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Resumo

LUpus Eritematoso Sistémico (LES) € uma doenca autoimune, crénica e mutissistémica,
caracterizada por periodos de atividade e remis€idnteresse em identificar
biomarcadores que se correlacionem com a atividade sistémica do LES e que possam
predizer um envolvimento organico futuro é crescente. O presente estudo, de
caracteristica transversal, teve como objetivo avaliar os niveis de interferohBifg (I

e fator de necrose tumoral alfa (TNJem pacientes com LES juvenil (LESj) (inicio da
doencd D Q,Ravhiliares de primeiro grau e individuos sadios ndo aparentados
elucidar sua associacado com a atividade da doenca, dados laboratoriais e de tratamento.
Foram selecionados pacientes consecutivos com LESj acompanhados na Unidade de
Reumatologia Pediatrica da UNICAMP entre 2009/2010. Manifestacfes clinicas,
laboratoriais e medicacdo em uso foram avaliadlagividade da doenca [SLE Disease
Activity Index (SLEDAI)], dano cumulativo [Lupus International Collaborating
Clinics/American College of Rheumatology Damage Index (SDI)] foi determinado para
cada paciente no dia da coleta de sangue. Os transtornos de humor foram determinados
através dos inventarios de Depressao (BDI) e Ansiedade (BAI) de Beck. A dosagem das
citocinas foi realizada por ELISAEGzyme Linked Immuno Sorbent Ajsayiveis
séricosde INF: H 7-L)HVWDYDP D XP H Quabdé comp&&io/d tamiliares

de primeiro grau e individuos sadios nédo aparentados. Niveis séricos deelE-

TNF-. IRUDP VLJQLILFDWLYDPHQWH PDLRUHPp=0HBL,SDFLHQW
p=0,014, respectivamente). INF- U S H 7Q) S
correlacionaram-se com SLEDAI. INF{oi significativamente maior em pacientes

com anti-dsDNA positivo (p=0,011), pacientes com vasculite cutanea (p=0,001),
pacientes com rash malar (p=0,032) e em pacientes sem medicacao (p=0,035). Niveis

séricos de INF: FR U U H O BsE catrQriveidde C3 (r=0,34; p=0,032) e idade (r=-
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0,17; p=0,025). Niveis séricos de TNF4fi@m significativamente maiesem pacientes

com nefrite (p=0,009) e em pacientes com depressao (p=0,001). De acordo com NosSsos
resultados, INF: H 7-L)estiveram associados com a atividade da doenca e poderiam

ser considerados biomarcadores para avaliar atividade, porém estudos longitudidinais
sd80 necessarios para determinar se 0 aumento dessas citocinas pode prever periodos de

atividade em pacientes com LES;.
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Abstract

Systemic lupus erythematosus (SLE) is a chronic, multisystemic, relapsing and
remitting autoimmune disease. The interest in identifying biomarkers that correlate with
the SLE systemic activity and that can predict a future organ involvement is growing.
The present cassectional study aimed to assess the levels of interferon alpha.jIFN-
and tumor necrosis factor alpha (TN)4n pediatric SLESDWLHQWY GI6VHDVH RC
years), first-degree relatives and healthy unrelated controls and to elucidate its
association with the activity disease, laboratory data and treatment. We selected
consecutive pediatric SLE patients followed at the Pediatric Rheumatology Unit of
UNICAMP between 2009/2010. Clinical, laboratory, disease activity [SLE Disease
Activity Index (SLEDAI)], cumulative damage [Systemic Lupus International
Collaborating Clinics / American College of Rheumatology Damage Index (SDI)] and
current drug exposure were evaluated. Mood disorders were determined through the
Depression (BDI) and Anxiety (BAI) Becks Inventory. The measurement of cytokines
was performed by ELISA (Enzyme Linked Immuno Sorbent Assay). Serum levels of
INF-. DQG-712HUH LQFUHDVHG LQ SHGAPpWHenlcemparedSdd WLH QW
first-degree relatives and unrelated healthy controls. Serum levels of IBDFQ G -7 1)
were significantly higher in patients with active disease (p=0.031; p=0,014,
respectively). INF- U S D-QGU71) 0.&2) correlated with
SLEDAI. INF-. ZDV VLJQLILFDQW Onts KuvMtld Kbkltive L anti-d&DNAL H
(p=0.011), patients with cutaneous vasculitis (p=0.001), patients with malar rash
(p=0.032) and patients without medication (p=0.035). Serum levels of.[FNRUUHODWH G
with C3 levels (r=0.34; p=0.032) and age (r=-0.17; p=0.025). Serum levels of. TNF-
were significantly higher in patients with nephritis (p=0.009) and in patients with

depression (p=0.001). According to our results, IFND QG -712HUH DVVRFLDWHG Z

16



disease activity and could be considered biomarkers to assess disease activity in
pediatric SLE patients, however longitudinal studies are needed to determine if increase

of these cytokines may predict flares in pediatric SLE patients.
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1. Introducao
1.1 Definicao

O lupus eritematoso sistémico (LES) € uma doenca do tecido conjuntivo com
manifestacdes clinicas diversas, caracterizada por periodos de remissdo e exacerbacao,
com participacdo intensa do sistema imunoldgico (Dubois, 1964; West, 1994; Ruiz-

,UDVWRU]D SDKPDQ 211HLOO

1.2 Epidemiologia

A taxa de incidéncia do LES é de 1 a 10 por 100.000 pessoas/ano e a taxa de
prevaléncia em geral, varia de 20 a 70 por 100.000 habitantes (Siegel & Lee, 1973;
Petri, 2002). Quanto as diferentes racas, observa-se a frequéncia de 1 para cada 250
mulheres negras nos Estados Unidos da América; 22,4 para cada 100.000 asiaticos e
10,3 para cada 100.000 caucasianos (Fessel, 1974; Hopkinson, 1994; Johnson, 1995;
$ODUFRQ 3HWUL Entrét§ritd;l apdeG@enta-se como uma doenga
rara entre 0os negros africanos (Molina, 1997; Molokhia, 2001). No Brasil, observa-se
uma frequéncia maior entre caucasoides, principalmente na regido sudeste do pais
(Chahade, 1995).

Apesar de surgir geralmente na segunda e terceira década de vida, o LES pode se
manifestar em qualquer idade, predominantemente no sexo feminino (Dubois e
Tuffanelli, 1964; Siegel e Lee, 1973; Petri, 2002). Aproximadamente 15% a 20% dos
diagnésticos sdo feitos na infancia (Hashimoto, 1987; Pande, 1993; Cervera, 1993;
Costallat & Coimbra, 1994; Tucker, 1995; Rood, 1999; Carrefio, 1999; Klein-Gitelman,
2002; Mok, 2005; Gomez, 2006; Tucker, 2008; Ramirez Gomez, 2008; Hoffman, 2009;
Feng, 2010; Livingston, 2011). Nas criancgas, a relagao entre sexo feminino e masculino

é de 1,4 a 5,8:1; nos adultos varia de 8:1 a 13:1; nos individuos de idade mais avanc¢ada,
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esta relacdo é de 2:1 (Hashimoto, 1987; Pande, 1993; Cervera, 1993; Costallat &
Coimbra, 1994; Tucker, 1995; Press, 1996; Font, 1998; Rood, 1999; Marini, 1999;
Carrefio, 1999; Huemer, 2001; Klein Gitelman, 2002; Huang, 2004; Mok, 2005;

GOmez, 2006; Tucker, 2008; Ramirez Goméz, 2008; Hoffman, 2009 Feng, 2010;

Livingston, 2011; Pineles, 2011).

1.3 Critérios classificatoérios do LES

Nao existem critérios definitivos para o diagnostico do LES. O Colégio
Americano de Reumatologia (ACR) definiu critérios classificatérios de LES, segundo
0S quais sao necessarios no minimo quatro critérios clinicos e/ou laboratoriais entre
onze (Tan, 1982), apds cuidadosa investigacdo e exclusdo de doencas infecciosas e
neoplad FDV HQWUH RXWUDV (VWHV FULWPpPULRYV IRUDP UHYL
FpOXODV /(" FRQVWDQWH GR FULWpPULR :DOWHUDO}HV LP>
positivo para sifilis foi substituido pela presenca de anticorpos antifosfslipide
(Hochberg, 1997) (Tabela 1). Apesar de amplamente utilizados, estes critérios tém suas

limitacBes e novas mudancas estdo sendo estudadas (Petri M, 2011).

Tabela 1. Critérios revisados para a classificacdo de LES (Hochberg, 1997)

Critério Observacgoes

Rash malar Eritema fixo sobre as eminéncias malares ¢

pregas naso-labiais

Lesao discoéide Placas eritematosas, elevadas e circulares,
escamacgao aderente, comprometimento dos pe€

cicatrizacdo com atrofia

Fotossensibilidade Rash cutaneo resultado da exposicdo a luz s

observadas por médico

Ulceras orais Ulceracdo oral e/ou em nasofaringe, geralm

dolorosa, observadas por médico
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Artrite N&o erosiva de 2 ou mais articulagdes
Serosite Pleurite
Pericardite

Doenca renal

Proteinuria maior que 0,5 g/dia
Leucocitdria, na auséncia de infeccéo
Hematuaria dismoérfica

Cilindros celulares

Envolvimento do sistem

nervoso central (SNC)

Convulsao

Psicose

Alteracdes hematoldgicas

Anemia hemolitica (Bilirrubinemia indireta, LD
elevada, Coombs direto pasib)

Leucopenia menor que 4.000/rhm

Linfopenia menor que 1.500/nim

Plaquetopenia menor que 100.000 fAnm

Alteracdes imunologicas

Anticorpos Anti-d®NA
Anticorpos AntiSm
Anticorpos antifosfolipide [anticardiolipina (aC

IgG/IgM; anticoagulante lapico (LA)]

Anticorpos antinuclearefANA)

Titulo de ANA por imunofluorescéncia ¢
um ensaio equivalente a qualquer ponto no ter
na auséncia de drogas conhecidas por induz
ANA

1.4 Apresentacgdo clinica no LES adulto

As apresentacdes clinicas do LES variam desde manifestagbes mucocutaneas a
manifestacbes do SNC, como convulsdes e psicose. Sintomas constitucionais como

fadiga, perda de peso e febre sao frequentemente observados e tem um impacto

significativo na qualidade de vida dos pacientes (Tench,, Zdliman, 2008).

O envolvimento cutdneo no LES é muito comum, afetando até 90% dos

pacientes. Além dorash malar e das lesdes discoidesa fotossensibilidadeé
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frequentemente observada. Alopécia é frequentemente transitoria associada a atividade
da doenca, mas pode ocasionar cicatrizes quando associada a lesdes discéides. Ulcera
oral recorrente, especialmente no palato mole é também uma caracteristica de doenca
ativa (Manson, 2006; Rahman, 2008; Renner, 2009; Kuhn)2011

Artralgia e mialgia acometem a maioria dos pacientes. Artrite afeta, geralmente
as pequenas articulagcdes da méo e nao evoluindo para erosdes. A classica "Artropatia de
Jaccoud", resulta em deformidade e incapacidade funcional significativa, embora nao
causada por artrite destrutiva (Manson, 2006; Rahman, 2008; Bal), 2011

As manifestacdes renais afetam cerca de 30% dos pacientes com LES (Rahman,

2 11 HL O @ desenvolvimento da nefrite l[Gpica € mais comum nos primeiros
anos da doenca. A nefrite lUpica € caracterizada por proteindria (> 0,5 g/24 horas),
presenca de sedimento urinario (hemacias dismorficas, leucécitos) e ainda achados
histoldgicos. A revisdo dos critérios de classificacdo (Weening, 2004), desenvolvido
pela Sociedade Internacional de Nefrologia e da Sociedade de Patologia Renal foi
atualizada (Weening, 2004). Como o envolvimento renal € muitas vezes assintomético,
0 exame de urina regular e monitoramento da pressao arterial tornam-se cruciais
(291HLO D

As alteragbes hematologicas incluem anemia, trombocitopenia e leucopenia.
Doenca hematologica grave pode ocorrer, mas € relativamente rara (Sultan, 2003;
Rahman, 2008). A anemia geralmente € normocitica e normocrdmica, e surge
dependendo da gravidade e duracdo da doenca (Sultan, 2003). Trombocitopenia,
definida quando a contagem de plaquetas esta inferior a 150.000 células/mL, € um
achado frequente no LES. O grau é variavel. A trombocitopenia transitoria muitas vezes

aparece durante uma fase de exacerbacao da doenca sem causar tendénciachemorrag
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(Sultan, 2003; Rahman, 2008). Leucopenia € comum e pode resultar de doenca ativa ou
devido a reacao a drogas (Sultan, 2003; Rahman).2008

Pleurite, causando dor no peito, tosse e falta de ar é a manifestacdo pulmonar
mais comum no LES (Paran, 2004). Embora os sintomas possam estar relacionados
diretamente a atividade da doenca, embolia pulmonar deve ser sempre considerada,
principalmente naqueles que tém anticorpos antifosfolipides positivos. As infec¢gfes séo
comuns, e qualquer lesdo parenquimatosa deve ser tratada como infecciosa até que se
prove o contrario (Paran, 2004; Torre, 2011).

As complicagdes cardiacas incluem pericardite, doencas valvares, endocardite de
Libman-Sacks, miocardite, cardiomiopatia, doencas da artéria corondria e distlrbios da
conducao (Yeh, 2007). Vinte e cinco porcento dos pacientes com LES apresentam
envolvimento cardiovascular em algum momento da doenca. As complicacdes
cardiovasculares representam a terceira maior causa de morte nestes pacientes, embora
nem todas as doencas cardiovasculares sejam de natureza inflamatéria de fato; uma
significativa porcdo € devido a aterosclerose (Urowitz, 1997; Jacobsen, 1998).

As manifestacdes neuropsiquiatricas (NP) ocorrem em até 75% dos pacientes.
No entanto, a frequéncia dessas manifestacdes é muito variavel, dependendo do tipo de
manifestacdo incluida e do método usado para avaliacdo (Johnson, 1968; Costallat,
1990; Costallat, 1994; West, 1994; Hanly, 1992; Postal, 2011). LUpus neuropsiquiatrico
(LES NP) é, muitas vezes, de dificil diagnéstico. Em 1999, o ACR elaborou um
consenso para a terminologia e definicdo das sindromes NP que ocorrem no LES (ACR,
1999), com a participacdo de reumatologistas, neurologistas, psiquiatras, entre outros, e
definiu 19 sindromes mais prevalentes (Tabela 2). Estes critérios foram posteriormente
validados apresentando uma sensibilidade de 91% e especificidade de 46% (Ainiala,

2001). A baixa especificidade se deu devido a presenca de ansiedade, cefaléia,
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depressdo leve, disturbio cognitivo leve e polineuropatia ndo confirmada por
eletroneuromiografia (Ainiala, 2001). Quando estas manifestacdes foram excluidas,
observou-se uma especificidade de 93% (Ainiala, 2001).

Sintomas de depressao e ansiedade sdo comumente relatados em pacientes com
LES e é, provavelmente, devido ao déficit fistamo estresse de viver com uma doenga
cronica (Seawell, 2004; Postal, 2011). Pacientes com transtornos de depressédo e
ansiedade, muitas vezes sentem vergonha de assumir publicamente 0os seus sintomas;
alguns métodos de avaliacdo, como questionarios podem ser Uteis na identificacdo

desses sintomas nos pacientes (Bachen, 2009).

Tabela 2: Manifestacfes neuropsiquiatricas segundo o ACR (ACR,1999)

Sistema Nervoso Central Sistema Nervoso Periférico
Meningite asséptica Sindrome de Guillain-Barré

Estado confusional agudo Disfuncdo autonémica

Ansiedade Neuropatia craniana
Doencga cerebrovascular Mononeuropatia

Disfuncao cognitiva Miastenia grave

Sindrome desmielinizante Plexopatia

Cefaléia Polineuropatia

Transtorno de movimento (Coréia)

Transtorno do humor

Mielopatia

Psicose

Convulsao

1.5 Apresentacdo clinica no LES juvenil

O LES juvenil (LESj) (nFLR GD GRHQoD ” DQRV PXLWDV Yl

manifestacdes clinicas mais agudas e graves quando comparado ao LES de inicio
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adulto. Envolvimento renal (50% a 67%), neuroldgico (22-95%) e hematologico (77%),
além de febre e linfadenopatia sdo mais frequentes em crian¢gas quando comparado com
ao LES de inicio adulto (Font, 1998; Carrefio, 1999; Sibbitt, 2002; Brunner, 2008;
Ramirez Gomez, 2008; Hoffman, 2009; Mina, 2010). Pleurite, presenca dos anticorpos
anti-Sm, antiRo/SSA e anti-La/SSB séo igualmente frequentes no LES juvenil e de
inicio adulto (Font, 1998; Mina, 2010). Artrite, fotossensibilidade, lesdes discoéides, por
outro lado, sdo mais frequentemente observadas no LES de inicio adulto (Font, 1998,
Hoffman, 2009; Carrefio, 1999). Em relacdo a atividade da doenca, pacientes juvenis
tém uma doenca significativamente mais ativa, ndo s6 no inicio da doenga, mas também
ao longo do tempo quando comparado com LES de inicio adulto (Tucker, 1995; Hersh,

2009.

1.6 Patogénese

Duas caracteristicas principais dos individuos que desenvolvem LES sado a
producao de auto-anticorpos €learanceprejudicado de corpos apoptoticos. O LES é
uma doenca multifatorial, incluindo fatores genéticos, ambientais e hormonais. Além
disso, alteracdo nas linhagens de células B e T também contribui para o
desenvolvimento da doenca (Ruiz-Irastorza, 2001; Rahman, 2008; O'Neill, 2010). De
maneira simplificada, os mecanismos envolvidos na patogénese sao: susceptibilidade
genética, fatores ambientais, producdo de auto-antigenos, sistema neuroenddcrino,
producdo de auto-anticorpos e hiperatividade de células B e T. A seguir, cada item sera

detalhado.

1.6.1 Susceptibilidade genética

A probabilidade de desenvolvimento do LES em gémeos monozigoéticos e

dizigdticos é de 24-57% e 2-5%, respectivamente, indicando que a genética tem um
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papel importante na patogénese do LES (Rhodes, 2008; Mufioz, 2010). Genes do
antigeno leucocitario humano (HLA), particularmente HLA-DRBl1le HLA-DQB1 tém
sido associados a susceptibilidade ao LES (Reveille 1991; Walport, 1982; Muchinechi,
1998; Gladman, 1999; Wakeland , 2001; Graham, 2002; Smikle, 2002; Farabosco,
2006; Graham, 2007; Fu, 2011). O perfil HLA-DRB1*0301 tem sido associado a
susceptibilidade em individuos latino-americanos (Fu, 2011). Andlises soroldgicas
especificas mostram que tanto o HLA-DR3 como o HLA-DR2 também sé&o fatores de
risco (Fu, 2011). Ja o HLA-DR3-DQ2 é um haploétipo que tem forte associacdo no

desenvolvimento do LES em caucasianos (Fu, 2011).

1.6.2 Fatores ambientais

Héa evidéncias de que a exposicado a radiacdo ultravidddtpdltera a quimica
do acido desoxirribonucléicd®NA) e sua localizacdo, bem como a disponibilidade dos
antigenos ribonucleiprotéicos (RNP) e Ro (Sontheimer, 1996). Outro fator ambiental
envolvido é a exposicdo a determinados virus como o Epstein-Bar (EBV) e
citomegalovirus (CMV). Apés infeccdo, ocorre um mecanismo chamado de mimetismo
molecular entre os antigenos proprios e externos, seguido da ativacéo inespecifica de
linfécitos T e B, resultando na liberacdo de auto-antigenos mais imunogénicos

(Zandman-Goddard, 2008

1.6.3 Producéo de auto-antigenos

O mecanismo de ativacao induzida pela morte celular programada (apoptose) é
provavelmente uma das principais fontes de auto-antigenos no LES (Levine, 1999;
Mevorach, 2010; Rastin, 2011). Uma célula em apoptose desenvolve vesiculas de
superficie resultantes dos antigenos que se deslocam do nucleo para a membrana

celular. Perto da superficie das células, o antigeno pode ativar a resposta imune. Células
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em apoptose sdo encontradastinuamente em individuos sadios, mas em pacientes
com LES este mecanismo se torna patogénico, devido ao aumento na quantidade e
duracdo de células apoptéticas em circulacdo (Herrmann, 1998; Gaipl, 2006). Ha
evidéncias substanciais de queclearancede células apoptoticas € prejudicado em

pacientes com LES (Herrmann, 1998

1.6.4 Sistema neuroenddcrino

Anormalidades na funcdo do hipotalamo e/ou hipdfise contribuem para a
patogénese do LES. Foi observado que alguns pacientes tém hiperprolactinemia e
outros tém niveis inadequados do hormdnio antidiurético (Chrousos, 1995; Jara, 2001;

Méndez, 2004).

1.6.5 Producédo de auto-anticorpos

Os anticorpos ANA sédo frequentes em pacientes com LES, originalmente
descritos em 1957 através de um ensaio de imunofluorescéncia com o tecido do figado
de roedores como substrato (Ippolito, 2011; Radic, 2011). Mais de 90% dos pacientes
com LES tém ANA positivo. Valores de 1/80 ou maiores sdo aceitos como titulos
significativos. Embora sensiveis estes auto-anticorpos ndo sao especificos para o LES
(Ippolito, 2011).

Anti-dsDNA é um auto-anticorpo altamente especifico para o LES, presente em
até 70% dos pacientes, mas em menos de 0,5% dos individuos sadios ou pacientes com
outras doencas autoimunes (Isenberg, 1985; Ippolito, 2011). Entre os pacientes que tém
titulos elevados de anti-dsDN&doenca clinicamente quiescente, 80% tém a doenca
gue se torna clinicamente ativa dentro de 5 anos apos a deteccao de titulos elevados

deste auto-anticorpo (Ng, 2006
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Aproximadamente 70% dos pacientes com lesdes subagudas possuem anticorpo
anti-Ro (SSA), que pode estar associado a anticorpos anti-La (SSB) (Castellino, 2007).
O anti-Ro e o anti-La sao imunoglobulinas especificas contra as proteinas do RNA,
sendo que o anti-La normalmente coexiste com 0 anti-Ro, raramente sendo encontrado
sozinho. Além disso, a presenca de anti-Ro e anti-La, ou ambos durante a gravidez
confere um risco de 1 a 2% maior de blogueio cardiaco fetal (Buyon, 2003).

Os anticorpos anti-receptores N-metil-D-aspartato (NMDA), NR2a e NR2b tém
sido observados em pacientes com manifestagcbes NP. Embora anticorpos anti-NR2
tenham sido estudados em pacientes com LES, apenas anticorpos anti-NR2 no liquido
cefalorraquidiano (LCR), e ndo no soro, estdo associados com manifestacdes NP difusas
no LES (Arinuma, 2008). Os anticorpos anti-receptores NMDA no LCR acometem o
SNC independente de eventos trombéticos ou vasculite (DeGiorgio, 2001). Estes
anticorpos no LCR foram associados com manifestacdes NP em geral (Yoshio, 2006) e
manifestacbes NP difusas (Arinuma, 2008); j& no soro, foram descritas associa¢cdes com
distarbio cognitivo (Omdal, 2005), depressao (Omdal, 2005), défcit de memaria recente
e de aprendizado (Omdal, 2005).

Proteina P ribossomal € um pentdamero composto por 3 fosfoproteinas
diferentes, formando o monémero PO e os dimeros P1 e P2. Ela desempenha um papel
importante em todas as etapas da sintese protéica. A presenca de anticorpos anti-P pode
estar associadao comprometimento do SNC (Tzioufas, 2000; Abdel-Nasser, 2008;
Hirohata, 2007; Briani, 2009), rins (Hulsey , 1995; Chindalore , 1998; Monova) 2001

elou danos no figado (Koren, 1993; Arnett, 1995; Koscec,)1997

1.6.6 Hiperatividade de célulasBe T

Os mecanismos de hiperatividade de células B e T envolvem a producdo de

auto-antigenos, que estd relacionada ao aumento da apaptos® clearance
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prejudicado de corpos apoptéticos fornecidos continuamente pelo dano tecidual. U
anico antigeno inicia uma resposta, mas na auséncia do mecanismo de tolerancia
imunoldgica, a resposta imune torna-se ininterrupta, envolvendo mais células B e T com
especificidade relacionada ao antigeno inicial, até que ambas sejam ativadas por
antigenos mdltiplos, muitos dos quais sdo antigenos proprios (Chan, 1999; Gaipl, 2006).
Outro mecanismo importante sobre hiperatividade € a expressdo aumentada de
moléculas de superficie que participam da ativacdo de células em ambas as populacées
de células (células B e T) (62). Auto-anticorpos podem ativar células T e ajudam na sua
diferenciacdo. O estimulo aumentado na diferenciacdo e maturacdo de células T leva a
uma producdo anormal de citocinas em pacientes com LES (Chan, 1999; Gaipl, 2006).

As citocinas sdo proteinas de baixo peso molecular, produzidas por diferentes
células do sistema imunolégico inato e adaptativo (Yap, 2010). Elas mediam a ativacao
e regulacdo funcional do sistema imunoldgico através da ligacdo aos receptores de
superficie celular, desempenhando um papel fundamental na diferenciacdo, maturagéo e
ativagdo de vérias outras células (Wozniacka, 2006; Yap, 2010).

No LES, o perfil de citocinas pode determinar alguns aspectos disfuncionais do
sistema imunoldgico e o envolvimento de véarios 6rgd®sLES é uma doenca
heterogénea quanto a apresentacéo, gravidade da doenca e resposta ao tratamento. Perfis
alterados de citocinas podem ser responsaveis por essas variagdes observadas na pratica
clinica (Yap, 201D A seguir, serdo descritas duas citocinas envolvidas na patogénese

da doenga, o interferon alfa INF- H R IDWRU GH QHFURVH WXPRWDO DO

1.7 Interferon alfa

A acdo do interferon (INF) sobre as células do sistema imunoldgico comecgou a
ser estudada aproximadamente ha 40 anos (Banchereau, 2006). Em 1979, niveis

anormais de INF foram encontrados no soro de pacientes que sofrem de varias doencas
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autoimunes (Hooks, 1979), como artrite reumatdide, sindrome de Sjogren e
posteriormente confirmado no LES (Preble, 1982).

O sistema NF tipo | engloba ndo somente fatores moleculares e cedulare
envolvidos na produgdo de INF-I, tais como genes INFduas proteinas, como
também células-alvo afetadas pelo INF-1 (Koutouzov, 2006; Rénnblom, 2B808).
familia do gene INF-1 é composta por 17 genes; 13 genes codificam INFa gene
especifico para cada subtipo: IFN- ,)-1& ,}1 H ,)@ Rdnnblom, 2008). Estes
genes e seus produtos sdo semelhantes estruturalmente e funcionalmente (Rénnblom,
2008). Genes INF-sdo induzidos por células expostas a viruga aaido ribonucléico
(RNA) de fita dupla e interagem com o mesmo receptor, o receptor de IFN-
(IFNAR) (Doly, 1998; Bogdan, 2000As diferencas, no entanto, sdo obsersauss

produtos poés-interacdo com o IFNAR (Doly, 1998; Bogdan, 2000

1.72INF-. QR /(6

Os genes codificadores de INF-HV W m R Dabodésénvanidniento do LES,
sugerindo um importante papel na etiologia da doenca. Além disso, alteracdo da
expressdo desses genes e aumento nos niveis seéricos de \NR-R IUHTXHQWHPHC
encontrados em pacientes com LES (Koutouzov, 2006; Rénnblom, 2008). INF4 W i
muito associado a determinadas manifestacdes clinicas no LES, sendo um alvo
promissor para intervencgdes terapéuticas (Yoo, 2010).

A implicacdo do IFN- QD SDWRJrQHhtlui Gakores ( §enéticos
(polimorfismos e superexpressao génica) e indugdo a doenca por tratamento com INF-
(Kirou, 2010. Em individuos sadios, durante a infeccéo viral, as células dendriticas de
secretam IFN: $SyV FRQWHQomR pBbucidoQduiderna Re IFN- p
bloqueada (Bogdan, 2000). Nos pacientes com LES, a expressdo génica anormal pode

impedir o encerramento da producéo de IF{R6nnblom, 2008).
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Além disso, imuno-complexos contendo RNA ou DNA s&o capazes de induzir
células dendriticas a produzirem IFN- (P LQGLYtGXRYVY JHQHWLFDPHQW
células B expressando auto-anticorpos reativos ndo sdo removidas (Yurasov, 2005). Isso
ocorre devido aclearanceprejudicado de corpos apoptéticos. O material nuclear
exposto estimula células B auto-reativas levando a secrecdo de auto-antc@pos
formacao de imuno-complexos. Estes imuno-complexos e corpos apoptéticos, por fim
estimulam as células dendriticas a produzirem cada vez mais moléculas de INF-
(Yurasov, 2005; Kirou, 2010).

