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RESUMO

O Lupus Eritematoso Sistémico (LES) é uma doenga cronica auto-imune caracterizada
pela alta produgdo de auto-anticorpos contra antigenos nucleares e pela formagdo de
imunocomplexos que desencadeiam resposta citotoxica. As causas do LES sdo
desconhecidas, porém se tém alguns indicios bem descritos que alteragdes genéticas,
imunoldgicas e/ou ambientais podem desencadear processos autoimunes que levam ao
LES. Esses fatores sdo, por exemplo, virus e o mimetismo molecular causado por
proteinas virais, ou genéticos que interfiram em rotas de processamento de
imunocomplexos, producdo de interferon (IFN) e transducdo de sinal em linfocitos. Os
receptores Toll-Like (TLR) sdo receptores de padrdes moleculares de patdgenos e estdo
envolvidos na produgdo de IFN, além de ser um elo importante entre a imunidade inata
e a adquirida. Os TLR7/8/9 reconhecem acidos nucléicos e sdo expressos em células
dendriticas e células B, importantes na patogénese do LES. O objetivo do nosso
trabalho foi avaliar a infuéncia dos polimorfismos genéticos potencialmente funcionais
rs179008 no 7LR7, rs3764880 no TLRS, rs5743836 e rs352140 no TLRY9 em uma
amostra de 370 pacientes com LES e em uma amostra de 415 individuos saudaveis
provenientes do sul do Brasil. O polimorfismo rs5743836 foi genotipado através da
técnica de PCR alelo especifico BIPASA enquanto que os demais foram genotipados
por PCR-RFLP. As freqiiéncias genotipicas e haplotipicas foram comparadas usando o
teste de Qui-Quadrado e as freqiiéncias alélicas usando o teste Exato de Fisher. As
comparagdes foram realizadas subdividindo os individuos de acordo com a origem
étnica e sexo. As freqiiéncias genotipicas e alélicas diferiram para rs179008 (P=0,020 e
P=0,003; OR para presenga do alelo T: 1,74 CI1 95% 1,12-2,70) e rs5743836 (P=0,045 ¢
P=0,017; OR para preseng¢a do alelo C: 1,59 CI 95% 0,99-2,57) nas comparagdes entre
mulheres eurodescendentes controles e pacientes. Houve uma tendéncia na presenca do
alelo C em pacientes com Anti-Ro/SS-A comparados com pacientes sem Anti-Ro/SS-A
(P corrigido = 0,06). As andlises com hapldtipos ou genotipos combinados ndo
apresentaram diferencas estatisticamente significativas. Nossos dados sugerem que os
alelos T do 1rs179008 e o alelo C do 1s5743836 estdo envolvidos na
suscetibilidade/patogénese do LES em mulheres Eurodescedentes do sul do Brasil.

Palavras-chave: reconhecimento de dacidos nucléicos, autoimunidade, happlotipos,

Eurodescendentes, Afrodescendentes.



ABSTRACT

Systemic Lupus Erythematosus (SLE) is an autoimmune chronic disease characterized by
high autoantibody production against nuclear antigens and by immunocomplexes
formation that lead to citotoxicity. Causes of SLE are unknown, however there are some
factors suggested to trigger autoimmune processes and result in SLE phenotype. These can
be environmental, such as virus and molecular mimicry caused by their proteins, or
genetic factors mainly related to immunocomplexes processing, interferon (IFN)
production and the signal transduction pathway in lymphocytes. Toll-Like receptors (TLR)
are pattern-recognition receptors and they are involved in IFN production, besides to be a
link between the innate and acquired immune system. TLR7/8/9 recognize nucleic acids
and are expressed mainly in dendritic and B cells. Our study aims to evaluate the
prevalence of TLR7 rs179008, TLRS 1s3764880, TLRY 1s5743836 and r1s352140,
potencially functional polymorphisms, in 370 SLE patients and 415 healthy blood-donnors
from southern Brazil. Rs5743836 polymorphism was genotyped trough allele-specific
PCR BIPASA and the rest were genotyped through PCR-RFLP. Genotypic and allelic
frequencies were compared using chi-square and exact fisher test, respectively. OR was
calculated and clinical characteristics were evaluated. All comparisons were carried out
grouping individuals according ethnicity and gender. Genotypic and allelic frequencies
were significantly different for rs179008 (P=0.020 and P=0.003, OR for T allele carriers:
1.74, CI1 95% 1.12-2.70) and rs5743836 (P=0.045 and P=0.017, OR for C allele carriers:
1.59, CI 95% 0.99-2.57) comparing European-derived SLE and control women. A trend in
Anti-Ro/SS-A presence was observed for rs5743836 C allele carriers (corrected P=0.06).
There were no statistical differences when haplotypes and combined genotypes were
analyzed. Our data suggest both 7LR7 rs179008 T allele and TLR9 rs5743836 C allele

involved in SLE susceptibility/pathogenesis in women European-derived.

Keywords: nucleic acid recognition, autoimmunity, haplotypes, European-derived,

African-derived.
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1. INTRODUCAO

1.1. Lapus Eritematoso Sistémico (LES)

O LES ¢ uma doenga inflamatoria cronica auto-imune com envolvimento de
multiplos orgdos e sistemas. E caracterizada pela produgio de anticorpos auto-reativos
dirigidos especialmente contra antigenos nucleares e pela formagdo de imunocomplexos,
os quais depositam-se, levando a intensa inflamacao sistémica e dano a multiplos orgaos.
Sua etiologia estd sendo desvendada, sabendo-se da importante participagdo de fatores
genéticos e ambientais para o desencadeamento desse desequilibrio do sistema
imunologico. Sua manifestagdo clinica ¢ bastante variada e a evolugdo costuma ser
crénica, com periodos de exacerbacdo e remissdo. Devido a uma extensa heterogeneidade
de sintomatologia clinica, podendo haver artrite, serosite, nefrite, vasculite, miosite,
manifestagdes mucocutdneas, hemocitopenias imunologicas, diversos quadros
neuropsiquiatricos, hiperatividade reticulo-endotelial e pneumonite, entre outros,
convencionou-se realizar seu diagndstico através da associagdo de achados clinicos e
laboratoriais, conforme os critérios de classificacdo propostos pelo American College of
Rheumatology (ACR) em 1982 e revisados em 1997 (Tan, Cohen et al. 1982; Edworthy,
Zatarain et al. 1988; Hochberg 1997). Os critérios de diagndstico encontram-se detalhados
no Anexo I e as informagdes referentes as caracteristicas clinicas e laboratoriais dos

pacientes no Anexo II.

1.1.1. Epidemiologia do LES

Estudos epidemioldgicos de pacientes com LES sdo de dificil realizagdo pela
variabilidade de apresentagdes clinicas desta doenga, pelo fato da definicdo do diagnostico
depender do acumulo de determinados sinais e sintomas pré-estabelecidos pelos critérios
de classificacdo e, também, pela sua baixa freqiiéncia na populagdo. Apesar de ser uma
doenga rara, o LES ¢ registrado em todo o mundo e sua prevaléncia oscila de 15-
50/100.000 habitantes. O LES ndo possui distribuicdo uniforme entre grupos raciais,
género, idade, raca ou situacdo socioecondmica, podendo estes fatores ter influéncia na
expressdo da doenga (Ward and Studenski, 1990a; Alarcon et al., 2002; Alarcon et al.,
2004). Severidade, risco e expressdo clinica variam de acordo com etnia, localizagdo
geografica e sexo, com maior prevaléncia entre mulheres e algumas populagdes nio

européias (Uribe et al., 2004; Lau et al., 2006). A prevaléncia relatada de LES na
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populag@o norte-americana ¢ de 40-50 casos para cada 100.000 pessoas, sendo que nos
ultimos 40 anos, devido provavelmente a deteccdo mais precoce da doenga, houve um
aumento dessa prevaléncia na ordem de até 3 vezes (Lawrence, Helmick et al.; Uramoto,
Michet et al. 1999). Como citado anteriormente, a prevaléncia varia muito de acordo com
a area geografica e a populagdo estudada. As estimativas de prevaléncia variam de 40
casos para cada 100.000 mulheres até 565 casos para cada 100.000 mulheres (Lahita,
1995). Taxas de incidéncia similares, variando de 3,3 a 4,8 casos para cada 100.000
pessoas por ano, foram observadas em coortes européias da Islandia, Inglaterra e Suécia
(Hopkinson et al., 1994). Um estudo epidemioldgico recente revelou uma variagdo de
incidéncia de 1 a 32 casos para cada 100.000 pessoas por ano, englobando Estados
Unidos, Asia, Europa e Australia. Dentre os paises europeus, Espanha, Suécia e Islandia
foram os que tiveram maior prevaléncia de LES (Danchenko et al., 2006). Um estudo
brasileiro revelou uma incidéncia de LES de 8,7 casos para cada 100.000 pessoas por ano,
sendo que para mulheres era de 14 casos para cada 100.000 pessoas por ano e para homens

era de 2,2 casos para cada 100.000 por ano (Vilar and Sato, 2002).

O LES ¢ mais comum entre mulheres, numa propor¢do de aproximadamente 9:1,
principalmente comparando-se individuos em idade reprodutiva. Esse fato € atribuido a
fatores hormonais e principalmente a efeitos do hormonio estrogénio (Cooper et al., 1998;
Lahita, 1999). Nos Estados Unidos, mulheres de origem afro-americana apresentam maior
prevaléncia de LES quando comparadas a mulheres de outras origens étnicas (Hochberg
1985; Hochberg 1990). Os primeiros sintomas comegam a surgir principalmente na idade
reprodutiva, geralmente entre a 2* e 4* décadas de vida, tendo o seu pico de incidéncia
entre 35 e 39 anos, com incidéncia de 32,7 casos para cada 100.000 mulheres por ano
(Vilar and Sato, 2002). O surgimento da doenca ocorre entre 16-55 anos em 69% dos
casos, abaixo dos 16 anos em 25% e acima dos 55 anos em 6% dos casos. (Dubois and
Tuffanelli, 1964; Ballou et al., 1982; Schaller, 1982; Achour et al., 2011).

A sobrevida nos pacientes com LES tem melhorado muito nos tltimos anos. Na
década de 50 a sobrevida média em 5 anos apos diagndstico era de somente 50%,
enquanto na ultima década a sobrevida média em 10 anos apos o diagndstico alcangou 80
a 90% (Hochberg, 1990; Gripenberg and Helve, 1991; Pistiner et al., 1991; Boumpas et
al., 1995b; Tucker et al., 1995; Ward et al., 1995; Cervera et al., 2003; Kasitanon et al.,
2006). O progndstico do LES tende a ser menos favordvel em afro-descententes quando

comparado com euro-descendentes, assim como em populagdes com condi¢des sécio-
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econOmicas desfavoraveis, em pessoas com baixo nivel educacional e em criangas de um
modo geral (Schaller 1982; Callahan and Pincus 1990; Ward and Studenski 1990). Nos
homens, o diagndstico é mais tardio e a mortalidade dentro do primeiro ano da doenga ¢

maior (Ward and Studenski, 1990b).

A mortalidade no LES segue um padrio bimodal (Urowitz et al., 1976). A
mortalidade precoce se deve a atividade da doenca, especialmente quando ha
acometimento renal e do sistema nervoso central e ao maior risco de infecgdes graves
decorrentes da imunossupressdo. Dados de um estudo brasileiro mostraram que até 58%
das mortes nos paciente com LES resultaram de infec¢des (Iriya et al., 2001). A
mortalidade em periodo mais tardio resulta de complica¢des da doenga e do tratamento,
sendo a doenca cardiovascular um dos mais importantes fatores de morbidade e
mortalidade nestes pacientes (Jonsson et al., 1989; Pistiner et al., 1991; Swaak et al., 1991;

Esdaile et al., 1994; Boumpas et al., 1995a; Manzi et al., 1999).

1.1.2. Etiologia e patogénese do LES

Acredita-se que a participacdo de agentes infecciosos, drogas, radia¢do solar e
fatores hormonais em um individuo geneticamente predisposto, proporcionariam a
apresentacdo de auto-antigenos ao sistema imune ¢ a perda da tolerancia imunoldgica, que
esta associada a falha nos mecanismos supressores € de imunorregulagdo, com
subseqiiente ativagdo policlonal de linfécitos B e produgdo de auto-anticorpos. Auto-
anticorpos dirigidos contra membranas celulares contribuem para as citopenias (anemia
hemolitica, leucolinfopenia e trombocitopenia), além de outras manifestagdes detectadas
na doen¢a, como o envolvimento do sistema nervoso central. Auto-anticorpos dirigidos
contra o complexo fosfolipideo-beta-2-glicoproteina sdo responsdveis por eventos
tromboembdlicos venosos e arteriais observados em alguns pacientes com LES. A injuria
celular promovida por auto-anticorpos e ativagdo do complemento com inflamagio
cronica predispde ao surgimento de novos auto-antigenos que mantém a estimulagdo da
resposta imunolédgica levando a uma perpetuacdo da resposta auto-imune.

Estudos de genética basica mostram alta taxa de concordancia para a doenga em
gémeos monozigdticos, que pode variar de 14 a 57%, enquanto que em gémeos dizigoticos
esta concordancia é de 2 a 5% (Block et al., 1975; Deapen et al., 1992; Alarcon-Segovia et

al., 2005). O encontro de outras doengas auto-imunes em familias de pacientes com LES e
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a associacdo de LES com outros distirbios geneticamente determinados também reforgam
a importancia da predisposi¢do genética para o desenvolvimento da doenca.

Nos ultimos anos tem-se utilizado varreduras genomicas capazes de identificar
milhares de mutac¢des de ponto independente de conhecimento prévio de genes ou regides
candidatas a suscetibilidade. Antes de 2007 nove loci para a suscetibilidade ao LES eram
reconhecidos, hoje mais de 20 loci mostram associagdo com o LES (Harley et al., 2009).

As associagdes genéticas indicam muitas vias, processos e tipos de células
diferentes envolvidos na geracdo do fendtipo do LES. A maioria desses genes estd
envolvida em 3 tipos de processos biologicos: (i) processamento de imunocomplexos; (ii)
funcdo de receptores Toll-Like (TLR) e producdo de interferon (IFN) do tipo I; e (iii)
transducdo de sinal em linfécitos.

Processos mediados por células apresentadoras de antigenos (APC) como
eliminagdo de células apoptdticas, processamento e apresentagdo aos linfécitos, t€m sido
implicados no desenvolvimento do LES. Variagdes em genes como HLA-DR, CRP e
genes que codificam receptores Fc podem afetar o modo como essas proteinas reagem
com imunocomplexos. Essa sugestdo ¢ sustentada pelo fato de baixos niveis de proteinas
do sistema complemento serem encontradas na circulacdo de pacientes com LES ativo e
pela associagdo do LES com a auséncia de proteinas funcionais do sistema complemento
como conseqiiéncia da homozigose de alelos nulos para loci de membros da via classica
do complemento (Harley et al., 2009). ITGAM, que codifica uma cadeia alfa da integrina
aMp2 ¢ uma molécula de adesdo que ndo apenas se liga ao fragmento C3b, mas também a
inimeros outros ligantes que sdo relevantes ao LES. O polimorfismo H77R (rs1143679)
parece explicar o efeito visto: essa variagdo parece causar mudangas estruturais
significantes ao dominio de interagdo com o ligante da integrina aMf2 (Nath et al., 2008).
Além disso, aloanticorpos que reagem contra essa variante bloqueiam a adesdo dependente
de aMP2 de neutréfilos ao endotélio (Sachs et al., 2004).

Outras associagdes genéticas bastante relacionadas ao LES vistas no
processamento de imunocomplexos sdo em CRP e nos genes que codificam receptores Fc.
A proteina C-Reativa, codificada pelo gene CRP, ¢ uma proteina de fase aguda capaz de
ativar o sistema complemento. Baixos niveis de proteina C-Reativa estdo relacionados
com o aumento na suscetibilidade a algumas infec¢des, eliminacdo deficiente de
imunocomplexos e restos de células apoptdticas. Em um estudo com 586 familias, Russell
e colegas (2004) encontraram que niveis basais de proteina C-Reativa eram influenciados

independentemente por 2 polimorfismos, rs1800947 e rs1205. Este ultimo foi associado
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com LES e com a produgdo de anticorpos antinucleares (Russell et al., 2004). Os
receptores Fc sdo receptores de superficie, presentes em algumas células fagociticas do
sistema imune, que se ligam a anticorpos e promovem a fagocitose. Assim, os receptores
Fc estdo amplamente envolvidos na defesa de microrganismos, eliminag¢do de restos de
células apoptoticas e ativacdo celular. Em um estudo realizado por Kyogoku e colegas
(2002), foi analizado o polimorfismo 1232T (rs1050501) no gene FCGR2B em uma
populagdo japonesa com LES. Neste estudo os autores encontraram a freqiiéncia do
homozigoto TT aumentada em pacientes (Kyogoku et al., 2002). Do mesmo modo, Blank
et al. (2005) seqiienciaram a regido promotora do gene FCG2B, em um grupo de pacientes
americanos euro-descendentes, e encontraram a freqiiéncia de homozigotos para o alelo -
343C (rs3219018) aumentada em pacientes quando comparada a controles. O alelo -343C
foi associado a diminui¢do da transcri¢do e foi visto que linfocitos B ativados de pacientes
com LES apresentavam reducdo significativa da expressdo desse receptor na superficie.
As rotas mediadas por opsoninas e Fc citadas acima foram recentemente revisadas (Kelley
et al., 2010).

Os interferons tém sido implicados na patofisiologia do LES desde os anos 70
(Hooks et al., 1979). A observagdo de que alta atividade sérica de [FN-alfa parece ser um
fator de risco herdavel indica que o controle genético do sistema de IFN tipo I &
importante no desenvolvimento de LES (Niewold et al, 2007). Virios estudos
identificaram genes envolvidos na produg¢do de IFN tipo I como fatores de suscetibilidade
no LES, como por exemplo, IRAK1, TREXI, IRF5 e TNFAIP3 (Cunninghame Graham et
al., 2007; Graham et al., 2007; Jacob et al., 2007; Koneru et al., 2007; Lee-Kirsch et al.,
2007; Graham et al., 2008; Harley et al., 2008; Hom et al., 2008; Musone et al., 2008). A
identificacdo de genes especificos na rota de producdo de IFN promete complementar o
entendimento da patologia do LES de dois modos: (i) promovendo evidéncias tuteis na
determinagdo de células e rotas que governam a produgdo de IFN, e (ii) auxiliando no
desenvolvimento de terapias que reduzam a producdo de IFN.

