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RESUMO

O virus da hepatite C (HCV) é um patdégeno capaz de causar infeccdo cronica em cerca de
dois tercos dos individuos infectados, conseqiiéncia de suas habilidades em driblar tanto a
imunidade inata quanto a adquirida. A fibrose é resultado de injarias repetitivas causadas
aos hepatécitos decorrente da infeccéo pelo HCV e da acédo da resposta imunolégica, que
levam a uma falha no processo regenerativo e deposi¢cdo de uma quantidade abundante de
matriz extracelular. Citocinas regulam a resposta inflamatéria a injdria interferindo também
na fibrogénese. O protocolo padrdao de tratamento para hepatite C crénica é baseado na
combinacédo de interferon-alfa convencional ou peguilado e ribavirina, administrados por 24
ou 48 semanas, respectivamente. Polimorfismos de um Udnico nucleotideo (SNPs)
localizados em regifes reguladoras/codificadoras de genes de citocinas poderiam contribuir
para a fibrogénese hepatica, bem como influenciar a resposta ao tratamento, pois interferem
na expressdo e secrec¢do de citocinas, importantes proteinas que participam da resposta
imunoldgica contra o HCV. Portanto, o objetivo do presente trabalho foi tipar 22 SNPs
localizados em 13 genes de citocinas/receptores de citocinas visando avaliar a influéncia
das variantes polimoérficas no grau de dano hepatico e na resposta ao tratamento em
pacientes brasileiros cronicamente infectados apenas pelo genétipo 1 do HCV. Variantes
polimorficas para as posicdes TNFA-308, IL6-174, IL6nt565 e IL4RA+1902 estdo associadas
ao grau de dano hepatico. Variantes polimérficas para as posi¢cdes 1L10-819, IL10-592,
IL1A-889, IL1B+3962, IL1R1 pstl 1970 e ILARA+1902 estdo associadas a resposta ao
tratamento. Concluimos que polimorfismos em genes de citocinas/receptores de citocinas
parecem estar influenciando o dano hepatico, bem como a resposta ao tratamento nos

pacientes estudados.



ABSTRACT

The hepatitis C virus (HCV) is a pathogen responsible for chronic infection in around
two thirds of infected individuals, due to its ability to evade both innate as well as acquired
immunity. Hepatic fibrosis may be the result of repetitive injury to the hepatocytes caused by
HCV infection and the immune response to it, leading to a failure in the regenerative process
and deposition of an abundant amount of extracellular matrix. Cytokines regulate the
inflammatory response to injury also interfering in fibrogenesis. The current standard-of-care
(SOC) treatment for chronic hepatitis C is based on a combination of conventional or
pegylated interferon alpha (peglFN-alpha) and ribavirin administered for 24 or 48 weeks,
respectively. Single nucleotide polymorphisms (SNPs) located in regulatory/encoding regions
of cytokine genes could influence hepatic fibrogenesis and treatment response, since they
interfere with the expression and secretion of cytokines, which are important factors
participating in the immune response against HCV. Therefore, the aim of this study was to
determine the genotype of 22 SNPs found in 13 genes of cytokines/cytokine receptors to
assess the influence of polymorphic variants in the degree of liver damage and in treatment
response in Brazilian patients chronically infected with HCV genotype 1 only. Polymorphic
variants for TNFA-308, 1L6-174, IL6nt565 and IL4RA+1902 positions were associated with
the degree of liver damage. Polymorphic variants for [L10-819, [L10-592, IL1A-889,
IL1B+3962, IL1R1 pstl 1970 and IL4RA+1902 positions were associated with treatment
response. We conclude that gene variants of cytokines/receptors may influence liver damage

and treatment response in studied patients.
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INTRODUCAO

1.1. HISTORICO

A hepatite C é uma inflamacdo hepatica decorrente da infeccdo pelo virus da
hepatite C (HCV) que pode progredir para uma lesao necroinflamatéria dos hepatdcitos, de
gravidade variavel.

As hepatites sdo infeccdes antigas. Os primeiros relatos sobre uma ictericia
epidémica foram descritos por Hip6crates, no século V a.C.. Lurman, na Alemanha, em
1883, documentou o primeiro surto de uma forma de hepatite, posteriormente reconhecida
como hepatite B. Inicialmente, um surto de variola ocorreu em Bremen, acometendo
trabalhadores de um estaleiro, que foram imunizados para variola com vacina preparada a
partir de linfa humana. Apds semanas ou meses, alguns desses individuos apresentaram
ictericia e foram diagnosticados como manifestando a hepatite do soro; aqueles que néo
manifestaram haviam sido inoculados com vacina proveniente de outro lote. No inicio do
século XX, quando foi introduzido o uso de agulhas e seringas, também foram relatados
outros casos, devido a esteriliza¢édo inadequada das mesmas (MAHONEY, 1999).

Nas décadas de 30 e 40 também foram relatados casos de ictericia ap0s imunizacao
contra febre amarela, decorrente do uso de vacinas produzidas a partir de plasma humano.
Durante a Segunda Guerra Mundial também houve diversos relatos, devido a intensa pratica
de transfus6es sanguineas (MS).

As infeccdes por HCV representaram um sério problema aos bancos de sangue e
receptores na década de 1980, pois 2 a 10% das unidades de sangue transmitiam o virus
em paises desenvolvidos (PRATI, 2006). A introducédo de testes anti-HCV para doadores de
sangue em meados de 1990 diminuiu drasticamente a transmissao do virus por transfusdo
sanguinea nestes paises (GONZALEZ et al., 1995). A partir de entdo, a transfusdo de
sangue passou a ser mais segura, porém ainda hoje existem individuos com hepatite C que
adquiriram o virus antes de 1992, por meio de transfusé@o sanguinea e/ou de hemoderivados
(CDC, 2002).

1.2. EPIDEMIOLOGIA E TRANSMISSAO

Antes da introducéo de testes anti-HCV para doadores de sangue, em meados de
1990, a hepatite C representava a maior causa de hepatites associadas a transfusdo (VAN
DER POEL, 1999). Atualmente, devido a sua ampla distribuicio mundial, a hepatite C
representa um dos maiores problemas de saldde publica, resultando em altas taxas de
morbidade e mortalidade (PAPATHEODORIDIS e PARASKEVIS, 2008).
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A incidéncia mundial do HCV néo é conhecida, pois a infec¢do aguda geralmente é
assintomatica, entretanto, estima-se que atualmente 3% da populagcdo mundial tenha sido
infectada pelo HCV, que existam mais de 170 milhdes de individuos infectados
cronicamente com risco de desenvolver cirrose e carcinoma hepatocelular (CHC) e ainda
gue ocorram de 3 a 4 milhdes de novos casos ao ano (NIH, 1997; EASL, 1999). No Brasil,
entre os anos de 1999 e 2010, foram registrados no Sistema de Informacéo de Agravos de
Notificacdo (Sinan) 69.952 casos confirmados de hepatite C, destes, 47.830 provém da
regido sudeste e 15.095 da regido sul, que juntas concentram 90% dos casos confirmados
no pais (BRASIL, 2011a). A prevaléncia da doenca € de 1,5% considerando-se todas as
idades (6 meses a 98 anos) e 2,5% entre adultos (ZARIFE et al., 2006), classificando o pais
como de baixa endemicidade, apesar da OMS considera-lo um pais de endemicidade
intermediaria, com prevaléncia da infec¢ao situada entre 2,5% e 10% (BRASIL, 2011b). Em
outros paises estima-se que a prevaléncia da doenca seja de aproximadamente 0,3% no
Canada, 1,4 % nos Estados Unidos, 1,9% na Grécia, 3,0% na Franca, e 30,0% no Egito e
Africa do Sul (MANESIS et al., 2009).

A transmissdo da hepatite C ocorre predominantemente por via parenteral.
Atualmente pertencem ao grupo de risco usuarios de drogas injetaveis, individuos que se
submetem a procedimentos que reutilizam materiais perfurocortantes (tatuagens, manicuros
e piercings), alcoodlatras, portadores do HIV, transplantados, hemodialisados, hemofilicos e
presidiarios. Dentre os casos notificados entre 1999 e 2009 no Brasil, observa-se que a
maioria esta relacionada ao uso de drogas (14,8%), a transfusdo de sangue e/ou
hemoderivados (14,9%) e a transmisséo sexual (9%), com elevado percentual de ignorados
(43%) (BRASIL, 2011a).

Desde a introducdo de testes anti-HCV em bancos de sangue, a transmissao
transfusional tornou-se praticamente ausente. A transmissao sexual também é pouco
frequente, sendo prevalente entre individuos sexualmente promiscuos. A transmisséo
vertical ocorre apenas quando a méae apresenta altos niveis de RNA viral no soro, porém é
rara quando comparada a hepatite B, sendo estimada em 2%, mas alcangcando 20% em
casos de co-infecgdo com HIV (FERREIRA e SILVEIRA, 2004; HUARTE e CASI, 2004).

1.3. ETIOLOGIA

O HCV foi identificado pela primeira vez em 1989, por Choo et al. (CHOO et al.,
1989). E classificado como RNA-virus, pertencente ao género Hepacivirus e a familia
Flaviviridae. E um virus esférico, de aproximadamente 50 nm de diametro, com um RNA
gendmico formado por cerca de 9600 nucleotideos organizados em fita Unica de sentido
positivo (SIMMONDS et al., 2005).
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O RNA codifica trés proteinas estruturais (C - nucleocapsideo, E1 e E2) e sete
proteinas ndo estruturais (p7, NS2, NS3, NS4A, NS4B, NS5A, NS5B) (Figura 1). Ele esta
localizado dentro de um nucleocapsideo icosaédrico protéico, envelopado por uma
bicamada lipidica na qual um ou dois tipos de proteinas do envelope (E1 e E2) sao
ancoradas (Figura 2) (SIMMONDS et al., 2005; CHEVALIEZ e PAWLOTSKY, 2006).

Figura 1 — Organizacédo do genoma do virus da hepatite C (HCV). NS: ndo estrutural
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Fonte: Modificado de Chevaliez e Pawlotsky, 2006

Existem seis genotipos virais (denominados HCV 1 a 6) (Figura 3) e mais de 100
subtipos fortemente relacionados (FISHMAN e BRANCH, 2009). A classificacdo em
genotipos e subtipos ocorreu com base nas diferengas entre suas seqiiéncias nucleotidicas,
sendo que os genomas diferem de 30 a 35% entre os gendtipos e de 20 a 25% entre os
subtipos (SIMMONDS, 2004; SIMMONDS et al., 2005). Os genétipos possuem distribuicéo
geografica distinta, sendo que os genétipos 1, 2 e 3 apresentam distribuicdo global enquanto
os demais sdo encontrados somente em regides especificas como Africa e Asia
(SIMMONDS et al.,, 1996; SIMMONDS, 1999; FARCI e PURCELL, 2000). No Brasil, o
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genotipo 1 é o mais prevalente, seguido pelos gendtipos 2 e 3 (SILVA et al., 2007; FREITAS
et al., 2008).

Figura 3 — Arvore filogenética dos genétipos do virus da hepatite C (HCV)
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Fonte: Modificado de Simmonds et al., 2005. UDIs: Usuarios de drogas intravenosas.

O HCV estd em constante diversificacdo devido a rapida replicacdo viral, amplo
tamanho das populagdes virais e altas taxas de mutacdo decorrentes da baixa fidelidade de
sua RNA polimerase (DUARTE et al., 1994), permitindo assim a selecdo ambiental dos
exemplares melhor adaptados (PAWLOTSKY, 2006).

A determinacdo do genétipo viral previamente ao tratamento € uma importante
ferramenta para o prognostico e acompanhamento dos pacientes infectados, pois os
genotipos virais comportam-se diferentemente durante o curso da infeccdo e a além de

responderem de forma distinta ao tratamento antiviral (SIMMONDS et al., 1994).
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1.4. PATOGENESE

A patogenia decorrente da infeccdo pelo HCV permanece ndo completamente
esclarecida. A compreensdo dos mecanismos através dos quais o HCV induz a resposta
viral pelo hospedeiro, favorecendo na maior parte das vezes a persisténcia viral, além de
esclarecer a patogenia da doenca, permitiia o desenvolvimento de novas terapias
imunomodulatdrias para prevenir ou limitar as complicac6es decorrentes da infeccéo, o que
inclui o transplante de figado, um significativo problema de salde publica (CHANDER et al.,
2002; SHEPARD et al., 2005).

O HCV apresenta tropismo por células hepaticas. Ocorre a ligacdo a um ou mais
receptores de membrana celular e internalizacdo através de endocitose mediada por
receptor. A fusdo do envelope viral com a membrana plasmatica permite a liberacdo do
nucleocapsideo no citoplasma. Ap6s a decapsidacdo ocorre a traducdo, em nivel
citoplasmatico, assim como a replicacdo. Posteriormente, novas estruturas virais sao
montadas e virus maduros sédo liberados para o meio extracelular através de exocitose. As
informac6es a respeito do ciclo de vida viral sdo limitadas em decorréncia da incapacidade
de cultivd-lo e da auséncia de modelos animais (Figura 4) (CHEVALIEZ e PAWLOTSKY,
20086).

Figura 4 — Ciclo replicativo hipotético do virus da hepatite C (HCV)
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Embora a célula alvo para o HCV sejam os hepatécitos, o virus também apresenta
linfotropismo, pois fragmentos do genoma viral foram detectados em linfécitos B e T
circulantes, bem como em células apresentadoras de antigenos, além do cérebro (MYRMEL
et al., 2009).

A deteccao viral pode ocorrer de uma a duas semanas apos a infeccdo, pela
presenca de RNA viral no soro dos pacientes (HOOFNAGLE, 2002). O periodo de
incubacdo é de aproximadamente sete semanas, porém a maioria dos individuos com
infeccdo aguda ndo apresentam sintomas; por essa razdo, a maioria das infecgdes é
diagnosticada ao acaso em decorréncia da elevacdo de transaminases ou em estagio
avancado da doenca quando as complicagdes ja ocorrem (HOOFNAGLE, 2002; BLACKARD
et al., 2008).

A infeccdo pode resultar em uma doenca assintomatica, culminando com a
eliminacdo viral espontanea ou progredir para uma infeccdo crénica, que pode levar a
cirrose, falha hepatica ou carcinoma hepatocelular (SEEFF, 2002). Estima-se que em 20 a
50% dos infectados a resolucéo seja espontanea (BLACKARD et al., 2008). Pacientes com
doenca aguda sintomatica e mulheres jovens tém uma taxa maior de resolucdo espontanea
da infeccdo que outros grupos, e tendem a eliminar o RNA viral em até 12 semanas apos
inicio dos sintomas (BIALEK e TERRAULT, 2006; BRASIL, 2011b).

Na grande maioria dos casos, porém, ndo ha eliminagéo viral espontanea, e o virus
persiste progredindo para infec¢do crénica. Aproximadamente 50 a 85% dos individuos
infectados com o HCV irdo desenvolver doencga crénica (KENNY-WALSH, 1999; VILLANO
et al., 1999). A doenca crbnica pode ser evidenciada por alteraces histopatologicas, as
quais iniciam com uma inflamacdo no figado, que freqlientemente pode ser associada a
fibrose, podendo evoluir em alguns casos para o hepatocarcinoma. (THOMAS e SEEFF,
2005). E estimado que 20% dos doentes crénicos evoluam para cirrose, principalmente em
20 anos apos infeccdo, dentre os quais cerca de 3% desenvolverao hepatocarcinoma (NIH
Consensus Statement on Management of Hepatitis C: 2002, 2002). O grau de dano é
tradicionalmente verificado através da analise do tecido hepético obtido por biépsia, de
acordo com escalas de graduacdo. Uma delas é a Metavir (BEDOSSA e POYNARD, 1996),
que classifica o dano hepatico em FO, F1, F2, F3 ou F4, sendo FO correspondente a

auséncia de fibrose e F4 o grau mais avancado, ou seja, cirrose).
1.5. TRATAMENTO
O objetivo do tratamento é controlar a progressao da doenca hepatica por meio da

inibicdo da replicacdo viral, sendo que a reducdo da atividade inflamatéria impede a

evolucéo para cirrose e carcinoma hepatocelular (CHC) (REDDY et al., 2001). Antes de ser
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iniciado o tratamento deve-se considerar o risco de progressdo da doencga, a probabilidade
de resposta terapéutica, efeitos colaterais e a presenca de comorbidades. No Brasil, o
tratamento da hepatite C é realizado com interferon (IFN-alfa) ou peginterferon (peglFN-alfa)
associado a ribavirina, por 24 ou 48 semanas, respectivamente (GOTTO e DUSHEIKO,
2004; HADZIYANNIS et al., 2004; GHANY et al., 2009; BRASIL, 2011b). O IFN-alfa,
administrado por via subcutdnea, € uma citocina que faz parte da resposta inata do
hospedeiro humano; a adicdo de uma molécula de polietilenoglicol a esta molécula prolonga
sua acao, eleva a velocidade de absorcdo e aumenta sua meia-vida. Ja a ribavirina € um
analogo de nucleosideo sintético administrado por via oral que apresenta acao antiviral e
imunomodulatéria (TSUBOTA et al., 2011).

Os interferons, além de exercerem um efeito antiviral, induzem uma resposta Th1 por
parte do hospedeiro, sendo essa acdo potencializada pelo uso combinado com a ribavirina
(FANG et al., 2000; STITES et al., 2000). O tratamento com peginterferon e ribavirina
desencadeia a mesma cascata de sinalizagdes que os IFNI endbégenos. Entretanto, apenas
55% dos individuos tratados apresentam resposta virolégica sustentada (RVS), que indica
sucesso no tratamento (MANNS et al., 2001; FRIED et al., 2002). A RVS é obtida quando o
RNA viral se torna indetectavel no soro do paciente seis meses apdés o término do
tratamento e € influenciada por fatores do hospedeiro, como etnia, idade, obesidade,
resisténcia a insulina e variabilidade genética, assim como por mecanismos virais, Como 0
genotipo e a carga viral previa ao tratamento e por fatores relacionados ao tratamento, como
a dose do medicamento administrado (TAl e CHUNG, 2009; TSUBOTA et al., 2011).

A resposta ao tratamento pode ser classificada nas seguintes categorias: a)
Resposta virolégica rapida (RVR): quando o RNA viral se torna indetectavel apos 4 semanas
de tratamento. Uma resposta rapida € um forte indicativo da ocorréncia de RVS 24 semanas
apos o término do tratamento (TAl e CHUNG, 2009); b) Resposta viroldgica precoce (RVP):
gueda de ao menos duas escalas logaritmicas (2 Log) ou 100 vezes o valor do RNA viral
pré-tratamento ou quando o mesmo se torna indetectavel na 122 semana de tratamento; c)
Resposta virolégica lenta: quando ocorre a diminuicao do titulo de RNA viral para ao menos
2 log;p ap6s 12 semanas de tratamento, porém com eliminacéo viral até a 242 semana; d)
Resposta viroldgica sustentada (RVS): quando o RNA viral é indetectavel na 242 semana
apos o término do tratamento; e) Recidiva virologica (REC): quando o RNA viral é
indetectavel ao final do tratamento (48% semana de tratamento), porém detectavel na 122 ou
242 semana apos o término do tratamento; f) Resposta nula (NR): quando o RNA viral é
detectavel na 48% semana de tratamento (BRASIL, 2011b; JANG e CHUNG, 2011).

Avancos recentes na compreensdo da estrutura e mecanismo de replicacdo viral
permitiram o desenvolvimento de agentes que atuam diretamente nas enzimas envolvidas

no ciclo de vida do HCV, denominados antivirais de acao direta (DAA). Estes se diferenciam
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do IFN-alfa ou peglFN-alfa associado a ribavirina, pois possuem acédo direta enquanto os
Ultimos apresentam acao antiviral inespecifica. Dois inibidores de proteases foram
recentemente aprovados pelo “Food and Drug administration” (FDA), o Telaprevir e o
Boceprevir, ambos indicados para o tratamento de hepatite C cronica decorrente da infeccéao
pelo gendtipo 1 do HCV. Eles devem ser administrados em combinacdo com o peglFN-alfa.
Ambos os medicamentos estdo disponiveis na forma de comprimidos orais que devem ser
ingeridos trés vezes ao dia. A adicdo destes inibidores de proteases a terapia padrao
aumentou intensamente as taxas de RVS em pacientes sem tratamento prévio, em
recidivantes e em néo respondedores. Outras drogas estédo sendo testadas, como inibidores
de polimerase viral, inibidores de NS5A e inibidores de fatores do hospedeiro, como a
ciclofilina. A promessa é aumentar as taxas de RVS e diminuir a duragdo do tratamento
(JESUDIAN et al., 2012).

1.6. IMUNOGENETICA DO HOSPEDEIRO

O HCV apresenta tropismo por hepatécitos, ocasionando sua infec¢éo. A primeira via
de defesa do hospedeiro consiste na imunidade inata, que é ativada por padrdes
moleculares associados ao patdégeno (PAMPs), reconhecidos por receptores Toll-like tipo 3
(TLR3) e gene indutivel por acido retindico tipo | (RIG-I) das células infectadas, que
reconhecem, respectivamente, RNAs fita dupla e RNAs fita dupla ou fita simples virais. Uma
cascata de sinalizacbes é desencadeada, resultando na ativacdo e transcricdo do gene
IFNB. IFN-B age de modo autdcrino e paracrino, estimulando receptores IFN-a e IFN-B, que
induzem uma nova cascata de sinalizagdo, que amplifica a transcricdo dos genes IFNA e
IFNB, gerando uma alca de retroalimentacdo positiva. Consequlientemente, ocorre um
aumento na expressao de interferons tipo | (IFNI), que agem diretamente no virus, ou ativam
de diversas maneiras a resposta imunoldgica adaptativa (WATHELET et al., 1998). IFNI
estimula o processamento antigénico, a proliferacdo de linfécitos T de memoria, a
diferenciacao de células dendriticas e 0 aumento na expressao de moléculas HLA classe |
nos hepatocitos (TAI e CHUNG, 2009), além de inibir a replicagéo viral, induzir a apoptose
de hepatécitos infectados (BIGGER et al., 2001), induzir a geracdo de proteossomos e
conseqliente aumento da expressdo de antigenos virais em hepatocitos infectados (SHIN et
al., 2006).

Células dendriticas (CD) também participam da resposta imunoloégica frente ao HCV.
A diferenciacdo das CDs é intensamente influenciada por proteinas estruturais e nao
estruturais do HCV in vitro (SZABO e DOLGANIUC, 2005). CDs plasmocitdides secretam
altos niveis de IFN-a (assim como hepatdcitos infectados), direcionando a diferenciagéo dos

linfocitos TCD4" para o fendtipo Th2, além de ativar macréfagos, linfocitos T CD8" e células
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natural killer (NK). O dano hepatico causado pela destruicdo dos hepatocitos por células da
imunidade inata/adquirida estimulam as CDs mieléides. CDs mieldides secretam
principalmente IL-12 e TNF-a direcionando a diferenciagcdo dos linfocitos TCD4" para o
fenétipo Thl e promovendo a ativacdo de NKs e sua secre¢cdo de IFN-y. IFN-y ativa
macroéfagos hepaticos, aumentando a inflamacéo local (LIU, 2001; HIROISHI et al., 2008).

Como mencionado, NKs participam ativamente da resposta frente a infeccéo viral.
Elas sédo necessarias para uma acao citolitica efetiva por parte dos linfécitos T citotoxicos,
através da liberacdo de IFN-y, além de induzir a apoptose de hepatdcitos infectados
(ocasionando a hepatite) e ativar células dendriticas (KAKIMI et al., 2000; LIU et al., 2000).
Embora sejam abundantes no tecido hepatico de individuos acometidos por hepatite C
aguda, estudos demonstram uma diminuicdo da freqiiéncia de NKs no sangue periférico
(MEIER et al., 2005; MORISHIMA et al., 2006) e figado de pacientes com hepatite C crénica
(DEIGNAN et al., 2002), talvez parcialmente associada a uma inibicdo funcional das NKs,
observada in vitro, apods a ligacédo da proteina viral E2 a molécula CD81 na NK (TSENG e
KLIMPEL, 2002). Assim, uma resposta ineficiente das células NK poderia ocasionar a
persisténcia viral (CORADO et al.,, 1997). Polimorfismos em genes codificadores de
receptores das NKs (KIR) tém sido observados em pacientes infectados que manifestaram
diferentes cursos da doenca (KHAKOO et al., 2004; IVIC et al., 2007; PALADINO et al.,
2007; MARANGON et al., 2011).

