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RESUMO

O Lupus Eritematoso Sistémico (LES) € o protétipo das doencgas autoin
sistémicas. Desregulacbes na homeostase das células T reguladoras (Tregs)
tem sido descritas no desenvolvimento do LES, contudo grande parte dos
estudos que investigam estas células no contexto da doenca apresentam dados
contraditérios. Portanto, o presente estudo visa investigar as células Tregs de
pacientes com LES frente as manifestacfes clinicas da doenca. Foram incluidos
neste estudo 115 pacientes (112 mulheres e 3 homens, com idade média de 36
+ 5.65 anos), sendo 86 com a doenga em atividade (SLEDAI > 6) e 29 em
remissdo (SLEDAI < 6). Todos os pacientes foram recrutados do Servigo de
Reumatologia do Hospital das Clinicas da UFPE, Recife — PE, Brasil e
preencheram os critérios de classificacdo do American College of Rheumatology
para o LES. O grupo controle foi constituido por 32 mulheres e 1 homem,
saudaveis, com idade média de 44 + 1.41 anos. As concentracdes séricas de
citocinas relacionadas a via Treg (TGF-B, IL-10 e IL-35) foram determinadas
através de kits especificos de ELISA e a imunofenotipagem foi realizada através
da marcacéao especifica com anticorpos fluorescentes para CD4, CD25, FOXP3,
CD127. O estado de ativacdo das células Treg foi investigado através da
expressdo de CD45RA, FOXP3, CCR7 e CCR4. Dados néo paramétricos foram
analisados através do teste de Mann-Whitney e dados paramétricos através do
T test ou one-way ANOVA. A regressao linear multipla foi utilizada para analises
adicionais, sendo considerado P < 0,05 significativo para todos os testes.
Nossos resultados indicam uma liberacéo defeituosa de citocinas da via Treg no
LES. Os niveis séricos de TGF-B foram significativamente menores em
pacientes com LES (31,25; 31,25 - 1000 pg / mL) do que em voluntarios
saudaveis (60; 31,25 - 966 pg / mL) (p = 0,001). Por outro lado, os niveis de IL-
35 foram maiores em pacientes (0,78; 0,78 a 185,6 pg / mL) do que em
voluntérios sadios (0,78; 0,78-2,94 pg / mL) (p = 0,03), e IL-10 nao divergiu entre
os grupos (p> 0,05). Foi observada uma significativa elevacéo na frequéncia das
células Treg CD4'FOXP3" (p=0,003) de pacientes com LES. Entretanto,
diferente de todos os fendtipos ou citocinas relacionados a via Treg estudados,
apenas as células eTreg (CD4'FOXP3""CD45RA) (p=0,01) foram
inversamente correlacionadas a atividade da doenca, enquanto que as células
nonTreg (CD4'FOXP3-"“CD45RA") (p=0,003) exerceram uma influéncia direta.
Importantemente o fenotipo nonTreg foi o indicador mais consistente de
atividade do LES, confirmado pelo modelo de analise baseado na regresséo
linear multivariada. Em resumo nos sugerimos a padronizacdo da amostra
baseada no SLEDAI para aumentar a acuracia das futuras investigacdes
conduzidas no LES e destacamos as células non Treg como um potencial
biomarcador de atividade da doenca.

Palavras-chave: Doenca autoimune. Células T reguladoras. FOXP3.
Biomarcador.
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ABSTRACT

Systemic lupus erythematosus (SLE) is the prototype of systemic autoimmune
disorders. Deregulations in Treg cells homeostasis has been described in SLE
development, however most studies investigating these cells in this context
showed contradictory data. Thus, the present study aims to investigate the Treg
cells of patients with SLE in relation to the disease clinical manifestations. Were
included in this study 115 patients (112 women and 3 men, mean age of 36 +
5.65 years), 86 with active disease (SLEDAI > 6) and 29 in remission (SLEDAI <
6). All patients were recruited from Hospital das Clinicas of UFPE, Recife - PE,
Brazil and met the criteria of the American College of Rheumatology for SLE.
The control group consisted of 32 healthy women and 1 man with an average
age of 44 + 1.41 years. Treg related cytokines (TGF-3, IL-10 and IL-35) serum
concentrations were determined by specific ELISA and immunophenotyping was
performed by staining with fluorescent specific antibodies for CD4, CD25,
FOXP3, CD127. CD4'FOXP3" Treg cell activation state was investigated based
on CD45RA, FOXP3, CCR7 and CCR4 expression. Nonparametric data
analyzes were performed using the Mann-Whitney test while parametric data
were t test or one-way ANOVA. Multiple linear regressions were used for further
analysis, P <0.05 was considered significant for all tests. Our results indicate a
defective release of cytokines from the Treg pathway in SLE. TGF-B serum
levels were significantly lower in SLE patients (31.25; 31.25 — 1000 pg/mL) than
healthy volunteers (60; 31,25 - 966 pg/mL) (p = 0.001). On the other hand, IL-35
levels were higher in patients (0.78; 0.78- 185.6 pg/mL) than in healthy
volunteers (0.78; 0.78- 27.94 pg/mL) (p=0.03) and IL-10 showed no significant
differences between groups (p>0.05). There was a significant increase in
CD4'FOXP3" Treg cells (p = 0.003) frequency of SLE patients. However, unlike
all other Treg cells phenotypes analyzed or cytokine pattern, only eTreg
(CD4'FOXP3""CD45RA)(p=0,01) subtype was inversely correlated with
disease activity while nonTreg (CD4*FOXP3-*"CD45RA) (p=0,003) exerted a
direct influence. Importantly, nonTreg cells were the most consistent SLE active
indicator, confirmed by the analysis model based on multivariate linear
regression. In summary, our results suggest the use of sample standardization
based in SLEDAI score to increase accuracy in further SLE investigations and
highlights nonTreg cells as a new biomarker to promote search for effective
therapeutic strategies in SLE.

Key-words: Autoimmune disease. Regulatory T cells. FoxP3. Biomarker.
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1 INTRODUCAO

O Lupus Eritematoso Sistémico (LES) € considerado o protétipo das
doencas autoimunes sistémicas. Além de ser uma doenga cuja etiopatogenia
permanece pouco compreendida, ela se destaca por acometer multiplos 6érgaos
e sistemas, com manifestagfes clinicas imprevisiveis, fenétipo multifacetado e
elevado potencial moérbido (ANDRADE, 2009; TSOKOS, 2011; MOHAN;
PUTTERMAN, 2015). Tais caracteristicas elegem o LES como uma das
enfermidades de mais dificil conducdo clinica; estando entre as principais
discussbes a dificuldade de se compreender a definicdo dos estados de
atividade e quiescéncia da doenca (ANDRADE, 2009; STHOEGER, 2014).

Diversos medicamentos séo utilizados na terapéutica do LES, tais como
cloroquina, talidomida, antiinflamatérios nédo-esteréides e os corticosteroides; ou
ainda, medicamentos utilizados no tratamento do cancer como a azatioprina e a
ciclofosfamida (CARVALHO et al., 2014; STHOEGER et al., 2014). Contudo, a
utilizacdo destes medicamentos por longos periodos esta relacionada a sérios
efeitos colaterais, reacfes adversas e perda de eficacia do farmaco
(TSUJIMURA, 2012; PICCHIANTI-DIAMANTI et al., 2014; BAZSO et al., 2015).

Consideraveis avancos na terapéutica do LES derivam de estudos que
promovem uma melhor compreensdo acerca dos mecanismos da doenca
(STHOEGER, 2014). Atualmente sabe-se que a patogenia do LES envolve
funcdes aberrantes de diferentes tipos celulares que promovem 0O processo
inflamatorio; incluindo desregulacdes na liberacdo de citocinas, quimiocinas e
demais mediadores da inflamacdo (PATHAK; MOHAN, 2011; SQUATRITO, et

al., 2014; MOHAN; PUTTERMAN, 2015).
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Visando novas estratégias terapéuticas, diversas alteracdes relacionadas
a resposta imune no LES vem sendo investigadas. Em destaque neste cenario
estdo os estudos acerca das células T reguladoras (Tregs) em um importante
eixo do desenvolvimento da doenca (CHAVELE; EHRENSTEIN, 2011; MIYARA,
et al., 2014).

Mutacdes no gene FOXP3 (crucial para o desenvolvimento de células
Tregs) acarretam quadros de autoimunidade severa que podem levar o paciente
a Obito (WILDIN et al.,, 2002; VLIET; NIEUWENHUIS, 2007). Além disso, a
deplecdo de ceélulas Treg em murinos desencadeia rapidamente quadros
inflamatorios e reagdes autoimunes que afetam multiplos orgaos (KIM et al.,
2007).

Compreende-se que o desenvolvimento do LES esta associado a
defeitos no controle homeostatico das células T regs (MIYARA, et al. 2009; OHL,;
TENBROCK, 2015). Entretanto, analises de caracteristicas fenotipicas e
funcionais destas células provenientes de pacientes com LES acumulam uma
série de dados divergentes. Alguns estudos demonstram habilidade supressora
deficiente (LEE, et al., 2008; YAN, et al., 2008), outros ndo confirmam estes
dados (ZHANG et al.,, 2008; BONELLI, et. al., 2008) ou refletem a grande
variabilidade das subpopulacfes estudadas (XIUJUN PAN, et al., 2012,
MIYARA, et al., 2005; ALVARADO-SANCHEZ, et al., 2006).

Portanto, o presente estuda visa a investigacdo do perfil Treg no LES e
sua associacdo as manifestacdes clinicas da doenca. Neste trabalho, nés
apresentamos uma revisdo de literatura sobre o LES e as células Tregs,

seguidos de objetivos e metodologias utilizadas. Os resultados parciais e
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respectiva discussao estdo apresentados no formato de 2 artigos. O primeiro
artigo avalia os niveis séricos das citocinas relacionadas ao perfil Treg em um
grupo de 115 pacientes com LES em relagdo as manifestacfes clinicas da
doenca e aos parametros laboratoriais. No segundo artigo foram estudados os
subtipos de células Treg em 30 pacientes com LES. Neste artigo foi proposta a
quantificacdo da relevancia relativa das varidveis clinicas e laboratoriais da
amostra de pacientes, na perspectiva de gerar uma andlise padronizada da

amostra frente aos achados experimentais.

2 OBJETIVOS

2.1 OBJETIVO GERAL

Estudar os linfécitos T reguladores e suas citocinas em pacientes com

Lapus Eritematoso Sistémico.

2.2 OBJETIVOS ESPECIFICOS

+ Avaliar a expressao sérica de citocinas relacionadas a via Treg

+ Caracterizar as células Treg e suas subpopulacoes

+ Avaliar o padrédo de migracéo tecidual dos subtipos de células Treg

+ Correlacionar todos os resultados obtidos aos parametros clinicos dos

pacientes estudados

+ Promover uma melhor compreensédo da doenca com base nos resultados

encontrados
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3 REVISAO DA LITERATURA

3.1 LUPUS ERITEMATOSO

O Lupus Eritematoso (LE) é uma doenca reuméatica de natureza auto-
imune marcada pela presenca de linfocitos T e B hiper-reativos, elevada
producéo de auto-anticorpos, exacerbada ativagdo do sistema complemento e
deposicao de imunocomplexos em diferentes tecidos e 6rgdos, mediante varios
mecanismos que acarretam a perda da autotolerancia (TSOKOS, 2011; WU et
al., 2014; MAK; KOW, 2015). E reconhecida como o protétipo das desordens
autoimunes multissistémicas; contemplando um amplo espectro de
apresentacdes clinicas com quadros inflamatérios que podem cursar de maneira
localizada ou disseminada por todo o organismo (TSOKOS, 2011).

De maneira geral, pode ser classificado como cutadneo ou sistémico. O
[Gpus eritematoso cutaneo (LEC) distingue-se pelas manifestacdes
exclusivamente cutaneas, cujos sintomas gerais estdo ausentes; ao passo que
no ldpus eritematoso sistémico (LES) ocorre o comprometimento de outros
orgaos e sistemas tais como coracao, pulmao, rins e cérebro, com possibilidade
de envolvimento da pele (BERBERT; MANTESE, 2005; BERTSIAS et al., 2012).

De etiopatogenia pouco esclarecida, evidencia-se que o LES seja
desencadeado por um conjunto de fatores de natureza genética, epigenética,
ambiental e hormonal associados a desregulacdes do sistema imune e perda da
autotolerancia (DANCHENKO et al., 2006; RAHMAN; ISENBERG, 2008;
TSOKOS, 2011; TSOKOS, et al., 2016). Desta forma, observa-se uma maior
concordancia da doenca em gémeos monozigoticos do que em dizigoticos
(BLOCK et al., 1975; DEAPEN et al., 1992; SQUATRITO, et al., 2014). Além

disso, a exposicdo a radiacdo UV, infecgdes virais, ou ainda o uso prolongado
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de estr6genos aumentam a predisposi¢cao a doenca (LISNEVSKAIA et al., 2014;

SQUATRITO, et al., 2014).

