001). In addition, serum levels of IL-6, IL-17,
and IFN-y were also higher among MS patients than controls (p=0.0009, p=0.0377,
0.0379, respectively). The multivariate analysis showed that total cholesterol, HDL-
cholesterol, insulin, and plasma levels of NOx were associated with the presence of
MS in individuals evaluated (p=0.0004, p=0.0383, p<0.0001, p<0.0001 respectively).
Moreover, the multivariate analysis also showed that total cholesterol, LDL-
cholesterol, insulin, and HOMA-IR were associated with the disability of MS patients
(p=0.0367, p=0.0449, p=0.0238, p=0.0304, respectively). These results underscore
that inflammatory processes and metabolic abnormalities play an important role in
the pathophysiology and progression of MS and could explain, in part, the high IR
prevalence and cardiovascular risk factors in these patients. Considering that IR in
MS patients could contribute to the cognitive impairment, the results reinforce the
importance of monitoring the metabolic profile in these patients to prevent
cardiovascular risk factors and to treat comorbidities that may be related with MS
progression.

Keywords: Insulin resistance. cardiovascular risk factors. multiple sclerosis.
Inflammation. Disability. EDSS. cytokines.

1. Introduction

Multiple sclerosis (MS) is a chronic inflammatory and progressive
immune-mediated disease of central nervous system (CNS), characterized by
selective and coordinated inflammatory destruction of the myelin sheath, with
damage to the axon (Sayre et al., 2008).

It was shown that patients with MS have about 30% higher risk of
death by cardiovascular disease than general population (Koch-Henriksen et al.,
1998; Bronnum-Hansen et al., 2004). One study reported that the most frequent
comorbidities in MS patients were hypercholesterolemia and hypertension (Marrie et
al., 2008). The increased frequency of cardiovascular comorbidities in MS patients
might be mediated by hypertension, dyslipidemia, insulin resistance (IR), and
inflammation. Moreover, vascular comorbidity was associated with increased
disability progression of MS patients (Marrie et al., 2010).

Hypertension is a common comorbidity among MS patients and has
been reported in recent study (Mondrego; Gazelle, 2012). In addition, hypertension is
associated with increase cognitive decline and brain atrophy in MS patients (Marrie et
al., 2010). Moreover, dyslipidemia have been observed in MS patients and it was
associated with an increased risk for disability progression (Weinstock-Guttman et
al., 2011) evaluated by the Extended Disability Status Scale (EDSS) (Kurtzke, 1983).
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Approximately half of all MS patients develop cognitive impairment,
and the severity of this impairment predicts the quality of life of MS patients (Amato et
al., 2001; Boholz & Rao, 2003). There are evidences that abnormalities in insulin may
be of particular importance in MS due the role of insulin in CNS (Watson; Craft,
2006). Studies have suggested that cognitive deficits may be related, in part, to
changes in neurotransmitters such as insulin, a hormone that also regulates key
processes such as neuronal survival and longevity, as well as learning and memory
(Olefsky & Glass, 2010). However, little information is registered about IR in MS
patients.

There are several mechanisms by which these metabolic changes in
MS patients could be explained, such as chronic inflammation and using of
therapeutic drugs for treatment of MS patients (Imitola, 2005; Watson and Craft,
2006). The chronic inflammatory process is closely linked with metabolic changes
observed in MS patients. Several pro-inflammatory cytokines such as tumor necrosis
factor alpha (TNF-a), interleukin 6 (IL-6), interferon gamma (IFN-y), and interleukin
17 (IL-17) were found to be increased in fluid biological of MS patients (Stelmasiak et
al., 2001;Chen et al., 2012). In addition, immunohistological studies have shown
increase on expression of cytokines and their receptors in MS patients (Matusevicius
et al., 1999). Elevated serum concentration of key inflammatory cytokines, such as
IL-6 and TNF-a, are associated with development of IR (Bastard et al., 2006).
Moreover, the possible influence of therapeutic drugs for treatment of MS patients in
the metabolic parameters evaluated cannot be disregarded.

At the present moment, there are no studies that evaluated the
prevalence of IR in MS patients. Thus, to clarify this issue, the aim of this study was
to evaluate the prevalence of IR, cardiovascular risk factors, and inflammatory
mediators in MS patients, and to verify the association between these biomarkers

and clinical disability of the MS patients.

2. Materials and methods

21 Subjects

The protocol was approved by the Institutional Research Ethics

Committees of State University of Londrina. All individuals that were invited to



50

participate in the study were informed in detail about the research and a voluntary
written consent form was obtained from those that were enrolled. The study included
consecutively 111 patients with MS selected from the Neurology Outpatient Clinic of
University Hospital, State University of Londrina, Londrina, Southern Brazil. All of
them were diagnosed with MS according to the McDonald revised criteria (Polman et
al.,, 2005) and were classified into relapsing remitting MS (RR-MS), secondary
progressive MS (SP-MS), and primary progressive MS (PP-MS). Patients with
clinically isolated syndrome (CIS) and with neuromyelitis optica were not included.
MS patients were clinically evaluated towards disability progression of disease using
the Expanded Disability Status Scale (EDSS) (Kurtzke, 1983) and were dichotomized
into two groups based on EDSS values < 3.5 and > 3.5 (Russo et al., 2008). The
control group was composed by 191 healthy individuals from the same geographic
area and all the individuals did not present either clinical or laboratory characteristics
of autoimmune, renal, heart, liver disease or type 2 diabetes mellitus, and reported
were not using anti-inflammatory drugs, estrogen replacement therapy, drugs for
hyperglycemia, or any drugs that affect the metabolic profile. Information on lifestyle
factors and medical history were obtained at clinical evaluation. Nutritional status of
patients was similar to that of the control individuals and none of the subjects were
receiving a specific diet. The patients that presented, simultaneously, MS and type 2
diabetes mellitus at the enroliment were excluded from the study. Moreover, all
individuals enrolled in the study reported that they did not drink alcohol and no
practice physical activity regularly. The individuals were gender, ethnicity, smoking,

age, and body mass index (BMI) matched.