A conexao entre a imunidade inata e adaptativa é realizada pelas CDs. Observa-se
gue tanto a imunidade humoral quanto a celular participam da resposta imunolégica, sendo
esta Ultima a que exerce maior participacdo. CDs apresentam epitopos virais, através de
suas moléculas HLA classe Il aos linfocitos T CD4". Linfécitos T CD8" reconhecem epitopos
apresentados por moléculas HLA classe | na superficie de células infectadas
(ACCAPEZZATO et al., 2005; BARTH et al., 2005). Através da secre¢do de citotoxinas,
elimina células alvo infectadas, e por meio da secre¢do de citocinas Thl, como IFN-y e TNF-
a, inibe a replicacéo viral sem morte celular (GUIDOTTI e CHISARI, 2001). Respostas de
linfécitos T tém sido amplamente estudadas e sdo criticas para uma resposta imunolégica
efetiva. Estudos envolvendo infec¢cdes por HCV em humanos sugerem que respostas
vigorosas de linfocitos T CD4" e CD8" favorecem a eliminagdo viral espontinea
(REHERMANN et al., 1996), entretanto, ainda permanece ndo completamente definido o
mecanismo através do qual isso ocorre.

A participacdo da imunidade humoral €, entretanto, menos preponderante.
Anticorpos especificos sdo normalmente detectados de sete e oito semanas apds a infeccao
por HCV, entretanto, a acdo dos mesmos € muito questionavel, uma vez que ndo previnem
reinfeccao (LAI et al., 1994) e nado estdo associados a resolucao da infecgdo (CHEN et al.,

1999). Kaplan et al. (KAPLAN et al., 2003) nao identificaram respostas humorais especificas
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em pacientes expostos ao HCV. Um estudo realizado com um grupo de mulheres
acidentalmente expostas ao HCV revelou a presenca de linfécitos T CD4" e CD8" HCV-
especificos circulantes, mesmo duas décadas apds a infeccao, enquanto anticorpos HCV-
especificos permaneceram indetectaveis ap6s o mesmo periodo (TAKAKI et al., 2000).

Estudos demonstram que, na maior parte das infecgdes crénicas, o HCV nao é
capaz de induzir uma resposta imunoldgica eficiente pelo hospedeiro ou é altamente capaz
de driblar o sistema imunolégico (VALIANTE et al., 2000), condizendo com a estimativa de
gue em 50 a 80% dos infectados progridam para a cronicidade (BLACKARD et al., 2008).

O HCV desenvolveu mecanismos sofisticados de evasédo do sistema imunolégico do
hospedeiro. Apds a infeccdo, o HCV produz proteinas estruturais ou ndo estruturais que
suprimem a resposta imunologica inata. Através de suas proteinas néo estruturais NS3-4A,
0 HCV bloqueia os TLR3 e os RIG-I das células infectadas, impedindo a ligacdo das
moléculas de RNA e conseqiiente producdo e secrecao de interferons. A proteina do
nucleocapsideo inibe a ativacdo da STAT1, além de promover a degradacdo deste
transdutor de sinal. As proteinas E2 e NS5 inibem a atividade da proteina quinase R (PKR)
(GALE e FOY, 2005; BODE et al., 2007; TAl e CHUNG, 2009).

Diversas observacfes tém sido feitas quanto ao mecanismo de escape frente a
imunidade adaptativa. Em individuos acometidos por hepatite cronica, observam-se CDs
imaturas (AUFFERMANN-GRETZINGER et al.,, 2001) e com capacidade estimulatoria
reduzida (KANTO et al.,, 1999). A proteina do nucleocapsideo inibe a proliferacdo de
linfécitos T in vitro (KITTLESEN et al., 2000) que, conseqglientemente, tém sua producéo e
secrecdo de IFN-y comprometida. S&o observadas taxas de replicacéo viral que excedem a
capacidade do sistema de defesa (FULLER et al., 2005), além de falhas na manutencao de
niveis iniciais suficientes de linfocitos T CD4" para o direcionamento adequado da resposta
(GERLACH et al., 1999).

Outro importante mecanismo de escape viral consiste na intensa taxa de mutacdes
em seu genoma. O HCV replica a uma taxa de 10'° a 10" novos virus ao dia durante o
periodo de infeccdo cronica (NEUMANN et al., 1998), o que somado a baixa fidelidade da
RNA polimerase viral e auséncia de mecanismos de reparo, resulta em freqlentes
substituicBes de bases no genoma viral. Isso permite o surgimento de novas cepas, capazes
inclusive de se evadir do sistema imunoldgico (BUKH et al., 1995). MutacBes em epitopos
apresentados por moléculas HLA classe | comprometem o processamento via proteossoma
(SEIFERT et al., 2004), além de reduzir a afinidade pelas préprias moléculas HLA, o que,
conseqiientemente, compromete o reconhecimento pelos linfécitos T CD8" (TESTER et al.,
2005).

Fatores como gendtipo viral, idade e sexo do hospedeiro, obesidade, alcoolismo,

assim como co-infeccdes, podem influenciar o curso da hepatite C, porém nao explicam por
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si mesmos a variabilidade das respostas a infeccdo desenvolvidas por diferentes individuos
(SEEFF, 2002). Como observado, a resposta imunolégica do hospedeiro envolve uma
complexa interacdo entre o sistema imune inato e adaptativo que determinam os resultados
da infeccdo por organismos patogénicos. Nesse contexto, a diversidade dos genes
envolvidos na resposta imune pode explicar, em parte, a variabilidade da resposta as
infeccdes (MARTIN e CARRINGTON, 2005).

Muitos estudos recentes tém investigado polimorfismos do gene HLA de classe Il em
relacdo a infeccdo pelo HCV, uma vez que a natureza e magnitude da resposta imunolégica
podem ser influenciadas pelo genétipo HLA. Da mesma forma, como os linfocitos T
citotoxicos exercem papel crucial no controle da replicagdo viral e podem ser diretamente
responsaveis pela lesdo histologica na infecgdo cronica, também tém sido realizados
estudos que investigam polimorfismos dos genes HLA de classe | em relagcdo a infeccéo
pelo HCV, resposta ao tratamento e grau de dano hepatico (ROMERO-GOMEZ et al., 2011,
MARANGON et al., 2012).

Linfécitos T, células natural killer e outras células da resposta imune secretam
citocinas, contribuindo de forma eficaz para as diferencas entre subtipos de células T.
Assim, a regulacdo da resposta humoral e celular pode ser explicada em parte, pela
regulacédo cruzada da diferenciacéo e ativacao das células Thl e Th2 no decorrer de uma
resposta imune. Dessa forma, as citocinas secretadas em resposta a leséo celular tem papel
crucial na patogénese da fibrose hepatica (DUSTIN e RICE, 2007).

A fibrose hepatica é resultado de injurias repetitivas causadas aos hepatocitos devido
a infeccdo pelo HCV e a acdo da resposta imunologica. Em casos de injarias hepaticas
agudas, o tecido necrético é removido e substituido por novos hepatdcitos, processo
associado a resposta pré inflamatéria e deposicdo limitada de matriz extracelular. Caso a
injuria persista, o processo regenerativo falha e ocorre deposicdo de uma quantidade
abundante de matriz extracelular, constituindo a fibrose. Esse processo € denominado
fiborogénese, ao contrario da degradacdo da matriz extracelular, denominada fibrélise. A
reincidéncia das injurias induz diferentes graus de fibrose, que sao classificadas em iniciais,
FO, F1 e F2 e avancados, F3 e F4 (BATALLER e BRENNER, 2005).

TGF-B1 exerce um papel chave dentre as citocinas no processo de fibrogénese,
pois estimula a sintese de matriz extracelular e inibe a fibrélise, além de induzir a infiltracédo
de neutréfilos no tecido hepatico e promover a apoptose através de um estimulo
mitocondrial. TNF-a também tem sido observado participando, porém menos intensamente,
do processo de fibrogénese e seus niveis intra-hepaticos estdo aumentados em individuos
acometidos por hepatite C cronica (LIMA-CABELLO et al., 2011). Em contrapartida, IFN-a,
IFN-y e IL-10 tém sido observados desempenhando um efeito antifibrtico em casos de
hepatite causadas por HCV (BATALLER e BRENNER, 2005). Ha indicios de que os niveis
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de RNAm para IL-8, IL-2, IL-1q, IL-1B3, IL-15 e TNF-a aumentam com o estagio de fibrose
hepatica (MAHMOOD et al., 2002).

Além da participacdo das citocinas no processo de fibrogénese, elas também atuam
em outros ambitos da resposta ao HCV. Niveis elevados de IL-6, tanto plasmaticos como
intra-hepaticos, tém sido observados em individuos acometidos por hepatite C (FELDMANN
et al., 2006; LIMA-CABELLO et al., 2011), assim como no sobrenadante de células
estimuladas in vitro pela proteina do nucleocapsideo viral, possivelmente via TLR2
(FELDMANN et al., 2006). Grungreiff et al. observaram a normalizagdo da concentracdo
sérica de IL-6 ap0s a eliminacao viral através do tratamento com interferon (GRUNGREIFF
et al., 1999).

Genes de citocinas podem apresentar variacdes nucleotidicas em sitios especificos,
denominadas polimorfismos de Unico nucleotideo ou SNPs do inglés “single nucleotide
polymorphisms”, que resultam em diferentes alelos para cada locus polimorfico. SNPs
localizados em regides reguladoras tém sido demonstrados como influenciando a expresséo
e secrecao de citocinas, resultando em diferentes fenétipos de producdo que podem ser
classificados como alto, intermediarios ou baixos produtores. A producédo inapropriada dos
niveis de citocinas parece contribuir para a persisténcia viral, fibrogénese hepatica e até
afetar a resposta a terapia na infeccéo pelo HCV (ROMERO-GOMEZ et al., 2011).

Neste sentido, alguns autores tém verificado a presenca ou auséncia de associacdes
entre polimorfismos em genes de citocinas e dano hepatico, bem como com a resposta ao
tratamento (ROMERO-GOMEZ et al., 2011). Dai et al. (DAI et al., 2006) estudando
individuos chineses acometidos por hepatite C crénica (diversos genétipos virais)
observaram associacao entre o alelo TNFA-308/A e estagios severos de fibrose hepatica. Ja
Falletti et al. (FALLETI et al., 2010), estudando pacientes italianos, observaram associacéo
entre o alelo IL6-174/G e a intensidade do dano hepatico. Yee et al. ao estudar uma
populacéo inglesa, observaram os alelos IL10-592/A e -819/T, assim como os genotipos -
819/T:T e -592/A:A e o haplétipo ATA (-1082; -819; -592) associados a SVR (YEE et al.,
2000).

Em 2009, foram publicados trés amplos estudos demonstrando que alguns SNPs
proximos ao gene IL28B, que codifica o IFN-y3, estdo fortemente associados a resolucéo
espontanea da infeccéo pelo HCV e & RVS pés-tratamento com peginterferon-a e ribavirina
(GE et al., 2009; SUPPIAH et al.,, 2009; TANAKA et al.,, 2009). Dentre eles, o SNP
rs12979860 foi observado como o melhor na predicéo da resposta ao tratamento; o genoétipo
C:C esta associado a maiores taxas de RVS em individuos infectados pelos gendtipos 1 ou
4 do HCV, bem como a resolucdo espontanea da infeccdo pelo HCV. O SNP rs12979860
parece nao interferir na expressdo intra-hepatica do gene IL28B, mas provavelmente

interfere na expressao intra-hepatica dos genes estimulados por interferon (ISGs) ou
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modifica a interagdo protéica com outras moléculas na via do IFN-a (MACIAS et al., 2011). A
determinacdo do gendtipo dos pacientes portadores de hepatite C crénica permitira a

personalizagdo do tratamento no contexto da escolha das drogas.

1.7. CITOCINAS: papel biolégico, genes e polimorfismos genéticos

Citocinas sdo proteinas sollveis produzidas e secretadas por células do sistema
imunoldgico, assim como outras células do organismo humano, em resposta a estimulos
diferenciados. Agem mediante ligacdo a receptores especificos presentes na superficie de
células alvo, que podem estar localizados na propria célula secretora (atuacdo autdcrina),
em uma célula proxima a secretora (atuacao paracrina) ou em células alvo distantes da
secretora, alcancadas via corrente sanguinea (atuacao enddécrina) (MIYAJIMA et al., 1992;
KISHIMOTO et al., 1994).

De acordo com sua estrutura, as citocinas sao agrupadas em familias
(hematopoietinas, interferons e TNF) e de acordo com sua similaridade funcional e genética
sdo redistribuidas em subfamilias. Seus receptores também seguem uma classificacéo
similar (JANEWAY et al., 2001).

A acéo das citocinas inicia-se pela ligacdo a seu receptor especifico de membrana,
desencadeando uma via de transducdo de sinais que culmina com uma alteracdo da
expressao génica da célula alvo, influenciando seu crescimento, motilidade, diferenciacgao,
funcéo, secrecdo de outras citocinas, entre outros. De forma simplificada, as citocinas agem
em uma rede complexa, na qual a producdo de uma citocina influencia a sintese e acao de
outras através de estimulos regulatérios promotores ou inibitérios. Assim, através de acdes
pleiotrépicas, redundantes, sinérgicas ou antagbnicas elas participam de um sistema de
inducéo em cascata (JANEWAY et al., 2001).

Atuando como agentes imunomodulatérios, as citocinas apresentam efeitos proé-
inflamatérios (quando secretadas por linfocitos T CD4" helper 1) ou antiinflamatérios
(quando secretadas por linfocitos T CD4" helper 2) (HAUSER, 1995). De acordo com perfis
de estimulos ainda n&o totalmente elucidados, linfécitos T CD4" naive podem se diferenciar
nos subtipos. A producéo seletiva do primeiro grupo (Thl) induz, predominantemente, uma
resposta imunoldgica mediada por células, particularmente apropriada para destruir células
infectadas por patégenos intracelulares. Também € responsavel pela hipersensibilidade
tardia e ativacdo das células T citotoxicas, e ainda pela producdo de anticorpos
opsonizantes (STITES et al., 2000). Quando ativadas por antigenos/células apresentadoras
de antigenos (APC), as células Thl produzem interleucina-2 (IL-2), interferon-gama (IFN-g)
e linfotoxina (LT) (MOSMANN et al., 1986; CHERWINSKI et al., 1987; COFFMAN et al.,

1988). A producdo seletiva do segundo grupo (Th2), induz uma resposta imunolégica
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humoral preponderante, promovendo a producgéo de quantidades relativamente elevadas de
anticorpos IgM, IgE, e isotipos IgG néo ativadores do complemento; também estimulam a
ativacao e diferenciacéo de eosindfilos e atuam nas reac6es alérgicas (STITES et al., 2000).
Células Th2 produzem IL-4, IL-5, IL-6, IL-9, IL-10 e IL-13 (CHERWINSKI et al., 1987;
BROWN et al., 1989).

1.7.1. INTERLEUCINA-1a (IL-1a) E O GENE IL1A

A interleucina IL-1a pertence a familia de citocinas IL-1, juntamente com IL-1B, o
antagonista do receptor IL-1Ra, 1L-18, IL-36Ra, IL-36aq, IL-37, IL-363, IL-36y, IL-38, IL-33 e
os receptores para IL-1, IL-1R1 e IL-1R2 e mais sete co-receptores, proteinas de ligacédo e
receptores inibitérios. A maioria dos genes codificadores dos membros da familia de
citocinas IL-1 esta localizada no cromossomo 2, divididos em dois clusters: a) IL1A, IL1B,
ILIRN, IL-36RA, IL-36A, IL-37, IL-36B, IL-36G, IL-38 e b) IL-1R1 e IL-1R2 e mais sete co-
receptores, proteinas de ligacdo e receptores inibitérios (SMITH e HUMPHRIES, 2009;
DINARELLO, 2011).

O gene IL1A (3552) localiza-se na regido 2ql14, possui uma extenséo de 10,5kb e é
composto por sete éxons e seis introns. Seu RNAm possui 2943pb e origina um precursor
de 33kDa, formado por 271 aminoacidos e sem peptideo sinal, denominado pré-interleucina-
10, que posteriormente € clivado por calpaina, resultando na interleucina-1a de 17kDa e 159
aminoéacidos (DINARELLO, 1991; WATANABE e KOBAYASHI, 1994).

O gene IL1A apresenta uma homologia de aproximadamente 45% com IL1B. O
principal local ausente de homologia esta dentro da regido promotora, indicando que os
altos niveis plasmaticos de IL-138 quando comparado aos niveis de IL-1a poderia ser devido
a diferencas transcricionais (SMITH e HUMPHRIES, 2009). Dentre os polimorfismos em
IL1A, foi descrito um na posicdo -889C>T (rs1800587) (TSENG e KLIMPEL, 2002). Um
estudo em populacéo italiana demonstrou que o alelo -889/T aumenta a taxa de transcricdo
do gene e conseqiientemente aumenta 0s niveis plasmaticos da IL-1a (DOMINICI et al.,
2002) e também da IL-1B (KILPINEN et al., 2001), pois ha evidéncias de um desequilibrio de
ligacdo entre os SNPs de IL1A e IL1B (GORE et al.,, 1998). O gendtipo -889/T:T seria
responsavel por niveis de mRNA ligeiramente mais elevados em comparagdo com o
gendtipo CC ou CT (DOMINICI et al.,, 2002). Entretanto, recentemente outro estudo
realizado em populagéo japonesa, demonstrou que ndo existem diferencas estatisticamente
significativas quanto a expressédo génica possivelmente induzida por este SNP. Parece que -
889C>T seria apenas um marcador para o SNP +4845G>T (rs17561), pois estdo em forte
desequilibrio de ligacéo, e individuos portadores do alelo +4845/T sao mais eficientes no
processamento da pré interleucina-1a (KAWAGUCHI et al., 2007) (Tabelas 1 e 2).
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A maior parte da IL-1 plasmética é IL-1B, de modo que a IL-1a é normalmente
encontrada em baixissimas concentracdes na corrente sanguinea. A atividade biologica
destas duas citocinas € indistinguivel (DINARELLO, 1997). A IL-1 é secretada por
mondcitos, macréfagos ativados de diversos tecidos, queratindcitos, neutrdéfilos, células
endoteliais, fibroblastos, fibras musculares lisas, células de Langerhans, osteoclastos,
linfécitos T e B e células natural killer. Apesar de ser uma citocina pro-inflamatéria, seus
efeitos ndo sdo limitados a inflamacéo, pois também atuam como imunoadjuvantes, sao
indutoras da febre, participam do processo de formacgéo e remodelacéo 6ssea, dentre outras
funcdes (DINARELLO, 1997; , 2011).

1.7.2. INTERLEUCINA-18 (IL-18) E O GENE IL1B

O gene IL1B (3553) localiza-se na regido 2ql14, possui uma extenséo de 7,8kb e é
composto por sete éxons e seis introns. Seu RNAm possui 1498pb e origina um precursor
de 31kDa, formado por 269 aminoacidos e sem peptideo sinal, denominado pré-interleucina-
1B, que posteriormente é clivado pela caspase-1, resultando na interleucina-13 de 17kDa e
153 aminoacidos (MARCH et al., 1985; DINARELLO, 1991).

No gene IL1B existem ao menos trés polimorfismos, um na posicao -511C>T
(rs16944), outro na posicdo -31T>C (rs1143627) e outro na posicdo +3962C>T (rs1143634)
(WILSON et al., 1993; TSENG e KLIMPEL, 2002). A nomenclatura dos polimorfismos pode
diferir amplamente entre os autores; € 0 caso do SNP IL1B+3962, também denominado
+3953 (CONSTANTINI et al., 2002) ou +3954 (KSIAA CHEIKHROUHOU et al., 2011) por
alguns autores, mas em todos os casos 0 dbSNP number dos mesmos € rs1143634 (SMITH
e HUMPHRIES, 2009).

Os SNPs -511C>T e -31T>C apresentam forte desequilibrio de ligacdo e estudos de
associacdo envolvendo ambos tendem a apresentar resultados similares (SMITH e
HUMPHRIES, 2009). A funcionalidade de ambos sempre foi um assunto controverso, mas
um estudo de expressdao génica confirmou que o SNP -31T>C, ou outro em forte
desequilibrio de ligagdo com o mesmo (por exemplo -511C>T), é o mais funcional (DIXON et
al., 2007). O alelo -31/T parece induzir uma maior expressao do gene IL-1B em populacfes
americanas, porém mais estudos sdo necessarios (EL-OMAR et al., 2000). Existe pouca
evidéncia de funcionalidade para o SNP +3962C>T e possivelmente o0 mesmo atue como
marcador para um SNP funcional, como o -31T>C (SMITH e HUMPHRIES, 2009).
Entretanto, foi evidenciado em algumas populacées que individuos homozigotos para o alelo
T produzem quatro vezes mais IL-1B que individuos portadores de outros genétipos (HALL
et al., 2000; BERGHOLDT et al., 2004) (Tabelas 1 e 2).
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Como j& mencionado, a atividade biolégica das citocinas IL-1a e IL-1f é indistinguivel
(DINARELLO, 1997).

1.7.3. ANTAGONISTA DO RECEPTOR DA INTERLEUCINA-1 (IL-1Ra) E O GENE
ILIRN

O gene IL1RN (3557) localiza-se na regido 2q14.2 e é composto por quatro éxons,
embora ja tenham sido identificadas variantes com cinco ou seis éxons (STEINKASSERER
et al., 1992). Existem trés variantes estruturais de IL-1Ra produzidas a partir deste gene: a)
slL-1Ra, uma molécula secretada, traduzida com peptideo sinal e subseqlentemente
processada, originando um peptideo de 17kDa, glicosilada e secretada com 22kDa por
mondcitos, macréfagos, neutréfilos e fibroblastos; b) iclL-1Ral, uma molécula intracelular de
18kDa, traduzida sem peptideo sinal, ndo glicosilada e produzida por queratindcitos e outras
células epiteliais, macrofagos e fibroblastos; c) iclL-1Rall, uma molécula intracelular de
16kDa, produzida por queratindcitos, neutréfilos, mondcitos dentre outras (AREND, 1993;
MALYAK et al., 1998). A slL-1Ra liga-se ao receptor IL-1R1 ou IL-1R2, mas nédo induz uma
transducédo de sinal, e competitivamente inibe a ligacéo da IL-1a e da IL-1B. E necessario
cerca de cem vezes mais slL-1Ra que IL-1a ou IL-1B3 para inibir a resposta biologica
(AREND, 1993).

Niveis elevados de IL-1Ra estdo associados a marcadores de inflamacdo aguda,
como fibrinogénio e proteina C-reativa (CRP) (MCDERMOTT et al., 2005). O fato da IL-1Ra
inibir a transcricdo do fator NF-kB12 da suporte ao seu papel no controle da producédo de
uma série de marcadores inflamatoérios e mediadores, incluindo a CRP, IL-6, TNF-a e IL-13
(CAl et al., 2005).

Dentre os polimorfismos encontrados no gene IL1RN existe o mspal 11100C>T
(rs315952) que origina uma mutacdo sindnima (TSENG e KLIMPEL, 2002). Parece nao
existir relacdo entre as variantes polimorficas deste SNP e nivel de IL-1Ra, entretanto,
haplotipos de SNPs para o gene IL1IRN apresentaram relagcdo com o nivel de IL-1Ra
(RAFIQ et al., 2007) (Tabelas 1 e 2).

1.7.4. RECEPTORTIPO | DA INTERLEUCINA-1 (IL-1R1) E O GENE IL1R1

O gene IL1R1 (3554) localiza-se na regido 2q12, apresenta 25933pb e 74kb. Possui
14 éxons, sendo, portanto um gene longo e complexo, além de trés promotores distintos, o
gue gera trés transcritos que diferem entre si por suas regies 5’'UTR (untranslated region)
derivadas dos éxons 1A, 1B e 1C (YE et al., 1996). A glicoproteina transmembrana

originada possui 80kDa e 552 aminoacidos, sendo que 213 destes pertencem ao dominio
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intracitoplasmatico (SIMS et al., 1989). A sinalizacdo gerada ap6s a ligacao do ligante néo é
gerada pela molécula IL-1R1, mas por uma proteina acesséria denominada IL-1RAcCP que
interage com o receptor (HUANG et al., 1997).

Em IL1R1, dentre outros, ha o polimorfismo pstl 1970C>T (rs2234650)
(BERGHOLDT et al., 2004). Ha indicios que este SNP ndo afeta nenhuma seqiiéncia de
reconhecimento de fatores transcricionais conhecida ou a estrutura secundéaria do RNAm,
permanecendo incerta a existéncia de funcionalidade (BERGHOLDT et al., 2004) (Tabelas 1
e 2).

O receptor tipo | da IL-1 é expresso por diversos tipos celulares, incluindo linfécitos T,
astrocitos, condroécitos, células endoteliais, fibroblastos, queratindcitos, neurdnios, células
beta pancreéticas e fibras musculares lisas e atua como receptor para IL-1a, IL-1B e IL1-Ra
(DINARELLO, 1991; YE et al., 1996).

1.7.5. INTERLEUCINA-2 (IL-2) E O GENE IL2

O gene IL2 (3558) esta localizado no cromossomo 4, na regidao g26-g27. Contém
guatro éxons separados por trés introns, ocupando uma extensao total de aproximadamente
5kb (FUJITA et al., 1983). Seu RNA mensageiro maduro apresenta 1033pb e depois de
traduzido, origina um polipeptideo precursor de 153 aminoacidos, cujo peptideo sinal é
posteriormente removido, resultando na secrecéo de uma proteina madura globular com 133
residuos de aminoacidos e massa molecular de 15,5kDa (JU et al., 1987).

