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RESUMO

Introdugdo: O Ilupus eritematoso sistémico (LES) é uma doenga autoimune
inflamatdria crénica, caracterizada por alteracbes na resposta imune inata e
adaptativa. Variantes genéticas tém demonstrado alterar as respostas imunes e
influenciar na suscetibilidade e gravidade da doenga. Objetivo: Avaliar a associagao
das variantes genéticas -924 A>G (rs2232365) e -3279 C>A (rs3761548) do FOXP3
e +869 T>C (rs1800470) e -509 C>T (rs1800469) do TGFB1, com a suscetibilidade e
parametros clinicos e laboratoriais do LES. Métodos e sujeitos: O estudo incluiu 203
pacientes com LES e 166 controles. A atividade da doenca foi determinada pelo indice
de atividade da doenga do LES (SLEDAI) e valores = 6 foram usados como parametro
para classificar doenca ativa e <6 para doencga inativa. As variantes do FOXP3 foram
determinadas pela reacdo em cadeia da polimerase e polimorfismo no comprimento
dos fragmentos de restricdo (PCR-RFLP) e as variantes do TGFB1 por PCR qualitativa
(QPCR). Os niveis plasmaticos de TGF-B1 foram determinados pelo ensaio
imunofluorimétrico por microesferas para a plataforma Luminex. Resultados: Foram
demonstrados em dois artigos: no primeiro, o genétipo FOXP3 -3279 AA [OR 2,650,
IC 95% (1,070-6,564), p=0,035] e o alelo A [OR 2,644, IC 95% (1,104-6,333),
p=0,029] foram associados ao LES. Pacientes com o gendétipo FOXP3 -3279 CA+AA
apresentaram menor frequéncia de nefrite (p=0,038). E pacientes com o gendtipo
FOXP3 -924 AA apresentaram maior frequéncia de anti-dsDNA (p=0,012) e anti-
U1RNP (p=0,036). O haplétipo A/A (rs2232365/rs3761548) foi associado ao LES (OR
3,729, IC 95% 1,006-13,820, p=0,049) enquanto que o hapldtipo G/C conferiu
protecéo [OR 0,598, IC 95% (0.376—0.952), p=0,030]. Pacientes com haplétipo GCGC
apresentaram niveis plasmaticos de TGF-B1 mais elevados (p=0,012) do que
pacientes com outros haplotipos. E pacientes com haplotipo A/C (no modelo genético
dominante) apresentaram maior score SLEDAI (p=0,024) e no modelo genético
recessivo, maior frequéncia de anti-dsDNA (p=0,038), anti-U1RNP (p=0,029) e nefrite
(p=0,049). No segundo artigo, o gendtipo TGFB1 +869 CC foi associado a
suscetibilidade ao LES [OR 1,710, IC 95% (1,020-2,866), p=0,042] e a redugéo dos
niveis plasmaticos de C4 (p=0,040) e TGF-B1 (p=0,044). O gendtipo TGFB1 -509 TT
foi associado a niveis diminuidos de C4 (p=0,032). Pacientes com gendétipo TGFB1
+869 TC+CC e presenca de anti-dsDNA apresentaram niveis plasmaticos de TGF-31
mais baixos do que TT (p=0,004). Por outro lado, pacientes com genétipo TGFB1 +869
TC+CC e auséncia de anti-dsDNA apresentaram niveis plasmaticos de TGF-1 mais
elevados (p=0,044). Conclusao: Do FOXP3 os resultados demonstraram que a
heranca de pelo menos um alelo A de cada variante (rs2232365/rs3761548) aumenta
a suscetibilidade ao LES, atividade da doenca e presenca de nefrite; e a variante
TGFB1 +869 T>C pode ser utilizada como um marcador genético para suscetibilidade
ao LES, enquanto que ambas as variantes estdo associadas com menores niveis de
C4, um dos parametros laboratoriais de atividade da doenca. Além disso, os niveis



plasmaticos de TGF-B1 podem ser modulados pela interagdo entre o alelo TGFB1
+869 C, em homozigose ou heterozigose, e a presenga de anti-dsDNA. Nosso estudo
demonstra que a investigagado das bases genéticas nas doengas autoimunes pode
favorecer o entendimento da imunologia no processo fisiopatologico e sugerir novos
rumos na pesquisa terapéutica.

Palavras-chaves: Lupus Eritematoso Sistémico. Suscetibilidade. SLEDAI. FOXP3.
Fator transformador de crescimento beta 1. rs2232365. rs3761548. rs1800470.
rs1800469.
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ABSTRACT

Introduction: Systemic lupus erythematosus (SLE) is a chronic inflammatory
autoimmune disease, characterized by changes in the innate and adaptive immune
response. Genetic variants have been shown to alterimmune responses and influence
the susceptibility and severity of the disease. Objective: To evaluate the association
of -924 A>G (rs2232365) and -3279 C>A (rs3761548) FOXP3 variants and +869 T>C
(rs1800470) and -509 C>T (rs1800469) TGFB1 variants, with susceptibility and clinical
and laboratory parameters of SLE. Methods and subjects: The study included 203
SLE patients and 166 controls. Disease activity was determined by the SLE disease
activity index (SLEDAI) and values = 6 were used as a parameter to classify active
disease and <6 for inactive disease. The FOXP3 variants were determined by the
polymerase chain reaction and restriction fragment length polymorphism (PCR-RFLP)
and the TGFB1 variants by real-time polymerase chain reaction (QPCR). TGF-31
plasma levels were determined by the microspheres immunofluorimetric assay for the
Luminex platform. Results: Were demonstrated in two papers. In the first paper, the
genotype FOXP3 -3279 AA [OR 2.650, 95% CI (1.070-6.564), p=0.035], and the A
allele [OR 2.644, 95% CI (1.104-6.333), p=0.029] were associated to LES. Patients
with the FOXP3 -3279 CA+AA genotype had a lower frequency of nephritis (p=0.038).
Patients with the FOXP3 -924 AA genotype had a higher frequency of anti-dsDNA
(p=0.012) and anti-U1RNP (p=0.036). The A/A haplotype (rs2232365/rs3761548) was
associated with SLE (OR 3.729, 95% CI 1.006-13.820, p=0.049) while the G/C
haplotype conferred protection [OR 0.598, 95% CI (0.376-0.952), p=0.030]. Patients
with haplotype GCGC had higher TGF-B1 levels (p=0.012) than those with other
haplotypes. Patients with A/C haplotype (in dominant genetic model) had a higher
SLEDAI score (p = 0.024) and in the recessive genetic model a higher frequency of
anti-dsDNA (p=0.038), anti-U1RNP (p=0.029) and nephritis (p=0.049). In the second
paper, the TGFB1 +869 CC genotype was associated with SLE susceptibility [OR
1.710, 95% CI (1.020-2.866), p=0.042] and a lower levels of C4 (p=0.040) and TGF-
B1 (p=0.044). The TGFB1 -509 TT genotype was associated with decreased levels of
C4 (p=0.032). Patients with the TGFB1 +869 TC+CC genotype and the presence of
anti-dsDNA had plasma TGF-B1 levels lower than TT (p=0.004). On the other hand,
patients with the TGFB1 +869 TC+CC genotype and absence of anti-dsDNA had
higher plasma levels of TGF-B1 (p=0.044). Conclusion: In FOXP3, the results
demonstrated that the inheritance of at least one A allele of each variant
(rs2232365/rs3761548), increases SLE susceptibility, disease activity, and presence
of nephritis; and the TGFB1 +869 T>C variant can be used as a genetic marker for
SLE susceptibility, while both variants are associated with reduced C4 levels, one of
the laboratory parameters of disease activity. In addition, plasma levels of TGF-B1 can
be modulated by the interaction between the TGFB1 +869 C allele, in homozygosis or
heterozygosis, and the presence of anti-dsDNA. Our study demonstrates that the



investigation of genetic bases in autoimmune diseases can favor the understanding of
immunology in the pathophysiological process and suggest new directions in
therapeutic research.

Key-words: Systemic Lupus Erythematosus. Susceptibility. SLEDAI. FOXPS3.
Transforming growth factor beta 1. rs2232365. rs3761548. rs1800470. rs1800469.
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1 INTRODUC}AO
1.1 LUPUS ERITEMATOSO SISTEMICO

O lupus eritematoso sistémico (LES) € uma doencga inflamatéria crénica
caracterizada pela produgao de autoanticorpos, formagao e deposi¢cao de complexos
imunes que ocasionam inflamagdo e dano tecidual (FELTEN et al., 2018; OATES,
2010). A disfuncdo organica presente no LES pode variar de leve a grave com amplo
espectro de manifestagdes clinicas que assumem um padrdao de exacerbagao
intercalado por periodos de remissao (GILES; BOACKLE, 2013; MOK, 2017).

O diagnostico do LES é baseado nos novos critérios de classificagéo
desenvolvidos pela Liga Europeia Contra Reumatismo (EULAR, da sigla em inglés) e
o Colégio Americano de Reumatologia (ACR, da sigla em inglés) em 2019, que
constituem um sistema de pontos em que sao atribuidos peso variavel a cada um dos
22 critérios estabelecidos. Os critérios de classificacdo incluem anticorpos
antinucleares (ANA) positivo, pelo menos uma vez, como critério obrigatério de
entrada; seguido de critérios aditivos agrupados em sete dominios clinicos
(constitucionais, hematologicos, neuropsiquiatricos, mucocutaneos,
musculoesqueléticos, renais e comprometimento de serosas) e trés imunoldgicos
(anticorpos antifosfolipides, proteinas do sistema complemento e anticorpos
especificos para o LES) variando a pontuagdo de 2 a 10 pontos (Anexo A). O
diagnodstico do LES é determinado quando a soma dos critérios for 210 (ARINGER et
al., 2019).

As principais manifestagdes clinicas dos pacientes com LES est&o relacionadas
ao processo inflamatério da doenga que acomete, principalmente, pele e articulagcbes
e, em casos mais graves, rins e sistema nervoso central (BORCHERS et al., 2010).
As manifestagdes musculoesqueléticas sao frequentes e cerca de 88% dos pacientes
apresentam artrite com dor ao movimento, sensibilidade e edema (CECCARELLI et
al., 2017). As principais articulagdes envolvidas sao as das maos (82%), joelhos (76%)
e, de forma menos frequente, punhos, tornozelos, cotovelos e ombros (ROTHFIELD;
SONTHEIMER; BERNSTEIN, 2006).

O acometimento da pele estad presente em, aproximadamente, 75% dos
pacientes e é considerado o segundo sintoma mais frequente perdendo somente para
o acometimento das articulagbes (OBERMOSER; SONTHEIMER; ZELGER, 2010).
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Existem trés principais categorias de doenga de pele especificas do LES: lupus
eritematoso cutédneo agudo, lupus eritematoso cutdneo subagudo e lupus eritematoso
cutaneo crénico (HEJAZI; WERTH, 2016). Essas categorias sdo determinadas de
acordo com os diferentes e especificos padrdes clinicos e histoldgicos, observados
na doenca (RIBERO et al., 2017).

O acometimento renal ocorre em 50% dos pacientes, sendo a nefrite lupica (NL)
a mais frequente (ROTHFIELD; SONTHEIMER; BERNSTEIN, 2006), e esta associada
a pior prognostico, contribuindo substancialmente para a morbidade e mortalidade
(ISENBERG et al., 2010). O diagnéstico patoldgico é realizado por meio de biopsia
renal que pode revelar seis classes de NL: a classe | (NL mesangial minima), classe
II (NL mesangial proliferativa), classe Il (NL focal), classe IV (NL difusa), classe V (NL
membranosa) e classe VI (NL esclerética avancada) (WEENING et al., 2004).

O curso clinico do LES pode ser avaliado por meio de indices de atividade que
foram criados com o objetivo de padronizar a avaliagdo do LES e determinar o grau
de acometimento e gravidade do paciente. Entre os indices mais utilizados estao a
Medida de Atividade Lupica Sistémica (SLAM), os critérios do Grupo de Avaliacéo de
Lupus das llhas Britanicas (BILAG) e o indice de Atividade da Doenca Lupus
Eritematoso Sistémico (SLEDAI) (GLADMAN et al., 1992). O score SLEDAI-2K (Anexo
B) é constituido de 24 critérios, 16 relacionados aos parametros clinicos e 8 aos
parametros laboratoriais. A somatoria dos pontos de cada um destes critérios resulta
em uma pontuacéo final que representa a atividade da doenca e o estado do paciente.
A pontuacéo final pode variar de 0 a 105 pontos; quanto maior for a pontuacao, maior
a atividade do LES (GLADMAN; IBANEZ; UROWITZ, 2002).

As taxas de incidéncia e prevaléncia do LES estdo fortemente associadas a
fatores como sexo, idade e etnia (LI et al., 2018). Embora possa ocorrer em ambos os
sexos e em qualquer faixa etaria, a maior incidéncia do LES ocorre no sexo feminino,
principalmente na faixa etaria entre 16 e 55 anos, com razdo de prevaléncia
feminino/masculino de 9:1 (LISNEVSKAIA; MURPHY; ISENBERG, 2014). Alguns
estudos tém demonstrado que os horménios sexuais femininos apresentam papel
importante no desenvolvimento da doenga, j4 que interagem com o sistema
imunoldgico, principalmente com células B e T, células dendriticas e diversas citocinas
inflamatérias (GRIMALDI et al., 2005; GRYGIEL-GORNIAK; PUSZCZEWICZ, 2014;
RENAU; ISENBERG, 2012). Além disso, descendentes de Africanos, Asiaticos e

Hispanicos apresentam maior risco de desenvolvimento do LES do que individuos
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Caucasianos e exibem periodos mais ativos da doenga, manifestacdes clinicas mais
graves e altas taxas de mortalidade (FALASINNU et al., 2018).

O aumento na incidéncia de LES tem sido atribuido a ampliagdo das
alternativas de diagndstico, maior variedade de testes imunolégicos, uniformidade dos
critérios de classificagdo da doenga e maior acesso ao sistema de saude (BORCHERS
et al.,, 2010; CARTER; BARR; CLARKE, 2016). As taxas de incidéncia global da
doencga variam de 0,3 a 23,7 casos para 100.000 habitantes/ano com prevaléncia
estimada de 6,5 a 178,0 casos para 100.000 habitantes. No Brasil, a prevaléncia de
LES é de aproximadamente 98 casos para 100.000 habitantes (CARTER; BARR,;
CLARKE, 2016).

1.1.1 Etiologia e fisiopatologia do lupus eritematoso sistémico

Apesar dos dados disponiveis a respeito da ocorréncia e das manifestagdes
clinicas da doenga, a etiologia do LES n&o esta completamente elucidada. Sabe-se
que ela é multifatorial e inclui fatores genéticos, ambientais e hormonais de modo que
a interagao entre eles pode originar respostas imunes anormais e perda da tolerancia
imunoldgica (BATU, 2018; LISNEVSKAIA; MURPHY; ISENBERG, 2014).

A predisposi¢cao genética € aceita como elemento chave na suscetibilidade a
doenca. A concordancia de LES em gémeos idénticos, o aumento da frequéncia de
LES entre parentes de primeiro grau e o aumento do risco de desenvolvimento da
doenca entre irmaos reflete uma herancga poligénica da doenca (PISETISKY, 1997).

A variante genética do antigeno leucocitario humano (HLA) classe Il do tipo
HLA-DR2 e DR3 tem sido relacionada ao LES e a presenca de autoanticorpos como,
anticorpo contra o antigeno A relacionado a Sindrome de Sjogren (anti-SSA/Ro),
anticorpo contra o antigeno B relacionado a Sindrome de Sjogren (anti-SSB/La),
anticorpo anti-U1 ribonucleoproteina (anti-U1RNP) e anticorpo contra DNA dupla fita
(anti-dsDNA) (GHODKE-PURANIK; NIEWOLD, 2015; MORRIS et al., 2014). As
variantes em genes ndo-HLA também tém sido associadas com LES e incluem genes
que codificam a proteina ligadora de manose, o fator de necrose tumoral alfa (TNF-a)
e beta (TNF-B), o receptor de célula T (TCR), a interleucina (IL)-6, o receptor de
complemento 1 (CR1) e receptores da porgédo Fc da cadeia gama da imunoglobulina
G (FcRllay e FcRIllay) (AHMED et al., 2014; TERUEL; ALARCON-RIQUELME, 2016).
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Além dos fatores genéticos, os hormonios sexuais femininos tém demonstrado
participacdo direta no desenvolvimento do LES, uma vez que a doenga € mais
frequente em mulheres com pico de incidéncia na fase reprodutiva, entre a menarca
e a menopausa (LAHITA, 2016; STOHL, 2017). A excessiva atividade estrogénica
presente em mulheres geneticamente predispostas parece estar relacionada ao
aumento da producéao de interferon (IFN) tipo 1, inibigdo da resposta celular T helper
(Th)-1 e aumento da produgao de citocinas da resposta celular Th2, que promovem
aumento da sobrevida de linfécitos B autorreativos e produgdo de autoanticorpos
(GRIMALDI et al., 2005; HUGHES; CHOUBEY, 2014).

O surgimento do LES também parece exigir a exposi¢cao a agentes ambientais
que podem desencadear ou acelerar o processo da doenca (PARKS et al., 2017).
Fatores ambientais como a exposi¢cao a silica, pesticidas e solventes, consumo de
alcool, tabagismo, radiagdo ultravioleta (UV) e agentes infecciosos, como o virus
Epstein-Barr, aparecem como gatilho no desenvolvimento da doenga em individuos
geneticamente suscetiveis (BARBHAIYA; COSTENBADER, 2014).

Apesar da fisiopatologia do LES nao estar totalmente elucidada, os diversos
fatores etiologicos do LES desencadeiam as anormalidades imunes presentes na
doencga, o que resulta na regulagcao debilitada de linfécitos B e T, no clearance
defeituoso de autoantigenos, na produgdo de autoanticorpos patogénicos e na
formacao de complexos imunes (COLONNA; LOOD; ELKON, 2014; KUHN; WENZEL;
BIJL, 2016; MOULTON et al., 2018). Desta forma, o LES é caracterizado por disfungao
tanto da resposta imune inata como da adaptativa (TSOKOS et al., 2016).

O sistema complemento desempenha fungdo essencial na fisiopatologia do
LES pela eliminagao de restos apoptéticos, ativacao de células B e T e opsonizagao
e depuragdo de complexos imunes (GHODKE-PURANIK; NIEWOLD, 2015). No
entanto, respostas inadequadas do sistema complemento podem conduzir ao
aumento do nivel de morte celular e diminuigdo do clearance de células apoptaticas
e, consequentemente, provocar acumulo de detritos celulares que funcionam como
imunogenos para células B (JEONG et al.,, 2018). Estes imunégenos podem ser
reconhecidos pelos receptores do tipo Toll (TLRs) (TLR3, TLR7 e TLR9), localizados
em endossomos ou na superficie de diversos tipos celulares, como células
apresentadoras de antigenos (APCs), células dendriticas e células B.

Os TLRs constituem uma familia de proteinas de reconhecimento de patdgenos

e tém como finalidade discriminar o proprio do nao-préprio e estimular respostas
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imunoldgicas contra agentes patologicos (AHMADPOOR et al., 2014). A exposi¢ao
prolongada a estes imunogenos conduz a perda da tolerancia imunoldgica destas
células e a produgao de autoanticorpos que, por sua vez, favorecem a formagao e
deposi¢ao de complexos imunes (GHODKE-PURANIK; NIEWOLD, 2015; JEONG et
al., 2018).

