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RESUMO

O Lupus Eritematoso Sistémico (LES) é uma doenca inflamatdria, crénica de origem
autoimune. Sua principal caracteristica €& a presenga de autoanticorpos,
principalmente voltados contra o nucleo celular. Tem origem multifatorial, estando
envolvidos em sua fisiopatologia fatores ambientais, genéticos e imunes. Com o
passar dos anos, devido a um diagndstico precoce e ao aumento no arsenal
terapéutico, a sobrevida nos pacientes com diagnéstico de LES tem aumentado.
Estudos tém mostrado que a comorbidade mais comum € a hipertensédo e disturbios
cardiovasculares. Neste sentido, a homocisteina tem sido amplamente estudada nos
pacientes com LES, pois é considerada um fator de risco de doengas
cardiovasculares importante, além de estar relacionada com uma potencializagao da
disfuncdo endotelial. Estudos comprovam o aumento do nivel de homocisteina
nesses pacientes com LES. Além disso, devido ao carater inflamatorio que a doenca
tem, o estresse oxidativo, niveis de oxido nitrico e moléculas de adesao podem estar
aumentados. Justificativa:Nao ha na literatura nenhum trabalho que relacione os
niveis de homocisteina, estresse oxidativo, e disfungao endotelial em pacientes com
LES.Objetivo: Avaliar se a hiperhomocisteinemia estd associada a atividade da
doenca, a disfuncdo endotelial e ao estresse oxidativo em pacientes com LES.
Materiais e métodos: O estudo incluiu 176 sujeitos; 50 individuos saudaveis (grupo
controle) e 126 pacientes com LES. Determinaram-se os niveis de homocisteina, as
medi¢des de estresse oxidativo (TRAP, AOPP e hidroperdxido), metabdlitos do
Oxido Nitrico (NOx), as moléculas de adesdo (VCAM, ICAM, PECAM, E-Selectina e
P-Selectina), além do inibidor do ativador do plasminogénio (PAI). Resultados: Os
pacientes com niveis elevados de homocisteina (=10,59) apresentaram aumento nos
niveis de hidroperéxidos (p = 0,015), AOPP (p = 0,022), NOx (p = 0,011), PECAM-1
(p = 0,037), VCAM (p = 0,026), E-selectina (p = 0,017), P-selectina (p = 0,047) e
valores TRAP mais baixos (p = 0,015) do que pacientes com niveis mais baixos de
homocisteina (<10,59). Em uma regresséao logistica binaria que incluiu marcadores e
parametros com relevancia estatistica entre os grupos com homocisteina<10,59,
como grupo de referéncia, e homocisteina = 10,59, TRAP (OR = IC95%: 0,976; p =
0,006) foi encontrado inversamente associado, enquanto que os hidroperéxidos (OR
= IC 95%: 1.000; p = 0,012), NOx (OR = IC 95%: 1,122; p = 0,027) e PECAM-1 (OR
= 95%) foram encontradas diretamente associadas. Conclusées: O comportamento
de algumas moléculas de adesdo e marcadores de estresse oxidativo podem ser
altamente influenciados pelos niveis de homocisteina. Os dados obtidos no presente
estudo permitem sugerir que esforgcos especiais podem ser direcionados para
diminuir os niveis de homocisteina no LES.

Palavras-chave: Lupus eritematoso sistémico. Homocisteina. Moléculas de adesao.
Estresse oxidativo.
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ABSTRACT

Systemic lupus erythematosus (SLE) is an inflammatory, chronic disease of
autoimmune origin. Its main characteristic is the presence of autoantibodies, mainly
directed against the cellular nucleus. Its origin is multifactorial, being involved in its
pathophysiology environmental, genetic and immune factors. Over the years, due to
an early diagnosis and an increase in the therapeutic arsenal, survival in patients
diagnosed with SLE has increased. Studies have shown that the most common
comorbidity is hypertension and cardiovascular disorders. In this sense,
homocysteine has been widely studied in patients with SLE since it is considered an
important risk factor for cardiovascular diseases, besides being related to a
potentiation of endothelial dysfunction. Studies have confirmed the increase in
homocysteine level in these SLE patients. In addition, due to the inflammatory nature
of the disease, oxidative stress, nitric oxide levels and adhesion molecules may be
increased. Justification: There is no literature that relates homocysteine levels,
oxidative stress, and endothelial dysfunction in SLE patients. Objective: To evaluate
whether hyperhomocysteinemia is associated with disease activity, endothelial
dysfunction and oxidative stress in patients with SLE. Materials and methods: The
study included 176 subjects; 50 healthy subjects (control group) and 126 SLE
patients. The levels of homocysteine, oxidative stress measurements (TRAP, AOPP
and hydroperoxide), nitric oxide metabolites (NOx), adhesion molecules (VCAM,
ICAM, PECAM, E-Selectin and P-Selectin) and plasminogen activator inhibitor (PAl)
were determinated. Results: Patients with high homocysteine levels (=10.59)
presented higher levels of hydroperoxides (P = 0.015), AOPP (p = 0.022), NOx (p =
0.011), PECAM-1 (p = 0.037), VCAM 0.026), P-selectin (p = 0.047) and lower TRAP
values (p = 0.015) than patients with lower levels of homocysteine (<10.59). In a
binary logistic regression that included markers and parameters with statistical
significance between the groups with homocysteine <10.59 as reference group, and
homocysteine = 10.59, TRAP (OR = 95% CI: 0.976; p = 0.006) was found (OR = 95%
CI: 1,000, p = 0.012), NOx (OR = 95% CI: 1.122, p = 0.027) and PECAM-1 (OR =
95%) were found to be directly associated with hydroperoxides. Conclusions: The
behavior of some adhesion molecules and markers of oxidative stress can be highly
influenced by homocysteine levels. The data obtained in the present study suggest
that special efforts may be directed at lowering homocysteine levels in SLE.

Keywords: Systemic lupus erythematosus. Homocysteine. adhesion molecules.
Oxidative stress.
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1 INTRODUCAO

1.1 LUPUS ERITEMATOSO SISTEMICO

O Lupus Eritematoso Sistémico (LES) é uma doenca inflamatoria crénica, de
origem multifatorial. O termo foi inicialmente usado para descrever lesdes de
pele,porém, apds mais de 100 anos de pesquisas e observacoes, constatou-se que
o LES é uma doenca que atinge mdultiplos érgados, tais como sistema nervoso
central, sistema cardiovascular, sangue, pele, rins entre outros (DUARTE et. al.,
2011).

A origem imunoldgica do LES se da pela presenca de autoanticorpos. Estes
autoanticorpos sao produzidos normalmente pela resposta imune adquirida,porém,
uma resposta imune inata inadequada esta envolvida na producdo dos mesmos, 0
gue pode desencadear tanto o inicio da doenca quanto a suamanutencao(OATES;
GILKESON, 2006). Os autoanticorpos sao principalmente contra o ndcleo celular,
sendo denominados anticorpos antinucleares. Estes podem ser classificados em
quatro classes: anticorpos contra o acido desoxirribonucleico (DNA), anticorpos
contra proteinas histonas, anticorpos contra proteinas ligadas ao acido ribonucleico
(RNA) e anticorpos contra antigenos nucleolares (KOTZIN; O DELL, 1995; HAHN,
1998).

1.2 EPIDEMIOLOGIA DO LES

A incidéncia e prevaléncia dos casos de LES vem aumentando conforme o
passar dos anos. A principal hipotese da causa deste aumento é um diagnéstico
mais preciso de casos mais brandos e uma evolucdo na terapia desta, aumentando
a sobrevida dos pacientes jadiagnosticados(LISNEVSKAIA; MURPHY; ISENBERG,
2014). Estudos multiétnicos feitos em 2007, com as populacdes dos Estados Unidos,
Reino Unido e Jap&o apresentaram taxas de incidéncia e prevaléncia de 5,1/100.000
e 52,2/100.000; 3,8/100.000 e 26,2/100.000; 2,9/100.000 e 28,4/100.000,
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respectivamente. Estes niumeros séo significativamente maiores em populacdes de

descendéncia latina ou africana (D"CRUZ et. al., 2007).

Na comparac¢do de géneros, a proporcdo feminino-masculino € de 9:1. Dentro
do género feminino, o maior nimero de casos se concentra nas mulheres de idade
fértil. Uma proporcéo de 2-6:1 e 3-8:1 é encontrado em faixas etarias mais jovens e
mais idosas, respectivamente(LISNEVSKAIA; MURPHY; ISENBERG, 2014).

As taxas de mortalidade dos pacientes com LES vem diminuindo com o
passar dos anos. Em estudo publicado em 1955 por Margaret Merrell e Lawrence E.
Shulman (1955), a taxa de sobrevida nos 5 primeiros anos apos o diagnéstico da
doenca era de 50%. J4 em 1970, estudos publicados em diversas partes do mundo
apontavam um aumento da taxa para 90%. Além disso, a porcentagem dos
pacientes que alcancaram uma sobrevida de 15 a 20 anos € de 80%(PONS-ESTEL
et al., 2010).

No Brasil, estudos sobre incidéncia, prevaléncia e taxas/causas de
mortalidade sdo escassos. Um estudo de 2008 feito com a populacdo de Cascavel,
no estado do Parana, mostra uma taxa de incidéncia de 4,8 casos por 100.00
habitantes/ano. Todos os casos no periodo estudado foram do sexo feminino e,
analisando somente este género, a incidéncia € de 9,3 casos / 100.000
habitantes/ano(NAKASHIMA et al., 2011).

1.3 ETIOLOGIA E FISIOPATOLOGIA DO LES

O LES é uma doenca de origem multifatorial. Estdo envolvidos em sua
fisiopatologia e etiologia fatores genéticos e ambientais, bem como disturbios nas
imunidades inatas e adaptativas. Tais disturbios sdo, por exemplo, deficiéncia na
depuracdo de células apoptoticas, producdo diferenciada de citocinas, falha na
imunidade de células B e sinalizacdo celular deficiente das células T (KLEIN-
GITELMAN; LANE, 2016).

Sem duavida alguma, os fatores genéticos sdo predisponentes para o paciente

ter ou ndo LES. Porém, o que torna o estudo genético dificil € que, apenas em casos
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raros, o LES pode ser associado a apenas um gene, como por exemplo, 0s genes
da producdo dos elementos do sistema complemento Clq e C4(RULLO; TSAO,
2013).0s genes que influenciam a patogénese e fisiopatologia do LES podem ser
agrupados da seguinte maneira: genes que regulam a sinalizacdo do intérferon e
funcdo de células dendriticas; genes da funcéo e regulacdo das células T; genes da
funcao e regulacado das células B; genes da funcao e regulacdo da imunidade inata e
imunocomplexos; genes que regulam o ciclo celular, apoptose e metabolismo
celular; genes de regulagdo transcricional (KLEIN-GITELMAN; LANE, 2016). A

Figura 1 mostra tais genes e seus respectivos loci.
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Autoantigenos séo os iniciadores da doenca. Por algum motivo desconhecido,
elementos intracelulares ficam expostos devido a alguma lesao tecidual e individuos
com propensao genética ndo tem estes elementos devidamente depurados, fazendo
com que eles sejam expostos ao sistema imune como antigenos, o0 que gera
producdo de anticorpos (KLINMAN et al., 1991).Estes restos celulares também
podem ser devido a falha na apoptose programada de algumas células. Durante a
apoptose, um processo de homeostase normal em determinados tecidos (DIEKER,;
VAN DER VLAG; BERDEN, 2004), restos celulares expressam algumas moléculas
como a fosfatidilserina, que irdo sinalizar a células imunes circulantes para fagocita-
los. Estes restos celulares também emitem sinais que atraem células dendriticas e
macréfagos. Quando estes fagécitos ndo conseguem fazer a limpeza
adequadamente, principalmente de restos nucleares, células apresentadoras de
antigeno fazem sua captura e através de interacbes com células B e T, séo
desenvolvidos os anticorposantinucleares (LISNEVSKAIA; MURPHY; ISENBERG,
2014).

1.4 DIAGNOSTICO CLINICO E LABORATORIAL DO LES

Em 1997, o Colégio Americano de Reumatologia (CAR) prop6s uma série de
critérios clinicos e laboratoriais para o diagndstico do LES (HOCHBERG, 1997). A

Tabela 1 descreve estes critérios.

O LES é caracterizado pela producdo de autoanticorpos contra diversos
antigenos celulares, seu estudo é importante, ndo sé para o diagndstico, como para
monitoramento da doenca. A dosagem quantitativo-qualitativa destes autoanticorpos
é feita por imunofluorescéncia indireta (IFl). A pesquisa de anticorpos antinucleares
(ANA), ou como ainda é frequentemente chamada no meio médico e laboratorial,
fator antintcleo (FAN), (DELLAVANCE; LESER; ANDRADE, 2007). O padrdo mais
comum encontrado em pacientes com LES é o homogéneo, apresentando
reatividade geralmente contra a cromatina, proteinas histonas e DNA(ARTICLE,

2002).0utro anticorpo importante é o anti DNA dupla fita (anti-dsDNA), sendo o
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método padrdo ouro para deteccdo deste anticorpo € a IFI(BERTSIAS et al., 2013;
CASTRO; GOURLEY, 2010)

Tabela 1 - Critérios de classificacdo do LES pelo Colégio Americano de
Reumatologia (CAR) de 1997

Eritema Malar

Lesdo cutanea cronica (discoide)

Fotossensibilidade

Ulcera oral ou nasofaringea

Artrite ndo erosiva, acometendo duas ou mais articulagbes

Serosite: pleurite (dor/derrame/atrito) ou pericardite
(dor/derramel/atrito/alteracéo no eletrocardiograma)

Acometimento renal: proteindria persistente >0,5g/24h OU >3+ no exame de
urina ou cilindros celulares

Convulséo ou psicose

Alteracdes hematoldgicas: anemia hemolitica com reticuldcitose/ou
leucopenia < 4.000/mm3 OU linfopenia< 1.500/mm3 (em duas ou mais
ocasides) ou trombocitopenia < 100.000/mm3 (em duas ou mais ocasites)

Alteracdes imunologicas: anti-DNA positivo ou presenga de anti-Sm positivo
OU anticorpo anti fosfolipide positivo (anticoagulante lUpico positivo e/ou
anticardiolipina positivo (IgM/IgG) e/ou VDRL falso positivo por pelo menos 6
meses.

Presenca de anticorpos antinucleares: titulo elevado de ANA pela IFI ou teste
equivalente, em qualquer época da investigagcao

Requer 4 ou mais de 11 critérios durante evolugéo ou simultaneamente

CAR: Colégio Americano de Reumatologia;
LES: LUpus Eritematoso Sistémico;
Ig: imunoglobulina;
VDRL: sigla de Venereal Disease Research Laboratory para detecgéo de sifilis
ANA: Anticorpo anti-nuclear;
IFI: imunofluorescéncia indireta.
Fonte: Adaptado de Hochberg, 1997.
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Além desses testes, outros exames Sao necessarios para o diagnéstico mais
preciso, além do acompanhamento da atividade da doenca. A velocidade de
hemossedimentacdo (VHS) e a proteina C reativa (PCR) sdo os exames mais
comuns para avaliacdo da atividade inflamatodria. Quanto mais elevados forem seus
niveis, maior sera a atividade inflamatéria (CASTRO; GOURLEY, 2010). Além disso,
outros anticorpos sao avaliados na prética clinica. Sédo eles: Anti-Ro, Anti-La, Anti-
Sm, Anti-RNP, anti-nucleossomo, anti-Ribossomal, anti-fosfolipideos, e mais uma
infinidade(YANIV et al., 2015). Por fim, é avaliado também o sistema complemento.
Geralmente sdo mensurados niveis de C3, C4 e CH50. Niveis baixos dos elementos
do complemento indicam consumo, ou seja, a cascata esta sendo constantemente
ativada, o que pode levar a formacédo e deposicdo de imunocomplexos nos 6rgaos
alvo, especialmente nos rins. Porém, o aumento dos niveis de C3 e C4 indica uma
desordem inflamatéria, ja que essas moléculas sdo proteinas de fase
aguda(CASTRO; GOURLEY, 2010).

1.5 AVALIACAO DA ATIVIDADE DA DOENCA

Para avaliacdo da atividade da doenca, sédo levados em consideracgéo fatores
clinicos, como o histérico clinico, exame fisico e avaliagdo geral, assim como 0s
laboratoriais. Para poder padronizar e escalonar tais parametros, varios indices e
critérios foram criados. Dentre eles esta o Systemic Lupus Erythematosus Disease
Activity Index (SLEDAI). Este score estd baseado em 24 parametros clinico-
laboratoriais que avaliam a atividade da doenca nos ultimos 10 dias. Tal indice pode
ter um score de 0, que significa doenca inativa, a 105, que representa doenca com
uma alta atividade. Petri et. al., em 1991, publicou um artigo classificando a atividade
da doenca segundo 0s seguintes parametros: Doenca sem atividade (SLEDAI = 0),
atividade leve (SLEDAI 1-5), atividade moderada (SLEDAI 6-10), atividade alta (11-
19) e atividade muito alta (SLEDA=20) (PETRI et. al., 1991).