Véarios polimorfismos podem ser evidenciados no gene IL2, dentre os quais se
destaca 0 1L2-330T>G (rs2069762) (JOHN et al., 1998). Parece ndo estar bem esclarecida a
relacdo entre este polimorfismo e producdo de IL-2. Estudos em populagéo inglesa e
americana demonstram que o genétipo GG seria responsavel por uma producdo aumentada
de IL-2 quando comparados aos gendtipos GT ou TT (JOHN et al., 1998; HOFFMANN et al.,
2001). Entretanto, também foi observado em outro estudo em uma populacdo espanhola,
gue o alelo G estaria relacionado a baixa expressao de IL2 (MATESANZ et al., 2004),
sugerindo a existéncia de outros polimorfismos que afetariam a regulacédo génica. Todavia,
parece ainda nao ter sido verificado se o verdadeiro responsavel pela alteragdo na
expressao génica é realmente este SNP ou outro em forte desequilibrio de ligacdo com o
mesmo (SMITH e HUMPHRIES, 2009) (Tabelas 1 e 2).

Outro polimorfismo presente no gene IL2 é o IL2+166G>T (rs2069763), responsavel
por uma mudanca que ocorre dentro do peptideo sinal e, portanto ndo afeta sequiéncia de
aminoacidos da IL-2 (JOHN et al., 1998) (Tabelas 1 e 2).

A IL-2 é uma citocina que participa no controle da proliferacdo e diferenciacdo de

células do sistema imunoldgico. E produzida principalmente por linfocitos T CD4" ativados e
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induz o crescimento de linfécitos T in vitro, enquanto seu papel in vivo é controverso. A IL-2
também é produzida por linfocitos T CD8", células dendriticas e linfécitos T regulatérios. E
sintetizada apds estimulacdo celular por antigenos, IL-1, aloantigenos ou mitégenos. A
expressao do receptor de IL-2 em linfécitos T é estritamente dependente da ativacdo do
receptor de linfocito T (TCR). A IL-2 afeta o desenvolvimento de linfécitos T citotoxicos e
supressores, estimula a diferenciacdo e aumenta a atividade de células natural killer, e
promove o crescimento e diferenciacdo de linfocitos B. Talvez o principal papel da IL-2
esteja relacionado a auto tolerancia, uma vez que promove a homeostase e funcionamento
de linfdcitos T regulatérios (OLEJNICZAK e KASPRZAK, 2008).

1.7.6. INTERLEUCINA-4 (IL-4) E O GENE IL4

O gene IL4 (3565) esta localizado no cromossomo 5, em g31.1. Possui quatro éxons
e trés introns, abrangendo aproximadamente 10kb. IL4 codifica um RNAm de 921 pb, que
por sua vez traduz uma proteina de 153 aminoacidos, sendo que 0s primeiros 24
correspondem ao peptideo sinal. A glicoproteina secretada possui 129 aminoacidos e peso
molecular entre 15 e 19kDa. Ha registros da ocorréncia de um RNAm adicional que nao
possui 48pb que codifica os residuos de aminoacidos de 22 a 37, originado através do
splicing alternativo do éxon 2. Este RNAm origina a IL-4 delta 2, cuja expressao é tecido
especifica (CHOMARAT e BANCHEREAU, 1997).

Algumas variacGes polimorficas sdo observadas no gene IL4, incluindo -1098T>G
(rs2243248), -590C>T (rs2243250) e -33C>T (rs2070874) (KABESCH et al., 2003). Ha
evidéncias em populacdo americana e austriaca de que o alelo -590/T (ROSENWASSER e
BORISH, 1997) bem como os haplétipos -590; -33/TT e -590; -33/TC estdo associados a
altos niveis de IL-4, enquanto os haplétipos -590; -33/CC e -590; -33/CT estéo associados a
baixos niveis de IL-4 (KLEINRATH et al., 2007), sugerindo que o SNP -590C>T seja 0 mais
funcional. O SNP -1098T>G esta em desequilibrio de ligagdo com -590C>T e a
funcionalidade do mesmo parece ainda ndo estar esclarecida (BRENNER et al., 2007)
(Tabelas 1 e 2).

A IL-4 é produzida predominantemente por linfécitos Th2. Ela promove a proliferacao
e diferenciagdo de linfocitos B, a expressado de moléculas HLA classe Il em linfécitos B com
conseqliente apresentacao antigénica para linfécitos T, regulando assim a expressao das
classes de imunoglobulinas. Além disso, estimula a proliferacdo de timécitos e linfécitos T
(PAUL, 1991).
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1.7.7. CADEIA ALFA DO RECEPTOR DA INTERLEUCINA-4 (IL-4Ra) E O GENE
ILARA

O gene ILARA (3566) localiza-se no cromossomo 16, em pl2.1-pl11.2 e abrange
aproximadamente 3,6kb. Origina um precursor de 825 aminoacidos, que apds processado,
resulta em uma proteina madura de 800 aminoacidos e peso molecular entre 140kDa
(CHOMARAT e BANCHEREAU, 1997).

Dentre os polimorfismos descritos para este gene esta o -1902G>A (rs1801275)
(CAGGANA et al., 1999), que resulta na mudanca de glutamina para arginina na posi¢cao
576 do peptideo (muitas vezes referido como posicdo 551 se o peptideo sinal ndo for
incluido na contagem). Apesar de um estudo recente em populacdo holandesa envolvendo
esclerose sistémica mostrar que este polimorfismo nado influencia a expressdo génica
(BROEN et al., 2012), outros estudos demonstraram que devido a sua localizacdo no
dominio intracelular do peptideo, essa alteracdo interfere na sinalizacdo intracelular
(MITSUYASU et al., 1998; NELMS et al., 1999), sendo o alelo IL4ARA+1902/G associado a
um aumento na sinalizacdo do receptor (HERSHEY et al., 1997) e conseqiente aumento da
expressdo dos genes regulados por IL-4 e IL-13, uma vez que apresenta estas citocinas
como ligantes (KELLY-WELCH et al., 2003) (Tabelas 1 e 2).

O receptor da IL-4 (IL-4RA) é formado por duas subunidades, a a que se liga com
alta afinidade ao ligante e a y1, comum a outros receptores de citocinas, que amplifica o
sinal da subunidade a (IZUHARA e SHIRAKAWA, 1999; NELMS et al., 1999). A subunidade
a também faz parte do receptor da IL-13, juntamente com a proteina de ligacdo IL13Ra1
(SMITH e HUMPHRIES, 2009).

1.7.8. INTERLEUCINA-6 (IL-6) E O GENE IL6

O gene IL6 (3569) esta localizado no cromossomo 7, em p21. Possui cinco éxons e
quatro introns distribuidos em uma regidao de aproximadamente 5kb (YASUKAWA et al.,
1987; TANABE et al., 1988). IL6 codifica um RNA mensageiro de 1,3kb que traduz um
polipeptideo precursor de 212 aminoacidos. Apds processamento para remocédo do peptideo
sinal, €& produzida uma proteina de 186 aminoacidos, que sofre alteracdes pos
transcricionais, originando cinco isoformas de massas moleculares variando entre 21 e
28kDa (MAY et al., 1988).

Algumas variacdes polimérficas sdo observadas no gene IL6, incluindo os SNPs IL6-
174G>C (rs1800795) (FISHMAN et al., 1998) e IL6nt565 (rs1800797) (TERRY et al., 2000).
Existe pouco consenso quanto a relagéo polimorfismo e producédo de IL-6 (ENDLER et al.,
2004; HEGEDUS et al.,, 2007). Kilpinen et al. (KILPINEN et al., 2001) estudando a
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populacdo da Finlandia, observaram associacao entre este polimorfismo e a producéo in
Vivo ou in vitro de IL-6 apenas em neonatos verdadeiramente “naive”, enquanto nos adultos
0 contato prévio com antigenos exdégenos modificaria sua resposta. Entretanto, um estudo
em americanos demonstrou o envolvimento do polimorfismo IL6-174G>C na transcricdo do
gene IL6. O alelo -174/G induz a expressao de IL-6 em niveis 60% maiores que os induzidos
pelo alelo -174/C. Individuos homozigotos para o alelo G ou heterozigotos sao
caracterizados como alto produtores de IL-6 e apresentam altos niveis plasmaticos desta
citocina. Ja individuos homozigotos para o alelo C sao baixos produtores de IL-6 (FISHMAN
e BRANCH, 2009). Em dois estudos recentes realizados em populacdo hidngara e alema
nao foram observadas associacfes entre o polimorfismo IL6-174 e niveis de IL-6 (KISZEL et
al., 2007; HUTH et al., 2009), indicando que talvez exista outro loci polimorfico que esteja
afetando a expresséo de IL-6 (SMITH e HUMPHRIES, 2009). Outros autores sugerem que
para o0 gene IL6 sitios polimérficos distintos ndo interferem na producdo de IL-6
independentemente um do outro, e um polimorfismo influencia o efeito funcional de outros
(TERRY et al., 2000). O gendtipo nt565/A:A apresenta evidencias em populacdo romena de
estar associado a alta producéo de IL-6, enquanto os gendtipos nt565/G:A e G:G parecem
estar associados a producéo intermediaria e baixa, respectivamente (STOICA et al., 2010)
(Tabelas 1 e 2).

IL-6 € uma citocina pleiotrépica, produzida por células da resposta imune inata e
adaptativa como linfécitos T e B, macréfagos, mondcitos, fibroblastos e células endoteliais,
além de algumas células tumorais (MATSUDA e HIRANO, 1990; VAN SNICK, 1990). Ndo é
constitutivamente expressa, mas indutivel em resposta a estimulos inflamatorios diversos
como IL-1, TNF-a e infecgdes virais (TERRY et al.,, 2000). Suas atividades biolégicas
incluem a participagédo nas respostas imunolégicas, hematopoiese e reacdes de fase aguda.
IL-6 é geralmente considerada uma citocina pré inflamatoria, mas estudos como o de XING
et al. (XING et al, 1998) evidenciam sua propriedade antiinflamatéria. A expresséo
desregulada de IL-6 tem sido associada a enfermidades como plasmocitoma, mieloma e

doencas inflamatorias crénicas proliferativas (NAKA et al., 2002).

1.7.9. INTERLEUCINA-10 (IL-10) E O GENE IL10

O gene IL10 (3586) esta localizado no cromossomo 1, em q31-32. Possui cinco
éxons separados por quarto introns, dispostos ao longo de 4,7kb. Encontra-se situado
proximo aos genes IL-19 e IL-20 (ESKDALE et al., 1997). O gene IL10 codifica inicialmente
um polipeptideo de 178 aminoacidos, sendo dezoito destes constituintes do peptideo sinal.

Apdbs processamento, a proteina madura apresenta 160 aminoacidos e um peso molecular
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de aproximadamente 18kDa, organizada na forma de um homodimero (VIEIRA et al., 1991;
WINDSOR et al., 1993).

Vérios polimorfismos tém sido observados no gene IL10, incluindo os SNPs -
1082G>A (rs1800896), -819C>T (rs1800871) e -592C>A (rs1800872) (ESKDALE et al.,
1997; TURNER et al., 1997) localizados na regido promotora. Eles parecem estar
associados a diferentes niveis de expressao génica, pois possivelmente alteram sitios
especificos de reconhecimento de fatores transcricionais, afetando assim os niveis de
producao da citocina (JOHN et al., 1998; POWELL et al., 2000). Em individuos americanos e
ingleses, os alelos —1082/G, -819/C e —592/C estariam associados a alta producédo de IL-
10, enquanto seus respectivos alelos estariam relacionados a baixa producao
(ROSENWASSER e BORISH, 1997; JOHN et al., 1998). Baixos niveis de IL-10 foram
observados em individuos brasileiros portadores dos gendtipos —-592/C:A ou -592/A:A
(CLAUDINO et al., 2008) (Tabelas 1 e 2).

IL-10 é expressa por linfécitos T e B, células NK, mondcitos, assim como por
diversas outras células do sistema imunolégico ou ndo e age em células alvo
hematopoiéticas ou de outra natureza. Apresenta importante funcéo regulatéria, pois sua
expressao afeta as respostas imunoldgica e inflamatéria. Suprime a producéo de citocinas
pro inflamatdrias por mondcitos e neutréfilos e age como fator desativador de macrofagos.
Estimula a proliferacao de linfécitos B e mastocitos e pode estimular ou inibir linfécitos T,

dependendo do subgrupo em questdo (MOORE et al., 2001).

1.7.10.CADEIA BETA DA INTERLEUCINA-12 (IL-12b) E O GENE IL12B

O gene IL12B (3593) esta localizado no cromossomo 5, na regido 31.1-q33.1
ocupando uma extensdo de 15,7kb. Origina a subunidade B da interleucina-12 e da
interleucina-23, também denominada p40, que possui 40kDa e é composta por 306
aminoacidos (BRUNDA, 1994). p40 forma heterodimeros com p35 (originada pelo gene
IL12A) para formar a IL-12 e com pl9 (originada pelo gene IL23A) para formar a IL-23
(TRINCHIERI et al., 2003).

Dentre os polimorfismos presentes no gene IL12B esta o -1188C>A (rs3212227)
(HALL et al., 2000). Embora este polimorfismo esteja localizado na regido 3'UTR e néo
altere a seqiiéncia de aminoacidos da proteina originada, é Gtil como marcador genético
para o gene em questao, cujo produto € um dos maiores reguladores da direcao da resposta
imunologica (Thl/Th2) em humanos (GATELY et al.,, 1998). Em algumas populacoes,
incluindo a americana, individuos -1188/A:A séo considerados baixo produtores de IL-12,
enquanto heterozigotos sé@o produtores intermediarios e individuos -1188/C:C sao alto
produtores de IL-12 (SEEGERS et al., 2002; BERGHOLDT et al., 2004) (Tabelas 1 e 2).
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1.7.11.FATOR DE NECROSE TUMORAL-a (TNF-a) E O GENE TNFA

O gene TNFA (7124) estéa localizado no cromossomo 6 humano, em p21.3. Possui
guatro éxons e trés introns dispostos em um segmento de 3,6kb. Encontra-se na regido
classe Il do MHC, 210kb a montante do l6cus HLA-B, além de ser flanqueado pelos genes
LTB e LTA, codificadores da linfotoxina-B e linfotoxina-a, respectivamente (NEDWIN et al.,
1985; RINK e KIRCHNER, 1996). O RNA mensageiro codifica inicialmente um polipeptideo
de 26kDa com 233 aminoacidos, sendo que os primeiros 76 aminoacidos correspondem a
um peptideo sinal envolvido na secrecédo da proteina. Este peptideo é clivado por enzimas
especificas apods ser ancorado na membrana celular, resultando em uma proteina madura
de 157 aminoéacidos, com 17kDa, que pode entdo ser secretada. Em condicfes bioldgicas,
TNF-a apresenta-se como um homotrimero, de peso molecular aproximado de 50kDa,
(PENNICA et al., 1984; AGGARWAL et al., 1985; NEDWIN et al., 1985).

Dentre os SNPs observados no gene TNFA existem o0 -238G>A (rs361525) e o -
308G>A (rs1800629) (KIM et al., 2003; LU et al., 2005). Alguns estudos demonstram o alelo
-238/A associado a baixa secrecdo de TNF-a, enquanto outros nao verificaram relagéo entre
este polimorfismo e o nivel de citocina secretado (SMITH e HUMPHRIES, 2009). Ja o alelo
TNFA-308/A tem sido demonstrado em individuos australianos e do Reino Unido,
aumentando cerca de duas vezes a expressdo do gene TNFA e, conseqlientemente, 0s
niveis plasmaticos da citocina TNF-a, possivelmente por originar um sitio de ligacdo
diferente para proteinas nucleares (KROEGER et al., 1997; WILSON et al., 1997). O nimero
de alelos -308/A que um individuo possui também influéncia os niveis plasmaticos de TNF-
a, estando os gendtipos -308/A:A e -308/G:A associados a alta producgdo da citocina e o
genotipo -308/G:G associado a baixa producédo da mesma, em individuos americanos e do
Reino Unido (WILSON et al., 1997; PERREY et al., 1998; TAMBUR et al., 2001) (Tabelas 1
e 2).

TNF é uma citocina pré inflamatéria, com efeitos quimiotaticos para neutréfilos e
mondcitos. As principais células produtoras de TNF sdo os mondcitos e os macréfagos
ativados, mas também pode ser sintetizado por mastocitos, basofilos, eosindéfilos, células
NK, linfécitos T e B. Ha indicios de que exerca protecdo contra infeccdes bacterianas,
fungicas, parasiticas e virais ou outros estimulos (MCDERMOTT, 2001). A delecédo do gene
TNF em camundongos néo interfere no desenvolvimento destes animais, exceto pelo
comprometimento da arquitetura do bago (MARINO et al., 1997). Talvez esse fato esteja
relacionado com a participacdo do TNF na organizacdo e organogénese de tecidos linféides

secundarios, tais como o baco e placas de Peyer (GUO et al., 1999).
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1.7.12.FATOR TRANSFORMANTE DE CRESCIMENTO-B1 (TGF-f1) E O GENE
TGFB1

TGF-B1, juntamente com outras 40 proteinas, faz parte da superfamilia TNF-B. Em
humanos séo expressas trés isoformas, TGF-f1, TGF-p2 e TGF-B3, codificadas por genes
Unicos localizados em diferentes cromossomos (KINGSLEY, 1994). O gene TGFB1 (7040)
esta localizado no cromossomo 19 humano, na regido q13.1. Possui sete éxons distribuidos
em uma extensao de 100kb (ROBERTS e SPORN, 1992). TGF-B1 é inicialmente traduzido
como um polipeptideo de 390 residuos de aminoacidos, que apresenta uma sequéncia sinal,
e é processada por uma endoprotease que a converte na forma biologicamente ativa, de
112 aminoacidos (BLANCHETTE et al., 1997).

Dentre os SNPs identificados no gene TGFB1 encontram-se dois localizados no
primeiro éxon, +869T>C (rs1800470), +915G>C (rs1800471) (CAMBIEN et al., 1996). Estes
polimorfismos resultam na mudang¢a do aminoacido leucina para prolina e do aminoéacido
arginina para prolina, nos respectivos produtos protéicos. A combinacdo genotipica das
posi¢bes +869T>C e +915G>C permite classificar os individuos em baixo (CG/CC, CC/CC,
TCI/TC, TC/CC), médio (TG/CC, CG/CG, TG/TC) ou alto (TG/TG, TG/CG) produtores de
TGF-B1, conforme estudo realizado em individuos do Reino Unido (PERREY et al., 1998)
(Tabelas 1 e 2).

TGF-B1 é produzida e secretada por diversas células, como plaguetas, macréfagos,
fibroblastos, linfécitos T e B, em resposta a estresse, injuria e acao viral, além de participar
da resposta imunoldgica durante a carcinogénese (MASSAGUE, 1990; ROBERTS e
SPORN, 1992). TGF-B1 também estimula a resposta inflamatdria localizada através do
aumento da capacidade de adeséao leucocitaria ao endotélio vascular e a matriz extracelular
(WAHL, 1992), assim como através da quimiotaxia de neutrofilos, mondcitos, linfécitos e
mastocitos e inducdo destas células a secretar citocinas inflamatérias, como IL-1, TNF e IL-
6. Dentre os tecidos e 6rgédos do corpo é expressa em niveis mais elevados por células da
medula dssea e do baco, além de apresentar niveis plasmaticos consideraveis (5ng\ml),

indicando sua possivel acdo enddcrina (REIBMAN et al., 1991).

1.7.13.INTERFERON-y (IFN-y) E O GENE IFNG

O gene IFNG (3458) esta localizado no cromossomo 12, em gl14. Ocupa uma regiao
de 5961pb e é composto por quatro éxons e trés introns (GRAY e GOEDDEL, 1982). O RNA
mensageiro transcrito pelo gene traduz um polipeptideo de 166 aminoacidos, que apés

processamento para remocao do peptideo sinal, passa a apresentar 143 aminoacidos. A
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forma biologicamente ativa do IFN-y consiste em um homodimero de 34kDa (GRIGGS et
al., 1992).

Véarios SNPs sdo encontrados no gene IFNG, dentre os quais esta o +874A>T
(rs2430561), sendo os gendtipos T/T, T/A e A/A associados a alta, intermediaria e baixa
producdo de IFN-y, respectivamente, conforme estudo realizado em individuos do Reino
Unido (PERREY etal., 1998) (Tabelas 1 e 2).

IFN-y é produzido e secretado principalmente por linfocitos T e células NK. E
constitutivamente expresso em baixas quantidades. Diante de estimulos como trauma,
infeccBes virais, cancer e manifestacdes auto-imunes, maiores quantidades séo produzidas.
AlteracBes no mecanismo de agdo do IFN-y diminuem a resisténcia contra infecgdes virais e
bacterianas, principalmente quando estas sao eliminadas por macréfagos ativados. Apesar
de ser considerada uma citocina pr6 inflamatéria, em algumas circunstancias pode exercer
papel antinflamatério (MUHL e PFEILSCHIFTER, 2003; BILLIAU e MATTHYS, 2009).
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Tabela 1. Lista de SNPs.
Gene Localizagcédo NUimero de Posicéo Referéncia Localizac&o
de génica no identificacdo cromossémica
citocina cromossomo do SNP do SNP
(referéncia)
IL1A 2914 rs1800587 113259431 (TSENG e 5-UTR
KLIMPEL,
2002)
IL1B 2914 rs16944 113311338 (DI GIOVINE  Promoter
et al., 1992)
rs1143634 113306861 (TSENG e Coding/
KLIMPEL, synonymous
2002)
ILIR1 2912 rs2234650 102124759 (BERGHOLD Distal
T etal., promoter
2004)
ILARN 2914.2 rs315952 113606775 (TSENG e Coding/
KLIMPEL, synonymous
2002)
ILARA 16p12.1—pl11.2 rs1801275 27281901 (CAGGANA  Coding/
et al., 1999) missense
IL12B 5031.1-33.1 rs3212227 158675528 (HALLetal.,, 3-UTR
2000)
IFNG 12q14 rs2430561 66838787 (PERREY et Intron
al., 1998)
TGFB1 19q13.1 rs1800470 46550761 (CAMBIEN et Coding/
al., 1996) missense
rs1800471 46550716 (CAMBIEN et Coding/
al., 1996) missense
TNF 6p21.3 rs1800629 31651010 (LU et al., Promoter
2005)
rs361525 31651080 (YEE et al., Promoter
2001)
IL2 4026-27 rs2069762 123597430 (JOHN et al., Promoter
1998)
rs2069763 123596932 (JOHN et al., Coding/
1998) synonymous
IL4 5031.1 rs2243248 132036543 (KABESCH Promoter
et al., 2003)
rs2243250 132037053 (KABESCH Promoter
et al., 2003)
rs2070874 132037609 (KABESCH 5-UTR
et al., 2003)
IL6 7p21 rs1800795 22733170 (FISHMAN et Promoter
al., 1998)
rs1800797 22732746 (TERRY et Promoter
al., 2000)
IL10 1g31—g32 rs1800896 205013520 (TURNER et Promoter
al., 1997)
rs1800871 205013257 (TURNER et  Promoter
al., 1997)
rs1800872 205013030 (ESKDALE et Promoter

al., 1997)
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Fonte: A autora, baseando-se em dados do Cytokine Genotyping kit (Dynal Biotech,

Invitrogen® Corporation, Brown Deer, WI, USA) e http://www.ncbi.nlm.nih.gov.

Tabela 2. Lista de SNPs e funcionalidade.