Uma vez que o limiar de expansao e ativacdo de células imunes é atingido, a
doenca se autoperpetua. Esse quadro pode piorar devido a fatores exdégenos, que
induzem a apoptose local e/ou aumentam a sobrevivéncia de células B, induzidas pela
radiacdo UV e por infec¢cBes que desencadeiam respostas de células Thl e a producéo
de INF-. FRPXPHQWH REVHUYDGRV HP SHUtSGBRNMKGH DWLYI

2009).

1.7.2 Estudos em modelos animais

O uso de modelos animais fundamenta as pesquisas clinicas. Embora existam
varios modelos animais para o LES, nenhum deles parece reproduzir integralmente a
doenca humana. Os modelos espontaneos mais conhecidd&ewatealand Black
(NZB), New Zealand WhitgNZW), LMR, BXSB e SWR (Liu, 2006). Estudos
realizados em modelos animais nos permitiram entender melhor o papel patogénico do
INF-1 no LES (Braun, 2003; Santiago-Raber, 2003; Hron, 2003; Mathian, 2005;
Schwarting, 200pb Iremos detalhar os estudos com INF-

8PD OLQKDJHP GH FDPXQGRQJRV 1=% FRQJrQLFRV V&F
para IFN-. IFN-. 5, comum a varias espécies foi criada. Comparados aos

controles, camundongos NZB homozigotos sem IFN5 wAtdm uma reducéo
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significativa nos titulos de anticorpos anti-eritrocitos e de anti-dsDNA, anemia
hemolitica, nefritee também queda de mortalidade (Santiago-Raber, 2003). Nos
camundongos heterozigotos sem IEN-5 essas reducdes foram intermediarias.
melhora da doenca pode ser observada através da reducdo da esplenomegalia e de
outros subconjuntos de células imunes, incluindo células B-1, que sdo as principais
produtoras de anti-eritrécitos. Diminuicdo de subconjuntos de células B, na proliferacdo
de células T e na maturacao de células dendriticas também foi observada. Estes achados
sugerem que IFN- sé&o importantes mediadores na patogénese do LES em modelos
animais, e que a reducdo da sua atividade no homélogo humano pode ser benéfica
(Santiago-Raber, 2003

Ao contrério do estudo acima, que usou modelos de baixa/moderada severidade
da doenca, um trabalho estudou o papel do IFNHP F D P X Q [BIRB3NAW
(B/W)] F1, um modelo que muito se assemelha ao LES humano (Mathian, 2005).
Demonstrowse que anti-dsDNA apareceu logo apds o 10° dia do inicio do tratamento
com IFN-. 3URWHLQ~UL DdaHpoP dmaftionefitX ddorreu em todos os
camundongos tratados por aproximadamente 18 semanas. Todos 0os camundongos que
nao receberam o tratamento ndo apresentaram qualquer sinal de doenca k-
induz a uma superexpressao de estimuladorésfdeitos. Todos os efeitos provocados
por IFN-. IR U D P-dépRBndéhte. Camundongos NZB x NZW F1 infundidos com
IFN- . purificado de modelos animais também mostram aceleragédo no desenvolvimento
do LES. Assim, a expressao prolongada de IFN-vivo induz a um fenotipo de LES

letal em animais susceptiveis (Mathian, 2005

1.7.3 Estudos em humanos

31



Estudos suportam o papel pré-inflamatério do INFHP SDFLHQWHYV FRP /(
(Hooks, 1979; Ytterberg, 1982; Kim, 1987; Baechler, 2003; Dall'era, 2005, Kirou,

2005; Niewold, 2007; Niewold, 2008; Niewold, 2008; Zhang, 2010; Weckerle, 2011).

Polimorfismos genéticos nos genes diretamente envolvidos na via de ativagdo do
IFN-. WrP VLGR DVVRFLDGRV FRP D VXVFHSWLELOLGDGH I
(Boule, 2004; Honda K, 2005). Além disso, estudos também demonstraram niveis
alterados de IFN- HP IDPLOLDUHV GH SULPHLUR JUDX GH SDI
comparacao com individuos sadios ndo aparentados (Niewold, 2008; Niewold, 2008),
sugerindo que a alta nos niveis séricos de IFssa ser um fator de risco hereditario
para o LES.

A superexpressdo de genes indutores de IFNHP WRGDV DV FpOX(
mononucleares do sangue periférico de pacientes com LES é denomirfdda/déL Q DW X U D
GH ,)(Dbermoser, 2010) (VV D 3DV VL Q Dat¥atient&sHdyltds com LES
foi mencionada em dois estudos independentes (Baechler, 2003; Kirou, 2004). O
primeiro estudo, com base no perfil genético das células mononucleares de sangue
SHULIpULFR QmR Vy LGHQWLILFRX XPD éniey 8omQP3V XUD GH
mas também associou sua intensidade com a gravidade da doenca (Baechler, 2003). O
segundo estudo identificou, por meio da reacdo em cadeira da polimerase em tempo
real, uma expressao coordenada de genes codificadores de FN-HVHQWHYV QDV FpC
mononucleares de sangue periférico de pacientes com LES (Kirou, 2004).

Dois estudos demonstraram através da metodologiamdgoarray a
superexpressdo de genes indutores de IFNH P Has Ondnonucleares do sangue
periférico de pacientes com LES quando comparada a de individuos sadios (Baechler,

2003; Crow, 2003). Embora essa descoberta suporte o papel no @B SDWRJrQHVH Gl
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LES, ela ndo nos permite inferir se o IENp X P D F D X \piddiRoXsexundario da
doenca (Baechler, 2003; Crow, 2003).

Em relacdo a estudos clinicos, alguns individuos que receberam. INF-
recombinante humano para tratamento de infeccéo viral cronica ou doenca maligna
desenvolveram LES (Ronnblom, 1990; Niewold, 2005). Os sintomas do LES sao
transitérios, desaparecendo com a descontinuacdo do tratamento. A inducdo ao LES
pelo tratamento com IFN- VXSRUWD R SDSHO GHVWD FLWRFLQD Q
imunoldgica, e esta quebra em alguns individuos susceptiveis resulta num fendtipo
especifico de LES (Niewold, 20p5Tomados em conjunto, estes dados sugerem

fortemente que 0 IFN- HVWi HQYROYLGD QD SDWRJrQHVH GR /(6

1.8 Fator de necrose tumoral alfa

O fator de necrose tumoral alfa (TNF- p H[SUHVVR FRPR XP WUtP|
superficie celular e na forma solluvel ap6s a ativacdo de macrofagos e células
dendriticas. O papel do TNF-QD SDWRJrQHVH GR /(6 SHUPIBOHFH FRQ
sido descrito seu papel tanto protetor como deletério em diferentes modelos animais

(Yap, 2010).

1.81TNF- QR /(6

TNF-. p XE&itDcina pro-inflamatoria e esta diretamente envolvida no processo
de apoptose (Aringer, 2003), e na patogénese de varias doencgas reumaticas, como artrite
reumatéide (Joseph, 2010). No LES, o papel do TN#nada é controverso (Yap,
2010). Compreender como o sistema imunologico integra as propriedades pleiotropicas
do TNF-. p XP GHVDILR HP HVSHFLDO HP- GRHYHAH IKRBRHR /
imuno-regulatérias e pré-inflamatérias em células do sistema imune inato e adaptativo

(Aringer, 2003) (Figura 1).
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Figura 1: Funcdes imuno-regulatérias do TNF. TNF atua como um fator de crescimento
para as células B, induzindo a producéo de interleutinal(e IL-6. Isto estimula o
switchingde classe, envolvidos na producédo de anticorpos. TNF leva a hiporeatividade
de células T e a expressao de moléculas anti-apoptéticas. Além disso, pode promover
maturacao de células dendriticas, que atuam como células apresentadoras de antigenos.
Imuno-complexos sdo formados por auto-anticorpos e antigenos. Estes imuno-
complexos estimulam macrofagos a expressarem TNF, promovendo inflamacgédo. A
inflamacéo pode ser uma fonte de morte celular (necrose), induzindo a formagéo de

novos auto-anticorpos (Postal, 2011).

1.8.2 Estudos em modelos animais

OTNF-. WHP VLGR HVWXGDGR HP GLYHUVRV PRGHORYV |
New Zealand Blagkespecialmente na espédiew Zealand WhitdNZB/W) (Jacob
1988),Medical Research Laboratory lymphoproliferation m{@4RL/Ipr) (Yokoyama,

1995), e nos camundongos C3H.SW (Segal, 2001
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Descobertas anteriores mostraram uma producdo diminuida de. TIER
camundongos NZBY associada ao desenvolvimento de manifestacdes graves da
doenca, como nefrite (Jacob, 198&amundongos NZB/W TNE- FRPSHWHQWH
mostram pouca atividade de doenga (Kontoyiannis, 2000), sugerindo, portanto, que a
deficiéncia de TNF: p XP JDWLOKR L éeSdRubMime@tdvdd dednthhessa
espécie (Kontoyiannis, 2000).

Camundongos NZB/W que receberam doses relativamente elevadas de TNF-
no inicio da vida mostraram um atraso no inicio da doenca, no entanto, isso ndo impediu
que a doencga surgisse (Gordon, 1989; Jacob, 1991). Além disso, ficou comprovado que
a aplicacdo de TNE- DSyV R LQtFLfai peiudiGd, ¢ Quel tratamento anti-

TNF é um beneficio terapéutico em ratos propensos ao LES (Brennan, 2001; Segal,
2001). Embora os resultados preliminares demonstrem um efeito protetor do TNF-
contra a autoimunidade, este Ultimo leva a hipotese de que o. TPV WLPXOD D
destruicdo de 6rgaos ja afetados pelo LES (Jacob, 1992; Aringe), 2002

Outro estudo mostrou efeitos benéficos quando altas doses de TNEU D P
aplicadas, mesmo depois do desenvolvimento de nefrite, no entanto, sem paotecao
longo prazo contra a doenca (Gordon, 1989). Mesmo nos camundongos NZB/W, em
que TNF-. pareceu ser protetor, essa citocina apresentou um papel benéfico e
prejudicial concomitantemente (Gordon, 1989

Em contraste com os achados em camundongos NZB/WMf é altamente
expresso no soro e no tecido renal de camundongosIMROs niveis de TNE-ainda
se correlacionam com o grau de inflamagdo do orgdo (Yokoyama,). 1885
camundongos MRIgr, perda da fungéo renal ocorre entre o 3°- 4° més de idade e
progride rapidamente, resultando em morte durante o 5°- 6° més de vida. A terapia anti-

TNF mostrou-se benéfica para a espécie MiRL(Y okoyama, 199b
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O bloqueio do TNF: SURSRUFLRQRX XPD PHOKRUD QD DUWUL
e leucopenia em outros modelos animais, tais como nos camundongos C3H.SW (Segal,
2001). LES experimental foi induzido em camundongos C3Hn&We por injecao de
anti-dsDNA monoclonal humano (mAb). Duas semanas apoés injecées de reforco, o
tratamento com mAb anti-TNF-RX SHQWRI[LILOLQD 37; IRL LQLFLDGR
6 semanas. A producdo d&NKF-. IRL GHWHUPLQDGD H PHVHYVY DSy
doenca, e 0s animais experimentais foram também acompanhados clinicamente. Ambos
0s protocolos de tratamento reduziram a producdo de duas citocinas pro-inflamatérias e
o titulo de anticorpos anti-dsDNA foi significativamente menor nos animais tratados
com qualquer um dos dois protocolos. A delecdo do TN DV IDVHV LQLFLDLV G
experimental por mAb anti-TNE- RX 37; PHOKRURX R HVWDGR FOtQLF

(Segal, 2001).

1.8.3 Estudos em humanos

Ha evidéncias substanciais que demonstram o papel pré-inflamatério do TNF-
em pacientes com LES com base em estudos que analisaram polimorfismos do gene
TNF-. H[SUHVVmMR JrQLFD H QtYHLV VpULFRV GH 71)

Do ponto de vista genético, uma série de estudos sugere que polimorfismos do
gene TNF- estdo associados a susceptibilidade ao LES. A maioria dos estudos foi
realizada utilizando polimorfismos de microssatélites e polimorfismos de Unico
nucleotideo (SNP) localizados na regido promotora nas posi¢des -308 (Fugger, 1989;
Tomita, 1993; Wilson, 1993; Danis, 1995; Rudwaleit, 1996; Sullivan, 1997; Wang,
1999; Rood, 200; van der Linden, 2001; Zuniga, 2001; May, 2002; Azizah, 2004; Parks,
2004; Correa, 2005; Suarez, 2005; McHugh, 2006; Guarnizo-Zuccardi, 2007; Jiménez-
Morales, 2009; Lin, 2009; Santos, 2011 ) e 23§$OIRQVR 5XGZDOHLW

Chen, 1997; Parks, 2004; Correa, 2005; McHugh, 2006; Hirankarn).2007
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Alguns estudos genéticos observaram uma associagdo entre determinados
polimorfismos e manifestagfes clinicas (Hajeer, 1997, Azizah, 2004; Hirankarn, 2007).

Rash malar, lesédo discoide, Ulceras orais, serosite e distirbios hematoldgicos foram
associadosio polimorfismo -308A/G em pacientes com LES de Taiwan (Lin, 2009).
Fendbmeno de Raynaud tem sido associado ao polimorfismo -863A em pacientes
tailandeses (Hirankarn, 2007

Muitos estudos tém descrito uma expressdo génica anormal de. TNRR
células mononucleares do sangue periférico e em células da medula éssea de pacientes
com LES (Alvarado-de la Barrera, 1998; Pitidhammabhorn, 2006; Zhu, 2007; Lee,

2009; Wozniacka, 2008). Todos estes estudos foram baseados em pequenos grupos e
analisaram a expressao do gene TNFHP UHODomR j DW LANa@mdoclel GD GRH!
la Barrera, 1998; Pitidhammabhorn, 2006; Zhu, 2007; Lee, 2009; Wozniacka, 2008).

Varios estudos tém analisado os niveis séricos de TNHFPacientes com LES
(Studnicka-Bencke, 1996; Gabay, 1997; Jones, 1999; Gomez, 2004; Mahmoud, 2005;
Pitidhammabhorn, 2006; Sabry, 2006; Al-Mutairi, 2007; Wozniacka, )20B8ses
niveis sao notoriamente mais elevados em pacientes com LES adulto quando
comparados a individuos sadios ndo aparentados (Studnicka-Bencke, 1996; Gabay,
1997; Jones, 1999; Gomez, 2004; Mahmoud, 2005; Pitidhammabhorn, 2006; Sabry,
2006; Al-Mutairi, 2007; Wozniacka, 2008). Estudos determinaram uma associacao
entre o aumento desses niveis séricos com atividade da doenca (Studnicka-Bencke,
1996; Sabry, 2006; Gabay, 1997; Mahmoud, 2005). No entanto, em um estudo prévio,
os niveis de TNF- IRUDP PDLRUHV HP SDFLHQWHYVY FRP GRHQoOD
com pacientes com doenca ativa e controles, sugerindo que, WD PEpP SRGHULD VI

um fator protetor em pacientes com LES (Gémez, 2004
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2. Objetivos

2.1 Objetivo geral

2.1.1 Determinar ®niveis e a importancia clinica do INF-ldo TNF-. em

pacientes com LES;].

2.2 Objetivos especificos

2.2.1 Determinar os niveis de INFen

- pacientes com LES;]

- familiares de primeiro grau (sem historico pessoal de doenca autoimune)

- individuos sadios ndo aparentados, sem histérico de doenca autoimune pessoal

e na familia

2.2.2 Correlacionar os niveis de INFeom:
- Manifestacdes clinicas

- Manifestacfes laboratoriais

2.2.3 Dosar os niveis de TNF-H P

- pacientes com LES]

- familiares de primeiro grau (sem historico pessoal de doenca autoimune)

- individuos sadios nao aparentados, sem histérico de doenca autoimune pessoal

e na familia

2.2.4 Correlacionar os niveis de TNFeom:
- Manifestacdes clinicas

- Manifestacfes laboratoriais
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3. Pacientes e Métodos

3.1 Tipo do estudo

Trata-se de um estudo transversal, com grupo controle.

3.2 Selecéo dos pacientes

Foram selecionados 60 pacientes consecutivos com LESj, acompanhados no
ambulatério de Reumatologia e de Reumatologia Pediatrica da Faculdade de Ciéncias
Médicas da UNICAMP cujas manifestacdes clinicas e laboratoriais foram

rotineiramente estudadas de acordo com protocolo ja estabelecido.

3.2.1 Critérios de inclusdo

1. Foram incluidos pacientes com diagnostico de LES segundo os critérios
estabelecidos pelo ACR (Tan, 1997) e acompanhados rotineiramente nos
ambulatérios de Reumatologia da UNICAMP

2. Pacientescomidadé H LQtFLR GD GRHQoD ” DQRYV

3. Pacientes que tinham, no minimo, 6 meses de acompanhamento nos

ambulatérios de Reumatologia da UNICAMP

3.2.2 Critérios de exclusdo

1. Pacientes que nao concoralarem participar da pesquisa

3.3 Selecédo dos familiares de primeiro grau

Este grupo foi constituido por familiares de primeiro grau dos pacientes com
LES). Os familiares de primeiro grau, acompanhantes dos pacientes com LES na visita
clinica, foram convidados a participar do estudo apds a consulta clinica e a coleta de

sangue foi realizada no mesmo dia, ndo necessitando outras visitas ao HC/UNICAMP.
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Foram incluidos individuos sadios, sem infeccdo na data da coleta de sangue e sem

historico pessoal de doenca autoimune.

3.4 Selecéo dos individuos sadios ndo aparentados

O grupo controle foi constituido por individuos sadios com idade e distribuicéo
de género semelhante ao grupo de pacientes com LES, que ndo apresentaram infeccdes
na data da coleta de sangue e que concordaram em participar do projeto de pesquisa. Os
individuos sadios pertenciam a mesma regido geografica (Campinas e regido), sendo
estes amigos de pacientes e pesquisadores e profissionais do hospital. Foram excluidos

individuos com doencas autoimunes e antecedentes familiares de doenca autoimune.

3.5 Termo de consentimento livre e esclarecido

Todos os pacientes e voluntarios foram previamente informados e assinaram
termo de consentimento livre e esclarecido (TCLE), aprovado pelo Comité de Etica em

Pesquisa da Faculdade de Ciéncias Médicas (FCM) - UNICAMP (n°617/2009).

3.6 Analise clinica-laboratorial

Manifestacdes pregressas foram analisadas através da revisdo do prontuario
médico. Foram analisadas as seguintes manifestacdes clinicas, laboratoriais e de
tratamento: presenca de adinamia; emagrecimento (> 4 k(EUH [ & DUwWU
(ndo erosiva em duas ou mais articulacbes periféricas, vista pelo médico); necrose
asséptica (documentada em pacientes sintomaticos por radiografia simples, cintilografia
ou ressonancia magnética); deformidades articulares (geralmente redutiveis vistas pelo
médico); eritema malar (eritema fixo sobre as eminéncias malares e/ou pregas naso-
labiais); lesdes discéides (Placas eritematosas, elevadas e circulares, com a presenca de
escamas queratoides aderidas); alopécia; ulcera oral e/ou nasal (ulceragédo oral e/ou em
nasofaringe, geralmente dolorosa, observadas por médico); fotossensibiliasiue (
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cutaneo resultado da exposicao a luz solar, relatado na historia clinica ou observada por
médico); nefrite (definida pela presenca de proteindria maior que 0,5 g/l em 24 horas,
aumento progressivo de creatinina sérica ou ainda altera¢des histopatoldgicas quando
compativeis com nefrite lUpica, segundo critérios da Organizacdo Mundial de Saude);
hipertensdo arterial (niveis presséricos maiores que recomendados para a idade)
sindrome nefrética (proteindria maior que 3 g/l em 24 horas); serosite (presenca de
pleurite, pericardite ou ambas documentada no exame clinico e por imagem); outras
manifestacbes pulmonares como hipertensdo pulmonar, pneumonite e hemorragia
pulmonar; outras manifestacdes cardiacas como miocardite, endocardite prépria do LES
e infarto do miocardio; miopatia (revelada por fraqgueza muscular, alteracdes
enzimaticas, alteracdes da bidépsia muscular e /ou da eletromiografia).

Outros fatores avaliados foram: envolvimento intestinal, hepatico, e do sistema
reticulo-endotelial, presenca de tromboembolismo pulmonar e alterac6es oculares e a
presenca do fendmeno de Raynaud.

Os seguintes exames, solicitados rotineiramente no diagnéstico e monitoramento
do LES foram realizados de acordo com as técnicas utilizadas no Laboratério de
Patologia Clinica e no Laboratério de Investigagdo em Alergia e
Imunologia/UNICAMP. Foram considerados: leucopenia (<4000 célulad/mm
linfopenia (<1500 células/mi)) anemia hemolitica (Bilirrubinemia indireta, LDH
elevada, Coombs direto positivo); trombocitopenia (< 100000 célula$/maN (por
imunofluorescéncia indireta, positivo em titulos maiores que 1/80); anticorpo anti-
dsDNA (por imunofluorescéncia indireta cof@rithidia luciliae como substrato)
(Harris, 1987); anticorpo anti-cardiolipina (por método imunoenzimatico);
anticoagulante lapico (por TTPA e Russel) (Brandt, 1995). Anticorpos contra antigenos

extraidos do nucleo (ENA), incluindo Ro (SSA), La (SSB) e Sm foram detectados por
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um método padronizado de ELISA (ORG 506 ENAscreen- ORGENTEC Diagnostika

GmbH). Toda investigacéo clinica foi realizada por um reumatologista capacitado.

3.7 Andlise da atividade de doenca e dano

A atividade da doenca fawvaliada peloSystemic Lupus Erythematosus Disease
Activity Index(SLEDAI) e doenca foi considerada ativa quando a somatdria de pontos
do SLEDAI foi igual e/ou superior a trés pontos (Bombardier, 1992; Yee, 2011). O
dano cumulativo foi avaliado através de um questionario especificamente desenvolvido
para este fim, &ystemic Lupus International Collaborating Clinics/American College
of Rheumatology Damage Ind€SLICC/ACR-DI) (Gladman, 1997 O SDI consiste
em 38 itens e a pontuacdo pode variar de 0 a 47 pontos. Foi considerada a presenca de

dano se a pontuacéo foi igual e/ou superior a 1.

3.8 Avaliacdo dos transtornos de humor

Todos os individuos completaram os Inventarios de Ansiedade (BAI) (Beck,
1988; Cunha, 2001) e Depressdo de Beck (BDI) (Beck, 1961; Cunha, 2001). Para
pacientes com menos de 16 anos foi aplicado o Inventario de Depressao Infantil (CDI)
(Kovacs, 1985; Cunha, 2001). Essas escalas consistem em 21 itens,ntada u
descrevendo um sintoma comum a ansiedade/ depressédo. O entrevistado foi convidado a
avaliar o quanto ele ou ela foi incomodado por cada sintoma durante o més passado em
uma escala de 4 pontos variando de 0 a 3. Os itens sdo somados para obter uma
pontuacéao total que pode variar de 0 a 63. Os valores de corte utilizados para o BDI sao:
0-13: sem depressao/minimo; 14-19: depresséao leve; 20-28: depressdo moderada e 29-
63: depressédo severa e para o0 BAI: 0-7: néo/nivel minimo de ansiedade; 15/08:
ansiedade leve; 16-25: ansiedade moderada; 26-63: ansiedade severa. No caso do CDI,

o valor de corte € 17. Acima deste valor € considerado depresséo.
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3.9 Tratamento

Foram consideradas as medicacbes prescritas na data da coleta da amostra
sanguinea do paciente. As medicacbes consideradas foram prednisona,
hidroxicloroquina e outras drogas imunossupressivas (azatioprina, ciclofosfamida,

ciclosporina, metotrexato e micofenolato mofetil).

3.10 Investigacéo laboratorial

Foi coletado um total de 8 mL de sangue venoso de cada paciente, no centro de
coleta, em conjunto com os exames de rotina solicitados regularmente para avaliacéo de
atividade de doenca. A coleta de sangue dos familiares/controles foi realizada em no
mesmo dia da coleta do paciente.

As amostras de sangue, ap0s coagulacdo em temperatura ambiente de 30
minutos, foram centrifugadas, aliquotadas e conservadd®°€, para posterior analise
no Laboratério de Reumatologia FCM/UNICAMP.

Foram dosados os niveis de INF-HNF-. SHOR P p BERY®&R Liakded
Immuno Sorbent AssafeLISA), conforme previamente apresentado na literatura e

descritos a seguir.

3.10.1 Técnica de ELISA

A amostra utilizada foi soro, a partir de sangue total, colhido em tudo seco com
gel. Esperamos a amostra de sangue total coagular, a temperatura ambiente por 30
minutos. O tubo com a amostra de sangue foi centrifugado a 4000 rpm por 10 minutos.
PREPARO DE REAGENTES:
1. Solugéo de lavagem: 100 mL do concentrado foram diluidos em &agua destilada

elou deionizada para obtencéo de um volume final de 1000 mL.
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2. Substrato:O substrato liofilizado foi reconstituido com 6,0 mL de diluente de
substrato, 10 minutos antes do uso.

3. O amplificador liofilizado foi reconstituido com de 6,0 mL de diluente do
amplificador, 10 minutos antes do uso.

4. Padrdo: A solugéo padréo foi reconstituida com o diluente Calibrador, segundo
as especificacdes impressas no rétulo do frasco do padrdo para produzir uma
solugéo estocpi

a. Tubos de polipropileno foram utilizados para montagem da curva de
calibracdo. 500 pL de Calibrador Diluente foram pipetados em cadaftubo.
solucéo estpque foi utilizada para produzir uma série de diluicdo. Cada tubo
foi homogeneizado cuidadosamente antes da proxima transferéncia. O
padrao diluido serviu de padrao elevaddalibrador Diluente serviu como
padréo zero (0 pg/mL).

PROCEDIMENTO:

1. Todos os reagentes, amostras e padroes de trabalho foram preparados
previamente, conforme indicado nas se¢des anteriores.

2. 50 pL de Diluente de amostra foram adicionados em todos 0S po¢os.

3. 200 pL de solucdo padrdo, amostra ou controle foram adicioreadaseus
respectivos poc¢os. A microplaca foi coberta com a fita adesiva fornecida p&lo kit.
microplaca foi incubada por 3 horas a temperatura ambiente.

4. Lavagem

a. O liquido dos pocos foi removido por aspiracdo ou por inversao da
microplacaplaca, descartando o conteudo.
b. O excesso de liquido foi retirado, segurando firmemente a microplaca,

pressionand@em toalha de papel limpa, por 5 vezes.

44



c. Foram colocados 400 pL de tampao de lavagem em cada poc¢o da
microplaca, utilizando uma pipeta multicanal automética.
d. O liquido dos pocos foi removido por aspiracdo ou por inversao da
microplacaplaca, descartando o contetdo.
e. Os passos b, c, d foram repetidos por 5X para um total de seis lavagens.
5. Foram adicionados 200 pL de Conjugado em cada poco. A microplaca foi
coberta com a fita adesiva fornecida pelo kit. A microplaca foi incubada por 2 horas
a temperatura ambiente.
6. A lavagem (passo 5) foi realizada novamente.
7. Foram adicionados 50 pL de Sustrato em cada poco. A microplaca foi coberta
com a fita adesiva fornecida pelo kit. A microplaca foi incubada por 1 hora a
temperatura ambiente. ApGs incubacéo a placa nao foi lavada.
8. Foram adicionados 50 pL de Amplificador em cada pogo. A microplaca foi
coberta com a fita adesiva fornecida pelo kit. A microplaca foi incubada por 30
minutos a temperatura ambiente. A adicdo do Amplificador iniciou o
desenvolvimento da cor da solucéo. Apds incubacao a placa néo foi lavada.
9. Foram adicionados 50 pL de solucdo de pamdacada poco. A adicdo da
solucéo de parada nao afetou a cor dos pocos.
10.A densidade o6ptica de cada poco foi determinada por uma leitora de microplacas
ajustada para 490 nm, no prazo de 30 minutos depois de colocada solucédo de

parada.

