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RESUMO

O virus da hepatite C (HCV) representa um problema de satde mundial, acometendo mais de
170 milhdes de pessoas em todo o mundo, 0 que corresponde a cerca de 3% da populacéo
mundial. Aproximadamente 70% dos individuos irdo desenvolver a forma cronica da doenca,
25% desenvolverdo cirrose e cerca de 5% dos cirréticos desenvolverdo carcinoma hepatocelular
(HCC). O motivo pelo qual alguns individuos evoluem mais rapidamente para formas mais
graves ainda é desconhecido, entretanto diversos estudos tém apontado a influéncia de fatores
genéticos do hospedeiro envolvidos com a progressao da doenca no figado. Polimorfismos de
unico nucleotideo (SNPs) s&o o tipo de variacdo genética mais comum em humanos, e podem
influenciar os niveis séricos ou até mesmo a funcdo de proteinas importantes. A pentraxina 3
(PTX3) é uma proteina de fase aguda capaz de se ligar a microrganismos e de regular o sistema
complemento. Estudos tém demonstrado que a PTX3 pode influenciar positivamente a
progressdo de varios tipos de cancer. Além disso, alguns estudos tém demonstrado uma grande
influéncia de uma regido cromossdmica (6g23) associada com a progressao da fibrose hepética
na esquistossomose. O gene IL22RA2 esta localizado nesta regido e poderia estar associado com
a gravidade da fibrose no HCV, uma vez que este gene codifica um inibidor de uma importante
citocina envolvida com a reparagdo de danos hepaticos, a interleucina-22 (IL-22). Portanto, o
objetivo do presente trabalho foi associar a gravidade da doenga hepatica causada pelo HCV,
com SNPs nos genes PTX3 e IL22RA2, assim como identificar novos SNPs através da técnica
de sequenciamento de exoma. Foram recrutados pacientes com hepatite C crénica, atendidos
no servigo de Gastrohepatologia do Hospital Universitario Oswaldo Cruz/Instituto do Figado
de Pernambuco (Recife-PE, Brasil) entre agosto de 2010 e dezembro de 2014. A deteccdo dos
SNPs foi realizada por PCR em tempo real através de sondas TagMan®. Para o sequenciamento
do exoma, foi utilizada a plataforma lonTorrent®. Um total de trés estudos foram realizados, o
primeiro estudo identificou dois polimorfismos (rs6570136 e rs2064501) no gene IL22RA2,
associados com a gravidade da fibrose hepatica, em um total de 532 pacientes. Foi observada
uma maior frequéncia dos genotipos GG/GA do rs6570136 e TT/TC do rs2064501 no grupo de
individuos com fibrose grave (p=0,007 OR 1,7 e p=0,004 OR 2,4). No segundo estudo, com
um total de 524 pacientes, foi possivel observar uma associagéo significativa do genotipo AA
no gene PTX3 (rs2305619) com o risco de HCC (p=0.024 OR 1,94). Por fim, foi realizado o
sequenciamento do exoma de 9 casos com HCC e 10 controles cirréticos, onde foi possivel
identificar dois genes (PRSS58 e SOCS5) possivelmente associados com o desenvolvimento de
HCC. Portanto, através do presente estudo, foi demonstrado pela primeira vez a associacdo de
SNPs no IL22RA2, PTX3, PRSS58 e SOCS5 com a progressao da doenca hepatica causada pelo
HCV. Outros estudos sdo necessarios para avaliar o uso desses SNPs como marcadores de
progressao da hepatite C, bem como avaliar o possivel uso dessas moléculas como alvos
terapéuticos.

Palavras-chave: HCV. SNP. Polimorfismo. Fibrose. HCC.



ABSTRACT

The hepatitis C virus (HCV) represents a worldwide health problem, with over 170 million
people infected all over the world, corresponding to almost 3% of the world’s population.
Approximately 70% of the individuals will develop the chronic form of the disease; 25% will
develop cirrhosis and about 5% among the cirrhotic will develop hepatocellular carcinoma
(HCC). The reason why some individuals evolve more rapidly to the severe forms is still
unknown, however, several studies have pointed the influence of genetic factors of the host
which are involved with the disease progression in the liver. Single nucleotide polymorphisms
(SNPs) are the most common type of genetic variation in humans, and they might alter serum
levels or even the function of important proteins. Pentraxin 3 (PTX3) is an acute phase protein
that is able to bind the surface of microorganisms and to regulate the complement system.
Studies have demonstrated that PTX3 may influence positively the progression of various types
of cancer. Additionally, some studies have demonstrated an important influence of a
chromosomic region (6g23), associated with the progression of liver fibrosis in schistosomiasis.
The IL22RA2 gene is located in this region e may be associated with the severity of fibrosis in
HCV, once this gene codifies an inhibitor of an important cytokine correlated with the repair of
liver damage, the interleukin-22 (IL-22). Thus, the aim of the present study was to associate the
severity of the liver disease caused by HCV with SNPs in the PTX3 and IL22RA2 genes, as well
as to identify new SNPs through exome sequencing approach. Patients with chronic hepatitis C
were recruited and attended at the service of Gastrohepatology of the Oswaldo Cruz University
Hospital/Liver Institute of Pernambuco (Recife, Pernambuco, Brazil) between August 2010 and
December 2014. The detection of SNPs was performed by real time PCR using TagMan probes
(Thermo Fisher Scientific). Regarding the exome sequencing, it was used the lonTorrent
platform (Thermo Fisher Scientific). A total of three studies were performed, the first study
identified two polymorphisms (rs6570136 and rs2064501) on the IL22RA2 gene, associated
with the severity of hepatic fibrosis, in a total of 532 patients. It was observed a higher frequency
of genotypes GG/GA of rs6570136 and TT/TC of rs2064501 in the group of individuals with
severe fibrosis (p=0,007 OR 1,7 and p=0,004 OR 2,4). On the second study, with a total of 524
patients, it was possible to notice a significant association of the genotype AA in the PTX3 gene
(rs2305619) with risk of HCC (p=0.024 OR 1,94). Finally, the exome sequencing was carried
in 9 HCC cases and 10 cirrhotic controls, where it was possible to identify two genes
(PRSS58 and SOCS5), which are possibly associated with the development of HCC. Therefore,
through this study we have demonstrated, for the first time, the association of SNPs in IL22RA2,
PTX3, PRSS58 and SOCS5 with the progression of the hepatic disease caused by HCV. Other
studies are needed in order to evaluate the use of these SNPs as progression markers of hepatitis
C; as well as to evaluate the possible use of these molecules as therapeutic targets.

Keywords: HCV. SNP. Polymorphism. Fibrosis. HCC.
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1. INTRODUCAO

A hepatite C representa um dos principais problemas de saude publica no mundo
(LAVANCHY, 2009). Sua historia natural, caracterizada pela escassez de sintomas durante o0s
estagios precoces da doenca, tornam o diagnostico do virus da hepatite C (HCV) um grande
desafio para os profissionais de saude. Devido aos sintomas serem inespecificos, a doenca pode
evoluir por décadas sem diagnoéstico, causando danos hepéticos cada vez mais graves no
decorrer dos anos, dificultando assim o tratamento da doenca. A infeccdo cronica pode levar a
hepatite e a diferentes graus de fibrose. Nos casos mais graves, o individuo pode evoluir para
cirrose e descompensacao hepatica, culminando com o desenvolvimento de carcinoma
hepatocelular (HCC) (WESTBROOK;DUSHEIKO, 2014). As razdes que levam alguns
individuos a desenvolverem formas mais graves da doenca ainda ndao foram completamente
elucidadas, mas estudos tém demonstrado que fatores do hospedeiro, tais como sexo, idade,
diabetes e fatores genéticos, desempenham grande importancia no processo fisiopatoldgico da
hepatite C (BATALLER;NORTH;BRENNER, 2003; ASSELAH et al, 2009;
WESTBROOK;DUSHEIKO, 2014).

Desde o sequenciamento completo do genomaem 2001 (VENTER et al., 2001), grandes
avancos tém sido feitos no que se refere a tecnologia de deteccdo de variantes genéticas,
sobretudo no desenvolvimento de equipamentos de sequenciamento em larga escala, que
permitem a descoberta de uma grande quantidade de polimorfismos associados a doengas
(DAVEY et al., 2011). Polimorfismos de unico nucleotideo (SNPs) sdo o tipo de variacéo
genética mais comum em humanos, podendo influenciar os niveis séricos e a funcdo de
proteinas importantes. Estudos tém demonstrado que uma variedade de SNPs em genes
envolvidos com vias inflamatdrias, receptores de fatores de crescimento, moléculas envolvidas
com a deposicdo de matrix extracelular, entre outros, influencia a progressao da fibrose e o
desenvolvimento de HCC em pacientes com infeccdo crénica pelo HCV
(BATALLER;NORTH;BRENNER, 2003; ROMERO-GOMEZ et al., 2011; ESTRABAUD et
al., 2012). Esses fatores podem explicar, pelo menos em parte, as diferentes taxas de progressao
observadas entre esses individuos.

A interleucina-22 (IL-22) é uma citocina que age em células epiteliais, hepatdcitos e
células pancreéticas, sugerindo uma importante funcéo na reparacdo de danos teciduais locais,
ou contribuindo com a inflamacdo fisiopatologica (WOLK et al., 2010). A IL-22 também
estimula a imunidade inata através da producdo de peptideos antimicrobianos, secre¢do de
muco e producdo de quimiocinas (RUTZ;EIDENSCHENK;OUYANG, 2013). Aléem disso, a
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IL-22 possui um importante efeito hepatoprotetor, estimulando o reparo tecidual e reduzindo a
fibrose em diversos modelos de lesdo hepatica (PAN et al., 2014). A IL-22BP ¢ considerada
um inibidor soltvel da IL-22, impedindo sua ligacdo ao receptor celular e limitando seus efeitos
em células-alvo. O gene que codifica a IL-22BP (IL22RA2), esta localizado no lécus 6923, que
possui uma grande influéncia na fibrose hepatica em individuos com esquistossomose
(DESSEIN et al., 1999). Até entdo, ndo existem informacdes relacionadas a influéncia de
polimorfismos no gene da IL-22BP (IL22RA2) na doenca hepatica causada pelo HCV. Portanto,
SNPs no IL22RA2 poderiam influenciar também a progresséo da fibrose hepéatica em individuos
com HCV.

A pentraxina 3 (PTX3) é um receptor de reconhecimento padréo soltvel, produzido por
fagocitos, células epiteliais, endoteliais e mesenquimais em sitios de inflamagcdo (GARLANDA
etal., 2016). A PTX3 desempenha importantes fungfes na regulacdo da imunidade, sendo capaz
de interagir com particulas microbianas e moléculas envolvidas em processos inflamatoérios
(INFORZATO et al., 2013). Estudos recentes tém demonstrado um possivel papel da PTX3 no
desenvolvimento de alguns tipos de cancer (BONAVITA et al., 2015; BOTTAZZI et al., 2016;
GARLANDA et al., 2016). Além disso, niveis plasmaticos de PTX3 tém sido associados com
a gravidade da fibrose hepéatica em pacientes com esteato-hepatite ndo alcoodlica (NASH)
(YONEDA etal., 2008; BOGA et al., 2015). Devido a escassez de estudos investigando o papel
da PTX3 em infec¢Oes virais, ndo é conhecido se a PTX3 pode influenciar a progressao da
doenca hepética causada pelo HCV. Sendo assim, estudos investigando SNPs no gene PTX3

sdo atraentes para determinar o papel desta molécula na patogénese do HCV.

Em pacientes com hepatite C crbnica, o risco em desenvolver HCC aumenta de acordo
com a progressdo da fibrose. Uma vez alcancada o estagio de cirrose hepatica, a incidéncia
anual de HCC se torna extremamente elevada (1-7% por ano) (HOSHIDA et al., 2014). Apesar
dos protocolos clinicos atualmente utilizados recomendarem uma vigilancia regular em busca
de tumores, através de métodos de imagem, em pacientes com maior risco de HCC, dados
apontam que apenas 12% dos pacientes com HCC sdo diagnosticados através dos programas
de vigilancia nos Estados Unidos (DAVILA et al., 2011). Considerando uma limitacdo nas
opcdes de tratamento, incluindo o transplante hepatico, a prevencao do desenvolvimento de
HCC em pacientes com fibrose avangada seria a melhor estratégia para aumentar a sobrevida
desses individuos (HOSHIDA et al., 2014).

Deste modo, o objetivo do presente estudo foi verificar a associacdo entre SNPS nos

genes PTX3 e IL22RA2 com a gravidade da doenca hepatica causada pelo HCV, assim como
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identificar novos SNPs através da técnica de sequenciamento do exoma. A identificacdo de
marcadores genéticos relacionados a fibrose e susceptibilidade ao desenvolvimento de HCC,
pode ser uma importante estratégia para selecionar individuos com maior predisposicdo ao

desenvolvimento de formas graves, permitindo assim, um tratamento individualizado e precoce.

2. REVISAO DE LITERATURA
2.1 Hepatite C
2.1.1 Epidemiologia

Desde sua descoberta em 1989 por Choo e colaboradores (CHOO et al., 1989), o virus
da hepatite C (HCV) tem sido associado a principal causa de hepatite cronica, cirrose e
carcinoma hepatocelular no mundo. Estima-se que a prevaléncia mundial da infeccéo pelo HCV
seja entre 2-3%, equivalente a 130-170 milhdes de pessoas, e que cerca de 3 a 4 milhdes de
pessoas sao infectadas pelo virus a cada ano. Entre os que possuem infeccdo cronica, 10-20%
desenvolverdo cirrose em 20 anos e 1-5% entre os cirr6ticos desenvolverdo carcinoma
hepatocelular (HCC) (LAVANCHY, 2009; LAVANCHY, 2011).

Apesar do HCV ser uma endemia mundial, existe um grande grau de variabilidade em
sua distribuicéo (de <1% a >10% em diferentes paises) (HAJARIZADEH;GREBELY ;DORE,
2013). As maiores prevaléncias tém sido observadas na Africa e no Oriente Médio, com uma
menor prevaléncia nas Américas, Australia e na Europa Ocidental (LAVANCHY, 2011). Na
Africa, a maior prevaléncia de infecgdo pelo HCV tem sido demonstrada no Egito e Camardes,
com prevaléncias maiores que 10% (NERRIENET et al., 2005; GUERRA et al., 2012;
HAJARIZADEH;GREBELY ;DORE, 2013). Se tratando de nimeros absolutos, a maioria das
pessoas infectadas vive na Asia Central/Sudeste e em regides ocidentais do Pacifico, sendo a
China o pais com maior nimero de infectados (29,8 milhdes), seguido da india (18,2 milhdes),
Egito (11,8 milhdes), Paquistdo (9,4 milhdes) e Indonesia (9,4 milhdes) (LAVANCHY, 2011).

Na América Latina, estimativas apontam uma prevaléncia de hepatite C entre 1% e 2,3%
(KERSHENOBICH et al.,, 2011). O Brasil é considerado um pais de endemicidade
intermediaria, com prevaléncia entre 2,5% e 10%, segundo a Organiza¢do Mundial de Salude
(OMS) (TE;JENSEN, 2010). Entretanto, o ultimo estudo de prevaléncia de base populacional
realizado entre 2005 e 2009, em todas as 26 capitais e no Distrito Federal, apontou-se uma
prevaléncia de 1,38% (IC 95% 1,12%-1,64%) na faixa etaria entre 10 e 69 anos, colocando o

Brasil como um pais de baixa endemicidade (PEREIRA et al., 2013).
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No Brasil, a notificacdo compulsoria de casos de hepatite C comecou em 1996 e, em
1999, a taxa de deteccdo desse agravo no pais era de 0,1 por 100.000 habitantes. A partir desse
ano, a taxa aumentou, alcancando 5,0 em 2006 e mantendo-se estavel, com oscilacGes entre 5,2
e5,5, (5,4 em 2010) (BRASIL, 2012). No periodo de 1999 a 2011, foram notificados no Sistema
de Informacéo de Agravos de Notificagdo (Sinan) 82.041 casos confirmados de hepatite C no
Brasil, a maioria nas Regifes Sudeste (67,3%) e Sul (22,3%). Do total de casos, 49.291 (60,1%)
dos infectados eram homens e 32.734 (39,9%) eram mulheres (BRASIL, 2012). Em uma
publicagdo mais recente do Ministério da Satde, um modelo matemaético foi utilizado com o
objetivo de estimar o nimero de casos possiveis e ndo diagnosticados no Brasil. A analise
demonstrou que aproximadamente 1.450.000 pessoas possuiam HCV no ano de 2014
(BRASIL, 2015a). No periodo de 1999 a 2011 na regido Nordeste foram notificados no Sinan
4.131 casos confirmados, representando 5% dos casos no Brasil. A maioria dos casos se
concentrou nos estados da Bahia (38,3%), seguido pelo Ceara (13,2%) e Pernambuco (10,6%).
Em relacdo a taxa de deteccdo, em 2010 todos os estados da Regido Nordeste apresentaram
taxas de deteccdo de hepatite C por 100.000 habitantes menores do que a média nacional (5,4
€as0s/100.000 habitantes). As maiores taxas foram observadas em Sergipe (2,4 casos/100.000
habitantes) e Bahia (1,9 casos/100.000 habitantes) (BRASIL, 2012).

A taxa de replicagdo do HCV ¢ bastante elevada, de 10° a 10*2 virions por dia, esta alta
taxa de replicacdo juntamente com o erro da polimerase viral pode ser responsavel pelo genoma
do HCV sofrer mutacGes frequentemente, gerando seis principais genotipos e mais de 50
subtipos virais (SIMMONDS et al., 1994; HOOFNAGLE, 2002). A distribuicdo dos gendtipos
varia de acordo com cada pais ou regido, sendo que 0s gendtipos 1, 2 e 3 possuem uma ampla
distribuicdo geografica, enquanto que 0s genotipos 4, 5 e 6 estdo normalmente confinados a
regides geogréficas especificas (HAJARIZADEH;GREBELY;DORE, 2013). O genotipo 1 tem
a maior distribui¢do no mundo, sendo mais comum na América do Norte (ALTER, 2007), no
Oeste e Norte Europeu (ESTEBAN;SAULEDA;QUER, 2008; CORNBERG et al., 2011), na
América do Sul, Asia e Australia (KABA et al., 1998; HAJARIZADEH;GREBELY;DORE,
2013). Os gendtipos 2a e 2b sdo geralmente encontrados no Japdo e norte da Italia, o gendtipo
3 na India, 0 4 ¢ mais comum na Africa e Oriente Médio, enquanto os genotipos 5 e 6 s&o raros,
porém encontrados em algumas regides do sul da Africa e sudeste da Asia (HOOFNAGLE,
2002). No Brasil, o padrdo de distribuicdo se assemelha ao da Europa, onde os genotipos
prevalentes sdo 1 e 3 (CAMPIOTTO et al., 2005) (Figura 1). Em Pernambuco, o gen6tipo 1b é
0 mais prevalente (66,7%), seguido pelo 3a (25,4%), la (6,3%) e 2b (1,6%) (ALVARADO-
MORA et al., 2012).
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Figura 1. Prevaléncia mundial estimada de infeccéo pelo HCV e distribuicdo de seus genétipos no mundo.
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2.1.2 Transmissao e Fatores de Risco

A transmissdo da hepatite C ocorre principalmente por via parenteral, transmissdes
verticais e sexuais ocorrem em frequéncia muito baixa. Estudos apontam uma taxa de 5% para
a transmissdo vertical (NETWORK, 2005; PEMBREY;NEWELL;TOVO, 2005). A
transmisséo sexual ocorre principalmente em pessoas com multiplos parceiros e com praticas
sexuais desprotegidas. A co-infeccdo com HIV constitui relevante facilitador para a transmisséo
(SHEPARD;FINELLI;ALTER, 2005; SY;JAMAL, 2006).

No Brasil, a hepatite C teve como formas preferenciais de transmisséo o uso de drogas
injetaveis, hemodialise, transfusdo de sangue e uso de hemoderivados e outros procedimentos
médicos invasivos, particularmente até o inicio dos anos 90, quando ndo havia exame que
permitisse diagnosticar o portador do HCV (BRASIL, 2015a). Em 1992, foi desenvolvido o
primeiro teste para deteccdo do anticorpo anti-HCV, proporcionando maior seguranga em
transfusbes sanguineas (LAUER;WALKER, 2001). De acordo com o Ministério da Saude,
constituem populacgdes de risco para infeccdo pelo HCV (BRASIL, 2011):

. Pessoas que receberam transfusdo de sangue e/ou hemoderivados antes de 1993;

. Usuarios de drogas injetaveis, inaladas ou pipadas, que compartilham equipamentos
contaminados como agulhas, seringas, canudos e cachimbos;

. Pessoas que compartilham equipamentos ndo esterilizados ao frequentar pedicures,

manicures e podologos;
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. Pessoas submetidas a procedimentos para colocacdo de piercing e confeccdo de
tatuagens;
. Pacientes que realizam procedimentos cirurgicos, odontoldgicos, de hemodiéalise e de

acupuntura sem as adequadas normas de biosseguranga.

2.1.3 O virus da hepatite C (HCV)

O HCV pertence ao género Hepacivirus, familia Flaviviridae. Suas particulas virais
medem cerca de 50-80 mm de didmetro e sdo cobertas por heterodimeros glicoproteicos (E1 e
E2) incorporados na bicamada lipidica cercando um nucleocapsideo composto pela proteina
core e de seu RNA de fita Unica (GASTAMINZA et al., 2010). As particulas virais do HCV
apresentam uma baixa densidade devido a sua associa¢do com lipoproteinas de baixa densidade
(LDL) e muito baixa densidade (VLDL) (THOMSSEN et al, 1992,
THOMSSEN;BONK;THIELE, 1993; ANDRE et al.,, 2002). Devido a essa associacao,
apolipoproteinas como apoE, apoB, apoAl, apoCl, apoC2 e apoC3 podem também ser
encontradas em particulas do HCV e desempenham fundamental importancia no processo de
invasdo viral (NIELSEN et al., 2006; CHANG et al., 2007; MEUNIER et al., 2008). Entretanto,
as glicoproteinas E1 e E2 sdo os principais protagonistas no processo de entrada das particulas
virais na célula hospedeira. Até entdo, estudos apontavam a E2 como uma proteina chave no
processo de fuséo entre o envelope viral e a membrana da célula hospedeira (KREY et al.,
2010), entretanto recentes estudos investigando a estrutura da glicoproteina E2 ndo confirmam
esta hipotese, levando a especulagéo de que a glicoproteina E1 poderia ser a proteina de fusdo,
ou provavelmente atuar junto com E2 neste processo (KONG, L. et al., 2013; DOUAM et al.,
2014; KHAN et al., 2014).