2.2 Anthropometric and Blood Pressure Measurements

BMI was calculated as weight (kg) divided by square of height (m?), and waist
circumference (WC) was measured at the umbilical levels. Systolic blood pressure
(SBP) and diastolic blood pressure (DBP) were measured and expressed as mmHg.
The mean of two blood pressure measurements taken with a minute interval between

them after the subjects had been seated was used for the statistical analysis.
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2.3 Metabolic and Inflammatory Biomarkers

Peripheral blood samples were collected after fasting for 12 hours.
The metabolic biomarkers were evaluated by serum levels of lipides (total
cholesterol, LDL-cholesterol, HDL-cholesterol, and triglycerides) and by plasma
glucose using Dade Behring™ reagents in a biochemical autoanalyzer (Dimension™
Dade AR Dade Behring, Deerfield, IL, USA). Plasma insulin levels were determined
by chemiluminescence microparticle imunnoassay (Architech™, Abbott Laboratory,
Abbott Park, IL, USA). Citokines (TNF- a, IL-6, IL-17, and IFN-y were measured by a
sandwich enzyme-linked immunosorbent assay (ELISA) using a commercial
immunoassay (ELISA Ready-SET-Go! Set, eBioscience, San Diego, California,
USA). The nitric oxide metabolites (NOx) plasma levels were assessed by nitrite
(NO2’) and nitrate (NO3") concentration according to Griess reaction supplemented by
the reduction of nitrate to nitrite with cadmium and the results were expressed in uM
(Panis et al., 2011).

The homeostasis model assessment (HOMA) was used as a
surrogate measurement of insulin sensitivity (Haffner et al., 1997). HOMA for IR was
calculated by the insulin fasting (MU/mL) x glucose fasting (nmol/L)/22.5. It was
considered IR when subjects had HOMA-IR = 2.5.

24  Statistical Analysis

The sample size was calculated with the Statcalc Program from Epi
Info version 6.04d and the data were evaluated by the statistical analysis programs
Graph Pad Prism version 5.0 (GraphPad Software Inc., San Diego, CA) and
GraphPad Instat version 3.0 (GrahpPad Software, San Diego, CA). Distribution of
gender, ethnicity, and smoking was analyzed by Chi-square test. Comparisons
between healthy subjects and patients with MS were done using Mann-Whitney test.
The data were expressed as median (interquartile range 25%-75%). Odds ratio (OR)
and 95% confident interval (Cl) were also calculated. To determine which factors

were independently associated with MS and EDSS, the variables that presented p <
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0.10 in the univariate analyses and those values with supposed clinical relevance
were included in the multivariate logistic regression model. The results were

considered significant when p < 0.05.

3. Results

Demographic and anthropometric characteristics of MS patients and
controls are shown in table 1. There was no difference between the groups related to
gender, ethnicity, smoking, age, BMI, WC, and SBP (p>0.05). However, MS patients
presented higher DBP than controls (p=0.005). Clinical characteristics of the MS
patients are shown in table 2. Among MS patients, 98 (88.3%) were RR-MS and 82
(73.9%) were using IFN- 3 (1a or 1b). The median duration of disease was of 5 years
(interquartile range: 2-10 years). The EDSS scores ranged from 0 to 8 (median 2.75)
and 81 (73.0%) MS patients had EDSS <3.5.

In relation to metabolic and inflammatory biomarkers (table 3), MS
patients showed higher serum levels of total cholesterol (p=0.005), LDL-cholesterol
(p=0.003), triglycerides (p=0.003), and lower serum levels of HDL-cholesterol
(p=0.038) than controls. Although the plasma glucose levels did not differ between
the groups (p=0.426), the MS patients showed significant higher values of plasma
insulin (p<0.0001) and HOMA-IR (p<0.0001) than controls.

TNF-a serum levels did not differ among the individuals (p>0.05).
However, the serum levels of IL-6, IL-17, and IFN-y were higher among MS patients
than controls (p=0.0009, p=0.0377, 0.0379, respectively). The NOx plasma levels
obtained among MS patients were lower than those obtained among healthy controls
(p<0.0001), as showed in figure 1. The prevalence of IR in MS patients and controls
is shown in figure 2. Among 111 patients, 48 (43.2%) presented HOMA-IR = 2.5; 63
(56.8%) presented HOMA-IR < 2.5. In the control group, 40 (20.9%) presented
HOMA-IR 22.5 and in 151 (79.1%), the HOMA-IR was <2.5 (OR= 2.781, 95% CI:
1.723- 4.801, p<0.0001).

The multivariate analysis showed that the cardiovascular risk factors
including total cholesterol, HDL-cholesterol, and insulin, and the plasma levels of
NOx were associated with the presence of MS in the individuals evaluated
(p=0.0004, p=0.0383, p<0.0001, p<0.0001 respectively), as showed in table 4.

Moreover, the multivariate analysis also showed that cardiovascular risk factors
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including total cholesterol, LDL-cholesterol, insulin, and HOMA-IR were associated
with the disability of MS evaluated by EDSS (p=0.0367, p=0.0449, p=0.0238,
p=0.0304, respectively), as showed in table 5.

4. Discussion

In the present study, MS patients presented almost three times
higher prevalence of IR than controls; and increase of cardiovascular risk factors
such as hypertension and dyslipidemia. The strength of this study was the
association obtained between dyslipidemia, insulin levels, and HOMA-IR with the
disability evaluated by EDSS in MS patients, obtained by multivariate analysis. These
results underscore that the progression of disease is closely associated with these
metabolic changes. Moreover, biochemical parameters such as dyslipidemia, insulin
and NOx were associated with the presence of the MS.

MS patients showed increase in DBP and reduction in the plasma
levels of NOx when compared with healthy controls. Nitric oxide (NO) has been
considered the principal mediator of vasodilatation caused by endothelial cells,
with a major role in regulating blood pressure, and the deficient of its bioactivity is
an important  factor for hypertension (Sim&o et al.,2012). In agreement with
previous study (De Bustos, 1999), the present data also showed that MS patients
had lower serum NOXx levels than controls. This result could be explained, in part, by
therapies such as IFN-B that decreases the induced-NO synthesis in a dose-
dependent manner by inhibiting the inducible nitric oxide synthase (iNOS)
(Guthikonda et al., 1998). In this study, 82 (73.9%) patients with MS were using IFN-
B (1a or 1b) and this fact should influence the results obtained.