3.10.2 Obtencéo de resultados

Apéds obtencdo da média das duplicatas (absorbancia), foi subtraida a média do

padrdo zero. A curva padrao foi desenhada a partir da densidade Optica (absabancia)
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as concentragbes dos padrdes j4 conhecidos. Os dados puderam ser linearizados por
log/log.

Para determinar a concentragdo de cada citocina de cada amostra, primeiro,
encontrouseo valor da absorbancia no eixo-y e estergkuma linha horizontal para a
curva padréo. No ponto de intersecc¢ao, estesdeuna linha vertical para o eixo-x e

leu-sea concentracdo correspondente a citocina.

3.11 Andlise estatistica

Para a determinacdo dos resultados foi utilizado o teste de normalidade de
Shapiro-Wilk. Para variaveis de distribuicdo normal foi utilizado o teste T. Para as
variaveis nao-normais foram utilizados o teseeKduskal-Wallis para comparar os
niveis das citocinas entre os 3 grupos, o teste de MMmitney para comparar as
variaveis categoricas as correlacbes de Perason e Spearman para correlacionar as
variaveis continuas [niveis séricos das citocinas e SLEDAI, SLICC/ACR (DI), BDI e

BAI]. Para todas as andlises, p<0,05 foi considerado estatisticamente significativo.
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4. Resultados

4.1 Capitulo 1 Associacdes clinicas e soroldgicas associadas ao.INFP SDFLHQWHYV

com LES;j

4.1.1 Dados demograficos

Dos 60 pacientes selecionados, incluimos 57 (54 mulhers) pacientes com LES;]
com idade média de 17,33 anos [desvio padrdo (DP)+4,50 anos; intervalo 9-37]. Trés
amostras ndo apresentaram quantidade suficiente de soro para a dosagem, gh@iNF-
isso a reducédo de 3 pacientes no total. O tempo de doenca foi de 4,71 anos (DP+4,57,
intervalo 0-26 anos). Sessenta e quatro familiares de primeiro grau (59 mulheres) com
idade média de 39,95 anos (DPz+5,66; intervalo 28-52) foram incluidos. O grupo
controle foi constituido por 57 voluntarios sad{62 mulheres) com idade média de
19,30 (DP+4,97 anotervalo 6-30 anos) (Tabeld. Pacientes e individuos sadios ndo
aparentados foram estatisticamente pareados por idade e sexo. Familiares de primeiro

grau eram significativamente mais velhos conforme esperado (p<0,05).

Tabela 3: Caracteristicas demograficas e clinicas dos individuos incluidos no estudo

com INF-.
Parametro Pacientes LES;j Familiares de Individuos sadios
N=57 primeiro grau N=64 nao aparentados
N=57
Sexo
0, 0, 0,
Feminino 54 (94,7%) 59 (92,18%) 52 (91,22%)
17,33+4,50 39,95+5,66* 19,30+4,97
Idade (anos) (intervalo 9-37) |  (intervalo 28-52) (intervalo 6-30)
, 4,71 +4,57
Tempo de doenga (anos| = | - | -
(intervalo 0-26)
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SLEDAI 4,43+4,94
Doenca Ativa N=30 837+380 | = —— | e
Doenca Inativa N=27 0,39+0,80

SLICC/ACRDI 050082 |  -— | =

PCR (mg/dL) 044+0,72 |  — | =

VHS (mm/h) 2969+31,28 | = - |

INF- . (pg/mL) 13,84+8,46 * 10,36+6,04 11,68+6,66
X

4.1.2 Caracteristicas clinicas, laboratoriais e tratamento

No momento de inclusdo no estudo, 30 (52,6%) pacientes com LES;j
aprsentavamGRHQoD DWLYD 6/('$, - FRP SSROAWIE B.8MR PpGLD
(DP+3,80; intervalo 3-18). Pacientes com doenca inativa [N= 27 (47,4%)] apresentavam
uma meédia de pontuacdo de SLEDAI de 0,39 (DP+0,80; intervalo A-@)édia de
proteina C reativa (PCR) dos pacientes na data da coleta thi#4l¢DP+0,72) e da
velocidade de hemossedimentacao (VHS) foi de 29,69 (DP+31,28). Nenhuma corelaeio
PCR e/ou VHS e niveis d&lF-. ou SLEDAI foi observada. Nefrite (29,8%ash
malar (7%), alopécia (32), vasculite cutanea (5,2%) e serosite ¥35oram as
manifestagfes clinicas observadas.

Depressao foi identificada em 8 (14,0%) pacientes e em nenhum controle sadio
ou familiar de primeiro grau. Depressao leve foi identificada em 5 (8,7%) pacientes e 3
(5,2%) pacientes apresentavam depressdo moderada/severa. Ansiedade foi observada
em 22 (38,5%) pacientes com LES|. Treze (22,8%) pacientes apresentavam ansiedade
leve e 9 (15,7%) apresentaram ansiedade moderada/severa.

Na data da coleta de sangue, 8 (13,3%) pacientes estavam sem qualquer
medicacédo. Trinta e nove (68,4%) pacientes estavam em uso de prednisona, 32 (53,3%)
hidroxicloroquina e 22 (36,6%) pacientes estavam em uso de outras drogas

imunossupressoras (Tabela 4

48



Tabela 4: Medicacdo em uso pelos pacientes na data da coleta de sangue para dosagem

do INF-.

Tratamento Pacientes N=57

Sem medicacéao 8 (1%%)

Prednisona 39 (68,4%)

Hidroxicloroquina 32 (56,20)

Imunossupress 22 (38,6%)
Azatioprina 11 (19,%0)
Ciclofosfamida 2 (3,90)
Ciclosporina 4 (Po)
Metotrexato 1(1,%0)
Micofenolato mofetil 4 (Po)

4.1.3 Dosagem dos niveis séricos de INF-

O nivel sérico médio de INF- IR L : SJ P/ QRV SDFLHQWHYV F
em comparacao com 10,36+6,04 pg/mL (p=0,012) em familiares de primeiro grau e
11,68+6,66 pg/ml nos individuos sadios ndo aparentados (p=0,043). Nenhuma diferenca
significativa entre familiares de primeiro grau e individuos sadios ndo aparentados foi

observada (p=0,484) (Grafico 1).
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Gréfico 1: Niveisde INF- QRV WUrV JUXSRV DYDOLDGRYV

Niveis séricos de INE- IRUDP VLJQ LI nabnsLermDi2¢ieQtdd Hom
anti-dsDNA positivo (p=0,011),em pacientes com vasculite cutanea (p=0,001) em
pacientes comashmalar (p=0,032).

(P SDFLHQWHV FRP /(6M HP D hivaisGde GNH- 16/('[3 Pe
significativamente mais elevados (p=0,031). Niveis de INFestavam
significativamente mais elevados em pacientes sem medicacdo (média=13,01; DP+6,09)
gquando comparados aos pacientes em uso de medicacdo (média=21,59; DP+16,02;
p=0,035). Ao analisar cada um dos medicamentos individualmente, niveis mais
elevados de INF- IRUDP R EBWwhUpddeBt&& que ndo estavam em uso de
prednisona (média=20,07; DP+14,65) quando comparados aos pacientes em uso de
prednisona (média=12,95, DP+6,19, p=0,042). Niveis de INFRUUHODBELRQDUDP
diretamente com os niveis de C3 (r=0,34; p=0,032) e com o SLEDAI (r=0,43; p=0,012)

e, indiretamente, com a idade dos pacientes (r=-0,17; p=0,025).
Nenhuma associagdo entre os niveis de INFHoutra variavel clinica,

laboratorial (hematoldgica ou imunoldgica) e com SLICC/ACR (DI) foi observada. Nao
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houve diferenca estatistica nos niveis de INFHQWUH SDFLHQWHV FRP

imunossupressores, hidroxicloroquina ou outros.

4.2 Capitulo 2 Associacgdes clinicas e soroldgicas associadatNge THP SDFLHQWHYV

com LESj

4.1.1 Dados demograficos

Foram incluidos 60 (57 mulheres) pacientes consecutivos com LESj com idade
média de 17,85 anos (DP+3,91 anos; intervalo 9@Q71empo de doenca foi de 5,38
anos (DP+4,25intervalo 0-26 anos). Foram inclcuidos 64 familiares de primeiro grau
(59 mulheres)om idade média de 39,95 anos (DP+5,66; intervalo 28-52) e 57 (52
mulheres) individuos sadios ndo aparentados com idade média de 19,30 (DP+4,97 anos;
intervalo 6-30 anos). Pacientes e individuos sadios ndo aparentados foram

estatisticamente pareados por idade e sexo (Tabela 5). Familiares de primeiro grau eram

significativamente mais velhos conforme esperado (p<0,05).

Tabela 5: Caracteristicas demograficas e clinicas dos individuos incluidos no estudo

com TNF-.
Parametro Pacientes LES] Familiares de Individuos sadios
N=60 primeiro grau nao aparentados
N=64 N=57
Sexo
Feminino 57 (95%) 59 (92,18%) 52 (91,22%)
Idade (anos) 17,85+3,89 39,95+5,66* 19,30+4,97

(intervalo 9-37)

(intervalo 28-52)

(intervalo 6-30)

Tempo de doenca (anos|

5,38+4,25
(intervalo 0-26 anos

SLEDAI 4,28+4,88
Doenca Ativa N=30 8,24+t409 |
Doenca Inativa N=3C 0,55+0,89

SLICC/ACRDI 048+081 | = - | e
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PCR (mg/dL) 0.48+0,75 |  -— | =

VHS (mm/h) 36,29+46,74 | = - |
TNF-. (pg/mL) 4,47 + 8,95 * 2,33+2,38 1,83+1,82
S ”

4.2.2 Caracteristicas clinicas, laboratoriais e tratamento

No momento de inclusédo no estudo, 30 (50%) pacientes com LESj apresentavam
doencaat YD 6/(3),,com pontuacdo de SLEDAI de 8,24 (DP+4,09; intervalo 3-
18). Os 30 pacientes (50%) inativos apresentaram pontuacdo média de SLEDAI de 0,55
(DP+0,89; intervalo 0-2). A média de PCR dos pacientes na data da coletaDfé8 de
(DP+0,75) e de VHS foi de 36,29 (DP+46,74). Nenhuma correlegéi®@ PCR e/ou VHS e
niveis de NF-. ou SLEDAI foi observada. Nefrite ativa (33,3%ash malar novo
(6,6%), alopécia (5,0%), vasculite cutanea (5,0%) e serosite (3,3%) foram as
manifestacdes clinicas observadas.

Na data de coleta de sangue, 8 (13,3%) pacientes ndo estavam em uso de
nenhuma medicacdo imunossupressora. Quarenta e dois (70%) pacientes estavam em
uso de prednisona, 32 (53,3%) de hidroxicloroquina e 29 (48,3%) pacientes estavam em

uso de outras drogas imunossupressoras (Tapela 6

Tabela 6: Medicacdo em uso pelos pacientes na data da coleta de sangue para dosagem

do TNF-.

Tratamento Pacientes N=60
Sem medicacédo 8 (13,3%)
Prednisona 42 (70%)
Hidroxicloroquina 32 (53,3%)
Imunossupressor 29 (48,3%)

52



Azatioprina 15 (25%)
Ciclofosfamida 2 (3,3%)
Ciclosporina 5 (8,3%)
Metotrexato 1(1,6%)
Micofenolato mofetil 6 (10%)

Depressédo foi identificada em 10 (16,7%) pacientes e em nenhum controle
saudavel ou familiar de primeiro grau. Depresséo leve foi identificada em 5 (8,3%)
pacientes e 5 (8,3%) pacientes apresentavam depressdo moderada/severa. Ansiedade foi
observada em 21 (35%) pacientes com jLE®ze (20%) pacientes apresentavam

ansiedade leve e 9 (15%) ansiedade moderada/severa.

4.2.3 Dosagem dos niveis séricos de TNF-

Niveis de TNF- IRUDP VLJQLILFDWLYDPHQWH PDLRUHV HP
(p=0,03% quando comparados a familiares de primeiro grau e individuos sadios nao
aparentados (p=0,004) (Tabela 5). Ndo houve diferenca significativa nos niveis de TNF-

HQWUH RV IDPLOLD U Hndividuss Sddib$ it faredtddd (p=0,711)

(Gréfico2).
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Gréfico 2: NiveisdeNF-. QRV WUrV JUXSRV DYDOLDGRYV
Niveis de TNF- (p=0,014) foram significativamente maiores em pacientes com
doenca ativa (SLEDAY TXDQGR FRPSDUDGRYV D SDFLHQWHYV FRP
disso, niveis de TNE-correlacionaranse diretamente com pontua¢des de SLEDAI
(r=0,39, p=0,002).
TNF-. 3,009) foi significativamente maior em pacientes com nefrite ativa

quando comparados a pacientes sem nefrite (Gréfico 3).

Gréfico 3: Associacdo dos niveisde TNFH D SUHVHQoD GH QHIULWH
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TNF-. também foi significativamente maior em pacientes com depressao

(p=0,01) quando comparados aos pacientes sem depressao (Grafico 4).

Gréfico 4: Associacao dos niveisde TNFH GHSUHVVmR
N&o houve associacdo entre os niveis de TNFbutras variaveis clinicas,
laboratoriais e SLICC/ACR (DI). Além disso, nenhuma diferenca nos niveis de. TNF-

entre pacientes com e sem medicacgao foi observada.

5.Discussao

As citocinas séo proteinas de baixo peso que desempenham um papel
fundamental no desequilibrio imunol6égico observado nas doencas autoimunes. O
aumento dos niveis de citocinas pro-inflamatérias tem um papel importante na
patogénese do LES (Yap, 2010). Niveis aumentados de citocinas em pacientes com LES
podem promover exacerbacdo da resposta inflamatoria, da apoptageoelucao de
auto-anticorpos que além de iniciar , podem também manter a atividade da doenca ao

longo do tempoYXap, 2010.

5.1 INF-.

A primeira anormalidade no perfil de citocinas observada no LES foi 0 aumento

do nivel sérico de INE- XPD FLWRFLQD FRP IXQo}HV DQWLYLUDL'
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(Hooks, 1979). A contribuicdo do IFN-SDUD R /(6 SRGH VHUseeps OLFDGD
mecanismos distintos, no entanto, relacionados. Em individuos geneticamente
susceptiveis, precursores de células B expressando auto-anticorpos reativos ndo sao
removidos (Rénnblom, 200&olding 2010). Isto, provavelmente, devido a quebra de
tolerancia imunolégica, promovendo o aumento de células apoptéticas; o material
nuclear estimula células B auto-reativas levando a secrecao de anticorpos e foamacgéao d
imuno-complexos (Rénnblom, 2003; Zhang, 2010). Esses imuno-complexos e corpos
apoptoéticos estimulam as células dendriticas plasmocitéides a produzirem INF-
(Rénnblom, 2003; Zhang, 20110

Niveis séricos aumentados de INFRV VmR IUHTXHQWHPHQWH HQF
pacientes com LES (Hooks, 1979; Ytterberg,1982; Kim, 1987). Outros estudos, através
da analise da expressao génica, demonstraram um aumento na atividade.de 8NF--
aumento na atividade de INF- RX VHMD PDLRU DWLYDomR -GRV JHQH)\
resulta em um aumento sérico desta citocina (Baechler, 2003; Dall'era, 2005; Kirou,
2005; Niewold, 2007; Niewold, 2008; Niewold, 2008). Em nosso estudo observamos
aumento do nivel sérico de INF-HP SDFLHQWHV FRP /(6M &XDQGR F
familiares de primeiro grau e aos individuos sadios ndo aparentados. Nossos dados
suportam os resultados de estudos anteriores que demonstraram niveis mais altos de
INF-. no soro de pacientes com LES adulto (Hooks, 1979; Ytterberg, 1982; Kim,
1987.

A via de ativacdo do IFN- Q R /€€4 intimamente envolvida na patogénese
do LES. Terapias (ensaios clinicos) direcionadas contra o.IFNV WmR DWXDOPHQW
andamento, na tentativa de diminuir a ativacao desta via (Yoo, 2010; Rénnblom, 2010).
Além disso, a via de ativacdo do IFNpode identificar um subgrupo de pacientes com

LES com manifestacdes clinicas distintas, ajudando a prever possiveis prognosticos e
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tratamentos mais especificos para cada paciente. Um dos pontos mais importantes € que
amudanca nos niveis de IFN-SR G H U&lat@ibadeldd doenga e, assim, ajudar n
manejo clinico da doenca (Obermoser, 2010). Em nosso estudo,. INRRL
significativamenteP DLRU HP SDFLHQW3giaRde Porbpdrablos«a pacientes
com doenca inativa. Além disso, observamos uma correlacdo direta entre a pontuacao
de SLEDAI e niveis de INF; sugerindo que o INE- S R G ledlimidvharcador para
a atividade da doenca no LESj. Resultados semelhantes foram observados no LES
adulto (Hooks, 1979; Ytterberg,1982; Kim, 1987; Baechler , 2003; Dall'era, 2005;
Kirou, 2005.

Estudos anteriores sugerem um importante papel de. IRRlimunopatogénese
do LES (Hooks, 1979; Ytterberg,1982; Kim, 1987; Baechler , 2003; Dall'era, 2005;
Kirou, 2005; Niewold, 2007; Niewold, 2008; Niewold, 2008/ uma associacao entre
IFN- . Hhs mdltiplas caracteristicas clinicas e soroldgicas de doenca (Dall'era, 2005;
Zhang, 2010). Estudos ja demonstraram associacdes entre INF-PDQLIHVWDO}HV
cutaneas e renais (Dall'era, 2005; Kirou, 2005). A relagéo entre o aumento da expressao
de genes induzidos por INF- ,),*V H D SUHVHQoOD GHa®¥mdiQQIHVWDo}
graves, como envolvimento de SNC e renal foi observado em outro estudo (Baechler,
2003). Em nossa coorte, observamos um aumento nos niveis IR SDFLHQWHV FRF
manifestacdes cutaneas.

Nossos dados também mostraram um aumento nos niveis deelNfpacientes
com LESj com anti-dsDNA positivo e também uma correlacdo direta entre INH--
niveis de C3, porém nenhuma associacdo com doenca renal foi observada. Aumento da
expressdo de genes codificadores de IFNHP FpOXODV PRQRQUeFOHDUHYV
periférico tem sido associado com a presenca de nefrite lUpica, manifestacdes cutaneas,

e presenca de arf@e/SSA, antiSm anti-RNP e anti-dsDNA (Baechler, 2003;
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Weckerle, 2011). Anti-dsDNAem sido associado com nefrite lUpica (Bastian, 2007),
enquanto antRo/SSA tem sido associado a manifestagdes cutaneas (Sontheimer, 1982).
Ainda ndo esté claro se a associagdo entre IFN- DV PDQLIHVWPB ehby FXWkKQF
em estudos anteriores € priméria ou secundaria devido a uma associacado entre auto-
anticorpos e IFN: Weckerle, 2011). Nés ndo observamos associacdes entre INF-
outros auto-anticorpos, como aRW¥SSA, anti-Sm ou anti-RNP.

Familiares de pacientes com LES tém maior risco de desenvolver doengas
autoimunes, como o LES (Niewold, 2007; Niewold, 2008). A predisposicdo genética
para alteracdo da via de ativacdo do IFNH Ramiliares pode explicar o risco
hereditario aumentado dos familiares de primeiro grau dos pacientes. Uma possivel
variabilidade genética na via de sinalizacdo do IFNWHP VLGR d&ididUL GD
presenca de polimorfismos de SNPs nos genes codificadores de IRR5 e TYK2
(Boule, 2004; Graham, 2006; Bauer, 2009; Rullo, 2010; Garcia-Romo, 2011) em
pacientes com LES, embora o impacto destes polimorfismos na atividade daidoenca
vivo ndo seja conhecido (Niewold, 20073; Rullo, 2010). Nao observamos diferenca
significativa entre os niveis séricos de IEMe familiares de primeiro grau e individuos
sadios ndo aparentados. No entanto, o pequeno numero de individuos pode ter afetado
0s resultados.

Encontramos uma correlacdo indireta entre os niveis de. I8 idade dos
pacientes. Achados semelhantes foram relatados no LES adulto, bem como em
individuos sadios ndo aparentados (Niewold, 2008). Ndo é claro na literatura se os
niveis séricos aumentados de IENREVHUYDGRV HP SDFLHQWHV FRP /(6
causa ou o resultado da atividade da doenca, mas esta correlagcdo pode explicar as
diferentes manifestacdes clinicas e soroldgicas entre pacientes com LESj e pacientes

com LES adulto.
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Em relagdo a medicacdo, observamos niveis mais elevados de INFR
pacientes sem medicacdo. Nenhum dos pacientes apresentou qualquer evidéncia de
atividade da doenga no momento da avaliagdo. No entanto, estudos longitudinais sé&o
necessarios para determinar se o aumento nos niveis de ISRGH SUHYHU SHUtRGI
atividade no futuro.

Estudos ja demostraram uma diminuicdo significativa na expressdo dos IFIGs
em pacientes que receberam pulso de glicocorticoides (Kirou, 2005; Shodell, 2003).
Dados sugerem que o tratamento com pulso de glicocorticoides pode diminuir o nimero
de células produtoras de INF- UHGX]LQGR WUDQVLWRULDPHQWH R H\
IFIGs, levando a uma diminuicdo nos niveis séricos de IK&hodell, 2008
5.2 TNF-.

Em nosso estudo observamos um aumento dos niveis séricos de amF-
pacientes com LESj quando comparados aos familiares de primeiro grau e aos
individuos sadios ndo aparentados, como ja observado em pacientes com LES adulto
(Studnicka-Bencke, 1996; Gabay, 1997; Jones, 1999; Gémez, 2004; Mahmoud, 2005;
Pitidhammabhorn, 2006; Sabry, 2006; Mistairi, 2007; Wozniacka,2008

Embora varios estudos tenham analisado niveis de TNHP SDFLHQWHV FRF
LES adulto, o seu significado clinico € menos claro (Studnicka-Bencke, 1996; Sabry,
2006; Al-Mutairi, 2007). A associacdo entre TNF-Ha presenca de anti-dsDNA
(Studnicka-Bencke, 1996), nefrite (Sabry, 2006) e envolvimento pulmonar (Al-Mutairi,
2007) foi demonstrada em estudos anteriores.

Varios estudos com pacientes com LES adulto tém mostrado um aumento nos
niveis de TNF- HP SDFLHQWHYV F R&tudaiBa-Bemtke,D1BR6;Y Bahay
1997; Jones, 1999; Gomez, 2004; Mahmoud, 2005; Sabry, 2006). No entanto, essa

associacdo nunca fora antes estudada em um grupo de pacientes com LESj. Observamos
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em nossa coorte um aumento dos niveisde TNH-P SDFLHQWHYV FRP GRHQoD L
de uma correlagao positiva entre a pontuagéo de SLEDAI, sugerindo que o B\RG H
ser um biomarcador para a atividade da doenga no LES.

Niveis significativamente mais altos de TNFeram observados em pacientes
com nefrite quando comparados aos pacientes sem nefrite. Nefrite IUpica é um prototipo
de lesdo renal induzida por imuno-complexos (Masutani, 2001). Na nefrite Idpica, o
padrdo de lesdo glomerular esta relacionado essencialmente com a presenca de
anticorpos (anti-dsDNA e anti-C1q) e com a formacdo de imuno-complexos. Esses
imuno-complexos sdo depositados na superficie do tecido, induzindo a resposta
inflamatoria, através da ativacdo de moléculas de adesédo no endotélio. Esta resposta
leva ao recrutamento de leucdcitos pro-inflamatorios. Leséo renal resulta da ativacdo e
dano das células glomerulares, do infiltrado de macréfagos e da presenca de citocinas
(Gigante, 2011

A alteracdo no processo de apoptose desempenha um papel importante no
desenvolvimento da nefrite lUpica proliferativa (Studnicka-Bencke, 1996; Gloor, 1998).
Niveis mais elevados de TNF-WDPEpP IRUDP REVHUYDGRV HP XP HVYV
comparou nefrite lapica ativa com nefrite inativa (Sabry, 2006), e em outros estudos
com nefropatias néo lupicas, incluindo nefropatias membranosa e sindromes nefrética
(Ihm, 1997; Lionaki, 2009). Estes resultados suportam a hipétese de que T™HRR-G H
desempenhar um papel patogénico na indugdo ou manutencéo da disfuncédo da barreira
glomerular em doencas renal (Lionaki, 209

Linhas de pesquisa suportam o papel do TNR D QH I U L&kpravardd F D
gue ha uma melhoria importante da nefrite nos pacientes que estdo em uso da terapia
bloqueadora de TNE- Dean, 2000; Aringer, 2004; Aringer, 2007; Aringer, 2008; Zhu,

2010). Em patrticular, nefrite pode permanecer em remissao de longo prazo apos apenas
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algumas infusdes de Infliximab (Zhu, 2010). Apesar do aumento de auto-anticorpos
contra cromatina em pacientes tratados com terapia bloqueadora de &dt€s foram
transitérios e sem consequéncias patoldgicas (Mageed, 2002). E importante considerar
algumas limitac6es deste estudo, como o pequeno numero de pacientes com LES (7
pacientes) incluidos e o curto periodo de seguimento (4-10 semanas) (Aringgr, 2007

Apesar de apenas 17% dos pacientes apresentarem depressédo, observamos um
aumento nos niveis deNF-. H Packntes com depressdao moderada/severa quando
comparados aos pacientes sem depressaol/leve.

Nos ultimos 20 anos, desde os relatos iniciais de interacdes neuro-imunolégicas
na depressao, varios estudos tém demonstrado uma clara associacao entre a ativacédo do
sistema imunoldgico, os niveis de citocinas pré-inflamatorias, e o0s sintomas
psiquiatricos (Mikova, 2001; Tuglu, 2003; Dowlati, 2010). TNFH[HUFH VHX HIHLW
biolégico, principalmente pela ligacdo aos receptores TNFR1 e TNFR2, causando a
ativacdo das cascatas de sinalizacdo que mediam diferentes efeitos intracelulares (Baud,
2001). No cérebro, TNFR1 parece mostrar um padrao de expressao constitutiva
enquanto TNFR2 se expressa, principalmente sob condicbes de estimulo (Baud, 2001).
As maiores concentracdes de receptores de TNBR FpUHEUR VMR HQFRQWUDC
regides envolvidas na regulacdo do humor e do funcionamento cognitivo como o
hipotalamo, hipocampo e areas do cortex cerebral (Khairova, 2009). Apesar do vinculo
associativo entre neuro-inflamacéo e transtornos de humor ser amplamente aceito, mais
estudos sdo necessarios para estabelecer a relacdo causa-efeito (Kaster, 2011).

Embora uma literatura consideravel associe o TNB- patogénese ed
detrminadas doencas degenerativas como a doenca de Alzheimer (Clark, 2010) e
esclerose multipla (Mikova, 2001), além de associar com outros tipos de depressao

como a depressao atipica (Yoon, 2011), transtorno depressivo maior (Mikova, 2001;
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Tuglu, 2003; Kim, 2007; Himmerich , 2008; Dowlati, 2010), essa associagdo nao foi
relatada no LES até agora.

Em relacdo & medicacdo, ndo observamos diferenga significativa nos niveis de
TNF-. HQWUH SDFLHQWHV F RPadésXdaMitéRtuRaks@erem oueRos
antimalaricos interferem na liberacio de TNF-SRU FpOXODV KXPDQDV
camundongos, embora seu modo exato de acdo ndo seja totalmente compreendido
(Wozniacka, 2006). Outro estudo mostrou que a hidroxicloroquina tem sido eficaz na
reducdo de atividade e dano da doenca, reducdo de ocorréncia de eventos vasculares e

trombaoticos e até mesmo eficaz no aumento da sobrevida (Alarcon, 2007).
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6. Conclusoes

1. Niveis séricos de INE- HV ¥igmifkativamente mais elevados em pacientes
com LESj quando comparados a familiares de primeiro grau e individuos sadios
nao aparentados. Nenhuma diferenca significativa entre familiares de primeiro
grau e individuos sadios ndo aparentados foi observada.

2. INF-. estd associado com atividade da doenca, presenca do anticorpo anti-
dsDNA, niveis de C2 manifestacbes cutaneamgh e vasculite cutanea) em
pacientes com LESj. O INk- VH FRUUHODFLRQRX FRP 6/('S$,
com a idade dos pacientes com LES;.