O gene IRFS5, que codifica o fator de transcri¢do IRFS5, é constitutivamente
expresso em pDC (Izaguirre et al., 2003) e foi o primeiro gene identificado envolvido
diretamente na produ¢do de [IFNa que foi associado ao aumento da suscetibilidade ao LES
(Sigurdsson et al., 2005). As variantes alélicas com maior probabilidade de serem causais
foram identificadas recentemente, e mostraram afetar /FR5, cuja expressao estd aumentada
em células mononucleares periféricas de pacientes (Sigurdsson et al., 2008a). Um

haplotipo de risco no IFR5 estd associado ao aumento sérico de IFN-alfa em pacientes,
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especialmente naqueles com anticorpos contra proteinas que se ligam a RNAs ou DNA
fita dupla (Niewold et al., 2008). A cinase associada ao receptor de IL-1 (IRAKI), que
esta envolvida na sinalizagdo de TLRs e na producdo de IFN-alfa refor¢a a visdo de que o
controle genético da produgdo de IFN-alfa é um importante fator de risco para desenvolver
LES (Jacob et al., 2009). Entre os genes envolvidos na resposta ao IFN-alfa, o produto
codificado pelo gene STAT4, que interage com a parte citoplasmatica do receptor de IFN
do tipo I (IFNAR) (Tyler et al., 2007) esta fortemente associado com LES (Remmers et
al., 2007). Nos pacientes, hd uma associagdo entre o gendtipo de STAT4, aumento da
sensibilidade IFN-alfa (Kariuki et al., 2009) e um fenotipo mais severo da doencga, o qual
inclui nefrite e a presenga de anticorpos anti-DNA (Sigurdsson et al., 2008b; Taylor et al.,
2008).

A transdugdo de sinais em células do sistema imune, especialmente linfocitos T e
B, ¢ uma outra rota que parece conter muitos genes de suscetibilidade ao LES. Por
exemplo, PTPN22 codifica uma fosfatase seletiva que modula a transdu¢@o de sinal em
linfocitos T e possui 2 polimorfismos associados ao LES: R620W (1s2476601) e R263Q
(rs33996649). O primeiro ¢ um polimorfismo de ganho de funcdo cuja capacidade
catalitica da enzima ¢ aumentada quando comparada a variante selvagem e, por isso, €
considerado um supressor potente da sinalizagdo de linfocitos T (Vang et al., 2005; Chung
and Criswell, 2007; Harley et al., 2008). O outro polimorfismo ¢ uma mutacdo de perda de
funcdo, que reduz a atividade da enzima e foi considerado um alelo de protecdo (p =
0.006; OR95% 0.58, CI 0.38-0.86) (Orru et al., 2009).

De uma maneira geral, sdo considerados marcadores genéticos no LES: HLA-BS,
HLA-DR2, HLA-DR3, DQW1, HLA-DMA*0401, deficiéncia de C2, deficiéncia de Clq,
deficiéncia de C4 (especialmente C4A), baixos niveis de receptor do complemento-1
(CR1), determinados alelos do receptor Fc (especialmente o alelo nulo do FcRIIIB),
polimorfismos de varias citocinas e receptores de citocinas, alelo nulo do gene para a
enzima glutationa S-transferase M, proteinocinases, fosfatases, moléculas de sinalizagdo
intracelular, quimiocinas e opsoninas (Schur, 1995; Lazarus et al., 1997; Botto et al., 1998;
Fraser et al., 2003; Morel et al., 2003; Nauta et al., 2003; Illei and Lipsky, 2004; Illei et al.,
2004a; Illei et al., 2004b; Kyogoku et al., 2004; Tsao, 2004; Croker and Kimberly, 2005;
Graham et al., 2006). Porém, no que se refere principalmente a associa¢do de LES com
haplétipos do HLA, tem-se verificado muita variacdo dessas associagdes nas diferentes
populagdes estudadas, sendo alguns haplotipos vistos com maior frequéncia em alguns

grupos populacionais, mas ndo em outros.
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Nos pacientes com LES h4a numerosas anormalidades na regulagdo do sistema
imune que podem ser secundarias a perda de autotolerancia. Isto leva ao reconhecimento
de auto-antigenos, ativacdo imunologica de linfécitos T e B com secrecdo de citocinas,
principalmente interleucinas (IL) 4, 6 e 10, prolifera¢do e diferenciacdo de linfécitos B e
producdo de anticorpos auto-reativos (Elkon, 1995). Varias das seguintes anormalidades
tém sido descritas no LES: diminui¢do do niimero dos linfocitos T supressores e linfocitos
T citotoxicos (Klinman and Steinberg, 1995), defeito na atividade citolitica dos linfocitos
T (Stohl, 1995), aumento do nimero dos linfécitos T helper CD4+, caracterizando uma
resposta imunoldgica predominantemente do tipo Th-2 (Tsokos, 1995), ativag¢do policlonal
precoce de linfocitos B, defeitos na tolerdncia de linfécitos B (Klinman and Steinberg
1995; Mohan and Datta 1995; Prodeus, Goerg et al. 1998; Yurasov, Wardemann et al.
2005), elevagao dos niveis circulantes de IFN-alfa e aumento da transcricio do RNA
indutor de IFN-alfa pelas cdlulas mononucleares (Baechler, Batliwalla et al. 2003;
Bennett, Palucka et al. 2003; Kirou, Lee et al. 2004; Ronnblom, Eloranta et al. 2006).
Recentemente, foi descrita relagdo dos TLRs com reconhecimento de auto-antigenos,
producdo de IFN e auto-anticorpos. No LES em atividade, foi encontrado aumento da
propor¢do de células B de memodria e células plasmaticas expressando TLRO,
evidenciando uma possivel contribuicio deste fator na patogénese da doenga
(Papadimitraki et al., 2006). Defeitos na apoptose resultam na anormalidade da morte
celular programada, com expressdo de antigenos nucleares na superficie da célula. Isto,
associado a eliminagdo ineficaz do material apoptotico, secundario a deficiéncias do
complemento e alteragdes na fun¢do dos macrofagos, leva a estimulagdo continuada do
sistema imune (Bijl et al., 2006). Conseqiientemente, ocorre quebra dos mecanismos de
auto-tolerancia e desencadeamento da produg¢ao de anticorpos auto-reativos.

Os pacientes com LES possuem anticorpos de multiplas especificidades, como
anti-fosfolipideos, anti-Ro, anti-DNA. Foi identificado um grupo de anticorpos chamados
R4A, anticorpos anti-DNA que se liga a um grande numero de fagos, antigenos
bacterianos e que exibe, também, patogenicidade renal e reacdo cruzada com o receptor de
N-metil-d-aspartato (NMDAR). Esse fato apdia a hipotese de que anticorpos patogénicos
podem ser produzidos por reatividade cruzada a antigenos que existem em patdgenos
(Gaynor et al., 1997; DeGiorgio et al., 2001). R4A se liga em regides de dominios
extracelulares das subunidades NR2A ¢ NR2B do NMDAR. Além do mais, o anticorpo se
liga ao NMDAR, provavelmente na sua forma nativa na membrana de neurdnios em

cultura. Essa observacdo foi de grande interesse, pois coincide com o aumento do
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aparecimento de manifesta¢des clinicas que acometiam o sistema nervoso central (SNC)
em pacientes com LES (1999; Kozora et al., 2008). Esses sintomas que envolvem SNC,
incluindo dificuldades cognitivas e desordens de humor, estdo entre os sintomas mais
freqiientes da neuropsiquiatria no LES. Ambas fung¢des cognitivas e estabilidade de humor
requerem fungdo intacta do NMDAR (LeDoux, 2000). Como ¢ estabelecido que nem
todos os auto-anticorpos sdo patogénicos, ha a sugestdo de direcionar o tratamento apenas
aos auto-anticorpos patogénicos para amenizar a atividade da doenga e previnir danos em
orgdos comumente afetados no LES, como os rins e o cérebro. Algumas terapias
envolvendo esse grupo especifico de auto-anticorpos como alvo foram propostas
recentemente por Diamond e colegas (2010) (Diamond et al., 2010).

Muitas doengas caracterizadas como fendmenos auto-imunes podem ser, na
verdade, de natureza infecciosa, principalmente causadas por virus. Varios mecanismos
para auto-imunidade induzida por virus t€ém sido propostos, incluindo apresentacdo de
complexos de proteinas virais/proprias para linfocitos auto-reativos e “ativacdo por
testemunho” (bystander activation) (Dong et al., 1994; Christen and von Herrath, 2004b).
Um importante evento no ciclo de muitos virus € a interacdo das proteases virais com as
proteinas da célula hospedeira. Isso pode resultar em sitios especificos de clivagem de
moléculas que tém papel central no metabolismo da célula hospedeira, promovendo
replicagdo viral e liberagdo de virus. Além de inibir a transcri¢do e traducdo da célula
hospedeira, a clivagem proteolitica das proteinas do hospedeiro pode ter outra
conseqiiéncia: a geragdo de novos epitopos proprios que podem iniciar respostas auto-
imunes. A ativag@o por testemunho consiste em um evento que induziria fortes respostas
inflamatorias em véarios 6rgdos e que pode, portanto, atrair uma gama de linfdcitos auto-
reativos ao sitio de inflamagao.

As infecgdes combinam varios graus de efeito antigeno-especifico e ndo-
especifico, danificam células-alvo ou 6rgdos diretamente, causando a liberagdo de auto-
antigenos potenciais e aumento da apresentagdo de antigenos. Podem, também, ativar
diretamente células autorreativas pela apresentacdo de antigenos que possuem reatividade
cruzada, iniciando mimetismo molecular (molecular mimicry) (Christen and von Herrath,
2004a; Christen and von Herrath, 2004b). Infec¢des virais sdo associadas com uma
variedade de condi¢des auto-imunes, incluindo esclerose multipla e diabetes tipo 1. A
explicacdo mais popular para essa associagdo clinica ¢ a mimetismo molecular, definido
como reatividade cruzada entre determinantes préprios ¢ do patéogeno reconhecido pelo

sistema imune adaptativo (Christen and von Herrath, 2004a). Infec¢des pelo virus Epstein-
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Barr (EBV) tém sido associadas ao LES hd muito tempo (James et al., 1997), entretanto a
significancia dessa associa¢do ndo esta inteiramente esclarecida. Anteriormente, James et
al (1995) notaram similaridades entre a regido do antigeno nuclear-1 (EBNA-1) e um
epitopo do auto-antigeno Sm-BB. A imuniza¢do de coelhos com peptideos derivados do
Sm-BB, parecidos com um epitopo do EBNA-1, induziu a produgdo de auto-anticorpos
contra outras regides da proteina Sm-BB, bem como epitopos contra componentes do
spliceossome (James et al., 1995). Mais recentemente, McClain ef a/ (2005) analisaram
amostras séricas coletadas de pacientes lupicos antes do diagnostico clinico. Esses autores
determinaram que anticorpos direcionados contra o epitopo inicial do auto-antigeno
humano Ro-60-kDa (Ro-60) reagem cruzadamente com EBNA-1. Interessantemente, esse
epitopo compartilha na seqiiéncia primaria homologia com o epitopo linear de EBNA-1.
Coelhos imunizados com o primeiro epitopo do Ro-60 ou o epitopo de reatividade cruzada
do EBNA-1 desenvolvem auto-anticorpos direcionados contra epitopos de Ro e de auto-
antigenos do spliceossome e eventualmente desenvolvem sintomas clinicos do LES
(McClain et al., 2005). Juntas, essas observacdes fornecem um forte apoio a hipotese que
anti-Ro e anti-Sm-BB no LES surgem por mimetismo molecular. Entretanto, esta hipdtese
so0 leva em conta um grupo especifico de auto-anticorpos visto nos pacientes com LES
(Sherer et al., 2004). Devem existir muito mais regides com reatividade cruzada em
EBNA-1 ou em proteinas diferentes de EBV que estdo envolvidas no comprometimento
com o LES. Além disso, EBV ¢ extremamente prevalente: ¢ presumido que mais de 90%
da populag¢do mundial seja infectada (Macsween and Crawford, 2003). Outros virus, como
Citomegalovirus, Parvovirus B19 e alguns retrovirus, também ja foram relacionados ao
LES, porém as evidéncias ndo sdo tdo claras quanto as relacionadas aos antigenos de EBV
(Hession et al., 2010; Pavlovic et al., 2010; Perez-Mercado and Vila-Perez, 2010; Hachfi
etal., 2011).

Outros fatores ndo virais, tais como tripanossomiase e micobacterioses podem
induzir a producgdo de anticorpos contra DNA e sintomas semelhantes ao LES (Via and
Handwerger 1993; Steinberg 1995). Raios ultravioletas podem estimular os queratin6citos
a expressar antigenos nucleares em sua superficie e aumentar a secrecio de citocinas que
estimulariam linfécitos B a producdo de anticorpos auto-reativos (Lehmann et al., 1990;
Casciola-Rosen et al., 1994). P6 de silica e tabagismo podem aumentar o risco de
desenvolvimento de LES (Cooper, Dooley et al. 1998; Ghaussy, Sibbitt et al. 2001; Parks,
Cooper et al. 2002; Costenbader, Kim et al. 2004).
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Um caso bem documentado de lupus induzido por drogas é a exposi¢do a
procainamida, um farmaco utilizado na arritmia cardiaca. A inje¢d0 no timo de
procainamida-hidroxilamina, um metabolito reativo da procainamida, resulta na indugdo
de auto-tolerancia e aparecimento de linfécitos T reativos a cromatina e producdo de
anticorpos contra cromatina. Os autores encontraram que procainamida-hidroxilamina ndo
afeta a sele¢do negativa, mas previne o estabelecimento de ndo-responsividade a
componentes proprios de baixa afinidade durante a sele¢do positiva (Kretz-Rommel and

Rubin, 2000).

1.1.3. Terapias

A molécula CD20 ¢ uma proteina transmembrana expressa na linhagem de células
B comegando no estidgio pré-célula B tardio na medula 6ssea e ¢ mantida durante a
diferencia¢do e desenvolvimento da célula B na periferia. A expressdo de CD20 na
superficie ¢ regulada negativamente em plasmoblastos que secretam anticorpos e ¢
extinguida em plasmocitos (Tedder and Engel, 1994; Riley and Sliwkowski, 2000).
CD20 ¢ também expresso em niveis substancialmente menores em um pequeno
subgrupo de células T basalmente ativadas que produzem constitutivamente IL1b e
TNF-alfa e demonstram aumento da atividade apoptotica (Hultin et al., 1993; Wilk et
al., 2009). Ja que CD20 € expresso em células B normais e em situagdes de
malignidade, o anticorpo monoclonal rituximab [Rituxan®MabThera®; Genentech
(Sdo Francisco do Sul, CA, EUA)/F. Hoffman-LaRoche (Basel, Switzerland) / Biogen-
Idec (Boston, MA, EUA)] tem sido um depletor efetivo de células CD20+ e é aprovado
para tratamento de malignidades de células B e no tratamento de pacientes com atrite
reumatdide que respondem inadequadamente a terapias anti-TNF (Smith, 2003; Cohen
et al., 2006; Dorner et al., 2009).

Virios estudos envolvendo rituximab em LES reportam dados encorajadores na
deplecdo efetiva de células B (Anolik et al., 2004; Looney et al., 2004; Leandro et al.,
2005; Cambridge et al., 2006; Smith et al., 2006). Esses estudos indicam que a melhora
clinica foi associada a deplecdo de células B circulantes, enquanto que a restauragdo da
populacdo dessas células B prevé recaida nos pacientes. Houve também reducdo nos
titulos de anticorpos anti-DNA, mas ndo anti-RBP (proteinas que se ligam a RNA) e
anticorpos  antimicrobianos, sugerindo que os anticorpos anti-DNA  sfo
preferencialmente gerados por plasmoblastos de vida curta. Entretanto, resultados de

ensaios clinicos placebo-controles fase II/III aleatorios duplo cego de rituximab em LES
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ndo mostraram diferenca significativa na resposta clinica da doenga como determinado
usando a medida de avaliagdo do British Isles Lupus Assessment Group (BILAG)
(Merrill et al., 2010). Em contrapartida, consistente com os estudos anteriores, pacientes
tratados com rituximab que eram positivos em niveis basais de auto-anticorpos
mostraram redu¢do nos niveis de auto-anticorpos anti-DNA e também de anti-
cardiolipina depois do tratamento sem reducdo em outros auto-anticorpos, novamente
apoiando a no¢do de diferente suscetibilidade de plasmoécitos auto-reativos ao rituximab
(Tew et al., 2010). Essas mudangas foram também associadas com a normaliza¢do de
niveis séricos C3 e contagem de plaquetas.

Pelo fato de muitas observagdes indicarem um papel crucial do sistema de IFN
tipo I na etiologia e patogénese do LES, varias companhias estdo desenvolvendo
terapias com o objetivo de inibir a producdo ou efeitos desse sistema. Esse
desenvolvimento tem sido estimulado pelo fato de modelos murinos de LES knockout
para IFN tipo I apresentarem atividade reduzida da doen¢a (Braun et al., 2003;
Santiago-Raber et al., 2003). Resultados de ensaios clinicos de fase I usando uma unica
injecdo de anticorpos monoclonais anti-IFN tipo I em pacientes t€ém sido reportados
(Wallace, 2007; Yao et al., 2009). O tratamento anti-IFN-alfa causou uma inibi¢do
dose-dependente da expressdo de genes induziveis por IFN tipo I em ambos sangue
periférico e biopsia de pele, bem como na redu¢ao da atividade clinica da doenca. Além
disso, a expressdo dos genes de GM-CSF, TNF-alfa, IL-10 e IL-1-beta ¢ BAFF foi
diminuida a niveis menores em alguns pacientes (Yao et al., 2009), demonstrando a
interacdo entre o sistema IFN tipo I e outras rotas pro-inflamatdrias. A observacdo de
que uma unica injecdo de anticorpos anti-IFN-alfa poderia neutralizar de maneira
sustentada a assinatura de IFN ¢ de interesse particular e apoia a visdo de que a
produgdo continua de IFN no LES ¢é pelo menos parcialmente o resultado de um circulo
vicioso (Ronnblom and Alm, 2001a). O aumento da freqliéncia de infecgdes virais
sérias, um potencial efeito colateral deste tratamento, ndo foi reportado até hoje entre
pacientes tratados com anti-IFN-alfa. Isso pode ser devido ao fato que, além do IFN-
alfa, existem outros IFN tipo I com forte atividade antiviral (Pestka et al., 2004). Se
estes IFN tipo I serfo suficientemente potentes na prote¢do de pacientes com LES
tratados com anti-IFN-alfa com complicac¢des sérias ainda ndo estd bem estabelecido e
pode somente ser verificado em ensaios clinicos maiores. Ainda existem outros alvos
terapéuticos possiveis no sistema IFN tipo I, como IFNAR, antigeno BDCA-2 em pDC

(Dzionek et al., 2001; Blomberg et al., 2003) ou oligodesoxirribonucleotideos ou
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oligorribonucleotideos antagonistas de TLR (Barrat and Coffman, 2008). Nenhum
desses alvos foi testado ainda em pacientes com LES.