Gene NUmero de Alelo, Expressao
de SNP identificacdo gendtipo ou . Referéncia
citocina do SNP haplotipo genica
IL1A -889C>T rs1800587 T:T Aumentada (DOMINICI et al.,
2002)
IL1B -511T>C rs16944 - Sem efeito (DIXON et al.,
2007)
+3962C>T rs1143634 T:T Aumentada (HALL et al.,
2000)
(BERGHOLDT et
al., 2004)
ILIR1 pstl 1970C>T rs2234650 - Sem efeito (BERGHOLDT et
al., 2004)
ILLRN mspal rs315952 - Sem efeito (TSENG e
11100C>T KLIMPEL, 2002)
ILARA +1902G>A rs1801275 G Aumento na (HERSHEY et al.,
sinalizacéo 1997)
do receptor
IL12B -1188A>C rs3212227 c.C Producdode (SEEGERSetal.,,
IL-12 2002)
aumentada (BERGHOLDT et
al., 2004)
IFNG +874T>A rs2430561 T:T Aumentada (PERREY etal.,
TA Intermediaria  1998)
AA Baixa
TGFB1 codon 10C>T  rs1800470 T:TIG:G Aumentada (PERREY etal.,
T:C/IG.G 1998)
codon 25G>C  rs1800471 T:C/G:C Intermediaria
C.C/IG:G
T:T/IG:C
TNF -308G>A rs1800629 A:A Aumentada (PERREY et al.,
GA 1998)
-238G>A rs361525 A Diminuida (SMITH e
HUMPHRIES,
2009)
IL2 -330T>G rs2069762 G:G Aumentada (JOHN et al.,
1998)
+166G>T rs2069763 - Sem efeito (JOHN et al.,
1998)
IL4 -1098T>G rs2243248 - Sem efeito (BRENNER et al.,
2007)
-590C>T rs2243250 -590; -33/TT  Aumentada (KLEINRATH et
-590; -33/TC al., 2007
-33T>C rs2070874 _590; -33/CC  Diminuida :
-590; -33/CT
IL6 -174G>C rs1800795 GG Aumentada (FISHMAN e
G.C BRANCH, 2009)
nt565G>A rs1800797 A:A Aumentada (STOICA et al.,
GA Intermediaria  2010)

GG

Baixa



IL10 -1082A>G

-819C>T

-592C>A

rs1800896

rs1800871

rs1800872

G

c

c

Aumentada

Aumentada

Aumentada

39

(ROSENWASSER
e BORISH, 1997)
(ROSENWASSER
e BORISH, 1997)
(ROSENWASSER
e BORISH, 1997)

Fonte: A autora.
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JUSTIFICATIVA

Suscetibilidade ou resisténcia a diversas doencas infecciosas envolvem mecanismos
complexos, nos quais genes polimorficos da resposta imunolégica estdo envolvidos
(MARTIN e CARRINGTON, 2005). No caso da hepatite C, ha indicios de que a genética do
hospedeiro pode afetar ndo apenas a taxa de progressdo da doenga, como também a
resposta ao tratamento e o dano hepatico (PAPATHEODORIDIS e PARASKEVIS, 2008).

A infeccdo cronica pelo HCV tornou-se um problema tanto em nivel global como em
nivel individual, devido, em parte, ao alto custo do tratamento padrdo com peglFN-alfa e
ribavirina, aos efeitos colaterais e a baixa taxa de RVS, observada principalmente em
pacientes infectados pelo gendtipo viral 1 (40-50%). Dentre os pacientes, muitos ndo serao
curados por meio de tratamento, principalmente aqueles de ascendéncia africana quando
comparados aos de ascendéncia européia, que possuem probabilidade significativamente
maior de serem curados. Além disso, o tratamento é muitas vezes mal tolerado por causa
dos efeitos colaterais, que incluem anemia, leucopenia, trombocitopenia e sintomas
neuropsiquiatricos, o que impede alguns pacientes de completarem o tratamento. Por estas
razbes, a identificacdo dos determinantes genéticos da resposta ao tratamento possui alta
prioridade (ASSELAH, 2010). O unico SNP cuja genotipagem é aceita até o presente
momento como preditora de resposta ao tratamento é o IL28B rs12979860; seu gendtipo
C.C apresenta associacdo bem estabelicada com maiores taxas (duas vezes maior) de RVS
em individuos infectados pelos genétipos 1 ou 4 do HCV, bem como a resolucao
espontanea da infeccdo pelo HCV (MACIAS et al., 2011). Atualmente, existem testes
comerciais disponiveis para a determinacdo do gendtipo, que ja comeca a ser incorporada
na discussao informada sobre o tratamento com os pacientes.

Entretanto, a determinacéo de outros marcadores podera oferecer alternativas para
predicdo da resposta ao tratamento. A caracterizacao de variantes polimoérficas em genes de
citocinas de uma populacdo com hepatite C crbnica tratada com peglFN-alfa e ribavirina
permitira avaliar quais estdo associadas a resposta positiva ou neutra ao tratamento, uma
vez que pouco se sabe quanto aos fatores que contribuem para a resposta do paciente
frente ao tratamento.

Prever o grau de dano hepatico que o paciente desenvolvera também é uma
ferramenta eficaz nas maos do clinico, porém atualmente ndo existem mecanismos
suficientemente eficazes para fazer essa predicdo. O conhecimento dos marcadores em
genes de citocinas associados ao grau de dano hepético apresenta uma significancia
prognostica em pacientes cronicamente infectados pelo HCV, permitindo dirigir a terapia de

forma mais agressiva para aqueles com aumento do risco de progressdo da doenca.
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Embora existam estudos que relacionem variantes polimérficas em genes de
citocinas e intensidade do dano hepatico ou resposta ao tratamento na hepatite C crénica
(ROMERO-GOMEZ et al, 2011), alguns trabalhos tém apresentado resultados
contraditérios, devido ao mau delineamento do estudo. A maioria dos estudos utiliza
amostras heterogéneas quanto ao genétipo do HCV, com ou sem infeccdo concomitante
pelo virus da hepatite B (HBV) e virus da imunodeficiéncia humana (HIV). Portanto, mais
pesquisas sdo necessarias para esclarecer o real papel de variantes genéticas no processo
de fibrose hepatica, bem como na resposta ao tratamento (BATALLER e BRENNER, 2005).
Além disto, ndo foram encontrados estudos com este enfoque realizados na populacédo
brasileira, limitando-se apenas a estudos caso-controle que envolve apenas pacientes com
hepatite crbnica e/ou pacientes com eliminacdo viral espontédnea. Portanto, o presente
trabalho apresenta informacdes inéditas sobre a relacdo entre variantes polimérficas em
genes de citocinas IL1A, IL1B, IL1R1, IL1RN, IL4RA, IL12B, IFNG, TGFB, TNFA, IL2, IL4,
IL6, IL10 e dano hepatico/resposta ao tratamento da hepatite C na populagéo brasileira, uma

Vvez que esses genes participam ativamente da resposta imunoldgica frente ao HCV.
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OBJETIVOS

1.8. OBJETIVO GERAL

Investigar a existéncia de associacbes entre variantes polimorficas em genes de

citocinas e de receptores de citocinas na resposta ao tratamento de pacientes infectados

com o HCV, assim como no grau do dano hepatico.

1.9. OBJETIVOS ESPECIFICOS

Caracterizar os genotipos e estimar as freqiiéncias alélicas, genotipicas e haplotipicas
(quando possivel) de variantes polimérficas em genes de citocinas para as posicoes -
889C>T (rs1800587) do gene IL1A, -511T>C (rs16944) e +3962C>T (rs1143634) do
gene IL1B, pstl 1970C>T (rs2234650) do gene IL1R1, mspal 11100C>T (rs315952) do
gene IL1RN, +1902G>A (rs1801275) do gene IL4RA, -1188A>C (rs3212227) do gene
IL12B, +874T>A (rs2430561) do gene IFNG, cddon 10C>T (rs1800470) e c6don 25G>C
(rs1800471) do gene TGFB, -308G>A (rs1800629) e -238G>A (rs361525) do gene
TNFA, +166G>T (rs2069763) e -330T>G (rs2069762) do gene IL2, -1098T>G
(rs2243248), -590C>T (rs2243250) e -33T>C (rs2070874) do gene IL4, -174G>C
(rs1800795) e nt565G>A (rs1800797) do gene IL6, -1082A>G (rs1800896), -819C>T
(rs1800871) e -592C>A (rs1800872) do gene IL10 em uma amostra de individuos com
hepatite C cronica, através da técnica de PCR-SSP;

Verificar estatisticamente a existéncia de possiveis associacdes entre as variantes
polimérficas em genes de citocinas com a resposta ao tratamento e grau de dano

hepatico.
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ABSTRACT

Hepatic fibrosis may be the result of repetitive injury to the hepatocytes caused by HCV
infection and the immune response to it, leading to a failure in the regenerative process and deposition
of an abundant amount of extracellular matrix. Cytokines regulating the inflammatory response to
injury modulate hepatic fibrogenesis in vivo and in vitro. Single nucleotide polymorphisms located in
the regulating/encoding regions of cytokines genes may influence both the expression and secretion
of cytokines, resulting in different phenotypes of production, which may contribute to hepatic
fibrogenesis in HCV infection. Therefore, the aim of this study was to determine the genotype of 22
SNPs found in 13 genes of cytokines/cytokine receptors to assess the influence of polymorphic
variants in the degree of liver damage in Brazilian patients chronically infected with HCV genotype 1
only. Polymorphic variants for TNFA-308, IL6-174, IL6nt565 and ILARA+1902 were associated with
the degree of liver damage. We conclude that gene variants of cytokines/receptors may influence liver

damage in patients chronically infected by HCV genotype 1.

Keywords: hepatitis C, liver fibrosis, hepatic cirrhosis, cytokine, polymorphism
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INTRODUCTION

The hepatitis C virus (HCV) is a pathogen responsible for the chronic infection in around two
thirds of infected individuals, due to its ability to evade both the innate as well as acquired immunity
[1]. Chronic infection may be evidenced by the liver histopathological changes, which begin with an
inflammatory process often associated with fibrosis, may progress to cirrhosis and, in some cases, to
hepatocellular carcinoma [2]. Fibrosis is the result of repetitive injuries caused to the hepatocytes by
HCV infection and the immune response to it, leading to a failure in the regenerative process and
deposition of an abundant amount of extracellular matrix. The progressive accumulation of matrix
originates nodules, causing injury and hepatic cirrhosis, which are responsible for a high rate of
morbidity and mortality worldwide [3, 4]. Although an inflammatory process precedes fibrogenesis,
studies have shown that it is not always characterized by a persistent inflammation. Therefore, the
mechanisms controlling fibrogenesis are partially different from those regulating inflammation [5].
There is strong evidence that cytokines regulate the inflammatory response to injury and modulate
hepatic fibrogenesis both in vivo and in vitro [4, 6, 7].

The intensity of liver damage is highly variable among individuals and may be influenced by
viral, environmental and host-related factors [8]. The diversity of genes involved in the immune
response could partly explain the variability in the response to infection by the same etiological agent
[9]. Single nucleotide polymorphisms (SNPs), located in regulatory/coding regions of cytokine genes,
might influence the expression and secretion of cytokines, resulting in the production of different
phenotypes [10, 11]. Furthermore, changes in the levels of different cytokines seem to contribute to
hepatic fibrogenesis in HCV infection [12-14].

Although there are studies relating polymorphic variants in cytokine genes to the severity of
liver damage in chronic hepatitis C [15], some studies have yielded contradictory results due to poor
study design. Most studies apply heterogeneous HCV genotype samples, with or without concurrent
hepatitis B virus (HBV) and human immunodeficiency virus (HIV) viral infections. So, further research
is required to clarify the current role of genetic variants in liver fibrosis [16]. Moreover, no studies using
this approach were carried out in Brazil yet. Therefore, the objective of this study was to evaluate the
influence of polymorphic variants in cytokine genes and cytokine receptor genes in the degrees of liver

damage in Brazilian patients chronically infected with HCV genotype 1 only.

METHODOLOGY

Casuistry

Seven hundred and sixty one patients were seen at the Division of Gastroenterology,
University Hospital at Botucatu’'s Medicine School, Brazil and diagnosed as infected with HCV,
between September 2004 and January 2009. Of these, 141 unrelated patients were included in this
study, according to the following criteria: infection only by HCV genotype 1, diagnosis based on the
presence of viral RNA confirmed by molecular tests, chronicity characterized by liver biopsy and

persistence of viral RNA in serum, liver biopsy performed prior to the beginning of antiviral treatment,
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and signing the consent form. Individuals with risk factors such as alcohol or drug users during
treatment, patients with positive serology for hepatitis B and/or human immunodeficiency virus, or
hemophiliac patients with other liver diseases were excluded since they could compromise the course
of hepatitis C and lead to wrong conclusions. Clinical data were obtained from medical records.
Patients were regarded as a mixed ethnic group (excluding Oriental and African ancestry), given that
phenotypic evaluations based on physical characteristics such as skin color are not good predictors of
genomic African ancestry in Brazilian populations [17]. The study protocol was approved by the Ethics

Committee in Human Research, Botucatu’'s Medicine School, Universidade Estadual Paulista.

Liver biopsy

The degree of fibrosis was determined by histological liver assessment. Percutaneous
biopsies were performed by a pathologist with the use of Tru Cut or Menghini needles. The fragment
analysis was only performed when at least eight portal areas could be seen. Tissues were stained with
hematoxylin-eosin, Masson's trichrome and reticulin stain and analyzed by the Metavir scale system
[18], which classifies the liver sample from zero to four (FO - no fibrosis, F1 - portal fibrosis without
septa, F2 - portal fibrosis with few septa, F3 - portal fibrosis with many septa, F4 — cirrhosis).

Patients were grouped according to their degree of fibrosis: the absence of fibrosis or patients
with initial degrees of fibrosis (FO-F2, n=84), patients with advanced degrees of fibrosis or cirrhosis
(F3-F4, n=57), without cirrhosis (FO-F3, n=103), and cirrhosis (F4, n=38).

Viral genotyping

HCV genotyping was defined through reverse line probe assay technique (INNOLIPA® v.1.0,
Innogenetics, Ghent, Belgium), according to the manufacturer’'s instructions. This genotyping was
preceded by the extraction of total RNA present in patient's plasma, followed by reverse-transcription-
polymerase chain reaction (RT-PCR), using the Amplicor HCV test version 2.0 kit (Roche Diagnostic
System, Branchburg, NJ, USA).

Genomic DNA extraction
Genomic DNA was extracted from whole blood obtained from an initial volume of 10 mL,
collected into tubes containing EDTA. The extraction was performed through Salting-out technique

[19] or BioPur commercial kit (Biometrix Diagnéstica, Curitiba, Pr, Brasil).

Genotyping of polymorphic variants in cytokine genes

The genotyping of the polymorphic variants of cytokine genes was performed with 75-125
ng/ul of DNA, by PCR-SSP (polymerase chain reaction with sequence-specific primers) using the
Cytokine Genotyping kit (Dynal Biotech, Invitrogen® Corporation, Brown Deer, WI, USA) according to
manufacturer’s instructions. It were determined the alleles, genotypes and haplotypes for 22 SNPs
located in 13 cytokine genes (Table 01). The amplified fragments were separated on 2% agarose gel
in a horizontal electrophoresis system. The results interpretation was performed according to standard

forms provided by the manufacturer of the Cytokine Genotyping kit.
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Statistical analysis

The allelic and genotypic frequencies were obtained by direct counting. Haplotype frequencies
were estimated based on the genotype frequencies observed, through the likelihood method using the
EM algorithm (expectation maximization), which is part of an integrated software package available in
the Arlequin version 3.5 [20]. Convert software was used to prepare the input file for the Arlequin
package [21].

The comparison of frequencies in each sub-sample was performed by 2x2 contingency tables
using the chi-square or Fisher's exact test, when n<5 in any cell. Differences were considered
statistically significant when P<0.05. The association strength was assessed by Odds Ratio (OR)
obtained with a confidence interval (Cl) of 95% [22]. Haldane correction was employed when n<5 in
any cell [23]. Statistical analyzes were performed using the Vassar Stats software
(http://faculty.vassar.edu/lowry/VassarStats.html). The parameters of linkage disequilibrium D', r* and
p were performed using the Arlequin 3.5 software package [20]. Stepwise logistic regression was used
to assess associations between cirrhosis or fibrosis and categorical explanatory variables, such as
gender, age and estimated duration of HCV infection. Analysis was conducted using the SPSS 20.0
statistical package (SPSS, Inc., Chicago, IL, USA).

RESULTS

Demographic and clinical information of patients

Demographic and clinical information of patients are shown in Table 02. According to Metavir
score, 59.6% of patients presented no or mild fibrosis (FO-F2) and 73.1% presented no cirrhosis (FO-
F3) (5.0% were FO, 31.2% F1, 23.4% F2, 13.5% F3 and 26.9% F4). The mean age and duration of
infection of patients with advanced fibrosis or cirrhosis (F3-F4) was higher than for the patients with no
or mild fibrosis (FO-F2) (49.0+9.2 years vs 40.1+9.6 years, P<0.05 and 26.0+9.0 years vs 19.0+6.9
years, P<0.05, respectively). The same trend was observed for patients with cirrhosis (F4), when
compared to non-cirrhosis patients (FO-F3) (50.1+9.5 years vs 41.34+9.7 years, P<0.05 and 27.9+9.7
years vs 19.8+7.1 years, P<0.05, respectively). Multivariate logistic regression adjusting for the
simultaneous contributions of independent variables (gender, age and estimated duration of HCV
infection) indicated that age (P=0.010; P=0.047) and duration of infection (P=0.023; P=0.016)

conferred increased risk of fibrosis and cirrhosis (Table 03).

Allele frequencies

Allele frequencies of polymorphic variants in the assessed cytokine genes are shown in Table
04. For technical reasons, some patients did not have all their SNPs typed. The frequency of
IL4RA+1902/A allele was higher in patients with advanced degrees of hepatic fibrosis (80.7% vs
69.6%, P=0.0374; OR=1.8228; IC=1.0312 — 3.2222). The TNFA-308/A allele was also more frequent
in patients with advanced degrees of hepatic fibrosis (20.0% vs 10.1% P= 0.0203; OR= 2.2206; IC=
1.1190 — 4.4066), as well as in patients with cirrhosis (22.2% vs 11.2% P= 0.0200; OR= 2.2733; IC=
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1.1235 — 4.5998). Accordingly, reciprocal association (protection) was also observed for the TNFA-
308/G allele.

Genotype frequencies

The genotype frequencies of polymorphic variants in cytokine genes are shown in Table 05.
The following genotypes were more frequent in patients with less severe degrees of fibrosis (FO-F2):
TNFA-308/G:G (82.1% vs 60.0%; P= 0.0038; OR=0.326; 1C=0.15 — 0.7088) and IL6-174/G:G (58.0%
vs 40.4%; P= 0.0409; OR= 0.489; 1C=0.2457 — 0.9747). Genotypes TNFA-308/G:A (15.5% vs 40.0%;
P= 0.0011; OR=3.641; IC=1.6354 — 8.1065), IL6-174/G:C (33.3% vs 52.6%; P= 0.0233; OR=2.222;
[C=1.1085 — 4.455) and IL6nt565/G:A (30.9% vs 50.9%; P= 0.0176; OR=2.32; IC=1.1505 — 4.6784)
were more frequent in patients with more severe degrees of liver fibrosis (F3-F4).

Genotypes IL4RA+1902/G:G (15.5% vs 2.6%; P= 0.0414; OR=0.147; IC= 0.0188 — 1.1491)
and TNFA-308/G:G (79.7% vs 55.6%; P= 0.0049; OR=0.3201; IC= 0.1419 — 0.7222) were more
frequent in patients without liver cirrhosis (FO-F3), while genotype TNFA-308/G:A (18.4% vs 44.4%;
P=0.0019; OR= 3.5368; IC= 1.5505 — 8.0681) was more frequent in the cirrhosis patients (F4).

Haplotype frequencies

The haplotype frequency of polymorphic variants in cytokine genes are shown in Table 06.
The haplotype TNFA-308; -238/GG was more frequent in patients with less severe degrees of liver
fibrosis as well as in the no cirrhosis group (FO-F2 vs F3-F4: 85.1% vs 74.5%; P= 0.0281; OR=0.512;
IC=0.2799 — 0.9365 and FO-F3 vs F4: 84.5% vs 70.8%; P= 0.0112; OR=0.4466; 1C=0.2372 — 0.8409,
respectively). The haplotype TNFA-308; -238/AG was more frequent in patients with a more severe
degree of fibrosis, as well as in the group with cirrhosis (FO-F2 vs F3-F4: 10.1% vs 20.0%; P= 0.02083;
OR= 2.2206; IC= 1.119 — 4.4066 and FO-F3 vs F4: 11.1% vs 22.2%; P= 0.0200; OR=2.2733;
IC=1.1235 — 4.5998).

The summary of all positive (susceptible) and negative (protective) polymorphic variants are

presented on Table 07.

DISCUSSION

The genotype frequencies for the all analyzed SNPs but IL4RA+1902 position (P= 0.0017) are
as expected for a population in Hardy-Weinberg equilibrium. Is not uncommon to find SNP frequencies
not in Hardy-Weinberg equilibrium in patient samples (control free). Esser e Tomluk (2005) comment
that if the deviation from Hardy-Weinberg equilibrium occurs only in the group of patients, this provides
further evidence of the real existence of possible associations with disease observed for the marker in
question [24].

The influence of genetic factors in the natural history of HCV infection has been demonstrated
in the last years. Polymorphisms in genes encoding immunoregulatory proteins, proinflammatory

cytokines, and fibrogenic factors may affect the production of these factors and influence disease
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progression in patients with chronic liver disease such as hepatitis C [16]. Several allelic variants of
SNPs located in cytokine genes have been associated with the degree of liver damage [15]. However,
some studies have yielded contradictory results due to poor study design [3]. Seeking to contribute to
the clarification of inconsistent results, this study carefully selected patients in order to form a
homogeneous sample group regarding the HCV genotype and the absence of viral co-infections; they
were also evaluated for the influence of polymorphic variants in cytokine genes and cytokine receptors
genes regarding the degree of liver damage during chronic infection by HCV genotype 1 only.

An association between the TNFA-308/A allele and more severe degrees of liver
fibrosis/cirrhosis has been observed; individuals carrying this allele are about twice as likely to develop
more advanced degrees of liver fibrosis/cirrhosis than non-carriers. Our results are in agreement with
the literature. Dai et al. [25] noticed an association between the TNFA-308/A allele and severe stages
of liver fibrosis when studying Chinese individuals suffering from chronic hepatitis C (different viral
genotypes). Yu et al. [26], despite not obtaining a significant difference, observed a higher frequency
of TNFA-308/A allele in Chinese patients suffering from chronic hepatitis C with a high degree of
hepatic fibrosis. Yee et al. [27] and Hohler et al. [28] found an association between the TNFA-308/A
allele and liver cirrhosis in an American and German population with chronic hepatitis C, respectively.
Jeng et al. [29], studying a Chinese population with hepatocellular carcinoma, found that the greater
the degree of hepatic fibrosis, the higher the frequency of TNFA-308/A allele. Kusumoto et al. [30]
found an association between the TNFA-308/A allele and high levels of serum markers of hepatic
fibrosis in Japanese patients.

Nevertheless, other authors did not observe this association, or observed an inverse one.
Goyal et al. [31], when studying an Indian population chronically infected by HCV of different
genotypes, found no association between the polymorphic variants of SNP TNFA-308 and the degree
of liver damage. Bouzgarrou et al. [32], Barret et al. [33] and Powell et al. [34] also found no
association between alleles, genotypes and phenotypes of cytokine production and fibrosis when
studying a population of Tunisia, Ireland and Australia, respectively. Similarly, Bahr et al. [35] found no
association between alleles and genotypes and liver cirrhosis in a German population. Goncharova et
al. [36] on the other hand, reported a higher frequency of the TNFA-308/A allele in Russian patients
with a lower degree of liver fibrosis/cirrhosis.

We also found TNFA-308G>A genotypic associations, which were not found by any of the
mentioned authors. The TNFA-308/G:G genotype showed a negative association with liver damage,
while the TNFA-308/G:A genotype was positively associated, increasing by 3.6 times the susceptibility
to liver damage. The conflict between the results could be partially explained by ethnic differences
among patients. Furthermore, most studies show heterogeneity of the sample groups, which are
formed, for example, by individuals infected with different viral genotypes, and in some cases, with
unrepresentative sample size.

A possible biological explanation for the associations found in this study is the influence of the
TNFA-308/A allele in gene transcription. Despite some controversy [37], there is evidence that the
TNF transcription is highly influenced by polymorphism -308G>A. In the promoter region at position -
308, are described a guanine (TNF-308/G allele or TNF*1) to adenine (TNF-308/A allele or TNF*2)
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substitution. The TNFA-308/A allele has been shown to almost double the TNFA gene expression and,
thus, the plasma levels of the TNF-a cytokine, possibly due to originating a different binding site for
nuclear proteins [38, 39]. The number of -308/A alleles that an individual possess also plays a role in
the plasma levels of TNF-a with genotypes -308/A:A and -308/G:A being associated with high
production of the cytokine [10, 11, 39]. Although we did not measure the plasma levels of TNF-q, it
would be plausible to assume that the high plasma [12, 40-42] and intrahepatic levels [43] of this
cytokine seen in patients with high degrees of fibrosis or cirrhosis, could be the result of a higher
expression of the TNFA-308/A allele in these patients. The high plasma levels of TNF-a would be
likely to intensify its pro-inflammatory action in the fibrotic process and would increase its stimulus on
Ito cells, protagonists of the fibrogenesis process [44, 45]. Connolly et al. [46], using mouse models,
investigated the contribution of dendritic cells in the fibrotic environment and reported that the TNF-a
would be the means by which dendritic cells control liver inflammation and fibrogenesis. It has been
found that dendritic cells doubled the production of TNF-a and IL-6 after the induction of hepatic
fibrosis, and the secretion of TNF-a allowed them to stimulate natural killer cells, T lymphocytes and
Ito cells.

Our results showed that the haplotype GG (TNFA-308G/-238G) was negatively associated
with liver damage. However, haplotype AG (TNFA-308A/-238G) was positively associated with i,
increasing by 2.3 times the chance of developing more advanced degrees of liver fibrosis/cirrhosis.
Since there was no change of allele to the -238 position in both haplotypes, these haplotype
associations were influenced by allelic variants of the -308 position and they can be explained by
taking into consideration the influence of alleles of this position in gene expression.