Como ja referido anteriormente, o0s niveis séricos de C3 e C4 estao
relacionados com a atividade da doenca. Quando ha uma queda nos seus valores,

h& uma atividade maior da doenca, pois eles estdo sendo consumidos, dando
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origem aos imunocomplexos, o que significa um provavel comprometimento de
orgaos, principalmente rins. Outro fator que pode ser relacionado a atividade da
doencga é o anti-dsDNA. Titulos séricos elevados estdo associados a uma doenca
ativa (BOMBARDIER et. al., 1992)

1.6 LES E ESTRESSE OXIDATIVO

Estresse oxidativo é o desequilibrio entre a producédo de agentes oxidantes e
a capacidade do organismo de desintoxicar prontamente tais agentes, podendo
causar grande dano aoorganismo(PREISER, 2012). Tais agentes oxidantes
recebem o nome de espécies reativas de oxigénio (ERO) e espécies reativas de
nitrogénio (ERN). O termo ERO pode ser aplicado tanto a radicais livres quanto a
intermediarios nao radicalares. Os radicais livres sdo espécies moleculares
altamente reativas por ter um ou mais elétrons desemparelhados (BURTON;
JAUNIAUX, 2011). Tais radicais sao encontradas em condicfes fisiologicas. Os
fagdcitos, como mondcitos e neutrofilos, sdo os principais produtores dos radicais
livres, pois tais EROs estardo envolvidas na resposta imune contra particulas
estranhas e microrganismos(BROWN et al., 2006). Por sua vez, 0s agentes
antioxidantes podem inibir os ataques dos radicais livres. Eles podem ser
enzimaticos ou nao enzimaticos. Como agentes enzimaticos, temos a enzima
superoxido desmutase, a glutationa peroxidase e a catalase. JA4 os agentes nédo
enzimaticos externos sdo o acido ascorbico (Vitamina C), o a-tocoferol (Vitamina E)
e 0 acido urico e a glutationa reduzida-GPX, como agente interno(BURTON;
JAUNIAUX, 2011).

Diversos estudos foram feitos para verificar os efeitos do estresse oxidativo
nos pacientes com LES. As conclusfes que se tem chegado sao de que tal condi¢ao
esta envolvida desde a patogénese da doenca até a ocorréncia de danos em
determinados 6rgdos e o estadiamento do LES (LEE et. al.,, 2016; PERL, 2013;
TSOKOS, 2011).

Estudos apontam que a producdo excessiva de EROs e uma alteracdo no
equilibrio redox podem causar alteracbes no processo de apoptose (LOPEZ-
PEDRERA et. al, 2016; SHAH et. al., 2013; MUNOZ et al., 2008). Tais alteracdes
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vao desde o aumento de células apoptoticas até a deficiéncia da limpeza dos restos
celulares (SHAH et al., 2014). Esta deficiéncia prolonga a exposicdo de restos
celulares ao sistema imune e a interagdo dos mesmos com as EROs, podendo
originar novos epitopos, aumentando assim os tipos de auto-anticorpos formados,

levando a inflamacéo e danos em 6rgaos (AHSAN; ALI; ALI, 2003).

Por serem altamente reativos, as EROs podem reagir com todos os tipos de
biomoléculas. Portanto lipideos, proteinas e o DNA podem ser danificados e os
produtos das cascatas de reacdo entre tais moléculas e EROs podem ser
guantificados em elementos biolégicos, como soro, plasma, urina, eritrécitos e
leucécitos. Sendo assim, sua deteccdo qualitativa ou quantitativa pode funcionar
como biomarcadores relacionados com atividade da doenca e danos
emorgaos(LOZOVOY et al., 2011; SHAH et al., 2010).

Os lipideos séo os primeiros alvos das EROs, principalmente os lipideos de
membrana celular, dando inicio a um processo chamado de lipoperoxidagéo. Esta
lipoperoxidacdo pode causar alteracdo na estrutura da membrana celular, alteracéo
em suas funcées normais e de sua permeabilidade. Além disso, ela forma produtos
toxicos que podem ser reativos a outras moléculas(NIKI, 2008),como as proteinas
histonas, o que podem gerar novos epitopos (ALZOLIBANI et al., 2013),DNA, que
pode dar origem ao anticorpo anti-DNA(GEHRKE et al., 2013) e lipoproteinas de
baixa densidade (LDL), dando origem a moléculas pro-aterogénicas(STEINBERG,
2009). Como fator aterogénico, também a peroxidacéo lipidica favorece a adeséo de
macrofagos nos vasos, sendo fator importante na formacdo da placa de
ateroma(LINDAHL, 2000).

A figura 2 representa esquematicamente tais reacdes. A reacdo de
lipoperoxidagdo comeca com a fase inicial (1), onde as EROs, especialmente
radicais hidroxila, reagem com os lipidios de membrana, sequestrando um
hidrogénio de um carbono insaturado, formando um dieno conjugado e deixando um
elétron desemparelhado. Na fase de propagacdo (2), o carbono reage com o
oxigénio molecular (02), levando a formacao de radicais peroxil, que sao altamente
reagentes. Estes radicais irdo reagir com outras moléculas de lipideos, formando as
moléculas de hidroperoxido. Também os radicais peroxil podem produzir novos

radicais de acidos graxos, o que resulta em uma reacdo em cadeia. Apesar disso, 0s
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produtos finais dessas reacfes (3) sdo bastante conhecidos, como o malondialdeido
(MDA), 4-hidroxi-2-nonenal (HNE), isoprostanos e lipoproteina de alta densidade
(HDL) oxidado (oxHDL).

Figura 2 — Cascata de reacéo de lipoperoxidacao
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Fonte: (SHAH et al., 2014) Legenda: MDA (Malondialdeido); 4-HDA (4-hidroxi-2-
nonenal)

O MDA é o principal produto e o marcador biolégico mais estudado da
peroxidacao lipidica. Ele € um aldeido potencialmente toxico e altamente reativo.
Suas interagbes com proteinas e moléculas de DNA sao frequentemente relatadas
como aterogénicas e mutagénicas (DEL RIO; STEWART; PELLEGRINI, 2005).
Estudos mostram niveis de MDA e de proteinas modificadas pelo MDA aumentados
no LES (BEN MANSOUR et al., 2010; SHAH et al., 2010). O HNE é um aldeido
insaturado e é considerado o produto mais reativo da peroxidacao lipidica (SHAH et
al., 2014) Além disso, ele também pode se ligar covalentemente a proteinas e aos

acidos  nucleicos, causando modificacbes  estruturais e  funcionais
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dosmesmos(WANG et al., 2010). Em 2013, Alzolibani et. al. publicaram um estudo
comprando a modificacdo causada pelo HNE em proteinas histonas em pacientes
com LES, podendo dar origem a novos epitopos. Outro biomarcador que pode ser
estudado € o hidroperéxido. E um marcador considerado mais sensivel e com
menos interferentes possiveis (SIMAO et al., 2008). Em dois estudos, Lozovoy et. al.
mostraram aumento da peroxidacdo lipidica, pela avaliacdo dos hidroperoxidos
através do método de quimioluminescéncia, em pacientes com LES(LOZOVOY;

SIMAO, 2011; LOZOVOY et al., 2014)

Dada a sua abundancia em tecidos e no plasma, as proteinas sao o principal
alvo das EROs. Tem-se por definicdo que oxidacdo de proteinas sdo modificacbes
covalentes induzidas por EROs, ou por rea¢cfes secundarias com bioprodutos de
reacoes prévias de estresse oxidativo, com capacidade de alterar sua funcdo e
estrutura(SHACTER, 2000). O dano oxidativo a essas proteinas pode ocorrer
pordiversos mecanismos, como quebra da estrutura principal, ligacdes cruzadas ou
alteracdo do tamanho da cadeia ou mesmo de cada aminoacido. Os danos
oxidativos as proteinas sdo irreparaveis e, dentre as funcdes alteradas, estdo a
inibicdo de atividades enziméticas, alteracdo na imunogenicidade, protedlise e
agregacao das mesmas (DALLE-DONNE et al., 2006).

As proteinas carbonilicas sdo um grupo formado pela oxidacdo em residuos
de aminoacidos especificos, tais como arginina, treonina, lisina, prolina e histidina.
Elas circulam no sangue por longos periodos, e podem estar relacionados com a
atividade dadoenca(SHAH et al., 2014). Ja as proteinas nitrotirosinas sdo formadas
pela reacdo com ERNs, como o peroxinitrito e o didoxido de nitrogénio, nos residuos
de tirosina das proteinas. Alguns estudos mostram associacbes de artrite,
envolvimento renal e cardiaco com o aumento da 3-nitrotirosina(SHAH et al., 2014;
ZHANG et al., 2010).

Apesar de o método mais comumente utilizado para avaliacdo da oxidacéo
proteica seja a deteccdo de proteinas carbonilicas, os produtos avancados de
oxidacdo proteica (AOPP) sdo marcadores bastante importantes e facilmente
analisados. Os AOPP sao formados principalmente pelo aumento da liberagcédo de
mieloperoxidase pelos macréfagos. Possuem varios agentes croméforos, o que

facilita sua deteccdo por espectrofotometria simples (HANASAND et al., 2012).
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Varios estudos foram conduzidos associando o LES e AOPP. Em um estudo de
2011, Lozovoy et. al. compararam pacientes com LES com um grupo controle de
individuos saudéaveis e demonstraram que os pacientes com LES possuem um nivel
maior de AOPP do que os do controle(LOZOVOQY et al., 2011).

1.7 LES E OXIDO NITRICO

O oxido nitrico (NO) é uma molécula de curta meia vida que desempenha um
importante papel fisiolégico, como regulacdo do tbnus vascular, funcdes
mitocondriais e de apoptose. Além disso, ela inibe a adeséo de leucécitos as células
endoteliais e a agregacdo plaquetaria. Existem trés enzimas que o produzem, as
chamadas oxido nitrico sintetases (NOS): a NOS neuronal (nNOS), a endotelial
(eNOS) e a induzivel (iINOS) (NAGY et al.,, 2010a). Ele é produzido durante a

converséo da L-arginina para a L-citrulina.

Em um estado de estresse oxidativo, inflamatorio ou de dano tecidual, a INOS
€ estimulada a produzir um valor quase 1000 vezes maior do que o valor normal.
Isto leva a conclusdo de que o NO esta presente e medeia a resposta inflamatoria.
Além disso, o NO regula o sinal de transducao pela regulacdo da sinalizacdo
decalcio(GUNNETT; HEISTAD; FARACI, 2003; NAGY et al., 2010b).

No LES, a patogenicidade do NO é ligada a sua reagdo com o radical
superéxido (SO) para formar uma molécula extremamente reativa, 0 peroxinitrito
(ONOOQO") (OATES; GILKESON, 2006). Porém, quando falamos dos metabdlitos do
NO (NOXx), os resultados séo contraditorios. Belmente et. al., 1997 e Wanchu et. al.,
2001, publicaram seus trabalhos relatando aumento do NOx, enquanto Wigand et.
al., 1997 e Gonzales-Crespo et. al., 1998, relataram baixos niveis de NOx.

Em publicagbes feitas pelo nosso grupo de pesquisas, foram demonstrados
altos niveis na producdo de NO. Esta producdo estava aumentada pelo proprio
estresse oxidativo. Tal condicdo pode, simultaneamente, aumentar o consumo do
NO e NOx, o que diminui sua biodisponibilidade (LOZOVOY et al., 2014; OLIVEIRA
et al., 2012; SIMAO et al., 2008).



O 00 N o U

10
11
12
13
14
15
16
17

18
19
20
21
22
23
24
25

26
27
28
29
30
31

26

1.8 HIPERTENSAO, DOENCAS CARDIOVASCULARES E LES

A hipertensdo é uma comorbidade bastante comum entre os pacientes com
LES. Vérios estudos revelam uma alta prevaléncia desta, chegando a 74% em
algumas coortes (BUDMAN; STEINBERG, 1976; AL-HERZ, 2003). Um numero alto
se compararmos com individuos saudaveis. Em 2007, um estudo publicado pelo
National Center for Health Statistics, dos Estados Unidos, publicou um estudo de
prevaléncia que indicou que em mulheres saudaveis a prevaléncia é de 2,7% na
faixa etaria de 20 a 34 anos e de 14% entre 35 e 44 anos. Embora ainda nao
totalmente elucidados, sdo varios os mecanismos que podem levar a hipertenséo
em pacientes com LES (TAYLOR; RYAN, 2016). Entre eles podem estar o fato de o
LES ser uma doenca inflamatoria crbnica, e as citocinas liberadas influenciarem
positivamente o desenvolvimento da hipertensdo. Além disso,outros fatores, tais
como comprometimento renal, estresse oxidativo, disfuncdo endotelial, fatores

hormonais, podem estar presentes (RYAN, 2009).

Ha tempos ja se sabe o papel fundamental dos rins no controle da pressao
arterial (PA) (COLEMAN et. al., 1975; HALL et. al., 2000). Portanto, visto que existe
uma estimativa de 60% dos pacientes com LES serem portadores de
glomerulonefrite, causada pela deposicdo de imunocomplexos nos glomérulos
(LALWANI et. al.,, 2015), observa-se a importancia da disfuncdo renal no
desenvolvimento da hipertensdo em pacientes com LES.Fatores como a
hemodinamica renal e funcéo tubular prejudicada contribuem na disfungéo renal e,

por consequéncia, no aumento da hipertensdo (RYAN, 2009).

Estudos propdem que o endotélio vascular tem sua funcdo prejudicada em
pacientes com LES, mostrando o aumento do risco cardiovascular (ALVES; AMES,
2003). Alem disso, a hipertensdo esta associada a uma disfuncdo endotelial e
autoanticorpos e mediadores inflamatérios podem estar associados a expresséo de
moléculas de adesao pelo endotélio vascular (BIJM, 2003). Porém, demonstrar se a
disfuncdo endotelial é causadora ou esta associada a sua progressao é dificil. Isto
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se deve a diversidade dos pacientes, atividade da doenca e tratamento adotado.
Sabe-se, por exemplo, que 0 uso de corticosteroides pode levar a uma disfungéo
endotelial e hipertensdo (MAXWELL; MOOTS; KENDALL, 1994, DASGUPTA; 2016).

A geracdo de EROs nos rins € um mecanismo largamente conhecido como
potencial causador de hipertensdo, tanto pelo mecanismo vascular quanto pelo
tubular. Por exemplo, o ion superoxido promove um aumento na sensibilidade
vascular renal sobre a angiotensina Il, o que levara, no final de uma cadeia de
reacfes a resisténcia vascular, condicdo para o desenvolvimento da hipertenséo.
Quanto a acédo tubular, EROs podem promover o aumento da expressdo do
transportador de cloreto de sodio e potassio, levando a um aumento na reabsorcao
de agua e sédio (MATHIS et al., 2012). Em um estudo publicado em 2014, Lozovoy
et. al. mostraram que pacientes com LES ativo tem maior probabilidade de
desenvolver hipertensdo que aqueles individuos controle e com LES inativo. Isso se
deve a uma série de fatores, incluindo o estresse oxidativo, que € importante na
fisiopatologia da hipertensdo em pacientes com LES ativo sem
comprometimentorenal(LOZOVOY et al., 2014).

Outra area amplamente estudada € a de doencas cardiovasculares (DCV).
Vérios estudos tém mostrado que os pacientes com LES tém de 9 a 50 vezes mais
chances de desenvolver DCV do que individuos controle. Tais chances aumentam
gracas aos fatores de risco tradicionais e deficiéncias nos mecanismos inflamatérios
e imunoldgicos (WESTERWEEL et. al., 2007). Além disso, pessoas com LES tem
um risco de cinco a oito vezes maior de evoluir para infarto do miocéardio do que a
populacdo em geral e mais de um terco dos pacientes com LES mostram evidéncias
de calcificagbes arteriais coronarianas e placas carodtidas. Aterosclerose prematura
tem sido considerada comorbidade em paciente com LES (FRIERI; STAMPFL,
2016).

Kiani et. al. publicaram em 2015 um estudo avaliando a extensdo da
calcificagédo da artéria coronaria (CAC) em pacientes com LES comparado com um
grupo controle. A prevaléncia da CAC em pacientes com LES foi significativamente
maior do que no grupo controle. A principal diferenca estatisticamente significativa
foi encontrada nos pacientes com 45-54 anos, mas a diferenca entre os pacientes
entre 55 e 64 anos também foi significativa. Os pacientes foram controlados por

idade, etnia, grau de formacéao, renda, diabetes, hipertenséo, niveis de HDL e indice
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de massa corporea (IMC). A prevaléncia continuou maior quando os fatores de risco

cardiovasculares tradicionais foram ajustados.