Ao mesmo tempo em que os autoanticorpos sdo produzidos e os complexos
imunes formados, os linfécitos Th ou auxiliares CD4* controlam e modificam as
respostas imunes pela secre¢cdo de uma variedade de citocinas. As citocinas
produzidas variam de acordo com os perfis de linfécitos Th, sendo os mais estudados
o Th1, Th2, Th17 e células T reguladoras (Treg). O perfil Th1 é caracterizado
principalmente pela produgdo de citocinas como IL-2, IL-10, IFN-y e TNF-a. As
citocinas IL-4, IL-5, IL-9, IL-10, IL-13 e IL-25 fazem parte do perfil Th2. Ja o perfil Th17
produz especialmente IL-17 e IL-22, enquanto as células Treg produzem citocinas
com atividade anti-inflamatorias como a IL-10 e o fator transformador do crescimento
B (TGF)-B (SU et al., 2012). O TGF-B € uma citocina que apresenta potente agao
imunorreguladora. Atua no controle da proliferagcdo, sobrevivéncia e ativagao de
células B, bem como no desenvolvimento de células natural killer, macréfagos e
células dendriticas (SANJABI; OH; LI, 2017). Da mesma forma que regula a selegéo
de células T no timo, inibindo a diferenciagao de linfécitos T citotdxicos, células Th1 e
Th2, promove a diferenciacédo de Treg e células Th17 (SCHOTTE et al., 2003).

No LES, os linfécitos Th apresentam capacidade efetora e reguladora
comprometidas e sao responsaveis pela producdo exacerbada de citocinas
inflamatorias e reduzida agdo imunorregulatéria (COMTE; KARAMPETSOU,
TOSOKOS, 2015). Adicionalmente, células dendriticas mieloides, ativadas pelas
vesiculas apoptoéticas, aumentam a secrecao de citocinas pro-inflamatoérias como IL-
1B, IL-6 e TNF-a, aumentando ainda mais a resposta inflamatéria no LES (BOUTS et
al., 2012; ZHARKOVA et al., 2017).

No decorrer da doencga, multiplos autoanticorpos podem ser produzidos. Eles
sao direcionados, principalmente, contra estruturas nucleares como dsDNA, histonas,
nucleossomo e componentes da cromatina. Anti-dsDNA e anticorpos contra antigenos
extraiveis do nucleo (ENAS), entre eles anticorpos anti-U1RNP, anti-Smith (anti-SM),
anti-SSA/Ro e anti-SSB/La, sao autoanticorpos caracteristicos do LES (FU et al.,
2015). Os anticorpos anti-dsDNA contribuem para o diagnostico e monitoramento da

atividade da doenca (INFANTINO et al., 2018). O mecanismo patogénico dos
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anticorpos anti-dsDNA inclui capacidade de deposicdo em tecidos e habilidade de
recrutar células inflamatorias que conduzem a leséo tecidual (GHEITA et al., 2018).
Ja os anticorpos contra ENAS estdo envolvidos nas manifestagdes clinicas do LES e
associados a lesdes locais e sistémicas, e podem afetar pele, articulagdes, rins,
pulmdes, coracdo e sistema nervoso central (INFANTINO et al., 2018; MALKIEL et al.,
2018).

Os complexos imunes, formados pelos autoanticorpos ligados a antigenos
proprios, também podem ativar outro subtipo de células dendriticas, as células
dendriticas plasmocitoides, e iniciar uma resposta de IFN tipo | com producdo de IFN-
a (ZHARKOVA et al., 2017). Os IFNs do tipo | desempenham papel relevante na
secrecao de citocinas, apoptose celular, desenvolvimento de células imunes e
ativacao e diferenciagao celular (JENSEN; NIEWOLD, 2015). Desta forma, os IFNs do
tipo | também contribuem para o rompimento da autotolerancia no LES ao
promoverem ceélulas dendriticas imaturas, suprimirem células Treg, aumentarem a
diferenciacdo para células Th17 e estimularem a proliferagdo de células B
(BENGTSSON; RONNBLOM, 2017). A figura 1 sumariza os principais mecanismos

imunolégicos envolvidos na fisiopatologia do LES.
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recrutadas e ativagdo do sistema complemento induzida por complexos imunes. Ac:
anticorpos; Ag: antigeno; APRIL: ligante indutor de proliferacdo; B: células B; BCR: receptor
de célula B; BAFF; fator de ativacao de células B; FcRy: receptor Fc-y; fDC: célula dendritica
folicular; HLA classe II: antigeno leucocitario humano de classe IlI; IC: imunocomplexos; IFNy:
interferon gama; IL: interleucinas; mDC: célula dendritica mieloide; M¢: macrofago; Mo:
mondcito; NET: armadilha extracelular de neutréfilos; ox-mDNA: DNA mitocondrial oxidado;
pDC: célula dendritica plasmocitoide; Stat1: fator de transcri¢gdo; T: célula T; T-bet: fator de
transcricao T-box; TCR: receptor de célula T; Tth: T helper folicular; TLR7/9: receptores Toll-
like 7 e 9.

1.2 CELULAS T REGULADORAS

As células Treg sdo uma populacdo de células T CD4* que expressam
constitutivamente a molécula cadeia alfa do receptor de IL-2 (CD25) e o fator de
transcricdo FoxP3, e atuam na tolerdncia imunoldgica, sendo essenciais na
modulagdo da resposta imune contra patdgenos, alérgenos, células tumorais e
antigenos proprios (SAKAGUCHI et al., 2008; TAO et al., 2017).

De acordo com sua origem e caracteristicas biolégicas, as Tregs podem ser
divididas em dois subgrupos: células T reguladoras naturais (nTreg) e células T
reguladoras induzidas (iTreg). As nTregs surgem no timo durante a maturacédo de
células T a partir do reconhecimento de antigenos proprios por meio do TCR e CD28
de células dendriticas. Enquanto as iTregs, sao derivadas de células T CD4* naives
em tecidos linfoides periféricos, sob certos estimulos antigénicos ou na presencga de
citocinas como TGF- e IL-2 (SAKAGUCHI et al., 2008).

Do ponto de vista funcional, a agao imunorreguladora de células Treg ocorre
por meio de uma variedade de mecanismos efetores (SCHEFFOLD; MURPHY;
HOFER, 2007). Formula-se que existam, pelo menos, quatro mecanismos de
supressao destas células: contato célula-célula, liberagdo de citocinas inibitorias,
competicdo por fatores de crescimento e produgdo de granzimas (Figura 2)
(CRETNEY; KALLIES; NUTT, 2013; DARIO A. A. VIGNALI, 2008).

O contato célula-célula é baseado na interagao de células Treg com células T
CD4* efetora e requer a participagdo de moléculas de superficie, como o antigeno 4
de linfocito T citotoxico (CTLA-4) e o gene 3 de ativagéo de linfécitos (LAG-3) (CAO et
al., 2007; JANSSENS et al.,, 2003). A molécula CTLA-4 se liga ao receptor de

membrana CD80 expresso em células dendriticas e células T ativadas, e libera sinais
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inibitérios que suprimem células T efetoras e células T naive (SCHEFFOLD;
MURPHY; HOFER, 2007). Outro mediador envolvido é o monofosfato de adenosina
ciclica (AMPc), liberado por células Treg, que em niveis elevados, inibem a
proliferacdo e diferenciagao celular e a expressédo de citocinas como IL-2 e IFN-y
(SOJKA; HUANG; FOWELL, 2008).

O mecanismo de produgao de citocinas envolve a liberagao IL-10 e TGF-3 que
atuam na supressado de células-alvo, na modulagdo da expressédo de FoxP3 em
células Treg, na inibicdo de APCs e na acao antagonista ao IFN-y (SCHEFFOLD;
MURPHY; HOFER, 2007).

O terceiro mecanismo ocorre pela competicdo por fatores de crescimento,
especialmente a IL-2, entre células Treg e células-alvo (SOJKA; HUANG; FOWELL,
2008). As células Treg, por expressarem a molécula CD25, apresentam uma
vantagem competitiva inicial para o consumo de IL-2. E dessa forma, desencadeiam
nas células-alvo a morte por apoptose induzida por privacdo de IL-2, através da
proteina do linfoma 2 de células B (Bcl-2)/via BIM (PANDIYAN et al., 2007).

Por fim, a liberacdo de granzima B (GZB) e perforina (PRF) que atuam
especificamente em precursores mieloides, por meio de atividade citolitica (PEREIRA
et al., 2017). A atividade citolitica em células-alvo, induz a apoptose por meio de
caspases ou através da via BID. Dessa forma, a capacidade de controlar as respostas
imunologicas faz com que as células Treg desempenhem papéis centrais na
prevencao de doencgas autoimunes, inflamatorias e alérgicas (SAKAGUCHI et al.,
2010).
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Figura 2 — Mecanismos supressores de células T reguladoras.
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Fonte: PEREIRA et al., (2017, p. 6, tradugdo nossa). Treg: células Treguladoras;
CTLA-4: antigeno-4 de linfocito T citotéxico; Bcel 2: proteina 2 do linfoma de células B; BIM:
via BIM; LAG3: gene 3 de ativagao de linfocitos; TGF-B: fator de transformagao do crescimento
beta; AMPc: adenosina monofosfato ciclica; IL: interleucina; GZB: granzima B; PRF: perforina;

BID: via BID; MHC II: complexo de histocompatibilidade.

Varios estudos tém relatado o comprometimento do numero e/ou funcédo de
células Treg em doencgas autoimunes, tais como diabetes mellitus tipo | (LINDLEY et
al., 2005), esclerose multipla (EM) (VIGLIETTA et al., 2004), artrite reumatoide (AR)
(CAOQ et al., 2003), psoriase (SUGIYAMA et al., 2005) e LES (LIU et al., 2004).

No LES, o defeito ou auséncia de células Treg parece contribuir com a
patogénese e a atividade da doenca. Experiéncias com transferéncia de células Treg
em camundongos com LES mostraram que elas retardam a progressao da doenga e
reduzem a mortalidade neste modelo animal (SCALAPINO et al., 2006; WEIGERT et
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al., 2013). No entanto, o papel definitivo das células Treg no LES permanece incerto
e o0s achados quanto ao numero e funcdo destas células no LES ainda sao
contraditorios (SCHMIDT et al., 2017).

Alguns estudos relataram redugéo do numero ou comprometimento da fungao
de células Treg em pacientes com LES (BONELLI et al., 2008; VALENCIA et al.,
2007), enquanto outro ndo observou qualquer alteragdo quanto ao numero ou fungéo
(VARGAS-ROJAS et al., 2008). Por outro lado, um grupo de pesquisadores encontrou
um numero aumentado de células Treg em pacientes com LES, o que correlacionaram
com a atividade da doenga (LIN et al., 2007). O numero e a funcdo das células Treg
podem variar dependendo do inicio da doenca, das intervengdes terapéuticas
utilizadas e dos periodos de atividade da doenga (OHL; TENBROCK, 2015).

O avanco significativo na analise das células Treg envolveu a identificagdo da
expressdo do gene de transcricdo FOXP3, necessario para o desenvolvimento,
manutengao e funcionamento de células Treg (DARIO A. A. VIGNALI, 2008; HORI S,
NOMUTA T, 2003). Estudos ja demonstraram que a quantidade de FOXP3 expresso
em células Treg é fundamental para a manutencdo de suas fungbes supressoras
(DEVAUD; DARCY; KERSHAW, 2014; WAN; FLAVELL, 2007), e que anormalidades
na sua expressao podem interferir diretamente no funcionamento e producéo destas
células o que prejudicaria sua resposta supressora na preveng¢ao da autoimunidade
(CRETNEY; KALLIES; NUTT, 2013).

1.3 FATOR DE TRANSCRICAO FOXP3 E SUAS VARIANTES GENETICAS

O gene FOXP3 localizado no brago curto (p) do cromossomo X (Xp11.23) é
composto por 11 éxons e codifica a proteina FoxP3 da familia de fatores de transcrigéo
(forkhead transcription factor 3) (OWEN et al., 2006). A proteina FoxP3 é um fator de
transcricdo composto de 431 aminoacidos e que apresenta um dominio de ligagdo ao
DNA conhecido como forkhead/winged helix (STROUD et al., 2006). Além do dominio
forkhead localizado na porgcao C-terminal, esta proteina também apresenta um
dominio central que engloba regides de Zinco C2H2 (ZnF) e leucina (LeuZip), e outro
dominio repressor na porgao N-terminal (Figura 3) (LOPES et al., 2006).
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Figura 3 — Organizagao gendmica e estrutural do FOXP3.

Cromossomo X S

er— - ’/— l‘
— e ——_— —_—
| Cm— \
]
——
=4
Xpl1l.2 =
4 Dominio ;
P rotente \\‘ repressor ZnF Zip Forkhead '.'
N ﬂ i (&

f | | | | |
1 100 200 300 400 431

Aminoacidos

Fonte: PEREIRA et al. (2017, p. 2, tradugdo nossa). FOXP3: forkhead box P3; ZnF:

regido de Zinco C2H2; Zip: regido de leucina; N: porgdo N-terminal; C: por¢gao C-terminal.

A expressao do FOXP3 ocorre predominantemente em células T CD4" e esta
diretamente envolvida nos processos de regulagdo, ativagdo e diferenciagdo de
células T (CAMPBELL; KOCH, 2011; CHENG; GUO; MING, 2018). O FoxP3 é
responsavel por diferenciar células T CD4* naives em células Treg e atua como
importante marcador e regulador destas células (DING; XU; BROMBERG, 2012;
FONTENOT; GAVIN; RUDENSKY, 2003). Por sua vez, as células Treg CD4*CD25*
que expressam o FOXP3 sao responsaveis pela supressdao de respostas imunes
excessivas e manutencao da homeostasia e autotolerdncia (ALEXANDER Y.
RUDENSKY, 2011; SAKAGUCHI et al., 2008).

Embora varios sinais que induzem a expressao de FOXP3 tenham sido
identificados, os mecanismos exatos pelos quais a expressao do FOXP3 é controlada
em células Treg ainda sado controversos (TAO et al., 2017). Dados sugerem que a
agao sinérgica de sinais de transcricdo e moléculas coestimulatérias aos TCR e
receptores de citocinas sejam necessarios para a transcrigdo ativa do FOXP3
(HUEHN; BEYER, 2015; HUEHN; POLANSKY; HAMANN, 2009).
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Estudos tém relacionado a disfungdo do FOXP3 com a suscetibilidade a
doengas como cancer de mama, pulméo e colorretal (CHENG; GUO; MING, 2018), e
doencgas autoimunes (HE et al., 2013). Variantes genéticas do FOXP3 também tém
sido associadas ao desenvolvimento do LES (D’AMICO et al., 2017; LIN et al., 2011).
Estas variantes podem modificar funcionalmente e quantitativamente a proteina
FoxP3, levando a uma diminuigdo da funcionalidade de células Tregs e
consequentemente, diminui¢ao da supressao imune (COFFER; BURGERING, 2004).

Na literatura foram descritas algumas variantes genéticas de base unica (SNV)
em diferentes regides do gene FOXP3 como a regiao promotora, intrdnica e exbnica
(GAO etal.,2010; HE et al., 2013). As regides promotoras sdo as principais candidatas
para a presenga de SNVs, uma vez que estdo envolvidas no processo de iniciagao da
transcricdo e em muitos elementos que regulam a expressao génica
(HOOGENDOORN et al., 2003). Nesta regido ja foram descritas inumeras SNVs: -
3279 C>A (rs3761548); -924 A>G (rs2232365); -6050 TAATA (rs3060515); -5906 T>A
(rs 2869211); -3499 A>G (rs3761547); -2383 C>T (rs3761549); -1383 C>T
(rs2232364). Na regiao intrénica foram descritas: IVS1 +87 G>T (rs2232366); IVS5 -
20 G>A (rs2232368); IVS9 +459 A>G (rs2280883), enquanto que na regido exdnica
foram descritas SNVs nas regides 1, 2, 3-4, 5-6, 7-8, 9, 10, 11 e 12 (GAO et al., 2010;
OWEN et al., 2006; ZHANG et al., 2009).

No LES, as anadlises das variantes genéticas do FOXP3 ainda sdo pouco
exploradas. Até o presente momento somente trés estudos avaliaram a associagao
das variantes genéticas do FOXP3 com a suscetibilidade, manifestagdes clinicas e
marcadores imunoldgicos desta doenca (D’AMICO et al., 2017; LIN et al., 2011; LAN
et al., 2010).

Lan e colaboradores (2010) avaliaram a associagao das variantes -2383 C>T e
-3281 C>A do FOXP3 com o LES, em 120 pacientes e 160 individuos controles do sul
da China. A distribuicdo da variante -2383 C>T apresentou diferencga significativa entre
0s grupos analisados e o risco relativo de LES foi 1,7 vezes maior nos portadores do
alelo -2383T do que o alelo -2383C. A frequéncia dos haplétipos -2383T/-3281A em
pacientes com LES foi significativamente maior do que no grupo controle, além do
alelo -2383T/-3281A ter sido significativamente associado ao maior risco de LES.
Dessa forma, os autores concluiram que a variante -2383C>T do FOXP3 estava
associada a doencga e que o alelo -2383T € um fator de risco para o LES na populagao
estudada (LAN et al., 2010).
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Lin e colaboradores (2011) avaliaram a correlagdo de cinco variantes do
FOXP3 (-6054 del>ATA, -3499 A>G, -3279 C>A, -2383 C>T e +459 C>T) com a
ocorréncia de manifestacbes clinicas do LES. Foram avaliados 181 controles
saudaveis e 172 pacientes com LES, estratificados pela presenga NL e de marcadores
imunoldgicos (ANA, anti-dsDNA, C3 e C4). Foi observado associagdo do alelo -6054
ATA com menor risco de NL (36,3% com alelo ATA versus 63,6% com delegédo dos
alelos), indicando o possivel papel protetor desta variante na ocorréncia de NL.
Também observaram associag¢ao do alelo -3279 A com baixos niveis de anti-dsDNA
em mulheres com LES. Esses dados demonstraram que as variantes genéticas do
FOXP3 interferem no aparecimento de manifestacao renal e nos niveis de anti-dsDNA
(LIN et al., 2011).

D’Amico e colaboradores (2017) avaliaram a associagao da variante genética
rs2294020 localizada no gene CCDC22, em proximidade com o gene FOXP3, com a
suscetibilidade as doengas autoimunes. O estudo analisou 189 pacientes com LES e
180 individuos controle. Foi observada associacao significativa entre a presenca da
variante rs2294020 com a suscetibilidade ao LES. No entanto, ndo houve associagao
com as manifestagdes clinicas da doencga. Além disso, o estudo também revelou
associagao da variante genética com a suscetibilidade a outras doengas autoimunes
como vitiligo e psoriase (D’AMICO et al., 2017).