The present study also showed that MS patients had significant
changes in the lipid profile demonstrated by higher total cholesterol, LDL-cholesterol,
and triglycerides, and lower serum levels of HDL-cholesterol than controls.
Dysregulated lipid metabolism may be of particular importance for CNS injuries and
neurodegenerative diseases such as MS, Alzheimer's disease, and Parkinson's
disease (Adibhatla and Hatcher, 2008). One previous study showed that worsening
EDSS changes were correlated with increased total cholesterol, LDL-cholesterol, and
triglycerides (Weinstock-Guttman et al., 2011). Our data showed that the

dyslipidemia observed in MS patients was associated with both the presence of MS
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and EDSS, suggesting that changes in lipid profile may be involved in the clinical
progression of MS.

The carbohydrate metabolism was also changed in MS patients,
reveled by the higher insulin plasma levels and HOMA-IR values than control
subjects. These patients presented 2.78 times more chances for developing IR than
control group. Insulin and HOMA-IR were also associated with EDSS. The IR seems
to be involved with develop cognitive impairment in MS and evidences suggest that
insulin contributes to normal brain functioning and that peripheral insulin
abnormalities increase the risk for memory loss and neurodegenerative disorders
such as Alzheimer's disease and MS (Watson; Craft, 2006).

Some factors could explain the results obtained in the present study,
such as the chronic inflammatory process, the dyslipidemia, and the use of
therapeutic drugs for treatment of the MS patients. Chronic inflammation process
mediated by cytokines leads to changes in lipid metabolism and IR (Esteve et al.,
2005). Evidences strongly suggest that inflammation, in particular the microglia
activation, is responsible for the release of large variety of pro-inflammatory cytokines
such as TNF-q, IL-17, IL-6, and IFN-y (Gonsette, 2008, Kawanokuchi et al, 2008). In
humans, the expression of TNF-a in the CNS is significantly up-regulated in MS
lesions and is expressed by macrophages, microglia, and astrocytes in chronic active
lesions (Imitola et al., 2005). Previous studies demonstrated that TNF-a. may have
an important role in the IR by multiple mechanisms, such as the downregulation of
genes that are required for normal insulin action and direct effects on insulin signaling
(Moller, 2000). However, in the present study, differences were not observed
between the TNF-a serum levels of MS patients and controls. This apparent
discrepancy could be explained by some factors. First, the serum levels of the TNF-a
do not represent the concentration of this cytokine locally produced in the site of
inflammation (Aggarval & Natarajan, 1996). Second, the detectable serum levels of
TNF-a. do not take into account the membrane-bound form of TNF-a, which is up
regulated on many cells including endothelial cells and leukocytes during
inflammation processes (Mira et al., 1999).

In agreement with previous study, significant increase of IL-6 was
found in the serum of MS patients (Stelmasiak et al., 2001). Probably, elevated

concentration of IL-6 may also have contributed to the IR in these patients. It has
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been postulated that increased IL-6 production might be involved in the IR through a
variety of molecular mechanisms (Bastard et al., 2002). Both TNF-a and IL-6 can
alter insulin sensitivity by triggering different key steps in the insulin signaling
pathway (Bastard et al., 2002; Bastard et al., 2006).

In the present study, MS patients showed higher plasma levels of IL-
17 than controls. This cytokine has been associated with various autoimmune
diseases, although its regulation and action mechanisms remain to be clarified
(Kawanokuchi et al, 2008). There are evidences that IL-17 may be involved with
induced hypertension. Previous study carried out by Madhur et al. (2010) suggested
that IL-17 promotes vascular inflammatory response and is a critical mediator of
angiotensin ll-induced hypertension and vascular dysfunction. In addition, the
authors demonstrated that hypertensive individuals had a greater than 3-fold
increase in serum IL-17 when compared with controls normotensive. Therefore, there
is growing evidence that IL-17 contributes to atherosclerotic vascular disease
(Vietinghoff & Ley, 2010).

Regard to IFN-y, MS patients also presented increased in this
inflammatory cytokine. Evidence showed that IFN-3, therapy used by most of the MS
patients, induces down-regulation of the number of circulating T cells secreting IFN-y
(Imitola, 2005). IFN-y is a cytokine of Th1 axis and previous report shows that IFN-y
also downregulates the insulin response (McGillicuddy et al., 2009).

The treatment with IFN-B influences on the pattern of cytokine in MS
patients either by the upregulating of the production of anti-inflammatory mediators or
by decreasing the pro-inflammatory cytokines secretion (Sega et al., 2004). Although
73.9% of MS patients evaluated in this cohort were using IFN- B-1b, the data
obtained in this study showed an increase in the serum levels of pro-inflammatory
cytokines including IL-6, IL-17, and IFN-y.

In addition to the chronic inflammatory processes mediated by
cytokines, the role of corticosteroid therapy in IR cannot be disregard. It possible that
the use of corticosteroids could influenced the metabolic parameters assessed in the
present study. However, only 17 (15.3%) patients with MS were using corticosteroid
therapy during 2 a 4 weeks when they were evaluated and 48 (43.2%) presented
HOMA-IR = 2.5, the cutoff value considered as IR. These data show that the
corticosteroid therapy is not the only factor involved in the development of IR in these

patients.
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Some limitations of this study should be discussed such as the
influence of IFN-B on the pattern of cytokines in MS patients. Moreover, studies of
cytokines in humans are limited to indirect measurement of these mediators in
plasma or serum samples instead of cytokines expression in tissues or culture cells.

All together, the results demonstrated that MS patients evaluated in
this cohort had increase cardiovascular risk factors, such as hypertension,
dyslipidemia, IR, and chronic inflammatory processes, and some of these factors,
dyslipidemia and IR, are strongly associated with disability of patients. Moreover, MS
patients had increase prevalence of IR with 2.7 times more chances for developing
this comorbidity than control group. The metabolic changes observed in MS patients
seem to be, in part, attributed to the cytokine patterns and the use of therapy for MS
treatment. The data underscore the importance of monitoring metabolic profile in MS
patients to prevent and/or to treat further cardiovascular comorbidities that may be

related with disease progression.
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Table 1 - Demographic and anthropometric characteristics of patients with multiple
sclerosis (MS) and healthy individuals (controls) from Southern Brazilian

population
MS Patients Controls
(n=111) (n=191) P value

Gender n (%)?
Female 80 (72.1) 150 (78.5) 0.203
Male 31(27.9) 41 (21.5)
Ethnicity n (%)?
Caucasian 88 (79.3) 153 (80.1) 0.863
No Caucasian 23 (20.7) 38 (19.9)
Smoking n (%)?
Yes 14 (12.6) 21 (11.0) 0.671
No 97 (87.4) 170 (89.0)
Age (years)® 39.5 36.0 0.064

(29.0-49.0) 29.0-44.0
Body Mass Index 24.11 24.32 0.939
(Kg/im?) ® (20.97-27.85) (21.77-27.68)
Waist circumference 87.5 89.0 0.946
(cm)® (82.0-98.7) (81.0-97.0)
SBP (mmHg)"® 112 111 0.374

(103-121) (100-125)
DBP (mmHg)" 75 71 0.005
(70-80) (64-80)

3 Chi-square test, ® Mann-Whitney test. Data are expressed as median (25% - 75%).
SBP: Systolic blood pressure; DBP: Diastolic blood pressure
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Table 2 - Clinical characteristics of patients with multiple sclerosis (MS) from
Southern Brazilian population.