3. Niveis de TNF- estéo significativamente mais elevados em pacientes com LESj
guando comparados a familiares de primeiro grau e individuos sadios néo
aparentados. Nenhuma diferenca significativa entre familiares de primeiro grau e
individuos sadios ndo aparentados foi observada.

4. TNF-. HV Wi D \W\wum&iLi@a@eRla doenca, nefrite e depressao em pacientes

comLES]. OTNF- VH FRUUHODFLRQRX FRP 6/('$,

63

L (



7. Referéncias bibliograficas
Abdel-Nasser AM, Ghaleb RM, Mahmoud JA, Khairy W, Mahmoud RM. Association
of anti-ribosomal P protein antibodies with neuropsychiatric and other manifestations of

systemic lupus erythematosus. Clin Rheumatol. 2008;27:1377-85

Ainiala H, Hietaharju A, Loukkola J, Peltola J, Korpela M, Metsanoja R, et al. Validity
of the new American College of Rheumatology criteria for neuropsychiatric lupus

syndromes: a population-based evaluation. Arthritis Rheum. 2001; 45:419-23

Alarcon GS, McGwin G, Bertoli AM, Fessler BJ, Calvo-Alén J, Bastian HM, Vila LM,
Reveille JD; LUMINA Study Group. Effect of hydroxychloroquine on the survival of
patients with systemic lupus erythematosus: data from LUMINA, a multiethnic US

cohort (LUMINA L). Ann Rheum Dis. 2007;66:1168-72

Alarcon GS. Of ethnicity race and lupus. Lupus. 2001; 10:594-596

Al-Mutairi S, Al-Awadhi A, Raghupathy, Al-Khawari H, Sada P, Al-Herz A, et al.

Lupus patients with pulmonary involvement have a proinflammatory cytokines profile.

Rheumatol Int. 2007;27:621-30

Alvarado-de la Barrera C, Alcocer-Varela J, Richaud-Patin Y, Alarcon-Segovia D,

Llorente L. Differential oncogene and TNF-alpha mRNA expression in bone marrow

cells from systemic lupus erythematosus patients. Scand J Immunol. 1998;48:551-6

64



Aringer M, Feierl E, Steiner G, Stummvoll GH, Hofler E, Steiner CW, et al. Increased
bioactive TNF in human systemic lupus erythematosus: associations with cell death.

Lupus. 2002;11:102-8

Aringer M, Smolen JS. Complex cytokine effects in a complex autoimmune disease:
tumor necrosis factor in systemic lupus erythematosus. Arthritis Res Ther 2003; 5:172-

177

Aringer M, Smolen JS. Efficacy and safety of TNF-blocker therapy in systemic lupus

erythematosus. Expert Opin Drug Saf. 2008;7:411-9

Aringer M, Smolen JS. Tumor necrosis factor and other proinflammatory cytokines in
systemic lupus erythematosus: a rationale for therapeutic intervention. Lupus.

2004;13:344-7

Aringer M, Steiner G, Graninger WB, Hofler E, Steiner CW, Smolen JS. Effects of
short-term infliximab therapy on autoantibodies in systemic lupus erythematosus.

Arthritis Rheum. 2007:;56:274-9

Arinuma Y, Yanagida T, Hirohata S. Association of cerebrospinal fluid anti-NR2
glutamate receptor antibodies with diffuse neuropsychiatric systemic lupus

erythematosus. Arthritis Rheum. 2008; 58:1130-5

Arnett FC, Reichlin M. Lupus hepatitis: an under-recognized disease feature associated

with autoantibodies to ribosomal P. Am J Med. 1995;99:465-72

65



Azizah MR, Kuak SH, Ainol SS, Rahim MN, Normaznah Y, Norella K. Association of
the tumor necrosis factor alpha gene polymorphism with susceptibility and clinical-
immunological findings of systemic lupus erythematosus. Asian Pac J Allergy

Immunol. 2004;22:15%3

Bachen EA, Chesney MA, Criswell LA. Prevalence of mood and anxiety disorders in

women with systemic lupus erythematosus. Arthritis Rheum 2009; 61: 822-9

Baechler EC, Batliwalla FM, Karypis G, Gaffney PM, Ortmann WA, Espe KJ, et al.
Interferon-inducible gene expression signature in peripheral blood cells of patients with

severe lupus. Proc Natl Acad Sci U S A 2003;100:2610

Ball EM, Bell AL. Lupus arthritis-do we have a clinically useful classification?

Rheumatology (Oxford). 2011 Dec 15. [Epub ahead of print]

Banchereau J, Pascual V. Type | interferon in systemic lupus erythematosus and other

autoimmune diseases. Immunity. 2006;25:383-92

Bastian HM, Alarcon GS, Roseman JM, McGwin G Jr, Vila LM, Fessler BJ, et al.

Systemic lupus erythematosus in a multiethnic US cohort (LUMINA) XL II: factors

predictive of new or worsening proteinuria. Rheumatology (Oxford) 2007;46:683-9

Baud V, Karin M. Signal transduction by tumor necrosis factor and its relatives. Trends

Cell Biol. 2001;11:372-7

66



Bauer JW, Petri M, Batliwalla FM, et al. Interferon-regulated chemokines as biomarkers
of systemic lupus erythematosus disease activity: a validation study. Arthritis Rheum.

2009;60:3098-107

Beck AT, Epstein N, Brown G, Steer RA. An inventory for measuring clinical anxiety:

Psychometric properties. J Consult Clin Psychol. 1988;56:893-7

Beck AT, Ward CH, Mendelson M, Mock J, Erbaugh J. An inventory for measuring

depression. Arch Gen Psychiatry. 1961;4:561-71

Bennett L, Palucka AK, Arce E, Cantrell V, Borvak J, Banchereau J, et al. Interferon
and granulopoiesis signatures in systemic lupus erythematosus blood. J. Exp. Med.

2003:197:71123

Bogdan C. The function of type | interferons in antimicrobial immunity. Curr. Opin.

Immunol. 2000;12:41¥424

Bombardier C, Gladman DD, Urowitz MB, Caron D, Chang CH. Derivation of the
SLEDAI. A disease activity index for lupus patients. The Committee on Prognosis

Studies in SLE. Arthritis Rheum. 1992; 35: 680.

Boule MW, Broughton C, Mackay F, Akira S, Marshak-Rothstein A, Rifkin IR. Toll-

like receptor 9-dependent and -independent dendritic cell activation by chromatin-

immunoglobulin G complexes. J. Exp. Med. 2004;199: 1840

67



Brandt JT, Triplett DA, Alving B, Scharrer I, on behalf of the Subcommittee on Lupus
Anticoagulant/Antiphospholipid Antibody of the Scientific and Standardisation
Committee of the ISTH. Criteria for the diagnosis of lupus anticoagulants: an update.

Thromb Haemost 1995; 74: 118#®

Braun D, Geraldes P, Demengeot J. Type | Interferon controls the onset and severity of

autoimmune manifestations in Ipr mice. J Autoimmun. 2003;20:15-25

Brennan DC, Yui MA, Wuthrich RP, Kelley VE. Tumor necrosis factor and IL-1 in
New Zealand Black/White mice. Enhanced gene expression and acceleration of renal

injury. J Immunol 1989; 143: 3478

Briani C, Lucchetta M, Ghirardello A, Toffanin E, Zampieri S, Ruggero S, et al.
Neurolupus is associated with anti-ribosomal P protein antibodies: an inception cohort

study. J Autoimmun. 2009;32:79-84

Brunner HI, Gladman DD, Ibanez D, Urowitz MD, Silverman ED. Difference in disease

features between childhood-onset and adult-onset systemic lupus erythematosus.

Arthritis Rheum 2008;58:55&%2

Buyon JP, Clancy RM. Maternal autoantibodies and congenital heart block: mediators,

markers, and therapeutic approach. Semin Arthritis Rheum. 2003;33:140-54

68



Carrefio L, Lépez-Longo FJ, Monteagudo |, Rodriguez-Mahou M, Bascones M,
Gonzélez CM, et al. et al. Immunological and clinical differences between juvenile and

adult onset of systemic lupus erythematosus. Lupus. 1999; 8287

Castellino G, Corallini F, Trotta F, Secchiero P. Elevated levels of TRAIL in systemic
lupus erythematosus are associated to the presence of anti-SSA/SSB antibodies. Lupus.

2007;16:479-82

Cervera R, Khamashta MA, Font J, Sebastiani GD, Gil A, Lavilla P, et al. Systemic
lupus erythematosus: clinical and immunologic patterns of disease expression in a
cohort of 1,000 patients. The European Working Party on Systemic Lupus

Erythematosus. Medicine (Baltimore) 1993; 72: HI34

Chahade WH, Sato El, Moura JE Jr, Costallat LT, Andrade LE. Systemic lupus
erythematosus in Sado Paulo/Brazil: a clinical and laboratory overview. Lupus. 1995;

4:100-3

Chan OT, Madaio MP, Sholmchik MJ. The central and multiple roles of B cells in lupus

pathogenesis. Immunol Rev. 1999; 169: 107-121

Chen CJ, Yen JH, Tsai WC, Wu CS, Chiang W, Tsai JJ, et al. The TNF2 allele does not

contribute towards susceptibility to systemic lupus erythematosus. Immunol Lett.

1997:55:1-3

69



Chindalore V, Neas B, Reichlin M. The association between anti-ribosomal P
antibodies and active nephritis in systemic lupus erythematosus. Clin Immunol

Immunopathol. 1998;87:292-6

Chrousos GP. The hypothalamic-pituitary-adrenal axis and immune-mediated

inflammation. N Engl J Med. 1995;332:1351-62

Clark 1A, Alleva LM, Vissel B. The roles of TNF in brain dysfunction and disease.

Pharmacol Ther. 2010;128:519-48

Correa PA, Gomez LM, Cadena J, Anaya JM. Autoimmunity and tuberculosis.

Opposite association with TNF polymorphism. J Rheumatol. 2005;32:219-24

Costallat LT, Coimbra AM. Systemic lupus erythematosus: clinical and laboratory

aspects related to age at disease onset. Clin Exp Rheumatol. 1994;12:603-7

Costallat LT, de Oliveira RM, Santiago MB, Cossermelli W, Samara AM.
Neuropsychiatric manifestations of systemic lupus erythematosus: the value of
anticardiolipin, antigangliosides and antigalactocerebrosides antibodies. Clin

Rheumatol. 1990;9:489-97

Costallat LTL, Coimbra AMV. Systemic lupus erythematosus: clinical and laboratory

aspects related to age at disease onset. Clin Exp Immunol. 1994; 12:603-7

70



Crow MK, Kirou KA, Wohlgemuth J. Microarray analysis of interferon-regulated genes

in SLE. Autoimmunity 2003;36: 4880

Cunha, JA Manual da versdao em portugués das Escalas Beck. Sado Paulo: Casa do

Psicologo, 2001

'T$OIRQVR 6 &RORPER * 'HOOD %HOORIch&rdiFrRU]D 5
Association between polymorphisms in the TNF region and systemic lupus

erythematosus in the Italian population. Tissue Antigens. 1996; 47: 551

Dall'era MC, Cardarelli PM, Preston BT, Witte A, Davis JC Jr. Type | interferon
correlates with serological and clinical manifestations of SLE. Ann Rheum Dis.

2005;64:1692-7

Danis VA, Millington M, Hyland V, Lawford R, Huang Q, Grennan D. Increased
frequency of the uncommon allele of a tumour necrosis factor alpha gene polymorphism

in rheumatoid arthritis and systemic lupus erythematosus. Dis Markers. 1995;12:127-33

Dean GS, Tyrrell-Price J, Crawley E, Isenberg DA. Cytokines and systemic lupus

erythematosus. Ann Rheum Dis. 2000;59:243-51

DeGiorgio LA, Konstantinov KN, Lee SC, Hardin JA, Volpe BT, Diamond B. A subset

of lupus anti-DNA antibodies cross-reacts with the NR2 glutamate receptor in systemic

lupus erythematosus. Nat Med. 2001; 7:1189-93

71



Doly J, Civas A, Navarro S, Uze G. Type | interferons: expression and signalization.

Cell Mol Life Sci 1998, 54:1109-1121

Dowlati Y, Herrmann N, Swardfager W, Liu H, Sham L, Reim EK, et al. A meta-
analysis of cytokines in major depression. Biol Psychiatry. 2010;67:446-57
Dubois EL, Tuffanelli DL. Clinical manifestations of systemic lupus erythematosus.

Computer analysis of 520 cases. JAMA. 1964; 190:104-11

Farabosco P, Gorman JD, Cleveland C, Kelly JA, Fisher SA, OrtmannWA, et al.Meta-
analysis of genome-wide linkage studies of systemic lupus erythematosus. Genes

Immun 2006:;7:609.4

Feng JB, Ni JD, Yao X, Pan HF, Li XP, Xu JH, et al. Gender and age influence on
clinical and laboratory features in Chinese patients with systemic lupus erythematosus:

1,790 cases. Rheumatol Int. 2010; 30:1&17

Fessel EJ. Systemic lupus erythematosus in the community. Incidence, prevalence,
outcome, and first symptoms; the high prevalence in black women. Arch Intern Med.

1974, 134:1027-35

Font J, Cervera R, Espinosa G, Pallarés L, Ramos-Casals M, Jiménez S, et al. Systemic
lupus erythematosus (SLE) in childhood: analysis of clinical and immunological
findings in 34 patients and comparison with SLE characteristics in adults. Ann Rheum

Dis. 1998; 57:45@

72



Fu SM, Deshmukh US, Gaskin F. Pathogenesis of systemic lupus erythematosus
revisited 2011: end organ resistance to damage, autoantibody initiation and

diversification, and HLA-DR. J Autoimmun. 2011;37:104-12

Fugger L, Morling N, Ryder LP, Georgsen J, Jakobsen BK, Svejgaard A, et al. Ncol
restriction fragment length polymorphism (RFLP) of the tumor necrosis factor (TNF

alpha) region in four autoimmune diseases. Tissue Antigens. 1989;32: 17-

Gabay C, Cakir N, Moral F, Roux-Lombard P, Meyer O, Dayer JM, et al. Circulating
levels of tumor necrosis factor soluble receptors in systemic lupus erythematosus are
significantly higher than in other rheumatic diseases and correlate with disease activity.

J Rheumatol 1997;24:30308

Gaipl US, Kuhn A, Sheriff A, Munoz LE, Franz S, Voll RE, et al. Clearance of

apoptotic cells in human SLE. Curr Dir Autoimmun. 2006;9:173-87

Garcia-Romo GS, Caielli S, Vega B, Connolly J, Allantaz F, Xu Z, et al. Netting
neutrophils are major inducers of type | IFN production in pediatric systemic lupus

erythematosus. Sci Transl Med. 2011;3:73ra20

Gigante A, Gasperini ML, Afeltra A, Barbano B, Margiotta D, Cianci R, et al.

Cytokines expression in SLE nephritis. Eur Rev Med Pharmacol Sci. 2011;15:15-24

Gladman DD, Urowitz MB, Darlington GA. Disease expression and class Il HLA

antigens in systemic lupus erythematosus. Lupus 1999;&066

73



Gladman DD, Urowitz MB, Goldsmith CH, Fortin P, Ginzler E, Gordon C, et al. The
reliability of the Systemic Lupus International Collaborating Clinics/American College
of Rheumatology Damage Index in patients with systemic lupus erythematosus.

Arthritis Rheum 1997;40:804.3

Gloor JM. Lupus nephritis in children. Lupus 1998; 7:639-643

Golding A, Rosen A, Petri M, , Akhter E, Andrade F. Interferon-alpha regulates the
dynamic balance between human activated regulatory and effector T cells: implications

for antiviral and autoimmune responses. Immunology. 2010;131:107-17

Gomez D, Correa PA, Gomez LM, Cadena J, Molina JF, Anaya JM. Th1/Th2 cytokines
in patients with systemic lupus erythematosus: is tumor necrosis factor alpha protective?

Semin Arthritis Rheum. 2004;33:404-13

GOmez J, Suérez A, L6pez P, Mozo L, Diaz JB, Gutiérrez C. Systemic lupus
erythematosus in Asturias, Spain: clinical and serologic features. Medicine (Baltimore)

2006; 85:1548

Gordon C, Ranges GE, Greenspan JS, Wofsy D. Chronic therapy with recombinant
tumor necrosis factor-alpha in autoimmune NZB/NZW F1 mice. Clin Immunol

Immunopathol 1989; 52: 421434

Graham RR, Kozyrev SV, Baechler EC, Reddy MV, Plenge RM, Bauer JW, et al. A

common haplotype of interferon regulatory factor 5 (IRF5) regulates splicing and

74



expression and is associated with increased risk of systemic lupus erythematosus. Nat

Genet 2006;38:55855

Graham RR, Ortmann W, Rodine P, Espe K, Langefeld C, Lange E, et al. Specific
combinations of HLA-DR2 and DR3 class Il haplotypes contribute graded risk for
disease susceptibility and autoantibodies in human SLE. Eur J Hum Genet

2007;15:82380

Graham RR, Ortmann WA, Langefeld CD, Jawaheer D, Selby SA, Rodine PR, et al.
Visualizing human leukocyte antigen class Il risk haplotypes in human systemic lupus

erythematosus. Am J Hum Genet 2002;71:583

Guarnizo-Zuccardi P, Lopez Y, Giraldo M, Garcia N, Rodriguez L, Ramirez L, et
al.Cytokine gene polymorphisms in Colombian patients with systemic lupus

erythematosus. Tissue Antigens. 2007;70:376-82

Hajeer AH, Worthington J, Davies EJ, Hillarby MC, Poulton K, Ollier WE. TNF

microsatellite a2, b3 and d2 alleles are associated with systemic lupus erythematosus.

Tissue Antigens. 1997, 49: 222-7

Hanly JG, Walsh NM, Sangalang V. Brain pathology in systemic lupus erythematosus.

J Rheumatol. 1992; 19:732-741

75



Harris EN, Gharavi AE, Patel SP, Hughes GR. Evaluation of the anti-cardiolipin
antibody test: report of an international workshop held 4 April 1986. Clin Exp Immunol

1987; 68: 21522

Hashimoto H, Tsuda H, Hirano T, Takasaki Y, Matsumoto T, Hirose S. Differences in
clinical and immunological findings of systemic lupus erythematosus related to age. J

Rheumatol. 1987; 14:49801

Herrmann M, Voll RE, Zoller OM, Hagenhofer M, Ponner BB, Kalden JR. Impaired
phagocytosis of apoptotic cell material by monocyte-derived macrophages from patients

with systemic lupus erythematosus. Arthritis Rheum. 1998;41:1241-50

Hersh AO, von Scheven E, Yazdany J, Panopalis P, Trupin L, Julian L, et al.
Differences in long-term disease activity and treatment of adult patients with childhood-

and adult-onset systemic lupus erythematosus. Arthritis Rheum 2009480.:13

Himmerich H, Fulda S, Linseisen J, Seiler H, Wolfram G, Himmerich S, et al.

Depression, comorbidities and the TNF-alpha system. Eur Psychiatry 2008;23:

Hirankarn N, Avihingsanon Y, Wongpiyabovorn J. Genetic susceptibility to SLE is

associated with TNF-alpha gene polymorphism -863, but not -308 and -238, in Thai

population. Int J Immunogenet. 2007;34:425-30

76



Hirohata S, Arinuma Y, Takayama M, Yoshio T. Association of cerebrospinal fluid
anti-ribosomal p protein antibodies with diffuse psychiatric/neuropsychological

syndromes in systemic lupus erythematosus. Arthritis Res Ther. 2007;9:R44

Hochberg MC. Updating the American College of Rheumatology revised criteria for the

classification of systemic lupus erythematosus. Arthritis Rheum 1997; 40:1725

Hoffman IE, Lauwerys BR, De Keyser F, Huizinga TW, Isenberg D, Cebecauer L, et al.
Juvenile-onset systemic lupus erythematosus: different clinical and serological pattern

than adult-onset systemic lupus erythematosus. Ann Rheum Dis. 2009; £3:412

Honda K, Yanai H, Negishi H, Asagiri M, Sato M, Mizutani T, et al. IRF-7 is the
master regulator of type-I interferon-dependent immune responses. Nature 2005; 434:

172577

Hooks JJ, Moutsopoulos HM, Geis SA, Stahl NI, Decker JL, and Notkins AL. Immune
interferon in the circulation of patients with autoimmune disease. N. Engl. J. Med.

1979; 301: 58

Hopkinson ND, Doherty M, Powell RJ. Clinical features and race-specific
incidence/prevalence rates of systemic lupus erythematosus in a geographically

complete cohort of patients. Ann Rheum Dis. 1994; 53:675-80

Hron JD, Peng SL. Type | IFN protects against murine lupus. J Immunol

2004;173:213442

77



Huang JL, Yao TC, See LC. Prevalence of pediatric systemic lupus erythematosus and
juvenile chronic arthritis in a Chinese population: a nation-wide prospective population-

based study in Taiwan. Clin Exp Rheumatol. 2004; 22806

Huemer C, Huemer M, Dorner T, Falger J, Schacherl H, Bernecker M, et al. Incidence
of pediatric rheumatic diseases in a regional population in Austria. J Rheumatol 2001,

28:21161

Hulsey M, Goldstein R, Scully L, Surbeck W, Reichlin M. Anti-ribosomal P antibodies
in systemic lupus erythematosus: a case-control study correlating hepatic and renal

disease. Clin Immunol Immunopathol. 1995;74:252-6.

Ihm CG, Park JK, Hong SP, Lee TW, Cho BS, Kim MJ. Circulating factors in sera or
peripheral blood mononuclear cells in patients with membranous nephropathy or

diabetic nephropathy. J Korean Med Sci 1997; 12:539

Ippolito A, Wallace DJ, Gladman D, Fortin PR, Urowitz M, Werth V, et al.
Autoantibodies in systemic lupus erythematosus: comparison of historical and current

assessment of seropositivity. Lupus. 2011;20:250-5

Isenberg DA, Shoenfeld Y, Walport M, Mackworth-Young C, Dudeney C, Todd-
Pokropek A, et al. Detection of cross-reactive anti-DNA antibody idiotypes in the serum
of systemic lupus erythematosus patients and of their relatives. Arthritis Rheum.

1985;28:999-1007

78



Jacob CO, Hwang F, Lewis GD, Stall AM. Tumor necrosis factor alpha in murine
systemic lupus erythematosus disease models: implications for genetic predisposition

and immune regulation. Cytokine 1991; 3:558361

Jacob CO, McDevitt HO. Tumor necrosis faciorO SKD LQ PXULQH DXWRLPPX
nephritis. Nature 1988; 331: 3568
Jacob CO. Tumor necrosis factor alpha in autoimmunity: pretty girl or old witch?

Immunol Today 1992; 13: 122125

Jacobsen S, Petersen J, Ullman S, Junker P, Voss A, Rasmussen JM, et al. A
multicentre study of 513 Danish patients with systemic lupus erythematosus. Il. Disease

mortality and clinical factors of prognostic value. Clin Rheumatol. 1998;17:478-84

Jara LJ, Vera-Lastra O, Miranda JM, Alcala M, Alvarez-Nemegyei J. Prolactin in

human systemic lupus erythematosus. Lupus. 2001;10:748-56

Jiménez-Morales S, Veldzquez-Cruz R, Ramirez-Bello J, Bonilla-Gonzalez E, Romero-
Hidalgo S, Escamilla-Guerrero G, et al. Tumor necrosis factor-alpha is a common
genetic risk factor for asthma, juvenile rheumatoid arthritis, and systemic lupus

erythematosus in a Mexican pediatric population. Hum Immunol. 2009;70:251-6

Johnson AE, Gordon C, Palmer RG, Bacon PA. The prevalence and incidence of

systemic lupus erythematosus in Birmingham, England. Relationship to ethnicity and

country of birth. Arthritis Rheum. 1995; 38:58L

79



Johnson RT, Richardson EP. The neurological manifestations of systemic lupus

erythematosus. Medicine (Baltimore). 1968;47: 337-369

Jones BM, Liu T, Wong RW. Reduced in vitro production of interferon-gamma,
interleukin-4 and interleukin-12 and increased production of interleukin-6, interleukin-
10 and tumour necrosis factor-alpha in systemic lupus. Weak correlations of cytokine

production with disease activity. Autoimmunity. 1999;31:117-24

Joseph A, Brasington R, Kahl L, Ranganathan P, Cheng TP, Atkinson J. Immunologic

rheumatic disorders. J Allergy Clin Immunol. 2010;125:5204-15

Kariuki SN, Niewold TB. Genetic regulation of serum cytokines in systemic lupus

erythematosus. Transl Res. 2010;155:109-17

Kaster MP, Gadotti VM, Calixto JB, Santos AR, Rodrigues AL. Depressive-like
behavior induced by tumor necrosis factom mice. Neuropharmacology. 2011 Aug

18. [Epub ahead of print]

Khairova RA, Machado-Vieira R, Du J, Manji HK. A potential role for pro-
inflammatory cytokines in regulating synaptic plasticity in major depressive disorder.

Int J Neuropsychopharmacol. 2009;12:561-78

Kim T, Kanayama Y, Negoro N, Okamura M, Takeda T, Inoue T. Serum levels of
interferons in patients with systemic lupus erythematosus. Clin Exp Immunol.

1987;70:562-9

80



Kim YK, Na KS, Shin K H, Jung HY, Choi SH, Kim JB. Cytokine imbalance in the
pathophysiology of major depressive disorder. Prog Neuropsychopharmacol Biol

Psychiatry 2007;3 i

Kirou KA, Kalliolias GD. A new tool for detection of type | interferon activation in

systemic lupus erythematosus. Arthritis Res Ther. 2010;12:138

Kirou KA, Lee C, George S, Louca K, Papagiannis IG, Peterson MG, et al. Coordinate
overexpression of interferon-alpha induced genes in systemic lupus erythematosus.

Arthritis Rheum 2004:;50:39567

Kirou KA, Lee C, George S, Louca K, Peterson MG, Crow MK. Activation of the
interferon-alpha pathway identifies a subgroup of systemic lupus erythematosus patients

with distinct serologic features and active disease. Arthritis Rheum 2005;5250891

Klein-Gitelman M, Reiff A, Silverman ED. Systemic lupus erythematosus in childhood.

Rheum Dis Clin North Am. 2002; 3:561-77

Kontoyiannis D, Kollias G. Accelerated autoimmunity and lupus nephritis in NZB mice
with an engineered heterozygous deficiency in tumor necrosis factor. Eur J Immunol

2000; 30: 20382047

Koren E, Schnitz W, Reichlin M. Concomitant development of chronic active hepatitis
and antibodies to ribosomal P proteins in a patient with systemic lupus erythematosus.

Arthritis Rheum. 1993;36:1325-8

81



Koscec M, Koren E, Wolfson-Reichlin M, Fugate RD, Trieu E, Targoff IN, et al.
Autoantibodies to ribosomal P proteins penetrate into live hepatocytes and cause

cellular dysfunction in culture. J Immunol. 1997;159:2033-41

Koutouzov S, Mathian A, Dalloul A. Type-l interferons and systemic lupus
erythematosus. Autoimmun Rev. 2006;5:554-62
Kovacs M. The Children's Depression, Inventory (CDI). Psychopharmacol Bull. 1985;

21995-8

Kuhn A, Ruland V, Bonsmann G. Cutaneous lupus erythematosus: update of

therapeutic options part I. J Am Acad Dermatol. 2011;65:€179-93

Lee HM, Mima T, Sugino H, Aoki C, Adachi Y, Yoshio-Hoshino N, et al. Interactions
among type | and type Il interferon, tumor necrosis factor, and beta-estradiol in the
regulation of immune response-related gene expressions in systemic lupus

erythematosus. Arthritis Res Ther. 2009;11:R1

Levine JS, Koh JS. The role of apoptosis in autoimmunity: immunogen; antigen and

accelerant. Semin Nephrology. 1999; 19: 34-47

Lin YJ, Chen RH, Wan L, Sheu JC, Huang CM, Lin CW, et al. Association of TNF-

gene polymorphisms with systemic lupus erythematosus in Taiwanese patients. Lupus.

2009;18:974-9

82



Lionaki S, Siamopoulos K, Theodorou |, Papadimitraki E, Bertsias G, Boumpas D, et
al. Inhibition of tumour necrosis factor alpha in idiopathic membranous nephropathy: a

pilot study. Nephrol Dial Transplant. 2009;24:2144-50

Liu K, Mohan C. What do mouse models teach us about human SLE? Clin. Immunol.