Nosso grupo de pesquisa avaliou a associagao das variantes -3279 C>A
(rs3761548) e -924 A>G (rs2232365) do FOXP3 em doengas autoimunes como EM
(FLAUZINO et al., 2019), AR (SELLA, 2019) e doenca inflamatoria intestinal (DII)
(INOUE, 2020). Sella (2019), demonstrou que a variante -3279 C>A n&o foi
significativamente associada com a susceptibilidade a AR. Entretanto, pacientes com
AR e presenca do alelo C, em homozigose ou heterozigose, apresentaram niveis
plasmaticos reduzidos de TGF-B1 e maior frequéncia de pacientes com doenga em
atividade. Na EM, a variante -3279 C>A foi associada ao diagndstico da doenga e os
genotipos CA+AA foram associados aos niveis plasmaticos mais elevados de TGF-
B1, quando comparado com o genétipo CC. Sugerindo que o alelo A da variante -3279
C>A pode exercer papel no numero e fungado das células Treg e pode ser um dos
fatores envolvidos na suscetibilidade das mulheres a EM (FLAUZINO et al., 2019). E
na DII, as variantes -924 A>G e -3279 C>A foram associadas com o diagnéstico de
doencga de Crohn (DC) e retocolite ulcerativa (RCU), respectivamente. A presenga do

haplétipo GAGA foi associado a maior chance de diagndstico de DIl e RCU, assim
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como, com menores niveis plasmaticos de TGF-B1. Ja o haplétipo G/C analisado no
modelo dominante demonstrou um efeito protetor para DC e foi associado a menor
atividade endoscépica. Estes resultados reforcaram que as variantes do FOXP3
analisadas individualmente ou em estruturas haplotipicas exercem um papel

fundamental na suscetibilidade e patogénese da DIl (INOUE, 2020).

1.4 VARIANTES GENETICAS DO TGFB1 E LUPUS ERITEMATOSO SISTEMICO

O TGF-B é uma citocina multifuncional com papel importante nos processos
biolégicos como replicagao celular, diferenciacao, migragcao, apoptose, formagao
0ssea, angiogénese e regulacao do sistema imunoldgico (CHIN et al., 2004). Pode ser
gerado por células imunes das respostas inatas e adaptativas, incluindo linfécitos T,
células dendriticas e mondcitos/macréfagos (YOSHIMURA; WAKABAYASHI; MORI,
2010) e exercer propriedades pro-inflamatérias e imunorregulatérias sobre diversos
microambientes (LI et al., 2006).

Existem trés isoformas de TGF-f identificadas em mamiferos (TGF-g1, TGF-
B2, TGF-B3), sendo TGF-B1 a mais abundante e ubiquamente expressa. As trés
isoformas compartilham regides de similaridade em seus aminoacidos e cada uma
surge de genes localizados em cromossomos diferentes (CHIN et al., 2004). O gene
responsavel pela produgéao de TGF-31 esta localizado no brago longo do cromossomo
19 (19q.13.2) e organizado em 7 éxons (FUJIl et al., 1986). Algumas variantes ja foram
descritas na regido reguladora deste gene, como; -1550-/AGG (rs11466313), -988
C>A (rs1800820), -902 C>T, -800 G>A (rs1800468), -509 C>T (rs1800469), +72-/C
(rs1800999), +869 T>C (rs1982073/rs1800470) e +915 G>C (rs1800471) (Figura 4).
Dentre essas variantes, trés (-509 C>T, +869 T>C, +915 G>C) foram relatadas estar
diretamente associadas com a produgao de TGFB-1 (TZAKAS et al., 2005).
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Figura 4 — Estrutura genémica do TGFB1
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Fonte: TZAKAS et al. (2005, p. 2, tradugdo nossa). As letras de A-G representam
cada locus em relagdo a regiao promotora, as setas indicam o local de inicio da
transcricdo, os éxons sao representados em reténgulos, os pré-propeptideos em
retdngulos brancos, propeptideos em retédngulos pretos e a sequéncia madura em
retdngulos cinza. Os SNVs (nomeados de forma diferente por diferentes

pesquisadores) sao fornecidos nas caixas sombreadas.

As variantes genéticas do TGFB1 tém sido associadas a suscetibilidade e
parametros clinicos de varias doencas, incluindo doenca arterial coraniana (XU et al.,
2014), doenca pulmonar obstrutiva crénica (CELEDON et al., 2004), infarto
(BARSOVA et al., 2012), risco de acidente vascular cerebral (AVC) (SIE et al., 2006),
canceres (DUNNING et al., 2003; SLATTERY et al.,, 2011) e doengas autoimunes
como EM (SCHRIJVER, et al., 2004) e AR (MATTEY et al., 2005).

No LES, as variantes da regido codificadora e promotora do gene TGFB1, e
consequentemente, os niveis alterados de TGF-B1, tém demonstrado influenciar a
suscetibilidade e manifestagdes clinicas da doenca (REZAEI et al., 2015). Um estudo
prévio demonstrou que pacientes com LES apresentavam niveis plasmaticos mais
baixos de TGF-B1 do que individuos saudaveis e que a produgao desta citocina estava
inversamente correlacionada com a gravidade da doenga (OHTSUKA et al., 1999).

Caserta e colaboradores (2004) selecionaram 23 pacientes com LES e 32
controles saudaveis, e avaliaram a associagao da variante -509 C>T do TGFB71 com
a presenca de LES e Sindrome de Sjogren. Nao foi observado associagao significativa
entre os gendtipos da variante -509 C>T e LES ou Sindrome de Sjogren. No entanto,
na analise das frequéncias alélicas demonstrou que a frequéncia do alelo C esta
diminuida no grupo Sindrome de Sjogren quando comparado aos controles, embora

a diferencga ndo tenha alcangado significancia estatistica. Os autores concluem a partir
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dos resultados, que a variante -509 do TGFB1 nao esta significativamente associada
com o LES e a Sindrome de Sjogren, e que provavelmente este ndo seja um fator de
risco importante para o desenvolvimento das duas doengas (CASERTA et al., 2004).

Lu e colaboradores (2004) realizaram um estudo para esclarecer se a
desregulagéo pelo TGF-31 € determinada geneticamente. Um total de 138 pacientes
com LES e 182 controles foram genotipados para 5 SNVs do TGFB1: -988 C>A, -800
G>A, -509 C>T, Leu10/Pro10 e Arg25/Pro25. Os pacientes com LES apresentaram
niveis séricos mais baixos de TGF-31 em comparagcdo com os controles e nenhum
dos SNVs analisados foi fortemente associado ao LES ou ao prognéstico de NL.
Dessa forma, concluiram que essas variantes nao representam uma predisposi¢cao
genética para o desenvolvimento do LES (LU et al., 2004).

Wang e colaboradores (2007) avaliaram a associagao da variante +869 T>C do
TGFB1 com a patogénese do LES em 196 pacientes japoneses. O gendtipo e as
frequéncias alélicas nao diferiram entre o grupo LES e controle. No entanto, em
comparacgao aos genotipos TC e CC, o gendtipo TT foi associado a maior producéo
de anticorpos anti-Ro e maior incidéncia de necrose asséptica; enquanto que o
gendtipo CC apresentou maior frequéncia de anticorpos anti-RNP em comparagéo
aos pacientes com os gendtipos TC e TT. Esses resultados sugerem que a variante
+869 T>C do TGFB1 pode estar envolvida no desenvolvimento de autoanticorpos e
na ocorréncia de necrose asséptica em pacientes com LES (WANG et al., 2007).

Sayed e colaboradores (2014) investigaram a associa¢ao da variante +869 T>C
do TGFB1 com a susceptibilidade ao LES, manifestagdes clinicas, NL e niveis séricos
de TGF-31 em uma populagao de 56 pacientes com LES e 40 controles saudaveis. O
gendtipo e as frequéncias alélicas nao diferiram entre os grupos. Pacientes com LES
apresentaram niveis séricos reduzidos de TGF-1 quando comparado ao controle.
Niveis reduzidos de TGF-31 foram observados em pacientes com NL, em relacéo a
pacientes sem NL. O TGF-1 foi significativamente reduzido no grupo TT do que nos
grupos CC e TC. Nenhuma correlacédo significativa foi encontrada entre os niveis
séricos de TGF-B1 com o escore SLEDAI e as manifestacdes clinicas. Dessa forma,
os autores concluiram que a variante +869 T>C nao esta associada a suscetibilidade
e manifestacdes clinicas da doenca. No entanto, a variante pode levar a baixa
producao de TGF-B1, principalmente no gendtipo TT e, consequentemente,
desempenhar papel importante no desenvolvimento de lesdo renal (SAYED et al.,
2014).
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Os resultados entre os diferentes estudos sao conflitantes, e ainda n&o existe
um consenso do papel das variantes do TGFB7 na suscetibilidade, atividade e
manifestagdes clinicas do LES. Além disso, até o presente momento, nenhum estudo
foi realizado na populacéo brasileira. Portanto, este é o primeiro estudo brasileiro a
avaliar a associacdo das variantes -509 C>T e +869 T>C do TGFB71 com a

suscetibilidade, atividade e niveis plasmaticos de citocinas em pacientes com LES.

1.5 TRATAMENTO

A compreensao dos mecanismos imunes envolvidos na patogénese do LES
evoluiu muito durante os ultimos anos o que permitiu o reconhecimento de potenciais
alvos imunoldgicos, além do desenvolvimento de drogas dirigidas contra moléculas
especificas e alvos envolvidos no processo autoimune (SAMOTIJ; REICH, 2019).

Atualmente, as principais terapias utilizadas no LES incluem hidroxicloroquina
(HCQ), glicocorticoides (GC) e drogas imunossupressoras como o metotrexato (MTX),
azatioprina (AZA), micofenolato mofetil (MMF), ciclofosfamida (CYC) e rituximabe
(RTX) (FANOURIAKIS et al.,, 2019). A HCQ ¢é o antimalarico mais comumente
prescrito e um dos poucos medicamentos licenciados para o tratamento do LES.
Apresenta boas evidéncias de eficacia e seguranga, sendo utilizada quando ha
envolvimento da pele e das articulagbes, mialgia, febre, fadiga e pleurisia, e para evitar
o desenvolvimento de doenca renal e dano crénico (RUIZ-IRASTORZA et al., 2010).

Os GC podem fornecer alivio rapido dos sintomas, no entanto, a terapia a longo
prazo pode apresentar efeitos prejudiciais que incluem danos irreversiveis a alguns
orgaos (BRUCE et al., 2015). Dessa forma, a dose de GC deve ser reduzida conforme
a atividade da doenga melhore até a menor dose de manutencédo possivel e
interrompida, se possivel, a medida que outros agentes imunossupressores sejam
inseridos na terapia (GORDON et al., 2018).

O MTX, embora néo licenciado para o tratamento do LES, tem sido utilizado
em doses baixas (10 mg/semana) para reduzir a atividade da doenca, controlar a
artrite inflamatadria e as erupgdes cutaneas do LES (KIPEN; LITTLEJOHN; MORAND,
1997; WONG; ESDAILE, 2005). Deve ser utilizado em pacientes que inicialmente
falharam ao uso de HCQ e GC de baixa dosagem e também pode ser utilizado em
associacdo com a HCQ para evitar o uso ou promover a reducao da dose de GC
(FANOURIAKIS et al., 2019; GORDON et al., 2018).
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O MMF demonstrou que, em combinagdo com os GC, reduz a atividade do
LES, reduz as crises renais e n&o-renais e tem apresentado boa tolerancia (GORDON
et al., 2018). Tem sido cada vez mais utilizado como tratamento da primeira linha da
NL grave devido a sua margem terapéutica mais ampla em comparagao, por exemplo,
com a CYC (MOK; LAI, 2002). Além de apresentar propriedades imunossupressoras,
o MMF também & benéfico para o retardo da progressao da aterosclerose (GIBSON;
HAYDEN, 2007).

Estratégias de imunoterapia com base no uso de células Treg tém representado
uma nova abordagem terapéutica para controle do processo inflamatério no LES
(DEJACO et al.,, 2006). O objetivo do tratamento dirigido com células Treg é
reestabelecer a auto tolerancia fisiolégica e aumentar o efeito supressor de nTreg
sobre as células T autorreativas sem ocasionar os efeitos adversos associados ao uso
de terapia imunossupressora a longo prazo (MIYARA; ITO; SAKAGUCHI, 2014).

As vantagens da transferéncia adotiva de células Treg no tratamento do LES
sdo numerosas e incluem: (a) direcionamento da terapia conforme a especificidade
antigénica; (b) inducdo de uma imunorregulacdo in vivo mais duradoura; e (C)
possibilidade de padronizacdo de terapias individualizadas a fim de minimizar os
efeitos adversos (CRUVINEL et al., 2008). No entanto, apesar dos beneficios, existem
dificuldades quanto a identificagdo de células Treg confidveis e a determinacdo do
numero suficiente de células para fins terapéuticos que limitam seu uso
(BLUESTONE, 2005). Também existem preocupagdes quanto a preservacdo do
fendtipo e da fungao regulatoria de células Treg frente a ambientes proinflamatérios
como observado no LES (GIANG; LA CAVA, 2016). A neutralizagdo dessas citocinas
inflamatdrias desestabilizadoras de Treg como TNF-a e IL-6 no ambiente autoimune
seria crucial para aumentar a funcdo supressora de células Treg e,
consequentemente, aumentar as chances de restaurar o controle imunoldgico perdido
(TAO et al., 2017). Além disso, a terapia de transferéncia de células Treg também
pode nao alcancar a eficacia desejada devido a heterogeneidade das células Treg e
possiveis instabilidades na expressao do FOXP3 (TAO et al., 2017).

Embora ainda nao exista um tratamento ideal para o LES, é provavel que, nos
proximos anos, novas terapias sejam desenvolvidas (DORIA et al., 2017) a fim de
alcancar a remissao da doencga, a prevencado do acumulo de danos e a melhora da
qualidade de vida de pacientes com LES (FANOURIAKIS et al., 2019).
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2 JUSTIFICATIVA

A fisiopatologia do LES ainda ndo esta totalmente elucidada e diversos fatores
etiolégicos parecem causar as anormalidades imunes observadas na doenga. Sabe-
se que fatores genéticos podem estar associados a suscetibilidade e prognéstico do
LES, enquanto os fatores ambientais sao responsaveis pelo seu desencadeamento e
modulacdo. As variantes genéticas, associadas a diferenciagdo e modulagdo de
células imunes e a producéao de citocinas, podem alterar as respostas imunes inata e
adaptativa e a imunotolerancia e influenciar no aparecimento, progressao e gravidade
da doenca. Embora resultados promissores tenham demonstrado o envolvimento das
variantes genéticas FOXP3 -3279 C>A (rs3761548), FOXP3 -924 A>G (rs2232365),
TGFB1 +869 T>C (rs1800470) e TGFB1 -509 C>T (rs1800469) em algumas doencgas
autoimunes, no LES os dados ainda sdo escassos e muitas vezes controversos. Desta
forma, torna-se fundamental determinar o envolvimento destas variantes genéticas na
suscetibilidade e nos parametros clinicos e laboratoriais da doencga, possibilitando o
melhor conhecimento da fisiopatologia assim como a possivel identificacdo de novos

candidatos a biomarcadores e alvos terapéuticos.
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3 OBJETIVOS

3.1 OBJETIVO GERAL

Avaliar a associagdo das variantes genéticas FOXP3 -3279 C>A (rs3761548),
FOXP3 -924 A>G (rs2232365), TGFB1 +869 T>C (rs1800470) e TGFB1 -509 C>T

(rs1800469) com a suscetibilidade e parametros clinicos e laboratoriais do LES.

3.2 OBJETIVOS ESPECIFICOS

— Comparar a frequéncia das variantes genéticas do FOXP3 (rs3761548 e
rs2232365) e do TGFB1 (rs1800470 e rs1800469) em pacientes com LES e
individuos controles;

— Associar as variantes genéticas do FOXP3 (rs3761548 e rs2232365) e do
TGFB1 (rs1800470 e rs1800469), isoladamente e em haplétipo, com a
suscetibilidade e atividade do LES;

— Avaliar a associacdo das variantes genéticas do FOXP3 (rs3761548 e
rs2232365) e do TGFB1 (rs1800470 e rs1800469) com a presenca de
autoanticorpos;

— Determinar a associagao das variantes genéticas do FOXP3 (rs3761548 e
rs2232365) com a presenga de nefrite lupica.

— Verificar a associagao das variantes genéticas do FOXP3 (rs3761548 e
rs2232365) e do TGFB1 (rs1800470 e rs1800469), com os niveis plasmaticos
de TGF-B1 em pacientes com LES;
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4 SUJEITOS E METODOS

4.1 AsPECTOS ETICOS E CONSENTIMENTO LIVRE E ESCLARECIDO

O projeto de pesquisa foi aprovado pelo Comité de Etica em Pesquisa
Envolvendo Seres Humanos da Universidade Estadual de Londrina (UEL), com o
CAAE: 01865212.0.0000.5231 (Anexo C) e o termo de consentimento livre e
esclarecido (TCLE) (Apéndice A) foi obtido de todos os participantes envolvidos no
estudo. A pesquisa foi conduzida em conformidade com as normas estabelecidas de
experimentagdo humana, de acordo com os principios expressos na Declaragao de

Helsinque.
4.2 DELINEAMENTO E POPULACAO

Este € um estudo caso-controle, prospectivo, em que foram selecionados 368
participantes no total, de ambos os sexos, com idade entre 18 a 69 anos, subdivididos
em dois grupos: Grupo controle (n=165), individuos saudaveis, selecionados entre os
doadores de sangue do Hemocentro Regional de Londrina e Grupo LES (n=203),
pacientes com LES selecionados no Ambulatério de Reumatologia do Hospital
Universitario de Londrina - Parana/Brasil, durante os anos de 2014 a 2018. O
diagnodstico de LES foi definido de acordo com os critérios do ACR revisados em 2012
(PETRI et al., 2012) (Anexo D), e a atividade da doenca foi determinada pelo escore
SLEDAI-2K, sendo SLEDAI = 6 considerado moderada e alta atividade, enquanto que
SLEDAI < 6 doenga inativa ou leve atividade. (Anexo B) (PETRI et al.,, 1991;
GLADMAN; IBANEZ; UROWITZ, 2002). A NL foi diagnosticada com base no histérico
meédico ou pela presencga de proteinuria (20,59 / 24h) e/ou hematuria, ou achado
patologico no sedimento urinario, com ou sem aumento dos niveis de creatinina (SUI
et al.,, 2013). Os critérios de exclusao foram: presenga de outras doencgas
inflamatadrias, infecciosas, autoimunes e neoplasicas.

Informacgdes sobre o histérico médico, tratamento para o LES e o estilo de vida
foram obtidos na avaliagao clinica realizada pelo médico reumatologista. Informacdes
como a duragdo da doenca, utilizacdo de medicamentos anti-inflamatorios,
corticoides, antimalaricos, contraceptivos orais, anti-hipertensivos e também

suplementos com vitaminas antioxidantes, foram registradas para cada paciente e
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controle (Apéndice B). Os individuos do estudo relataram n&o fazer o uso de bebidas
alcodlicas regularmente.

O peso corporal foi avaliado com aproximacgao de 0,1 kg utilizando uma balancga
eletrénica e com os individuos vestindo roupas leves, sem sapatos e no periodo da
manha3; a altura foi medida com precisao de 0,1 cm, utilizando-se um estadidmetro. O
indice de massa corporal (IMC) foi calculado como peso (kg) dividido pela altura (m)

ao quadrado.

4.3 COLETA, ARMAZENAMENTO E PROCESSAMENTO DAS AMOSTRAS

Apds jejum de 12 horas, as amostras de sangue venoso foram colhidas
utilizando tubos coletores estéreis (BD Vacutainer® UltraTouch™, Franklin Lakes, NJ,
EUA), sem ou com o anticoagulante acido etilenodiaminotetracético (EDTA). As
amostras foram centrifugadas a 3000 rpm por 15 min e armazenadas em aliquotas de
plasma, soro e buffy coat a uma temperatura de -80° C até o0 momento das analises

quando as analises ndo eram realizadas no mesmo dia.