Além de humanos, o0 HCV ¢ capaz de infectar naturalmente apenas chimpanzés e
musaranhos (Tupaia belangeri) (LINDENBACH;RICE, 2001; AMAKO et al., 2010). Ao longo
dos anos, modelos tém sido desenvolvidos para estudar os mecanismos de entrada, ligacéo e

replicacédo do virus na celula hospedeira, desde sistemas in vitro até modelos de camundongos
geneticamente humanizados (ORTEGA - PRIETO;DORNER, 2016). Esses estudos
proporcionaram um grande avanco no conhecimento sobre o HCV nos altimos anos, entretanto

algumas limitagcOes ainda precisam ser superadas, uma vez que os modelos de camundongos

modificados ndo apresentam as mesmas caracteristicas da doenga em humanos.
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Durante uma infeccdo primaria, as particulas do HCV sdo transportadas pela corrente
sanguinea e entram em contato com os hepatdcitos apos atravessar o endotélio fenestrado dos
sinus@ides hepaticos. No espaco de Disse, 0s virions tém contato direto com a superficie
basolateral dos hepatdcitos, permitindo a interagdo com fatores de ligacéo e receptores celulares
(DUBUISSON;COSSET, 2014). Estudos recentes sugerem que esse contato inicial poderia ser
mediado pela ApoE com o heparan-sulfato proteoglicana sindecano 1 ou sindecano 4
(SHI;JIANG;LUO, 2013; LEFEVRE et al., 2014) ou pelo receptor scavenger B1 (SRB1) (THI
et al., 2012; JIANG et al., 2013), e ndo por glicoproteinas virais como pensava-se antes.
Evidéncias sugerem que durante essa fase inicial, o receptor de LDL (LDLR) também
desempenha um papel importante, devido a associacdo das particulas virais com lipoproteinas
(AGNELLO et al., 1999). Apos esse contato inicial de baixa afinidade, ocorre a interacdo das
glicoproteinas E1-E2 com os co-receptores SRB1 e CD81 (PILERI et al., 1998; SCARSELLI
et al., 2002). Moléculas associadas a zonulas de oclusdo, como a claudina-1 (CLDN1) e
ocludina (OCLN), também tém sido associadas com a invasdo do HCV nas células hospedeiras
(EVANS et al., 2007; PLOSS et al., 2009). Fatores adicionais como o receptor do fator de
crescimento epidérmico (EGFR) e o receptor de efrina tipo A2 possivelmente modulam a
interacdo entre CD81 e CLDN1 (LUPBERGER et al., 2011; SCHEEL;RICE, 2013) (Figura 2).

Figura 2. Mecanismos de entrada do HCV na célula hospedeira
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A absorcao do virion pela célula hospedeira ocorre através de endocitose mediada por
clatrina (BLANCHARD et al., 2006), e a fusdo necessita de um compartimento de baixo pH,
encontrada nos endossomos (TSCHERNE et al., 2006; SCHEEL ;RICE, 2013). Ap6s 0 processo
de fusdo do virus na célula, o genoma do HCV é liberado no citosol, onde ocorre o processo de
traducdo para a producdo de proteinas virais (DUBUISSON;COSSET, 2014).

O HCV possui em seu genoma uma fita de RNA positiva simples contendo cerca de
9500 nucleotideos, codificando uma poliproteina com aproximadamente 3000 aminoacidos.
Essa poliproteina é clivada pds-traducdo por enzimas virais e do hospedeiro, formando
peptideos estruturais e ndo-estruturais (NS). Os componentes estruturais incluem o
nucleocapsideo core (C) e duas proteinas pertencentes ao envelope viral, E1 e E2, enquanto a
regido ndo-estrutural codifica sete proteinas (p7, NS2, NS3, NS4A, NS4B, NS5A e NS5B) que
exercem atividades distintas durante a replicagdo viral (GIANNINI;BRECHOT, 2003;
LYRA;FAN;DI BISCEGLIE, 2004; MORADPOUR;PENIN, 2013) (Figura 3).

Figura 3. Representagdo esquematica do genoma do HCV com seus dominios proteicos.
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A p7 é um polipeptideo transmembrana que funciona como um canal idnico e exerce
um papel fundamental na montagem e liberacao de particulas infecciosas do HCV (GRIFFIN
et al., 2003; MADAN;BARTENSCHLAGER, 2015). A NS2 é uma protease que atua como
uma proteina adaptadora, ela interage com outras proteinas estruturais e ndo estruturais e
também coordena os estagios iniciais de montagem das particulas virais (POPESCU et al.,
2011; STAPLEFORD;LINDENBACH, 2011). A NS3 é uma proteina bifuncional, com um
dominio de serino-protease na extremidade N-terminal e um dominio NTPase/RNA helicase na
extremidade C-terminal. A NS3 possui importantes fungfes na replicagdo do RNA viral
(KOLYKHALOQV et al., 2000; LAM;FRICK, 2006), na modulacdo da resposta imune inata
antiviral (LI, K. et al., 2005; MEYLAN et al., 2005; LIN, W. et al., 2006; LOO et al., 2006),
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assim como na montagem de particulas virais (MA et al., 2008; PHAN et al., 2009). A NS4A
atua como um cofator para a NS3 através de um complexo transmembrana, esse complexo é
essencial para a atividade de NS3 durante a replicacdo viral. A NS4A também é necessaria para
a fosforilagdo de NS5A e pode interagir diretamente com a NS5A (KIM et al., 1996; ASHFAQ
et al., 2011). A NS4B induz alteragfes na membrana do RE que permitem a acomodacao do
complexo de replicacdo viral do HCV (EGGER et al., 2002). A NS5A é uma fosfoproteina
hidrofilica que desempenha importante funcdo na replicacdo viral, na modulacdo de vias de
sinalizacdo celular e na via do interferon (ASHFAQ et al., 2011). Por fim, a NS5B é uma
polimerase dependente de RNA, responsavel pela sintese do RNA genémico viral. Devido a
seu papel central na replicacao viral, esta enzima tem sido o principal alvo dos medicamentos
antivirais (MORADPOUR;PENIN;RICE, 2007; ASHFAQ et al., 2011).

O HCV possui ainda uma regido hipervaridvel (HVR-1) em seu genoma, localizada na
sequéncia que codifica a E2, envolvida na interacdo com o receptor SR-BI (receptor Scavenger
classe B tipo 1) que estd relacionada a entrada de diversas lipoproteinas nas células
(SCARSELLLI et al., 2002). Devido a sua alta variabilidade, essa regido pode contribuir para a
fuga da resposta imune do hospedeiro assim como para uma pior resposta ao tratamento
(FARCI et al., 2002; VON HAHN et al., 2007).

A montagem e liberacdo das particulas virais do HCV é um processo regulado pela
sintese lipidica da célula hospedeira (SCHEEL;RICE, 2013). A proteina core é deslocada da
membrana do RE para goticulas lipidicas citoplasméticas (cLDs) auxiliada pela diacilglicerol
aciltransferase-1 (DGAT1) (MCLAUCHLAN et al., 2002; BOULANT et al., 2006; HERKER
et al., 2010). A formacéo do nucleocapsideo envolve a interacdo da proteina core com a NS5A
(MASAKI et al., 2008). O processo de transporte do RNA viral para os sitios de montagem do
nucleocapsideo ainda é pouco conhecido, mas provavelmente é facilitado pela proximidade
entre os sitios de montagem e replicacdo do RNA e também pela coordenacdo do processo de
montagem exercido pela NS2 (JIRASKO et al., 2010; POPESCU et al., 2011; SCHEEL;RICE,
2013).

Durante os estagios finais de montagem, o nucleocapsideo € entdo transferido para
goticulas lipidicas precursoras do VLDL, que se fundem com apoE, apoB, apoAl, apoCl,
apoC2 e apoC3 para formarem lipoviroparticulas (LVPs), que sdo liberadas através do
complexo de Golgi (CHANG et al, 2007; GASTAMINZA et al, 2008,
COUNIHAN;RAWLINSON;LINDENBACH, 2011; COLLER et al., 2012) (Figura 4).
Estudos em culturas de células de hepatoma tem demonstrado que o HCV possui a capacidade
de infectar células vizinhas diretamente (TIMPE et al., 2008; RAMAKRISHNAIAH et al.,
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2013), este mecanismo € corroborado por experimentos mostrando que hepatocitos infectados

estdo dispostos em aglomerados no figado infectado (WIELAND et al., 2014).

Figura 4. Representacao esquematica das etapas finais do ciclo de vida do HCV
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2.1.4 Historia natural

A hepatite C aguda normalmente esta relacionada aos 6 primeiros meses de infeccéo e
apresenta uma evolucéo subclinica envolvendo sintomas inespecificos como anorexia, astenia,
mal-estar, dor abdominal e ictericia em alguns casos. Apenas cerca de 15-30% dos casos
apresentardo algum tipo de sintoma, que normalmente surge entre 5-12 semanas ap0s infeccao
e dura entre 2-12 semanas (ORLAND;WRIGHT;COOPER, 2001). Devido ao quadro clinico
ser semelhante a outras hepatites virais, o diagnostico diferencial & somente possivel através de
testes sorologicos (HAJARIZADEH;GREBELY;DORE, 2013).

O curso da infeccgdo é caracterizado pela deteccdo do HCV RNA no sangue entre 2-14
dias ap6s infeccdo, aumento dos niveis séricos das transaminases hepaticas (aspartato
aminotransferase — AST e alanina aminotransferase — ALT) entre 2-8 semanas e aumento
gradual de anticorpos anti-HCV entre 20-150 dias apos infeccdo (COX;NETSKI; et al., 2005;
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GLYNN et al., 2005; PAGE-SHAFER et al., 2008). Aproximadamente 25% dos individuos
com infeccdo aguda conseguem eliminar o virus espontaneamente, enquanto que 75%
desenvolverao infeccdo cronica, caracterizado pela persisténcia dos niveis elevados de HCV
RNA e transaminases por mais de 6 meses (MICALLEF;KALDOR;DORE, 2006). O motivo
pelo qual alguns pacientes se curam espontaneamente ou desenvolvem a forma cronica ainda
ndo é claro, mas provavelmente esta relacionado a fatores do hospedeiro como sexo, idade,
raca, desenvolvimento de ictericia, resposta imune eficiente, assim como fatores genéticos
(HOOFNAGLE, 2002; ROMERO-GOMEZ et al., 2011; ESTRABAUD et al., 2012).

A mortalidade associada a hepatite C crbnica é resultado, principalmente, do
desenvolvimento de fibrose hepatica e suas posteriores complicagdes, tais como insuficiéncia
hepatica, hipertensdo portal e carcinoma hepatocelular (HCC). Aproximadamente 10-20% dos
individuos com infeccdo cronica podem evoluir para cirrose em 20 anos (LAVANCHY, 2009).
Uma vez que a cirrose é estabelecida, o risco anual para desenvolvimento de HCC é de 1-5% e
de 3-6% para descompensacao hepatica (varizes esofagicas, hemorragia digestiva alta, ascite e
encefalopatia) (WESTBROOK;DUSHEIKO, 2014) (Figura 5).

Figura 5. Curso clinico da hepatite C cronica.
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A fibrogénese € um processo complexo, acompanhado de necroinflamacao e ativagao
de células estreladas hepaticas (HSCs), que no figado resulta no acimulo em excesso de
proteinas da matriz extracelular, entre elas, o colageno (FRIEDMAN, 2008). No figado normal,
as HSCs residem no espaco de Disse e sdo as principais fontes de vitamina A. Apos lesdo

crénica, as HSCs sdo ativadas, passando a expressar caracteristicas de miofibroblastos, com
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geracdo e proliferacdo de a-actina de musculo liso (a-AML) e adquirindo propriedades pro-
inflamatorias (MARRA, 1999; MANN;SMART, 2002).

Em pacientes com hepatite C cronica, o risco de HCC aumenta de acordo com a
progressao da fibrose. O desenvolvimento de HCC é um processo de multiplas etapas que pode
levar entre 20-40 anos, envolvendo o estabelecimento da infeccdo cronica pelo HCV,
inflamacdo hepatica persistente, fibrose hepatica avancada, surgimento de clones neoplasicos
acompanhados por alteracGes genéticas/epigenéticas irreversiveis, e progressao de clones
malignos em um microambiente cancerigeno (HOSHIDA et al., 2014).

A progressdo da fibrose determina o prognéstico da doenca e a necessidade do
tratamento, sendo a bidpsia hepatica o padrdo ouro em hepatite crénica para determinar o
estagio de fibrose (MARCELLIN, 2009; DHINGRA;WARD;THUNG, 2016). Para fornecer
uma analise semi-quantitativa da fibrose e prognostico clinico, escalas de pontuacdo (Knodell,
Metavir, Ishak) tém sido utilizadas em diversos estudos (BEDOSSA;POYNARD, 1996;
HOOFNAGLE, 2002; ASSELAH et al., 2009; MARCELLIN, 2009). Existem varios fatores
do hospedeiro envolvidos com a progressdo da fibrose e desenvolvimento de HCC, como
exemplo, idade avancada, sexo masculino, consumo excessivo de alcool, esteatose hepatica,
resisténcia a insulina, imunossupressdo, diabetes, co-infeccdo com hepatite B e fatores
genéticos do hospedeiro (POYNARD;BEDOSSA;OPOLON, 1997; HOOFNAGLE, 2002;
MINOLA et al., 2002; MOUCARI et al, 2008, ESTRABAUD et al., 2012;
WESTBROOK;DUSHEIKO, 2014). Carga e genoétipo viral ndo tém influenciado
significativamente a taxa de progressao (MARCELLIN, 2009).

2.1.5 Tratamento da hepatite C crénica

Diferente das hepatites A e B, uma vacina para a hepatite C ainda ndo esta disponivel,
e até entdo a unica solucdo para os pacientes cronicamente infectados é o tratamento com
medicamentos antivirais. O objetivo do tratamento antiviral é a eliminacdo completa do HCV,
definida pelos niveis de HCV RNA indetectaveis por 12 ou mais semanas apos o término do
tratamento (resposta viroldgica sustentada ou SVR) (PANEL, 2015). A cura da infeccdo traz
inimeros beneficios para o paciente, incluindo uma diminui¢do na inflamacdo hepaética,
regressao da fibrose na maioria dos casos, e resolucdo da cirrose em metade dos individuos
(POYNARD et al., 2002). Além de melhorar a hipertensdo portal, esplenomegalia e outras
manifestacdes clinicas presentes nos individuos cirréticos. O alcance da SVR também reduz

em 70% o risco de HCC e em 90% o risco de mortalidade associada a doenca hepatica e
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transplante hepéatico (VELDT et al., 2007; VAN DER MEER et al., 2012; MORGAN et al.,
2013; PANEL, 2015).

Nos Gltimos anos ocorreu um enorme progresso no desenvolvimento de medicamentos
antivirais para o tratamento da hepatite C. Antes de 2011, o esquema de tratamento padréo para
o tratamento da hepatite C era o uso de interferon alfa peguilado (PEG-IFN-a) + ribavirina
(RBV) por um periodo de 24 a 48 semanas, dependendo do genétipo viral (LIVER, 2011). Esse
esquema terapéutico caracterizava-se por varios efeitos colaterais, longo periodo de tratamento
e baixas taxas de SVR (aproximadamente 50% para individuos com genétipo 1 ou 4 e 80% para
gendtipos 2 ou 3) (GHANY et al., 2009).

A partir de 2011, novas drogas denominadas antivirais de acdo direta (DAAS) foram
aprovadas para o tratamento da hepatite C. Essas drogas possuem a caracteristica de atuar
diretamente sobre proteinas virais, sendo classificadas em 3 grupos. O primeiro grupo sdo 0s
inibidores de protease (IPs) (terminagdo —previr), que possuem como alvo a protease viral
NS3/4A, o segundo grupo sdo os inibidores da polimerase NS5B (terminacdo —buvir), e 0
terceiro grupo os inibidores de NS5A (terminacgéo —asvir) (ZOPF et al., 2016).

Em 2011, duas novas drogas foram aprovadas para o tratamento de pacientes com
gendtipo 1, o boceprevir e o telaprevir. Essas drogas compdem a primeira geracdo dos DAASs e
tem como alvo a protease viral NS3/4A. Ambos, boceprevir e telaprevir, sdo utilizados em
esquema de terapia tripla, em combinagdo com o PEG-IFN-a e ribavirina. Com o0 esquema de
terapia tripla, as taxas de SVR para individuos com gendtipo 1 subiram para cerca de 65-75%
(BACON et al., 2011; JACOBSON et al., 2011; POORDAD et al., 2011; ZEUZEM et al.,
2011).

Em 2014, novos DAAs possibilitaram a reducdo da dose para uma vez ao dia e
reduziram a duracdo do tratamento com PEG-IFN-o e ribavirina. O uso do simeprevir,
daclatasvir ou sofosbuvir em combinagdo com PEG-IFN-a e ribavirina por 12-24 semanas
aumentou para 60-100% a taxa de SVR, dependendo do esquema utilizado, do genétipo viral,
da presenca de mutacdes de resisténcia e da gravidade da doenca hepatica (POL et al., 2012;
FRIED et al, 2013; KOWDLEY et al, 2013; SULKOWSKI et al, 2013;
PAWLOTSKY;AGHEMO;BACK, 2015).

Em 2015, esquemas de tratamento livres de interferon (IFN-free) passaram a ser
utilizados como principais armas no combate ao HCV. Esses esquemas apresentam uma taxa
de SVR entre 92-100% para pacientes com genotipo 1, assim como maior tolerabilidade
(WEBSTER;KLENERMAN;DUSHEIKO, 2015). Os novos medicamentos também permitem
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que o tratamento de pacientes coinfectados com HIV seja realizado de forma analoga ao de
monoinfectados pelo HCV (BRASIL, 2015b). Esses esquemas baseiam-se no uso de um IP ou
um inibidor de NS5A mais um inibidor de NS5B, com ou sem ribavirina, ou o uso de um IP,
um inibidor de NS5A e um inibidor de NS5B, com ou sem ribavirina, ou um IP mais um inibidor
de NS5A, com ou sem ribavirina (WEBSTER;KLENERMAN;DUSHEIKO, 2015). Em
meados de 2016 é esperado que novas drogas com efeito pangenotipico e com duracao de 6-8
semanas estejam disponiveis para comercializacdo. Espera-se que essas drogas consigam
aumentar as taxas de SVR em pacientes dificeis de tratar, como os individuos cirr6ticos com
genotipo 3, que ainda apresentam taxas de SVR entre 86-90% (FLAMM et al., 2014; ZOPF et
al., 2016).

2.1.6 Resposta imune na hepatite C

A resposta imune inata e adaptativa desempenham fundamental importancia na infeccéo
pelo HCV. O RNA viral durante as etapas de infeccdo ou replicacdo, que incluem sua forma
em fita simples (ssRNA) ou fita dupla (dsSRNA), atuam como padrdes moleculares associado
ao patogeno (PAMP), sendo reconhecido por receptores celulares de células hospedeiras e
ativando cascatas de sinalizacdo que induzem a producdo de interferons tipo | e llI
(MEURS;BREIMAN, 2007; HEIM; THIMME, 2014) (Figura 6).

Figura 6. Processo de reconhecimento e ativagdo da imunidade na infeccéo por HCV.
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Os principais receptores de reconhecimento padrdo (RRP) envolvidos no
reconhecimento de PAMPs do HCV séo o receptor semelhante ao Toll 3 (TLR3) e o receptor
do gene 1 induzivel por acido retindico (RIG-1). Apo6s a ligacdo de PAMPs a esses receptores,
vias de sinalizacdo sdo ativadas, e convergem para a ativagdo de fatores de transcrigcdo
importantes como o fator nuclear kappa B (NF-kB) e fatores de regulacdo de interferon (IRF)
3 e 7, que atuardo na transcricao de genes relacionados ao interferon tipo | e 111 (LOO;GALE,
2011; Ll etal., 2012; HEIM; THIMME, 2014). O NF-kB também esta envolvido na inducdo da
expressao de quimiocinas e citocinas pro-inflamatdrias que atuam na resposta imune contra o
HCV (TAl et al., 2000).

O genoma humano codifica 14 tipos de interferons tipo I, sendo um gene associado ao
IFNB e outros 13 associados a subtipos de IFNa (PESTKA, 2007). Por outro lado, os
interferons tipo I11 (ou IFNL) possuem 3 genes, 1L29, IL28A e IL28B, que codificam os IFNA1,
IFNA2 e IFNA3, respectivamente (L1 et al., 2009). Uma vez que os interferons séo produzidos,
eles sdo secretados da célula e atuam de forma autocrina ou paracrina para promoverem a
resposta antiviral. Os interferons tipo | se ligam aos receptores IFNAR1 e IFNAR2 (UZE et al.,
2007), enquanto os interferons tipo 111 se ligam aos receptores IL-10R2 e IL28RA (KOTENKO
et al., 2003; SHEPPARD et al., 2003). A ligacao dos interferons a seus respectivos receptores
ativam a via Janus quinase/transdutores de sinais e ativadores de transcrigdo (JAK/STAT),
através do recrutamento das quinases JAK1 e tirosina quinase 2 (TYK2), que levam a
fosforilacdo e dimerizacdo de STAT1 e STAT2. STATL1/STAT2 se associam com o fator
regulador de interferon (IRF) 9 para formar o complexo ativo ISGF3, resultando na transcri¢ao
de vérios genes estimulados por interferon (ISGs) (STARK;DARNELL, 2012;
SCHOGGINS;RICE, 2013). Coletivamente, esses genes facilitam a eliminacdo dos virus em
células infectadas e protegem células vizinhas. Eles também agem recrutando células imunes
efetoras para o sitio de infecgdo e promovem a resposta imune adaptativa (SCHOGGINS;RICE,
2013). Recentemente foi demonstrado que a proteina quinase R (PKR) também se liga ao
dsRNA do HCV e ativa uma cascata de transducdo de sinais que induz a producéo de I1SGs
especificas e IFN-B, antes da ativacdio via RIG-I (KUMAR et al, 1997,
MCALLISTER;SAMUEL, 2009; ARNAUD et al., 2011). Apesar de ainda ndo estar
completamente elucidado os mecanismos de comunicacdo entre RIG-I e PKR, provavelmente
essas duas moléculas atuam em conjunto para a ativacao da resposta antiviral (HORNER;GALE
JR, 2013).
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A ativacdo da resposta mediada por interferon no figado infectado pelo HCV
aparentemente possui pouca eficacia na maioria dos pacientes, uma vez que cerca de 80% dos
individuos infectados desenvolvem a forma cronica da doenca. Esta alta taxa de cronicidade se
deve ao fato do HCV ter desenvolvido mecanismos de evasdo da resposta imune do hospedeiro,
sendo a protease viral NS3/4A um componente importante na inibicdo da resposta imune
(MORIKAWA et al., 2011). A NS3/4A bloqueia a sinalizacdo de RIG-I e TLR3 atraves da
clivagem da proteina de sinalizacdo antiviral mitocondrial (MAVS) e do adaptador contendo
dominio TIR indutor de interferon-p (TRIF), respectivamente (LI, K. et al., 2005; LI, X.-D. et
al., 2005; BARIL et al., 2009). Esses componentes desempenham papel essencial na cascata de
sinalizacdo via RIG-I e TLR3, portanto sua clivagem pelo NS3/4A tem efeito direto na reducao
da producdo de interferon pela célula infectada, assim como na resposta inflamatdria,
contribuindo para a persisténcia da infeccdo (HORNER;GALE JR, 2013). Além da NS3/4A,
outros componentes virais também contribuem para a evaséo viral da resposta imune, a proteina
core interfere na via JAK/STAT através da ativacao do inibidor SOCS-3, aumenta a degradacao
de STATL e inibe a ativacéo e translocacdo de STAT1 (BODE et al., 2003; LIN et al., 2005;
LIN, R. et al., 2006). A proteina E2 inibe a PKR e a funcdo de células natural killer (NK)
(CROTTA et al., 2002; TSENG;KLIMPEL, 2002). A NS5A também desempenha importante
funcdo no blogueio de proteinas antivirais estimuladas pelo interferon, além de bloquear a
atividade da PKR (NOGUCHI et al., 2001; GEISS et al., 2003; ASHFAQ et al., 2011).