2006; 119, 12330

Livingston B, Bonner A, Pope J. Differences in clinical manifestations between

childhood-onset lupus and adult-onset lupus: a meta-analysis. Lupus. 2011;20:1345-55

Mageed RA, Isenberg DA. Tumors necrosis factor alpha in systemic lupus

erythematosus and anti-DNA autoantibody production. Lupus 2002;11:850-5

Mahmoud RA, EI-Gendi HI, Ahmed HH. Serum neopterin, tumor necrosis factor-alpha
and soluble tumor necrosis factor receptor Il (p75) levels and disease activity in
Egyptian female patients with systemic lupus erythematosus. Clin Biochem.

2005;38:134-41

Manson JJ, Rahman A. Systemic lupus erythematosus. Orphanet J Rare Dis. 2006; 1:6

Marini R, Costallat LT. Young age at onset, renal involvement, and arterial

hypertension are of adverse prognostic significance in juvenile systemic lupus

erythematosus. Rev Rheum Engl. 1999; 66:303-9

83



Masutani K, Akahoshi M, Tsuruya K, Tokumoto M, Ninomiya T, Kohsaka T et al.
Predominance of Thl immune response in diffuse proliferative lupus nephritis. Arthritis

Rheum. 2001:;44:2097-106

Mathian A, Weinberg A, Gallegos M, Banchereau J, Koutouzov S. IFN-alpha induces
early lethal lupus in preautoimmune (New Zealand BlackxNew Zealand White) F1 but

not in BALB/c mice. J Immunol 2005;174:249¥D6

May LA, Huang Q, Morris D, Danis V, Manolios N. Relationship of tumor necrosis

factor alpha gene polymorphisms and neuropsychiatric lupus. Lupus. 2002;11: 114-8

McHugh NJ, Owen P, Cox B, Dunphy J, Welsh K. MHC class Il, tumor necrosis factor
alpha, and lymphotoxin alpha gene haplotype associations with serological subsets of

systemic lupus erythematosus. Ann Rheum Dis. 2006;65:488-94

Méndez |, Alcocer-Varela J, Parra A, Lava-Zavala A, de la Cruz DA, Alagagovia
D, et al. Neuroendocrine dopaminergic regulation of prolactin release in systemic lupus

erythematosus: a possible role of lymphocyte-derived prolactin. Lupus. 2004;13:45-53

Mevorach D. Clearance of dying cells and systemic lupus erythematosus: the role of

C1qg and the complement system. Apoptosis. 2010;15:1114-23

Mikova O, Yakimova R, Bosmans E, Kenis G, Maes M. Increased serum tumor
necrosis factor alpha concentrations in major depression and multiple sclerosis. Eur

Neuropsychopharmacol. 2001;11:203-8

84



Mina R, Brunner HI. Pediatric lupusire there differences in presentation, genetics,
response to therapy, and damage accrual compared with adult lupus? Rheum Dis Clin

North Am. 2010:36:53-80

Mok CC, Mak A, Chu WP, To CH, Wong SN. Long-term survival of Southern Chinese
patients with systemic lupus erythematosus: a prospective study of all age-groups.

Medicine (Baltimore). 2005; 84:2184

Molina JF, Molina J, Garcia C, Gharavi AE, Wilson WA, Espinoza LR. Ethnic
differences in the clinical expression of systemic lupus erythematosus: a comparative

study between African-Americans and Latin Americans. Lupus. 1997; 6:63-7

Molokhia M, McKeigue PM, Cuadrado M, Hughes G. Systemic lupus erythematosus in
migrants from West Africa compared with Afro-Caribbean people in the UK. Lancet.

2001 May 5;357:1414-5

Monova D, Argirova T, Monov S. Antiribosomal P antibodies in patients with lupus

glomerulonephritis. Clin Nephrol. 2001;55:425-6

Muchinechi SR, Persoli LB, Dutra SB, Lavras LT. HLA antigens and susceptibility to

systemic lupus erythematosus in Brazilian patients. Rev Bras Reumatol 1998:88:332

Mufioz LE, Janko C, Schulze C, Schorn C, Sarter K, Schett G, et al. Autoimmunity and
chronic inflammation - two clearance-related steps in the etiopathogenesis of SLE.

Autoimmun Rev. 2010;10:38-42

85



Ng KP, Manson JJ, Rahman A, Isenberg DA. Association of antinucleosome antibodies
with disease flare in serologically active clinically quiescent patients with systemic

lupus erythematosus. Arthritis Rheum. 2006;55:900-4

Niewold TB, Adler JE, Glenn SB, Lehman TJ, Harley JB, Crow MK. Age- and sex-
related patterns of serum interferon-alpha activity in lupus families. Arthritis Rheum.

2008;58:2113-9

Niewold TB, Hua J, Lehman TJ, Harley JB, Crow MK. High serum IFN-alpha activity
is a heritable risk factor for systemic lupus erythematosus. Genes Immun. 2007;8:492-

502

Niewold TB, Kelly JA, Flesch MH, Espinoza LR, Harley JB, Crow MK. Association of
the IRF5 risk haplotype with high serum interferon-alpha activity in systemic lupus

erythematosus patients. Arthritis Rheum 2008;58:2481

Niewold TB, Swedler WI. Systemic lupus erythematosus arising during interferon-alpha

therapy for cryoglobulinemic vasculitis associated with hepatitis C. Clin Rheumatol

2005;24:17881

Obermoser G, Pascual V. The interferon-alpha signature of systemic lupus

erythematosus. Lupus. 2010;19:1012-9

86



Omdal R, Brokstad K, Waterloo K, Koldingsnes W, Jonsson R, Meligren SI.
Neuropsychiatric disturbances in SLE are associated with antibodies against NMDA

receptors. Eur J Neurol. 2005; 12:392-8

O'Neill S, Cervera R. Systemic lupus erythematosus. Best Pract Res Clin Rheumatol.

2010; 6:841-55

Pande |, Sekharan NG, Kailash S, Uppal SS, Singh RR, Kumar A, et al. Analysis of
clinical and laboratory profile in Indian childhood systemic lupus erythematosus and its

comparison with SLE in adults. Lupus. 1993; 2483

Paran D, Fireman E, Elkayam O. Pulmonary disease in systemic lupus erythematosus

and the antiphospholpid syndrome. Autoimmun Rev. 2004;3:70-5

Parks CG, Pandey JP, Dooley MA, Treadwell EL, St Clair EW, Gilkeson GS, et al.
Genetic polymorphisms in tumor necrosis factor (TNF) -alpha and TNF-beta in a
population-based study of systemic lupus erythematosus: associations and interaction

with the interleukin-lalpha-889 C/T polymorphism. Hum Immunol. 2004;65:622-31

Petri M, Orbai AM, Alarcon G, Gordon C, Merril J, Fortin P et al. Derivation and
Validation of Systemic Lupus International Collaborating Clinics Classification Criteria
for Systemic Lupus Erythematosus. In: Arthritis & Rheumatism, 2011, Chicago/lllinois.
Annual Scientific Meeting of the American College of Rheumatology. Chicago/ USA:

2011. P.678 (Abstract)

87



Petri M. Epidemiology of systemic lupus erythematosus. Best Pract Res Clin

Rheumatol. 2002; 16:847-58

Pineles D, Valente A, Warren B, Peterson M, Lehman T, Moorthy L. Worldwide
incidence and prevalence of pediatric onset systemic lupus erythematosus. Lupus. 2011;

20:1187-92

Pitidhammabhorn D, Kantachuvesiri S, Totemchokchyakarn K, Kitiyanant Y, Ubol S.
Partial construction of apoptotic pathway in PBMC obtained from active SLE patients
and the significance of plasma TNF-alpha on this pathway. Clin Rheumatol.

2006;25:705-14

Postal M, Appenzeller S. The role of Tumor Necrosis Factor-alpha (JNR-the

pathogenesis of systemic lupus erythematosus. Cytokine. 2011;56:537-43

Postal M, Costallat LT, Appenzeller S. Neuropsychiatric manifestations in systemic
lupus erythematosus: epidemiology, pathophysiology and management. CNS Drugs.

2011:25:721-36

Preble OT, Black RJ, Friedman RM, Klippel JH, Vilcek J. Systemic lupus

erythematosus: presence in human serum of an unusual acid-labile leukocyte interferon.

Science. 1982; 216: 42931

88



Press J, Palayew K, Laxer RM, Elkon K, Eddy A, Rakoff D, et al. Antiribosomal P
antibodies in pediatric patients with systemic lupus erythematosus and psychosis.

Arthritis Rheum. 1996; 39: 6746

Radic M, Herrmann M, van der Vlag J, Rekvig OP. Regulatory and pathogenetic
mechanisms of autoantibodies in SLE. Autoimmunity. 2011;44:349-56
Rahman A, Isenberg DA. Systemic lupus erythematosus. N Engl J Med. 2008; 358:929-

39

Ramirez Gomez LA, Uribe Uribe O, Osio Uribe O, Grisales Romero H, Cardiel MH,
Wojdyla D, et al. Childhood systemic lupus erythematosus in Latin America. The

GLADEL experience in 230 children. Lupus. 2008; 17515}

Rastin M, Hatef MR, Tabasi N, Mahmoudi M. The pathway of estradiol-induced
apoptosis in patients with systemic lupus erythematosus. Clin Rheumatol. 2011 Aug 12.

[Epub ahead of print]

Renner R, Sticherling M. The different faces of cutaneous lupus erythematosus. G Ital

Dermatol Venereol. 2009;144:135-47

Reveille JD, Macleod MJ, Whittington K, Arnett FC. Specific amino acid residues in

the second hypervariable region of HLAN DQA1 and DQB1 chain genes promote the

Ro (SS-A)/La (SS-B) autoantibody responses. J Immunol 1991;14683871

89



Rhodes B, Vyse TJ. The genetics of SLE: an update in the light of genome-wide

association studies. Rheumatology (Oxford) 2008;47:#603

Ronnblom L, Pascual V. The innate immune system in SLE: type | interferons and

dendritic cells. Lupus. 2008;17:394-9

Ronnblom LE, AIm GV, Oberg KE. Possible induction of systemic lupus erythematosus
by interferon-alpha treatment in a patient with a malignant carcinoid tumor. J Intern

Med 1990; 227:20A0

Rood MJ, van Krugten MV, Zanelli E, van der Linden MW, Keijsers V, Schreuder GM,
et al. TNF-308A and HLA-DR3 alleles contribute independently to susceptibility to

systemic lupus erythematosus. Arthritis Rheum. 2000;43:129-34

Rood MJ, ten Cate R, van Suijlekom-Smit LW, den Ouden EJ, Ouwerkerk FE,
Breedveld FC, et al. Childhood-onset Systemic Lupus Erythematosus: clinical

presentation and prognosis in 31 patients. Scand J Rheumatol. 1999; 28:222-6

Rudwaleit M, Tikly M, Khamashta M, Gibson K, Klinke J, Hughes G, et al. Interethnic

differences in the association of tumor necrosis factor promoter polymorphisms with

systemic lupus erythematosus. J Rheumatol. 1996; 23: 1725-8

Ruiz-lrastorza G, Khamashta MA, Castellino G, Hughes GR. Systemic lupus

erythematosus. Lancet. 2001; 357:1027-32. Review

90



Rullo OJ, Woo JM, Wu H, Koeuth T, Wilson J, Slattery C, et al. Association of IRF5
polymorphisms with activation of the interferon alpha pathway. Ann Rheum Dis.

2010;69:611-7

Sabry A, Sheashaa H, El-Husseini A, Mahmoud K, Eldahshan KF, George SK, et al.
Proinflammatory cytokines (TNF-alpha and IL-6) in Egyptian patients with SLE: its

correlation with disease activity. Cytokine. 2006;35:148-53

Santiago-Raber ML, Baccala R, Haraldsson KM, et al. Type-l interferon receptor

deficiency reduces lupus-like disease in NZB mice. J Exp Med 2003;1988 77

Santos MJ, Carmona-Fernandes D, Caetano-Lopes J, Perpétuo IP, Vidal B, Capela S, et
al. TNF promoter -308 G>A and LTA 252 A>G polymorphisms in Portuguese patients
with systemic lupus erythematosus. Rheumatol Int. 2011 May 5 [Epub ahead of print]
Schwarting A, Paul K, Tschirner S, Menke J, Hansen T, Brenner W, et al. Interferon-
beta: a therapeutic for autoimmune lupus in MRL-Faslpr mice. J Am Soc Nephrol

2005;16:32647 2

Seawell AH, Danoff-Burg S. Psychosocial research on systemic lupus erythematosus: a

literature review. Lupus 2004; 13: 891-9

Segal R, Dayan M, Zinger H, Mozes E. Suppression of experimental systemic lupus

erythematosus (SLE) in mice via TNF inhibition by an anti-TNF alpha monoclonal

antibody and by pentoxiphylline. Lupus 2001; 1028

91



Shlomchik MJ, Craft JE, Mamula MJ. From T to B and back again: positive feedback in

systemic autoimmune disease. Nat Rev Immunol 2001;15B47

Shodell M, Shah K, Siegal FP. Circulating human plasmacytoid dendritic cells are

highly sensitive to corticosteroid administration. Lupus 2003;12222

Sibbitt WL Jr, Brandt JR, Johnson CR, Maldonado ME, Patel SR, Ford CC, et al. The
incidence and prevalence of neuropsychiatric syndromes in pediatric onset systemic

lupus erythematosus. J Rheumatol 2002;29: 1836

Siegel M, Lee SL. The epidemiology of systemic lupus erythematosus. Semin Arthritis

Rheum. 1973; 3:1-54

Smikle M, Christian N, DeCeulaer K, Barton E, Roye-Green K, Dowe G, et al. HLA-
DRB alleles and systemic lupus erythematosus in Jamaicans. South Med J

2002;95:71' ™

Sontheimer RD, Maddison PJ, Reichlin M, Jordon RE, Stastny P, Gilliam JN. Serologic

and HLA associations in subacute cutaneous lupus erythematosus, a clinical subset of

lupus erythematosus. Ann Intern Med 1982;97:664-71

Sontheimer RD. Photoimmunology of lupus erythematosus and dermatomyositis: a

speculative review. Photochem Photobiol. 1996; 42: 583-94

92



Studnicka-Bencke A, Steiner G, Petera P, Smolen JS. Tumor necrosis factor alpha and
its soluble receptors parallel clinical disease and autoimmune activity in systemic lupus

erythematosus. Br J Rheumatol 1996; 35: 18674

Suarez A, Lopez P, Mozo L, Gutiérrez C. Differential effect of IL10 and TNF{alpha}
genotypes on determining susceptibility to discoid and systemic lupus erythematosus.

Ann Rheum Dis. 2005;64:1605-10

Sullivan KE, Wooten C, Schmeckpeper BJ, Goldman D, Petri MA. A promoter
polymorphism of tumor necrosis factor alpha associated with systemic lupus

erythematosus in African-Americans. Arthritis Rheum. 1997;40:2207-11

Sultan SM, Begum S, Isenberg DA. Prevalence, patterns of disease and outcome in
patients with systemic lupus erythematosus who develop severe hematological

problems. Rheumatology (Oxford). 2003;42:230-4

Sultan SM, loannou Y, Isenberg DA. A review of gastrointestinal manifestations of

systemic lupus erythematosus. Rheumatology (Oxford). 1999;38:917-32

Tan EM, Cohen AS, Fries JF, Masi AT, McShane DJ, Rothfield NF, et al. The 1982
revised criteria for the classification of systemic lupus erythematosus. Arthritis Rheum.

1982; 25:1271-7

Tench CM, McCurdie |, White PD, D'Cruz DP. The prevalence and associations of

fatigue in systemic lupus erythematosus. Rheumatology (Oxford) 2000; 39:1249-1254

93



The American College of Rheumatology (ACR) nomenclature and case definitions for

neuropsychiatric lupus syndromes. Arthritis and Rheumatism. 1999; 42: 599-608

Tomita Y, Hashimoto S, Yamagami K, Sawada S, Horie T. Restriction fragment length
polymorphism (RFLP) analysis in the TNF genes of patients with systemic lupus

erythematosus (SLE). Clin Exp Rheumatol. 1993;11:533-6

Torre O, Harari S. Pleural and pulmonary involvement in systemic lupus erythematosus.

Presse Med. 2011;40:e19-29

Tucker LB, Menon S, Schaller JG, Isenberg DA. Adult- and childhood-onset systemic
lupus erythematosus: a comparison of onset, clinical features, serology, and outcome.

Br J Rhematol. 1995; 34:86%2

Tucker LB, Uribe AG, Fernandez M, Vila LM, McGwin G, Apte M, et al. Adolescent
onset of lupus results in more aggressive disease and worse outcomes: results of a
nested matched case-control study within LUMINA, a multiethnic US cohort

(LUMINA LVII). Lupus. 2008;17:314-22

Tuglu C, Kara SH, Caliyurt O, Vardar E, Abay E. Increased serum tumor necrosis
factor-alpha levels and treatment response in major depressive disorder.

Psychopharmacology (Berl). 2003;170:429-33

Tzioufas AG, Tzortzakis NG, Panou-Pomonis E, Boki KA, Sakarellos-Daitsiotis M,

Sakarellos C, et al. The clinical relevance of antibodies to ribosomal-P common epitope

94



in two targeted systemic lupus erythematosus populations: a large cohort of consecutive
patients and patients with active central nervous system disease. Ann Rheum Dis.

2000;59:99-104

Urowitz MB, Bookman AA, Koehler BE, Gordon DA, Smythe HA, Ogryzlo MA. The

bimodal mortality pattern of systemic lupus erythematosus. Am J Med. 1976;60:221-5

van der Linden MW, van der Slik AR, Zanelli E, Giphart MJ, Pieterman E, Schreuder
GM, et al. Six microsatellite markers on the short arm of chromosome 6 in relation to
HLA-DR3 and TNF-308A in systemic lupus erythematosus. Genes Immun 2001; 2:

373-80

Wakeland EK, Liu K, Graham RR, Behrens TW. Delineating the genetic basis of

systemic lupus erythematosus. Immunity 2001;15:393

Walport MJ, Black CM, Batchelor JR. The immunogenetics of SLE. Clin Rheum Dis.

1982; 8: 3-21

Wang M, Dong Y, Huang S. Study on the association between tumor necrosis factor

alpha gene polymorphism and systemic lupus erythematosus. Zhonghua Nei Ke Za Zhi.

1999;38:393-6

Weckerle CE, Franek BS, Kelly JA, Kumabe M, Mikolaitis RA, Green SL, et al.

Network analysis of associations between serum interferon alpha activity,

95



autoantibodies, and clinical features in systemic lupus erythematosus. Arthritis Rheum.

2011;63:1044-53

Weening JJ, D'Agati VD, Schwartz MM, Seshan SV, Alpers CE, Appel GB, et al. The
classification of glomerulonephritis in systemic lupus erythematosus revisited. J Am

Soc Nephrol. 2004; 15: 241-250

West SG. Neuropsychiatric lupus. Rheum Dis Clin North Am. 1994; 20:129-58
Wilson AG, Gordon C, di Giovine FS, de Vries N, van de Putte LB, Emery P, et al. A
genetic association between systemic lupus erythematosus and tumor necrosis factor

alpha. Eur J Immunol. 1994;24:191-5

Wozniacka A, Lesiak A, Boncela J, Smolarczyk K, McCauliffe DP, Sysa-Jedrzejowska
A. The influence of antimalarial treatment on IL-1beta, IL-6 and TNF-alpha mRNA
expression on UVB-irradiated skin in systemic lupus erythematosus. Br J Dermatol.

2008;159:1124-30

Wozniacka A, Lesiak A, Narbutt J, McCauliffe DP, Sysa-Jedrzejowska A. Chloroquine
treatment influences proinflammatory cytokine levels in systemic lupus erythematosus

patients. Lupus. 2006;15:268-75

Yap DY, Lai KN. Cytokines and their roles in the pathogenesis of systemic lupus

erythematosus: from basics to recent advances. J Biomed Biotechnol. 2010;

2010:365083

96



Yee CS, Farewell VT, Isenberg DA, Griffiths B, Teh LS, Bruce IN, et al. The use of
Systemic Lupus Erythematosus Disease Activity Index-2000 to define active disease
and minimal clinically meaningful change based on data from a large cohort of systemic

lupus erythematosus patients. Rheumatology (Oxford). 2011;50:982-8

Yeh TT, Yang YH, Lin YT, Lu CS, Chiang BL. Cardiopulmonary involvement in
pediatric systemic lupus erythematosus: a twenty-year retrospective analysis. J

Microbiol Immunol Infect. 2007;40:525-31

Yokoyama H, Kreft B, Kelley VR. Biphasic increase in circulating and renal TNF-alpha
in MRL-Ipr mice with differing regulatory mechanisms. Kidney Int 1995; 47:122-130
Yoo DH. Anticytokine therapy in systemic lupus erythematosus. Lupus. 2010;19:1460-

7

Yoon HK, Kim YK, Lee HJ. Role of cytokines in atypical depression. Nord J

Psychiatry. 2011 Sep 22. [Epub ahead of print]

Yoshio T, Masuyama Jl, Minota S, Kaneko N, lwamoto M, Okazaki H, et al. A close
temporal relationship of liver disease to antiribosomal PO protein antibodies and central
nervous system disease in patients with systemic lupus erythematosus. J Rheumatol.

1998; 25:681-8

Ytterberg SR, Schnitzer TJ. Serum interferon levels in patients with systemic lupus

erythematosus. Arthritis Rheum 1982; 25:401-406

97



Yurasov S, Wardemann H, Hammersen J, et al. Defective B cell tolerance checkpoints

in systemic lupus erythematosus. J Exp Med 2005;20H703

Zandman-Goddard G, Berkun Y, Barzilai O, Boaz M, Ram M, Anaya JM, Shoenfeld Y.

Neuropsychiatric lupus and infectious triggers. Lupus. 2008;17:380-4

Zhang R, Xing M, Ji X, Gu L, Yang X, Wang H, et al. Interferon-alpha and interleukin-
6 in SLE serum induce the differentiation and maturation of dendritic cells derived from

CD34+ hematopoietic precursor cells. Cytokine. 2010;50:195-203

Zhu L, Yang X, Chen W, Li X, Ji Y, Mao H, et al. Decreased expressions of the TNF-
alpha signaling adapters in peripheral blood mononuclear cells (PBMCs) are correlated
with disease activity in patients with systemic lupus erythematosus. Clin Rheumatol.

2007;26:1481-9

Zhu LJ, Yang X, Yu XQ. Anti-TNF-alpha therapies in systemic lupus erythematosus.

Biomed Biotechnol. 2010;2010:465898

Zuniga J, Vargas-Alarcon G, Hernandez-Pacheco G, Portal-Celhay C, Yamamoto-
Furusho JK, Granados J. Tumor necrosis factor-alpha promoter polymorphisms in
Mexican patients with systemic lupus erythematosus (SLE). Genes Immun. 2001;2:363-

6

98



8. Apéndices

8.1 Artigos submetidos

8.1.1 Apéndice 1- Artigo submetido a revista Lupus

Th1/Th2 cytokine profile in childhood-onset systemic lupus erythematosus
Mariana PostaBs', Karina Oliveira PelicarBs', Roberto Marini MD, PhE Lilian

Tereza Lavras Costallat MD, PhIBimone AppenzelléviD®, PhD

!Department of Medicine, Rheumatology Unit, Faculty of Medical Science, State
University of Campinas

“Department of Pediatrics, Pediatric Rheumatology Unit, Faculty of Medical Science,
State University of Campinas

Running title: Cytokines in childhood-onset systemic lupus erythematosus
Keywords: Interferon gamma (INF- Tumor necrosis factor alpha (TNF-
Interleukin (IL) 5, 6, 10, 12, SLEDAI, childhood-onset systemic lupus erythematosus

Conflict of interest: None

Grants: Fundacio Amparo A Pesquisa Estado S&o Paulo-Brasil (FAPESP 2008/02917-
0 and 2009/06049-6 and 2009/11076-2), Conselho Nacional Pesquisa

Desenvolvimento-Brasil CNPq (300447/2009-4)

Correspondence to: Simone Appenzeller-Department of Medicine, Faculty of
Medical Science, State University of Campinas, Cidade Universitaria, Campinas SP,
Brazil, CEP 13083-970; FAX: +55 19 3289-1818

Email: appenzellersimone@yahoo.com

99



Abstract
Objective: To determine the serum levels of Thl (IL-12, INF7 1-). DQG 74, ,/
IL-6 and IL-10) cytokines in childhood-onset SLE, first-degree relatives and healthy
controls. To elucidate their association with disease activity, laboratory and treatment
features.Methods: We included 60 consecutive childhood-onset SLE patients (mean
age 17.85+3.89), 64 first-degree relatives (mean age 39.95+5.66) and 57 healthy (mean
age 19.30+4.97) controls. Controls were age and sex-matched to SLE patients. SLE
patients were assessed for clinical and laboratory SLE manifestations, disease activity
(SLEDAI), damage (SDI) and current drug exposures. Mood disorders were determined
through Becks Depression (BDI) and Anxiety Inventory (BAI). Thl (IL-12, INF-
71). DQG 74¥, IL-d and IL-10) cytokines levels were measured by ELISA
and compared by non-parametric tes®esults: Serum TNF-  S.004), IL6
(p=0.007) and IL-10 (p=0.03) levels were increased in childhood-onset SLE patients
when compared to first-degree relatives and healthy controls. TNB-HYHOV ZHUH
significantly increased in patients with active disease (p=0.014) and correlated directly
with SLEDAI scores (r=0.39; p=0.002). IL-12 (p=0.042) and TN{p=0.009) levels
were significantly increased in patients with nephritis and TNiB- patients with
depression (p=0.001). No association between cytokine levels and SDI scores or
medication was observedConclusion: Thl cytokines may play a role in the
pathogenesis of neuropsychiatric and renal manifestations in childhood-onset SLE. The
correlation with SLEDAI suggests that TNFmay be a useful biomarker for disease
activity in childhood-onset SLE, however longitudinal studies are necessary to

determine if increase of this cytokine may predict flares in childhood-onset SLE.
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Introduction

Systemic lupus erythematosus (SLE) is a chronic, multisystemic autoimmune
disease predominantly affecting women of childbearing age (1). Approximately 10
20% of all cases of SLE occur in the first two decades of life (1-4). In childhood-onset
patients the femalts-male ratio is 4:3 with disease onset during the first decade of life,
4:1 during the second decade when compared to 9:1 ratio in adult-onset SLE (5-7).

Childhood-onset SLE often presents more acute and severe disease features than
adult-onset SLE. Renal (50% to 67%), neurological (22-95%) and hematological (77%)
involvement, in addition to fever and lymphadenopathy are more frequently observed in
children when compared to adult-onset SLEL8- Equally frequent in pediatric and
adult-onset SLE are serositis, anti-Smith (anti-Sm), anti-Ro, and anti-La antibodies (8,
9). Arthritis, photosensitivity, discoid lesions, on the other hand, are more frequently
observed in adult-onset SLE (9, 10, 12). In relation to disease activity, pediatric SLE
patients have a more active disease not only at disease onset, but also over time when
compared to adult-onset SLE (14)15

The impact of SLE on children is often profound, and a satisfactory outcome in
this age group is not a 5 or 10-year survival, but a survival that more closely
approximates the normal lifespan (16). The awareness that SLE in childhood is a
potentially fatal disease, that atypical presentations are very common, and that
aggressive treatment should be introduced early in the course of the disease, has
significantly improved survival in the childhood-onset SLE cohorts (14-16). Over the
last decades, morbi-mortality rates have significantly dropped in pediatric patients in a
similar patter as in adults SLE patients (14, 17).

Independently of the age of onset, there is strong evidence supporting the role of

cytokine in the pathogenesis of SLE (18). Although antibody production, driven by Th2
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lymphocytes and immune complex formation are key features in SLE, recent evidences

have suggested that Thl lymphocytes have an important pathogenic role in SLE
(18,19). The main cytokines associated with cellular immunity (Thl) are interleukin

(IL) 12, interferon gamma (IFN- DQG WXPRU QHFUR V-L)VwhizFVWoRU DOSKD
IL-6 and IL-10 are associated with the production of antibodies and induction of
humoral immunity (Th2) (19)Not only is the cytokine profile in SLE different when

compared to healthy controls, it also varies according to disease phenotypes and disease
activity (18).