4.4 DETERMINACAO DE MARCADORES LABORATORIAIS

Os niveis séricos dos componentes do sistema complemento C3 e C4 foram
avaliados por turbidimetria (C8000™, Abbott Laboratory, Abbott Park, IL, USA)
seguindo as orientagbes do fabricante. ANAs foram determinados por
imunoflorescéncia indireta (IFl) utilizando células HEp-2 (IFI-ANA-HEp2-IgG, Viro-
Immun-Labor-Diagnostika, GmbH, Oberursel, Germany) e considerado resultado
positivo quando os titulos foram = 1:80. Os autoanticorpos (anti-dsDNA, anti-
nucleossomo, anti-Sm e anti-U1TRNP) foram quantificados por imunoensaio
enzimatico indireto (ELISA, Orgentec Diagnostika, GmbH, Oberursel, Germany) e
considerado resultado positivo quando os valores obtidos foram = 20 IU/mL. Os niveis
plasmaticos de TGF- B1 foram determinados por ensaio magnético de microesferas
utilizando kit singleplex (ProcartaPlex by Thermo Fisher Scientific, Vienna, Austria)
para plataforma Luminex® utilizando o equipamento MAGPIX® (Luminex Corporation,
Austin, USA).
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4.5 VARIANTES GENETICAS

4.5.1 Extragdo do DNA

A extragdo do DNA gendmico a partir das amostras de buffy-coat foi realizada
pelo método de separagdo em coluna, com reagentes comercialmente disponiveis
(Biopur, Biometrix Diagndstica, Curitiba, Brasil) e de acordo com as instrugbes
fornecidas pelo fabricante. As amostras de DNA foram quantificadas utilizando o
espectrofotdbmetro NanoDrop 2000c™ (ThermoScientific, Waltman, MA, USA) a 260

nm e a pureza foi avaliada pela razdo 260/280 nm.

4.5.2 Variantes Genéticas do FOXP3

As variantes genéticas do FOXP3 -3279 C>A (rs3761548) e -924 A>G
(rs2232365) foram avaliadas por reacéao em cadeira da polimerase (PCR) seguida por

polimorfismo no comprimento dos fragmentos de restricao (RFLP).

4.5.2.1 PCR para as variantes -3279 C>A (rs3761548) e -924 A>G (rs2232365) do
FOXPS3.

Aproximadamente 100 ng de DNA foram utilizados para amplificar a sequéncia
de 155 pares de base (pb) (rs3761548) e 249 pb (rs2232365) do FOXP3, utilizando a
PCR de acordo com os protocolos descritos na literatura, com algumas modificagdes
(BANIN HIRATA et al.,, 2017). Os primers utilizados para a amplificacdo das
sequéncias de 155 pb e 249 pb do gene FOXP3, foram sintetizados de acordo com a
sequéncia depositada no GenBank sob numero NT _0073921. Para a variante
rs2232365, o primer forward é formado pela sequéncia 5 AGG AGA AGG AGT GGG
CAT TT 3’ e o primer reverse é formado pela sequéncia 5 TGT GAG TGG AGG AGC
TGA GG 3’ (PARADOWSKA-GORYCKA et al., 2015). Enquanto que para a variante
rs3761548, o primer forward é formado pela sequéncia 5 GGC AGA GTT GAA ATC
CAA GC 3’ e o primer reverse é formado pela sequéncia 5 CAA CGT GTG AGA AGG
CAG AA 3’ (HE et al., 2013).

A reacgao de PCR foi realizada em um volume final de 25 uL, contendo 0,25 mM
de cada primer, 1,50 mM de MgCl2, 0,10 mM de dNTP (/nvitrogen™, Life
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Technologies, Carlsbad, CA, USA), 1,25 U da enzima DNA polimerase recombinante
diluida em seu tampao 1X (20 mM de Tris-HCI ph: 8,4; 50 mM de KCI) (Invitrogen™,
Life Technologies, Carlsbad, CA, USA), e 100ng da amostra de DNA. A reagao de
amplificagdo foi realizada em termociclador (Applied Biosystems Veriti™ 96-well
Thermal Cycler, Life Technologies, Foster City, CA, USA), com um ciclo de
desnaturacao inicial de 4 minutos a 94°C; seguido por 35 ciclos de 30 segundos a
94°C para desnaturacao, para o anelamento 30 segundos a 59°C para o rs2232365
ou 30 segundos a 65°C para o rs3761548 e 30 segundos a 72°C para extensao; e 10
minutos a 72°C para a extensao final. Todas as reag¢des foram realizadas com um
controle negativo (auséncia de DNA) para assegurar a ndo contamina¢ao com acidos
nucleicos.

Para a analise da amplificagdo do gene FOXP3, 5 uL do produto por PCR e 5
uL do corante xileno cianol (XC) foram aplicados em gel de poliacrilamida 10%. Em
cada eletroforese foi incluido o controle negativo, com auséncia de DNA e o ladder de
50 pb (Invitrogen™, Life Technologies, Carlsbad, CA, USA) para determinar o
tamanho do fragmento de DNA amplificado. A eletroforese foi realizada a 100 V por
60 minutos com posterior coloragdo do gel com nitrato de prata (BANIN HIRATA et al.,
2017).

4.5.2.2 Polimorfismo no comprimento dos fragmentos de restricdo (RFLP) para a
variante rs2232365.

A partir dos produtos de amplificagdo da PCR, foi realizada a digestao
enzimatica com a enzima de restricdo Esp3l (Anza™, Invitrogen, Life Technologies,
Carlsbad, CA, USA). Cinco microlitros do produto da PCR foram digeridos com 0,3 uL
de enzima Esp3l 10U/uL overnight a 37°C em termobloco. Os produtos da digestéao
enzimatica foram analisados por eletroforese em gel de poliacrilamida 10%, aplicando-
se 5 uL do produto de digestdo enzimatica de cada amostra e 5 pyL de corante XC no
gel para a visualizagdo dos fragmentos formados. A eletroforese foi realizada de
acordo com Banin Hirata et al. (2017). A analise dos fragmentos permitiu a

identificacdo dos trés gendtipos da variante estudada (Figura 5).

= AA representa o gendtipo em homozigose sem o sitio de restrigéo,

apresentando somente um fragmento com 249 pb.
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» AG representa o genotipo em heterozigose, contendo trés fragmentos na
eletroforese, com 132 pb e 117 pb (provenientes da clivagem do sitio de
restricdo presente no alelo G) e 249 pb (proveniente do alelo A que nao sofre

a agao da enzima).

» GG representa o gendtipo com homozigose para o sitio de restricdo e
apresenta dois fragmentos com 132 pb e 117 pb.

Figura 5 — Perfil eletroforético em gel de acrilamida, para caracterizagao dos
genotipos do rs2232365 FOXP3 -924 A>G.

249pb

132 e 117pb

Fonte: Proprio autor. Eletroforese em gel de poliacrilamida 10% apds coloragdo com
nitrato de prata caracterizando os trés gendtipos apos a digestdo com a enzima de restricao
Esp3l. L: ladder de DNA com 50 pb; gendtipo AA (presenga de um unico fragmento com
249pb); gendtipo GG (presenca de dois fragmentos com 132 e 117pb); gendtipo AG (presenca
de trés fragmentos com 249, 132 e 117pb).

4.5.2.3 Polimorfismo no comprimento dos fragmentos de restricdo (RFLP) para a
variante rs3761548.

A partir dos produtos de amplificagdo da PCR, foi realizada a digestéo
enzimatica com a enzima de restricdo Pstl (Anza™, Invitrogen, Life Technologies,
Carlsbad, CA, USA). Cinco microlitros do produto da PCR foram completamente
digeridos com 0,3 pL de enzima Pstl 10U/uL overnight a 37°C em termobloco. Os
produtos da digestdo enzimatica foram analisados por eletroforese em gel de
poliacrilamida 10%, aplicando-se 5 yL do produto de digestdo enzimatica de cada
amostra e 5 uL de corante XC no gel para a visualizagéo dos fragmentos formados. A

eletroforese foi realizada de acordo com Banin Hirata et al. (2017). A analise dos
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fragmentos permitiu a identificagdo dos trés gendtipos da variante estudada (Figura
6).

= CC representa o gendtipo com homozigose para o sitio de restricdo e

apresenta dois fragmentos com 75 pb e 80 pb.

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

da enzima).

= AA representa o gendtipo em homozigose sem o sitio de restricédo,

apresentando somente um fragmento com 155 pb.

Figura 6 — Perfil eletroforético em gel de poliacrilamida, para caracterizagao
dos gendtipos do rs3761548 FOXP3 -3279 C>A.

L..

A & «—1 155pb

EHE - " «——80e75pb

[ rocon

we CA AA

’L
- l

Fonte: Proprio autor. Eletroforese em gel de poliacrilamida 10% apés coloragao com
nitrato de prata caracterizando os trés genétipos apés a digestdo com a enzima de restricao
Pstl. L: ladder de DNA com 50 pb; gendtipo AA (presenca de um unico fragmento com 155
pb); gendtipo CC (presencga de dois fragmentos com 80 e 75 pb); gendtipo CA (presencga de
trés fragmentos com 155, 80 e 75pb).

4.5.3 Variantes Genéticas do TGFB1

As variantes genéticas do TGB71 +869 T>C (rs1800470) e -509 C>T
(rs1800469) foram genotipadas por meio de qPCR pelo método de TagMan®. O
ensaio foi realizado utilizando 0,25 yL de TaqgMan SNP Genotyping Assay 40X
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(Applied Biosystems, Foster City, CA, USA) contendo dois primers e duas sondas
TagMan® MGB alelo-especificas com um corante reporter na extremidade §' (VIC®
ou FAM®), conforme descrito no quadro 1,5 yL de TagMan Universal Genotyping
Master Mix (Applied Biosystems, Foster City, CA, USA) e 5 ng de DNA gendmico. Com
volume final de reacdo de 10 uL. Os niveis de fluorescéncia foram avaliados pelo
termociclador Step One (Applied Biosystems da Life Techonologies, Carlsbad, CA,
USA).

Quadro 1 — Sondas para genotipagem das variantes do TGFB1.

Variante Tagman assay Sondas MGB fluorescentes

TGFB1 +869 T>C | C__22272997_10 | [VIC/IFAM] TAG CCA CAG CAG CGG TAG CAG

(rs1800470) CAG CJA/G]G CAG CCG CAG CCC GGA GGG
CGG

TGFB1-509 C>T | C__8708473_10 | [VIC/IFAM] GAG GAG GGG GCA ACA GGA CAC

(rs1800469) CTG AJA/G]G GAT GGA AGG GTC AGG AGG
CAG ACA

MGB: minor goove binder.

4.6 ANALISE ESTATISTICA

A analise estatistica realizada foi a mesma para os dois artigos elaborados. Os
dados categodricos foram avaliados pelo teste de qui-quadrado e expressos em
numero absoluto (n) e percentagem (%). Foram calculados a razdo de chance (odds
ratio-OR) e intervalo de confiangca de 95% (IC 95%). Os dados continuos foram
analisados pelo teste de Mann-Whitney e expressos como mediana e percentis (25%-
75%). Todas as analises estatisticas foram realizadas pelo programa estatistico SPSS
para Windows, versdo 22.0 (SPSS 31 Inc., CHIGADO, IL, EUA) e a significancia
estatistica foi definida como p<0,05. A inferéncia dos locais de recombinagao entre
os alelos do FOXP3 e TGFB1 foi determinada usando-se o software PHASE verséao
2.1.1, atribuindo cada haplétipo com probabilidade maxima (STEPHENS; SMITH;
DONNELLY, 2001; STEPHENS; SCHEET, 2005). A associagdo dos haplétipos do
TGFB1 com a suscetibilidade ao LES foi avaliada pelo software SNPStat (Solé at al.,
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2006). O equilibrio de Hardy-Weinberg e a estimativa do desequilibrio de ligagéo por
pares foram realizadas no software Haploview versao 4.2. O desequilibrio de ligagao

por pares entre os SNVs foi fornecido descrevendo o valor D e o quadrado do r.
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5 RESULTADOS

Os resultados desta tese foram apresentados e discutidos em dois artigos

cientificos:

Artigo1: Haplotypes of FOXP3 genetic variants are associated with
susceptibility, autoantibodies, and TGF-B1 in patients with systemic lupus
erythematosus. Submetido ao periddico Scientific Reports com fator de impacto de
4.576.

Artigo2: TGFB1 +869 T>C (rs1800470) variant is independently associated
with susceptibility and disease activity in systemic lupus erythematosus.

Submetido ao periédico Scientific Reports com fator de impacto de 4.576.
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Abstract

The aim of this study was to evaluate the association of rs2232365 (-924 G>A) and rs3761548
(-3279 C>A) FOXP3 variants with systemic lupus erythematosus (SLE) susceptibility, TGF-
B1 plasma levels, autoantibodies, and LN nephritis, and SLE disease activity index (SLEDAI).
The study included 196 SLE female patients and 157 female controls. FOXP3 variants were
determined with polymerase chain reaction-restriction fragment length polymorphism (PCR-
RFLP). Plasma levels of TGF-f1 were determined using immunofluorimetric assay. The AA
genotype [OR: 2.650, CI 95%(1.070-6.564), p=0.035] and A allele [OR: 2.644, Cl 95%(1.104-
6.333), p=0.029] were associated with SLE diagnosis in the -3279 C>A. The A/A haplotype
was associated with SLE [OR: 3.729, CI 95%(1.006-13.820), p= 0.049]. GCGC haplotype
patients had higher TGF-B1 levels (p=0.012) than other haplotypes. Patients with -924 AA
genotype showed higher frequency of anti-dsDNA (p=0.012) and anti-ULRNP (p=0.036). The
AJ/C haplotype had higher SLEDAI score [OR: 1.119, Cl 95%(1.015-1.234), p=0.024] and
ACAC haplotype higher frequency of anti-dsDNA [OR: 3.026, Cl 95%(1.062-8.624),
p=0.038], anti-U1RNP [OR: 5.649, CI 95%(1.199-26.610), p=0.029] and nephritis [OR: 2.501,
Cl 95%(1.004-6.229), p=0.049]. Our data demonstrate that the G/C haplotype provides
protection for SLE. While the presence of allele A of both variants could favor autoimmunity,

disease activity, and LN.

Key words: Systemic lupus erythematosus, TGF-1, FOXP3, rs2232365, rs3761548.
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Introduction

Systemic lupus erythematosus (SLE) is an autoimmune inflammatory disease,
characterized by dysregulated innate and adaptive immune responses with multiple organ
damage [1]. Disease manifestation is very heterogeneous with different characteristics, ranging
from laboratory abnormalities to multiorgan failure [2]. Lupus nephritis (LN) is a severe
manifestation of SLE, affecting approximately 40-70% of patients and contributes substantially

to disease morbidity and mortality [3].

The etiology of SLE is not completely elucidated but involves an interaction between
genetic, hormonal and environmental factors [4, 5, 6]. The pathophysiology of SLE is complex
and characterized by the production of a large amount of autoantibodies that act against nuclear
cells structures and promote inflammation and tissue damage [7]. The generation of
autoantibodies is a result of various immunological changes, including inappropriate regulation
of B and T cells, loss of immune tolerance, and defective clearance of apoptotic cells and

immune complexes [8].

The regulatory CD4"CD25" T (Treg) cells are a subset of CD4" T cells that plays a
crucial role in suppression of the immune response [9] by TGF-f1 and IL-10 production [10].
The majority of Treg cells arise during thymic T-cells maturation and are characterized by high
constitutive expression of the IL-2 receptor alfa chain (CD25) and the transcription factor
forkhead box protein 3 (FoxP3) [11, 12]. The FoxP3 belongs to the forkhead/winged-helix
family of transcription factors and it is considered the master regulator of Treg cells
development and function [13, 14]. FOXP3 gene is located on chromosome Xp11.23 with a
highly conserved forkhead DNA-binding domain. An expression of this gene is essential for
CD4* T cells differentiation into CD4*CD25" Treg cells [15]. Treg cells depletion has also been

associated with the pathogenesis, severity, and periods of disease activity of SLE [16, 17, 18].
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Different single nucleotide variants (SNVs) have been described in the promoter region
of FOXP3, which can affect the expression of FoxP3 and impair the Treg cells differentiation
and function [19]. The -924 G>A (rs2232365) and -3279 C>A (rs3761548) FOXP3 variant
were associated with the susceptibility and prognosis of various autoimmune diseases, such as

rheumatoid arthritis [20, 21], multiple sclerosis [22], and SLE [8].

Recently, our group demonstrated that -3279 C>A of FOXP3 variant was associated to
multiple sclerosis diagnosis in female patients [22]. Regarding the other FOXP3 variant, the -
924 G>A was evaluated in some autoimmunity diseases [23, 24, 25] but not in SLE. Thus, we
hypothesized that FOXP3 variants could influence Treg cells function, by the inhibition of
TGF-B1 production, and promoting autoantibodies and disease activity in SLE patients.
Therefore, the aim of this study was to evaluate the -924 G>A (rs2232365) and -3279 C>A
(rs3761548) FOXP3 variants and their association with SLE susceptibility, TGF-B1 plasma
levels, presence of autoantibodies and LN, and SLE disease activity index (SLEDAI) in SLE

patients.

Subjects and Methods

Subjects

This is a case-control study that included 353 adult participants. Among them, 196 were
SLE female patients, consecutively recruited during the 2016 to 2018 period of the
Rheumatology Outpatient Clinic of the University Hospital of Londrina-Parana/Brazil. The
SLE diagnosis was established according to the American College of Rheumatology (ACR)
criteria [26]. The SLEDAI-2K score was used to determine disease activity and values > 6 were
used as a parameter to classify moderate and high disease activity and < 6 to inactive and mild
disease activity [27, 28]. LN was reported based on medical history or by the presence of

proteinuria (>0.5g/24h) and/or hematuria or pathological finding in the urine sediment, with or
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without an increase in creatinine serum levels [29]. All patients had LN confirmed by biopsy.
As controls, 157 healthy female were selected from blood donors of the Regional Blood Center

of Londrina. Patients and controls were matched by age, ethnicity and body mass index (BMI).

Inclusion criteria was age between 18 and 69 years old. The exclusion criteria were the
presence of other inflammatory, infectious, autoimmune and neoplastic diseases. Information
about lifestyle, medical history, treatment and blood collection were obtained at the time of
inclusion in the study. All participants gave written informed consent, and the study protocol
was fully approved by the Institutional Research Ethics Committees of State University of

Londrina, Parana, Brazil (CAAE: 01865212.0.0000.5231).

Anthropometric measurements

Body weight was measured to the nearest 0.1 kg using electronic scales, with individuals
wearing light clothing, but no shoes, in the morning; height was measured to the nearest 0.1 cm

by using a stadiometer. BMI was calculated as weight (kg) divided by height (m) squared.

Blood Collection and Immunological Biomarkers

After fasting for 12 hours, venous blood samples were obtained with
ethylenediaminetetraacetic acid (EDTA) as anticoagulant and without anticoagulant. Further,
whole blood was centrifuged at 3000 rpm for 15 min and serum, plasma and buffy-coat were
separated, divided into aliquots, and stored at —80 °C until use. Serum levels of complement,

C3 and C4 were assessed by turbidimetry (C800™, Abbott Laboratory, Abbott Park, IL, USA).