Os fatores de risco cardiaco também séo prevalentes nos pacientes com LES.
Tais fatores séo: hiperlipidemia, diabetes mellitus, fumo, obesidade, hipertenséo, e
vida sedentaria. Contudo, estudo tem mostrado outros fatores de risco,
independentemente dos tradicionais, e especificos para os pacientes com LES. A
inflamacé@o sistémica, autoanticorpos contra o endotélio, HDL e fosfolipidios,
imunocomplexos circulantes, produtos do sistema complemento ativados, nefrite e
dislipidemia podem ser associados ao risco cardiaco. Somam-se a isso efeitos
adversos do tratamento, principalmente com corticosteroides e ciclofosfamida, e
vasculopatia que acompanha a atividade da doenca, como o estado de
hipercoagulabilidade da sindrome antifosfolipide secundaria (CHOGLE;
CHAKRAVARTY, 2007)

A aterosclerose pode ser considerada uma doenca imunoldgica, pois as
lesbes e placas aterosclerdticas séo repletas de células do sistema imune,
principalmente mondcitos e leucdcitos que fagocitaram particulas de LDL e formam
as células espumosas (HANSSON, 2001). De fato, os sistemas imunes inato e
adaptativo estdo envolvidos no processo da formacdo da placa de ateroma,
principalmente na formacdo das estrias de gordura iniciais, quando o endotélio
vascular estd ativado e expressa quimiocinas e moléculas de adeséo, recrutando
linfécitos e mondcitos e subsequente infiltracdo no subendotélio (TEGUI; MALLAT,
2006).

1.9 HOMOCISTEINA E LES

A homocisteina é um pequeno aminoacido sulfidriico que atua
fisiologicamente no metabolismo de seu aminoacido precursor, a metionina, e
também da biossintese da cisteina (BYDLOWSKI; MAGNANELLI; F, 1998). Em sua
reacao de sintese, a metionina € ativada em S-adenosilmetionina. Apés perder um
grupo metil, é formado a S-adenosilhomocisteina e, por fim, apds hidrélise do S-
adenosil, € formada a homocisteina(LAI; KAN, 2015).A partir dai, a homocisteina
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pode sofrer dois tipos de reacdes. A primeira é a remetilacdo, que € dependente da
enzima metionina sintase, folato e de Vitamina B12. A segunda é a transulfuracéo,
onde a homocisteina liga-se a serina para a formacdo de cistationa que,
posteriormente, dara origem ao antioxidante glutationa (CAO et. al., 2009).Portanto,
fatores nutricionais envolvendo o status das vitaminas do complexo B e acido félico,
e fatores hereditarios envolvidos na transcricdo das enzimas envolvidas no
metabolismo da homocisteina estdo envolvidos no desenvolvimento da
hiperhomocisteinemia (ANDREASSI et. al.,, 2003, CURRO et. al., 2014). Alguns
estudos vém mostrando que deficiéncia nutricional de vitamina B12, B6 e folato,
apos terapia de reposicdo com folato e vitamina B12, diminuem os niveis de
homocisteina (PATERSON et. al., 2006; SETOLA et.al.,, 2004; PANUZIO et. al.,
2003).

McCully, em 1969, prop6és que a hiperhomocisteinemia € um fator de risco
cardiovascular independente (MCCULLY, 1969). A partir do inicio dos anos 90, a
homocisteina é considerada um fator de risco, devido a sua relacdo com doencas
vasculares e estados de hipercoagulabilidade (SHENOY et. al., 2014). Além disso,
niveis elevado de homocisteina no sangue tém sido correlacionados com doencas
cardiovasculares, derrames, estenose arterial periférica e trombose venosa(LAl,
KAN, 2015).

Nos pacientes com LES, diversos estudos vém sendo conduzidos para avaliar
os niveis de homocisteina e suas ac¢des.Eles tém associado a hiperhomocisteinemia
com DCV, aterotrombose, alta calcificagdo da artéria coronaria a rigidez arterial
(VON FELDT et. al., 2006; KIANI et. al., 2012). Além disso, alguns autores tém
proposto que a hiperhomocisteinemia seja um fator de risco para a progressao da
aterosclerose (PERNA et. al., 2010; RUA-FIGUEIROA et. al., 2010). Sabio et. al.,
num estudo publicado em 2014, concluiram que 0s niveis séricos de homocisteina
sao independentemente associados com o0 aumento da presséo arterial. Sugeriram
ainda que isto acontece pelos efeitos toxicos da homocisteina nas células do
endotélio vascular e por sua capacidade de aumentar a rigidez vascular (SABIO et
al., 2014).

Vérios estudos tém fornecido dados cada vez mais contundentes que a

hiperhomocisteinemia prejudica a dilatacdo vascular mediada pelo endotélio. Isso se
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da pela reducéo da biodisponibilidade de NO frente a estimulos vasodilatadores, tal
como a acetilcolina, o que leva a conclusdo de que a homocisteina pode causar a
disfuncéo endotelial pela inabilitacdo da acdo do NO (CHEN et. al., 1999). O
mecanismo pelo qual isso acontece ndo esta bem elucidado. Apesar de existirem
teorias bastante esclarecedoras, ndo existem estudos que ascomprovem(LAI; KAN,
2015).

A homocisteina sofre um processo de auto oxidagdo devido a presenca de
grupos sulfidril (-SH) pela reacdo com grupos tidis livres, gerando radicais
superéxidos (MCDOWELL; LANG, 2000). Além disso, a homocisteina promove uma
regulacdo positiva na enzima Nicotinamida Adenina Dinucleotideo Fosfato Oxidase
(NADPH oxidase) das células endoteliais. Tal enzima também promove a formacgéo
do radical superéxido (TYAGI, 2005). Estes radicais, embora sejam considerados
apenas fontes iniciais do estresse oxidativo gerado pela hiperhomocisteinemia,
reagem de forma importante com o aminoacido L-arginina, principal fonte de
nitrogénio para a e-NOS (JIN, 2007). Além disso, a falta deste aminoacido vai gerar
um efeito chamado de desacoplamento da e-NOS, que transforma tal enzima de
produtora de NO a produtora de EROs (FORSTERMANN; MUNZEL, 2006). Outro
mecanismo importante também €& a supressdo da enzima Dimetilarginina-
Dimetilaminohidrolase (DDAH) e o acumulo da enzima Dimetilarginina assimétrica
(ADMA), que age como um inibidor competitivo da e-NOS (BOGER et. al., 2000).
Todos estes mecanismos vao levar a ndo producao de oxido nitrico, levando a uma

disfuncéo endotelial (LAI; KAN, 2015).A figura 3 esquematiza estes mecanismos.

1.10 DISFUNCAO ENDOTELIAL, MOLECULAS DE ADESAO E LES

O endotélio vascular € uma monocamada de células que revestem toda a
parede do limen dos vasos sanguineos e conferem uma barreira fisica de protegéo
contra agentes que possam causar danos e estejam presentes no sangue, como
mediadores inflamatdérios, agentes infecciosos, entre outros (STANKEVICIUS et. al.,
2003). Além de ser esta barreira fisica, o endotélio vascular é responsavel por

controlar o tébnus vascular de acordo com mudancas fisiolégicas, como alta
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pressadopor perfusdo. Este controle é feito pela producdo dos fatores relaxantes
derivados do endotélio (EDRF). Hoje, sabemos que este fator € o NO (BAUER,
SOTNIKOVA, 2010). A deficiéncia na producéo e biodisponibilidade do NO € um dos
primeiros passos da aterogénese, pois leva a uma redugcdo da vasodilatacéo
mediada pelo endotélio, o que é um grande fator de risco para
eventoscardiovasculares(MAK; KOW, 2014)

Figura 3 - Mecanismos potenciais da disfuncdo endotelial induzida por

hiperhomocisteinemia
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Fonte: (LAI; KAN, 2015)Legenda: NADPH: Nicotinamida Adenina
Dinucleotideo Fosfato-oxidase. / CAT: Transportador catibnico de
aminoacidos / DDAH: Dimetilarginina-Dimetilaminohidrolase / ADMA:
Dimetilarginina assimétrica / e-NOS: Oxido Nitrico Sintase endotelial

Disfuncdo endotelial pode ser definida como um desequilibrio entre os fatores

de vasodilatagdo e de vasoconstricdo produzidos pelo endotélio vascular. Tal
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disfuncdo geralmente € ocasionada por danosao endotélio (LAI; KAN, 2015). No
LES, a principal causa do dano endotelial sdo os marcadores inflamatérios, sendo
que o Intérferon-1 executa papel importante no dano endotelial nos paciente com
LES. Além dele, citocinas pro-inflamatdrias, citocinas co-estimulatérias, produtos de
peroxidacdo lipidica, estresse oxidativo e autoanticorpos podem causar dano
aoendotélio(MAK; KOW, 2014). O endotélio, exposto por um periodo prolongado ou
repetidas vezes a estes fatores, pode perder seu efeito protetor, tornando-se
disfuncional e perdendo sua integridade (WOYWODT et. al., 2002).

Uma ampla avaliacdo das funcdes do endotélio pode ser obtida através da
quantificacdo das moléculas de origem endotelial. A ativacdo endotelial leva a
expressdo aumentada de citocinas inflamatoérias e moléculas de adeséo (RIDKER et.
al., 2004). As moléculas de adesdo sao proteinas transmembrana que atuam na
adesao dos leucadcitos ao endotélio e sua migracdo aos locais de inflamacdo. Sua
expressao é regulada pelo Fator de Necrose Tumoral a (TNF- a). Estas moléculas
também séo liberadas na circulacdo, por isso podem servir de marcadores da funcdo
doendotélio(SKEOCK. et al., 2013).

Moléculas de Adesao Celular (CAM) é uma familia de moléculas de adesado
que tem como representantes a Molécula de Adesdo Intracelular (ICAM-1), a
Molécula de Adesédo Vascular (VCAM-1) e a Molécula de Adesédo de Células
Endoteliais e Plaquetas (PECAM-1). A ICAM-1 e a VCAM-1 ndo tem uma expressao
muito grande na superficie de células endoteliais. Porém, sob estimulo de citocinas
pro-inflamatérias como o TNF-q, Interleucinal (IL-1) e Intérferon y (IFN- y) sdo
rapidamente expressas e expostas (ELGERT, 2009). No LES, os resultados
encontrados sao controversos. Alguns estudos mostram o ICAM-1 com uma
elevacdo estatisticamente significativa nos pacientes com LES em relagcédo ao grupo
controle (ELWY; GALAL; HASAN, 2010). Outros estudos mostram que este aumento
se da quando comparado doenca ativa ou ndo (SARI et. al., 2002). Também no
estudo de Skeoch et. al., em 2013, a VCAM foi citada como marcador de nefrite ndo
invasivo(SKEOCH. et al., 2013). A PECAM-1 é produzida na superficie e juncao de
células epiteliais, plaguetas e leucocitos (PARK; SORENSON; SHEIBANI, 2015).
Séao raros os estudos de PECAM-1 no LES.
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Selectinas sdo moléculas de adeséo transmembrana do tipo | que participam
da mediacéo da resposta inflamatoria e da cascata de metastase do cancer. Durante
o processo de inflamacao, elas tém a funcao de captura e rolamento dos leucécitos
do sangue para o endotélio vascular (EBEL et. al., 2015). A E-selectina é produzida
constitutivamente nas células endoteliais da pele e medula éssea. Por acdo do TNF-
a, sua expressao pode acontecer nas vénulas pds capilares. Skeoch et. al., em
2013, publicou um estudo em que ele concluiu que a E-selectina pode atuar como
marcador de risco cardiovascular em pacientes com LES. A P-selectina é produzida
constitutivamente nos megacariécitos e posteriormente incorporada por células
endoteliais e plaquetas. Sdo armazenadas nos granulos a das plaquetas e nos
corpusculos de Weibel-Palade nas células endoteliais. Sob estimulo da trombina ou
da histamina, a P-selectinase dirige a superficie celular (EBEL et. al., 2015).

A molécula Inibidora do Ativador de Plasminogénio (PAI-1) € um inibidor da
protease de serina, e vai inibir o ativador de plasminogénio nos tecidos. Também é
uma adipocitocina regulada no tecido adiposo. Ele pode estar elevado na sindrome
de Chushing ou durante tratamento com corticosteroides (TAMURA et. al., 2014).
Somer et. al., em 2005, publicaram um estudo que indicou que o PAI-1 estava
relacionado ao aumento da disfungcao endotelial em pacientes com LES (SOMER et.
al., 2005).



O 00 N o U

34

2. JUSTIFICATIVA

Ndo ha na literatura nenhum trabalho que relacione o0s niveis de
homocisteina, estresse oxidativo, e disfuncdo endotelial em pacientes com LES. Os
dados existentes sdo isolados e controversos. Por fim, inexiste na literatura
trabalhos que facam um painel de moléculas de adesdo e as compare com

marcadores de estresse oxidativo e homocisteina.
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3. OBJETIVOS

3.1 OBJETIVO GERAL

O objetivo do presente estudo foi avaliar se a hiperhomocisteinemia esta
associada a atividade da doenca, a disfuncao endotelial e ao estresse oxidativo em
pacientes com LES.

3.2 OBJETIVOS ESPECIFICOS

3.2.1 Comparar os niveis séricos de homocisteina de pacientes com LES e

individuos normais.

b

3.2.2 Verificarse os niveis séricos de homocisteina se associam a atividade da

doenca.

3.2.3Verificarse 0s niveis séricos de homocisteina se associam a disfuncéo

endotelial, avaliada pelas moléculas de adeséo.

3.2.4 Verificarse 0s niveis séricos de homocisteina se associam ao estresse

oxidativo.



O 00 N o U

10
11
12
13

14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29

30

36

4. MATERIAIS E METODOS

4.1 DELINEAMENTO DO ESTUDO

O presente estudo, do tipo observacional caso/controle, incluiul76 individuos;
50 individuos saudaveis (grupo controle) foram selecionados entre doadores de
sangue do Hospital Universitario e 126 pacientes com LES foram selecionados no
ambulatério de Reumatologia do Hospital Universitario de Londrina, Parana, Brasil,
para participar do estudo. LES foi diagnosticado diante de critérios revistos do CAR,
1997. O score SLEDAI foi utilizado para classificar o LES como ativo, sendo
considerado LES ativo aqueles que obtiveram score SLEDAI = 6. Os pacientes com
SLE também foram divididos em dois grupos: pacientes com homocisteina<10,59 (n
= 62) e homocisteina =2 10,59 (n = 63).

Informag6es sobre os fatores de estilo de vida e histéria médica foram obtidos
em avaliacao clinica. A duracdo da doenca, o envolvimento de érgaos, e terapia foi
registrado para cada paciente. Prednisona foi o Unico tipo de corticosteroides que os
pacientes estavam tomando no momento da inclusdo; assim o calculo de
equivalentesdeprednisona nao foi necessario. Os pacientesfizeram uso da mesma
dose de prednisona, pelo menos, nos ultimos 4 meses. Nenhum dos individuos
recebeu uma dieta especifica. Os individuos de ambos os grupos nédo bebiam éalcool
regularmente. Nenhum dos participantes do estudo apresentou
doencascardiovasculares (exceto hipertensdo arterial), tireoidianas, renais,
hepéticas, gastrointestinais ou doencas oncologicas, e nenhum estava recebendo
terapia de reposicdo hormonal ou suplementos antioxidantes. Este estudo foi
realizado de acordo com as orientacdes estabelecidas na Declaracdo de Helsinque
e o Comité de Etica da Universidade de Londrina, Parana, Brasil que aprovou todos
0os procedimentos envolvendoos seres humanos do trabalho. O consentimento
informado por escrito foi obtido de todos os individuos/pacientes(parecer CAAE
01865212.000005231).

4.2 MEDICOES ANTROPOMETRICAS
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O peso corporal foi medido com aproximacdo de 0,1 kg utilizando uma
balanca eletrbnica, com os individuos vestindo roupas leves, mas sem sapatos, na
parte da manha. A altura foi medida com aproximacdo de 0,1 cm usando um
estadibmetro. O indice de massa corporal (IMC) foi calculado como o peso (kg)

dividido pela altura (m) ao quadrado.
4.3 ANALISES BIOQUIMICAS E IMUNOLOGICAS

O nivel de homocisteina no soro foi determinado por imunoensaio de
microparticulas por quimiluminescéncia (Architect, Laboratério Abbott, Abbott Park,
IL, EUA). A categorizagdo de hiperhomocisteinemia foi realizada utilizando a
mediana obtida para grupo LES (10,59 ng/mL). A PCR e os niveis de fatores do
complemento C3 e C4 foram medidos usando um ensaio turbidimétrico (C8000,
ABBOTT, Architect Abbott Laboratories, Abbott Park, IL, USA).Anti-anticorpos de
cadeia dupla de DNA (anti-dsDNA) foi determinada por ensaio imunoenziméatico
(ELISA), utilizando um imunoensaio comercial de ELISA (enzyme-linked INOVA
Diagnostic, San Diego, CA, EUA).

