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RESUMO

O Lupus Eritematoso Sistémico (LES) ¢ uma doenca autoimune multissistémica.
Fatores genéticos podem aumentar o risco de desenvolver o LES, contribuindo com a quebra
da auto-tolerancia e desenvolvimento de autoanticorpos patogénicos. Varios genes ja foram
associados a susceptibilidade ao LES, entre eles os que codificam o Antigeno Leucocitario
Humano e as proteinas envolvidas na imunomodulagdo. Recentemente, o papel
imunorregulador da vitamina D, realizado através da sua ligacdo com seu receptor (VDR) tem
ganhado destaque. Outrossim, o Antigeno Leucocitario Humano G (HLA-G) tem demonstrado
importante funcdo no mecanismo de tolerancia imunoldgica. Sendo assim, a hipdtese deste
trabalho ¢ de que polimorfismos genéticos do VDR e HLA-G estejam associados a
susceptibilidade ao desenvolvimento de manifestagdes clinicas no LES. Neste sentido, foram
desenvolvidos trés estudos de caso-controle envolvendo 128 pacientes com LES de Recife/PE
e 158 de Ribeirdo Preto/SP. Cinco TagSNPs para o gene VDR e 25 SNPs do gene HLA-G
foram avaliados através de genotipagem, além de uma meta-andlise envolvendo a
inser¢dao/delecdo (ins/del) de 14pb do HLA-G. Foi verificada associagdo com a
susceptibilidade ao LES, na populacdo do Recife/PE, com os SNPS rs11168268 e rs2248098
do VDR, e com o SNP rs1707 do HLA-G. Ainda, o haplotipo TCGITCCCGAG do HLA-G foi
associado ao desenvolvimento do LES. Em relacdo as manifestagdes clinicas, 3 dos 5 SNPs
testados para o VDR (rs11168268, 1s2248098 e rs1540339) foram associados ao risco de
desenvolvimento de nefrite na populagdo de Recife/PE. Na populagdo de Ribeirdo Preto-SP
foram observadas associa¢des com alteragdes cutaneas (rs11168268), alteragdes imunologicas
(rs2248098), artrite (rs3890733) e producdo de anticorpos anti-DNA (rs4760648). Em relagdo
ao HLA-G, estudado na populagdo de Recife/PE, foram observadas associacdes com lesdes
cutaneas (-725 C>G>T), alteracdes imunologicas (-400 G>A e -391 G>A), manifestacdes
hematologicas (alelo mutante em homozigoze na posi¢do -762 C>T) e artrite (insG540). A
meta-analise demonstrou associa¢do do LES com a inser¢ao/delecao de 14pb do gene HLA-G.
Dessa forma, no presente trabalho podemos concluir que os genes HLA-G e VDR estavam
associados ao LES e/ou as suas manifestacdes clinicas nas populacdes estudadas, podendo

influenciar no desenvolvimento da doenga.

Palavras-chave: Lupus eritematoso Sistémico, Receptor da vitamina D e Antigeno
Leucocitario Humano G.



ABSTRACT

Systemic lupus erythematosus (SLE) is a multisystem autoimmune disease. Genetic
factors may increase the risk of developing SLE, contributing to the breakdown of self-
tolerance and development of pathogenic autoantibodies. Several genes have been associated
with susceptibility to SLE, including those which encode the human leukocyte antigen and
proteins involved in immunomodulation. Recently, the immunoregulatory role of vitamin D
performed by binding to its receptor (VDR) has gained prominence. Furthermore, the Human
Leukocyte Antigen G (HLA-G) have demonstrated an important role in immune tolerance
mechanism. Thus, the hypothesis is that genetic polymorphisms of VDR and HLA-G are
associated with susceptibility to SLE and development of its clinical manifestations. In this
sense, three case-control studies involving 128 patients with SLE from Recife-PE and 158 of
Ribeirdo Preto-SP were developed. Five TagSNPs for the VDR gene and 25 SNPs in the HLA-
G gene were evaluated by genotyping, and a meta-analysis involving the insertion/deletion
(ins/del) 14pb of HLA-G was performed. Association with susceptibility to SLE in Recife-PE
population was detected with rs11168268 and rs2248098 of VDR, and the SNP rs1707 of
HLA-G. In addition, the HLA-G haplotype TCGITCCCGAG was associated with the
development of SLE. In relation to clinical manifestations, 3 of the 5 SNPs tested for VDR
(rs11168268, rs2248098 and rs1540339) were associated with risk of developing nephritis in
the SLE patients from Recife-PE. In the population of Ribeirdo Preto-SP associations with
skin changes (rs11168268), immunological disorders (rs2248098), arthritis (rs3890733) and
anti-DNA (rs4760648) antibodies were observed. In relation to HLA-G, which was studied
only in the population of Recife-PE, associations were verified with: skin lesions (-725
C>G>T), immunologic abnormalities (-400 G>A and -391 G>A), hematologic manifestations
(were observed in homozygous mutant allele at position -762 C>T) and arthritis (insG540).
The meta-analysis demonstrated association of SLE with the insertion/deletion of 14pb the
HLA-G gene. Thus, in this study we can conclude that HLA-G and VDR genes were
associated with SLE and/or its clinical manifestations in the studied populations. Thus, these

genes may influence the development of SLE.

Keywords: Systemic lupus erythematosus, Vitamin D receptor, Human Leukocyte Antigen

G.
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INTRODUCAO

O Lupus Eritematoso Sistémico (LES) ¢ uma das doengas autoimunes reumatoldgicas
mais prevalentes na populacdo e acomete principalmente mulheres em idade fértil, sendo
decorrente principalmente da quebra do mecanismo de tolerancia imunologica associado a
hiperreatividade de linfocitos T e B, com formagdo de auto-anticorpos patogénicos. Diversos
orgdos e sistemas sdo alvos desta doenga, que cursa com altos indices de morbidade, ndo
sendo raro o desfecho fatal de alguns destes pacientes. As manifestagdes clinicas sdo
multiplas, podendo haver comprometimento articular, mucocutidneo, cardiovascular,
pulmonar, renal, neurolégico, hematoldgico e imunologico em qualquer fase da doenca.

Varios fatores tém sido atribuidos a sua etiologia, todavia devido a complexidade das
alteracdes imunorregulatorias do LES os elementos criticos para o desencadeamento da
doenca ainda ndo foram completamente elucidados. E postulado que a interagdo entre
“gatilhos” ambientais e fatores genéticos sao os causadores do LES, sendo que as alteragdes
em genes que codificam proteinas do sistema imune tém sido especialmente implicados na
etiologia da doenga, por contribuir com a quebra da auto-tolerancia e desenvolvimento de
auto-anticorpos patogénicos.

Nos ultimos anos, a identificagdo de polimorfismos em genes envolvidos na
susceptibilidade ao LES ¢ uma das mais importantes linhas de investiga¢do, no sentido de
entender como a autoimunidade progride e quais suas causas, sendo a deteccdo de
polimorfismos genéticos através de tecnologias que permitem a deteccdo de SNPs
(Polimorfismos de Base Unica) alvo de diversas pesquisas. Devido & utilizagdo de técnicas
que incluem o “genome wide”, ja foram identificados mais de 50 genes candidatos a doenca.
Entres eles figuram principalmente os que codificam o Antigeno Leucocitario Humano
(HLA) e proteinas que participam do processo de imunomodulacao.

Segundo a literatura, a vitamina D, mediada pelo seu receptor VDR (Receptor de
Vitamina D), tem um papel importante na modulacdo de células do sistema imune e na
producdo de citocinas, sendo que sua deficiéncia pode implicar em maior gravidade e
desencadeamento de doengas autoimunes. A Vitamina D exerce o seu efeito bioldgico através
da ligagdo com o VDR amplamente distribuido, sendo que o seu potencial em participar da
regulagdo imune também ¢ sugerido pela observacdo de que linfocitos T e B, macrdofagos e

células dendriticas expressam o VDR.
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O HLA contém genes responsaveis por acdes imunorregulatdrias e sua participagdo na
implementagdo da resposta imune tem permitido conhecer a base genética de varias doencas
autoimunes, incluindo o LES. Na regido de classe Ib esta situado o gene HLA-G, que tem um
papel importante no mecanismo de tolerdncia imunoldgica, ocasionando principalmente
supressao da resposta imune. Sendo assim, a expressdo do HLA-G pode ser benéfica em
algumas situagdes, particularmente naquelas em que a resposta imune deveria ser evitada,
como no caso das doengas autoimunes.

Considerando os aspectos tedricos descritos, a hipdtese deste trabalho ¢ de que
polimorfismos nos genes codificantes do VDR e HLA-G estariam associados com o
desenvolvimento do LES e a modulag¢do do fendtipo patologico da doenga. Dessa forma, foi
analisada a possivel associagdo de SNPs nos genes VDR e HLA-G com a susceptibilidade e as

manifestagdes clinicas da doenga em pacientes do Nordeste e Sudeste do Brasil.
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REVISAO DA LITERATURA

1. LUPUS ERITEMATOSO SISTEMICO

1.1 Consideracdes gerais

O Lupus Eritematoso Sist€émico (LES) ¢ o protétipo de doenga autoimune
multissistémica, sendo primariamente decorrente de anormalidades na regula¢do do sistema
imune. Estas alteragdes sdo principalmente causadas pela perda do mecanismo de tolerancia
imunolodgica, havendo uma falha na diferenciagdo dos antigenos préprios dos nao-proprios,
causando uma resposta autoimune exacerbada (Theofilopoulos AN, 1995; Hahn BH, 2005).
Entretanto, existem varias outras falhas no sistema imune do paciente com LES, e a etiologia
destas alteracdes ainda ndo foi completamente elucidada, além de ndo sabermos quais defeitos
do sistema imune sdo primarios ou secundariamente induzidos (Hahn BH, 2005). A
fagocitose, o clearence dos imunocomplexos, das células apoptdticas e debris celulares nao
funcionam adequadamente, permitindo a persisténcia de antigenos com a consequente
formagdo de autoanticorpos durante anos antes mesmo dos primeiros sintomas da doenga
aparecerem (Arbuckle MR et al., 2003; Graham KL; Utz PJ, 2005; Muifioz LE, 2009).

A complexidade das alteragdes imunorregulatérias do LES tem dificultado identificar
claramente os elementos criticos na imunopatogénese da doenga, no entanto alguns elementos
j& figuram como centrais, tais como a ativa¢do do sistema imune inato com o aumento da
producdo de interferon do tipo I e a resposta adaptativa aberrante com hiperativacdo de
células B e T, resultando na produ¢do de autoanticorpos patogénicos, os quais tem papel
chave no desenvolvimento e perpetuacdo do LES (Rahman A; Isenberg DA, 2008).

O paciente com LES apresenta uma ampla gama de manifestacdes clinicas, podendo
acometer quase todos os 6rgaos ou sistemas do organismo, sendo que os mais frequentemente
envolvidos sdo pele, articulagdes, rins, sistema nervoso e hematologico (Von Feldt IM, 1995).
Os sinais e sintomas da doenca associados a alteragcdes laboratoriais sdo utilizados para o
diagnéstico do paciente e critérios diagnosticos foram desenvolvidos inicialmente em 1971,
com revisdes subsequentes em 1982 e 1997. A tltima revisdo dos critérios teve o objetivo de
otimizé-los, aumentando a sensibilidade e especificidade, sendo necessario pelo menos 4 de
11 diferentes sinais/sintomas da doenca e/ou altera¢des laboratoriais para que um individuo

seja classificado como portador de LES (Quadro 1) (Hochberg MC, 1997).
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Quadro 1. Critérios diagndstico do Lupus Eritematoso Sistémico revisados em 1997 (Hochberg MC,
1997).

Critérios

Cutineos

Rash malar

Rash discoide

Fotossensibilidade

Ulcera oral

Osteoarticular

Artrite

Serosite

Pleurite ou pericardite

Nefrite

Proteinuria persistente > 0,5 g/dia ou cilindros celulares na urina
Desordem neurologica

Convulsao ou psicose

Desordem hematologica

Anemia hemolitica, leucopenia <4.000, linfopenia<1.500 ou
plaquetopenia<100.000

Desordem imunologica

Anti-DNA, ou Anti-SM, ou Anticorpos antifosfolipideos

Fator antinuclear (FAN) positivo

1.2 Epidemiologia

O LES ocorre em todo o mundo, embora ainda seja uma doenca subdiagnosticada em
muitos paises, o que dificulta estabelecer a prevaléncia e incidéncia da doenga. Apesar disso,
estudos epidemiologicos tém demonstrado padrdes similares de incidéncia da doenca
(Danchenko N et al., 2006). Tem sido observado ainda a possibilidade da existéncia de um
“gradiente de prevaléncia” entre os habitantes de alguns paises da Africa, onde o LES parece
ter menor prevaléncia, contrastando com outras regides do mesmo continente onde a taxa de

prevaléncia ¢ elevada. A existéncia deste “gradiente” pode estar relacionada a alteragdes
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genéticas, exposicao a fatores ambientais especificos, ou até mesmo ao tratamento inadequado
e maior indice de morte em alguns paises (Bae SC et al., 1998).

A prevaléncia do LES varia de acordo com o género, idade, etnia e regido geografica.
A doenga apresenta uma predile¢do pelo sexo feminino com pico de incidéncia durante a
idade reprodutiva. Em adultos a propor¢do de mulheres para homens varia de 10-15:1. De
uma forma geral, a prevaléncia na populacdo varia de 20-150 casos por 100.000 habitantes
(Pons-Estel GJ et al., 2010), entretanto, em mulheres, a prevaléncia pode variar de 164
(descendentes de caucasianos) a 406 (afrodescendentes americanos) por 100.000
(Chakravarty EF et al., 2007). Devido ao aumento da deteccdo dos casos leves da doenga a
incidéncia quase que triplicou nos tltimos 50 anos (Uramoto K et al., 1999) e varia de 1 a 25
casos por 100.000 habitantes na América do Norte, América do Sul, Europa e Asia
(Danchenko N et al., 2006; Pons-Estel GJ et al., 2010).

Por razdes ainda ndo completamente esclarecidas, o LES nos Estados Unidos ¢ mais
prevalente entre os afrodescendentes que, em geral, possuem doenga mais grave
(Arbuckle MR et al., 2003). Em mulheres afrodescendentes americanas sdo 3-4 vezes mais
frequentes, tem idade de inicio mais precoce e as lesdes organicas ocorrem mais rapidamente
do que em descendentes de caucasianos (Chakravarty EF et al., 2007).

Dados epidemioldgicos sobre o LES no Brasil sdo escassos, sendo que apenas dois
estudos até o momento foram realizados nas cidades de Natal-RN (Vilar M; Sato E, 2002) e
Cascavel-PR (Nakashima K et al.; 2011). Na cidade de Cascavel-PR foi identificado uma
incidéncia de 4,8 casos/100.000 habitantes/ano, mas em Natal-RN a incidéncia foi de
8,7casos/100.000 habitantes/ano. Esta diferenga entre as incidéncias (quase o dobro em Natal-
RN) poderia ser explicada por diversos fatores entre os quais se incluem: composi¢ao étnica
(predominio de negros e pardos em Natal-RN); localizagdo geografica no Nordeste do Brasil,
onde o indice de radiacdo ultravioleta é maior; indice de desenvolvimento humano menor em

Natal-RN (Nakashima K et al.; 2011).

1.3 Fatores ambientais e hormonais relacionados ao LES

Embora a etiologia do LES permaneca ndo completamente compreendida, fatores
genéticos, étnicos, geograficos, hormonais e ambientais desempenham um importante papel
na sua etiopatogénese. E postulado que a exposicdo a “gatilhos” ambientais em individuos

geneticamente susceptiveis sejam os principais causadores do inicio da doenca (Schur PH,
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1995; Wong M; Tsao BP, 2006). Varios fatores ambientais tém sido implicados como
possiveis deflagradores do LES ou de suas exacerbagdes. Dentre eles o tabagismo, a radiacao
ultravioleta, viroses € o uso de determinados medicamentos (lupus induzido por drogas) sdo
os mais bem descritos. (Ghaussy NO et al., 2001; Cooper GS et al., 2002).

O tabagismo tanto constitui um fator de risco para doenga como também tem sido
associado a producdo de anticorpos anti-DNA. Radiag¢do ultravioleta exacerba a doenca
sistémica e piora os sintomas cutaneos, no entanto ndo hd ainda evidéncias totalmente
conclusivas de sua implicacdo no desencadear da doenga (Ghaussy NO et al., 2001; Cooper
GS et al., 2002). Algumas viroses também vem sendo investigadas, embora ainda ndo existam
evidéncias totalmente conclusivas da ligagdo de um virus especifico. O que mais tem recebido
aten¢do neste sentido € o virus Epstein-Barr. Mimetismo molecular entre proteinas do virus
Epstein-Barr e antigenos proprios tem sido postulado como tendo um papel na patogénese do
LES (James JA; Robertson JM, 2012).

Fatores socioecondmicos também tém sido implicados e estudos tem demonstrado um
ricos até 4 vezes maior de morte naqueles de menor renda familiar (Karlson EW et al., 1995;
Lotstein DS et al., 1998). O estresse emocional tem sido implicado tanto no desencadeamento
quanto nas exacerbagdes da doenga (Peralta-Ramirez MI et al., 2004), no entanto mais
estudos ainda s3o necessarios para definir o seu papel exato na etiopatogénese da doenga.

J& no que diz respeito a fatores hormonais, hd evidéncia suficiente da acgdo
imunorregulatéria de hormonios como estradiol, testosterona e progesterona. Ja se sabe
inclusive que principalmente o estradiol influencia a incidéncia e severidade do LES
(McMurray RW; May W, 2003). Esta evidéncia ¢ ratificada principalmente pelas seguintes
observagdes: mulheres em tratamento com contraceptivos a base de estrégeno tem risco
aumentado de desenvolver o LES (Petri M et al., 2005); tratamento a base de estrogenos em
mulheres clinicamente estaveis com LES tem risco aumentado de flares da doenca (Petri M et
al, 2005); LES tem sido observado em maior frequéncia em individuos portadores de
Sindrome de Klinefelter (Lahita RG, 1999); aleitamento materno tem efeito protetor para

doenca (Costenbader KH et al., 2007).

1.4 Fatores genéticos relacionados ao LES

Fatores genéticos podem aumentar o risco de desenvolver o LES, contribuindo com a

quebra da auto-tolerancia e desenvolvimento de autoanticorpos patogénicos. Todavia,
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interacdes complexas entre genes e o ambiente sdo necessdrias para o desenvolvimento da
doenca (Boackle SA, 2013; Rullo OJ, 2013).

Evidéncias de um componente genético para o LES sdo ratificadas por pesquisas em
gémeos monozigdticos e dizigoéticos, ou em filhos de pacientes portadores da doenga. Estudos
demonstram um aumento significativo do risco entre individuos de uma mesma familia e a
taxa de concordancia entre gémeos monozigdticos varia de 14-57% em comparagdo a 2-5%
entre gémeos dizigoticos (Deapen D, 1992). Outra demonstra¢ao da influéncia do componente
genético da doenca sdo os indices elevados de positividade do FAN entre criancas nascidas de
pacientes com LES (Murashima A, 2004).