SerumlL-12, INF- TNF-., and IL-5, IL-6 and IL-10 and the relation between
these Thl and Th2 cytokines have been studied in adult-onset SLE (19-22). However,
the role of these cytokines in childhood-onset SLE has never been investigated. The aim
of our study was to determine the serum levels of Thl (IL-12, INFNF-.) and Th2
(IL-5, IL-6 and IL-10) cytokinesn childhood-onset SLE patients, first-degree relatives
and healthy controls. In addition we evaluated their association with disease activity,

laboratory and treatment features.
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Patients and methods
Subjects

Sixty consecutive childhood-onset SLE patients, recruited from the Pediatric
Rheumatology Outpatient Clinic of State University of Campinas were included in this
study. Patients were included in the present study if they: (i) fulfiled at least four
criteria of American College of Rheumatology (ACR) (23); (ii) were below 16 years of
age at disease onset; and (iii) had a follow-up duration of at least 6 months.

Sixty- four first-degree relatives and 57 healthy controls without history of any
chronic disease (including auto-immune diseases) were included as a control group. The
healthy volunteers were matched by age and gender to the patients.

This study was approved by the ethics committee at our institution, and informed
written consent was obtained from each participant and/or legal guardian.

Clinical features

All patients had their medical histories, clinical and serological characteristics
evaluated at study entry according to the ACR (23). Features included in this protocol
were age at onset of disease (defined as the age at which the first symptoms clearly
attributable to SLE occurred), age at diagnosis (defined as the age when patients
fulfilled four or more of the 1982 revised criteria for the classification of SLE (23), and
follow-up time (defined as the time from disease onset until May 2010).

All clinical manifestations and laboratory findings were recorded at the day of
blood withdrawal. Nephritis was diagnosed on the basis of proteinuria exceeding 0.5
g/L with abnormal urinary sediment and/or histological findings. Nephrotic syndrome
was defined as proteinuria in excess of 3.0 g/day. Hematological alterations were
ascribed to lupus only in the absence of bone-marrow suppression (leukopenia

<4000 cells/mr’y thrombocytopenia <100,000 cells/Mjinmemolytic anemia). We also
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analyzed the presence of malar rash, discoid lesions, subacute cutaneous lesions,
cutaneous vasculitis, photosensitivity, oral ulcers, arthritis and serositis. Neurological
and psychiatric involvement was defined according to ACR (24).

Treatment prescribed at time of blood withdrawal, as well as its adverse events
related to drug use, was recorded. Doses of oral and parenteral corticosteroids were
analyzed and converted to the equivalent doses of prednisone.

Laboratory studies

Antinuclear antibodies (ANA) were determined by indirect immunoflurescence
using using HEp-2 cells as substrate, and regarded as positive if higher than 1/80. Anti-
double stranded DNA (dsDNA) antibodies were determined by indirect
immunoflurescence usin@rithidia as substrate and considered positive if higher than
1:10. Precipitating antibodies to extractable nuclear antigens (ENA), including Ro
(SSA), La (SSB), and Sm were detected by a standardized ELISA method, and
considered positive if higher than 1/40. Rheumatoid factor (RF) was detected by
nefelometry, and regarded as positive if higher than 10. Anticardiolipin antibodies
(aCL) of the IgG and IgM isotypes were measured by an ELISA methddT{a5 lupus
anticoagulant (LA) activity was detected by coagulation assays in platelet-free plasma
obtained by double centrifugation, following the recommendation of the subcommittee
on LA of the Scientific and Standardization Committee of the International Society of
Thrombosis and Homeostasis (26). These measurements were carried out twice, at an
interval of 12 weeks.

Disease Activity and damage

Disease activity was measured by the Systemic Lupus Erythematosus Disease

Activity Index (SLEDAI) (27). SLEDAI scores range between 0 and 105. SdRrk3e

were considered active disease (28). Active nephritis was diagnosed on the basis of
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renal items of the SLEDAI (proteinuria exceeding 0.5 g/L, abnormal urinary sediment
low complement levels).

Cumulative &E-related damage in all patients was determined using the
Systemic Lupus International Collaborating Clinics (SLICC)/ACR Damage Index (SDI)
(29) at time of blood withdrawal. SDI score range from O to 47. Damage was considered
if scorese1 (29).

Mood evaluation

All subjects completed the Beck Depression (BDI) (30) and Beck Anxiety
Inventory (BAI) (31) at study entry. For patients under sixteen years old, Children's
Depression Inventory (CDI) was applied. These scales consist of 21 items, each
describing a common symptom of depression/anxiety. The respondent is asked to rate
how much he or she has been bothered by each symptom over the past month on a 4-
point scale ranging from O to 3. The items are summed to obtain a total score that can
range from 0 to 63. The cutoffs used for the BDI aredt 30 no/minimal depression; 14
19: mild depression; 228: moderate depression; and8&9: severe depression and for
the BAI: 0-7: no/minimal level of anxiety; 8-15: mild anxiety; 16-25: moderate anxiety;
26-63: severe anxiety. The cutoff used for CDI is 17.

Cytokines assays

A blood sample was collected from all participants, centrifuged at 3000 rpm for
15 min after being allowed to clot for 30 min at room temperature. Sera were separated
as soon as possible from the clot of red cells after centrifugation to avoid. TNF-
production by blood cells that falsely could increase its values (32). Separated sera were
NHSW LQ DOLTXRWYV DW i f& XQWLO WKH WLPH RI DVVD\
an episode of a severe bacterial infection requiring hospitalization because FTNRX O G

be increased due to a secondary causk (33
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Commercially available kits from R&D Systems (London, UK) were used for
the measurement of serum INF- 7%) b, 6, 10 and 12 levels by enzyreked
LPPXQRVRUEHQW DVVD\ (/,6% FDUULHG RXW LQ DFFRU
instructions. The minimum detectable dose (MDD) was less than 8.0pg/mL for INF-
0.29pg/mL for IL-5, 0.039 pg/mL for IL-6 and less than 3.9 pg/mL for IL-10. For IL-12,
MDD was typically less than 0.5 pg/mL. The detection range for TNE-DV 32 *
pg/ml with a sensitivity of 0.106 pg/ml (high-sensitivity human TNAN L W
Statistical analysis

Kruskal-Wallis Test wasused to compare cytokines levels between groups.
6 S H D U edx€&dfidh was used to correlate continuous variables (e.g. cytokines levels
and SLEDAI, SDI, BDI and BAI scores). Cytokine levels and categorical variables
were compared by MankVhitney U test. For all analyses, a p-value < 0.05 was

considered statistically significant.

Results
Demographics

We included 60 consecutive childhood-onset SLE patients. Fifty-seven (95%)
were female with mean age of 17.85 years [Standard deviation (SD) £3.91years; range
9-37]. Disease duration was 5.38 years (SD%4.25; range 0-26 years). Sixty-four first-
degree relatives [59 women; mean age of 39.95 years (SD+5.66; range 28-52)] agreed
to participate in the study. The control group consisted of 57 healthy controls (52
women) with a mean age of 19.30 (SD%4.97 years; range 6-30 years). Patients and
healthy controls were statistically comparable in terms of age and sex (Table 1).

Clinical, laboratory, and treatment features
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All patients had disease onset before the age of 16 and clinical and laboratory
manifestations at disease onset are shown in Table 2. At time of study entry, 30 (50%)
childhood-RQVHW 6/( SDWLHQWY KDG DFWLYH GLVHDVH 6/('$
scores of 8.24 (SD+4.09, range 3-18). The 30 (50%) inactive patients had a mean
SLEDAI score of 0.55 (SD+0.89 range 0-2)]. Active nephritis (33.3%), new malar rash
(6.6%), new alopecia (5.0%) and cutaneous vasculitis (5.0%) were the clinical
manifestations more frequently observed (Table 2).

At time blood withdrawal, 8 (13.3%) patients were not taking any
immunosuppressamedication. Forty-two (70%) patients were receiving prednisone,

32 (53.3%) hydroxychloroquine and 22 (36.6%) patients were receiving other
immunosuppressive drugs (Table 2).

Depression was identified in 1Q6.7%) patients and in no healthy control or
first-degree relatives. Mild depression was identified in 5 (8.3%) patients and 5 (8.3%)
patients had moderate/severe depression. Anxiety was observed in 21 (35%) childhood-
onset SLE patients. Twelve (20%) patients had mild and 9 (15%) had moderate/severe
anxiety.

Cytokines assays

Sera TNF- -6 and IL-10 levels were significantly increased in childhood-
onset SLE when compared to first-degree relatives and healthy controls (Table 3). No
significant difference in serum TNE- -6 and IL-10 levels was observed between
first-degree relatives and healthy controls. No significant difference in serum levels of
INF- -5 and IL-12 was observed among childhood-onset SLE, first-degree relatives
and healthy controls. TNF- OHYHOV S ZHUH VLJQLILFDQWO\ LQ
with active GLVHDVH 6/('$,* ZKHQ FRPSDUHG WR SDWLHQWYV

addition, TNF- OHYHOV FRUUHODWHG GLUHFWO\ ZLWK 6/('$,

107



Although IL-6 was increased in patients with active disease when compared to patients
with inactive disease, no statistically significance was noted.

IL-12 (p=0.042) and TNE- S OHYHOV ZHUH VLJQLILFDQW(
patients with active nephritis when compared to patients without nephritis. IL-6 levels
were significantly increased in patients with dysmorphic hematuria (p=0.003) and IL-
10 in patients with positive dsDNA (p=0.02). An indirect correlation between the
TNF/IL-10 ratio and dsDNA was observed (r=-0.45; p=0.001).

TNF-. OHYHOV ZHUH VLJQLILFDQWO\ LQFUHDWHG LQ SD
when compared to patients without depression. IL-10 levels had a negative correlation
with the severity of depression (r=-0.45; p=0.013).

No association between other SLEDAI variables or SDI scores and IL-12, INF-

7%) b, IL-6 and IL-10 levels was observed. In addition, no difference in these

cytokine levels in patients with and without medication was observed.
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Discussion

Cytokines are low-weight proteins that play a key role in immunological
dysregulation observed in autoimmune diseases. The increased levels of
proinflammatory cytokines are believed to play a key role in the pathogenesis of SLE
(34). Higher cytokine levels in SLE patients may promote inflammatory response,
apoptosis and autoantibody production that not only initiate, but may also maintain SLE
disease activity over time (B4

The main cytokines associated with cellular immunity (Thl) are IL-12, IFN-
and TNF-. 12 is a proinflammatory cytokine that induces IFN- IDYRULQJ WKH
differentiation of Thl cells, and maintaining a link between innate and adaptive
response (35). IL-12-induced IFN-PHGLDWHYV P D-@faRmatiK &CtidtigR
of IL-12, whereas the ability of IL-12 to favour a Thl response exemplifies its function
as an immunoregulatory cytokine that bridges innate resistance and adaptive immunity.
So, IL-12 has been shown to have an important role in the Thl response that sustains
organ-specific autoimmunity in several mouse experimental models, and to be
instrumental in resistance to many infections, particularly with bacteria and intracellular
parasites (36).

INF- LV D GLPHULF JO\FRSURWHLQ ZLWK - DPLQR
participates in the activation of macrophages in both the innate and the adaptive
immune response. TNF-has a central role in inflammation, induces the expression of
other pro-inflammatory molecules, chemotactic cytokines and adhesion molecules and
has been intensely investigated in rheumatic diseases (38-40).

IL-5, IL-6 and IL-10 are Th2 secreted cytokines (18). IL-5 preferentially
activates B1 cells to produce natural antibodies cross-reactive to self antigens @41). IL-

is produced by antigen presenting cells (APC) such as macrophages, dendritic cells, and
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B cells, although its secretion may also be found in T- and B-lymphocytes (19). Its
production is triggered by IL-1, IL-2, and TNF-EXW G D P S HAQIH- ), Brid JI-

13. One of the most important effects of IL-6 is to induce the maturation of B
lymphocytes into plasma cells and augment the immunoglobulin secretion (19). IL-10 is
produced mainly by monocytes and lymphocytes. It blockades the activation of APC,
down-regulates the expression of costimulatory molecules and, thereby, blunts T cell
activation and TNF: VHFUHWLRQO boosts ,B cell proliferation and
immunoglobulin class switching resulting in enhanced antibody secretion with the
capacity to enter extravascular compartments and promote inflammation in SLE (42).

IL-10 is also a cytokine secreted by type-1 T regulatory (Trl) cells (43,44). The
main cytokines produced by Trl cells are IL-10 and transforming growth factor beta
(TGF- ZKLFK GRZQUHJXODWH LPPXQH UHVSRQVHYVY PHGLD
cells (45,46). Interestingly, Trl cells produce these cytokines in the absence of
significant levels of IL-2 or IL-4, which are potent T-cell growth factors (47).

In our study we observed increased TNAL-6 and IL-10 levels in childhood-
onset SLE when compared to healthy controls and first-degree relatives, as previously
observed in adult-onset SLE patients (18-22,48-54).

Although several studies have analyzed TNFO H YirH @ddlt-onset SLE
patients, the clinical significance is less clear (19, 20,48,50-54). In addition to increased
TNF-. levels in patients with active disease, we observed a positive correlation between
SLEDAI scores, suggesting that TNF-FR X O G E HkeD fdE HiBegd2 activity in
SLE. Several studies (19,50-52,54) analyzing adult-onset SLE have shown higher TNF-

OHYHOV LQ 6/( SDWLHQWYV ZLWK DFWLYH GLVHDVH +R

studied in a childhood-onset cohorts.

110



We also observed significantly higher levels of TNFE Q S DWAthL e QhWtiY
when compared to patients without nephritis. SLE nephritis is a prototype of immune-
complex induced kidney damage (55). In SLE nephritis, the pattern of glomerular injury
is primarily related to dsDNA and anti- C1q antibodies and the formation of immune
complexes. These immune complexes are deposited on the tissue surface, inducing
inflammatory response by activating adhesion molecules on endothelium. This response
leads to the recruitment of pro inflammatory leukocytes. Renal injury results from
activated and damaged glomerular cells, infiltrating macrophages, and cytokines (56).

Recently, it has been shown that dysregulated apoptosis is also an important
factor for developing proliferative lupus nephritis (54,57). Higher TNFO H WEr® V
also observed in one previous study that compared active SLE nephritis with inactive
nephritis  (20), and in other non-SLE nephropathies, including membranous
nephropathies and nephritic syndromes (58,59). These findings support the hypothesis
that TNF--. PD\ SOD\ D SDWKRJHQLF UROH LQ WKH LQGXFWLR(
barrier dysfunction in renal diseases)(59

The involvement of TNF: LQ OXSXV QHSKULWLV LV IXUWKHU
improvement of lupus nephritis undeNF-. E O R F N L Q J60AK) Hi pagitular,
nephritis may remain in long-term remission after just a few infusions of infliximab
(64). Although an increase in the autoantibody response to chromatin was observed in
patients treated with NF-. B€Eking therapy, these were transient and without
pathologic consequences (65). It is important to consider some limitations of the study
analyzing TNF- EORFNLQJ WKHUDS\ VXFK DV WKH VPDOO QXPE
(7 patients) and the short follow up periodd@ weeks) (63).

We also detected higher levels of IL-12 in patients with nephritis. Previous

studies have demonstrated that increased IL-12 production was associated closely with
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renal disease in parallel with Thl polarization and increased IFMROXELOL]DWLRQ
vitro (66,67). In addition, the increase in urinary IL-12 apparently reflected both its
serum and its glomerular accumulation (66,67

In SLE patients it has been shown that elevated productitir I is capable of
promoting generation of dsDNA antibodies (68), as observed in our study. Although
SSA and SSB were also reported to be associated with high TNF/low IL-10 genotype
(69), we did not find such association in our cohort. In addition, IL-6 was demonstrated
to be highly expressed in kidneys and to be significantly increased in the serum SLE
patients with nephritis (20). We did not find an association between IL-6 and nephritis;
however we observed that patients with dysmorphic hematuria had increased levels of
serumiL-6.

Although depression was identified in only 17% of our cohort, we observed
increased levels of TNE- LQ SDWLHQWV ZLWK PRGHUDWH VHYHUH G
to patients with no/mild depression.

In the past 20 years since the initial reports of neural-immune interactions in
depression, several studies have shown a clear association between activation of the
immune system, levels of proinflammatory cytokines, and psychiatric symptoms (70-

72). TNF-. H{THUWV LWV ELRORJLFDO HIIHFW PDfacpO\ E\ ELQ
receptor 1 (TNFR1) and receptor 2 (TNFR2), causing activation of complex signaling
cascades that mediate different intracellular effects (73). In the brain, TNFR1 seems to

show a constitutive pattern of expression whereas TNFR2 is mainly expressed under
stimulatory conditions (73). The highest concentrations of INEFHFHSWRUV LQ WKH
are found in several regions involved in mood regulation and cognitive functioning like

the hypothalamus, hippocampus, and areas of the cerebral cortex (74). Although an

associative link between neuroinflammation and mood disorders is widely accepted,
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further studies are necessary to establish the cause-effect relationshis&véral

studies connect cytokines with the pathogenesiSdi SUHVVLRQ LQ $O]KHLPHUY
(76), in atypical depression (77), in major depressive disorder (70-72, 78,79), and in
multiple sclerosis (70), however this association has not been reported in SLE so far.

We did not observed correlation between depression and other cytokines studied,
however we found a negative correlation between IL-10 levels and the severity of
depression. There is no data in the literature exploring this correlation between
depression and IL-10 levels so far.

Hydroxychloroquine has been shown to reduce the probability of flares, the
accrual of damage, to possibly protect patients with SLE from the occurrence of
vascular and thrombotic events and even to increase survival (80). Literature data
suggests that antimalarials interfere with TNFUHOHDVH IURP KXPDQ DQG PX
although their exact mode of action is not fully understood (34). In one previous study
(34) chloroquine was shown to lower TNF-OHYHOV KRZHYHU LQ RXU VWX
observe differencesin TNE-OHYHOV EHWZHHQ K\GUR[\FW$ORKRURTXLQH

The pathogenesis of SLE is a combination of multifactorial, genetic and
environmental influences, which lead to an irreversible break in immunologic self-
tolerance (81). SLE family members are at higher risk of developing not only SLE, but
also other autoimmune diseases (81-83). Howelket2, INF- TNF- ., IL-5, IL-6 and
IL-10 levels have never been studied in first-degree relatives. In our study we did not
observe any difference in the IL-12, INFTNF- ., IL-5, IL-6 and IL-10 levels of first-
degree relatives when compared to healthy controls.

To the best of our knowledge, this is the first study to evaluate Thl (IL-12, INF-

71). DQG 7K, IL;@8 and IL-10) cytokines in childhood-onset SLE. Thl

cytokines may play a role in the pathogenesis of neuropsychiatric and renal
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manifestations in childhood-onset SLE. The correlation with SLEDAI suggests that
TNF-. may be a useful biomarker for disease activity in childhood-onset SLE, however
longitudinal studies are necessary to determine if increase of this cytokine may predict

flares in childhood-onset SLE.
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Table 1: Demographic

and clinical characteristics of patients and controls included in

the study
Parameter Childhood-onset First-degree Healthy
SLE patients relatives controls
N=60 N=64 N=57
Sex
Female 57 (95%) 59 (92.18%) 52 (91.22%)
Age (years) 17.85+£3.89 39.95+5.66* 19.30+4.97
Disease duration (years) 538425 | - | -
SLEDAI 4.28+488 | @ - | -
Active disease N=30 8.24+4.09
Inactive disease N=30 0.55+0.89
SDI 0.48+081 | @ - | e

*Pu

Table 2: Clinical, laboratory and treatment features at day of blood withdrawal

Manifestations

Patients N=60

Clinical features

Alopecia 3 (5%)
Malar Rash 4 (6.6%)
Nephritis 20 (33.3%)
Neurologic manifestations 21 (35%)
Serositis 2 (3.3%)
Vasculitis 3 (5%)

Laboratory features
Anticardiolipine or LA

13 (21.6%)

Hydroxychloroquine

Immunosuppressive drugs
Azathioprine
Ciclophosphamide
Cyclosporine
Methotrexate
Mycophenolate mofetil

Anti-SM 9 (15%)
Anti-SSA/Ro 8 (13.3%)
dsDNA 25 (41.6%)
Leukopenia 2 (6.7%)
Thrombocytopenia 2 (6.7%)
Treatment

No medication 8 (13.3%)
Prednisone 42 (70%)

32 (53.3%)
29 (48.3%)
15 (25%)
2 (3.3%)
5 (8.3%)
1 (1.6%)

6 (10%)

dsDNA: double-stranded DNA, LA: lupus anticoagulant
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Table 3: Cytokines sera levels of the individuals included in the study

Sera Levels | Childhood-onset SLE | First-degree relatives | Healthy controls
patients N=64 N=57
(pg/mL) N=60
Th1 Cytokines
IL-12 3.52+7.97 1.87+£1.55 1.79+£1.75
INF- 9.62+6.44 9.29+3.81 9.41+4.38
TNF-. 4.47 + 8.95* 2.33+2.38 1.83+1.82
Th2 Cytokines
IL-5 3.98+5.07 2.72+1.83 2.69+2.16
IL-6 2.81+2.84* 2.02+2.03 1.46+1.93
IL-10 26.11+62.73* 11.70+31.63 9.69+19.94
*p
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Abstract

Systemic lupus erythematosus (SLE) is a prototypical autoimmune disease
characterized by the production of autoantibodies and the formation of immune
complexes, leading to chronic inflammation. Complex genetic disorders are at the origin
of the disease, leading to the escape of auto-reactive B-lymphocytes. Autoimmune B-
cells are not sufficient for the disease to occur and additional mechanisms such as T-cell
are clearly involved in the pathogenesis of SLE. Type | Interferons (INFs) argeadvol

in multiple aspects of lupus etiology and pathogenesis. Leading observations in patients
and data in SLE-prone mice have now established a key role of INFs in SLE. Several
systemic clinical symptoms and laboratory findings can indeed be interpreted as
downstream effects of a high IFN production, and point to this cytokine as a link
between the expansion of autoimmune B-cells and the stimulation of other components
of the immune system. These insights can now be transplanted to the clinic and
designate IFN as a new promising therapeutic target.

This paper provides an overview of the pathogenesis, clinical aspects and management

of INF in SLE.
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Introduction

Systemic lupus erythematosus (SLE) is a chronic and multisystemic disease
resulting from defects in innate and adaptive immune system (1-4). The pathogenesis of
SLE is not completely understood, however both genetic and environmental factors are
important determinants for the different phenotypes observed (3). SLE is characterized
by loss of tolerance to nuclear antigens, however a heterogeneous course of the disease
IS observed not only regarding clinical manifestations, but as well as disease severity
(4,5). It has become evident over the past decade, that the autoantibody responses
characteristically observed in SLE, such as anti-double-stranded (ds) DNA and anti-Sm,
as well as certain clinical manifestations, such as nephritis, are due to the
overproduction of type | interferon (IFN-{%-8).

The importance of IFN-I in autoimmunity is evident in the association between
autoimmune manifestations and IFNreatment observed in hepatitis C infection or
chronic myelogenous leukemia (9-11). Antinuclear antibodies (ANA) have been found
in up to 22% of patients treated with IFN9) and the onset of autoimmune diseases,
such as SLE, rheumatoid arthritis, have been reported after tRdlapy (8).

In this paper, we will give a brief overview of the role of the type | IFN system in the
pathogenesis of SLE. In addition, we will discuss recent data that established type |
IFNs as an important therapeutic target in SLE.

Type | INF system

The type I IFN system comprises the molecular and cellular players involved in
type | IFN production and their downstream effects, such as type | IFN genes and
proteins, cells producing type | IFNs, and target cells affected by the IFNs (2,7).The
human type | IFN gene family consists of 17 gen8gyeneencoding IFN- VXEW\SHV

andsingle genes for IFN; IFN- & IFN- and IFN-0(3). These genes and their products
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show similarities in structure and functions (3). These are induced by cells exposed to
virus or double-stranded RNA (dsRNA) and they interact with the same receptor, the
IFN- . UHFHSWRU ,)18$5 JLIXUH "LITHUHQFHYV
the post-IFNAR level (12,13).

The major IFN-producing cells (IPCs) were early on designated natural IFN-
producing cells (NIPC), now known as dendritic cells (DCs) (10). DCs are the initiators
and regulators of immune responses (14). DC differentiation can be classically divided
into two distinct pathwayslf): myeloid DCs (mDCs) and plasmacytoid DCs (pDCs)

(16).

Tissue-resident mDCs express receptors, such as TLRs, nucleotide binding
oligomerization domain (NOD) proteins, and lectins, to sense pathogens at the mucosal
surfaces or at sites of tissue damage (14). mDCs can also be activated by ICs through
the activating FcgRlla (17, 18). Once activated, they migrate to the lymph node via
afferent lymphatic system (14).

pDCs circulate in the blood and lymphoid organs. Upon viral exposure, these
cells secrete large amounts cytokines, such as 18FgDCs express TLR7 and TLRO.
Chromatin-containing and snRNPs-containing ICs are internalized by pDCs
via FcgRlla and reach the endosomal compartment where they activate TLR9 and
TLR7, respectively, leading to secretion of cytokines including IFN-ab (19-22).

Although pDC population constitutes only 0.1% of the peripheral blood mononuclear

cells (PBMCs), each cell has the capacity to produce as many as 109 FR-OHF XOHV

in 12 hours (23).
Two specific blood dendritic cell antigen markers were identified in pDCs:
BDCA-2 and BDCA-4 (24). These antigens are specific for pDCs in peripheral blood,

although BDCA-2 is lost as the cells mature and BDCA-4 also appears on

131

KRZ



differentiating monocyte-derived and CD3zell-derived DCs (24,25). BDCA-2 is a

type 1l C-type lectin that can internalize antigen for presentation to T cells (25). BDCA-

2 molecule inhibitsthe IFN- SURGXFWLRQ E\ S'&V WULJJHUHG E\ D ZL
inducers. It is intriguing that such pDCs still can mature into efficient antigen presenting

cells despite downregulated IFN-SUR G XFWLRQ FXrholkeuldRdddH % '& $

any endogenous or microbial ligands may have an important role in immune activation

by favoring Th2 immune response. It is possible that BDCA-2 ligation can cause

inhibition of other functions of pDCs, such as interleukin-12 production (24,25).

BDCA-4 is shown to be identical to neuropilin-1(NP-1), a neuronal receptor
belonging to the class-3 semaphorin subfamily, and a receptor on endothelial and tumor
cells for vascular endothelial growth factor (VEGF-A). In blood and bone marrow,
BDCA-4/NP-1 is exclusively expressed on pDCs, but it may be found on primarily
follicular B helper memory T cells €F) in tonsils, for example (26).

Viral DNA or RNA are the typical activators of type | IFN production, and
secreted IFNs act on the type I IFN receptor (IFNAR) on target cells and induce
production of proteins that inhibit viral replication (2). Five of the ten human TLRs
(TLRS3, 4,7, 8 and 9) mediate type | IFN gene transcription, and these receptors are
expressed either on the cell surface (TLR4) or in the endosome (TLRS3, 7, 8, 9). TLR3 is
activated by double-stranded RNA (dsRNA), TLR7 and TLR8 by single-stranded RNA
(ssRNA) and TLR9 by unmethylated CpG-rich DNA. In addition, there are nucleic acid
sensors in the cytosol that can mediate IFN production. These include the DNA binding
protein DNA-dependent activator of IFN regulatory factors (DAI) and the two

RNAhelicases RIG-I and Mda5 (2, 27,28).

The pleiotropic functions of type | IFNs on the immune system
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The type | IFNs have mainly been considered as antiviral proteins, because they
are produced during viral infections and confer viral resistance in target cells (29).
However, these IFNs also exert prominent immunoregulatory effects and might act as
key cytokines in the innate immune system and in the adaptive immune responses (29).
Type | IFNs have an important role in lymphocytic development, T cells, B
cells, and NK cells. Type | IFNs are able to promote survival and differentiation of
antigen-activated Thl cells, due to their ability to activate signal transducer and
activator of transcription 4 (STAT4) and maintain expression of a functional
interleukin-12R. Type | IFNs are also involved in maturation of antigen-presenting
monocyte-derived DCs and stimulation of B lymphocytes (30). In spite of its growth-
promoting effect on mature lymphocytes, IEFNLVY LQYROYHG LQ-W&H LPSDLUP
B-cell development at the pro-T and pro-B, interleukin-7-responsive, stages in the
thymus and bone marrow, respectively (31). IFNcV DQ HQGRJIJHQRXV UHJXODW
lymphopoiesis as it is produced by resident bone marrow macrophages (31).
Type-l IFNs are also an important adjuvant during the primary immune response
by augmenting the intensity of antigen-specific memory T-cells (32). It has also been
suggested that repeated exposures to type-I IFNs would promote the survival of
polyclonal memory T-cells. Moreover, type-1 IFNs induce cross-priming of D8
cells, and this effect involves direct stimulation of pDCs by IFNs (33).
In B-lymphocytes, both IFN- DQ G- ,)DFW DV FRVWLPXODWRUV RI JL
by mitogenic lipopolysaccharide or anti-lgM. Type-I IFNs enhance humoral immunity
and promote isotype switchinig of B-ceillsvivo. This response was long-lasting and
mediated by pDCs. Most recent work demonstrated that T- and B-cells were direct
targets for type-l IFNs, as the antibody response was greatly impaired in mice with

selective deletion of IFNAR in T or B-cells (34). Consistently with the above results,
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type-l IFNs secreted by virus-infected pDCs stimulate plasma cell differentiation and
antibody secretion in synergy with IL-6 (35).