4.4 MEDIDAS ESTRESSE OXIDATIVO

Amostras de sangue periférico foram obtidas com EDTA como anticoagulante
e antioxidante para avaliar o estresse oxidativo. Todas as amostras foram
centrifugadas a 3000 rpm durante 15 minutos e aliqguotas de plasma foram

armazenadas a -70°C até a utilizacéo.

441 QUIMIOLUMINESCENCIA (QL) INDUZIDA POR TERC-BUTIL-
HIDROPEROXIDO (CL-LOOH)
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Os hidroperoxidos lipidicos no plasma foram avaliados por CL-LOOH como
descrito anteriormente por Flecha et.al., 1991. Este método é considerado como
sendo muito mais sensivel e especifico do que a medicdo de TBARS, o método
usual para determinar a oxidacdo lipidica. Os resultados foram expressos em

contagens por minuto (cpm).

4.4.2 DETERMINACAO DE PRODUTOS AVANCADOS DE OXIDACAO PROTEICA
(AOPP)

AOPP foi determinada nas amostras de plasma, utilizando o método semi-
automatizado descrito por Witko-Sarsatet al., 1998. A AOPP resulta da oxidacdo de
residuos de aminoécidos, tais como a tirosina, que conduz a formacao de produtos
de proteina de reticulados contendo ditirosina detectado por espectrofotometria.
Concentracdes de AOPP foram expressos em micro mols por litro (umol/L) de

equivalentes de cloramina-T.
4.4.3 OXIDO NITRICO (NO)

Os niveis séricos de NO foram avaliados através da concentracdo de nitrito
(NO2-) e nitrato (NO3-) de acordo com a reacdo de Griess, complementada pela
reducao de nitrato em nitrito com cadmio (GUEVARA et. al., 1998; NAVARRO-
GONZALES et. al., 1998). Os resultados sao expressos em uM.

4.4.4 CAPACIDADE ANTIOXIDANTE TOTAL DO PLASMA

O TRAP foi determinado conforme Reppeto et. al. [21]. Este método detecta
antioxidantes no plasma, sendo hidrossoltveis ou lipossoluveiseo faz por inibicdo de
guimioluminescéncia induzido por 2, 2-azobis (2-amidinopropane). O Sistema foi
calibrado com um analogo da vitamina E, o TROLOX, e os valores de TRAP foram

expressos em equivalente uM Trolox/ UA mg/dL
4.5 MOLECULAS DE ADESAO

Os niveis de PECAM-1, ICAM-1, VCAM-1, E-Selectina, P-Selectina e PAI-I
foram determinados pelo kit Human Magnetic Adhesion 6-Plex Panel (Novex Life
Technologies, Frederick, United States of America) pela plataforma Luminex®.
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4.6 ANALISE ESTATISTICA

Os dados categoricos foram analisados com o teste de chi-quadrado e os
resultados foram demonstrados em nameros absolutos. Comparac¢des entre grupos
foram feitos usando teste de Mann-Whitney. Os dados foram expressos com a
meédia (+ DP). Os resultados das analises estatisticas univariadas foram usados para
delinear as variaveis explicativas importantes a serem usadas como determinantes
de associacao independente com grupos de diagnosticos em analises de regressao
logistica subsequente. A analise da regressao logistica bivariada foi usada para
definir a associacao significativa do LES com o controle, e homocisteina<10.59 e
homocisteina = 10.59 usando os biomarcadores com p <0.10. O p-valor usado para
significancia estatistica foi de 0.05. Todas as andlises foram feitas com o programa
SPSS 20.0 (SPSS, Chicago, IL, USA).

5 RESULTADOS

Como resultado desta dissertagéo, foi submetido para publicacdo no periodico
Immunology (fator de impacto: 2.781) o artigo intitulado: “Influence of
homocysteine levels on adhesion molecules and oxidative stress in patients

with Systemic Lupus Erythematosus™.
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ABSTRACT

Background: Increased homocysteine levels, adhesion molecules and oxidative stress are
considered important mechanisms contributing to the complex pathophysiological network
that characterizes systemic lupus erythematosus (SLE). The aim of this study was to verify if
homocysteine levels could influence the results obtained in the oxidative stress and in cell
adhesion molecules in patients with SLE. Material: The study included 176 subjects; 50
healthy individuals (control group) and 126 patients with SLE. Homocysteine levels, oxidative
stress measurements, adhesion molecules and plasminogen activator inhibitor were
determined. Hyperhomocysteinemia was categorizes using the median of SLE patients
Results: Patients with increased homocysteine levels (210.59) presented higher
hydroperoxides (p = 0.015), AOPP (p = 0.022), NOx (p = 0.011), PECAM-1 (p = 0.037), VCAM
(p = 0.026), E-Selectin (p = 0.017), P-Selectin (p = 0.047), and lower TRAP values (p = 0.015)
than patients with lower homocysteine levels (<10.59). In a binary logistic regression that
included the markers and parameters with statistical relevance between the groups with
homocysteine<10.59, as a reference group, and homocysteine > 10.59, TRAP (OR= 95% ClI:
0.976; p =0.006) was found as inversely associated, whereas hydroperoxides (OR= 95% ClI:
1.000; p=0.012), NOx (OR= 95% Cl: 1.122; p =0.027), and PECAM-1 (OR= 95% Cl: 1.000;
p=0.004) were found to be directly associated. Conclusions: The behavior of some adhesion
molecules and oxidative stress markers depends in a large scale of homocysteine levels. The
data obtained in the present study allow suggesting that special efforts may be directed to

decrease homocysteine levels in SLE.



10

11

12

13

14

15

16

17

18

19

20

21

22

23

42

Keywords: Systemic lupus erythematosus, homocysteine, adhesion molecules, oxidative

stress.

INTRODUTION

Systemic lupus erythematosus (SLE) is an autoimmune syndrome characterized by
autoantibodies production, especially against nuclear components (1). It follows a relapsing-
remitting disease course, and the risk of flares varies between patients. Although it is
believed that the etiology of SLE is multifactorial, it has been suggested that the increased
production of reactive oxygen and nitrogen species (ROS and RNS, respectively), adhesion
molecules and homocysteine levels may have deleterious effects in the disease, especially in

endothelial dysfunction (2—-4).

Increased oxidative damage and decreased antioxidant capacity in SLE patients have
been reported by several research groups (5-7). ROS can attack all cellular biomolecules,
including deoxyribonucleic acid (DNA), ribonucleic acid (RNA), lipids and proteins. Post-
translational oxidative modifications of self-antigen may lead to the generation or
unmasking of epitopes, resulting in the triggering of an autoimmune response (8).
Furthermore, the role of ROS/RNS in the deregulation of apoptosis and the delay in
clearance of apoptotic cells may generate neo-epitopes that subsequently stimulate broad

spectrum of autoantibodies formation, leading to inflammation and organ damage in SLE (9).

Cell adhesion molecules (CAMs) enable leukocyte adhesion and rolling along
endothelial cells surfaces and control migration of leukocytes into inflamed tissues. With the
aid of chemokines and chemoattractants, these molecules facilitate leucocyte-endothelial

cell interactions and the transmigration of inflammatory cells to sites of inflammation
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thereby acting as markers of endothelial activation and dysfunction (10). In SLE, elevated
adhesion molecules levels have been associated with disease activity (11) and its clinical
feature, including cutaneous manifestations (12), neurological disorders (13) and lupus
nephritis (LN) (14-16). Aberrations in cell adhesive interactions in SLE, are often
accompanied by vascular changes and cellular infiltration of tissues (17). Multifactorial
components are involved in the elevation of local expression as well as in levels of serum
soluble adhesion molecules, however, chronic inflammation and endothelial dysfunction are

key components(3).

Elevated homocysteine levels are also thought to be a risk factor for cardiovascular
diseases (CVD) (18). A meta-analysis of prospective cohort studies demonstrated that after
accounting for known CVD risk, a 25% lower homocysteine level was associated with about
an 11% lower risk of ischemic heart disease and about a 19% lower risk of stroke (19).
Homocysteine is a metabolite in methionine production, and plays a direct role in the
pathogenesis of SLE through its toxic effects on the endothelium (4). Homocysteine is also
prothrombotic(20) and decreases the availability of nitric oxide (21). The thiolactone
metabolite of homocysteine combines with LDL to enhance foam cell formation in vessel
walls (22). The molecule releases free oxygen radicals that can damage tissue (23), and has
several prothrombotic actions on platelets and endothelial cells (24). In SLE, high plasma
homocysteine concentrations are associated with a high risk of CVD (25,26) and
thrombolysis (27), and correlate independently with lupus disease duration and increased
coronary artery calcification (28). In addition, a study has demonstrated that the most
significant predictors of plague progression in SLE were age, pro inflammatory

(dysfunctional) HDL, high leptin values, high soluble TNF-like weak inducer of apoptosis
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(sSTWEAK) and homocysteine>12 (29).

Although several works were developed on these three important pathophysiological
mechanisms in SLE, we are not aware of any study investigating these components and their
associations. We hypothesized that homocysteine levels could influence the results obtained
with oxidative stress and adhesion molecules. Therefore, the aim of the present study was to
analyze the association between oxidative stress, adhesion molecules and homocysteine
levels in SLE. These associations could increase our understanding of physiopathology and

could identify new therapeutic targets in SLE.

SUBJECTS AND METHODS

The study included one hundred and seventy-six subjects. Fifty healthy individuals
(control group) were selected among blood donors of the University Hospital and one
hundred and twenty-six patients with SLE were selected from among the ambulatory of
Rheumatology of the University Hospital of Londrina, Parand, Brazil, to participate in the
study. SLE was diagnosed using the American College of Rheumatology (ACR) 1997 revised
criteria and the disease activity was determined using SLEDAI score (30)

Information on lifestyle factors and medical history were obtained at clinical
evaluation. Disease duration, organ involvement, and therapy were recorded for each
patient. Prednisone was the only kind of corticosteroids the patients were taking at the
time of inclusion; thus, prednisone-equivalent calculation was not required. They had been
taking the same prednisone dose at least for the past 4 months. None of the subjects was
receiving a specific diet. The individuals of both groups did not drink alcohol regularly.
None of the participants in the study presented heart, thyroid, renal, hepatic,
gastrointestinal, oncological or other autoimmune disease, and none were receiving

estrogen replacement therapy or antioxidant supplements.
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Ethical approval

The research has been complied with all the relevant national regulations,
institutional policies and in accordance the tenets of the Helsinki Declaration, and has
been approved by the Ethical Committee of the University of Londrina (Parand, Brazil)
(CAAE 01865212.0.0000.5231, CEP/UEL 205.328). Written informed consent was obtained

from all subjects/patients.

Anthropometric measurements

Body weight was measured in the morning, using electronic scales to the nearest 0.1
kg, with patients wearing light clothing and no shoes; height was measured to the nearest 0.1
cm by using a stadiometer. Body mass index (BMI) was calculated as weight (kg) divided by
height (m) squared. The waist circumference was measured with a soft tape in the region
between the last rib and the iliac crest, always in the standing position. Blood pressure
>130/90 mmHg or use of antihypertensive medications were the considered criteria to define

hypertension (31).

Biochemical and Immunological Biomarkers

Serum homocysteine level was determined by chemiluminescence microparticule
immunoassay (Architect, Abbott Laboratory, Abbott Park, IL, USA). The categorization of
hyperhomocysteinemia was realized using the median obtained for the SLE group (10.59
ng/mL). Serum C-reactive protein (CRP) and complement factors C3 and C4 levels were

measured using a turbidimetric assay (C8000, ABBOTT, Architect Abbott Laboratories,
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Abbott Park, IL, USA). Anti-double-stranded DNA (anti-dsDNA) antibodies were determined
by enzyme-linked immunosorbent assay (ELISA) using a commercial immunoassay ELISA

(INOVA Diagnostic, San Diego, CA, USA).

Oxidative Stress Measurements

Peripheral blood samples were obtained with EDTA as anticoagulant and antioxidant
for evaluating oxidative stress. All samples were centrifuged at 3,000 rpm for 15 minutes and

plasma aliquots were stored at freezer -702C until use.

Tert-butyl hydroperoxide-initiated chemiluminescence (CL-LOOH)

Lipid hydroperoxides in plasma were evaluated by CL-LOOH as described previously
(32). This method is considered more sensitive and specific than the TBARS measurement,
the usual method to determine lipid oxidation. The results were expressed in counts per

minute (cpm).

Determination of Advanced Oxidation Protein Products (AOPP)

AOPP was determined in the plasma samples using a semi-automated method (35).
AOPP results from oxidation of amino acid residues such as tyrosine, leading to the

formation of dityrosine-containing protein cross-linking products detected by



10

11

12

13

14

15

16

17

18

19

20

21

a7

espectrophotometry. AOPP concentrations were expressed as micromoles per liter (umol/L)

of chloramines-T equivalents.

Nitric Oxide (NO)

Serum NO metabolite (NOx levels were assessed by nitrite (NO2) and nitrate

(NO3’) concentration according to the Griess reaction, supplemented by the reduction

of nitrate to nitrite with cadmium. The results are expressed in uM (34).

Total radical-antioxidant parameter (TRAP)

TRAP was determined as reported previously (35). This method detects hydrosoluble
and/or liposoluble plasma antioxidants by measuring the chemiluminescence inhibition time
induced by 2,2-azobis (2-amidinopropane). The system was calibrated with the vitamin E
analog TROLOX, and the values of TRAP were expressed in equivalent of uMTrolox/ UA

mg/dL.

Adhesion Molecules and Plasminogen Activator Inhibitor (PAlI)

Levels of platelet endothelial cell adhesion molecule 1 (PECAM-1), vascular cell
adhesion molecule 1 (VCAM-1), intercellular adhesion molecule 1 (ICAM-1),
endothelial-selectin  (E-selectin), platelet-selectin (P-selectin) and plasminogen

activator inhibitor type-1 (PAI-1) were determined by Human Magnetic Adhesion 6-
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Plex Panel (Novex Life Technologies, Frederick, United States of America) for Luminex®

platform. The results were expressed by ng/mL.

Statistical analysis

Categorical data were analyzed with chi-square test and results were demonstrated
by absolute number. Comparisons between groups were made using Mann-Whitney test.
Data were expressed as the media (£SE). The results of these univariate statistical analyses
were used to delineate the significant explanatory variables to be used as determinants of
independent association with diagnostic groups in subsequent logistic regression analyses.
Bivariate logistic regression analysis was used to define the significant association of SLE
versus controls (reference group), and Homo <10.59(reference group)and HOMO =10.59
using the biomarkers with p <0.10. All tests were 2-tailed and a p-value of 0.05 was used for
statistical significance. All analyses were conducted with SPSS 20.0 software (SPSS, Chicago,

IL, USA).

RESULTS

Table 1 shows the clinical characteristics of the patients with SLE and the control
group. There was no statistical difference between these groups with regard to sex and age.
However, patients with SLE had higher BMI (p<0.0001) and the relationship between
Caucasian and not Caucasian was lower when compared with the control group. Regarding
oxidative stress, even when adjusted for ethnicity and BMI, patients with SLE presented
higher (p< 0.0001) AOPP and lower NOx and TRAP values, whereas hydroperoxides did not

show statistical difference (p = 0.782). In relation to adhesion molecules, PECAM-1, VCAM, E-
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selectin, P-selectin and PAI showed higher (p<0.0001) values in patients with SLE compared
with the control group. The exception was ICAM, which did no present statistical difference
(p = 0.319). SLE patients had higher (p = 0.003) CRP values than he control group. When p
was adjusted for ethnicity and age, all the parameters maintained the same results, except

for CRP that showed no statistical difference (p = 0.112).

In table 2, a binary logistic regression with the parameters that presented statistical
relevance in table 1 demonstrated that NOx (OR= 95% Cl: 0.934; p =0.003) was inversely
associated, whereas PECAM-1 (OR=95% Cl: 1.000; p = 0.004) and PAI (OR=95% Cl: 1.000; p =
0.043) were directly associated with SLE independently of BMI (OR= 95% Cl: 1.304; p =

0.027) and ethnicity (OR=95% CI: 0.080; p = 0.031).

Figure 1 shows a scatterplot of homocysteine levels in patients with SLE and controls.
The median of homocysteine in the SLE group was higher than in the control group. Hence,
we categorized hyperhomocysteinemia using the median of SLE patients to improve the

understanding on the association between homocysteine and other parameters.