Pesquisas cientificas tém identificado mais de 50 genes com polimorfismos (ou
raramente mutacdes) que podem predispor ao LES (Boackle SA, 2013; Graham RR et al.,
2009; Rullo OJ, 2013). Todavia, estas alteragdes genéticas tém sido reportadas como sendo
responsaveis por cerca de 18% da susceptibilidade a doenga, sugerindo uma forte influéncia
de componentes ambientais ou epigenéticos (Boackle SA, 2013; Rullo OJ, 2013). Multiplos
genes tém sido associados ao LES, incluindo genes do complexo maior de
histocompatibilidade (MHC), ou que codificam componentes do sistema de complemento,
além daqueles que codificam proteinas com a¢do imunomodulatoria (Barcellos LF, 2009).

Os componentes genéticos mais comumente envolvidos na predisposi¢do ao LES sdo
os encontrados no locus do MHC (Figura 1), que inclui os genes do antigeno leucocitério
humano (HLA). O MHC contem genes responsaveis pela apresentacdo de antigenos e também
possui genes para alguns dos componentes do sistema de complemento e citocinas, além de
modularem a resposta imune (Barcellos LF, 2009).

Dados sobre a relagdo do HLA e a susceptibilidade a doengas autoimunes
reumatoldgicas permanecem mais no nivel de associacdo, havendo a necessidade de uma
melhor descri¢do dos seus mecanismos. Uma variedade de modelos tém sido postulados para
explicar esta associacdo do ponto de vista funcional. Estes incluem principalmente a
importancia de polimorfismos do HLA na maturacdo de células T, supressdo da imunidade,
apresentacgdo e processamento de antigenos e mecanismo de tolerancia imunologica (Shiina T

et al., 2004).
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Figura 1. Distribuicdo dos genes do MHC associados com o LES de acordo com a sua localizacao.
Classe I (laranja), classe II (roxo) e classe III (verde) (Adaptado de Sestak AL et al., 2011).

Outros genes que estdo envolvidos na susceptibilidade ao LES incluem principalmente
os que fazem parte do sistema imune inato. Muitos destes influenciam a sinaliza¢do de
linfocitos, alguns dos quais modulam a ativag@o e supressao de linfocitos T e B. Outros genes
estdo relacionados ao mecanismo de clearence de imunocomplexos. Dessa maneira, percebe-
se que as influéncias genéticas sdo complexas, e a interagdo entre diferentes genes e
polimorfismos parecem também ser importantes (Graham RR et al., 2009; Boackle SA, 2013;
Rullo OJ, 2013). Os principais genes ndo integrantes do MHC, que possuem associagao
comprovada com o LES estdo relacionados no quadro 2. Além destes, outros genes também
tém sido estudados, dentre os quais ganham destaque: o IRF5 (Interferon regulatory factor 5),
STAT4 (Signal transducer and activator of transcription 4), ITGAM (Integrin alpha-M), que
codificam citocinas e interferem no recrutamento de linfocitos (Abelson AK et al., 2009); e os
genes do sistema de complemento como o Clq, C2 e C4, que tém influéncia no clearence de

imunocomplexos (Cervino AC et al., 2007).
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Quadro 2. Associagcdo entre genes e a susceptibilidade ao LES demonstrada por meta-analise
(Adaptado de Sestak AL et al., 2011).

Gene Localizagio Estud(_)s Es~tud0s ' thal de individuos na meta-analise .
Associados  N&o Associados  No. pacientes  No. controles  Odds ratio
CR1 1q32 2 19 950 1372 1.544
CTLA4 2q33 7 16 1144 1630 1.287
FCGR24 1923 16 31 4235 4383 1.24
FCGR34 1923 16 13 2415 1455 1.47
IL10 1q32 13 14 2391 3483 1.284
MBL?2 10q11 15 12 1794 2192 1.406
PDCDI 2q37 16 11 2909 3995 1.194
PTPN22 1pl3 10 2 3514 7646 1.49
TNF 6p21 23 17 3060 4479 1.7
TNFRSFIB 1p36 3 12 944 1313 1.29
TNFSF4 1925 5 4 1312 1801 1.26

Em adicdo as alteracdes nos genes codificantes da imunidade inata, de proteinas com
acdo imunomodulatoria e do sistema HLA, fatores epigenéticos também sdo importantes na
patogénese do LES. Mecanismos epigenéticos podem representar a ligacdo perdida entre a
genética e fatores de risco ambientais (Altorok N; Sawalha AH, 2013; Shen N et al., 2012).

A acessibilidade para fatores transcricionais, e, assim, a expressao génica, ¢ regulada
pela acetilagdo e metilagdo do DNA. A metilagdo do DNA tem papel importante em uma
variedade de processos, tais como inativagdo do cromossomo X em certos tipos de cancer.
Estudos tém demonstrado que a metilagdo ¢ o processo epigenético mais importante no LES e
poderia explicar, pelo menos em parte, a discordancia observada na frequéncia do LES em
gémeos idénticos. Farmacos como Hidralazina e Procainamida podem inibir a metilagdo em
pessoas saudaveis e por isso ocasionar o Lupus induzido por drogas. Regides regulatérias de
alguns genes conhecidamente envolvidos na patogénese do LES (/TGAL, CD40LG, CD70 e
PPP2CA) tém sido reportados como causadores de hipometilagdo (Ballestar E et al., 2006).
Outras anormalidades em pacientes também tém sido descritas, como falhas na transcri¢ao
génica, alteracdes na regulagdo pods-transcricional, modificagdes na edi¢do do RNA
mensageiro (Sui W et al., 2013).

Além da influéncia na susceptibilidade a doenga, polimorfismos genéticos também
estdo associados ao desenvolvimento de determinadas manifestagdes clinicas como nefrite,

anemia hemolitica autoimune, trombocitopenia e Lupus discoide, além da producdo de
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determinados autoanticorpos (por exemplo anti-DNA), ou mesmo envolvidos no aumento do
risco de insuficiéncia renal cronica, sendo um marcador prognostico (Wong M, 2006). O SNP
1s7574865 G/T no terceiro intron do STAT4 aumenta o risco de nefrite, sindrome do anticorpo
antifosfolipide e desenvolvimento de anticorpos anti-DNA (Taylor KE et al., 2008);
rs6983130 do gene LYN diminui o risco de manifestacdes hematoldgicas do LES (Lu R et al.,
2009); o gene CRP-A ¢ associado com nefrite e protege contra artrite (Jonsen A, 2007); o
alelo A do rs1143679 do ITGAM ¢é associado com nefrite, rash discoide, manifestagdes
imunolodgicas da doenga em descendentes de caucasianos (Kim-Howard X, 2010).

Apesar dos esforcos realizados nos ultimos anos, uma grande propor¢do dos
componentes genéticos da doenca ainda permanecem ndo reconhecidos. Por isso, com o
objetivo de encontrar genes candidatos e, assim, melhor elucidar a causa do LES, tem sido
realizado os chamados “genome wide” onde centenas de SNPs podem ser avaliados em um s6
momento. Trés “genome wide” realizados com pacientes lipicos sdo: Hom G et al. (2008)
(1311 pacientes, 1783 controles) (545.080 SNPs); consércio SLEGEN (Harley JB, 2008) (720
pacientes, 2337 controles) (317.501 SNPs); e o de Graham et al (2008) (431 pacientes, 2155
controles) (469.094 SNPs). Esses estudos utilizaram principalmente pacientes e controles
europeus (descendentes de caucasianos) e encontraram associagdo em comum com 0s genes

do HLA, STAT4, IRFS5 e ITGAM.

1.5 Patogénese do LES

O LES ¢ o prototipo de doenca autoimune, constituindo uma sindrome caracterizada
pela resposta inapropriada a antigenos proprios. No LES o sistema imune falha em controlar
as células apresentadoras de antigenos, células T e células B que produzem um vasto numero
de autoanticorpos e citocinas, levando a infiltragdo de varios Orgdos, ativagdo local de
complemento e formag¢ao de imunocomplexos (Rahman A; Isenberg DA, 2008).

A resposta imune observada no LES ¢ complexa. Sendo assim, para que um paciente
desenvolva a doenga, multiplos fatores estdo envolvidos e ocorrem de forma sincronizada. O
sistema imune do paciente com LES tem sido extensivamente estudado e alteragdes foram
encontradas na maioria dos seus componentes, sendo que cada uma desempenha um papel na
patogénese da doenca. Portadores de LES desenvolvem um processo inflamatério cronico que
se manifesta pela presenga de uma grande variedade de autoanticorpos e alteragdes na funcgao

de células T e B. As principais “falhas” do sistema imune do paciente com LES estdo nas
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nessas c¢lulas, nos mecanismos de apresenta¢dao de antigenos e no clearence de autoantiegnos
(Theofilopoulos AN, 1995; Rahman A; Isenberg DA, 2008).

A principal caracteristica da patogénese do LES ¢ a resposta imune contra antigenos
nucleares. Autoantigenos liberados pelas células apoptodticas sdo apresentadas por células
dendriticas e outras células apresentadoras de antigenos (macrofagos e linfocitos B) para as
células T conduzindo a sua ativagdo (Figura 2). Em condigdes normais, o clearence de
autoantigenos ¢ realizado sem que haja uma resposta inflamatdria. No entanto, evidéncias
sugerem que no LES hd importantes alteracdes neste processo, devido a exposicdo de
autoantigenos alvos ao sistema imune durante a apoptose, € a apoptose de células
mononucleares e ceratinocitos, que estdo aumentadas nos pacientes (Casciola-Rosen LA,
1994; VollRE et al, 1997). Sendo assim, células apoptéticas sdo provavelmente uma
importante fonte de antigenos. Evidéncias também sugerem que ha uma falha no mecanismo
de apresentagdo de antigenos pelas células dendriticas e estas anormalidades provavelmente
tém um papel importante no desencadear da doenga, manutengdo e amplificagdo do processo
de resposta autoimune (Frisoni L et al., 2005).

Além disso, tem sido demonstrado que alteragdes de mondcitos e macréfagos, os quais
tém uma redu¢do na habilidade de fagocitar células apoptdticas. Ou seja, pacientes com LES
tém uma producdo aumentada de autoantigenos, alteragdo no mecanismo de apresentacdo dos
mesmos por células dendriticas e falha no clearence, permitindo uma exposi¢do prolongada
de autoantigenos a células do sistema imune. Estes fatores em conjunto levam a uma quebra
da tolerancia imunoldgica contra antigenos nucleares endégenos e estimulam a produgio de
IFN-y, que ativa células T (Figura 2). As células T ativadas produzem uma variedade de
citocinas que possuem diferentes a¢des (Quadro 3), incluindo a ativagdo de células B. As
células B produzem entdo anticorpos contra constituintes proprios, formando
imunocomplexos (Shlomchik MJ, 2001). Os imunocomplexos desempenham papel principal
no LES. Em individuos normais, imunocomplexos podem ser depurados pelo sistema de
complemento, no entanto em pacientes com LES ha também uma falha neste mecanismo
levando a deposicdo destes nos tecidos. O dano tissular, por sua vez, ¢ agravado pelo
recrutamento de células inflamatérias, producdo de citocinas e ativacdo da cascata de

coagulagdo (Tsokos GC, 2011).
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Figura 2. Etiopatogénese do lupus. BCR = B cell receptor; FcR = Fc Receptor; IFN-a = Interferon
alfa; IL-21 = Interleucina 21; TLR = toll-like receptor; UV = ultravioleta; (Adaptado de Bertsias et al.,
2010).

Quadro 3. Papel das principais citocinas na patogénese do LES (Adaptado de Crispin JC; Tsokos GC,
2011).

Citocina Efeito no LES

IL-2 Diminui a produgao de células T regulatérias
IL-6 Aumento de células mononucleares

IL-10 Aumento de células mononucleares

IL-17 Aumento da producado de células T

IL-21 Aumento da producdo de células T

IL-23 Aumento da producao de células mononucleadas
IFN-y Estimulo a Producao de células T defeituosas

Uma vez iniciada a reagdo imune, a presenca destes autoantigenos e complexo imunes
amplificam e perpetuam a resposta inflamatoria. As principais alteragdes sdo sumarizadas no

quadro 4.
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Quadro 4. Principais falhas encontradas no sistema imune de pacientes com LES.

Células

Falha/Alterac¢ao funcional

Macréfagos
Células dendriticas

Células B

Células T

Sistema de complemento

Reducdo na abilidade de fagocitar células apoptoticas
Apresentagdo anormal de antigenos proprios

Taxa de proliferacdo e produ¢do de autoanticropos aumentada
Ativagdo policlonal e sinalizagdo anormal

Defeito na tolerancia celular

Hiperreatividade e hiperresponsividade

Padrao de expressdo génica alterado levando a alteragdes
funcionais

Diminuicdo do nimero de células T regulatoria e capacidade
diminuida de suprimir a imunidade

Hiperreatividade e hiperresponsividade

Deficiéncia do complemento com consequente falha na

depuragdo de complexos imunes.

1.6 Manifestagoes clinicas

O LES ¢ uma doenca crdnica que apresenta um curso evolutivo varidvel alternando

periodos de remissdo e exacerbagdo, podendo ocasionar comorbidades ou mesmo ser fatal. A

doenca inicia com uma fase pré-clinica caracterizada pela producdo exacerbada de

autoanticorpos que precede uma fase clinica érgao-especifica. Posteriormente h4 o inicio de

um processo cronico caracterizada pela presenga de comorbidades consequentes a lesdes

organicas ou ao uso de medicamentos para tratamento da doenga (Bertsias et al; 2010) (Figura

3). O dano organico precoce ¢ geralmente relacionado a propria doenga, enquanto o tardio ¢

frequentemente devido a complicagdes como aterosclerose, infec¢des, malignidades, ou a

efeitos adversos do uso cronico de corticosteroides ou outros imunossupressores como

azatioprina e ciclofosfamida (Cervera R et al, 2003; Bertsias et al, 2010).
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Figura 3. Histdria natural do lupus eritematoso sistémico (Adaptado de Bertsias et al., 2010).

O lupus pode ser classificado em: cutaneo, sistémico e induzido por drogas. O Lupus
induzido por drogas refere-se aquele que ocorre como consequéncia ao uso de medicamentos.
Os sintomas sdo muito parecidos com o lupus sist€émico, mas geralmente remite apds a
suspensdo do farmaco. Os seguintes fAirmacos sdo bem definidos como causadores de lupus
induzido por drogas: procainamida, hidralazina, diltiazem, penicilamina, isoniazida,
hidralazina, minociclina, anti-TNFs (principalmente infliximabe e etanercepte), interferon-
alfa, metildopa, clopromazina (Hess E, 1988; Fritzler MJ, 1994; Ioannou Y; Isenberg DA,
2000).

O Lupus cutaneo ¢ sempre limitado a pele e identificado por inflamagdes cutaneas que
aparecem mais frequentemente na face, nuca e couro cabeludo, representado principalmente
pelo lupus discoide. Aproximadamente 10% das pessoas com Lupus cutaneo podem evoluir
para a forma sistémica da doenga, a qual pode acometer quase todos os 6rgdos e sistemas
sendo considerada a forma mais grave da doenga (Von Feldt JIM, 1995).

Mais de 50% dos pacientes lipicos podem apresentar sintomas constitucionais como
perda de peso, anorexia, febre, calafrios, fadiga. Além disso, de forma concomitante a estes,
sintomas relacionados a lesdes Orgdo-especificas também ocorrem, envolvendo

principalmente articulagdes, pele, sistema hematologico, sistema nervosa central, pulmdes,
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coragdo, rins e trato grastrointestinal, constituindo a forma sistémica da doenga (Quadro 5)

(Von Feldt JM, 1995).

Quadro 5. Frequéncia dos principais sinais, sintomas e alteragdes imunologicas do LES (Adaptado de
Von Feldt JM, 1995).

Sinal/Sintoma/Alteracao Frequéncia (%)
imunologica

Constitucionais

Perda de peso 44-60
Fadiga 74-100
Febre 36
Sistema Musculoesquelético

Artralgias e artrite 83-95
Cutineos

Fotossensibilidade 41-60
Rash malar 48-54
Purpura 15-34
Ulceras mucosas 27-52
Alopécia 18-71
Renal

Nefrite 50
Gastrointestinal 38-44
Pulmonar

Derrame pleural 24
Pneumonite 29
Dor pleuritica 30-45
Cardiaco

Pericardite 8-48
Sistema Hematologico

Linfadenopatia 21-50
Esplenomegalia 9-20
Leucopenia 43-66
Plaquetopenia 25-50
Anemia hemolitica autoimune 10
Neurologica

Convulsoes 2-20
Psicose 5-25
Fenomeno de Raynaud 16-40
Imunolodgica

FAN 95-100
Anti-DNA 66-95
Anti-SM 25
Anti-cardiolipina 34-42

1.6.1 Alteracoes Mucocutineas
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A maioria dos paciente com LES apresentam pelo menos uma alteragdo mucocutanea
durante o curso da doenca. Existem diversos tipos de lesdes secundarias ao LES, sendo a “asa
de borboleta” (rash malar) a mais conhecida. Esta corresponde a um eritema elevado
atingindo a regido malar e dorso do nariz. Muitos pacientes apresentam ainda Ulceras orais ou
nasais geralmente benignas e relacionadas a atividade da doenca. Perfuragdo do septo nasal
decorrente do LES ¢ rara. Outros tipos de lesdo incluem placas eritematosas planas ou
elevadas que podem aparecer em qualquer parte do corpo e sensibilidade exacerbada ao sol
(fotossensibilidade). Alguns pacientes desenvolvem ainda o rash discoide, que ¢ uma lesdao
cutdnea inflamatoria que pode deixar cicatrizes. Alopécia também ¢ comum, e geralmente

estd associada a atividade da doenga, podendo ser reversivel (Patel P; Werth V, 2002).

1.6.2 Sistema Musculoesquelético

Artrite e artralgias sdo os sintomas mais frequentes no LES e, somados, ocorrem em
mais de 90% dos pacientes. A artrite geralmente ¢ simétrica, de padrdo migratorio, nao
deformante e acomete principalmente as maos. De forma pouco frequente, ocorre mialgias e

miosite, que pode levar a fraqueza muscular grave (Fessler BJ; Boumpas DT, 1995).

1.6.3 Fenomeno de Reynaud

E uma resposta vascular exagerada geralmente induzida por estresse ou frio. H4 uma
vasoconstricdo das artérias digitais e arteriolas cutaneas por um defeito na resposta vascular
local devido ao LES, geralmente ocasionando mudanga da coloragdo dos dedos das maos e/ou

pés (Wigley FM, 2002).

1.6.4 Renal

O acometimento renal pelo LES geralmente ¢ identificado pela alteragdo da uroanélise
ou provas de fun¢do renal. Pode ser consequente a uma nefropatia tubulointersticial, mas
geralmente ¢ uma glomerulonefrite e ocorre nos primeiros anos da doenga, sendo muitas
vezes 0 seu primeiro sintoma. Em muitos casos os pacientes ndo apresentam sintomas

evidentes, mas em outros a insuficiéncia renal pode ser a sua manifestag@o inicial. Cerca de
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50% dos pacientes sdo acometidos, e usualmente a bidpsia renal € requerida para definicdo de

qual padrao de glomerulopatia esta ocorrendo (Ortega LM et al., 2010).

