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RESuMO

A esclerose sistémica (ES) é uma doenca difusa do tecido conjuntivo caracterizada por
anormalidades fibrdticas, imunoldgicas e vasculares. O fator nuclear-kB (NF-kB), como um
fator de transcricdo essencial envolvido na regulacdo de respostas imunitdrias, parece ser
um bom candidato para estudos sobre a patogénese de doengas autoimunes, bem como a
interleucina-10 (IL-10) e as quimiocinas, CXCL8 e CXCR2. Varios estudos demonstram o
envolvimento dos genes CXCR2 e IL-10 na patogénese das doencas autoimunes. Acredita-
se que combinacdes desses genes possam ser favoraveis para o desenvolvimento da ES,
podendo seu conhecimento ser benéfico para o entendimento da patogénese da ES. O
objetivo deste estudo é investigar o polimorfismo dos genes IL-10, CXCR2, CXCL8 e NFKB1
em um grupo de pacientes com ES, incluindo a forma difusa e limitada da doeng¢a. Nossos
resultados confirmam a associacdo do fenétipo de alta produgdo (GCC + / GCC +) com
risco aumentado para ES, mas ndo encontrou nenhuma correlacdo com polimorfismos do
NF-KB. Nossos achados também sugerem um papel protetor da CXCL8 (- 251) A nos
gendtipos TT e TC do gene CXCR2 (+1208) e um risco aumentado do CXCL8 (-251) A em
associacdo com o gendtipo CC do CXCR2 (+1208) em pacientes com ES. Nenhuma
diferenca estatistica no polimorfismo dos genes IL-10, CXCR2, CXCL8 e NFKB1 foram
encontradas entre a forma difusa e a forma limitada. Estes resultados indicam um

potencial papel do gene IL-10 e da combinagdo CXCR2/CXCL8 na patogénese da ES.

PaLAVRAS-CHAVE: CXCR2, CXCLS, Interleucina-10, NFKB1, Esclerose Sistémica,

Autoimunidade.



ABSTRACT

Systemic sclerosis (SSc) is a connective tissue disease characterized by fibrotic,
immunological and vascular abnormalities. Nuclear factor-kB (NF-kB), as a key
transcription factor involved in the regulation of immune responses, appears to be a good
candidate for studies on the pathogenesis of autoimmune diseases, as well as the
interleukin-10 (IL-10) polymorphism, and CXCL8 and CXCR2 chemokines. Several studies
have demonstrated the involvement of genes CXCR2 and IL-10 in the pathogenesis of
autoimmune diseases. It is believed that combinations of these genes may be favorable
for the development of SSc, and this knowledge can contribute to the understanding of
the pathogenesis of SSc. The objective of this study is to investigate the polymorphism of
IL-10, CXCR2, CXCL8 and NFKB1 in a group of patients with SSc, including diffuse and
limited subtypes of the disease. Our results confirm the association of high-producing
phenotype (GCC/GCC) with increased risk for SSc, but found no correlation with NFKB1
polymorphisms. Our findings also suggest a protective role of CXCL8 (-251) A in the CXCR2
(+1208) TT and TC genotypes and an increased risk of CXCL8 (-251) A in association with
the CXCR2 (+1208) CC genotype in SSc patients. No statistical difference in the
polymorphism of I1L-10, NFKB1, CXCR2 and CXCL8 were found between the diffuse and
limited SSc. These results indicate a potential role of the IL-10 gene and the combination

CXCR2/CXCL8 in the pathogenesis of SSc.

KeywoRrps: CXCR2, CXCL8, Interleukin-10, NFKB1, Systemic Sclerosis, Autoimmunity



ABREVIATURAS E SIGLAS

ACA: Anticorpo anticentromero

AR: Artrite Reumatoide

CXCR1: C-X-C chemokine receptor type 1 — Receptor CXC tipo 1

CXCR2: C-X-C chemokine receptor type 2 — Receptor CXC tipo 2

EA: Espondilite Anquilosante

ES: Esclerose Sistémica

GWAS: Genome Wide-Associations Studies — Estudos de associa¢des genémicas
HLA: Human Leukocyte Antigen - Antigenos Leucocitarios Humano

IL: Interleukin - Interleucina

INF: Interferon

LES: Lupus Eritematoso Sistémico

NF-kB: Nuclear Factor kappa B - Fator de transcricdo nuclear kappa das células B
NFKB1: NF-kappa-B p105 subunit — NF-kB p105

NFKB2: NF-kappa-B p100 subunit — NF-kB p100

PCR: Polimerase Chain Reaction - Rea¢ao em Cadeia da Polimerase

RFLP: Restriction Fragment Length Polymorphism

SNP: Single Nucleotide Polymorphisms - Polimorfismos de nucleotideo Unico
SS: Sindrome de Sjodren

SSP: Sequence Specific Primers - Seqliéncia de Primers Especifico

TGF: Tumor growth factor - Fator de crescimento tumoral

Th: Linfocito T helper — Linfocito T auxiliar

TNF: Tumor Necrosis Factor - Fator de Necrose Tumoral

TLR: Toll-like Receptor — Receptor do tipo Toll
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1 INTRODUCAO

O presente trabalho versa sobre a anadlise de diversos polimorfismos génicos de
potenciais mediadores imunoldgicos na esclerose sistémica (ES), tais como a interleucina-10 (IL-
10), o fator nuclear kappa B (NF-kB) e quimiocinas (CXCR2 e CXCL8). A esclerose sistémica é uma
doenca rara, caracterizada por inflamagao, dano vascular, fibrose, producao de auto-anticorpos
e producdo excessiva de coldgeno. A patogénese da doenca ainda ndo estd totalmente
elucidada, mas sabe-se que esta relacionada com a autoimunidade. Muitos estudos estdao sendo
realizados para encontrar um tratamento eficaz, que nao existe atualmente. Sabe-se que
fatores genéticos relacionados aos seus receptores podem estar associados a determinadas

doencas.

As quimiocinas, assim como a interleucina-10 (IL-10) e o fator nuclear, sdo importantes
reguladoras da resposta imune, incluindo a autoimunidade. O NFKB1 é um fator de transcri¢do
gue é ativado por diversos estimulos, como citocinas e produtos virais ou de bactérias. O CXCL8
€ um membro da familia CXC das quimiocinas que apresenta alta afinidade na ligacdo com o
CXCR1 (receptor IL-8 tipo 1) e com o CXCR2 (receptor IL-8 tipo 2). A IL-10 é uma citocina anti-
inflamatdria potente, que desempenha um papel crucial na regulacdo da resposta imune e

muitas vezes é essencial na prevencdo de patologias inflamatdrias e autoimunes.
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O estudo ndo esgota definitivamente a matéria, mas sim, aborda de maneira clara e
objetiva a definicdo, o conceito e a patogénese da esclerose sistémica, bem como visa
relacionar alguns estudos genéticos com a doenca. Prosseguindo, apresenta a definicdo e o
mecanismo de acdo da IL-10, NF-kB, CXCL8 e CXCR2. Em um segundo momento, aprofunda-se
nas pesquisas relacionadas destes genes com as doengas reumatoldgicas autoimunes,

analisando de maneira breve os diferentes polimorfismos destes genes e suas associagdes.

Portanto, o presente trabalho tem como objetivo estudar a associagao dos genes CXCR2,
CXCLS, IL-10 e NFKB1 com a esclerose sistémica. Este projeto contou com o apoio financeiro do
FIPE (Fundo de Investimento a Pesquisa e Eventos do HCPA) e do CAPES (Coordenacdo de

Aperfeicoamento de Pessoal de Nivel Superior).
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2 REVISAO DA LITERATURA

2.1 ESCLEROSE SISTEMICA

A Esclerose Sistémica (ES) é uma doenca autoimune' e rara®, caracterizada pela
disfuncdo endotelial® e fibrose®. E uma doenca difusa do tecido conjuntivo, podendo afetar os
orgdos e os sistemas internos do organismo. Existem duas formas de apresentacdo da ES, a
limitada e a difusa, sendo estas diferenciadas pela extensdo do envolvimento cutaneo’. As suas
caracteristicas principais s30 a excessiva deposicdo de coldgeno®, lesdes vasculares’ e alteracbes

da imunidade celular e humoral®.

Existem evidéncias de que certos quadros genéticos favorecem a progressao da
inflamacdo cronica para o processo fibrético®. A participaco do sistema imune é sugerida pela
presenca de células mononucleares infiltradas em lesdes'®, anormalidades nas células T
auxiliares e na funcdo dos mondcitos'?, reducdo da atividade das células NK*? e liberacdo de

varias citocinas®.

O sistema imunoldgico estimula algumas células na producdo de coldgeno com o
objetivo de formar uma cicatriz apds dano tecidual. Esta producgo de coldgeno é excessiva na

i RV 15
ES e ocorre sem estimulo aparente na pele e nos érgaos internos™.
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2.1.1 PATOGENESE DA ES

A etiopatogénese da ES permanece desconhecida. Sabe-se que a ativacdo do sistema
imunolégico é um fendbmeno inicial na doenga. Na fase inicial das lesGes encontramos linfocitos
T, plasmécitos, macréfagos, eosinéfilos e baséfilos'®. Estas células ativam fibroblastos e células
endoteliais através de mediadores soluveis ou pelo fendmeno de toxicidade direta. Assim,
através da sua ativacdo por citocinas (TGFBY/, CTGF*® e 1L-4°), os fibroblastos produzem grandes
quantidades de coldgeno tipo | e lll. Dentro das lesGes cutaneas encontram-se grandes
quantidades de linfécitos T CD4+ e CD8+, com uma alta prevaléncia de CD4+. Estas células sdo
encontradas em abundancia na pele na presenca de células endoteliais anormais®. As células
do sistema imune podem causar dano vascular através da proliferacdo ou estimulagdo de

. . , 21
fibroblastos, para produzir colageno”".

A ES é uma doenca multifatorial complexa. Uma das hipdteses da patogénese é que a
ativacdo do sistema imune é estimulada por predisposicio genética e fatores ambientais?.
Entre estes, os fatores mais conhecidos por aumentar o risco de ES incluem: a silica cristalina23,
os solventes, as resinas e os solventes aromaticos*. Alguns fatores genéticos podem influenciar
a susceptibilidade para desenvolver ES?. Ha casos de histéria familiar, no entanto, o risco
absoluto para cada membro da familia é baixo (<1%). O risco relativo em parentes de primeiro
grau é de 10 a 16, e entre gémeos 10 a 27°®. Muitos estudos sugerem que a susceptibilidade
genética sozinha ndo é suficiente para induzir a doenca, necessitando de outros fatores

envolvidos.
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Varios genes foram estudados com a finalidade de encontrar um marcador polimdrfico
associado com a doenca®’. Um deles foi o sistema HLA. O gene DQA1*0501 parece estar
significantemente aumentado em homens?, enquanto outros genes do sistema HLA classe II

2930 AssociacBes com os genes da IL-10%%,

estdo associados com a presenca de auto-anticorpos
IL-13*2, TNF®, TGFR* e IL-10®® também parecem ser fatores relacionados a uma
susceptibilidade genética. O TGFB estimula a deposicdo da matriz extracelular pela inducdo de
células mesenquimais para reduzir os componentes da matriz>®. A matriz extracelular é regulada

pela IL-10 através da inibicdo da proliferacdo dos fibroblastos, causando diminuicdo da

producdo de fibronectina e colageno.

Estudos de associagdo procuram determinar variantes genéticas relacionadas a estados
de doencga ou tragos especificos. Como mais estudos tém sido realizados em diferentes doencas
complexas, tornou-se claro que a contribuicdo dos genes individuais ao risco genético para a
doenca pode ser muito modesto e que os multiplos loci estdo envolvidos no mecanismo. Neste
sentido, a interpretacdo de estudos de associacdo genética em uma doenca rara e
fenotipicamente heterogénea, como a esclerodermia, deve ser realizada utilizando diretrizes
rigidas. Tais estudos sdo muitas vezes limitados pela falta de poder estatistico suficiente para
gerar resultados confidveis e reprodutiveis por causa de amostras pequenas em estudos de
casos e controles, heterogeneidade genética, a extensdao e grau de desequilibrio de ligacdo

entre os marcadores genéticos que variam entre as populagdes®’.

Estudos de genes candidatos em coortes de ascendéncia europeia38 e japonesa39 e

também estudos da GWAS™ tem validado a associacdao da ES com variantes no gene STAT4
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(codificagdo para transdutor de sinal e ativador de transcricdo de proteinas-4) que desempenha
um papel chave na imunidade inata, bem como nos sistemas imunes adaptativos, em particular

no desenvolvimento de células T auxiliares de tipo 1 (Th1).

Varios estudos também relataram a associa¢do entre o gendtipo HLA classe Il e auto-
anticorpos na ES*¥*?. Os haplétipos HLADRB1*01 - DQB1*0501 sio mais comuns em pacientes
com anticorpo anticentrébmero (ACA)-positivo, enquanto os haplétipos HLA-DRB1*11-

DQB1*0301 tém sido associados com anticorpo anti-topoisomerase | (anti-topo 1)*.

Outros estudos também analisaram o sistema do interferon tipo I, no qual inclui os
fatores regulatérios IFN 5, 7 e 8 codificados por IRF5, IRF7 e IRF8. Variantes destes genes foram

44-4
® Da

associados com ES, tanto na ascendéncia europeia como em populaces japonesas
mesma maneira, foram associados os receptores do tipo Toll, que fazem parte dos receptores
de reconhecimento-padrdo que sdo chave para a imunidade inata. Uma variante do gene TLR2
gue codifica para TLR2 (mas ndo as variantes em outras TLRs) tem sido associada a um risco

aumentado para a forma difusa da ES, particularmente casos com antitopoisomerase-

positivos47.

Nesse contexto, observou-se que o TNFAIP3- no qual codifica para o fator de necrose
tumoral induzida pela proteina-3 - também foi identificado como um fator de risco na ES®,
assim como o gene BLK, que tem sido referido como um fator de risco para a ES com
ascendéncia europeia® e japonesa®. Em um estudo de meta-analise®®, foi observada uma
associacao no subgrupo com anticorpo anticentromero (ACA) positivo, mas ndo no grupo ATA-

positivo. O mecanismo proposto € uma expressdo do gene interrompido em células B,
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especialmente através da via de sinalizagdo do fator nuclear kappa B (NF-kB). Nesse sentido,
também foi identificada uma associacdo do gene TBX21 com a ES, outro fator de transcricdo

essencial que regula o equilibrio Th1 / Th2*2.

Através desses estudos de susceptibilidade genética na ES podemos comecar a abordar
questdes sobre quais as consequéncias funcionais dessas variantes ou o que elas resultam em
uma doenga clinica. Por isso a importancia de cada vez mais analisarmos possiveis associacdes

genéticas com a doenga.