3.2 EPIDEMIOLOGIA

O LES pode acometer pessoas de todas as idades, etnias e sexo. Por
estar associado a fatores hormonais, observa-se maior frequéncia entre
mulheres em idade fértil, com proporcéo de cerca de dez mulheres para cada
homem afetado. As incidéncias globais da forma sistémica e cutanea do LE s&o
semelhantes, porém a forma cutanea é trés vezes mais comum nos homens. A
incidéncia desta doenca triplicou nos ultimos 40 anos, principalmente devido aos
avangos no diagnoéstico, que atualmente permitem identificar os casos mais
brandos, outrora subdiagnosticados (BORCHERS et al., 2010; BERTSIAS et al.,
2012; JARUKITSOPA et. al., 2015).

Nos Estados Unidos os indices de prevaléncia do LES superaram 51 por
100.000 pessoas. A incidéncia estimada para América do Norte, América do Sul
e Europa varia de 2 a 8 por 100.000 habitantes por ano. A doenca é mais
comum nas zonas urbanas, e, fatores como diferentes etnias e condicbes
geograficas também interferem na prevaléncia, severidade e frequéncia das
manifestacdes clinicas (BORCHERS et al.,, 2010; BERTSIAS et al., 2012;
BORBA et al., 2013; JARUKITSOPA et. al., 2015).

Existe uma maior tendéncia ao acometimento do LES na sua forma
cutdnea em paises tropicais, incluindo o Brasil, cuja incidéncia de raios
ultravioletas € mais elevada. Entretanto, mensuracdes de incidéncia ou
prevaléncia do LES no Brasil ainda ndo sdo muito consistentes, especialmente

em virtude do pequeno numero de pacientes envolvidos nos estudos
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disponiveis. Contudo, estima-se uma taxa de 11,3 mulheres para cada homem
afetado pela doenca, 0 que est4d dentro do esperado frente as proporcdes

mundiais (BORBA et al., 2013).

3.3 ASPECTOS CLINICOS DO LES

As manifestacfes clinicas do LES, além de muito heterogéneas, cursam
com episddios intercalados de intensa atividade inflamatdria e remissao. A
nefrite € a principal complicacdo da doenca. Ela afeta cerca de 40 a 70% dos
pacientes e causa um elevado grau de morbidade e mortalidade. Dentre os
sintomas mais frequentes estdo as lesdes cutaneas eritematosas, geralmente na
regido malar e dorso do nariz (o que configura o eritema malar — leséo tipica de
elevada prevaléncia) (Figura 1A). Também se destacam dor e inchaco,
principalmente nas articulacbes das maos, além de inflamacdo de pleura ou
pericardio (CERVERA et al., 2003; TURCHETTI et al.,, 2012; MEROLA et al.,
2014; MOHAN; PUTTERMAN, 2015).

Alteracbes hematoldgicas sdo bastante frequentes no LES, e incluem a
anemia, leucopenia, linfopenia e plaguetopenia. Nos casos mais severos, pode
ocorrer encefalite, acarretando convulsdes, alteracbes de comportamento ou do
nivel de consciéncia e psicoses. Outros sintomas sdo as vasculites, as quais
podem causar eritemas dolorosos disseminados ou localizados na regido
palatina, palmar das maos, plantar dos pés, ou em membros (Figura 1B)
(BERBERT; MANTESE, 2005; TURCHETTI et al.,, 2012; CRAMPTON, et al.,

2014; MOHAN; PUTTERMAN, 2015).
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Figura 1 — Manifestagdes cutdneas em pacienetes com IUpus eritematoso sistémico. Eritema

malar (A); purpura palpavel (B).

Fonte: Lupus Image Bank, ELSEVIER.

Na pratica clinica o LES é diagnosticado com o auxilio dos critérios de
classificacado propostos pelo American College of Rheumatology (ACR). Desta
forma, a doenca pode ser identificada em pacientes que apresentem pelo
menos 04 dos 11 critérios clinicos e imunolégicos indicados no quadro 01 (TAN

etal., 1982; HOCHBERG, 1997).

Quadro 01 - Critérios para o diagnéstico do LES propostos pelo American College of
Rheumatology (ACR).

1. Eritema malar lesdo eritematosa fixa em regido malar, plana ou em relevo.

2. Lesé&o discoide lesdo eritematosa, infiltrada, com escamas queratoticas
aderidas e tampdes foliculares, que evolui com cicatriz
atrofica e discromia.

3. Fotossensibilidade exantema cutaneo, como reagdo ndo usual a exposicdo a
luz solar, de acordo com a histéria do paciente ou conforme
observado pelo médico.

4. Ulceras orais/nasais Ulceras orais ou nasofaringeas, usualmente indolores,
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5. Artrite

6. Serosite

7. Comprometimento renal

8. Alterag8es neuroldgicas

9. AlteragBes hematologicas

10. Alteracdes imunoldgicas

11. Anticorpos antinucleares

observadas pelo médico.

artrite ndo erosiva envolvendo duas ou mais articulages
pseriféricas, caracterizadas por dor e edema ou derrame
articular.

pleuris (caracterizada por historia convincente de dor
pleuritica ou atrito auscultado pelo médico ou evidéncia de
derrame pleural) ou pericardite (documentado por
eletrocardiograma, atrito ou evidéncia de derrame
pericardico).

proteinuria persistente (> 0,5 g/dia ou 3+) ou cilindraria
anormal.

convulsdo (na auséncia de outra causa) ou psicose (na
auséncia de outra causa).

anemia hemolitica ou leucopenia (menor que 4.000
leucocitos/ml em duas ou mais ocasides), linfopenia (menor
que 1.500 linfécitos/ml em duas ou mais ocasifes) ou
plaguetopenia (menor que 100.000 plaguetas/ml na
auséncia de outra causa).

anticorpo anti-DNA nativo ou anti-Sm, ou presenca de
anticorpo antifosfolipide baseado em:

a) niveis anormais de IgG ou IgM anticardiolipina;
b) teste positivo para anticoagulante lUpico ou teste falso
positivo para sifilis, por no minimo seis meses.

titulo anormal de anticorpoanti-nuclear por
imunofluorescéncia indireta ou método equivalente, em
qualquer época, e na auséncia de drogas conhecidas por
estarem associadas a sindrome do lUpus induzido por
drogas.

O principal indice utilizado para estimar a atividade do LES é o SLEDAI

(Systemic Lupus Erythematosus Disease Activity Index) (Anexo). Ele foi

desenvolvido por reumatologistas no ano de 1985, com notavel aplicabilidade

clinica e cientifica. O SLEDAI é formado por 24 itens que constituem sinais,

sintomas e testes laboratoriais referentes ao LES que recebem uma pontuacao

individual, variando de 1 a 8, de acordo com a gravidade do item para a

evolucédo da doenca. Desta forma, quanto maior o valor da pontuacédo obtida,
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maior serd a atividade da doenca; uma vez que o somatério final do peso de
cada item reflete a severidade do quadro clinico do paciente (GLADMAN et al.,

2002; BORBA et al., 2008; YEE et al., 2011).

3.4 RESPOSTA IMUNE RELACIONADA A PATOGENESE DO LES

Evidencia-se que nos estégios iniciais do LES, as células apresentadoras
de antigeno (APCs), através da estimula¢édo antigénica (autoantigenos), ativam
as células T e produzem mediadores inflamatérios tais como o fator de ativacédo
de linfécitos B (BAFF). Isto resulta na ativacdo da resposta imune adaptativa
com diferenciacdo de linfocitos T efetores e exacerbada producdo de
autoanticorpos. Esta resposta € amplificada através da depuracao defeituosa de
debris apoptéticos e componentes plasmaticos que sao reconhecidos pelos
autoanticorpos promovendo a formacdo de imunocomplexos circulantes. Estes
imunocomplexos por sua vez, estimulam células dendriticas, basofilos,
neutrofilos, macrofagos/mondcitos a liberacdo de diversos fatores pro-
inflamatorios tais como as citocinas IL-6, IL-183, IL-4, IL-18, TNF-qa, IFN tipo | e
BAFF. Assim, ocorre uma amplificacdo da ativacdo de linfécitos T e B
autorreativos, em um feedback positivo para a inflamacdo cronica e dano
tecidual (PATHAK; MOHAN, 2011; MOHAN; PUTTERMAN, 2015).

Pacientes com LES apresentam capacidade reduzida no controle
epigenético da expressdo génica. A hipometilacdo do DNA de diversos genes
conduz a superexpressao de proteinas inflamatérias tais como IFNs, CD40L,
CD70; bem como esta relacionada a desregulacdo da resposta imune com
alteragcdes na composicéo e funcdo das populacdes de linfocitos TCD4" (WEN,

et al., 2007; ZHAO, et al. 2010; DEVIN, et al., 2013).
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Durante o processo normal de apoptose, antigenos proprios sdo expostos
transitoriamente para o meio extracelular e rapidamente sao internalizados por
fagocitos. Contudo, no LES observam-se tanto falhas nos mecanismos de
depuragédo celular quanto uma maior propensao a apoptose; isto promove a
exposicdo persistente de autoantigenos que sao reconhecidos por receptores
TRLs das células apresentadoras de antigenos (APCs). Em meio pro-
inflamatdrio, receptores TRL7 e TRL9 reconhecem antigenos contendo
segmentos de RNA e DNA, respectivamente, e estimulam a produgéo de IFN
tipo | e outras citocinas que favorecem o processo inflamatoério (SQUATRITO, et
al., 2014).

A partir da liberacdo de NETs (neutrophil extracellular traps), os
neutrofilos também atuam como fonte de antigenos contendo acidos nucleicos e
peptideos. Desta forma, as células apoptéticas e os neutrofilos fornecem os
ligantes criticos para a producédo de interferons do tipo | e estdo no topo da
cascata do mecanismo patogénico da doenca (GUPTA; KAPLAN, 2016;
TSOKOS, et al., 2016).

A apresentacdo antigénica por moléculas do MHC inicia a ativacdo de
linfécitos TCD4" que induzem a mudanca de classe, afinidade, maturacdo e
diferenciacdo de linfocitos B em plasmoécitos com elevada secrecdo de
autoanticorpos (isotipo IgG). Estes autoanticorpos formam imunocomplexos e
aderem a proteinas do sistema complemento ou a receptores Fcy presentes em
varios tipos celulares. Isto poderia justificar o dano tecidual disseminado pelo
organismo através do recrutamento das células inflamatérias (CRAMPTON, et

al., 2014; ESMAEILI, et al., 2016)
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A resposta imune mediada por linfécitos TCD4" é classicamente dividida
em Thl e Th2 que se distinguem pelo perfil de citocinas secretadas e funcao.
Contudo, novas vias tais como Thl7, Th22 e Th9 vém sendo estudadas na
etiopatogenia do LES, e, anormalidades na homeostase de diversas citocinas
foram descritas, tais como secrecédo alterada de IL-2, IL-4, IL-9, IL-10, IL-15, IL-
17, 1L-22, IL-23, e IFN tipo | (SOKRATIS et al., 2011; OUYANG, et al., 2013; LIN,
et al., 2014; TALAAT et al., 2015). Principalemente nos pacientes com a doenca
em atividade observa-se uma distribuicdo dos linfécitos T desequibilibrada,
sendo mais prevalente o perfil pré-inflamatério caracterizado por citocinas e
linfocitos das vias Thl e Thl7 (NALBANDIAN, et al., 2009; ESMAEILI, et al.,
2016).

Alteracdes na homeostase das citocinas tém sido apontadas como fortes
indicadores das disfuncdes relacionadas ao LES. Isto porque as citocinas sao
moléculas protéicas secretadas tanto por células da imunidade inata quanto da
adaptativa que regem a resposta imune. Cada uma destas moléculas pode tanto
gerar efeitos pleiotrOpicos quanto atuar em conjunto na convergéncia de uma
mesma acdo. Desta forma, elas podem promover a estimulacdo da resposta
imune induzindo a proliferacédo, ativacado e quimiotaxia de diferentes fenotipos
celulares; ou provocar a supressao ao mediar acdes antagbnicas a estimulagao.
Tais caracteristicas projetam estas moléculas como importantes biomarcadores
do LES (RONNBLOM; ELKON, 2010; SOKRATIS et al., 2011; TALAAT et al.,
2015; STYPINSKA; PARADOWSKA-GORYCKA, 2015).