1.6.5 Trato gastrointestinal

E frequentemente envolvido, mais comumente por efeitos adversos das medicagdes
empregadas para o tratamento da doenga do que pela atividade dela. Gastrite e tlcera gastrica
sdo geralmente causadas pelo uso de corticosteroides ou anti-inflamatorios ndo hormonais,
enquanto pancreatite, peritonite, vasculite mesentérica, hepatite, colite, diarreia e perfuracao

intestinal devido a atividade da doencga (Cervera R et al., 2003).

1.6.6 Pulmao

Pleurite, derrame pleural, pneumonite, hipertensdo pulmonar, tromboembolismo
pulmonar e até mesmo hemorragia alveolar podem acontecer. A presenga de dispneia e dor
toracica sdo os principais sintomas decorrentes do acomentimento pulmonar pelo LES (Keane

MP; Lynch JP, 2000).

1.6.7 Cardiovascular

O LES pode acometer qualquer area do coracdo, provocando uma miocardite,
pericardite, ou endocardite. A repercussao clinica ¢ varidvel e pode levar desde a dispneia ao
choque cardiogénico e obito do paciente. Além disso, devido ao processo inflamatorio cronico
da doenca, portadores de LES tém maior risco de apresentar aterosclerose e doencas
cardiovasculares como hipertensdo arterial sistémica, miocardiopatia isquémica e acidentes

vasculares cerebrais (Fessler BJ; Boumpas DT, 1995; Cervera R et al., 2003).
1.6.8 Neurologico
As complicagdes neurologicas mais graves secundarias ao LES sdo decorrentes de

vasculite do sistema nervosa central. Esta pode acarretar convulsdes, cefaleia e quadros

psicoticos. Pode haver ainda acidente vascular encefélico isquémico secundario a sindrome do
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anticorpo antifosfolipideo. Outros problemas menos comuns incluem: neuropatia periférica,

meningite asséptica, mielite e desordens de movimento (Hanly JG et al., 2010).

1.6.9 Oftalmologico

A principal alteracdo ¢ a ceratoconjuntivite seca. Infrequentemente pode haver

vasculite retiniana, episclerite, esclerite e uveite (Fessler BJ; Boumpas DT, 1995).

1.6.10 Hematologico

Citopenia ¢ o sinal mais frequente, sendo representada principalmente pela leucopenia,
a qual ocorre em 43-66% dos pacientes. Muitos destes também apresentam anemia hemolitica
autoimmune, anemia secundaria a doenca cronica ou mesmo secunddria a diminuicdo da
fun¢do renal. Trombocitopenia também pode acontecer, mas usualmente ndo estd associada a
fendmenos hemorragicos agudos. De forma mais infrequente também acontece uma
pancitopenia secundaria ao LES. J4 o tromboembolismo pode ser responsavel por eventos
agudos e acometer vasos periféricos, ou mesmo pulmao e cérebro levando ao desfecho fatal.
A sindrome do anticorpo antifosfolipideo ¢ associada ao LES e pode estar presente em até
40% dos pacientes, sendo a principal responsavel pela presenca de fendmenos

tromboembolicos (Bhatt AS; Berliner N, 2012).

2. VITAMINA D

2.1 Consideracdes gerais

A vitamina D, ou colecalciferol, ¢ um hormoénio esteroide, cuja principal fun¢do
consiste na regulagdo da homeostase do célcio, formagdo e reabsor¢do Ossea, através da sua
interacdo com as paratireoides, os rins e os intestinos. A principal fonte da vitamina D ¢
representada pela formacdo enddgena nos tecidos cutdneos apds a exposicdo a radiagdo
ultravioleta B (Arnson Y et al., 2007). Uma fonte alternativa e menos eficaz de vitamina D ¢
a dieta, responsavel por apenas 20% das necessidades corporais, mas que assume um papel de
maior importancia em idosos, pessoas institucionalizadas e habitantes de climas temperados

(Bringhurst FR et al., 2008).
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Quando exposto a radiacdo ultravioleta, o precursor cutdneo da vitamina D, o 7-
desidrocolesterol, sofre uma clivagem fotoquimica originando a pré-vitamina D3. Essa
molécula termolabil, em um periodo de 48 horas, sofre um rearranjo molecular dependente da
temperatura, o que resulta na formagdo da vitamina D3 (colecalciferol). A pré-vitamina D3
também pode sofrer um processo de isomerizagdo originando produtos biologicamente
inativos (luminosterol e taquisterol) e esse mecanismo ¢ importante para evitar a
superproducdo de vitamina D apds periodos de prolongada exposi¢do ao sol. O grau de
pigmentacdo da pele ¢ outro fator limitante para a produgdo de vitamina D, uma vez que peles
negras apresentam limitagdo a penetracdo de raios ultravioleta (Bringhurst FR et al., 2008).

No sangue, a vitamina D circula ligada principalmente a uma proteina ligadora de
vitamina D, embora uma pequena fragdo esteja ligada a albumina. No figado, sofre
hidroxilagdo, mediada por uma enzima citocromo P450-like, e ¢ convertida em 25-
hidroxivitamina D (25(OH)D) que representa a forma circulante em maior quantidade, porém
biologicamente inerte (Bringhurst FR et al., 2008). A etapa de hidroxilagdo hepatica ¢ pouco
regulada, de forma que os niveis sanguineos de 25(OH)D refletem a quantidade de vitamina D
que entra na circulagdo, sendo proporcional a quantidade de vitamina D ingerida e produzida
na pele. A etapa final da produgdo do hormonio ¢ a hidroxila¢do adicional que acontece nas
células do tibulo contorcido proximal no rim, originando a 1,25 desidroxivitamina D
1,25(0OH)2D3, sua forma biologicamente ativa (Dusso AS, 2005) (Figura 3). Atualmente,
adimite-se os seguintes valores para os niveis plasmaticos da 25(OH)D: suficiéncia (30 a 100
ng/dl), insuficiéncia (entre 20 e 30 ng/dl) e deficiéncia (abaixo 20 ng/dl) (Holick, 2007;
Holick, et al., 2011).

Reconhece-se a existéncia da hidroxilagdo extrarrenal da vitamina D, originando a
vitamina que agiria de maneira autocrina e paracrina, com fungdes de inibi¢do da proliferacao
celular, promocao da diferenciagdo celular e regulacdo imunoldgica. A regulagdo da atividade
da 1-a-hidroxilase renal ¢ dependente da ingestdo de célcio e fosfato, dos niveis circulantes
dos metabolitos da 1,25(0OH)2 D3 e do paratormoénio (PTH). Por outro lado, a regulagdo da
hidroxilase extrarrenal ¢ determinada por fatores locais, como a producdo de citocinas e
fatores de crescimento, e pelos niveis de 25(OH)D, tornando essa via mais sensivel a

deficiéncia de vitamina D (Deluca HF, 2001).
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Figura 4. Principal via de metabolismo da vitamina D. A vitamina D, proveniente da alimentagdo e a
vitamina D3 proveniente também da alimentacdo ou da fonte solar sobre o colesterol sdo
transformadas em calcidiol no figado e posteriormente no metabolito ativo, o calcitriol, nos rins
(Fonte: disponivel em http://www.mdsaude.com/2013/01/vitaminatml?utm_source=feedburner&utm
medium=feed&utm campaign=Feed%3A+mdsaude+(MD.Saude)).

A funcdo mais bem estudada da vitamina D consiste no aumento da absor¢do
intestinal de calcio, participando da estimulacdo do transporte ativo desse ion nos enterocitos.
Atua, também, na mobilizagdo do célcio a partir do osso, na presenga do PTH e aumenta a
reabsorcao renal de célcio no tibulo distal (Dusso et al., 2005; Holick, 2007; Bringhurst FR et
al., 2008).

A vitamina D exerce suas funcdes biologicas através da sua ligagdo a receptores
nucleares, os receptores para vitamina D (VDR), que regulam a transcricdo do DNA em RNA,
semelhante aos receptores para esteroides, hormonios tireoidianos e retinoides (Dusso et al.,
2005; Holick, 2007). O receptor da vitamina D ¢ amplamente expresso em células nucleadas
e, em adicdo ao seu papel na homeostase do cdlcio, a vitamina D potencialmente regula
muitas outras fun¢des celulares. E postulado que cerca de 3% de todo o genoma humano
poderia estar sob controle da sua forma ativa. Além disso, pelo menos 10 tecidos além do rim
expressam a la-hidroxilase, enzima responsavel por converter a vitamina D em sua forma
ativa (Holick, 2007; Bouillon R, 2008; Holick et al., 2011).

Mais recentemente, tém sido evidenciadas as agdes nao calcémicas da vitamina D,
mediadas pelo VDR, como proliferacdo e diferenciacdo celular, além de imunomodulagdo. O
VDR ¢ amplamente expresso na maioria das células imunologicas (Deluca HF; Cantorna MT,
2001). A vitamina D tem efeitos bem documentados em vérias células imunes entre as quais o

linfocito T, linfécitos B e células dendriticas. Estas células expressam o VDR e la-
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hidroxilase e podem produzir 1,25(OH)2D3 localmente (Deluca HF; Cantorna MT, 2001). As
principais alteracdes imunoldgicas relacionadas a vitamina D sdo: supressdo do receptor
celular de células T; alteragdo no perfil de citocinas (diminui¢do de IFN-y e IL-2 e aumento
do TGF-p1, IL4, IL5 e IL10); aumento da tolerancia imunolégica; supressao de células Th17
envolvidas na autoimunidade; supressdo da producdo de IL-6, IL-12, e IL-23; regulacdo da
diferenciagdo de células B; modulacdo da producdo de imunoglobulinas; regulacio de células
dendriticas. Dentre os efeitos, um dos mais importantes refere-se a acdo da vitamina D sobre
as cé¢lulas dendriticas, uma vez que estas sdo diretamente implicadas no mecanismos de
tolerancia imunologica (Deluca, 2001; Kamen DL, 2006; Ruiz-Irastorza G et al., 2008).
Devido a modulagdo do sistema imune inato e adaptativo pela vitamina D e ampla
distribuicdo do seu receptor em células do sistema immune, diversos estudos tém avaliado a
influéncia da vitamina D no LES e demonstrado que a sua deficiéncia ¢ mais prevalente em
pacientes com LES (Fragoso et al., 2012). Uma explicagdo para isso pode ser o fato do
paciente com a doenga evitar a exposicdo solar, que ¢ estabelecida como uns dos
desencadeantes de ativacdo. Até o momento, mais de 100 estudos ja foram feitos a fim de
avaliar se a deficiéncia de vitamina D poderia influenciar parametros clinicos da doenga como
atividade clinica, producdo de autoanticorpos e dano organico irreversivel. Recentemente,
Sakthiswary R e Raymond AA (2013) realizaram uma meta-analise para verificar a relagdo
entre os niveis sé€ricos de vitamina D e os pardmetros clinicos do LES. Eles incluiram 22
estudos publicados entre os anos de 2000 e 2012, sendo 8 do continente americano (América
do Sul, Central e do Norte), 6 da Europa, 6 da Asia, 1 da Oceania e 1 da Africa. Os autores
chegaram a conclusdo de que existem evidéncias convincentes da relacdo entre os niveis
séricos de vitamina D e a atividade de doenca. Entretanto, ainda persiste o questionamento de
quais fatores estariam implicados na deficiéncia de vitamina D e a importancia de cada um
deles separadamente. Dentre estes fatores, os mais estudados tém sido os habitos de vida
(principalmente exposi¢do solar), alteragdes genéticas/funcionais no receptor da vitamina D

ou em proteinas que participam do seu metabolismo (Fragoso et al., 2012).
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2.2 Gene VDR (Receptor da Vitamina D)

A vitamina D exerce o seu efeito biologico através de sua ligagdo a receptores
especificos denominados receptores da vitamina D (VDR). O VDR corresponde a um receptor
nuclear que se liga a forma ativa da vitamina D e interage com sequéncias especificas de
nucleotideos de genes-alvos, produzindo uma variedade de efeitos bioldgicos (DeLuca HF,
2004). O VDR tem 50 kDA, pertence a classe 2 familia dos receptores de hormodnios da
tireoide e hormonios esteroidais e € expresso na maioria das células nucleadas, inclusive nas
células imunologicas (Deluca HF; Cantorna MT, 2001).

Quando a vitamina D ativa se difunde para dentro do seu alvo celular, ela se liga ao
VDR e aumenta a formacao de heterodimeros de VDR, geralmente em conjunto com o acido
retinoico X (RXR). Os dimeros ativam ou reprimem a transcri¢do de genes alvos pela ligacao
a correguladores. O complexo VDR-RXR entdo se liga & sequéncias especificas em alvos da
regido promotora do gene que sdo chamados elementos responsivos a vitamina D (VDRE).
Via proteina ligante do TATA (TBP) e o fator transcritor IIB (TFIIB), o VDR ganha em
contato com a RNA II polimerase e outros fatores transcricionais. Portanto, o nivel de
transcricdo € regulado por um complexo de coativadores que se ligam ao VDR. Os VDRE sao
presentes principalmente em genes da homeostase do calcio, proliferacdo e diferenciagdo
celular. A a¢do da vitamina D, mediada pelo VDR, serve, portanto, como um importante
modificador da transcri¢do génica, regulando a sintese de RNA mensageiro (Dusso AS;
Brown AJ, 1998).

O gene VDR humano localiza-se no brago longo do cromossomo 12 (12q13.11) e ¢
composto por nove éxons, sendo o primeiro deles ndo transcrito, e oito introns (Haussler et
al., 1998; Jurutka et al., 2001). Os oito éxons codificantes sdo transcritos para o RNA
mensageiro, que por sua vez ¢ convertido a uma proteina funcional VDR. O gene possui mais
de 100 kb, apresenta uma regido promotora capaz de gerar multiplas transcri¢des especificas
de tecidos e fica localizado proximo ao gene que codifica o colageno tipo II-al (Uitterlinden

et al., 2004).

2.3 Polimorfismos genéticos do VDR

Até o momento, apesar do grande numero de estudos populacionais, a influéncia dos

polimorfismos do gene VDR sobre a funcdo da proteina ainda ndo ¢ completamente
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conhecida. O gene VDR tem sido frequentemente avaliado para varios polimorfismos de base
unica (SNPs). De acordo com o Centro Nacional de Informagdes sobre Biotecnologia dos
Estados Unidos (NCBI) mais de 180 polimorfismos foram identificados no locus do gene
VDR humano, no entanto apenas dois deles, Fokl e Cdx-2, sdo bem estudados quanto ao seu
efeito funcional (Quadro 6).

Outros trés SNPs Apal, Taql e Bsml também tém sido bastante estudados, no entanto
seus efeitos funcionais ainda ndo foram elucidados. Eles estdo desequilibrio de ligacdo e
principalmente o Bsml e Tagl ndo tém ainda o seu efeito funcional na proteina completamente
esclarecido, uma vez que estdo localizados em regides intronicas, sendo assim pouco provavel
que influenciem diretamente o fendtipo. Por outro lado, esses SNPs intronicos podem estar
em desequilibrio de ligagdo com um SNP funcional dentro de um mesmo gene ou genes
adjacentes. Semelhantemente, o 7agl tem efeito funcional pouco definido. Fokl e Cdx-2 nao
estdo em desequilibrio de ligagdo com o Apal-Tagl-Bsml (Whitfield GK, 2001; Uitterlinden
AG, 2004).

Quadro 6. Principais polimorfismos do VDR, sua localizag@o e provaveis repercussoes funcionais.

SNP Identificacio Localizagao Efeito funcional

Cdx-2 rs17883968 (G>A) éxon le Modifica absorg¢ao do calcio
intestinal

Fokl rs10735810 (C>T) éxon 2 VDR mais ativo

Bsml rs1544410 (G>A) intron 8 Possivel desequilibrio de ligagao

com outros SNPs com
funcionalidade e influéncia na
estabilidade RNAm
Apal 1s7975232 (T>G) intron 8 Possivel desequilibrio de ligacao
com outros SNPs com
funcionalidade e influéncia na
estabilidade RNAm
Taql rs731236 (T>C) éxon 9 Possivel desequilibrio de ligacao
com outros SNPs com
funcionalidade e influéncia na
estabilidade RNAm

O Fokl ocorre na primeira por¢do do codon do éxon 2 e muda o local de inicio da
tradugdo, resultando em trés aminodcidos menores. A proteina formada tem uma alta
atividade transcricional, gerando um receptor VDR mais ativo (Whitfield GK, 2001; Van
Etten E, 2007). Isto poderia levar a um aumento da funcionalidade do VDR, ocasionando uma
modificacdo no efeito determinado pela vitamina D em diferentes células e tecidos. O efeito

do Fokl na atividade transcricional em tecidos imunes poderia acarretar um aumento da
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proliferacdo linfocitaria e da sintese de proteinas por células do sistema imune, indicando o
envolvimento deste polimorfismo na imunorregulacdo (Whitfield GK, 2001; Van Etten E,

2007).

Quadro 7. Estudos publicados sobre a associag@o entre polimorfismos do VDR e o LES (Adaptado de

Mao S; Huang S, 2014).

Primeiro autor, Ano Pais Polimorfismo Resultado
Ozaki, 2000 Japao BsmlI Associagdo com
susceptibilidade ao LES e
nefrite
Huang, 2002 Taiwan Bsml e Fokl Associacdo do LES com
alelo B do Bsml/
Sakulpipatsin, 2006 Tailandia Bsml Sem associagdo
Abbasi, 2010 Ira Bsml Sem associagao
Luo, 2012 China BsmlI, Apal e Fokl ~ Associagdo do Fokl e Apal
com a susceptibilidade ao
LES, manifestagoes
hematologicas, anti-Sm e
serosite
Monticielo, 2012 Brasil Bsml ¢ Fokl Sem associagao
Ahmed A, 2013 Egito Bsml, Fokl e Apal Associacdo com nefrite,
niveis de vitamina D,
susceptibilidade e
atividade de doenga
Azevedo Silva J, 2013 Brasil rs11168268, Associagdo com artrite,
1s2248098 lesdes cutaneas e anticorpo
rs1540339, anti-DNA
rs4760648 e
rs3890733
Kaleta B, 2013 Polo6nia Bsml Sem associagao
Mostowska, 2013 Polonia  Bsml, Fokl, Apal e Sem associagdo
Taql
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O Cdx-2 foi identificado pela andlise sequencial da regido promotora e esta ligado a
uma regido de transcricdo de uma proteina que aumenta a absor¢do intestinal do calcio.
Quando o alelo A esta presente no locus Cdx-2, o fator transcricional se liga mais fortemente
do que quando o alelo G esta presente. Assim, a presenca do alelo G rompe a ligacdo com o
fator transcricional, ocasionando uma diminui¢do na transcricdo do VDR. Além disso, o alelo
A esta associado ao aumento da producdo de proteinas transportadoras de calcio, pelo
aumento da transcri¢ao génica do VDR. Portanto, o Cdx-2 tem sua principal influéncia sobre o
metabolismo do calcio (Yamamoto et al., 1999, Arai et al., 2001).