O desenvolvimento de antagonistas para TLRs que se ligam a é4cidos nucléicos
tem se mostrado um processo fastidioso devido a similaridade entre os acidos nucléicos
eucaridticos e procaridticos. Apesar dessa dificuldade, ja foi relatado o desenvolvimento
de seqiliéncias de DNA imunorregulatorias (IRS) que podem se ligar ao TLRY e inibir
sua ativacdo e efeitos posteriores a ligacdo ao receptor. Foi mostrado que esses
oligonucleitideos (ODN) podem amenizar a inflama¢do em multiplos cenarios.
Camundongos injetados com seqiiéncias imunoestimulatorias e D-galactosamina
desenvolveram inflamacdo severa e morreram em poucos dias. Entretanto, quando co-
injetados com IRS, a inflamagdo diminuiu e os camundongos sobreviveram por mais
tempo (Barrat et al., 2005). Experimentos similares demonstraram o mesmo efeito
sobre TLR7. Adicionalmente a esses estudos, 0 mesmo grupo de pesquisa desenvolveu
um inibidor ambiguo para TLR7/9. Esses ODNs foram suficientes para a inibi¢do da
sinalizacdo de ambos TLR7 e TLRY e protecdo contra inflamacdo. Essas seqiiéncias IRS
também inibiram a produgdo de IFN-alfa por pDC humanas, indicando a efetividade
desses inibidores em células humanas (Duramad et al., 2005). Justamente por essa
efetividade, Barrat e colegas (2007) também investigaram a capacidade de ODNs para
tratar camundongos propensos ao LES (Barrat et al, 2007). Virios estudos
estabeleceram previamente o papel do IFN-alfa na progressdo da auto-imunidade na
progénie de camundongos (NZB x NZW) (Rozzo et al., 2001; Santiago-Raber et al.,
2003). J& que o IFN-alfa parece ter um papel central no LES humano (Crow, 2007), essa
linhagem de camundongos tem sido selecionada como um modelo ideal para a aplicacdo
de IRS. A injecdo de IRS, duas vezes por semana, em camundongos F1 (NZB x NZW)
resultou na diminui¢do dos niveis de anticorpos antinucleares, reducdo de
glomerulonefrite em nove meses e aumento da taxa de sobrevivéncia (Barrat et al.,
2007).

Além dos estudos de Barrat, outros dois grupos usaram diferentes ODNs
inibitdrios tendo como alvo TLRs em LES. Dong e colegas (2005) injetaram ODNs em
camundongos F1 (NZB x NZW) que foram subseqiientemente analisados para a fung¢io
renal e producdo de auto-anticorpos caracteristicos de LES. Os resultados sugeriram
capacidade dos ODNs inibitdrios em minimizar a glomerulonefrite e reduzir os niveis
de auto-anticorpos dirigidos contra 0 DNA (Dong et al., 2005). Pawar e colegas (2007)

lpr/lpr

usaram IRS em camundongos MRL (linhagem de camundongos que desenvolve
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LES severo caracterizado por forte producdo de auto-anticorpos e linfoproliferagao
massiva) e observaram uma redug¢do nos niveis de citocinas inflamatdrias e titulos de
auto-anticorpos, bem como diminui¢cdo do dano tecidual (Pawar et al., 2007). Esses
experimentos usando IRS no tratamento de modelos murinos propensos a desenvolver
LES sugerem forte potencial no tratamento do LES humano e de outras doencas auto-

imunes tendo como alvo TLRs.

1.2 Receptores Toll-Like

Os TLRs sdo conservados desde Caenorhabditis elegans até mamiferos como
proteinas transmembrana (Janeway and Medzhitov 2002; Hoffmann 2003; Oshiumi,
Matsumoto et al. 2003; Akira and Takeda 2004; Beutler 2004). Toll, o primeiro membro
descrito da familia TLR foi inicialmente identificado como um produto essencial para o
desenvolvimento da polaridade dorsoventral embriondria em Drosophila. Mais tarde, foi
mostrado que essa proteina tem um papel critico no sistema imunoldgico, participando na
resposta contra fungos (Lemaitre, Nicolas et al. 1996). TLRs sdo receptores glicoprotéicos
integrais de membrana, do tipo I, caracterizados por dominios extracelular contendo
motivos repetidos rico em leucina (LRR) e um dominio de sinalizagdo citoplasmatica
homdlogo ao do receptor de interleucina do tipo I (IL-1R), denominado dominio de
homologia Toll/IL-1R (TIR) (Bowie and O'Neill, 2000). O motivo LRR é composto por
19-25 LRR em fandem, cada um 24-29 aminoacidos de comprimento, contendo motivos
XLXXLXLXX bem como outros residuos de aminodcidos conservados
(XOXXOXXXXFXXLX; @= residuo hidrofébico). Cada LRR consiste de uma folha beta
pregueada e uma alfa hélice conectadas por al¢as. Baseado nas seqiiéncias primadrias,
TLRs podem ser divididos em varias subfamilias, cada qual reconhece padrdes
moleculares associados a patogenos (PAMPs) relacionados: a subfamilia composta por
TLR1, TLR2 e TLR6 reconhece lipidios, enquanto que TLR3, TLR7, TLR8, TLR9
reconhecem 4acidos nucléicos. Entretanto, alguns podem reconhecer varias estruturas nao
relacionadas, apresentando uma grande variedade de ligantes.

Os TLRs sdo expressos em varias células do sistema imunologico, incluindo
macrofagos, DC, células B, subtipos especificos de células T e mesmo em células que ndo
sdo dos sistema imunologico como fibroblastos e células epiteliais. A expressdo de TLRs
ndo ¢ estatica, e sim modulada rapidamente em resposta a patdgenos, citocinas e estresses

ambientais. Além do mais, TLRs s@o expressos extra ou intracelularmente. Enquanto
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certos TLRs (TLRI1, 2, 4, 5 e 6) s@o expressos na superficie, outros (TLR3, 7, 8 ¢ 9) sdo
encontrados quase que exclusivamente em compartimentos intracelulares tais como
endossomos, e seus ligantes, principalmente 4cidos nucléicos, requerem internaliza¢do no
endossomo antes que a sinalizagdo seja engatilhada.

Os TLRs ativam as mesmas moléculas de sinalizagdo que sdo usadas para a
sinalizacdo do IL-1R (Akira and Takeda 2004). A estimulag@o de células com ligantes de
TLRs recruta proteinas adaptadoras, tal como MyD88, a porcdo citoplasmatica dos TLRs
através de interagdes homofilicas dos seus dominios TIR. Isso resulta numa cascata de
sinalizagdo e producdo de citocinas prd-inflamatérias e quimiocinas. As células que
expressam TLRs s@o prioritariamente APCs tais como DCs e macréfagos, que fagocitam
patdgenos. APCs também ativam a resposta imune através da indu¢do de migracdo do
local de inflamagdo para a regido do linfonodo, onde apresentam antigenos derivados de
patogenos para células T CD4" virgens. Ao mesmo tempo, DCs ativados expressam
moléculas coestimulatdrias essenciais para a ativacdo de células T e podem induzir a
diferenciagdo de células T CD4" virgens em células Thl ou Th2. Células Thl produzem
principalmente IFN-tipo I e medeiam a resposta dirigida contra infec¢des bacterianas e
virais, enquanto que células Th2, que produzem principalmente IL-4 e IL-13 estdo
envolvidas predominantemente na resposta contra infecgdes por helmintos. A estimulagio

de TLRs leva preferencialmente a diferenciagdo em Thl.

1.2.1. Envolvimento dos TLR 7, 8 ¢ 9 na génese do LES

A principal caracteristica do LES ¢ a alta produgdo de auto-anticorpos
antinucleares. Uma hipotese que busca explicar esse evento leva em consideragdo a
influéncia da apoptose incitando ou propagando a autoimunidade (Albert, 2004). A
ocorréncia de apoptose excessiva em pacientes com LES parece ser responsavel pela
liberagdo de acidos nucléicos, histonas e outros antigenos intracelulares que promovem
resposta imune (Rosen and Casciola-Rosen, 1999). Defeitos na eliminagdo desses residuos
apoptdticos podem promover a liberacdo de antigenos, que estariam normalmente
sequiestrados, levando a uma resposta imune inadequada (Carroll, 2004). Esses residuos se
ligam a anticorpos, formando imunocomplexos, e esses anticorpos sdo reconhecidos por
receptores especificos na superficie de fagdcitos. Assim que s@o interiorizados num
endossomo, os imunocomplexos sido desfeitos e algumas moléculas sdo reconhecidas.
Dentre elas, DNA ¢ reconhecido por TLR9 e RNA por TLR7 e TLRS8. Esse

reconhecimento gera uma rota de sinalizacdo que ativa fatores de transcricdo pro-
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inflamatérios (Marshak-Rothstein 2006; Baccala, Hoebe et al. 2007) e produgdo de
citocinas pro-inflamatorias amplamente associadas a morbidade do LES (Ronnblom and
Alm 2001; Ronnblom and Alm 2001; Pascual, Banchereau et al. 2003). Nos ultimos
tempos, um novo paradigma surgiu e fornece novas hipdteses no porque o sistema imune ¢é
tdo especificadamente direcionado contra antigenos associados a RNA e DNA no LES. A
base para esse paradigma pode estar nos TLRs, que por algum desvio de func¢ido ou
expressdo, podem engatilhar processos de auto-imunidade (Marshak-Rothstein, 2006).

As tnicas células humanas que expressam constitutivamente TLR7 e TLRY sdo as
células dendriticas plasmocitoides (pDCs) (Hornung, Rothenfusser et al. 2002), mas outras
células do sistema imune, se induzidas, também podem expressa-los. As pDCs constituem
uma pequena por¢do das células mononucleares do sangue periférico, mas sdo
responsaveis por grande parte da producdo de IFN-alfa e IL-6 (Ronnblom and Alm,
2001b) em resposta a imunocomplexos (Marshak-Rothstein 2006; Baccala, Hoebe et al.
2007). Esse IFN-alfa estimula uma série de eventos que promovem a liberagdo de mais
autoantigenos potenciais, a0 mesmo tempo em que aumenta a sobrevivéncia e ativacdo de
células pro-inflamatorias (Blanco, Pitard et al. 2005). O IFN-alfa e IL-6 também
promovem ativagdo de linfécitos B em plasmocitos, células secretoras de anticorpos.
Linfécitos B especificos para autoantigenos presentes nos residuos apoptoticos podem ser
preferencialmente ativados como resultado da estimulag@o através do receptor de célula B
(BCR) e TLR7/9. Essa estimulag@o induz proliferacdo, diferenciag@o e troca de classes de
imunoglobulina de linfécitos B, de maneira independente de linfocitos T (Marshak-
Rothstein 2006; Baccala, Hoebe et al. 2007), gerando assim plasmocitos secretores de
auto-anticorpos. Os auto-anticorpos resultantes perpetuam a formacdo de imunocomplexos
e sustentam um ciclo vicioso de auto-imunidade (Kim et al., 2009).

Células T autorreativas que ndo s@o eliminadas no timo sdo controladas na periferia
por DCs imaturas (tolerancia periférica). No estado de equilibrio (steady state), DCs
imaturas capturam células apoptoticas e migram, sem amadurecer, para o linfonodo. No
linfonodo, apresentam os peptidios proprios, na auséncia de moléculas coestimulatorias,
para células T virgens autorreativas, resultando em anergia ou em dele¢do. DCs imaturas
podem também controlar a tolerdncia periférica através da inducdo e manuteng¢do de
células Treg. Tais mecanismos de tolerancia previnem ou reduzem o desenvolvimento de
auto-imunidade quando células apoptoticas sdo geradas ou processadas no momento da
infeccdo. Banchereau e Pascual (2006) propdem que a ativagdo ‘inapropriada’ de DCs

levaria a uma quebra da tolerancia periférica (Banchereau and Pascual, 2006). Mondcitos

25



representam a maior fonte de DCs sob condi¢des inflamatorias e a combinagdo de IFN
tipo I e GM-CSF os conduziria a diferenciacdo em DCs. De fato, mondcitos de pacientes
com LES se comportam como Células Dendriticas mieldides (mDC). A exposi¢do de
mondcitos normais ao soro de pacientes com LES resulta na geracdo de DCs (Blanco et
al., 2001), contribuindo para a produgdo de altas taxas de IFN tipo I. Assim, o sangue de
um paciente com LES, pela alta quantidade de IFN tipo I, representa um ambiente indutor
de DCs. A constante maturagdo de DCs poderia levar a uma ativagdo e expansdo de
células T autorreativas, explicando assim muitas caracteristicas da doenca. As células
derivadas de mondcitos expressam TLRS e, na presenca de IFN tipo I e do estimulo para
esses TLR esses fatores se tornam indispensaveis para a maturagdo dessas células. As DCs
derivadas de mondcitos apresentam um papel muito importante no processamento/
eliminagdo de antigenos realizando o crosspriming, ou seja, apresentando autoantigenos e
antigenos de células apoptoticas a células T CD8+, levando a produgdo de IL-6 e de IL-
12p40, uma citocina crucial para o desenvolvimento de respostas Th1 (Wong et al., 2008).

Seguindo os raciocinios expostos acima, o papel fundamental dos TLRs, nas
condi¢des do LES, deve relacionar-se principalmente a ativagdo de células B ¢ DC e
subseqiiente producdo de citocinas pro-inflamatorias. Essas citocinas formam um
ambiente propicio para que haja um ciclo vicioso completado pela gera¢do de
autoantigenos e alta producdo de auto-anticorpos patogénicos de alta afinidade
(Banchereau and Pascual, 2006). Diferentes estudos estdo em andamento com o objetivo
de identificar antagonistas ou inibidores de TLR (Krieg and Vollmer 2007; Barrat and
Coffman 2008; Bauer, Pigisch et al. 2008; Diebold 2008), visando reduzir a produgdo de
IFN tipo I no LES (Blanco et al., 2001).

Devido ao LES ser caracterizado pela reatividade a acidos nucléicos e a atividade
dos TLRs citados acima [(i) os TLR7, TLR8 sdo especificos para reconhecimento de
RNAs e TLR9 para o reconhecimento de DNA, (ii) eles direcionam o desenvolvimento de
respostas pré-inflamatorias, através do IFN-alfa e (ii1) fazem uma ligacdo complexa entre
o sistema imune inato ¢ adquirido], torna-se de vital importancia analisar esses genes ¢
suas variantes mais comuns no desenvolvimento, susceptibilidade e sintomatologia do

LES.

1.2.2. Imunogenética dos TLR7/8/9

TLR7 e TLR8 s3o homdlogos e ttm o TLR9 como membro mais proximo

evolutivamente (Chuang and Ulevitch 2000; Du, Poltorak et al. 2000). Ambos tém
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afinidade por RNA e compartilham a cascata de sinalizagdo celular, porém diferem no
padrdo de expressdo tecidual (Chuang and Ulevitch 2000; Du, Poltorak et al. 2000;
Diebold, Kaisho et al. 2004; Heil, Hemmi et al. 2004; Lund, Alexopoulou et al. 2004).

O gene TLR7 localiza-se no cromossomo X, na regido Xp22.3-p22.2 em humanos e
possui 3 éxons. O polimorfismo rs179008 (GInl1Leu), localizado no éxon 3, corresponde
a uma troca de uma adenina por uma timina e resulta na troca de um residuo de Glutamina
por um de Leucina na posi¢do 11 da proteina. Uma andlise in silico revelou que essa troca
esta localizada na seqliéncia peptideo sinal, estendendo a regido hidrofobica e
provavelmente afetando o processamento do TLR7 na membrana do Reticulo
Endoplasmatico (Moller-Larsen et al., 2008). Oh e colegas (2009) viram que a variante
11Leu esta relacionada com o aumento da carga viral, progressdo acelerada da infeccao
por HIV, aumento da suscetibilidade a HIV-1 em mulheres e com diminui¢@o na producao
de IFN-alfa apos estimulagdo de células de sangue periférico de controles saudaveis com o
ligante de TLR7 imiquinod (Oh et al., 2009). Além disso, essa mesma variante foi
associada com o aumento da suscetibilidade a infeccdo por HCV e com resposta nio
favoravel a terapia baseada em IFN-alfa em mulheres infectadas por HCV (Schott et al.,
2008). Um estudo recente, também com HCV, viu que o alelo 11Leu esta associado com a
presen¢a de agregados linféides no trato portal de pacientes infectados por HCV e com a
menor expressdo do mRNA de IL-29/IFN-lambda e de subunidades de IL-10R e IL-28R
no figado de mulheres homozigotas para 11Leu e homens 11Leu (Askar et al., 2010).
Apesar dos poucos estudos existentes, esse polimorfismo ja foi associado com fendtipos
inflamatorios como a asma (Moller-Larsen et al., 2008) e degeneracdo macular
relacionada a idade (Edwards, Chen et al. 2008), apesar de ter sido descrito como ndo
associado com artrite reumatdide (Coenen et al., 2010). Dois estudos foram realizados
com LES e TLR7. Um deles analisou o polimorfismo rs179008 e foi realizado em uma
amostra de pacientes espanhdis caucasoides. Este estudo ndo encontrou associagdo nem
com a suscetibilidade ao LES nem com a sintomatologia da doenca (Sanchez, Callejas-
Rubio et al. 2009). No outro, foram analisados varios polimorfismos em uma amostra de
pacientes chineses e japoneses e foi visto que o polimorfismo rs3853839, localizado na
regido 3’UTR, estd associado ao LES, tendo um efeito maior em homens (Shen et al.,
2010)

O gene TLRS situa-se no cromossomo X, aproximadamente 16kb a jusante do gene
do TLR7 e possui 3 éxons. Estudos de ligacdo analisando a regido que os genes 7LR7 ¢

TLRS estdo localizados, revelou um grau de desequilibrio de ligagdo muito baixo entre
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eles, indicando que as associagdes observadas para quaisquer polimorfismos nestes genes
devem representar sinais independentes (Edwards, Chen et al. 2008; Moller-Larsen,
Nyegaard et al. 2008). A transcricdo de 7LRS da origem a duas isoformas de TLRS,
denominadas TLR8v1 e TLR8v2, com sitios de inicio de tradugdo alternativos (Chuang
and Ulevitch, 2000; Du et al., 2000). Recentemente, Gantier e colegas (2010) analisaram o
polimorfismo 1rs3764880 (MetlVal), cuja variante 1Val troca o codon de inicio
traducional, e viram que ndo hé alteracdo na taxa transcricional do gene. Foi visto que a
variante 1Val controla a tradugdo fazendo com que o transcrito TLR8v1 seja mais
traduzido que o TLR8v2, além da func¢do dos transcritos ndo depender da por¢do N-
terminal (Gantier et al., 2010). Um ensaio de superexpressdo in vitro mostrou que a
variante 1Val acarreta um diminui¢do na produ¢do de NF-kappaB, resultando em um
estado de menor ativacdo do sistema imune (Oh, Taube et al. 2008). Nesse mesmo estudo,
analisando uma amostra de individuos infectados com HIV, essa variante foi associada a
um efeito positivo no curso da infec¢do. Poucos estudos foram realizados com essa
variante, dentre eles, destacam-se os realizados em pacientes com tuberculose (Davila,
Hibberd et al. 2008), asma (Moller-Larsen et al., 2008), suscetibilidade a infec¢do pelo
virus da febre Crimean-Congo (Engin et al., 2010) e o estudo anteriormente citado, no
curso da infecg@o com HIV (Oh, Taube et al. 2008).