Type I IFNs are potent stimulators of natural killer (NK) cell cytotoxicity,
although they do not stimulate these cells for IFNSURG XFWLRQ ,QGHHG
deficient for the transcription factor IFN regulatory factor-1 have normal NK cell
development, yet greatly reduced NK cell-mediated cytotoxicity (37).

Pleiotropic effects of type | IFNs on memory T-cells and DCs generate optimal
conditions to stimulate isotype switching in B-cells (33). Given that type | IFNs also act
directly on B-cells to stimulate their maturation into plasma cells, they are extremely
potent to trigger humoral and cellular arms of the immune system, in as much as it may
induce direct NK- or CD8T-cell-mediated cytotoxicity (36,37).

Type | INFs in SLE

The implication of IFN-1 in SLE pathogenesis comes from multiple pieces of
evidence, including genetic, gene expression association studies, and induction of SLE
by interferon treatment (38).

Upon viral infection, pDCs from healthy individuals secrete IFN for few hours,

followed by other cytokines such as TNF, which shuts down autocrine IFN-

PL

production (12). Data suggest a key role for pDCs, and the.IPN-K DW WKH\ SURGXFH

the pathogenesis of SLE. Genetic and abnormal expression in SLE might prevent the
shutdown of IFN production. For example, the increased amounts of soluble
TNF receptors in SLE serum might contribute to sustained IFN-SURGXFWLRQ E\
blocking TNF.

In addition, SLE-derived immune complexes (IC) containing either RNA or
DNA are able to induce IFN- L @CS (39). In genetically susceptible individuals, B

cell precursors expressing self-reactive antibodies are not removed (40). This would be
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that due to mismanagement of naturally occurring apoptotic cells, nuclear material
stimulates autoreactive B-cells leading to antibody secretion and the formation of ICs.
These ICS and apoptotic bodies stimulate pDCs to produce type | IFNs. The latter
enhance antigen presentation by DC to T-cells while promoting memory T-cell
expansion and survival. A Thl response ensures B-cells to switch from the production
of polyspecific IgM to high-affinity anti-self IgG. These bind to self-antigens, fix
complement and exert a pathogenic role by complement-mediated lysis and by
restimulating DC to produce type | IFNs (2,29,39).

On the other hand, cytokines produced by T-cells and especially IENFW LY DWH
monocytes to produce inflammatory cytokines and chemokines such as Monokine-
induced by IFN- 0,* &; &) (41). This chemokine is indeed a major pDC attractant
that helps CXCR3pDC to migrate into T-cell zones of secondary lymphoid organs
were they produce type | IFNs and directly interact with T-cells and myeloid DC (41).

Once a threshold has been reached for immune-cell expansion and activation,
the disease becomes self-perpetuated. It may worsen due to exogenous factors that
induce local apoptosis and/or augment B-cell survival such as interleukin-10 induced by
ultra violet (UV) light, and infections that trigger Th1 T-cell response or type | IFNs
production, commonly observed in flares of the disease (7).

Animal Studies

Several murine lupus models exist, though none of them appears to fully
reproduce human SLE disease (42). The best known spontaneous models arise on New
Zealand Black (NZB), New Zealand White (NZW), MRL, BXSB, and SWR
backgrounds (42). Studies conducted on animal models of SLE have allowed us to
IXUWKHU XQGHUVWDQG WKH SDWKRJHQLB7UIR®fltRI W\SH ,

study, the effect of type | IFNs on the development of the lymphoproliferative disorder
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in Fas-defectivépr mice was evaluated (43). It reported that sustained injection of
polyinosinic (poly I:C), a potent inducer of type | IFNs, in IB6 mice resulted in
worsening of nephritis, higher titers of autoantibodies, a 10-fold increase in serum Ig
and accumulation of activated lymphocytes. Moreover, introducing a null mutation for
the IFN-I-Receptor gene into tig@ background resulted in an important decrease of
ICs deposition in the kidney and reduced lymphadenopathy (43).
Similar results were observed in NZB mouse models (44). A congenic NZB
PLFH ODFMNb&nJofWK-H 5 WKH FRPPRQ UHFHSWRU IRU WKH P
species was created. Compared to controls, homozygous IFB-GHOHWHG 1=% PLFH
had significantly reduced anti-erythrocyte autoantibodies, hemolytic anemia, anti
double-stranded DNA (dsDNA) autoantibodies, nephritis, and mortality. In the
heterozygous-deleted mice, these reductions were intermediate. The disease-
ameliorating effects could be observed by reductions in splenomegaly and in other
immune cell subsets, including B-1 cells which are the major producers of anti-
erythrocyte autoantibodies. Decreases in B cells subsets, T cell proliferation and
stimulatory activityin vitro andin vivo, and DCs maturatiom vitro were also detected.
These findings suggest that type | IFNs are important mediators in the pathogenesis of
murine lupus, and that reducing their activity in the human counterpart may be
beneficial (44).
Contrary to the above studies that used SLE models of low to moderate severity,
one work studied therole of IFN-LQ 1=%11=: ) % : PLFH D PRGHO WKD
resembles human SLE (45). It showed thativo adenovector-mediated delivery of
murine IFN-. U HV X O Wadt@mmQnegNiemr Zealand Black (NZB) X New Zealand
White (NZW)] F1, but not in normal, mice, in a rapid and severe disease with all

characteristics of SLE. Anti-dsDNA appeared as soon as day 10 after initiation of IFN-
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treatment. Proteinuria and death caused by glomerulonephritis occurred in all treated
mice ~18 weeks, at a time when all untreated NZBxNZW F1 did not show any sign of
disease. IFN-in vivoinduced an overexpression of B lymphocyte stimulator in
circulation at similar levels in both the pre-autoimmune and the normal mouse strains.
All effects elicited by IFN- ZHUH GRVH GHSHQGHQW 1=%11=:) LQIXV
murine IFN-. DOVR VKRZHG DFFHOHUDWLRQ Rl 6/( -7IHKXV SUROI
vivoinduces early lethal lupus in susceptible animals (45).
Although all the above reported studies strongly suggest that IRNY

pathogenic in murine models of SLE, another study using lupus-prone mice of the MRL
background suggested the opposite (46). A congenic lupus-prone MRUMOH5
(MRL/Ipr) mice lacking the type | IFN receptor (IFN-RI), type Il IFN receptor (IFN-
RIl), or both, were derived. As expected, deficiency for IFN-RII protected MRL/
mice from the development of significant autoimmune-associated lymphadenopathy,
autoantibodies, and nephritis. However, deficiency for the IFN-RI deteriorated
lymphoproliferation, autoantibody production, and end organ disease. Animals doubly
deficient for IFN-RI and IFN-RII developed an autoimmune phenotype intermediate
between wild-type and IFN-RII deficient animals, all correlating with an ability of type
I IFNs to suppress MRL B cell activation. Thus, type | IFNs protected against both the
humoral and end organ autoimmune syndrome of MiRIoice, independently of IFN-

7TKHVH ILQGLQJYV ZDUUDQW FDXWLRQ LQ WKH XVH RI W\S
diseases and suggest further investigation into the interplay between the types | and II
IFNs during the source of autoantibodies (46).

Another work indirectly confirmed the study cited above (47). MtLthice

with mild or advanced lupus-like disease were treated with IFNFRU GHWHUPLQLQJ W

effects of IFN- W U H D W P H Q W-Faspr fice weEe/injected with IFN- 0 54
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Faslpr mice with mild and advanced disease were the first animals to receive the
treatment. IFN- ZDV KLJKO\ HITHFWLYH LQ SURORQJLQJ VXUYLYD
function, proteinuria, splenomegaly, and skin lesions, serologic (autoantibodies and
cytokines), and histologic parameters of the lupus-like disease in mice that had mild and
advanced disease. Decreased T cell proliferation and infiltration of leukocytes into the
kidney, decrease in IgG3 isotypes and a reduction in nephrogenic cytokines were
identified. IFN- W U H D W P H @pHritis in MRISF43pr@ice is remarkably
beneficial and suggests that IFNP D\ EH DQ LPSRUWDQW WKHUDSHXWLF
subtypes of human lupus (47).
Human studies

There is substantial evidence to show that type | INFs have a similar
proinflammatory role in SLE patients (1, 48-57). There is an association between IFN-
and multiple clinical and serological features observed in SLE (55,56). Increased
expression of IFN=-induced genes in PBMC has been associated with presence of
lupus nephritis, proteinuria, cutaneous manifestations, presence of anti-Ro, anti-Smith
(anti-Sm), anti-RNP, and anti- dsDNA antibodies (52,57). It remains unclear whether
the association between IFN-DQG FXWDQHRXYV DQG UHQDO GLVHDVH P
previous studies is primary, or secondary due to an association between autoantibodies
and IFN-.

Another important finding is SLE family members are at higher risk of
developing not only SLE, but also other autoimmune diseases (48,51). A heritable
predisposition to increased activation of the IENSDWKZD\ LQ 6/( IDPLOLHV FRX
explain some of the burden of both SLE and non-SLE autoimmunity in the population.
Possible genetic variability in endogenous IENVLJQDOLQJ KDV EHHQ VXJJHVW

association of single nucleotide polymorphisms (SNPs) in the IFSDWKZD\ JHQHYV
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IRF5 and TYK2 (58-61) with SLE, although the impact of these polymorphisms on
IFN- . D F Wik YioW kot known (48,59).

Moreover, an IFN signature in adult SLE was mentioned in two independent
studies (52,62). The first was identified by means of DNA chip analysis and real-time
PCR, a coordinate expression of IEN-but not IFN- - induced genes in PBMC from
SLE patients (62). The second study, based on gene profiling of PBMC, not only
identified an IFN signature in 50% of SLE patients but linked its intensity to the
severity of disease (52). Taken together, these data strongly suggest thatUFN-
involved in SLE pathogenesis.

Therapeutic strategies targeting type | INF

The current standard of care of SLE involves the use of corticosteroids and
immunosuppressive agents that are widely acknowledged to cause unacceptable adverse
events with long-term use (63FN-. EHFDPH DQ LPSRUWDQW WDUJHW VL
IFNAR knockout mice have reduced disease activity, led to the development of a
therapeutic agent targeting the type | IFN system (44,64-68). A phase | clinical trial
using a single injection of anti-IFN-PRQRFORQDO DQWLERG\ P$E LQ 6/(
showed that there was a dose-dependent inhibition of type | IFN-inducible genes in both
peripheral blood and skin biopsies, as well a reduction in clinical disease activity (69).
However, neutralizing type | IFN antibodies may trigger an IFN-like response in
endothelial cells and PBMGs vitro (70). As adequate type | IFN production is critical
in the response to certain pathogens, especially viruses, clinicians may have to pay
attention to the possibility of viral infection. Therefore, selective inhibition of the
abnormal and continuous IFN-SUR G X FW L R Q tlil@ rgk (f ZnkedtishRvsuld

be the most attractive therapeutic strategy (71).
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There are a few clinical trials with anti-IFN-LQ 6/( XQGHUZD\ 2QH RI WK
a phase I, multicenter, open-label, dose-escalation study to evaluate the safety and
tolerability of multiple subcutaneous doses of MEDI-545, a fully human anti-IFN-
monoclonal antibody in SLE patients. The patients were scheduled to take MEDI- 545
at four different doses (72). Another phase I, multicenter, open-label, dose-escalation
study to evaluate safety and tolerability of IV or SC Dose of MEDI-545 in japanese
SLE patients is ongoing, but patients are currently recruiting (73).

There is another phase Il study with moderately to severely active SLE patients,
whose aim is to evaluate the efficacy and safety of recombinant human anti-IFN-
monoclonal antibody (Rontalizumab), compared with placebo (74). This study is
ongoing, but finished recruiting participants.

In addition, there has been an alternative way to block IFN. A Phase I-1l study
proposes that active immunization with IFN-N L Q R L-&) maylnduce a polyclonal
antibody response (75). The aim of this study is to evaluate the safety of IFN-K in
patients with mild to moderate SLE. It will also measure the induction of anti-IFN-
antibodies and evaluate the clinical impact on SLE disease (75).

Conclusion

Hopefully, as our understanding of SLE pathogenesis grows, we will be able to
target therapeutic interventions to the immune mechanisms that cause the disease
manifestations in an individual patient. Such new therapies may be effective in various
manifestations with lower toxicity, and without wide suppression of the immune
system. Before we apply anticytokine targeting therapy, we need to develop novel
biomarkers to monitor disease activity, and more clearly identify patients who are able

to show a favorable response to treatment.
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Figure 1: Inducers of type | INFs

IFNs type | are produced by plasmacytoid dendritic cell (pDC) as a consequence of viral

or double-strande RNA (dsRNA) and also by bacterial CpG-DNA. INFs type |

produced promotes denditric cells 1(DC1) development, T cell activation and
autoantibody production by B cells. Apoptotic bodies and autoantibodies form immune
complexes (ICs) that act as endogenous IFN-QGXFHUYV DQG FDENV.H D SURO

production.
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Abstract

The Tumor Necrosis Factor alpha (TNF-LV D S OHL R WhhRfgddéces\WRNLQH
different stimuli in various physiological and pathological conditions. TNF-

contributes importantly to the development of T cells, B cells, and dendritic cells.
However, TNF- is also a potent inflammatory mediator and apoptosis inducer. The
significance of the TNF-involvement in the pathogenesis of systemic lupus

erythematosus (SLE) remains controversial. From the genetic standpoint, a number of
studies suggest that the TNFFJHQH S R O\ B &dLin/tRe susceptibility of

SLE. Moreover, there is a close association between the TNFH €xptression and

clinical manifestations. In addition, the increased serum level of TNEV REVHUYHG LQ
SLE patients and associated with disease activity and certain systemic manifestations.
Treatment with anti-TNF agents is, however, controversial in SLE since induction of
antinuclear antibodies, anti-dsDNA, anticardiolipin antibodies, and cases of drug-

induced lupus have been obseruedheumatoid arthritis patients. In this context, this

study reviewed the importance of TNFn the pathogenesis of SLE.
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Introduction

Systemic lupus erythematosus (SLE) is systemic autoimmune disease in which a
complex interaction between the innate and adaptive immune system is observed (1). A
variety of abnormalities in cellular and humoral immune responses has been reported in
both murine lupus models and SLE patients (2, 3). The immunopathology of SLE has
traditionally been attributed to the tissues and okg&eposition of immune complexes
ard/or autoantibody-mediated damage. Although these mechanisms account for an
important component of the inflammation observed, previously published data suggest
that cytokines are also involved in tissue damage (3).

Cytokines are low-weight soluble proteins that are produced by different cells in
the innate and adaptive immune system. They mediate activation or functional
regulation of the immune system by binding to cell surface receptors. They play a
pivotal role in the differentiation, maturation, and activation of various immune cells
(1,3).

In SLE, these molecules are probably the product of endogenous or exogenous
triggers of the autoimmune response, as well as the effort of the immune system cells to
gain control over its activated component (1, 4). In addition, the cytokine profile may
determine some of the dysfunctional aspects of the immune system and the involvement
of organ systems. SLE is a heterogeneous disease regarding presentation, as for disease
severity, response to treatment, and organ damage, among others. Different cytokine
profiles may account for these variations observed in the clinical practice (1).

The knowledge of the cytokine profiles in SLE not only provides new insight
into the pathogenesis of SLE but also sheds light on various clinical applications. Some

cytokines, such as interleukin 6 (IL-6), interleukin 10 (IL-10), interferon alpha (INF-

and tumor necrosis factor alpha (TNFean serve as biomarkers to monitor disease

152



activity and predict disease severity (1, 5, 6). In addition, the manipulation of these
cytokines may represeafotential therapeutic strategy for the treatment of SLE (1, 7).

The TNF-. may promotes a derangement in the immune regulation and could be
the one factor potentially responsible for autoantibody induction. However, .TibIF-
the most important proinflammatory cytokinteis directly involved in apoptosis (8),
and in the pathogenesis of several rheumatic diseases, such as rheumatoid arthritis (9).
In SLE, the role of TNF:is less clear. Therefore, the role of TNFLQ WKH SDWKRJHQH
of SLE was reviewed in the present study.
The physiological role of TNF-.

Understanding how the immune system integrates the pleiotropic properties of
TNF-. LV D FKDOOHQJH SDUWLFXONFUOKDAR LQ GLVHDVHYV OL
immunoregulatory and proinflammatory functions on a range of iceke innate and
adaptive immune system and is directly involved in apoptosis (8). Analyzes of the
immunoregulatory functions and the different effects of TNRQ % FHQQ@wM 7 FHOO
dendritic cells need to be considered (8) (Figure 1).

TNF- . is expressed as a trimer on the §i@lrface and is found msoluble
form after the activation of macrophages and dendritic cells (1). Both, membrane-bound
TNF and secreted TNF cooperate with the lymphotoxin development of secondary
lymphoid organ structures, suchasint@idaPSK QRGHY DQG 3HYRMNYV SDWFKF
Deficient TNF production leads to the absence of both germinal centers and follicular
dendritic cells (8, 10-)2Nhile membrane-bound TNF confers the major structure of
secondary lymphoid organs, soluble TNF appears to be involved in the generation of
primary B-cell follicles (13).

In addition, TNF is a growth factor f& lymphocytes inducing the production

of IL-1 and IL-6 (14). However, B lymphocytes are able to produce significant amounts
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of TNF in an autocrine loop (15-17). Therefore, low levels of TN®BUH DVVRFLDWHG Z
abnormal lymphoid organogenesis and aberrant B-cell responses.

Furthermore, studies on normal human T lymphocytes demonstrated that TNF-
also plays a role in the T cell responses (18). Recombinant human TRIB-V
demonstrated to enhance T cell proliferation in response to a variety of stimuli such as
IL-2, alloantigen, or phorbol esters (18). Moreover, through nuclear factor kappa B (NF-

% DFWLYDWSEBRPRWHYV X StheHnApChBidthrRoatibRity complex
(MHC) molecules, interferon gamma (IFN- SURGXFWLRQ DQG 71) UHFHSWR
(18-20).

A distinction has been observed between short-term and long-term exposure of
TNF-. R Qcélls (8). Short-term stimulation of activated T lymphocytes with TNF-
results in further activation and proliferation of T-cells, and increased production of
IFN- (18,2,22). Long-term TNE-exposure induces a reversible loss of the surface T-
cell receptor complex, leading to hyporesponsiveness of T-cell, without affecting the
IL-2-mediated cell proliferation (8, 23, 24). This hyporesponsiveness can be reversed
with anti-TNF therapy (24).

In SLE, the numbers of both myeloid and plasmacytoid dendritic cells (DC) are
reduced in the peripheral blood. This reduction correlates with increased levels of
soluble TNF receptors, thus suggesting the potential role of TNF in the observed DC
alterations (6, 25,26). Immune complexes induce macrophages to produce high levels of
TNF-. (27) and SLE is an immune complex-mediated disease showing large amounts
of immune complexes deposited in tissue, especially in the glomeruli. Therefore, it has
been suggested that the TNexpression observed in the tissues of SLE patients is

associated with inflammation and consecutive tissue injury (8).
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TNF- . binds to two cell-surface receptors (TNFR1 and TNFR2) (28). TNFR1
mediates most of the biological properties, such as apoptosis and activation &6 NF-
(29) (Figure 2). Upon oligomerization, TNFR1 binds to the TNFR-associated death
domain (TRADD), which serves as a platform to recruit at least three additional
mediators, the receptor-interacting protein 1 (RIP-1), Fas-associated death domain
(FADD), and TNF receptor-associated factor-2 (TRAF-2). TNFR1 transduces apoptotic
and anti-inflammatory signals through the recruitment of FADD and subsequent
recruitment and activation of Caspase 8, resulting in apoptosis (8, 30). TNFR1 also
mediates anti-apoptotic and inflammatory responses through the recruitment of TRAF-2
and RIP-1 (15). In contrast, TNFR2 lacks a death domain and interacts directly with
TRAF-2. TRAF-2 activates transcription factors such as Nfnd stress activated
protein kinase (SAPK)/c-Jun N-terminal kinase (JNK), thereby promoting cell survival
and differentiation as well as immune and inflammatory responses (30,31).

Thus, TNFRL1 is involved in both apoptotic and anti-apoptotic signaling, whereas
TNFR2 is involved only in the anti-apoptotic effect of TNF. In addition, TRADD,

FADD, RIP-1, and TRAF-2 are important molecules in the apoptosis and in the
inflammatory signaling pathways of TNF-  _Interestingly, the intracellular death-
domain of TNFR1 tends to self-associate and support the receptor clustering, which
unless prevented by intracellular factors ktadcell death. This indicates that there are
additional levels of regulation (17).

TNF-. LV WKHUHIRUH tasi®byRvO Yitfe@nt.iecbaBiBnSs: a. via
TNFR1 which contains an intracellular ‘death-domain’, or by TNBEHFHSWRUV 71)5
and TNFR2) in parallel using a synergistic combination of both, distinct, signaling

pathways (8, 16,17).
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Confusion regarding the mechanisms of action of TN&due in part to the
considerable range of physiological effects potentially mediated by this cytokine. TNF-

. presents cytotoxic effects on different cell types while it modulates different activities
including the induction of other cytokines and in particular the regulation of vascular
adhesion and MHC molecules (16).

TNF- . in SLE

Animal studies

TNF-. KDV EHHQ VWXGLHG LQ VHMheWZdalendP DO PRGHO\
Black mice especially the New Zealand White (NZB/W) (33), Medical Research
Laboratory lymphoproliferation mice (MRIpt) (41), and C3H.SW mice (37).

Previous findings showed diminished production of TNA-Q 1=% : PLFH
associated to the development of severe disease manifestations, such as nephritis (33).
TNF-. Ffpetent NZB/W mice only show modest lupus activity (34), thus, suggesting
that the TNF- deficiency is an important trigger for the disease and an important driver
of lupus-like autoimmunity in this strain (31). NZB/W mice that received relatively high
dosages of TNF- HD U O\ L ghowdd id délayliH the disease onset; however, this did
not prevent the disease (33, 35, 36). Furthermore, the application of TRF¥NeH U
disease onset proved to be harmful, and the anti-TNF treatment is of therapeuttc benefi
in lupus-prone mice (37,38). Although preliminary findings were interpreted as showing
a protective effectof TNF- DJDLQVW DXWRLPPXQLW\ WKH ODWWHU O
TNF-. VWLPXODWHYV WKH @rdady\atestEdMurREhR patRadSriRs\of
SLE (39,40). Another study showed similar beneficial effects of high-doses of. TNF-
even after nephritis had developed, however, with no long-term protection against the
disease (36). Even in the NZB/W mice, in which TNFZDV W K R Xpidfastive/ R EH

the cytokine presented a double rtileneficial and detrimental (36,41).
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In contrast to the findings in NZB/W micénf is highly over expressed in both
sera and renal tissue of MR lupus mice and the levels of TNF-FRUUHODWH ZLWK W
degree of inflammatory organ disease (41). The interaction dfitlgeene and the MRL
strain background causes autoimmune renal disease. Neitter geme alone nor the
MRL background causes the fulminant autoimmune renal injury observed inlpiRL/
mice (41). In MRLpr mice, loss of renal function occurs at three to four months of age
and progresses rapidly resulting in deathive to six months of age. Anti-TNF therapy
has been shown to be beneficial in MRL/Ipr lupus (41).
TNF blockade improved arthritis, pneumonitis, nephritis and leukopenia in
additional lupus models such as in the C3H.SW mice (37). Experimental SLE was
induced in naive C3H.SW mice by injection of the human anti-DNA monoclonal
antibody (mAb) bearing the common idiotype, 16/6 Id. Two weeks after booster
injections, treatment with either an anti-TNFP $ E p&ntbxifylline (PTX) was
started, for a period of 6 weeks. The production of TNEEDV GHWHUPLQHG DQG
months after disease induction, and the experimental mice were also followed for
disease manifestations. Both treatment protocols, with anti-TNFSE DQG 37;
reduced the production of the two pro-inflammatory cytokines and the anti-dsDNA
antibodies were significantly lower in mice treated with either protocol. Abrogation of
TNF-. SURGXFWLRQ LQ WKH HDUO\ VWDJNRK-.RRSHE[ RRUULPHQWL
PTX improves the clinical status of mice afflicted with this autoimmune disease (37).
Human studies
There is substantial evidence showing that TN#as a similar proinflammatory
role in SLE patients based on studies that analyzed the TNFH gbimorphism (42),
gene expressions (43), and TNFVHUXP @IHYHOV

Genetic susceptibility to SLE

157



SLE has a strong genetic component, with a concordance of diseasé0&24
of monozygotic twins compared withd2% of dizygotic twins and siblings (45). From
the genetic standpoint, a number of association studies suggest the involvement of TNF-
. JHQH SRO\P ®¥ suscepibility @ SLE (Table 1). Most of the studies were
performed using microsatellite and single-nucleotide polymorphism (SNP) in the
promoter regions at position808 (46-65) and238 (52, 57, 58, 60, 66-68).

The TNF-. LV DQ L PP XQdR@Rtherkeln@He human leukocyte antigen
(HLA) region encoding a proinflammatory cytokine. Five microsatellite markers have
been described in the TNF region; the TNFa and TNFb, located upstream of the TNF-
gene, the TNFc, in the first intron of the TNF-J H,@rdl the TNFd and TNFe,
downstream of the TNE- JHQH TrHi¢tosate)lites a2, b3, and d2 alleles
KDYH EHHQ DVVRFLDWHG ZLWK SKRWRVHQVLWLYLW\ DQG

Some genetic studies observed an association between specific polymorphisms
and clinical features (47, 66, 69). Malar rash, discoid rash, oral ulcers, serositis, and
hematological disorders were associated withithe $ *polymorphism in a
Taiwanese cohort (626 D \ Q D pherfpwienon has been associated withBI68A
polymorphism a Thai cohort (66).

Studiesinthe TNF- SURPRWHU S RE8PaARAVEIK thy PNFd1 allele
determined susceptibility to SLE in different ethnic groups, including Caucasoid, South
African, and Asian SLE patients (57,62,67-75). However, the associations with clinical
or laboratory characteristics of the disease are still unclear.

Abnormal expression of the TNF-. J H @RINA in SLE patients

Many studies have described an abnormal expression of .TiNperipheral

blood mononuclear cells (PBMC) and in bone marrow cells from SLE patients (15,

43,76-78) (Table 2). All of these studies were based on small cohorts and analyzed the
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TNF-. JH Q Hedsip8 regarding disease activity (14, 43,76-78). The expression of
MRNA for the TNF adapter molecules TRADD, FADD, RIP-1, and TRAF-2 has been
studied in one single study and correlated negatively with SLE disease actiyity (15
Serum levels of TNF-.

Several studies have analyzed the TNFOHYHOV LQ 6/, 4DTABR)H QW YV
In these studies, TNF-ZDV IRXQG WR EH PDUNHGO\ LI@aAtHDVHG ZK't
controls (5,6, 44,77-82). Although most studies have shown increased TOIH ¥hH O V
the sera, the clinical significance of this increase is less @lé&2). Several studies
analyzing the onset of SLE in adults showed higher INBEPHYHOV LQ 6/( SDWLHQW
active disease (5, 6, 44,79). However, in one pervious study, the TOFHYHOV ZHUH
higher in patients with inactive disease compared with patients with very active disease
and controls, suggesting that, TNFF R X O G D O \tRveHa¢tdD inSSURpPAtidnts
(80).