MS patients Frequency

(n=111) %
Clinical forms
Relapsing-remitting 98 88.3
Secondary progressive 11 9.9
Primary progressive 2 1.8
Therapy
Interferon B (1a or 1b) 82 73.9
Glatiramer acetate 11 9.9
Natalizumab 2 1.8
Corticosteroid 17 15.3
Other immunossupressive 9 8.1
Azathioprine 7 6.3
EDSS scores 2.75 (0-8)
<35 81 73.0
>3.5 30 27.0

Data are expressed median (25%-75%). EDSS: Extended Disability Status Scale
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Table 3 - Metabolic biomarkers of patients with multiple sclerosis (MS) and control
healthy individuals from Southern Brazilian population.

Biomarker MS Patients Controls p value
(n=111) (n=191)
Total-Cholesterol (mg/dL) 199.0 191.0 0.0050
(176.0-234.0)  (165.0-212.0)
LDL- cholesterol (mg/dL) 123.0 113.6 0.0030
(104.0-146.0) (89.0-133.8)
HDL- cholesterol (mg/dL) 52.0 55.0 0.0380
(43.0 -63.0) (47.0-64.0)
Triglycerides (mg/dL) 105.0 82.0 0.0030
(70.0- 153.0) (60.0-124.0)
Fasting plasma glucose 89.0 88.0 NS
(mg/dL) (84.0 -95.0) (83.0-95.0)
Fasting serum insulin 9.90 7.15 < 0.0001
(MU/mL) (7.40- 14.80) (5.02- 10.40)
HOMA-IR 2.32 1.51 < 0.0001
(1.54-3.31) (1.06-2.29)
TNF-a (pg/mL) 2.00 2.00 NS
(2.00-3.50) (2.00-11.0)
IL-6 (pg/mL) 2.40 1.20 0.0009
(1.20-4.20) (1.00-3.50)
IL-17 (pg/mL) 2.00 2.00 0.0370
(2.00-2.60) (2.00-2.00)
IFN-y (pg/mL) 43.30 2510 0.0370

(25.60-65.65)

(12.50-108.40)

Mann-Whitney test. Data are expressed as median (25% to 75%). LDL: Low-
density lipoprotein; HDL: High-density lipoprotein; HOMA-IR: Homeostasis Model
Assessment — Insulin Resistance; TNF-a: Tumor necrosis factor-a; IL-6: interleukin
6; IL-17: interleukin 17; IFN-y: Interferon-y; NS: not significant
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Table 4 - Multivariate analysis between cardiovascular risk factors and nitric oxide
metabolites (NOx) and the presence of multiple sclerosis

Variables R? p value
Total Cholesterol 0.2091 0.0004
HDL-Cholesterol 0.1007 0.0383
Insulin 0.0639 <0.0001
NOXx 0.0383 <0.0001

Multivariate analysis, p<0.05. HDL: High-density lipoprotein.
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Table 5 - Multivariate analysis between Expanded Disability Status Scale (EDSS)
and cardiovascular risk factors obtained in multiple sclerosis patients from
Southern Brazilian population

Variables Ré p value
Total Cholesterol 0.7265 0.0367
LDL-Cholesterol 0.7316 0.0449
Insulin 0.8421 0.0238
HOMA-IR 0.8468 0.0304

Multivariate analysis, p<0.05. LDL: Low-density lipoprotein; HOMA-IR: Homeostasis
Model Assessment — Insulin Resistance.
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Figure 1 - Plasma levels of nitric oxide metabolite (NOx) in patients with multiple
sclerosis (MS) and control healthy individuals from Southern Brazilian
population (p<0.0001). Mann-Whitney test.
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Figure 2 - Prevalence of insulin resistance (IR), evaluated by Homeostasis Model
Assessment — Insulin Resistance (HOMA-IR > 2.5) in patients with
multiple sclerosis (MS) and healthy controls from Southern Brazilian

population. Chi-square test. Odds ratio: 2.781 (95% Confidence interval:
1.723- 4.801, p<0.0001).
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5 CONCLUSOES

Os resultados obtidos neste estudo permitem concluir que :

¢ Os pacientes com EM apresentaram niveis plasmaticos aumentados de
hidroperoxidos lipidicos (p<0,0001), proteinas carbonilicas (p=0,0217)
e diminuidos de NOx (p<0,0001), grupamento sulfidrila de proteinas
(p=0,0004) e TRAP (p=0,0001) quando comparados com O Qrupo
controle. Estes resultados confirmam aumento do estresse oxidativo,
evidenciado pelos niveis elevados de marcadores do dano oxidativo
(lipidico e proteico) e diminuigdo dos mecanismos de defesa
antioxidante;

e Foi obtida uma correlagdo positiva entre os niveis plasmaticos de
hidroperdxidos lipidicos e os valores de EDSS (r=0.212, p=0.014) e
entre proteinas carbonilicas e EDSS (r= r=0.221, p=0.035), sugerindo o
envolvimento do estresse oxidativo na progresao da doenca.

e Pacientes com EM mostraram niveis seéricos elevados de colesterol
total (p=0,005), LDL-colesterol (p=0,003), triglicerideos (p=0,003) e
diminuidos de HDL-colesterol (p=0,038) comparados ao grupo controle.
Além disto, apresentaram niveis mais elevados de insulina (p<0,0001),
HOMA-IR (p<0,0001) e uma frequéncia de RI de 2,8 vezes maior nos
pacientes com EM que no grupo controle (odds ratio: 2,781; 1C 95%:
1,723-4,801, p<0,0001). Estes resultados confirmam que os os
pacientes com EM apresentam allteragdes no perfil lipidico e glicémico.