Another hypothesis to explain the association obtained by the -308/A allele would be that it
was in linkage disequilibrium with the real susceptibility allele. Since it is located in the region of the
MHC class lll, nearby HLA-B and DR regions, this allele has strong linkage disequilibrium with HLA
alleles, being part of the HLA-AL,-B8 -DR3 -DQ2 haplotype [39, 47]. However, Marangon et al.
studying class | and Il HLA alleles in the same population of this study, found no association between
the severity of liver damage with either the above haplotype or any of the haplotype alleles [48].

Studies assessing IL6-174 polymorphisms in chronically infected HCV patients according to
the severity of liver fibrosis/cirrhosis are extremely scarce. Barrett et al. [33] found no association
between the production of genotypes and phenotypes and the severity of fibrosis in an Irish
population. However, Falletti et al. [49], when studying Italian patients, found an association between
the 1L6-174/G allele and the intensity of liver damage and Cussigh et al. [50] found an association
between the GG haplotype (IL6-597G/-174G) and liver damage. In this study, the I1L6-174/G allele was
not associated with liver damage, but the IL6-174/G:G genotype was negatively associated with the
degree of hepatic fibrosis, while the IL6-174/G:C genotype was positively associated with it, increasing
about 2.2 times the chance of developing higher degrees of liver fibrosis.

The IL-6 is a pleiotropic cytokine that stimulates several cell types, including hepatocytes [51,
52]. The pathophysiological role of IL-6 in acute or chronic liver disease has been intensively studied
[53], however both its clinical relevance and molecular function in the pathogenesis of liver disease are

not fully understood [54]. It is known, however, that it plays an important role in the development of
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fibrosis, for besides its pro-inflammatory nature, IL-6 deficient mice develop attenuated liver fibrosis
[55]. Moreover, IL-6 is expressed along with TNF-a by dendritic cells, modulating the hepatic cytokine
and chemokine milieu in fibrosis [46]. In the liver, IL-6 is upregulated in human cirrhosis [56]. High
plasma levels of IL-6 have been observed in individuals affected by chronic hepatitis C and these
levels tend to increase proportionally to the degree of liver fibrosis as well as in the presence of
cirrhosis [54, 57-59].

IL-6 serum levels are regulated at the level of gene expression, since they remain in plasma
for a short period [60]. Gene transfection studies showed that the -174/G allele is expressed at
approximately 60% higher levels than the -174/C allele. Homozygous individuals for the G allele or
heterozygous were characterized as high producers of IL-6 and have high plasma levels of this
cytokine. On the other hand, homozygous individuals for the C allele would be low producers of IL-6
[61]. Nonetheless, in the present work both protection against liver damage and enhancing liver
damage were observed in high IL-6-producer genotype patients (protection IL6-174/G:G and
susceptibility IL6-174/G:A). Nevertheless, IL6 gene expression may not only dependent on the -174
genotype, but also on the cell that produces IL-6; different genotypes may influence differently the
cytokine level depending on the type of the cell that produces it [62].

Moreover, there seems to be no consensus on the functionality of polymorphisms at IL6 gene.
Two recent studies did not observe any association between the IL6-174 polymorphism and IL-6 levels
[63, 64], indicating that there may be other polymorphic loci affecting the IL-6 expression [37]. It seems
that IL6 gene regulation is also controlled by an element present between positions -5307 and -5202,
at the distal portion of the promoter region [65], which has no polymorphisms, but is close to a
polymorphic region. A study evaluating the functionality of positions IL6-174G>C and IL6-6331T>C
observed that the -6331/T allele increased the IL-6 expression regardless the -174 allele. The -6331/T
allele (but not the -6331/C allele) creates an Oct-1 binding site that probably alters the chromatin
structure, bringing the distal regulatory element in close proximity to the transcription start site [66].

Polymorphisms may also directly or indirectly affect the binding of transcriptional limiting
factors, consequently increasing or decreasing the production of mRNA, thus regulating cytokine
production. Polymorphism at IL6-174 could affect the IL6 gene transcription rate, and therefore, also
IL-6 inflammatory diseases such as hepatitis C, by the action of the glucocorticoid receptor, a
transcription factor involved in regulation of this gene. When the glucocorticoid and its receptor bind to
the promoter region of the IL6 gene, they down regulate I1L-6 expression [67]. Experiments suggest
that the region between positions -180 and -123 in the promoter region of the IL6 gene is crucial for
the transcription induction [68, 69] and that the gene repression promoted by steroid hormones, such
as glucococorticoid, apparently does not involve a high affinity binding to DNA [67, 70, 71]. Since the
IL6-174 polymorphism is located near the binding site of the glucocorticoid receptor to DNA, a
nucleotide substitution could cause a potential binding site for the NF-1 transcription factor [33, 62].

No studies in the literature about the IL6nt565 polymorphism and the severity of
fibrosis/cirrhosis were found. In this study, the IL6nt565/G:A genotype was associated positively to the
degree of hepatic fibrosis, while genotype IL6nt565/G:G showed a tendency to negative association
(60.5% vs 43.9%; P= 0.0537). The nt565/A:A genotype presents evidence of being associated to the
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high production of IL-6, while nt565/G:A and G:G genotypes seem to be associated with medium and
low production, respectively [72]. In this context, the positive association of the genotype GA with a
high degree of fibrosis could be related to the IL-6 plasma levels induced by it, a fact consistent with
the evidence of higher plasma levels of IL-6 in individuals infected with hepatitis C [54, 57, 58]. Since
the nt565 SNP is in strong linkage disequilibrium with the -174 SNP, and their nt565/G and -174/G
alleles tend to be found together, as well as nt565/A and -174/C alleles (supplementary material),
perhaps the associations found solely for the position -174 are due to this linkage disequilibrium, for
no other possible coherently biological explanation was found for the results of SNP IL6-174.

Other authors suggest that distinct polymorphic sites do not act independently of one another
for the IL6 gene, and one polymorphism influences the functional effect of variation at other
polymorphic sites [62]. Therefore, further investigations involving several SNPs within the IL6 gene
besides IL6-174 and nt565 are necessary.

The IL-4 receptor (ILAR) is composed of two subunits, the a, which binds with high affinity to
the ligand, and the y1, common to other cytokine receptors, which amplifies the signal from the a-
subunit [73, 74]. The a-subunit is also part of the receptor of IL-13 together with the IL-13 binding
protein, IL13Ra1 [37]. The a subunit is encoded by the ILARA gene, located in 16p12.1. Among the
polymorphisms described for this gene is the -1902G>A [75], resulting in change of glutamine for
arginine at position 576 of the peptide (often referred to as position 551 if the signal peptide is not
included in counting). Although a recent study of systemic sclerosis showed that this polymorphism
does not influence gene expression [76], other studies have demonstrated that this change interferes
with intracellular signaling [74, 77], due to its location in the peptide intracellular domain, and that the
IL4RA+1902/G allele is associated with enhanced signaling of the receptor [78] and, consequently,
enhance expression of IL4 and IL13 regulated genes, since it presents IL-4 and IL-13 as ligand [79].

The present work showed that the IL4RA+1902/A allele was positively associated to the
degree of hepatic fibrosis, while the G allele and the IL4RA+1902/G:G genotype are associated
negatively to development of fibrosis and cirrhosis, respectively. Avdoshina et al. [80] observed a
higher frequency of the +1902/G:G genotype in patients infected with HCV compared to healthy
volunteers. Vasakova et al. [81], observed an association between the +1902/A:G and idiopathic lung
fibrosis when studying a population in the Czech Republic. However, there appear to have been no
previous studies assessing the relationship between position +1902 and liver damage.

The presence of the ILARA+1902/G:G genotype enhance signaling of both IL4R and IL13R
and, consequently, increases the action of IL-4 and IL-13 [79]. As IL-4 and IL-13 are anti-inflammatory
cytokines, which would block the effect of pro-inflammatory cytokines, such as TNF-a and IL-6, which
seems to be involved in the development of fibrosis and cirrhosis in the present work. Thus, patients
with the G:G genotype would be protected against the development of cirrhosis by its anti-

inflammatory activity.

CONCLUSION
Our results show that polymorphic variants for the TNFA-308, IL6-174, IL6nt565 and

IL4RA+1902 positions are associated with the degree of liver damage during chronic infection with
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HCV genotype 1. Some of our data confirmed the results of previous studies conducted in other
populations, while others were novel and require replication to confirm. In this study, patients were
thoroughly characterized with respect to the degree of liver damage, time of infection, among other
possible non-genetic interfering factors, forming a homogeneous group. These efforts may have more
clearly characterized the host's genetic interfering factors leading to liver damage of chronically HCV-1
infected patients. We are aware, however, that polymorphisms in cytokines genes and cytokine
receptors are obviously not the only factors that influence the degree of liver damage and that
polymorphisms in other genes certainly contribute to the process. Therefore, the conclusion is that the
hepatic damage in chronically HCV 1 infected patients seems to be under the influence of
polymorphisms of genes for both cytokine and cytokine receptors; the knowledge of these markers
may have prognostic significance in patients chronically infected with HCV, allowing a more

aggressive therapy for those with increased risk of evolving to more severe forms of the disease.
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Table 01. List of the investigated cytokine SNPs.
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SNP
gg;(;kine l(c(s)kirg)jrig%some ﬁ]NtE:IEistignation dbSNP-ID ggg?t?wo%some Location
(reference)

IL1A 2q14 -889C>T rs1800587 113259431 5-UTR
IL1B 2914 -511T>C rs16944 113311338 Promoter

+3962C>T rs1143634 113306861 Coding/synonymous
ILIR1 2912 pstl 1970C>T rs2234650 102124759 Distal promoter
ILLRN 2914.2 mspal 11100C>T  rs315952 113606775 Coding/synonymous
ILARA 16p12.1-p1ll.2 +1902G>A rs1801275 27281901 Coding/missense
IL12B 5031.1-33.1 -1188A>C rs3212227 158675528 3-UTR
IFNG 12q14 +874T>A rs2430561 66838787 Intron
TGFB1 19g13.1 codon 10C>T rs1800470 46550761 Coding/missense

codon 25G>C rs1800471 46550716 Coding/missense
TNF 6p21.3 -308G>A rs1800629 31651010 Promoter

-238G>A rs361525 31651080 Promoter
IL2 4926-27 -330T>G rs2069762 123597430 Promoter

+166G>T rs2069763 123596932 Coding/synonymous
IL4 5031.1 -1098T>G rs2243248 132036543 Promoter

-590C>T rs2243250 132037053 Promoter

-33T>C rs2070874 132037609 5-UTR
IL6 7p21 -174G>C rs1800795 22733170 Promoter

nt565G>A rs1800797 22732746 Promoter
IL10 193132 -1082A>G rs1800896 205013520 Promoter

-819C>T rs1800871 205013257 Promoter

-592C>A rs1800872 205013030 Promoter
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Table 02. Demographic and clinical information of patients of a Brazilian population with chronic hepatitis C
classified according to the degree of fibrosis by the Metavir scale.

Characteristics Patients FO-F2 F3-F4 FO-F3 F4
(n=141) (n=84) (n=57) (n=103) (n=38)

Age (years, mean + 43.7 104 40.1 9.6 49.0 9.2 41.3 9.7 50.1 9.5
Gender n (%)

Male 108 (76.6) 65 (77.4) 43 (75.4) 81 (78.6) 27 (71.0)

Female 33 (23.4) 19 (22.6) 14 (24.6) 22 (21.9) 11 (28.0)
Duration of infection 21.8 8.5 19.0 6.9 26.0 9.0 19.8 7.1 27.9 9.7
(years, mean + SD)*"
METAVIR Stage n (%)**

FO 7 (5.0 7 (8.3) - - 7 (6.8) - -

F1 44 (31.2) 44 (52.4) - - 44  (42.7) - -

F2 33 (23.4) 33 (39.3) - - 33 (32.0) - -

F3 19 (13.5) - - 19 (33.3) 19 (18.5) - -

F4 38 (26.9) - - 38 (66.7) - - 38 (100.0

*P< 0,05 when comparing FO-F2 vs F3-F4 and FO-F3 vs F4.
"Duration of infection was calculated only for 87 patients (FO=4, F1=25, F2=23, F3=14, F4=21). The duration of

infection for 54 patients is unknown.

*METAVIR score: FO — no fibrosis, F1 — portal fibrosis without septa, F2 — portal fibrosis and few septa, F3 —
numerous septa without cirrhosis, F4 — cirrhosis.
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Table 03. Multivariate analysis of predictors of fibrosis or cirrhosis among patients of a Brazilian
population with chronic hepatitis C classified according to the degree of fibrosis by the Metavir scale.

Response variable Independent variable Coefficient P OR

Degree of fibrosis (FO-F2 and F3-F4)  Gender (M/F) -0.393 0.545 0.675
Age (years) 0.083 0.010 1.087
Duration of infection (years) 0.087 0.023 1.091

Presence or absence of cirrhosis Gender (M/F) -0.457 0.532 0.633
Age (years) 0.069 0.047 1.072
Duration of infection (years) 0.095 0.016 1.100

METAVIR score: FO — no fibrosis, F1 — portal fibrosis without septa, F2 — portal fibrosis and few septa,

F3 — numerous septa without cirrhosis, F4 — cirrhosis.



61

Table 04. Distribution of allele frequencies of polymorphisms in cytokine genes in patients of a Brazilian
population with chronic hepatitis C, classified according to their degree of fibrosis by the Metavir scale.

Polymorphism  Alleles FO-F2 (n=84) F3-F4 (n=57) FO-F3 (n=103) F4 (n=38)
n (F%) n (F%) n (F%) n (F%)

IL1A-889 C 123 (74.1) 79 (74.5) 151 (74.0) 51 (75.0)
T 43 (25.9) 27 (25.5) 53 (26.0) 17 (25.0)

IL1B-511 C 99 (61.1) 74 (64.9) 123 (61.5) 50 (65.8)
T 63 (38.9) 40 (35.1) 77 (38.5) 26 (34.2)

IL1B+3962 C 131 (79.9) 88 (77.2) 160 (79.2) 59 (77.6)
T 33 (20.1) 26 (22.8) 42 (20.8) 17 (22.4)

IL1R1 pstl T 57 (34.3) 28 (24.6) 64 (31.4) 21 (27.6)
1970 C 109 (65.7) 86 (75.4) 140 (68.6) 55 (72.4)
ILIRA mspal T 121 (72.0) 87 (76.3) 150 (72.8) 58 (76.3)
11100 C 47 (28.0) 27 (23.7) 56 (27.2) 18 (23.7)
IL4ARA+1902 A? 117 (69.6) 92 (80.7) 147 (71.4) 62 (81.6)
G 51 (30.4) 22 (19.3) 59 (28.6) 14 (18.4)

IL12B-1188 A 120 (75.0) 76 (70.4) 146 (73.7) 50 (71.4)
C 40 (25.0) 32 (29.6) 52 (26.3) 20 (28.6)

IFNG+874 A 91 (54.2) 56 (50.9) 109 (52.9) 38 (52.8)
T 77 (45.8) 54 (49.1) 97 (47.1) 34 (47.2)

TGFB1 cdn10 C 80 (47.6) 51 (45.5) 96 (46.6) 35 (47.3)
T 88 (52.4) 61 (54.5) 110 (53.4) 39 (52.7)

TGFB1 cdn25 C 9 (5.4) 8 (7.1) 12 (5.8) 5 (6.7)
G 159 (94.6) 104 (92.9) 194 (94.2) 69 (93.3)

TNFA-308 G 151 (89.9) 88 (80.0) 183 (88.8) 56 (77.8)
A° 17 (10.1) 22 (20.0) 23 (11.2) 16 (22.2)

TNFA-238 G 160 (95.2) 104 (94.6) 197 (95.6) 67 (93.0)
A 8 (4.8 6 (5.5) 9 (4.9 5 (7.0

IL2-330 G 51 (31.1) 30 (26.8) 62 (30.7) 19 (25.7)
T 113 (68.9) 82 (73.2) 140 (69.3) 55 (74.3)

IL2+166 G 110 (67.1) 72 (64.3) 134 (66.3) 48 (64.9)
T 54 (32.9) 40 (35.7) 68 (33.7) 26 (35.1)

IL4-1098 T 121 (76.6) 86 (79.6) 152 (78.4) 55 (76.4)
G 37 (23.4) 22 (20.4) 42 (21.6) 17 (23.6)

IL4-590 C 120 (76.0) 87 (80.5) 148 (76.3) 59 (81.9)
T 38 (24.0) 21 (19.5) 46 (23.7) 13 (18.1)

IL4-33 T 35 (22.2) 18 (16.7) 41 (21.1) 12 (16.7)
C 123 (77.8) 90 (83.3) 153 (78.9) 60 (83.3)

IL6-174 G 121 (74.7) 76 (66.7) 146 (73.0) 51 (67.1)
C 41 (25.3) 38 (33.3) 54 (27.0) 25 (32.9)

IL6Nt565 G 123 (75.9) 79 (69.3) 149 (74.5) 53 (69.7)
A 39 (24.1) 35 (30.7) 51 (25.5) 23 (30.3)

IL10-1082 G 67 (39.9) 41 (37.3) 81 (39.7) 27 (36.5)
A 101 (60.1) 69 (62.7) 123 (60.3) 47 (63.5)

IL10-819 C 114 (67.9) 79 (71.8) 143 (70.1) 50 (67.6)
T 54 (32.1) 31 (28.2) 61 (29.9) 24 (32.4)

IL10-592 C 114 (67.9) 79 (71.8) 143 (70.1) 50 (67.6)
A 54 (32.1) 31 (28.2) 61 (29.9) 24 (32.4)

For technical reasons, some patients did not have all their SNPs typed, so N is variable depending on the
SNP.

P obtained through Chi-square test or Fisher’s test.

n= number of alleles; F%= allele relative frequency.



62

FO-F2, early degree of liver fibrosis; F3-F4, advanced degrees of liver fibrosis or cirrhosis; FO-F3, no
cirrhosis; F4, cirrhosis.

4F3-F4 vs FO-F2: 92 (80.7%) vs 117 (69.6%). P= 0.0374; OR= 1.8228; IC= 1.0312 — 3.2222

®F3-F4 vs FO-F2: 22 (20.0%) vs 17 (10.1%) P= 0.0203; OR= 2.2206; IC= 1.1190 — 4.4066

®F4 vs FO-F3: 16 (22.2%) vs 23 (11.2%) P= 0.0200; OR= 2.2733; IC=1.1235 — 4.5998
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Table 05. Distribution of genotype frequencies of polymorphisms in cytokine genes in patients of a
Brazilian population with chronic hepatitis C, classified according with the fibrosis degree by the Metavir

scale.
Polymorphis Genotypes FO-F2 (n=84) F3-F4 (n=57) FO-F3 (n=103) F4 (n=38)
m (F%) n (F%) n (F%) n (F%)
ILIA-889 c.C 45 (54.2) 31 (58.5) 56 (54.9) 20 (58.8)
cT 33 (39.8) 17 (32.1) 39 (38.2) 11 (32.4)
TT 5 (6.0) 5 (9.4) 7 (6.9) 3 (8.8)
IL1B-511 c:.Cc 32 (39.5) 23 (40.4) 41 (41.0) 14 (36.8)
cT 35 (43.2) 28 (49.1) 41 (41.0) 22 (57.9)
TT 14 (17.3) 6 (10.5) 18 (18.0) 2 (5.3)
IL1B+3962 c:.Cc 52 (63.4) 34 (59.7) 63 (62.3) 23 (60.5)
T:C 27 (32.9) 20 (35.1) 34 (33.7) 13 (34.2)
TT 3 (3.7) 3 (5.3) 4 (4.0 2 (5.3)
IL1R1 pstl TT 8 (9.6) 3 (5.3) 8 (7.8) 3 (7.9)
cT 41 (49.4) 22 (38.6) 48 (47.1) 15 (39.5)
1970 c.Cc 34 (41.0) 32 (56.1) 46 (45.1) 20 (52.6)
ILIRA mspal TT 44 (52.4) 33 (57.9) 56 (54.4) 21 (55.3)
T:C 33 (39.3) 21 (36.8) 38 (36.9) 16 (42.1)
11100 c.Cc 7 (8.3) 3 (5.3) 9 (8.7) 1 (2.6)
IL4RA+1902 AA 46 (54.8) 39 (68.4) 60 (58.3) 25 (65.8)
GA 25 (29.8) 14 (24.6) 27 (26.2) 12 (31.6)
G:G? 13 (15.4) 4 (7.0 16 (15.5) 1 (2.6)
IL12B-1188 AA 44 (55.0) 26 (48.2) 53 (53.5) 17 (48.6)
C:A 32 (40.0) 24 (44.4) 40 (40.4) 16 (45.7)
c:.Cc 4 (5.0) 4 (7.4) 6 (6.1) 2 (5.7)
IFNG+874 AA 22 (26.2) 17 (30.9) 28 (27.2) 11 (30.6)
AT 47 (56.0) 22 (40.0) 53 (51.5) 16 (44.4)
TT 15 (17.8) 16 (29.1) 22 (21.3) 9 (25.0)
TGFB1 cdn10 c:.Cc 22 (26.1) 11 (19.6) 25 (24.3) 8 (21.6)
cT 36 (42.9) 29 (51.8) 46 (44.7) 19 (51.4)
TT 26 (31.0) 16 (28.6) 32 (31.0) 10 (27.0)
TGFB1 cdn25 c:.Cc 0 (0.0 0 (0.0) 0 (0.0) 0 (0.0)
C:G 9 (10.7) 8 (14.3) 12 (11.7) 5 (13.5)
GG 75 (89.3) 48 (85.7) 91 (88.3) 32 (86.5)
TNFA-308 G:G™ 69 (82.1) 33 (60.0) 82 (79.7) 20 (55.6)
G:A% 13 (15.5) 22 (40.0) 19 (18.4) 16 (44.4)
AA 2 (2.4) 0 (0.0) 2 (1.9) 0 (0.0)
TNFA-238 GG 76 (90.5) 49 (89.1) 94 (91.3) 31 (86.1)
GA 8 (9.5) 6 (10.9) 9 (8.7) 5 (13.9)
AA 0 (0.0 0 (0.0) 0 (0.0) 0 (0.0)
IL2-330 GG 9 (11.0) 4 (7.1) 11 (10.9) 2 (5.49)
GT 33 (40.2) 22 (39.3) 40 (39.6) 15 (40.5)
TT 40 (48.8) 30 (53.6) 50 (49.5) 20 (54.1)
IL2+166 GG 38 (46.3) 24 (42.9) 46 (45.5) 16 (43.2)
GT 34 (41.5) 24 (42.9) 42 (41.6) 16 (43.2)
TT 10 (12.2) 8 (14.2) 13 (12.9) 5 (13.6)
IL4-1098 TT 44 (55.7) 34 (63.0) 58 (59.8) 20 (55.5)
TG 33 (41.8) 18 (33.3) 36 (37.1) 15 (41.7)
GG 2 (2.5) 2 (3.7) 3 (3.1) 1 (2.8)
IL4-590 c:.Cc 46 (58.2) 36 (66.7) 56 (57.7) 26 (72.3)
cT 28 (35.4) 15 (27.8) 36 (37.1) 7 (19.4)
TT 5 (6.4) 3 (5.5) 5 (5.2) 3 (8.3)



IL4-33 T:T 4 (5.1) 2 (3.7 4 (4.1)
T:C 27 (34.2) 14 (26.0) 33 (34.0)
c:.C 48 (60.7) 38 (70.3) 60 (61.9)
IL6-174 G:G' 47 (58.0) 23 (40.4) 54 (54.0)
G:CY 27 (33.3) 30 (52.6) 38 (38.0)
c:.C 7 (8.7) 4 (7.0) 8 (8.0
IL6Nnt565 G:G 49 (60.5) 25 (43.9) 56 (56.0)
G:A" 25 (30.9) 29 (50.9) 37 (37.0)
AA 7 (8.6) 3 (5.2 7 (7.0
IL10-1082 G:G 14 (16.7) 9 (16.4) 16 (15.7)
G:A 39 (46.4) 23 (41.8) 49 (48.0)
AA 31 (36.9) 23 (41.8) 37 (36.3)
IL10-819 c:.C 36 (42.9) 30 (54.6) 48 (47.0)
CT 42 (50.0) 19 (34.5) 47 (46.1)
T:T 6 (7.1) 6 (10.9) 7 (6.9)
IL10-592 c:.C 36 (42.9) 30 (54.6) 48 (47.0)
C:A 42 (50.0) 19 (34.5) 47 (46.1)
AA 6 (7.1) 6 (10.9) 7 (6.9)

2
8
26
16
19
3
18
17
3
7
13
17
18
14
5
18
14
5
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(5.6)

(22.2)
(72.2)
(42.1)
(50.0)
(7.9)

(47.4)
(44.7)
(7.9)

(18.9)
(35.2)
(45.9)
(48.7)
(37.8)
(13.5)
(48.7)
(37.8)
(13.5)

For technical reasons, some patients did not have all their SNPs typed, so N is variable depending on

the SNP.
P obtained through the Chi-square test or Fisher’s test.
n= number of genotype; F%-= relative frequency of genotypes.