2.2 FUNCAO DAS PROTEINAS E DOS SEUS RESPECTIVOS GENES

2.2.1 FATOR NUCLEAR DE TRANSCRICAO

O fator de transcricdo nuclear kappa B (NF-kB) é um grupo de proteinas que participa na
expressao de uma ampla variedade de genes que estdo envolvidos na regulacao de respostas
imunes e inflamatdrias®. Os genes que sdo ativados pelo NF-kB incluem as citocinas pré-
inflamatdrias, as quimiocinas e as moléculas de adesao. Alguns genes regulados pela NF-kB, tais
como TNF-a e IL-1B também ativam diretamente o NF-kB para amplificar e aumentar a resposta
inflamatdria primaria. A ativacdo de NF-kB por receptores de células B ou T é também
necessaria para a proliferacdo do induzida por antigeno, a producdo de citocinas, e a

sobrevivéncia de células T e B>
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Até o momento foram identificados cinco membros da familia do NF-kB: NFKB1
(p105/p50), NFKB2 (p100/p52), RelA (p65), RelB e c-Rel. O gene NFKB1 é localizado na regido
4923-g24 e é composto por 24 exons e introns. O gene que codifica a proteina P105 é uma
molécula n3do-ligante do DNA citoplasmatico, enquanto o gene que codifica a proteina p50 é
uma proteina de ligagio do DNA e corresponde ao N-terminal da p105 (Omin, 164,011)>>. O
gene NFKB2 é situado no braco longo do cromossomo, localizado na regido 10924, e codifica as
proteinas P100 e P52 (Omin, 164,012)°°. J4 o gene RelA (NFKB3) é localizado na regido 11q12-
q13 com 10 e codifica a proteina p65 (Omin, 164,014)°’; o gene RelB é situado no cromossoma

19 (OMIM, 604,758, MI-12.248) e o gene c-Rel estd localizado na regido 2p13-p12°’.

Além disso, as fungdes do NFKB1 (P105) e NFKB2 (p100) sao diferentes, embora as suas
estruturas sejam semelhantes. Estudos tém relatado que o processamento da proteina P105
para a p50 é indispensavel, sendo esse processo essencial para a organogénese de tecidos
linféides periféricos e de desenvolvimento das células B. Outra importancia é que a inducdo do
processamento da proteina p100 é regulada por um subconjunto de ligantes que ativam a NF-
kB>°. O NF-kB fornece um elo mecanicista determinante entre a inflamacdo e o tumor. Com
efeito, varias citocinas inflamatadrias, quimiocinas, produtos de células necréticas, bactérias e
virus estimulam a ativacdo do NF-kB. Por outro lado, as proteinas do NF-kB aumentam a
expressao de alguns genes celulares que envolvem as citocinas, quimiocinas, o complexo
principal de histocompatibilidade (MHC) e receptores necessarios para adesdo de neutrofilos e

migragéoeo.
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Um estudo analisou a ativacgdo do NF-kB em sindvia de pacientes com artrite
reumatoide, sugerindo um papel no controle da inflamacdo®’. Sabe-se que a artrite reumatoide
é uma doenca complexa, com contribuicdes de autoimunidade sistémica e inflamacado local. No
entanto, a ativacdo de NF-kB é significativamente diminuida em pacientes com ldpus
eritematoso sistémico®’. Estas observagbes indicam que o mecanismo de regulacdo do NF-kB é

diferente entre estas doengas autoimunes.

O NF-kB é encontrada no citoplasma das células imunes, em associagdo com proteinas
acessorias. O seu modo de ativagdo varia de acordo com o tipo de célula imune, com o seu
estado de ativacdo ou com a sua fase de desenvolvimento®. Além disso, o NF-kB normalmente
é impedido de entrar no nucleo de linfécitos periféricos T (células T), pois suas subunidades
estao fortemente ligadas a proteina inibidora. Apds a inducgdo celular por citoquinas, ocorre
uma série de alteracbes bioquimicas, incluindo fosforilacdo, ubiquitinacdo e, em seguida, a
degradacdo por proteossoma. Quando o NF-kB é capaz de translocar para o nucleo, onde se liga

dentro de minutos ao DNA, inicia a expressao de genes alvo diferentes®.

A ativacdo e a translocacdo nuclear da via classica dos dimeros NF-kB (principalmente
p50-RelA) estdo associadas com a transcricdo aumentada de genes que codificam as
guimiocinas, citocinas, moléculas de adesdo, enzimas que produzem secunddrias mediadores
inflamatérios e inibidores da apoptosees. Estas moléculas sdo componentes importantes da
resposta imune inata e sdo necessarios para a migracao de células inflamatdrias e fagociticas
para os tecidos onde o NF-kB foi ativado em resposta a infecgdo ou lesao. Uma extensa lista de

bactérias e produtos bacterianos ativam NF-kB em macréfagos e outros tipos celulares. Por
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exemplo, bactérias enteroinvasivas podem ativar o NF-kB em células epiteliais intestinais, um
processo que leva 3 producio de mediadores inflamatérios, incluindo as quimiocinas®. Estas
proteinas conduzem o recrutamento de células inflamatérias e fagociticas para o local da
infeccdo. Ademais, ha também vias indiretas que levam a ativacdo do NF-kB, o que resulta na

liberagdo de IL-1 e de ativagdo da via classica de NF-kB em células adjacente567.

2.2.2 QUIMIOCINAS

Quimiocinas sdo citocinas pré-inflamatérias quimiotaticas que recrutam leucécitos para
sitios de inflamacdo, mas também desempenham papéis importantes no crescimento tumoral,
angiogénese, cicatrizacdo/esclerose tecidual e autoimunidade®®. As quimiocinas s3o uma grande
familia de proteinas de pequeno tamanho (7-15-kD), estruturalmente relacionadas com
proteinas ligantes de heparina, que podem mediar interacGes leucdcitos-endotélio e
transmigracdo de células. A iniciacdo e progressdo das doencas reumatoldgicas envolvem
multiplas quimiocinas e células inflamatdrias, tais como células T, macroéfagos, células
dendriticas, eosindfilos e mastdcitos®. As interagdes complexas entre células inflamatdrias e
guimiocinas estimulam a superproducdo de sintese de proteinas da matriz extracelular por

70;71

fibroblastos Portanto, as quimiocinas sdo de fundamental importdncia na patogénese

2
dessas doencas’?.

Os membros da familia das quimiocinas sao divididos em quatro grupos de acordo com o
espacamento dos seus primeiros dois residuos de cisteina. CXCL8 é um membro da familia CXC
das quimiocinas que mostra ligacdo de alta afinidade para o CXCR1 (receptor IL-8 tipo 1) e

CXCR2 (receptor IL-8 tipo 2). Embora o CXCR1 seja seletivamente ativado apenas pelo CXCLS, o
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CXCR2 responde a varias quimiocinas adicionais. O denominador comum compartilhado por
todas as quimiocinas que ativam o CXCR2 é a sequéncia Glu-Leu-Arg (ELR) no terminal amino,
que parece servir como uma sequéncia de reconhecimento para ligagdo ao receptor e

ativag§o73.

As primeiras investigagGes concentraram-se sobre o efeito do CXCL8 em neutrdfilos, que
respondem com a mobilizacdo de calcio, polimerizacdo da actina, liberacdo da enzima,
quimiotaxia e explosdo respiratoéria fraca’. Apesar de afinidades semelhantes para o CXCL8 e
numero de receptores semelhantes da CXCR1 e CXCR2, a quimiotaxia dos neutréfilos é

primeiramente mediada pelo CXCR17>7®

. No entanto, apesar do CXCR2 estar associado com a
forma de inibicdo da subunidade alfa da proteina G (Gai2) um estudo indicou que tanto o CXCR1
como o CXCR2 sdo acoplados a proteina G inibidora (Gi) em neutréfilos onde Gai2 é muito
abundante’’. Portanto, foi demonstrado que o acoplamento do receptor do CXCL8 ndo se
restringe a Gi. Pelo menos sob condicdes em que Gal4d e Gal6 foram superexpressos, estas

proteinas G foram capazes de servir como elementos alternativos de sinal do transdutor da

resposta celular mediada pelo CXCL8’E.

Assim sendo, CXCL8 é ativado tanto por CXCR1 como por CXCR2 em células endoteliais.
Os dois receptores usam diferentes cascatas de sinalizacdo de transducdo que resultam na
ativacdo de proteinas G pequenas e invocam respostas que merecem ser investigadas. Estas
respostas das quimiocinas mediadas por células endoteliais podem contribuir para o aumento
da permeabilidade vascular e adesdao de leucdcitos, como observado durante a inflamagao

aguda, por um lado, e migracdo de células endoteliais e proliferacdo durante o processo
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angiogénico, por outro lado”. A atividade do NF-kB pode ser necessaria em etapas multiplas
durante esta cascata, quer para a inducdo da sintese de proteinas ou por interacdo direta no

citoplasmaso.

Com efeito, as quimiocinas e seus receptores sao fatores cruciais para o dano tecidual na
ES, potencialmente direcionando a migracdao de células pré-inflamatdrias para as dareas
afetadas®. Tém sido observados niveis aumentados de proteina CXCL8 em bidpsia de pele®’ e
no fluido de lavagem broncoalveolar de pacientes com ES®2. Um estudo mencionou que
fibroblastos da pele esclerodérmica cultivados in Vvitro produzem mais CXCL8 do que
fibroblastos normais®. As concentragoes séricas de CXCL8 foram significativamente maiores em

pacientes com ES do que nos controles saudaveis®.

Em pacientes com alveolite fibrosante (FA) foi observado um aumento da secrecdo de
CXCL8 por macréfagos alveolares (MA) e mondcitos®. Sabe-se que na esclerodermia existe uma
predisposicdo para o desenvolvimento de FA®, mas a secrecio de CXCL8 por MA em pacientes
com ES sem FA ndo foi maior do que em individuos normais e foi mais baixa do que em
pacientes com alveolite fibrosante associado a ES (FASSc). Isto sugere que o aumento da
secrecdo de CXCL8 por AM em FASSc ndo é constitutiva. E possivel que a resposta do CXCL8 a
fatores iniciais da doenca pode ser diferente naqueles que irdo desenvolver FA em comparacao

com os que hao irso®.

Outro estudo mostrou que pacientes com urticaria idiopatica cronica (UIC) apresentam
um padrdo de secrecdo de quimiocina alterada que estd potencialmente ligado a um estado

inflamatdrio crénico. Aferindo a regulacdo dos genes CXCL8, avaliada por niveis de mRNA e
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proteina no soro, o estudo indicou uma capacidade de resposta elevada a partir de mondcitos,
contribuindo para a criacdo de um ambiente pré-inflamatdrio. Estes achados sugerem que o

sistema imune inato, por meio de quimiocinas e mondcitos, podem levar a ativagao imune®’.

2.2.3 CITOCINAS

As citocinas sdo mediadores essenciais do sistema imunitario com um amplo conjunto de
funcbes que vao desde a regulacdo da inflamacdo até ativacdo celular, a proliferacdo ou
diferenciacdo. As citocinas também podem promover a deposicao de colageno e de fibrose, por
isso muitos estudos estdo se focando sobre o papel destes como mediadores da ES,
descrevendo alteragdes nas suas concentrac;éessg'90 ou no equilibrio entre os niveis de citocinas

Th1 e Th2°.

As citocinas incluem as interleucinas, que sdo proteinas (polipeptideos) envolvidas na
comunicacdo entre leucdcitos. As atividades das interleucinas podem ser resumidas em
reconhecimento de antigenos estranhos por células T, amplificacdo da proliferacdo de células T
ativadas e na atracdo de macrofagos e identificacdo de mecanismos efetivos para fagocitose de
microrganismos. Cada interleucina atua sobre um grupo limitado e especifico de células que
expressam receptores adequados para cada interleucina. A IL-10 inibe a producdo da citocina

Th1, suprime fung¢ao dos macréfagos e ativa os linfécitos B2,

Nesse contexto, observa-se que a IL-10 é uma citocina anti-inflamatdria potente, que

desempenha um papel crucial, muitas vezes essencial, na prevengdo de patologias inflamatdrias
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e autoimunes™. A deficiéncia ou expressao anormal de IL-10 pode aumentar a resposta
inflamatdria ao desafio microbiano, conduzir ao desenvolvimento de doenca inflamatdria do
intestino e uma série de disturbios autoimunes. Assim, a expressdao diminuida de IL-10 pode
aumentar os agentes patogénicos durante uma infeccdo aguda, mas também exacerba a

resposta inflamatdria, que resulta em imunopatologia e danos tecidual®.

Existe uma variagdao muito grande na producdo de IL-10 entre os individuos; estudos em
gémeos sugerem que até 75% da variabilidade é devido a fatores genéticos. A produgdo de IL-10
é controlada no nivel da transcric;zio95 e algumas variacdes podem ser explicadas por dois
polimorfismos de microssatélites (IL10G e IL10R) na regido promotora%. Onze polimorfismos de
um Unico nucleotideo (SNP) também tém sido descritos na regido promotora, dos quais trés
estdo na regido proximal 1,3 kb (1082 G/A, 819 C/T, 592 C/A), e sete na regido distal 1,3-4 kb.
Desses, trés (3575 T/A, 2849 G/A, 2763 C/A) tém frequéncia alélica igual®”®®. Em individuos
higidos caucasianos o hapldtipo distal AA / GA foi mais frequente naqueles que produziram
menos IL-10%. Em pacientes afro-caribenhos com LES a frequéncia do alelo A do polimorfismo
2763 foi menor. Ndo ha outras associacdes com doencas reumatoldgicas descritos com os SNPs
na regido distal. Os SNP 819 e 592 est3o em desequilibrio de ligagio™. De mais a mais, apenas
trés hapldotipos sdo comuns em individuos da raca branca: GCC, ACC e ATA; GTA é mais comum

100

no sul da China . O gendtipo GCC / GCC é mais comum naqueles que produzem maiores niveis

de IL-10, enquanto o gendtipo ATA / ATA predomina em baixos produtores de IL-10%".

Os genes e os receptores das citocinas tradicionalmente tém atraido grande interesse

como plausiveis fatores de risco genético para a doenga autoimune. Devido a produgdo de
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citocinas ser regulada geneticamenteml;loz, foi levantada a hipdtese de que polimorfismos de
nucleotideo Unico (SNPs) perto de genes da citocina podem ser relevantes para o

desenvolvimento de ES. No entanto, estudos realizados ndo conseguiram demonstrar

103;104

associacOes significativas e, em alguns casos, as associacdes descritas por alguns autores

nao foram confirmadas em outras populagdes independente51°3'1°6.