Além das modificacbes na homeostase das citocinas, uma das
caracteristicas mais marcantes do LES é a producéo de autoanticorpos, o que a

caracteriza como uma doenca dirigida por linfocitos B. Contudo, os linfécitos T
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sdo reconhecidos como elementos fundamentais neste cendrio, uma vez que
promovem o estimulo necessério para a diferenciagdo, proliferagdo e maturacéo
dos linfécitos B, exercendo papel crucial para a expressdo dos autoanticorpos
gue caracterizam a doen¢a (SHLOMCHIK et al., 2001 ; MAK; KOW, 2015).

A secrecao de IL-6, IFN-y, IL-17, IL-23, bem como a atuagéo das células
dendriticas e T reguladoras sdo consideradas determinantes para o estado
tolerogénico (ESMAEILI, et al., 2016). Contudo, a possibilidade de escape de
células potencialmente autorreativas do timo, torna o controle periférico exercido
pelos linfocitos Treg uma ferramenta de fundamental importancia para a
manutencado da autotolerancia e prevencdo de doencas autoimunes. Isto pode
ser denotado nos experimentos com modelos animais, cuja deplecao de células
Treg promove quadros inflamatorios tipicos de doengas autoimunes severas; 0S
guais podem ser revertidos mediante reposicdo destas células por transferéncia

adotiva (SAKAGUCHI, 2004; CHAVELE, 2011; HADASCHIK et al., 2015).

3.5 TRATAMENTO DO LES

Na pratica clinica o tratamento do LES varia de acordo com as
manifestacbes da doenca, podendo ser prescritos anti-inflamatérios néao
esteroides e corticosteroides; drogas modificadoras do curso da doenca
(DMCDs) e imunossupressoras tais como hidroxicloroquina, talidomida,
azatioprina e ciclofosfamida (XIONG; LAHITA, 2014; CARVALHO et al., 2014).
No entanto, a exposicao por longos periodos a estes farmacos pode promover
sérios efeitos colaterais, reacdes adversas e auséncia de resposta a droga. Isto

reduz as chances de controle da doenca e aumenta o risco de morte



28

(TSUJIMURA et al., 2012; PICCHIANTI-DIAMANTI et al., 2014; CARVALHO, et
al., 2014; STHOEGER et al., 2014; BAZSO et al., 2015).

Como alternativas terapéuticas para o LES, surgiram os medicamentos
biolégicos que comecaram a ser desenvolvidos com o aumento da
compreensao dos mecanismos relacionados a doenca (STHOEGER et al.,
2014). De acordo com a Agéncia Nacional de Vigilancia Sanitaria (ANVISA), os
medicamentos biolégicos englobam moléculas complexas obtidas a partir de
fluidos biolégicos, tecidos de origem animal ou procedimentos biotecnolégicos
(ANVISA, 2015).

Diversos agentes biologicos estdo sendo estudados, dentre os quais se
enquadram rituximabe (anti-CD20, direcionado para linfocitos B), tabalumabe
(contra estimulador de linfécito B), abatacepte (CTLA-4lg, inibidor de ativacdo de
linfocitos T) e tocilizumabe (anti-receptor de IL-6, inibidor de citocinas). Desta
série, a primeira droga aprovada pelo FDA para o tratamento do LES foi o
belimumabe (anti-BLyS mAb), um anticorpo monoclonal que inibe o estimulador
de linfécitos B chamado de BLyS (STHOEGER et al., 2014).

Dentre os agentes biolégicos estudados, 0s mais promissores integram a
terapia antigeno-especifica com peptideos tolerogénicos. Esta terapia € mais
especifica do que os tratamentos convencionais que promovem a
imunossupressdo de grande parte do sistema imunoldgico; ou dos agentes
biolégicos direcionados para células e moléculas relacionadas de maneira ndo
especifica a patogénese do LES (STHOEGER et al., 2014).

A perda da auto-tolerancia é a principal caracteristica do LES
(STHOEGER et al., 2014; KLATZMANN; ABBAS, 2015). Neste sentido, a terapia

antigeno-especifica visa reestabelecer a auto tolerancia através da regulacéo de
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pequenas populagdes celulares fundamentais para a patogénese da doenca.
Peptideos tolerogénicos especificos para o LES tais como o P140 e o hCDR1
vém apresentando promissora capacidade de remissdo da doenca e inducéo do
fenétipo de células Tregs para o reestabelecimento da auto-tolerdncia, sem
comprometer o desempenho do sistema imune (STHOEGER et al., 2014)

Além da busca de medicamentos biolégicos com mecanismos de acdo
centrados na inducéo do fenétipo T regulador (STHOEGER et al., 2014); outras
estratégias terapéuticas visando o reestabelecimento das populac¢des de células
Treg e controle das reag0Oes autoimunes vém sendo discutidas. Dentre elas se
enquadram a expanséao de células Treg in vivo mediante estimulacao antigénica,
expansao de células Treg ex vivo para subsequente administracédo no paciente
e inducéo do fendtipo Treg em células T convencionais in vivo (iTreg) (Figura 2)
(MIYARA et al. 2014).

Diferentes estudos clinicos conduzidos com pacientes IUpicos também
buscam o reestabelecimento da homeostasia das células Tregs a partir da
administracdo de reduzidas doses de IL-2. Essa citocina € fundamental para a
ativacdo, sobrevivéncia, funcdo das células Treg, e, sua administracdo vem
sendo relacionada a recuperacdo da homeostase destas células, remissdo da
inflamacdo e da reposta autoimune (MIYARA et al. 2014; KLATZMANN;

ABBAS, 2015; SPEE-MAYER, et al. 2016).
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Figura 2 — Possiveis estratégias terapéuticas para o taramento de doengas autoimunes visando

o reestabelecimento da homeostase de células Tregs. Expansao in vivo das células Tregs (1);

Expanséo ex vivo das células Tregs (2); Inducao de células Treg in vivo (iTregs) (3).
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A relevancia da atuacéo das células Tregs em humanos é principalmente

pronunciada pelo quadro de inflamac&o severa e autoimunidade que pode ser

observado nos portadores de poliendocrinopatia, enteropatia ligada ao X

(immune dysregulation, polyendocriopathy, enteropathy, X-linked ou IPEX). Esta

sindrome é desencadeada por mutacdes no gene FOXP3 que € decisivo para o

desenvolvimento das células Tregs no timo. Pacientes com IPEX apresentam

uma ampla variedade de autoanticorpos, diabetes insulino-dependente, eczema,

anemia hemolitica, tiroidite, doenca

inflamatoria

intestinal

(IBD) e séo

dependentes de transplante de medula 6ssea para sobreviver (WILDIN et al.,

2002; VLIET; NIEUWENHUIS, 2007).
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O fator de transcricdo FOXP3 é crucial para a ativacao, desempenho das
fungcbes e manutencdo das células Tregs. Ele é expresso de maneira
constitutiva nas células Tregs naturais, mas também pode ser induzido em
linfécitos T efetores ativados recentemente (WALKER et al., 2003; TRAN et al.,
2007; WANG et al., 2007).

As células Tregs de humanos encontram-se na forma de diferentes
subtipos os quais podem ou nao apresentar atividade supressora. De maneira
geral, os subtipos destas células sdo organizados em dois grandes grupos;
sendo o primeiro constituido pelas células Tregs naturais (nTregs ou tTregs) de
origem timica e o segundo constituido pelas células Tregs induzidas ou
adaptativas que podem surgir a partir de células T convencionais na periferia
(pTregs) (SAKAGUCHI et al., 2010, SUEN; CHIANG, 2012; MIYARA et al., 2014;
NIE et al., 2015).

Existem varios subtipos de células com capacidade supressora ja
identificados, dentre os quais podem ser citados os das células T gama-delta, T
auxiliares 3 (Th3) e T reguladoras do tipo 1 (Trl) que constituem as células
Tregs adaptativas ou induzidas (geradas na periferia por estimulos antigénicos
diversos ou circunstancias tolerogénicas). Elas normalmente atuam através da
liberacdo de citocinas potencialmente anti-inflamatérias como IL-10 e TGFf
(JONULEIT; SCHMITT, 2003; SAKAGUCHI et al., 2010; GREGORI et al., 2012).

Dentre os subtipos supracitados, 0s mais bem caracterizados até entao,
sdo os das células nTregs, diferenciadas pelo fendtipo CD4"'FOXP3*
CD25""CD127""" e o das células Trl observadas no grupo com fenétipo
CD4'FOXP3*" IL-10*. As nTregs atuam no controle de células autorreativas

promovendo a autotoleracia, e, as do perfil Trl estdo principalmente
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relacionadas a reducdo do dano tecidual em reacdes imunes (SAKAGUCHI et
al., 2010; GREGORI et al.,, 2012; ANDOLFI et al., 2012; MIYARA; ITO ;
SAKAGUCHI, 2014).

De acordo com Miyara et al. (2009), as células Tregs CD4'FOXP3"
podem ainda ser dividas em trés subpopulagbes caracterizadas pela expressao
de CD45RA e FOXP3. Desta forma, células com o fendtipo
CD4'FOXP3°“CD45RA" configuram o grupo de células em repouso
(naiveTreg), CD4'FOXP3""CD45RA" o de células ativadas ou efetoras (eTreg)
e CD4'FOXP3°“CD45RA™ o de células (ndoTreg) que ndo apresentam atividade
supressora, conforme observada nos dois primeiros subtipos citados.

H& evidencias de que as células naiveTreg (CD4'FOXP3'"CD45RA")
deixam o timo, e, na periferia, mediante estimulacdo antigénica, tornam-se
ativadas, proliferam e se convertem no subtipo eTreg (CD4*'FOXP3""CD45RA")
(MIYARA et al., 2009). As células eTregs por sua vez, atuam na supressao da
resposta Thl, Th2, Thl7 e tém um curto periodo de vida, entrando em
apoptose logo apos exercer sua atividade supressora. Além disso, a elevada
proliferacdo do subtipo eTreg reduz a proliferacdo do subtipo naiveTreg, em um
feedback negativo que culmina com o esgotamento de células Treg.
Adicionalmente, uma pequena fracdo das células eTregs podem ser oriundas do
subtipo ndo-Treg in vivo, bem como o subtipo ndoTreg, proveniente da
diferenciacdo de células T naive, pode apresentar forte polarizacdo Thl7

(MIYARA et al., 2009; MIYARA et al., 2011) (Figura 3).
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Figura 3: Dindmica de diferenciacéo das células T CD4" que expressam FOXP3. O fenétipo
eTreg pode derivar de células naiveTregs provenientes, do timo, de nonTregs, de células T
CD4" FOXP3 naive ou ativadas. As células eTregs suprimem suprimem a proliferacdo e fungéo

das células T efetoras Thl, Th2 e Th17 e a ativacéo das naiveTregs.
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Fonte: Adaptado de Miyara et al., 2011

Para a identificacdo dos diferentes estados de ativacdo dos subtipos de
células Treg, certos receptores de superficie celular, podem, apesar de néo
serem especificos para um dado subtipo, corroborar com a compreensao do seu
estado de ativacdo; tais como a expressao dos receptores de quimiocinas CCR4

(migracéo tecidual) e CCR7 (migracdo para linfonodo) (FORSTER et al., 2008;
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SAKAGUCHI et al., 2010). Enquanto que CCR4 é crucial para a migracdo
tecidual dos linfécitos T sob condicbes normais e inflamatérias, sendo sua
expressao relacionada a células T efetoras e de memoria efetoras; a expressao
de CCRY7 esta relacionada a migracéo de células T virgens para 6rgaos linfoides
secundarios (FORSTER et al., 2008; MORA; ANDRIAN, 2006).

As células Treg ativadas podem atuar por diferentes mecanismos de
supressao. Sugere-se que estas células controlem as respostas imunes através
de: contato celular mediado por receptores co-estimulatérios presentes na
superficie celular das células apresentadoras de antigeno (APCs), resultando na
reducdo ou extingcdo da sinalizacdo de APCs para células naive ou efetoras (1);
liberacdo das citocinas IL-10, TGFB e IL-35 (2); citélise das células efetoras com
a producdo de granzimas e perforinas (3); perturbacdes metabodlicas ao
promover a privacdo de elementos requeridos para a proliferacdo de células
naive ou efetoras, estimulando, por exemplo, APCs a produzir enzimas que
possam degradar aminoacidos essenciais a proliferacdo destas células (4);
competicdo com células efetoras pela ativacdo via APC ou competicdo por
citocinas como IL-2 (5) (SAKAGUCHI et al., 2010; CARIDADE et al., 2013)

(Figura 4).