FO-F2: early stages of liver fibrosis; F3-F4, advanced stages of liver fibrosis or cirrhosis; FO-F3, no

cirrhosis; F4, cirrhosis.

4 FO-F3 vs F4: 16 (15.5%) vs 1 (2.6%) P=0.0414; OR=0.147; 1C=0.0188 — 1.1491
®FO-F2 vs F3-F4: 69 (82.1%) vs 33 (60.0%) P=0.0038; OR=0.326; IC=0.15 - 0.7088
°FO-F3 vs F4: 82 (79.7%) vs 20 (55.6%) P= 0.0049; OR=0.3201; IC=0.1419 — 0.7222
9FO-F2 vs F3-F4: 13 (15.5%) vs 22 (40.0%) P=0.0011; OR=3.641; IC=1.6354 - 8.1065
®FO0-F3 vs F4: 19 (18.4%) vs 16 (44.4%) P= 0.0019; OR=3.5368; IC=1.5505 — 8.0681
'FO-F2 vs F3-F4: 47 (58.0%) vs 23 (40.4%) P= 0.0409; OR=0.489; IC=0.2457 - 0.9747
9F0-F2 vs F3-F4: 27 (33.3%) vs 30 (52.6%) P=0.0233; OR=2.222; IC=1.1085 - 4.455
"FO-F2 vs F3-F4: 25 (30.9%) vs 29 (50.9%) P=0.0176; OR=2.32; 1C=1.1505 - 4.6784
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Table 06. Distribution of haplotype frequencies of polymorphisms in cytokine genes in patients of a
Brazilian population with chronic hepatitis C, classified according with the fibrosis degree by the
Metavir scale.

. FO-F2 (n=84)  F3-F4 (n=57)  FO-F3 (n=103) F4 (n=38)
Polymorphism  Haplotypes

(F%) n (F%) n (F%) n (F%)

TGFBR1 CG 71 (42.2) 43 (38.3) 84 (40.8) 30 (40.5)

(cdn10; cdn25) TG 88 (52.4) 61 (54.5) 110 (53.4) 39 (52.7)

cc 9 (5.4) 8 (7.2 12 (5.8) 5 (6.8)

TNFA (-308; - GG™ 143 (85.1) 82 (74.5) 174 (84.5) 51 (70.8)

238) GA 8 (4.8) 6 (5.5) 9 (4.4) 5 (6.9)

AG® 17 (10.1) 22 (20.0) 23 (11.1) 16 (22.2)

IL2 (-330; +166) TG 59 (36.0) 42 (37.5) 72 (35.6) 29 (39.2)

GG 51 (31.1) 30 (26.8) 62 (30.7) 19 (25.7)

TT 54 (32.9) 40 (35.7) 68 (33.7) 26 (35.1)

IL4 (-1098; - GCC 35 (22.2) 21 (19.4) 40 (20.6) 16 (22.2)

590; -33) TCC 85 (53.8) 66 (61.1) 108 (55.7) 43 (59.7)

TTT 34 (21.5) 18 (16.7) 40 (20.6) 12 (16.7)

TTC 2 (1.3) 2 (1.9 4 (2.1) 0 (0.0)

GTT 1 (0.6) 0 (0.0) 1 (0.5) 0 (0.0)

GTC 1 (0.6) 1 (0.9) 1 (0.5) 1 (14)

IL6 (-174; GG 121 (74.7) 76 (66.7) 146 (73.0) 51 (67.1)

nt565) CA 39 (24.1) 35 (30.7) 51 (25.5) 23 (30.3)

CG 2 (1.2 3 (2.6) 3 (1.5) 2 (2.6)

IL10 (-1082; - ATA 54 (32.1) 31 (27.7) 61 (29.6) 24 (32.4)

819; -592) ACC 47 (28.0) 39 (34.8) 63 (30.6) 23 (31.1)

GCC 67 (39.9) 42 (37.5) 82 (39.8) 27 (36.5)

For technical reasons, some patients did not have all their SNPs typed, so N is variable depending on
the SNP.

P obtained through the Chi-square test or Fisher’s test.

n= number of haplotype; F%= relative frequency of haplotype.

FO-F2: early stages of liver fibrosis; F3-F4, advanced stages of liver fibrosis or cirrhosis; FO-F3, no
cirrhosis; F4, cirrhosis.

4 FO-F2 vs F3-F4: 143 (85.1%) vs 82 (74.5%) P= 0.0281; OR=0.512; IC=0.2799 — 0.9365

® FO-F3 vs F4: 174 (84.5%) vs 51 (70.8%) P= 0.0112; OR=0.4466; IC=0.2372 — 0.8409

° FO-F2 vs F3-F4: 17 (10.1%) vs 22 (20.0%) P= 0.0203; OR=2.2206; IC=1.119 - 4.4066

4 FO-F3 vs F4: 23 (11.1%) vs 16 (22.2%) P= 0.0200; OR=2.2733; IC=1.1235 — 4.5998
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Table 07. Summary of all positive (susceptible) and negative (protective)
polymorphisms in cytokine genes in patients of a Brazilian population with
chronic hepatitis C, classified according with the fibrosis degree by the Metavir

scale.

Polymorphisms

Positive Association
with hepatic damage

Negative Association
with hepatic damage

TNFA-308 A
G.G
GA
TNFA (-308; -238) GG
AG
IL6-174 G:G
GA
IL6nt565 GA
ILARA+1902 A
G.G

F3-F4 and F4

F3-F4 and F4

F3-F4 and F4
F3-F4

F3-F4
F3-F4

FO-F2 and FO-F3

FO-F2 and FO-F3

FO-F2

FO-F3

*P< 0.05 when comparing FO-F2 vs F3-F4 and FO-F3 vs F4.



Supplementary material

Values of p, D’ and r? for linkage disequilibrium between pairs of cytokine gene
SNPs in patients of a Brazilian population with chronic hepatitis C.

Polimorphisms Variants Pairs p D’ re
TGFB1 (cdnl0; cdn25) TG 0.0000 1.0000 0.0735
TNFA (-308; -238) ((B:(CB 0.1209 1.0000 0.0087
IL2 (-330; +166) "?? 0.0000 1.0000 0.2145
IL4 (-1098; -590) gg 0.0003 0.7708 0.0483
IL4 (-1098 -33) g(rl 0.0001 0.9149 0.0594
IL4 (-590; -33) g(l; 0.0000 1.0000 0.8730
IL6 (-174; nt565) (-Br(g 0.0000 1.0000 0.9135
IL10 (-1082; -819) i? 0.0000 1.0000 0.2779
IL10 (-1082; -592) (,ig 0.0000 1.0000 0.2779
IL10 (-819; -592) ('IE"AC 0.0000 1.0000 1.0000
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ABSTRACT

The current standard-of-care (SOC) treatment for chronic hepatitis C is based on a
combination of conventional or pegylated interferon alpha (peglFN-alpha) and ribavirin administered
for 24 or 48 weeks, respectively. Single nucleotide polymorphisms (SNPs) located in
regulatory/encoding regions of cytokine genes could influence the treatment response, since they
interfere with the expression and secretion of cytokine, which are important factors participating in the
immune response against HCV. Therefore, the aim of this study was to determine the genotype of 22
SNPs found in 13 genes for both cytokines and cytokine receptors to assess the influence of
polymorphic variants in response to treatment in Brazilian patients chronically infected only with HCV
genotype 1. Polymorphic variants at positions IL10-819, IL10-592, IL1A-889, IL1B+3962, IL1R1 pstl
1970 and IL4RA+1902 showed association with the treatment response. It was concluded that
cytokine and cytokine receptor genes seem to influence the treatment response of chronically infected
HCV 1 patients.

Keywords: hepatitis C, interferon-alpha, ribavirin, cytokine, polymorphism
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INTRODUCTION

Hepatitis C virus (HCV), a hepatropic positive-strand RNA virus that belongs to the
Flaviviridade family, has become the major cause of liver disease worldwide and a potential cause of
substantial morbidity and mortality in the future [1]. Nearly 80% of the infected patients fail to
spontaneously clear the virus and progress to chronic hepatitis, a major public health concern
worldwide [2]. Chronic HCV disease may cause liver histopathological changes, beginning with an
inflammation often associated with fibrosis, which may progress to cirrhosis and, in some cases, to
hepatocellular carcinoma [3].

The current standard-of-care (SOC) treatment for chronic hepatitis C is based on a
combination of conventional or pegylated interferon alpha (peglFN-alpha) plus ribavirin given for 24 or
48 weeks, respectively [4-6]. However, the rate of treatment response varies widely among individuals.
Efficacy of therapy has been shown to be at least partly related to virological and host genetic
determinants. Among virus-related factors, viral genotype seems to be the most important and a
predictor of response [7]. In patients infected with HCV genotype 1, the most frequent HCV genotype
worldwide, treatment is successful in only 40-50% of cases, versus approximately 80% in patients
infected with HCV genotypes 2 and 3 [8]. Among host genetic factors, single nucleotide
polymorphisms (SNPs), located in regulatory and encoding regions of cytokine genes could influence
the treatment response by interfering with expression and secretion of cytokines, important factors that
participate in the immune response against HCV [8-10].

Some allelic variants of SNPs from cytokine genes have been associated with HCV treatment
response [11]. Among them, the IL28B rs12979860 C:C genotype is associated with a two-fold
increase in the sustained virological response (SVR) rate in patients with chronic infection by HCV
genotype 1 or 4. This SNP has been recommended as single predictor of treatment response [12, 13].
However, some other studies have yielded contradictory results due to poor study design. Most
studies apply heterogeneous HCV genotype samples, with or without concurrent hepatitis B virus
(HBV) and human immunodeficiency virus (HIV) infections as well as various treatment protocols. So,
further research is required to clarify the current role of cytokine genetic variants in the treatment
outcome response. Moreover, we found that no studies with this approach were carried out in Brazil.
In this context, the objective of this study was to assess the influence of polymorphic variants in
cytokine genes and cytokine receptor genes in the treatment response with peglFN-alpha and ribavirin
combined therapy in Brazilian patients chronically infected only with HCV genotype 1. The results may
lead to refinements in the pharmacogenomic prediction of antiviral response and will provide

alternatives to the use of IL28B rs12979860 SNP for predicting response to treatment.
METHODOLOGY
Casuistry

Seven hundred and sixty-one patients infected with HCV were seen and assisted monthly,

between September 2004 and January 2009, by a multidisciplinary team at the Gastroenterology
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Division of the University Hospital, Botucatu’s Medicine School, SP, Brazil. Of these, 136 unrelated
patients were carefully selected and included in this study, according to the following criteria: infection
only by HCV genotype 1, diagnosis based on the presence of viral RNA confirmed by molecular tests,
chronicity characterized by liver biopsy and persistence of viral RNA in serum, liver biopsy performed
prior to initiation of antiviral treatment, signing of the consent form. The study excluded patients with
factors that compromise the course of hepatitis C and could lead to wrong conclusions: alcohol or drug
users during treatment, patients with positive serology for HBV and/or HIV, hemophiliacs or patients
with other liver diseases, patients infected on the other viral genotype, patients who did not adhere to
treatment protocol. Clinical data were obtained from medical records. The patients were regarded as a
mixed ethnic group (excluding Oriental and African ancestry), given that phenotypic evaluations based
on physical characteristics such as skin color are not good predictors of genomic African ancestry in
Brazilian populations [14]. The study protocol was approved by the Ethics Committee in Human

Research of the Medicine School of Botucatu, Universidade Estadual Paulista.

Treatment protocol

Patients were treated with 1.5 pg/kg/week of peglFN-alpha along with 1000 mg (if the patient’s
weight is less than 75kg) or 1250mg (if the patient's weight is more than 75kg) of ribavirin for 48
weeks. Patients were followed for more 24 weeks after the end of treatment to confirm the elimination
of the virus [15]. Adherence to treatment protocol was monitored by medical records. HCV RNA was
performed in the 12", 24™ and 48" week of treatment and later in the 12" and 24" week after the end
of treatment. The patients were grouped according to treatment outcome: SVR - patients with
sustained virological response (with undetectable viral RNA 24 weeks after the end of treatment); NRS
- non-responsive patients (with detectable viral RNA on the 48" week of treatment), REL - so-called
relapser patients (with undetectable viral RNA on the 48" week of treatment, but who showed viral

RNA in serum on the 12" or 24™ week post-treatment).

Viral genotyping

HCV genotyping was defined through reverse line probe assay technique (INNOLIPA® v.1.0,
Innogenetics, Ghent, Belgium), according to manufacturer instructions. This genotyping was preceded
by the extraction of total RNA present in patient's plasma, followed by reverse-transcription
polymerase chain reaction (RT-PCR), using the amplicor HCV test version 2.0 kit (Roche Diagnostic
System, Branchburg, NJ, USA).

Genomic DNA extraction
Genomic DNA was extracted from whole blood obtained from an initial volume of 10 mL,
collected into tubes containing EDTA. The extraction was performed either through the Salting-out

technique [16] or BioPur commercial kit (Diagnostic Biometrix, Curitiba, PR, Brazil).
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Genotyping of polymorphic variants in cytokine genes

The genotyping of polymorphic variants of cytokine genes was performed with 75-125 ng/ul of
DNA, by PCR-SSP (polymerase chain reaction with sequence-specific primers) using the Cytokine
Genotyping kit (Dynal Biotech, Invitrogen® Corporation, Brown Deer, WI, USA) according to
manufacturer’s instructions. It were determined the alleles, genotypes and haplotypes for 22 SNPs
located in 13 cytokine genes (Table 01). The amplified fragments were separated on 2% agarose gel
in a horizontal electrophoresis system. The results interpretation was performed according to standard

forms provided by the manufacturer of the Cytokine Genotyping kit.

Statistical analysis

The allelic and genotypic frequencies were obtained by direct counting. Haplotype frequencies
were estimated based on the genotype frequencies observed, through the likelihood method using the
EM algorithm (expectation maximization), which is part of an integrated software package available in
the Arlequin version 3.5 [17]. Convert software was used to prepare the input file for the Arlequin
package [18].

The comparison of frequencies in each sub-sample was performed by 2x2 contingency tables
using the chi-square or Fisher's exact test, when n<5 in any cell. Differences were considered
statistically significant when P<0.05. The association strength was assessed by Odds Ratio (OR)
obtained with a confidence interval (Cl) of 95% [19]. Haldane correction was employed when n<5 in
any cell [20]. Statistical analyzes were performed using the Vassar Stats software
(http://faculty.vassar.edu/lowry/VassarStats.html). The parameters of linkage disequilibrium D' and r?
were performed using the Haploview 4.2 software [21]. Stepwise logistic regression was used to
assess associations between treatment response and categorical explanatory variables, such as
gender, age and estimated duration of HCV infection. Analysis was conducted using the SPSS 20.0
statistical package (SPSS, Inc., Chicago, IL, USA).

RESULTS

Firstly, non-responsive and relapsers patients were analyzed as a single group (NRS+REL=84
patients) and compared to SVR group (n=52). Later on, the three groups were compared separated
(NRS vs SVR, REL vs SVR and NRS vs REL), since genetic factors could influence differently the

NRS and REL groups. For technical reasons, a few patients had not all their SNPs genotyped.

Demographic and clinical information of patients

Demographic and clinical information of patients are presented in Table 02. According to the
treatment outcome, 52 (38.2%) patients presented SVR (with undetectable viral RNA 24 weeks after
the end of treatment), 59 (43.4%) were NRS (with detectable viral RNA on the 48" week of treatment)
and 25 (18.4%) were REL (with undetectable viral RNA on the 48" week of treatment, but who
showed viral RNA in serum on the 12" or 24" week post-treatment). These percentages are

consistent with the epidemiological data, where 40-50% of patients infected with HCV genotype 1 had
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SVR [8]. The mean age of the NRS group was higher than for the SVR and REL groups. When the
groups were compared to one another, NRS vs SVR (46.2+10.0 years vs 40.6+10.3 years, P<0.05)
and NRS+REL vs SVR (45.1+10.0 years vs 40.6+£10.3 years, P<0.05) presented a statistically
significant difference. The same trend was observed for the mean duration of infection (NRS vs SVR:
24.7+9.4 years vs 18.947.9 years, P<0.05 and NRS+REL vs SVR: 23.7+8.4 years vs 18.9+7.9 years,
P<0.05, respectively). Multivariate logistic regression adjusting for the simultaneous contributions of
independent variables (gender, age and estimated duration of HCV infection) indicated that none of

them interferes with response to treatment (Table 03).

Allele frequencies

Table 04 shows the polymorphic allelic variants in the assessed cytokine and cytokine
receptor genes. When comparing NRS vs REL, it was seen in the REL group a higher frequency of
both the ILIR1/T allele (25.9% vs 44.0%; P= 0.0208; OR= 2.2524; IC= 1.1229 — 4.5180) and the
IL4RA+1902/G allele (21.2% vs 36.0%; P= 0.0441; OR= 2.0925; IC=1.0115 — 4.3288). There were no

statistically significant differences between alleles for the other cytokines or groups.

Genotype frequencies

Genotype frequencies are shown in Table 05. When comparing groups NRS+REL vs SVR, we
observed a higher frequency of the IL1B+3962/T:C genotype in the SVR group (26.5% vs 45.1%; P=
0.0268; OR= 2.2776; IC= 1.0909 — 4.755). When comparing REL vs SVR, the genotypes IL1A-
889/C:C (76.0% vs 50.0%; P= 0.0310; OR= 0.3158; IC= 0.1081 — 0.9227) and IL1R1/C:T (72.0% vs
40.4%; P= 0.0093; OR= 0.2634; IC= 0.0937 — 0.7408) were more frequent in REL group. In contrast,
genotypes IL1A-889/C:T (20.0% vs 44.0%; P= 0.0461; OR= 3.1429; IC= 1.0174 — 9.7091) and
ILIR1/C:C (20.0% vs 50.0%; P= 0.0140; OR= 4; IC= 1.3042 — 12.2677) were more frequent in the
SVR group. Comparisons between NRS vs SVR showed a higher frequency of the genotypes IL10-
819/C:T and IL10-592/C:A in the SVR group (32.8% vs 52.9%; P= 0.0333; OR= 2.3092; IC= 1.0622 —
5.0202; identical values for both genotypes). As for the NRS vs REL, genotypes ILARA+1902/G:G
(5.1% vs 20.0%; P= 0.0472; OR= 4.6667; IC= 1.0209 — 21.331) and IL1R1/C:T (37.9% vs 72.0%; P=
0.0043; OR= 4.2078; IC= 1.515 — 11.6871) were more frequent in the REL group, while genotype
ILLR1/C:C had a higher frequency in the NRS group (55.2% vs 20.0%; P= 0.0038; OR= 0.2031; IC=
0.0671 — 0.6153).

Haplotype frequencies
Haplotype frequencies are shown in Table 06. There were no statistically significant

differences when comparing groups.

The summary of all positive (susceptible) and negative (protective) polymorphic variants are

presented on Table 07.
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DISCUSSION

The prediction of response to treatment is very useful. Predictors of response include host
factors such as gender, age and degree of fibrosis and viral factors such as viral genotypes, viral load
and early disappearance of HCV RNA after initiation of therapy [22, 23]. Recently, much research has
been directed to the study of genetic polymorphisms and their relationship with different outcomes
after the treatment with peglFN-alpha and ribavirin. Several SNPs allelic variants from cytokine genes
have been associated with treatment response [11]. Most studies apply heterogeneous HCV genotype
samples, with or without concurrent hepatitis B virus (HBV) and human immunodeficiency virus (HIV)
infections, and also various treatment protocols. Therefore, further research is required to clarify the
current role of genetic variants in the treatment response. The aim of this study was to assess the
influence of polymorphic variants in cytokine genes and cytokine receptor genes in the treatment
response with peglFN-alpha and ribavirin combined therapy in Brazilian patients chronically infected
only with HCV genotype 1.

The current hepatitis C SOC treatment is based on a combination of conventional or pegylated
interferon alpha (peglFN-alpha) and ribavirin administered for 24 or 48 weeks, respectively [4-6]. Soon
after its subcutaneous administration, the alpha-pegIFN binds to receptors present on the surface of
various cells, including hepatocytes, activating the transcription factor ISGF3 (IFN-stimulated gene
factor 3), which in turn induces the expression of various IFN-stimulated genes (ISG), whose products
are responsible for antiviral and immunomodulatory effects of peglFN-alpha. Besides acting in the
ISGs [24], ribavirin is believed to act increasing the rate of viral mutation and/or playing an
immunomodulatory role, also preventing relapses in the combined treatment [8, 25].

Considering that the medication interferes directly in gene regulation, a differentiated gene
expression between patient groups could explain the variation in the treatment response. However, it
seems that nonresponders and sustained virological responders have different gene expression
profiles prior to treatment. A higher expression of ISGs by endogenous IFN has been reported in non-
responders (nonresponders + relapsers) before the start of induced-treatment [25-27]. Maybe ISGs
are already maximally induced in nonresponders, thus, pre-activation of the IFN system in these
patients appears to limit the antiviral effect of IFN therapy. It is important to note that pre-activation of
ISGs was not observed in the PBMCs from patients, indicating that baseline ISG preactivation in
nonresponders is specific to the liver [24], although some authors have not confirmed this observation
[28, 29]. Many of the genes found to be upregulated differentially between non-responders and
responders encode cytokines [26, 30] and are excellent candidate genes in search of genetic markers
as predictors of response to treatment.

The literature presents conflicting results regarding the association between polymorphic
variants of IL10 and response to treatment. Yee et al., when studying a British population, observed
the alleles IL10-592/A and -819/T, the genotypes -819/T:T and -592/A:A and the ATA haplotype (-
1082; -819; -592) associated to SVR [31]. The same association was observed by Edward-Smith et al.
for alleles and haplotype in an Australian population [32]. Knapp et al., when studying an european

population infected by various viral genotypes [33] observed an association between the genotype -
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1082/G:G and the haplotype GCC and SVR. Morgan et al. found an association between the diplotype
ACC/ACC and SVR in a North-American population infected with HCV genotype 1 [34]. However,
other authors found no associations when studying different populations [35-39]. The present study
found an association between the genotypes IL10-819/C:T and IL10-592/C:A with SVR. The conflict
between the results may be a reflection of several factors such as sample size, sample heterogeneity,
differences between the parameters of analysis, genetic heterogeneity due to population mixing,
different gene-gene and gene-environment interaction. The small sample size can be found in the
study of Edward-Smith et al. [32]. The grouping of NRS with REL in a same group was reported in all
the above mentioned studies but Knapp et al. [33], which in turn worked with patients infected by
different viral genotypes.

Three SNPs located in the promoter region of the IL10 gene, -1082G>A, -819C>T and -
592C>A [40, 41] seem to be associated to different levels of gene expression, since they possibly alter
specific recognition sites for transcription factors, thus affecting the levels of cytokine production [32,
42]. The alleles -1082/G, -819/C and -592/C could be associated with high production of IL-10, while
their respective alleles would be related to the low production [42, 43]. Lower levels of IL-10 were
observed in individuals with the -592/C:A or —592/A:A genotype [44]. Although the present study
shows a higher frequency of the genotypes -819/C:T and -592/C:A for the SVR group, both positions
are in absolute linkage disequilibrium (supplementary material) and there is more evidence of
functionality to the IL10-592 position [44, 45]. Therefore, we believe that the SVR would be associated
to the low levels of IL-10 produced by patients with the genotype —592/C:A.

As a potent immune modulator, interleukin-10 may exert a profound impact on the overall
therapeutic outcome. IL-10 is a potent anti-inflammatory Th2 cytokine mainly produced by monocytes,
macrophages and T cells, that down-regulates the expression of the major histocompatibility complex
(MHC) class | and class Il molecules as well as the production of Thl cytokines [46] and consequently
leads to a weaker T CD8 response [47]. High plasma and liver levels of this cytokine have been
observed in individuals chronically infected with HCV, being a negative prognostic marker of response
to hepatitis C treatment [48-51]. Patients with high levels of IL-10 are less favorable to develop SVR
after treatment [49, 52-54], whereas low levels are associated with SVR [55]. Also, non-responder
individuals have high production of IL-10 by their peripheral blood dendritic cells [56]. The mechanism
by which IL-10 limits the IFN effects are likely to involve the inhibition of IFN-activated STAT1 in the
liver [57]. Evidence suggests that ribavirin itself decreases the IL-10 levels, polarizing the immune
response to Thl, allowing the action of IFN and the consequent attainment of an SVR [10, 53, 58].

The presence of genotypes related to poor production of IL-10 possibly results in an
insufficient liver concentration of this cytokine to polarize the immune response towards Th2, thus
resulting in viral clearance due to a Thl response [59, 60]. Generally, patients who successfully clear
the virus (either spontaneously or after treatment) also express strong Thl responses and increased
IFN-y production in response to HCV antigens [61, 62]. Although not all studies favor such effects of
IL10 polymorphisms, it is worth noticing that many of them present heterogeneous sample of patients.