Estes resultados contraditérios podem ser atribuidos a diversos fatores. Em primeiro
lugar, os estudos avaliaram amostras pequenas e, portanto, sem poder de identificar uma

107

associacao real, devido ao erro tipo II”". Em segundo lugar, os SNPs estudados podem nao ter

um papel causal na patogénese da ES, mas sim apenas poderiam ser relevantes para a

103

progressdao ou expressao da doenca . Em terceiro lugar, cada SNP pode ndo ter um efeito

perceptivel principal independente sobre o risco de doenca, mas o seu efeito pode ser

dependente de outras variagdes genéticas (interacdo gene—gene)ms.

O gene da IL-10 é um candidato interessante para ser estudado na patogénese da ES,
ndo sé devido as suas propriedades anti-inflamatdrias, mas também porque protege contra a
fibrose, pois a IL-10 reduz a producdo de coldgeno e fibronectina a partir de fibroblastos'®.
Ademais, a relevancia funcional do SNP proximal na regido 5 do gene da IL-10 esta bem

definida®.
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2.3 EVIDENCIAS DE ASSOCIACAO GENETICA

A complexa fisiopatologia da ES implica o envolvimento de genes que afetam,
individualmente ou, mais provavelmente, em conjunto a evolugdao do processo da doenga.
Muitos genes, incluindo os genes da IL-10, NFKB1, CXCR2 e CXCL8, foram associados com outras
doengas autoimunes, dentre elas o lUpus eritematoso sistémico (LES) e a artrite reumatoide

(AR), 0 que sugere uma via comum genética para autoimunidade®*’.

2.3.1 CXCL8

Associacdo de varios polimorfismos do gene CXCL8 foram estudados em relagdo as
doencas reumatoldgicas (tabela 1). Em pacientes com ES foram avaliados os polimorfismos
genéticos (+293 G/T), (+678 T/C) e (-353 A/T), entretanto nenhum destes polimorfismos

112;113

demonstrou associacdo com a doenca . Somente foi encontrada associacdo quando

analisada a interacdo gene-gene entre o polimorfismo do gene CXCL8 (-353 A/T) com o gene

CCL5'*. Todavia, um estudo encontrou niveis de CXCL8 aumentados em pacientes com ES™.

Em LES, um estudo evidenciou uma forte associacdo entre o SNP rs2227306 do gene
CXCL8 e a doenca.'’®. Porém, estudos prévios nio haviam demonstrado associacio com a
doenca, apesar de esses estudos terem um poder de estudo semelhante ao realizado por

. 117;11
Sandling e colaboradores**’!8

. Esses polimorfismos nao foram estudados na artrite reumatdide
(AR), entretanto outros polimorfismos foram estudados e associados com essa doenca. O

polimorfismo (+781 C/T) do gene CXCL8 estda associado com o inicio da doenga, sendo o
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. Ja o polimorfismo (-767 A/G) nao esta

associado com o risco de desenvolver a doenca, mas o homozigoto AA estd associado com o

desenvolvimento da doenga em idade precocells.

Tabela 1. Andlise do polimorfismo CXCR8 em doengas reumatoldgicas

Ndmero (N)
Gene Doenga Polimorfismo Resultados . Estudo [Ref]
Pacientes Controles
CXCL8
Esclerose Sistémica
(+)293 G/T sem associagdo 128 194 Renzoni et al. 2000 [112]
(+)678 T/C sem associagdo 128 194  Renzoni et al. 2000 [112]
(-)353 A/T associagdo com o gene CCL5 -403 G/A (P=0,039) 99 198 Leeetal. 2007 [113]
sem associagdo 128 194 Renzoniet al. 2000 [112]
Artrite Reumatoide
(+)781C/T homozigoto CC (P<0,0001; rs2227306) 376 463 Emonts et al. 2011 [114]
3'UTR 2767 A/G homozigoto AA (P=0,02; rs10938092) 199 130 Loetal. 2008 [115]
Lipus Eritematoso Sistémico
rs4694178 C/A alelo C (OR=1,26; P<0,001) 826 1310 Sandling et al. 2011 [116]
sem associagdo 150 130 Huangetal. 2006 [117]
(-)353A/T; (+)781C/T sem associagdo 500 481 Sanchez et al. 2006 [118]

2.3.2 CXCR2

Até o momento, em pacientes com espondilite anquilosante (EA),

estudos genéticos em associacdo do polimorfismo do gene CXCR2,

analisaram a presenca do polimorfismo em ES, LES, SS e AR (tabela 2).

nao foram realizados
mas outros estudos

Por conseguinte, um

estudo avaliou a susceptibilidade do polimorfismo (-786 C/T) do gene CXCR2 em pacientes com

artrite reumatoide, contudo nado foi encontrado associacdao entre o gene e a doenga. Da mesma

maneira ndo foi encontrada associacdo quando avaliada a correlacio deste mesmo

polimorfismo em pacientes com LES e ES'®

. No entanto, outro estudo avaliou o polimorfismo

(+1208 C/T) em pacientes britanicos, observando uma forte associa¢cdo do gene homozigoto TT

com o fator de risco para a doenca’*2.
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Tabela 2. Andlise do polimorfismo CXCR2 em doengas reumatoldgicas

NG N
Gene Doenga Polimorfismo Resultados ) tmero (N) Estudo [Ref]
Pacientes  Controles
CXCR2
Esclerose Sistémica
(-)786 C/T sem associagdo 14 242  Kato et al. 2000 [120]
homozigoto CC (OR=1,7; P=0,04) 99 198 Leeetal. 2007 [113]
(+)785 C/T homozigoto CC (OR=2,33; P=0,01) 128 194 Renzoni et al. 2000 [112]
(+)1208 C/T homozigoto TT (OR=2,67; P=0,003) 128 194 Renzoni et al. 2000 [112]
(+)1440 G/A sem associagdo 128 194 Renzoni et al. 2000 [112]
Artrite Reumatoide
(-) 786 C/T sem associagao 146 242  Kato et al. 2000 [120]
Lupus Eritematoso Sistémico
(-) 786 C/T sem associagdo 80 242  Kato et al. 2000 [120]
Sindrome de Sjogren
(-) 786 C/T sem associagao 12 242 Kato et al. 2000 [120]

2.3.3 NFKB1

O polimorfismo do NFKB1 foi avaliado em varias doencas reumatoldgicas (tabela 3),
contudo, em pacientes com ES nenhum estudo avaliou associacdo com a insercdo/delecdo dos
aminodcidos ATTG na posicao -94 do gene NFKB1. Na AR ndo foi encontrada associagao

121-124 st
, o entanto um estudo demonstrou que o genodtipo

diretamente do gene com a doenca
homozigoto com a delecdo do ATTG (Del/Del) no gene NFKB1 tem alto risco para eventos
cardiovasculares em pacientes com AR comparado com pacientes que eram homozigotos para a
insercdo do genem. Outro estudo estratificou os pacientes de acordo com o gendtipo do NFKB1
e avaliou sua combinacdo com o polimorfismo FCRL3, observando uma susceptibilidade a

doenca nos pacientes que eram heterozigotos (ins/Del) para o gene NFKB1%3.

Segundo um estudo, pacientes com LES tem um risco menor de desenvolver a doenca
qguando incidir a presenca do heterozigoto (insercdo/delecdo) do gene NFKB1

(94ins/delATTG)™®. Entretanto outro estudo realizado n3o encontrou associacdo do gene NFKB1
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121 por outro lado, uma meta-analise analisou varios estudos em

em pacientes com LES
pacientes com doencas autoimunes de varias regides e sugeriu uma possivel associacdo do
polimorfismo do gene promotor NFKB1 -94ins/delATTG em certas doencas autoimunes e
inflamatdrias em pacientes asidticos, mas ndo encontrou associacdo com a populacdo

caucaséide’?’.

Tabela 3. Andlise do polimorfismo NFKB1 -94ins/delATTG (rs28362491) em doengas reumatoldgicas

Numero (N)

Gene  Doenga Resultados R Estudo [Ref]
Paciente: Controle
NFKB1 -94ins/delATTG (rs28362491)
Artrite Reumatoide
sem associagdo 272 264 Orozco et al. 2005 [121]
sem associagdo 458 657 Dieguez-Gonzalez et al. 2009 [122]
associagdo do gene heterozigoto (ins/del) com o gene FCRL3 (-169)GG (P=0,003) 592 646 Martinez et al. 2006 [123]

associagdo do gene homozigoto para a delecdo (del/del) com o risco para eventos

1437 * L -Meji t al. 2002 [124
cardiovasculares (OR=1,76; P=0,03) opez-Mejias €t a (124]

Lupus Eritematoso Sistémico
prote¢do com o gene heterozigoto (ins/del) (OR=0,52; P=0,012) 224 256 Gao et al. 2012 [125]

sem associa¢do 181 264 Orozco et al. 2005 [121]

Espondilite Anquilosante
sem associagdo 205 200 Kim et al. 2005 [126]

*0 estudo somente avaliou a interagdo entre os pacientes

2.3.4 INTERLEUCINA 10

Diferentes estudos associaram diversos polimorfismos da IL-10 em doencas
reumatologicas. Na Sindrome de Sjogren (SS), varios polimorfismos de nucleotideo Unico (SNPs)
do gene da IL-10 foram estudados com a doenca em diferentes partes do mundo, como mostra
a tabela 4. No entanto, nenhum destes polimorfismos foi associado individualmente com a

doenca. O que esta associado com a SS, distintamente em cada regido, sdao os hapldtipos dos
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polimorfismos -1082 G/A, -819 C/T, e -592 C/A (GCC, ACC, ATA). No Japdo, a presenca do

haplétipo ATA e a auséncia do hapldtipo ACC foi associada com uma alta susceptibilidade para

130

desenvolver a SS™". Na Alemanha o hapldtipo ACC foi associado com as manifestacdes clinica da

doenca, o hapldtipo estava mais presente em pacientes com anticorpos anti-alfa Fodrin 1gA'%.

Na Espanha o hapldtipo GCC foi considerado um fator de risco para os pacientes e o hapldtipo

129

ACC foi conceituado com um fator protetor para a doenca™"". Um estudo realizado na Finlandia

sugeriu que a presenca do hapldtipo GCC ou o gendtipo GCC/ATA na auséncia do hapldtipo ACC

131 por

estd associado com uma elevada susceptibilidade para o desenvolvimento da doenca
outro lado, um estudo realizado na Hungria ndo encontrou associacdao dos haplétipos com a

doenga, mas demonstrou que o homozigoto GG do polimorfismo (-1082) do gene IL-10 estd

. ;. .1
associado com niveis elevados de IL-10 em controles sadios*>>.

Tabela 4. Anilise do polimorfismo da interleucina 10 (IL-10) em Sindrome de Sjégren

Numero (N)

Gene Doenga Polimorfismo Resultados Estudo [Ref]
Pacientes Controles
IL-10
Sindrome de Sjogren
(-)1082G/A; (-)819C/T; (-)592C/A associacio do haplétipo ACC (OR=2,86; P=0,024) 111 145 Wileke et al. 2008 [128]
associagdo do gendtipo GCC/ACC (OR=3,35; P=0,001) 63 150  Font etal. 2002 [129]
protegdo com o haplétipo ACC (OR=0,49; P=0,047) 47 107  Origuchi et al. 2003 [130]
protef;acicom 0 harl)lfmpo ACC (OR=0,44; P=0,025) e 62 400 Hulkkonen et al, 2001 [131]
associagdo do haplétipo GCC (OR=1,90; P=0,046)
sem associagao 108 * Rischmueller et al. 2001 [132]
(11082 G/A associagdo do homozigoto GG com niveis séricos 99 135 Marke et al. 2005 (133]

elevados de IL-10 em controles (P=0,01)

*0 estudo somente avaliou a interagdo entre os pacientes

Uma meta-analise realizada em pacientes com ES relatou que o polimorfismo -819 (C/T)
da IL-10 esta associado com a susceptibilidade para o desenvolvimento da ES (tabela 5). Eles
observaram que o alelo C no lécus -819 da IL-10 pode ser um fator de risco e o alelo A do

polimorfismo 3575 pode contribuir para a doenca, especialmente em caucasoides™*. Contudo,
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outros estudos realizados individualmente nao obtiveram os mesmos resultados. No oeste da
Escdcia ndo houve diferenca estatistica na distribuicdo dos genétipos da IL-10 entre pacientes e
controles, mas, interessantemente, pacientes com a forma difusa da doenca apresentavam uma
baixa frequéncia do gendtipo GCC/GCC (que esta associado com uma alta producdo de IL-10),

sugerindo que a heranca dos gendtipos da IL-10 pode ser um dos eventos moleculares que

7 6

determinam o fendtipo clinico™®. Na Italia®®*’ e na Turquia™® o hapldtipo GCC estava mais

expresso em pacientes com ES do que em controles, no entanto outro estudo realizado na Italia

ndo encontrou tais associacdes com a doenca'®.

No Japdo, outros polimorfismos foram
avaliados: -3575 A/T, -2849 A/G, e -2763 A/C, sendo que a frequéncia do heterozigoto AC na
posicdo 2763 foi mais alta nos pacientes com ES do que nos controles. Ja em pacientes com a
forma difusa da esclerodermia tinham a frequéncia do homozigoto CC mais baixa quando

comparado com controles sadios. Em caucasoides a frequéncia do homozigoto AA nas posi¢des

-3575 e 2763 foi maior em pacientes com ES comparado com os controles®'.

Tahela 5. Andlise do polimorfismo da interleucina 10 (IL-10) em Esclerose Sistémica

Gene Doenga Polimorfismo Resultados Nimero () Estudo [Ref]
Pacientes ~ Controles
I1-10
Esclerose Sistémica
(-)1082G/A; (-)819C/T; (-)592C/A  associagdo do hapldtipo GCC com a forma difusa (OR=1,84; P=0,04) 161 94  Berettaetal. 2007 [135]
protecdo do gendtipo GCC/GCC com a forma difusa (OR=0,10; P=0,005) 51 94 Crilly et al. 2003 [105]
associagdo do gendtipo GCC/GCC (OR=5,07; P=0,002) 45 150 Atesetal. 2008 [136]
(-)590A/C sem associagdo 242 242 Berettaetal. 2008 [137]
(3575 A/ associagdo do hapldtipo AA com a forma limitada (OR=3,60; P=0,0002) 105 143 Hudson etal. 2005 [31]
sem associagdo 78 692 Matuzzetal. 2007 [104]
(-)2849A/G associacdo do haplotipo GG com a forma limitada (OR=0,53; P=0,03) 105 143 Hudson et al. 2005 [31]
(2763 A/C associagdo do hapldtipo AA com a forma limitada (OR=3,50; P=0,003) e a forma 105 143 Hudson et al. 2005 31]

difusa (OR=3,0; P=0,03)
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Alguns estudos em pacientes com artrite reumatoide ndo encontraram associagao de

140;142;144

polimorfismos da IL-10 com a doencga (tabela 6) . No entanto, determinados estudos

observaram um fator de protecdo deste gene para estes pacientes. Lee e colaboradores (2012)
ressaltaram que o alelo C do SNP -819 foi mais frequente nos controles do que nos pacientes

153

com AR, De Paz e colaboradores (2010) também encontraram um fator de prote¢do, mas no

homozigoto AA do SNP -1082 da IL-10™?, assim como Zhang e colaboradores (2011), que

152

observaram uma protecdao com o alelo G™* nesse mesmo SNP.