A interleucina 2 (IL-2), inicialmente identificada como fator de crescimento
de células T, estimula a conversédo de células T naive em células T efetoras. As
células Treg expressam niveis mais elevados de CD25 (receptor de IL-2) do que
as células T efetoras; acarretando assim, a privacao de IL-2 no microambiente e
0 consequente comprometimento do desenvolvimento das células T efetoras

(LASTOVICKA et al., 2013; KLATZMAN; ABBAS, 2015).
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IL-2 é de fundamental relevancia para a reducdo da polarizacdo Thl7 de
células T CD4" naive. A redugdo da producido desta citocina observada em
pacientes com LES ocasiona a expanséao do perfil Th17 com elevada producao
de IL-17 e instalacdo da inflamag&o local (ALCOCER-VARELA; ALARCON-

SEGOVIA, 1982; CRISPIN et al., 2008).

Figura 4: Mecanismos propostos para a supressdo periférica exercida pelas células
Tregs. Inibicdo de APCs (1); liberac&o de citocinas anti-inflamatoérias (2); inducéo de citélise das
células efetoras (3); privacdo de nutrientes para as células efetoras (4); competicdo pela

ativagdo mediada por APCs (5).
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Fonte: Adaptado de Caridade et al., 2013.

Através dos mecanismos indicados acima, as células Tregs podem inibir

a ativacdo de células B, a ativacdo e expansdo de células T CD4" e
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diferenciacéo das células T CD8" citotoxicas (TAKAHASHI, 2000, THORNTON,

SHEVACH, 1998; MCNALLY et al., 2011, LIM et al., 2005).

A maior parte das evidencias acerca dos mecanismos de supresséo das
células Tregs provém de experimentagcdo in vitro, no entanto, permanece a
guestdo se estes mecanismos também se aplicam in vivo. A compreensao
destes mecanismos supressores pode promover importantes insights para a sua
manipulacdo positiva ou negativa das células Tregs in vivo, 0 que pode
favorecer o desenvolvimento de tratamentos alternativos para o LES (SHEVACH

et al., 2009; MIYARA; ITO ; SAKAGUCHI, 2014).

Em reposta aos diferentes estimulos do meio, as células Tregs podem
apresentar alteracdes nos estados de ativacéo e nos mecanismos de supressao
(TODA; PICCIRILLO, 2006). As populacbes de células T convencionais e
nTregs, podem sofrer significativa reducdo mediada por IFNa. Isto pode estar
relacionado a linfopenia observada nos pacientes em atividade e a reducdo da
ativacao do fenétipo nTreg (BUANEC et al., 2011). Por outro lado, a expansao
de células Tregs, sob fortes condi¢cdes inflamatérias no LES, parece resultar na
incapacidade de controle adequado das células T efetoras para a manutencao
da tolerancia periférica. O que acarreta um aumento massivo e descontrolado
de células efetoras, amplificando ainda mais a progressdao da doenca

(SAKAGUCHI et al., 2010; OHL; TENBROCK1, 2015).

As principais falhas nos mecanismos supressores de células Treg em
doencas autoimunes compreendem um numero inadequado de células Tregs
(devido a defeitos no desenvolvimento, proliferacdo ou sobrevivéncia);

anomalias funcionais intrinsecas as células Tregs,; resisténcia de células T
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efetoras patogénicas a supressdo mediada pelas células Tregs devido a fatores
inerentes as proprias células, ou ao microambiente inflamatoério (com elevadas
concentracbes de IL-2, IL-4, IL-6, IL-15 e células da via Thl7) (BUCKNER,
2010).

De acordo com Miyara e colaboradores (2009), o estudo das
subpopulacdes de células Tregs é fundamental para se avaliar o estado
imunolégico do paciente, visto que provaveis manipulacdes de uma
subpopulacdo, em particular, poderiam tanto promover quanto atenuar uma

variedade de respostas imunes, de natureza fisiol0gica ou patoldgica.

Dada a complexidade do LES, o percentual das subpopulacdes de
células Tregs e suas respectivas funcdes podem variar ndo apenas de acordo
com o grau de atividade da doenca; e, consequentes condi¢Ges inflamatorias
adversas, mas também de acordo com diferentes intervencfes terapéuticas
adotadas (SAKAGUCHI et al., 2010; TSELIOS et al., 2014; OHL; TENBROCK,

2015).

Analises de caracteristicas fenotipicas e funcionais de células Tregs
provenientes de pacientes com LES acumulam uma série de dados divergentes.
Alguns estudos demonstram habilidade supressora deficiente (LEE et al., 2008 ;
YAN et al., 2008), outros ndo confirmam estes dados (ZHANG et al., 2008;
BONELLI et al., 2008) ou refletem grandes oscilacbes das subpopulacbes
estudadas (PAN et al., 2012, MIYARA, et al., 2005; ALVARADO-SANCHEZ et
al., 2006). Contudo, as células Treg séo indispensaveis para a prevencao de
doencas auto-imunes (MIYARA; ITO ; SAKAGUCHI, 2014); o que fomenta novos
estudos que visem uma melhor compreensao do envolvimento destas células no

LES.



4. MATERIAL E METODOS

4.1 DELINEAMENTO EXPERIMENTAL

Figura 5: Delineamento experimental do estudo.
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Foram incluidos neste estudo 115 pacientes (112 mulheres e 3 homens,

com idade média de 36 + 5.65 anos), sendo 86 com a doenca em atividade

(SLEDAI > 6) e 29 em remissao (SLEDAI < 6). O grupo controle foi constituido

por 32 mulheres e 1 homem, saudaveis, com idade média de 44 + 1.41 anos,

sem diagnostico para doencas reumaticas ou inflamacgdes crbnicas e agudas.

Todos os pacientes deste estudo foram recrutados do servico de Reumatologia

do Hospital das Clinicas da Universidade Federal de Pernambuco, Recife — PE,
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Brasil e preencheram os critérios de classificacdo para o LES do American
College of Rheumatology. Foram considerados como critérios de exclusédo
pacientes que se recusaram a assinar o termo de consentimento livre e
esclarecido (TCLE), gravidez, pacientes que haviam feito pulsoterapia com
metilprednisolona (pelo menos no ultimo més que precedeu a coleta da
amostra), ou utilizado altas doses de esterdides (maior ou igual a 1 mg / kg / dia
de prednisona). Parametros laboratoriais adicionais, clinicos e demogréficos
foram avaliados através dos registros do hospital e revisados pela equipe
médica. O indice de atividade da doenca - SLE disease activity index 2000
(SLEDAI — 2K) foi utilizado para mensurar a atividade do LES. Pacientes com
SLEDAI > 6 foram considerados em atividade (n=15), e, com SLEDAI < 6 em
remisséo (n=15) (Gladman D, 2000). Todos os pacientes e voluntarios sadios
gue participaram deste estudo assinaram o TCLE aprovado pelo Comité de
Etica da Universidade Federal de Pernambuco — Brazil (CAAE-01420172000-

09).

4.3 PARAMETROS LABORATORIAIS

As amostras de soro, provenientes do sangue periférico dos pacientes,
foram obtidas e estocadas a -80°C até o uso. As concentracdes seéricas das
citocinas IL-35, TGF-B1 e IL-10 foram mensuradas através de kits especificos de
ELISA, seguindo as recomendacbes dos fabricantes (IL-35 e TGF-B1 —
eBiosciences / IL-10 - BD Biosciences). A analise de Anti-DNAds foi conduzida
pelo método de imunofluorescéncia indireta com o substrato Chritidia luciliae

com o kit da Inova Diagnostics (San Diego, EUA). Os fatores do complemento
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C3 e C4 foram avaliados pela técnica da imunoturbimetria (Roche Diagnostics
GmbH, Mannheim, Alemanha).

4.4 OBTENQAO DE CELULAS MONONUCLEARES DO SANGUE
PERIFERICO (PBMCs)

O sangue periférico coletado em tubos de heparina sédica (16 mL) foi
diretamente submetido ao gradiente de Ficoll-Hypaque (Amersham Biosciences,
Uppsala, Sweden) em tubos falcons de 50mL. Apés centrifugacdo a 400 x g por
40 min sob 22°C, foi obtido o anel de células mononucleares do sangue
periférico (PBMCs). Estas células foram recuperadas e lavadas duas vezes com
PBS (pH 7,2), sob centrifugacdo de 350 x g por 15 min. As PBMCs, assim
lavadas, foram ressuspendidas em meio RPMI 1640 (Gibco) suplementado com
L-Glutamina, 10% de Soro Bolvino Fetal (Lonza), 10 mM de HEPES (4-(2-
hydroxyethyl)-1-piperazineethanesulfonic acid) (Gibco) e 200 U/mL de
Penicilina/Estreptomicina (Gibco). Uma aliquota destas células foi retirada para
a contagem em camara de Neubauer com a utilizacdo do corante azul de

Trypan (Sigma, St. Louis, MO) para analise de viabilidade.

4.5 DETERMINACAO DOS FENOTIPOS DE CELULAS TREGs

PBMCs (obtidas segundo item anterior) foram dispostas ha concentragcao
de 10° células/tubo de citometria e foram subsequentemente lavadas com PBS
(pH 7.2, TA). Em seguida, as PBMCs foram ressuspensas em 100 pyL de PBS
para a marcacdo com o0s anticorpos de superficie celular (anti-CD4, CD45RA,
CCR7, CD25 adquiridos da Ebioscience, e anti-CD127, CCR4 da BD
Biosciencese), durante 30 min, a 4°C. Para a marcacdo com 0s anticorpos

intracelulares as células foram permeabilizadas e processadas de acordo com o
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protocolo “Human FOXP3 Buffer Set” BD Pharmigen (San Diego, CA).
Brevemente, ap0s a permeabilizacdo e lavagens das células, foi feita a
marcagcdo com o anticorpo intra-celulare anti- FOXP3 (eBiosciences). Todo o
procedimento foi realizado ao abrigo da luz e com refrigeragdo. Por fim, as
células devidamente marcadas com anticorpos intracelulares e de superficie
foram lavadas e ressuspendidas em 500 pL de PBS. O procedimento de
marcacao celular foi realizado de acordo com os dois painéis indicados no
guadro 2. Na sequéncia as amostras foram avaliadas por citometria de fluxo
(Attune® Cytometric) com a utilizagdo dos softwares Attune® Cytometric
Software version 1.2.5 para aquisicdo e do software FlowJo 7.6.5 (Tree Star
Inc.®) para analise dos dados. Foram adquiridos em média 100.000 eventos por
amostra e as analises foram feitas a partir da delimitacdo da regido linfocitaria
conforme gréafico de Dispersdo Frontal (FSC) por Dispersao Lateral (SSC).
Desta regido, a populacao positiva para CD4 foi avaliada quanto a expressao
dos marcadores CD45RA e FOXP3 de acordo com os fendtipos:
CD4'FOXP3"°CD45RA" (células em repouso — rTreg), CD4"FOXP3"CD45RA"
(células ativadas — eTreg), CD4"FOXP3-°CD45RA ™ (células ndo Treg). Estas
subpopulacdes foram avaliadas ainda quanto a expressdo de CCR4 e CCRY.
Em paralelo, foram mensurados os fenétipos de células Tregs naturais - nTreg
(CD4" FOXP3" CD25" CD127 ). A delimitacdo das regides positivas foi feita
com base na populacdo ndo marcada para o anticorpo de interesse e na
definicdo da regido negativa a partir do controle FMO (Fluorescence Minus

One).



Quadro 2. Painéis de anticorpos utilizados para imunofenotipagem das células Tregs.
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Anticorpo Fluorocromo Isotipo Fornecedor Clone
PAINEL 1
Foxp 3 PE Mouse IgG1, k Ebioscience 236A/E7
CD197 APC Rat 1gG2a, k Ebioscience  3D12
CD45RA PerCP-Cyanine5.5 Mouse IgG2b, k Ebioscience HI100
BD 161
CD194 PECy7 Mouse (C57BL/6) IgG1,k  Biosciences
CD4 FITC Mouse IgG1, k Ebioscience RPA-T4
PAINEL 2
Foxp 3 PE Mouse IgG1, k Ebioscience 236A/E7
BD
CD127 PerCP-Cyanine5.5 Mouse IgG1, K Biosciences eBioRDR5
CD25 (IL-2R) PECy7 Mouse IgG1, k Ebioscience BC96
CD4 FITC Mouse IgG1, k Ebioscience RPA-T4

4.6 ANALISES ESTATISTICAS

As analises de dados que nao seguiram a distribuicdo normal foram

realizadas através de comparacdes univariadas por meio de testes néao

paramétricos (Mann-Whitney e Kruskal-Wallis). Para dados que seguiram a

normalidade, foram aplicados testes paramétricos (T test or one-way ANOVA). A

correlacdo de dados nao paramétricos foi feita através do Spearman Test.