Antinuclear antibodies (ANA) were quantified using indirect immunofluorescence with
HEp2 cells as a substrate (IFI-ANA-HEp2-1gG; VIRO-IMMUN Labor Diagnostika, GmbH,
Oberursel, Germany) and were considered significant when titers > 1:80. Anti-double stranded

DNA (Anti-dsDNA), anti-nucleosome, anti-Smith (anti-SM), anti-U1 ribonucleoprotein (anti-
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U1RNP) antibodies were quantified by antibody enzyme immunoassay (ELISA, Orgentec

Diagnostika, GmbH, Germany) and were considered positive when results > 20 1U/mL.

TGF-B1 plasma levels were determined using microspheres immunofluorimetric assay
(ProcartaPlex by Thermo Fisher Scientific, Vienna, Austria) for Luminex platform
(MAGPIX™, Luminex Corp., Austin, TX, USA). All analyzes were performed according to

the manufacturer's instructions.

Genomic DNA extraction

Genomic DNA was extracted from a buffy-coat of peripheral blood cells using a resin
column procedure (Biopur, Biometrix Diagnostika, Curitiba, Brazil), following the
manufacturer’s recommendations. The DNA concentration was measured with a NanoDrop
2000c™ spectrophotometer (ThermoScientific, Waltman, MA, USA) at 260 nm and purity was

assessed by measuring the 260/280 nm ratio.

FOXP3 genetic variant genotyping

Two SNVs in the promoter region of the FOXP3 were genotyped: -924 G>A
(rs2232365) at position 49259426 and -3279 C>A (rs3761548) at position 49261784 according

to listed in the international database and to GenBank accession number (NG_007392.1).

Polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP)
analysis was carried out using peripheral blood genomic DNA to detect the rs2232365 and
rs3761548 SNVs, as previously reported by [30] with some modifications. For rs2232365
genotyping, the following primers were used: 5 -AGGAGAAGGAGTGG GCATTT-3
(forward) and 5 -GTGAGTGGAGGAGCTGA GG-3° (reverse) [20]. For rs3761548
genotyping was performed with the following primers: 5-GGCAGAGTTGAAATCCAAGC-

3’ (forward) and 5’-CAACGTG TGAGAAGGCAGAA-3' (reverse) [31]. The PCR was
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performed in a thermal cycler (Applied Biosystems Veriti ™ 96-well Thermal Cycler, Life

Technologies, Foster City, CA, USA) with a negative control (without a DNA sample).

PCR products of rs2232365 [249 base pairs (bp)] were digested overnight at 37°C with
Esp3I restriction endonuclease (Anza™, Invitrogen, Life Technologies, Carlsbad, CA, USA),
generating two fragments of 132 bp and 117 bp corresponding to G allele, while the A allele
that did not undergo enzymatic cleavage and remained with 249 bp. PCR products of rs3761548
(155 bp) were digested with Pstl restriction endonuclease (Anza™, Invitrogen, Life
Technologies, Carlsbad, CA, USA), which generated two fragments, 80 bp and 75 bp, that
correspond to C allele, while the A allele remained with 155 bp. All PCR-RFLP products were

analyzed using 10% polyacrylamide gel and stained with silver nitrate.

Statistical Analysis

Categorical data were evaluated by chi-square (y°) test and expressed as absolute
number (n) and percentage (%). The odds ratio (OR) and 95% confidence interval (95% CI)
were calculated. Continuous data were evaluated by Mann-Whitney test and expressed as
median and percentile range (25%—75%). The p value was adjusted for multiple variables (age,
ethnicity, BMI, and treatment) by binary logistic or multinomial regression test, when
appropriate. Hardy-Weinberg equilibrium (HWE) and the estimation of pairwise linkage
disequilibrium (LD) were performed in Haploview software version 4.2. LD between the
specified SNVs was provided by describing D and r-squared value. Inference of recombination
sites between FOXP3 alleles were determined using the PHASE software version 2.1.1 by
assigning each haplotype with maximum probability [32, 33]. All statistical analyzes were
performed with SPSS for Windows, version 22.0 (SPSS 31 Inc., CHIGADO, IL, USA) and

statistical significance was set at p<0.05.
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Results

Table 1 shows the baseline data of female patients with SLE. The median disease
duration was 10 years (4-15), the mode of ANA titers was 1:320 (1:80-1:5120) and the median
of SLEDAI score was 2 (1-6). Based on SLEDA\I values, most of patients (81.3%) had inactive
disease. The median of C3 was 112.5 mg/dL (92-133) and C4 20.1 mg/dL (13.5-25.9). The
median of anti-nucleosome levels was 53.74 IU/mL (19.07-138.74), 58.2% had positive anti-
dsDNA antibodies, 23.1% had positive anti-SM antibodies and 43.2% had positive anti-ULRNP
antibodies. In addition, 87 (46.5%) patients had LN. Regarding treatment, 91.0% of patients
used corticosteroids and the median dose was 8 (5-20) mg/day. Antimalarial was used by 74.1%

patients, immunosuppressive by 44.4%, and mycophenolate by 22.8%.

The two SNVs of FOXP3 (rs2232365/rs3761548) were genotyped in 196 SLE patients
and 157 healthy controls and divided into three genetic models (dominant, codominant, and
recessive) to assess the association with SLE susceptibility (Table 2). As expected, patients and
controls did not differ in age, ethnicity and BMI (data not shown). However, we control the

possible interference of these variables in the analysis.

The HWE of rs3761548 and rs2232365 in SLE patients and healthy controls was
assessed and genotype frequencies presented divergence from HWE ()2 test; p<0.05), excepted
by rs3761548 in SLE group and rs2232365 in control group (i test; p>0.05). In the -924 G>A
(rs2232365) variant, the frequency of the GG, GA, and AA genotypes (codominant, dominant,
and recessive genetic models) did not differ between SLE patients and controls (p>0.05). No
significant associations were found in the allele frequencies (OR 1.344, 95% CI 0.808-2.237,

p=0.255) (Table 2).

Regarding the -3279 C>A (rs3761548) variant, the results demonstrated that the

frequency of CC, CA, and AA genotypes (codominant genetic model) differed between SLE
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patients and controls. The AA genotype was directly associated with SLE diagnosis (OR 2.650,
95% CI 1.070-6.564, p=0.035). When the dominant genetic model was evaluated in SLE and
controls groups, no significant association was observed in the frequency of CA+AA genotypes
vs CC (p>0.05). In the recessive genetic model, the presence of AA genotype was higher in
SLE patients when compared to controls, 21 (10.7%) versus 8 (5.2%) respectively (OR 2.644,
95% CI 1.104-6.333, p=0.029). Furthermore, the allelic model showed that the presence of A
allele was associated with SLE diagnosis (OR 2.644, 95% CI 1.104-6.333, p=0.029). All data

were adjusted by ethnicity and age.

Four possible haplotype combinations with rs2232365 and rs3761548 were investigated
in our study: A/C, A/A, G/A, and G/C. The LD between FOXP3 rs2232365 and rs3761548
showed that those SNVs are not good surrogate markers for each other (D'=0.796; r?=0.265).
Therefore, it is important to assess their combined effects. In the association study of FOXP3
haplotypes, the following models were analyzed: A/C dominant (A/C carriers versus A/A, G/C,
and G/A carriers), A/C recessive (ACAC versus A/A, G/C, and G/A carriers), A/A dominant
(AJA carriers versus A/C, G/C, and G/A carriers), G/A dominant (G/A carriers versus A/C,
AJ/A, and G/C carriers), G/A recessive (GAGA versus A/C, A/A, and G/C carriers), G/C
dominant (G/C carriers versus A/C, A/A, and G/A carriers), and G/C recessive (GCGC versus
AJIC, A/A, and G/A carriers). The A/A recessive model (AAAA) was rare and was excluded
from the analysis. The predominant haplotype was A/C (while the less frequent haplotype was

AJA in our patient cohort.

Table 3 shows the distribution of FOXP3 -924 G>A (rs2232365) and -3279 C>A
(rs3761548) haplotypes among SLE patients and controls. We found an association between
the A/A haplotype (dominant genetic model) with SLE (OR 3.729, 95% CI 1.006-13.820,
p=0.049) adjusted by age and ethnicity. On the other hand, we found a protective effect of the

G/C haplotype (dominant genetic model) with SLE patients (OR 0.598, 95% CI 0.376-0.952,
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p=0.030) adjusted by age and ethnicity.

In the present study, we evaluated the TGF-B1 plasma levels in SLE patients and
controls. Posteriorly, we evaluated these cytokine levels according to genotype and haplotype
structure of FOXP3 variants. SLE patients showed higher TGF-B1 plasma levels than controls
(Figure 1A) after adjusted by age, ethnicity, and BMI (p<0.001). TGF-B1 plasma levels did not
differ according to -924 G>A (Figure 1B) and -3279 C>A (Figure 1C) genotypes (dominant
and recessive genetic models) in SLE patients, as well as among the controls (data not shown).
However, SLE patients with the GCGC haplotype (G/C recessive model) had higher TGF-B1
plasma levels (p=0.012) than other haplotypes (A/C, A/A or G/A carriers), after adjusted by
age, ethnicity and BMI (Figure 1D). In addition, TGF-B1 plasma levels did not differ in SLE

patients according to other haplotype structures models (data not shown).

Furthermore, we analyzed whether the FOXP3 variants (individually or in haplotype
structure) could interfere in disease activity (C3, C4 and SLEDAI), the presence of

autoantibodies and LN. These results are demonstrated in Table 4.

Patients with -924 AA genotype (recessive genetic model) showed higher frequency of
anti-dsDNA (p=0.012) and anti-ULRNP (p=0.036) antibodies, even after adjusted by age,
ethnicity, BMI, and treatment. However, the genotypes did not differ regarding the parameters
of disease activity and frequency of nephritis (p>0.05). Regarding the genetic variant of FOXP3
-3279 C>A (rs3761548), there was no association with autoantibodies and disease activity.
However, patients with CA+AA genotype (dominant genetic model) had lower frequency of

nephritis (p=0.038), adjusted by age, ethnicity, BMI and treatment.

Table 5 showed FOXP3 haplotype structures and SLE parameters. Patients with A/C
haplotype (dominant genetic model) had higher SLEDAI score [OR 1.119, CI 95% (1.015-

1.234), p=0.024] while those with the same haplotype, but in the recessive model (ACAC), had
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higher frequency of anti-dsDNA positivity [OR 3.026, Cl 95% (1.062-8.624), p=0.038], anti-
U1RNP positivity [OR 5.649, CI 95% (1.199-26.610), p=0.029], and nephritis [OR 2.501, CI
95% (1.004-6.229), p=0.049]. In addition, SLE patients with A/A haplotype (dominant genetic
model) had higher levels of anti-nucleosome antibodies [OR 1.004, Cl 95% (1.001-1.008),

p=0.026].

Discussion

The main findings of the present study were that the AA genotype of FOXP3 -3279
C>A (rs3761548) was associated with a 2.6-fold chance of developing SLE than other
genotypes. Also, we found an association between the FOXP3 haplotype structures (rs2232365/
rs3761548) and SLE susceptibility. A/A haplotype (dominant genetic model) was associated
with a 3.7-fold chance to develop SLE. On the other hand, the G/C haplotype (dominant genetic
model) showed a protective effect of 40.0% in the susceptibility to SLE. Moreover, patients
with GCGC haplotype had higher levels of TGF-B1. In addition, we demonstrated that FOXP3
variants could interfere in SLE parameters. Patients with A/C haplotype in the dominant model
had a higher SLEDAI score, and patients with ACAC haplotype had a 3-fold and 5.6-fold
chance to have anti-dsDNA and anti-ULRNP positive, respectively, and 2.5-fold higher

susceptibility to nephritis.

FOXP3 was initially identified as a gene responsible for X-linked autoimmune diseases
in humans and a master regulator of the development and function of Treg [34]. Mainly
expressed in CD4*CD25"Treg cells, FOXP3 encodes a transcriptional factor that is involved in
T cells activation and its expression is essential for driving CD4"CD25"FOXP3*Treg cells
function as suppressor T cells [35, 36]. Previous studies demonstrated that alteration of FOXP3
expression and functions could contribute to various autoimmune diseases due to a functional

block of Treg cells [31].
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Previously, our group evaluated the -3279 C>A of FOXP3 variant (rs3761548) and
demonstrated that the presence of the A allele increased the chance to have multiple sclerosis
diagnosis in female patients [22]. The presence of the A allele of FOXP3 -3279 alters the
promoter region and consequently, there is a loss of binding of some transcription factors, such
as E47 and C-Myhb, leading to defective transcription of FOXP3 [37], and therefore, might
affect the function or quantity of Tregs [38]. In the present study, we demonstrated that the A
allele of FOXP3 -3279 C>A (rs3761548), in homozygosis or heterozygosis, confers 2.6-fold
chance of SLE diagnosis. Until now, only a previous study evaluated this variant in SLE
patients and did not find any association with SLE susceptibility [8]. Discrepancies in the
allelic/genotypes frequencies between studies could be explained by the heterogeneity of the
studied diseases, ethnicity, the limited sample size, as well as the method of genotyping and the

characteristics of the control group [31].

Regarding the -924 G>A (rs2232365), we did not find any association of this variant
and SLE susceptibility and clinical parameters. Although the -924 G>A FOXP3 variant
(rs2232365) was evaluated in other autoimmunity diseases [23, 24, 25] this is the first study to
evaluate this variant in SLE patients. The G>A substitution of FOXP3 -924 is located in a
putative-binding site for the transcription factor GATA-3 [39]. This transcription factor binds
to the promoter region of FOXP3 to inhibits its expression only when the A allele is present.
To occur FOXP3 expression, GATA-3 must be removed from the promoter region [40]. So,

GG carriers lose their GATA-3-binding site, enabling FOXP3 gene transcription.

Genetic variants do not exert great influence by itself [41] and the analysis in
combination is better to understand the role of FOXP3 variants in SLE. Thus, we investigated
the haplotype structures of FOXP3 -924 G>A (rs2232365) and -3279 C>A (rs3761548)
variants. The G/C haplotype (dominant genetic model) showed a protective effect of 40.0% in

the susceptibility to SLE. While the A/A haplotype (dominant genetic model) demonstrated to
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be associated with SLE susceptibility and the heritance of at least one A allele of each variant

increases lupus susceptibility to 3.7 times.

In the present study, we investigated the influence of FOXP3 variants in TGF-B1 plasma
levels, a multifunctional cytokine with immunomodulatory effects. Initially, we found higher
TGF-B1 plasma levels in SLE patients compared to control group. Therefore, we hypothesized
that the increased TGF-B1 plasma levels, probably, could represent an endogenous anti-
inflammatory response aimed at counteracting ongoing immunoinflammatory events in the
SLE patients. In addition, our data demonstrated that FOXP3 -924 G>A, and -3279 C>A
genotypes individually were not associated with TGF-B1 plasma levels in SLE patients.
However, patients with the GCGC haplotype showed higher TGF-B1 plasma levels compared
to other haplotype structures and could explain the protect effect showed by G/C haplotype.
This is the first study to evaluate the association of these SNVs of FOXP3 with cytokines levels

in SLE patients.

Regarding FOXP3 variants and SLE parameters, we found that the -924 AA genotype
was associated with anti-dsDNA and anti-U1RNP antibodies positivity, independently of
extraneous factors (age, ethnicity and BMI). However, we failed to demonstrate association
between the -3279 C>A and autoantibodies. Our data disagreed with a previous study that
showed patients carrying the -3279 C allele had higher anti-dsDNA levels [8]. However, our
patients with the ACAC haplotype had a 3-fold chance to have anti-dsDNA positivity, 5.6-fold
chance to have anti-U1RNP positivity, and 2.5-fold chance to have nephritis. In addition, we
demonstrated that SLE patients carrying the A allele of -924 G>A, and the C allele of -3279
(A/C haplotype in dominant model) had higher SLEDAI score than those with other haplotype
combinations. Antibodies to dsDNA are usually present at high titers in SLE patients with
active nephritis [8]. Thus, it seems reasonable to hypothesize that the presence of the A allele,

from both FOXP3 variants, could favor autoimmunity, activity disease and development of
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nephritis. Although we identified that haplotypes of the abovementioned FOXP3 variants were
associated to the antibody production and pathogenesis of lupus nephritis, the mechanisms by
which this may occur needs to be elucidate. More specific studies on the functional role of this

gene in SLE, will be necessary.

Some limitations of this study should be considered. This is a case-control design, which
does not allow inferences on causal relationship. In addition, most SLE patients had inactive or
mild disease activity, and parameters such as anti-dsDNA, cytokines, and complement levels,
fluctuate significantly during the course of SLE. This is a major limitation of such association
studies. However, blood samples and laboratory analyzes were performed at the time of
inclusion in the study, demonstrating the disease profile in that specific moment. The study also
has some strengths, such as the robust statistical analysis, with adjusting for some confounding
variables including age, ethnicity, BMI, and treatment. In addition, this is the first study to
investigate the FOXP3 -924 G>A (rs2232365) and -3279 C>A (rs3761548) variants,

individually and haplotype, in SLE female patients.

In conclusion, the heritance of at least one A allele of each variant (rs2232365/
rs3761548) increases SLE susceptibility while patients with A/C haplotype in the dominant
model had a higher SLEDAI score and patients with ACAC haplotype structure are associated
with anti-dsDNA and anti-ULRNP antibodies, and higher susceptibility to nephritis.
Furthermore, patients with the GCGC haplotype showed higher TGF-B1 plasma levels and G/C

haplotype in the dominant model showed a protective effect in SLE susceptibility.