Por outro lado, todos os outros estudos observaram um fator de susceptibilidade para a
doencga. Ying e colaboradores (2011) relataram uma maior frequéncia do alelo A do SNP -592

156

nos pacientes com AR™". Doutro modo Pawlik e colaboradores (2005) referiram uma maior

frequéncia do gendtipo GCC/GCC em pacientes com AR

e Padyukov et al. 2004 somente
observou a susceptibilidade para mulheres com AR no SNP -1082 AA. Ates et al. (2008) e
Cantagrel et al. (1999) também mencionaram o SNP -1082 como um fator de susceptibilidade

para a doenca®®***°,

Um estudo realizou uma meta-andlise com diversos estudos, avaliando a populacao
analisada e os diferentes SNPs. Foi relatado que o polimorfismo -592 C/A da IL-10 confere
susceptibilidade para AR somente em pacientes asiaticos, e os polimorfismos -1082 G/A e -892
C/T estdo associados com AR independente da populag50153. Conforme observamos, numerosos
estudos tém determinado a associa¢do entre o polimorfismo -1082 A / G no gene IL-10 e o risco
de AR, mas os resultados ndo foram conclusivos. Isto é, em parte, porque um Unico estudo pode

ndo ser suficiente para detectar um possivel efeito deste polimorfismo em AR, especialmente
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quando o tamanho da amostra é relativamente pequeno. Assim, a fim de obter uma melhor
estimativa da associagao, foi realizada uma meta-anadlise de todos os estudos que analisaram o
polimorfismo -1082 A/G. Os resultados indicaram que os portadores do alelo G (GG + GA)

apresentaram 25% de redugao do risco de AR, quando comparado com o homozigoto AA®?,

Tabela 6. Andlise do polimorfismo da interleucina 10 (IL-10) em Artrite Reumatdide

Gene  Doenga Polimorfismo Resultados Nimero (N) Estudo [Ref]
Pacientes Controles
IL-10
Artrite Reumatoide

(-)1082G/A; (-)819C/T; (-)592C/A progressao radiografica grave associada com o hapldtipo GCC (OR=2,8; P=0,003) 151 * Ursum et al. 2010 [138]
associagdo do haplétipo GCC (OR=1,46; P=0,006) e ACC (OR=1,43; P=0,011) 98 122 Atesetal. 2008 [136]
associagdo do hapldtipo ACC em pacientes positivos para fator reumatéide IgA (OR=1,6; P=0,05) 234 238 Hajeeretal 1998 [139]
sem associagdo 102 102 Moreno et al. 2007 [140)
associagdo do genotipo GCC/GCC (OR=2,18; P<0,005) 95 104  Pawlik et al. 2005 [141]
sem associagdo 222 398  Gambhir et al. 2010 [142]

(-)1087G/A; (-)824C/T; (-)597C/A haplétipo ATA associado com baixa produgdo de IL-10 (P<0,05) 84 95 Hee et al. 2007 [147]
sem associagdo 117 295  Coakley et al. 1998 [144]
gendtipo ATA/ATA associado com baixa produgdo de IL-10 (P=0,012) 84 95  Sengetal. 2007 [145]

(-)2849G/A; (-)1082G/A; (-)819C/T associagdo negativa do haplétipo GAT com anticorpos anti-adalimumab (P=0,004) 192 * Bartelds et al. 2009 [146]

;;i:z;{/:';;:s;:G/A (2763C/; (-110826/A; (- associagdo do haplotipo TGAATA com anti-CPP negativo (OR=1,8; P=0.025) 144 * Nemec et al. 2009 [147]

(-)2849 G/A associagdo do alelo G em pacientes positivos para fator reumatdide IgG (P<0,001) 283 1220  Lard et al. 2003 [148]

(-)1087 G/A associagdo do gendtipo AA em mulheres (OR=2,07; P<0.01) 264 286  Padyukov et al. 2004 [149]

(-)1082 G/A sem associagdo (rs1800896) 376 463 Emonts et al. 2011 [114]
sem associagdo 108 128  Cantagrel et al. 1999 [150]
protegdo com o gendtipo AA (OR=0,56; P=0,006) 162 373 dePazetal 2010[151]
associagdo do genotipo GG em pacientes positivos para fator reumatéide IgA (OR=3,48; P=0,017) 144 ’ Nemec et al. 2009 69]
protegdo com o alelo G (OR=0,75; P=0,01) 1480 1413 Zhangetal. 2011 [152]

(-)892 ¢/T protegdo com o alelo C (OR=0,55; P=0,003) meta-analise Lee et al. 2012 [153]

(-)819 ¢/T sem associagdo (rs3021097) 376 463 Emonts et al. 2011 [114]

(-)627 C/A sem associagdo 198 100  Huanget al. 2005 [154]

(-)592 C/A associagdo do alelo A (OR=1,31; P=0,008) 164 196  Yingetal. 2011 [155]
associagdo do gendtipo CA (OR=46,34; P<0001) 244 106  Paradowska-Gorycka et al. 2009 [156]
associagdo do gendtipo CC com anti-CPP negativo (P=0,002) 964 * Marinou et al. 2007 [157]

*0 estudo somente avaliou a interagdo entre os pacientes

Analisando a associa¢do para o desenvolvimento do LES com o gene da IL-10, alguns

162;168;169;171

estudos ndo obtiveram éxito (tabela 7) , porém determinados pesquisadores

acreditam que o polimorfismo da IL-10 esteja associado com certas manifestacdes clinicas da

99;163;174;176;177

doenca, podendo apontar para um melhor progndstico da doenca . Em pacientes

asiaticos, foi relatada uma associacao do alelo G do polimorfismo -1082 da IL-10 em pacientes
com LES™*. Além disto, outro estudo observou uma associacdo com o homozigoto GG do

polimorfismo -1082 em pacientes com LES'’°.
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Muito embora determinados estudos tivessem observado uma frequéncia maior do
haplétipo ATA™ e do hapldtipo ACC*® nos pacientes com LES comparado com pacientes sadios,
outro estudo somente relatou uma susceptibilidade para a doenca na presenca do gendtipo
GCC/GCC™. Outros estudos citaram como marcadores para a doenca o polimorfismo -627 A/C

da IL-10'" e o polimorfismo 1L10 -592 A/C***77.

Tabela 7. Andlise do polimorfismo da interleucina 10 (IL-10) em Lupus Eritematoso Sistémico

Nuamero (N)

Gene Doenga Polimorfismo Resultados Estudo [Ref]
Pacientes Controles
IL-10
Lupus Eritematoso Sistémico

(-)1082G/A; (-)819C/T; (-)592C/A associagdo do gendtipo GCC/GCC (OR=2,2; P=0,03) 116 151  Rosado et al. 2008 [159]
associagdo do haplétipo ACC (OR=1,47; P=0,03) 390 318  Hirankarn et al. 2006 [160]
associagdo do gendtipo -592 CC (OR=2,75; P=0,04) 554 708  Rianthavorn et al. 2004 [161]
sem associagao 248 343 Suarez et al. 2005 [162]
haplétipo GCC associado com anti-Ssa (P<0,05) 76 199  Lazarus et al.1997 [163]
sem associagao 120 274 Crawley et al. 1999 [110]
associagdo do alelo -1082 G (OR=1,35; P=0,039) 2391 3483  Nath et al. 2005 [164]
associagao do hapldtipo ATA (OR=1,51; P=0,031) 2828 4008 Songetal. 2013 [165]
associagdo do gendtipo ATA/ATA (P<0,05) 172 215  Linetal. 2010 [166]

(-)1087G/A; (-)824C/T; (-)597C/A haplétipo ATA associado com acometimento renal (OR=3,62; P<0,001) 88 83 Mok et al. 1998 [99]

(-)1117G/A; (-)854C/T; (-)627C/A associagdo do gendtipo GCC/GCC (OR=2,24; P=0,0022) 103 300  Sobkowiak et al. 2009 [167]

(-)3575T/A; (-)2849G/A; (-)2763C/A sem associagdo 554 708  Chong et al. 2004 [168]
sem associagao 217 173 D'Alfonso et al. 2002 [169]
associagdo do alelo -3575A (P=0.02) e alelo -2763A (P=0.009) 60 64  Gibson et al 2013 [98]

(-)1082 G/A associagdo do hapldtipo GG (OR=3,33; P=0,028) 64 57  Khoa et al. 2005 [170]
sem associagao 180 163  Dijstelbloem et al. 2002 [171]
associagdo do alelo G (OR=3,36; P=0,001) 2396 3653  Zhouetal. 2013 [172]
associagdo do alelo G (OR=1,23; P<0,05) meta-analise Wang et al. 2013 [173]

(-)1087 G/A protegdo do alelo A contra eventos cardiovasculares (P<0,05) 26 26 Feietal. 2004 [174]

(-)627 C/A associagdo do alelo A (OR=1,21; P=0,003) 119 100  Linetal. 2007 [175]

(-)592 C/A associagdo do alelo C com glomerulonefrite (OR=3,21; P=0,001) 265 100  Zhuetal. 2005 [176]
associagdo do alelo C com SLICC/ACR Damage Index (OR=1,70; P=0,007) 350 330  Sungetal. 2006 [177]

Na Artrite Idiopdtica Juvenil Sistémica (AlJS) um estudo demonstrou uma forte
associacdo do promotor -1082G/A da IL-10 em pacientes com a doenca. Avaliando os haplétipos
dos polimorfismos -1082G/A, -819C/T, e -592C/A, o estudo reportou a associacdo de um
haplétipo raro, o GTC, mais frequente em pacientes do que em individuos sadios. O

heterozigoto GA do polimorfismo -1082 e o hapldtipo GCC foram fatores de protecdo para o

179

desenvolvimento da AlJS™"". Por outro lado, outro estudo somente observou associacdo com o

alelo A do polimorfismo -1082"7%,
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Por fim, um estudo investigou os polimorfismos -1082 G/A, -819 C/T e -592 C/A em
populacdo chinesa com espondilite anquilosante (EA), e foi sugestivo de que o haplétipo GCC
estava associado com um alto risco para desenvolver a doenca, comparado com o hapldtipo
ATA™®, Contudo, outro estudo n3o observou os mesmos resultados, acreditando n3o existir

associacao dos polimorfismos genéticos da IL-10 em pacientes com EA no norte da Europalgl.

Tabela 8. Anélise do polimorfismo da interleucina 10 (IL-10) em Artrite Idiopatica Juvenil Sistémica e Espondilite Anquilosante

Numero (N
Gene Doenca Polimorfismo Resultados N Estudo [Ref]
Pacientes Controles

IL-10
Avrtrite Idiopética Juvenil Sistémica
(-)1082G/A; (-)819C/T; (-)592C/A associaggo do alelo A (OR=1,33; P=0,031) 172 473 Fifeetal. 2006 [178]
associagdo do hapldtipo GTC (P<0,001) e prote¢do com o

haplétipo GCC (P<0,001) Moller et al. 2010 [179]

Espondilite Anquilosante
(-)2082G/A; (-)819C/T; (-)592C/A associagio do haplétipo GCC (OR=2,19; P=0,02) 110 120 Lvetal 2011[180]
(-)1087G/A; (-)824C/T; (-)597C/A sem associagdo 468 *  Goedecke et al. 2003 [181]

*0 estudo somente avaliou a interagdo entre os pacientes

Diante da revisdo apresentada e em funcdo do desconhecimento da imunopatogenia da
esclerose sistémica, o que se reflete na inexisténcia de terapias eficazes, faz-se necessario
estudar a influéncia do polimorfismo dos genes da interleucina 10 (IL-10), do fator de
transcricdo nuclear kappa das células B do tipo 1 (NFKB1) e do receptor de quimiocina 2 e seu
ligante (CXCR2 e CXCL8) nessa patologia. A identificacido de associacbes entre esses
polimorfismos e a esclerose sistémica poderia impactar ndo somente na melhor compreensao
da fisiopatogénese, mas também na identificacdo de grupos de risco para o desenvolvimento da

doenca e de subgrupos de pacientes com melhor ou pior progndsticos.
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3 OBIJETIVOS

3.1 Objetivo Primario

Investigar o polimorfismo dos genes da interleucina 10 (-1082, -819, -592), NFKB1 (-94
ins/delATTG), CXCR2 (+1208) e CXCL8 (-251) em um grupo de pacientes com esclerose sistémica

(ES) e comparar com um grupo controle de individuos sadios.

3.1 Objetivos Secunddrios

e Avaliar a frequéncia dos polimorfismos do gene IL-10 (-1082, -819, -592) através do método

PCR-SSP, em pacientes com ES e grupo controle;

e Avaliar a frequéncia do polimorfismo do gene CXCR2 (+1208) e CXCL8 (-251) através do

método PCR-SSP, em pacientes com ES e grupo controle;

e Avaliar a frequéncia do polimorfismo do gene NFKB1 (-94 ins/delATTG) através do método

PCR-RFLP, em pacientes com ES e grupo controle;
e Avaliar associacdo dos polimorfismos com caracteristicas clinicas e laboratoriais;

e Avaliar a frequéncia dos polimorfismos genéticos em pacientes com diferentes formas da ES,

como a forma difusa e limitada;
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ABSTRACT

A previous study suggested that CXCR2 (+1208) TT was related to increased risk for systemic sclerosis
(SSc). In the current study, we investigated the influence of genetic variation in CXCL8 and CXCR2 genes
in susceptibility to systemic sclerosis. We also combined the variant alleles of these genes to analyze
their effects in SSc. Methods: One hundred and fifty-one SSc patients and 147 healthy bone marrow
donors were enrolled in a case-control study. Blood was collected for DNA extraction; typing of CXCL8 (-
251) T/A and CXCR2 (+1208) T/C genes was made by polymerase chain reaction with sequence specific
primers (PCR-SSP), followed by electrophoresis on agarose gel. Results: The frequency of the CXCR2 TC
was significantly lower in patients (23.8% versus 55.1% in controls, P<0.001; OR = 0.26, 95%Cl: 0.15-
0.43) while the frequency of the CXCR2 CC was significantly higher in patients (44.4% versus 22.4 % in
controls, P < 0.001; OR = 2.76, 95%Cl: 1.62-4.72). When CXCR2 and CXCL8 combinations were analyzed,
the presence of CXCR2 T in the absence of CXCL8 A (CXCR2 T+/CXCL8 A-) was more frequent in patients
than in controls (34.5% versus 3.5%, respectively; P <0.001; OR = 14.50, 95%Cl: 5.04-41.40). However,
the presence CXCR2 TT and CXCL8 A was more frequent in controls (100%) than in patients (58.3%) (P <
0.001). In the same way the presence of CXCR2 TC and CXCL8 A was more frequent in controls (95.1%)
than in patients (75%) (P = 0.004). Furthermore, the CXCR2 CC genotype in CXCL8 A was more frequent
in patients (59.7% versus 0% in controls; P<0.001; adjusted OR=98.67; 95%Cl: 6.04-1610.8). In patients, a
high frequency was observed in combination with CXCL8 TA and AA genotype (P<0.001; OR=28.92) and,
in controls, a high frequency was report in combination with CXCL8 T (P<0.001; OR=0.03) and TT
(P<0.001; OR=0.01). Conclusions: Our results propose a protective role of CXCL8 (-251) A in CXCR2
(+1208) TT and TC genotype and suggest an increased risk of CXCL8 (-251) A in CXCR2 (+1208) CC

genotype in SSc patients.