Nossos dados foram plotados com o Graph Prism® version 6.0 e os resultados

sdo indicados considerando o valor da mediana, maximo e minimo. Analises de

regressdo linear mdultipla foram utilizadas para aumentar a acuracia das

correlacdes dependentes de duas ou mais variaveis. O teste F foi devidamente

aplicado para validar as correlaces com mdltiplas variaveis, sendo considerado

P < 0.05 significante para todos os testes.
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Abstract

Objective and Design: The present study aims to assess TGF-f3, IL-10 and IL-35
serum levels from Systemic Lupus Erythematosus (SLE) patients and its
correlation with clinical and laboratory parameters.

Material: Cytokines levels were assessed in 115 patients who fulfilled the
American College of Rheumatology classification criteria for SLE. Clinical and
laboratory parameters were recorded.

Methods: TGF-B, IL-10 and IL-35 serum concentrations were determined by
specific ELISA kits per the manufacturer’s recommendation. Statistical analyzes
were performed by nonparametric univariate comparisons or multiple linear
regression.

Results: TGF-B serum levels were significantly lower in SLE patients (31.25;
31.25 — 1000 pg/mL) than healthy volunteers (60; 31,25 - 966 pg/mL) (p =
0.001). On the other hand, IL-35 levels were higher in patients (0.78; 0.78- 185.6
pg/mL) than in healthy volunteers (0.78; 0.78- 27.94 pg/mL) (p=0.03) whereas IL-
10 showed no significant differences between groups (p>0.05). In addition,
nephritis was related to decrease TGF-f in patients (p=0.01).

Conclusions: Our data demonstrate that SLE patients had increased IL-35,
decreased TGF- and low serum levels of IL-10. This could suggest a defective
suppression role of Treg cells in SLE. Further clinical investigations are needed

to elucidate potential biomarkers of activity in SLE; to better understand immune
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status of patients and promote therapeutic strategies with greater specificity and

efficacy.

Introduction

Systemic Lupus Erythematous (SLE) is a systemic autoimmune disease
characterized by loss of tolerance to nuclear self-antigens, involving T and B
lymphocytes hyperactivity, autoantibody production and several abnormalities in
function of immune-inflammatory system [1,2]. Nephritis is major SLE
complication which can affect about 60% of patients [3]. It is triggered by
glomerular deposition of immune complexes that cause inflammation followed by

tissue damage [4,5].

Due complexity and severity of the SLE, great are the efforts to identify
biomarkers that can quantify the risk of future organ involvement or monitor
disease course [6]. Among the multiple immune abnormalities characteristic of
this disease, recent studies highlight cytokines involvement in each step of the
SLE pathogenesis [7]. Not surprisingly, Interleukin-10 (IL-10) and Transforming
Growth Factor-B1 (TGF-B1), Treg related cytokines, are found deeply
deregulated in SLE. These cytokines suppress the inflammatory response and
has been suggested as biomarkers for SLE activity [8—11].

Among the inhibitory actions in proinflammatory pathway, IL-10 promotes
positive regulation of growth and differentiation of B cells and auto-antibody
production [12]. Classically, elevated IL-10 serum levels in SLE patients have
been positively correlated with SLE disease activity [3,13]. Nonetheless, several
studies in mice have reported the complexity of IL-10 action in SLE pathogenesis

[14,15]. Some studies have shown a promoting and others a protective role,
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since IL-10 can not only stimulate B cells and autoantibody production but also
downregulate inflammatory T cells response [14].

TGF-B1 has a large role in the control of autoimmunity. It regulates both
proinflammatory and immunosuppressive activities [16,17]. Similarly to IL-10,
TGF-B1 has pleiotropic effects. Its plays a dual role in the development of organ
damage in multiorgan autoimmune diseases [15,17]. The reduced TGF-31 levels
in immune cells predispose an immune dysfunction, while the enhancement of
this cytokine can lead to deregulated tissue repair, progressive fibrogenesis and
eventual end-organ damage [17].

Besides IL-10 and TGF-B1, IL-35 is a relative novel immunomodulatory
cytokine secreted by Regulatory T cells (Tregs) [18,19]. This cytokine is required
for maximal Treg suppressive activity and is considered a potential novel
therapeutic target in autoimmune diseases and cancer [18,20].

Despite the consensus that IL-10, IL-35 and TGF-B1 are involved in SLE
pathogenesis [3,8,10,20] litte is known about the clinical significance of these
cytokines in disease. Therefore, the aim of this study was to evaluating IL-10, IL-
35 and TGF-B1 serum levels in SLE patients and its correlation with clinical and

laboratory parameters.

Materials and methods

Patients and control
Patients who fulfilled the American College of Rheumatology classification
criteria for SLE [22,23] were recruited from the Rheumatology service of Hospital

das Clinicas at the Universidade Federal de Pernambuco. One hundred and
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fifteen SLE patients (112 women / 3 men, mean age 36 + 5.65 years)
participated in this study. We consider as exclusion criteria patients that refused
to sign the consent term, pregnancy, comorbidities, who had done pulse therapy
with methylprednisolone in the last month or those using high-dose of steroids
(greater than or equal to 1 mg / kg / day of prednisone). Thirty-three healthy
individuals (32 women and 1 man, 44 + 1.41 years) negative for SLE and
immunodeficiency undiagnosed constituted the control group. IL-10, IL-35 and
TGF-B1 were measured in SLE patients and control group. Demographic, clinical
and laboratory parameters were recorded and summarized in Table 1. SLE
disease activity index 2000 (SLEDAI — 2K) was used to assess active disease by
a score lower than six or higher [21]. All participants of this study signed a
consent form approved by Ethical Committee of Universidade Federal de

Pernambuco — Recife — PE/Brazil (CAAE—01420172000-09).

Insert Table 1 here.

Laboratory parameters

Serum samples from peripheral blood were obtained from all subjects,
aliquoted and stored at -80°C until use. Anti-dsDNA and serum complement
factors (C3, C4, CH50) were measured consistent with American College of
Rheumatology criteria for the classification of SLE [22,23]. Total serum cytokines
concentrations were measured by specific quantitative sandwich ELISA
technique according to the manufacturer's recommendation (IL-35 and TGF-B1
range detection were 0.78-100 pg/mL and 31.25-1000 pg/mL, respectively,

eBiosciences and IL-10 range detection was 7.8-1000 pg/mL, BD Biosciences).
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Statistical analyzes

Statistical analyzes of IL-10, IL-35 and TGF-B1 serum levels versus
clinical and Laboratory findings of SLE patients were performed by univariate
comparisons using nonparametric Mann-Whitney test. For correlation analyses
of nonparametric data Spearman test was utilized. Data were plotted with Graph
Prism version 6.0 and the results are shown considering the median, minimum
and maximum value. In addition to clinical correlation with cytokine serum levels,
we applied multiple linear regression analysis. The F test was properly used to
validate the correlations with multiple variables, being considered p <0.05

significant for all tests.

Results

IL-10, IL-35 and TGF-B1 serum levels in SLE patients

TGF-B1 serum levels were significantly lower in SLE patients (31.25;
31.25 - 1000 pg/mL) compared to healthy volunteers (60; 31.25 - 966 pg/mL) (p
= 0.001) (Figure 1A). On the other hand, IL-35 serum levels interquartile range
was higher in SLE patients (0.78; 0.78- 185.6 pg/mL) than in healthy volunteers
(0.78; 0.78- 27.94 pg/mL) (p=0.03) (Figure 1B). IL-10 levels in patients (7.81;
7.81 — 535 pg/mL) and control group (7.81; 7.81 — 154.8 pg/mL) had no

significant differences (p= 0.31) (data not shown).

Insert Fiqure 1 here.
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Nephritis is related to TGF-B decreased

We investigated the individual influence of SLE clinical features on the
different expression pattern of TGF-B1 and IL-35 in patients. Nephritis (p = 0.01),
alopecia (p = 0.09), complement protein reduction (p = 0.79) and autoantibody
formation (p = 0.35) together explain about 1.92% of the variability of TGF-B1
levels in SLE, with poor significance by the F test (p = 0.11). In equivalent
analysis, these same clinical parameters together explain only 0.7% (p=0.95) of
the variability of IL-35 expression; and exert a weak individual influence (p> 0.05)
on the expression of this cytokine (Table 2). Serum levels of the all cytokines
investigated do not vary according to age or SLEDAI score (p>0.05) (data not

shown).

Insert Table 2 here.

Discussion

TGF-B31 serum levels reduction has been reported in SLE patients, what is
consistent with the immunosuppressive activity of this cytokine [8,10,24].
Evaluation of several cytokines and chemokines related to SLE active
demonstrated that TGF-B1 decreased was the most consistent cytokine
abnormality in patients [8].

Although lower TGF-B1 rates found in SLE patients, similar to Jin et al.
[2012], we did not identify a significant correlation between TGF-B1 levels and
SLEDAI score. As discussed by the authors, this could be associated with the
huge variability in SLE activity [24]. Other studies indicate that TGF-$ plasma

levels [11,25] or gene expression [26] do not vary according to disease activity.
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We also found elevated serum levels of IL-35 in SLE patients regardless
of disease activity. There are few reports of IL-35 serum levels in SLE. Ouyang
and coworkers [20] detected a decreased serum levels of IL-35 in patients with
active SLE compared with healthy controls and with inactive SLE. This study
supported the hypothesis that decreased levels of IL-35 may alter the balance of
Th17 and Treg cells in SLE patients, facilitating disease development. Previous
reports have also show that IL-35 is critical for Treg activity, suppress effector T
cells and Th17 activity profile [18,27]. Moreover, a probable cause of SLE is
imbalance between Th17 and Treg cells [28,29].

On the other hand, in accordance with our findings, Cai [28] and
coworkers found IL-35 increased plasma levels in active and inactive SLE
patients with low level of IL-35 receptor (gp130) on CD4" helper (Th) cells. These
data suggests that an elevated level of IL-35 is not sufficient for the production of
effector regulatory T cells and inflammation suppression [30].

In turn, numerous reports showed higher IL-10 serum levels correlated
with SLE disease active in groups of patients with SLEDAI lower or higher than
six [31-33]. In addition, anti-IL-10 therapy promotes SLE remission [10].
Houssiau and colleagues detected IL-10 in the serum of only 37.5% SLE
patients studied and reported a positive correlation with disease activity [33].
However, these authors did not explore clinical features of the patients with low
IL-10 serum levels. This could agree with our data since the patients in this study
also presented low serum levels of IL-10. Furthermore, although 83,47% of the
patients use steroids, we did not observe elevation of IL-10 levels, a known

effect related to these drugs [34,35].
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All SLE patients in this study were in treatment with steroids, antimalarial
agents, azathioprine and mycophenolate mofetil as shown in Table 1. This
limitation of our study should be considered since such drugs may affect our
results. Other studies of this nature also share this difficulty [11,24,30]. In this
study, we found that serum levels of TGF-1, IL-10 and IL-35 have not changed
in relation to the treatment adopted (p > 0.05; data not shown). This suggests a
homogeneous selected patients group.

Serum levels of the cytokines evaluated did not vary according to SLEDAI
score. However, we found TGF-B1 expression correlated with nephritis
involvement (p = 0.01, see Table 2), what is in accordance to previous reports
[24,36]. Although the remission of histopathology characteristics of lupus flare
and nephritis has been observed in the MRL / Ipr mice upon IL-35 treatment [37],
we did not identify any relationship between nephritis and IL-35 serum levels or
any other specific clinic manifestation. Probably because nephritis, alopecia,
complement proteins reduction and autoantibody formation together explains
only 0.7% (R-squared) of the variability of IL-35 in our sample (see Table 2).

Self-tolerance failure is one of the main characteristics of SLE (38).
Therefore, the reestablishment of the balance between regulatory and effector T
cells has been discussed in search of new therapeutic strategies for this disease;
and cytokines are strongly required for the homeostasis of these cells [19,39—
41]. In another approach, promising SLE anticytokine therapies requires more
accurate clinical studies [42].

In general, most studies conducted in SLE context group a number of

conflicting data. This may be associated with a number of limitations observed in
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several studies, such as wide heterogeneity of clinical manifestations, medication
used and lack of outcome measures in SLE [42].