Our data demonstrate that the genetic variants of FOXP3 are associated with SLE
susceptibility. The G/C haplotype provides protection for SLE, possibly by increasing TGF-3
levels. While the presence of allele A of both variants, could favor autoimmunity, disease

activity and presence of LN. The impact of these genetic variants in the immunity imbalance
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and their relation to autoantibodies and disease activity lead to significant information regarding

the role of FOXP3 in SLE pathophysiology.
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Table 1 Clinical and laboratory parameters of patients with systemic lupus erythematosus

(SLE).
Characteristics N=196
Disease duration (years) 10 (4-15)
SLEDAI 2 (1-6)
>6 36 (18.7)
<6 157 (81.3)
ANA (titer) 1:320 (1:80 — 1:5120)
C3 (mg/dL) 112.5 (92.0-133.0)
C4 (mg/dL) 20.1 (13.5-25.9)

Anti-nucleosome (IU/mL)
Anti-dsDNA (1U/mL)
Positive
Negative
Anti-SM (1U/mL)
Positive
Negative
Anti-U1RNP (IU/mL)
Positive
Negative
Lupus nephritis
Treatment
Prednisone
Prednisone (mg/day)
Antimalarials
Mycophenolate

Immunosuppressive

53.74 (19.07-138.74)
28.44 (8.00-72.27)
107 (58.2)

77 (41.8)

6.43 (3.79-17.63)
30 (23.1)

100 (76.9)

13.09 (5.21-83.75)
54 (43.2)

71 (56.8)

87 (46.5)

172 (91)
8 (5-20)
140 (74.1)
43 (22.8)
84 (44.4)

Data were expressed by median and percentile (25-75) or absolute number (n) and percentage (%).
ANA: semi quantitative values expressed in titers and analyzed as mode. SLEDAI: systemic lupus
erythematosus disease activity index; ANA: antinuclear antibodies; C3: complement 3; C4: complement

4: Anti-dsDNA: anti-double-stranded DNA; Anti-SM:

ribonucleoprotein.

anti-Smith;  Anti-U1RNP: anti-Ul
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Table 2 Distribution of FOXP3 -924 G>A (rs2232365) and -3279 C>A (rs3761548) genotypes
and allelic frequencies among patients with systemic lupus erythematosus (SLE) and controls.

sereie (Cnoznlt;?l; (nS=I19EBZ) OR(95%Cl)  p-value*
rs2232365
-924 G>A  Allelic
G 169 (53.8) 203 (52.6) Reference
A 145 (46.2) 183 (47.4)  1.344 (0.808-2.237) 0.255
Codominant
GG 42 (26.8) 45 (23.3) Reference
GA 85 (54.1) 113 (58.5) 1.379 (0.812-2.342) 0.234
AA 30 (19.1) 35(18.1)  1.243(0.635-2.434) 0.525
Dominant
GG 42 (26.8) 45 (23.3) Reference
GA+AA 115 (73.2) 148 (76.7)  1.317 (0.792-2.190) 0.288
Recessive
GG+GA 127 (80.9) 158 (81.9) Reference
AA 30 (19.1) 35(18.1)  0.993 (0.567-1.739) 0.981
S]igeetl'c &":”fgglj (nS:'IEGZ) OR(95%Cl)  p-value*
rs3761548
-3279 C>A  Allelic
C 217 (70.0) 260 (66.3) Reference
A 93 (30.0) 132 (33.7) 2.644 (1.104-6.333) 0.029
Codominant
cC 70 (45.2) 85 (43.4) Reference
CA 77 (49.7) 90 (45.9)  1.004 (0.632-1.596) 0.986
AA 8 (5.2) 21(10.7)  2.650 (1.070-6.564) 0.035
Dominant
ccC 70 (45.2) 85 (43.4) Reference
CA+AA 85 (54.8) 111 (56.6)  1.150 (0.735-1.798) 0.540
Recessive
CC+CA 147 (94.8) 175 (89.3) Reference
AA 8(5.2) 21 (10.7)  2.644 (1.104-6.333) 0.029

22 results of analyses of contingency tables. Data were expressed as absolute number (n) and percentage

(%). Bold values represent statistically significant values. *Adjusted by age and ethnicity.

! Hardy-Weinberg equilibrium »?: rs3761548=5.18, p<0.05; rs2232365=1.25, p>0.05
2 Hardy-Weinberg equilibrium y2 rs3761548=0.15, p>0.05; rs2232365=5.85, p<0.05



66

Table 3 Distribution of FOXP3 -924 G>A (rs2232365) and -3279 C>A (rs3761548) haplotype
models among patients with systemic lupus erythematosus (SLE) and controls.

Haplotypes Controls SLE
OR (95% CI) p-value*

(rs2232365/rs3761548) (n=157) (n=193)

AJC dominant 111 (71.6) 140 (72.5) 0.890 (0.546-1.453) 0.642
AJC recessive 29 (18.7) 31 (16.1) 0.889 (0.499-1.584) 0.690
AJA dominant 3(1.9) 12 (6.2) 3.729 (1.006-13.820) 0.049
G/A dominant 84 (54.2) 106 (54.9) 1.115 (0.713-1.742) 0.633
G/A recessive 6 (3.9) 13 (6.7) 2.120 (0.755-5.951) 0.154
G/C dominant 67 (43.2) 70 (36.3) 0.598 (0.376-0.952) 0.030
G/C recessive 10 (6.5) 14 (7.3) 1.004 (0.414-2.434) 0.993

Bold values represent statistically significant values: OR (odds ratio) and CI (confidence interval) 95%.
*Adjusted by age and ethnicity. Haplotype models: A/C dominant (A/C carriers versus A/A, G/C, and
G/A carriers), A/C recessive (ACAC versus A/A, G/C, and G/A carriers), A/A dominant (A/A carriers
versus A/C, G/A, and G/C carriers), G/A dominant (G/A carriers versus A/C, A/A, and G/C carriers),
G/A recessive (GAGA versus A/C, A/A, and G/C carriers), G/C dominant (G/C carriers versus A/C,
AJA, and G/A carriers), and G/C recessive (GCGC carriers versus A/C, A/A, and G/A carriers).
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Figure 1. A) Transforming growth factor (TGF)-B1 plasma levels in patients with systemic lupus
erythematosus (SLE) and controls; B) TGF-1 plasma levels according to -924 G>A FOXP3 variant
(dominant and recessive model, respectively) in SLE patients; C) TGF-B1 plasma levels according to -
3279 C>A FOXP3 variant (dominant and recessive model, respectively) in SLE patients; D) TGF-$1
plasma levels according to the G/C recessive haplotype model in SLE patients. Results expressed as
median and percentile (25-75). p-value adjusted by age, ethnicity, and body mass index. G/C recessive
haplotype model: GCGC carriers versus other haplotypes (A/C, A/A, and G/A carriers). Controls
(n=157), SLE (n=196), SLE FOXP3 -924 G>A: GG (n=45), GA+AA (n=148), GG+GA (n=158), AA
(n=35), SLE FOXP3 -3279 C>A: CC (n=85), CA+AA (n=111), CC+AA (n=175), AA (n=21), SLE
GCGC haplotype (n=14), other haplotypes (n=179).
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Table 4 Clinical and laboratory parameters of patients with systemic lupus erythematosus (SLE) according to FOXP3 -924 G>A (rs2232365) and -3279 C>A
(rs3761548) genotypes in dominant and recessive models.

-924 G>A (dominant model) -924 G>A (recessive model) -3279 C>A (dominant model) -3279 C>A (recessive model)

SLE parameters

GG GA+AA GG+GA AA cc CA+AA CC+CA AA

C3 (mg/dL) 115 (93-136) 111 (92-130) 115 (97-135) 106 (87-122) 107 (90-126) 116 (98-135) 112 (92-132) 115 (99-135)
C4 (mg/dL) 208 (13.4-26.2) 19.8(13.6-25.7) 20.5(135-26.0) 18.4(13.3-23.2) 203 (14.1-27.7) 19.7(13.4-25.8) 20.3(13.6-25.8)  18.0 (13.5-26.5)
SLEDAI 2 (0-5) 4 (2-6) 3(0-6) 2 (2-6) 2 (2-6) 2 (0-6) 4 (2-6) 2 (0-3)
SLEDAI > 6 6 (13.6) 30 (20.5) 30 (19.2) 6 (17.6) 13 (15.7) 23 (20.9) 33 (19.2) 3 (14.3)

Anti-nucleosome
(IU/mL)

Anti-dsDNA Positive

38.1 (15.7-125.0)

20 (47.6)

58.3 (24.5-141.0)

86 (61.4)

52.4 (19.4-133.0)

77.2 (24.5-176.0)

65.7 (20.2-159.0)

44.8 (17.8-131.0)

51.3 (18.6-132.0)

97.0 (30.6-315.0)

81 (54.0) 25 (78.1)* 48 (61.5) 59 (55.7) 96 (58.5) 11 (55.0)
Anti-SM Positive 5(16.1) 25 (25.3) 23 (20.9) 7 (35.0) 17 (31.5) 13 (17.1) 26 (22.4) 4 (28.6)
Anti-U1RNP Positive 14 (50.0) 57 (58.8) 43(40.6) 11(57.9)* 26 (49.1) 28 (38.9) 49 (43.4) 5(41.7)
Lupus nephritis 21 (48.8) 64 (45.4) 18 (54.5) 67 (44.4) 45 (56.2) 42 (39.3)* 78 (46.7) 9 (45.0)

Data were expressed by median and percentile (25-75) or absolute number (n) and percentage (%). *p<0.05, adjusted by age, ethnicity, body mass index and treatment. C3:
complement 3; C4: complement 4; SLEDAI: systemic lupus erythematosus disease activity index; Anti-dsDNA: anti-double-stranded DNA; Anti-SM; anti-Smith; Anti-

U1RNP: anti-U1 ribonucleoprotein.
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Table 5 Clinical and laboratory parameters of patients with systemic lupus erythematosus (SLE) according to FOXP3 -924 G>A (rs2232365) and -3279
C>A (rs3761548) haplotype models.

A/C dominant  A/C recessive  A/Adominant  G/A dominant G/A recessive G/C dominant G/C recessive

SLE parameters

p-value p-value p-value p-value p-value p-value p-value
C3 (mg/dL) 0.557 0.749 0.717 0.390 0.922 0.496 0.607
C4 (mg/dL) 0.896 0.599 0.640 0.503 0.964 0.164 0.819
SLEDAI 0.024% 0.439 0.954 0.339 0.211 0.583 0.344
SLEDAI > 6 0.297 0.138 0.111 0.908 0.680 0.731 0.235
Anti-nucleosome (1U/mL) 0.312 0.854 0.026° 0.513 0.776 0.433 0.939
Anti-dsDNA Positive 0.119 0.0382 0.507 0.097 0.620 0.179 0.924
Anti-SM Positive 0.662 0.080 0.324 0.082 0.547 0.935 0.855
Anti-U1RNP Positive 0.189 0.029® 0320 0.346 0.251 0.907 0.245
Lupus nephritis 0.251 0.0494 0.062 0.161 0.750 0.381 0.301

Bold values represent statistically significant values. *p-value adjusted by age, ethnicity, body mass index, and treatment. C3: complement 3; C4: complement 4;
SLEDALI: systemic lupus erythematosus disease activity index; Anti-dsDNA: anti-double-stranded DNA; Anti-SM; anti-Smith; Anti-U1IRNP: anti-Ul
ribonucleoprotein. Haplotype models: A/C dominant (A/C carriers versus A/A, G/C, and G/A carriers), A/C recessive (ACAC versus A/A, G/C, and G/A carriers),
AJA dominant (A/A carriers versus A/C, G/A, and G/C carriers), G/A dominant (G/A carriers versus A/C, AIA, and G/C carriers), G/A recessive (GAGA versus A/C,
A/A, and G/C carriers), G/C dominant (G/C carriers versus A/C, A/A, and G/A carriers), and G/C recessive (GCGC carriers versus A/C, A/A, and G/A carriers). 1OR
1.119, C195% (1.015-1.234), p=0.024; 2 OR 3.026, Cl 95% (1.062-8.624), p=0.038; 3 OR 5.649, Cl1 95% (1.199-26.610), p=0.029; *OR 2.501, Cl 95% (1.004-6.229),
p=0.049; ° OR 1.004, CI 95% (1.001-1.008), p=0.026.
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Abstract

Background: The transforming growing factor-beta 1 (TGF-B1) is an immunoregulatory
cytokine with immunosuppressive functions. TGFB1 genetic variants could reduce TGF-p1
levels and predispose to autoimmune disease. Objective: evaluate the association of the +869
T>C (rs1800470) and -509 C>T (rs1800469) TGFBL1 variants, individually or in haplotypes
structure, with susceptibility, autoantibodies, disease activity, and TGF-B1 plasma levels in
systemic lupus erythematosus (SLE). Subjects and Methods: The study included 203 patients
with SLE and 165 healthy controls. TGFB1 variants were determined by real-time polymerase
chain reaction (QPCR). Plasma levels of TGF-1 were determined using immunofluorimetric
assay. Results: The TGFB1 +869 CC genotype was associated with SLE susceptibility (OR:
1.710, 95%CI: 1.020-2.866, p=0.042) and with reduction of C4 (p=0.040) and TGF-B1 plasma
levels (p=0.044). In addition, patients with TGFB1 +869 TC and CC genotypes and with anti-
dsDNA had lower TGF-B1 levels than patients with TT (p=0.004), but not in patients without
anti-dsDNA. Regarding the TGFB1 -509, the TT genotype was associated with reduced levels
of C4 (p=0.032). There was no association between haplotypes and clinical and laboratory
parameters. Conclusion: Our data demonstrated that the TGFB1 +896 C>T variant can be used
as a genetic marker for SLE susceptibility and both variants are predictors of disease activity.
In addition, this is the first study to demonstrate that TGF-p1 plasma levels can be modulated
by the interaction between TGFB1 +869 C allele, in homozygosity, or heterozygosity, and the

presence of anti-dsDNA.

Key-words: Systemic lupus erythematosus, transforming growth factor-beta 1, rs1800470,

rs1800469, SLEDAI
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Introduction

The systemic lupus erythematosus (SLE) is a complex autoimmune disease represented
by alterations in innate and adaptive immune responses leading to inflammation and tissue
damage (Tsokos et al., 2016). SLE can affect multiple organs and systems, with clinical
manifestations of different spectrum of severity (Kuhn et al., 2015). Several predisposing
factors, including genetic (Baltus et al., 2016; Delongui et al., 2017; Guimardes et al., 2017),
environmental (Parks et al., 2017; Pedro et al., 2019), and hormonal factors (Costenbader et
al., 2007) have been envolved in the etiology of SLE. However, the exact mechanism is still

unclear.

The pathophysiology of SLE is characterized by a set of immunological reactions,
resulting in hyperactivity of B and T cells, complement system activation, increased numbers
of autoantibodies, and immune complex deposition (Mok, 2003). Cytokines also play an
important role in the pathophysiology through the modulation of immune responses and
inflammatory reactions (Tsao, 2004; Yap; Lai, 2013). Transforming growth factor-p (TGF-f)
superfamily is a major immunoregulatory cytokine with important immunosuppressive
functions (Caserta et al., 2004). There are three isoforms of TGF-p (TGF-f1, TGF-B2, and TGF-
B3) in humans, with TGF-B1 being the most abundant isoform found in the circulation (Grainger
et al.,, 2000). TGF-B1 maintains the immune tolerance by the regulation of lymphocyte
proliferation, differentiation, and survival (Blobe; Schiemann; Lodish, 2000). Previous studies
have found that SLE patients have lower levels of TGF-B1 than healthy controls (Ohtsuka et
al., 1998; Becker-Merok et al., 2010). In addition, TGFB1 knockout mice developed an SLE-
like disorder with a variety of autoantibodies and Sjogren’s syndrome-like lymphoproliferative

disease (Dang et al., 1995).
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Growing evidence has demonstrated that genetic variants in the coding and promoting
regions of cytokine genes could affect the cytokine production and, consequently may influence
disease susceptibility and clinical manifestations (Rezaei et al., 2015; Paradowska-Gorycka et
al., 2019). In addition, it has been evaluated that TGFB1 genetic variants could reduce TGF-p1
levels and predispose to autoimmune disease, including SLE. However, the data are still scarce
and controversial (Caserta et al., 2004; Lu et al., 2004; Wang et al., 2007; Sayed et al., 2014).
Thus, the study aimed to evaluate the association of the +869 T>C (rs1800470) and -509 C>T
(rs1800469) TGFB1 variants, individually or in haplotype structure, with susceptibility,

autoantibodies, disease activity, and TGF-B1 plasma levels in SLE patients.

Subjects and Methods

Patients and Controls

This is a case-control study that included 368 adult subjects of both sexes. Of them, 203
patients with SLE were recruited from the Rheumatology Outpatient Clinic of the University
Hospital of Londrina-Parana/Brazil. The SLE diagnosis was established according to the
American College of Rheumatology (ACR) criteria (Petri et al., 2012). Disease activity was
determined by the SLE disease activity index (SLEDAI-2K) and values > 6 were used as a
parameter to classify moderate and high disease activity and < 6 to inactive and mild disease
activity (Petri et al., 1991; Gladman; lbanez; Urowitz, 2002). As controls, 165 healthy
individuals were selected from blood donors of the Regional Blood Center of Londrina-
Parana/Brazil. None of the participants in the study presented other inflammatory, infectious,

autoimmune, and neoplastic diseases.

Information about lifestyle, medical history, and SLE medication was obtained at clinical
evaluation using a standard questionnaire at the individual’s admission. Body mass index (BMI)

was calculated as weight (kg) divided by height (m) squared. All participants gave written
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informed consent, and the study protocol was fully approved by the Research Ethics
Committees of the State University of Londrina, Parand, Brazil (CAAE:

01865212.0.0000.5231).

Blood Collection and Immunological Biomarkers

After fasting for 12 hours, venous blood samples were collected with and without
ethylenediaminetetraacetic acid (EDTA) as anticoagulant and centrifuged at 3000 rpm for 15
min. Serum, plasma, and buffy-coat were separated, aliquoted, and stored at —80 °C until they

are used in the analyzes.

C3 and C4 serum levels were determined by turbidimetry (C800™, Abbott Laboratory,
Abbott Park, IL, USA). Anti-double stranded DNA (Anti-dsDNA), anti-nucleosome, anti-
Smith (anti-SM), anti-U1 ribonucleoprotein (anti-U1RNP) antibodies were quantified by
antibody enzyme immunoassay (ELISA, Orgentec Diagnostika, GmbH, Germany), and the

result > 20 IU/mL were considered positive.

TGF-B1 plasma levels were determined using microspheres immunofluorimetric assay
(ProcartaPlex by Thermo Fisher Scientific, Vienna, Austria) for the Luminex platform
(MAGPIX™, Luminex Corp., Austin, TX, USA). All the analyzes were performed according

to the manufacturer's instructions.

Genomic DNA Extraction and TGFB1 Genetic Variants Genotyping

Genomic DNA was extracted from a buffy-coat of peripheral blood cells using a resin
column procedure for TGFB1 genotyping (Biopur, Biometrix Diagnostika, Curitiba, Brazil),
following the manufacturer’s instructions. DNA concentration was measured using a NanoDrop
2000c™ spectrophotometer (ThermoScientific, Waltman, MA, USA) at 260nm, and purity was

assessed by 260/280nm ratio.
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Two single nucleotide variants (SNVs) in the regulatory region of the TGFB1 gene were
genotyped: +869 T>C (rs1800470) at position 41353016 and -509 C>T (rs1800469) at position
41354391, according to listed in the international database GenBank. The rs1800470 and
rs1800469 TGFB1 variants were genotyped by the TagMan allelic discrimination assay on real-
time polymerase chain reaction (QPCR) system (StepOne, Applied Biosystems by Life
Technologies, Carlsbad, CA, USA). The reaction was performed using 0.25 uL. TagMan SNP
Genotyping Assay 40x (Applied Biosystems, Foster City, CA, USA) containing two sequence-
specific primers and two allele-specific TagMan® MGB probes with a reporter dye at its 5* end
(VIC® or FAM™), 5 uLL TagMan Universal Genotyping Master Mix (Applied Biosystems,

Foster City, CA, USA), and 5 ng of genomic DNA. With a final reaction volume of 10 pL.

Statistical Analysis

Categorical data were evaluated by the chi-square (y2) test and expressed as absolute
number (n) and percentage (%). Continuous data were evaluated by the Mann-Whitney test and
expressed as median and percentile range (25%-75%). The p-value was adjusted for extraneous

variables (age, sex, ethnicity, and BMI) by binary logistic regression test.