Table 3 shows the categorization of hyperhomocysteinemia performed using the
median obtained for the SLE group (10.59 ng/mL). SLE patients with homocysteine levels
>10.59 had a higher age (p = 0.025), SLEDAI (p = 0.017) and lower C3 levels (p = 0.020) when
compared with patients with homocysteine levels <10.59. However, sex (p = 0.690), ethnicity
(p=1.000), BMI (p = 0.925), SLEDAI 2 6 (p = 0.377), Anti- dsDNA (p = 0.985) and C4 levels (p =
0.557), as well as the use of antimalarials (p=0.143), mycofenolate (p=0.878), predinisone
(p= 0.237) and other immunosuppressive therapies (p = 0.796) were not significantly

different between the groups.
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The comparison of the oxidative stress parameters and the endothelial dysfunction
markers in patients with SLE classified according to homocysteine levels are shown in Table
4. Patients with increased homocysteine levels presented higher hydroperoxides (p = 0.015),
AOPP (p = 0.022), NOx (p = 0.011), PECAM-1 (p = 0.037), VCAM (p = 0.026), E-Selectin (p =
0.017), P-Selectin (p = 0.047) and CRP (p = 0.038) levels, and lower TRAP values (p = 0.015)
when compared with other group. In contrast, only ICAM (p = 0.813) and PAI (p = 0.864)
were not statistically different. When the p value was adjusted for age, only P-selectin lost

its significance, whereas the other parameters maintained the same significance.

In a binary logistic regression that includes the markers and parameters with
statistical relevance between the groups with homocysteine<10.59, as a reference group,
and homocysteine > 10.59, shown in table 3 and 4, C3 (OR= 95% Cl: 0,918; p =0.003) and
TRAP (OR= 95% ClI: 0.976; p =0.006) were found as inversely associated, whereas
hydroperoxides (OR= 95% Cl: 1.000; p=0.012), NOx (OR= 95% Cl: 1.122; p =0.027), PECAM-1
(OR=95% Cl: 1.000; p=0.004) and CRP (OR= 95% Cl: 1.502; p =0.002) were found as directly

associated (Table 5).

DISCUSSION

The main findings of the present study were that adhesion molecules and oxidative
stress were more associated with SLE and plasma homocysteine levels than when SLE was
analyzed independently of homocysteine levels. This was specifically verified by a positive
association with hydroxyperoxides, NOx, PECAM-1 and CRP levels and an inverse association

with C3 levels and TRAP when the patients with SLE were categorized by homocysteine
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levels. Of note, NOx changed from reduced levels in SLE patients when compared to controls

to a positive association when SLE and homocysteine levels were considered.

SLE patients with higher homocysteine levels had a higher age, SLEDAI and lower C3
levels when compared with patients with lower homocysteine levels. However, binary
logistic regression did not show association of homocysteine levels with SLEDAI and C3.
Homocysteine concentrations are generally elevated in several autoimmune diseases,
including SLE (36). In several studies, elevated levels of homocysteine have correlated with
atherosclerosis in SLE (26—28,37). Pathogenic deficiencies resulting in deficiency of vitamin
B12 and folate, co-factors in homocysteine metabolism, have been proposed as possible
pathways. The persistent inflammatory activation may result in increased vitamin
consumption via increased DNA synthesis in immune cells. Moreover, vitamin deficiency
may result from decreased gastrointestinal absorption as well as interference with folate
metabolism related to medications, such as methotrexate (36). The data of the present
study allow suggesting that increased vitamin consumption due to permanent inflammatory
status was the most likely cause of elevated homocysteine levels. None of the patients used
methotrexate or any medication which could inhibit folate or vitamin B12 metabolism and

there was no evidence, at least clinically, of decreased gastrointestinal absorption.

As expected, several adhesion molecules and oxidative stress markers in patients with
SLE showed higher levels than in the healthy control group. Regarding adhesion molecules,
SLE was associated with higher PECAM-1, VCAM-1, E-Selectin, P-Selectin, and PAI-1 levels.
Previous studies have reported an up-regulation of VCAM-1 and P-Selectin(38,39), E-
Selectin(38,40), and PAI-1 (41) in SLE. However, when binary logistic regression was

performed, only PECAM-1 and PAIl maintained their positive association. As far as we know,
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there are no studies on PECAM-1 in SLE. PECAM-1 actively mediates leukocyte
transendothelial migration and may mobilize to the luminal surface, thus creating an
adhesive haptotactic gradient that guides luminal leukocytes to the junctions (42,43). The
pro-inflammatory activity of PECAM-1 mainly occurs at the final stage of leukocyte
recruitment, favoring endothelial junction dilation and promoting leukocyte migration
mediated by chemokines, which lead the leukocytes through integrin activation to the
inflammatory sites (43). Miller et al. (2003) consider PECAM-1 an essential molecule for
leukocyte migration through vascular endothelium via intercellular junctions (42). In the
meantime, PAI-1 is considered an obesity biochemical marker (44), and as our SLE patients
had higher BMI than controls, we may suggest that this finding was probably related to

increased adiposity in the patients.

Some studies have verified the positive association of homocysteine and adhesion
molecules in type 1 (45) diabetes as well as in non-diabetic and type 2 diabetes (46). These
studies reported an association between homocysteine and VCAM-1 and ICAM-1. In SLE,
some few studies evaluated this association (47,48). Raslam and Rasmy verified a positive
association between homocysteine and P-selectin and reinforced the statement suggested by
Ross (1999) that endothelial cell dysfunction can result from various sources of injury
including shear stress, immune complexes and other toxins such as homocysteine, all of
which are relevant in SLE (49). Such injury results in the up regulation of adhesion molecules
on the endothelial surface, increased permeability and subsequent trapping of inflammatory
cells at the site of activation, factors commonly seen in SLE which may contribute to
endothelial injury and recruitment of inflammatory cells. In the present study, although

relationship between homocysteine and P-selectin was not found, the other adhesion molecule
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related to platelet, PECAM-1 was associated, suggesting that PECAM-1 may be a mechanism
by which hyperhomocysteinemia causes an increased thrombotic risk in patients with SLE.

In relation to oxidative stress, SLE was associated with higher protein oxidation and
lower Nox and TRAP. However, when binary logistic regression was performed, only NOx
maintained its inverse association. It has been demonstrated that increased oxidative stress are
involved in nucleic acid alterations leading to the formation of autoantibodies (8). Increased
endogenous nitric oxide (NO) synthesis has been reported in SLE, with implication in T-
lymphocyte dysfunction (50). Oxidative stress and proinflammatory cytokines may stimulate
NO production by an increase in inducible nitric oxide synthase (iNOS) expression (51).
Nevertheless, analysis of the concentration of nitric oxide metabolites (NOXx) in patients with
SLE has shown contradictory results; some authors have not found any alteration (52,53),
whereas others reported increased production (54,55). Although this increased NO production
induced by redox imbalance, our group has shown in many inflammatory chronic diseases
that an increased consumption of NO by oxidative stress can occur, resulting in decreased
NOXx bioavailability(56-58). Besides regulation of vascular tone, NO also contributes to anti-
inflammatory and antithrombotic properties at the endothelial level. As for the antithrombotic
effect of NO, the activity of endothelial nitric oxide synthase (eNOS) has been shown to be a
critical regulator which suppress platelet activation and aggregation (59). Of note, the
PECAM-1 and NOx showed to be related in all scenarios of the present study, independently
of homocysteine levels.

The direct association between homocysteine and oxidative stress has been reported in
different conditions, such as in atherosclerosis, hypertension, type 2 diabetes mellitus and
metabolic syndrome (60,61). Tyagi et al. (2005) showed in cardiac microvascular endothelial
cells that homocysteine induces oxidative stress by increasing inducible nitric oxide synthase

(iNOS) and decreasing endothelial nitric oxide synthase (eNOS) (62). In addition,
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homocysteine inhibits dimethylargininedimethilaminohydrolase (DDAH), which is
responsible for degrading asymetricdimethylarginine (ADMA); the later inhibits eNOS and
compete with L-arginine for NO production (60). Thus, endothelial dysfunction is an
important mechanism mediating increased oxidative stress caused by increased homocysteine
levels. Although there are some studies which analyzed concomitantly homocysteine and
oxidative stress in lupus nephritis (63,64), this association has not been studied in SLE or in
lupus nephritis as of yet. Our finding of the paradoxical behavior of NOx depending on
considering or not homocysteine levels is difficult to explain. Nevertheless, one possibility is
that disease activity as shown by higher SLEDAI found in patients with higher homocysteine
levels may have influenced the results.

Some limitations must be considered in the present study. First, several studies have
shown that sex, age and ethnicity influence oxidative stress and thus may be considered
important confounding factors; however, these aforementioned factors were controlled in
this study. Second, another possible factor, which could interfere with NOx analysis, would
be the increase in BMI. It was previously shown that serum NOx levels are inversely
correlated with BMI and waist circumference (65). However, our data show that changes in
NOXx levels were independently associated with BMI. Similarly, also adhesion molecules (66)
and oxidative stress markers (67) could be influenced by BMI if adjustment is not performed.
Nevertheless, the present study also has several strengths. First, although the cross-sectional
design does not allow casual inferences, we assessed many original associations, which may
be taken in consideration as possible therapeutic targets. Second, we rigorously tried to
assure that the patients did not take any drug or present any disease that could interfere

with the results. Therefore, patients with renal impairment, B12 insufficiency,
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hypothyroidism, in hemolysis or using drugs, such as phenytoin, isoniazid, methotrexate and

L-dopa (67) were excluded from the study to avoid interference with homocysteine results.

In conclusion, homocysteine, adhesion molecules and oxidative stress are important
mechanisms contributing to the complex pathophysiological network that characterizes SLE.
The behavior of some adhesion molecules and oxidative stress markers depends in a large
scale of homocysteine levels. The data obtained in the present study allow suggesting that
special efforts may be directed to decrease homocysteine levels in SLE. More studies are
warranted to analyze the risk-benefit ratio that antiplatelet medication and antioxidants

could have in patients with SLE.
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Table 1: Clinical, oxidative stress and adhesion molecules parameters in patients with

Systemic Erythematosus Lupus (SLE) and healthy controls

Parameters Control (n=50)  SLE (n=126) p P adjust *
Sex (F/M) 48/2 120/6 0.827
Ethnicity (C/NC) 46/4 77149 <0.0001
Age (years) 39.16 (1.05) 39.91 (1.21) 0.640

BMI (kg/m?) 24.25 (0.45) 27.55 (0.57) <0.0001

Hydro (cpm) 19574 (3728) 20582 (1839) 0.782 0.436
AOPP (umol/L) 131.05 (6.45) 188.02 (7.68) <0.0001 <0.0001
NOX (1M) 42.83 (3.86) 19.68 (1.14) <0.0001 <0.0001
TRAP (uM Trolox/ 182.83 (7.93) 135.93 (3.88) <0.0001 <0.0001
UA mg/dL)

PECAM-1 (ng/mL) 24.44 (0.84) 39.95 (0.99) <0.0001 <0.0001
ICAM (ng/mL) 640.62 (157.24)  895.19 (146.31) 0.319 0.506
VCAM (ng/mL) 635.19 (29.81) 958.91 (35.70) <0.0001 <0.0001
E-Selectin (ng/mL) 96.11 (6.12) 197.49 (10.04) <0.0001 <0.0001
P-Selectin (ng/mL) 87.70 (8.22) 165.11 (6.67) <0.0001 <0.0001
PAI (ng/mL) 44.91 (6.30) 119.74 (9.74) <0.0001 <0.0001
CRP (mg/dL) 2.64 (0.49) 6.34 (1.11) 0.003 0.112

© 00 N o v b~ W

Chi-square.Data given as absolute number. tTest to independent samples. Data given as mean
(£SE).

F/M: Female/male; C/NC: Caucasian/not Caucasian; BMI: Body mass index; Hydro:
Hydroperoxides; AOPP: Advanced oxidation protein products; NOx: Nitric oxide
metabolites; TRAP: Total radical antioxidant parameter; PECAM-1: Platelet Endothelial Cell
Adhesion Molecule; ICAM: Induced Cell Adhesion Molecule; VCAM: Vascular cell
adhesion molecule; PAI: Plasminogen activator inhibitor; CRP: C— reactive protein

*p adjusted for ethnicity and BMI.
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Table 2: Binary logistic regression between SLE and healthy controls (as the reference

group) and endothelial dysfunction markers and oxidative stress parameters

Parameters B Wald Df P OR 95%ClI

BMI (kg/m?) 0.266 4.883 1 0.027 1.304 1.030-1.651
Ethnicity (C/NC) -2523 4669 1 0.031 0.080 0.008-0.791
AOPP (umol/L) 0.010 2340 1 0126 1.010 0.997-1.023
NOX (uM) -0.068 8.821 1 0.003 0.934 0.893-0.977
TRAP (uM Trolox/ UA mg/dL) -0.018 1659 1 0.198 0.982 0.955-1.009
PECAM-1 (ng/mL) 0.000 8159 1 0.004 1.000 1.000-1.001
VCAM (ng/mL) 0.000 0250 1 0.617 1.000 1.000-1.000
E-Selectin (ng/mL) 0.000 1685 1 0.194 1.000 1.000-1.000
P-Selectin (ng/mL) 0.000 0580 1 0.809 1.000 1.000-1.000
PAI (ng/mL) 0.000 4.078 1 0.043 1.000 1.000-1.000
Homo (umol/L) 0110 0139 1 0431 1.116 0.850-1.465

o v A~ W

BMI: Body mass index; AOPP: Advanced oxidation protein products; NOx: Nitric oxide
metabolites; TRAP: Total radical antioxidant parameter; PECAM-1: Platelet endothelial cell
adhesion molecule; ICAM: Induced cell adhesion molecule; VCAM: Vascular cell adhesion

molecule; PAI: Plasminogen activator inhibitor; Homo: Homocysteine.
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Table 3: Anthropometric, clinic and laboratory data of patients with SLE classified by

the homocysteine levels

Parameters HOMO<10.59 HOMO p P
n==62 >10.59n = 63 adjusted

Sex (FIM) 59/3 60/3 0.690
Ethnicity (C/NC) 38/25 39/24 1.000
Age (years) 37.24(1.63)  42.66(1.76)  0.025
BMI (kg/m?) 27.90(0,72)  27.80(0.78)  0.925
SLEDAI 3.55 (0.40) 5.30 (0.66) 0.017
SLEDAI >6 48/44 24/39 0.377
Antimalarials (Y/N) 52/11 44/19 0.143
Mycofenolate (Y/N) 16/46 16/47 0.878
Prednisone (Y/N) 55/7 61/2 0.158
Prednisone (mg/day) 9.46 (1.36) 11.83 (1.48) 0.237
Other Immunosuppressive 28/34 26/37 0.796
Therapies (Y/N)

Homocysteine (umol/L) 8.13 (0.24) 13.60 (0.40)  <0.0001 ---
Anti-dsDNA 56.70 (9.97) 55.14 (8.45) 0.905 0.985
C3 (mg/dL) 116.90 (3.10)  105.70 (3.60)  0.020 0.013
C4 (mg/dL) 2158 (1.28)  20.37(1.60)  0.557 0.597

Chi-Square.Data given as absolute number. tTest for independent samples. Data given as

mean (x SE).

00 N o un

F/M: Female/male; C/N: Caucasian/not Caucasian; BMI: Body mass index; SLEDAI:
Systemic lupus erythematosus disease activity index; HOMO: Homocysteine; Anti-dsDNA:
Antibody anti-double-stranded Deoxyribonucleic Acid; C3: Complement C3; C4:
Complement C4

* p adjusted by age
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Table 4: Oxidative stress parameters and endothelial dysfunction markers in patients

with SLE classified by homocysteine level.

Parameters HOMO <10.59) HOMO > 10.59 P Padjusted *
n==62 n==63
Hydro (cpm) 18110 (1122) 24430 (2282) 0.015  0.033
AOPP (umol/L) 170.00 (9.52)  203.70 (11.03) 0.022  0.034
NOX (uM) 16.35 (0.94) 2151(1.75) 0.011  0.031
TRAP (uM Trolox/ UA mg/dL)  145.80 (6.48)  127.10 (4.07) 0.015  0.042
PECAM (ng/mL) 38.04 (1.18) 4226 (1.52) 0.037  0.080
ICAM (ng/mL) 937.00 (223.20) 867.40 (191.50) 0.813  0.892
VCAM (ng/mL) 875.70 (43.30) 1035.00 (55.95) 0.026  0.094
E-Selectin (ng/mL) 170.30 (11.45) 211.70 (12.75) 0.017  0.034
P-Selectin (ng/mL) 150.90 (8.01)  175.70 (9.41) 0.047  0.108
PAI (ng/mL) 121.60 (14.60) 118.20(13.20) 0.864 0.965
CRP (mg/dL) 3.84 (0.48) 8.51(2.17) 0.038  0.054

Chi-square.Data given as absolute number. tTest to independent samples. Data given as mean

(+SE)

Hydro: Hydroperoxides; AOPP: Advanced oxidation protein products; NOx: Nitric oxide

metabolites; TRAP: Total radical antioxidant parameter; PECAM: Platelet endothelial cell

adhesion molecule; ICAM: Induced cell adhesion molecule; VCAM: Vascular cell adhesion

molecule; PAI: Plasminogen activator Inhibitor; CRP: C-reactive protein.