A resposta antiviral mediada por interferon é de fundamental importancia na supressao
da replicacéo viral e modulagéo da resposta imune, e por isso o interferon tem sido utilizado
por anos como droga de escolha para o tratamento da hepatite C. Entretanto grande parte dos
pacientes tratados com PEG-IFN-a associado a ribavirina ndo conseguem eliminar o HCV ao
término do tratamento, mantendo altos niveis de viremia (TAI;CHUNG, 2009). O genotipo
viral explica, pelo menos em parte, por que alguns pacientes respondem ao tratamento e outros
ndo. Pacientes infectados com genétipos 2 ou 3 apresentam uma maior taxa de SVR que
pacientes infectados com genétipo 1 e 4 (PANG;PLANET;GLENN, 2009). O motivo pelo qual
esses pacientes tém maior dificuldade em eliminar o HCV provavelmente esta relacionado a
maior eficacia que esses genotipos possuem em bloquear vias importantes na resposta imune
antiviral (GALE et al., 1997; TAYLOR et al., 1999; NOGUCHI et al., 2001). Além disso,
polimorfismos no gene IL28B s&o os principais fatores do hospedeiro associados com a resposta
a terapia antiviral e a resolucdo espontanea da infec¢éo. Individuos com o genotipo favoravel
CC na posicdo rs12979860 possuem maiores chances em responder ao tratamento ou se

curarem espontaneamente do que pacientes com genétipos CT/TT (HAYES et al., 2012).
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Portanto, uma combinacdo de fatores virais e genéticos do hospedeiro relacionados com a
regulacdo da resposta imune e sinalizagdo via interferon, irdo contribuir para a resolucéo
espontanea da infeccdo e resposta ao tratamento.

As vias de sinalizacdo mediadas pelos RRP além de ativar um estado antiviral nas
celulas atraves da producdo de interferons, também modulam a resposta imune adaptativa
durante a infeccdo pelo HCV. Anticorpos especificos contra o HCV sdo normalmente
detectados cerca de 7-8 semanas ap0s infeccdo, entretanto a maioria desses anticorpos nédo
possui atividade antiviral (ASHFAQ et al., 2011). Apenas uma por¢do dos anticorpos
produzidos, conhecidos como anticorpos neutralizantes, sdo capazes de inibir a invasao viral,
através da ligacdo a regides hipervariaveis presentes nas glicoproteinas do envelope viral E1 e
E2 (SABO et al., 2011; THIMME;BINDER;BARTENSCHLAGER, 2012). Entretanto, esses
anticorpos parecem ndo ter uma funcdo importante na resolucdo da infeccdo pelo HCV, uma
vez que mesmo individuos com hipogamaglobulinemia sao capazes de eliminar a infec¢cdo apds
tratamento com interferon (CHRISTIE et al., 1997; SEMMO et al., 2006).

Vaérios estudos tém demonstrado que a eliminacdo do HCV esta associada a uma
resposta intensa e sustentada por células T CD4+ e CD8+ contra diferentes epitopos virais
(DIEPOLDER et al., 1995; MISSALE et al., 1996; DIEPOLDER et al., 1997; COOPER et al.,
1999; LECHNER et al., 2000; THIMME et al., 2001; DAY et al., 2002; THIMME et al., 2002;
COX;MOSBRUGER; et al., 2005; THIMME;BINDER;BARTENSCHLAGER, 2012). Ap6s
cerca de 6-8 semanas, linfdcitos T virus especificos passam a ser detectados e coincidem com
0 aumento das transaminases hepaticas, inicio dos sintomas e um leve declinio da carga viral
(THIMME et al, 2001; COX;MOSBRUGER; et al, 2005 NEUMANN-
HAEFELIN;THIMME, 2013). Os linfocitos T CD8+ sdo considerados as principais células
efetoras na infeccdo pelo HCV, pois sdo capazes de controlar a replicacdo viral in vivo
(SHOUKRY et al., 2003) e alelos especificos do HLA de classe | tém sido associados com a
resolucdo espontanea da infeccdo (THIMME;BINDER;BARTENSCHLAGER, 2012). Os
linfécitos T CD8+ desempenham seus efeitos antivirais promovendo a morte de hepatdcitos
infectados e também através da secrecdo de citocinas como IFN-ye TNF-
o (GUIDOTTI;CHISARI, 2001; JO et al., 2009) . Alguns estudos também tém demonstrado a
presenca de subpopulacdes de linfocitos T CD8+ secretoras de IL-17 envolvidas no controle da
infeccdo pelo HCV (NORTHFIELD et al., 2008; BILLERBECK et al., 2010;
GRAFMUELLER et al., 2012).

Os linfécitos T CD4+ também desempenham importante funcdo na resposta imune

contra 0 HCV, reconhecendo antigenos ligados a moléculas de MHC de classe Il na superficie
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de células apresentadoras de antigeno (ASHFAQ et al., 2011). Alelos relacionados ao HLA
classe Il também tem sido associados com a resolucdo espontanea da infeccdo pelo HCV
(THIMME;BINDER;BARTENSCHLAGER, 2012; NEUMANN-HAEFELIN;THIMME,
2013). Portanto, esses achados demonstram que os linfécitos T CD8+ séo as principais células
efetoras na infeccdo pelo HCV, e que os linfécitos T CD4+ desempenham importante funcao
na regulacdo da resposta imune adaptativa antiviral, entretanto essa resposta parece ser
insuficiente para eliminacéo do HCV na maioria dos casos
(THIMME;BINDER;BARTENSCHLAGER, 2012).

2.1.7 Imunopatogénese

Os mecanismos associados a lesdo hepéatica na hepatite C ainda ndo sdo bem
compreendidos, mas a resposta imune do hospedeiro parece exercer um papel importante na
patogénese do HCV, uma vez que o HCV nao possui efeito citopatico nas células infectadas. A
lesdo hepatica na hepatite C cronica é principalmente composta por infiltrado linfoide portal,
necrose em ponte e focal e lesdes lobulares degenerativas. O infiltrado linfoide é principalmente
composto por linfocitos T CD4+ localizados dentro do espaco periportal, sendo predominante
células do tipo Thl, e ceélulas T CD8+ localizadas nas regides periportais e lobulares
(BERTOLETTI etal., 1997; FIORE et al., 1997; PAWLOTSKY, 2004).

A fibrogénese é resultado de um mecanismo complexo envolvendo a resposta
inflamatoria mediada por citocinas e a ativagdo de HSCs. Na tentativa de eliminar o HCV,
hepatocitos sdo lesados, gerando corpos apoptoticos que ativam HSCs quiescentes e células de
Kupffer, que por sua vez contribuem para a liberagdo de citocinas pro-inflamatdrias e
mediadores fibrogénicos (CANBAY et al., 2003; FRIEDMAN, 2008; LEE;FRIEDMAN,
2011). Evidéncias sugerem que padrdes moleculares associados ao dano (DAMPs) liberados
por hepatdcitos lesados também  podem  contribuir com a  fibrogénese
(LUEDDE;KAPLOWITZ;SCHWABE, 2014; SZABO;PETRASEK, 2015). Este processo de
cicatrizacdo mediado pela deposi¢cdo de tecido fibroso em lesdes agudas possui um efeito
benéfico pelas seguintes razdes: 1) a fibrose proporciona estabilidade mecanica; 2) as células
inflamatdrias contribuem para a remocéo de detritos celulares; e 3) sinais inflamatorios também
exercem fungBes importantes na promocéo da regeneracdo hepatica (SEKI;SCHWABE, 2015).
Entretanto, quando o dano local é persistente, mediado por uma resposta inflamatdria cronica,
o0 tecido normal é substituido por tecido fibroso, comprometendo a arquitetura e funcéo

hepatica.
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Vaérios fatores de crescimento, citocinas inflamatorias e quimiocinas, estdo envolvidos
no processo de ativacdo das HSCs e sua transformacdo em miofibroblastos, contribuindo para
deposicéo de tecido fibroso. Citocinas sdo uma familia de moléculas envolvidas na transmisséo
de sinais entre células. Elas incluem as quimiocinas, interferons, interleucinas, linfocinas e
fatores de crescimento. Ap6s a lesdo hepatica, varios tipos celulares produzem citocinas,
incluindo células de Kupffer, hepatocitos, HSCs, células natural Killer (NK), linfocitos e células
dendriticas (HERNANDEZ-GEA;FRIEDMAN, 2011). O fator de transformacdo de
crescimento B (TGF-B) é considerado uma das principais citocinas envolvidas no processo
fibrogénico, junto com o fator de crescimento endotelial vascular (VEGF), elas contribuem para
a ativacdo e proliferacio das HSCs, assim como na angiogénese hepatica
(SEBASTIANI;GKOUVATSOS;PANTOPOULOS, 2014). O TGF-p também suprime a
atividade das células NK, que sdo importantes na indugdo de apoptose das HSCs (JEONG et
al., 2011).

Estudos tém demonstrado que a producdo de IL-1p por células de Kupffer, induz
inflamacdo hepatica através da via do inflamassoma, mediado por NLRP3, TLR7 e caspase-1.
A ativacdo do inflamassoma em pacientes com HCV resulta em producdo de IL-18, que por sua
vez ativa células NKT (BURDETTE et al., 2012; CHEN et al., 2014; SERTI et al., 2014;
SZABO;PETRASEK, 2015). O fator de necrose tumoral alfa (TNF-o) € outra citocina pro-
inflamatdria, encontrada em niveis elevados em pacientes com HCV e fibrose avancada
(AVRAMESCU et al., 2008; AROUCHA et al., 2013). O TNF-a. contribui para a apoptose de
hepatocitos, ativacdo de células do sistema imune, e ativacdo de HSCs. Evidencias sugerem que
uma quebra no balanco entre a producdo de TNF-a. e IL-10, uma interleucina anti-inflamatoria,
pode contribuir para a progressdo da fibrose em pacientes com HCV (AROUCHA et al., 2013).
Varios estudos recentes em modelos animais e em humanos tém apontado o envolvimento de
uma outra citocina, a IL-22, na reducgdo da fibrose hepatica causada por diferentes etiologias
(COBLEIGH;ROBEK, 2013). Outros mediadores inflamatdrios também tém sido associados
com o processo de fibrogénese em hepatites virais, incluindo CCL2, CCL21, IL-8, IL-17, IL-
20, CXCL9, CXCL10, CXCL11, CXCR1, entre outros (SEKI;SCHWABE, 2015).

O stress oxidativo também é um importante fator associado com a ativacdo de HSCs e
miofibroblastos. Durante a resposta imune por virus, neutréfilos e outras células produzem
especies reativas ao oxigénio (ROS) como um mecanismo de protecdo (GIL et al., 2004). O
estresse oxidativo representa o desequilibrio entre 0 aumento da producdo de ROS e a baixa

capacidade celular antioxidante, tendo a inflamac¢ao um importante papel no desencadeamento
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desse processo (SAHNOUN;JAMOUSSI;ZEGHAL, 1996; YAMANE et al., 2013). Varios
estudos tém destacado o papel do stress oxidativo com a fisiopatologia da fibrose hepatica
(FARINATI et al., 1995; DE MARIA et al., 1996; GREENWEL et al., 2000). Proteinas virais,
NS3 e NS5A, atuam como importantes indutores de estresse oxidativo e inflamag&o. Evidéncias
sugerem que a associacao da proteina NS5A com o reticulo endoplasmatico estimula a
producdo de ROS através da liberacédo de célcio presente no reticulo (GONG et al., 2001). Além
do envolvimento do stress oxidativo com a deposicdo de tecido fibroso, estudos tém
demonstrado sua relacdo com a supressdo de mecanismos envolvidos no reparo de DNA,
aumentando o risco de desenvolvimento de HCC em individuos com HCV (ZEKRI et al., 2005;
PAL et al., 2010).

Sendo assim, é bastante evidente que a resposta imune montada pelo hospedeiro na
tentativa de combater o HCV possui um papel importante na patogénese da hepatite C.
Diferencas no padrdo da resposta imune de cada individuo podem explicar, pelo menos em
parte, diferentes taxas de progressdo da fibrose e desenvolvimento de HCC em pacientes

infectados com HCV.

2.1.8 Marcadores genéticos na hepatite C

Acredita-se que a diversidade genética do hospedeiro exerce funcdo em cada etapa de
diferentes resultados clinicos na infecgdo pelo HCV, como cura da infeccdo aguda, progressao
da fibrose e resposta ao tratamento (ASSELAH et al., 2009). Polimorfismos de Unico
nucleotideo (SNPs) sdo variacdes na sequéncia de DNA que afetam apenas uma base na
sequéncia do genoma. S&o consideradas a forma mais comum de variagdo no genoma humano,
ocorrendo em frequéncias >1%, podendo provocar mudangas estruturais ou quantitativas na
proteina codificada (WANG et al., 1998). Desde o sequenciamento completo do genoma
humano em 2001 (VENTER et al., 2001), grandes avan¢os tém sido feitos em relacdo as
tecnologias de genotipagem, principalmente no custo e na descoberta em larga escala de novos
SNPs (METZKER, 2010).

Vaérios estudos tém associado SNPs de genes envolvidos com a resposta imune e
inflamatdria com a progressdo da fibrose e risco em desenvolver HCC. Polimorfismos nos
genes da lectina ligadora de manose (MBL2) e alelos do antigeno leucocitario humano (HLA-
I1: DRB1*0405 e DQB1*0401), no qual exercem importante funcdo na resposta imune do
hospedeiro, tém sido associados a progressao da fibrose (AIKAWA et al., 1996; ALVES
PEDROSO et al., 2008; HALLA et al., 2010). Genes envolvidos com a expressao de citocinas,
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como interleucina-12 (IL-12), interleucina-10 (IL-10), interleucina-6 (IL-6), interleucina-1 (IL-
1) e fator de necrose tumoral-a. (TNF-a) também tém sido investigados em pacientes com HCV
(BATALLER;NORTH;BRENNER, 2003; JENG et al., 2007; BOUZGARROU et al., 2009;
BOUZGARROU et al., 2011; ROMERO-GOMEZ et al., 2011; ESTRABAUD et al., 2012;
CORCHADO et al., 2013; TARRAGO et al., 2014; AROUCHA et al., 2016). De modo geral,
a expressdo aumentada de citocinas pré-inflamatérias em pacientes com HCV parece estar
associada a progressao mais rapida para formas graves de fibrose e desenvolvimento de HCC.

O sequenciamento do exoma é uma técnica que tem como objetivo sequenciar todos 0s
genes codificadores em um genoma. O genoma humano é composto por 180.000 éxons,
equivalente a cerca de 1% do genoma, ou aproximadamente 30 milhdes de pares de base (NG
et al., 2009). A grande vantagem dessa técnica é o sequenciamento em larga escala com baixo
custo, objetivando a identificacdo de variantes genéticas associadas a doencas raras. Através
dela, novos genes associados ao desenvolvimento de varios de tipos de cancer tém sido
identificados, incluindo HCC (WQO et al., 2014; SCHULZE et al., 2015; SOKOLENKO et
al., 2015; ZHANG et al., 2016). Em relacdo aos estudos com HCC, a maioria deles inclui
pacientes com HCC causada por diferentes etiologias e se restringem a analise de material
extraido do tumor (HUANG et al., 2012; CLEARY et al., 2013; WOO et al., 2014; SCHULZE
et al., 2015). Apenas um trabalho identificou novas mutag¢6es somaticas associadas ao HCC em
pacientes infectados exclusivamente com HCV, neste estudo Ikeda et al. (2014) identificaram
mutacdes no gene do receptor de leptina (LEPR) associadas com o desenvolvimento de HCC
em amostras de tecido hepatico. Neste mesmo estudo, foi demonstrado que camundongos
knockout para o LEPR apresentaram maior inflamacdo hepética e maior susceptibilidade ao
desenvolvimento de tumores, quando comparados a camundongos selvagem (IKEDA et al.,
2014).

Ainda é pouco conhecida, a forma pela qual o sistema imune do hospedeiro atua em
cada individuo no combate a infec¢do pelo HCV, uma vez que a gravidade de danos ao figado
é diferente em cada paciente. Uma grande variedade de fatores, entre eles genéticos, determina
o tipo de resposta imune utilizado pelo hospedeiro para combater o virus, e consequentemente,
o0 grau de lesdo hepatica que a infecgédo causara no paciente. Portanto, um melhor entendimento
desses fatores se torna de fundamental importancia para definir o melhor tratamento do
individuo infectado, tornando o combate ao HCV mais eficaz.
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2.2 Interleucina-22 (1L-22)

A interleucina-22 (IL-22) é uma citocina pertencente a familia da IL-10
(DUMOUTIER;LOUAHED;RENAULD, 2000). Seu gene (IL22) estd localizado no
cromossomo 12q15, codificando uma proteina de 146 aminoacidos (DUMOUTIER et al., 2000;
XIE et al., 2000; SABAT;OUYANG;WOLK, 2014). Como outros membros da familia da IL-
10, a estrutura da IL-22 contém 6 a-hélices (de A a F) conectadas que se dobram em um pacote
compacto (NAGEM et al., 2002).

A 1L-22 é produzida principalmente por células do sistema imune, incluindo linfécitos
T CD4+ e T CDB8+, linfocitos T v3, células NK e células linfoides inatas (ILCs)
(SABAT;OUYANG;WOLK, 2014). Entretanto, diferente da maioria das citocinas, a IL-22 n&o
tem efeito sobre células hematopoiéticas, mas atua em células epiteliais, hepatocitos e células
pancredticas, sugerindo uma importante funcdo na reparacdo de danos teciduais locais, ou
contribuindo com a inflamacé&o fisiopatolégica (WOLK et al., 2010).

O receptor da IL-22 é composto por duas subunidades transmembrana: o receptor IL-
22-1 (IL-22R1) e o receptor 1L-10-2 (IL-10R2) (RUTZ;EIDENSCHENK;OUYANG, 2013). A
ligacdo da IL-22 ao complexo IL-22R1-1L-10R2 resulta na ativagédo da via JAK/STAT, levando
a fosforilacdo desses receptores e das proteinas STAT (WOLK et al., 2004) (Figura 7).

Figura 7. Interacdo da IL-22 com seus receptores e ativacao da cascata de sinaliza¢do
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A sinalizacdo dessas moléculas é capaz de regular a expressdo de genes envolvidos em
varios processos, como apoptose, ciclo celular e angiogénese (PAN et al., 2014). Estudos tem
demonstrado que a IL-22 possui um efeito benéfico na prevencdo da doenca inflamatoria
intestinal (LI et al., 2014), danos hepéaticos (RADAEVA et al., 2004; ZENEWICZ et al., 2008;
Kl et al., 2010; KONG, X. et al., 2013; PAN et al., 2014) e colite ulcerativa (SUGIMOTO et
al., 2008). Por outro lado, a IL-22 tem sido associada a patogénese de algumas doencas como
psoriase (HAO, 2014), artrite reumatoide (LEIPE et al., 2011; DA ROCHA et al., 2012),
doenga de Crohn (WOLK et al., 2007) e hepatites virais (ZHAO et al., 2014; WU et al., 2015).

Além dos receptores transmembrana, a IL-22 também € capaz de se ligar a um receptor
soltvel conhecido como proteina de ligacdo a 1L-22 (IL-22BP ou IL-22RA2). Essa ligacao é
de alta afinidade (cerca de 1000 vezes maior que pelo IL-22R1) e previne que a IL-22 exerca
seus efeitos celulares (DUMOUTIER;LOUAHED;RENAULD, 2000; GRUENBERG et al.,
2001; KOTENKO et al., 2001; JONES;LOGSDON;WALTER, 2008; WOLK et al., 2010). O
gene que codifica a IL-22BP humana esté localizado no cromossomo 6g23.3, entre 0s genes
IFNGR1 e IL20RA, e produz uma proteina de 210 aminoacidos, possuindo 34% de identidade
com o dominio extracelular do IL-22R1 (DUMOUTIER;LOUAHED;RENAULD, 2000;
KOTENKO et al., 2001; XU et al., 2001).

A expressdo de IL-22BP tem sido demonstrada em diferentes tecidos, como placenta,
mama, timo, bago, linfonodos, trato  gastrointestinal, pulmbes e pele
(DUMOUTIER;LOUAHED;RENAULD, 2000; GRUENBERG et al., 2001; XU et al., 2001,
WEISS et al., 2004), apesar da principal fonte de IL-22BP ser constituida por células
dendriticas imaturas (MARTIN et al., 2014). Estudos anteriores tém demonstrado que a IL-
22BP é inibida nos primeiros estagios de infeccdo (WEISS et al., 2004; WOLK et al., 2007,
HUBER et al., 2012), porém sua expressdo é aumentada no figado de camundongos em estagios
tardios de infeccdo por Toxoplasma gondii, Schistosoma mansoni and Mycobacterium avium
(WILSON et al., 2010).

Varios estudos em camundongos demonstram que a IL-22 protege o figado contra varios
tipos de injurias, promovendo a proliferacdo e sobrevivéncia dos hepatécitos (RADAEVA et
al., 2004; Kl et al., 2010; XING et al., 2011; KONG et al., 2012; KONG, X. et al., 2013). Em
modelos murinos de hepatite induzida por concanavalina A (ConA), CCI4 e ligante FAS, a
superexpressdo de IL-22 ou a administracdo de IL-22 recombinante protegeu o figado de
camundongos contra danos hepéaticos graves, enquanto que a inibicdo de IL-22 com anticorpos
anti-1L-22 ou através de camundongos knockout foi associado com uma maior gravidade de
lesGes hepaticas (PAN et al., 2004; RADAEVA et al., 2004; ZENEWICZ et al., 2007; KONG
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et al., 2012; LU et al., 2015). A IL-22 foi também associada com a regeneracdo hepética e
protecdo em modelos de hepatectomia e de isquemia-reperfusdo (REN;HU;COLLETTI, 2010;
CHESTOVICH et al., 2012).

Resultados contraditorios tém sido observados em estudos com hepatites virais. A 1L-
22 foi capaz de promover a proliferacdo de células tronco hepaticas, além de seus niveis intra-
hepaticos terem sido inversamente correlacionados com estagios avancados de fibrose em
pacientes com hepatite B cronica (FENG et al., 2012; XIANG et al., 2012). Entretanto, Zhao
et al. (2014) observou uma relagdo positiva da expressdo intra-hepatica de IL-22 com estagios
de fibrose em pacientes infectados com o virus da hepatite B (HBV) (ZHAO et al., 2014). Além
disso, a neutralizacdo de IL-22 reduziu o recrutamento de células hepaticas e consequentemente
0 dano hepatico em modelos de camundongos transgénicos com HBV (ZHANG et al., 2011;
ZHAO et al., 2014).