Na tultima década, os polimorfismos do gene VDR tém sido mais enfaticamente
estudados no LES em diferentes populagdes, todavia os resultados relatados tém sido
divergentes (Quadro 7). Recentemente, foram publicadas trés meta-analises envolvendo o
VDR: Lee YH et al. (2011), Xiong J et al. (2013), Mao S e Huang S (2014). Todas as meta-
analises demonstraram associacdo entre a susceptibilidade ao LES e o alelo B Bsml apenas
em pacientes asiaticos. J4 Mao S e Huang S (2014) também demonstraram associa¢do entre o
genétipo FF do Fokl e a susceptibilidade a doenga, mas, novamente, apenas em asiaticos.
Diferengas nos resultados das populacdes analisadas podem ser decorrentes a fatores

ambientais ou étnicos, assim como alteragdes epigenéticas.

3. ANTIGENO LEUCOCITARIO HUMANO (HLA)

3.1 Consideracoes Gerais

O complexo maior de histocompatibilidade (MHC) refere-se a uma regido que contém
centenas de genes, incluindo aqueles do HLA. Assim, o MHC ¢ frequentemente referido
como sinonimia de HLA. O HLA ocupa o brago curto do cromossomo 6 (6p21.3) e um
segmento de cerca de 3500Kb (Horton R, 2004, Shiina T, 2004).

Este complexo multigénico ¢ divido em classes, de acordo com a regido de
localizag@o, em regido de classe Ia, Ib e regido de classe II. A classe Ia contém os genes que
codificam os antigenos “classicos” do HLA (HLA-A, B e C) e ¢ altamente polimorfica. Estes
antigenos sdo expressos em quase todas as células do corpo, exceto eritrocitos e trofoblastos.
A classe Ib codifica principalmente genes do HLA-E, HLA-F e HLA-G e possui
polimorfismos limitados (Gruen JR, 1997; Shiina T, 2004).
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A regido de classe II compreende os genes HLA-DR, DQ e DP. Antigenos de classe 11
sdo constitutivamente expressos nas células B, células dendriticas e mondcitos e podem
modular o processo de inflamagao. O MHC ainda tem duas outras regides chamadas classe III
(entre a regido I e IT) e IV (entre a I1I e I). No entanto, nelas ndo ha genes envolvidos no HLA,
mas codificam componentes do sistema de complemento como o C2 e C4, além do TNF

(Gruen JR, 1997; Horton R, 2004).

3.2 Gene HLA-G (Antigeno Leucocitario Humano G)

No final da década de 80 trés novos genes HLA de Classe I foram descritos e
designados como genes HLA-Ib, por apresentarem caracteristicas que os distinguiam dos
genes classicos de Classe I do sistema HLA. Com excecdo do HLA-E, esses genes possuem
diferentes mecanismos envolvidos em sua regulacdo, que os leva a uma distribuicdo restrita
em determinados tecidos, além do numero reduzido de alelos (Koller et al., 1988). Todos eles
possuem caracteristicas as quais favorecem a tolerdncia imunologica (Sullivan et al., 2006).

O HLA-G faz parte da regido de classe Ib, juntamente com o HLA-E e HLA-F
(Geraghty DE, 1987). O HLA-G difere dos genes HLA “classicos” (A, B e C) pela estrutura do
gene, polimorfismos, expressdo e fun¢do. Além disso, o0 HLA-G, apresenta poucas variagdes

de proteina em comparacao as 462 do HLA-A (Kovats S et al., 1990).

O gene HLA-G ¢ composto de 8 éxons, 7 introns, regido 3’ndo traduzida e 5S’UTR
(Solier et al., 2001; Moreau et al., 2009). O éxon 1 codifica o sinal peptidico, éxons 2, 3 ¢ 4 os
dominios extracelulares al, a2 e a3 respectivamente, éxons 5 e¢ 6 codificam o dominio
citoplasmatico e transmembrana da cadeia pesada; O éxon 7 ¢ sempre ausente do RNAm
maduro devido ao cddon de interrupg¢do no éxon 6 (Carosella ED et al., 2008; Yie SM, 2012).
A regido do éxon 8 codifica a 3’'UTR que apresenta diversos elementos regulatorios,
incluindo aqueles que regulam os elementos de expressdo do RNAm (Kuersten S; Goodwin

EB, 2003) (Figura 5).
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Figura 5. Localizacdo do HLA-G e estrutura. Consiste de 7 introns (cor branca) e 8 éxons (cor verde).
Observa-se que cada éxon (em verde) codifica um dominio especifico da proteina (Adaptado de Yie
SM, 2012).

A taxa de RNAm funcional de um determinado gene ¢ regulado pela nivel de sintese,
principalmente determinada pela regido promotora (5’UTR) do gene (Kuersten; Goodwin,
2003). Os elementos reguladores da expressdo de HLA estdo localizados principalmente na
regido promotora do gene, formando um mddulo de indugdo. Estes elementos sdo também
referidos como sequéncias de agdo cis, por estarem nas adjacéncias e na mesma fita do DNA
do gene alvo. Sao eles: enhancer A (enhA), o ISRE (Elemento de Resposta ao Interferon) e o
moddulo SXY. Todos sdo sensiveis as proteinas das familias NF-kB, que sdo proteinas

reguladoras da transcri¢do, também denominadas fatores transcricionais (Solier et al., 2001).

O promotor do HLA-G ¢ diferente quando comparado a todos os outros do HLA, pois
tem uma sequéncia modificada do enhA e o ISRE estd ausente, o que torna a regido
promotora nao responsiva ao NF-kB e ao IFN-y. Além disso o médulo SXY usualmente

consiste do S, X1, X2 e Y nos genes HLA-I, sendo que no HLA-G estdo presentes apenas S e
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X1, e poucos elementos regulatorios alternativos para sua transcricdo. Estes elementos
regulatorios do HLA-G incluem a regido controladora de locus (LCR), que esta localizada a
aproximadamente 1,2 kb do codon ATG de iniciacdo (Yie SM, 2012). A regido 3’UTR do
HLA-G também exibe diversos elementos regulatérios que influenciam a estabilidade do
RNAm, turnover ¢ o padrdo de splicing. Todos esses elementos regulatdrios em conjunto,

levam a formacdo de 7 RNAm alternativos que codificam diferentes isoformas da proteina

(Donadi et al., 2011).

A proteina HLA-G exibe um heterodimero, consistindo em dominios globulares (al,
02 e a3, dominios transmembrana e citoplasmaticos) e uma cadeia leve (2-microglobulina)
(Figura 6). As proteinas de HLA-G podem ocorrer em diferentes isoformas (quatro ligadas a
membrana, G1-G4, e trés formas soluveis, G5-G7), e sdo geradas por splicing alternativo
(Figura 7). Dependendo do tipo de célula e da condigdo fisioldgica, diferentes isoformas de
HLA-G sdo produzidas. Todas as isoformas contém pelo menos um dominio alfa-1, e a HLA-
G1 ¢ a isoforma completa. No HLA-G2 falta o éxon 3 e HLA-G3 faltam os éxons 3 e 4.
HLAG1-G4 sdo moléculas ligantes de membrana (Yie SM, 2012).

Membrana

Figura 6. Estrutura da molécula do HLA-G. A proteina exibe um heterodimero que consiste em:
dominios globulares (al, a2 e a3), dominios transmembrana e citoplasmaticos e uma cadeia leve (2-
microglobulina, em verde). (Adaptado de Yie SM, 2012)

Nas isoformas G5-G7, os dominios transmembrana e citoplasmatico ndo sdo
traduzidos, resultando em formas soluveis. Devido a uma mutagdo, o HLA-G apresenta uma
cauda citoplasmatica que ¢ menor que as existentes nos HLA-A, B e C. Essa caracteristica

tem implicagdes importantes para a expressao do HLA-G, ja que proporciona uma expressao
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mais prolongada de HLA-G na superficie celular em comparagdo com as moléculas de HLA
classicas (Brenol CV et al., 2012).

A expressdo de proteinas HLA-G tem sido descrita em sitios imunoprivilegiados como
o timo, ¢ em determinadas células do sistema imune, como por exemplo, os mondcitos e
linfocitos, estando possivelmente associado a mecanismos inflamatérios, bem como
inibitorios das células Natural Killer, ¢ células T (Carosella et al., 2008; Donadi et al., 2011;
Brenol CV et al., 2012).

Promotor do HLA-G Regidao 3’-UTR

A0 135

70 T4 459484 213 A 53 1

Splicing alternativo

E1 E2 E3 E4 ES E6 E8 3-UTR

HLA-G1 D D G -,
HLAG2 C O -
HLA-G3 -G ooy R

Isoformas

do HLA-G HLA-G4 -
HLA-GS D G L) __O-COO
HLA-G6 (- 1 o N 2@,
HLA-G? C DG © M ) O

Intron 2 Infron 4 @ condon stop

Figura 7. Isoformas do HLA-G. O promotor do gene HLA-G tem elementos regulatérios da
transcricdo, assim como a regido 3’UTR. O transcripto primario do HLA-G pode gerar 7 RNAm
alternativos que codificam 7 diferentes isoformas da proteina (G1-G7). Todos os transcriptos
primarios tém em comum a presenca do éxon 1, éxon 2 (codifica o dominio alfa-1) e regido 3’UTR. E
= ¢éxon; LCR =regido controladora de locus. (Adaptado de Yie SM, 2012).

Tem sido demonstrado que o HLA-G ¢ uma molécula que tem um papel importante no
mecanismo de tolerdncia imunoldgica e ja existem argumentos convincentes de que o HLA-G
desempenha papel importante na regulagdo do sistema imunolégico: (1) E capaz de ligar-se a
varios tipos de receptores, alguns dos quais sdo amplamente distribuidos entre as células
imunes; (2) o HLA-G pode exercer efeitos tolerogénicos de longo prazo por meio da geragao
de células supressoras; e mesmo as células que ndo transcrevem HLA-G podem tornar-se

temporariamente HLA-G-positivas, adquirindo um perfil imunossupressivo por meio de um
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fenomeno chamado trogocitose (captagcdo intercelular de HLA-G pela incorporagdo de
fragmentos de membrana que expressam essa molécula) (Brenol CV et al., 2012). As

principais a¢des imunorregulatorias do HLA-G estdo ilustradas na Figura 8.
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Aumento da producdo de interferon-y

Geragdo de células CD8 regulatorias Inibicdo da funcdo citotéxica
Apoptose Inibi¢do da proliferagdo
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Apoptose
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dentriticas e da apresentacdo de antigenos

Figura 8. Func¢des imunorregulatorias mediadas pelo HLA-G. ILT2 = immunoglobulin-like transcript
2; ILT4 = immunoglobulin-like transcript 4; NKG2A = natural killer, group 2, member A receptor;
KIR2DL4 = Killer cell immunoglobulin-like receptor 2DL4. (Brenol CV et al, 2012)

Sendo assim, o HLA-G ocasiona principalmente um supressdo da resposta imune
(Carosella et al., 2008) e a expressdao do HLA-G pode ser prejudicial ou benéfica, dependendo
da condi¢do patoldgica envolvida: situagdes nas quais se faz necessario uma reagdo imune
mais vigorosa (tumores e infecgdes) € prejudicial, enquanto naquelas em que a resposta imune
deveria ser evitada (doencas autoimunes e transplante) torna-se benéfica (Donadi EA et al.,

2011).

3.3. Polimorfismos do Gene HLA-G

A maioria dos genes estruturais no genoma humano possui um alelo predominante

“tipo selvagem”, que estd presente na maioria dos individuos. Isso ndo ocorre para os genes
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HLA de Classe I e 11, pois muitos alelos estdo presentes em frequéncias relativamente iguais.
No genoma humano, as variagdes nucleotidicas observadas, por exemplo, entre alelos de um
mesmo gene HLA de classe I classico, podem diferir consideravelmente. Algumas variantes
alélicas HLA sdo restritas ou ausentes em certos grupos populacionais, enquanto outras
apresentam diferencas de frequéncia em diferentes populagcdes. Além disso, a importante
participagdo dos genes HLA na implementagdo da resposta imune tem permitido também o
entendimento de como esta diversidade influencia a base genética de varias doencas (Van Der
Ven et al., 2000).

O gene HLA-G tem variagdes nucleotidicas que podem influenciar a formagdo de
proteinas funcionais e a expressdo génica, especialmente aquelas relacionadas a regido
promotora e 3°’UTR. Quarenta e sete alelos codificantes do HLA-G foram definidos, baseados
em cerca de 70 SNPs observados entre o éxon 1 e o intron 6. A variabilidade de nucleotideos
na regido codificante do HLA-G ¢ distribuida entre os éxons 2, 3 e 4 assim como nos introns
(Donadi et al., 2011) e codificam 15 diferentes proteinas funcionais, e 2 alelos nulos, que
codificam proteinas modificadas de acordo com o International Immunogenetics Database
(IMGT/HLA Database version 3.8.0) (Robinson J et al., 2011).

Em contraste com a regido codificante, a regido 3’UTR do gene HLA-G tem um alto
grau de variacdo, apresentando 8 SNPs, dentre estes, o mais estudado consiste na
delegdo/inser¢ao de 14 pares de bases (14 pb), e sua insercao estd associada a niveis reduzidos
de RNA mensageiro. O polimorfismo de dele¢do/inser¢ao de 14 pb localizado na posi¢ao
+2960 no éxon 8 (rs1704) tem atraido a ateng¢do devido ao seu papel em potencial de splicing
alternativo e estabilidade do RNA. A frequéncia do alelo HLA-G*01:01:02, o qual estd
relacionado com o polimorfismo 14pb inser¢ao/dele¢do (+14pb/- 14pb) no éxon §, também
desperta curiosidade pela possibilidade de fazer parte de uma linhagem mais ancestral quando
comparado com os demais alelos (Castro et al, 2000). Foi demonstrado que as transcrigdes
com a sequéncia 14 pb podem sofrer uma etapa adicional de splicing que retira 92 pb da
regido em que esta sequéncia esta localizada (Rousseau P et al., 2003).

O promotor do HLA-G tem 29 SNPs, e muitos deles coincidem com ou sdo préximos a
elementos regulatorios, podendo modificar fatores regulatorios. Em alguns casos,
polimorfismos na regido promotora podem estar em desequilibrio de ligagdo com variantes da
regido 3’UTR e alguns deles poderiam influenciar o splicing alternativo e a estabilidade do

RNAm (Yie SM, 2012).
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Até o momento, os elementos criticos da etiopatogenia do LES, principalmente o
impacto das alteragdes genéticas, ainda ndo foram completamente esclarecidos. A melhor
elucidagdo do componente genético do LES poderia auxiliar a identificar os mecanismos de
como a doenca se inicia, levando ao surgimento de tratamento especificos na fase preliminar
ou até mesmo ao desenvolvimento de estratégias preventivas.

Neste contexto, o gene HLA-G e VDR tém ganhado destaque nos ultimos anos pelo
seus papéis na modulagdo do sistema imune e suas relacdes com o desenvolvimento de
doengas autoimunes, incluindo o LES. Sendo assim, a hipdtese deste estudo ¢ que
polimorfismos nos genes que codificam o HLA-G e o VDR estariam envolvidos na

susceptibilidade ao LES e na modulagdo do fenétipo patoldgico da doenca.
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OBJETIVOS

Geral
O objetivo foi avaliar a associagdo de polimorfismos dos genes VDR ¢ HLA-G na

predisposi¢ao ao Lupus Eritematoso Sistémico e na modula¢do do fenotipo da doenga.

Especificos

* Determinar a frequéncia dos polimorfismos dos genes codificantes do VDR e HLA-G
em paciente com LES e individuos saudaveis;

e Avaliar o grau de associagdo desses polimorfismos com a susceptibilidade ao LES;

* Avaliar o grau de associacdo desses polimorfismos com as manifestagdes clinicas e

alteracdes laboratoriais da doenga.
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CAPITULO I - VITAMIN D RECEPTOR (VDR) GENE
POLYMORPHISMS AND SISTEMIC LUPUS ERYTHEMATOSUS:
ASSOCIATION WITH SUSCEPTIBILITY, NEPHRITIS AND
IRREVERSIBLE ORGAN DAMAGE
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ABSTRACT

Systemic Lupus Erythematosus (SLE) is a complex chronic autoimmune disease with
heterogeneous clinical manifestations. In recent years, the several “roles” of vitamin D have
been highlighted, including its importance in the regulation of immune system. Vitamin D
exerts its effects through the Vitamin D receptor (VDR) and it is known that polymorphisms
in the VDR gene may affect transcript levels, transcript stability or the functional integrity of
the protein. Thus, we performed a case-control study with 5 Tag SNPs, covering the main
regions of VDR gene. We enrolled 127 SLE patients and 138 healthy individuals from
Northeast of Brazil. SNPs rs11168268 (A>QG) (genotype G/G; OR = 2.72; p-value = 0.008)
and rs2248098 (A>G) (genotype G/G; OR = 0.44; p-value = 0.020 and genotype A/G; OR =
0.46; p = 0.010) was associated with SLE susceptibility. We also observed association of
rs11168268, rs1540339 and rs2248098 with SLE renal disease. In conclusion, VDR could be
hypothesized as involved in SLE susceptibility, and the associated polymorphisms could
serve as genetic markers for SLE renal disease, one of the clinical features with the worst

prognosis.

KEYWORDS: Vitamin D Receptor (VDR), Single Nucleotide Polymorphisms (SNPs),

Systemic Lupus Erythematosus (SLE).
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INTRODUCTION

Systemic Lupus Erythematosus (SLE) is a chronic autoimmune disease and its
etiology has not been yet not fully clarified. SLE clinical manifestations range from mild to
severe presentations and can vary from different organ manifestations to autoantibody
production’,

SLE is a complex and multifactorial disorder, with participation of genetics and
environmental factors. In last years, some studies have suggested the possible role of vitamin
D in the susceptibility to SLE development™. Vitamin D is a hormone produced in the skin
and metabolized in the kidneys to the active form, 1.25-dihydroxyvitamin D3
(1.25(0OH)2D3)* and its primary function is calcium homeostasis and bone metabolism™.
However, recently, vitamin D has been reported as a pleiotropic regulator of human
physiology, having a role in cancer chemoprevention, and playing a role in cardioprotection
and immune system modulation®*,

Activated vitamin D (1.25(OH)2 D3) exerts its biological action though linkage with
Vitamin D Receptor (VDR)’. 1.25(0OH)2 D3 blocks B cell differentiation and proliferation,
enhances chemotactic and phagocytic capacity of macrophages, inhibits Dendritic Cells (DC)
maturation, and modulates DC-derived cytokine and chemokine expression. In addition,
vitamin D affects T cells response, inhibits production of Th1l and Th17 cytokines. Moreover
this hormone reduces Th induction of immunoglobulin production by B cells”.