*p adjusted by age
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Table 5: Binary logistic regression between patients with SLE (and
hyperhomocysteinemia >10.59 as the reference group) and oxidative stress parameters

and endothelial dysfunction markers.

Parameter B Wald Df p OR Cl

Age 0.007 0.068 1 0.794 1.007 0.955-1.062
SLEDAI 0.018 0025 1 03875 1019 0.809-1.282
C3 (mg/dL) -0.086 7924 1 0.005 0918 0.865-0.974
Hydro (cpm) 0.000 6286 1 0.012 1.000 1.000-1.000
AOPP(umol/L) 0.008 1975 1 0.160 1.008 0.997-1.020
NOX (uM) 0.115 4895 1 0.027 1122 1.013-1.242
TRAP (uM Trolox/ UA mg/dL) -0.033 7695 1 0.006 0.976 0.945-0.990
PECAM (ng/mL) 0.000 8.211 1 0.004 1000 1.000-1.000
VCAM (ng/mL) 0.000 1981 1 0.159 1000 1.000-1.000
E-Selectin (ng/mL) 0.000 0572 1 0450 1.000 1.000-1.000
CRP (mg/dL) 0407 9750 1 0002 1502 1.164-1.940

SLEDAI: Systemic lupus erythematosus disease activity index; Hydro: Hydroperoxides;
AOPP: Advanced oxidation protein products; NOx: Nitric oxide metabolite; TRAP: Total
radical antioxidant parameter; PECAM: Platelet endothelial cell adhesion molecule; VCAM:

Vascular cell adhesion molecule; CRP: C—reactive protein.
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Figure 1: Homocystein levels in systemic lupus erythematosus and healthy individuals

(control group). * p = 0.0002. Data were adjusted for ethnicity and BMI.
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6 CONCLUSAO

Os resultados obtidos neste estudo nos permitem concluir que:

e Pacientes com LES possuem um nivel de homocisteina maior do que o grupo
controle.

e Pacientes com LES com niveis elevados de homocisteina apresentam
SLEDAI maior que pacientes com niveis reduzidos de homocisteina.

¢ Niveis de homocisteina elevados estdo associados a disfuncdo endotelial,
demonstrado pelos maiores valores de algumas moléculas de adesao.

¢ Niveis de homocisteina elevados estdo associados ao estresse oxidativo,.
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7 CONSIDERACOES FINAIS

Os resultados deste estudo foram importantes para auxiliar a compreensao do
complexo mecanismo fisiopatologico que envolve o LES e o desenvolvimento de
DCV. Estudos adicionais sdo necessarios, porém caminhos foram apontados por

este trabalho.

Vérios trabalhos na literatura indicavam uma hiperhomocisteinemia no grupo
LES quando comparado com um controle saudavel. Este estudo demonstrou, além
disto, associacOes importantes entre esta hiperhomocisteinemia, estresse oxidativo
e disfuncdo endotelial. Portanto, mostrou-se importante o controle do nivel de

homocisteina nos pacientes com LES.

Foi feito o estudo de um painel de moléculas de adesdo nos pacientes com
LES e no grupo controle, bem como quando classificamos os pacientes com LES de
acordo com os niveis de homocisteina. Este painel permitiu a observacdo da
associacado independente de PECAM-1 e PAI com o LES, dados que ndo foram
encontrados na literatura. Portanto, estudos que justifiguem e ratifiguem tal

associacao sao necessarios.

Além disso, mostrou-se que a hiperhomocisteinemia esta associada a
disfuncdo endotelial e ao estresse oxidativo. Portanto, o controle dos niveis de
homocisteina nos pacientes com LES €& importante para monitorar o
desenvolvimento de DCV. E, caso estes niveis estejam elevados, esfor¢cos precisam

ser tomados com objetivo de controla-lo.

Por fim, os resultados sugerem a importancia no controle nutricional e de
gualidade de vida dos pacientes com LES, visto que tais fatores podem ajudar a
manter normais os niveis de homocisteina. Ressalta-se também a importancia do
desenvolvimento de estudos que analisem a relacéo risco-beneficio de terapias com

anti agregacao plaguetaria e/ou antioxidantes.
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ANEXO 2 - Systemic Lupus Erythematosus Disease Activity Index - SLEDAI

(Bombardier et al., 1992)

Entrar com o peso especifico na coluna do Score do SLEDAI se a alteragdo estiver presente
navisita ou nos ultimos 10 dias antes

Table 7
SLE Daily Activity Index: Data Collection Sheet
SLEDAL
Score Drescriplor Dafinition
B
Sairuras Bacent onsel. Exclude metabolic, infectious or drug causes,

5] ‘Paychosis Altered ability to funclion in normal activity due o severs disturbance in the
perception of reality. Include hallucinations, inceherence, marked looge
assaciations, impeverished thoughl content, marked illogical thinking, bizarre,
disorganized of calatonic behavior. Exclude uremia and drug causas.

a Cirganic brain syndrome Alterad mental iungtion with impaired arientation, memory, or other intellectual
function, with rapid onset and fluctuating clinical featuras. Include clouding of
consciousness with reduced capacity 1o fecus, and inability to sustain altantion
te envircnment, plus at least 2 of the following: perceptual disturbance,
incoherant speech, insemnia or daytime drowsiness or increased or decreased
peychomotor activity, Exclude metabolic, infection or dig causes.

E Vigual disturbance Ratinal changes of SLE. Include cytoid badies, retinal hemomrhages, sarcus
exudate or hemorhages in the choroid or optic neurifis, Exelude hypertension,
infection or drug causes.

8 Cranial nerve disordar Mew onset of sensory or molar neurapathy involving cranial nernes.

8 Lupus headache Severe, persisient headache: may be migrainous, but must ba nonresponsive 1o
narcolic analgesia.

g CWVA Wew ansel of cersbrovascular accident(s). Excluds arteriosclerosis.

B Vasoulitis Ulceraficn, gangrene, lander finger nodules, pariungual infraction, splinter
hemarrthages, or biopsy or angiogram proof of vasculitis.

4 Arthritis Mare than 2 joints with pain and sigrs of inflammation {i.e., tendermess, swelling
or effusion).

4 Myasitis Proximal muscle aching/weakness, associated with elevalad creatine
phosphakinase/aldelase or electremyogram changas or a biopsy showing
myasilis.

4 Urinary casis Hame-granular ar red blood cell casts.

4 Hematuria =5 rad blood cells high power field. Excluds stone, infection or gther cause.

4 Profeinuria =0.5 gri/#4 hours. Mew onset ar recant inerease of more than 0.5 gm24 houre.

4 Pyuria =5 white blood cells/high power fieid. Exclude infection.

2 Mew rash Mew onset or recurrence of inflarnmatory type rash.

2 Alapesia Mew cnset or recurrence of abnarmal. patchy or diffuse loss of hair.

2 Mueasal ulcers Mew gnset or recurrance of eral o nasal uicerations.

2 Pleurisy Pleuritic chasi pain with pleural rub or effusion, or pleural thickening.

2 Pericarditis Pericardial pain with at least 1 of the following: rub, affusion or elecirocardiogram
ar achacardiogram cenfirmation.

2 Low complement Decrease in CHE0, ©F or G4 below tha lower limit of normal for testing laboratory.

2 Increased DNA binding =25% binding by Farr assay or above nomal ranga for lesting laboratory.

1 Fewer =38°0, Exclude infectious cause.

! Thrombocytopenia <100.000 plateletsimm?,

1 Leukopenia <3,000 white bizad celsmm®. Excluds drug causes.

TOTAL SLEDAI SCORE:

Reprirted, with parmission, from Bombardier C{72]
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publication anddissemination of highly innovative research approaches for a wide range
of immunological subjects, including

InnateImmunity,

Adaptive Immunity,

Complement Biology,

Macrophage and Dendritic Cell Biology,

Parasite Immunology,

Tumour Immunology,

Clinical Immunology,

Immunogenetics,

Immunotherapyand

Immunopathology of infectious, allergic and autoimmune disease.

Following its history as the first ever published Specialist Immunology Journal, founded in
1909, Immunobiology follows its mission to form a vital link between scientists and
clinicians by offering fast track line for high priority publications to speed up
communication amongst immunologists all over the world. In the best of sprits,
Immunobiology aims to continue the tradition set by its founding members and
supporters, including such distinguished scientists as Paul Ehrlich, Hans Sachs, Carl Oluf
Jensen, Sibasaburo Kitasato, Karl Landsteiner, Max Neisser and many others.

The journal publishes original research articles, short communications, reviews,
commentaries and letters to the editors. In addition the journal publishes Special Issues
to widely cover specific research themes within the field of Immunology and proceedings
of Immunological Societies.
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Leyla Z. Al-Mansouri

Section Editors

Basel al-Ramadi, United Arab Emirates (UAE) University, Al Ain, United
Arab Emirates Julia Kzhyshkowska, University of Heidelberg, Mannheim,
Germany

John Lambris, University of Pennsylvania School of Medicine, Philadelphia,
Pennsylvania, USA Galina Mukamolova, University of Leicester, Leicester,
England, UK

Peter Zavodsky, Hungarian Academy of Sciences, Budapest, Hungary

Editorial Board

Youssif Mohammed Ali, University of Leicester, Leicester, England, UK
Gérard J. Arlaud, Laboratoired'Enzymologie Moleculaire, Grenoble
Cedex, France John Atkinson, Washington University School of
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Medical School, London, UK

Arturo Ferreira, Universidad de Chile, Santiago de Chile,
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Chile Teizo Fujita, Fukushima Medical University,

Fukushima, Japan Diethard Gemsa, Philipps-Universitat

Marburg, Marburg, Germany UffeHolmskov, Syddansk
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of Leicester, Leicester, England, UK

Stefan Kaufmann, Max Planck Institut (MPI) flrInfektionsbiologie,
Berlin, Germany Daniela N Maennel, University of Regensburg,
Regensburg, Germany

Patrice Noél Marche, Université Joseph Fourier (Grenoble I), Grenoble
Cedex 09, France Misao Matsushita, Tokai University, Kanagawa, Japan
Kenneth B.M Reid, University of Oxford, Oxford, UK

Noel Rose, Johns Hopkins University School of Medicine, Baltimore,
Maryland, USA Robert B Sim, MRC Immunochemistry Unit, Oxford, UK
Silvano Sozzani, Universita degli Studi di Brescia, Brescia,

Italy Gregory L. Stahl, USA Harvard Medical School,

Boston, Maine, USA

Marcus The len, Institute for Research in Biomedicine, Bellinzona,
Switzerland Russell Wallis, University of Leicester, Leicester,

England, UK

Marsha Wills-Karp, Cincinnati Children's Hospital Medical Center, Cincinnati, Ohio, USA

GUIDE FOR AUTHORS

We now differentiate between the requirements for new and revised submissions. You
may choose to submit your manuscript as a single Word or PDF file to be used in the
refereeing process. Only when your paper is at the revision stage, will you be requested
to put your paper in to a 'correct format' for acceptance and provide the items required
for the publication of your article.

To find out more, please visit the Preparation section below.

INTRODUCTION

The Journal publishes papers from the following areas of immunology:

¢ Clinical Immunology & Allergology

e InnateImmunity

e Tumour Immunology

e Adaptive Immunity

e Immunopathology

e Immunogenetics

¢ Parasite Immunology

e Immunochemistry

The Journal considers for publication original research papers. In exceptional cases we
aim to publish high priority papers of special importance on-line within 4-6 weeks of
submission. On occasion, the Journal will publish reviews, editorials and letters to the
editor. Reviews should be solicited by the editors. Editorials are primarily contributed by
the editors but may also be accepted from authors not associated with the Journal.
Letters to the editor should deal with matters of urgent scientific interest and should be
very brief.

Page charges
This journal has no page charges.

You can use this list to carry out a final check of your submission before you send it to
the journal for review. Please check the relevant section in this Guide for Authors for
more details.

Ensure that the following items are present:

One author has been designated as the corresponding author with contact details:
e E-mail address
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¢ Full postal address

All necessary files have been uploaded:

Manuscript:

¢ Include keywords

¢ All figures (include relevant captions)

¢ All tables (including titles, description, footnotes)

e Ensure all figure and table citations in the text match the files provided
e Indicate clearly if color should be used for any figures in print
Graphical Abstracts / Highlights files (where

applicable) Supplemental files (where

applicable)

Further considerations

e Manuscript has been 'spell checked' and 'grammar checked'

¢ All references mentioned in the Reference List are cited in the text, and vice versa

e Permission has been obtained for use of copyrighted material from other sources
(including the Internet)

e Relevant declarations of interest have been made

e Journal policies detailed in this guide have been reviewed

e Referee suggestions and contact details provided, based on journal requirements

For further information, visit our Support Center.

BEFORE YOU BEGIN

Please see our information pages on Ethics in publishing and Ethical guidelines for journal
publication.

If the work involves the use of human subjects, the author should ensure that the work
described has been carried out in accordance with The Code of Ethics of the World
Medical Association (Declaration of Helsinki) for experiments involving humans; Uniform
Requirements for manuscripts submitted tojjournals. Authors should include a statement in
the manuscript that informed consentwas obtained for experimentation with human
subjects. The privacy rights of human subjects must always be observed.

All animal experiments should comply with the ARRIVE guidelines and should be carried
out in accordance with the U.K. Animals (Scientific Procedures) Act, 1986 and associated
guidelines, EU Directive 2010/63/EU for animal experiments,or the National Institutes of
Health guide for the careand use of Laboratory animals (NIH Publications No. 8023,
revised 1978) and the authors should clearly indicate in the manuscript that such
guidelines have been followed.

All authors must disclose any financial and personal relationships with other people or
organizations that could inappropriately influence (bias) their work. Examples of potential
conflicts of interest include employment, consultancies, stock ownership, honoraria, paid
expert testimony, patent applications/ registrations, and grants or other funding. If there
are no conflicts of interest then please state this: 'Conflicts of interest: none'. More
information.

Submission of an article implies that the work described has not been published
previously (except in the form of an abstract or as part of a published lecture or
academic thesis or as an electronic preprint, see 'Multiple, redundant or concurrent
publication' section of our ethics policy for more information), that it is not under
consideration for publication elsewhere, that its publication is approved by all authors
and tacitly or explicitly by the responsible authorities where the work was carried out,
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and that, if accepted, it will not be published elsewhere in the same form, in English or in
any other language, including electronically without the written consent of the copyright-
holder. To verify originality, your article may be checked by the originality detection
service Cross Check.

Authors are expected to consider carefully the list and order of authors before
submitting their manuscript and provide the definitive list of authors at the time of the
original submission. Any addition, deletion or rearrangement of author names in the
authorship list should be made only before the manuscript has been accepted and only if
approved by the journal Editor. To request sucha change, the Editor must receive the
following from the corresponding author: (a) the reason for the change in author list
and (b) written confirmation (e-mail, letter) from all authors that they agree with the
addition, removal or rearrangement. In the case of addition or removal of authors, this
includes confirmation from the author being added or removed.

Only in exceptional circumstances will the Editor consider the addition, deletion or
rearrangement of authors after the manuscript has been accepted. While the Editor
considers the request, publication of the manuscript will be suspended. If the manuscript
has already been published in an online issue, any requests approved by the Editor will
result in a corrigendum.

In line with the position of the International Committee of Medical Journal Editors, the
journal will not consider results posted in the same clinical trials registry in which primary
registration resides to be prior publication if the results posted are presented in the form
of a brief structured (less than 500 words) abstract or table. However, divulging results
in other circumstances (e.g., investors' meetings) is discouraged and may jeopardise
consideration of the manuscript. Authors should fully disclose all posting in registries of
results of the same or closely related work.

Upon acceptance of an article, authors will be asked to complete a 'Journal Publishing
Agreement' (see more informationonthis). An e-mail will be sent to the corresponding
author confirming receipt ofthe manuscript together with a 'Journal Publishing
Agreement' form or a link to the online version of this agreement.

Subscribers may reproduce tables of contents or prepare lists of articles including
abstracts for internal circulation within their institutions. Permission of the Publisher is
required for resale or distribution outside the institution and for all other derivative
works, including compilations and translations. If excerpts from other copyrighted works
are included, the author(s) must obtain written permission from the copyright owners
and credit the source(s) in the article. Elsevier has preprinted forms for use by authors in
these cases.

For open access articles: Upon acceptance of an article, authors will be asked to
complete an 'Exclusive License Agreement' (more information). Permitted third party
reuse of open access articles is determined by the author's choice of user license.

Author rights
As an author you (or your employer or institutions) have certain rights to reuse your
work. More information.

Elsevier supports responsible sharing
Find out how you can share your research published in Elsevier journals.