Our results demonstrate that SLE patients had increased IL-35,
decreased TGF- B1 and low serum levels of IL-10. This could be related to a
Treg profile expansion with defective suppression role in SLE, but more studies
are needed to affirm this theory. Since the suppressive activity of these cells
involves IL-35, TGF-B1 and IL-10 secretion [43]. In another approach, these data
could suggests a protective role of IL-35 in SLE progress; since the disease
activity is related to high levels of IL-10 [34], which was not observed in our
patients. However, it was not possible to identify any strong correlations between
the expression of these cytokines and the SLEDAI score. This may be related to
the small number of patients with SLEDAI> 6 in this study. Therefore, further
clinical SLE investigations are needed to elucidate potential biomarkers of
disease activity in order to better understand immune status of patients and

promote therapeutic strategies with greater specificity and efficacy.
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Table 1: Patients clinical and demographic data

Patients N =115

Age (yrs), Mean (range) 36 + 5.65 (19-
65)

Sex, N (%)
Female 112 (97.4)
Male 3 (2.6)
Anti-dsDNA, N (%)
Positive 27 (23.47)
Complement, N (%)
Decreased 74 (64.4)
Treatment, N (%)
Steroids 96 (83.47)
Antimalarial agents 76 (66.08)
Azathioprine 54 (46.95)
Micophenolate mofetil 18 (15.65)
Disease activity (SLEDAI), N
(%) 86 (74.78)
<6 29 (25.22)
>6
Nephritis, N (%)
Active 20 (17.39)
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Figure 1: Cytokines serum levels in SLE patients (SLE) and healthy donors.

Serum levels of (A) TGF-B (**p=0.001); (B) IL-35 (*p=0.03).
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Table 2: Clinical parameters influence on TGF- and IL-35 serum levels of SLE

patients

TGF-B Coef. Std. Err. P>|t| R-squared Prob>F
Nephritis -36.77 13.95 0.01

Alopecia 2.50 20.38 0.90

Anti-dsDNA  -15.12 16.15 0.35 0.0192 0.11
Complement 7.31 28.12 0.79

11-35 Coef. Std. Err. P>|t| R-squared Prob >F
Nephritis -1.09 7.60 0.88

Alopecia -2.12 7.16 0.76

Anti-dsDNA  1.90 6.66 0.77 0.007 0.95
Complement 1.29 5.82 0.82
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ABSTRACT

Systemic lupus erythematosus (SLE) is the prototype of systemic autoimmune
disorders. Treg cells imbalance has been reported in SLE. However, studies in
this context presented several conflicting data. We hypothesize that these
divergences arise from the different clinical parameters that constitute SLEDAI
score for each sample of SLE patients investigated. To test our hypothesis, we
suggest sample standardization based in SLEDAI score. Therefore, we
investigated Treg cells in SLE patients and compared to clinical features. Treg
immunophenotyping was performed using CD4, CD25, FOXP3, CD127 markers
in 30 SLE patients (15 active/15 SLE remission) and 15 healthy volunteers.
CD4'FOXP3" Treg activation state was investigated based on CD45RA;
FOXP3, CCR7 and CCR4 expression. We showed a significant increase in the
frequency of CD4"FOXP3" Treg cells in SLE patients. However, unlike all other
Treg cells phenotypes analyzed or chemokine receptor pattern, only eTreg
(CD4'FOXP3""CD45RA") (p=0.01) subtype was inversely correlated with
disease activity while nonTreg (CD4"FOXP3“CD45RA") (p=0.003) exerted a
direct influence. Importantly, nonTreg cells were the most consistent SLE active
indicator, confirmed by multivariate regression analysis model. In summary, our
results suggest the use of sample standardization based in SLEDAI score to
increase accuracy in further SLE investigations and highlights nonTreg cells as

a new biomarker to promote search for effective therapeutic strategies in SLE.

Keywords: autoimmune disease; SLEDAI; lymphocytes; regulatory T cells;

FOXP3, nonTreg cells, biomarker.
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INTRODUCTION

Systemic Lupus Erythematosus (SLE) is an autoimmune disease characterized
by the presence of antibodies against self-antigens. SLE evolves by
unpredictable episodes of intense inflammatory activity and remission, with
localized or systemic damage. During this disease, injured tissues can occur in
any part of the body, and damage to vital organs and tissues such as the brain,
blood, and the kidneys are present in the most severe cases (1) (2) (3).

In clinical practice, treatment depends on the manifestations of the disease;
usually corticosteroid and immunosuppressant drugs are used. However, in a
long-term treatment, patients become refractory to these conventional drugs.
This can reduce chances of controlling the disease activity and increase death
risk (4).

Searching for new therapeutic strategies for autoimmune diseases, regulatory T
cells (Tregs) have a prominent place (5). Tregs cells play a key role in
maintaining self-tolerance and suppression of deleterious immune responses to
the patient. Abnormalities in peripheral tolerance mechanisms mediated by
these cells are the cause of various autoimmune diseases (6) (7) (8) (5).

SLE pathogenesis is related to defects in Treg cell homeostatic control (11).
Therefore, the disease development may be the result of an imbalance in
immune system effector and regulatory T cells. This imbalance is associated
with an inadequate number, phenotype or defective function of Treg cells
observed in SLE (12) (8).

FOXP3 is a key transcription factor for Treg pathway. Cells termed “naturally
occurring Treg cells” (nTreg or tTreg) that can be identified by the phenotype

CD4'FOXP3'CD25'CD127 are widely studied in SLE; however, conflicting
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results are reported in their definition and function (13) (14). Some studies show
poor suppressive ability (15) (16), others do not confirm these data (17) (18) or
reflect a wide variability among the subtypes studied (19) (20) (21) (22). In
addition, different activation status of CD4'FOXP3* Treg cell can be
investigated based on the expression of CD45RA and FOXP3. Thus, cells
having CD4'FOXP3°“CD45RA’ phenotype set the resting cells group
(naiveTreg), CD4'FOXP3""CD45RA" the effector cells (eTreg) and
CD4'FOXP3"°“CD45RA" the nonTreg cells (nonTreg) that have showed no
suppressive potential, different from the others CD4/FOXP3/CD45RA subtypes
(12).

Based on the SLE complexity, all percentage of Treg cell subpopulations and
their functions vary according to the severity of the disease and the therapeutic
course taken (23) (24). However, the influences of Treg cell subtypes on SLE
activity remain poorly understood. Further investigation on Treg cells subsets
involved in the different clinical outcomes will contribute to define new
therapeutic strategies (5) (23) (24). In this study, we investigated the different

Treg cells subsets in SLE patients with variable clinical features.

MATERIALS AND METHODS

Patients and control

Thirty patients (28 women and 2 men) with an age average of 35.33 (+10.40)
years were invited to participate in this study. The control group consisted of 15
healthy women with an age average of 34.19 (+11.16) without diagnosis for
autoimmune disease. All patients were recruited from the Rheumatology

Service of Hospital das Clinicas, Federal University of Pernambuco and met the
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classification criteria for SLE of the American College of Rheumatology (25).
Exclusion criteria were: patients who refused to sign the free and informed
consent term, pregnancy, comorbidities, patients who had done pulse therapy
with methylprednisolone (in the last month prior to sample collection), or used
high dose steroids (greater than or equal to 1 mg / kg / day of prednisone).
Clinical, laboratory and demographic parameters were assessed and
summarized in Table 1. The activity index of the disease - SLE disease activity
index 2000 (SLEDAI - 2K) was used to measure the activity of SLE. Patients
with SLEDAI = 6 were considered active (n = 15), and with SLEDAI < 6 in
remission (n = 15) (26). All patients and healthy volunteers who participated in
this study signed a consent form approved by the Ethics Committee of the

Federal University of Pernambuco - Brazil.

Laboratory parameters

Serum samples, obtained from patients peripheral blood, were processed from
separating gel tubes and stored at -80 ° C until use. Anti-dsDNA analysis was
performed by indirect immunofluorescence with Chritidia luciliae substrate using
Inova Diagnostics kit (San Diego, USA). C3 and C4 complement factors were
evaluated by Immunoturbimetry technigue (Roche Diagnostics GmbH,

Mannheim, Germany) and CH50 by immunohemolysis technique.

Purification of Mononuclear cells from peripheral blood (PBMC)
The peripheral blood collected in heparin tubes was directly added to Ficoll-
Hypaque gradient (Amersham Biosciences, Uppsala, Sweden) in 50 mL falcon

tube. After centrifugation at 400 x g for 40 min at 22 ° C, peripheral blood
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mononuclear cells (PBMCs) were recovered and washed twice with PBS
(Phosphate-buffered saline) (pH 7.2) at 350 x g for 15 min. The PBMCs were
then resuspended in RPMI 1640 medium (Roswell Park Memorial Institute)
(Gibco) supplemented with L-Glutamine, 10% Fetal Bovine Serum (Lonza), 10
mM HEPES (4- (2-hydroxyethyl) -1-piperazineethanesulfonic acid) (Gibco) and
200 U / ml Penicillin / Streptomycin (Gibco). An aliquot of these cells was
removed for counting on a Neubauer chamber using Trypan blue (Sigma, St.
Louis, MO) as a viability dye.

Determination of cell phenotypes of Treg cells

10°> PBMCs were resuspended in 100 uL of PBS for labeling with human cell-
surface antibodies in two different conditions: 1) -PECy7-conjugated anti-CD25
(BC96; eBioscience), PerCP-Cyanine5.5-conjugated anti-CD127 (eBioRDRS5;
eBioscience) and FITC-conjugated anti-CD4 (RPA-T4; eBioscience) together,
or 2) -FITC-conjugated anti-CD4 (RPA-T4; eBioscience), PerCP-Cyanine5.5-
conjugated anti-CD45RA (HI100; eBioscience), APC-conjugated anti-CCR7
(3D12; eBioscience), PECy7-conjugated anti-CCR4 (1G1; BD BIOSCIENCES).
For intracellular labeling, cells were permeabilized with the "Human FoxP3
Buffer Set” BD Pharmingen (San Diego, CA) according to the manufacturer
recommendation. Briefly, after washing and permeabilization of the cells,
labeling was performed with the intra-cellular PE-conjugated anti-FOXP3
antibody (236A/E7; eBiosciences). The cell labeling procedure was performed
in the dark at 4°C. Finally, the appropriately labeled cells were washed and
resuspended in 500 puL of PBS. A hundred thousand events per sample were
acquired by Attune® flow cytometer (software version 1.2.5). Analysis was done

with FlowJo 7.6.5 (Tree Star® Inc.), by the delimitation of the lymphocyte region
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as the Frontal Scatter (FSC) by Side Scatter chart (SSC). In this region, the
CD4 and FOXP3 positive population was measured for the expression of CD25
and CD127. For Treg subsets analysis, CD4 positive cells were evaluated
according to the phenotypes: CD4"FOXP3“CD45RA™ (resting cells - rTreg)
CD4'FOXP3""CD45RA"  (activated or effector cells - eTreg),
CD4'FOXP3"°“CD45RA™ (nonTreg cells). These subpopulations were also
evaluated for CCR7 and CCR4 expression (Figure S2). The delimitation of the
positive regions was based on the non-labeled population for the interest. In
order, to increase the analysis accuracy were performed a previous antibody
titrations and FMO (Fluorescence Minus One) control (Figure S1).

Statistical analysis

Data analysis that did not follow the normal distribution was performed using
univariate comparisons through nonparametric tests (Mann-Whitney, Kruskal-
Wallis and Kolmogorov-Smirnov). For data that followed the normality, we apply
parametric tests (t test or one-way ANOVA). Our data were plotted with the
Prism Graph version 6.0 and the results are set considering the median value,
maximum and minimum. Multiple linear regression analyzes were used to
increase the accuracy of dependent correlations of two or more variables. The F
test was properly applied to validate the correlations with multiple variables,

being considered p <0.05 significant for all tests.

SSBSS Model
To facilitate the research conducted with different samples of SLE patients, we
launched the Sample Standardization Based in SLEDAI Score (SSBSS). In this

sample standardization model, we apply multiple linear regression analysis to
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verify influence of the sample clinical parameter in SLEDAI score. The same
test is applied to the other study variables to check the impact of each on the
SLEDAI score. With this model, we aim to understand the wide variations in the
immune response observed in SLE patients based on the clinical relevance of
the parameters of the SLEDAI for each sample. Thus, immune responses that
are well correlated with clinical SLEDAI parameters may be explained in our

model.

RESULTS

Naturally occurring Treg cells in SLE patients and healthy donors

We investigated naturally occurring Treg cells in SLE patients and healthy
donors according to Figure 1A. Patients with active disease (SLEDAI = 6) or
remission (SLEDAI < 6) had the lower proportions of CD4" T lymphocytes
(21.10%, 3.76 - 49.20% and 33.9%, 5.12 - 45%, respectively) compared to the
healthy individuals (37.6%; 31.5 to 46.7%). A significant reduction was recorded
in patients in the active disease group (p <0.001) compared to controls. There
was a significant increase in CD4"FOXP3" Treg cells of the patients with active
disease (3.73%, 1.31 to 7.01%) and remission (3.54%, 1.39 - 6.97%) in contrast
to the healthy individuals (1.63%, 1.05 - 2.79%) (p = 0.003). However, this
phenotype did not vary according to the disease activity (p> 0.05) (Figure 1B).
For a more specific T regulatory cell profile analysis, CD25 and CD127
expression were also evaluated in the CD4'FOXP3* Treg cells. For the
CD4'FOXP3'CD25"CD127 Treg cell profile, there was no significant variations
among groups of patients with active SLE (36.38%, 4.70 - 61.80%), remission

(28.12%, 3.12 -63.83%) or healthy subjects (38.80%, from 19.72 to 68.07%) (p>
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0.05). Likewise, there was no significant difference between all SLE patients

(32%; 3123 - 63.83%) and healthy subjects group (p> 0.05) (Figure 1C).