The odds ratio (OR) and 95% confidence interval (95% CI) were calculated. Hardy-
Weinberg equilibrium (HWE) and the estimation of pairwise linkage disequilibrium (LD) were
performed in Haploview software version 4.2. LD between the specified SNVs was provided
by describing D and r-squared value. Inference of recombination sites between TGFB1 alleles
were determined using the PHASE software version 2.1.1 by assigning each haplotype with
maximum probability (Stephens; Smith; Donnely, 2001; Stephens; Scheet; 2005). TGFB1
haplotype analysis was performed in the SNPStats program (Solé et al., 2006). For all statistical
tests p<0.05 was considered for the significance level and all statistical analyses were performed

using IBM SPSS windows version 24.0 (SPSS, Inc., Chicago, IL, USA).
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Results

Table 1 shows socio-demographic, clinical and laboratory data in SLE patients and
controls. Patients and controls did not differ in sex (p=0.456) and ethnicity (p=0.061). However,
SLE patients were older (p=0.008) and had a higher BMI (p<0.001) than controls. Thus, we
have adjusted the results for possible effects of age and BMI in multivariate analyses. The
median disease duration was 10 years (4-15) and only 54 (27.0%) patients had active disease
(SLEDAI>6). Most SLE patients had positive anti-dsDNA (58.9%), corticotherapy was the

most common treatment (88%), followed by antimalarials (74.5%).

Table 2 shows the distribution of genotypes and allele frequencies of TGFB1 +869 T>C
and TGFB1 -509 C>T variants, obtained among SLE patients and healthy controls.
Associations with SLE susceptibility were tested in five different genetic models: the allelic
model, codominant model, dominant model, recessive model, and over-dominant model. The
HWE of +869 T>C and -509 C>T in SLE patients and healthy controls were consistent with

those expected (p>0.05).

Regarding TGFB1 +869 T>C variant, the frequency of CC genotype (in the recessive
genetic model) was higher in SLE patients than the control group (OR 1.710, 95% CI 1.020 -
2.866, p=0.042). However, the frequency of TT, TC, and CC genotypes did not differ in other
models. In addition, no difference was found in allele frequencies between the groups (OR
1.228, 95% C10.911-1.657, p=0.178). In the TGFB1 -509 C>T variant, no difference was found
in the allele and genotype frequency between SLE patients and controls. All analyzes were

adjusted by age, sex, and ethnicity (Table 2).

Four possible haplotype combinations from TGFB1 variants (rs1800470/rs1800469)
were investigated in our study: T/C, C/T, C/C, and T/T. The LD between +869 T>C and -509

C>T TGFB1 variants was D’=0.985, r2=0.642. In our patient cohort, the predominant haplotype
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was T/C (50.6%), while the less frequent haplotype was T/T (<1%). The distribution of TGFB1
variant haplotypes did not differ between SLE patients and controls, controlled by age, sex, and

ethnicity (Table 3).

In Table 4, we evaluated whether TGFB1 variants could interfere in disease activity
laboratory parameters, SLEDAI score, and autoantibodies in SLE patients. Regarding TGFB1
+869 T>C variant, we found that patients carrying the CC genotype (in the recessive genetic
model) had lower levels of C4 than those carrying the TT+TC genotypes (p=0.040). However,
the autoantibodies status, SLEDAI, and C3 levels were not associated with TGFB1 +869
genetic variant. The use of immunosuppressive drugs differs between the SLE patients, so, all
the results were adjusted by age, sex, ethnicity, BMI, and immunosuppressive. Therefore, when
we analyzed the TGFB1 -509 C>T variant, we found that patients carrying the TT genotype (in
the recessive genetic model) showed lower levels of C4 than those with CC+CT genotypes
(p=0.032) after adjusted by age, sex, ethnicity, BMI, and immunosuppressive drugs. There was
no association between haplotypes and laboratory parameters of disease activity, SLEDAI

score, and autoantibodies in SLE patients (data not shown).

Concerning the association between TGF-f1 plasma levels and genotypes, we
demonstrated that TGFB1 +869 CC genotype was inversely and independently associated with
TGF-B1 plasma levels (p=0.044) (Figure 1A). However, no association was found between
TGFB1 -509 C>T and TGF-B1 plasma levels (Figure 1B). There was also no association
between haplotypes and TGF-B1 plasma levels in SLE patients (data not shown). Finally, we
evaluated whether the TGFB1 +869 T>C variant could have a differential effect on patients
with positive anti-dsDNA. Patients with positive anti-dSDNA and TGFB1 +869 TC+CC
genotype had lower TGF-B1 plasma levels than those with TT (p=0.004) (Figure 1D). On the

other hand, the TC+CC genotypes were directly associated with elevated TGF-B1 plasma levels
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in the absence of anti-dsDNA (p=0.044) (Figure 1C). All the results showed in Figure 1 were

adjusted by age, sex, ethnicity, BMI, and immunosuppressive drugs.

Discussion

The main finding of our study was that the TGFB1 +869 CC genotype (recessive genetic
model) was associated with a 1.7-fold chance to have SLE diagnosis and with a reduction of
C4 and TGF-B1 levels. Therefore, SLE patients with C allele of TGFB1 +869 (homozygosity
or heterozygosity) and the presence of anti-dsDNA had reduced TGF-B1 plasma levels.
Corroborating this finding, we observed the opposite result in patients without anti-dsDNA. In
addition, TGFB1 -509 C>T was not associated with SLE susceptibility but the TT genotype

(recessive genetic model) demonstrated diminished levels of C4.

TGF-B1 is an immunoregulatory cytokine responsible to maintain the immune tolerance
(Blobe; Schiemann; Lodish, 2000) and SLE patients had lower TGF-B1 levels than healthy
controls (Ohtsuka et al., 1998; Lu et al. 2004; Sayed et al. 2004; Becker-Merok et al., 2010).
Thus, considering the important role of this cytokine in SLE pathophysiology, we investigated
the TGFB1+869 T>C (rs1800470) and TGFB1-509 C>T (rs1800469) variants in Brazilian SLE
patients. In the present study, we demonstrated that the TGFB1 +869 CC genotype was
associated with a 1.7-fold chance to have SLE. Previous studies evaluated TGFB1 +869 T>C
variant with SLE diagnosis but did not find any association (Wang et al., 2007; Sayed et al.,
2014). To date, this is the first study to demonstrated that TGFB1 +869 CC genotype is

associated with SLE susceptibility.

In addition, our data demonstrated that TGFB1 +869 CC genotype was independently

associated with reduced TGF-f1 plasma levels. Our data are in disagreement with a previous
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study that demonstrated reduced TGF-B1 levels in the TT genotype (Sayed et al., 2014). The
TGFB1 gene is located in the 19913.2 chromosomal region and comprises 7 exons (Fujii et al.,
1986) in the signal peptide sequence, which functions to translocate newly synthesized proteins
across the membrane of the endoplasmic reticulum (Verner, Schatz, 1988). The +869 T>C
substitution may affect the function of the signal peptide, influencing intracellular traffic, or the
export efficiency of the TGF-B pre-protein (Yamada et al., 200). Our data suggested that the
increased chance to have SLE diagnosis in the CC genotype maybe due to the reduction of the

immunomodulatory role of TGF-B1.

Regarding TGFB1 +869 C>T, autoantibodies and, disease activity, the data are
controversial. In the present study, TGFB1 +869 C>T was not associated with the presence of
autoantibodies and SLEDAI score, but patients carrying the CC genotype showed lower C4
levels than those with other genotypes. Wang et al. (2007) found that TGFB1 +869 TT genotype
was associated with anti-SSA/Ro antibodies production and higher incidence of aseptic
necrosis, and the TGFB1 +869 CC genotype had a higher frequency of anti-ULRNP antibodies
production than other genotypes. However, other authors found no correlation between TGFB1
variants and clinical and laboratory parameters of SLE (Schotte et al., 2003; Caserta et al., 2004;
Lu et al., 2004; Sayed et al., 2014). About C4 levels, the complement system plays an essential
role in the pathogenesis of SLE through the elimination of apoptotic debris, opsonization, and
clearance of immune complexes (Ghodke-puranik; Niewold, 2015). Failure in complement
activation leads to the deposition of cell debris that functions as immunogens for the production
of autoantibodies (Ahmadpoor; Dalili; Rostami, 2014). Its presence in tissues serves as a
diagnostic tool, and the decrease in serum complement components C4 and C3 as markers for
disease activity (Atkinson, 1986). In addition, diminished levels of C3 and C4 constitute the

criteria for determining the SLEDAI score (Bombardier et al., 1992).
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In addition, we also evaluated whether the TGFB1 +869 T>C variant could have a
differential effect on patients with positive anti-dsDNA. We found that patients with positive
anti-dsDNA and TGFB1 +869 TC+CC genotype had lower TGF-B1 plasma levels than TT.
While patients without anti-dsDNA and TGFB1 +869 TC+CC genotypes had higher TGF-f1
plasma levels than those with the TT genotype. The combined presence of the TGFB1 +896
T>C and positive anti-dsDNA may result in a decrease in TGF-B1 plasma levels in SLE
patients. TGF-f is responsible for regulating B cell activation and although mice with specific
B cell deficiency in TGF-P signaling do not show signs of autoimmunity, these cells have a
more activated phenotype, are hyper-responsive to normally weak immunogens and produce
more anti-dsDNA antibodies (Cazac; Roes, 2000).

Regarding TGFB1 -509 C>T variant, there was not any association between the variant
and susceptibility, TGF-B1 plasma levels, autoantibodies, and SLEDAI. However, TGFB1 -509
TT genotype demonstrated lower C4 levels. Data about that variant and SLE clinical and
laboratory parameters are controversial. Previous studies also found no association with disease
susceptibility (Caserta et al., 2004; Lu et al., 2004). However, a study showed that TGFB1 -509
T allele was associated with susceptibility and activity disease in the Polish population
(Paradowska-Gorycka et al., 2019). The TGFB1 -509 C>T variant is located in the first negative
regulatory region and the T allele was associated with elevated TGF-B1 levels due to loss of
negative regulation (Shah et al., 2006). In other diseases, the TT genotype was associated with

higher gene expression of TGF-B than the CC genotype (Cao et al., 2014; Guo et al., 2001).

In the present study, we also evaluated haplotypes structures of TGFB1 +869 T>C and
TGFB1 -509 C>T variants. Genetic variants do no exert great influence by itself (Terry;
Loukaci; Green, 2000) and haplotype analysis could be better to understand the association
between genetic variants and disease susceptibility. However, our results demonstrated no

association between the TGFB1 haplotype structures and disease susceptibility. In agreement,
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Rezaei et al. (2015) also found no significant association between TGFB1 (codon 10/ codon
25) haplotype structures and juvenile-onset SLE susceptibility, after adjusted by Bonferroni

correction.

Previous results of the association between TGFB1 +869 T>C and TGFB1 -509 C>T
variants with SLE susceptibility, disease activity, and TGF-B1 plasma levels, are still
controversial and inconsistent. Discrepancies between studies could probably be due to small
sample size, design study, genotyping methods, possible effects of disease activity, and SLE
therapies. Thus, additional studies with a larger number of SLE patients and the control of
extraneous variables are necessary to confirm the relationship between TGFB1 genetic variants

and SLE parameters.

The limitations of this study must be considered. This is a case-control design, which does
not allow inferences on a causal relationship. Second, the small number of SLE patients reduces
the statistical power, being necessary additional case-control studies and future recruitment of
larger sample sizes. Thirdly, our study sample shows a relatively low disease activity as
indicated by a SLEDAI <6, and therefore, our findings may not be applicable to patients with
active disease. However, this study has some strengths such as adjusting for many confounding
variables including age, ethnicity, BMI, and SLE therapies. In addition, to our knowledge, this
is the first study to investigate the relationship between TGFB +869 T>C and TGFB -509 C>T

variant with susceptibility and disease activity in Brazilian SLE patients.

In conclusion, TGFB1 +869 T>C can be used as a genetic marker for SLE susceptibility,
and both variants are predictors of disease activity. In addition, this is the first study to
demonstrate that TGF-B1 plasma levels can be modulated by the interaction between TGFB1

+869 C allele, in homozygosity or heterozygosity, and the presence of anti-dsDNA.
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Table 1 Socio-demographic, clinical and laboratory data in patients with systemic lupus

erythematosus (SLE) and controls.

Controls SLE p-
(n=165) (n=203) value*
Sex (Female/Male) 152 (92.1)/13 (7.9) 191 (94.1)/12 (5.9) 0.456
Ethnicity (Caucasian/Not-Caucasian)  120(72.7)/45(27.3) 129(63.5)/74(36.5) 0.061
Age (years) 35 (28-44) 39 (30-50) 0.008
Body mass index (kg/cm?) 23.9 (21.7-27.7) 26.6 (23.6-31.1) <0.001
Disease duration (years) - 10 (4-15)
SLEDAI - 2 (1-6)
SLEDAI > 6 - 54 (27.0)
Anti-dsDNA (1U/mL) - 28.4 (8.3-77.0)
Anti-dsDNA Positive - 119 (58.9)
Anti-nucleosome Positive - 140 (24.7)
Anti-SM Positive - 32 (24.1)
Anti-U1RNP Positive - 55 (43.3)
Prednisone - 176 (88.0)
Antimalarials - 146 (74.5)
Mycophenolate - 44 (22.4)
Other immunosuppressive - 87 (44.4)

Mann Whitney test. Data were expressed by median and percentile (25%—-75%). y*: results of analyses
of contingency tables. Data were expressed as absolute number (n) and percentage (%). SLEDAI:
systemic lupus erythematosus disease activity index; Anti-dsDNA: anti-double-stranded DNA; Anti-
SM: anti-Smith; Anti-ULRNP: anti-U1 ribonucleoprotein.
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Table 2 Distribution of genotypes and allele frequencies of TGFB1 variants between patients

with systemic lupus erythematosus (SLE) and controls.

Genetic model Controls @ SLE® OR (95% CI) p-value*
TGFB1 +869 T>C (rs1800470)*
Allelic T 176 (54.3) 199 (49.0) Reference

C 148 (45.7) 207 (51.0) 1.228 (0.911-1.657) 0.178
Codominant TT 43 (26.5) 52 (25.6) Reference

TC 90 (55.6) 95 (46 q.8) 0.884 (0.531-1.474) 0.638

CcC 29 (17.9) 56 (27.6) 1.575 (0.847-2.927) 0.151
Dominant TT 43 (26.5) 52 (25.6) Reference

TC+CC 119 (73.5) 151 (74.4) 1.052 (0.648-1.709) 0.836
Recessive TT+TC 133 (82.1) 147 (72.4) Reference

CcC 29 (17.9) 56 (27.6) 1.710 (1.020-2.866) 0.042
Overdominant  TT+CC 72 (44.4) 108 (53.2) Reference

TC 90 (55.6) 95 (46.8) 0.716 (0.468-1.094) 0.122
TGFB1 -509 C>T (rs1800469)?
Allelic C 204 (61.8) 245 (60.9) Reference

T 126 (38.2) 157 (39.1) 1.030 (0.758-1.398) 0.851
Codominant cC 58 (35.1) 79 (39.3) Reference

CT 88 (53.3) 87 (43.3) 0.728 (0.458-1.157) 0.179

TT 19 (11.5) 35 (17.4) 1.319 (0.676-2.573) 0.417
Dominant cC 58 (35.1) 79 (39.3) Reference

CT+TT 107 (64.8) 122 (60.7) 0.834 (0.538-1.295) 0.419
Recessive CC+CT 146 (88.5) 166 (82.6) Reference

TT 19 (11.5) 35 (17.4) 1.579 (0.854-2.918) 0.145
Overdominant  CC+TT 77 (46.7) 114 (56.7) Reference

CT 88 (53.3) 87 (43.3) 0.674 (0.440-1.031) 0.069

The genotyping was successful in 203 cases and 162 controls for rs1800470;

2The genotyping was successful in 201 cases and 165 controls for rs1800469.

@ Hardy-Weinberg equilibrium y?: rs1800470=1.51, p>0.05; rs1800469=2.77, p>0.05;
b Hardy-Weinberg equilibrium »%: rs1800470=0.82, p>0.05; rs1800469=1.65, p>0.05;
x%: results of analyses of contingency tables. Data were expressed as absolute number (n) and percentage (%).
Bold values represent statistically significant values.* Adjusted by age, sex, and ethnicity. SLE: systemic lupus
erythematosus; TGFB1: transforming growing factor-beta 1 gene; OR: odds ratio; CI: confiance interval
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Table 3 Haplotype frequencies of TGFB1 genetic variants in systemic lupus erythematosus (SLE) patients and controls.

TGFB1 +869 (rs1800470) TGFB1 -509 (rs1800469) Controls frequency  SLE frequency  OR (95% CI) p-value*
T C 0.535 0.487 Reference 1
C T 0.378 0.391 1.12 (0.81-1.54) 0.49
C C 0.083 0.118 1.45 (0.86-2.45) 0.11
T T 0.003 0.002 1.16 (0.07-19.09) 0.92

Bold values represent statistically significant values: OR (odds ratio) and CI (confidence interval) 95%. D’=0.985 and r’=0.642 * Adjusted by age, sex, and
ethnicity. SLE: systemic lupus erythematosus; TGFB1: transforming growing factor-beta 1 gene; T: thymine; C: cytosine.
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Table 4 Disease activity parameters and autoantibodies according to TGBF1 genetic variants in systemic lupus erythematosus (SLE) patients.

TGFB1 +869 T>C TT+TC (n=147) CC (n=56) OR (95% CI) p-value
C3 (mg/dL) 109.5 (90.2-128.0) 113.0 (99.2-137.0) - 0.273
C4 (mg/dL) 20.8 (14.5-26.6) 17.7 (12.5-24.4) - 0.040
SLEDAI > 6 39 (27.1) 15 (26.8) 0.879 (0.410-1.882) 0.740
Anti-dsDNA Positive 87 (59.6) 32 (57.1) 1.044 (0.533-2.046) 0.901
Anti-nucleosome Positive 98 (74.2) 42 (77.8) 1.067 (0.474-2.398) 0.876
Anti-SM Positive 23 (25.0) 9 (22.0) 0.769 (0.293-2.023) 0.595
Anti-U1RNP Positive 36 (39.6) 19 (51.4) 1.455 (0.627-3.380) 0.383
TGFB1-509 C>T CC+CT (n=166) TT (n=35) OR (95% CI) p-value
C3 (mg/dL) 113.0 (91.3-131.0) 109.0 (98.0-133.0) - 0.764
C4 (mg/dL) 20.8 (14.6-26.5) 15.6 (11.5-24.4) - 0.032
SLEDAI > 6 42 (25.8) 12 (34.3) 1.457 (0.618-3.435) 0.390
Anti-dsDNA Positive 98 (59.4) 21 (60.0) 1.337 (0.595-3.004) 0.483
Anti-nucleosome Positive 112 (74.7) 27 (77.1) 1.116 (0.426-2.923) 0.824
Anti-SM Positive 26 (25.0) 6 (21.4) 0.858 (0.291-2.529) 0.781
Anti-U1RNP Positive 42 (42.0) 13 (48.1) 1.116 (0.426-2.923) 0.824

Results of logistic regression analysis adjusted by age, sex, ethnicity, body mass index, and immunosuppressive. Data were expressed as absolute number (n)
and percentage (%) or median and percentile (25%—75%). SLEDALI: systemic lupus erythematosus disease activity index; Anti-dsDNA: anti-double stranded
DNA,; anti-SM: anti-Smith; anti-U1RNP: anti-U1 ribonucleoprotein; OR: odds ratio; Cl: confidence interval; C3: complement 3; C4: complement 4.
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Figure 1. A) Transforming growth factor (TGF)-B1 plasma levels in patients systemic lupus erythematosus (SLE) to TGFB1 +869 T>C variants
(recessive genetic model); B) TGF-p1 plasma levels plasma levels in SLE patients according to TGFB1 -509 C>T variants (recessive genetic
model); C) TGF-B1 plasma levels in patients with anti-dsDNA negative according to TGFB1 +869 T>C variants (dominant genetic model); D)
TGF-B1 plasma levels plasma levels in patients with anti-dsDNA positive according to TGFB1 +869 T>C variants (dominant genetic model).
Results expressed as median and percentile (25-75). p-value adjusted by age, sex, ethnicity, body mass index, and immunosuppressive.
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6 CONCLUSAO

Artigo 1:

O gendtipo AA e o alelo A da variante rs3761548 do FOXP3 estao associados

com o diagnéstico de LES.