O gene TLRY esta localizado no cromossomo 3, numa regido descrita como de
susceptibilidade para o LES (Kelly et al., 2002) e tem somente 2 éxons, sendo o segundo
responsavel pela maior por¢do codificante (Du et al., 2000). Um estudo de explorag¢do no
TLRY conduzido por Lazarus (2003) encontrou que os polimorfismos rs5743836 (T-
1237C) e a rs352140 (G2848A) distinguiam os quatro hapldtipos mais freqlientes em
amostras populacionais de diferentes etnias (Lazarus et al., 2003) e desde entdo esses
polimorfismos sdo bastante estudados. Estudos acerca do polimorfismo rs5743836
mostraram que a variante -1237C insere um potencial sitio de ligacdo do fator de
transcri¢do NF-kappaB no promotor do gene 7LR9 (Hamann et al., 2006). Mais tarde, um
estudo conduzido por Novak e colegas (2007) mostrou que a sequéncia do alelo T leva a
aumento da atividade do promotor em relagdo a do alelo C (P=0,018) (Novak et al., 2007).
Mais tarde, Ng e colegas (2010) realizaram experimentos acerca da atividade do promotor
e ndo acharam os mesmos resultados que o grupo de Novak. Eles nido observaram
diferenca na atividade do promotor, porém o alelo -1237C era mais expresso em resposta a
estimulos que resultam na ativagdo de NF-kappaB (P<0.001) e esse aumento na atividade

do promotor ¢ devido a ligagdo de NF-kappaB a seqiiéncia do alelo -1237C (Ng et al.,
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2010). A variante -1237C ja foi associada com doencas inflamatorias como a asma
(Lazarus, Klimecki et al. 2003) e Doenga de Crohn’s (Torok et al., 2004). Quanto ao
polimorfismo rs352140, ele consiste na troca de um G por um A na posi¢cdo +2848 do
éxon 2 e ¢ uma variagdo silenciosa. O gendtipo AA tem sido associado a maior expressao
do gene e maior freqiiéncia de células B positivas para IgM intracelular (Kikuchi et al.,
2005), mas ndo ha ainda estudos considerando a conseqiiéncia funcional dessa variante.
Alguns estudos avaliaram essas variantes em diferentes situagdes, como alergia (Noguchi,
Nishimura et al. 2004; Berghofer, Frommer et al. 2005), suscetibilidade a infec¢des
(Carvalho et al., 2008), doengas inflamatérias como asma (Lazarus, Klimecki et al. 2003;
Noguchi, Nishimura et al. 2004; Lachheb, Dhifallah et al. 2008; Smit, Siroux et al. 2009) e
arteriosclerose (Hamann et al., 2006). A respeito do LES, os resultados se mostraram
contraditorios, provavelmente devido a diferentes backgrounds genéticos das populagdes.
Estudos com amostras populacionais provenientes do leste asiatico encontraram
associacdo de variantes do 7LR9 (Hur, Shin et al. 2005; Demirci, Manzi et al. 2007; Tao,
Fujii et al. 2007; Xu, Zhang et al. 2009) enquanto que estudos com amostras populacionais
com ascendéncia Européia ndo encontraram associagdo com LES (De Jager et al., 2006;
Demirci et al., 2007) . Nada ainda foi relatado a respeito da populagdo brasileira com

TLR7/8/9.
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2. OBJETIVOS

Considerando a caréncia de estudos genéticos que buscam correlacdo entre as
variantes dos genes 7LR7, TLRS e TLR9 em populagdes humanas, o presente projeto tem
como objetivo estabelecer a freqiiéncia das variantes rs179008 (GlnllLeu) do 7LR7,
rs3764880 (MetlVal) do TLRS, rs5743836 (T-1237C) e rs352140 (G2848A) do TLRY e
dos haplétipos formados pelas duas ultimas variantes citadas em um grupo de pacientes
com LES do sul do Brasil.

Além disso, serdo abordadas possiveis correlagdes entre essas variantes e
haplotipos com a morbidade associada ao LES. O Laboratdrio de Imunogenética possui
dados clinicos relevantes dos pacientes no que diz respeito ao periodo anterior e durante o
tratamento, assim a associacdo dessas variantes com a sintomatologia clinica se torna

muito importante.
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Abstract

SLE is a chronic inflammatory autoimmune disease and can affect several organs
and systems. It is characterized by high production of autoantibodies against nuclear
compounds. TLR7/8/9 are responsible for nucleic acid recognition and they signalize to
proinflamatory responses, through activation of NK-kappaB and Type I IFN production,
making a bridge between the innate and the adaptative immune systems. We analyzed the
frequency of TLR7,rs179008, TLRS rs3764880, TLRY 1s5743836 and rs352140 in 370 SLE
patients and 415 healthy controls from southern Brazil. All analyses were conducted
according gender and ethnicity. Genotypic and allelic frequencies were different for 7LR7
rs179008 (0.253 vs. 0.163, P=0.020 and P=0.003, OR for T allele: 1.74 CI 95% 1.12-2.70)
and TLRY 1s5743836 (0.174 vs. 0.112, P=0.045 and P=0.017, OR for C allele: 1.59, CI
95% 0.99-2.57) between European-derived women groups. A higher frequency was
observed to presence of Anti-SSa/Ro for TRLY rs5743836 C allele carriers (0.228 vs
0.126, Bonferroni corrected P=0.06). No statistical differences were found for 7LR9Y
haplotypic analyses. We suggest that 7LR7 rs179008 and 7LR9 rs5743836 can be

considered SLE susceptibility factors for European-derived women in our population.

Keywords: nucleic acid recognition, autoimmunity, haplotypes, toll-like receptor,

European-derived, African-derived.
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Introduction

Systemic lupus erythematosus (SLE) is a chronic inflammatory autoimmune disease
that affects many organs and systems. SLE is characterized by dysregulation in the
production of antibodies, leading to high titres of autoantibodies, especially antinuclear
antibodies such as anti-DNA, anti-RNA and anti-RNP. These antibodies lead to the
formation and deposition of immunocomplexes, resulting in intense inflammatory
response and tissue damage. Like other autoimmune diseases, SLE affects mainly women,
in a 9:1 rate, probably due to hormonal effects (Cooper et al., 1998; Lahita, 1999). The
causes of SLE are still unknown although genetic, immunological and environmental
factors are certainly involved in its development.

One aspect largely related with SLE pathology is Type I Interferon (IFN) production
(Block et al., 1975; Blanco et al., 2001; Banchereau and Pascual, 2006). Type I IFN is
involved in typical immune responses against viruses and it can be released by various cell
types, especially antigen presenting cells (APCs) (Blanco et al., 2001; Gilliet et al., 2008).
One way to produce high amounts of Type I IFN is through APCs, when they recognize
Toll-Like Receptors (TLRs) ligands (Bauer et al., 2008). TLRs are the best studied
pattern-recognition receptors and, in SLE context, TLR7/8/9 stand out. TLR7 and TLRS
recognize RNA (Heil et al., 2004) and TLRY recognizes DNA (Haas et al., 2008). TLR7
and TLR9 are expressed in both B and plasmacytoid Dendritic Cells (pDC), and are
involved in 95% of all Type I IFN produced. TLR8 is expressed in monocyte-derived
cells, such as macrophages and myeloid DC (mDC) (Jarrossay et al., 2001; Hornung et al.,
2002).

It was suggested that the presence of high titres of autoantibodies against antinuclear
antigens in SLE patients involves excessive apoptosis. This excessive apoptosis could

release the nuclear autoantigens who leads to immunocomplexes formation (Rosen and
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Casciola-Rosen, 1999). As soon as, the immunocomplexes are internalized by APCs,
RNA can be recognized by TLR7 and TLR8 and DNA by TLRY, activating a signaling
pathway that leads to the release of Type I IFN and other proinflamatory cytokines. Thus,
in principle, TLR function or expression dysregulation could trigger an autoimmune
process. As SLE is characterized by reactivity against nucleic acids and as TLR7/8/9 are
responsible for their recognition, they are interesting study targets in SLE.

The TLR7 gene is located on Xp22.3-p22.2. It harbors an interesting polymorphism,
rs179008, who leads to the exchange of a Gln (A allele) to a Leu (T allele) at position 11
in the peptide, which according to a prediction made by Moller-Larsen and colleagues,
shortens the TLR7 protein N region and extends the hydrophobic region within the signal
sequence, indicating that it can affect TLR7 processing (Moller-Larsen et al., 2008). An
elegant work carried out in HIV positive patients shown, ex vivo, that the presence of the
Leu variant was associated to decreased IFNa but normal IL-6 production (Oh et al.,
2009).

TLRS is located on chromosome X, 16kb away from 7LR7, with little linkage
disequilibrium between them (Edwards et al., 2008; Moller-Larsen et al., 2008). This gene
encodes two splice variants (TLR8v1 and TLR8v2) with alternative translation start sites
(Chuang and Ulevitch, 2000; Du et al., 2000). Gantier and colleagues showed that the
protein expression control is fine tuned by rs3764880, a polymorphism that leads to an ‘A’
to ‘G’ exchange at the first codon position, being the ‘G’ allele responsible for increasing
TLR8v1 translation without changes on mRNA levels or protein function (Gantier et al.,
2010). Interestingly, an earlier study showed, through overexpression assay, that the ‘G’
allele leads to a decreased NF-kappaB release and this can result in a lesser activation state

of the immune system, leading to a slower clinical natural course of the disease in HIV
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patients(Oh et al., 2008). ‘G’ allele was also related to protection against active
tuberculosis damages (Davila et al., 2008).

TLRY is located on 3p21.3. Lazarus et al scanned the gene and a total of 20 SNPs
were identified, albeit two of them are enough to distinguish the four common 7LR9
haplotypes: rs5743836 and rs352140 (Lazarus et al., 2003). The former, is located in the
promoter at the position -1237 and corresponds to a T to C exchange, creating a potential-
binding site for NF-kappaB (Hamann et al., 2006). This polymorphism has been
implicated in chronic inflammatory diseases including asthma (Lazarus et al., 2003) and
Crohn’s Disease (Torok et al., 2004). The rs352140 polymorphism is located at position
+2848 in the exon 2, corresponds to a G to A exchange, and does not alters the amino acid
sequence. The AA genotype has already been associated with high TLR9 expression and
intracellular IgM in B cells in patients with primary biliary cirrhosis (Kikuchi et al., 2005)
but to our knowledge there is no studies reporting functional assays.

Considering the inflammatory status and the high levels of antinuclear
autoantibodies in SLE patients and considering the role of TLR7/8 and 9 on the immune
system activation, the present study aims to analyze the frequency of the polymorphisms
rs179008 in TLR7, rs3764880 in TLRS, 1rs5743836 and rs352140 in TLR9 among SLE
patients and healthy controls from southern Brazil, looking for a possible association of
these variants with clinical and laboratory expression of the disease. A possible
participation of 7LR7 rs179008, TLR9 rs5743836 and a bias of the latter with the presence
of anti-SSa/Ro in women European-derived SLE patients will be presented and discussed

here.

Materials and Methods

Study Population
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The study population was comprised of 370 SLE patients: 342 (92.4%) women and
28 (7.6%) men; 282 (76.2%) identified as European-derived and 88 (23.8%) as African-
derived. This classification was based on physical appearance, as judged by the researcher
at the time of blood collection, and data about the ethnicity of parents/grandparents were
reported by the participants. The issue arisen on the skin color-based classification criteria
that is used in Brazil is well documented (Parra et al., 2003) and has been already assessed
by our group in previous studies (Vargas et al., 2006; da Silva et al., 2010). Also, a recent
study assessing individual interethnic admixture and population substructure by means of
a panel composed of 48-insertion-deletion ancestry-informative markers has validated this
classification in European-derived individuals from our region (Santos et al., 2010). The
patients have received follow-up care at the Division of Rheumatology of the Hospital de
Clinicas de Porto Alegre. All patients fulfilled the American College of Rheumatology
revised criteria for the classification of SLE (Hochberg, 1997).

Clinical manifestations of SLE included the presence of photosensitivity, malar rash,
discoid rash, oral or nasal ulcers, arthritis, serositis (pleuritis or pericarditis), nephritis and
neurological diseases defined as seizures or psychosis. The laboratory evaluation included
the presence of hematological disorders (hemolytic anemia, leukopenia, lymphopenia or
thrombocytopenia), positive antinuclear antibody (ANA) (titer>1:100), or other
autoantibodies such as anti-dsDNA, anti-Sm, anti-RNP, anti-Ro/SS-A, anti- La/SS-B,
anticardiolipin, lupus anticoagulant and false positive VDRL. The patients were also
evaluated in regard to secondary antiphospholipid syndrome and Sjogren’s syndrome,
according to the classification criteria for both disease (Vitali et al., 2002; Miyakis et al.,
2006), SLEDAI (Bombardier et al., 1992) and SLICC damage index (Gladman et al.,
1996) were applied to each patient as a measurement of disease activity and cumulative

damage, respectively.
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The control group was composed of 415 healthy people from the same urban center:
191 (46%) were women, 224 (54%) men; 309 (74.4%) individuals are European-derived
and 106 (25.6%) African-derived. The study protocol was approved by the Ethics
Committee of the Hospital de Clinicas de Porto Alegre and informed consent according to

the Declaration of Helsinki was obtained from all patients.

Genotyping

DNA was isolated using salting out method (Lahiri and Nurnberger, 1991) and
stored at -20°C. The polymorphisms 7LR7 rs179008, TLRS rs3764880 and TLR9Y
1s352140 were amplified using protocol as described as Cheng and colleagues (Cheng et
al., 2007). To genotype, it was used the restriction endonucleases Apol, Nlalll and BstUI,
respectively. After treatment with restriction endonucleases, 7LR7 rs179008 and TLR9Y
1s352140 cleavages were visualized in 6% polyacrylamide gel and 7LRS rs3764880 was
visualized in 8% polyacrylamide gel and all of them were stained with silver nitrate.
About TLRY rs5743836, it was genotyped as described by Carvalho and colleagues

(Carvalho et al., 2007) and visualized in 1.5% agarose gel stained with SYBR gold ®.

Statistical Analysis

A descriptive analysis of data through calculation of mean and standard deviation for
quantitative variables was performed while the frequency and percentage were calculated
for categorical data. We used the chi-square test or Fisher’s exact test in the comparison
between the presence and absence of polymorphic variants. Besides these tests, we
calculated the odds ratio and confidence intervals. For the comparison of clinical and
laboratory variables with the presence or absence of polymorphic variants, we used the

chi-square test to compare qualitative variables and the Student’s t test (or Mann-Whitney)
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for quantitative variables, using the Bonferroni correction to the level of statistical
significance. The Hardy-Weinberg equilibrium test was held in cases and controls using
the chi-square test. Data were analyzed with SPSS 15.0 and WinPEPI version 11.1. Two-

tailed value of P<0.05 was taken to indicate statistical significance.

Results

All analyses were performed with groups subdivided according to gender and
ethnic origins since TLR7 and TLRS genes are located at the X chromosome and since
the literature already reports different allelic frequencies among European and African-
derived populations for some of the analyzed variants. All control groups were in
Hardy-Weinberg Equilibrium, although the T7LR7 and TLRS8 genotypic frequencies did

not reach equilibrium among the European-derived SLE women.

Allelic and Genotypic Analyzes

Table 1 shows genotypic and allelic frequencies in European-derived individuals.
When we compared women European-derived patients to controls, we noticed that
TLR7 rs179008 genotypic (P=0.020) and allelic frequencies were different (0.253 vs.
0.163, P=0.003). In the genotypic frequency analysis, the AA genotype was less
represented while TT was overrepresented among patients compared to controls
(P=0.013 and P=0.041, respectively). The overall Odds Ratio (OR) for T allele carriers
was 1.74 with 95% Confidence Interval (CI) 1.12-2.70. For TLR9 rs5743836, women
European-derived patients and controls also showed different genotypic (P=0.045) and
allelic frequencies (0.174 vs. 0.112, P=0.017). In the genotypic analysis, the CC
genotype was overrepresented among patients when compared to controls (0.045 vs

0.007, P=0.041). The OR for C allele was 1.59 with 95% CI 0.99-2.57.
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Table 2 shows genotypic and allelic frequencies in African-derived individuals.
There were no statistical differences for both genotypic or allelic frequencies between

groups.

Haplotype Analyzes

Since two polymorphisms were analyzed in 7LRY, rs5743836 in promoter and
r$352140 in exon 2, we estimated haplotypic frequencies (Table 3). Comparing patients
and controls, no statistical differences were observed on the haplotypic frequencies,
although a bias was observed between women European-derived patients and controls
(P=0.082). Differences due to the ethnic origin of individuals become quite evident
when European-derived and African-derived groups were compared. For instance,
African-derived individuals have an overall CG haplotypic frequency higher than

European-derived individuals.

Discussion

TLR7/8/9 are nucleic acid receptors involved in NF-kappaB activation and in the
induction of Type I IFN. These receptors play an important role in activation and
regulation of DC and B cells, which are responsible for pathogen clearance, antigen
recognition and antibody production, critical findings in SLE.

TLR7

There are evidences indicating that TLR7 is involved on autoimmunity
development. Studies in congenic mice bearing the Y-linked autoimmune accelerator
(yaa) lupus susceptibility locus, have showed that differences in 77r7 expression as well
as in environmental factors that induce TLR7 responses may result in increased B cell

sensitivity to RNA-containing autoantigens (Pisitkun et al., 2006; Subramanian et al.,
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2006). Also, transgenic mice with a two fold increased TLR7 expression show increased
production of RNA-related autoantibodies and spontaneous developed autoimmunity
(Deane et al., 2007). Nevertheless, in humans, association studies with 7LR7 remain
controversial: TLR7 1s3853839 (3’UTR localization) was associated with SLE in
Chinese and Japanese populations, with a stronger effect in men when compared to
women (Shen et al., 2010). Recently, Kawasaki and colleagues evaluated Japanese SLE
women and reproduced the previously association of rs3853839. They also observed
associations of two other polymorphisms with SLE: rs179019 and rs179010, supporting
the participation of 7LR7 in SLE among Asian populations (Kawasaki et al., 2011). In
contrast, a study carried out in Spanish populations did not associated the TLR7
rs179008 polymorphism with SLE susceptibility (Sanchez et al., 2009).