Many studies demonstrate importance of association between genetic polymorphisms
and susceptibility to develop SLE, including immunological response and clinical symptoms
development’. The VDR gene is located on chromosome 12q13.11 and contains several
(SNPs), some of which modulate VDR activity. The most commonly studied VDR SNPs are
rs10735810/rs2228570 (Fokl) situated at exon 2, rs11568820 (Cdx-2) at exon le and three
SNPs in linkage disequilibrium, namely rs1544410 (Bsml) located in intron 8, rs731236
(Taql), and 157975232 (Apal), the last being a SNP situated in exon 9 and intron 9%, Recently,
several studies have demonstrated the role of VDR SNPs in the development of SLE and its
clinical manifestations; however, these results are variable between different cohorts’.

In despite of several existing SNPs, only 5 of them have been better studied. In the
present work, we looked for new SNPs of VDR implicated on SLE. Therefore, we tested the
association of the five Tag SNPs (rs11168268, rs2248098, rs1540339, rs4760648 and
1s3890733), enclosing most of VDR gene sequence and tagged 48 VDR SNPs, including of the
most studied polymorphisms (7aql, Bsml, Apal), with the aim of investigating possible
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associations with SLE susceptibility as well as its clinical manifestations and irreversible

organ damage in a Northeast Brazilian population.

SUJECTS AND METHODS

Patients and controls

A case-control study was performed in 127 SLE patients and 138 healthy individuals.
The patients were selected from the Division of Rheumatology at Clinical Hospital of Federal
University of Pernambuco (UFPE), Recife, Pernambuco, Brazil, according the American
College of Rheumatology Classification®. All SLE patients were females with mean age 37.4
years +11.9 SD. Clinical manifestations of SLE patients are shown in table 1. We also
performed the evaluation of Systemic Lupus International Collaborating Clinics American
College of Rheumatology damage index for systemic lupus erythematosus (SLICC/ACR-DI)’
of SLE patients, which is shown in table 2.

The patient group was classified as European 28 (22.2%) and African-derived 102
(77.8%), according phenotypic characteristics of individuals and ethnicity data from
parents/grandparents reported by the participants. These classification criteria that are used in
Brazil are well documented and have been assessed by different groups in previous

- 10,11
studies

. The control group consisted of 138 female healthy individuals (mean age 38.9 +
13.6) coming from the same geographic area of the patients. Caucasian descendent
represented 26.1% and African-derived individuals 73.9%. Individuals with clinical
manifestations and/or family history of autoimmunity were excluded of the control group.
The present study was previous approved by the local ethics committee (CAAE:
03065312.3.0000.5208).

DNA extraction, SNPs Selection and VDR genotyping

Genomic DNA was extracted from peripheral blood samples using DNA Wizard
Genomic DNA Purification Kit (Promega, Madison, WI) according to manufacturer’s
protocol.

Polymorphisms were selected using the SNPBrowser software 4.0 (Applied
Biosystems, Foster City, CA) and HapMap database (http://hapmap.ncbi.nlm.nih.gov/). Tag
SNPs (s11168268, rs2248098, rs1540339, rs4760648 and rs3890733) had at least 10%
Minimum Allele Frequency (MAF) and covering the main regions of VDR gene. Genotyping
was performed with commercially available fluorogenic allele specific probes (Tagman

Probes, Applied Biosystems, Foster City, CA) using the ABI7500 Real Time PCR platform



Fragoso, T.S. Lupus Eritematoso sistémico e sua associagdo com os genes codificantes do 68
VDR e HLA-G

(Applied Biosystems, Foster City, CA). Allelic discrimination followed as recommended by
the manufacturer and analyzed using the SDS software 2.3 (Applied Biosystems, Foster City,
CA).

Statistical Analysis

Allele and genotype frequencies and Hardy-Weinberg equilibrium were calculated by
using the SNPStats tool (http://bioinfo.iconcologia.net/SNPstats). Statistical significance of
difference in allele and genotype frequencies was calculated by Fisher's exact test. The open-
source R package (www.r-project.org) was used for all statistical analyses. Haploview

Software (version 4.2) was used for haplotype associations and Linkage desequilibrium (LD).

RESULTS

The VDR allelic and genotypic frequencies were in Hardy-Weinberg equilibrium in
SLE patients and controls, except the Tag SNP rs3890733.

In order to determine the possible association of VDR polymorphisms with SLE, we
compared the SNPs frequency distribution between SLE patients and controls. The
frequencies distribution of genotypes differed significantly between patients and controls for
TagSNPs rs11168268 (A>G) and rs2248098 (A>G). The allele G of TagSNP (rs11168268)
was more frequent in SLE patients in relation to controls conferring increased risk to disease
development (OR = 1.55; IC = 1.07-2.23; p = 0.010) (table 3). In the same way, genotype
G/G of this SNP was also associated with risk for SLE development (OR =2.72; C.I. = 1.32-
5.59; p = 0.008) (table 3). However, the allele G of rs2248098 was protective factor for
disease development (OR = 0.66; CI = 0.46-0.94; p = 0.01) as well as genotype G/G (OR =
0.44; C.I. = 0.22-0.88, p = 0.02) and genotype A/G (OR = 0.46; IC = 0.25 — 0.83; p = 0.010).
The others VDR TagSNPs tested were not associated with SLE susceptibility.

Haplotype analysis was performed to assess linkage disequilibrium among the tested
TagSNPs. Linkage disequilibrium (LD) for the VDR assessed polymorphisms was observed
between rs11168268 and rs2248098 (D’= 0.86) suggesting combined genotype (Figure 1). No
LD was observed for others TagSNPs tested.

We also evaluated the possible association of VDR gene polymorphisms with clinical
manifestations of SLE patients. We observed genotype association with nephritis and
serositis. The genotype AG (OR =0.31; CI =0.11-0.80; p = 0.01) and GG (OR = 0.36; CI =
0.15-0.84; p-value = 0.01) (rs11168268), genotype C/T (OR = 0.45; CI = 0.22-0.93; p-value
= 0.02) (rs1540339) were associated with protection for nephritis development in SLE
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patients. Unlike, genotype A/G at SNP rs2248098 was a risk factor for nephritis (OR = 2.42;
CI= 1.17-4.97; p-value = 0.01). Another interesting data was observed for SNP rs3890733
and serositis, showing the genotype T/T protective factor for this clinical manifestation (OR =
0.11; CI=0.002 - 0.81; p=0.01) (Table 4).

Finally, we verified association between VDR gene polymorphisms with irreversible
organ damage thought SLICC/ACR-DI score. This association was evaluated through
presence (score > 1) or absence (score = 0) of irreversible organ damage and its relation with
VDR polymorphisms. Genotype CT+TT (dominant model) of rs3890733 (C>T) was
associated with a high risk at least one irreversible organ damage (OR= 2.25; C.I.= 1.10-4.61;
p= 0.03) (table 5). The others VDR TagSNPs tested were not associated with irreversible

organ damage.

DISCUSSION

In recent years, the role of vitamin D have been highlighted, including its importance
in the regulation of immune system'” and, since vitamin D exerts its effects through the VDR,
several SNPs have been studied in VDR gene with the purpose to investigate their relation
with SLE susceptibility and clinical manifestations, however, the results are quite
discordants’.

So we evaluated the association of 5 VDR Tag SNPs, covering the main gene regions
and tagged 48 VDR SNPs including of the most studied polymorphisms (7aql, Bsml, Apal)
with the susceptibility for SLE and its clinical manifestations. The TagSNP rs11168268
(A>QG), evaluated in this work, covers these polymorphisms that may have potential to
influence the stability of mRNA".

We identified association between TagSNPs rs11168268 and rs2248098 and SLE
susceptibility. It is known that nucleotide changes in the VDR gene may affect stability,
quantity, activity of VDR protein and rate of VDR mRNA'Y. Thus, SNPs can modify the
VDR protein and alter its interaction with active vitamin D, interfering in the actions of
vitamin D in the immune system.

The association between VDR gene polymorphisms (Bsml, Taql, Apal, Fokl) and
autoimmune diseases such as rheumatoid arthritis'>, Cronh’s disease, ulcerative colitis'®, Type
1 Diabetes'’ and thyreoid autoimmune disease'® has been investigated by meta-analysis with
different results. According these works, the follow diseases were associated with VDR

polymorphisms: rheumatoid arthritis (Fokl); Ulcerative colitis (Fokl and Tagql); thyreoid
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autoimmune disease (Bsml and Tagl); Type 1 diabetes (4pal and Bsml); Crohn's disease
(Apal and Tagql). These differences may be due to group size, gene-gene interactions, and
environmental factors.

This is a first description of association between VDR polymorphisms and SLE
susceptibility in a Brazilian population. Two previous studies were performed by Azevédo

110

Silva et al.'” and Monticielo et al."' in Southeast and South of Brazil respectively. On either

studies no association was observed with SLE susceptibility, however Azevédo Silva J et al.'
showed association with cutaneous manifestations, arthritis, immunological alterations and
antibody anti-DNA, while Monticielo et al.'' observed association with 25-hydroxi-vitamin D
levels. Azevédo Silva J et al. and Monticielo et al. showed ethnicity distribution of
approximately 76% (European) and 24% (African-derived). In comparison, our study had
European (22.2%) and African-derived (77.8%). Thus, probably, the divergence of results
between the present study and the others in Brazil may be due to differences in ethnic
background beyond environmental factors of the brazilian regions.

The city of Recife, in the Brazilian state of Pernambuco, where the investigation was
carried out, has tropical, warm and humid climate, with high insolation indices throughout the
year. Despite of the geographical location and climate characteristics, Fragoso et al.'’
described high prevalence of vitamin D insufficiency/deficiency in this population of SLE
patients. Once vitamin D receptor may interfere in the vitamin D levels'', we hypothesized
that genetic polymorphisms could be one explanation for vitamin D deficiency in this
population of SLE patients.

So far there are no studies performed in Africa, South America (except Brazil), North

7, 20, 21
> 7> 27 In a meta-

America or Central America about VDR gene polymorphisms and SLE
analysis performed for Mao S and Huang S (2014)” BsmI B and FokI F polymorphisms alleles
were reported as a genetic marker for SLE in Asian patients.

Up to now, only Huang et al. (2002)**, Ozaki et al. (2000)> and Luo et al (2012)**
studing patients from Taiwan, Japan and China observed association of VDR SNPs (Bsml and
Fokl) with SLE development. So, the present study is the first to observe association of VDR
SNP (rs11168268 (A>G)) and increased risk for SLE development outside of Asia. It’s
important to remember that rs11168268 covers the region where are located the main VDR

polymorphisms studied: Bsml, Taql and Apal. Interesting, we also showed an association of

SNP 152248098 (A>QG) as a protective factor for SLE. We emphasize that rs2248098 is not
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tagging for SNPs previous associated with SLE, suggesting a participation of unknown SNPs
in SLE susceptibility.

Renal involvement is common in SLE, since an abnormal urinalysis is present in a
large proportion of patients at the time of diagnosis™. Until 75 percent of patients develop
nephritis and some of them may present reversible loss of renal function or chronic renal
disease®. Our results also showed an important association between TagSNPs tested with
lupus nephritis (rs11168268, rs2248098, rs1540339). The rs2248098 and rs1540339 cover
intron regions of VDR gene that are not associated with well-recognized SNPs. Although
these possible unrecognized SNPs are in an intron region, they can be in linkage
disequilibrium with a functional SNP in the same gene.

Only Ozaki et al. (2000)*' studying 58 Japanese patients with SLE (53 females and 5
males) have also verified association between VDR polymorphisms and SLE nephrits. They
postulated that the differentiation of VDR genotypes may trigger breakdown of the cytokine
relationship directly or indirectly, and may be associated with the pathogenesis of SLE and
lupus nephritis*'.

Studies performed in vitro have demonstrated that vitamin D inhibits T cell
proliferation and leads to a reduced production of interferon-gamma, interleukin-2 (IL-2), IL-
6, IL-12, IL-23 and IL-17. Moreover, the immunosuppressive activity of 1.25(OH)2D3 is
demonstrated by an inhibition in the maturation, differentiation, activation, and survival of
dendritic cells, leading to T cell hyporesponsiveness. Most biological activities of vitamin D
are mediated by the VDR, which have been found in monocytes, macrophages, dendritic cells,

and effector/memory T cells” ™

. Thus, genetic variation on the VDR gene could lead to
significant receptor dysfunction, which could affect cell proliferation and the immune
response by two ways: increasing the transcription level of VDR (receptor more activated),
causing a immunosuppression action, protecting for SLE and nephrits; or by decrease receptor
activity, with low transcription levels and increased risk for SLE and renal disease. So, VDR
could modulate immune system and an individual’s susceptibility to developing SLE and
nephrits.

Finally, we analyzed the possible association of VDR gene polymorphisms and SLE
irreversible organ damage. We used the SLICC/ACR-DI for this purpose. This index has
prognostic value and can identify irreversible organ damage caused by SLE itself, associated
comorbidities, or pharmacologic treatment’'. Twelve system/organs were evaluated to obtain

9,31

the final score™ . The rs3890733 was associated with high risk at least one irreversible organ
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damage, however these data should be interpreted with caution as the frequencies observed
for this VDR polymorphism were not in Hardy-Weinberg equilibrium. It is possible that new
mutations, or a selective advantage of one allele over another may have influenced Hardy-
Weinberg equilibrium for this SNP. We did not find another association of VDR gene

polymorphisms and irreversible organ damage.

CONCLUSION

VDR gene polymorphisms are associated with SLE susceptibility (rs11168268 and
1s2248098), lupus nephritis (rs11168268, rs2248098 and rs1540339) and severity of disease
(rs3890733) in the Northeastern Brazilian population. Our results suggest a possible
implication of VDR gene for SLE development and nephritis. Others studies, with different
populations and functional studies should be performed for elucidate the role of

polymorphisms in the VDR gene in the SLE etiopathogenesis.
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Table 1. Clinical and laboratorial characteristics of 127

SLE patients

Clinical/laboratorial characteristics n (%)

Photosensitivity 80 (62.9%)
Malar Rash 77 (60.6%)
Discoid Rash 22 (17.3%)
Oral ulcers 27 (21.2%)
Serositis 28 (22.0%)
Arthritis 92 (71.4%)
Neuropsychiatric disorder 11 (8.6%)
Nephritic disorder 63 (49.6%)
Hematological alterations 87 (68.5%)
Antinuclear Factor positive (FAN) 128 (100%)
Antibody anti DNA (anti ds-DNA) 32 (25.1%)

Table 2. SLICC/ACR-DI score from SLE patients

SLICC Patients Percentage
(n=127) (%)

0 65 51,18%

1 26 20,47%

2 19 14,96%

3 8 6,30%

4 8 6,30%

5 1 0,79%
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Figure 1 — Haplotype graphical representation showing the linkage disequilibrium among the
polymorphisms for rs11168268 and rs2248098.
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Table 3: Alleles and Genotypes of the TagSNPs associated with SLE susceptibility

VDR TagSNPs SL]IEI1 lel;i;nts Healtllllif 1C:"ogntrols OR, CI, p-value
rs11168268

Alelle

A 135 (53.0%) 176 (64.0%) 1.00

G 119 (47.0%) 100 (36.0%) 1.55;1.07-2.23; 0.01
Genotype

AA 41 (32.3%) 54 (39.1%) 1.00

AG 53 (41.7%) 68 (49.3%) 1.03; 0.6-1.77; 0.01
GG 33 (26.0%) 16 (11.6%) 2.72; 1.32-5.59; 0.008
rs2248098

Alelle

A 143 (56.0%) 127 (46.0%) 1.00

G 111 (44.0%) 149 (54.0%) 0.66; 0.46-0.94; 0.01
Genotype

AA 43 (33.9%) 26 (18.8%) 1.00

AG 57 (44.9%) 75 (54.4%) 0.46; 0.25-0.83; 0.01
GG 27 (21.3%) 37 (26.8%) 0.44; 0.22-0.88; 0.02
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Table 4: SLE Clinical manifestations associated with genotypes of VDR TagSNPs

MODEL GENOTYPE OR, CI, p-value
Nephritis

1511168268 (A>G) Codominant A/G 0.31: 0.11-0.80; 0.01
1511168268 (A>G) Codominant G/G 0.36: 0.15-0.84: 0.01
152248098 (A>G) Overdominant A/G 2.42:1.17-4.97; 0.01
151540339 (C>T) Overdominant C/T 0.45: 0.22-0.93; 0.02
Serositis

3890733 (C>T) Codominant T/T 0.11; 0.002-0.81; 0.01

Table 5: Association between the presence of organ damage and Tag SNP rs3890733.

VDR TagSNPs No organ damage Organ damage

rs3890733

Genotype*

CcC 39 (60.0%) 24 (40.0%)
CT+TT 26 (40.0%) 36 (60%)

OR; CI; p-value

2.25;1.10; 0.03

* Dominant model
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ABSTRACT

Systemic Lupus Erythematosus (SLE) is an autoimmune disorder with heterogeneous clinical
manifestations and target tissue damage. Currently, several genes have been associated to
SLE susceptibility, including Vitamin D Receptor (VDR), which is a mediator of immune
responses through the action of vitamin D. Polymorphisms in VDR gene can impair vitamin D
(D3) function role and since SLE patients show deficient D3 blood levels, it leads to a possible
connection to the disease’s onset. In our study we searched for association between VDR
polymorphisms and risk to develop SLE, as well as disease’s clinical manifestations. We
enrolled 158 SLE patients and 190 Southeast Brazilian healthy controls, genotyped for 5 Tag
SNPs, covering most of the VDR gene region. We found association between VDR SNPs and
SLE for the following clinical manifestations: rs11168268 and cutaneous alterations (p =
0.036), 1s3890733 (p=0.003) 1rs3890733 and arthritis (p=0.001), 1rs2248098 and
immunological alterations (p=0.040), rs4760648 and Antibody anti ds-DNA (p=0.036). No

association was reported between VDR polymorphisms and SLE susceptibility.

KEYWORDS: SNPs, VDR, SLE and SLE clinical manifestations.
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INTRODUCTION

Systemic Lupus Erythematosus (SLE) is a complex autoimmune disorder displaying
heterogeneous clinical manifestations. The heterogeneity of SLE clinical characteristics is a
confounding factor for diagnosis, therefore 4 out of the 11 criteria defined by the American
College of Rheumatology are simultaneously required for the formal diagnosis (1). SLE
phenotype can range from different organ manifestations to autoantibody production (2). The
most developed phenotypes are related to cutaneous alterations, affecting up to 85% of SLE
patients (3). Lupus nephritis is a common clinical feature in SLE patients and the frequency of
renal involvement is particularly high in juvenile-onset SLE, ranging from 50% to 80% in
most cohorts described to date and biopsy from SLE patient’s kidney demonstrated some
degree of renal involvement in almost all patients (4,5). Arthritis and arthralgia are another
common manifestation in many systemic autoimmune diseases and affect 40-60% of SLE
patients, usually non-deforming (4,6).