TNF-. ZDV IRXQG WR EH KLJK LQ JORPHUX@dthe« Q DOO IR
level of TNF-. H[SUHVVLRQ ZDV FRUUHODWHG ZLWK UHQDO LQIC
nephritis is a prototype of immune-complex induced kidney damage (84,85). High
TNF-. OHYHOV ZHUH DOVR SBE\hepbropaBies, hWcRWEHU QR Q
membranous nephropathies and nephritic syndromes (86-88). These findings support
the hypothesis that TNF-P D\ SOD\ D SDWKRJHQLF UROH LQ WKH LQG
of glomerular barrier dysfunction in renal disease$.(88

Although the primary mechanism in the pathogenesis of proteinuria in SLE is
considered to be the deposition of immunoglobulins along with components of the
complement system on the epithelial side of the glomerular basement membrane, a
contributory role of cellular immunity is also implied by several studies (89,90). This

role is supported by the evidence of increased expression of TNEQ WKH JORPHUXOL
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high urinary levels, and activation of the complement cascade together with and without
certain TNF gene polymorphisms in the affected patients (86-88).

TNF-. LV D PDMRU SURLQ I prodBdedinv&sponde tWwWRrigusQ H
stimuli including glomerular and mesangial cells (91). Circumstantial data suggest that
it may serve as important autocrine and paracrine factors in glomerular injury. Its effect
on mesangial and glomerular epithelial cells and on the secretion of several mediators is
of interest, particularly in the nephrotic syndrome, where the epithelial cell damage is
the key pathologic finding (86,88). Accordinglg,vitro data suggest that TNF-P D \
have cytotoxic activity affecting cell adhesion to human endothelial cells (88).

TNF-. LQKLELWRUV

TNF-blocking therapy for SLE is highly controversial. The main concerns derive
from data from experimental models and the induction of antinuclear antibodies (ANA),
anti-dsDNA, and anticardiolipin antibodies (aCL) in cases of drug-induced diksus
syndromes in patients treated with anti-TNF agents (92). Agents like etanercept,
infliximab, and adalimumab have been approved for the treatment of rheumatoid
arthritis, but have not demonstrated complete efficacy in SLE yet. Studies indicated that
increased availability of apoptotic antigens after anti-TNFeatment might play a role
in the autoantibody formation induced by the blockade (92).

Not all SLE related clinical manifestations respond to anti-TNF therapy. SLE
patients with arthritis and nephritis are most likely to benefit from anti-TNF therapy
when compared to patients with other clinical manifestations (92). However, larger and
controlled clinical trials are needed to properly address the potential value of the TNF-
blocking therapy in SLE.

The new antif NF therapies may provide an advantage to achieve rapid disease

control and to minimize the corticosteroid usage. It is of interest that this autocrine
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TNF production is induced by ligation of CD40, a potential therapeutic target in SLE
(93,94), and is prevented by cyclosporin A, another therapeutic agent for SLE (95).
However, the role of these anti-cytokine treatments in the maintenance phase
remains unclear (92). The long-term use of these cytokines as therapeutic targets may
seem attractive, yet the possibilities of complications such as infection and malignancy
must be considered.
Conclusion
In summary,TNF- . participates in the autoimmune process in diverse ways.
better understanding of the signaling mechanisms mediated by. BR&uld eventually
lead to the development of small molecules that could successfully inhibit and modulate

the biological activity of this cytokine in autoimmune diseases.
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Figure 1: The immunoregulatory functions of TNF

Tumor necrosis factor (TNF) acts as a growth factor for B cells, inducing the production
of IL-1 and IL-6. This stimulates the class switching, involved in the antibodies
production. TNF leads to T-cell hyporesponsiveness and to the expression of anti-
apoptotic molecules. Moreover, it may promote dendritic cell (DC) maturation, which
acts as antigen-presenting cells. Immune complexes (IC) are formed by autoantibodies
(autoAB) and antigens. These complexes stimulate macrophages to express TNF,
promoting inflammation. The inflammation can be a source of cell death (necrosis),

inducing the formation of new autoAB.
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Figure 2: TNF surface receptors

There are two cell-surface receptors (TNFR1 and TNFR2). TNFR1 mediates apoptosis
recruiting the TNFR-associated death domain (TRADD), which serves as a platform to
recruit the receptor-interacting protein 1 (RIP-1), Fas-associated death domain (FADD),
and TNF receptor-associated factor-2 (TRAF-2). Subsequently, the recruitment and
activation of Caspase 8 results in apoptosis. TNFR1 also mediates anti-apoptotic and
inflammatory responses through the recruitment of TRAF-2 and RIP-1. In contrast,

TNFR2 interacts directly with TRAF-2, which activates NFe D Q G, thkreby

promoting anti-apoptotic and inflammatory responses.
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Tablel: TNF~- SURPRWHU SRO\PRUSKLVPV DVWOWRELDWHG ZLWK V

Polymorphismsg References Country Sample Size
analyzed SLE patients Healthy control

Fuggeret al, 1989 (48) | Denmark 20 131
Tomitaet al, 1993 (49) | Japan 20 23
Wilsonet al, 1994 (50) | UK 81 168
Daniset al, 1995 (51) | Australia 40 57
Rudwaleitet al, 1996 | UK 49 96
(52) South Africa 49 81
Sullivanet al, 1997 USA (African Americas 88 64
(53) only)
Wanget al, 1999 (54) | China 89 70

808 A Roodet al, 2000 (46) | The Netherlands 99 177
van der Linderet al., The Netherlands 91 253
2001 (55)
May et al, 2002 (56) Australia a7 44
Parkset al, 2004 (57) | USA (Caucasians only) 86 203
Azizahet al, 2004 (47) | Malaysia 70 59
Correaet al, 2005 (58) | Colombia 100 430
Suarezt al, 2005 (59) | Spain 192 343
McHughet al., 2006 UK 157 245
(60)
Jiménez-Moralest al, | Mexico 725 400
2009 (58)
Lin et al., 2009 (61) Taiwan 154 154
Santos et al., 2011 (65) Portugal 115 152
Goldstein & Sengarr, Canada 91 91
1993 (71)
'13$0 I ReDal,R996 | Iran 123 174

808 (67)

Fong et al., 1996 (72) | China 67 89
Chenet al, 1997 (68) | Taiwan 100 107
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Wanget al, 1998 (73) | China 51 187
Zunigaet al, 2001 (64) | Mexico 51 55
Parkset al, 2004 (57) | USA (African Americas 144 73
only)
Tobon et al., 2005 (74) | Colombia 113 65
Guarnizo-Zuccardi et | Colombia 120 102
al., 2007 (63)
Lin et al,2010 (75) Taiwan 172 215
'1$0 I ReDAL,R996 | Iran 123 174
(67)
Rudwaleitet al, 1996 | UK 49 96
238 (52) South Africa 49 81
Chenet al, 1997 (68) | Taiwan 100 107
Parkset al, 2004 (57) | USA (African Americas 144 73
only) 86 203
USA (Caucasians only
Correaet al, 2005 (58) | Colombia 100 430
238G McHughet al, 2006 UK 157 245
(60)
Hirankarn et al.,2007 | Thailand 154 154
(66)
TNFa2, b3, d2| Hajeeret al, 1997 (69) | UK 91 109
TNFd1 Schotteet al, 2005 (70) | Germany 206 157
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Table 2: TNF- P51$ H[S U id SL\ELpRt@nts

References Patients (N) | Controls (N) Country Associations

The expression of mRNA for TN
Zhu et al., 2007% 51 17 China adapter molecules TRADD, FADD, RIf
(15) 1 were negatively correlated with t

SLE activity index (SELENA-SLEDAI).

The abnormal expression of gen
Alvarado-de la 8 8 Mexico regulating cell growth was correlate
Barrera et al., with the presence of auto reactive ce
1998 (76) in the secondary lymphoid organs a

peripheral blood of SLE patients.

TNF may repress the abnorm
Lee et al., 2009 11 6 Japan regulation by IFN- LQ 6/( ZK
(43) IFN- may have a synergistic effect.

The severity of SLE was found t
Pitidhammabhorr a7 29 Thailand | correlate with the percentage of PBM
et al., 2006 (77) apoptosis. The degree of apopto

correlated with the level of TNE- L

plasma.

Significantly lower expression of IL-1b
Wozniacka et al., 14 0 Poland IL-6, and TNF- mRNAs was observe(

2008 (78)

in irradiated skin samples after 3 mont

of chloroquine treatment.
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Abstract

Objective: To determine serum levels of interferon alpha (INFLQ FKL@$#KRR G
SLE patients, first-degree relatives and healthy controls. To elucidate their association
with disease activity, laboratory and treatment features. Methods: We screened
consecutive childhood-onset SLE patients followed in a longitudinal cohort at the
pediatric rheumatology unit at the State University of Campinas between 2009/2010.

All patients had disease-onset before the age of 16. Childhood-onset SLE were assessed
for disease activity [SLE Disease Activity Index (SLEDAI)], damage [Systemic Lupus
International Collaborating Clinics/American College of Rheumatology Damage Index
(SDI)]. INF-. OHYHOV ZH U HnRyhB-NMKad Hn@ukdabsorbent assay

(ELISA). Results: We included 57 childhood-onset SLE patients (mean age

17.33+£4.50), 64 first-degree relatives (mean age 39.95+5.66) and 57 healthy (mean age
19.30+4.97) controls. Sera INF-OditsYvere significantly increased in childhood-onset

SLE when compared to first-degree relatives and healthy controls. IIFHYHOV ZHUH
significantly increased in patients with positive dsDNA antibodies, patients with
cutaneous vasculitis, patients with new malar rash and in patients without medication.
INF-. O H ¥dnéated with C3 levels, SLEDAI scores. In addition, we found an

inverse correlation between patients' age and INB-H . YGdr@\sion: INF- P D\

play a role in the pathogenesis of childhood-onset SLE, especially in cutaneous
manifestations and dsDNA formation. Increased INDHYHOV LQ SDWLHQWYV QRYV
medication has to be followed in longitudinal studies to determine if rise in.INBPHY HO V

may predict SLE flares.
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Introduction

Systemic lupus erythematosus (SLE) is a prototypical autoimmune disease
characterized by diverse clinical manifestations that range from malar rash to renal
involvement (1,2). Disorders in the immune system and abnormalities in cytokine
productions have been described in patients with SLE (1). The pathogenesis of SLE is
multifactorial and likely driven by a complex combination of genetic risk factors and
environmental influences, which lead to an irreversible break in immunologic self-
tolerance (3).

Around 20% 6 all SLE patients have disease onset prior to the age of 16 (4).
Childhood-onset SLE has a different phenotype than adult-onset SLE. Renal (50% to
67%), neurological (22-95%) and hematological (77%) involvement, in addition to
fever and lymphadenopathy are more frequently observed in children when compared to
adult-onset SLE (4,5-11). In addition, childhood-onset SLE has a significantly more
active disease not only at disease onset, but also over time when compared to adult-
onset SLE (R The outcome of childhood-onset disease is, however, worse than for
adult-onset disease (4,12). The awareness that SLE in childhood is a potentially fatal
disease, that atypical presentations are very common, and that aggressive treatment
should be introduced early in the course of the disease, has significantly improved
survival in the childhood-onset SLE cohorts (13,14).

There is strong evidence supporting the role of cytokine in the pathogenesis of
SLE (15, 16). The first documented cytokine abnormality in SLE was an increased
serum level of interferon (IFN), subsequently characterized as.IFNDQG SURGXFHG
mainly by leukocytes (17). Raised serum levels of IFihNas been observed in adult-
onset SLE, and levels correlate with both disease activity and severity (15, 17, 18).

Associations between IFN{evels and several markers of immune activation were also
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observed, such as complement activation and double-stranded DNA (dsDNA) antibody
titers (15). However, the role dilF- . in childhood-onset SLE has never been
investigated.

The aim of our study was to determine the serum leveNFf.lin childhood-
onset SLE patients, first-degree relatives and healthy controls. In addition, we evaluated

the association oNF- . with disease activity, laboratory and treatment festur
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Patients and methods
Subjects

Fifty-seven consecutive childhood-onset SLE patients followed at the Pediatric
Rheumatology Outpatient Clinic of State University of Campinas were invited to
participate in this cross-sectional study. Patients were included in the present study if
they: (i) fulfilled at least four criteria of American College of Rheumatology (ACR)

(19); (i) were below 16 years of age at disease onset; and (iii) had a follow-up duration
of at least 6 months.

Sixty-four first-degree relatives and 57 healthy controls without history of any
chronic disease (including auto-immune diseases) were included as a control group. The
healthy controls were matched for age, sex and demographic background. This study
was approved by the ethics committee at our institution, and informed written consent
was obtained from each participant and/or legal guardian.

Clinical features

All patients had their medical histories, clinical and serological characteristics
entered at the time of SLE diagnosis in special computer database programs. Features
included in this protocol were age at onset of disease (defined as the age at which the
first symptoms clearly attributable to SLE occurred), age at diagnosis (defined as the
age when patients fulfilled four or more of the 1982 revised criteria for the classification
of SLE (19), and follow-up time (defined as the time from disease onset until May
2010).

All clinical manifestations and laboratory findings were recorded at disease
onset, on a quarterly basis on follow-up and at the day of blood withdrawal. Nephritis
was diagnosed on the basis of proteinuria exceeding 0.5 g/L with abnormal urinary

sediment and/or histological findings. Nephrotic syndrome was defined as proteinuria in
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excess of 3 g/day. Hematological alterations were ascribed to lupus only in the absence
of bone-marrow suppression (leukopenia <4000 cell${rthrombocytopenia

<100,000 cells/mff hemolytic anemia). We also analyzed the presence of malar rash,
discoid lesions, subacute cutaneous lesions, cutaneous vasculitis, photosensitivity, oral
ulcers, arthritis and serositis. Neurological and psychiatric involvement was defined
according to ACR (20).

Treatment prescribed at time of blood withdrawal, as well as its adverse events
related to drug use, was recorded. Doses of oral and parenteral corticosteroids were
analyzed and converted to the equivalent doses of prednisone.

Laboratory studies

Antinuclear antibodies (ANA) were determined by indirect immunoflurescence
using mouse liver as substrate, and regarded as positive if higher than 1/80. dsDNA
antibodies were determined by indirect immunoflurescence @siythidia as substrate
and considered positive if higher than 1:10. Precipitating antibodies to extractable
nuclear antigens (ENA), including Ro (SSA), La (SSB), and Sm were detected by a
standardized enzyme-linked immunosorbent assay (ELISA) method, and considered
positive if higher than 1: 80. Rheumatoid factor (RF) was detected by nefelometry, and
regarded as positive if higher than 10. Anticardiolipin antibodies (aCL) of the IgG and
IgM isotypes were measured by an ELISA method.(2he lupus anticoagulant (LA)
activity was detected by coagulation assays in platelet-free plasma obtained by double
centrifugation, following the recommendation of the subcommittee on LA of the
Scientific and Standardization Committee of the International Society of Thrombosis
and Homeostasis (22). These measurements were carried out twice, at an interval of 12
weeks.

Disease Activity/Cumulative Damage Evaluation
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Disease activity was measured by the Systemic Lupus Erythematosus Disease
Activity Index (SLEDAI) (23). SLEDAI consists of 24 weighted items grouped into 9
domains, or organ systems, as follows: central nervous system (assigned a weight of 8),
vascular (weight of 8), renal (weight of 4), musculoskeletal (weight of 4), serosal
(weight of 2), dermal (weight of 2), immunologic (weight of 2), constitutional (weight
of 1), and hematologic (weight of 1). SLEDAI scores range between 0 and 105. Score
R 13svas considered active disease (24).

Cumulative SLE-related damage in all patients was determined using the
Systemic Lupus International Collaborating Clinics (SLICC)/ACR Damage Index (SDI)
at time of blood withdrawal. SDI score range from 0 to 47%.(25
INF-. DVVD\

Peripheral venous blood was collected from each subject and allowed to clot at
room temperature for 30 min. Samples were then centrifuged for 15 min at 3000 rpm.
6HSDUDWHG VHUD ZHUH NHSW LQ DOLNRxR§tMeDW i f& XQW
samples was taken during an episode of acute or chronic infection (26).

Commercially available kits from R&D Systems (London, UK) were used for
the measurement of seruiA-. O H'Y HEQISA Ecarried out in accordance with the
PDQXIDFWsiudtiensJ vV LQ
Statistical analysis

$QDO\WLYV RI YDULDQFH ZLWK 7XNH\TV SBedtbZLVH SRVW
compareNF- . OHYHOV EHWZHHQ JURXSY 6SHDUPDDYY FRUUHC
continuous variables (e.gNF- . levels and SLEDAI, SDI)NF- . OHYHOV DQG
categorical variables were compared by 2-sample t-test. For all analyses, a p-value <

0.05 was considered statistically significant.
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Results
Demographics

We included 57 consecutive childhood-onset SLE patients. Fifty(®duroo)
were female with mean age of 17.33 years [Standard deviation (SD) +4.50 years;
range9-37]. Disease duration was 4.71 years (SD+4.57; range 0-26 years). Sixty-four
first-degree relatives with a mean age of 39.95 years (SD+5.66; range 28-52) were
included. The control group consisted of 57 healthy volunteers (52 women) with a mean
age of 19.30 (SD%4.97 years; range 6-30 years) (Table 1).

Patients and healthy controls were statistically comparable in terms of age and
Sex.
Clinical, laboratory, and treatment features

At time of study entry, 30 (52.6%) childhood-onset SLE patients had active
GLVHDVH 6/('$, « SEHDAlIScdrds DF@.37 (SD+3.80, range 3-18).
Inactive patients [N=27 (47.4%)] had a mean SLEDAI scores of 0.39 (SD+0.80 range
0-2)]. Active nephritis (28.3%), new malar rash (6.6%), new alopecia (5.0%) and
cutaneous vasculitis (5.0%) were the clinical manifestations more frequently observed.

At time blood withdrawal, 8 (13.3%) patients were without any medication.
Thirty-nine (68.4%) patients were receiving prednisone, 32 (53.3%)
hydroxychloroquine and 22 (36.6%) patients were receiving other immunosuppressive
drugs (Table 1).
Cytokine assay

The mean serum INF- OHY HO Z DV pg/mL‘in childhood-onset SLE,
compared to 10.36+6.04 pg/mL (p=0.012) in first-degree relatives and 11.68+6.66
pg/mL in healthy controls (p=0.043). No difference between first-degree relatives and

healthy controls was observed (p=0.484) (Figure 1a).
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INF-. OHYHOV ZHUH VLJQLILFDQWHsititeIEDNADVHG LQ SDW
antibodies (p=0.011) (Figure 1b), patients with cutaneous vasculitis (p=0.001) patients
with new malar rash (p=0.032) and disease activity (p=0.031)..INBH Y He&rtedF R
directly with C3 levels (r=0.34; p=0.032), SLEDAI scores (r=0.43; p=0.012) and
indirectly with age (r=- 0.17; p=0.025). INFFOHYHOV ZHUH VLJQLILFDQWO\ K
patients without medication (mean=13.01; SD+6.09) when compared to patients on
medication (mean=21.59; SD+16.02; p=0.035) (Figure 1c). When analyzing each
individual medication, higher levels of INF-ZHUH REVHUYHG LQ SDWLHQWYV (
prednisone (mean=20.07; SD+14.65) when compared to patients taking prednisone
(mean=12.95; SD+6.19; p=0.042). No association between. INPHYHOV DQG RWKHU
clinical, laboratory variable (hematological or immunological) and SDI scores was
observed. No difference inIN--OHYHOV ZzDV REVHUYHG EHWZHHQ SDW|

without hydroxicloroquine or other immunosuppressants.
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Discussion
Cytokines are low-weight proteins that play a key role in immunological
dysregulation observed in autoimmune diseases. The increased levels of
proinflammatory cytokines are believed to play a key role in the pathogenesig of SL
(27). Higher cytokine levels in SLE patients may promote inflammatory response,
apoptosis and autoantibody production that not only initiates, but may also maintain
SLE disease activity over time (16)27
The first documented cytokine abnormality observed in SLE was an increased
serum level of INF-, a cytokine with both antiviral and immunoregulatory functions
(17,28). The contributions of IFN+to SLE can be explained based on several distinct,
but related mechanisms. In genetically susceptible individuals, B cell precursors
expressing self-reactive antibodies are not removed (15). Probably, due to a
mismanagement of naturally occurring apoptotic cells, nuclear material stimulates
autoreactive B-cells leading to antibody secretion and the formation of immune
complexes. These immune complexes and apoptotic bodies stimulate plasmacytoid
dendritic cells to produce INFE-The latter enhance antigen presentation by denditric
cells to T-cells while promoting memory T-cell expansion and survival (15,29).
Increased IFN- V H UeXdPs are often found in SLE patients (3,17,18,30-34). In
our study we observed increased serum INE-Q F K L-Gn&KR R @atients when
compared to healthy controls and first-degree relatives. Our data supports the results of
previous studies that demonstrated higherINOHYHOV LQ Vddd¢dSRPERI DG XOW
patients (3,17,18,30-35).
The clinical significance of IFN- SDWKZD\ DFWLYDWLRQ LQ 6/( LV P2
IFN-. KDV EHHQ LPSOLFDWHG LQ WKH SDWKRJHQHVLV RI WK

therapies against IFN-DUH FXUUH QW O \3&,&Y).mBesided, FR-O PMWILYODW LR Q

188



may identify a subset of SLE patients with potential diagnostic, prognostic and
therapeutic implications. One of the most important points is the change in IFN-
activity levels may reflect change in disease activity and thus help clinical management
of the disease (38In our study, INF- was significantly higher in patients with
6/('$, - ZKHQ FRPSDUHG WR SDWLHQWYV ZLWK LQDFWLYH
observed a directly correlation between SLEDAI scores and.IdFels, suggesting
that INF-. could be a biomarker for disease activity in childhood SLE. Similar results
have been observed in adult-onset SLE (3,17,18,30-35).

Previous studies suggest an important role of IFNthe immunopathogenesis
of SLE (3,17,18,30-35). There is an association between.|&hd multiple clinical
and serological features of SLE (29, 35). We observed that.IlEMels were increased
in patients with cutaneous manifestations. Our data also showed increased@NfY H O V
in childhood-onset SLE with positive dsDNA and also a direct correlation between INF-

DQG & OHYHOV KRZHYHU QR DVVRFLDWdréas§edZLWK UHQD(
expression of IFN-inducible genes (IFIGs) in peripheral blood mononuclear cells
(PBMC) has been associated with presence of lupus nephritis and proteinuria, cutaneous
manifestations, and presence of anti-Ro, anti-Smith (anti-Sm), anti-RNP, and anti-
dsDNA antibodies (32,39). Anti-dsDNA antibodies have been associated with lupus
nephritis (40), and studies have linked anti-Ro antibody to lupus-related skin findings
(41). It remains unclear whether the association between.IFDQ G F X \ahD @mhR XV
disease manifestations in previous studies is primary, or secondary due to an association
between autoantibodies and IFN39). We do not observed associations between INF-
O HY H Ohér an@bGdi&s\Vike anti-Ro, anti-Sm or anti-RNP.
SLE family members are at higher risk of developing not only SLE, but also

other autoimmune diseases (3,31). A heritable predisposition to increased activation of
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the IFN-. SDWKZzZD\ LQ 6/( |D HarOsbre/offe Kutdén ef psth SLE and

non-SLE autoimmunity in the population. Possible genetic variability in endogenous

IFN-. VLJQDOLQJ KDV EHHQ VXJJHVWHG E\ WKH DVVRFLDWL]
polymorphisms (SNPs) in the IFN- S D W K Z D NB teguldtory factor 5 (IRF5) and

non-receptor tyrosine-protein kinase (TYK2) (42-45) with SLE, although the impact of

these polymorphisms on IFN- D F Wik ¥\oW kot known (3,43) . We did not observe

differences in serum IFN- OHY HOV E Hi¥gZéirelQives and ¥éntrols. However

the small number of individuals may have affected the results.

We found an inverse correlation between patients' age and INIFH YSkinDay
findings have been reported in adult SLE, as well as in healthy controls, independent of
menopause status (31). It is not clear whether higher serum Helvity seen in young
SLE patients is a cause or a result of disease activity, but this correlation may explain
different clinical and serologic manifestations between childhood-onset and adult-onset
SLE patients.

In addition, we observed higherINFFOHYHOV LQ SDWLHQWYV RIlI PHGL
the patients had any evidence of disease activity at time of evaluation. Studies showed a
dramatically decreased in the expression of IFN-inducible genes (IFIGs) in patients who
received pulse glucocorticoid (GC) therapy (46,47). Data from others suggest that
intravenous pulse GC treatment may decrease the numbers of IFN producing cells,
transiently reducing the stimulus for IFIG expression (47).

Although previous studies have analyzed INFOHYHOV L @n$eKSIBGKRRG
none of these studies have analyzed clinical and laboratory features associated with
increased INF: OHYHOVSerum INF~- DFWLYLW\ VKRZHG WR EH KLJKI
individuals in the SLE family cohorts, and this tendency was accentuated in affected

individuals (31). In addition, the other study revealed that childhood-onset SLE patients

190



are potent inducers of IFN- *HQRPLF DSSURDFKHYVY KDYH VKRZQ
childhood-onHW 6/( GLVSOD\V D 3,1) VLIQDWXUH" DV PHDVX
expression profiling (45,48). The PBMC transcriptional signature in childhood-onset
SLE corresponds to neutrophil-specific genes, and differential expression of these genes
correlates with disease activity (45). Notably, SLE neutrophils undergo accelerated
spontaneous apoptosis vitro, and SLE sera induce the apoptosis of healthy
neutrophils, both of which correlate with disease activity (49). In addition, IFIG
expression signature establishes subgroups of patients with severe SLE characterized by
renal disease, complement activation and autoantibody production to RNA associated
autoantigens (33, 50).
*HQHWLF DVVRFLDWLRQ VWXGLHV RI 6/( SDWLHQWYV |
which components of the upstream and downstream pathways of INF (mainly type I)
are the most frequently found including Signal Transducer and Activator of
Transcription 4 (STAT4) and IRF5 (38, 51-53). STAT4 interacts with type | INF
receptors and is directly involved in IFN signaling. IRF5 is a transcription factor which
induces IFN transcription in response to Toll-like receptor (TLR) signaling. In fact, the
IRF5 risk haplotype in SLE patients is associated with high serum.IFNFW LY L W\
These findings are in accordance with the fundamental observations showed in a
SUHYLRXV VWXG\ ZKLFK LGHQWL¢{HG JHQH H[SUHVVLRQ S
H[SHULPHQWY GHPRQVWUDWH D -fédulb@d gen® @amécrips thH J X O D W
adult and childhood-onset SLE PBMCs (32,34). This characteristic is referred to as the
3,1) VLIQDWXUH  DQG DVVHVVHG DV D QHZ ELRPDUNHU IR
In summary, our findings suggest that INFP D\ SOD\ D UROH LQ WKH SD'
of childhood-onset SLE. Higher levels in younger children may explain different

clinical and serologic manifestations when compared to older patients. Increased INF-
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levels in patients not taking medication has to be followed in longitudinal studies to

determine ifrise in INF- OHYHOV PD\ SUHGLFW 6/( IODUH
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Table 1: Demographic and clinical characteristics of patients and controls included in

the study
Parameter Childhood-onset First-degree Controls
SLE patients relatives N=57
N=57 N=64
Sex
Female 54 (94.7%) 59 (92.18%) 52 (91.22%)

Age (years) 17.33+4.50 39.95+5.66* 19.30+4.97
(range 9-37) (range 28-52) (range 6-30)
Disease duration (years) 471457 | | e
(range 0-26)
SLEDAI 4.43+494 | | e
Active disease N=30 8.37+£3.80
Inactive disease N=27 0.39+0.80
SDI 0.50+0.82 | = - | e
Treatment
Off medication 8 (14%)
Prednisone 39 (68.4%)
Hydroxychloroquine 32 (56.1%)
Immunosuppressive 22 (38.6%)
INF- . (pg/mL) 13.84+8.46* 10.36+6.04 11.68+6.66
K

Figure 1. NF-. DVVRFLDWLR& QDD WLV Bl YDULDQFH ZLWK 7XNH\"

post hoc comparisons between SLEdggree relatives and controls; 1b-2-sample t-test

in SLE patients with positive and negative dsDNA; 1c- 2-sample t-test in SLE patients

with/without medicationData are presented as box plots, where the boxes represent the

25th to 75th percentiles, the lines within the boxes represent the 50th percentile,

and the lines outside the boxes represent the minimum and maximum values.
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