CD4'CD45RA FOXP3'" (nonTreg) and CD4*CD45RA'FOXP3"" (naive Treg)
T cellsincreased in SLE patients

Since SLE patients showed an increase in CD4"FOXP3" Treg cells, we decided
to investigate its subtypes. Based on the differential expression of the CD45RA
marker and FOXP3 by CD4" T lymphocytes, naive Treg (Figure 2A, gate 3),
eTreg (Figure 2A, gate 4) and nonTreg (Figure 2A, gate 5) cells were evaluated.
When analyzing all SLE patients, 3.6% (0.07 -10.70%) of CD4" T cells were
naive Treg and 1.14% (0.0 to 9.91%) eTreg. These values were higher than
those found in healthy volunteers for the same subtypes (naive Treg: 2.3%;
1.35-4.17% and eTreg: 0.64%; 0.25 - 1.8%), but only naive Treg increase in
SLE patients was significant (p = 0.034). The most significant divergence was
SLE nonTreg cells rates (9.18%, 1.19 to 34.10%) in contrast to that observed in
healthy volunteers for this subtype (4.04%; 2,02 - 11.90%) (p <0.0001). In
relation to SLE disease activity, naive Treg or eTreg pattern did not vary
between active and remission patients groups. However, patients with active
disease showed the highest levels of nonTreg cells (9.7%, 1.19- 34.10%)
compared to the group of patients in remission (9.19%, 1.32 - 15.50%) (p =

0.002) (Figure 2B).

CCR7 and CCR4 expression in Treg cells of SLE Patients
To investigate possible differences between the Treg cell subtypes that could

be related to SLE disease activity, we evaluated expression of CCR4
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(associated with Tregs migration to tissue) and CCR7 (associated with Tregs
migration to lymphoid organs) among patients with active disease and in
remission. In general, all patients had a significantly lower CCR7 expression in
the subtypes eTreg (22%; 0-100%) and nonTreg (16,25%, 0-100%) when
compared to naive Tregs (22,25%; 0-100 %) (p <0.0001). Similar results were
found for patients with SLEDAI <6 (p = 0.001) and SLEDAI > 6 (p = 0.001). Only
for the subtype eTreg the decrease of CCRY7 is related to disease activity (p =
0.030) (Figure 3A). Additionally, CCR4 expression did not significantly vary

according to the disease activity or subtype analyzed (p> 0.05) (Figure 3B).

eTreg and nonTreg subsets indicate SLE activity

To deepen the analysis, the influence of Treg cell subtypes on SLE activity,
measured by SLEDAI through multiple linear regression analysis, was also
evaluated. First, the model significance by F test was evaluated. With this we
aimed to investigate the influence of individual clinical parameters already
described on the SLEDAI such as hematuria, proteinuria, and alopecia.
Supporting the effectiveness of this test, as expected, we found that proteinuria,
hematuria, pyuria, alopecia, anti-dsDNA, complement and malar rash explain
on average 95.63% (R-squared) of the SLEDAI score in our sample with high
significance by F test (p < 0.0001). Other SLEDAI clinical parameters were
ignored in this analysis because of low frequency and / or variability in our
dataset. Proteinuria, hematuria and alopecia represented the largest direct
influence on the activity of the disease (p < 0.001), followed by complement (p =
0.001), rash (p = 0.035) and pyuria (p = 0.043). Anti-dsDNA antibodies was the

parameter that exerted less influence (p = 0.55) in our sample. Given the
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robustness of this model, we then evaluated the influence of Treg cell subtypes
on the SLEDAI score in our sample. The eTreg, nonTreg and naiveTreg
together exerted an influence of 28.90% in SLEDAI score variability, with a high
significance recorded by F-test (p = 0.006). In this more specific type of
analysis, it was possible to detect that the eTreg subtype exerts an inverse
influence on the severity of the disease (p = 0.010), whereas nonTreg subtypes
(p=0.003) is associated with an increased SLEDAI score. However, the
correlation with naive Treg and the disease activity was not significant (p =
0.352). Also, the FOXP3"CD4" phenotype (p = 0.56) and FOXP3*CD4" CD25"
CD127 (p = 0.52) had low influence on disease activity (1.47%), confirming our
previous remarks. Additionally, this poor correlation was indicated by F test (P =
0.771), that showed no significant correlation between these phenotypes and

the disease activity evaluated by SLEDAI score (Table 2).

Proteinuria, anti-dsDNA and rash are related to eTreg reduction

Since the eTreg and nonTreg subtypes had the greatest influence on the SLE
activity, we investigated specific SLEDAI clinical parameters correlated to these
Treg subtypes. Thus, these subtypes were evaluated in relation to the clinical
SLEDAI that exerted influence on our sample (Table 3). We observed that an
increase of proteinuria (p = 0.006), anti-dsDNA (0.045), and rash (p = 0.011)
correlated inversely to the eTreg subtype frequency. Moreover, together,
proteinuria, hematuria, pyuria, anti-dsDNA, complement and rash may explain
32.55% (R squared) of population variability of the eTreg subtype on SLE
patients (p = 0.01) (Table 3). However, a similar analysis for the nonTreg

subtype showed that the same set of clinical parameters did not significantly
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explain the variability of this subtype in our SLE sample (p = 0.114) (data not
shown). Therefore, nonTreg cells are the most significant SLE activity indicator
identified, but only eTreg phenotype correlates with specific disease clinical
manifestations.

DISCUSSION

In this study, we investigated Treg cells in SLE patients with respect to clinical
features, and then proposed investigations considering the influence of the most
relevant clinical parameters of the sample obtained on the data. This will
facilitate more comprehensive analysis from published studies and minimizes
divergence of data between different patient samples.

SLE often evolves with hematological disorders including anemia, leukopenia,
lymphopenia and thrombocytopenia (27) (28) (29). In our study, this could be
confirmed by the reduced proportion of CD4" T cells in SLE patients, even
greater in the group with active disease (SLEDAI> 6). On the other hand, the
percentage of FOXP3'CD4" Treg cells was higher in patients, regardless of
disease activity. Pan et al (2012) (21) showed CD4"FOXP3" Treg cells higher in
patients with SLEDAI> 5. While others studies did not show quantitative
differences for the same phenotype (20) (30) (13).

Aiming to understand the role of Treg cells in SLE activity, other phenotypes of
these cells have been explored in the disease. However, emerging analysis of
CD4'CD25'CD127 and CD4'CD25"FOXP3" cells suggest that this latter is a
promising SLE activity indicator, especially in renal involvement and may
facilitate the detection of Treg subsets with clinical relevance (22). Therefore,
we also investigated CD4'CD25'FOXP3" phenotype, but we did not observe

any variation according to disease activity (data not shown). For more precise
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analysis of this phenotype, we also assessed CD127 expression, since
according to previous reports the high CD25 expression and low CD127
expression analysis is equivalent to FOXP3 expression (31) (32). However,
CD4'CD25'FOXP3'CD127" phenotype remained in constant proportions
among patients in our sample, regardless of disease activity.

Although higher in SLE patients, CD4" FOXP3" cells were not a good indicator
of SLE disease activity. Therefore, we investigated the activation state of CD4"
FOXP3" Treg according to differential expression of CD45RA and FOXP3,
featuring the subtypes CD4'FOXP3"°"CD45RA" (naiveTreg),
CD4'FOXP3""CD45RA™ (eTreg) e CD4'FOXP3°“CD45RA™ (nonTreg).
Likewise Miyara (2009) (12) and Pan (2012) (21) groups, we also identified
larger proportions of naiveTreg and nonTreg subtypes in SLE patients. In
accordance with the above studies we detected high percentage of nonTreg
cells as hallmark of SLE patients in activity. Since this increase was significantly
high, it is possible that the activation of this phenotype is a universal marker of
the disease activity. The Miyara group (2009) (12) was also able to observe a
significant reduction in eTreg subtype among patients with active disease.
Regardless of the convergence of data in different studies, it must be
considered that they were conducted with patients in different degrees of
disease activity. Also, while our group considered SLEDAI> 6 for patients in
activity, other cited studies considered SLEDAI> 3 (12) or SLEDAI> 5 (21).
The non-uniformity in patient activity groups is a general limitation of studies
with this disease.

In SLE development evaluation of Treg cell subtypes and chemokine receptor

expression can indicate the activation state of Treg cells and provide data on
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their suppressive capacity (33) (34) (35). Chemokine receptor 4 (CCR4) acts in
lymphocytes migration to sites of inflammation, and its expression is associated
with effector and effector memory T cells; while chemokine receptor 7 (CCR7) is
related to the migration of naive T cells to secondary lymphoid organs (36) (37)
(38) (39) (40).

We detected a higher CCR7 expression in naiveTreg on all investigated groups,
which is consistent with the resting state of this subtype. Similarly, we found a
significant reduction in expression of CCR7 in eTreg and nonTreg in relation to
the naive Treg phenotype, which is also consistent with the activated state of
these cells (12). On the other hand, there was a large variability in CCR4
expression from SLE patients. This impaired observation of significant
variations of this phenotype related to disease activity or cell activation state.
Beyond the expression under physiological conditions, it is known that CCR4"
phenotypes may be induced along the immune response mediated by dendritic
cells, depending on the cytokines signal and other mediators of inflammation
(41) which are deeply deregulated in SLE (42). This may explain the wide
variability in CCR4 expression detected and reflects the possibility of impaired
Treg supressive capacity in disease progression.

All these data emphasizes Treg cells subtypes analysis based on CD4, FOXP3
and CD45RA differential expression pattern on SLE clinical features. However,
most studies investigate natural Treg phenotype based on CD4 co-receptor,
CD25 cytokine receptor and FOXP3 transcription factor expression (14) with the
majority of them showings divergent results in SLE (15) (16) (17) (18) (20) (22).
We suspect that these differences depend not only from unclear definition on

Treg phenotype, as previously reported (22), since assessments of the same



75

phenotypes provided contradictory results (43) (44). We hypothesized that
these divergences arise from the different clinical parameters that constitute
SLEDAI score for each sample of SLE patients investigated.

To test our hypothesis, we suggested a new model for investigating clinical
correlations of SLE patients based on SLEDAI score. To facilitate, we called this
new model SSBSS (Sample Standardization Based on SLEDAI score). Through
SSBSS, we showed that proteinuria, haematuria, pyuria, alopecia, anti-DNA,
complement and malar rash explain on average 95.63% of SLEDAI score found
in our SLE patients group. However, anti-DNA was the clinical parameter that
exerted less influence on the increase of the SLEDAI score (P> 0.05, Table 2).
This can justify, for example, why Pan and coworkers (2012) (21) were able to
observe an increase in the frequency of naive Treg cells related to the
development of anti-dsDNA antibody in active SLE and we did not. Therefore, it
becomes easy to conclude that in fact this type of correlation can be valid only
for groups of patients whose anti-dsDNA is a relevant factor for determining
SLEDAI score in sample.

Due to the high robustness of the SSBSS analysis model, we evaluated Treg
subsets influence on the SLEDAI score variability in our sample. We found that
the analysis of naive Treg, eTreg and nonTreg together explains 28% of
SLEDAI score in our sample. Evaluating the correlation coefficients for each
subtype and their respective significance, we concluded that the eTreg subtype
is inversely correlated with disease activity (p = 0.010) while nonTreg (p =
0.003) exerted a direct influence. Although naiveTreg frequencies exerts a

direct influence, it was without significance for our sample (p = 0.352), as
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confirmed by our previous observations. These results confirm that this analysis
model is statistically more robust than Individual parameter analysis.
Additionally, this model confirms the low influence exerted by CD4"FOXP3" and
CD4'CD25'FOXP3'CD127 cells frequencies on the SLEDAI score, both
related only to 1,47% of disease activity. It was also found that proteinuria (p =
0.006), anti-dsDNA antibody (0.045) and rash (p = 0.011) are associated with
eTreg cell reduction. Importantly, despite the fact that formation of anti-dsDNA
antibodies was not relevant to the total increase of the SLEDAI score of our
sample, we found out that it influences eTreg frequency. Furthermore, analysis
of proteinuria, hematuria, pyuria, anti-DNA, complement and rash may explain
32.55% eTreg frequency variations. Equivalent analysis for nonTreg did not
identify specific clinical parameters related to frequency of this subtype.
Probably because the Treg phenotype can be correlated to multiple variables
that go beyond those described in SLEDAI score.