Vitamin D is a hormone produced in the skin and metabolized within the kidneys to
la,25-dihydroxyvitamin D3 (calcitriol), the active form of vitamin D (7). Vitamin D classic
function is to regulate calcium homeostasis and thus bone formation, however, D3 also
displays immunomodulatory effect, acting through the vitamin D receptor (VDR) (8). Since
VDR was identified over three decades ago, more than 50 targets have been described,
providing a broader role for vitamin D function (9). The general immunologic effect of D;
includes: down regulation of Thl immune responses, modulation of dendritic cells
differentiation, depressing activated B cells proliferation, up regulation of regulatory T cells
and particularly, preserving immune response (10). Deficient levels of Ds; have been
associated to SLE in several populations, as well as to its morbity and mortality in multiple

chronic diseases (10,11).
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VDR gene, located at 12q13.1, is highly polymorphic, with more than sixty described
polymorphisms, including eight protein-encoding exons (exons 2-9) and six untraslated exons
(exons la-1f), which are under alternative splicing, eight introns and two promoter regions
(12,13). Polymorphisms in VDR sequence may change the gene function and so D3 action.
Several single nucleotide polymorphisms (SNPs) in VDR gene have been described so far, but
mainly four (namely Taql, Bsml, Apal and Fokl), are intensively studied (13). Despite the fact
that Bsml, Taql and Apal have no functional role, the reported association rely on linkage
disequilibrium (12). Hence, the association studies with VDR polymorphisms and SLE
susceptibility have been performed in different populations with controversial results
(11,14,15).

In our study we selected five Tag SNPs (rs11168268, rs2248098, rs1540339,
154760648 and rs3890733), covering most of VDR gene sequence, and tagging some of the
most studied polymorphisms (7Taql, Bsml, Apal ) with the aim of investigate possible
associations with SLE susceptibility as well as its clinical manifestations in a Southeast

Brazilian population.

SUJECTS AND METHODS

Patients and Controls

We enrolled 158 SLE patients, 147 (93%) females and 11 (7%) males, mean age 37.8
years +11.9 SD, recruited from the Division of Clinical Immunology, University Hospital of
the School of Medicine of Ribeirdo Preto, University of Sdo Paulo (SP, Brazil). The diagnosis
of SLE was performed according to the criteria defined by the American College of
Rheumatology (1). SLE patients were stratified according clinical manifestations as showed

in Table 1. The patient group was classified as European 120 (76%) and African-derived 38
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(24%), according phenotypic characteristics of individuals and ethnicity data from
parents/grandparents reported by the participants.

The control group consisted of 190 healthy unrelated individuals, 90 (47%) females
and 100 (53%) males, mean age 36.47 years = 10.96 years, from Ribeirdo Preto, Sdo Paulo,
Brazil. European and African-derived individuals represented 72% (137) and 28% (53),
respectively. We used as exclusion criteria for the control group, the presence of clinical
manifestations and/or family history of autoimmunity. Genotyping for HLA-A, B, C, DR and
DQ were performed in order to exclude the presence of HLA risk haplotype in the control
group. The present study was previous approved by the local ethics committee
(CEP/HCRP/FMRP #2234/2007).

SNPs Selection and VDR genotyping

Genomic DNA was extracted from peripheral whole blood using a salting out
procedure (16). Polymorphisms were selected using the SNPBrowser software 4.0 (Applied
Biosystems, Foster City, CA) and HapMap database (http://hapmap.ncbi.nlm.nih.gov/). Tag
SNPs (s11168268, rs2248098, rs1540339, rs4760648 and rs3890733) had at least 10%
Minimum Allele Frequency (MAF) (Figure 1la). Genotyping was performed with
commercially available fluorogenic allele specific probes (Tagman Probes, Applied
Biosystems, Foster City, CA) using the ABI7500 Real Time PCR platform (Applied
Biosystems, Foster City, CA). Allelic discrimination followed as recommended by the

manufacturer and analyzed using the SDS software 2.3 (Applied Biosystems, Foster City, CA)

Statistical Analysis
Allelic and Genotypic frequencies as well as Hardy-Weinberg equilibrium were

calculated by using the SNPStats tool (http://bioinfo.iconcologia.net/SNPstats). The Exact
Fisher Test was applied to determine the statistical significance of all comparisons. Haploview

Software (version 4.2) was used for haplotype associations. “SNPassoc” R package (R
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software, version 2.12.2), developed for genetic studies, was used for evaluating the
association between SNPs and SLE susceptibility (17). P-values < 0.05 were considered

statistically significant.

RESULTS

Allelic and genotypic frequencies for VDR SNPs were in Hardy—Weinberg
equilibrium in SLE patients and healthy controls (HC). The frequencies distribution did not
differ significantly between SLE patients and healthy controls (HC) as shown in Table 2.
Haplotype analysis was performed to assess linkage disequilibrium among the tested Tag
SNPs. No linkage disequilibrium for the VDR assessed polymorphisms was observed, except
for Tag SNPs with rs1116828 and rs2248048 (D’'= 0.76), suggesting combined genotypes as
shown in figure 1b. The haplotype combination did not provide any association neither to
SLE or its clinical features susceptibility (data not shown). When assessing VDR
polymorphisms and altered risk for SLE clinical manifestations and laboratorial profiles we
report association to: Cutaneous alterations for G/G genotype (rs11168268) (OR = 3.01, p =
0.036) and C/T genotype (rs3890733) (OR = 0.36, p = 0.003); Arthritis for T/T genotype
(rs3890733) (OR = 17.05, p = 0.001); Immunological alterations for G/G genotype
(rs2248098) (OR = 2.82, p = 0.040) and Antibody anti ds-DNA for C/T genotype (rs4760648)
(OR =0.37, p=0.036). We also report a trend of association for VDR polymorphisms and
nephritic disorders (OR = 0.37, p = 0.041) and photosensitivity (OR = 0.33, p = 0.046). The
associations reported with VDR polymorphisms and clinical manifestations are depicted in
Table 3.

Regarding the SLE clinical manifestations stratification considering ethnicity and
gender, we observed association in African-derived patients, indicating protection to

cutaneous (OR = 0.36, CI = 0.16-0.82, p= 0.009) and hematological alterations (OR = 0.36,
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CI=0.15-0.81, p= 0.009), when compared to European-derived patients, as reported in Table

4.

DISCUSSION

The first report suggesting that vitamin D deficiency was associated in SLE patients
came over three decades ago and since then, several studies in different populations
associated low vitamin D levels to the disease (18-20). Additionally, it has been suggested
that insufficient vitamin D levels also exacerbate the immunological abnormalities seen in
SLE patients(20). Since VDR is the main regulator of vitamin D action, polymorphisms in the
gene region may compromise its role (21). In the present work we performed an association
study with 5 Tag SNPs, covering the whole the gene region, and SLE susceptibility, as well as
its clinical features in a Southeast Brazilian population. We also evaluated association
stratifying SLE patients for clinical manifestations, gender and ethnicity.

Association studies with VDR polymorphisms and autoimmune disorders, including
SLE susceptibility, have been performed in different populations with heterogeneous results.
Our findings did not provide evidence of association between VDR polymorphisms and SLE
susceptibility in Southeast Brazilian population. Our results are in accordance to the ones
from Thai, Iranian, Portuguese, Tunisian and Chilean populations where no association was
reported (22-26). However, in some populations the association of VDR polymorphisms to
several immune disorders, has been reported, such as in Chinese, Japanese, Greek, German
and Brazilian population (14,27-30), evidencing the importance of replica studies in
populations with diverse genetic background.

When considering VDR SNPs and SLE clinical manifestations the following
associations have been found: cutaneous and immunological alterations (rs11168269,

rs3890733 and rs2248098) antibody anti-DNA (rs4760648), and arthritis (rs3890733). We
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also found a trend of association between VDR polymorphisms and nephritic disorders
(rs4760648) and photosensitivity (rs4760648). VDR is expressed in several types of cells and
a recent review by Wang et al, 2012 (31), described VDR distribution in tissues and the
specific cell types throughout the body. VDR is also selectively expressed in the skin
epithelial cells and seems to be restricted to the nuclei (31) . A study performed by
Hutchinson, et al. (32), assessed VDR variants and the risk to Malignant Melanoma (MM), a
type of skin cancer. The study was based on the data showing that 1,25(OH),D; (the
hormonal derivative of vitamin D3 and the ligand of the VDR) has anti-proliferative and pro-
differentiation effects in VDR-expressing cell types. Since MM cells express VDR they found
association at Fokl VDR polymorphic site with altered risk of MM (32). Skin alterations are
involved in up to 85% of SLE cases and photosensitivity, one of the most common
alterations, resulting from ultraviolet light exposure and causing a macular or erythematous
rash (3). When the keratinocytes are exposed to ultraviolet light they become apoptotic due to
DNA damage and release nuclear material, which is not efficiently cleared in SLE patients,
causing immune response triggering (33). Moreover, vitamin D is able to reduce the UV-
induced DNA damage and suppress cutaneous immunity, so vitamin D displays a key role in
maintain cell integrity after UV light exposure (34).

Autoantibodies for double strand DNA (ds-DNA) is a widely known marker of SLE
and the pathogenic potential is expressed as a correlation between the autoantibody titer and
disease activity (remissions and exacerbations) (35). Here we report association of VDR
154760648 polymorphisms and anti-dsDNA. A recent study correlated vitamin D levels to
SLE activity and anti-dsDNA titers (36). The authors reported that deficiency in D3 levels are
related to increased SLE activity and anti-DNA titers, reinforcing the immune modulator role
of D3 in chronic diseases (36). Besides immunologic activity, vitamin D has a crucial role in

calcium regulation and bone metabolism (37). Arthritis is a common feature in SLE patients
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and may occur in approximately 50% of patients, usually affecting the small joints of the
hands, wrists, and knees, commonly symmetric. Differently from rheumatoid arthritis (RA),
arthritis in SLE does not induce severe bone damage and erosions. However, is often
accompanied by pain and swelling (38). Most of the associations with VDR polymorphisms
regard rheumatoid arthritis and little attention has been devoted to SLE arthritis (37). We
report association between VDR rs389073 polymorphism and increased risk for SLE arthritis
(OR=17.05, p= 0.001). Nevertheless, the association with augmented risk to develop SLE
arthritis should be interpreted with caution as the frequencies observed for this VDR
polymorphism were not in Hardy-Weinberg equilibrium.

Herein we also reported a trend of association between VDR polymorphisms and
nephritic disorders, one of the most frequent and damaging clinical feature in SLE (5). In
2002, Luo et al (14), investigated the association of VDR polymorphism Bsml with SLE
susceptibility and its clinical manifestations. The authors associated the VDR
Bsml polymorphism B allele to the development of lupus nephritis and down-regulation of
VDR mRNA expression in SLE patients (14). Li et al (2012) conducted a study assessing
individual and clustered autoantibodies and their roles as disease’s manifestations specific
markers. The authors concluded that anti-dsDNA was associated with renal disorder and not
to any other clinical manifestations. Noteworthy, the deposition of anti-dsDNA is the main
pathogenic event in SLE renal compromising (2). Regarding VDR haplotypes, we did not find
association of genotype combinations neither to SLE nor to its clinical manifestations. Since
the Tag SNPs assessed in our study did not show significant linkage disequilibrium among
them no associations could be inferred regarding SLE and its clinical features. However, even
though the formation of haplotypes blocks in VDR gene is widely studied with Bsml, Fokl and
Taql most of the association studies are controversial and have not been proved yet (23,39—

42).
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When assessing clinical manifestation considering ethnicity and gender, the European-
derived patients presented increased risk for cutaneous and hematological alterations in
comparison to African-derived. Our association is reasonable once European-derived presents
less melanin than African —derived patients and the melanin acts as a natural optical strainer
protecting the skin cells against UV radiation (43). However, it is important to comment that
the ethnic classification adopted in the present study was based on phenotypic characteristics
of individuals and ethnicity data of parents/grandparents is often accepted in Brazil, even
though, European- or African-derived groups can present a certain degree of admixture
(44,45). Our results are in agreement to Sestak et al. (46), which assessed different ethnical
groups of SLE patients (European, African and Hispanic) and reported that African-derived
had lower frequencies of cutaneous and immunological alterations and nephritic disorders,
when compared to European and Hispanic-derived patients (46).

Finally, even though we acknowledge the limited size of our sample, that may have
lacked the ability to find some possible association between VDR polymorphisms and SLE.
However, several VDR SNPs in this study have been found associated with SLE clinical
manifestations and we believe that this may reinforce a true association between VDR SNPs
and clinical manifestations, suggesting that VDR should be implicated in SLE
etiopathogenesis. Thus, further studies in populations with different ethnical background and
larger number of subjects are necessary to reinforce our results and to clarify the role of VDR

polymorphisms in SLE.
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CONCLUSION
VDR gene polymorphisms are associated to particular SLE clinical manifestations in a
Southeast Brazilian population. Our results provide evidence for considering VDR as a

potential marker in disease’s activity.
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Table 1 Demographical and Chnical/laboratory profiles in

158 Brazilian SLE patients

Demographic and dinical/laboratories characteristics SLE Patients
n (%)
Sex
Male 11 (6.96%)
Female 147 (93.04%)
Etnhic Group
European derived 120 (75.95%)
African derived 38 (24.05%)
Clinical/Laboratories Characternistics
Cutancous alterations 88 (55.7%)
Photosensitivity 45 (28.5%)
Arthritis 68 (43%)
Serositis 40 (25.3%)
Nephritic disorder 87 (55.1%)
Neuropsychiatric disorder 30 (19%)
Hematological alterations 84 (53.2%)
Immunological alterations 87 (55.1%)

Antinudear Factor positive (FAN)
Antibody anti DNA (anti ds-DNA)
Antiohospholipid syndrome (APS)

Raynaud phenomenon

129 (81.64%)
34 (21.52%)
52 (32.9%)

8 (5.06%)

anti-dsDNA: anti-<double-stranded DNA.
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Table 2 Genotype and allele frequencies of VDR associated SNPs in SLE patients and healthy controls

99

Polymorphism Patients N (%) Controls N (%) Odds Ratio (95% Cl) p-value
rs1 1168268 158 187

Allele

A 193 (61.07%) 220 (58.51%) 1.00

G 123 (38.93%) 154 (41.49%) 0.91 (0.66-1.25) 0.58
Genotype

AA 62 (39.2%) 67 (35.8%) 1.00

AG 69 (43.7%) 86 (46%) 0.87 (0.53-1.42) 0.63
GG 27 (17.1%) 34 (18.2%) 1.10 (0.47-1.58) 0.64
rs2248098 158 188

Allele

G 158 (50%) 199 (52.92%) 1.00

A 158 (50%) 177 (47.08%) 1.12 (0.82-1.53) 0.45
Genotype

GG 39 (24.7%) 55 (29.3%) 1.00

AG 80 (50.6%) 89 (47.3%) 1.26 (0.74-2.18) 0.37
AA 39 (24.7%) 44 (234%) 1.25 (0.66-2.36) 0.54
rs1 540339 158 188

Allele

C 221 (69.94%) 242 (64.36%) 1.00

T 95 (30.06%) 134 (35.64%) 0.78 (0.56-1.08) 0.12
Genotype

cC 81 (51.3%) 78 (41.5%) 1.00

CcT 59 (37.3%) 86 (45.7%) 0.66 (0.42-1.04) 0.08
™ 18 (11.4%) 24 (12.8%) 0.72 (0.36-1.43) 0.38
rs4 760648 158 188

Allele

C 159 (50.32%) 189 (50.26%) 1.00

T 157 (49.68%) 187 (49.74%) 1.00 (0.73- 1.36) 1.00
Genotype

cC 40 (25.3%) 51 (27.1%) 1

CcT 79 (50%) 87 (46.3%) 1.16 (0.69-1.94) 0.60
™ 39 (24.7%) 50 (26.6%) 0.99 (0.55-1.79) 1.00
rs389%0733 158 189

Allele

C 219 (69.3%) 261 (69.41%) 1.00

T 97 (30.7%) 117 (30.59%) 0.99 (0.70-1.38) 1.00
Genotype

cC 71 (44.9%) 93 (49.2%) 1

CcT 77 (48.7%) 75 (39.7%) 1.34 (0.86-2,09) 0.21
™ 10 (6.3%) 21 (11.1%) 0.62 (0.28-1.44) 0.32

CI =95% confidence interval; OR = odds ratio.
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Table 3 SLE patients’ clinical manifestation (%) accordingly to SNPs VDR gene associated genotype

SNPs

rsl1 168268 rs2248097 rsd760647 rs38%0733

GG GG ar 7T cr nr
Clinical Manifestations n=27 (%) n=39%%) n=79(%) n=39(%) n=77(%) n=10(%)
Photosensitivity 11 (40.7) 14 (35.9) 22 (27.8) 7 (18 18 (23.4) 4 (40)
Serositis 7(25.9) 12 (30.7) 19 (24) 10 (256) 17 (22.1) 1(10)
Arthritis 11 (40.7) 17 (43.6) 24 (30.4) 14 (359) 35(45.5) 9 (%0p
Cutancous alterations 20 (741 21 (53.8) 45 (57) 22 (56.4) M@ 5(50)
Neuropsychiatric disorder 6(22.3) 8 (20.5) 16 (20.2) 7(18) 12 (15.6) 3(30)
Nephritic disorder 11 (40.7) 19 (48.7) 41 (51.9) 18 (462F 43 (55.8) 6 (60)
Hematological alterations 18 (66.7) 17 (43.6) 42 (532) 18 (462) 42 (54.6) 5(50)
Immunological alterations 11 (40.7) 8 (20.5)" 22(278) 7 (18) 18(23.9) 4 (40)
Antinudear Factor positive (FAN) 21 (77.8) 33 (84.6) 65 (82.3) 19 (48 8) 59 (76.7) 9 (90)
Antibody anti DNA (anti ds-DNA) 7(25.9) 5(128) 13 (16.5F° 7 (18) 14 (18.2) 3(30)
Antiphospholipid syndrome (APS) 5(18.5) 11(28.2) 19 (24) 9(23.0) 15(19.5) 2(20)
Raynaud phenomenon 1(3.7) 2(5.1) 3(38) 3(7.D) 4(52) 0(0)

SLE: systemic lupus erythematosus; SNP: single nucleotide polymorphism; VDR: vitamin D receptor; anti-dsDNA: anti-doublestranded DNA;
OR: odds ratio; CI: confidence interval.

20R =3.01, CI=1.04-9.70, p-value = 0.036; "OR = 2.82, CI=1.04-7.94, p-value = 0.040; “OR = 0.37, CI=0.14-0.97, p-value = 0.036; “OR =0.33,
CI 0.10 — 1.01, p-value = 0.046; “OR = 0.37,CI=0.13-1.02, p-value =0.041; 'OR =0.36, CI =0.17-0.74, p-value =0.003; *OR=17.05, CI=2.15-
785.1, p-value =0,001.