In the present study we investigated, a putative functional polymorphism in 7LR7
in SLE patients and ethnic-matched controls from the southernmost state of Brazil. Our
results revealed an increased frequency of the T allele among European-derived women
patients suggesting, for the first time, this variant as a susceptibility factor in SLE. As
shown in Table 1, T allele was overrepresented in European-derived women (0.253 vs.
0.163; P=0.003), resulting in OR 1.74 (CI 95% 1.12-2.70) for T carriers, or OR 3.11 (CI
95% 1.19-9.42) for TT vs. CC carriers. The T allele was already associated to higher
susceptibility to HCV infection and less response to an IFNa-based therapy in chronic
HCV-infected German women (Schott et al., 2008). Furthermore, in a study performed
by Oh and colleagues with HIV patients, the same variant was associated with higher
viral loads, accelerated progression to advanced immune suppression, increased
susceptibility to HIV-1 in women and decreased IFNa production after stimulation of
peripheral blood mononuclear cells with imiquinod, a TLR7 ligand (Oh et al., 2009).

TLRS
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It is believed that 7LRS8 encodes two splice variants with alternative translation
start sites (Chuang and Ulevitch, 2000; Du et al., 2000). A recent study showed that
rs3764880 fine tunes translation of these two main isoforms in monocytes and that
TLR8 biochemical function is independent of the N-terminus region (Gantier et al.,
2010). Concerning its relationship with SLE, there are few studies assessing 7LRS
(Komatsuda et al., 2008; Cros et al., 2010) but none evaluates its polymorphisms in the
SLE. Our study is the first to study 7LR8 within SLE and our results did not find an
association between 153764880 and SLE susceptibility or clinical symptoms.
Nevertheless, these negative results do not discard 7LRS as a candidate gene in SLE
since it plays important roles in the regulation of monocyte-derived cells and it is not
well elucidated the function and role of the translated TLRS isoforms.

TLRY

It is important to remember that Hemmi et al showed that it recognizes bacterial
DNA, through CpG motifs (Hemmi et al., 2000) and it remains as a truth until years
later when Haas and colleagues showed that the DNA sugar backbone 2’ deoxyribose
represents a prime determinant for ssDNA-TLRY interactions (Haas et al., 2008). It
means that self DNA can act as a TLR9 ligand suggesting this molecule as potentailly
relevant in SLE. We evaluated two polymorphisms in 7LR9: 1s5743836 in the promoter
region, and rs352140 in exon 2. The former showed differences in genotypic and allelic
frequencies between women European-derived patients and matched controls (P=0.045
and P=0.017, respectively), suggesting C allele as a susceptibility factor in SLE (OR
1.59 CI 95% 0.99-2.57 for C allele carriers). However, studies in SLE patients with
European-derived or European genetic background did not observed this association
(De Jager et al., 2006; Demirci et al., 2007), whereas studies with Japanese, Korean and

Chinese samples did not perform any analysis because of low C allele frequency in
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these populations (Hur et al., 2005; Ng et al., 2005; Tao et al., 2007). When clinical
symptoms were analized, those patients who present Anti-SSa/Ro (n=92) showed
increased frequency of CC genotype compared to those who do not present Anti-
SSa/Ro (n=143) (P=0.005 for general comparison and P=0.003 revealing CC genotype
increased in Anti-SSa/Ro positive). The overall OR for C allele carriers was 1.83 with
CI 95% 1.03-3.22. Nevertheless, this finding lost statistical significance after
Bonferroni correction (P=0.06), showing the need for a larger sample. For the exonic
polymorphism rs352140, no associations were observed, neither between groups nor
according clinical symptoms.

It has been discussed in the literature the functional consequences of rs5743836 C
allele. Novak and colleagues showed a significantly higher promoter activity in TT
allelic variant sequence compared to CC allelic variant sequence (P=0.018) (Novak et
al., 2007). In this case, we can imagine that both variants: T for 7LR7 rs179008, and C
for TLRY rs5743836 could play an important role in initial SLE susceptibility, where
carriers could have increased susceptibility to virus infections, for example, which are
largely related to SLE (Hession et al., 2010; Iskra et al., 2010; Pavlovic et al., 2010;
Perez-Mercado and Vila-Perez, 2010; Quan et al., 2010; Younesi et al., 2010; Hachfi et
al., 2011), and consequently become more prone to SLE. Nevertheless, results from Ng
and colleagues are not in agreement with those from Novak et al (Ng et al., 2010). It
had already known that C allele creates a potential binding site for NF-kappaB, and
these authors show that the C allele has higher promoter activity in response to
activators of the NF-kappaB pathway (P<0.001). Therefore, we can hypothesize that,
when activated, NF-kappaB can bind to 7LR9 promoter enhancing its expression and
leaving more TLRY available in endosomes. Thus, in SLE individuals, less host DNA or

other ligand would be necessary to activate pDC and B cells in a TLR9 manner.
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We analyzed TLR9 haplotypes according to gender and ethnicity (Table 3) and no
significant frequency deviations between patients and controls were observed.
Nevetheless, differences among individuals from distinct ethnic origins become evident.
For instance, African-derived individuals have an overall CG haplotypic frequency
higher than European-derived individuals. Indeed, a previous study had already
suggested a higher frequency of the CG haplotype among African-derived individuals
even considering a small sample (n=24) (Lazarus et al., 2003). The haplotypic
frequencies of rs5743836 and rs352140 from different human populations can be seen
in Table 4. These data reinforces the fact that gene/disease association studies should
take into account the genetic/ethnic background of the patients.

In conclusion, we analyzed 7LR7/8/9 polymorphisms in SLE patients from
southern Brazil. Genotypic and allelic frequencies were significantly different for 7LR7
rs179008 (P=0.020 and P=0.003, OR for T allele: 1.74 CI 95% 1.12-2.70) and TLRY
rs5743836 (P=0.045 and P=0.017, OR for C allele: 1.59 CI 95% 0.99-2.57) comparing
European-derived SLE and control women groups from Southern Brazil. Therefore, we
suggest that these variants can be involved in SLE susceptibility in European-derived
women.
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Tables

Table 1. Genotypic and allelic frequencies in European-derived patients and controls.

Genotype Allele
TLR7 AA AT TT T
Q Patients (n=259) 151 [0.583]* 85 [0.328]" 23 [0.089]"  0.253"
Q Controls (n=144) 102 [0.708]° 37 [0.257]° 5 [0.035]° 0.163¢
A T
& Patients (n=23) 18 [0.783] 510.217] 0.217
& Controls (n=159) 136 [0.855] 23 [0.145] 0.145
TLRS8 AA AG GG G
Q Patients (n=257) 107 [0.416] 100 [0.389] 50 [0.195] 0.389
@ Controls (n=146) 69 [0.473] 56 [0.384] 21[0.144] 0.336
A G
& Patients (n=23) 16 [0.696] 710.304] 0.304
& Controls (n=149) 97 [0.651] 57 [0.349] 0.349
TLRY T-1237C TT TC CC C
Q Patients (n=258) 179 [0.694]° 68 [0.264]° 11 [0.043]° 0.174
@ Controls (n=147) 115 [0.782]* 31 [0.211]® 1[0.007]2 0.112"
J Patients (n=23) 16 [0.696] 6[0.261] 1 [0.043] 0.174
J Controls (n=162) 112 10.691] 45 10.278] 510.031] 0.170
TLRY9 G2848A GG GA AA A
Q Patients (n=257) 67 [0.261] 115 [0.447] 75[0.292] 0.516
Q Controls (n=145) 38 [0.262] 76 [0.524] 31[0.214] 0.476
J Patients (n=23) 310.130] 13 [0.565] 7[0.304] 0.587
J Controls (n=162) 36 [0.222] 7510.463] 51[0.315] 0.546
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Absolute frequency and [relative frequency] are shown for genotypes
axc (y?): P=0.020, b x d (Fisher): P=0.003

ex g (x®): P=0.045, f x h (Fisher): P=0.017
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Table 2. Genotypic and allelic frequencies in African-derived patients and controls

Genotype Allele
TLR7 AA AT TT T
Q Patients (n=83) 5910.711] 19 [0.229] 5 [0.060] 0.175
@ Controls (n=43) 29 [0.674] 10 [0.233] 410.093] 0.326
A T
J Patients (n=5) 5 [1.000] 0 [0.000] 0.000
J Controls (n=61) 5210.852] 910.148] 0.148
TLRS8 AA AG GG G
Q Patients (n=83) 38 [0.458] 33 [0.398] 12 [0.145] 0.343
Q Controls (n=44) 21[0.477] 17[0.386] 6[0.136] 0.330
A G
J Patients (n=5) 4 10.800] 1 [0.200] 0.200
d Controls (n=59) 43 [0.729] 16 [0.271] 0.271
TLRY T-1237C TT TC CC C
Q Patients (n=83) 46 [0.554] 29 [0.349] 8 [0.096] 0.271
@ Controls (n=43) 25[0.581] 18[0.419] 0 [0.000] 0.209
J Patients (n=5) 4 10.800] 1 [0.200] 0 [0.000] 0.100
d Controls (n=57) 22[0.386] 30 [0.526] 5 [0.088] 0.351
TLRY9 G2848A GG GA AA A
Q Patients (n=83) 33 [0.398] 37 [0.446] 13 [0.157] 0.380
@ Controls (n=40) 16 [0.400] 17 [0.425] 710.175] 0.388
J Patients (n=5) 1 [0.200] 3 [0.600] 1 [0.200] 0.500
d Controls (n=62) 26[0.419] 30[0.484] 6 [0.097] 0.339

Absolute frequency and [relative frequency] are shown for genotypes.
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Table 3. Haplotype estimated frequencies and number of chromosomes (n) in European-

and African-Derived Individuals.

Haplotype European-derived African-derived
T-1237C G2848A freq n freq n
Q Patients T G 0.450801 234*  0.472895 79°
(n=518/166) T A 0.375198 194*  0.256021 42°
C G 0.032013 17° 0.147587 24°
C A 0.141988 73*0.123497 21¢
@ Controls T G 0.511698 150°  0.485093 42°
(n=294/86) T A 0.376057 111°  0.305605 26"
C G 0.013151 4° 0.127476 1"
C A 0.099094 29" 0.081826 7'
& Patients T G 0.413043 19°  0.500000 58
(n=46/10) T A 0.413044 19 0.400000 48
C G 0.000000 0° 0.000000 08
C A 0.173913 8° 0.100000 12
& Controls T G 0.424313 1387 0.463610 59"
(n=326/128) T A 0.403908 1324 0.185173 24"
C G 0.026607 9 0.196942 25"
C A 0.145172 47 0.154275 20"

axb (y»): P=0.082

¢ x d (Fisher): P=0.870
e x f(y?): P=0.641

ax e (y?): P=0.00000054

residual: TA: P=0.004, CG: P=0.00000012
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b x f (¥?): P=0.000034
residual: CG: P=0.0000017
d x h (%?): P=0.00000000027

residual: TA: P=0.000011, CG: P=0.000000001
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4. DISCUSSAO DA DISSERTACAO

Decidimos estudar os TLR7/8/9 pois s@o candidatos interessantes a suscetibilidade ao
LES dado seus perfis de expressdo, rotas de sinalizagdo envolvidas e seus papéis potenciais
coestimulatorios. Podemos imaginar que uma variagdo genética que afeta a funcdo ou
regulagcdo da expressdo desses receptores poderia afetar o limiar de ativacdo de células B e
DC, e assim engatilhar ou perpetuar o fenomeno da auto-imunidade. Varios mecanismos
poderiam ser implicados nesse processo: (i) ativagdo inapropriada de TLRs por ligantes
endogenos ou exdgenos; (i) mimetismo molecular e o aumento da apresentagdo de auto-
antigenos e (ii1) regulacdo defeituosa mediada por TLRs em células regulatorias
(Papadimitraki et al., 2007). Estudos com modelos murinos de LES salientam a
importancia desses receptores e incentivam mais estudos buscando esclarecer o
conhecimento do LES humano (Fischer and Ehlers, 2008; Conti et al., 2010)

No nosso trabalho, avaliamos variantes polimdrficas com potencial efeito funcional
nos genes TLR7/8/9 em pacientes com LES e em um grupo de controles saudaveis, ambas
amostras provenientes do sul do Brasil. As freqiiéncias alélicas foram similares as
encontradas em populagdes com ascendéncia semelhante. Diferentemente de outros
trabalhos, encontramos associacdo dos polimorfismos rs179008 no TLR7 e rs5743836 no
TLR9 em mulheres com LES. Ambas variantes apresentaram maior freqiiéncia no grupo de
pacientes (Tabela 1 do artigo). A primeira ja foi relacionada a baixa producdo de IFN e
assim, aumento na suscetibilidade de infecgdo a HCV e HIV (Schott et al., 2008; Oh et al.,
2009; Askar et al., 2010), enquanto que a segunda ja foi associada a fendtipos
inflamatérios como asma ¢ Doenga de Crohn (Lazarus et al., 2003; Torok et al., 2004).
Nossos resultados, juntamente com os dados da literatura, sugerem que o alelo T do
polimorfismo rs179008 pode estar envolvido no aumento da suscetibilidade a infec¢des de
origem viral. Como dito anteriormente, o LES esta fortemente associado a infec¢des por
virus relativamente comuns na populagdo, como EBV, parvovirus B19 e citomegalovirus.
Ja o alelo C do polimorfismo rs5743836 ndo possui uma conseqiiéncia funcional muito
bem definida, tendo sido associado a baixa atividade do promotor (Novak et al., 2007) e
assim também estando relacionado ao aumento da suscetibilidade a virus. Em
contrapartida, o alelo C também foi relacionado com o aumento da expressdo do promotor

em resposta a ativadores de NF-kappaB (Ng et al., 2010), ja que essa variante insere um
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sitio de ligacdo potencial do NF-kappaB (Hamann et al., 2006). Ja foi visto que o limiar
para a ativagdo da sinalizacdo de TLR7-IFN tipo I € maior que TLR7-NF-kappaB (Wang et
al., 2006). Se esse limiar apresenta 0 mesmo padrdo independente da origem de ativacao,
ao ser ativado, NF-kappaB pode promover maior expressdo de 7LR9Y tornando seu
transcrito mais numeroso nos endossomos. Conseqiientemente, isso diminuiria o limiar
para que fosse engatilhada a sinalizagdo, ou seja, menos ligante seria necessario para ativar
o sinal através de TLR9, e o IFN tipo I produzido seria, em grande parte, proveniente da
ativacdo por TLR9. Se essa hipotese for verdadeira, o alelo C seria um fator que
modificaria a regulagdo de células B e DC, facilitando a ativag@o celular. No ambiente do
LES, DC ativadas, que expressam moléculas de coestimulacdo, apresentariam auto-
antigenos para células T auto-reativas que, com os estimulos agora suficientes, se
ativariam. Além disso, DC produziriam IFNs e IL-6, que promovem a ativa¢do de c€lulas
B. Essas células B, em presenc¢a de ligante de TLR9, teriam os estimulos necessarios para
serem ativadas e diferenciadas em plasmdcitos, independente de células T.

Para afro-descendentes, ndo houve diferencas significativas nas comparacdes
genotipicas e alélicas. Esse resultado negativo pode ser devido ao baixo numero amostral.
No entanto, a comparacdo genotipica envolvendo o polimorfismo rs5743836 em mulheres
resultou em um valor P=0,09. Quando analisamos os residuos, vemos que o gendtipo CC
estd super-representado em pacientes (P=0,035). Se essa tendéncia se mantiver com o
aumento do nimero amostral, podemos sugerir o alelo C ¢ como um fator de risco para o
desenvolvimento de LES em mulheres independente da etnia. Ao compararmos a
sintomatologia clinica dos pacientes, vimos que mulheres euro-descendentes homozigotas
para o alelo C (rs5743836) apresentam maior freqiiéncia na produgdo de Anti-SSa/Ro
(P=0,005 na comparacdo geral por gendtipos; P=0,003 para o aumento de CC; OR 1,83 CI
95% 1,03-3,22 para portadores do alelo C). Entretanto, esse achado se mostrou como
tendéncia ap6s corre¢do de Bonferroni (P corrigido=0,06).

No trabalho realizado por Lazarus e colaboradores (2003) se viu que os haplotipos
formados entre os polimorfismos rs5743836 e rs352140 poderiam distinguir os quatro
haplétipos mais comuns (95,1%) (Lazarus et al., 2003) do gene 7LRY. Quando estimamos
as freqiiéncias dos haplotipos pelo programa MLocus ndo observamos diferenca
estatisticamente significante entre a freqiiéncia de casos e controles (tabela 3 do artigo).

Porém, notamos o qudo heterogéneos geneticamente sdo os dois grupos étnicos analisados.

61



O haplétipo CG, que em controles euro-descendentes € o mais raro, entre os controles afro-
descendentes possui freqiiéncia maior: ¢ o segundo mais representativo em homens e
terceiro mais representativo em mulheres. Estudos com dados historicos € com possiveis
pressdes ambientais de populacdes euro-descendentes e afro-descendentes poderiam
revelar as causas destas diferencgas, se realmente ocorre por pressdes evolutivas ou se € um
fendomeno decorrente do tempo e local de origem dessas variagdes genéticas.

Ja que os alelos T do polimorfismo rs179008 no 7LR7 ¢ o C do polimorfismo
rs5743836 no TLRY foram associados ao LES e ambos possuem um perfil de expressdo
muito similar, principalmente em pDC e células B, analisamos os gendtipos combinados de
mulheres pacientes versus controles. As andlises genotipicas ndo revelaram diferencas
significativas por qui-quadrado de Pearson ou de tendéncia (dados ndo mostrados). O odds
ratio para portadores de pelo menos um alelo de suscetibilidade de cada gene foi 1,91 CI
95% 0,93-4,20. Em conclusdo, nosso trabalho sugere a participacdo dos alelos T do
polimorfismo rs179008 no 7LR7 e o C do polimorfismo rs5743836 no TLRY e seus
respectivos homozigotos como fatores de suscetibilidade ao LES.