56

1. INTRODUCTION

Systemic sclerosis (SSc) is a complex disease that occurs in genetically predisposed
individuals who have encountered specific environment exposures and/or other stochastic
factors [1]. To date, it is believed that SSc pathogenesis starts from an early inflammatory phase
to a progressive fibrosis of the skin and internal organ connective tissues [2], adding together
immune disorders suggestive of autoimmunity, which are characterized by the presence of high

serum levels of autoantibodies [3].

Emerging data suggest that chemokines may be essential contributors to tissue damage
in scleroderma [4]. Chemokine receptors belong to the superfamily of rhodopsin that are
coupled to G protein and that its structure is composed of seven transmembrane domains a-
helicoloidais. The term "CXC" comes from the chemokine protein structure, where two amino
terminal cysteine residues that participate in disulfide bond are separated by another amino

acid [5].

IL-8, a proinflammatory cytokine also known as CXCL8, is found among the CXC
subgroup. CXCL8 binds to the receptors CXCR1 and CXCR2. It has several functions, being the
primary initiation of chemotaxis, induce angiogenesis, stimulate cell proliferation, induce pain
and hypernociception, increase intracellular calcium concentration in neutrophils, monocytes, T
lymphocytes, basophils, eosinophils, keratinocytes, induce release of histamine and
leukotrienes, stimulate the production of prostaglandin E2 by smooth muscle cells and induce

leukocyte migration [6].
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Receptor CXCR2 are expressed on neutrophils, have 77% of the amino acid sequence in
common and bind to CXCL8 with high affinity [7]. CXCR2 gene is located on 2935 and there are
some polymorphisms that have been widely investigated in studies of diseases association.
Among them, the three most investigated are +785 polymorphism (C/T) located in exon 3 (but
does not alter the amino acid sequence of protein), and +1208 polymorphisms (T/C) and +1440
(G/A) which are located at the 3 'untranslated of the same exon. Polymorphisms in the region 3

‘'untranslated has the ability to alter the processing of mRNA stability and translation [8].

A previous study by Renzoni et al. suggested that the presence of CXCR2 (+1208) TT is
associated with SSc and a subgroup analysis discovered that this association is significant both in
patients with fibrosing alveolitis or without fibrosing. To confirm these data we designed a study

to investigate further the association of CXCR2 and CXCL8 genes with systemic sclerosis [9].

2. METHODS

2.1 Patients and controls.

One hundred and fifty-one patients with systemic sclerosis were prospectively
evaluated. All patients met the American College of Rheumatology (ACR) criteria for SSc [10] or
the criteria suggested by LeRoy and Medsger for diagnosis of early forms of SSc [11]. All patients
were Brazilian; most of them had European and/or African ancestry and lived in the
metropolitan area of Porto Alegre/RS. There were neither individuals of Asiatic origin nor
Amerindians among the patients. Patients with overlapping syndromes were excluded.

However, patients with definite diagnosis of SSc (according to the ACR criteria) who developed
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inflammatory myopathy or secondary Sjogren’s syndrome were not excluded from the analysis.

All patients signed written informed consent before entry in the study.

Controls were 147 voluntary healthy bone marrow donors recruited at the blood bank of
the Hospital de Clinicas de Porto Alegre. The donors were unrelated subjects of European
and/or African ancestry, most of them resident in the urban population of Porto Alegre/RS.
Individuals presenting chronic or acute diseases were excluded from the sample, as well as
those presenting family history of genetic diseases (X-linked, autosomal or chromosomal
abnormalities). Amerindians and subjects with Asiatic origin were not included. All controls

signed a written informed consent.

2.2 Clinical evaluation.

All patients were interviewed and examined according to an extensive questionnaire
directed to the evaluation of end-organ damage [12]. Disease subtype was classified as follows:
diffuse cutaneous SSc (truncal and acral skin tautness), limited cutaneous SSc (skin tautness
restricted to extremities and/or face), and limited SSc (sine scleroderma) [11, 13]. Clinical
characteristics of the disease were observed and recorded as previously described [12]. Blood
samples were collected for serology (antinuclear antibodies — ANA, anticentromere and
antitopoisomerase | antibodies) and DNA extraction. Pulmonary high-resolution computed
tomography (HRCT) was performed in most patients. Doppler echocardiography was used to
estimate the pulmonary systolic arterial pressure (PSAP), and patients with PSAP > 40 mmHg
were considered to have pulmonary arterial hypertension. The study was approved by the

Research Ethics Committee of the Hospital de Clinicas de Porto Alegre.
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2.3 Genomic DNA Extraction.

Genomic DNA was extracted from peripheral blood leukocytes using a modified salting

out technique, described by Miller SA et al. [14].

2.4 CXCL8 (-251) T/A and CXCR2 (+1208) C/T genotyping.

CXCL8 and CXCR2 genes were typed in patients and controls using a Polymerase Chain
Reaction with Sequence Specific Primers (PCR-SSP) method, as described by Sarvestani et al.
[15]. As an internal control, the B-globin specific primers were included in the PCR-SSP. For
CXCL8 genotyping, 10ul of PCR reaction mixture consisting of 250 ng of genomic DNA, 200
mmol/L dNTPs, 2.25mMMgCl2, 1x Taq DNA polymerase buffer, 2 units of Taqg DNA polymerase,
10 pmol of each test primer and 5 pmol of internal control primers were employed. Then, a
touch-down procedure followed that consisted of 25s at 95°C, annealing for 45s at
temperatures decreasing from 68°C (4 cycles) to 61°C (20 cycles), and an extension step at 72°C
for 40s. The annealing temperature for the remaining 5 cycles was 58°C for 40s. Determination
of CXCR2 gene polymorphism was carried out in the same PCR reaction mixture except that the
concentration of MgCl2 was 1.7 mM. In addition, the touchdown procedure was similar to
CXCL8 genotyping except that the annealing temperatures in the three consecutive steps were
70, 65, and 55°C, respectively. The reaction products of CXCL8 and CXCR2 gene amplification

were separated on 2.5% agarose gel and stained with ethidium bromide.
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2.5 Statistical Analysis.

Data were analyzed using EPI-INFO version 6.0 and SPSS version 11.0 softwares. Carrier
frequencies (CF) for the alleles and its combinations were calculated and given in percent
values. The CF were compared using Yates corrected chi-square or Fisher’s exact test. Student’s
t test and Mann-whitney test were used to perform between group comparisons in which the
dependent variables were parametric and non-parametric, respectively. Holm’s procedure for
adjustment of the P values for multiple comparisons was applied (with the aid of the WinPepi
Software). The crude and Mantel-Haenszel (M-H; for stratified analysis) odds ratios (OR), along
with 95% confidence intervals, were calculated for alleles or combinations whose CF
distributions were significantly different between patients and controls. The sample size was
calculated with a significance level of 0.05 and a 93.71% of power to detect differences using

the WinPepi software.

3. RESULTS

The genotype distribution and allele frequencies for the CXCL8 (-251) T/A and CXCR2
(+1208) C/T polymorphisms in systemic sclerosis patients and controls are presented in Table 1.
The allele frequencies of CXCL8 and CXCR2 genes were in Hardy-Weinberg equilibrium in both
patients and controls. No significant difference was found in the frequencies of CXCL8 (-251) T/A

and CXCR2 (+1208) C/T allele.

In our study, we observed a high frequency in systemic sclerosis for carriers of CXCR2

(+1208) CC genotype (44.4% vs 22.4% in controls; OR = 2.76; 95%Cl: 1.62-4.72; P < 0.001) and a
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low frequency for carriers of CXCR2 (+1208) TC genotype (55.1% vs 23.8% in SSc; OR = 0.26;
95%Cl: 0.15-0.43; P < 0.001). The CXCL8 (-251) TT, TA and AA genotype in patients did not differ
significantly when compared with control group. Though, we observed a high frequency in
controls when we analyzed CXCL8 (-251) T allele in CXCR2 (+1208) CC genotype (100% in
controls and 70.1% in SSc; adjusted OR = 0.03; 95%Cl: 0.0-0.57; P < 0.001), in Table 2. In the
same way, the combination of CXCL8 (-251) TT genotype and CXCR2 (+1208) CC genotype was
more frequent in healthy controls than in SSc patients (100% vs 40.3%, respectively; adjusted

OR=0.01; 95%Cl: 0.0-0.17; P < 0.001).

Furthermore, when we investigate CXCL8 (-251) A allele in CXCR2 (+1208) CC genotype,
we found a high frequency in patients compared with controls (59.7% vs 0%, respectively;
adjusted OR=98.67; 95%Cl: 6.04-1610.8; P < 0.001). The same was observed in the combination
of the CXCL8 (-251) TA and AA with CXCR2 (+1208) CC genotype (29.9% in SSc vs 0% in controls;

adjusted OR=28.92; 95%Cl: 1.76-474.8; P < 0.001).

Association of the CXCR2 (+1208) TT genotype with the A allele of the CXCL8 (-251) gene
was less frequent in patients than in controls (58,3% vs 100%, respectively; adjusted OR = 0.04;
95%Cl: 0.0-0.32; P < 0.001). Similarly, the combination of the CXCL8 (-251) TA genotype and
CXCR2 (+1208) TT genotype has a smaller amount in patients than in controls (27.1% vs 54.5%,
respectively; OR=0.31; 95%Cl: 0.11-0.87; P=0.02). However, the combination of the CXCL8 (-251)
TT genotype and CXCR2 (+1208) TT genotype was more frequent in SSc patients than in controls
(41.7% vs 0%, respectively; adjusted OR=48.19; 95%Cl: 2.91-798.7; P<0.001). Over the most, the

presence of CXCR2 +1208 T in the absence of CXCL8 -251 A (CXCR2 T+/CXCL8 A-) was more
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frequent in patients than in controls (34.5% versus 3.5%, respectively; P <0.001; OR = 14.50,
95%Cl 5.04-41.40). No significant differences was found in the combination of CXCL8 (-251) AA

genotype and CXCL8 (-251) T allele with CXCR2 (+1208) TT genotype.

By analyzing CXCL8 (-251) A allele in CXCR2 (+1208) TC genotype we found a high
frequency in controls when evaluate patients and controls (75.0% and 95.1%, respectively; OR
=0.16; 95%Cl: 0.03-0.63; P = 0.004). Besides, the combination of CXCL8 (-251) TT genotype and
CXCR2 (+1208) TC genotype was more frequent in SSc patients than in controls (25% vs 4.9%,
respectively; OR=6.42; 95%Cl: 1.6-30.3; P=0.003). No association was observed in CXCL8 (-251) T

/ TT / AA genotype in the combination of CXCR2 (+1208) TC genotype.

When clinical and laboratory data of the SSc patients were compared, no significant
differences in the CXCL8 (-251) and CXCR2 (+1208) gene frequencies were found with regard to
the severity of skin disease, disease subtype, pulmonary interstitial and vascular involvement

and autoantibody profile.

4. DISCUSSION

The approximately 50 human chemokines are grouped into 4 families on the basis of
conserved cysteine residues near their amino terminus, and are designated CC, CXC, C, and
CX3C subfamilies. The CXC chemokine ligands are further subdivided on the basis of the
presence or absence of another 3 amino acid sequence, glutamic acid-leucinearginine (the
“ELR” motif), immediately proximal to the CXC sequence. [16]. The ELR-positive CXC

chemokines, which include interleukin (IL)-8/CXCL8, are potent neutrophil chemoattractants.
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The chemokine-receptor binding initiates a complex signaling cascade that generates
chemotactic responses, degranulation, release of ROS and alteration in the affinity of integrins
present on cell surface. [17]. CXCR1 and CXCR2 are both expressed by endothelial cells, but only
the expression of CXCR2 is required for endothelial cell chemotaxis [18]. When the function of

CXCR2 is blocked, the response of endothelial cells to CXCLS is abrogated [19].

The importance of CXCL8 receptors for the migration of neutrophils was demonstrated
in a study with knockout mice of the homologous receptors CXCR1 and CXCR2, in other words
that do not express such proteins. In these animals, neutrophils failed to cross the epithelium
and accumulate in the subepithelial tissue [20]. In addition, an overexpression of CXCR2 was
considered an important factor in inflammatory diseases like rheumatoid arthritis,

atherosclerosis and psoriasis [21].

Polymorphism +1208 (T / C) of the CXCR2 gene was investigated as a factor in
susceptibility to the development of multiple sclerosis in Iranian individuals, but found no
significant association [22]. When evaluated for Behcet's disease, the polymorphisms +785 (C /
T) and +1208 (T / C) also showed no positive association [23, 24]. A similar result was obtained
by Breunis et al. [25], where there was no relationship between polymorphisms +1208 (T / C)
and +1440 (G / A) with Kawasaki disease. It should be noted that children who suffer from this

disease have very high levels of proinflammatory cytokines and chemokines such as CXCL8 [26].

However, for diseases such as fibrosing alveolitis associated with systemic sclerosis,
CXCR2 gene polymorphisms appear to be important, because there was a significant increase in

the frequency of individuals with genotypes +785 CC and +1208 TT in a group with this disease
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[9]. When the polymorphism +785 (C / T) was evaluated in respiratory diseases, the presence of
the T allele was considered as a possible protective factor against pulmonary inflammation [27].
A similar protective effect was observed in relation to polymorphisms +1208 (T / C) and +1440
(G / A), and the presence of diplotype 1208T/1440G represented a decreased risk of

development of Classic Kaposi's sarcoma (OR = 0.49, 95% CI: 0.30 - 0.78) [28].

Several polymorphisms in a given individual may contribute to the individual risk of
developing the disease. In our study, the presence of CXCR2 T allele in the absence of CXCL8 A
allele (CXCR2 T+/CXCL8 A-) was more frequent in patients than in controls (OR = 14.50),
suggesting an increased risk for the disease. By the way, otherwise is truth. The CXCL8 (-251) A
allele and TA genotype in combination with CXCR2 (+1208) TT genotype has a higher frequency
in healthy controls (OR=0.04 and OR=0.31, respectively), suggesting a protective effect.
Conversely, CXCL8 (-251) TT genotype in association with CXCR2 (+1208) TT genotype has an

elevated frequency in SSc patients and suggest a higher risk for disease (OR=48.19).