Table 4 SLE patients’ clinical manifestation (%) stratified accordingly to patients’ ethnicity and gender

Ethnic group Sex

European African Female Male
Clinical Manifestations n=120(%) n=38(%) n=147(%) n=11(%)
Photosensitivity 39 (325) 6(158) 44 (30) 19,1
Serositis 33(275) 7(184) 37252 3(273)
Arthritis 54 (45) 14 (368) 63 (429 5(455)
Cutaneous alterations 74 (61.7) 14 (345)3)l 82 (55.8) 6(545)
Neuropsychiatric disorder 26 (21.7) 4(1035) 28(19) 2(182)
Nephritic disorder 64 (534) 23 (60.5) 80 (544) 7(636)
Hematological alterations 71(592) 13 (3427 78 (53 6(545)
Immunological alterations 68 (56.7) 19 (50) 83 (56.9) 4(364)
Antinudear Factor positive (FAN) 101 (842) 28(73.7) 121 (82.3) 8(72.7)
Antibody anti DNA (anti ds-DNA) 28 (234) 6(158) 34 (230 0(0)
Antiphospholipid syndrome (APS) 23(192) 9(237) 31 2L 1(9.1)
Raynaud phenomenon 7(5.8) 1(2.6) 748) 1(9.1)

SLE: systemic lupus erythematosus; anti-dsDNA: anti-double-stranded DNA; OR: odds ratio; CI: confidence interval.
20R =0.36, CI =0.16-0.82, p=0.009; "OR =0.36, CI=0.15-0.81, p =0.009.
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Comprehensive analysis of polymorphisms in the HLA-G 5’ upstream regulatory and 3’

untranslated regions in Brazilian patients with Systemic Lupus Erythematosus

Eulalia Catamo®, Catarina Addobbati™, Ludovica Segatd, Thiago Sotero Fragoso™, Andrea
Tavares Dantas®, Henrique de Ataide Mariz®, Laurindo Ferreira da Rocha Junior®, Angela

C

Luiza Branco Pinto Duarte®, Antonio Victor Campos Coelho™; Ronald Rodrigues de

Moura™; Vania Polesello®, Sergio Crovella*?, Paula Sandrin-Garcia".

Abstract

Objective This study aims to comprehensively analyze HLA-G polymorphisms association
with susceptibility to Systemic Lupus Erythematosus (SLE) development and clinical
manifestations. Methods: The HLA-G 5’ upstream regulatory region (URR), 3 untranslated
region (UTR) and a cytosine deletion at exon 3 (AC, HLA-G*0105N allele) were analyzed in
114 SLE patients and 128 healthy controls from North East Brazil.

Results: The 3003T>C T allele and the TCGITCCCGAG haplotype were significantly more
frequent in healthy controls than SLE patients and were associated with a protective effect for
disease development (O.R. = 0.21, p = 0.007). Other polymorphisms were associated with
different clinical manifestations. Conclusion:Although HLA-G role in SLE disease is far
from being elucidated yet, our findings suggest that HLA-G might be able to slightly

modulate the complex SLE phenotype.

Keywords: Systemic Lupus Erythematosus, Human Leukocyte Antigen (HLA)-G;

Polymorphisms; mRNA stability; Clinical manifestation
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INTRODUCTION

Systemic Lupus Erythematosus (SLE) is a chronic inflammatory and autoimmune
disease that affects almost 10 times more frequently women in reproductive age than men'.
SLE is mediated by the deposit of immune complexes in several organs and presents
hyperactivity of type B lymphocytes, production of numerous auto-antibodies directed against
nuclear antigens, and defective function of T cell >,

The development of SLE is multifactorial and depends on the interaction of genetic,
hormonal, immunological and environmental factors”.

Genome-wide linkage studies identified three regions in strong linkage with SLE:
6p21.1-q15, 20p11-q13.13 and 16p13-q12.2'. The HLA-G gene, located at 6p21.3, lupus
“hotbed” region of chromosome 6, encodes a nonclassical class Ib major histocompatibility
complex molecule, characterized by restricted tissue expression, low DNA polymorphism and
expression of both membrane (HLA-G1 to HLA-G4) and soluble (HLA-G5 to HLA-G7)
isoforms by alternative splicing (reviewed in Carosella et al®. Both isoforms are able to bind
to inhibitory receptors, such as Ig-like transcript 2 (ILT2) and 4 (ILT4), and killer cell
immunoglobulin-like receptor (KIR2DL4), inhibiting the effector function of T lymphocytes
and natural killer (NK) cells, suggesting the HLA-G as a component in the
immunosuppression process (reviewed in Carosella et al.”.

Genetic variants have been shown to alter HLA-G expression and play a role on the
development of rheumatologic diseases®'’. Consiglio et al.” found significant difference in
the distribution of allelic, genotypic and haplotypic frequencies of the 14bp del/ins and
3142C>G polymorphisms among SLE patients, with an increased frequency of the G allele
and 14bp-del/3142G haplotype in SLE subjects. Moreover, the authors reported that the
double heterozygous patients (characterized by the contemporary presence of 14bp del/ins and

3142C>G polymorphisms) show lower disease activity scores, with respect to heterozygotes



Fragoso, T.S. Lupus Eritematoso sistémico e sua associagdo com os genes codificantes do 107
VDR e HLA-G

for only one of the variants or with respect to wild-type subjects, confirming the involvement
of the HLA-G molecule on SLE susceptibility and outcome.

Rizzo et al.'' observed a significantly different distribution of thel4bp I/I genotype in
SLE patients with respect to controls, and this genotype was associated with a lower
production of the anti-inflammatory HLA-G molecule in plasma of SLE patients.

Recently, Lucena-Silva et al.'> have reported the association of 3142 G and 3010 C
alleles with susceptibility to develop SLE in patients from North East Brazil (Recife), while a
UTR-1 haplotype conferred protection.

Considering all the previous associations reported, and trying to replicate the findings
of Lucena Silva et al.'*, we enrolled SLE patients from their same geographic area (Recife,
North East Brazil) and sequenced the HLA-G 5’ upstream regulatory region (URR) as well as
3’ untranslated regions (UTR), also analyzing a cytosine deletion at exon 3 (AC, HLA-
G*0105N allele Our study was aimed at performing a comprehensive analysis of HLA-G
polymorphisms and risk of SLE development, as well as SLE clinical manifestations.

Finally, to better ascertain the potential involvement of HLA-G in the SLE
susceptibility, we also performed a meta-analysis for the most studied HLA-G polymorphism,

namely the 14bp del/ins.
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MATERIAL AND METHODS
Subjects and controls

For this study, we enrolled 114 SLE Brazilian patients (mean age 37.5+10.4 years, 110
females and 4 males), and 128 Brazilian controls (mean age 34.11£13.04 years, 105 females
and 23 males).

The patients were followed-up at the Division of Rheumatology, Hospital das
Clinicas, Federal University of Pernambuco, Brazil, and fulfilled the American College of
Rheumatology Criteria for SLE diagnosis. Clinical and laboratorial data regarding SLE
patients were collected and are depicted in Table 1. Clinical data were missing (or not
complete) for 7 SLE patients.

The healthy controls were blood donors coming from the same geographic area of
SLE patients who did not present any previous family history of autoimmune disorders as
ascertained by the physicians using an appropriate questionnaire.

The ethics committee of Federal University of Pernambuco, Brazil, approved the
study (CAAE 03065312.3.0000.5208) and written informed consent was obtained from all
individuals.

DNA extraction and genotyping

Genomic DNA was extracted from peripheral blood samples using DNA Wizard
Genomic DNA Purification Kit (Promega, Madison, WI) according to manufacturer’s
protocol.

HLA-G 5’UTR and 3°’UTR polymorphisms have been detected using direct
sequencing of PCR products amplified with the following primers: 5’UTR forward 5°-
CACGGAAACTTAGGGCTACGG-3’ and 5’UTR reverse 5’-
GCGTCTGGGGAGAATGAGTCC-3’ (annealing temperature 65°C); 3’UTR forward 5°-

GCTGTGCTATGAGGTTTCTTG-3 and 3’UTR reverse 5’-
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CGTGTACTGTGGAAAGTTCTCA-3’ (annealing temperature 59°C). The BigDye
Terminator Sequencing kit has been used for sequencing reaction, run on the ABI PRISM
3130XL automated DNA sequencer (Applied Biosystems, USA). Sequences were handled
using the  4Peaks  (http://mekentosj.com/4peaks/) and  Codon-Code  Aligner
(http://www.codoncode.com/aligner/) software. HLA-G AC deletion at exon 3, G*0105N
allele, was detected by PCR-RFLP as previously reported'’. Briefly, the digestion of PCR
products was made overnight at 37°C with the PpuMI endonuclease (New England Biolabs,
Beverly, MA) and afterwards fragments were separated on a 3% agarose gel. The AC allele
was characterized by one fragment of 276bp, while C allele by two fragments of 108 and
168bp. Direct sequencing of 100 HLA-G randomly chosen amplicons for each polymorphism
was used as genotyping quality control.
Statistical analysis

Allele and genotype frequencies were calculated by direct gene counting. Statistical
significance of difference in allele and genotype frequencies was calculated by Fisher's exact
test. The odds ratio (O.R.) and 95% confidence interval (C.1.) were also computed. The open-
source R package (www.r-project.org) was used for all statistical analyses. Haplotypes and
the eventual presence of linkage disequilibrium (LD) between HLA-G polymorphisms were

evaluated by using the free available online software Arlequin 3.11

(http://cmpg.unibe.ch/software/arlequin3). Statistical significance of difference in haplotype
frequencies was calculated by logistic regression.
Meta-analysis: search strategy, eligibility criteria for study selection and statistical
analysis

Genetic association studies published regarding HLA-G alleles and susceptibility to

SLE were retrieved through search in MeSH database (http://www.nlm.nih.gov/mesh/).
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Keywords included the terms "Lupus Erythematosus, Systemic/genetics", "HLA-G Antigens",
"Autoimmune Diseases", "HLA-G Antigens” and "Polymorphism, Single Nucleotide".

For inclusion in the meta-analysis, the studies had to be case-control studies published
in peer-reviewed journals, reporting SNPs genotypic proportions for both cases and controls.
Adherence to Hardy-Weinberg (HW) equilibrium for the case and control groups was
assessed by y” tests. Cochran's Q test was used to evaluate the heterogeneity between studies:
a p < 0.10, implicates that heterogeneity is likely to be present. The pooled O.R. and its
associated 95% C.I. were calculated accordingly to Cochran’s Q test outcome: if
heterogeneity is detected, a random-effects is applied (DerSimonian-Laird procedure),
otherwise a fixed-effect models (Mantel-Haenszel test) is used. Z test was used to calculate
the associated p-value for the pooled OR. Presence of publication bias, commonly defined as
underrepresentation of no association results in the literature'®, was assessed using Egger's
test. Except for Cochran’s Q test, the significance level was set at a = 0.05. All tests were
two-sided. All statistical procedures were performed through “metafor” package'’ available

for R software version 3.0.1.
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RESULTS
HLA-G genotyping

A total of 25 genetic variants were detected and analyzed: 16 in the 5’URR, 8 in the
3’UTR and the AC deletion (G*0105N) in the third exon of HLA-G (Table 2).

No significant differences were found when comparing the allele and genotype
frequencies of all HLA-G studied SNPs between SLE patients and controls (data not shown),
except for the 3003 T>C (rs1707) polymorphism (Table 3). The 3003 T>C T allele was
indeed significantly more frequent in healthy controls than SLE patients (94% vs. 88%, p =
0.026, O.R. 0.48, 95% C.I. 0.23-0.94), and was associated with a protective effect for disease
development according to a recessive genetic model (T/T vs. C/T+C/C; p = 0.017, O.R. =
0.43, 95% C.I. = 0.20-0.90). The C/C genotype was extremely rare, and was found only in
one patient and in one control. Genotype frequencies for the 3003T>C SNP were in HW
equilibrium in both patients and controls groups (x> = 0.39, p = 0.53 and y* = 0.57 p = 0.45
respectively).

The possible association between HLA-G polymorphisms and several clinical
parameters of SLE patients (described in table 1) was also evaluated, and significant
associations were found (Table 4).

In the triallelic -725 C>G>T SNP, the presence of the -725 G allele inversely
associated with the presence of cutaneous alteration (malar and discoid rashes, and oral
ulcers) according to a dominant model (p = 0.0009, O.R. 0.15, 95% C.1. 0.04-0.53).

The insG540 nucleotide variation, found only in SLE patients with arthritis, was
associated with increased risk of developing this clinical manifestation in a dominant model (-
/G + G/Gvs. -/-,p=0.02, O.R. inf., 95% C.I. 1.18-inf)

The presence of a mutant allele in homozygosis at position -762 C>T (and

consequently at -716 T>G, -689 A>G, -666 G>T, -633 G>A, -486 A>C and -201 G>A, due to
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the presence of strong linkage disequilibrium, D’>0.99) significantly associated in a recessive
genetic model (T/T vs. C/T+T/T) with the presence of hematological alterations (p = 0.038,
O.R. 3.18,95% C.I. 1.04-11.79).

The -400 G>A and -391 G>A A alleles were associated with increased risk of
developing immunological alterations (p = 0.031, O.R. 3.58, 95% C.I. 1-13.88) and anti ds-
DNA antibodies (p = 0.005, O.R. 5.44, 95% C.1. 1.45-21.68) according to a dominant genetic
model.

Haplotypes were reconstructed using 13 variants from the total 25. This was done to
reduce data dimensionality and redundancy, thus facilitating logistic regression. First, the
SNPs -762 C>T, -716 T>G, -689 A>G, -666 G>T, -633 G>A, -486 A>C and -201 G>A were
removed due to the presence of strong linkage disequilibrium with -725 C>T. Similarly, -391
G>A was removed due to linkage disequilibrium with -400 G>A. Second, SNPs not
associated to any clinical status or trait during univariate analysis were removed (delA533, -
509 C>@G, -477 C>G, and -369 C>A). The reconstructed haplotypes are displayed in Table 5.
The TCGITCCCGAG haplotype was significantly more frequent in healthy controls than in
SLE patients (4% vs. 2%, p = 0.007) and was associated with lower risk for the development
of the disease (O.R. 0.21, 95% C.I. 0.07-0.65).

Meta-analysis

The literature search produced five genetic association studies evaluating HLA-G
polymorphisms association with SLE susceptibility. Rizzo et al.'' recruited cases and controls
from Italy, Wu et al.'® Han Chinese subjects, Veit et al.'” and Consiglio et al.’ recruited
individuals from South Brazil (Rio Grande do Sul state) and Lucena-Silva et al."* recruited
two more Brazilian groups: one from Recife (Pernambuco state, Northeast Brazil) and the

other from Sao Paulo (Sao Paulo state, Southeast Brazil).
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The 14bp del/ins SNP was the only HLA-G polymorphism that was assessed in all
studies, including ours, and thus was the only one that we analyzed with the meta-analysis
that included a total of 1221 SLE patients and 1802 healthy individuals. No deviations from
HW equilibrium were observed in controls, nor globally considered, nor in considering the
single studies sub-groups. Table 6 summarizes the epidemiological and clinical data reported
by the authors.

The Cochran’s Q test showed no indication for the presence of heterogeneity between
studies (Q = 8.22, p = 0.22, degrees of freedom = 6). Thus, a fixed-effect model was assumed
and the Mantel-Haenszel test was used for calculation of the pooled O.R. pertaining to HLA-G
14bp del/ins allelic frequencies. The Mantel-Hanzel method test (fixed-effects model) showed
a statistically significant association of the 14bp insertion allele with SLE, although it had a
small effect size (pooled O.R. =1.14, 95% C.I. = 1.02-1.27, p = 0.02). Egger’s test showed no

evidence for publication bias (test statistic = 0.31, p = 0. 76).
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DISCUSSION

HLA-G gene expression can vary according the presence of genetic polymorphisms
(18). A possible association between HLA-G levels and susceptibility to develop SLE (or
modulate its clinical features), has been shown in different populations with distinct ethnic
background™'".

In our study we analyzed the AC deletion in exon 3 (characterizing the HLA-
G*0105N allele) as well as HLA-G gene polymorphisms localized in the 800bp upstream the
ATG (5’URR) and in the whole 3’UTR, in North Eastern Brazilian SLE patients and controls.
No statistically significant association with risk of SLE development were found for all the 16
5’URR SNPs, for the AC deletion , as well as for 7 out of 8 3’UTR SNPs.

A significant association was instead found for the 3’UTR 3003T>C SNP, the T allele
and T/T genotype being associated with protection against development of SLE. The
biological effect of this genetic variant is not known, although the presence of the 3003 T
allele might cause increased transcriptional stability and decreased microRNAs (miRNAs)
binding affinity compared to the C allele, as described in silico'”?’.

After considering the possible role of the HLA-G variants on SLE susceptibility, we
also investigated the possible association of HLA-G polymorphisms with the clinical
parameters of SLE, stratifying SLE patients according to the presence or absence of different
clinical manifestations. For some of the SNPs, we found an association with different clinical
manifestation of SLE.

The -725 G allele, known to create a CpG dinucleotide together with the -726 C allele
that could suffer methylation and consequently diminish HLA-G expression’**, was

associated in our study with protection against the development of cutaneous alterations (O.R.

0.18). Since two different studies”** have observed an increased HLA-G expression in skin
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lesions of psoriasis and atopic dermatitis, we can hypothesize that lower HLA-G expression
may be protective against the development of cutaneous alterations.

No functional role has been reported yet for the insG540 SNP, associated in our study
with lupus arthritis, and for the haplotype block in the 5’URR (-762 C>T, -716 T>G, -689
A>G, -666 G>T, -633 G>A, -486 A>C and -201 G>A) associated with hematological
alteration, nor for the -400 G>A and -391 G>A SNPs associated with immunological
alteration and with anti ds-DNA production. All these polymorphisms however are located at
the 5’URR, within or close to the critical sites for HLA-G gene transcription and, therefore,
we could assume that these nucleotide variations could alter the HLA-G transcription and
molecule production.

Different studies™ '*'®!” have been published so far concerning the role of common
HLA-G variants and SLE susceptibility, sometimes presenting contradictory findings. In
order to better disclose the possible involvement of these variants, we decided to perform a
meta-analysis; the only SNP present in all the published studies retrieved from the literature
search, and thus included in our meta-analysis, was the 14bp del/ins SNP.

The 14 bp insertion has been correlated with low sHLA-G levels in SLE patients and
increased disease susceptibility by Rizzo et al.'', while others authors'>'*'" lacked to find this
association. Also in our work, no significant association between this SNP and SLE
susceptibility has been found.

The results of meta-analysis have pointed toward a small effect of this polymorphism
on disease susceptibility, being the 14pb insertion slightly associated to increased risk of SLE
development (pooled O.R. value of 1.14). Heterogeneity and publication’s bias tests were not
significant, so we are quite confident that confounding factor due to geographical differences

among the samples have not affected the results.
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Since the meta-analysis achieves a collective larger sample size, it is capable to detect
even those small effect-sizes (such as the one observed for HLAG 14 bp del/ins variant) not
identifiable with single limited association studies. Lucena-Silva et al.lz; Wu et al.ls; Veit et
al.'” studies, as well as our, may have lacked to find the association of the 14 bp del/ins
variant and SLE due to a limited power of the studies. It is also not excluded that other HLA-
G variants, such as the 3003 T>C identified in this study but not in other, could indeed be
associated with SLE.