Durante o periodo de execucdo deste trabalho, houve participa¢do no desenvolvimento
de outros trabalhos desenvolvidos pelo nosso grupo de pesquisa. Esses trabalhos estdo

detalhados nos anexos Il e IV.
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ANEXO 1
CRITERIOS DIAGNOSTICOS DO LUPUS ERITEMATOSO SISTEMICO
(Hochberg, 1997):

1. Rash malar

Eritema fixo, plano ou elevado, nas eminéncias malares, tendendo a poupar a regido
nasolabial

2. Rash Discoide

Placas eritematosas elevadas, ocorrendo cicatrizacdo atréfica nas lesdes antigas

3. Fotossensibilidade

Rash cutaneo resultante de reacdo incomum ao sol, por historia do paciente ou observacao
do médico

4. Ulcera oral

Ulceragao oral ou nasofaringea, geralmente ndo dolorosa, observada pelo médico

5. Artrite

Artrite ndo — erosiva, envolvendo 2 ou mais articulagdes periféricas caracterizada por dor a
palpacdo, edema ou derrame

6. Serosite

(a) pleurite — historia convincente de dor pleuritica ou atrito auscultado pelo médico ou
evidéncia de derrame pleural

ou

(b) pericardite — documentada por ECG ou atrito ou evidéncia de derrame pericardico

7. Alteracio renal

(a) proteinuria persistente > 0,5 g por dia ou > 3 + se ndo quantificada

ou

(b) cilindros celulares: podem ser hematologico, granular, tubular ou misto

8. Alteraciao neurolégica

(a) convulsdo — na auséncia de drogas implicadas ou alteragdes metabdlicas conhecidas
(ex.uremia, cetoacidose, disturbios hidroeletroliticos)

Ou

(b) psicose - na auséncia de drogas implicadas ou alteragdes metabdlicas conhecidas

(ex.uremia, cetoacidose, disturbios hidroeletroliticos)
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9. Alteracao hematologica

(a) anemia hemolitica — com reticulocitose

Ou

(b) leucopenia - < 4000/mm3 total em 2 ou mais ocasides

Ou

(c) linfopenia - < 1500/mm3 em 2 ou mais ocasides

Ou

(d) trombocitopenia - < 100 000/mm3 na auséncia de drogas causadoras
10. Alterag¢ao imunologica

(a) anti-DNA — anticorpo ao DNA nativo em titulos anormais
Ou

(b) Anti-Sm — presenca do anticorpo ao antigeno nuclear Sm

Ou

(c) Achados positivos de anticorpos antifosfolipideos baseados em (1) concentragdo sérica

anormal de anticardiolipina IgG ou IgM, (2) teste positivo para anticoagulante lupico

usando teste-padrdo ou (3) VDRL falso positivo por pelo menos 6 meses e confirmado por

FTA-Abs
11. Anticorpo antinuclear (FAN)

Titulo anormal do FAN por imunofluorescéncia ou método equivalente em qualquer

momento, na auséncia de drogas sabidamente associadas ao lipus induzido por drogas

Para fins de classificagdo de doencga, o (a) paciente deve apresentar ao menos 4 dos 11

critérios.
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ANEXO II
PROTOCOLO DE AVALIACAO CLINICA E LABORATORIAL DO
AMBULATORIO DE LUPUS ERITEMATOSO SISTEMICO

IDENTIFICACAO: n°
Nome: Registro:
Sexo:F 0OM Raga: [ Branco [ Nao branco

Data de nascimento: / /

Profissio: Estado

civil:

Naturalidade/Procedéncia:

Endereco:

Cidade: CEP -

Telefones:

DATA DO INICIO DOS SINTOMAS:  / /

DATA DO DIAGNOSTICO:  / /
MANIFESTACOES INICIAIS NO

DIAGNOSTICO:

INICIO DO ACOMPANHAMENTO NO HCPA:  / /
OBITO:OS ON DATA: [/ /

CAUSA:

CRITERIOS PARA CLASSIFICACAO PARA LES (ACR 1997)

0 Rash malar
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L] Rash discoide

L] Fotossensibilidade

O Ulceras orais/nasais

O] Artrite)

L] Serosite: [ Pleurite [1 Pericardite

L] Doenga renal: Classe: (data:  / /) [ sem biopsia
Indice de atividade / Indice de cronicidade: /
[0 Doenga neuroldgica: ] Psicose

O Convulsao
0 Hematologico: [0 Anemia hemolitica
O] Leucopenia / linfopenia

0] Plaquetopenia

[0 FAN: Titulagdo: Padrio:
O Imunolégico: O anti DNA O anti Sm
O aCL: IgG: IgM: O AL [0 VDRL

ALTERACOES CLINICAS E LABORATORIAIS ASSOCIADAS

0] Hipertensdo [ Diabetes O] Obesidade (IMC:__ )

O Dislipidemia

O SAAF

O Sindrome de Sjogren

[0  Eventos tromboembolicos (L AVC, O IAM, O TVP, O
outros: )

Historia obstétrica: G: /P. /C: /A

obs.:

[0 Tabagismo 0 Ex-tabagismo [ Etilismo
Outras doengas autoimunes

associadas:
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0 ENA

] Lupus band

test:

TRATAMENTO REALIZADO

O Corticoterapia 0] Pulsoterapia O Ciclofosfamida
[0 Azatioprina O Cloroquina / Hidroxicloroquina [ Metotrexate

[0 Micofenolato mofetil L1 Dapsona O Ciclosporina
L] Rituximabe L1 AAS LlAnticoagulante
00 ACO/TRH 00 CaCo3/D3 O Bisfosfonados
[ Estatina 0 Danazol O Anti-hipertensivos

82



ANEXO III

Mannose-binding lectin gene polymorphisms in Brazilian patients with systemic lupus

erythematosus. Lupus. 2010;19(3):280-7. Epub 2009 Dec 18.
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Mannose-binding lectin gene polymorphisms

BP dos Santos', JCT Brenol' and RM Xavier!

"Division of Rheumatology, Department of Internal Medicine, Hospital de Clinicas de Porto Alegre,

The mannose-binding lectin gene (M BL-2) has emerged as a candidate for systemic lupus
erythematosus susceptibility, but studies in Brazilian population have not been conducted.
To examine potential associations of mannose-binding lectin alleles G57E, G54D, IVSnt5,
R52C and R52H with susceptibility to and clinical expression of systemic lupus erythematosus
in southern Brazilian patients, we conducted a case—control study with 327 consecutive patients
with diagnosis of systemic lupus erythematosus and 345 healthy controls. Genotyping was
performed by restriction fragment length polymorphism—polymerase chain reaction assay.
A statistically significant difference in the frequencies of allele R52C was observed in
European-derived systemic lupus erythematosus patients when compared with controls
(9.6% vs. 3.3%, p<0.001, odds ratio: 3.15, 95% confidence interval: 1.76-5.62, p <0.05).
The frequencies of alleles G54D and G57E were not different between European-derived sys-
temic lupus erythematosus patients and controls. There were no differences between clinical and
laboratory features in systemic lupus erythematosus patients according to the presence or
absence of mannose-binding lectin allelic variants. These results support an increased risk of
systemic lupus erythematosus in European-derived individuals carrying allele R52C. Patients
carrying this allele have an approximately three-fold higher odds ratio of developing systemic
lupus erythematosus when compared with controls. Our data do not support associations
between the mannose-binding lectin allelic variants studied and clinical expression of systemic
lupus erythematosus. Lupus (2010) 19, 280-287.

Key words: complement; genetics and immunology; mannose-binding lectin; risk factors;

systemic lupus erythematosus

Introduction

Systemic lupus erythematosus (SLE) is a chronic
autoimmune inflammatory disease that involves
many organs and systems. It is characterized by
autoantibody production mainly directed against
nuclear antigens and immune complex formation
and deposition, which lead to intense inflammatory
response and tissue damage. Its multiple clinical and
laboratory features make its diagnosis challenging.

The mannose-binding lectin gene (MBL-2), a
single 4-exon gene located on chromosome 10,
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has emerged as a candidate for SLE susceptibility
due to the MBL role in innate immunity and a
possible association between its deficiency and
autoimmune disease.' MBL is an acute-phase pro-
tein synthesized by the liver that can bind to apop-
totic cell debris. It participates in the phagocytosis
of apoptotic cells by macrophages.

Some polymorphic variants, mainly in the
coding region of MBL-2 gene, are associated with
MBL deficiency. Three functional single-nucleotide
polymorphisms (SNPs) have been described, giving
rise to three structural variant alleles: at codons 54
(allele G54D or B), 57 (allele G57E or C), and 52
(allele R52C or D).>* All variants (B, C and D) are
independent and in complete linkage disequilibrium
with each other. Altogether, the presence of any B,
C or D allele has been collectively labeled as O,
whereas the absence of variants at these three
codons has been called allele A, the wild-type allele.

10.1177/0961203309351895
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In addition to polymorphic variants found in
exon 1, SNPs were identified at promoter regions —
550 (alleles H/L), —221 (alleles X/Y) and +4 (alleles
P/Q).” Subsequently, four common haplotypes were
described for these promoter variants: LXP, LYP,
LYQ and HYP, where HYP is associated with
medium to high serum levels of MBL, and LXP is
associated with low levels of this protein.® These
promoter haplotypes are in strong linkage disequili-
brium with SNPs at exon 1, resulting in seven
common extended haplotypes: HYPA, LYPA,
LYQA, LXPA, HYPD, LYPB and LYQC.’

Several studies have observed a high occurrence
of MBL polymorphic variants in SLE patients.’
Furthermore, different studies observed the associ-
ation of some allelic variants with specific clini-
cal features in SLE patients, although the variety
of clinical features and human populations studied
made data interpretation very difficult.! Other two
uncommon polymorphisms have already been
described: at codon 52 (allele R52H) and in the
first intron, at position 5 (allele 1VSnt5). Both of
them do not have well established relations with
MBL phenotype and they have never been studied
in SLE patients.®’

Considering the inconsistent reports concerning
the role of MBL in SLE and the lack of studies in
Brazil, this study aims at investigating the associa-
tions between MBL alleles G57E, G54D, R52C,
IVSnt5 and R52H and susceptibility and clinical
expression of SLE in patients from southern Brazil.

Patients and methods

Study population

The study population was composed of 327 SLE
patients; 249 (76.1%) of them were identified as
European derived and 78 (23.9%) as African
derived. This classification was based on physical
appearance, as judged by the researcher at the time
of blood collection, and ethnicity data of parents/
grandparents reported by the participants. The skin
color-based classification criteria used in Brazil are
well documented '* and have been already assessed
by our group in previous studies.'!"'? The patients
received follow-up assistance at the Division of
Rheumatology of the Hospital de Clinicas de
Porto Alegre. The medical records were reviewed
for documentation of demographic, clinical and
laboratory data (Table 1). All patients fulfilled the
revised criteria of the American College of
Rheumatology for the SLE classification.'?

Mannose-binding lectin gene polymorphisms
OA Monticielo et al.

The clinical manifestations evaluated were:
photosensitivity, malar rash, discoid rash, oral or
nasal ulcers, arthritis, serositis (pleuritis or pericar-
ditis), nephritis and neurological disease, defined as
seizures or psychosis. The laboratory evaluation
included the presence of hematological disorders
(hemolytic anemia, leukopenia, lymphopenia or
thrombocytopenia), positive antinuclear antibodies
(ANAs) (titer > 1:100), or other autoantibodies,
such as anti-double-stranded-DNA (anti-dsDNA),
anti-Sm, anti-RNP, anti-Ro/SS-A, anti La/SS-B,
anticardiolipin, lupus anticoagulant and
false-positive VDRL. The patients were also eval-
uated in terms of secondary antiphospholipid syn-
drome and Sjogren’s syndrome, according to the
classification criteria for both diseases.'*!
SLEDAI disease activity index'® and SLICC
damage index'” were applied to each patient as a
measurement of disease activity and cumulative
damage, respectively.

The control group was composed of 244
European-derived and 101 African-derived healthy
individuals from the same urban center, when com-
pared with the SLE patients. The study protocol
was approved by the Ethics Committee of the
Hospital de Clinicas de Porto Alegre, and informed
consent according to the Declaration of Helsinki
was obtained from all patients.

DNA extraction and genotyping

DNA was isolated from peripheral blood cells
using a salting-out method.'® DNA samples were
stored at —20°C. Genotyping was performed as
previously described.>® Polymerase chain reaction
(PCR) amplification of exon 1 of the MBL-2 gene
was performed with sequence-specific primers: A
(5-ACCCAGATTGTAGGACAGAG-3) and B
(5CCTTCCAGAGGAAACTGCCTGGGGATA
T3’) for the determination of G57E, G54D, IVSnt5
and R52H polymorphisms, and with primers B and
R52C  (5-CATCAACGGCTTCCCAGGCAAA
GACGCG-3') for R52C polymorphism. The ampli-
fications were carried out in reactions containing
PCR buffer, MgCl,, dNTP, specific primers and
Taqg DNA polymerase (Invitrogen Corporation,
San Diego, CA, USA) and were submitted to 35
cycles of 94°C for 30s, 54°C for 30s (56°C for the
R52C polymorphism) and 72°C for 30s; preceded
by a 5-min denaturation stage at 94°C and finalized
with a 5-min extension phase at 72°C. Amplified
PCR products were cleaved by specific restriction
enzymes in ideal conditions, according to the man-
ufacturer’s recommendations: Mboll to GS57E,
Banl to G54D, Nlalll to IVSnt5 and R52H, and
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European-derived African-derived

(n=249) (n=78) p-value®
91.2% (227) 93.6% (78) 0.658
42.8+£14.7 (249) 40.3412.9 (78) 0.578
32.6 +13.6 (246) 3324128 (77) 0.503
54.8% (248) 49.4% (77) 0.476
14.9% (248) 13.0% (77) 0.814
78.6% (248) 58.4 % (77) 0.001
37.5% (248) 32.5% (77) 0.505
82.7% (248) 84.4% (77) 0.853
29.6% (247) 39.0% (77) 0.159
41.9% (248) 46.8% (77) 0.539
12.1% (248) 10.4% (77) 0.838
75.4 % (248) 85.7% (77) 0.081
31.5% (248) 28.6% (77) 0.736
58.1% (248) 71.4% (77) 0.049
18.5% (248) 20.8% (77) 0.788
64.9% (245) 67.5% (77) 0.774
46.1% (245) 50.6% (77) 0.573
18.8% (245) 22.1% (77) 0.637
25.4% (245) 28.6% (77) 0.688
6.1% (244) 2.6% (77) 0.380
2.9% (244) 1.3% (77) 0.685
98.8% (246) 98.7% (77) 1.000
37.4% (206) 64.3% (70) <0.001
11.2% (206) 22.9% (70) 0.026
31.1% (206) 30.0% (70) 0.986
10.9% (238) 10.8% (74) 1.000
7.2% (237) 4.1% (74) 0.426

1 (0-4) (194) 1 (0-4) (69) 0.974

1 (0-2) (230) 1(0-2) (74) 0.910

ANA: antinuclear antibody; APS: antiphospholipid syndrome; SLEDAI: systemic lupus erythematosus disease activity
index; SLICC: systemic lupus international collaborating clinics. VDRL: venereal disease research laboratory test.

test for qualitative variables and the Student’s
t-test (or Mann—Whitney test) for quantitative vari-
ables, using the Bonferroni correction to the level of
statistical significance. The Hardy—Weinberg equi-
librium test was performed in cases and controls
using the chi-squared test. Data were analyzed
with SPSS software version 13.0 and two-tailed
value of p < 0.05 was obtained to indicate statistical
significance.

Results

Three hundred and twenty seven SLE patients were
included: 249 (76.1%) Euro-derived and 78 (23.9%)
African-derived. Three hundred (91.7%) were
female and 27 (8.3%) were male. The patients’
mean age was 42.2 + 14.3 years and the mean dis-
ease diagnostic age was 32.7+ 13.6years. Table 1
shows the frequencies of clinical and laboratory
features. Secondary antiphospholipid syndrome
in 6.4% (20/311) and Sjdgren’s

was found

282
Table 1 Demographic, clinical, and laboratorial features of SLE patients
Whole
Patients’ features (n=327)
Females 91.7% (327)
Age (years) 42.2+£14.3 (327)
Age at diagnosis (years) 32.7£13.6 (323)
Malar rash 53.5% (325)
Discoid rash 14.5% (325)
Photosensitivity 73.8% (325)
Oral ulcers 36.3% (325)
Arthritis 83.1% (325)
Serositis 31.8% (324)
Nephritis 43.1% (325)
Neurologic disorders 11.7% (325)
Hematologic disorders 77.8 % (325)
Hemolytic anemia 30.8% (325)
Leukopenia/lymphopenia 61.2% (325)
Thrombocytopenia 19.1% (325)
Immunologic disorders 65.5% (322)
Anti-DNA 47.2% (322)
Anti-Sm 19.6% (322)
Anticardiolipin 26.2% (321)
Lupus anticoagulant 5.3% (321)
False-positive VDRL 2.5% (321)
ANA 98.8% (323)
Anti-Ro/SS-A 44.2% (276)
Anti-La/SS-B 14.1% (276)
Anti-RNP 30.8% (276)
Sjogren 10.9% (312)
APS 6.4% (311)
SLEDAI 1(0-4) (263)
SLICC 1(0-2) (304)
#Chi-squared test for qualitative variables and Mann—Whitney test for quantitative variables.
Hhal and M/ul to R52C. Digested fragments were
visualized in 6% polyacrylamide gel stained with
ethydium bromide under ultraviolet light.

The summary nomenclature used for MBL gen-
otypes was: A/A indicates homozygosis for the wild
type allele, A/O indicates heterozygosis with the
presence of one allelic variant mutant (allele B,
allele C or allele D) and O/O indicates homozygos-
ity for any variant or double heterozygosis of any
two variants (B, C or D).

Statistical analysis

The descriptive data analysis used the calculation
of mean and standard deviation values for quanti-
tative variables, while frequency and percentage
were calculated for the categorical variables.
We used the chi-squared test or Fisher’s exact test
to compare the frequencies of polymorphic var-
iants. The odds ratio and the confidence interval
were also calculated. For the comparison of clinical
and laboratory variables with the frequencies of
polymorphic variants, we used the chi-squared
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syndrome in 10.9% (34/312). The median for
SLEDAI and SLICC was 1 (25-75th percentile).
The European-derived group presented a higher
proportion of individuals with photosensitivity
(78.6% vs. 58.4%, p=0.001) and a lower propor-
tion of individuals presenting leukopenia or lym-
phopenia (58.1% vs. 71.4%, p=0.049). The
presence of anti-Ro/SS-A and anti-La/SS-B was
significantly higher in the African-derived group
(64.3% and 229% vs. 37.4% and 11.2%,
p<0.001 and p=0.026, respectively). We observed
that male patients had a higher frequency of
nephritis  (70.4% against 40.6%, p=0.005),
although the number of individuals in this group
was relatively small (data not shown). No other
statistically significant differences were found
between genders.