The CXCR2 (+1208) T/C has the potential of altering mRNA processing, stability or
translation and is located in the 3’ untranslated region of exon 3 [8]. A previous study by
Renzoni et al. [9] report an association of the presence of CXCR2 +1208 T allele with SSc
(OR=1.63). They also found that the association with SSc was greater when this allele is
homozygous (OR=2.67). These findings were not confirmed in our study. We found a
significantly risk for systemic sclerosis for carriers of CXCR2 (+1208) CC genotype (OR=2.76) and
a protective effect for carriers of CXCR2 (+1208) TC genotype (OR=0.26). In addition, we

observed a significantly higher risk in CXCR2 (+1208) CC genotype with CXCL8 (-251) A allele
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(OR=98.67) and the same was observed in the combination with CXCL8 (-251) TA genotype
(OR=28.92) and CXCLS8 (-251) AA genotype (OR=28.92). In opposition, CXCL8 (-251) T allele and
TT genotype in combination with CXCR2 (+1208) CC was more frequent in healthy controls,
suggesting a protective effect (OR=0.03 and OR=0.01, respectively). Moreover, association of
the CXCR2 (+1208) TC genotype with CXCL8 (-251) A allele was more frequent in healthy
controls (OR=0.16) and the association with CXCL8 (-251) TT genotype was more frequent in SSc
patients (OR=6.42). Besides, it is necessary to increase the understanding of how these genetic

polymorphisms relate to the development of SSc.

Renzoni et al. [9] strongly suggests a role for CXCR2 polymorphisms in the pathogenesis
of this disease. This study described the association of CXCR2 and SSc in the United Kingdom
population, indicating that the homozygous TT is a risk factor for the disease. Our study did not
find this result. We found that the homozygous CC may be a risk factor. It is known that the
Brazilian population has a high diversity, pointing out differences and similarities between the
people of various regions and other Nations. Intermarriage between the Portuguese and
indigenous people or slaves was common in the first centuries of colonization. While historically
the major European ethnic group in Brazil was Portuguese, the subsequent waves of
immigration have also contributed to the establishment of a multi-ethnical population (Parra et
al., 2003). It would be a plausible explanation for the difference. Anyway, we evaluated the
interaction between CXCL8 and its receptor, CXCR2. The study by Renzoni et al. [9] not has done

these tests in order to compare them.
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To date, no study described the association of the CXCL8 (-251) promoter gene in
patients with SSc and only Renzoni et al. [9] investigate the relationship of the CXCR2 (+1208)
with SSc patients. In conclusion, we suggest that CXCR2 (+1208) in association with CXCL8 (-251)
may play a role in the pathogenesis of this disease. The presence of A allele (CXCL8) with T allele
(CXCR2) may contribute to protect from SSc and his absence increases the risk of the disease.
Within the C allele of the CXCR2 the same happens in reverse, the presence of the A allele of the
CXCL8 increases the risk of the disease and his absence protect from SSc. Additional studies
enrolling other ethnically diverse populations must be performed to ascertain whether this gene
could be a marker for SSc. Also, other studies investigating the functionality of the CXCR2 and
CXCL8 polymorphisms will be necessary to better understand the results of the association-

disease studies.
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Tables

Table 1. Alleles and Genotype Distribution of the CXCR2 and CXCL8 Single-Nucleotide
Polymorphisms in the Systemic sclerosis (151) and healthy controls (147).

Healthy Control Systemic Sclerosis P_value*
n % n %

CXCR2 (+1208)
T 147 50.0 132 43.7 NS
C 147 50.0 170 56.3 NS
T 33224 48 31.8
TC 81 55.1 36 23.8 <0.001
CcC 33 224 67 44.4

CXCL8 (-251)
T 146 49.7 167 55.3 NS
A 148 50.3 135 44.7 NS
T 37 25.2 56 37.1
TA 72 49.0 55 36.4 NS
AA 38 25.9 40 26.5

*P-values of alleles were calculated by Fischer’s exact test and genotypes by chi-squared test.



Table 2. Correlation between CXCR2 and CXCL8 in healthy controls (147) and Systemic

Sclerosis (151).

Healthy Control

Systemic Sclerosis

P-value
n % n %

CXCR2 1T
CXCL8 T+ 18 54.5 33 68.8 NS
CXCL8 A + 33 100.0 28 58.3 <0.001
CXCL8 TT 0 0.0 20 41.7
CXCL8 TA 18 54.5 13 27.1 <0.001
CXCLS8 AA 15 45.5 15 31.3

CXCR2 TC
CXCL8 T + 58 71.6 31 86.1 NS
CXCL8 A + 77 95.1 27 75.0 0.004
CXCL8 TT 449 9 25.0
CXCL8 TA 54 66.7 22 61.1 0.003
CXCL8 AA 23 28.4 513.9

CXCR2 CC
CXCL8 T + 33 100.0 47 70.1 <0.001
CXCL8 A + 0 0.0 40 59.7 <0.001
CXCL8 TT 33 100.0 27 40.3
CXCL8 TA 0 0.0 20 29.9 <0.001
CXCL8 AA 0 0.0 20 29.9

*Chi-Square Test or Fischer's Exact Test
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ABSTRACT

Systemic sclerosis (SSc) is a connective tissue disease characterized by fibrotic, immunological,
and vascular abnormalities. Nuclear factor-kB (NFKB), as a key transcription factor involved in
the regulation of immune responses, appears to be a good candidate for studies on the
pathogenesis of autoimmune diseases, as well as the Interleukin-10 (IL-10) polymorphism,
which other studies have suggested an association with SSc. Our objective was to study the
association of NFKB and IL-10 gene polimorphisms with SSc. One hundred and fifty-one SSc
patients and 147 healthy bone marrow donors were enrolled in a case—control study. Blood was
collected for DNA extraction; typing of IL-10 genes was made by polymerase chain reaction with
sequence specific primers (PCR—SSP) and NFKB gene typing was made by restriction fragment
length polymorphism (RFLP). Patients underwent clinical evaluation, serology, Doppler
echocardiography and chest high-resolution computed tomography. The frequency of IL-10 (-
1082) GG genotype was found to be significantly higher in SSc patients (36.4%) as compared to
healthy controls (22.4%) (P=0.012). The frequency of heterozygous genotype GA was
significantly lower (P=0.004) in patients (38.4%) in comparison to control subjects (55.8%). A
predominance of the high-producing IL-10 phenotype (GCC+/GCC+) was observed in SSc
patients compared with healthy controls (37,7% vs 24,5%, respectively; OR: 1.87, 95% Cl: 1.10-
3.19, P=0.019). No significant difference was found in the allelic and genotype distribution of
the NFKB promoter polymorphism between patients and controls. No statistically significant
associations were found between IL-10 or NFKB polymorphisms clinical and laboratory features
of SSc. Our results confirmed the association of the high-producing phenotype (GCC+/GCC+)

with increased risk for SSc, but found no correlation with NFKB polymorphisms.
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INTRODUCTION

Systemic sclerosis (SSc) is a chronic, multisystem connective tissue disorder affecting the
skin and internal organs, and characterized by widespread microangiopathy, fibrosis, and
autoimmunity. The complex pathophysiology of SSc involves genetic and environmental factors
[1]. Extra cellular matrix (ECM) production by fibroblasts in SSc is modulated by cytokines [2].
Interleukin 10 (IL-10) is an anti-inflammatory cytokine secreted by monocytes and lymphocytes.
As well as having anti-inflammatory properties, in vitro it inhibits collagen production and

secretion from both normal and SSc fibroblasts [3].

IL-10 gene is located on chromosome 1 at 1g31-gq32 and several single nucleotide
polymorphisms (SNPs) have been described in the promoter region [4]. The most widely
characterized are the three polymorphisms located in the distal 1.3—4 kb (T/A -3575, G/A -2849
and C/A -2763) and the three polymorphisms located in the proximal 1.3 kb (G/A-1082, C/T-819,

C/A -592) [5].

Polymorphisms in the putative promoter region of the human IL-10 gene were identified
and correlated to high or low IL-10 production of peripheral blood cells (PBCs) upon in vitro
stimulation with lipopolysacharide (LPS) [6]. Likewise, studies have been presented providing
evidence for associations between these IL-10 promoter variants and infectious or autoimmune
diseases. A previous study suggested that IL-10 (-1082) G/A alleles or haplotypes containing
these alleles may play role in SSc susceptibility [7]. On the other hand, another study showed

that diffuse SSc patients were less likely to carry the genotype indicative of high IL-10
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production when compared with controls [8]. Moreover, the GCC haplotype is overrepresented

in patients with SSc [9].

In addition to the cells and interleukins, other factors seem to be associated with SSc.
Nuclear factor-kB (NF-kB), as a key transcription factor involved in the regulation of immune
responses and apoptosis, appears to be a good candidate for studies on the pathogenesis of
autoimmunity [10]. Several polymorphisms have been recently identified such as a
polymorphism in the promoter region of nuclear factor-kB1 (NFKB1) gene, which is a 4 base pair
(bp) insertion/deletion (-94ins/delATTG) [11]. NFKB1 gene mapped on 4g23-q24, is composed of
24 exons and introns which encode pl105 and p50 proteins (p1l05 is a non-DNA-binding
cytoplasmic molecule and p50 is a DNA-binding protein corresponding to the N-terminus of

p105) [12].

So far no study has examined the association of the NFKB1 gene polymorphism with SSc.
In Rheumatoid Arthritis, both in vitro and in vivo studies indicate an important role of NF-kB
signaling in the development and progress of the disease [13]. However, case-control studies
performed in different populations failed to replicate the association of the NFKB1
polymorphism with rheumatoid arthritis (AR), systemic lupus erythematosus (SLE) and

ankylosing spondylitis (AS) [14,15].

The aim of our study was to investigate whether the polymorphism in the promoter
region of the NFKB1 gene (-94ins/delATTG) and interleukin-10 gene (-1082 G/A, -819 T/C and -
592 A/C) were associated with the risk for systemic sclerosis in southern Brazilian patients, and

whether these polymorphisms are associated with clinical manifestations.
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METHODS

Patients and controls. One hundred and fifty-one patients with systemic sclerosis were
prospectively evaluated. All patients met the American College of Rheumatology (ACR) criteria
for SSc [16] or the criteria suggested by LeRoy and Medsger for diagnosis of early forms of SSc
[17]. All patients were Brazilian; most of them had European and/or African ancestry and lived
in the metropolitan area of Porto Alegre/RS. There were neither individuals of Asiatic origin nor
Amerindians among the patients. Patients with overlapping syndromes were excluded.
However, patients with definite diagnosis of SSc (according to the ACR criteria) who developed
inflammatory myopathy or secondary Sjogren’s syndrome were not excluded from the analysis.

All patients signed written informed consent before entry in the study.

Controls were 147 voluntary healthy bone marrow donors recruited at the blood bank of
the Hospital de Clinicas de Porto Alegre. The donors were unrelated subjects of European
and/or African ancestry, most of them resident in the urban area of Porto Alegre/RS. Individuals
presenting chronic or acute diseases were excluded from the sample, as well as those
presenting family history of genetic diseases (X-linked, autosomal or chromosomal
abnormalities). Amerindians and subjects of Asiatic origin were not included. All controls signed

a written informed consent.

Clinical evaluation. All patients were interviewed and examined according to an
extensive questionnaire directed to the evaluation of end-organ damage [18]. Disease subtype
was classified as follows: diffuse cutaneous SSc (truncal and acral skin tautness), limited

cutaneous SSc (skin tautness restricted to extremities and/or face), and limited SSc (sine
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scleroderma) [17, 19.]. Clinical characteristics of the disease were observed and recorded as
previously described [18]. Blood samples were collected for serology (antinuclear antibodies —
ANA, anticentromere and antitopoisomerase | antibodies) and DNA extraction. Pulmonary high-
resolution computed tomography (HRCT) was performed in most patients. Doppler
echocardiography was used to estimate the pulmonary systolic arterial pressure (PSAP), and
patients with PSAP > 40 mmHg were considered to have pulmonary arterial hypertension. The
study was approved by the Research Ethics Committee of the Hospital de Clinicas de Porto

Alegre.

Genomic DNA Extraction. Genomic DNA was extracted from peripheral blood leukocytes
using a modified salting out technique, described by Miller SA et al. [20]. Briefly, 10 ml of blood
was mixed with triton lysis buffer (0.32 M sucrose, 1% Triton X-100, 5 mM MgCl2, H20, 10 mM
Tris-HCI, pH 7.5). Leukocytes were spun down and washed with H20. The pellet was incubated
with proteinase K at 56°C and subsequently salted out at 4°C using a substrate NaCl solution.
Precipated proteins were removed by centrifugation. The DNA in supernatant fluid was

precipated with ethanol. The DNA pellet was dissolved in 400 pul H20.

IL-10 gene polymorphisms. Interleukin-10 (-592C/A), (-819C/T) and (—1082A/G)
promoter genes were typed in patients and controls using a Polymerase Chain Reaction with
Sequence Specific Primers (PCR-SSP) method, as described by Atan et al. [21]. As an internal
control, the B-globin specific primers were included in the PCR-SSP (5'-
TGCCAAGTGGAGCACCCAA-3" and 5'-GCATCTTGCTCTGTGCAGAT-3’). PCR reaction mixtures (25

ul) contained 1 pl PCR buffer, 200 mM each dNTP, 1 mM of each primer (forward and reverse
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control and allele-specific), 2.0 mM MgCl2, 50ng of genomic DNA, 0.5 U polymerase (AmpliTaq
Gold DNA polymerase; Applied Biosystems) and 0.2 mM of each internal control primers. For
Interleukin-10 (—-592C/A), the following PCR protocol was used: 5 min initial denaturation at
94°C, 30 cycles of 94°C, 68°C and 72°C for 1min each, followed by a final extension stage of 72°C
for 5 min. For Interleukin-10 (-819C/T) was used 65°C and for Interleukin-10 (—1082A/G) was
used 63°C. PCR products were stained with ethidium bromide and visualized on 2% agarose gels

electrophoresed for 20 min at 200 V.