¢ Os niveis séricos das citocinas IL-6, IL-17 e IFN-y foram mais elevados
nos pacientes com EM (p=0,0009, p=0,0377, p=0,0379,
respectivamente) do que nos controles, confirmamdo o envolvimento
do processo inflamatério cronico mediado pelas citocinas inflamatorias
na fisiopatologia da EM.

e Os fatores de risco cardiovascular como dislipidemia, insulina e HOMA-
IR mostraram estar associados ao estado de incapacidade dos

pacientes com EM quando avaliado pela EDSS.
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6 PERSPECTIVAS FUTURAS

Pacientes com EM apresentaram aumento persistente do estresse
oxidativo evidenciado pelo aumento dos marcadores de dano oxidativo tanto lipidico
como protéicos e diminuicdo das defesas antioxidantes, mesmo nao estando no
periodo de surto da doencga. A correlagédo positiva entre os marcadores do estresse
oxidativo e o EDSS sugere que o estresse oxidativo exerce importante papel na
fisiopatologia da progressao da doencga.

De acordo com esses resultados, € importante considerar a
viabilidade de associar o uso de antioxidantes como terapia integrativa a terapia
convencional no tratamento da EM, uma vez que muitos pacientes ndo apresentam
resposta terapéutica adequada aos medicamentos disponiveis. Este estudo pode ser
0 primeiro passo para encorajar futuras pequisas que avaliem o efeito da ingestéao
de dietas antioxidantes na reducdo da progressdao da doenga nos pacientes com
EM.

Além disso, alteragdes significativas nos marcadores bioquimicos
foram encontradas nos pacientes com EM, como RI e aumento dos fatores de risco
cardiovascular. Os resultados demonstram a importancia de se monitorar esses
componentes do metabolismo, na tentativa de prevenir futuros eventos
cardiovasculares nesta populacdo. Novos estudos devem ser realizados para
identificar biomarcadores viaveis que apresentem correlacdo com atividade e
severidade da EM e que contribuem para desenvolvimento de novos alvos

terapéuticos para o tratamento da EM.



68

REFERENCIAS

ABBAS, A K.; LICHTMAN, A.H.; PILLAI, S. Imunologia Celular e Molecular. 62
edicdo. Rio de Janeiro: Editora Elsevier; 2008.

AMORINI, A.M.; PETZOLD, A.; TAVAZZI, B. et al. Increase of uric acid and purine
compounds in biological fluids of multiple sclerosis. Clinical Biochemistry, v. 42,
p.1001-1006, 2009.

BAGAEVA, L.V.; WILLIAMS, L.P.; SEGAL, B.M. IL-12 dependent/IFN-y independent
expression of CCRS by myelin-reactive T cells correlates with encephalitogenicity.
Journal of Neuroimmunology, v. 137, p.109-116, 2003.

BESLER, H.T.; COMOGLU, S. Lipoprotein oxidation, plasma total antioxidant
capacity and homocysteine level in patients with multiple sclerosis. Nutritional
Neuroscience, v. 6, p.189-196, 2003.

BIRNBAUM, G.; ANTEL,J. The immunology of multiple sclerosis. ANTEL, J.;
BIRNBAUN, G.; HARTUNG,H.P.; VICENT, A. (editors). In: Clinical
Neuroimmunology, 2° edition, New York: Oxford, 2008, p.185-194.

CALLEGARO, D.; GOLDBAUM, M.; MORAES, L. et al. The prevalence of multiple
sclerosis in the city of Sao Paulo, Brazil, 1997. Acta Neurologica Scandinavica, v.
104, p.208-213, 2001.

CONFAVREUX, C; VUKUSIC, S; MOREAU, T; ADELEINE, P. Relapses and
progression of disability in multiple sclerosis. The New England Journal of
Medicine, v.343, p. 1430-1438, 2000.

CONFAVREUX, C; VUKUSIC, S. The clinical, epidemiology of multiple sclerosis.
Neuroimag Clin N Am, v. 18, p.589-622, 2008.

DANILOV, A.l.; ANDERSSON, M.; BAVAND, N. et al. Nitric oxide metabolite
determinations reveal continuos inflammation in multiple sclerosis. Journal of
Neuroimmunology, v.136, p.112-118, 2003.

DE BUSTOS, F.; NAVARRO, J.A.; DE ANDRES, C. et al. Cerebrospinal fluid nitrate
levels in patients with multiple sclerosis. Eurpean Neurology, v.41, p.44-47, 1999.

DE GROOT,C.J.; RUULS, S.R.; THEEUWES, C.D. et al. immunocytochemical
characterization of the expression of inducible and constitutive isoforms of nitric oxide
synthase in demyelinating multiple sclerosis lesions. Journal of Neuropathology &
Experimental Neurology, v.56, p. 10-20, 1997.

D’HAESELEER, M.; CAMBRON, M.; VANOPDENBOSCH, L. et al. Vascular aspects
of multiple sclerosis. Lancet Neurology, v.10, p. 657-666, 2011.

FERRETI, G.; BACCHETTI, T.; PRINCIPI, F. et al. Increased levels of lipid
hydroperoxides in plasma of patients with multiple sclerosis: a relationship with
paraoxonase activity. Multiple Sclerosis, v. 11, p. 677-682, 2005.



69

FOUNTOURA, Paulo. Fisiopatologia da Esclerose Multipla. PEDROSA, Rui (editor).
In: Introdugao a Esclerose Miiltipla: Elaborado pelo grupo de estudos de esclerose
multipla da Sociedade Portuguesa de Neurologia. 1° Edigao. Lisboa:Biogen Indec,
2010, p. 41-66.

FRAGOSO, Y.D.; PERES, M. Prevalence of multiple sclerosis in the city of Santos,
Sao Paulo. Revista Brasileira de Epidemiologia, v.10, p. 479-482, 2007.

FRIEDMAN, J. Why is the nervous system vulnerable to oxidative stress? In:
GADOTH, N.; GOBEL, H.H. (editors). In: Oxidative stress and free radical damage
in Neurology. 1°. edigdo, New York: Humana Press, 2011, p.19-21.