Pacientes com HCV apresentam niveis elevados de IL-22 (DAMBACHER et al., 2008;
PARK et al., 2011; WU et al., 2015), apesar da mesma ndo exercer nenhum efeito sobre a
expressao de proteinas antivirais, nem inibir a replicacdo viral in vitro (DAMBACHER et al.,
2008). Estudos investigando o papel da IL-22 na gravidade da doenca hepética causada pelo
HCV séo escassos, apenas um estudo demonstrou uma associagdo positiva entre 0s niveis
periféricos e intra-hepaticos de IL-22 com a gravidade da fibrose hepatica (WU et al., 2015).

Fica evidente através dos dados apresentados, que a IL-22 desempenha um efeito
protetor na lesdo hepatica causada por diferentes agentes em modelos experimentais.
Entretanto, o papel da IL-22 na progressdo da lesdo hepatica causada pelo HCV ainda néo é
bem compreendido. Portanto, sdo necessarios mais estudos para determinar o papel da IL-
22/1L-22BP e suas variantes genéticas na progressdo da doenca hepéatica em pacientes com
HCV.

2.3 Pentraxina 3 (PTX3)

A pentraxina 3 (PTX3) é um receptor de reconhecimento padrao soltvel, produzido por
varias células mieloides (células dendriticas, mondcitos, macrofagos, neutrofilos), epiteliais,
endoteliais e mesenquimais (fibroblastos e adipocitos) (GARLANDA et al., 2016). Seu gene
(PTX3) esta localizado no cromossomo 3, organizado em trés exons e 2 introns, e produz uma
glicoproteina multimérica de 381 aminoacidos, composta por uma regido N-terminal Unica e
um dominio C-terminal homdlogo a outras pentraxinas, como a proteina C reativa (PCR) e 0
componente amiloide sérico P (SAP) (BREVIARIO et al., 1992). Dois SNPs no PTX3
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(rs1840680 e rs2305619) tém sido associados com alteraces nos niveis de PTX3, o alelo A
para ambos SNPs tem sido associado com niveis plasmaticos elevados de PTX3 (BARBATI et
al., 2012; DIAMOND et al., 2012). Além disso, o alelo A tem sido associado com maior
susceptibilidade a infec¢des bacterianas e fungicas (OLESEN et al., 2007; CHIARINI et al.,
2010; CUNHA et al., 2014; WOJTOWICZ et al., 2015).

A PTX3 desempenha varias fungdes na imunidade inata e inflamacdo, sendo capaz de
ativar e regular o sistema complemento (através de Clg, MBL e fator H), interagir com
particulas microbianas e regular a inflamacdo (BOTTAZZI et al., 1997; NAUTA et al., 2003;
INFORZATO et al., 2013). A PTX3 atua como uma opsonina em infecgdes bacterianas e
fangicas, facilitando o reconhecimento e fagocitose, assim como € capaz de neutralizar
particulas virais. Estudos apontam um papel protetor da PTX3 contra varios tipos de infeccdes
fangicas, bacterianas e virais, incluindo Aspergillus fumigatus, Paracoccidoides brasiliensis,
Pseudomonas aeruginosa, Klebsiella pneumoniae, influenza virus (BOTTAZZI et al., 2009).
Embora estudos recentes tém demonstrado que a PTX3 é capaz de facilitar a invaséao viral e
replicacdo durante a fase aguda de infec¢do por alfavirus (virus chikungunya e virus do Rio
Ross) (FOO et al., 2015). Além disso, algumas evidéncias sugerem que a PTX3 pode estar
envolvida no processo inflamatdrio hepatico, uma vez que niveis plasmaticos elevados de PTX3
foram associados com a gravidade da fibrose hepatica em pacientes com esteato-hepatite ndo
alcoolica (NASH) (YONEDA et al., 2008; BOGA et al., 2015). Niveis intra-hepaticos de PTX3
também foram associados com uma maior inflamacdo hepéatica em individuos com lesdo
causada por paracetamol (CRAIG et al., 2013).

Estudos também tém indicado um possivel papel da PTX3 no desenvolvimento tumoral,
uma vez que seus niveis tém sido associados com pior prognéstico em alguns tipos de cancer,
como cancer gastrico, carcinoma pulmonar, carcinoma pancreéatico, liposarcoma, cancer de
prostata e glioma (GERMANO et al., 2010; DIAMANDIS et al., 2011; KONDO et al., 2013;
LOCATELLI etal., 2013; STALLONE et al., 2014; CHOI et al., 2015). Por outro lado, outros
estudos tém demonstrado um papel oncosupressor da PTX3, uma vez que pacientes com
carcinoma epidermoéide esofagico apresentaram niveis de expressdo diminuidos de PTX3
devido a uma hipermetilacdo na regido promotora do gene (WANG et al., 2011). Além disso,
um estudo realizado em camundondos Ptx3 (-/-), observou uma maior susceptibilidade no
desenvolvimento de carcinoma mesenquimal e epitelial, associado a um aumento na infiltragcdo
de macrdéfagos, na producdo de citocinas pré-inflamatorias, na angiogénese, bem como um
aumento na deposi¢do dos componentes C3 e Cha do sistema complemento (BONAVITA et
al., 2015).
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Ainda ndo esta claro o papel da PTX3 no desenvolvimento de fibrose e cancer. Sem
duvida, a PTX3 possui um efeito importante na amplificacdo e regulacdo da resposta
inflamatdria, que por sua vez tem relacdo direta com o desenvolvimento de fibrose e cancer
hepético, entretanto sdo necessarios mais estudos com o objetivo de investigar o papel da PTX3
e suas variantes genéticas na susceptibilidade ao desenvolvimento de formas graves de HCV e

outros agentes virais.

2.4 Supressor de sinalizacdo de citocinas 5 (SOCS5)

A familia de proteinas SOCS em mamiferos é constituida por 8 membros, que incluem
a proteina contendo dominio SH2 induzida por citocina (CIS) e as proteinas SOCS1 a SOCS?7,
que se caracterizam por suas similaridades estruturais (PIESSEVAUX et al., 2008). Essas
moléculas desempenham importante papel na inibicao da via JAK-STAT, que por sua vez esta
envolvida com a expressao de genes envolvidos com a imunidade, proliferacdo, diferenciagéo,
apoptose e oncogénese (AARONSON;HORVATH, 2002; INAGAKI-OHARA et al., 2013). A
familia SOCS esta envolvida com o desenvolvimento de varios tipos de canceres, estudos tém
demonstrado que a diminuicdo na expressdao de SOCS1 e SOCS3 esta associada com o
desenvolvimento de cancer de prostata, cancer de mama, carcinoma laringeo, mieloma
multiplo, leucemia mieloide aguda, cancer pancreatico e linfoma (ZHANG et al., 2012;
INAGAKI-OHARA et al., 2013). Além disso, a diminui¢do na expressdo de SOCS1 e SOCS3
estd associada com a ativacdo de STAT1 e STATS3, respectivamente, e com o desenvolvimento
de HCC (YOSHIDA et al., 2004; NIWA et al., 2005; OGATA et al., 2006).

O SOCS5 é capaz de regular negativamente o receptor do fator de crescimento
epidérmico (EGFR) e a sinalizacdo da via JAK-STAT (KARIO et al., 2005; NICHOLSON et
al., 2005; LINOSSI et al., 2013). Estudos demonstram que a expressdo de SOCS5 reduz a
sinalizacdo do fator de crescimento epidérmico (EGF), através da degradacdo do EGFR
(KARIO et al., 2005; NICHOLSON et al., 2005). Além disso, o silenciamento epigenético da
expressdéo de SOCS5 foi inversamente associado com a expressio de EGFR em
hepatocarcinoma agressivo (CALVISI et al., 2007). Em relacdo a via JAK/STAT, estudos
mostram que SOCS5 é capaz de interagir diretamente com JAK1 a JAK4 e inibir a
autofosforilacdo de JAK1 e JAK2 (LINOSSI et al., 2013). Além disso, a inibicdo de SOCS5
estd associada a um aumento na fosforilacdo de JAK1/2 e STAT1/3 (ZHUANG et al., 2012).

As moléculas-alvo de SOCS5 (EGFR e JAK) desempenham importante papel no

desenvolvimento de HCC, e também tém sido utilizadas como alvos terapéuticos no tratamento
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de alguns tipos de cancer (PINES;KOSTLER;YARDEN, 2010; PARDANANI et al., 2011).
Polimorfismos no gene EGF, associados com expressdo aumentada de EGF, estdo associados
com o aumento da fibrose hepatica e risco de desenvolvimento de HCC em pacientes com
cirrose (TANABE et al., 2008; DAYYEH et al., 2011; CMET et al., 2012; FALLETI et al.,
2012; SHEN et al., 2015). Além disso, camundongos transgénicos com expressao hepética
aumentada de EGF desenvolvem HCC rapidamente (TONJES et al., 1995). Um outro estudo
também demonstrou que a inibi¢cdo do EGFR foi associada com uma reducdo da fibrogénese e
prevencdo de HCC (FUCHS et al., 2014). A expressdo aumentada da via JAK/STAT também
esta associada com a presenca de HCC, quando comparados a tecidos normais (CALVISI et
al., 2006).

E bem estabelecida a relacdo de alguns membros da familia SOCS com o
desenvolvimento tumoral, principalmente SOCS1 e SOCS3, porém ainda nédo é conhecido o
papel de SOCS5 no desenvolvimento de HCC e outros tipos de canceres. Uma vez que esta
molécula desempenha funcdes semelhantes com outros membros da familia SOCS, regulando
moléculas importantes associadas ao crescimento tumoral, SOCS5 é um alvo atraente para

futuros estudos investigando sua relacdo com o cancer.

2.5 Serino protease 58 (PRSS58)

A PRSS58 (ou TRY X3) € membro da familia das tripsinas. Seu gene (PRSS58) e varios
outros genes relacionados ao tripsinogénio estao localizados no l6cus do receptor de células T,
no cromossomo 7 (ANTONACCI et al., 2014). A fungdo da PRSS58 ainda é desconhecida,
entretanto outros membros da familia, incluindo o PRSS1, PRSS2 e PRSS3 estdo associados
com pancreatite crbnica, cancer de ovério, céncer colorretal e de prostata
(WILLIAMS;GOTLEY;ANTALIS, 2001; WITT et al, 2006; RADISKY, 2013;
AZIZMOHAMMADI et al., 2015; MA et al., 2015). Estudos anteriores demonstraram que a
ativacdo da tripsina pode bloquear ou aumentar a ativagdo de zimogenos, causando inflamagcéo,
danos celulares e moleculares a nivel de DNA em células pancreaticas, aumentando assim o
risco de cancer pancreatico (CHEN et al., 2013; Y1 et al., 2015). Além disso, foi demonstrado
em modelos de cultura, que a PRSS3 é capaz de promover a proliferacao celular e invasdo em

cancer de ovario, sugerindo uma importante funcdo da PRSS3 na metastase (MA et al., 2015).

Apesar de ainda ndo existirem dados na literatura sobre a PRSS58, ¢é possivel especular

uma possivel associacdo com o desenvolvimento tumoral, uma vez que células tumorais
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normalmente expressam proteases de forma atipica, desempenhando fungées especificas que
facilitam vérias etapas da tumorigénese. Além disso, proteases sdo capazes de ativar
quimiocinas, fatores de crescimento, receptores de fatores de crescimento, e outros receptores
de sinalizacdo, contribuindo com a sinalizagéo de cascatas envolvidas na iniciagéo, proliferacdo
e metastase tumoral (CUDIC;FIELDS, 2009; NAKANUMA et al., 2010; MA et al., 2015).

Portanto, ainda ndo existem dados na literatura sobre a funcdo da PRSS58 e sua
associacdo com doengas infecciosas ou cancer. Entretanto, a correlagéo de outros membros da
familia com o desenvolvimento tumoral pode sugerir uma possivel associagdo da PRSS58 com
o desenvolvimento de HCC ou outros tipos de cancer. Mais estudos sdo necessarios para

elucidar o papel da PRSS58 no desenvolvimento tumoral.

3. OBJETIVOS
Objetivo Geral

Investigar a associacdo de polimorfismos de Unico nucleotideo (SNPs) com a gravidade da

doenca hepatica causada pelo virus da hepatite C (HCV).

Obijetivos Especificos

o Verificar a associacdo de SNPs no gene IL22RA2 com a gravidade da doenca hepatica
em pacientes com HCV;

e Verificar a associacdo de SNPs no gene PTX3 com a gravidade da doenca hepatica em
pacientes com HCV;

e Associar os niveis plasmaticos de PTX3 com SNPs no gene PTX3;

e Associar os niveis plasmaticos de PTX3 com a gravidade da doenca hepatica em
pacientes com HCV;

e Identificar novos SNPs associados com o desenvolvimento de carcinoma

hepatocelular, por meio de sequenciamento do exoma, em pacientes com HCV;
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Abstract

Hepatitis C virus (HCV) is the main cause of chronic liver disease, cirrhosis and hepatocellular
carcinoma (HCC) worldwide. The risk to develop HCC increases with the severity of liver
inflammation and fibrosis. Long pentraxin 3 (PTX3) is a soluble pattern-recognition receptor
produced by phagocytes and nonimmune cells at sites of inflammation or injury. The aim of
the present study was to determine the association of PTX3 polymorphisms and its plasma
levels with HCC occurrence among patients with HCV. Samples from 524 patients with chronic
hepatitis C were evaluated in this study. Two polymorphisms (rs1840680 and rs2305619) in
the PTX3 gene were determined by real-time PCR. PTX3 plasma levels were measured by
Enzyme-linked Immunosorbent Assay (ELISA). Our data presented a significant association
between PTX3 polymorphisms and HCC occurrence in univariate and multivariate analysis
(p=0.024). Patients with HCC had higher PTX3 plasma levels compared to individuals with
mild or severe fibrosis (p<0.0001 and p=0.002, respectively). In addition, PTX3 rs2305619
polymorphism and plasma levels were correlated with Child-Pugh scores B and C in HCC
individuals. PTX3 seems to be a risk factor for HCC occurrence in chronic hepatitis C. This is

the first study that evaluates PTX3 in the context of hepatitis C.

Keywords: fibrosis, HCC, HCV, hepatitis C, polymorphism, PTX3.
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Introduction

It is estimated that 3% of the world’s population is infected with hepatitis C virus
(HCV), representing 170 million people. In these patients, the risk of hepatocellular carcinoma
(HCC) gradually increases as liver fibrosis progresses. Once cirrhosis is established, the annual
incidence of HCC is extremely high (1-7% per year), although HCC rarely develops in less
fibrotic livers [1,2].

The risk to develop HCC increases with the severity of liver inflammation and fibrosis.
The hepatic inflammation caused by HCV involves various mechanisms that include the
regulatory immune response of the host, mediated by cytokines that play important roles against
viral infections and viral polypeptides, which interact with cells involved in innate and adaptive

immunity [3-6].

Long pentraxin 3 (PTX3) is a soluble pattern-recognition receptor produced by
phagocytes and nonimmune cells at sites of inflammation or injury. PTX3 plays multiple roles
in innate immunity and inflammation, being able to activate and regulate complement system
(via Clg and factor H), interact with microbial moieties (outer membrane protein A of K.

pneumonia and viral haemoagglutinin) and regulate inflammation [7-9].

PTX3 gene, located in human chromosome 3, is organized in three exons and two
introns. Two single nucleotide polymorphisms (SNPs) in PTX3 (rs1840680 and rs2305619)
have demonstrated functional significance. The A allele of both SNPs has been associated with
higher PTX3 plasma levels [10,11]. In addition, the A allele of the rs1840680 and rs2305619
have been associated with susceptibility to Mycobacterium tuberculosis and Pseudomonas
aeruginosa infections [12,13]. However, studies investigating the association of PTX3 in the

context of viral infections in humans are lacking.

Studies have indicated a possible role of PTX3 in cancer development, since then its
serum and expression levels have been associated with worse prognostic in some types of
cancer, including gastric cancer [14], lung carcinoma [15], pancreatic carcinoma [16],
liposarcoma [17], prostate cancer [18] and glioma [19]. The mechanisms by which PTX3
promotes cancer development are still unknown, but it may be associated with inflammation,

indeed further studies are necessary to elucidate this relationship.

The regular surveillance of HCC is essential to detect early tumors and to achieve cure

with the treatment. In addition, the identification of molecular biomarkers may open new paths
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toward the discovery of therapeutic targets [20]. Thus, the aim of the present study was to
evaluate the association of two PTX3 polymorphisms (rs1840680 and rs2305619) and PTX3
plasma levels with HCC occurrence in patients with chronic HCV.

Patients and Methods
Patients

A total of 524 patients from the Gastrohepatology Service of the Oswaldo Cruz University
Hospital/Liver Institute of Pernambuco (Recife, Northeastern Brazil) were selected from
August 2010 to November 2014. Patients were included in this study if they had persistent anti-
HCV antibodies and HCV-RNA positivity. Presence of hepatitis A, hepatitis B, and human
immunodeficiency virus (HIV) antibodies were considered as exclusion criteria. Written
informed consent was obtained from all patients and a profile with clinical, biochemical and

HCV genotype information was generated by means of a questionnaire.

The present study was approved by the Ethical Committee in Research of the University of
Pernambuco under the protocol 47/2010 - CAAE: 0041.0.106.000-10 and was conducted in
accordance with the provisions of the declaration of Helsinki and Good Clinical Practice

guidelines.

Study groups

Liver biopsies were evaluated by a single expert pathologist and assessed according to the
METAVIR scoring system, in which fibrosis is scored as F1 (portal fibrosis), F2 (portal fibrosis
with few septa), F3 (septal fibrosis) and F4 (cirrhosis) [21]. Patients with METAVIR score FO
or F1 were classified as mild fibrosis group, while those with F3 or F4 were classified as severe
fibrosis group. The presence of HCC was considered as an exclusion criteria in these two
groups. Once F2 is considered an intermediate phenotype between mild and severe fibrosis, we

decided not to include this group in this study to ensure more homogeneous phenotype.

Hepatocellular carcinoma caused by HCV was diagnosed by ultrasound, computerized
tomography, magnetic resonance imaging, arteriography and tumor biopsy according to the
AASLD criteria [22]. Patients with HCC were further characterized by HCC size and number
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of nodules. Child-Pugh score was determined according Pugh et al. (1973) to access patients’

prognosis. Individuals were classified in three groups of increasing severity (A, B and C) [23].

DNA Extraction and Genotyping

Genomic DNA was extracted from whole blood by using QlAamp DNA Blood Kit
(QIAGEN Inc, Chatsworth, CA) following the manufacturer’s instructions. The extracted DNA

was stored at -20°C until further analysis.

A 7500 Real-Time PCR System (Applied Biosystems, Foster City, CA) performed
PTX3 rs1840680 (Assay: C_ 12069244 10) and rs2305619 (Assay: C_ 22275654 10)
genotyping with TagMan Genotyping Assays in 96-well plates.

Determination of PTX3 plasma levels

PTX3 plasma levels were determined in 234 patients (Mild group: 85; Severe group: 90
and HCC group: 59). None of the patients had received previous treatment with interferon.
Blood samples were collected in EDTA-containing tubes and centrifuged at 15009 for 10 min.
Plasma was separated and stored at -80°C until analysis. PTX3 levels were measured in
duplicate using a commercially available enzyme-linked immunosorbent assay (ELISA; R&D
Systems, Minneapolis, MN). Absorption was read at 450 nm with wavelength correction set to
540 nm using an ELISA plate reader (Bio-Rad, Hercules, CA, USA).

Statistical analysis

The statistical analysis of the data was performed using SPSS statistical software
package version 22.0 (SPSS, Inc., Chicago, IL). Categorical variables were compared using the
%2 test or Fisher’s exact test when appropriate. Kolmogorov-Smirnov test was used to check for
normal distribution of continuous variables. Two-group comparisons were performed using
Student’s t-test or Mann-Whitney U-test for parametrically or nonparametrically distributed
data. For comparisons of more than two groups, ANOVA or Kruskal-Wallis was performed for
parametrically or nonparametrically distributed data. Multivariate logistic regression using the

stepwise backward approach was performed to identify predictors of HCC occurrence. The
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results are presented using odds ratio (OR) with 95% confidence interval (CI). The differences

were considered statistically significant when p <0.05.

Results

Patients characteristics

Among the 524 HCV-infected patients, 210 cases were classified as mild fibrosis, 218
as severe fibrosis and 96 had HCC. The baseline characteristics of the population are provided
in Table 1. Patients with HCC were significantly older than those with severe or mild fibrosis
(mean age 63.4+8.8, 57.5+9.01 and 52.8+11.6, respectively; p<0.0001). Male sex and diabetes
were also more prevalent in the HCC group (69.8% and 36.0%, respectively; p<0.0001).
However, the body mass index (BMI) was found higher in patients with severe fibrosis when
compared to those with HCC or mild fibrosis (26.7£4.6, 25.6+4.1 and 25.6x4.2, respectively;
p=0.027).

Regarding  biochemical characteristics, total  bilirubin, AST (aspartate
aminotransferase), GGT (gamma, glutamyl transpeptidase), ALP (alkaline phosphatase) and
AFP (alpha-fetoprotein) were all significantly higher in the HCC group (p<0.0001). Platelets
counting was higher in patients with mild fibrosis, and ALT was associated with severe fibrosis

(p<0.0001). Differences in the HCV genotype among the groups were not significant (Table 1).

Association of PTX3 plasma levels with genetic variants and HCV outcome

Figure 1 shows the association of PTX3 plasma levels with the rs1840680 and
rs2305619 genotypes. The A/A genotype presented the highest values of PTX3 plasma levels
when compared to G/A and G/G genotypes for both rs1840680 and rs2305619. The mean PTX3
plasma levels for the rs1840680 A/A, A/G and G/G genotypes were 2.80 ng/mL, 1.62 ng/mL
and 1.55 ng/mL, respectively (AA vs. AG, p=0.008; AA vs. GG, p=0.003) (Figure 1A).
Regarding rs2305619, the mean levels for A/A, A/G and G/G genotypes were 2.34 ng/mL, 1.66
ng/mL and 1.50 ng/mL, respectively (AA vs. AG, p=0.02; AA vs. GG, p=0.03) (Figure 1B).

We assessed the PTX3 plasma levels according to fibrosis severity and HCC occurrence.
Patients with HCC presented higher PTX3 plasma levels than those with severe or mild fibrosis
(Mild: 0.97 ng/mL; Severe: 1.84 ng/mL; HCC: 2.90 ng/mL; HCC vs. Mild, p<0.0001; HCC vs.
Severe, p=0.002) (Figure 2).
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PTX3 polymorphisms and HCC occurrence

All groups assessed in this study were in Hardy-Weinberg equilibrium. Table 2
summarizes genotypic frequencies of PTX3 rs1840680 and rs2305619 variants according to
fibrosis severity and HCC occurrence. When comparing HCC patients to those with mild or
severe fibrosis, carriage of the PTX3 A/A genotype, for both rs1840680 and rs2305619, was
significantly associated with HCC occurrence. For the rs1840680, the frequency of the A/A
genotype in the HCC, severe and mild group was 25.0%, 15.1% and 14.8%, respectively
(p<0.05). The rs2305619 A/A genotype had a frequency of 33.3%, 20.6% and 24.3 for the HCC,
severe and mild group, respectively (Severe fibrosis vs. HCC, p<0.05).