Genotyping of NFKB1 polymorphism. A genomic DNA sequence of 289 bp upstream of
the NFKB1 gene was amplified using polymerase chain reaction with restriction fragment length
polymorphism (PCR-RFLP), as described by Lewander et al. [22]. PCR reaction mixtures (20 pl)
contained 50 ng of genomic DNA, 1x PCR buffer, 2.5 mM MgCI2, 0.25 mM dNTP, 0.5 mM of each
primer and 0.5 U Tag-polymerase (SDS Bioscience). The sequence of the forward primer was 5’-
TTTAATCTGTGAAGAGATGTGAATG-3’ and the reverse primer was 5’-CTCTGGCTTCCTAGCAGGG-
3’. The PCR condition was 95°C for 5 min (initial denaturation), 95°C for 30s (denaturation), 58°C
for 30s (annealing), 72°C for 30s (extension). The total number of cycles was 35 followed by a
final extension of 72°C for 5 min. The PCR product was stored at 8°C until restriction enzyme
cleavage. We used PfIM | and a cleavage protocol following the manufacturer’s instructions. For
homozygote insertion or wild-type (WW), there were two restriction sites generating three
fragments of the PCR product, 206 bp, 48 bp, and 35 bp. For homozygote deletion (DD), there
was one restriction generating two fragments, 254 bp and 35 bp. For heterozygote deletion
(WD), there were four fragments, 254 bp, 206 bp, 48 bp, and 35 bp. The deletion allele (254 bp)

was easily distinguishable from the wildtype allele (206 bp) after separation in a 3% agarose gel.
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Statistical Analysis. Data were analyzed using EPI-INFO version 6.0. Carrier frequencies
(CF) for the alleles and its combinations were calculated and given in percent values. The CF
were compared using Yates corrected chi-square or Fisher’s exact test. Student’s t test and
Mann-whitney test were used to perform between group comparisons in which the dependent
variables were parametric and non-parametric, respectively. The crude odds ratios (OR), along
with 95% confidence intervals (95%Cl), were calculated for alleles or combinations whose CF
distributions were significantly different between patients and controls. The sample size was
calculated, using the WinPepi software, for a significance level of 0.05 and a statistical power of

90.52%.

RESULTS

Interleukin-10 (-1082/-819/-592) allele and genotype polymorphisms. The frequencies
of the alleles and genotype of IL-10 promoter (-1082/-819/-592) in patients and controls are
summarized in Table 1. Allele and genotype distributions had no deviation from Hardy-—
Weinberg equilibrium both in SSc patients and control subjects. The frequency of (-1082) GG
genotype was found to be significantly higher (OR=1.86, 95%Cl: 1.12-3.11, P=0.012) in SSc
patients as compared to healthy controls. The frequency of heterozygous genotype GA was
significantly lower (OR=0.049, 95%Cl: 0.31-0.78, P=0.004) in patients. No significant difference
in the frequency of homozygous AA genotype was observed between SSc patients and healthy

controls.

The genotype CT of IL-10 (-819) SNP was the most frequently observed genotype in both

patients and controls (64.2% and 51.7%, respectively). Chi-square analysis was performed to
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compare IL-10 (-819) SNP genotype distribution in patient and control groups, and it was found
that genotype distribution was significantly different in the two groups (P=0.005), but only CC
genotype was found to be associated with a protection factor (OR: 0.39, 95CI%: 0.21-0.69,

P=0.002).

Analyzing the genotype IL-10 (-592), we found a slight difference between SSc patients
and healthy controls (P=0.022). A significantly higher risk for systemic sclerosis was observed for
carriers of IL-10 (-592) CC genotype (OR: 1.96; 95%Cl: 1.21-3.19, P=0.009). No difference was

found in genotype CA and AA when compared SSc patients with healthy controls.

Interleukin-10 haplotype and phenotype distribution in SSc patients. The distribution of
the proximal IL-10 haplotypes and phenotypes, as defined on the basis of previously published
data (22), is reported in Table 2. A relative predominance of the high-producing phenotype
(corresponding to the GCC/GCC genotype) was observed in SSc patients compared with healthy
controls (36.4% vs 22.4%; OR: 1.87; ClI95%: 1.10-3.19, P=0.019). No significant difference was
found when analyzing medium-producing phenotype (corresponding to the GCC/ACC and
GCC/ATA) and low-producing phenotype (corresponding to the ACC/ ACC, ACC/ATA or ATA/ATA
genotypes). Likewise, when we analyzed the haplotypes of the interleukin-10, we found no

association with SSc and healthy controls.

NFKB1 (-94ins/delATTG) Promoter Polymorphism. The allele and genotype frequencies
of the NFKB1 (-94ins/delATTG) promoter polymorphism in SSc patients as well as in the controls
are shown in Table 1. The allele frequencies of NFKB1 gene were in Hardy-Weinberg equilibrium

in both patients and controls. No significant difference was found in the allelic distribution of
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the -94ins/delATTG NFKB1 promoter polymorphism when patients and controls were
compared. Likewise, no difference between SSc patients and healthy controls was found in the

distributions of the genotypes.

Interaction of NFKB1 (-94ins/delATTG) Promoter Polymorphism with Interleukin-10
Genotypes and Association with SSc. The relation of NFKB1 promoter polymorphism with IL-10
genotypes in patients with SSc and controls are shown in Table 3. Among patients homozygotic
for the wild type of the NFKB1 polymorphism, the CC genotype of the IL-10 (-819) presented a
lower frequency in patients than in controls (OR=0.19, 95CI%: 0.05-0.64, P=0.005). Among
heterozygotic patients for the -94ins/delATTG NFKB1 promoter polymorphism, we found a
higher frequency of the genotype CC of the IL-10 (-592) in patients than in healthy controls

(OR=3.31, 95%Cl: 1.31-8.75, P=0.01).

Distribution of IL-10 polymorphisms and NFKB1 promoter gene in relation to laboratory
characteristics in $Sc patients. When clinical and laboratory data of the SSc patients were
compared across the different genotypic profiles of the promoter region of the NFKB1 gene and
the Interleukin-10 genes, no significant differences were found with regard to the severity of
skin disease, disease subtype, pulmonary interstitial and vascular involvement and autoantibody

profile.

DISCUSSION

In our study, we investigated three polymorphisms of IL-10 and the distribution of the

proximal IL-10 haplotypes and phenotypes in systemic sclerosis and observed a relative
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predominance of the high-producing phenotype (GCC/GCC genotype) in these patients. We also
report for the first time an analysis of NF-kB polymorphism in SSc, but no association was found.
The main limitations of this study are the small sample size, which could explain the inability to

observe an association with NFKB.

Three single base pair substitutions in the region of the IL-10 gene (G/A -1082, C/T -819
and C/A -592) influence the amount of IL-10 secreted in cell cultures. The GCC/GCC genotype is
more common in those who produce higher IL-10 levels in whole blood cultures while the
ATA/ATA genotype predominates in the lower IL-10 producers [23]. The -1082 SNP was found to
be the major contributor to IL-10 production [5], and the GG homozygosis at position -1082 is
indeed associated with an increased secretion of this cytokine in vitro [24]. A recent meta-
analysis was conducted to determine whether IL-10 gene polymorphisms are associated with
SSc. The study analyzed three gene polymorphisms, including IL-10 -1082G/A, IL-10 -819C/T and
IL-10 -3575T/A in a total of eight studies involving 1,034 SSc cases and 1,815 controls obtained
by electronic database. They found that IL-10 819C allele might contribute to SSc susceptibility
and there was no evidence of statistically significant association between IL-10 1082G/A

polymorphism and SSc. [25]

In an Italian cohort of scleroderma patients, proximal IL-10 haplotypes are differently
distributed between controls and SSc patients. The researchers observed that the GCC
haplotype (high-producing) increases the likelihood of presenting the diffuse SSc subset of the
disease, while the low-producing haplotype is protective [9]. In our study, high-producing

phenotype (GCC+/GCC+) were more frequent in SSc patients when compared with healthy
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controls (P=0.019), suggesting an increased risk for the disease. Our results also shown a
significantly higher frequency of (-1082) GG genotype in SSc patients compared with healthy
controls (OR=1,86), while IL-10 (-1082) GA genotype was protective factor for SSc (OR=0.49).
Ates et al. found a higher frequency of (-1082) G allele in SSc patients than in control. In the
same way, the frequency of the GCC haplotype was higher in patients when compared to
healthy controls, suggesting that IL-10 1082 G/A alleles or haplotypes containing these alleles

may play role in SSc susceptibility [7].

In SLE, a study suggests that the IL-10 locus contributes to the genetic background
important for the development of the disease [26]. Although it is suggested that IL-10
production is under strong genetic influences, the association of IL-10 allele and/or haplotype
with level of IL-10 is still a controversy in some studies. In the same way, other genes are being
studied to better understand the disease mechanism. A study of the NFKB1 polymorphism with
SLE patients in the Chinese population has shown that heterozygote deletion of ATTG (WD
genotype) was associated with a significantly decreased risk of disease (P=0.012) [27]. However,
another study in a Spanish population failed to replicate the association of the NFKB1

polymorphism with SLE [14].

NF-kB is an important transcription factor that plays an essential role in the regulation of
the immune response and autoimmune diseases. It is required for lymphocyte activation,
proliferation, and expression of various cytokines. A previous study report that increased CD8 T

cell apoptosis in systemic sclerosis is associated with low levels of NF-kB [28]. It is possible that
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the NF-kB reduction in SSc CD8C T cells occurs because NF-kB is usually activated by stimuli such

as cytokines, oxidants, viruses, lipopolysaccharide, and ultraviolet radiation.

Many dimeric forms of NF-kB have been detected, but the major form is a heterodimer
of the p50 and p52 subunits, encoded by the genes NFKB1 and NFKB2, respectively [26]. The
physiological function of NFKB1 in immunity was initially investigated by generation and analysis
of nfkb1-/- mice. These mice display no histopathological changes, but have multifocal defects
in immune system function [29]. The promoter region of NFKB1 gene has a deletion of 4 base
pair (ATTG) located between two putative key promoter regulatory elements, AP-1 and kB [11].
This polymorphism has been shown to decrease NFKB1 transcriptional activity probably by

interfering with binding sites for some crucial transcription factors [30].

In rheumatoid arthritis (RA) patients [14], as well as in ankylosing spondylitis (AS)
patients [15], no association was found with the NFKB1 polymorphism, but a genetic interaction
was found between NFkB1 and FCRL3 in Spanish patients with RA [31]. A meta-analysis suggests
an association between NFKB1 to certain autoimmune and inflammatory diseases in the Asian
population, but not in the Caucasian population [32]. Likewise, our study found no association
of NFKB1 polymorphism with SSc. These observations may be explained by the fact that the

populations are genetically different.

Recently a study suggested that the cytokine synthesis inhibitory activity of IL-10 may be
mediated by the inhibition of NF-kB activation in activated human monocytes [33]. As the
functional interaction between NF-kB and IL-10 has been demonstrated, we decided to

investigate whether any genotype combination showed an altered pattern when SSc patients
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were compared with controls. We found a statistically significant association between IL-10 (-
819) CC and systemic sclerosis among NFKB1 WW individuals, suggesting a protective effect in
individuals heterozygous for the ATTG insertion with the homozygous CC allele of IL-10
(OR=0.19). Furthermore, we reported an association between IL-10 (-592) CC and increased risk

for SSC in NFKB1 WD individuals.

Several lines of evidence indicate that SSc presents deregulated production of cytokines
implicated in vascular damage and fibrosis, but their relationship with clinical findings is still
unclear. IL-10 is a plausible candidate gene to study in the pathogenesis of SSc, not only because
of its anti-inflammatory properties, but also because it protects against fibrosis [34]. In the same
way, the NFKB1 gene is itself up-regulated by NF-kB, which may be important for negative-
feedback regulation of signaling pathways dependent on induced p105 proteolysis [35], given
that NF-kB induction is essential for the expression of a wide variety of immune-response genes
[36]. Deregulation of NF-kB can lead to the constitutive overproduction of pro-inflammatory

cytokines, which is associated with a number of chronic inflammatory disorders [37, 38].

Following the identification of possible individual genetic determinants of SSc
susceptibility, it is necessary to increase the understanding of how these genetic polymorphisms
relate to the development of SSc. Biological confirmation of these genetic alterations using
functional studies is essential to determine whether these associations are, in fact, causal.
Furthermore, several polymorphisms in a given individual may contribute to the individual risk

of developing the disease.
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In conclusion, our data, combined with other reports, points to a significant association
of the IL-10 gene with SSc, but no association of NFKB1 gene with the disease. To our
knowledge, this is the first study that examined the association of the NFKB1 gene with SSc.
Further studies are necessary to further explore the subject and to delineate the genetic

susceptibility pathways operating in distinct populations.
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TABLES

Table 1. Genotype distribuition and allele frequencies of the IL-10 gene promoter
(-1082, -819 and -592) and NFKB1 -94ins/delATTG Promoter Polymorphism in healthy control
(n=147) and systemic sclerosis (151).

Healthy Control Systemic Sclerosis P-Value*
n % n %

IL10 (-1082)
G 148 50.3 168 55.6 NS
A 146 49.7 134 44.4
GG! 33224 55 36.4
GA? 82 55.8 58 38.4 0.006
AA 32 21.8 38 25.2

IL10 (-819)
C 162 55.1 139 46.0 NS
T 132 44.9 163 54.0
cc’ 43 29.3 21 13.9
crt 76 51.7 97 64.2 0.005
T 28 19.0 33 21.9

IL10 (-592)
C 129 43.9 170 56.3 NS
A 165 56.1 132 43.7
cc’ 40 27.2 64 42.4
CA 49 33.3 42 27.8 0.022
AA 58 39.5 45 29.8

NFKB1
W 128 43.5 135 44.7 NS
D 166 56.5 167 55.3
WW 38 25.9 38 25.2
WD 52 35.4 59 39.1 NS
DD 57 38.8 54 35.8

*Yates’s corrected chi-square or Fisher’s exact test

W =-94insATTG allele; D = -94delATTG allele. WW: homozygote wild-type; WD: heterozygote deletion; DD: homozygote deletion. NS:
distributions were not significantly between patients and controls.

1p=0.012, OR=1.86, Cl 95%: 1.12-3.11; 2P=0.004, OR=0.49, Cl 95%: 0.31-0.78 ; >P=0.002, OR=0.39, Cl 95%: 0.21-0.69, *P=0.038,
OR=1.67, Cl95%: 1.05-2.66 ; °P=0.009 , OR=1.96, Cl 95%: 1.21-3.19;
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Table 2. Interleukin-10 haplotypes and phenotype distribution among
healthy controls (n=147) and systemic sclerosis patients (n=151).

Healthy Control Systemic Sclerosis
n % n %
Haplotypes
-1082/-819/-592
GCC 128 43,54 168 55,63
ACC 89 30,27 78 25,83
ATA 71 24,15 56 18,54
Phenotypes®
High producers*
(c{e/o/clelo 33 22,45 55 36,42
Medium producers
GCC'/GCC 62 42,18 58 38,41
Low producers
GCC/GCC 32 21,77 38 25,17

?Classification of phenotypes based on previously published data (19, 20)
*P=0.019, OR: 1.87, 95%IC: 1.10-3.19

Table 3. Interaction of NFKB1 (-94ins/delATTG) Promoter Polymorphism with Interleukin-10 Genotypes in healthy
controls (n=147) and systemic sclerosis (n=151).