This is the case of Knapp et al. [33], who observed an association between SVR and the genotype -
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1082/G:G and haplotype GCC, which might be expected to have the highest production of IL-10, when
working with a sample of individuals infected with different viral genotypes.

Interleukin-1 is an important cytokine for the generation of an inflammatory response and,
therefore, of interest in studies on hepatitis C. The IL-1 gene family consists of, among others, the
following members: IL1A e IL1B genes, which encode two antagonists of interleukin-1, IL-1a and IL-
1B; the ILLRN gene, which encodes the receptor antagonist to IL-1 (IL-1Ra) and the IL1R1 gene,
which encodes the receptor type | of IL-1 (IL-1R1). IL-1a and IL-1B are important inducers of
inflammation, whereas the binding of IL-1Ra to the IL-1R1 receptor does not induce the target cell
activation, thus acting as an antagonist [63]. There are several functional polymorphisms in these
genes: there are at least three polymorphisms in the IL1B gene, one at position -511C>T, the other at
-31T>C and another at +3962C>T [64, 65]; the polymorphism at -889C>T [65] was described in the
IL1A; the polymorphism mspal 11100C>T [65] was described in ILLRN gene; and the polymorphism
pstl 1970C>T [66] in ILIR1. The often confusing polymorphism nomenclature can differ widely
between authors; this is the case of the SNP IL1B+3962, also known as +3953 [35] or +3954 [67] by
some authors, but in all cases the dbSNP number is rs1143634 [68].

It seems that the relationship between polymorphisms of the IL-1 gene family and
hepatocellular carcinoma in Japanese patients chronically infected with HCV is becoming well
established. In this population, genotypes IL1B-31/T:T and -511/T:T and the haplotype -511;-31/CT
were associated to the progression of chronic hepatitis C into hepatocellular carcinoma [69-71]. On the
other hand, the relationship between polymorphisms of the IL-1 gene family and spontaneous viral
clearance does not seem to be well established so far, although there are a few studies addressing
this topic. Minton et al. [72] found no association between the SNPs IL1B-511 and +3954 and
spontaneous viral clearance. Ksiaa Cheikhrouhou et al. [67] also found no association between the
IL1A-889, IL1B-511, +3954 SNPs and spontaneous viral clearance. In contrast, the genotype IL1B-
511/T:T was associated with a higher susceptibility to the development of chronic hepatitis C in a
German population [73].

Only two studies examined the relationship between the IL1 genetic polymorphisms and
response to treatment. Constantini et al. [35], studying the frequency of SNPs IL1A-889 and
IL1B+3953 in Polish patients, and Abbas et al. [37] , studying the SNP IL1B-511 in Pakistan, found no
association between allelic variants and response to treatment. However, it is worth mentioning that
the patients enrolled in the study by Constantini et al. [35] were infected with different viral genotypes,
while those who participated in the study of Abbas et al. [37] were infected with viral genotype 3; also,
in both cases the patients were stratified into two groups only, responders and non-responders. This
study enrolled only individuals infected with HCV genotype 1 virus, who were stratified into three
groups, since there are not only responders and non-responders individuals, but also the relapsers.
Also, we observed that there are differences between these groups.

We observed that the genotype IL1A-889/C:C is associated with relapse after treatment with
peglFN-alpha and ribavirin, since it was more frequent in the REL group when compared to SVR and
NRS, the latter with P value near of significance. The genotype IL1A-889/C:T was more frequent in the

SVR group, being associated with a good response to treatment. When comparing allele frequencies
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between REL vs SVR and REL vs NRS it was also observed a higher frequency of the allele IL1A-
889/C in the REL group and of the allele ILLA-889/T in the SVR and NRS groups, with P close to
significance. Studies have shown that the allele -889/T up-regulates transcription of the gene and
therefore increases plasma levels of IL-1a [74] and also IL-18 [75], once IL1A and IL1B
polymorphisms may be in linkage disequilibrium [76]. The -889/T:T genotype would be responsible for
slightly higher mRNA levels compared to the CC or CT genotype [74]. Both genotypes, the one
associated to REL (IL1A-889/C:C) and the one associated with SVR (IL1A-889/C:T) would cause
higher production of IL-1a, which would not explain the different outcomes. However, Kawaguchi et al.
[77] recently observed that there were no statistically significant differences in expression resulting
from this SNP. They demonstrated that -889C>T is acting as a marker for +4845G>T, because they
are in strong linkage disequilibrium in all the examined populations (except African-Americans) where
carriers of the +4845/T allele exhibit high efficiency processing pre-IL-1a, facilitating the cellular
release of IL-1a.

We also found a statistically higher frequency of the IL1B+3962/T:C genotype in the SVR
group when compared to NRS+REL. The same trend was observed when comparing SVR with NRS
and REL separately, with P value close to significance in both cases. Despite innumerous association
studies, many implicating this SNP with disease, there has been little evidence of functionality. It is
possible that this SNP is simply acting as a marker for a functional SNP [68]. On the other hand, it has
being shown that homozygous individual for the T allele produce a fourfold higher amount of IL-1B
compared to individuals displaying the C:C genotype. The genotype +3962/T:C, associated to the
SVR in this study, is related to low production of IL-1B [64, 78]. There is evidence that IL-1 inhibits
the IFN-af antiviral activity in liver cells both, in vitro and in vivo. Attenuation of IFN-af signaling in the
liver by IL-1B could be one of the mechanisms underlying the resistance to IFN therapy [79]. Thus,
high levels of IL-18 would be associated to the resistance to treatment, while lower levels would be
associated to a good response.

The expression of IL-1R was shown to be increased in inflamed tissue in vitro [80] and the
ILIR1 pstl 1970/C allele was demonstrated to be associated with inflammatory diseases [81, 82].
However, no studies were found assessing the relationship between this polymorphism and treatment
response in hepatitis C. In this study, the ILIR1 pstl 1970/T allele was more frequent in the REL
group when comparing REL vs NRS. The same trend was observed when comparing REL vs. SVR,
but with no statistical significance. The genotype IL1R1 pstl 1970/C:T was more frequent in the REL
group when comparing REL vs SVR and REL vs NRS. The genotype IL1R1 pstl 1970/C:C was less
frequent in the REL group when comparing these groups. There are indications that this SNP did not
affect any known transcription factor recognition sequence or the predicted secondary mRNA structure
[66], therefore, the biological role for the associations obtained remained unknown.

The IL-4 receptor (IL4R) is composed of two subunits, the a, which binds with high affinity to
the ligand, and the y1, common to other cytokine receptors, which amplifies the signal from the a-
subunit [83, 84]. The a-subunit is also part of the receptor of IL-13 together with the IL-13 binding
protein, IL13Ra1 [68]. The a subunit is encoded by the IL4ARA gene, located in 16p12.1. Among the

polymorphisms described for this gene is the -1902G>A [85], resulting in change of glutamine for
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arginine at position 576 of the peptide (often referred to as position 551 if the signal peptide is not
included in counting). Although a recent study of systemic sclerosis showed that this polymorphism
does not influence gene expression [86], other studies have demonstrated that this change interferes
with intracellular signaling [84, 87], due to its location in the peptide intracellular domain, and that the
IL4RA+1902/G allele is associated with enhanced signaling of the receptor [88] and, consequently,
enhance expression of IL4 and IL13 regulated genes, since it presents IL-4 and IL-13 as ligand [89].
This study observed that the allele IL4RA+1902/G was more frequent in the REL group when
comparing to NRS and SVR, but without statistical significance in the second case. Similarly, the
IL4RA+1902/G:G genotype is more frequent in the REL compared NRS. Avdoshina et al. [90]
observed a higher frequency of the +1902/G:G genotype in patients infected with HCV compared to
healthy volunteers. However, there seems to have been no previous studies assessing the
relationship between the position +1902 and the treatment response in individuals chronically infected
with HCV. We believe that the +1902/G allele as well as the +1902/G:G genotype are relapse markers
after treatment with peglFNa and ribavirin, possibly because it increases the signaling of IL-4R or IL-
13R receptors, leading to the activation of an anti-inflammatory response. This anti-inflammatory
response could inhibit the action of IFN-a treatment. However, the biological mechanism triggered by
this process and its relation to relapse remains unknown. Moreover, considering that the +1902 is in
linkage disequilibrium with the positions 375, 406, 478 (E375A, C406R, S478P) [91] further

investigations are necessary.

CONCLUSION

This paper presents as a peculiar characteristic the careful selection of patients, to form a
homogeneous sample group in terms of HCV genotype and absence of viral co-infections.
Furthermore, the individuals were followed-up during and after treatment. These efforts may have
more clearly characterized the host's genetic interfering factors in therapeutic response outcome. Our
results showed that polymorphic variants for positions 1L10-819, 1L10-592, IL1A-889, IL1B+3962,
ILIR1 pstl 1970 and IL4RA+1902 are associated with response to treatment with peglFNa and
ribavirin in patients chronically infected with HCV genotype 1. Some of our data confirmed the results
of previous studies conducted in other populations, while others were novel and require replication to
confirm. The results may contribute to the future establishment of genetic markers of treatment
response beyond the current gold standard IL28B rs12979860, which will help guide therapeutic
decisions in patients with chronic hepatitis C infected with HCV genotype 1. Considering side effects

and treatment cost [92], prediction of treatment response before therapy is desirable.
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Table 01. List of the investigated cytokine SNPs.
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Cytokine (CBk?rnoemosome .SNP de;ignation dbSNP-ID gglsl:;t?:rzomosome Location
gene location in the kit (reference)
IL1A 2q14 -889C>T rs1800587 113259431 5-UTR
IL1B 2914 -511T>C rs16944 113311338 Promoter
+3962C>T rs1143634 113306861 Coding/synonymous
IL1IR1 2912 pstl 1970C>T rs2234650 102124759 Distal promoter
ILIRN 2q14.2 mspal 11100C>T  rs315952 113606775 Coding/synonymous
IL4RA 16p12.1-p1l1l.2 +1902G>A rs1801275 27281901 Coding/missense
IL12B 5¢031.1-33.1 -1188A>C rs3212227 158675528 3'-UTR
IFNG 12q14 +874T>A rs2430561 66838787 Intron
TGFB1 19g13.1 codon 10C>T rs1800470 46550761 Coding/missense
codon 25G>C rs1800471 46550716 Coding/missense
TNF 6p21.3 -308G>A rs1800629 31651010 Promoter
-238G>A rs361525 31651080 Promoter
IL2 40926-27 -330T>G rs2069762 123597430 Promoter
+166G>T rs2069763 123596932 Coding/synonymous
IL4 5031.1 -1098T>G rs2243248 132036543 Promoter
-590C>T rs2243250 132037053 Promoter
-33T>C rs2070874 132037609 5-UTR
IL6 7p21 -174G>C rs1800795 22733170 Promoter
nt565G>A rs1800797 22732746 Promoter
IL10 1931-g32 -1082A>G rs1800896 205013520 Promoter
-819C>T rs1800871 205013257 Promoter
-592C>A rs1800872 205013030 Promoter
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Table 02. Demographic and clinical information of patients of a Brazilian population with chronic hepatitis C

classified according their response to treatment with peglFNa and ribavirin.

_ Patients SVR NRS REL
Characteristics (n=136) (n=52) (n=59) (n=25)
Age (years, mean + SD)* 43.4 £10.3 40.6 #10.3 46.2 +10.0 42.7 9.7
Gender n (%)

Male 105 (77.2 39 (75.0 46 (78.0 20 (80.0)
Female 31 (22.8 13 (25.0 13 (22.0 5 (20.0)
Duration of infection (years, mean + SD)*'  21.8 #8.5 18.9 7.9 247 +9.4 21.6 155

*P<0,05 when comparing NRS vs SVR and NRS+REL vs SVR.

"Duration of infection was calculated only for 85 patients (SVR=34, NRS=34, REL=17). The duration of

infection for 51 patients is unknown.

SVR: patients with undetectable viral RNA 24 weeks after the end of treatment;
NRS: patients with detectable viral RNA on the 48"™ week of treatment;
REL: patients with undetectable viral RNA on the 48"™ week of treatment, but who showed viral RNA in

serum on the 12" or 24™ week post-treatment.



Table 03. Multivariate analysis of predictors of response to treatment
among patients of a Brazilian population with chronic hepatitis C
classified according their response to treatment with peglFNa and
ribavirin.

Response Independent variable Coefficient P OR
variable
NRS and SVR Gender 1.315 0.065 3.724
Age -0.034 0.263  0.966
Duration of infection -0.078 0.056 0.925
REC and SVR Gender 0.685 0.375 1.984
Age -0.039 0.311  0.962
Duration of infection -0.04 0.411 0.961
NRS and REC Gender 0.589 0.491 1.803
Age -0.015 0.685 0.985
Duration of infection -0.049 0.276 0.952
NRS+REL and Gender 1.108 0.068 3.027
SVR Age -0.042 0.137  0.958
Duration of infection -0.069 0.065 0.933

Gender: male/female, Age: years, Duration of infection: years.

SVR: patients with undetectable viral RNA 24 weeks after the end of
treatment;

NRS: patients with detectable viral RNA on the 48" week of treatment;
REL.: patients with undetectable viral RNA on the 48" week of treatment,
but who showed viral RNA in serum on the 12" or 24" week post-
treatment.



Table 04. Distribution of allelic frequencies of polymorphisms in cytokines genes in patients
of a Brazilian population with chronic hepatitis C, classified according to their response to
treatment with peglFN and ribavirin.

. SVR (n=52) NRS (n=59) REL (n=25)
Polymorphism Alleles
n (F%) n (F%) n (F%)
IL1A-889 C 72 (72.0) 81 (72.3) 43 (86.0)
T 28 (28.0) 31 (27.7) 7 (14.0)
IL1B-511 C 68 (68.0) 73 (62.9) 26 (52.0)
T 32 (32.0) 43 (37.1) 24 (48.0)
IL1B+3962 C 77 (75.5) 94 (81.0) 42 (84.0)
T 25 (24.5) 22 (19.0) 8 (16.0)
IL1IR1 pstl 1970 T 31 (29.8) 30 (25.9) 22 (44.0)
C 73 (70.2) 86 (74.1) 28 (56.0)
ILIRA mspal 11100 T 75 (72.1) 88 (74.6) 39 (78.0)
C 29 (27.3) 30 (25.4) 11 (22.0)
ILARA+1902 A 77 (74.0) 93 (78.8) 32 (64.0)
G° 27 (26.0) 25 (21.2) 18 (36.0)
IL12B-1188 A 78 (78.0) 79 (69.3) 34 (73.9)
C 22 (22.0) 35 (30.7) 12 (26.1)
IFNG+874 A 53 (53.0) 62 (52.5) 28 (56.0)
T 47 (47.0) 56 (47.5) 22 (44.0)
TGFB1 cdn10 C 47 (46.1) 52 (44.1) 29 (58.0)
T 55 (53.9) 66 (55.9) 21 (42.0)
TGFB1 cdn25 C 8 (7.8) 5 (4.2) 4 (8.0
G 94 (92.2) 113 (95.8) 46 (92.0)
TNFA-308 G 90 (88.2) 98 (84.5) 44 (88.0)
A 12 (11.8) 18 (15.5) 6 (12.0)
TNFA-238 G 99 (97.1) 109 (94.0) 46 (92.0)
A 3 (2.9 7 (6.0) 4 (8.0)
IL2-330 G 29 (27.9) 35 (29.7) 16 (34.8)
T 75 (72.1) 83 (70.3) 30 (65.2)
IL2+166 G 69 (66.4) 75 (63.6) 33 (71.7)
T 35 (33.7) 43 (36.4) 13 (28.3)
IL4-1098 T 75 (73.5) 91 (81.3) 35 (79.6)
G 27 (26.5) 21 (18.7) 9 (20.5)
IL4-590 C 79 (77.5) 83 (74.1) 39 (88.6)
T 23 (22.5) 29 (25.9) 5 (11.4)
IL4-33 T 22 (21.6) 25 (22.3) 4 (9.1)
C 80 (78.4) 87 (77.7) 40 (90.9)
IL6-174 G 75 (73.5) 77 (66.4) 37 (77.1)
C 27 (26.5) 39 (33.6) 11 (22.9)
IL6nt565 G 77 (75.5) 80 (69.0) 37 (77.1)
A 25 (24.5) 36 (31.0) 11 (22.9)
IL10-1082 G 42 (41.2) 44 (37.9) 20 (40.0)
A 60 (58.8) 72 (62.1) 30 (60.0)
IL10-819 C 71 (69.6) 81 (69.8) 35 (70.0)
T 31 (30.49) 35 (30.2) 15 (30.0)
IL10-592 C 71 (69.6) 81 (69.8) 35 (70.0)
A 31 (30.49) 35 (30.2) 15 (30.0)

For technical reasons, some patients did not have all their SNPs typed. So N is variable
depending on the SNP.

P obtained through Chi-square test or Fisher’s test.

n= number of occurrences o allele; F%-= relative frequency of the alleles.
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SVR: patients with undetectable viral RNA 24 weeks after the end of treatment;

NRS: patients with detectable viral RNA on the 48th week of treatment;

REL.: patients with undetectable viral RNA on the 48th week of treatment, but who showed
viral RNA in serum on the 12th or 24th week post-treatment.

4 NRS vs REL: 30 (25.9%) vs 22 (44.0%) P= 0.0208 OR= 2.2524 |C= 1.1229 — 4.5180

® NRS vs REL: 25 (21.2%) vs 18 (36.0%) P=0.0441 OR= 2.0925 IC= 1.0115 — 4.3288



Table 05. Distribution of genotype frequencies of polymorphisms in cytokine genes in
patients of a Brazilian population with chronic hepatitis C, classified according their response
to treatment with peglFN and ribavirin.

. SVR (n=52) NRS (n=59) REL (n= 25)
Polymorphism Genotypes

n (F%) n (F%) n (F%)

IL1A-889 c.Cc*? 25 (50.0) 30 (53.6) 19 (76.0)

CT® 22 (44.0) 21 (37.5) 5 (20.0)

T:T 3 (6.0) 5 (8.9) 1 (4.0

IL1B-511 c.C 23 (46.0) 25 (43.1) 6 (24.0)

CT 22 (44.0) 23 (39.7) 14 (56.0)

TT 5 (10.0) 10 (17.2) 5 (20.0)

IL1B+3962 c.C 27 (52.9) 39 (67.2) 18 (72.0)

T:C® 23 (45.1) 16 (27.6) 6 (24.0)

TT 1 (2.0) 3 (5.2) 1 (40

IL1R1 pstl 1970 TT 5 (9.6) 4 (6.9) 2 (8.0)

cT® 21 (40.4) 22 (37.9) 18 (72.0)

c.ce 26 (50.0) 32 (55.2) 5 (20.0)

IL1IRA mspal 11100 TT 27 (51.9) 33 (55.9) 15 (60.0)

T:C 21 (40.4) 22 (37.3) 9 (36.0)

c.C 4 (7.7) 4 (6.8) 1 (40

ILARA+1902 AA 33 (63.5) 37 (62.7) 12 (48.0)

GA 11 (21.2) 19 (32.2) 8 (32.0)

G:G' 8 (15.4) 3 (5.1) 5 (20.0)

IL12B-1188 AA 29 (58.0) 29 (50.9) 11 (47.8)

C:A 20 (40.0) 21 (36.8) 12 (52.2)

c:.C 1 (2.0 7 (12.3) 0 (0.0

IFNG+874 AA 13 (26.0) 16 (27.1) 9 (36.0)

AT 27 (54.0) 30 (50.9) 10 (40.0)

TT 10 (20.0) 13 (22.0) 6 (24.0)

TGFB1 cdn10 c.C 12 (23.5) 11 (18.6) 9 (36.0)

CT 23 (45.1) 30 (50.9) 11 (44.0)

TT 16 (31.4) 18 (30.5) 5 (20.0)

TGFB1 cdn25 c.C 0 (0.0) 0 (0.0) 0 (0.0)

C:G 8 (15.7) 5 (8.5) 4 (16.0)

GG 43 (84.3) 54 (91.5) 21 (84.0)

TNFA-308 G:G 39 (76.5) 41 (70.7) 20 (80.0)

GA 12 (23.5) 16 (27.6) 4 (16.0)

AA 0 (0.0) 1 (17) 1 (40

TNFA-238 G:G 48 (94.1) 51 (87.9) 21 (84.0)

GA 3 (5.9) 7 (12.1) 4 (16.0)

AA 0 (0.0) 0 (0.0) 0 (0.0)

IL2-330 G:G 4 (7.7) 7 (11.9) 2 (8.7)

GT 21 (40.4) 21 (35.6) 12 (52.2)

TT 27 (51.9) 31 (52.5) 9 (39.1)

IL2+166 G:G 23 (44.2) 26 (44.1) 11 (47.8)

GT 23 (44.2) 23 (39.0) 11 (47.8)

TT 6 (11.5) 10 (17.0) 1 (49

IL4-1098 TT 26 (50.1) 35 (62.5) 14 963.6)

T:G 23 (45.1) 21 (37.5) 7 (31.8)

GG 2 (4.8) 0 (0.0) 1 (46

IL4-590 c.C 31 (60.8) 31 (55.4) 17 (77.3)

CT 17 (33.3) 21 (37.5) 5 (22.7)

TT 3 (5.9) 4 (7.1) 0 (0.0
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IL4-33 TT 3 (59.9) 2 (3.6 0
T:C 16 (31.4) 21 (37.5) 4
c.C 32 (62.7) 33 (58.9) 18
IL6-174 GG 28 (54.9) 25 (43.1) 14
G:C 19 (37.3) 27 (46.6) 9
c.Cc 4 (7.8 6 (10.3) 1
IL6Nnt565 GG 30 (58.8) 27 (46.6) 14
GA 17 (33.3) 26 (44.8) 9
AA 4 (7.8 5 (8.6) 1
IL10-1082 GG 8 (15.7) 9 (15.5) 6
GA 26 (51.0) 26 (44.8) 8
AA 17 (33.3) 23 (39.7) 11
IL10-819 c:C 22 (43.1) 31 (53.5) 11
C:T? 27 (52.9) 19 (32.8) 13
TT 2 (3.9 8 (13.8) 1
IL10-592 c:C 22 (43.1) 31 (53.4) 11
C:A" 27 (52.9) 19 (32.8) 13
AA 2 (3.9 8 (13.8) 1

(0.0)
(18.2)
(81.8)

(58.3)
(37.5)
(4.2)

(58.3)
(37.5)
(4.2)

(24.0)
(32.0)
(44.0)

(44.0)
(52.0)
(4.0)

(44.0)
(52.0)
(4.0)

For technical reasons, some patients did not have all their SNPs typed. So N is variable

depending on the SNP.

P obtained trough Chi-square test or Fisher’s test.

n= number of occurrences of genotype; F%= genotype relative frequency.
SVR: patients with undetectable viral RNA 24 weeks after the end of treatment;
NRS: patients with detectable viral RNA on the 48" week of treatment;

REL: patients with undetectable viral RNA on the 48"™ week of treatment, but who showed

viral RNA in serum on the 12" or 24™ week post-treatment.
4 REL vs SVR: 19 (76.0%) vs 25 (50.0%) P= 0.0310 OR= 0.3158 IC= 0.1081 — 0.9227
® REL vs SVR: 5 (20.0%) vs 22 (44.0%) P= 0.0461 OR= 3.1429 IC= 1.0174 — 9.7091

°NRS+REL vs SVR: 22 (26.5%) vs 23 (45.1%) P= 0.0268 OR= 2.2776 IC= 1.0909 — 4.755

¢ REL vs SVR: 18 (72.0%) vs 21 (40.4%) P= 0.0093 OR= 0.2634 IC= 0.0937 — 0.7408
9 NRS vs REL: 22 (37.9%) vs 18 (72.0%) P= 0.0043 OR= 4.2078 IC= 1.515 — 11.6871
® REL vs SVR: 5 (20.0%) vs 26 (50.0%) P= 0.0140 OR= 4 IC= 1.3042 — 12.2677

® NRS vs REL: 32 (55.2%) vs 5 (20.0%) P= 0.0038 OR= 0.2031 IC= 0.0671 — 0.6153
"NRS vs REL: 3 (5.1%) vs 5 (20.0%) P= 0.0472 OR= 4.6667 IC= 1.0209 — 21.331

9 NRS vs SVR: 19 (32.8%) vs 27 (52.9%) P= 0.0333 OR= 2.3092 IC= 1.0622 — 5.0202
"NRS vs SVR: 19 (32.8%) vs 27 (52.9%) P= 0.0333 OR= 2.3092 IC= 1.0622 — 5.0202
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Table 06. Distribution of haplotypes frequencies of polymorphisms in cytokine genes in
patients of a Brazilian population with chronic hepatitis C, classified according to their
response with peglFN and ribavirin.