GILGUN-SHERKI, Y.; MELAMED, E.; OFFEN, D. The role of oxidative stress in the
pathogenesis of multiple sclerosis: The need for effective antioxidant therapy.
Journal of Neurology, v. 251, p. 261-268, 2004.

GONZALES-FLECHA, B.G.; LLESUY, S.; BOVERIS, A. Hydroperoxide-initiated
chemiluminescence: an assay for oxidative stress in biopsies of heart, liver and
muscle. Free Radical Biology & Medicine, v. 10, p. 93-100, 1991.

GRECO, A. MINGHETTI, L.; LEVI, G. Isoprostanes, novel markers of oxidative injury
help understanding the pathogenesis of neurodegenerative disease. Neurochemical
Research, v. 25,p.1357-1364, 2000.

HAFFNER, S.M.; MIETTINEN, H.; STERN, M.P. The homeostasis model in San
Antonio Heart Study. Diabetes Care, v.20, p. 1087-1092, 1997.

HOTAMISLIGIL, G.S.; ARNER, P.; CARO, J.F. et al. Increased adipose tissue
expression of tumor necrosis factor-a in human obesity and insulin resistance.
Journal of Clinical Investigation, v. 95, p. 2409-2415, 1993.

HU M-L, Measurement of protein thiol groups and glutathione in plasma. In: Abelson
JN and Simon Ml (eds). Methods in Enzymology. California:Academic Press, 1994,
pp. 380-382.

IRANI, D.N. Immunological mechanisms in multiple sclerosis. Clinical and Applied
Immunology Reviews, v.5, p.257-269, 2005.

KAIMEN-MACIEL, D.R.; REICHE, E.M.V.; SOUZA, D.G.B. et al. CCR5-A 32 genetic
polymorphism associated with benign clinical course and magnetic resonance
imaging findings in Brazilian patients with multiple sclerosis. International Journal of
Molecular Medicine, v.20, p.337-344, 2007.

KALLAUR, AP ; KAIMEN-MACIEL DR ; MORIMOTO, HK; WATANABE, MAE;
GEORGETO, S. M. ; REICHE, E.M. V. Genetic polymorphisms associated with the
development and clinical course of multiple sclerosis (Review). International
Journal of Molecular Medicine, v. 28, p. 467-479, 2011.

KANTARCI, O.H.; MORALES, Y.;ZIEMER,P.A. et al. CCR5 A 32 polymorphism
effects on CCR5 expression, patterns of immunopathology and disease course in
multiple sclerosis. Journal of Neuroimmunology, v.169, p.137-143, 2005.



70

KENNEDY, K.J.; STRIETER, R.M.; KUNKEL, S.L. et al. Acute and relapsing
experimental autoimmune encephalomyelitis are regulated by differential expression
of the CC chemokines macrophage inflammatory protein-1a and monocyte
chemotactic protein-1. Journal of Neuroimmunology, v. 92, p. 98—108, 1998.

KOCH, M.; MOSTERT, J.; ARUTJUNYAN, A.V. et al. Plasma lipid peroxidation and
progression of disability in multiple sclerosis. European Journal of Neurology, v.
14, p.529-533, 2007.

KRAKAUER, M.; SORENSEN, P.; KHADEMI, M. et al. Increased IL-10 mRNA and
IL-23 mRNA expression in multiple sclerosis: interferon-beta treatment increases IL-
10 mRNA expression while reducing IL-23 mRNA expression. Multiple Sclerosis,
v.14, p.622-630, 2008.

KURTZKE, J.F. Rating neurologic impairment in multiple sclerosis: an expanded
disability status scale (EDSS). Neurology, v. 33, p.1444-1452, 1983.

LUCCHINETTI, C; BRUCK, W; PARISI, J. et al. Heterogeneity of multiple sclerosis
lesions: implications for the pathogenesis of demyelination. Ann Neurol., v.47,
p.707-717, 2000.

MAHAD, D.J.; TRAPP, B.D.; RANSOHOFF,R.M. Tissue pathology of multiple
sclerosis. ANTEL, J.; BIRNBAUN, G.; HARTUNG,H.P.; VICENT, A. (editors). In:
Clinical Neuroimmunology, 2° edition, New York, Oxford, 2008, p.173-183,2008.

MARRIE, R.A.; RUDICK, R.; HORWITZ, R. et al. Vascular comorbidity is associated
with more rapid disability progression in multiple sclerosis. Neurology, v. 74, p.1041-
1047, 2010.

MCDONALD W. I.; COMPSTON, A.; EDAN, G.; et al. Recommended diagnostic
criteria for multiple sclerosis: guidelines from the International Panel on the diagnosis
of multiple sclerosis. Annals of Neurology, v. 50, n. 1, p. 121-7, 2001.

MILLER, E.; MROWICKA, M.; SALUK-JUSZCZAK, J. et al. The levels of
isoprostanes as a non-invasive marker for in vivo lipoperoxidation in secondary
progressive multiple sclerosis. Neurochemical Research, v. 36, p. 1012-1016, 2011.

MILLER, E.; WALCZAK, A.; SALUK, J. et al. Oxidative modification of patient’s
plasma proteins and its role in pathogenesis of multiple sclerosis. Clinical
Biochemistry, v.45, p.26-30, 2012.

MILO, R.; KAHANA, E. Multiple sclerosis: Geoepidemiology, genetics and the
environment. Autoimmunity Reviews, v. 9, p. A387-A394, 2010.

NAIDDO, B.; KNAPP, M.L. Studies of lipid peroxidation products in cerebrospinal
fluid and serum in multiple sclerosis and other conditions. Clinical Chemistry, v.38,
p. 2449-2454, 1992.

OLEFSKY, J.M.; GLASS, C.K. Macrophages, Inflammation, and Insulin Resistance.
Annual Review of Physiology, v.72, p.219-246, 2010.



71

PANIS, C.; MAZZUCO, T.; COSTA, C.Z.F. et al. Trypanossoma cruzi: Effects of the
absence of 5-lipoxygenase (5-LO)-derived leukotrienes on levels of cytokines, nitric
oxide and iINOS expression in cardiac tissue in the acute phase of infection in mice.
Experimental Parasitology, v.127, p. 58-65, 2011.

POLMAN, C.H.; REINGOLD, S.C.; EDAN, G. et al. Diagnostic criteria for multiple
sclerosis: Revisions to the “Mc-Donald Criteria”. Annals of Neurology, v. 58, p.840-
846, 2005.