You are requested to identify who provided financial support for the conduct of the
research and/or preparation of the article and to briefly describe the role of the
sponsor(s), if any, in study design; in the collection, analysis and interpretation of data;
in the writing of the report; and in the decision to submit the article for publication. If the
funding source(s) had no such involvement then this should be stated.


http://www.elsevier.com/editors/plagdetect
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http://www.elsevier.com/__data/assets/word_doc/0007/98656/Permission-Request-Form.docx
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http://www.elsevier.com/sharing-articles

00 NOY U1 B Whe

10

12
13
14
16
17
18
38
21
22
23
24
25
26

%4

8
31

32
33
34
35
36
38
39
40
41
42
43
43
46
47
48
49
50
51
52
53
54

28

o4

68
61

62
63
64

68
62

94

Funding body agreements and policies

Elsevier has established a number of agreements with funding bodies which allow authors
to comply with their funder's open access policies. Some funding bodies will reimburse
the author for the Open Access Publication Fee. Details of existing agreements are
available online.

This journal offers authors a choice in publishing their research:

Open access

¢ Articles are freely available to both subscribers and the wider public with permitted
reuse.

e An open access publication fee is payable by authors or on their behalf, e.g. by their

research funder or institution.

Subscription

¢ Articles are made available to subscribers as well as developing countries and patient

groups through our universal access programs.

¢ No open access publication fee payable by authors.

Regardless of how you choose to publish your article, the journal will apply the same
peer review criteria and acceptance standards.

For open access articles, permitted third party (re)use is defined by the following
Creative Commons user licenses:

Creative Commons Attribution (CC BY)

Lets others distribute and copy the article, create extracts, abstracts, and other revised
versions, adaptations or derivative works of or from an article (such as a translation),
include in a collective work (such as an anthology), text or data mine the article, even for
commercial purposes, as long as they credit the author(s), do not represent the author
as endorsing their adaptation of the article, and do not modify the article in such a way
as to damage the author's honor or reputation.

Creative Commons Attribution-Non Commercial-No Derivs (CC BY-NC-ND)

For non-commercial purposes, lets others distribute and copy the article, and to include
in a collective work (such as an anthology), as long as they credit the author(s) and
provided they do not alter or modify the article.

The open access publication fee for this journal is USD 2050, excluding taxes. Learn
more about Elsevier's pricing policy: http://www.elsevier.com/openaccesspricing.

Green open access

Authors can share their research in a variety of different ways and Elsevier has a number of
green open access options available. We recommend authors see our green open access page
for further information. Authors can also self-archive their manuscripts immediately and
enable public access from their institution's repository after an embargo period. This is the
version that has been accepted for publication and which typically includes author-
incorporated changes suggested during submission, peer review and in editor-author
communications. Embargo period: For subscription articles, an appropriate amount of time is
needed for journals to deliver value to subscribing customers before an article becomes freely
available to the public. This is the embargo period and it begins from the date the article is
formally published online in its final and fully citable form. Find out more.

This journal has an embargo period of 12 months.

Language (usage and editing services)

Please write your text in good English (American or British usage is accepted, but not a
mixture of these). Authors who feel their English language manuscript may require
editing to eliminate possible grammatical or spelling errors and to conform to correct
scientific English may wish to use the English Language Editing service available from
Elsevier's Web Shop.


http://www.elsevier.com/about/open-science/open-access/agreements
http://www.elsevier.com/access
http://www.elsevier.com/openaccesslicenses
http://www.elsevier.com/openaccesslicenses
http://elsevier.com/greenopenaccess
http://www.elsevier.com/about/open-science/open-access/journal-embargo-finder/
http://webshop.elsevier.com/languageediting/
http://webshop.elsevier.com/languageediting/
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Studies on patients or volunteers require ethics committee approval and informed
consent, which should be documented in the paper. Appropriate consents, permissions
and releases must be obtained where an author wishes to include case details or other
personal information or images of patients and any other individuals in an Elsevier
publication. Written consents must be retained by the author and copies of the consents
or evidence that such consents have been obtained must be provided to Elsevier on
request. For more information, please review the Elsevier Policy on the Use of Images or
Personal Information of Patients or other Individuals.Unless you have written permission
from thepatient (or, where applicable, the next of kin), the personal details of any patient
included in any part of the article and in any supplementary materials (including all
illustrations and videos) must be removed before submission.

Our online submission system guides you stepwise through the process of entering your
article details and uploading your files. The system converts your article files to a single
PDF file used in the peer-review process. Editable files (e.g., Word, LaTeX) are required
to typeset your article for final publication. All correspondence, including notification of
the Editor's decision and requests for revision, is sent by e-mail.

Submit your article
Please submit your article via http://ees.elsevier.com/imbio.

Please submit, with the manuscript, the names, addresses and e-mail addresses of four
potential referees. Note that the editor retains the sole right to decide whether or not the
suggested reviewers are used.

PREPARATION

Submission to this journal proceeds totally online and you will be guided stepwise
through the creation and uploading of your files. The system automatically converts your
files to a single PDF file, which is used in the peer-review process.

As part of the Your Paper Your Way service, you may choose to submit your manuscript
as a single file to be used in the refereeing process. This can be a PDF file or a Word
document, in any format or lay-out that can be used by referees to evaluate your
manuscript. It should contain high enough quality figures for refereeing. If you prefer to
do so, you may still provide all or some of the source files at the initial submission.
Please note that individual figure files larger than 10 MB must be uploaded separately.

References

There are no strict requirements on reference formatting at submission. References can be in
any style or format as long as the style is consistent. Where applicable, author(s) name(s),
journal title/book title, chapter title/article title, year of publication, volume number/book
chapter and the pagination

must be present. Use of DOI is highly encouraged. The reference style used by the
journal will be applied to the accepted article by Elsevier at the proof stage. Note that
missing data will be highlighted at proof stage for the author to correct.

Formatting requirements

There are no strict formatting requirements but all manuscripts must contain the
essential elements needed to convey your manuscript, for example Abstract, Keywords,
Introduction, Materials and Methods, Results, Conclusions, Artwork and Tables with
Captions.

If your article includes any Videos and/or other Supplementary material, this should be
included in your initial submission for peer review purposes.

Divide the article into clearly defined sections.

Figures and tables embedded in text
Please ensure the figures and the tables included in the single file are placed next to the


http://www.elsevier.com/patient-consent-policy
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relevant text in the manuscript, rather than at the bottom or the top of the file. The
corresponding caption should be placed directly below the figure or table.

Use of word processing software

Regardless of the file format of the original submission, at revision you must provide us
with an editable file of the entire article. Keep the layout of the text as simple as
possible. Most formatting codes will be removed and replaced on processing the article.
The electronic text should be prepared in a way very similar to that of conventional
manuscripts (see also the Guide to Publishing with Elsevier). See also the section on
Electronic artwork.

To avoid unnecessary errors you are strongly advised to use the 'spell-check' and
'grammar-check' functions of your word processor.

Subdivision - unnumbered sections

Divide your article into clearly defined sections. Each subsection is given a brief heading.
Each heading should appear on its own separate line. Subsections should be used as
much as possible when cross-referencing text: refer to the subsection by heading as
opposed to simply 'the text'.

Introduction
State the objectives of the work and provide an adequate background, avoiding a
detailed literature survey or a summary of the results.

Material and methods
Provide sufficient detail to allow the work to be reproduced. Methods already published
should be indicated by a reference: only relevant modifications should be described.

Results
Results should be clear and concise.

Discussion

This should explore the significance of the results of the work, not repeat them. A
combined Results and Discussion section is often appropriate. Avoid extensive citations
and discussion of published literature.

Conclusions

The main conclusions of the study may be presented in a short Conclusions section,
which may stand alone or form a subsection of a Discussion or Results and Discussion
section.

Appendices

If there is more than one appendix, they should be identified as A, B, etc. Formulae and
equations in appendices should be given separate numbering: Eq. (A.1), Eq. (A.2), etc.;
in a subsequent appendix, Eq. (B.1) and so on. Similarly for tables and figures: Table
A.1; Fig. A.1, etc.

e Title. Concise and informative. Titles are often used in information-retrieval systems.
Avoid abbreviations and formula ewhere possible.

Author names and affiliations.Please clearly indicate the given name(s) and family
name(s) of each author and check that all nhames are accurately spelled. Present the
authors' affiliation addresses (where the actual work was done) below the names.
Indicate all affiliations with a lower-case superscript letter immediately after the author's
name and in front of the appropriate address. Provide the full postal address of each
affiliation, including the country name and, if available, the e-mail address of each
author.

e Corresponding author. Clearly indicate who will handle correspondence at all stages
of refereeingand publication, also post-publication. Ensure that the e-mail address is
given and that contactdetails are kept up to date by the corresponding author.
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e Present/permanent address. If an author has moved since the work described in the
article wasdone, or was visiting at the time, a 'Present address' (or 'Permanent address') may
be indicated as a footnote to that author's name. The address at which the author actually did
the work must be retained as the main, affiliation address. Superscript Arabic numerals are
used for such footnotes.

A concise and factual abstract is required. The abstract should state briefly the purpose
of the research, the principal results and major conclusions. An abstract is often
presented separately from the article, so it must be able to stand alone. For this reason,
References should be avoided, but if essential, then cite the author(s) and year(s). Also,
non-standard or uncommon abbreviations should be avoided, but if essential they must
be defined at their first mention in the abstract itself.

Graphical abstract

Although a graphical abstract is optional, its use is encouraged as it draws more attention to
the online article. The graphical abstract should summarize the contents of the article in a
concise, pictorial form designed to capture the attention of a wide readership. Graphical
abstracts should be submitted as a separate file in the online submission system. Image size:
Please provide an image with a minimum of 531 x 1328 pixels (h x w) or proportionally
more. The image should be readable at a size of 5 x 13 cm using a regular screen resolution
of 96 dpi. Preferred file types: TIFF, EPS, PDF or MS Office files. You can view Example
Graphical Abstracts on our information site.

Authors can make use of Elsevier's Illustration and Enhancement service to ensure the best
presentation of their images and in accordance with all technical requirements: Illustration
Service.

Highlights

Highlights are a short collection of bullet points that convey the core findings of the article.
Highlights are optional and should be submitted in a separate editable file in the online
submission system. Please use 'Highlights' in the file hame and include 3 to 5 bullet points
(maximum 85 characters, including spaces, per bullet point). You can view example Highlights
on our information site.

Immediately after the abstract, provide a maximum of 7 keywords by avoiding general
and plural terms and multiple concepts (avoid, for example, 'and’, 'of'). Be sparing with
abbreviations: only abbreviations firmly established in the field may be eligible. These
keywords will be used for indexing purposes.

Abbreviations

Define abbreviations that are not standard in this field in a footnote to be placed on the first
page of the article. Such abbreviations that are unavoidable in the abstract must be defined at
their first mention there, as well as in the footnote. Ensure consistency of abbreviations
throughout the article.

Acknowledgements

Collate acknowledgements in a separate section at the end of the article before the
references and do not, therefore, include them on the title page, as a footnote to the title
or otherwise. List here those individuals who provided help during the research (e.g.,
providing language help, writing assistance or proof reading the article, etc.).

Formatting of funding sources
List funding sources in this standard way to facilitate compliance to funder's
requirements:

Funding: This work was supported by the National Institutes of Health [grant numbers
xxxX, yyyy]; the Bill & Melinda Gates Foundation, Seattle, WA [grant number zzzz]; and
the United States Institutes of Peace [grant number aaaa].
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It is not necessary to include detailed descriptions on the program or type of grants and
awards. When funding is from a block grant or other resources available to a university,
college, or other research institution, submit the name of the institute or organization
that provided the funding.

If no funding has been provided for the research, please include the following sentence:

This research did not receive any specific grant from funding agencies in the public,
commercial, or not-for-profit sectors.

Units
Follow internationally accepted rules and conventions: use the international system of
units (SI). If other units are mentioned, please give their equivalent in SI.

Footnotes

Footnotes should be used sparingly. Number them consecutively throughout the article.
Many word processors build footnotes into the text, and this feature may be used. Should
this not be the case, indicate the position of footnotes in the text and present the
footnotes themselves separately at the end of the article.

Image manipulation

Whilst it is accepted that authors sometimes need to manipulate images for clarity,
manipulation for purposes of deception or fraud will be seen as scientific ethical abuse
and will be dealt with accordingly. For graphical images, this journal is applying the
following policy: no specific feature within an image may be enhanced, obscured, moved,
removed, or introduced. Adjustments of brightness, contrast, or color balance are
acceptable if and as long as they do not obscure or eliminate any information present in
the original. Nonlinear adjustments (e.g. changes to gamma settings) must be disclosed
in the figure legend.

Electro

nic

artwork

General

points

e Make sure you use uniform lettering and sizing of your original artwork.

¢ Preferred fonts: Arial (or Helvetica), Times New Roman (or Times), Symbol, Courier.

e Number the illustrations according to their sequence in the text.

e Use a logical naming convention for your artwork files.

¢ Indicate per figure if it is a single, 1.5 or 2-column fitting image.

e For Word submissions only, you may still provide figures and their captions, and tables

within a single file at the revision stage.

¢ Please note that individual figure files larger than 10 MB must be provided in separate

source files. A detailed guide on electronic artwork is available.

You are urged to visit this site; some excerpts from the detailed information are

given here.

Formats

Regardless of the application used, when your electronic artwork is finalized, please 'save

as' or convert the images to one of the following formats (note the resolution

requirements for line drawings, halftones, and line/halftone combinations given below):

EPS (or PDF): Vector drawings. Embed the font or save the text as 'graphics'.

TIFF (or JPG): Color or grayscale photographs (halftones): always use a minimum

of 300 dpi. TIFF (or JPG): Bitmapped line drawings: use a minimum of 1000 dpi.

TIFF (or JPG): Combinations bitmapped line/half-tone (color or grayscale): a minimum of

500 dpi is required.

Please do not:

e Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); the resolution is
too low.
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e Supply files that are too low in resolution.
e Submit graphics that are disproportionately large for the content.

Color artwork

Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS (or
PDF), or MS Office files) and with the correct resolution. If, together with your accepted
article, you submit usable color figures then Elsevier will ensure, at no additional charge,
that these figures will appear in color online (e.g., Science Direct and other sites)
regardless of whether or not these illustrations are reproduced in color in the printed
version. For color reproduction in print, you will receiveinformation regarding
the costs from Elsevier after receipt of your accepted article. Pleaseindicate your
preference for color: in print or online only. Further information on the preparation of
electronic artwork.

Illustration services

Elsevier's Web Shop offers Illustration Services to authors preparing to submit a
manuscript but concerned about the quality of the images accompanying their article.
Elsevier's expert illustrators can produce scientific, technical and medical-style images,
as well as a full range of charts, tables and graphs. Image 'polishing’ is also available,
where our illustrators take your image(s) and improve them to a professional standard.
Please visit the website to find out more.

Figure captions

Ensure that each illustration has a caption. A caption should comprise a brief title (not on
the figure itself) and a description of the illustration. Keep text in the illustrations
themselves to a minimum but explain all symbols and abbreviations used.

Please submit tables as editable text and not as images. Tables can be placed either next
to the relevant text in the article, or on separate page(s) at the end. Number tables
consecutively in accordance with their appearance in the text and place any table notes
below the table body. Be sparing in the use of tables and ensure that the data presented
in them do not duplicate results described elsewhere in the article. Please avoid using
vertical rules and shading in table cells.

Citation in text

Please ensure that every reference cited in the text is also present in the reference list
(and vice versa). Any references cited in the abstract must be given in full. Unpublished
results and personal communications are not recommended in the reference list, but may
be mentioned in the text. If these references are included in the reference list they
should follow the standard reference style of the journal and should include a substitution
of the publication date with either 'Unpublished results' or 'Personal communication'.
Citation of a reference as 'in press' implies that the item has been accepted for
publication.

Reference links

Increased discoverability of research and high quality peer review are ensured by online
links to the sources cited. In order to allow us to create links to abstracting and indexing
services, such as Scopus, CrossRef and PubMed, please ensure that data provided in the
references are correct. Please note that incorrect surnames, journal/book titles,
publication year and pagination may prevent link creation. When copying references,
please be careful as they may already contain errors. Use of the DOI is encouraged.

A DOI can be used to cite and link to electronic articles where an article is in-press and
full citation details are not yet known, but the article is available online. A DOI is
guaranteed never to change, so you can use it as a permanent link to any electronic
article. An example of a citation using DOI for an article not yet in an issue is: VanDecar
J.C., Russo R.M., James D.E., Ambeh W.B., Franke M. (2003). Aseismic continuation of
the Lesser Antilles slab beneath northeastern Venezuela.Journal of Geophysical Research,
http://dx.doi.org/10.1029/2001JB000884i. Please note the format of such citations
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should be in the same style as all other references in the paper.