The frequency of exon 1 MBL-2 gene poly-
morphisms was studied in patients with SLE and
healthy controls (Table 2). Variant alleles R52H
and IVSnt5 were not found in the studied popula-
tion. The genotypic distribution of all other three
polymorphisms was in Hardy—Weinberg equilib-
rium in both cases and controls. Among the 249
European-derived patients with SLE, 129 (51.8%)
were A/A, 95 (38.2%) were A/O and 25 (10%) were
0O/0O. When compared with the European-derived
healthy controls [150 (61.5%), 81 (33.2%) and 13
(5.3%), respectively], there was a statistically signif-
icant higher frequency of genotypes containing
mutant allele O in SLE patients (p =0.034). The
African-derived patients did not present any statis-
tically significant difference for genotypic
distribution.

In the analysis of MBL allelic frequencies in SLE
patients and healthy controls, considering alleles B,
C and D individually, a statistically significant
higher prevalence of allele D was found in the
European-derived patient group [48 (9.6%) vs. 16
(3.3%), p<0.001]. For the other two allelic var-
iants (alleles B and C), no statistically significant
differences were observed (Table 3). Consequently,
allele A had a higher frequency in control group
[381 (78.0%) vs. 353 (70.9%), p=0.01]. The overall
odds ratio (OR) of allele D was 3.15 [95% confi-
dence interval (CI) 1.76-5.62, p <0.05] in the com-
parison of European-derived patients to controls.
The African-derived patients did not present any

statistically  significant difference for allelic
distribution.
Table 4 shows the summarized differences

observed in disease features in patients with SLE
categorized by MBL genotypes. A higher frequency
of leukopenia and lymphopenia and a higher
frequency of lupus anticoagulant were observed in
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Table 2 MBL genotypic frequency in SLE patients and health
controls

FEuropean-derived African-derived

Patients (%) Controls (%)  Patients (%) Controls (%)

Genotype n=249 n=244 n=78 n=101
AA 129 (51.8) 150 (61.5) 45 (57.7) 58 (57.4)
AO 95 (38.2) 81 (33.2) 29 (37.2) 38 (37.6)
00 25 (10.0) 13 (5.3) 4(5.1) 5 (5.0
p-value®  0.034 0.997

A: wild type allele; O: allele B or C or D.
4Chi-squared test.

O/O European-derived SLE patients, when com-
pared with A/O and A/A patients [76% vs. 50%
and 60.6%, p =0.045 (data not shown) and 16% vs.
7.5% and 3.2%, p=0.042, respectively]. However,
after applying the Bonferroni correction, these dif-
ferences did not reach statistical significance.

The prevalence of clinical features was compared
considering the presence or absence of every variant
allele. Table 5 shows the frequencies in the presence
of allele B, C or D. Some interesting findings were
obtained, such as: higher prevalence of hematologi-
cal disorders (88.9% vs. 72.4%, p=0.033), throm-
bocytopenia (33.3% vs. 15.3%, p=10.009), lupus
anticoagulant (13.3% vs. 4.5%, p =0.038), psycho-
sis (13.3% vs. 4.9%, p=0.049) and lower frequency
of anti-Ro/SS-A (21.4% vs. 41.5%, p=0.027), with
the presence of allele D in European-derived SLE
patients. In African-derived patients, leukopenia
and lymphopenia were more frequent in patients
carrying allele B (94.1% vs. 65.0%, p=0.009) and
nephritis and anti-Ro/SS-A were less frequent in
patients carrying alleles B and C, respectively
(17.6% vs. 55.0%, p=0.014 and 30.8% vs. 71.9%,
p=0.009, respectively). However, after applying the
Bonferroni correction, no statistical significance was
maintained.

Discussion

When comparing the results of our study with those
of literature, we observed that our population pres-
ented a higher proportion of hemolytic anemia
and photosensitivity.!” The European-derived
patients, when compared with the African-derived
patients, presented a higher proportion of photosen-
sitivity, but lower frequencies of anti-Ro/SS-A and
anti-La/SS-B autoantibodies, which are frequently
related to cutaneous manifestations. This result
could be explained by the inherent difficulty in dete-
cting this manifestation in dark-skinned patients.
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Table 3 MBL allelic frequency in SLE patients and health controls
European-derived African-derived
Patients (%) Controls (%) Patients (%) Controls (%)
Alleles 2n=498 2n=488 p-value® 2n=156 2n=202 p-value*
Allele A 353 (70.9) 381 (78.0) 0.010 119 (76.3) 154 (76.2) 0.999
Allele B 79 (15.9) 77 (15.8) 0.971 19 (12.2) 16 (7.9) 0210
Allele C 18 (3.6) 14 (2.9) 0.509 15 (9.6) 27 (13.4) 0.055
Allele D 48 (9.6) 16 3.3) <0.001 3(1.9) 5(2.5) 0.997
4Chi-squared test.
Table 4 Clinical and laboratorial characteristics in SLE patients categorized by different MBL genotype
European-derived (n=249) African-derived (n=78)
AlA (%) 4/0 (%) 0/0 (%) AlA (%) 4/0 (%) 0/0 (%)
Patients’ features” n=129 n=95 n=25 n=45 n=29 n=4
Malar rash 56.3 53.7 52.0 52.3 41.4 75.0
Discoid rash 12.5 20.0 8.0 13.6 13.8 0.0
Photosensitivity 82.8 74.7 72.0 65.9 48.3 50.0
Oral ulcers 36.7 42.1 24.0 29.5 37.9 25.0
Arthritis 79.7 88.4 76.0 81.8 89.7 75.0
Serositis 25.8 35.1 28.0 36.4 41.4 50.0
Nephritis 438 42.1 32,0 523 448 0.0
Neurologic disorders 8.6 14.7 20.0 114 10.3 0.0
Hematologic disorders 73.4 74.7 88.0 86.4 82.8 100.0
Immunologic disorders 61.4 69.9 64.0 70.5 65.5 50.0
Anti-DNA 472 452 44.0 59.1 37.9 50.0
Anti-Sm 18.9 20.4 12.0 20.5 27.6 0.0
Anticardiolipin 20.6 29.0 36.0 29.5 27.6 25.0
Lupus anticoagulant 32 7.5 16.0 4.5 0.0 0.0
False-positive VDRL 1.6 4.3 4.0 2.3 0.0 0.0
ANA 97.6 100.0 100.0 100.0 96.6 100.0
Anti-Ro 422 36.1 19.0 66.7 59.3 75.0
Anti-La 13.7 9.6 48 20.5 22 50.0
Anti-RNP 30.4 36.1 143 30.8 333 0.0
Sjgren 12.2 9.9 8.3 7.1 143 25.0
APS 6.5 7.8 8.3 48 3.6 0.0
SLEDATI® 2 (0-36) 1 (0-10) 0 (04) 1 (0-16) 2 (0-16) 1(0-8)
sLICC® 1 (0-5) 0 (0-3) 2 (0-5) 1(0-7) 1 (0-8) 1 (0-4)
A: wild type allele; O: allele B, C or D; ANA: antinuclear antibody; VDRL: venereal disease research laboratory test;
APS: antiphospholipid syndrome; SLEDAI: systemic lupus erythematosus disease activity index; SLICC: systemic lupus
international collaborating clinics; n: number of patients.
aFrequencies according to the presence of genotype. "Median (minimum-—maximum). Statistical significance was considered
with p-value < 0.0024 with Bonferroni correction.
The African-derived patients presented higher pro-  relatively low, which indicate that our SLE patients
portion of leukopenia and lymphopenia, when com-  had low activity and damage indexes, although the
pared with the European-derived group. We  patients were diagnosed approximately ten years
observed that male patients had a higher prevalence  before the evaluation. Thus, these low indexes
of nephritis, when compared with female patients;  could reflect a higher number of patients with mild
however, this result should be considered with cau-  to moderate disease in our population or could be
tion due to the relatively low number of male  secondary to an efficient treatment.
patients. The prevalence of secondary antiphospho- Several studies have shown that MBL-2 gene
lipid syndrome and Sjégren’s syndrome was 6.4%  polymorphisms influence susceptibility to SLE
and 10.9%, respectively, considering all patients.  and could be associated with some clinical and lab-
Both frequencies were in accordance with previous  oratory features, disease progression, cardiovascu-
reports.”*?! Medians for SLICC and SLEDAI were  lar disease and increased risk of infections.'
Lupus
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Table 5 Clinical and laboratory characteristics of SLE patients categorized by the presence of MBL variant
allele
European-derived (N =249) African-derived (N=26)
B (%) C (%) D (%) B (%) C (%) D (%)
Patients’ features” n=79 n=18 n=48 n=19 n=15 n=3
Malar rash 55.6 50.0 46.7 58.8 333 333
Discoid rash 16.7 5.6 20.0 5.9 20.0 0.0
Photosensitivity 73.6 72.2 77.8 47.1 46.7 333
Oral ulcers 34.7 333 40.0 353 33.3 333
Arthritis 80.6 94.4 84.4 94.1 80.0 100.0
Serositis 324 44.4 311 353 46.7 100.0
Nephritis 458 38.9 311 17.6 533 66.7
Neurologic disorders 15.3 16.7 20.0 0.0 20.0 0.0
Hematologic disorders 73.6 77.8 88.9 94.1 80.0 66.7
Immunologic disorders 65.7 83.3 64.4 70.6 46.7 100.0
Anti-DNA 40.0 55.6 46.7 353 333 100.0
Anti-Sm 15.7 2.2 15.6 29.4 13.3 333
Anticardiolipin 314 38.9 333 235 333 333
Lupus anticoagulant 8.6 11.1 13.3 0.0 0.0 0.0
False-positive VDRL 43 5.6 44 0.0 0.0 0.0
ANA 100.0 100.0 100.0 100.0 93.3 100.0
Anti-Ro 34.5 412 214 76.5 30.8 100.0
Anti-La 12.1 5.9 48 29.4 15.4 66.7
Anti-RNP 31.0 29.4 23.8 353 15.4 333
Sjdgren 10.3 5.9 11.4 5.9 0.0 0.0
APS 7.4 12.5 9.1 17.6 14.3 0.0
SLEDAI 0 (0-16) 3 (0-10) 2 (0-12) 0 (0-4) 2 (0-10) 2 (0-4)
SLICCP 1 (0-5) 2 (0-8) 1(0-4) 0 (0-5) 1(0-3) 3 (0-5)
B: allele B; C: allele C; D: allele D; ANA: antinuclear antibody; VDRL: venereal disease research laboratory test;
APS: antiphospholipid syndrome; SLEDAI: systemic lupus erythematosus disease activity index; SLICC: systemic lupus
international collaborating clinics; N: number of patients; n: number of alleles.
*Frequencies according to the presence of mutant allele. "Median (minimum-maximum). Statistical significance was consid-
ered with p-value < 0.0024 with Bonferroni correction.
However, the true role of MBL levels in SLE onset  relative risk of 1.40, 1.48 and 1.22, respectively.” In
and progression remains unclear, as data from dif-  our study, no statistically significant associations
ferent studies are controversial. There are two pos-  were found between alleles B and C and SLE
sible explanations for these controversial data: (a)  patients. However, we observed a significant differ-
the different ethnic backgrounds of the studied popu-  ence concerning the presence of allele D in
lations and b) the limited number of patients in the =~ European-derived SLE patients when compared
studies, with poor case/control matching. MBL-2  with healthy controls, determining an OR of 3.15,
polymorphisms on populations with specific ethnic ~ which contrasts with data from other studies.?>*
backgrounds can determine different relative risks The frequency of mutant alleles varies greatly,
according to their interaction with distinct factors,  depending on the population studied. Allele B
which could involve other genetic markers, environ-  has a prevalence of ~26% in European-derived
mental exposure, immunological alterations and/or  populations and allele C is found at a fre%uency
hormonal variations. It should be noted that, due  of 50-60% in African-derived populations.”* For
to the high variability of MBL-2 variant frequen-  allele D, the prevalence among different studied
cies in different populations, attempts to increase  populations is very low.>> In Brazil, significant dif-
the statistical power by grouping data from differ-  ferences are found in the distribution of the MBL-2
ent studies and populations are very difficult. gene variants, considering geographically and eth-
A meta-analysis involving studies with three  nically distinct populations.”® A study with
ethnic populations: European-derived, African-  European-derived healthy individuals in southern
derived and Asian-derived concluded that allele B Brazil observed frequencies of 15.2%, 1.5% and
and allelic variants at the promoter region of MBL-2  5.4% for alleles B, C and D, respectively.?’
gene, specifically those found at positions—550 and—  Another study focused on ethnically mixed healthy
221, were risk factors for SLE development, with a  individuals in northern Brazil observed frequencies
Lupus
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of 13.6% and 16.2% for alleles B and D, respec-
tively.”® According to Garred et al., allele D did
not reduce protein levels as much as alleles B
and C.? This is an interesting observation, as our
study failed to indicate any influence of alleles B
and C, although allele D was detected as an impor-
tant risk factor in FEuropean-derived patients.
Perhaps other unknown genetic factors related to
the presence of allele D, rather than MBL plasmatic
level itself, might be associated with SLE develop-
ment in these patients. In addition, we found no
differences among African-derived SLE patients
and the ethnically matched controls, reinforcing
the assumption that the influence of MBL on the
ethiopathogenesis of SLE is dependent on the
genetic ancestry.

Another interesting fact is the high number of
studies attempting to establish associations between
clinical and Ilaboratory features and specific
MBL alleles, such as: a higher frequency of infec-
tions and decreased levels of C; and CH50 were
observed in SLE patients homozygous to allele
B*; SLE patients with low MBL levels presented
a relative risk of 3.1 times to cardiovascular dis-
eases’'; a significant correlation was observed
between some MBL allelic variants and increased
risk of arterial thrombosis®®; an association
was made between M BL-2 allelic variants and cer-
ebrovascular disease in SLE European-derived
patients*®; an association was made of MBL defi-
ciency with low frequency of autoantibodies and
delayed development of the disease®*; carriers of
MBL-2 gene variants in North-American patients
with SLE presented low levels of serositis, renal
involvement and antiphospholipid antibodies,
but higher prevalence of leucopenia, when com-
pared with controls®; the significantly higher prev-
alence of anti-Sm antibody was associated with
genotypes A/B and A/C in a North-American
group of SLE patients and they suggested that the
MBL variants act as disease-modifying factors,
particularly considering renal involvement®?; the
low serum MBL level predisposes Chinese SLE
patients to infections, particularly bacterial infec-
tions.* It should be noted that not all studies indi-
cate a strict correlation between functional
MBL and the development of infections in SLE
patients, as no associations were observed between
functional MBL serum levels or MBL activity and
major infections in SLE patients.*” A study with
Chinese patients observed that the frequency of
juvenile-onset SLE (<20years) was particularly
high among XA/XA homozygotes (17.4%), when
compared with the remaining patients (5.6%) and
that XA/XA carriers presented a significantly

Lupus

higher risk of developing cutaneous manifestations
p=0.003) and pleuritis/pericarditis (p=0.01 3),
when compared with the remaining patients.”®
Associations between MBL polymorphisms and
pediatric-onset SLE in a cohort of Chinese children
did not find significant relations between allele B
and SLE or its clinical manifestations.
Interestingly, alleles C and D were not observed
in these subjects, emphasizing that studies are
required in populations with different ethnic back-
grounds.” In our population, no statistically signif-
icant associations were found between clinical and
laboratory characteristics and the frequency of
variant alleles.

In this study, patients and controls were also
genotyped for two minor MBL-2 polymorphisms.
The first one was a polymorphism involving a G to
A nucleotide substitution at position five of the first
intron (IVSntS5). This variant was first described in
African-derived patients with sickle cell anemia.
This polymorphism is associated with LY haplo-
type and lower MBL plasma levels, when compared
with HY haplotype.” The second one was a G to A
nucleotide substitution at codon 52, different from
classical allele D. This polymorphism was first
described in an African-derived population and its
relationship with MBL phenotype has not been
well established.® Both polymorphisms have never
been studied in lupus patients. They were not
observed in our sample, probably due to their low
frequency.

In conclusion, our data indicated that the fre-
quency of allele D was increased in SLE patients,
when compared with controls from the same ethnic
background, suggesting that this allele is an impor-
tant risk factor for SLE development in the south-
ern Brazilian population. However, MBL-2 allelic
variants do not seem to have a direct effect on clin-
ical and/or laboratorial features of SLE in our pop-
ulation. Our data reinforce the idea that MBL-2
alleles are risk factors for SLE development and
that these risk factors vary according to the genetic
background of the studied population. Therefore,
further studies are needed to clarify the true role of
MBL in SLE.
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Introduction

Problem

Mannose-binding lectin (MBL) is involved in the maintenance of an
inflammatory environment in uterus. High MBL levels have been asso-
ciated with successful pregnancies whereas low levels are involved in
pre-eclampsia (PE) development. Here, we evaluated MBL2 gene poly-
morphisms in the structural and promoter regions addressing their asso-
ciation with PE.

Method of study
DNA samples from 162 control pregnant women and 157 pregnant PE
women were genotyped and data compared with demographic and clini-
cal characteristics.

Results

High frequency of C and D alleles (related to low MBL levels) was
observed in PE women when compared to controls (C: 0.08 versus 0.03,
P = 0.006; D: 0.10 versus 0.05, P = 0.009). Grouping the MBL genotypes
according to phenotype, a higher frequency of OO genotype was
observed in PE women when compared to control women (0.15 versus
0.04, P = 0.007).