SVR (n=52) NRS (n=59)  REL (n= 25)

Polymorphisms Haplotypes
(F%) n (F%) n (F%)
TGFBB1 (cdn10; cdn25) CG 39 (38.3) 47 (39.8) 25 (50.0)
TG 55 (53.9) 66 (55.9) 21 (42.0)
cc 8 (7.8) 5 (4.3) 4 (8.00)
TNFA (-308; -238) GG 87 (85.3) 91 (78.5) 40 (80.0)
GA 3 (2.9 7 (6.0) 4 (8.0
AG 12 (11.8) 18 (15.5) 6 (12.0)
IL2 (-330; +166) TG 40 (38.5) 40 (33.9) 17 (37.0)
GG 29 (27.9) 35 (29.7) 16 (34.8)
T 35 (33.7) 43 (36.4) 13 (282
IL4 (-1098; -590; -33) GCC 26 (25.5) 19 (17.0) 9 (20.5)
TCC 53 (52.0) 64 (57.1) 30 (68.2)
TTT 21 (20.6) 25 (22.3) 4 (9.1
TTC 1 (10) 2 (18) é Eggg
GTT 1 (1.0 0 (0.0) 0 (0.0)
GTC 0 (0.0) 2 (1.8)
IL6 (-174; nt565) GG 75 (73.5) 77 (66.4) 37 (77.1)
CA 25 (24.5) 36 (31.0) 11 (22.9)
CG 2 (2.0) 3 (2.6) 0 (0.0)
IL10 (-1082; -819; -592) ATA 31 (30.4) 35 (29.7) 15 (30.0)
ACC 29 (28.4) 38 (32.2) 15 (30.0)
GCC 42 (41.2) 45 (38.1) 20 (40.0)

For technical reasons, some patients did not have all their SNPs typed. So N is variable
depending on the SNP.

P obtained through the Chi-square test or Fisher's test. All comparisons showed no
significant P at 0.05.

n= number of occurrence of haplotypes; F%-= relative frequency of haplotypes.

SVR: patients with undetectable viral RNA 24 weeks after the end of treatment;

NRS: patients with detectable viral RNA on the 48" week of treatment;

REL: patients with undetectable viral RNA on the 48"™ week of treatment, but who showed
viral RNA in serum on the 12" or 24™ week post-treatment.
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Table 07. Summary of al positive (susceptible) and negative (protective)
polymorphisms in cytokine genes in patients of a Brazilian population with chronic
hepatitis C, classified according to their response with peglFN and ribavirin.

Polymorphisms

Positive Association

Negative Association

IL1IR1 pst11970 T
CT
Cc.C
IL1A-889 Cc.C
CT
IL1B+3962 T.C
ILARA+1902 G
G.G
IL10-819 CT

IL10-592 CA

REL
REL

REL
SVR
SVR
REL
REL
SVR
SVR

REL
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Supplementary material

Schematic representation of linkage disequilibrium between pairs of cytokine gene SNPs in patients
of a Brazilian population with chronic hepatitis C. D’ for linkage disequilibrium between each marker
is reported. Colors expressing the strength of the linkage disequilibrium: white indicates D'<1 and
LOD<2, shades of pink/red indicates D'<1 and LOD=2, blue indicates D’=1 and LOD<2, bright red
indicates D'=1 and LOD=2. The SNP designation in the kit for each dbSNP-ID can be checked in
Table 01.
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6. DISCUSSAO

No presente trabalho foram identificadas variantes polimérficas em genes de
citocinas e em genes de receptores de citocinas e avaliadas suas possiveis associacdes
com o grau de dano hepatico e com a resposta ao tratamento combinado com peglFN-alfa e
ribavirina em pacientes brasileiros cronicamente infectados apenas pelo genétipo 1 do HCV.

As freqliéncias genotipicas para os SNPs analisados foram observadas conforme o
esperado para uma populacdo em equilibrio de Hardy-Weinberg, exceto para a posicao
ILARA+1902 (P= 0,0017), cujas variantes polimorficas mostraram-se de alguma forma
associadas tanto ao dano hepatico quanto a resposta ao tratamento. A averiguacdo se as
freqliéncias genotipicas obtidas encontram-se dentro do esperado para uma populacdo em
equilibrio de Hardy-Weinber é tradicionalmente realizada em estudos caso-controle e mais
raramente aplicada em estudos control-free, por se tratar de uma amostra composta apenas
por pacientes, portanto naturalmente enviesada. Existe muita discusséo sobre esse assunto;
Esser e Tomluk (2005) comentam que se o desvio do equilibrio de Hardy-Weinberg ocorre
apenas no grupo de pacientes, isso prové uma evidéncia adicional da real existéncia de
possiveis associacdes com a doenca observadas para o marcador em questdo (ESSER e
TOMLUK, 2005). Por este motivo, muitos grupos de pesquisa (YEE et al., 2000; DAI et al.,
2006) optam por nao verificar se a frequéncias das variantes polimérficas com as quais
trabalham estdo ou ndo conforme o esperado para uma populagcdo em equilibrio de Hardy-
Weinberg.

Nossos resultados demonstram que variantes polimérficas que aumentam a
expressao de genes de citocinas pro-inflamatérias (TNFA-308, IL6-174, IL6nt565) e
variantes que aumentam a sinalizacdo de receptores de citocinas antiinflamatérias
(IL4ARA+1902) parecem interferir no grau de dano hepatico em pacientes portadores de
hepatite C cronica infectados pelo genodtipo 1 do HCV. Ja as variantes polimérficas que
diminuem a expressdo de genes de citocinas que polarizam a resposta imunoldgica para
Th2 (IL10-819, IL10-592) parecem influenciar a resposta ao tratamento combinado com
peglFN-alfa e ribavirina. Ha indicios também de que variantes que aumentam a sinalizacao
de receptores de citocinas antiinflamatérias (IL4RA+1902), assim como variantes de genes
da familia IL-1 (IL1A-889, IL1B+3962, IL1R1 pstl 1970) também influenciam a resposta ao
tratamento. Para a grande maioria das associa¢des observadas, a explicacao biolégica mais
plausivel é a relacao entre as variantes e o nivel de producéo de citocinas.

Alguns estudos de associacdo descrevem a aplicacdo da correcdo de Bonferroni
para ajustar testes multiplos (CONSTANTINI et al.,, 2002), sendo ela recomendada para
evitar a rejeicao errbnea da hipétese nula. No entanto, a reducéo do erro tipo | aumenta o

erro tipo Il, pois o0 mesmo nado pode ser controlado. Portanto, peritos em estatistica tem
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abordado esta questdo e a maioria concorda que a corre¢cdo de Bonferroni € muito
conservadora para estudos de associacdo com doenca (ROTHMAN, 1990; SAVITZ e
OLSHAN, 1995; PERNEGER, 1998). A base teérica para defender um ajuste para
comparacfBes multiplas é a hipotese de que 0 acaso seria a primeira explicacdo para os
fendbmenos observados. Entretanto, essa hipétese compromete as premissas bdsicas da
pesquisa empirica, a qual sustenta que a natureza segue leis regulares que podem ser
estudadas através de observacgdes. A opcdo por nado realizar ajustes é preferivel, pois levara
a menos erros de interpretacdo, uma vez que os dados avaliados ndo sdo numeros
aleatorios, mas observacfes atuais sobre a natureza. Além disso, os cientistas ndo devem
ser tdo relutantes em explorar pistas que podem revelar-se erradas, do que penalizar-se
pela falta de resultados possivelmente importantes (ROTHMAN, 1990). Portanto, devido ao
carater exploratério do presente estudo, optamos por néo aplica-la em nossos dados. Uma
abordagem alternativa para a correcdo de Bonferroni seria a replicacdo de resultados em
uma coorte independente. Alguns de nossos dados confirmaram os resultados de estudos
prévios, realizados em outras populagdes, enquanto outros foram inéditos e necessitam
replicacao para confirmacgéo. Vale salientar, entretanto, que utilizamos um nimero maior de
pacientes em comparac¢do com alguns outros estudos e que nossa amostra foi composta de
modo homogéneo para diversos fatores ja citados.

O Cytokine Genotyping kit (Dynal Biotech, Invitrogen® Corporation, Brown Deer, WI,
USA), utilizado para a determinacédo das tipagens das variantes polimérficas no presente
estudo, foi desenvolvido pela Universidade de Heidelberg para o 13° Workshop Internacional
de Histocompatibilidade (Seattle, USA, 2002) e é utilizado por alguns grupos de pesquisa
(KLEINRATH et al., 2007; ATANASOVSKA-STOJANOVSKA et al., 2012). Previamente ao
inicio do uso do kit para o desenvolvimento do presente trabalho, foi realizada uma
validagdo do mesmo, comparando as tipagens para as posicdes TNFA-308G>A,
TGFB1+869T>C, TGFB1+915C>G, IL10-1082A>G, 1L10-819T>C, IL10-592A>C, IL6-
174G>C e IFNG+874T>A com as obtidas pelo uso do Cytokine Genotyping Tray (One-
Lambda, Inc, Canoga Park, CA), um outro kit mais antigo que o da Invitrogen, bastante
aceito pelo meio cientifico e ja utilizado por nosso grupo de pesquisa. As tipagens foram
realizadas com ambos os kit em cinco amostras de DNA de diferentes individuos e

mostraram-se 100% idénticas.
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7. CONCLUSOES

O grau de dano hepatico em pacientes portadores de hepatite C cronica infectados
pelo gendtipo 1 do HCV parece estar sob a influéncia de variantes polimoérficas que
aumentam a expressdo de genes de citocinas proé-inflamatorias (TNFA-308, 1L6-174,
IL6nt565) e sob a influéncia de variantes que aumentam a sinalizacdo de receptores de
citocinas antiinflamatérias (IL4RA+1902). O conhecimento destes marcadores apresenta
uma significancia prognostica em pacientes cronicamente infectados pelo HCV, permitindo
dirigir a terapia de forma mais agressiva para aqueles com aumento do risco de progressao
da doenca.

A resposta ao tratamento combinado com peglFN-alfa e ribavirina também parece
estar sob a influéncia de variantes polimoérficas que diminuem a expressédo de genes de
citocinas que polarizam a resposta imunoldgica para Th2, resultando assim na eliminacao
viral decorrente de uma resposta Thl (IL10-819, IL10-592). Ha indicios também de que
variantes que aumentam a sinalizacdo de receptores de citocinas antiinflamatérias
(IL4ARA+1902), assim como variantes de genes da familia IL-1 (ILLA-889, IL1B+3962, IL1R1
pstl 1970) também influenciam a resposta ao tratamento. Os resultados contribuirdo para o
estabelecimento de novos marcadores genéticos de resposta ao tratamento além do IL28B
rs12979860, o Unico SNP cuja genotipagem é aceita até o presente momento como
preditora de resposta ao tratamento. A determinacdo de novos marcadores de resposta ao
tratamento ajudara a orientar as decisfes terapéuticas em pacientes com hepatite cronica C
infectados com o gendtipo 1 do HCV. Considerando os efeitos colaterais e o custo do
tratamento, a previsdo da resposta ao tratamento previamente ao inicio da terapia é

importante.
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APENDICE: DETALHAMENTO DA METODOLOGIA

CASUISTICA - Ver paginas 46, 47, 71 e 72

BIOPSIA HEPATICA — Ver pagina 47

PROTOCOLO DE TRATAMENTO — Ver pagina 72

GENOTIPAGEM VIRAL — Ver paginas 47 e 72

COLETA DAS AMOSTRAS DE SANGUE

Foram coletadas amostras de sangue de individuos diagnosticados com hepatite C.
Apés esclarecimentos sobre o projeto, assinatura do termo de consentimento livre e
esclarecido e preenchimento de uma ficha cadastral, foi coletada uma amostra de 10 mL de
sangue por puncao da veia mediana, em tubos estéreis contendo EDTA, utilizando agulhas
e seringas descartaveis. O sangue total foi congelado em tubos de criopreservacao até o

momento da extracdo do DNA.

EXTRAGAO DO DNA GENOMICO

Apo6s o descongelamento das amostras de sangue total, o0 DNA foi extraido através
da técnica Salting-out (LAHIRI e NURNBERGER, 1991) ou através da utilizacdo do kit
comercial BioPur (Biometrix Diagnostica, Curitiba, Pr, Brasil). Em ambas as técnicas os
reagentes lisam as células nucleadas e a carioteca, removem enzimas, precipitam
proteinas, lavam o DNA e ao final, reidratam-no, conforme protocolo descrito abaixo.
Algumas amostras que apresentaram residuos de hemoglobina ao final do processo de
extracdo foram purificadas através do uso do kit comercial Purelink™ Genomic DNA
purification (Invitrogen®, Carlsbad, CA, USA), conforme protocolo descrito abaixo.

A concentracdo do DNA foi determinada utilizando o Fluorémetro Qubit™
(Invitrogen®, Carlsbad, CA, USA) ou através da visualizacdo da intensidade das bandas

apos eletroforese em gel de agarose, tendo um controle como padrdo de comparacéao.
PROTOCOLO DE EXTRACAO DE DNA PELA TECNICA SALTING-OUT

1. Identificar tubos de 1,5mL

2. Transferir 500uL de sangue total

3. Acrescentar 800uL de RCLB (red blood cell lysis - composta por sacarose, triton X, MgCl,
6H,0 1M, Tris pH 7,5 1M e agua ultrapura) (1x) gelado



o Vortex
e Centrifugar a 13000 rpm por 2 minutos a 20°C

o Desprezar o sobrenadante

. Acrescentar 1mL de RCLB (1x) gelado

o Vortex
e Centrifugar a 13000 rpm por 2 minutos a 20°C

o Desprezar o sobrenadante

5. Repetir 0 passo 4 até obter-se um pelet limpo

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24,
25.

. Desprezar o sobrenadante

e Adicionar 80uL de tamp&o de proteinase K® (Invitrogen, Carlsbad, CA, USA) +
40uL de proteinase K (ou 40uL do preparado)

o 20uL de SDS® (sulfato dodecil de sédio, Sigma Chemical CO, Steinheim,
Germany) (20%) temperatura ambiente

e 240ulL de &gua de injecéo

. Vortex

e Incubar em banho-maria a 55°C por 20mim
e Agitar manualmente
e Incubar em banho-maria a 55°C por 20mim
Deixar atingir a temperatura ambiente antes de prosseguir
Adicionar 100uL de NaCl (6M) temperatura ambiente
Vértex
Centrifugar a 13000 rpm por 5 minutos a 20°C
Transferir o SOBRENADANTE para um novo tubo de 1,5mL com 100mL de NaCl (6M)
Centrifugar a 13000 rpm por 5 minutos a 20°C
Transferir o SOBRENADANTE para um novo tubo de 1,5mL
Acrescentar 800uL de ETHO absoluto gelado
Inverter gentilmente os tubos varias vezes para precipitar o DNA
Centrifugar a 13000 rpm por 2 minutos a 20°C
Desprezar o sobrenadante
Adicionar 1mL de Etanol 70%
Centrifugar a 13000 rpm por 2 minutos a 20°C
Desprezar o sobrenadante
Deixar secar a temperatura ambiente
Ressuspender o DNA em 50uL de agua de injecdo
Deixar em geladeira por ao menos 24hs para reidratar o DNA

Deixar em banho-maria a 37° por 30 min para dissolver bem
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26. Homogeneizar
27. Verificar a Densidade Otica

28. Armazenar a -20°C

PROTOCOLO DE EXTRACAO DE DNA — KIT COMERCIAL BioPur

1. Identificar tubos de 1,5mL (n&o fornecido)
2. Transferir 200uL de sangue total

3. Caso a amostra seja velha ou esteja coagulada - Acrescentar 1000uL de RCLB (1x)

gelado

o Vértex

. Centrifugar a 9000 rpm por 3 minutos a 20°C
. Desprezar o sobrenadante

. Completar com 200uL de PBS

4. 200uL de tampéo A de lise + 20uL de proteinase K
. Vértex 5 segundos
5. Incubar os tubos por 15 minutos a 56°C em um termomixer (ou agitar as amostras em
vortex a cada 3 minutos)
6. 400uL de tampéo B6 de ligacéo
o Vértex
7. Coloque um tubo spin em um tubo de racdo 2mL
8. Transfira a mistura para o tubo spin
9. Feche e incube por 1 minuto
. Centrifugue por 2 minutos a 13000g
. Descarte o filtrado
10. Coloque o tubo spin em um novo tubo de racdo 2mL
11. Adicione 500uL de tampéo | de lavagem
. Centrifugue por 1 minuto a 13000g
. Descarte o filtrado
12. Adicione 800uL de tampé&o Il de lavagem
. Centrifugue por 1 minuto a 13000g
. Descarte o filtrado
13. Recoloque o tubo spin no mesmo tubo de reacdo 2mL
. Centrifugue por 4 minutos na velocidade maxima para eliminar o etanol
14. Coloque o tubo spin em um novo tubo de racdo 1,5mL

15. Adicione 120uL de tampé&o de eluicéo pré-aquecido a 56°C
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. Incubar a temperatura ambiente por 1 minuto
. Centrifugar por 1 minuto a 8000g
. Descartar o tubo spin

16. Verificar a concentracdo do DNA

17. Armazenar a amostra a -20°C.

GENOTIPAGEM DAS VARIANTES POLIMORFICAS EM GENES DE CITOCINAS

As tipagens das variantes polimérficas em genes de citocinas foram realizadas pela
técnica PCR-SSP (“polymerase chain reaction-sequence specific primers”), usando o
Cytokine Genotyping kit (Dynal Biotech, Invitrogen® Corporation, Brown Deer, WI, USA).
Cada amostra de DNA, ajustada em 25 a 200 ng/uL, foi adicionada a uma solucdo de
amplificacdo fornecida pelo kit, juntamente com a enzima Taq DNA polimerase (5u/uL;
Invitrogen®, Carlsbad, CA, USA) e &gua de injecdo, de acordo com os volumes
recomendados pelo protocolo abaixo. Ap6s a homogeneizacdo desta solucdo, aliquotas
foram dispensadas em placas de 96 pocos, contendo os iniciadores especificos para os
alelos de citocinas (anexo Ill). As placas foram transferidas para o termociclador (Pelkin-
Elmer® 9600 ou GeneAmp® PCR System 9700), para a amplificacdo, conforme
recomendacfes do fabricante.

Os fragmentos amplificados foram separados por eletroforese, em cuba micro SSP gel
System (MGS-B, One Lambda®, CA, USA), em gel de agarose a 2,5%, a 150 volts por 8
minutos. A visualizacdo das bandas de DNA, quando expostas a luz ultravioleta, pode ser
realizada devido a adicdo do corante SYBR® Green ao gel de agarose antes da
solidificacdo. A interpretacdo dos resultados foi baseada na presenca ou auséncia do
fragmento especifico de DNA amplificado, conforme as fichas-padrdo fornecidas pelo
fabricante do Cytokine Genotyping kit (Dynal Biotech, Invitrogen® Corporation, Brown Deer,
WI, USA). Para verificar a integridade da reagéo de PCR, foi utilizado um par de iniciadores
como controle interno. Todas as reacdes foram fotodocumentadas (Transiluminador e
fotodocumentador L-PIX Loccus biotecnologia). As fotodocumentacdes foram salvas em
arquivos digitais e impressas, sendo nesse Ultimo caso, afixadas a ficha-padréo de cada

paciente.

PROTOCOLO DE AMPLIFICACAO PELA TECNICA PCR-SSP
Cytokine Genotyping kit (Invitrogen®)

1) Adicionar ao mix (140 pl-fornecido pelo kit):
e 329 yl de 4gua
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e 3,3 plde Taq Polymerase

e \ortex
e 50 pl de DNA (75 a 125 ng/pl)
e \ortex

e Volume final = 379 pl

2) Dispensar 10 yl da mistura em cada pogo da placa (fornecida pelo kit)

3) Tapar

4) Levar imediatamente ao termociclador para amplificar conforme o programa descrito no
Quadro 1

5) Submeter a eletroforese.

Quadro 1 — Programa para termociclador para amplificacé&o pelo Cytokine Genotyping kit

(Invitrogen®)

Ciclos Tempo Temperatura
1 ciclo 2 min 94°C
10 ciclos 15 seg 94°C

60 seg 65°C
20 ciclos 15 seg 94°C

50 seg 61°C

30 seg 72°C
Manutencéo | indeterminado | 4°C

FONTE: Manual de instru¢cGes do Cytokine
Genotyping kit (Invitrogen®)

ANALISES ESTATISTICAS

Freqléncias alélicas, genotipicas e haplotipicas
As freqiiéncias alélicas e genotipicas foram obtidas por contagem direta através das
formulas:
Fa =n/2N Fgen = NX100/N

Onde:

Fa: frequéncia alélica

Fgen: freqiiéncia genotipica

n: freqliéncia absoluta de um alelo na amostra

N: nimero de individuos na amostra.
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As frequéncias haplotipicas foram estimadas tomando por base as freqiiéncias
genotipicas observadas, através do método da verossimilhanca que utiliza o algoritmo EM
(maximizacdo de expectativa), o qual faz parte do conjunto de programas disponiveis no
pacote Arlequin versdo 3.5 (EXCOFFIER et al., 2005). Para elaborar o arquivo de entrada
para o pacote Arlequin empregou-se o programa Convert (GLAUBITZ, 2004).

Comparacdao entre grupos amostrais — Ver pagina XX
O “Odds Ratio” (“OR” ou razéo de probabilidades) foi estimado através da formula
(WOOLF, 1955):
OR= (AxD) / (BxC)

Onde A, B, C e D séo os valores correspondentes as letras do Quadro 2:

Quadro 2 — Valores para calculo de Odds Ratio

Amostra X | Amostra 'Y

Positivo para o
) A B
fator pesquisado

Negativo para o
fator pesquisado
FONTE: Wolf, 1955

O valor de OR exprime quantas vezes a caracteristica € mais freqliente entre os
portadores de um determinado fator comparando-se com individuos sem o fator
(SVEJGAARD et al., 1974). Nos casos em que o valor de alguma das células (A, B, C ou D)
for zero, sera realizada a correcdo de Haldane (SVEJGAARD e RYDER, 1994), cuja férmula

é:

RR=[(A+1/2).(D+1/2)/(B+1/2).(C+1/2)]

Valores de OR acima de 1 indicam que o fator estd associado a uma maior
probabilidade de se desenvolver o quadro clinico; valores abaixo de 1, a uma menor
probabilidade. O intervalo de confianga (IC) de 95% empregado nas determinagfes de OR

foi obtido pelo método de Woolf (WOOLF, 1955), através da seguinte férmula;

Cl (95%)=anti In { IN(OR)+1,96 \ (1/a + 1/b + 1/c + 1/d) }
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Andlise do desequilibrio de ligacéo entre os SNPs estudados

A partir das freqiiéncias obtidas, foram estimados os valores de desequilibrio de
ligacdo para os locos estudados. A verificagcdo da ocorréncia nao aleatéria de certas
combinac®es alélicas foi realizada como proposto por Lewontin (LEWONTIN, 1964), pela

féormula:

A =p —-pp

ab ab a b
Onde:

. Aab: valor do desequilibrio de ligacéo

U freqliéncia observada de um hapl6tipo

‘P frequiéncia observada do alelo (a) de um dado locus
P frequiéncia observada do alelo (b) de um outro locus

*Pp; frequéncia esperada de um haplétipo (ab)
a

No entanto, um valor relativo do desequilibrio de ligacdo (&’ b) € mais informativo do
al
gue o obtido pela formula descrita acima, pois o A’ btraz informacgéo a respeito da magnitude
al

do desequilibrio de ligacdo em relacdo ao maior valor que ele poderia assumir, dadas as
frequiéncias dos alelos em questdo (LEWONTIN, 1964). Este valor relativo foi calculado pelo
programa ARLEQUIN verséo 3.5 (EXCOFFIER et al., 2005) através da férmula:

AN =A
ab ab ab, max
onde o valor de A - pode ter um dos dois valores:
ab, max
eomaiorde(pp ,dl-p)2-p)),seA <0
a b a b ab

ou

* 0 menorde ((1 - pa)pb, P, 1- pb)), se Aab 20

oON X pode assim assumir valores no intervalo de -1,0 a +1,0, sendo que os valores
a

negativos indicam repulséo entre os alelos em questdo e os positivos indicam acoplamento.
O valor zero indica auséncia de desequilibrio de ligacdo, ou a situacdo denominada por
alguns autores como “equilibrio de ligacao”. O grau de significancia do desequilibrio de

ligacéo foi avaliado através do teste exato de Fisher, em tabelas de contingéncia 2x2.
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O desequilibrio também pode levar a correlagdo entre dois SNPs, que é estimada por
r. O valor de r?, que também foi calculado pelo programa Arlequin vers&o 3.5 (EXCOFFIER

et al., 2005), é correlato ao valor de D e é calculado da seguinte maneira:

r’= D?/[pa (1-Pa) Pb (1-Po)]

Assim, o valor de x2 também pode ser calculado por: x2 = 2nr’* de maneira que o

resultado final é aplicado tanto ao valor de D como de r°.
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