Healthy Control Systemic Sclerosis P-Value*
n % n %
NFKB1 WW
IL10 (-1082) GA 24 63.2 19 50.0 NS
IL10 (-819) CC 17 44.7 513.2 0.005
IL10 (-592) CC 13 34.2 18 47.4 NS
NFKB1 WD
IL10 (-1082) GA 25 48.8 17 28.8 NS
IL10 (-819) CC 13 25.0 8 13.6 NS
IL10 (-592) CC 10 19.2 26 44.1 0.01
NFKB1 DD
IL10 (-1082) GA 33 57.9 22 40.7 NS
IL10 (-819) CC 13 22.8 8 14.8 NS
IL10 (-592) CC 17 29.8 20 37.0 NS

*Yates’s corrected chi-square or Fisher’s exact test; NS: No significance

NFKB1 WW: homozygote wild-type; NFKB1 WD: heterozygote deletion; NFKB1 DD: homozygote deletion.
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6 CONSIDERAGOES FINAIS

O papel dos genes da IL-10 em respostas autoimunes tem sido examinado em muitos
modelos animais de doengas autoimunes, assim como os genes CXCR2, CXCL8 e NFKB1. As
evidéncias destes estudos sugerem que estes genes podem afetar o desenvolvimento da

autoimunidade através de muitos mecanismos.

A complexa fisiopatologia da esclerose sistémica implica o envolvimento de genes que
afetam, individualmente ou, mais provavelmente, em conjunto, a condu¢dao do processo da
doenga. Muitos destes genes foram associados com outras doengas autoimunes, tais como
[Upus eritematoso sistémico e artrite reumatdide, o que sugere uma via comum genética para

autoimunidade.

Os fatores genéticos podem contribuir para o desenvolvimento de respostas
autoimunes. Aqui se apresentou qudo os genes NFKB1, IL-10, CXCL8 e CXCR2 poderiam estar
aludidos na iniciacdo e progressdo da esclerose sistémica. Existem ainda muitas divergéncias

entre os estudos, mas isso se deve ao fato das populagdes serem geneticamente diferentes.

Portanto, a identificacdo de novas tecnologias de rastreamento de todo o genoma para
avaliar o papel relativo desses genes em associagdo com outros genes na ES e estudos
funcionais para tentar entender melhor esses genes na regulacdo da resposta imune inata e

adaptativa e autotolerancia serd uma tarefa promissora e desafiadora para o futuro.
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APENDICE

A — Protocolo de Pesquisa de Dados Clinicos

Servico de Reumatologia - HCPA

CASO:

DATA DA ENTREVISTA: [/

NOME: REGISTRO: /
IDADE: anos

SEXO___ (1-masc 2-fem) COR: ___ ( 1-branco 2-preto 3-misto)

ENDERECO:

NOME E ENDERECO DE PARENTE:

TELEFONE : casa: celular: TELEFONE DE PARENTE:

Falta de ar (MRC mod):

1. ndotem falta de ar, exceto com atividade extrema;

2. incomodado pela falta de ar quando caminha rapidamente no plano ou sobe lomba leve;

3. anda mais devagar no plano que pessoas da mesma idade devido a falta de ar ou tem que parar
guando caminha no seu ritmo no plano;

3. pdra para respirar apds caminhar mais ou menos 100 metros ou apds poucos minutos no plano;

4. muita falta de ar para sair de casa ou falta de ar ao vestir ou trocar de roupa.
NYHA: __ (classe)

1. sem limitacdo; atividade rotineira sem fadiga exagerada ou dispnéia ou palpitacéo;

2. com pequena limitacdo de atividade fisica; bem em repouso; atividade rotineira causa fadiga, dispnéia ou
palpitacdo;

3. limitagdo importante; dispnéia aos minimos esforcos; bem em repouso;

4. dispnéia em repouso; qualquer atividade com muito desconforto;

Fumo: (1-sim 2-ndo 3- no passado) dos aos anos cigs/dia.

O Sr.(a) tem pressdo alta? (1-sim 2-n30) PA1: / PA2: / BRACO: cmDE




Sr. (a) tem algum problema cardiaco) Qual?

O Sr(a) tem diabetes?

Usa inibidor da ECA:___ Verapa: ____ Nifedi:____ Amlo: ____ Diltia___

betabloqueador____ diurético AINE : Qual? outros (anotar): ,
A medigagdo vasoativa serd suspensa: ___ (1-sim 2-ndo)

Quantos dias antes ? ___ Por qué?

AINE serd suspenso? ____ (1-sim 2-n3o)

Quantos dias antes? ___ Por qué? CASO:

Dificuldade de degluticdo: (0-ndo; 1- sim, para pedacos de carne; 2- sim, para comer arroz e feijdo; 3- sim, para
liquidos) ou

Vezes: ___por mésou ___ porsemanaou___ dia ou sempre

Classifique a severidade do sintoma: ___ (0-ndo tem 1- leve 2-moderado 3- severo)

Tem azia ou pirose (queimacdo na boca do estdbmago ou atrads do peito)?  (1-sim 2-ndo)

Vezes: ___por mésou ___ porsemanaou___dia ou sempre

Classifique a severidade do sintoma: ___ (0-ndo tem 1- leve 2- moderado 3- severo)

Tem dor ao engolir? __ (1-sim 2-ndo)

Vezes: por més ou por semana ou dia ou sempre
Classifique a severidade do sintoma: (0-ndo tem 1- leve 2- moderado 3- severo)

Vomita ou sente o contelddo do estémago voltar até a garganta apds as refeicdes ou longe delas?

Vezes: por més ou por semana ou dia ou sempre
Classifique a severidade do sintoma: (0-ndo tem 1- leve 2- moderado 3- severo)

Costuma ter dor no peito ou atrds do peito ?

Vezes: por més ou por semana ou dia ou sempre
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Classifique a severidade do sintoma: ___ (0-ndo tem 1- leve 2- moderado 3- severo)
Usa omeprazol ?___ (1-sim 2-ndo)

Vezes: ___por mésou ___ por semana ou sempre

Usa rantidina, cimetidina, famotidina?____ (1-sim 2-ndo)

Vezes: por més ou por semana ou sempre

Usa cisaprida (prepulsid) ou metoclopramida (plasil )? ___ (1-sim 2-n3do)

Vezes: ___por mésou ___ por semana ou sempre

Desde quando comegou a ter Raynaud? Ha anos.

Desde quando notou que a pele comegou a ficar endurecida e lisa? Ha anos.
Quando foi diagnosticada a ES? Ha anos.

Responder a essas perguntas no dia da capilaroscopia (data / /| ):CASO:

Temperatura na Zona 16: °C
Temperatura do dia pela manha: °C

Horario em que entrou na Z16:

Horario da capilaroscopia: (deve ser pelo menos 20 min apds entrada na Z16)
Horario da coleta: (logo apds a capilo e em repouso). Raynaud durante a coleta?
PA1: / FC1: PA2: / FC2: (ap0s as coletas)

Quantas vezes teve episddios de Raynaud (crises em que as maos ficam palidas -seguido ou n3o por cianose e/ou

eritema- ou cianéticas) nos ultimos 2 dias?

Anteontem: minutos: RCS:
Ontem: minutos: RCS:
Hoje: minutos: RCS:

Raynaud durante a capilo:
ESCALA : (nenhum Raynaud) 0—1—2—3—4—5—6—7—8—9—10 (o pior Raynaud que teve)

Fumou ontem? (1-sim 2-ndo) Quantos cigarros?
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Usou medicagdo vasoativa nos ultimos 7 dias: (1-sim 2-n3o)

Quais?

Usou medicagdo vasoativa nas ultimas 24 horas: Quais?

Usou AINE nos Ultimos 7 dias: Qual?

Usou AINE nas ultimas 24 horas: Qual?

EXAME FiSICO:

Critérios:

Maior (esclerodermia simétrica proximal as MCFs ou MTFs): __ (1-sim 2-ndo)
Menores:

esclerodactilia: ____ (1-sim 2-ndo)

pitting scars:
perda de substancia distal:

fibrose em bases pulmonares ao Rx:

espessamento da pele proximal aos joelhos e cotovelos: _ (1-sim 2-ndo)
calcinoses:_____ (1-sim 2- ndo)

teleangiectasias: __ (1-sim 2-ndo)

Apresenta amputacdo de extremidades MsSs: ___ Quantos dedos:___
Apresenta amputacdo de extremidades Msls: __ Quantos dedos:___ CASO:____
Apresenta Ulceras ativasem MsSs: _ Quantas:___

Maior didametro das ulceras em MsSsemmm:
Apresenta Ulceras ativasem Msls: _ Quantas:__

Maior didametro das ulceras em Mslsemrom: ___
Crepitantes pulmonares: __ (1-sim 2-ndo) escala (0- ndo 1- discreto 2- moderado 3- severo)
Area de crepitantes: (marcas: 5 cm abaixo das bordas inf. escapulares, metade das escapulas)
direita: 1/3inf ___ 1/3médio ___ 1/3sup

esqueda: : 1/3inf ___ 1/3médio__ 1/3sup ___

pulso radial D: (nimero de cruzes em 4) pulso radial esquerdo:



pulso femoral D: ___ femoral E: pedioso D: pedioso E:

ESCORE CUTANEO

Rodnan modificado por Clements: 0= normal 1- espessamento leve 2- moderado 3-severo

DIREITA ESQUERDA
Quirodactilos 0123 0123
Mdos 0123 0123
antebracos 0123 0123
bragos 0123 0123
face 0123
térax anterior 0123
ABD 0123
Coxas 0123 0123
pernas 0123 0123
dorso dos pés 0123 0123
abertura oral maxima: ____ mm (maior de 3 tentativas)
extensdo ativa mdo direita: __ mm extensdo ativa mdo esquerda:____mm (maior de 3 tentativas)
fechamento ativo da mado (menor de 3 tentativas) direita:_ _mmesquerda:____ mm
PESO: __ KgALTURA:___ cm.

CASO:

PROVAS DE FUNCAO PULMONAR (data __ / /)

EXAMINADOR:

Capacidade pulmonartotal: _ ml(___ % do previsto)
Volume residual: __ ml(___ % do previsto)
capacidadevital:: _ ml(__ % do previsto)
capacidade vital forcada:: ___ ml(___ % do previsto)
VEF1:: ml ( % do previsto)

difusdo de CO: ___ % do previsto

coeficiente de transferéncia: % do previsto
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CINTILOGRAFIA DE TRANSITO ESOFAGICO (data __ / /)

EXAMINADOR:

liguido em pé: % de estase em 60 seg, transito (80%) ___ seg; transito (90%) ; area:
semi-solidoem pé: % de estase em 60 seg; transito (80%) ___ seg; ; transito (90%) ; area:
liquido deitado: ___ % de estase em 60 seg; transito (80%) ____ seg; ; transito (90%) ; area:
semi-solido deitado: ___ % de estase em 60 seg; transito (80%) _____ seg, ; transito (90%) ; area:

OBS: area correspende a area em que houva retengao.

EXAMES DE LABORATORIO:

Ultima creatinina sérica mg/dl (data [/ )
Ultima glicemia de jejum mg/dl (data /[ /)
Ultima TGO U/ml(data__/ / )

Ultima TGP U/ml(data__/ /)

Ultima hemoglobinasérica ____ g/dl(data_/ [ )

QUE(__/__/__):

Ultimo FAN em figadoderato: 1/ data(__/ /) padrdo: ,

Ultimo FAN positivo em figado derato: 1/ data(___/ /) padrdo: ,

Anti-DNA positivo : ___ (1-sim 2-n3o) ; titulo: 1/ ; data ( / / )

U1-RNP: _ Anti-SM: __ AntiSS-A:___ AntiSS-B: ____ Scl70: (data / /)
FAN em HEP-2 (titulo): 1/ padrdo ,

Centrémero: ___ (1-sim 2-ndo) U1RNP: Scl70: DOSAGEM DE ET-1:



B - Protocolo de Pesquisa de coleta de dados

Nome do paciente:

Numero do paciente:

Numero do prontudrio:

Raca:

Data de nascimento:

Tipagem CXCLS:
Tipagem CXCR2:
Tipagem IL10 (-1082):
Tipagem IL10 (-819):

Tipagem IL10 (-592):

( ) Esclerose Sistémica ou () Grupo Controle
/ /
aleloT( ) aleloA( )
aleloT( ) aleloC( )
aleloG( ) aleloA( )
aleloC( ) aleloT( )
aleloC( ) aleloA( )
WW ( ) DD( ) WD ( )

Tipagem NFKB1:
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ANEXOS

Anexo | - Critérios estabelecidos pelo ACR para Esclerose Sistémica

1980 CRITERIA FOR THE CLASSIFICATION OF SYSTEMIC SCLEROSIS

1. Typical sclerodermatous skin changes: tightness, thickening, and non-pitting induration, excluding the localized
forms of scleroderma (morphea or linear scleroderma)

Sclerodactyly: above-indicated changes limited to (fingers and toes)

Proximal scleroderma: above-indicated changes proximal to the metacarpophalangeal or
metatarsophalangeal joints, affecting other parts of the extremities, face, neck, or trunk (thorax or
abdomen); usually bilateral, symmetrical and almost always including sclerodactyly

2. Other skin manifestations attributable to systemic sclerosis or comparison disorders

a.

Digital pitting scars or loss of substance from the finger pad: depressed areas at tips of digits or loss of
digital pad tissue as a result of digital ischemia rather than trauma or exogenous causes

Bilateral finger or hand edema: firm but pitting edema, especially involving fingers (includes puffy sausage-
like swelling of fingers) or the dorsal aspect of the hands

Abnormal skin pigmentation: hyperpigmentation often containing areas of punctate or patchy
hypopigmentation or depigmentation ("pepper and salt")

Raynaud's phenomenon: at least two-phase color change in fingers and often toes consisting of pallor,
cyanosis, and/or reactive hyperemia in response to cold exposure or emotion, as determined by patient's
history or physician's observation

3. Visceral manifestations

Bibasilar pulmonary fibrosis: bilateral reticular pattern of linear or lineonodular densities which are most
pronounced in basilar portions of the lungs on standard chest roentgenogram; may assume appearance of
diffuse mottling or "honeycomb lung," and should not be attributable to primary lung disease

Lower (distal) esophageal dysphagia: substernal discomfort on swallowing or sensation of food holdup in
the retrosternal location

Lower (distal) esophageal dysmotility: hypoperistalsis or aperistalsis, as demonstrated by either cine
esophagram or fluoroscopy or by manometric study, often accompanied by evidence of decrease in lower
esophageal sphincter tone with reflux of gastric contents into the esophagus

Colonic sacculations: wide-mouthed diverticula of colon located along the antimesenteric border; found on barium
enema examination; these sacculations may also occur in ileum and jejunum