Multivariate logistic regression model for HCC predictors

Multivariate logistic regression analysis was performed to verify if the PTX3 A/A
genotype could be an independent predictor for HCC occurrence in a multivariate model.
Possible confounding variables that were significantly associated with fibrosis severity and
HCC in the univariate model were included in the multivariate model. After adjustment, the
PTX3 rs2305619 A/A genotype remained independently associated with HCC occurrence
(Severe fibrosis vs HCC, OR 1.94, 95% CI 1.09 — 3.43, p=0.024). Age, male sex and diabetes
were also associated with HCC after stepwise regression (Table 3).

PTX3 and HCC characteristics

We classified the 96 patients with HCC according to their PTX3 rs1840680 and
rs2305619 genotypes and analyzed their tumor characteristics (Table 4). Patients carrying the
AJA genotype for both polymorphisms had higher levels of plasmatic PTX3 (p=0.0002 for rs
1840680 and p=0.009 for rs 2305619). The frequency of the rs2305619 A/A genotype was
higher in patients with Child-Pugh score B and C (p=0.032) (Table 4). This association was
also observed regarding to PTX3 plasma levels and Child-Pugh score, which patients with
Child-Pugh B and C had higher PTX3 plasma levels than those with score A (Mean: 3.45 ng/mL
vs. 2.14 ng/mL, p=0.03) (Data not shown). Differences in AFP levels, HCC diameter and
number of nodules were not significant (Table 4).
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Discussion

The present study provides the first evidence of the association between PTX3 and HCC
occurrence in patients with chronic HCV. We observed that PTX3 (rs2305619) A/A genotype
and PTX3 plasma levels were associated with HCC in individuals chronically infected by HCV.
In a multivariate analysis adjusting potential confounding factors, patients carrying the A/A

genotype had almost two times more chance to have HCC.

How the PTX3 (rs2305619) A/A genotype drives HCC occurrence is unclear. We have
demonstrated that this genotype was significantly associated with high PTX3 plasma levels,
corroborating previous studies in patients with acute myocardial infarction and in individuals
after lung transplantation [10,11]. Although PTX3 plays host-protective roles in some
circumstances, many studies have shown detrimental effects of PTX3 in certain experimental
settings such as post-ischemic renal injury, intestinal ischemia and reperfusion and ventilation-
induced lung injury models [24-27]. Regarding cancer, literature suggests PTX3 has an
important role as an inflammatory mediator involving tumor occurrence [14-19]. Thus, HCV
infected patients with A/A genotype may activate more pro-inflammatory mediators than those

with G/A or G/G genotypes, and consequently increase the risk to develop HCC.

In line with our findings concerning PTX3 polymorphism, individuals with HCC had
higher PTX3 plasma levels than those with mild or severe fibrosis without HCC. Studies
showed that PTX3 levels were associated with different types of cancer such as, gastric cancer
[14], lung carcinoma [15], pancreatic carcinoma [16], liposarcoma [17] and prostate cancer
[18].

The mechanisms through which PTX3 could be associated with HCC are still unknown,
but they probably involve inflammation. PTX3 is an acute phase protein which is able to bind
to several microbes, including fungi, bacteria and viruses (influenza virus type A, human and
murine cytomegalovirus and murine hepatitis virus) [27]. In addition, PTX3 actives the
Complement system via the classical and the lectin pathways and it can regulate all pathways
by interacting with Complement inhibitors [9]. Previous studies have demonstrated that PTX3
facilitates neutrophil infiltration and stimulates production of pro-inflammatory cytokines, such
as TNF-a, IL-1b, CCL2 and CXCL1 in a model of intestinal ischemia and reperfusion
[24,27,28].

Hepatocarcinogenesis is considered a multistep process involving subsequent mutations

of genes that control proliferation and/or apoptosis in the hepatocytes subjected to continuous
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inflammatory and regenerative stimuli, starting from the initial phases of chronic hepatitis to
liver cirrhosis [29]. Accordingly, a recent report demonstrated that TNF-o stimulates PTX3
expression via the NFkB pathway, and that PTX3 acts as a tumor-promoting factor by
facilitating gastric cancer cell migration and recruitment of macrophages [14]. Moreover, it is
also known that PTX3 has an important role in promoting fibrocyte differentiation at sites of

fibrosis in vitro and in human fibrotic lung tissue [30].

We found a significant association between the PTX3 rs2305619 A/A genotype, as also
high PTX3 levels, and Child-Pugh scores B and C in individuals who had HCC. Previous
studies have demonstrated a positive correlation between PTX3 and more advanced stages of
pancreatic carcinoma [16], bone metastatic breast cancer [31] and glioma [19]. These findings

suggest PTX3 has a role in tumor progression in some types of cancer.

There are some limitations within our study. The association of PTX3 polymorphism
with HCC occurrence needs to be confirmed in a replication cohort. Additionally, due to the
design of the present study, we cannot conclude if PTX3 levels are the cause or consequence
of HCC occurrence. A further prospective study would be necessary to elucidate this

relationship.

In summary, our results support the idea that high levels of PTX3 have a role in HCC
development. Additionally, the frequency of A/A genotype, associated with high PTX3 levels,
was significantly higher in HCC patients. The release of PTX3 in HCV infection could increase
the inflammation process causing liver damage and increasing HCC risk. Nevertheless, more
studies are necessary to elucidate the mechanisms concerning the role of PTX3 in HCC

development and HCV infection.
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Table 1: Baseline characteristics of chronic HCV patients according to severity of liver fibrosis and HCC

Mild Fibrosis Severe Fibrosis HCC P
Variable (n=210) (n=218) (n=96)
Clinical
Age (years) 52.8+11.6 57.549.01 63.448.8 <0.0001
Male sex 96 (45.7) 94 (43.1) 67 (69.8) <0.0001
BMI (kg/m?) 25.6+4.2 26.7+4.6 25.6+4.1 0.027
Diabetes 25 (12.0) 55 (25.2) 31(36.0) <0.0001
Biochemical
Total Bilirubin (mg/dL) 0.60 (0.20-6.30) 0.90 (0.30-3.30) 1.27 (0.36-7.22) <0.0001
AST (U/L) 43.00 (7.00-149.00) 77.00 (12.00-346.00) 93.00 (16.00-235.00) <0.0001
ALT (U/L) 53.00 (12.00-561.00) 88.00 (7.00-578.00) 76.00 (18.00-491.00) <0.0001
GGT (U/L) 56.00 (11.00-474.00)  118.00 (14.00-883.00)  160.00 (26.00-1629.00)  <0.0001
ALP (U/L) 70.00 (12.00-410.00)  93.00 (23.00-332.00) 138.00 (36.00-630.00)  <0.0001
Platelets 2.07x10° 1.36x10° 1.06x10° <0.0001
(1.93x10%-3.94.10°) (4.1x10%-3.25x10%) (3.00x10%-3.24x105)
AFP (ng/mL) 2.71 (0.00-92.9) 7.19 (1.30-112.0) 37.5 (1.97-20302.00) <0.0001
HCV genotype 1 141 (69.5) 141 (67.1) 53 (63.9) 0.647

Abbreviations: BMI, body mass index; HCV, hepatitis C virus; AST, aspartate aminotransferase; ALT, alanine

aminotransferase; GGT, gamma, glutamy! transpeptidase; ALP, alkaline phosphatase; AFP, alpha-fetoprotein

Values are presented as mean = standard deviation, median (range) or n (%).

Significant associations are in bold.



Table 2. Genotyping distribution of PTX3 rs1840680 and rs2305619 according to fibrosis severity and

HCC

Genotype  Mild Fibrosis  Severe Fibrosis HCC pt P2
(n=210) (n=218) (n=96)

151840680  G/G 78 (37.1) 76 (34.9) 30 (31.3) AA Vs AA Vs
A/G 101 (48.1) 109 (50.0) 42 (43.8) AG+GG AG+GG
AIA 31 (14.8) 33 (15.1) 24 (25.0) 0.024 0.029

rs2305619  G/G 51 (24.3) 54 (24.8) 20 (20.8) AA Vs AA Vs
AIG 108 (51.4) 119 (54.6) 44 (458)  AG+GG AG+GG
A/A 51 (24.3) 45 (20.6) 32 (33.3) 0.066 0.013

IMild fibrosis vs HCC ; 2Severe fibrosis vs HCC. Significant associations are in bold.



Table 3. Stepwise multivariate logistic regression for predictors of HCC occurrence

Mild vs HCC Severe vs HCC
OR (95% CI) P OR (95% CI) P
Age 1.13 (1.09 - 1.17) <0.0001 1.09 (1.05-1.12) <0.0001
Male sex 4.42 (2.47 —7.87) <0.0001 4.20 (2.41-7.30) <0.0001
Diabetes 2.99 (1.56 — 5.74) 0.001 1.39 (0.78 — 2.45) 0.263
rs2305619 (A/A)  1.48 (0.81 - 2.68) 0.197 1.94 (1.09 - 3.43) 0.024

Significant associations are in bold.
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Table 4. Hepatocellular carcinoma characteristics in 96 patients classified according to their PTX3 genotypes

groups
PTX3 Genotypes rs1840680 PTX3 Genotypes rs2305619
Variable A/A (n=24) G/A+G/G (n=72) P A/A (n=31) G/A+G/G (n=65) P
PTX3 levels (ng/mL) 4.66+3.04 2.21+1.38 0.0002 3.63+2.13 2.45+2.18 0.009
AFP levels (ng/mL) 34.7 39.75 0.86 75.50 33.63 0.334
(2.56-10685.00)  (1.97-60500.00) (2.56-10685.00) (1.97-60500.00)

Child-Pugh

A 14 (58.3%) 43 (59.7%) 0.711 14 (45.2%) 43 (66.2%) 0.032

B 9 (37.5%) 28 (38.9%) 15 (48.4%) 22 (33.8%)

C 1 (4.2%) 1 (1.4%) 2 (6.5%) 0
HCC diameter (cm) 3.58+2.17 4.67+2.76 0.086 4.33+2.76 4.44+2 .63 0.841
Number of nodules

Single 9 (27.5%) 25 (34.7%) 0.805 9 (29.0%) 25 (38.5%) 0.494

Multiple 15 (62.5%) 47 (65.3%) 22 (71.0%) 40 (61.5%)

Values are presented as mean + standard deviation, median (range) or n (%).

Significant associations are in bold.
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Figure legends

Figure 1. Distribution of PTX3 plasma levels according to the rs1840680 (A) and rs2305619
(B) genotypes. Results are shown as MeantS.D. Mann-Whitney U test was used for

comparisons between genotypes.

Figure 2. PTX3 plasma levels according to groups of fibrosis severity and HCC occurrence.

Results are shown as Mean+S.D. Mann-Whitney U test was used for comparisons between

groups.
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Summary

Interleukin (IL)-22 acts on epithelia, hepatocytes, and pancreatic cells and stimulates innate
immunity, tissue protection, and repair. IL-22 may also cause inflammation and abnormal cell
proliferation. The binding of IL-22 to its receptor is competed by IL-22 binding protein (IL-
22BP), which may limit the deleterious effects of IL-22. The role of IL-22 and IL-22BP in
chronic liver diseases is unknown. We addressed this question in individuals chronically
infected with schistosomes or hepatitis C virus (HCV). We first demonstrate that schistosome
eggs stimulate production of IL-22 transcripts and inhibit accumulation of IL22-BP transcripts
in schistosome-infected mice, and that schistosome eggs selectively stimulate production of IL-
22 in cultures of blood leukocytes from individuals chronically infected with Schistosoma
japonicum. High IL-22 levels in cultures correlated with protection against hepatic fibrosis and
portal hypertension. To test further the implication of 1L-22/IL-22BP in hepatic disease, we
analyzed common genetic variants of IL22RA2, which encodes IL-22BP, and found that the
genotypes, AA, GG of rs6570136 (P=0.003; odds ratio [OR]=2), and CC, TT of rs2064501
(P=0.01; OR=2), were associated with severe fibrosis in Chinese infected with S. japonicum.
We confirmed this result in Sudanese (rs6570136 GG [P=0.0007; OR=8.2], rs2064501 TT
[P=0.02; OR=3.1]), and Brazilians (rs6570136 GG [P=0.003; OR=26], rs2064501 TC, TT
(P=0.03; OR=11]) infected with S. mansoni. The aggravating genotypes were associated with
high IL22RA2 transcripts levels. Furthermore, these same variants were also associated with
HCV-induced fibrosis and cirrhosis (rs6570136 GG, GA [P=0.007; OR=1.7], rs2064501 TT,
TC (P=0.004; OR=2.4]). Conclusions: These results provide strong evidence that IL-22 protects
against and IL-22BP aggravates liver fibrosis and cirrhosis in humans with chronic liver
infections. Thus, pharmacological modulation of IL-22 BP may be an effective strategy to limit

cirrhosis.
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Introduction

Interleukin (IL)-22 is produced by a variety of hematopoietic cells, such as innate
lymphoid cells (ILCs), lymphoid tissue-inducers,® T-helper (Th) cells,> and v/§ T cells.?
However, unlike most cytokines, IL-22 does not act on hematopoietic cells, but affects
epithelia, hepatocytes, and pancreatic cells,*® suggesting an important role for this cytokine at
epithelial barriers of the intestine, skin, and lungs and in the liver and pancreas. Indeed, 1L-22
stimulates innate immunity by promoting production of antimicrobial peptides,?®’ secretion of
mucus, and release of chemokines®1° and by enhancing cell mobility.®"! |L-22 also protects
tissues from damage and mediates tissue repair.>'2® Deregulated 1L-22 responses may cause
pathological inflammation,? abnormal cell proliferation,}* and enhanced chemokine
production as occurs in experimental models of psoriaris,®*® Toxoplasma gondii—induced
ileitis,’® and arthritis.’® Furthermore, release of both IL-17A and IL-22 in the same
inflammatory sites may aggravate pathology given that IL-17A enhances the proinflammatory
effects of IL- 22.%1%1" Few studies have evaluated the role of I1L22/1L-22 binding protein (IL-
22BP) in disease, and with the exception of skin psoriasis, it is not known whether this cytokine
protects against or aggravates various human diseases. Here, we evaluated whether 1L-22 and
its inhibitor, IL-22BP,*1° influence liver disease in humans infected with hepatitis C virus
(HCV) or schistosomes. Hepatic fibrosis (HF) and cirrhosis develop during chronic liver
inflammation caused by HCV, hepatitis B virus (HBV), schistosomes, steatosis, and alcohol.
Fibrosis is an excessive deposition of extracellular matrix proteins in healing lesions. HF and
cirrhosis cause varices, ascites, liver failure, and death in millions of patients. 1L-22 protects
against acute hepatitis?® and stimulates tissue regeneration?! in experimental models of liver
disease, but aggravates inflammation in a mouse model of HBV infection.!” Furthermore, in a
murine model of schistosomiasis, IL-22 was not detected during infection.?? Intestinal 1LC
produce I1L-22 in inflammatory conditions and when damage occurs to the intestinal barrier;
therefore, we hypothesized that IL-22 is produced when schistosome eggs perforate the
intestine. The consequences of these egg-induced intestinal lesions on the human immune
response during schistosomiasis deserve further investigations given that most studies have
focused on splenomegaly and on periportal fibrosis. Here, we present evidence that 1L-22/IL-
22BP play significant roles in HF and cirrhosis in patients with chronic schistosome and HCV

infections.
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Materials and Methods
Study Population and Evaluation of Hepatic Fibrosis.

The human protocols were approved by the research ethics committees of the University
of Gezira and the National Cancer Institute (Gezira, Sudan), the Hunan Institute of Parasitic
Diseases (Yueyang, China), the University do Triangulo Mineiro (Uberaba, Brazil), Fiocruz
(Salvador) and University Estadual de Pernambucco (Recife). The protocols were also

approved by French INSERM ethics committees and by the CNIL.

All study samples are described in Table 1. Subjects infected with schistosomes were
obtained from populations exposed to infection with S. japonicum (China) or S. mansoni
(Brazil, Sudan) as described previously.?®?* Individuals infected with HCV (genotypes 1, 2 or
3) were recruited among patients attending the outpatient clinic at the Instituto do Figado in

Recife and at the Hospital das clinicas in Salvador (Brazil).

Evaluation of Hepatic Fibrosis.

Fibrosis in individuals infected with schistosomes was evaluated with ultrasound (US)
that was carried out with a portable ultrasound machine and a 3.5MHz convex probe (LOGIQ
Book XP 2410786, Jiangsu, China), based on the standardized procedures of the World Health
Organization (WHO).?> Hepatic fibrosis in individuals infected with S. mansoni or S.
Japonicum manifests as central fibrosis (CentF) around the central vein, and in S. japonicum
infections, a network fibrosis pattern (NetF) in the parenchyma is also present. WHO guidelines
graded CentF as A, B, C, CL, D, E, or F and NetF as GN if the diameter of the network mesh
was less than 12mm (resembling fish scales) or GW if it is more than 12mm (resembling a
tortoise shell). CentF A pattern is a normal liver struc A, diffuse echogenic foci or “starry sky”
is graded CentF B, an uninterrupted thickness of the venous wall distinguished grade CL from

grade C, a patchy pattern was graded as D, E, and as F if around portal veins.

WHO grading was modified for S. japonicum infections as described in Supporting

Materials.

Fibrosis stages in HCV infections were determined on liver biopsies with the Metavir

scale. All covariates (alcohol consumption, schistosome infections, mode of contamination,
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virus genotypes) were assessed either by interview or by genotyping. None of the HCV-infected

individuals had active HBV or HIV infections.

Samples for immunological analysis (Fig. 2) were obtained from the S. japonicum
Chinese cohort, comprising 66 individuals with HF and 18 controls living in the same region.
Controls had not been exposed to infection with S. japonicum and were negative when tested
by ELISA using (IgG) schistosome Ag. None of the cases and controls had active HBV
infections and all cases had been treated with Praziquantel fewer than 10 times over the last 15
years. The mean age of cases and controls did not differ significantly and all individuals were

>30 and <66 years old.

Cell Cultures and Cytokine Titration.

PBMCs were separated from heparin-treated venous blood by Ficoll-Hypaque gradient
sedimentation (400g for 30min at 18°C). PBMCs were washed and placed in cultures as
described?* and stimulated with 500 eggs/1ml well prepared as described.?* Supernatants were
collected at 72h and 144h and stored at 280°C. IL-22 and IL-17A concentrations were
determined in the supernatant by ELISA (DuoSet kit, R&D, detection limits, 16 pg/ml).

Cellular Staining and Cytometry Analysis.

PBMCs from Chinese patients were stained ex vivo with FITC-conjugated anti-CD4
and PE-Cy7-conjugated anti-CD3 (BD biosciences) antibodies. The labeled cells were treated
for 5 hrs with 100 ng/ml phorbol-12-myristate-13-acetate (PMA) and 1 pg/ml ionomycin in the
presence of monensin (Golgistop, BD biosciences). Cells were then fixed and permeabilized
with BD Cytofix/Cytoperm according to the manufacturer’s instructions and incubated with
Alexa647-conjugated anti-IL-17 (eBiosciences) and PE-conjugated anti-IL-22 (R&D)
antibodies. Isotype control antibodies were obtained from the corresponding manufacturers.
Compensation settings were determined with Comp Beads (BD biosciences). Data were
collected on a FACS Calibur cytometer with Cellquest software (BD biosciences) and analyzed
with DIVA software (BD biosciences). Cells in the lymphocyte region were gated based on
FSC and SSC proprieties and CD3*CD4" cells or CD3'CD4  cells in the lymphocyte gate were
analyzed for the expression of IL-17 and IL-22.
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RNA Extraction and Quantitative RT-PCR.

Liver, spleen, Peyer patches and intestine biopsies were conserved in RNAlater
(Ambion, Life Technologies) at -80°C. Tissue (20-30mg of tissue) homogenization was carried
out with the Precellys-24 device (Bertin Technologies, Ozymee), with ceramic beads (1.4mm
in diameter, CK14), in 400 ul of lysis buffer RLT plus (Qiagen) supplemented with 4ul -
mercapto-ethanol. RNA was recovered with the RNeasy plus following the manufacturer’s

instructions (Qiagen). RNA integrity was assessed with a 2100 Bioanalyzer (Agilent).

Total RNA (1ug), with aRIN > 7, was reverse-transcribed with the high Capacity cDNA
Reverse Transcription Kit (Applied Biosystems). Real-time quantitative PCR, from 20ng of
cDNA, was performed with the ABI 7900HT Fast Real Time PCR System and TagMan
Universal PCR Master Mix (Applied Biosystems, Life Technologies). The TagMan mouse gene
expression assays: 1122 (Mm00444241 m1), 1l22ra2 (Mm00617572_m1), I1l22ral
(MmO00663697_m1), Hprtl (MmO00446968 m1) were from Applied Biosystems. Gene
expression values were normalized to the value of the housekeeping gene Hprtl (hypoxanthine

phosphoribosyltransferase).

Genotyping.

DNA extraction and genotyping were performed as in Dessein et al.?® Genotyped tag
SNPs (Supporting Fig.2A) were selected from the 1000 Genomes Project and from the Hapmap
database release #24. Genotyped SNPs had an R-square higher than 0.8 and minor allele
frequency higher than 0.10. Primers are described in Supporting Table 2.

Statistical Analysis.

Group comparisons performed on data from Fig. 1A-C were carried out with
nonparametric Mann-Whitney tests with SPSS software. Linear regression analysis was
performed to test for correlations between IL-22 concentrations, hepatic fibrosis and portal
hypertension. CentF was divided into binary classes. NetF was divided in the same manner.
Linear regression was performed with these binary variables?® and with age, sex and exposure.
Multivariate logistic regression (SPSS statistical software) was used to investigate possible

associations of genotypes with advanced fibrosis or cirrhosis as described previously.?
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Results

IL22, IL22RA2, IL22RA1 transcripts in mice infected with Schistosoma mansoni:
Schistosome eggs stimulate the production of IL-22 in the intestine.

We measured 1122, 1122ra2, and 1122ral messenger RNA (mRNA) levels in the
intestine, liver, and spleen of mice infected with Schistosoma mansoni to test whether
schistosomes induce an IL-22/IL-22BP response (Fig. 1A-D). 1122 mRNA levels were low
before infection (Fig. 1A); they started to increase in the colon and in Peyer patches, at 4 weeks
when egg laying had just begun, and peaked at 6 weeks (Fig. 1B). 1122 mRNA was not
detectable in liver or spleen. 1122ra2 mRNA levels were high in the intestine and spleen (but
not in the liver) before infection (Fig. 1A) and were 5- to 10-fold lower after 11 weeks of
infection (Fig. 1C). Thus, schistosome eggs promote production of 1122 mRNA and inhibit that
of 1122ra2. 1122ral mRNA levels remained stable in the intestine and liver, and were high in

the spleen after infection (Fig. 1D), indicating that these tissues can respond to IL-22.

Production of IL-22 by blood mononuclear cells from individuals with chronic

schistosome infection: IL-22 is produced by at least two different cell populations.