Conclusion
Our data suggest that women with genotypes associated with low MBL
levels could be potential PE developers.

pregnancy has been associated with disorders such
as pre-eclampsia (PE), short gestation period, and

An immunological balance is required to allow the
fetus growth during pregnancy. Inflammation plays
a major role in the maintenance of pregnancy.
Inflammatory responses are stimulated by different
forms of tissue injury.' A TH2 profile has been asso-
ciated with successful pregnancies>™ but some
inflammatory environment in the uterus is of piv-
otal importance for appropriate placentation. In
addition, an excessively inflammatory profile during

American Journal of Reproductive Immunology (2010)
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miscarriages.”® Inflammatory cells and immuno-
logical mediators, such as components of the
complement system, are present in the uterine envi-
ronment. The development of PE, a disorder that
leads to high maternal and fetal mortality, involves
inflammatory events and a spectrum of clinical pre-
sentations, including an incorrect placentation.'”~*°
PE is characterized by abnormal vascular response to
placentation, increased systemic vascular resistance,
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enhanced platelet aggregation, activation of the
coagulation cascade, endothelial cell dysfunction,
and a systemic activation of maternal inflammatory
cell responses.’''™* The etiology and pathogenesis
of PE may include maternal-fetal genetic and immu-
nological factors. Genetic studies on PE development
have suggested that NK cell activation during early
pregnancy is beneficial for the placentation.!” We
had previously demonstrated that PE development is
associated with polymorphisms of the HLA-G gene,
largely studied in the regulation of pregnancy.'®

The mannose-binding lectin (MBL) plays a funda-
mental role in inflammation and is also important
for the maintenance of pregnancy. MBL is secreted
by the liver and is present in the serum under
oligo- or polymeric association activating the lectin
pathway of complement through binding to specific
bacterial motifs and promoting phagocytosis. MBL is
a pro-inflammatory protein, modulating the inflam-
mation and further inducing apoptosis.'” Expression
of paternal antigens on fetal cells can induce activa-
tion of the maternal complement cascade,'®1? and
activation of the complement by MBL contributes to
the destruction of trophoblast cells at the maternal-
fetal interface, increasing the possibility of an insuffi-
cient vascularization at time of implantation.?’
However, there are contradictory results regarding
the role of MBL during pregnancy.”' Indeed, previ-
ous studies have suggested that higher maternal
MBL levels have been found associated with success-
ful pregnancies and MBL levels were increased in
the first trimester of pregnancy, suggesting a role of
MBL in nidation, placentation, and maintenance of
pregnancy.?? Although a rise in MBL levels during
pregnancy is related to the maternal genotype, a
higher deposition of complement components have
been identified in placentas from PE women.'???
MBL serum concentrations are influenced by single
nucleotide polymorphisms (SNPs) located at both
the structural and the promoter regions of the MBL2
gene.?* Some of these polymorphisms are associated
with MBL protein deficiency and the development
of several diseases and healthy complications.?*2*

Three functional SNPs in MBL2 gene were located
at exon 1: at codons 54 (allele B, rs1800450), 57
(allele C, rs1800451), and 52 (allele D, rs5030737).
At codon 54, a G to A substitution alters an aspartic
acid to a glycine at the protein level. At codon 57
there is a G to A substitution (glycine to glutamic
acid) and at codon 52, a C to T substitution leads to
a change from arginine to cysteine. All three vari-

ants inhibit the correct oligomerization of MBL
chains into the basic trimer structure, reducing the
amount of functional MBL subunits in heterozygous
individuals.?’ Concerning the mutations in exon 1,
the wild-type allele is referred as A and the variants
B, C, and D are collectively called as O. The AA
wild-type genotype produces the highest MBL serum
concentration and the OO genotype the lowest, dis-
rupting multimer formation, and resulting in
impaired function.?*>° The variants in the first exon
were never found together in the same chromosome
and have been found in strong linkage disequilib-
rium with the variants in the promoter region of
MBL2 gene (H/L and X/Y). Therefore, considering
that mutations in the promoter region prevent the
binding of transcriptions factors, generating defec-
tives protein forms and low secreted levels,®'?? it is
also important to analyze the polymorphisms of the
promoter region of the MBL2 gene. Low MBL levels
have been associated with pregnancy complica-
tions,>>*® and altered MBL levels could be involved
in PE development.?®>° Here, we analyzed the poly-
morphisms in the structural and promoter MBL2
gene regions and investigated their association with
the pathogenesis of PE.

Material and methods

Patients

The patients were recruited at the Maternity Unit of
at public hospital in southern Brazil (Hospital Nossa
Senhora da Conceicdao, Porto Alegre). We selected
162 control pregnant women and 157 pregnant
women with PE. Their clinical characteristics are
described in Table I. The inclusion criteria for con-
trols were as follows: no rise in blood pressure, no
hypertension or proteinuria, similar age in compari-
son with patients with PE (control women
28.08 years + 7.37 and PE women 30.32 years *
7.46), no biological relationship and a delivery date
as close as possible to the delivery date of the
matched patient. Controls were followed up for at
least three months after delivery. If hypertension
was observed during this follow-up period, the indi-
vidual was excluded from the control group.
Pre-eclampsia was defined by the presence of hyper-
tension and proteinuria. Hypertension was charac-
terized by blood pressure of at least 140 mmHg
(systolic) or at least 90 mmHg (diastolic), on at least
two occasions and 4-6 h apart following the 20th
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week of gestation in women known to be normoten-
sive beforehand.*®*! Proteinuria was defined by the
excretion of 300 mg or more of protein every 24 h.
If 24-h urine samples were not available, proteinuria
was defined by the protein concentration of
300 mg/L or more (=1 + on dipstick) in at least two
random urine samples taken at least 4-6 h apart fol-
lowing the 20th week of gestation.*’ The PE was
classified as severe when blood pressure was
>160/110 mmHg; or urinary protein excretion =5 g
per 24 h; a platelet count of <100 000 mm™> in at
least two samples; the combination of hemolysis,
abnormal liver enzymes associated with persistent
epigastric or upper right quadrant pain; persistent
and severe symptoms as altered mental status, head-
aches, blurred vision, or blindness; presence of mul-
tiorgan involvement such as pulmonary edema,
oliguria (<500 mL per day).'* Women who had
chronic hypertension, renal disease, collagen vascu-
lar diseases, cancer, or thrombosis were not included
in the study. All patients participating in this study
gave their written informed consent, and the proto-
col was approved by the ethics committee of the
Conceicdo Hospital (Porto Alegre, Brazil) and by the
National Research Ethics Committee.

Genomic DNA

DNA was isolated from whole blood using a salting-
out procedure according to Lahiri and Nurnberger.*?

American Journal of Reproductive Immunology (2010)
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Table I Demographic and clinical characteristics of the study group

Characteristics PE women (n = 157) Control Women (n = 162)
Maternal age at delivery (years) 30.32 + 7.46 28.08 + 7.37
Maternal body mass index (BMI) 3295 + 6.11 28.19 + 4.61
Maternal smoking (n per day) 248 +7.17 331 +7.16
Race/ethnicity (n; % Caucasian) 107 (67.7) 128 (77.6)
Gestational age (weeks) 35.4 +3.72 383 +334
Birth weight of child (g) 2682 + 76.7 3061 + 57.5
Low birth weight (<2500 g) (%) 29 (18.4) 1(0.6)

Sex of child (male/female) 62/73 70/71
Cesarean delivery (%) 84/125 (67) 57/141 (40)
Vaginal delivery (%) 41/125 (33) 84/141 (60)
Primiparous women (%) 43 (54.4) 36 (45.6)
Number of previous miscarriages

0 121 (77%) 119 (73%)

1 25 (16%) 34 (20%)

>2 8 (5%) 8 (5%)

Data are represented as mean + S.D. or n (%).

Polymerase Chain Reaction PCR-RFLP

A Polymerase Chain Reaction (PCR) — Restriction
Fragment Length Polymorphism (RFLP) analysis
was performed to identify SNPs in exon 1 (codon
54 and 57) of MBL2 gene, as previously
described.*> The B (codon 54) and C (codon 57)
alleles were detected respectively by Banl (New
England — BioLabs) and Mboll (Fermentas, Life Sci-
ences) restriction enzymes digestions of the product
amplified by the MBL exon 1 PCR primers,
followed by a 3% agarose gel -electrophoresis.
Controls with known genotypes were included in
all experiments.

Polymerase Chain Reaction-Site-Directed
Mutagenesis (SDM)

A SDM-PCR was employed to evaluate the SNPs in
the exon 1 (codon 52) of MBL2 gene as previously
described.?? Briefly, the restriction enzyme Hhal
(New England — BioLabs) cleaves the A, B, and C
alleles while M/ul (New England — BioLabs) cleaves
the amplified 125 bp product of allele D (codon 57)
into two fragments (100 and 25 bp).

Variants in the Promoter Region of the MBL Gene

The detection of the promoter variants (-550) H/L
and (-221) X/Y was performed using sequence-spe-
cific primers (PCR-SSP) as previously described.?*
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Inference of MBL Levels

The SNPs of the exon 1 of the MBL gene are in link-
age disequilibrium with the promoter polymor-
phisms, resulting in six more frequent haplotypes:
HYA, HYD, LYA, LYB, LYC, and LXA.** Moreover,
the individuals were categorized into three haplo-
type groups based upon the genotypes and MBL lev-
els associated with these haplotypes: group 1 was
defined by high MBL serum levels associated with
haplotypes (H/L)YA/(H/L)YA and (H/L)YA/LXA
genotypes; group 2 was defined by intermediate
MBL serum levels associated with LXA/LXA and
(H/L)YA/O genotypes; and group 3 was defined by
low MBL serum levels, resulting in MBL deficiency,
associated with LXA/0 and O/0 genotypes.**

Statistical Analysis

MBL genotypic distribution was determined by direct
counting. The genotypic frequencies were compared
to Hardy—Weinberg expectations using Chi-Square
tests. MBL allelic frequencies were compared using
the Chi-square-test or Fisher exact test if appropri-
ate. The significance level was set at o = 0.05 (two-
tailed). All statistical analyses were performed with
SPSS 15.0 (SPSS Inc., Chicago, IL, USA).

Results

Maternal MBL Allele Frequencies and Genotype
Distribution

The genotype distribution of all analyzed SNPs in
both PE and control women were in Hardy—Weinberg
equilibrium (data not shown). The MBL allelic/geno-
typic distribution and frequencies of the SNPs in exon
1 are shown in Table II. Higher frequencies of the C
and D alleles were observed in patients with PE when
compared to controls (allele C: 0.08 versus 0.03,
P =0.006 and allele D: 0.10 versus 0.05 P = 0.009,
respectively). We also observed higher frequencies of
the AD genotype in patients with PE when compared
to controls (0.138 versus 0.068; P = 0.05). Interest-
ingly, higher frequencies of the AB genotype in con-
trol women were found when compared to PE
women (0.28 versus 0.13; P = 0.01). Regarding the
genotypic frequencies, we observed a trend for a
higher frequency of the OO genotype (lower MBL
producers) in patients with PE when compared to
controls (0.11 and 0.04, respectively, P = 0.07).

Table Il MBL allelic/genotypic overall distribution and
frequencies of the SNPs in exon 1 between control and
pre-eclamptic women

Control
women
[frequency(n)]

Pre-eclamptic
women
[frequency(n)]

Genotypes
A/A 0.519 (83)? 0.546 (89)?
A/B 0.131 (21)° 0.288 (47)°
A/C 0.100 (16) 0.049 (8)
A/D 0.138 (22)° 0.068 (11)°
B/C 0.038 (6) 0.018 (3)
B/D 0.044 (7) 0.012 (2)
c/D 0.018 (3) 0.000 (0)
B/B 0.006 (1) 0.012 (2)
c/C 0.006 (1) 0.000 (0)
D/D 0.000 (0) 0.006 (1)
Alleles
A 0.70 (225)¢ 0.75 (244)¢
0 0.29 (95) 0.25 (82)
B 0.11 (36) 0.17 (56)
C 0.08 (27)° 0.03 (11)°
D 0.10 (32) 0.05(15)"
Genotypes
AA 0.52 (83)¢ 0.54 (89)8
AO 0.37 (59) 0.42 (66)
00 0.11 (18)" 0.04 (8)"

Cl, confidence interval; OR, odds ratio; df, degrees of freedom.
Allele O = alleles B + C + D; Allele A = wild type.

Genotype AA: high serum MBL levels; Genotype AO: intermedi-
ate serum MBL levels; Genotype OO: lower serum MBL levels.
abp — 0.01 (OR = 1.7 Cl: 1.09 - 2.67).

*°P = 0.05 (OR = 2.14 Cl: 0.98 — 4.69).

%ep — 0.006 (OR = 2.48 Cl: 1.25 — 4.89).

4P = 0.009 (OR = 1.63 Cl: 1.06 — 2.49).

&M2 = 5.03; df = 2; P = 0.07.

Haplotype and Genotype Groups According to
MBL Polymorphisms

We sought to investigate whether any specific MBL
genotype/haplotype (or potential phenotype) was
related to PE (Table III). As the SNPs in the struc-
tural gene of MBL are in linkage disequilibrium with
the two polymorphisms in promoter region, we
grouped the individuals according to the haplotypes
previously described in literature (see Material and
Methods).?*

No statistically significant association was observed
in haplotype group frequencies between patients
with PE and controls (Table III, 4> 0.84, P = 0.65).
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Table 11l MBL haplotype (promoter + exon 1 genotypes)
distribution between control and pre-eclamptic women

Control
women
[frequency(n)]

Pre-eclamptic
women
[frequency(n)]

Haplotype
1% 0.53 (77)° 0.50 (81)°
2%% 0.37 (54)° 0.40 (64)°
i 0.09 (14)° 0.11 (17)°

Haplotypes: Group 1* high serum MBL levels (LYA/A, HYA/A);
Group 2** intermediate serum MBL levels (LXA/LXA, LYA/O,
HYA/Q); Group 3*** lower serum MBL levels (LXA/O, 0/0).
3,2 0.84; df = 2; P = 0.65.

Also, no associations between allelic and genotypic
frequencies in the MBL2 promoter region were
observed comparing PE and control pregnant women
(data not shown).

Association of Genotype/Haplotype Groups and
the Disease Severity

Considering that PE can be presented in either mild
or severe forms, we re-analyzed the data according
to disease severity and subgrouped by the haplotype
and/or genotype frequencies (Table IV). No associa-
tion was observed between the haplotype/genotype
distribution and PE severity. Interestingly, we
observed a higher frequency of the OO genotype in
severe PE when compared to mild PE. Also, a higher
frequency of the OO genotype was observed among

severe PE women when compared to control women
(0.15 and 0.04, respectively P = 0.07), suggesting
that the OO genotype is a risk factor for PE develop-
ment. However, this only approached statistical
significance. In addition, we have subgrouped the
genotypes (Table V) according to MBL serum levels
(i.e. AA and AO as high and intermediate MBL pro-
ducers; OO as low MBL producers). Interestingly,
adjusted odds ratios and confidence intervals (95%
CI) indicated that women with genotypes associated
with low MBL levels had more chance to develop
severe PE in comparison with control women
(OR =3.95; CI: 1.36-11.47, P=0.007). Patients
were also characterized by clinical and socioeco-
nomic parameters including ethnic origin, number of
abortions, number of gestations, and weight. No sig-
nificant differences were observed in genotypic/
haplotypic frequencies between the control group
and patients with PE subgrouped according to the
aforementioned characteristics (Table S1).

Discussion

PE is a disease of multifactorial etiology that involves
several immunological and genetic factors. The study
of polymorphisms in genes of immunological interest
is of great value in the understanding of the disease
pathology. Here, we analyzed polymorphisms in the
structural and promoter MBL2 gene regions as well
as their relationships with the pathogenesis of PE.
Several studies have observed low maternal MBL
levels (or genotypes associated with low MBL levels)
in association with adverse pregnancy outcome,

development of mild or severe PE

Table IV Haplotypes of promoter/exon regions and genotypes frequencies in control and pre-eclamptic women subgrouped by the

Haplotypes [frequency(n)]

Genotypes [frequency(n)]

1% i Bkokx AA AO 00

Control pregnant women 0.51 (81)2 0.40 (64)? 0.09 (17)? 0.54 (89)¢ 0.42 (66)° 0.04 (8)¢
Total PE 0.52 (77)° 0.37 (54)° 0.11(14)° 0.52 (83)" 0.37(59) 0.1 (18)
Mild PE 0.60 (32)° 0.33 (18)° 0.07 (4)° 0.61 (35) 032 (18)2 0.07 (4)8
Severe PE 0.48 (23)¢ 0.37 (18)¢ 0.15 (7)¢ 0.45 (24)" 0.40 (22)" 0.15 (8)"

3*** Jower serum MBL levels (LXA/O, 0/0).

Allele O = alleles B+C+D; Allele A = wild type.

ab2p = 0.65 df = 2; *%2? P = 0.57 df = 2; %2 P = 0.27 df = 2.
ef2 P =007 df =2; ®8 2 P =030 df = 2; ®"y? P = 0.07 df = 2.
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Table V MBL aggregated genotypes (exon 1) overall distribution
and frequencies between control and pre-eclamptic (PE) women

MBL genotypes MBL

AA and AO genotype 00

Control pregnant women 0.96 (155)% 0.04 (8)?
(frequency) [(n)]

Total PE women 0.89 (142) 0.11 (18)
(frequency) [(n)]

Mild PE women 0.93 (53)° 0.07 (4)°
(frequency) [(n)]

Severe PE women 0.85 (46)° 0.15 (8)°

(frequency) [(n)]

Cl, confidence interval; OR, odds ratio; df, degrees of freedom.
b2~ 0.64; df = 1; OR = 1.61; Cl = [0.48-5.09] P = 0.40.
32 = 7.20; df = 1; OR = 3.95; CI = [1.36-11.47] P = 0.007.

including recurrent miscarriages, PE, risk for chorio-
amnionitis and preterm delivery.>>~%>® Conversely,
other studies suggested that reduced MBL serum lev-
els could decrease the capacity of MBL-mediated
complement activation and also limit the comple-
ment-mediated destruction of semi-allogeneic fetal
cells during pregnancy.?°

In this study, we observed high frequencies of the
AB genotype (codon 54) in controls when compared
to patients with PE. This genotype has been corre-
lated with intermediate MBL levels. This finding
seems to corroborate with a previous work describ-
ing higher frequencies of the B allele and AB geno-
type among controls when compared to patients
with PE.?° However, it should be kept in mind that
the simultaneously analysis of SNPs located at both
the structural (codons 52, 54 and 57) and the pro-
moter regions of the MBL2 gene may provide more
information for understanding the MBL role in PE
development. Considering together alleles B, C, and
D (therefore indicated as allele O), we have found a
high frequency of the OO genotype among patients
with PE. Importantly, disease severity was associated
with a particular MBL genotype: women with severe
forms of PE had the highest frequency of the MBL
00 genotype.

The OO genotype has been associated with low
MBL serum levels because of altered multimerizari-
on and impaired MBL protein function.**?°
Although MBL is a key factor in enhancing inflam-
mation, its role in pregnancy is largely unknown.
While some authors associated high MBL levels with
a successful pregnancy,>>>” others found MBL levels

correlated with pregnancy complications.?%*"*> Cer-

tainly, other risk factors not evaluated in the present
work may also contribute and interact with the MBL
genotype in the pregnancy outcome.

Here, low MBL levels (inferred from the OO geno-
type) were found associated with severe form of PE,
suggesting that genotypes associated with low MBL
production should be considered as a risk factor for
PE development. In another study, Kilpatrick et al.
found an association between low MBL levels
and the presence of PE.?® Our data further suggest
that the OO genotype is over represented in severe
form of PE. In addition, low MBL levels could also
change the inflammatory profile, leading to impaired
angiogenesis in the maternal-fetal interface. Indeed,
low MBL levels have been associated with compli-
cated pregnancy outcomes.’’® Nevertheless, we
should point out that some studies did not report
associations between MBL haplotypes and PE
development,®® and conflicting data have been
generated.”>*> In addition, Than et al. have found
elevated maternal plasma MBL in patients with PE
when compared with normal pregnant women.*’
However, they did not evaluate MBL2 genotypes.

In conclusion, considering that high MBL levels
have been found essential in the first trimester of a
successful pregnancy, our data suggest that women
with genotypes associated with low levels of MBL
could be potential PE developers. However, further
studies should be performed to better understand
the complex relationships between PE and genetic
variations of MBL.
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