In addition to small effect size, it is also possible that some association are not
detectable when analyzing individual SNPs, given that HLA-G expression levels are possibly
modulated not only by single SNPs, but also by the combination of SNPs at the haplotype
level. For this reason we had implemented our association study including the study of HLA-
G haplotypes: unexpectedly, we found a protective effect (O.R. 0.22) towards SLE
development for the TCGITCCCGAG haplotype. This haplotype (also known as UTR-2
haplotype) has been associated with lower SHLA-G level compared to haplotypes with the
14bp deletion, 3142 C and 3187 C alleles®. The UTR-2 haplotype presents in fact, among
other variants, the 14bp insertion, the 3142 G and 3187 A alleles, as well as the AC deletion at
exon 3, all variations known to be associated with lower levels of HLA-G: the 14bp insertion,
3142 G and 3187 A alleles associate with increased HLA-G mRNA instability*® while the AC
distinguishes the null HLA-G*0105N allele which presents premature stop codons that
impede the formation of HLA-G1 and -G5 isoforms and the translation of HLA-G4*’. Rizzo
et al.'' and Wu et al."” found significantly increased levels of HLA-G in SLE patients with
respect to controls, so we can hypothesize that lower levels of HLA-G could be protective

against the development of the disease.
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However we must bear in mind that all associations found between HLA-G
polymorphisms and SLE clinical manifestations are quite modest, and the role of those
polymorphisms in the modulation of SLE phenotype, consequently moderate.

Moreover, our study, aimed at replicating Lucena-Silva et al.' findings, showed that,
in spite of having selected patients and controls from the same town (Recife, North East
Brazil) led to different results, being the 3003 T>C polymorphism associated with
susceptibility to develop SLE in our study, while the 3010 C>G and 3142C>G
polymorphisms conferred susceptibility to SLE in the Lucena-Silva study. Only HLA-G
haplotypes (although not completely concordant) conferred a slight protection against
development of SLE in both studies.

The fact that, in a replica study performed in the same town, HLA-G polymorphisms
did not provide similar results in terms of association with SLE, gives us an idea of the very
small effect of this gene on predisposition to the complex phenotype represented by SLE.

Our findings, including meta-analysis, lead us to conclude that, even if HLA-G is
located in a supposed “hotbed” region for SLE, its effect on the predisposition to develop the
pathology is not so relevant and it should not be considered as a good candidate gene for SLE,
but eventually just a sort of modifier gene with very little impact on the phenotype.

Furthermore up to now, for most of the studied SNPs the functional role on HLA-G
regulation is not know, as well as the role of the HLA-G molecule. Moreover, the effective
role of HLA-G molecule in the development of the SLE disease and its clinical manifestations
is far from being elucidated up to now; all results are indicating that a multifactorial panel of
immunological components could act together in concert to trigger the development of the
disease. Functional validation of HLA-G variants is mandatory to confirm if HLA-G

molecule has a role, even if little, in SLE susceptibility or disease development (as evidenced
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by our meta-analysis of recent results reported by independent investigators), or if is only a

genetic marker of association, maybe in linkage disequilibrium with other susceptibility loci.



Fragoso, T.S. Lupus Eritematoso sistémico e sua associagdo com os genes codificantes do 119
VDR e HLA-G

REFERENCES

1.

10.

11.

12.

13.

Forabosco P, Gorman JD, Cleveland C, Kelly JA, Fisher SA, Ortmann WA, et al. Meta-
analysis of genome-wide linkage studies of systemic lupus erythematosus. Genes Immun
2006;7:609-14.

Lipsky PE. Systemic lupus erythematosus: an autoimmune disease of B cell hyperactivity.
Nat Immunol 2001;2:764-66.

Renaudineau Y, Pers JO, Bendaoud B, Jamin C, Youinou P. Dysfunctional B cells in
systemic lupus erythematosus. Autoimmun Rev 2004;3:516-23.

Takeuchi T, Tsuzaka K, Abe T. Altered expression of the T cell receptor-CD3 complex in
systemic lupus erythematosus. Int Rev Immunol 2004;23:273-91.

Consiglio CR, Veit TD, Monticielo OA, Mucenic T, Xavier RM, Brenol JC, et al.
Association of the HLA-G gene +3142C>G polymorphism with systemic lupus
erythematosus. Tissue Antigens 2011;77:540-45.

Carosella ED, Moreau P, Le Maoult J, Le Discorde M, Dausset J, Rouas-Freiss N. HLA-G
molecules: from maternal-fetal tolerance to tissue acceptance. Adv Immunol 2003;81:199-
252.

Carosella ED, HoWangYin KY, Favier B, LeMaoult J. HLA-G-dependent suppressor cells:
diverse by nature, function, and significance. Hum Immunol 2008;69:700-7.

Hviid TV, Milman N, Hylenius S, Jakobsen K, Jensen MS, Larsen LG. HLA-G
polymorphisms and HLA-G expression in sarcoidosis. Sarcoidosis Vasc Diffuse Lung Dis
2006;23:30-7.

Park KS, Park JS, Nam JH, Bang D, Sohn S, Lee ES. HLA-E*0101 and HLA-G*010101
reduce the risk of Behcet’s disease. Tissue Antigens 2007;69:139-44.

Veit TD, Vianna P, Scheibel I, Brenol CV, Brenol JC, Xavier RM, et al. Association of
the HLA-G 14-bp insertion/deletion polymorphism with juvenile idiopathic arthritis and
rheumatoid arthritis. Tissue Antigens 2008;71:440-6.

Rizzo R, Hviid TV, Govoni M, Padovan M, Rubini M, Melchiorri L, et al. HLA-G
genotype and HLA-G expression in systemic lupus erythematosus: HLA-G as a putative
susceptibility gene in systemic lupus erythematosus. Tissue Antigens 2008;71:520-9.

Lucena-Silva N, de Souza VS, Gomes RG, Fantinatti A, Muniz YC, de Albuquerque RS,
et al. HLA-G 3’ untranslated region polymorphisms are associated with systemic lupus
erythematosus in 2 Brazilian populations. J Rheumatol 2013;40:1104-13.

Gomez-Casado E, Martinez-Lasot J, Castro MJ, Morales P, Trapaga J, Berciano M, et al.
Detection of HLA-E and -G DNA alleles for population and disease studies. Cell Mol Life
Sci 1999;56:356-62.



Fragoso, T.S. Lupus Eritematoso sistémico e sua associagdo com os genes codificantes do 120
VDR e HLA-G

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Rothstein HR, Sutton AJ, Borenstein M. Pubblication bias in meta-analysis: prevention,
assessment and adjustments. Wiley 2006.

Viechtbauer W. Conducting meta-analyses in R with the metafor package. J Stat Softw
2010;36:1-48.

Wu FX, Wu LJ, Luo XY, Tang Z, Yang MH, Xie CM, et al. Lack of association between
HLA-G 14-bp polymorphism and systemic lupus erythematosus in a Han Chinese
population. Lupus 2009;18:1259-66.

Veit TD, Cordero EA, Mucenic T, Monticiclo OA, Brenol JC, Xavier RM, et al.
Association of the HLA-G 14 bp polymorphism with systemic lupus erythematosus.
Lupus 2009;18:424-30.

Castelli EC, Mendes-Junior CT, Veiga-Castelli LC, Roger M, Moreau P, Donadi EA. A
comprensive study of polymorphic sites along the HLA-G gene: implication for gene
regulation and evolution. Mol Biol Evol 2011;28:3069-86.

Suryanarayana V, Rao L, Kanakavalli M, Padmalatha V, Raseswari T, Deenadayal M, et
al. Association between novel HLA-G genotypes and risk of current miscarriages: a case-
control study in a South Indian population. Reprod Sci 2008;15:817-24.

Castelli EC, Moreau P, Oya e Chiromatzo A, Mendes-Junior CT, Veiga-Castelli LC,
Yaghi L, et al. In silico analysis of microRNAS targeting the HLA-G 3' untranslated
region alleles and haplotypes. Hum Immunol 2009;70:1020-5.

Moreau P, Mouillot G, Rousseau P, Marcou C, Dauseet J, Carosella ED. HLA-G gene
repression is reversed by demethylation. Proc Natl Acad Sci U S A 2003;100:1191-6.

Ober C, Aldrich CL, Chervoneva I, Billstrand C, Rahimov F, Gray HL, et al. Variation in
the HLA-G promoter region influences miscarriage rates. Am J Hum Genet
2003;72:1425-35.

Aractingi S, Briand N, Le Danff, Viguier M, Bachelez H, Michel L, et al. HLA-G and NK
receptor are expressed in psoriatic skin: a possible pathway for regulating infiltrating T
cells? Am J Pathol 2001;159:71-7.

Khosrotehrani K, Le Danff C, Reynaud-Mendel B, Dubertret L, Carosella ED, Aractingi
S. HLA-G expression in atopic dermatitis. J Invest Dermatol 2001;117:750-2.

Di Cristofaro J, El Moujally D, Agnel A, Maziéres S, Cortey M, Basire A, et al. HLA-G
haplotype structure shows good conservation between different populations and good

correlation with high, normal and low soluble HLA-G expression. Hum Immunol
2013;74:203-6.

Castelli EC, Mendes-Junior CT, Deghaide NH, de Albuquerque RS, Muniz YC, Simdes
RT, et al. The structure of 3’untranslated region of the HLA-G gene: polymorphisms and
haplotypes. Genes Immun 2010;11:134-41.



Fragoso, T.S. Lupus Eritematoso sistémico e sua associagdo com os genes codificantes do 121
VDR e HLA-G

27. Le Discorse M, Le Danff C, Moreau P, Rouas-Freiss N, Carosella ED. HLA-G*0105N
null allele encodes functional HLA-G isoforms. Biol Reprod 2005;73:280-8.



Fragoso, T.S. Lupus Eritematoso sistémico e sua associagdo com os genes codificantes do 122
VDR e HLA-G

Table 1: Clinical and laboratorial characteristics of SLE patients

Clinical/laboratorial characteristics Number of patients (%)
Cutaneous alterations (malar and discoid rashes, oral

93/107 (86.9%)
ulcers)
Nephritis 54/107 (50.5%)
Arthritis 77/107 (72%)

Hematological alterations (lymphopenia, leucopenia,
. 73/107 (68.2%)
thrombocytopenia)

Immunological alterations (Anti-SM, Anti-Ro/SSA,
33/107 (30.8%)

Anticardiolipin)

Anti double-strand DNA antibody (anti ds-DNA) 26/107 (24.35%)
Photosensitivity 72/107 (67.3%)
Serositis (Pleuritis, Pericarditis) 24/107 (22.4%)
Neuropsychiatric disorders 8/107 (7.5%)
AntiNuclear Factor positive (FAN) 100/107 (93.5%)

Antiphospholipid Syndrome (APS) 6/107 (5.6%)
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Table 2: HLA-G gene polymorphisms analyzed

SNP rs Chromosome Position (bp) Gene region
-762T>C rs1632946 29794860 5’URR
-725C>G>T rs1233334 29794897 5’URR
-716G>T rs2249863 29794906 5’URR
-689G>A rs2735022 29794933 5’URR
-666T>G rs35674592 29794956 5’URR
-646A>G rs17875391 29794976 5’URR
-633A>G rs1632944 29794989 5’URR
-540G>INS rs17875392 29795077:29795078 5’URR
-533A>DEL rs370236002 29795089 5’URR
-509C>G rs17875393 29795113 5’URR
-486C>A rs1736933 29795136 5’URR
-477G>C rs1736932 29795145 5’URR
-400G>A rs17875395 29795222 5’URR
-391G>A rs17875396 29795231 5’URR
-369A>C rs1632943 29795253 5’URR
-201A>G rs1233333 29795421 5’URR
0105NAC rs41557518 29796435 Exon 3
14bpDEL/INS rs1704 29798581:29798582 3’UTR
3003T>C rs1707 29798610 3’UTR
3010C>G rs1710 29798617 3’UTR
3027C>A rs17179101 29798634 3’UTR
3035C>T rs17179108 29798642 3’UTR
3142G>C rs1063320 29798749 3’UTR
3187A>G rs9380142 29798794 3’UTR
3196C>G rs1610696 29798803 3’UTR

123
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Table 3: HLA-G 3003 T>C (rs1707) SNP association with SLE susceptibility

3003T>C SLE Patients Controls p value, Odds Ratio, and 95%
HLA-G Confidence Interval
SNP
C 28/228 (0.12) 16/256 (0.06) OR.1
T 200/228 (0.88)  240/256 (0.94) p=0.026, O.R. 0.48, 95% C.1. 0.23-0.94
T/C+ C/C 27/114 (0.24) 15/128 (0.12) OR.1

T/T 87/114 (0.76) 113/128 (0.88) p=0.017, O.R. 0.43,95% C.I. 0.20-0.90
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Table 4: HLA-G SNPs significantly associated with SLE clinical features

SNP SLE Clinical feature p-value, Odds Ratio, and 95%
Confidence Interval

Cutaneous alteration

yes (n=79) no (n=28)
-725 C>G>T
C/C+C/IT+T/T 73 (92.5%) 18 (64%) OR. 1
C/G 6 (7.5%) 10 (36%) p =0.0009, O.R. 0.15, 95% C.1. 0.04-0.53
Arthritis
yes (n=77) no (n=30)
insG540
-/G + G/G 12 (16%) 0 (0%) OR. 1
-/- 65 (84%) 30 (100%) p=0.02, O.R. inf, 95% C.I. 1.18-inf
Hematological alteration
yes (n=73) no (n=34)
-762 C>T*
C/T+C/C 47 (64.5%) 29 (85%) OR. 1
T/T 26 (35.5%) 5 (15%) p=0.038,O.R. 3.18,95% C.I. 1.04-11.79
Immunological alteration
yes (n=33) no (n=74)
- 400 G>A; -391 G>A
G/G 25 (76%) 68 (92%) OR. 1
G/A+A/A 8 (24%) 6 (8%) p=0.031,O.R. 3.58,95% C.I. 1-13.88
ds-DNA antibodies
yes (n=26) no (n=81)
- 400 G>A; -391 G>A
G/G 18 (69%) 75 (93%) OR. 1
G/A+A/A 8 (31%) 6 (7%) p =0.005, O.R. 5.44, 95% C.I. 1.45-21.68

"due to the presence of strong linkage disequilibrium, the same association observed for -762 C>T SNP is

observed also for -716 T>G; -689 A>G; -666 G>T; -633 G>A; -486 A>C; -201 G>A
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Table 5 : HLA-G haplotypes count (and frequencies) in SLE patients and controls.
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HAPLOTYPES'
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C C G C D € G € £C :A € 8 (4%) 5(2%) 0.9590 2.61 (0.74-47.87) 0.14
C ‘T ‘G A C :1 T © € TG VA iC 3(1%) 5(2%) -0.2134 0.81(0.21-8.55) 0.76
. . o . 4.08 (0.60-
C C - G (C D T C C C G G ( 4(2%) 0 1.4055 400.38) 0.15
C {C = @ ¢ D T 6 C CUC A 0 4(2%) 0 0.0538 1.06 (0.39-7.77) 0.92
C C - G C | T C C: CiG A O 3(1%) 0 0.5321 1.70 (0.75-12.50) 0.21

* only the haplotypes with a frequency greater or equal to 1% were included.
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Table 6: Summary of the HLA-G 3°’UTR 14bp del/ins polymorphism and SLE studies

included in the meta-analysis.

Study Country ~ Sample Size  Men/Wom  Mean Mean Mean value
en Ratioin  Age of value of  of SLICC
Cases Controls Cases Cases SLEDAI  index [n]
Group® index [n"]
Rizzo et al., 532+  2°(0-20°  1°(0-6)°
Italy 200 451 1/4
2008 10.7 [NR] [NR]
Veit et al., Brazil 44.5 + 2.66 £ 1.11 £ 1.46
293 460 1/10
2009 (RS) 14.2 3.73 [159] [190]
Wu et al., 36.4 + 9.78 +
China 231 367 1/14 NR
2009 322 5.74 [231]
Lucena-Silva  Brazil 39° (17-
140 147 1/23 NR NR
etal., 2013 (SP) 66)°
Catamo et Brazil 375+
114 128 1/28 NR NR
al., 2013 (PE) 10.4

a - The ratio is approximate.
b - Median value.
c- Interquartile range.

d - Number of patients analyzed.

SLEDALI - Systemic Lupus Erythematosus Disease Activity Index

SLICC - Systemic Lupus International Collaborating Clinics cumulative damage index.

NR — not reported.
RS — Rio Grande do Sul, Southern Brazil state.
SP — Sao Paulo, Southeast Brazil state.

PE — Pernambuco, Northeast Brazil state
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CONSIDERACOES FINAIS

1. Associacao de polimorfismos do gene codificante do VDR e o LES

Houve associacdo entre o gendtipo G/G do SNP rs11168268 (A>G) e dos gendtipos
G/G e A/G do 152248098 (A>G) com a susceptibilidade ao LES, na populacdo de
Recife/PE;

Nao houve associagdo entre os SNPs testados e a susceptibilidade ao LES, em
pacientes de Ribeirao Preto/SP;

Na populacdo de Recife/PE, houve associagcdo da doenga renal secundéria ao LES com
polimorfismos dos SNPs rs11168268 (A>QG), rs1540339 (C>T) e rs2248098 (A>QG);
Na populagdo de Ribeirdo Preto/SP, as seguintes manifesta¢des clinicas e alteragdes
imunolodgicas tiveram associacdo com o LES: alteragdes cutineas (rs11168268),
alteracdes imunolédgicas (rs2248098), artrite (7s3890733) e producdo de anticorpos
anti-DNA (rs4760648).

2. Polimorfismos do gene codificante do HLA-G e o LES

O alelo T do SNP 3003T>C e o haplotipo TCGITCCCGAG do HLA-G foram
significativamente mais frequentes em controles saudaveis do que em pacientes,
conferindo prote¢dao ao LES, em individuos de Recife/PE;

O SNP trialélico -725 C>G>T foi inversamente associado com a presenca de
alteracdes cutaneas do LES;

O -400 G>A e -391 G>A foram relacionados a um aumento do risco de desenvolver
alteracdes imunoldgicas do LES;

A presenga de um alelo mutante em homozigoze na posi¢ao -762 C>T foi associado
com manifestacdes hematologicas da doenga;

A 1nsG540 foi associada ao aumento do risco de artrite nos pacientes com LES da
cidade de Recife-PE;

A meta-analise envolvendo o polimorfismo responséavel pela del/ins 14bp do HLA-G,

demonstrou associa¢do da inser¢do de 14 pb com a susceptibilidade ao LES.
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Sendo assim, os resultados destes estudos demonstraram que polimorfismos dos genes
codificantes do VDR e HLA-G podem estar associados a susceptibilidade ao LES, além da
modulag¢do do fendtipo patoldégico da doenca. No entanto, devido a influéncia de fatores
ambientais e epigenéticos, o impacto das alteragdes genéticas encontradas nas pesquisas

realizadas ainda precisam ser replicadas em diferentes populagdes.
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