Web references

As a minimum, the full URL should be given and the date when the reference was last
accessed. Any further information, if known (DOI, author names, dates, reference to a
source publication, etc.), should also be given. Web references can be listed separately
(e.g., after the reference list) under a different heading if desired, or can be included in
the reference list.

Data references

This journal encourages you to cite underlying or relevant datasets in your manuscript by
citing them in your text and including a data reference in your Reference List. Data references
should include the following elements: author name(s), dataset title, data repository, version
(where available), year, and global persistent identifier. Add [dataset] immediately before the
reference so we can properly identify it as a data reference. The [dataset] identifier will not
appear in your published article.

References in a special issue
Please ensure that the words 'this issue' are added to any references in the list (and any
citations in the text) to other articles in the same Special Issue.

Reference management software

Most Elsevier journals have their reference template available in many of the most
popular reference management software products. These include all products that
support Citation Style Languages tyles, such as Mendeley and Zotero, as well as EndNote.
Using the word processor plug-ins from these products, authors only need to select the
appropriate journal template when preparing their article, after which citations and
bibliographies will be automatically formatted in the journal's style. If no template is yet
available for this journal, please follow the format of the sample references and citations
as shown in this Guide.

following link:

http://open.mendeley.com/use-citation-style/immunobiology

When preparing your manuscript, you will then be able to select this style using the
Mendeley plug-ins for Microsoft Word or LibreOffice.

Reference formatting

There are no strict requirements on reference formatting at submission. References can
be in any style or format as long as the style is consistent. Where applicable, author(s)
name(s), journal title/book title, chapter title/article title, year of publication, volume
number/book chapter and the pagination must be present. Use of DOI is highly
encouraged. The reference style used by the journal will be applied to the accepted
article by Elsevier at the proof stage. Note that missing data will be highlighted at proof
stage for the author to correct. If you do wish to format the references yourself they
should be arranged according to the following examples:

Reference style
References should be cited in the text by first author name and year (Surname, Year)
and listed alphabetically in the references section, for example:

(Aaron et al., 2001a; Aaron et al., 2001b; Schmidt and Mayer, 1999)

Aaron, J.P., Park, C.H., York, N.A., 2001a. Altered immune response in Wkb-/- knockout
mice. Am. J. Immunol. 98, 545-556.

Aaron, J1.P., Wang, X., York, N.A., MacTabor, W.D., 2001b. New immune system
mediators working through the Wkbsignalling pathway. J. Med. Immun. 8, 12-34.
Schmidt, J., Mayer, M., 1999.The role of the WKB gene family in lymphocyte
recruitment.]. Inflamm. 52, 68-79.

[dataset] Oguro, M., Imahiro, S., Saito, S., Nakashizuka, T., 2015. Mortality data for
Japanese oak wilt disease and surrounding forest compositions. Mendeley Data, v1.
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The author is fully responsible for the accuracy of bibliographic references.

Journal abbreviations source
Journal names should be abbreviated according to the List of Title Word Abbreviations

Elsevier accepts video material and animation sequences to support and enhance your
scientific research. Authors who have video or animation files that they wish to submit
with their article are strongly encouraged to include links to these within the body of the
article. This can be done in the same way as a figure or table by referring to the video or
animation content and noting in the body text where it should be placed. All submitted
files should be properly labeled so that they directly relate to the video file's content. In
order to ensure that your video or animation material is directly usable, please provide
the files in one of our recommended file formats with a preferred maximum size of 150
MB. Video and animation files supplied will be published online in the electronic version of
your article in Elsevier Web products, including Science Direct. Please supply 'stills' with
your files: you can choose any frame from the video or animation or make a separate
image. These will be used instead of standard icons and will personalize the link to your
video data. For more detailed instructions please visit our video instruction pages. Note:
since video and animation cannot be embedded in the print version of the journal, please
provide text for both the electronic and the print version for the portions of the article
that refer to this content.

Supplementary material such as applications, images and sound clips, can be published
with your article to enhance it. Submitted supplementary items are published exactly as
they are received (Excel or PowerPoint files will appear as such online). Please submit
your material together with the article and supply a concise, descriptive caption for each
supplementary file. If you wish to make changes to supplementary material during any
stage of the process, please make sure to provide an updated file. Do not annotate any
corrections on a previous version. Please switch off the 'Track Changes' option in
Microsoft Office files as these will appear in the published version.

Elsevier encourages authors to connect articles with external databases, giving readers access
to relevant databases that help to build a better understanding of the described research.
Please refer to relevant database identifiers using the following format in your article:
Database: xxxx (e.g., TAIR: AT1G01020; CCDC: 734053; PDB: 1XFN). More information and
a full list of supported databases.

Elsevier encourages and supports authors to share raw data sets underpinning their
research publication where appropriate and enables interlinking of articles and data. More
information on depositing, sharing and using research data.

AFTER ACCEPTANCE

Availability of accepted article

This journal makes articles available online as soon as possible after acceptance. This
concerns the accepted article (both in HTML and PDF format), which has not yet been
copyedited, typeset or proofread. A Digital Object Identifier (DOI) is allocated, thereby
making it fully citable and searchable by title, author name(s) and the full text. The
article's PDF also carries a disclaimer stating that it is an unedited article. Subsequent
production stages will simply replace this version.

Corresponding authors will receive an e-mail with a link to our online proofing system,
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allowing annotation and correction of proofs online. The environment is similar to MS
Word: in addition to editing text, you can also comment on figures/tables and answer
questions from the Copy Editor. Web-based proofing provides a faster and less error-
prone process by allowing you to directly type your corrections, eliminating the potential
introduction of errors.

If preferred, you can still choose to annotate and upload your edits on the PDF version.
All instructions for proofing will be given in the e-mail we send to authors, including
alternative methods to the online version and PDF.

We will do everything possible to get your article published quickly and accurately. Please
use this proof only for checking the typesetting, editing, completeness and correctness of
the text, tables and figures. Significant changes to the article as accepted for publication
will only be considered at this stage with permission from the Editor. It is important to
ensure that all corrections are sent back to us in one communication. Please check
carefully before replying, as inclusion of any subsequent corrections cannot be
guaranteed. Proofreading is solely your responsibility.

The corresponding author will, at no cost, receive a customized Share Link providing 50
days free access to the final published version of the article on Science Direct. The Share
Link can be used for sharing the article via any communication channel, including email
and social media. For an extra charge, paper offprints can be ordered via the offprint
order form which is sent once the article is accepted for publication. Both corresponding
and co-authors may order offprints at any time via Elsevier's Web shop. Corresponding
authors who have published their article open access do not receive a Share Link as their
final published version of the article is available open access on Science Direct and can
be shared through the article DOI link.

AUTHOR INQUIRIES

Visit the Elsevier Support Center to find the answers you need. Here you will find
everything from Frequently Asked Questions to ways to get in touch.

You can also check the status of your submitted article or find out when your accepted
article will be published.

© Copyright 2014 Elsevier |
http://www.elsevier.com
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APENDICE 1 - Termo de Consentimento Livre e Esclarecido (para grupo de
pacientes)

“Associagao entre polimorfismos genéticos e a susceptibilidade ao Lupus
Eritematoso Sistémico em pacientes atendidos no Ambulatério do Hospital de

Clinicas da Universidade Estadual de Londrina, Londrina, Parana”

Prezado(a) Senhor(a):

Gostariamos de convida-lo (a) a participar da pesquisa “Associagao entre
polimorfismos genéticos e a susceptibilidade ao Lupus Eritematoso Sistémico
(LES) em pacientes atendidos no Ambulatério do Hospital de Clinicas da
Universidade Estadual de Londrina, Londrina, Parand,” realizada no “Hospital
Universitario da Universidade Estadual de Londrina (HU/UEL), Londrina, Parana”. O
objetivo da pesquisa € “determinar se existe associagao entre fatores genéticos do
individuo e a chance de desenvolver LES e se existe associacdo com o0 quadro
clinico da doenga”. A sua participacdo € muito importante e ela se daria da seguinte
forma: no momento da entrada no projeto de pesquisa, sera realizada uma avaliacédo
clinica e coleta de 20 mL de sangue periférico para realizacdo de exames
laboratoriais relacionados ao LES, e uma entrevista para vocé fornecer informacdes
sobre estilos de vida como dieta e exercicios fisicos. Gostariamos de esclarecer que
sua participacdo € totalmente voluntaria, podendo vocé: recusar-se a participar ou
mesmo desistir a qualquer momento sem que isto acarrete qualquer 6nus ou
prejuizo a sua pessoa. Informamos, ainda que as informagfes serdo utilizadas
somente para os fins desta pesquisa e serdo tratadas com o mais absoluto sigilo e

confidencialidade, de modo a preservar a sua identidade.

As amostras de sangue coletadas serdo identificadas por codigos com letra e
namero garantindo o absoluto sigilo e confidencialidade dos resultados. Apds sua
utilizagdo, as amostras serdo armazenadas em freezer sob a responsabilidade do

pesquisador responsavel para outros estudos genéticos relacionados ao LES.

A participagdo no projeto ndo apresenta riscos ao (a) senhor (a) e a populagéo

podera ser beneficiada com os resultados obtidos, caso a equipe de pesquisa
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determine fatores genéticos que possam estimar a chance de um individuo
desenvolver a doenca ou a chance de um individuo previamente com a doenca em
desenvolver quadros clinicos mais graves como a nefrite lUpica.

Informamos que o (a) senhor (a) ndo pagara nem serd remunerado por sua
participacdo. Garantimos, no entanto, que todas as despesas decorrentes da
pesquisa serao ressarcidas, quando devidas e decorrentes especificamente de sua

participacdo na pesquisa.

Caso vocé tenha duvidas ou necessite de maiores esclarecimentos pode nos
contactar:Professora Dra. Andrea Name Colado Siméo, no Setor de Imunologia
Clinica do Laboratorio de Analises Clinicas do HU/UEL, fone 43-3371-2321, e-
mail: deianame@yahoo.com.br, ou procurar o Comité de Etica em Pesquisa

Envolvendo Seres Humanos da Universidade Estadual de Londrina, na Avenida
Robert Kock, n°® 60, ou no telefone 33712490.

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

devidamente preenchida e assinada entregue a voceé.

Londrina, de de 2012.

Pesquisador Responsavel: Profa. Dra. Andrea Name Colado Siméao,

RG: 6226736-4.

, tendo sido devidamente esclarecido

sobre os procedimentos da pesquisa, concordo em participar voluntariamente da
pesquisa descrita acima.
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Assinatura (ou impressao dactiloscépica):

Data:

Obs: Caso o participante da pesquisa seja menor de idade, deve ser incluido o
campo para assinatura do menor e do responsavel.
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APENDICE 2 - Termo de Consentimento Livre e Esclarecido (para grupo
controle)

“Associagao entre polimorfismos genéticos e a susceptibilidade ao Lupus
Eritematoso Sistémico em pacientes atendidos no Ambulatério do Hospital de

Clinicas da Universidade Estadual de Londrina, Londrina, Parana”

Prezado(a) Senhor(a):

Gostariamos de convida-lo (a) a participar da pesquisa “Associagdo entre
polimorfismos genéticos e a susceptibilidade ao Lupus Eritematoso Sistémico (LES)
em pacientes atendidos no Ambulatério do Hospital de Clinicas da Universidade
Estadual de Londrina, Londrina, Parana, realizada no “Hospital Universitario da
Universidade Estadual de Londrina (HU/UEL), Londrina, Parana”. O objetivo da
pesquisa é “Determinar se existe associagao entre fatores genéticos do individuo e a
chance de desenvolver LES e se existe associacdo com o quadro clinico da
doencga”. A sua participagdo € muito importante e ela se daria da seguinte forma
(avaliacdo clinica, coleta de sangue periférico para realizacdo de exames
laboratoriais relacionados ao LES, fornecer informacdes sobre estilos de vida como
dieta e exercicios fisicos. Gostariamos de esclarecer que sua participacdo é
totalmente voluntaria, podendo vocé: recusar-se a participar, ou mesmo desistir a
qualguer momento sem que isto acarrete qualquer 6nus ou prejuizo a sua pessoa.
Informamos ainda que as informacgdes seréo utilizadas somente para os fins desta
pesquisa e serdo tratadas com o mais absoluto sigilo e confidencialidade, de modo a

preservar a sua identidade.

Sua participacdo € importante para compor o grupo de individuos saudaveis que
serdo utilizados para a comparacdo dos resultados obtidos com o grupo de

pacientes com a doenca.

As amostras de sangue coletadas serdo identificadas por cédigos garantindo o
absoluto sigilo e confidencialidade dos resultados. ApoOs sua utilizacdo, as amostras
serdo armazenadas em freezer sob a responsabilidade do pesquisador responsavel

par outros estudos genéticos relacionados ao LES.
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A participacdo no projeto ndo apresenta riscos ao (a) senhor (a) e a populacéo
poderd ser beneficiada com os resultados obtidos, caso a equipe de pesquisa
determine fatores genéticos que possam estimar a chance de um individuo
desenvolver a doencga ou a chance de um individuo com a doengca em desenvolver
quadros clinicos mais graves como a nefrite lupica. Os resultados serédo discutidos
entre 0os pesquisadores da area e poderdo contribuir para a implabntacdo de novos
exames laboratoriais possam estimar a chance de um individuo desenvolver a
doenca ou a chance de um individuo com a doen¢a em desenvolver quadros clinicos
mais graves como a nefrite lUpica.

Informamos que o (a) senhor (a) ndo pagara nem sera remunerado por sua
participagdo. Garantimos, no entanto, que todas as despesas decorrentes da
pesquisa serao ressarcidas, quando devidas e decorrentes especificamente de sua

participacdo na pesquisa.

Caso vocé tenha davidas ou necessite de maiores esclarecimentos pode nos
contactar (Professora Dra. Andrea Name Colado Siméo, no Setor de Imunologia
Clinica do Laboratorio de Analises Clinicas do HU/UEL, fone 43-3371-2321, e-

mail: deianame@yahoo.com.br, ou procurar o Comité de Etica em Pesquisa

Envolvendo Seres Humanos da Universidade Estadual de Londrina, na Avenida
Robert Kock, n° 60, ou no telefone 33712490.

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

devidamente preenchida e assinada entregue a voCé.

Londrina, de de 2012.

Pesquisador Responsavel

RG:
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, tendo sido devidamente esclarecido

sobre os procedimentos da pesquisa, concordo em participar voluntariamente da
pesquisa descrita acima.

Assinatura (ou impressao dactiloscépica):

Data:

Obs: Caso o participante da pesquisa seja menor de idade, deve ser incluido o
campo para assinatura do menor e do responsavel.




APENDICE 3 - Questionario Controles

Dados demograficos

N° do Controle:

Nome

Endereco

Telefone

Data de nascimento

Faz uso de algum
Medicamento?

Quais? Qual dosagem?

Tem alguma
Doenca?
Etnia () Caucasiano ( ) Negro () Mulato ()
Asiatico
Cor da pele ( )Branca ( )Negra ( )Pardo ( )Amarela
Exposicao solar () N&o se expde ao sol diariamente
diaria () Baixa exposicao ( <20 min/dia )
() Exposicéo solar adequada (> 20 min/dia)
Usa protetor solar? ( )Sim ( ) Nao Qual a frequéncia?
Tabagismo ( ) Sim ( ) Nao
Consumo de élcool ( ) Sim ( ) Nao

Profissao

Habitos de dieta

() Suplementacao alimentar ( ) Antioxidante ( )

Vitaminas ( ) Dieta especifica

Obs.:
Dados Clinicos
IMC: Peso: Altura: Circunferéncia:
Pressao Arterial: Atividade fisica? ( )Sim
( ) Nao

Quantas vezes?

Teve Inflamacgéo/
Infecg&o na dltima
semana?

( )Sim

( ) Nao

Qual?

110



P6s Menopausa

() Sim

( ) Néao

Data ultima menstruacao:

111



APENDICE 4 - Ficha de avaliagcdo pacientes - Projeto LES

NOME: PRONTUARIO:
DATA NASC: CAUCASIANO ()

NAO CAUC ( )
END: TEL:

MEDICAMENTOS

PREDNISONA:
HIDROXICLOROQUINA/CLOROQUINA:
METOTREXATE:

AZATIOPRINA:

MICOFENOLATO MOFETIL:

OUTROS IMUNOSSUPRESSORES:
OUTROS:

OUTRAS DOENCAS:

HAS SIM( ) NAO( )
DIABETES SIM( ) NAO ( )
AVC/IAMSIM () NAO ( )

OUTROS:

NEFRITE LUPICA

SIM( ) NAO ()
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OBS:

TEMPO DE DOENCA:

ESCORE SLEDAI:

TABAGISMO:  SIM( ) NAO( )

ATIVIDADE FISICA: SIM( ) NAO ()

PESO ALTURA

IMC

CIRC.
ABDOMINAL

PRESSAO
ARTERIAL
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