We evaluated the amount of IL-22 produced by peripheral blood mononuclear cells
(PBMCs) from 66 Chinese fishermen infected with S. japonicum and 18 nonexposed controls
(described in Materials and Methods). IL-22 was detectable in resting cultures of patient
PBMCs at 72 and 144 hours of cell culture, and its production was stimulated by schistosome
eggs (P<1073; (Fig. 2A). 1L-22 was detectable in cultures of control PBMCs only at 144 hours
of culture, and its production was unaffected by eggs. IL-17A was detectable in cultures of
PBMCs at 144 hours of culture, and its production was unaffected by eggs (data not shown).
Flow cytometry analysis of patient PBMCs showed that both CD3"CD4" and CD3"CD4" cell

populations produced IL-22, and neither cell population produced IL-17A (Supporting Fig.
1)_1,26,27
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IL-22 produced by PBMCs from individuals with chronic schistosomiasis correlates with
protection against HF and portal hypertension.

HF in individuals infected with S. mansoni or S. japonicum manifests as central fibrosis
(CentF) around the central vein, and in S. japonicum infections, a network fibrosis (NetF)
pattern in the parenchyma is also present. In this study, CentF was graded as light (+/-),
advanced (+), severe (++), and very severe (+++). Severe and very severe fibrosis were
associated with portal blood hypertension and splenomegaly. We found that I1L-22
concentrations in resting (P=0.005) and in egg-stimulated (P=0.04) cultures of PBMCs were
inversely correlated with CentF (Fig. 2B) in PBMC donors infected with S. japonicum.
Moreover, multilinear regression analysis showed that both severe and very severe CentF
(P=0.01) and NetF (P=0.004) were independently associated with low IL-22 concentrations
(Fig. 2C). Furthermore, patient portal vein diameter (an indicator of portal hypertension [PH])

was negatively correlated (P=0.02) with IL-22 concentrations (Fig. 2D).

Polymorphisms in IL22RA2 are associated with severe HF in Chinese fishermen exposed
to S.japonicum; the aggravating genotypes are associated with an increase of I1L-22RA2

transcripts.

We determined whether polymorphisms in IL22RA2 affect the risk of severe HF to test
further the hypothesis that high IL-22 production protects against schistosome-induced HF.
IL22RA2 is located on Chr.6g23, which controls HF.? Mutations in connective tissue growth
factor (CTGF) account for part of the control exerted by this locus.?® 1L22RA2, the gene
encoding IL-22BP, is located in the same region and may also be involved in the control. To
test this hypothesis, we genotyped single-nucleotide polymorphisms (SNPs) representative of
the six major SNP correlation bins (TagSNP, r?=0.8) in 1L22RA2 (Supporting Fig. 2A;
Supporting Table 1) in 327 Chinese fishermen (Table 1) with long exposure to S. japonicum
infections. For this analysis, we have used a binary fibrosis phenotype that included, as cases,
subjects with severe CentF or severe NetF and subjects with advanced CentF if they also had
advanced or severe NetF. Control groups included individuals who exhibited no NetF and light
CentF or less (see Materials and Methods). The genotypes AA, GG of SNP rs6570136
(P=0.003; odds ratio [OR]=2), and CC, TT of SNP rs7774663 (P=0.004; OR=2.1), both in bin
I, and the genotypes CC, TT of SNP rs2064501 (P=0.01; OR=2), in bin VI were significantly
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associated with HF (Table 2; Fig. 3A,B). Multivariate analysis could not separate the effects of
these SNPs owing to the high linkage disequilibrium (LD) between these SNPs (Fig. 3C).

Thus, rs6560136 and/or rs2064501, or other variants highly correlated with either of
these SNPs, modulate susceptibility to HF in fishermen. We built a map of all SNPs correlated
with either rs6560136 or rs2064501 in a region extending 5 Mb from the 30 and 50 end of
IL22RA2 to rule out the possibility that the casual variants may lie outside of IL22RA2.
Supporting Fig 2B-D shows the various common SNPs (minor allele frequency >5%) in this
region and their correlation with the SNPs of interest (y-axis). None of these SNPs outside
IL22RA2 were strongly correlated with rs6560136 or rs2064501 and could account for the
association. Then, the causal SNPs must lie in IL22RA2.

Next, we evaluated whether rs6560136 and rs2064501 were associated with modulation
of IL22RA2 transcripts. We performed this analysis in healing skin tissue that highly expresses
IL22RA2. We found a significant association of the genotypes GG, AA of rs6570136 (P=0.005)
and a suggestive association of the genotype TT of rs2064501 (P=0.065) with the highest
IL22RA2 mRNA levels (Fig. 3D,E). This evaluation shows that the genotypes of rs6560136
that are associated with aggravation of fibrosis (Fig. 3A) are also associated with enhancement
of IL22RA2 transcripts (Fig. 3D); they also suggest that the genotype TT of rs2064501, which
is also associated with HF (Fig. 3B), also enhances IL-22RA2 transcripts (Fig. 3E).

Validation/extension of the associations observed in Chinese subjects to Sudanese and

Brazilians infected with S. mansoni.

We sought to confirm the association between HF and SNPs in IL22RA2 in Sudanese
and Brazilian populations infected with S. mansoni. We genotyped 201 Sudanese subjects
(described in Table 1) and found that SNPs rs6570136 GG (P=0.03; OR=2.1), rs11154915 TT
(P=0.04; OR=9.4), and rs2064501 CC, TT (P=0.03; OR=2.1) were associated with severe HF
(Table 3). The best multivariate model included SNPs rs6570136 GG (P=0.0007; OR=8.2) and
rs2064501 TT (P=0.02; OR=3.1).

We then genotyped 186 Brazilians (Brazil [1]; described in Table 1) and found that
SNPs rs6570136 GG (P=0.001; OR=4.8), rs7774663 TT (P=0.02; OR=2.5), and rs779054 TT
(P=0.02; OR=2.4) were associated with aggravation of HF (Table 3; Fig. 4A). No significant
association was found between rs2064501 TT and HF in univariate analysis. Nevertheless, the
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best multivariate model included SNPs rs6570136 GG (P=0.003; OR=26) and rs2064501 TT,
TC (P=0.03; OR=11). Thus, both rs6570136 and rs2064501 independently contribute to the
association with severe HF, with rs6570146 GG and rs2064501 TT corresponding to the
aggravating genotypes. In conclusion, variants of IL22RA2 that are associated with a high
abundance of IL22RA2 transcripts are also associated with severe hepatic disease in three

genetically different populations.

The same genetic variants of IL22RA2 are associated with susceptibility to fibrosis and

cirrhosis in individuals infected with HCV.

We evaluated whether these same polymorphisms affected fibrosis and cirrhosis in
HCV-infected patients (n=532, cohort Brazil [2]; Table 1) with different grades of HF (from
FO=no fibrosis to F3=advanced fibrosis and F4=cirrhosis). We found that the genotypes GG
and AG of SNP rs6570136 (P=0.04; OR=1.6) and TT, CT of genotype rs2064501 (P=0.02,
OR=2) and the genotype AA of the SNP rs202563 (P=0.07; OR=1.8) were associated with
advanced fibrosis or cirrhosis (F3 and F4; n=210) and were less prevalent in individuals with
mild or no fibrosis (FO+F1+F2; n=322; Table 4). Multivariate analysis demonstrated that
rs6570136 GG, AG (P=0.007; OR=1.7) and rs2064501 TT, CT (P=0.004; OR=2.4) were
independently associated with severe fibrosis (F3+F4). The data obtained in comparing F3+F4
with FO+F1 are shown on Fig. 4B. These associations in HCV induced HF in Brazilians are
similar to the associations we have observed in schistosome-induced HF in Brazilians (Fig.
4A). The strong LD between the two associated SNPs (Fig. 4C) explains why the strength of

the association is high when both SNPs are analyzed simultaneously.

We confirmed these results in an independent cohort (Brazil [3]; Table 1) of 149 (FO+F1
and F3+F4) patients infected with HCV, which showed that SNP rs6570136 GG (0.04) and
rs2064501 TT (0.05) were independently associated with severe fibrosis (F3+F4).

Discussion

We evaluated production of IL-22 in a mouse model of schistosome infection to
examine the role of IL-22/1L-22 BP in HF. In a previous study, IL-22 was not detected in the
liver and spleen of schistosome infected mice.?? Although we confirmed this result, we also
showed that the abundance of IL22 transcripts is high in Peyer patches when schistosome eggs
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reach the mouse intestine. IL-22 is thought to protect epithelia against damage and mediates
tissue repair.>213 |L-22 also stimulates production of antimicrobial peptides that limit the
invasion of microbes across epithelial lesions.2%" Schistosome eggs perforate the intestinal
wall; therefore, epithelial lesions caused by eggs, which allow the entry of bacteria and toxic
bacterial products, should induce a strong IL-22 response. Our failure to detect IL-22 in mouse
liver is probably owing to a lack of sensitivity, because cells producing IL-22 in the liver are
outnumbered by hepatocytes that do not produce it. We also found that the abundance of IL-
22RAZ2 transcripts in the intestine was reduced after the arrival of eggs. Thus, the balance
between 1L-22/1L-22BP is tipped in favor of IL-22 when eggs lodge in the liver and perforate
the intestine. This indicates that the biological activity of 1L-22 is high when hepatic and
intestinal diseases begin to develop. A previous study found no evidence to suggest that IL-22
is involved in HF in schistosome-infected mice.?? However, there are many differences between
schistosomiasis in mice and humans. Liver disease in mice is evaluated within a few weeks of
infection, whereas we examined hepatic disease in humans after more than 10 years of infection.
Furthermore, the parasite load in mice is hundreds of times higher than in infected humans. For
these reasons, we evaluated 1L-22 in chronically infected individuals who have been living in
an endemic region for their whole life. 1L-22 was produced by PBMCs obtained from these
individuals; IL-22 production was stimulated by schistosome eggs. Eggs had no effect on IL-
22 production by PBMCs from local individuals who had no exposure to schistosomes. IL-17A
production in these cultures was low and was not stimulated by eggs.®%” Our findings suggest
that synergy between IL-22 and IL-17 does not occur in humans with long chronic infections,
although we cannot fully exclude the possibility that IL-17 may be produced locally in
particular tissues and not in the blood. Our data indicate that IL-22 in PBMC cultures was
produced by at least two cell types: CD3"CD4" and CD3CD4". This suggests that 1L-22 is
probably produced by Th22 cells?®?” and natural killer-like innate lymphoid cells.> However,
more work is required to characterize IL-22-producing cells in schistosome-infected patients.
IL-22 was not produced by Th17 because little IL-17 was produced in cultures and IL-22-
producing cells were IL-17 negative. There may be a high abundance of ILCs in the intestine
because inflammation of the intestine strongly stimulates the multiplication of ILCs producing
IL-22, as also indicated by our data in mice. We found that IL-22 production in cultures was
positively correlated with protection against HF. Indeed, certain fishermen presented with no
disease or only mild disease, although they have been exposed daily to infection for more than
20 years. This was owing to the effective control of HF and not inherent protection against

infection. Portal vein diameter of the studied fishermen was inversely correlated with 1L-22
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levels. This measure is used to detect PH. Thus, high IL-22 levels are associated with protection

against the most severe stages of HF.

To investigate further the link between 1L-22/1L-22BP and HF, we performed a genetic
analysis of IL22RA2 to search for genetic variants associated with HF. We first studied IL22RA2
because it is located in the 6923 locus that exerts major control on HF in schistosome-infected
populations.?® Mutations in the CTGF gene, which is present at this same locus, contribute to
this major genetic effect.?® Nevertheless, CTGF cannot account for the entire effect of the locus.
We obtained convincing associations between HF and two polymorphisms in IL22RA2. The
observation that heterozygous individuals are better protected from HF than homozygous
individuals of either genotype has been found in other infectious diseases. We believe that the
strong LD between rs657136 and rs2064501 explains this effect. Our study in Sudan and China
shows that the aggravating homozygous genotypes are rs657136 GG and rs2064501 TT. The
protective homozygous genotype of one SNP is almost always associated with the aggravating
homozygous genotype of the other SNP owing to the strong LD between these SNPs. This
association between homozygous genotypes with opposite effects neutralizes the effects of the
protective genotypes and gives rise to a genotype that is associated with disease aggravation.
The association of variants in IL22RA2 with HF directly implicates 1L-22BP in HF.
Homozygous genotypes, which are associated with susceptibility to severe HF, are also
associated with high levels of IL22RA2 transcripts, strongly suggesting that IL-22BP aggravates
HF. This finding is consistent with the association we observed between IL-22 and protection
against both HF and PH.

The underlying mechanisms that lead to HF in schistosome and HCV infections are
similar in many aspects. However, in HCV infections, liver fibrosis, and viral hepatotoxicity
are associated with a vigorous multiplication of hepatocytes, which is not observed in
schistosome infections. IL-22 promotes liver cell regeneration by increasing cell proliferation
and hepatocyte migration.?® However, such proliferation contributes to the regeneration nodules
that greatly augment loss of liver architecture and organization and impairment of liver function
in cirrhosis. Hepatocyte proliferation may be aggravated by IL-22, which stimulates tissue
regeneration and inhibits apoptosis'®®; furthermore, uncontrolled IL-22 activity may promote
development of hepatocarcinoma.!* For these reasons, we investigated these same
polymorphisms in the context of HCV-induced cirrhosis. We showed that genetic variants of

IL22RA2 that are associated with susceptibility to severe HF in schistosomiasis are also
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associated with HCV-induced cirrhosis, indicating that IL-22/IL-22BP exerts hepatoprotective

effects in both HCV and schistosome infections.

Several biological effects may account for the protective action of IL-22 against
schistosome-induced HF. IL-22 may stimulate production of anti-inflammatory molecules,3-*2
promote liver repair by limiting apoptosis, or stimulating mitosis, cell migration,?®3! and
progenitor cell growth.®® IL-22 may also promote stellate cell senescence.® Regulation of IL-
22 by IL-22BP may also limit entry of profibrogenic bacterial products, such as
lipopolysaccharide (LPS), by stimulating antibacterial innate immunity,*3 reducing intestinal
inflammation,**3” and promoting healing of the intestinal epithelium,23 which is perforated
by thousands of schistosome eggs. LPS is known to stimulate hepatic fibrogenesis through
direct effects on hepatic stellate cells, which express the Toll-like receptor 4 receptor. Finally,
IL-22 may stimulate the liver to produce LPS-binding protein.®® Intestinal damage does not
typically occur during HCV infections; therefore, the protective effects of IL-22 are likely to
result from a direct protective action on the liver’®4° and probably involve tissue repair and
regeneration®! and stellate cell senescence, which was shown to be crucial for limiting HF.
Hepatic tissue repair is probably more critical in HCV infections than in schistosome infections
because HCV is very cytotoxic for hepatocytes, whereas schistosomes are not because eggs are
trapped in the liver sinusoids and toxic substances are prevented from diffusing by sequestration

in the granuloma.

In conclusion, we show that IL-22 is associated with protection against liver fibrosis in
human schistosomiasis, and mutations that promote IL-22BP expression, the physiological
inhibitor of IL-22, aggravate fibrosis and cirrhosis in both schistosome and HCV infections.
These results strongly suggest that IL-22 protects against HF and cirrhosis. This is also the first
direct evidence that IL-22BP plays a significant regulatory role in human inflammatory
diseases. 1L-22 and IL-22BP do not act on hematopoietic cells; therefore, pharmacological
intervention against these molecules should have fewer side effects than treatments that target
classical cytokines such as tumor necrosis factor. Thus, 1L-22 and IL-22BP may be good

therapeutic targets® in the prevention and treatment of fibrosis and cirrhosis.
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Supporting Materials and Methods
Evaluating Hepatic Fibrosis in S.japonicum-infected subjects

WHO grading was modified for S. japonicum infections as described (39) because 80% of
Chinese fishermen had grade CL (CentF) and >40% of fishermen had grade GN (NetF). These
large groups were inappropriate for further studies, so CL and GN were divided into three
subgroups: light (CLY/GN'), advanced (CLM/GNM), and severe (CLY/GNM). CentF Ct was
observed only in the left lobe of the liver, whereas CLM and CL" were observed in both liver
lobes. Fibrosis in the right lobe of the liver extending to the second order branches was
classified as CLM, and thickness that extended further down the second order branches was
classified as CL™. For NetF, a network mesh < 2mm thick was classified as light GN (GN"), a
network mesh between 2 to 4 mm thick was classified as medium GN (GNM), and a network
mesh > 4mm thick was classified as heavy GN (GN"). PV diameter (in mm) corresponded to
the internal (inner to inner) diameter of the portal vein at the entry point of the portal vein into
the liver. PV diameter was adjusted according to the average height of the healthy population
from the same region. Only severe CentF CLH and very severe CentF (D, E, F) and severe NetF
(GN",GW) were associated with portal hypertension. In Fig. 2.b, very light (B, C), light (CL")
advanced (CLM) and severe (CL™) and very severe CentF (D,E,F) are coded CentF +/-, +, ++,
and +++, respectively. The genetic analysis uses binary phenotypes that included as cases, the
Chinese fishermen with severe or very severe CentF or severe NetF and subjects with advanced
CentF if they also had advanced or severe NetF. The inclusion of advanced CentF fishermen
was necessary since the numbers of severe HF cases were too small (<100 individuals). Control
groups included individuals who exhibited no NetF and light CentF or less. The HF cases in S.

mansoni infections included D, E, and F grades. All other grades were considered as controls.



108

Figure legends
Figure 1

Schistosome eggs stimulate the production of IL22 mMRNA and impair that of IL22RA2 in
infected mice (A-D).

(A) Abundance of 1122, 1122ra2, and 1122ral mRNA in colon, intestine, Peyer’s patches, liver,
and spleen of noninfected CBA/J mice (B-D) and mice infected with 30 S. mansoni cercariae.
Transcript levels were evaluated at 4, 6, or 11 weeks post infection. One representative
experiment of two (5-6 mice per group) is shown. Data are the geometric mean (A) or the log
(geometric mean) (B-D) of the fold change between infected and non-infected animals.

Comparisons were performed by non-parametric analysis (*P<0.05).

Figure 2

IL-22 response in humans infected with schistosomes. IL-22 concentrations correlate with

protection against HF and portal blood hypertension.

(A) Concentration of IL-22 produced in egg-stimulated cultures of PBMCs from 66 Chinese
fishermen and 18 controls. A total of 106 PBMCs were cultured for 72 or 144 hours with or
without 500 schistosome eggs. (B) IL-22 concentrations in resting (P=0.005) and egg-
stimulated (P=0.04) cultures at 144 hours are inversely correlated with CentF severity. Light
CentF (CLY) is (+/-) (n=41), advanced CentF (CLM) is (+) (n=18), severe CentF (CL") is (++)
(n=7), and very severe CentF D+E+F is (+++) (n=3). (C) Multivariate analysis shows that
CentF and NetF are independently correlated with IL-22 levels in egg-stimulated cultures
(P=0.009 and P=0.004, respectively). CentF was divided into CL", CLM (n=51), and CL",
D+E+F (n=7); NetF was divided into not detectable (n=35) and detectable (n=23). (D) PH
(portal vein [PV] diameter) is inversely correlated with 1L-22 produced in resting cultures at
144 hours (P=0.02). IL-22 concentrations were divided into classes 11-100 (n=26), 101-300
(n=16), 301-900 (n=16), and >900 ng/mL (n=8). Bars show standard error of the mean.
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Figure 3

IL22RA2 genotypes that are associated with severe fibrosis in Chinese fishermen are
associated with high I1L22RA2 mRNA levels in healing skin.

(A and B) The genotypes AA and GG of SNP rs6570136 and the genotypes TT and CC of SNP
rs2064501 are associated with susceptibility to severe HF. The sample of Chinese fisherman is
described in Supporting Table 1, and data are also shown in Table 1. Data are represented for
men and women separately (P<0.001) and for fishermen who were exposed for more >20 years
(longer exposure is not significantly associated with HF). (C) SNPs rs6570136 and rs2064501
are in strong linkage disequilibrium. (D) The genotypes AA and GG of SNP rs6570136 are
associated (P=0.005) with the highest IL22RA2 mRNA levels in healing skin of 34 individuals.
(E) Suggestive association of the genotype TT of SNP rs2064501 (P=0.065) with the highest
IL22RA2 mRNA levels in the skin biopsies. The abundance of MRNA is expressed as arbitrary

units (6 standard error of the mean).

Figure 4

The same alleles that are associated with susceptibility to severe HF in Brazilians infected
with schistosomes are also associated with a high risk of fibrosis and cirrhosis in Brazilians
infected with HCV.

(A) The genotype GG of SNPs rs6570136 GG (P=0.003) and the genotype TT, TC of SNP
rs2064501 (P=0.03) are independently associated with HF in Brazilians (Brazil [1]) infected
with S. mansoni. (B) SNPs rs6570136 (P=0.007) and rs2064501 (P=0.004) are also
independently associated with HF and cirrhosis in Brazilians (Brazil [2]) infected with HCV,
The analysis compares FO+F1 with F3+F4, whereas data in Table 4 compare FO, F1, and F2
with F3 and F4. The SNP that shows the strongest association with HF is shown on the x-axis.
(C) Distribution of rs6570136 and rs2064501 genotypes among Brazilians reveals strong LD
between these two SNPs. The same genotype distribution was observed with schistosome and

with HCV-infected Brazilians inhabiting the same region of Brazil.
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Supporting Figure 1
Flow cytometry analysis of 1L-22 producing cells in the blood of control and exposed
individuals.

Data are from one representative experiment out of 20. Cell labeling was performed as indicated
in Material and Methods.

Supporting Figure 2
Description of the SNP bins in IL22RA2 (a); lack of high correlation (r2<0.6) between SNP
6570136 or 2064501 and other SNPs in a 1Mb region surrounding IL22RA2 (b-d).

SNPs shown in (a) have a minor allele frequency >10% in the Chinese population; the analysis
extended 10 Mb from the 3° and 5’ end of the gene. Plot in (b) shows correlation values for all
SNPs of the 10 Mb region surrounding IL22RA2, with SNPs 6570136 (closed symbols) and
2064501 (open symbols) whereas plots shown in (c) and (d) show data for each SNP
respectively in the 1 MB region. Relevant genes located in the region are indicated (CCN2
encodes CTGF). There is no SNP outside IL22RA2 that correlates significantly (r2>0.6) with
SNP rs6570136 and rs2064501 that could account for the observed association with HF. Data

were collected from the Hapmap and 1000 Genomes databases.
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Table legends
Table 1.
Description of the study samples.

Exposure to infection was evaluated with “years of fishing” (F. yrs) in Chinese fishermen and
with age in Sudanese and Brazilians infected with S. mansoni. Duration of infection could not
be accurately evaluated in HCV-infected individuals. The analysis presented in Table 4 (Cohort
Brazil [2]) compares FO, F1, and F2 with F3 and F4. The analysis presented in Fig. 4B,C
(Cohort Brazil [2]) compares FO and F1 with F3 and F4.

Table 2.

IL22RA2 genotypes associated with advanced fibrosis in Chinese fishermen infected with

S. japonicum.

Cases and controls are described in Material and Methods and in Table 1. Significant covariates
in the logistic regression analysis were sex (P=10) and exposure (P<107?). Bins represent
correlation groups (r>>0.8), and the aggravating genotype is shown. Abbreviation: CI,

confidence interval of OR.

Table 3.

IL22RA2 genotypes associated with advanced fibrosis in Sudanese and Brazilian farmers

infected with S. mansoni.