All SLE patients in this study were in treatment with Steroids, Antimalarial
agents, Azathioprine, Micophenolate Mofetil and Thalidomide, as shown in
Table 1. This limitation of our study should be considered since such drugs may
affect our results. Other studies in SLE context also shared this difficulty (10)
(45). However, we found that Treg subsets did not change in relation to the
treatment adopted (p > 0.05; data not shown). This suggests a homogeneous
selection of patients.

Our data demonstrate that eTreg and nonTreg frequencies -correlates
significantly with SLE disease activity. In addition, the use of CD45RA as
activation marker in CD4"FOXP3" Treg cells, allowed a more accurate analysis

of a potential biomarker for active SLE, unlike conventional analysis based on
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CD25 and CD127 expression and in FOXP3" CD4" Treg cells. Importantly, we
demonstrated that nonTreg subset is a more consistent indicator of SLE activity,
which was be confirmed by SSBSS analyzes. We also suggest SSBSS use to
increase accuracy in further SLE investigations and we highlight nonTreg cells
as an important tool for assessing disease activity in the search for new

therapeutic strategies to reduce this phenotype and promoter SLE remission.
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SUPPORTING INFORMATION

Figure S1: Representative plots for C45RA and FOXP3 FMO controls. No
labeled control (A); FMO control for CD45RA positive delimitation (all
fluorochromes minus CD45RA marker) (B); FMO control for FOXP3 positive
delimitation (all fluorochromes minus FOXP3 marker) (C); All fluorochromes for
specific labeling of CD4*FOXP3-*"CD45RA" (naiveTreg),

CD4'FOXP3""CD45RA" (eTreg) and CD4"FOXP3""*CD45RA™ (nonTreg ) cells
(D).
Figure 2S: Representative plots of CCR4 and CCR7 expression in

CD4'FOXP3"""CD45RA" cells (naiveTreg) (A), CD4'FOXP3""CD45RA" cells

(eTreg) (B) and CD4"FOXP3"°"CD45RA" cells (nonTreg) (C).

TABLES

Table 1: Clinical and Demographic parameters of SLE Patients

Number of patients N =30
Age (yrs), Mean (range) 38.17 +10.43 (19-61)
Sex, N (%)
Female 28 (93.33)
Male 2 (6.66)
Disease duration (Months)
Mean (range) 96 £72.94 (2 - 300)
Anti-dsDNA, N (%)
Positive 11 (36.66)
Negative 19 (63.66)
Complement, N (%)
Decreased 19 (63.66)
Normal 11 (36.66)
Treatment, N (%)
Steroids 26 (86.66)
Antimalarial agents 26 (86.66)

Azathioprine 21 (70)




Micophenolate mofetil 10 (33.33)
Disease activity (SLEDAI),

N (%)

Range 0-20
<6 15 (50)
26 15 (50)

Nephritis, N (%)
Active 10(33.33)
Inactive 20(66.66)

Table 2: Influence of the clinical parameters in SLEDAI score for sample.

SLEDAI Coef. Std. Err. P>|t| R-squared Prob>F
Proteinuria  3.852013  .5833249  0.0001 0.9563 0.00001
Hematuria 6.163777  1.025428 0.0001

Pyuria 2.298524 1.069623  0.043

Alopecia 4.367206  .9463755 0.0001

Anti-dsDNA  .6305338 1.048974 0.554

Complement 2.060738  .5317556  0.001

Malar Rash  1.726985 .7675707  0.035

ETreg -1.206469 .435602 0.010 0.2890 0.0065
NonTreg 3915982 1208674  0.003

NaiveTreg .3039881 3204841  0.352

*Treg -.3861103 .6703293  0.569 0.0147 0.7717
*CD25 998021 1.5654 0.529

*Treg: CD4"FOXP3" cells /** CD25: CD4"FOXP3"CD25'CD127 cells.
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Table 3: Clinical parameters influence in eTreg cells frequencies of SLE patients.

ETreg Coef. Std. Err. P>|t| R-squared Prob>F
Proteinuria  -1.271477 .4145096  0.006 0.3255 0.0163
Hematuria  .3083865 .7977254  0.703

Pyuria -5732928 1.006636 0.575

Anti-dsDNA  -2.084068 .9786697  0.045

serum 1.581082 1.260822  0.223

complement

Rash -1.476643 .5323137 0.011

FIGURES

Figure 1: Naturally occurring Treg lymphocytes of SLE patients and healthy

individuals. (A) CD4'FOXP3*'CD25'CD127 Phenotyping: CD4'FOXP3" cells

(1), CD4'FOXP3*CD25" cells (2), CD4"'FOXP3'CD25'CD127 in CD4"FOXP3*

cells (3); (B) CD4" T Lymphocytes and CD4'FOXP3" Treg cells; (C)

CD4'FOXP3'CD25"CD127" cells in CD4"FOXP3" Treg cells. **p<0.002.
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Figure 2: FOXP3" Tregs subset phenotyping in patients with systemic lupus
erythematosus (SLE) and healthy donors. (A) Gating strategy for Treg cells
characterization in PBMCs: Lymphocytes gate (1); TCD4" Lymphocytes (2);
CD4*CD45RAFOXP3”" (naive Tregs) (3); CD4'CD45RA FOXP3 = (€Tregs)
(4); CD4*CD45RAFOXP3™" (nonTreg) (5). (B) naiveTreg, eTreg and nonTreg

in TCD4* cells. *p < 0.05; **p<0.002; ***p<0.0001.
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1. Lymphocytes

2. CD4* cells

3. CD4*CD45RA*FOXP3'°% (naive Tregs)
4. CD4*CD45RAFOXP3Mieh (eTregs)

5. CD4*CD45RAFOXP3'°" (nonTreg)
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Figure 3: CCR7 (A) and CCR4 (B) expression in naiveTreg, eTreg and nonTreg

of SLE patients. *p < 0.05; **p<0.002; ***p<0.0001.
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6 CONCLUSAO

e A elevagdo dos niveis séricos de IL-35 sugere uma expansao do perfil
Treg nos pacientes. Contudo como ela foi acompanhada de uma baixa
expressédo de TGFB e IL-10, pode-se sugerir atividade supressora
deficiente destas células na doenca.

e Foi confirmada a expansdo do perfil Treg nos pacientes através da
analise do fenétipo TCD4'FOXP3". No entanto, a imunofenotipagem das
células Treg baseada na expressédo de CD4, FOXP3, CD25 e CD127

nao revelou o perfil celular correlacionado a atividade da doenca.

e A anadlise dos subtipos de células Treg baseada na expressédo de CD4,
FOXP3 e CD45RA foi eficaz na diferenciacdo dos fenotipos relacionados
a atividade da doenca.

e Diferente do subtipo naiveTreg, eTreg e nonTreg apresentaram uma
baixa tendéncia de migracéo para os linfonodos. Néo foi possivel avaliar
o perfil de migracdo tecidual destes subtipos devido a grande

variabilidade na expressdo de CCRA4.

e O fenotipo nonTreg é um forte indicador do aumento da atividade da
doenca avaliada pelo SLEDAI; podendo ser util no desenvolvimento de
novas estratégias terapéuticas que visem a reducéo deste fenotipo e a

remissdo da doenca.

e Sugerimos a utilizacdo do SSBSS para futuras investigacées envolvendo
pacientes com LES, a fim de promover uma melhor compreensao dos
resultados experimentais em relacdo a clinica dos pacientes

selecionados para o estudo.
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7. PERSPECTIVAS

e Analisar o fenétipo CD4'CD25'FOXP3'CD127°“" em relagdo a
expressao sérica de citocinas das vias Th1/Th2/Th17/Th9 e Treg

e Analisar os fenétipos naiveTreg, eTreg e nonTreg em relacdo a
expressao de citocinas das vias Th1/Th2/Th17/Th9 e Treg

e Investigar a elevacgéo do fenétipo CD4"FOXP3'CD25 nos pacientes com
LES

e Analisar a expresséo génica de FOXP3, IL-10, TGF-B, IL-17, IL-22, IL-2
em relacdo a expressao sérica de citocinas das vias Th1/Th2/Th17/Th9

e Treg
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Figure 1S: Representative plots for C45RA and FOXP3 FMO controls. No
labeled control (A); FMO control for CD45RA positive delimitation (all
fluorochromes minus CD45RA marker) (B); FMO control for FOXP3 positive
delimitation (all fluorochromes minus FOXP3 marker) (C); All fluorochromes for
specific labeling of CD4*FOXP3-*"CD45RA" (naiveTreg),
CD4'FOXP3""CD45RA (eTreg) and CD4'FOXP3-"“CD45RA™ (nonTreg ) cells
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Figure 2S: Representative plots of CCR4 and CCR7 expression in
CD4'FOXP3-"“CD45RA" cells (naiveTreg) (A), CD4"FOXP3""CD45RA" cells
(eTreg) (B) and CD4*FOXP3"*"CD45RA" cells (nonTreg) (C).
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ANEXO A - SYSTEMIC LUPUS ERYTHEMATOSUS DISEASE ACTIVITY

INDEX - SLEDAI

Factor de
ponderacéao

SLEDAI
SCORE

DESCRICAO

DEFINICAO

Convulsao

Instalacdo recente excluindo causa
metabdlica, infecciosa ou causada
por drogas

Psicose

Alteracdo da fungcdo mental normal
devido a altera¢bes graves da
percepcéo da realidade. Inclui
alucinacgdes, incoeréncia,
associacoes livres, empobrecimento
do conteudo do pensamento,
pensamento marcadamente ildgico,
comportamento
bizarro’desorganizado ou cataténico.
Excluir uremia e causas
farmacologicas/drogas

Sindrome

organo-cerebral

Funcdo mental alterada com
alteracéo da orientagdo, memoéria ou
outra funcéo intelectual com rapida
instalacao e flutuacdo dos achados
clinicos incluindo obnubilacdo da
consciéncia com diminuicdo da
capacidade de concentracao e
incapacidade de manter a atencéo
ao ambiente envolvente, mais pelo
menos duas das seguintes:
distUrbios da percepcéao, discurso
incoerente, insénia ou sonoléncia
diurna, aumento ou decréscimo da
actividade psicomotora

Excluir causa metabdlica, infecciosa
ou causada por drogas

Disturbios visuais

AlteragOes da retina ligados ao LES,
incluindo corpos coroideus,
hemorragias retinianas,exsudado
seroso ou hemorragia no coroide ou
nevrite Optica

Excluir HTA ou causa infecciosa ou
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causada por drogas

Distarbios nos pares
cranianos

Instalacdo recente de neuropatia
sensitiva ou motora atingindo os
pares cranianos

Cefaleia lupica

Cefaleia severa, persistente; pode
ser tipo migranoso mas deve ser
resistente a terapéutica narcotica

AVC

Instalacéo recente de AVC

Excluir arteriosclerose

Vasculite

Ulceracgdo, gangrena, nédulos
digitais dolorosos, infarto periungeal,
hemorragias sub-ungueais, ou
bi6psia ou angiograma compativeis
com vasculite

Artrite

Mais de duas articulagdes com dor e
sinais inflamatérios

Miosite

Dor/fragueza muscular proximal,
associado com elevacao da
CKl/aldolase ou eletromiografia ou
biopsia compativel com miosite

Cilindros urinarios

Cilindros de Eritrocitos ou de
granulosos

Hematuria > 5 células por campo. Excluir
litiase, infeccdo ou outra causa
Proteinaria > 0.5¢/24h. Instalacdo recente ou
aumento > 0.5g/24h
Pidria > 5 leucocitos por campo. Excluir,
infecgcdo
Novo rash Instalacdo recente ou recorréncia de
rash tipo inflamatério
Alopécia Instalacdo recente ou recorréncia de

perda anormal difusa ou localizada
de cabelo

Ulceragfes nasais

Instalacdo recente ou recorréncia de
ulceracdes nasais

Pleurisia

Dor toracica pleuritica com atrito
pleural derrame ou espessamento
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pleural

Pericardite

Dor pericardica mais pelo menos um
dos seguintes: atrito, derrame, ou
confirmacao eletrocardiogréfica ou
por ecocardiograma

Hipocomplementémia

C3, C4 ou CH50 abaixo dos valores
de referéncia do laboratério

Aumento do DNA

>25 % no ligando pelo ensaio de Farr
ou acima dos valores de referéncia
do laboratério

Trombocitopénia

<100.000 plaquetas/mm?®

Leucopénia <3.000 leucocitos/mm?® Excluir
causas farmacoldgicas
Febre >38° C excluir causa infecciosa

SCORE SLEDAI
TOTAL (1-105)