O haplétipo A/A do modelo dominante das variantes do FOXP3, demonstrou

cerca de 3,7 vezes mais chance de desenvolver o LES.

O haplétipo G/C do modelo dominante das variantes do FOXP3 apresentou

efeito protetor de 40% na suscetibilidade ao LES.

Pacientes com gendtipo AA da variante rs2232365 do FOXP3 apresentaram

maior frequéncia de anticorpos anti-dsDNA e anti-U1RNP.

O haplétipo A/C do modelo dominante das variantes do FOXP3, apresentou
maiores niveis de SLEDAI e o haplétipo A/C do modelo recessivo apresentou
maior frequéncia de anti-dsDNA e anti-U1TRNP e cerca de 2,5 vezes mais

chance de desenvolver NL.

Pacientes com o haplétipo GCGC das variantes do FOXP3 exibiram niveis

plasmaticos mais elevados de TGF-$1.
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Artigo 2:

O gendtipo CC da variante rs1800470 do TGFB1 esta associado com o
diagndstico de LES.

Pacientes com o genétipo CC da variante rs1800470 do TGFB1 apresentaram

menores niveis plasmaticos de C4 e TGF-31.

Pacientes com o gendtipo TT da variante rs1800469 do TGFB17 exibiram

menores niveis plasmaticos de C4.

Pacientes com anti-dsDNA positivo e genétipo TC+CC da variante rs1800470

do TGFB1, apresentaram menores niveis de TGF-1.

Pacientes com anti-dsDNA negativo e gendtipo TC+CC da variante rs1800470

do TGFB1, apresentaram maiores niveis de TGF-f31.
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7 CONSIDERAGOES FINAIS

O presente estudo apresenta algumas limitagdes que devem ser consideradas.
A principal limitagao € que se trata de um estudo de caso-controle, o que nao permite
inferéncias sobre relagbes causais. Além disso, o numero de pacientes com LES é
relativamente pequeno, assim como, pacientes com doenga ativa (SLEDAI=6). No
entanto, nosso estudo apresenta alguns pontos fortes, como o ineditismo de algumas
avaliagdes e variantes genéticas escolhidas, assim como também a avaliagdo em
haplétipos destas variantes genéticas e o controle de fatores confundidores nos dados
analisados, o que que poderia prejudicar a interpretacao dos resultados obtidos.

Este € o primeiro estudo a avaliar a associacdo das variante -924 G>A
(rs2232365) e -3279 C>A (rs3761548) do FOXP3 na populagéo brasileira com LES.
Até o presente momento, nenhum estudo foi realizado para avaliar o papel da variante
-924 G>A do FOXP3 em qualquer populagao com LES. Além disso, esse € o primeiro
estudo a avaliar a associagédo das variantes, isoladamente ou em haplétipos, com a
suscetibilidade, presenca de nefrite e atividade da doencga.

Além disso, as variantes do TGFB1 também demonstraram resultados
promissores com a suscetibilidade e atividade da doenga. Assim como o FOXP3, este
€ o primeiro estudo a avaliar as variantes do TGFB17 na populagao brasileira, e o
primeiro estudo a demostrar que os niveis plasmaticos de TGF-f1 podem ser
modulados pela interagdo entre o alelo TGFB1 +869 C, em homozigose ou
heterozigose, e a presenga de anticorpos anti-dsDNA.

Nosso estudo demonstra a importancia de se avaliar o envolvimento das Tregs
e das variantes genéticas do FOXP3 e do TGFB1 na fisiopatologia e suscetibilidade
do LES. Uma melhor compreensao das bases genéticas nos disturbios autoimunes
pode constituir um passo em direcdo ao entendimento da imunologia no processo

fisiopatoldgico, e sugerir novos rumos na pesquisa terapéutica.
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APENDICE A

Termo de Consentimento Livre e Esclarecido
Titulo da pesquisa:

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

Clinicas da Universidade Estadual de Londrina, Londrina, Parana”

Prezado(a) Senhor(a):

Gostariamos de convida-lo (a) a participar da pesquisa ‘“Associacao entre
polimorfismos genéticos e a susceptibilidade ao Lupus Eritematoso Sistémico
(LES) em pacientes atendidos no Ambulatério do Hospital de Clinicas da
Universidade Estadual de Londrina, Londrina, Parand,” realizada no “Hospital
Universitario da Universidade Estadual de Londrina (HU/UEL), Londrina, Parana”. O
objetivo da pesquisa € “determinar se existe associagao entre fatores genéticos do
individuo e a chance de desenvolver LES e se existe associagdo com o quadro clinico
da doenca”. A sua participacdo € muito importante e ela se daria da seguinte forma:
no momento da entrada no projeto de pesquisa, sera realizada uma avaliagao clinica
e coleta de 20mL de sangue periférico para realizacdo de exames laboratoriais
relacionados ao LES, e uma entrevista para vocé fornecer informacdes sobre estilos
de vida como dieta e exercicios fisicos. Gostariamos de esclarecer que sua
participacao é totalmente voluntaria, podendo vocé: recusar-se a participar ou mesmo
desistir a qualquer momento sem que isto acarrete qualquer édnus ou prejuizo a sua
pessoa. Informamos, ainda que as informacdes serao utilizadas somente para os fins
desta pesquisa e serao tratadas com o mais absoluto sigilo e confidencialidade, de
modo a preservar a sua identidade. As amostras de sangue coletadas serao
identificadas por codigos com letra e numero garantindo o absoluto sigilo e
confidencialidade dos resultados. Apds sua utilizagdo, as amostras serao
armazenadas em freezer sob a responsabilidade do pesquisador responsavel para

outros estudos genéticos relacionados ao LES.
A participagao no projeto n&o apresenta riscos ao (a) senhor (a) e a populagéo podera
ser beneficiada com os resultados obtidos, caso a equipe de pesquisa determine

fatores genéticos que possam estimar a chance de um individuo desenvolver a
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doenca ou a chance de um individuo previamente com a doenga em desenvolver
quadros clinicos mais graves como a NL.

Informamos que o (a) senhor (a) ndo pagara nem sera remunerado por sua
participacdo. Garantimos, no entanto, que todas as despesas decorrentes da pesquisa
serao ressarcidas, quando devidas e decorrentes especificamente de sua participagao
na pesquisa. Caso vocé tenha duvidas ou necessite de maiores esclarecimentos pode
nos contatar: Professora Dra. Andréa Name Colado Simdo, no Setor de
Imunologia Clinica do Laboratério de Anadlises Clinicas do HU/UEL, fone 43-

3371-2321, e-mail: deianame@yahoo.com.br, ou procurar o Comité de Etica em

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

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

devidamente preenchida e assinada entregue a vocé.

Londrina, de de 2018.

Pesquisador Responsavel: Profa. Dra. Andréa Name Colado Simao
RG: 6226736-4

, tendo sido devidamente esclarecido

sobre os procedimentos da pesquisa, concordo em participar voluntariamente da

pesquisa descrita acima.

Assinatura (ou impressao dactiloscépica):
Data:

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

Ficha de avaliagao de pacientes e controles.
FICHA DE AVALIACAO — PROJETO LES

NOME: PRONTUARIO:
DATA NASC: CAUCASIANO ()

NAO CAUC ( )
END: TEL:

MEDICAMENTOS

PREDNISONA:
HIDROXICLOROQUINA/CLOROQUINA:
METOTREXATE:

AZATIOPRINA:

MICOFENOLATO MOFETIL:

OUTROS IMUNOSSUPRESSORES:
OUTROS:

OUTRAS DOENGCAS:

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

OUTROS:

NL

SIM( ) NAO( )
OBS:

TEMPO DE DOENCA:

ESCORE SLEDAI:

TABAGISMO: SIM (

)
ATIVIDADE FISICA:  SIM

PESO ALTURA IMC CIRC. PRESSAO
ABDOMINAL | ARTERIAL
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ANEXO A

Critérios para classificagdo do LES (EULAR/CAR 2019).

Critério de Entrada

Fatores antinucleares (FAN) com um titulo =1:80 nas células HEp-2 ou
um teste positivo equivalente (sempre)

v

Se ausente, ndo classifique como LES
Se houver, aplique critérios aditivos

v

Critérios aditivos
Nao conte um critério se houver uma explicagdo mais provavel que o LES,
A ocorréncia de um critério em pelo menos uma ocasido é suficiente.
A classificagdo do LES requer pelo menos um critério clinico e 10 pontos.
Os critérios ndo precisam ocorrer simultaneamente.
Dentro de cada dominio, apenas o critério ponderado mais alto é contado para a pontuagao total§.

Dominios e critérios clinicos Peso | Dominios e critérios de imunologia  Peso
Constitucional Anticorpos antifosfolipides

Febre 2 Anticorpos anti-cardiolipina OU

— Anticorpos anti-B2GP1 OU

Hematoldgico Anticoagulante do lopus 2

Leocopenia 3

Trombocitopenia 4 Proteinas de complemento

@ . .
Hemdlise autoimune 4 C3 baixo OU C4 baixo 3
C3 baixo E C4 baixo 4

Neuropsiquidtrico - -

Delirio 5 | Anticorpos especificos para LES

Psicose 3 Anticorpo anti-dsDNA * QU

Apreensio 5 Anticorpo anti-Smith 6
Mucocutdneo

Alopecia sem cicatrizes 2

Ulceras orais 2

Lupus cutdneo OU discoide subagudo 4

LUpus cutédneo agudo 6
Serosal

Derrame pleural ou pericardico 5

Pericardite aguda 6
Musculo-esquelético

Envolvimento conjunto 6
Renal

Proteinuria >0,5g/24h 4

Biopsia renal Nefrite lupica Classe Il ou V 8
Biopsia renal Nefrite lUpica classe lllou IV 10

Pontuacéo total:

v

Classifique como Lupus Eritematoso Sistémico com uma pontuagéo de 10 ou mais se o
critério de entrada for cumprido




Weight
8
8

-

Mo NN R R

TOTAL
SCORE
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ANEXO B

indice de atividade da doenca Lupus Eritematoso Sistémico (SLEDAI)

A descricao deve estar presente na visita ou nos ultimos 10 dias.

SCORE
a

a

a

O Q Qoo QaaQ

Qoo O O agooaoooaooa oo

Descriptor
Seizure

Psychosis

Organic brain syndrome

Visual disturbance

Cranial nerve disorder
Lupus headache

CVA
Vasculitis

Arthritis

Myositis

Urinary casts
Hematuria

Proteinuria
Pyuria

Rash

Alopecia
Mucosal ulcers
Pleurisy
Pericarditis

Low complement
Increased DNA binding

Fever
Thrombocytopenia
Leukopenia

Definition
Recent onset, exclude metabolic, infectious or drug causes.

Altered ability to function in normal activity due to severe disturbance in
the perception of reality. Include hallucinations, incoherence, marked
loose associations, impoverished thought content, marked illogical
thinking, bizarre, disorganized, or catatonic behavior. Exclude uremia
and drug causes

Altered mental function with impaired orientation, memory, or other
intellectual function, with rapid onset and fluctuating clinical features,
inability to sustain attention to environment, plus at least 2 of the
following: perceptual disturbance, incoherent speech, insomnia or
daytime drowsiness, or increased or decreased psychomotor activity.
Exclude metabolic, infectious, or drug causes.

Retinal changes of SLE. Include cytoid bodies, retinal hemorrhages,
serous exudate or hemorrhages in the choroid, or optic neuritis.
Exclude hypertension, infection, or drug causes.

New onset of sensory or motor neuropathy involving cranial nerves.

Severe, persistent headache; may be migrainous, but must be
nonresponsive to narcotic analgesia.

New onset of cerebrovascular accident(s). Exclude arteriosclerosis.

Ulceration, gangrene, tender finger nodules, periungual infarction,
splinter hemorrhages, or biopsy or angiogram proof of vasculitis.

> 2 joints with pain and signs of inflammation (i.e., tenderness, swelling
or effusion).

Proximal muscle aching/weakness, associated with elevated creatine
phosphokinase/aldolase or electromyogram changes or a biopsy
showing myositis.

Heme-granular or red blood cell casts.

>5 red blood cells/high power field. Exclude stone, infection or other
cause.

>0.5 gram/24 hours

>5 white blood cells/high power field. Exclude infection.

Inflammatory type rash.

Abnormal, patchy or diffuse loss of hair.

Oral or nasal ulcerations.

Pleuritic chest pain with pleural rub or effusion, or pleural thickening.

Pericardial pain with at least 1 of the following: rub, effusion, or
electrocardiogram or echocardiogram confirmation.

Decrease in CH50, C3, or C4 below the lower limit of normal for testing
laboratory

Increased DNA binding by Farr assay above normal range for testing
laboratory.

>38" C. Exclude infectious cause.

<100,000 platelets / x10°/L, exclude drug causes.
< 3,000 white blood cells / x10°/L, exclude drug causes.
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ANEXO C

Parecer do Comité de ética em pesquisa envolvendo seres humanos da
Universidade Estadual de Londrina (UEL).

UNIVERSIDADE ESTADUALDE . o, .
LONDRINA - UEL/ HOSPITAL %w. o
REGIONAL DO NORTE DO

PARECER CONSUBSTANCIADO DO CEP
DADOS DO PROJETO DE PESQUISA

Titulo da Pesquisa: Associacdo entre polimorfismos genéticos e a susceptibilidade ao Lupus Eritematoso
Sistémico em pacientes atendidos no Ambulatério do Hospital de Clinicas da
Universidade Estadual de Londrina, Londrina, Parana

Pesquisador: Andréa Name Colado Siméo

Area Tematica:

Versdo: 4

CAAE: 01865212.0.0000.5231

Instituigao Proponente: Universidade Estadual de Londrina - UEL
Patrocinador Principal: Financiamento Proprio

DADOS DO PARECER

Numero do Parecer: 210.328
Data da Relatoria: 19/12/2012

Apresentagao do Projeto:

Estudos com familias e gémeos sugerem que os fatores genéticos desempenham um papel significativo na
predisposi¢do ao Lupus Eritematoso Sistémico (LES). Assim, a hipotese levantada neste projeto é de que
individuos que apresentam polimorfismo genético nos genes que codificam a Proteina C Reativa, o HLA e o
TNF apresentam maior susceptibilidade ao desenvolvimento de LES e apresentam maior estresse oxidativo.
Para isso, o sangue dos individuos selecionados sera colhido para realizagdo de investigagdo génica e
dosagem de Proteina C Reativa e TNF.

Objetivo da Pesquisa:

Este projeto objetiva determinar a associagcdo de polimorfismos genéticos e a susceptibilidade ao LES e ao
aumento do estresse oxidativo em pacientes atendidos no Ambulatério do Hospital de Clinicas (AHC) da
Universidade Estadual de Londrina (UEL), Londrina, Parana.

Avaliagao dos Riscos e Beneficios:

O projeto nédo apresenta riscos ao paciente e a populagdo podera ser beneficiada com os resultados
obtidos, caso a equipe de pesquisa determine fatores genéticos que possam estimar a chance de um
individuo desenvolver a doenga ou a chance de um individuo previamente com a

Enderego: AVENIDA ROBERT KOCH, 60

Bairro: VILA OPERARIA CEP: 86.038-440

UF: PR Municipio: LONDRINA

Telefone: (43)3371-2490 E-mail: cep268@uel.br
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LONDRINA - UEL/ HOSPITAL W"@
REGIONAL DO NORTE DO

doenca em desenvolver quadros clinicos mais graves como a nefrite lupica. Além disso, os resultados
obtidos neste estudo poderao, também, indicar uma possivel relevancia da inclusdo na rotina laboratorial de
testes de genotipagem dos

genes indicados para individuos atendidos no AHC e no Hospital Universitario da UEL. Individuos que
apresentarem um genoétipo ou um conjunto de haplétipos associado ao LES poderdo ser beneficiados com
estratégias terapéuticas diferentes ou serem submetidos a um monitoramento clinico e laboratorial em
intervalos menores de tempo, ou ambos procedimentos, o que podera contribuir para uma melhor avaliagao
e monitorizagdo clinica

destes individuos.

Comentarios e Consideragdes sobre a Pesquisa:
O Projeto esta bem estruturado e é relevante para o avango das investigagdes sobre LES.

Consideragoes sobre os Termos de apresentagao obrigatoria:
Todas as pendéncias foram respondidas adequadamente.
Recomendagoes:

Encaminhar relatério ao final do estudo.

Conclusoes ou Pendéncias e Lista de Inadequacgoées:
Néo ha.

Situagao do Parecer:

Aprovado

Necessita Apreciagao da CONEP:

Nao

Consideragées Finais a critério do CEP:

Prezada Pesquisadora,

Favor retirar seu parecer de aprovacad junto ac CEP/UEL.

Enderego: AVENIDA ROBERT KOCH, 60

Bairro: VILA OPERARIA CEP: 86.038-440

UF: PR Municipio: LONDRINA

Telefone: (43)3371-2490 E-mail: cep268@uel.br
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LONDRINA, 04 de Margo de 2013

Assinador por:

Alexandrina Aparecida Maciel Cardelli
(Coordenador)

Enderego: AVENIDA ROBERT KOCH, 60

Bairro: VILA OPERARIA CEP: 86.038-440

UF: PR Municipio: LONDRINA

Telefone: (43)3371-2490 E-mail: cep268@uel.br
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ANEXO D

Critérios de classificagdo do LES (CAR/SLICC 2012).

Critérios Clinicos

Observagdes

Lupus cutaneo agudo

Eritema malar, Fotossensibilidade, Eritema
maculopapular do ldpus, Lupus bolhoso,
MNecrose epidérmica tdxica, Lupus cutaneo

subagudo
Lapus cutaneo cronico Eriterma  discoide, Lipus  hipertréfico,
Paniculite Ilupica, Lupus mucoso, Lupus

Eritematoso Tumido, Ldpus chillblains, Lipus
discoide/liqguen plano sobreposigao

Ulcera mucosa

Palato ou nasal

Alopécia ndo cicatrizante

Sinovite

Envolvendo 2 ou mais articulagdes

Serosite

Pleurite ou Pericardite

Renal

Proteindria maior do que 0,5 grama em 24
horas ou cilindros hematicos

Acometimento neuroldgico

Convulsdo, psicose, mononeurite multipla,
mielite, neuropatia craniana ou periférica,
estado confusional agudo.

Anemia hemolitica

Leucopenia ou Linfopenia Leucocitos< 4.000/mm® ou Linfécitos <
1.000/mm?

Trombocitopenia < 100.000/mm"

Critérios Imunolégios Observacdes

Anticorpo antinuclear (FAN)

Anticorpo anti-DNA de
cadeia dupla (Anti-dsDNA)

Anticorpo Anti-Smith (Anti-
Sm+)

Anticorpos antifosfolipides

Anticoagulante lapico, Anticorpo
anticardiolipina, anti beta 2 glicoproteina |

Complemento reduzido

C3, C4, CH50

Coombs direto positivo

Na auséncia de anemia hemolitica