The two principal schistosome strains that cause HF are S. japonicum in Asia and S. mansoni
in Africa and South America. We investigated whether allelic variants of IL-22RA2 also affect
susceptibility to severe HF in an S. mansoni—endemic region in Sudan and Brazil. IL22RA2
polymorphisms that were associated with HF in Chinese fishermen were genotyped in both
samples. The phenotypes of cases and controls and the cohort size are described in Material and
Methods and in Supporting Table 1. We first tested for associations between the SNPs and HF
phenotypes separately (upper part of the table) and then tested the SNPs simultaneously (lower
part). The aggravating genotype is shown. Age P=0.025 was a covariate in the Sudanese

multivariate analysis. Abbreviation: ClI, confidence interval of OR.
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Table 4.

IL22RA2 SNP rs6570136 and SNP rs2064501 are also associated with fibrosis and
cirrhosis in humans infected with HCV.

Co-variable: Age (45 yrs., P =0.001), Alcohol (P = 0.01). Severe (F3, F4) and mild (FO, F1,
F2) fibrosis phenotypes and the cohort size are described in supporting Material and Methods
and in Table 1. We first tested for associations between the SNPs and HF phenotypes separately
(upper part of the table) and then tested the SNPs simultaneously by logistic regression analysis
(lower part). Significant covariates (P < 0.01) were age (45 yrs., <46 yrs.) and alcohol intake.

The aggravating genotypes are shown.

Supporting Table 1.

Primers used in the analysis of IL22RA2.
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Table 1.
Age (Mean)
Case,/Controls
N Total Exposure (Mean) Women
Pathogen (Cases/ Controls) Case/Controls % Case/% Controls Severe Fibrosis Mild or No Fibrosis
Chinese S. japonicum 327 (122/205) Age: 44.1 yrs/52.2 yrs 13.1/26.0 cL" D, E, F with GN" A, B, C, CL- with GNO
F yrs: 25.5 yrs/34.8 yrs cL™ with GN™ or GNY
Sudan S. mansoni 217 (68/149) Age = exposure 17.2/28.7 CL D, E F A, B, C no gall bladde
47.1 yrs/50.7 yrs with gall bladder thickening
wall thickening
Brazil (1) S.mansoni 186 (45/141) Age: 46.6 yrs/40 yrs 47.8/62.9 CL D EF A B C
Brazil (2) HCV 532 (210/322) F3-F4/FO-F1/FO0: 57.0/53.8/52.9 F3+F4 (cirrhosis) FO+F1+F2
364 (210/154) Age: 57 yrs/52.1 yrs/53.7 yrs or FO+F1
Brazil (3) HCV 149 (53/96) F3-F4/FO-F1/FO0: 39/46.2 F3+F4 (cirrhosis) FO+F1+F2

Age: 57 yrs/52.1 yrs/53.7 yrs
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Chinese Fishermen

Analysis SNP Bins Genotype Controls Cases P Value OR 95% CI
Univariate 6570136 | AA, GG 45 62 0.003 2.07 1.5-54
7774663 | CC, 1T 44 61 0.004 2.1 1.4-5.2

7749054 I GG, TT  46.2 548 0.12 1.45 0.9-2.3

202563 Il AA 39.7 488 0.10 147 0.9-24

276466 \Y AA 69.2 78.7 0.07 1.65 0.9-29

11154915 VvV 1T, TC 256 346 0.10 15 0.9-26

2064501 VI CC, 1T 53.6 66.4 0.01 2 1.2-33




115

Table 3
Sudanese Farmers Brazilian Farmers
Analysis SNP (rs) Bins Genotype Controls Cases P Value OR 95% CI Genotype Controls Cases P value OR 95% CI
Univariate 6570136 | AA, GG 59.7 75.4 0.03 21 1.1-39 GG 13 356 0.001 48 2.1-11
7774663 | CC, 11 47 67.7 0.006 2.4 1344 T 25.7 442 0.02 25 1.1-5.2
7749054 Il m 34.2 47.7 0.07 1.7 0.95-3.1 T 47.2 67.4 0.02 24 1249
202563 n GG 22.8 355 0.06 1.9 0.98-3.5 GG, AG 74.2 86 0.13 2.1 0.85.5
276466 v =>0.3 AA 26.7 41.9 0.07 2 0.9-4.2
11154915 v m 0.7 6.3 0.04 9.4 1.1-85 T, TC 75.4 87 0.1 2.1 0.8-5.6
2064501 W cc, 1T 65.1 80 0.03 21 1.1-4.3 CC, CT 56.7 66.7 0.05 2.1 1.0-4.6
Multivariate 6570136 GG 0.0007 8.2 2.4-28.0 GG 0.003 26 3.1-222

2064501 m 0.02 31 12-8.1 M, 1C 0.03 1 1.2-102




116

Table 4
HCV

Analysis SNP Bins Genotype Controls Cases p OR 95% CI
Univariate 6570136 \ GG,AG 65.2 72.2 0.04 1.6 1.0-2.2
202563 I AA 18.7 26 0.07 1.8 1.1-29

2064501 Vi TT.CT 835 90.9 0.02 2 2.4
Multivariate 6570136 I GG,AG 0.007 1.7 1.2-2.6
2064501 Vi TI.CT 0.004 2.4 1.3-4.3
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MAF (HapMap)

Bin SNP Position Tagman Assay # SNP sequence CEU YRI CHB
rs9376263 137489626 C_ 2523610_10 AGTAAA[CITIAAATA 041(T) 013(C) 034(C)
rs6570136 137494622 TGGGAC[A/G]CCATGT 042(A) 025(G) 034(G)
rs6570137 137498645 CCCAGC[C/TICTGCCT 0.38(C) 0.13(T) 037(T)
rs6570138 137501914 ACCCAC[G/TICTACAT 041(T) 025(G) 034(G)
rs6570139 137502056 CTAAAA[A/G]AGTACA 041(A) 012(G) 031(G)
rs6907167 137503761 TTGTGA[GITITGATAG 041(T) 025(G) 033(T)
rs9402376 137509025 GAGTGA[C/T]TCATAA 041(C) 0.09(T) 032(T)
rs9402877 137509075 AACTAG[A/TITCCTTG 041(A) 013(T) 0.34(T)
rs9402878 137509292 TGGAAA[G/TIAATTGA 0.37(G) 029(T) 033(T)
rs7774663 137510893 C__30217943_10  AAAAAA[CTICCTGGA 036(C) 033(T) 038(T)

I rs13217897 137471327 GGCAAT[A/G]CATGCA 018(A) 026(A) 044 (A)
rs11154913 137474838 CAAGGC[A/G]TAATAT 017(G) 027(G) 044(G)
rs12664889 137481612 GCAGAGIA/C]ICTGCCA 0.18(A) 0.30(G) 046(G)
rs13197049 137491211 TTTCTAJATITCGGAA 0.18(T) 026(T) 044 (T)
rs7749054 137500786 C_ 32241951_10  CCCTCT[G/TICCTGGA 019(G) 026(G) 043(G)

Il rs202563 137461492 C__3010272_10 TAAATT[A/G]TTCCAC 049(G) 042(A) 026(G)
rs156751 137463294 TCCACCIC/TJTTCTCC 049(T) 019(T) 0.26(T)

IV rs85462 137463154 AAACCT[C/G]GAAAGT 021(G) 008(G) 016(G)
rs276467 137464218 CTCCACT[A/GJATAAGG  020(A) 007 (A) 016 (A)
rs276466 137466614 C_ 3010277_10 GAATGG[A/G]TAAACA 021(G) 007(G) 0014 (G)

V. rs7750867 137470186 CCTTCCIC/T]GCATA 0.16(T) 009(T) 0.07(T)
rs9389475 137478484 TATCTC[C/TIJAGCAAT 0.17(T) 007(T) 0.06(T)
rs11154914 137480411 GGTTCA[A/GIGGTTT 017(G) 007(G) 007(G)
rs11154915 137482982 C__9800072_30 CACTCCIC/T)JGGGTTT 016(T) 007(T) 005(T)
rs1040622 137483258 AACTAG[CIT]GGGGCC 016(C) 008(C) 007(C)
rs10457018 137484893 CCAGACIA/G]TAAGTG 0.16 (A) 008(A)  0.07 (A)
rs10457019 137484979 GGTCTC[A/G]GGAGAG 0.17(A) 007(A) 0.7 (A)
rs13441747 137488608 AGGTGA[C/G]GTCTCG 0.17(C) 0.09(C) 0.07(C)
rs9385786 137497052 GTGTTT[C/T|GATTTT 016(T) 007(T) 006(T)
rs9402875 137498018 ATGAGC[A/C]GCCACC 018(C) 008(C) 006(C)
rs9385787 137500399 TGGAAG[C/G]CATTAA 017(C) 008(C) 007(C)
rs9373180 137503455 TCTATT[A/G]GTTCAG 017(G) 004(G) 007 (G)
rs9385789 137505172 TGAGTG[A/TITATAAG 0.17(A) 008(A)  0.07 (A)

VI rs202567 137470844 GCTCCT[A/GIAATAAA 048(G) 0.06(A) 022(A)
rs7774349 137475858 ACAGAT[C/T|GCGAGA 048(G) 006(T) 021(T)
rs2064501 137477823 C__11693858_10  TTTATA[C/T]AATCTT 048(T) 006® 023(C)
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5.3 Artigo 3

Titulo: Exome sequencing identifies mutations associated with HCC development in HCV

infected individuals.

A ser submetido na revista Genes and Immunity (JCR: 2,91/ Qualis CAPES: B1)
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Abstract

Hepatocellular carcinoma (HCC) is the third leading cause of cancer-related death worldwide
and hepatitis C virus (HCV) infection is the main risk factor. Given the limited treatment
options available, prevention of HCC development in patients with advanced liver fibrosis may
be the most effective strategy to impact patient survival. We report the exome sequencing
analysis of 19 HCV infected individuals, of whom 9 had advanced stages of HCC and 10 had
liver cirrhosis at older age. The exome sequencing was performed using the ion proton
sequencing system. A total of 2,981 variants in 2,276 genes were found in all 9 HCC cases.
After filtering against variants found in the cirrhotic group, there were 3 variants in 2 genes
(PRSS58 and SOCS5) present exclusively in all HCC cases. Sanger sequencing confirmed the
findings. Our results suggest that variants in PRSS58 and SOCS5 may be associated with HCC

development in chronic HCV infected individuals.



127

Hepatocellular carcinoma (HCC) is the third leading cause of cancer-related death
worldwide and one of the leading causes of death in patients with cirrhosis *. In patients with
chronic HCV infection, the risk of HCC gradually increases as liver fibrosis progresses. Once
cirrhosis is established, HCC develops at an annual rate of about 1-7%, although HCC rarely

develops in less fibrotic livers 24,

In addition to viral and environmental behavioral factors, host genetic diversity is
believed to influence the natural history of HCV infection, including HCC occurrence.
Recently, the advance of highthroughput sequencing technology, called next generation
sequencing (NGS), have enabled the discovery of genetic variations in a whole-genome scale.
Through the use of NGS technology, studies have investigated tumor-associated mutations in

samples from patients with HCC caused by different etiologies °>°.

Whole exome sequencing (WES) can efficiently detect mutations in protein- coding
exons, which are much more easily interpretable than mutations or variants in non-coding
regions. In the present study, we sequenced the exome of 19 HCV infected individuals: 9
diagnosed with HCC and a control group with 10 cirrhotic individuals. Patients characteristics

are summarized in Table 1.

On average, 15.9 gigabases of sequence were generated per sample, 98% of which
successfully aligned against the human reference genome (hg19). A total of 116,769 variants
in 18,054 genes were found in at least one control individual, 57,873 were single nucleotide
polymorphisms (SNPs) in exonic regions. Among them, 2,679 were not previously reported in
single nucleotide polymorphism database (dbSNP) (http://www.ncbi.nlm.nih.gov/SNP/).
Moreover, 1,425 indels were also detected in these patients. Regarding the HCC samples, a
total of 111,206 variants in 17,876 genes were found in at least one individual, including 54,784
SNPs in exonic regions (2,416 absent in dbSNP) and 1,499 indels.

Considering that the HCC development may be associated with a recessive allele, we
investigated the homozygous variants present in more than one HCC case simultaneously. A
total of 2,981 variants in 2,276 genes were found in all 9 HCC cases, 4,712 variants (3,308
genes) in 8 cases, 8,495 variants (5,111 genes) in 6 cases, and so on as the number of cases
decreases more variants in common are found (Figure 1A). To deal with the large amount of
variants identified, we filtered the variants by selecting homozygous variants present in HCC
cases but absent in at least 90% of controls. Using this approach, none variants were obtained



128

when considering all HCC cases, however 8 cases presented 2 variants in the CFAP43 gene
(Figure 2A).

Regarding the heterozygous model, 674 variants in 356 genes were found in 9 HCC
samples (Figure 1B). However, when only the variants absent in at least 90% of controls were

considered, 3 variants in 2 genes (PRSS58 and SOCS5) were found in all cases (Figure 2B).

To access the sequencing quality of the selected variants in the CFAP43, PRSS58 and
SOCS5 genes, a second filter was applied using IGV software (Table 2). Variants with poor
alignment quality and coverage less than 20X were excluded. After analysis, the variants in
CFAP43 were excluded due the low coverage and alignment quality. Thus, the variants in the
PRSS58 (protease, serine 58) and in SOCS5 (suppressor of cytokine signaling 5) may be
associated with the risk to HCC development. Due the high probability of false positives in
high-throughput sequencing methods, the selected variants were validated by Sanger

sequencing.

The variant found in SOCS5 is a synonymous SNP (A->G change) located in a exonic
region of the SOCS5 gene, located at chromosome 2. Members of the suppressor of cytokine
signaling (SOCS) family play key roles in the negative regulation of cytokine signal
transduction, mainly through inhibition of Janus-activated kinase-STAT (JAK/STAT)
signaling pathway 12, The interaction networks for SOCS5 were generated by STRING
(http://string-db.org/) 3 (Supplementary figure 1).

SOCS5 is able to regulate the epidermal growth factor receptor (EGFR) and JAK
signaling, both implicated in the development of many types of cancer and validated for the
treatment of human cancer 42!, Studies have demonstrated that exogenous expression of
SOCS5 reduces EGF signaling, by promoting EGF-R degradation in a ligand independent
manner 222, Additionally, epigenetic silencing of SOCS5 expression has been shown to
correlate inversely with EGF-R expression in aggressive hepatocarcinoma 24, Several evidences
suggest an important role of EGF pathway in both cirrhosis and HCC. Polymorphisms in the
EGF gene that leads to increased EGF expression is associated with increased fibrosis and
cirrhosis progression and elevated risk of developing HCC in patients with cirrhosis 2%, In
addition, transgenic mice with liver-specific overexpression of EGF rapidly develop HCC *°.

Finally, EGFR inhibition is associated with reduction of fibrogenesis and prevention of HCC
31
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SOCSS5 can interact directly with JAK1-4 and selectively inhibits autophosphorylation
of JAK1 and JAK2 8, Furthermore, down-regulation of SOCS5 expression by tumor-derived
miR-9 results in enhanced JAK1/2 and STAT1/3 phosphorylation in endothelial cells *2. The
JAK-STAT pathway mediates important biological mechanisms, including inflammation, cell
proliferation and antiviral activity 334 In HCC, the JAK/STAT signalling pathway is up-
regulated in tumour tissues compared to adjacent normal tissues °. Thus, these findings
highlight the potential role of SOCS5 as a tumor supressor, however the molecular mechanisms

by which it acts in these pathways have not been well-defined and require further studies.

In the present study, we found a correlation between a synonymous polymorphism in
SOCS5 and HCC occurrence. We cannot explain why a synonymous polymorphism may be
related with a pathological condition, such as HCC, however this SNP may be in linkage
disequilibrium with the real causative SNP associated with HCC development. Supplementary
table 1 shows the SNPs in linkage disequilibrium with the selected variant in the European
population based in data from the 1000 genomes project
(http://www.broadinstitute.org/mammals/haploreg/haploreg.php) *. Therefore, SOCS5 is a
potential candidate gene for further studies investigating its correlation with HCC occurrence

and other types of cancer.

The PRSS58 encodes a member of the trypsin family of serine proteases. This gene and
several related trypsinogen genes are localized to the T cell receptor beta locus on chromosome
7 3. Both SNPs found in PRSS58 are in complete linkage disequilibrium in a intronic region
and involves a substitution from G to A and C to T, respectively. The role of PRSS58 is still
unknown and data in literature are lacking, but other family members such as PRSS1, 2 and 3
are strongly associated with chronic pancreatitis, as also with ovarian, colorectal and prostate
cancer 343, Usually, proteases are abnormally expressed in tumor cells, performing specific
functions to facilitate various steps of tumorigenesis. Additionally, proteases activate
chemokines, growth factors, growth factor receptors, and other signaling receptors, contributing
to the signaling cascades involved in tumor initiation, proliferation, and metastasis 4%444%. Thus,
PRSS58 is a potential candidate to genetic marker associated with HCC, however further studies
are necessary to confirm this association in a larger cohort and to better characterize the role of

PRSS58 in cancer occurrence.

In summary, we identified 3 variants in 2 genes (PRSS58 and SOCS5) associated with
HCC development in HCV infected individuals using whole-exome sequencing. Data about the
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role of these genes in HCC development are lacking, therefore further studies are necessary to

confirm these data in larger cohorts.

Methods
Patients

A total of 9 patients with HCC and 10 patients with liver cirrhosis from the
Gastrohepatology Service of the Oswaldo Cruz University Hospital/Liver Institute of
Pernambuco (Recife, Northeastern Brazil) were included in the present study. The inclusion
criteria for the HCC group were the follow: individuals with HCV in advanced stages of HCC
according to the BCLC staging (B or C) and/or individuals with multiple nodules and/or
individuals diagnosed with HCC in less than 4 years, counting from the last negative result for
HCC. For the control group with liver cirrhosis, the following inclusion criteria were applied:
HCV individuals with liver cirrhosis confirmed by histopathology and advanced age. The HCC
group had a mean age of 58.3 years old, while the control group had a mean age of 68.4 years
old.

Liver biopsies were evaluated by a single expert pathologist and assessed according to the
METAVIR scoring system “6. Hepatocellular carcinoma caused by HCV was diagnosed by
ultrasound, computerized tomography, magnetic resonance imaging, arteriography and tumor

biopsy according to the AASLD criteria 7.

The present study was approved by the Ethical Committee in Research of the University of
Pernambuco under the protocol 47/2010 - CAAE: 0041.0.106.000-10 and was conducted in
accordance with the provisions of the declaration of Helsinki and Good Clinical Practice

guidelines.

DNA extraction and quality control

Genomic DNA was extracted from whole blood by using QlAamp DNA Blood Kit
(QIAGEN Inc, Chatsworth, CA) following the manufacturer’s instructions. The extracted DNA
was stored at -20°C until further analysis. The DNA quality was verified by agarose
electrophoresis at 2%. The DNA concentration was measured by using the Qubit dsSDNA BR
Assay Kit (Invitrogen) and Qubit 2.0 Fluorometer (Invitrogen).
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Exome sequencing

The library preparation was performed using lon AmpliSeq Exome RDY Library Kit
(Thermo Fisher Scientific). Library was made with 100ng of DNA by sample and 294,000 pairs
of probes distributed in 12 wells, covering 97% of coding regions. Samples were barcoded with
the lon Xpress Barcode Adapter (Thermo Fisher Scientific) in order to pool two exomes per
chip. The Gene Amp PCR System (Life Technologies) was used for library amplification,

probes digestion and barcoding.

The library purification and quantitation was done using the AMPure XP-PCR
Purification kit (Life Technologies) and lon Library Quantitation kit (Life Technologies),
respectively. After library quantitation by Real Time PCR system (Life Technologies), the
library was diluted to 100pM.

Library fragments were clonally amplified with emulsion PCR using the lon Pl Hi-Q
OT2 200 kit v2 and the lon OneTouch 2 System (Thermo Fisher Scientific), and the positive-
ion sphere particles enriched in the lon OneTouch ES machine (Thermo Fisher Scientific). The
percentage of covered ISPs was then quantified by the Qubit Fluorometer 2.0 and Quality
Control Sphere lon kit (Thermo Fisher Scientific). Finally, the positive spheres were loaded in
lon Xpress Chip and sequenced in the lon Proton System (Thermo Fisher Scientific). All

procedures were carried out according to the manufacturer’s instructions.
Exome mapping and variant calling

The data generated from were processed with the Torrent Suite Software 4.1 (Thermo
Fisher Scientific). Reads were mapped against the human reference genome hgl19 using Torrent
Mapping Alignment Program version 4.0.6 (Thermo Fisher Scientific). Variant calling was
performed by running Torrent Variant Caller plugin version 4.0, using the optimized parameters
for exome-sequencing recommended for AmpliSeq sequencing (Thermo Fisher Scientific).

Variants selection

The VCF (Variant Caller File) files generated by the Torrent Suite Software were
analyzed by the VarAFT software and the sequences were annotated using Annovar, dbSNP
and UMD Predictor. Initially, two local data bases were created with the homozygous and

heterozygous variants present in at least 1 control sample. Later, the homozygous and
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heterozygous variants present in the maximum number of HCC cases but absent in at least 90%
of cirrhotic individuals were selected. The selected variants were then analyzed according to
the lecture deep and alignment quality with the Integrative Genome Viewer (IGV) software.

The flowchart of the selection criteria is summarized in Supplementary figure 2.

Confirmation of variants with Sanger sequencing

Sanger sequencing of PCR amplicons from genomic DNA was used to confirm the
presence and identity of variants in the candidate genes identified via exome sequencing.
Primers were designed with Primer 3 v0.4.0 and specificity verified through Primer Blast from
NCBI website. Resulting PCR products were purified using Agencourt AMPure XP Reagent
Kit (Beckman Coulter, Inc) and subjected to a new cycling reaction prepared with BigDye
Terminator kit v3.1 (Thermo Fisher Scientific). Sequencing reactions were analyzed in an ABI
3730xI genetic analyzer (Thermo Fisher Scientific).
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Tables

Table 1: Clinical aspects of the sequenced individuals
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Diagnosis  Sex Age AFP  Nodules  Tumor BCLC Child- Time to HCC
size (cm) Pugh  diagnosis (years)

HCC M 49 44.0 Multiple 5.1 B B 1
HCC F 70 6.60 Unique 1.1 A B 3
HCC F 55 23.50  Multiple 3.1 A B 2
HCC M 66 13.0 Multiple 4.0 A A 8
HCC M 49 16.0 Multiple 8.1 C B 5
HCC F 73 1672.0 Multiple 4.1 B C
HCC M 54 37.5 Multiple 2.8 A A 2
HCC F 60 4.5 Unique 1.6 A A 1
HCC M 49 681.0  Multiple 8.6 B B

Cirrhosis F 65

Cirrhosis M 69 15.8

Cirrhosis M 68 5.7

Cirrhosis F 71 16.9

Cirrhosis M 64 33.6

Cirrhosis F 71 8.8

Cirrhosis M 63 2.5

Cirrhosis M 74 4.3

Cirrhosis F 73 18.1

Cirrhosis F 66




Table 2. Criteria used for variants selection.
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Filter 1: Variants selection

Selected genes by
filter 1

Selected genes by filter 1
and 2*

“Homozygous variants without MAF filter”
“Absent in at least 9/10 (90%) controls”
“Variants present in 8/9 (88%) of cases”

CFAP43

99

“Heterozygous variants without MAF filter
“Absent in at least 9/10 (90%) controls”
“Variants present in 9/9 (100%) of cases”

PRSS58
SOCS5

PRSS58
SOCS5

*Filter 2: IGV alignment and sequence coverage.
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Figure legends

Figure 1. Number of variants and genes found in HCC cases. A) Number of variants and
genes in homozygosis regarding to the number of HCC cases. B) Number of variants and genes

in heterozygosis regarding to the number of HCC cases.