POSER, C. M. Multiple sclerosis, observations and reflections-a personal memoir.
Journal of the Neurological Sciences, v. 107, p. 127-140, 1991.

RAIVICH, G.; BANATI, R. Brain microglia and blood-derived macrophages: molecular
profiles and functional roles in multiple sclerosis and animal models of autoimmune
demyelinating disease. Brain Research Reviews, v.46, p.261-281, 2004.

REPETTO, M.; REIDES, C.; CARRETERO, M.L.G. et al. Oxidative stress in blood of
HIV infected patients. Clinica Chimica Acta, v. 255, p. 107-117, 1996.

REZNICK, A.Z.; PACCKER, L. Oxidative damage to protein: spectrophometric
method for carbonyl assay. Methods in Enzymology, 233, p.357-363, 1994.

RUSSO, C.; MORABITO, F.; LUISE, F. et al. Hyperhomocysteinemia is associated
with cognitive impairment in multiple sclerosis. Journal of Neurology, v. 255, p. 64-
69, 2008.

SIMAO, A.N.C; GODENY, P.; LOZOVOY, M.A.B. et al. Efeito dos acidos graxos n-3
no perfil glicémico e lipidico, no estresse oxidativo e na capacidade antioxidante total
de pacientes com sindrome metabdlica. Arquivos Brasileiro de Endocrinologia e
Metabologia, v. 54, p.1-7, 2010.

SIMPSON, J.;REZAIE, P.,;NEWCOMBE, J. et al. Expression of the B-chemokine
receptors CCR2,CCR3 and CCRS5 in multiple sclerosis central system tissue.
Journal of Neuroimmunology, v.108, p.192-200, 2000.

SOUZA, A.W.S.; JUNIOR, D.M.; ARAUJO, J.A.P. et al. Inmune system — Part IlI.
The delicate balance of the immune system between tolerance and autoimmunity.
Brazilian Journal of Rheumatology, v.50, p. 665-694, 2010.

STEINMAN, L. Multiple sclerosis: a two stage disease. Nature Immunology, v. 2, p.
762-764, 2001.

TONCEV, G.; MILICIC, B.; TONCEV, S. et al. High-dose methylprednisolone therapy
in multiple sclerosis increases serum uric acid levels. Clinical Chemistry and
Laboratory Medicine, v. 40, p. 505-508, 2002.

VAN DAM, A.M.; BAUER, W.K.; MAN-A-HING, C. et al. Appearance of inducible
nitric oxide synthase in the rat central nervous system after rabies virus infection and
during experimental allergic encephalomyelitis but not after peripheral administration
of endotoxin. Journal of Neuroscience Research., v.40, p. 251-260, 1995.

VAN HORSSEN, J.; SCHREIBELT, G.; DREXHAGE, J. et al. Severe oxidative



72

damage in multiple sclerosis lesion coincides with enhnced antioxidant enzyme
expression. Free Radical Biology & Medicine, v. 45, p. 1729-1737, 2008.

VAN MEETEREN, M.E. TEUNISSEN, C.E.; DIJKSTRA, C.D. et al. Antioxidants and
polyunsaturated fatty acids in multiple sclerosis. European Journal of Clinical
Nutrition, v. 59, p. 1347-1361, 2005.

VASCONCELOQOS, S.M.L.; GOULART, M.O.F.; MOURA, J.B.F. et al. Espécies
reativas de oxigénio e de nitrogénio, antioxidantes e marcadores de dano oxidativo
em sangue humano: principais métodos analiticos para sua determinagcdo. Quimica
Nova, v. 30, p. 1323-1338, 2007.

VIGLIETTA, V.; BAECHER-ALLAN, C.; WEINER, H.L.et al.Loss of functional
supression by CD4" CD25" regulatory T cells in patients with multiple sclerosis.
Journal of Experimental Medicine., v. 199, p.971-979, 2004.

WATSON, G.S.; CRAFT, S. Insulin resistance, inflammation, and cognition in
Alzheimer’s Disease: Lessons for multiple sclerosis. Journal of Neurological
Sciences, v. 245, p. 21-33, 2006.

WEINSTOCK-GUTTMAN, B.; ZIVADINOV, R.; MAHFOOZ, N. et al. Serum lipid
profiles are associated with disability and MRI outcomes in multiple sclerosis.
Journal of Neuroinflammation, v.8, p. 1-7, 2011

YUCEYAR, N.; TASKIRAN, D.; SAGDUYU, A. Serum and cerebrospinal fluid nitrite
and nitrate levels in relapsing-remitting and secondary progressive multiple sclerosis
patients. Clinical Neurology and Neurosurgery, v.103,p. 206-211, 2001.

ZAGORSKI, T; DUDEK, I; BERKAN, L. et al. Superoxide dismutase (SOD-1) activity
in erythrocytes of patients with multiple sclerosis. Neurologia i Neurochirurgia
Polska, v. 25, p. 725-730, 1991.



ANEXOS

73



ANEXO A

Parecer do Comité de ética em pesquisa em seres humanos da UEL

~a7l)
‘.‘| Unsiiversidade

Esiadual de Londnina
Mr! uem E-ﬂm

COMITE DE ETICA EM PESQUISA ENVOLVENDO SERES HUMANOS
Universidade Estadual de Londrina/ Hospital Universitario Regional Norte do Parana
Registro CONEP 268

Parecer de Aprovagdo N° 159/10

CAAE N° 0140.0.268.000-10 Londrina,30 de agosto de 2010.
FOLHA DE ROSTO N° 355660

PESQUISADORA: EDNA MARIA VISSOCI REICHE

Prezada Senhora:

O “Comité de Etica em Pesquisa Envolvendo Seres Humanos da Universidade
Estadual de Londrina/ Hospital Universitirio Regional Norte do Parana” (Registro CONEP 268)—
de acordo com as orientagdes da Resolugdo 196/98 do Conselho Nacional de Saude/MS e
Resolucdes Complementares, avaliou o projeto:

“AVALIAGAO DE BIOMARCADORES BIOQUIMICOS E DE ESTRESSE OXIDATIVO EM PACIENTES COM
ESCLEROSE Ml’JLﬂPLf\"

Situagso do Projeto: APROVADO

Informamos que devera ser comunicada, por escrito, qualquer modificacdo que ocoma no
desenvolvimento da pesquisa, bem como devera apresentar ao CEP/UEL relatério final da pesquisa.

Atenciosamente,

Prof. Dra. Alexandrina Aparecida Maciel
Coordenadora
Comité de Etica em Pesquisa-CEP/UEL

s Universitirie: Badests Cris Carvin (i (7R S5}, ko 555 _ s (B0) 5714088 PARY. -

LOosomma . PAmaMA . mmasm
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ANEXO B
Termos de Conscentimento Livre e Esclarecido (TCLE) para os pacientes com

Esclerose Multipla

TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO (TCLE) para o grupo de
pacientes com Esclerose Multipla

Por favor, leia cuidadosamente este consentimento e ndo hesite em perguntar sobre
qualquer duvida que tenha.

Vocé esta sendo convidado (a) a participar, voluntariamente, de um projeto de
pesquisa com o titulo “AVALIAGAO DE BIOMARCADORES BIOQUIMICOS E DE
ESTRESSE OXIDATIVO EM PACIENTES COM ESCLEROSE MULTIPLA”,
coordenado pela professora Dra. Edna Maria Vissoci Reiche e com a participacao de
outros docentes pesquisadores da Universidade Estadual de Londrina. Cabe ao
senhor (a) decidir se pretende participar ou ndo. Caso néo tenha condi¢cdes de ler
e/ou compreender as informagdes contidas neste termo, o mesmo podera ser
assinado e datado por um membro da sua familia ou responsavel legal.

Vocé esta tendo a opgao de participar de uma pesquisa que tem o objetivo de
saber quantos pacientes com Esclerose Multipla apresentam alteragdes no sangue
como exames bioquimicos e os que compdem o estresse oxidativo, com énfase no
estudo da importancia e agcao dos radicais livres na Esclerose Multipla. Para
participar do projeto, sera necessaria a coleta dos dados como peso, altura e calculo
do indice de massa corpérea (IMC = peso/altura?); circunferéncia abdominal e
medida de pressao arterial. Também sera necessaria a coleta uma pequena amostra
de sangue (20mL) para realizagdo das provas bioquimicas e avaliagdo do estresse
oxidativo. A coleta dos dados e da amostra de sangue sera efetuada no mesmo dia
em que o senhor (a) sera atendido pelo servigo especializado para a realizagdo dos
exames de rotina do monitoramento do seu tratamento. Nao havera necessidade de
agendar outros dias para coletas especificas para este projeto de pesquisa.

Os dados pessoais fornecidos e os resultados do exame realizado serao
mantidos sob sigilo e somente serdo utilizados para fins de pesquisa. Durante todas
as etapas do projeto, os participantes serao identificados por um numero codificado
que sera utilizado nas analises posteriores para garantir a preservagao da
integridade do individuo, garantr o anonimato e evitar a quebra de
confidencialidade. Ao final do projeto, os resultados serdo divulgados em forma de
artigos cientificos e comunicagdes em eventos cientificos, sempre mantendo o sigilo
da identidade dos participantes e as amostras de material biolégico coletadas seréo
descartadas em local apropriado de descarte de material biolégico (sangue, soro,
plasma) dos laboratérios envolvidos, seguindo as normas de biosseguranga
padronizada no Hospital Universitario.

Declara que esta completamente esclarecido sobre a forma como a pesquisa
sera realizada, ndo tenho nenhuma duvida sobre sua natureza e os procedimento,
sem risco, aos quais sera submetido. Declara também que esta ciente de que sua
participacdo € voluntaria, de que sera informado sobre os resultados dos exames
realizados, de ndo tera nenhum 6nus e de que podera se recusar ou abandonar a
pesquisa em qualquer momento sem que haja penalizagdo ou prejuizo algum para
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seu atendimento e tratamento. Esta ciente também que o seu tratamento continuara
sendo conduzido pelo seu médico e que nenhum pagamento ou beneficio sera feito
ao participante ou aos familiares pela participagao no presente estudo.

Eu estou disposto a participar dessa pesquisa e compreendi as condi¢des
acima descritas, concordo voluntariamente a participar desse estudo.
Assinaturas
Paciente ou representante legal (caso o paciente esteja impossibilitado de assinar
ou compreender o conteudo deste TCLE
Nome:
Assinatura:
Local e data:

Profissional que obteve o TCLE
Nome:

Assinatura:

Local e data:

Pesquisador responsavel

Nome: Professora Dra. Edna Maria Vissoci Reiche

Endereco: Departamento de Patologia, Analises Clinicas do Centro de Ciéncias da
Saude, Hospital Universitario de Londrina. Av. Robert Koch, 60, Vila Operaria, CEP
86038-440.

Fone: 43-3371-2321 (Imunologia)

Comité de Etica em Pesquisa em Seres Humanos da Universidade Estadual de
Londrina  Fone: 43-3371-2490



ANEXO C
Questionario para coleta de dados demograficos, clinicos e terapeuticos dos

individuos inseridos no estudo

FICHA DE AVALIAGAO — ESCLEROSE MULTIPLA

Nome: Prontuario:

Data de nascimento: Caucasiano ()
Nao Caucasiano ( )

Idade:

Telefone casa:

Celular:

Medicamentos: Dose diaria:

Outras doengas:

Data:

Fumante:

Peso:

Altura:

IMC:

Pressao Arterial:

Circunferéncia Abdominal:

Tempo de diagnostico:

Atividade fisica: ( )Sim  Quantas vezes?
() Nao
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ANEXO D

Confirmacgao da submissao do artigo 1

Dear Andréa,
We have received your article "OXIDATIVE STRESS IN MULTIPLE SCLEROSIS PATIENTS IN CLINICAL
REMISSION: ASSOCIATION WITH THE EXPANDED DISABILITY STATUS SCALE" for consideration for
publication in Journal of the Neurological Sciences.

Your manuscript will be given a reference number once an editor has been assigned.

To track the status of your paper, please do the

following:
1. Go to this URL: http://ees.elsevier.com/jns/
2. Enter these login details:
Your username is: Andréa Simao

If you need to retrieve password details, please go to: http://ees.elsevier.com/jns/automail_query.asp

3. Click [Author Login]
This takes you to the Author Main Menu.

4. Click [Submissions Being Processed]

Thank you for submitting your work to this journal.

Kind regards,

Elsevier Editorial System

Journal of the Neurological Sciences