Figure 2. Number of variants and genes found in HCC cases and absent in 90% of
controls. A) Number of variants and genes in homozygosis regarding to the number of HCC

cases. B) Number of variants and genes in heterozygosis regarding to the number of HCC cases.
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Supplementary table 1: List of SNPs in linkage disequilibrium with the rs6738426 and r?>0.8

Supplementary material
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chr LD LD variant Ref Alt AFR AMR ASN EUR GENCODE dbSNP
(r3 (DY freq freq freq freq genes func annot
2 084 0.96 G A 0.20 0.42 0.12 0.32 4.8kb 5' of
SOCS5
2 0.83 0.96 C A 0.09 0.40 0.07 0.33 360bp 5' of
SOCS5
2 0.83 0.96 C T 0.13 0.40 0.07 0.33 301bp 5' of
SOCS5
2 0.85 0.96 T C 0.14 0.40 0.08 0.33 SOCS5 intronic
2 038 0.9 T G 0.14 0.41 0.08 0.34 SOCS5 intronic
2 08 0.9 G C 0.29 0.42 0.09 0.34 SOCS5 intronic
2 081 0.91 A G 0.10 0.41 0.08 0.34 SOCS5 intronic
2 081 0.91 A C 0.10 0.41 0.08 0.34 SOCS5 intronic
2 0.86 0.96 C T 0.15 0.41 0.07 0.33 SOCS5 intronic
2 08 0.91 T C 0.14 0.41 0.08 0.34 SOCS5 intronic
2 0.98 0.99 C G 0.14 0.41 0.08 0.35 SOCS5 intronic
2 0.88 0.98 C T 0.13 0.40 0.07 0.33 SOCS5 intronic
2 0.93 0.99 A G 0.10 0.41 0.08 0.36 SOCS5 intronic
2 09 0.99 G A 0.14 0.40 0.08 0.33 SOCS5 intronic
2 0.85 0.93 G T 0.28 0.41 0.08 0.34 SOCS5 intronic
2 0.85 0.93 T C 0.08 0.40 0.07 0.34 SOCS5 intronic
2 09 0.99 A C 0.24 0.41 0.09 0.33 SOCS5 intronic
2 0.89 0.99 T A 0.41 0.44 0.08 0.37 SOCS5 intronic
2 0.98 0.99 G C 0.13 0.41 0.09 0.35 SOCS5 intronic
2 0.99 A G 0.14 0.41 0.09 0.35 SOCS5 intronic
2 094 A G 0.14 0.41 0.09 0.36 SOCS5 intronic
2 1 A G 0.13 0.41 0.09 0.35 SOCS5 synonymous
0.9 0.99 G A 0.13 0.40 0.08 0.33 SOCS5 3-UTR
0.93 0.99 T G 0.13 0.41 0.08 0.36 SOCS5 3-UTR
0.89 0.96 A G 0.13 0.41 0.07 0.36 2.7kb 5' of
RP11-

333113.1
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Supplementary figure 1. Network interactions of SOCS5 generated by STRING (http://string-

db.org/)
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Supplementary figure 2. Workflow for exome analysis. After variants annotation, two local
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heterozygous variants present in HCC cases but absent in 90% of the controls were conserved

to further alignment analysis.
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Abstract

Liver fibrosis is the result of an exacerbated wound-healing response associated with chronic
liver injury. Advanced liver fibrosis results in cirrhosis, liver failure, and portal hypertension
and frequently requires liver transplantation. The host immune response has an important role
driving fibrosis deposition by activating hepatic stellate cells (HSCs). Interleukin-22 (IL-22) is
a cytokine that plays a key role in promoting antimicrobial immunity and tissue repair at barrier
surfaces. Data from literature suggest that IL-22 has a protective role in the liver by reducing
fibrosis in some pathological conditions, however the results are contradictory. This review
highlights current knowledge of IL-22’ role in liver fibrosis, as well as its therapeutic potential

for the treatment of liver fibrosis.
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Introduction

Liver fibrosis is the result of an exacerbated wound-healing response associated with
chronic liver injury. It is caused by the accumulation of extracellular matrix and scar formation®.
Subsequent to liver injury, hepatic stellate cells (HSCs) transdifferentiate into myofibroblast-
like cells, acquiring contractile, proinflammatory, and fibrogenic properties’-2. Advanced liver
fibrosis results in cirrhosis, characterized by distortion of the liver parenchyma associated with
septae and nodule formation, altered blood flow, and risk of liver failure3. A variety of
etiologies, such as hepatitis B and C, chronic alcohol abuse, non-alcoholic steatohepatitis
(NASH), cholestasis, and autoimmune hepatitis, ultimately progress to liver cirrhosis. Although
the removal of causative agents of liver fibrosis regress liver tissue scarring, it is difficult to

treat advanced cirrhosis™*®.

Despite remarkable advances in understanding the fibrotic process, the exact molecular
mechanisms of the disease are still poorly understood. However, it is well known that the
immune system plays an important role in liver fibrosis. Several immune components
(neutrophils, monocytes/macrophages and lymphocytes) are involved in the mechanisms of

hepatic fibrosis by controlling hepatic myofibroblast (MFB) accumulation®.

Interleukin-22 (IL-22) is a member of the IL-10 cytokine family (which also includes
IL-10, IL-19, IL-20, IL-24, IL-26, IL-28a, IL-28p, and IL-29) produced by a variety of adaptive
and innate immune system cells, such as: aff T cells, yo T cells, NKT cells, and innate lymphoid
cells (ILCs)®’. Unlike most cytokines, IL-22 does not directly regulate the function of immune
cells. Preferably, IL-22 targets cells at outer-body barriers, such as the skin and tissues of the
digestive and respiratory systems, as well as cells from pancreas, liver, kidney and joints®.
Although it can have a profound effect in regenerating epithelial tissues following injury -

largely by promoting survival by inducing proliferation and inhibiting apoptosis of epithelial
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cells - this same function has also been implicated in pathological states such as malignancy
and psoriasis. In addition, a role for IL-22 has been described in host defense within barrier

tissues such as the intestine, oral mucosa, skin, and lungs®.

Numerous studies suggest that IL-22 has a strong protective effect against hepatocyte
damage in a variety of liver injury models. In a murine model of T cell-mediated hepatitis
induced by concanavalin A, neutralization of IL-22 worsened liver damage, whereas a
pretreatment with IL-22 prevented damage®. Furthermore, 1L-22 treatment reduced liver injury,
fatty liver and hepatic oxidative stress in mouse models of acute and chronic alcohol-induced
liver damage®®. High levels of IL-22 are found in several liver injury models induced by
pathogens; however, the roles of IL-22 in the pathogenesis of infection-related liver injury have
been inconclusivell. In this review, we summarize the current state of knowledge about 1L-22’

role in liver fibrosis, as well as its therapeutic potential for the treatment of liver fibrosis.

Interleukin-22 (1L-22)

IL-22 is a member of the I1L-10 cytokine family*?. The human 1L22 gene is located at
chromosome 12q15, about 52- and 99-kbp upstream from the IL26 and IFNG locus,
respectively®3. 1L22 share a similar size and organization when compared with other members
of the IL-10 family. Its genomic structure presents 5 introns and 6 exons, including a short non-
coding exon of 22 nucleotides starting 24 nucleotides downstream a putative TATA box*3.
Human IL22 gene encodes a protein which has 179 amino acids in length. After the removal of
the predicted 33-amino-acid signal peptide, the cytokine is secreted as a protein which is 146
amino acids long®4. Like other 1L-10 family members, the IL-22 structure contains six o.-

helices (referred to as helices A to F) and connecting loops that fold in a compact bundle®®.
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IL-22 exerts its biological activities via a transmembrane receptor complex composed
by two subunits: IL-22 receptor 1 (IL-22R1) and IL-10 receptor 2 (IL-10R2), which is mainly
expressed on intestinal and respiratory epithelial cells, keratinocytes, and hepatocytes, but not
on cells of hematopoietic origin'®. The human gene encoding I1L-22R1 (IL22RA1) is located at
chromosome 1p36.11, near the IL28RA locus, whereas the gene encoding IL-10R2 (IL10RB)
is located on chromosome 21¢22.11, near the IFNARA, IFNARB, and IFNGRB loci’. Studies
have demonstrated a high affinity between I1L22 and IL-22R1 but no affinity between IL-22 and
IL-10R2. However, a strong affinity of IL-10R2’s subunit for IL-22-1L-22R1’s complex was
observed!”?°, These data suggest that the 1L-22—I1L-22R interaction is a multistep process, in
which IL-22 first binds to its high-affinity receptor subunit, IL-22R1, then it induces a
conformational change in the IL-22 protein that confers enough affinity to allow the protein to
bind secondarily to the IL-10R2 subunit. IL-10R2 then stabilizes the association of IL-22 with

IL-22R18,

Ligation between IL-22 and IL-22R1-IL-10R2 complex results in the activation of
JAK/STAT pathway, leading to the phosphorylation of these receptors and STAT proteins.
Phosphorylation of STATS3 at the Tyr705 residue is considered the main event observed in the
IL-22 signaling pathway, although phosphorylation of STAT1 and STAT5 have also been
observed?. The signaling of these molecules enables the regulation of the expression of genes
involved in many processes, such as apoptosis, cell-cycle progression, and angiogenesis?.
Besides the STAT signaling, the activation of mitogen-activated protein kinase (MAPK) and

p38 pathways have been observed after IL-22 activation?®.

IL-22 is produced by various immunity cells, including CD4+ and CD8+ T cells, y6 T
cells, natural killer (NK) cells and innate lymphoid cells (ILCs)®. However, unlike most
cytokines, 1L-22 does not act on hematopoietic cells, but affects epithelia, hepatocytes, and

pancreatic cells, suggesting an important role in repairing local tissue damage, or contributing
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to pathophysiologic inflammation’. Studies have shown that 1L-22 might have a beneficial
effect in preventing the inflammatory bowel disease?*, liver injury®1%?2% and ulcerative
colitis®. In contrast, IL-22 has been associated with the pathogenesis of some diseases,
including psoriasis?’, rheumatoid arthritis?®2°, Crohn’s disease®® and viral hepatitis®*2, Thus,
the context in which IL-22 is expressed may influence its role in the immune response’s

modulation.

IL-22 binding protein

Besides cell surface receptors, IL-22 can also bind to a secreted, single-chain receptor
known as IL-22 binding protein (IL-22BP or IL-22RA2), which binds to this cytokine with
strong affinity (up to 1,000-fold higher than IL-22R1) and prevents its cellular effects?18:30.33:34,
The gene encoding human IL-22BP is located at chromosome 6g23.3, between the IFNGR1
and IL20RA genes, and encodes a 210-aa protein with 34% amino acid identity to the

extracellular domain of 1L-22R112:34:35,

The expression of IL-22BP has been demonstrated in different tissues such as placenta,
breast, thymus, spleen, lymph nodes, gastrointestinal tract, lungs and skin233353¢ However,
the main source of IL-22BP is constituted by immature dendritic cells®’. Interestingly, previous
studies have demonstrated that IL-22BP is down-regulated during the early stages of
infection®?638; however, IL-22BP was up-regulated in the liver of mice at later stages after
infection with Toxoplasma gondii, Schistosoma mansoni and Mycobacterium avium®. These

data indicate a regulatory role of IL-22BP controlling I1L-22’s effects.
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I1L-22 and liver fibrosis

Hepatocytes are the main target of IL-22 in the liver. Previous reports have demonstrated
that 1L-22 induces production of acute-phase proteins such as serum amyloid A,
al-antichymotrypsin, haptoglobin and lipopolysaccharide (LPS)-binding protein?L:2040-42 ||_-
22 also induces expression of proteins associated with tissue repair such as anti-apoptotic
proteins (BCL-2, BCL-X., myeloid cell leukaemia sequence 1 [MCL1]), mitogenic proteins
(such as retinoblastoma-like protein 2, cyclin D1, p21 and cyclin-dependent kinase 4

[CDK4])*%.

Several studies have demonstrated that 1L-22 protects the liver against many types of
injuries by promoting hepatocyte proliferation and survival®14445 In a murine model of T cell-
mediated hepatitis induced by concanavalin A (Con A), neutralization of IL-22 reduced STAT3
activation and worsened liver injury, whereas pretreatment with 1L-22 prevented the damage®.
Additionally, the overexpression of IL-22 by hydrodynamic gene delivery protected mice
against liver injury, necrosis and apoptosis in experimental models of hepatic injury induced by
Con A, CCl4 and FAS ligand (FASL)*. Furthermore, transgenic mice with an overexpression
of IL-22 were protected from the liver injury induced by ConA injection*®?, while IL-22 deficient
mice were highly susceptible to such injury*’. In addition, a study demonstrated that 1L-22
promotes liver cell regeneration by increasing hepatic cell proliferation and hepatocyte
migration in vitro through the activation of AKT and STAT3 signaling*®. Finally, evidences
suggest that the treatment with recombinant 1L-22 reduces liver fibrosis by targeting HSCs.
These experiments were performed in murine models of CCl4-induced liver fibrosis, and were

confirmed by the lower hepatic fibrosis pathological scores*°,

IL-22 was also able to enhance liver regeneration in mice after 70% of partial

hepatectomy, whereas its blockage with anti-IL-22 antibody decreased hepatocyte
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proliferation®®. The hepatoprotective role of IL-22 was also observed in a model of liver
ischaemia—reperfusion injury, where mice which were treated with recombinant 1L-22 had

significant reduction in AST serum levels; local inflammation and leukocyte sequestration®?.

On the other hand, evidence also supports that IL-22 plays a pathological role in
exacerbating chronic liver inflammation and fibrosis in HBV-infected patients and HBV
transgenic mice®>*2, as well as in patients with hepatitis C3L. In addition, IL-22 did not show
any protective effects against liver lesions in mice infected by Schistosoma mansoni or

Mycobacterium avium®.

Taken together, these findings suggest that although IL-22 plays an important
hepatoprotective role in the most liver disease models, it seems that under some circumstances

such as infectious diseases, 1L-22 may have a detrimental effect in the liver.

Hepatitis B

Hepatitis B is an infectious disease that may lead to chronic severe liver disease. Chronic
HBV carriers have an increased risk of developing liver cirrhosis, hepatic decompensation, and
hepatocellular carcinoma®. Worldwide it is estimated that 350 million individuals are
chronically infected with HBV, and 15-40% of them will develop serious sequelae during their
lifetime®3. HBV itself is not cytopathic, however interactions between the virus and the host

immune system will determine the natural history of infected individuals®*.

Hepatic 1L-22 is up-regulated in patients with chronic HBV32424355  Although 1L-22
has been demonstrated to have no antiviral activity against HBV replication*?, hepatic
expression of IL-22 was increased in patients with HBV and correlated with the grade of

inflammation and proliferation of liver progenitor cells (LPCs)%®.
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Furthermore, I1L-22 has been demonstrated to play a key role in promoting tissue repair
by inducing the production of anti-apoptotic, mitogenic and antioxidant molecules in damaged
hepatocytes via STAT3%4, The protective role of IL-22 in preventing liver damage is supported
by a study which investigates the intra-hepatic expression of IL-22 in HBV infected patients.
In this study, IL-22 was inversely correlated with liver inflammation and fibrosis stages,
determined by liver histology, whereas the intra-hepatic expression of IL-17 showed a positive
correlation with fibrosis progression. Additionally, the expression of IL-22 was significantly
higher in patients with alanine aminotransferase (ALT) levels < twice the upper limit of normal,
while IL-17 expression was higher in patients with ALT levels > twice the upper limit of

normal®.

On the other hand, other studies have shown evidences that IL-22 plays a detrimental
role in exacerbating chronic liver injury. IL-22 was positively correlated with the grade of liver
inflammation and fibrosis by recruiting hepatic Th17 cells®2. 1L-22 was also associated with
serum levels of aspartate aminotransferase (AST) in cirrhotic patients with HBV and HCV*,
Additionally, IL-22 neutralization ameliorated liver damage by reducing chemokine expression
on hepatocytes, and subsequently preventing hepatic recruitment of inflammatory cells in a

HBV transgenic mice model®?,

Despite differences in the course of HBV infection between mouse and humans that
may explain, at least in part, the contradictory finding results, chronic HBV is a complex disease
that progresses through different phases from immune tolerance, immune activity, and immune
inactivity®’. It is possible that 1L-22 exerts a dual role in HBV infection; in early stages IL-22
may exert a protective role by promoting liver repair. However, since HBV is not eliminated
and the chronic infection is maintained for several years, IL-22 may contribute to liver damage.
Further studies are needed using a cohort of HBV-infected individuals, with a well-defined

immunological status, to elucidate the effect of I1L-22 in the pathogenesis of liver fibrosis.
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Hepatitis C

It is estimated that 3% of the world’s population is infected with hepatitis C virus
(HCV), representing 170 million people®. Liver inflammation in chronic HCV infection is
controlled by several mechanisms, including host regulatory immune responses and viral
polypeptides interaction with cells of the host innate and adaptive immunities®. It is believed
that an effective immune response will clear HCV infection in 20%-40% of cases. However,
the failure of an adequate immune response will tolerate continuous viral replication, with
chronic recruitment of inflammatory cellular infiltration to the liver®. An important factor in
the pathogenesis of HCV chronic infection is the liver damage sustained by the chronic

inflammation and tissue fibrosis, which could lead to cirrhosis and hepatocellular carcinoma®?.

Hepatic IL-22 expression is up-regulated in patients with HCV314362  although 1L-22
does not regulate the gene expression of the antiviral proteins 2°,5’-OAS and MxA in hepatic
cells nor inhibit HCV replication in vitro®2. Furthermore, evidences show that single nucleotide
polymorphisms (SNPs) in IL22 gene may influence treatment response and viral clearance in

HCV infected individuals®.

Recent studies addressing the role of IL-22 in HCV fibrosis progression presented
contradictory conclusions. Methodological differences may explain the contradictory findings
in these studies. Sertorio et al (2015) demonstrated that the carriage of a genetic variant in
IL22RA2 - the physiological inhibitor of IL-22 - increased the risk to develop severe fibrosis,
this result was replicated in four different cohorts (2 cohorts with HCV and 2 with
schistosomiasis). Although the expression of IL-22 was not evaluated in HCV individuals, this
study observed a protective effect of IL-22 in fibrosis progression in individuals with
schistosomiasis . On the other hand, Wu et al. (2015) found that peripheral and intrahepatic
IL-22 were positively associated with liver fibrosis severity in HCV infected individuals 3%;

although IL-22 positive cells were clearly accumulated in the liver tissue of individuals with
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more fibrosis than individuals with less fibrosis, 1L-22 may be increased due to a protective
mechanisms trying to control liver damage. Finally, a recent study demonstrated that IL-22 was
associated with fibrosis progression in individuals with HCV after orthotopic liver
transplantation. IL-22 also promoted HSCs proliferation and activation as well as inhibited
apoptosis in vitro . This study supports the pathological role of 1L-22 in liver fibrosis caused
by HCV, however it cannot be directly compared with the other previously published studies,
since the clinical course of HCV infection after liver transplant is considerably different due to

the patients’ immunological status and high viremia.

Though there are different conclusions, these studies raised an important role of IL-22
in the fibrosis severity of HCV infection. Further studies are necessary to elucidate the role of
IL-22/1L-22BP as well as their genetic variants in the progression of liver fibrosis in patients

with HCV.

Schistosomiasis

Schistosomiasis (or bilharzia) is an infectious disease that affects more than 230 million
people worldwide®®. It is caused by trematode parasites of the genus Schistosoma, of which
three major species—Schistosoma mansoni, S. japonicum, and S. haematobium—cause severe

disease in humans®’.

The main pathogenesis of schistosomiasis is caused by eggs deposition in the liver,
which results in periportal fibrosis and may extend to end-stage liver disease, such as cirrhosis,
portal hypertension, splenomegaly, ascites and eventually lead to death®. It remains unknown
why certain patients develop severe liver complications and others do not, despite living in a

similar endemic environment.
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Studies investigating the association between IL-22 and liver fibrosis in schistosomiasis
infection are scarce. 1L-22 concentrations were inversely correlated with severe fibrosis in
PBMC cultures from donors infected with S. japonicum. In addition, polymorphisms in
IL22RA2 (rs6560136 and rs2064501) were significantly correlated with the severity of liver
fibrosis in patients infected with schistosomiasis. The functional analysis of these variants
revealed an association with high expression of IL-22BP in healing skin tissue®*. Therefore, the
authors concluded that IL-22 may protect against liver fibrosis in human schistosomiasis as
well as suggested in HCV infection. On the other hand, Wilson et al. (2010) failed to
demonstrate association between 1L-22 and fibrosis severity in il-227" mice infected with S.

mansoni®.

IL-22 appears to play a significant role in the pathogenesis of schistosomiasis infection
in humans, although significant results were not found in mice. Differences between
schistosomiasis infection in mice and humans may explain the contradictory results. Thus,

further studies are necessary to confirm the role of IL-22 in human schistosomiasis infection.

Alcoholic liver disease

Excessive alcohol consumption is a major cause of chronic liver disease worldwide and
encompasses a broad spectrum of liver injuries, including fatty liver, alcoholic hepatitis,
cirrhosis, and hepatocellular carcinoma® °. The exact pathogenesis mechanisms of alcoholic
liver injury are still not clear, but may involve direct hepatotoxicity of ethanol and its
metabolites; oxidative stress generated by ethanol metabolism; activation of innate immunity;
elevation of pro-inflammatory cytokines and chemokines and others!!. Interleukin-6 (1L-6)
seem to have an hepatoprotective role in alcoholic liver disease through activation of STATS3,

however, its clinical application is limited due to many potential side effects’"2. Since, 1L-22
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is able to activate similar pathways, such as STATS3, its role in alcoholic liver disease has been

addressed.

In a murine model of chronic-binge ethanol feeding, treatment with recombinant IL-22
reduced liver injury and steatosis via STAT3. Moreover, IL-22 increased the expression of
antioxidant, antiapoptotic and antimicrobial genes®. Accordingly, IL-22 was demonstrated to
play a protective effect mediated by the attenuation of oxidative stress, decreasing hepatic TNF-
alpha expression and hepatocyte apoptosis inhibition, in a model of acute alcohol-induced liver
injury”™

These findings suggest that a treatment with 1L-22 could be a potential therapeutic

option to alcoholic liver disease, due to its hepatoprotective role and possibly few side effects.

Nonalcoholic fatty liver disease (NAFLD)

Nonalcoholic fatty liver disease (NAFLD) is one of the most common forms of chronic
liver disease worldwide and it is strongly associated with obesity and type 2 diabetes’*. NAFLD
refers to a wide spectrum of liver disorders ranging from simple fatty liver (steatosis) to
nonalcoholic steatohepatitis (NASH) with increased risk of developing progressive fibrosis,
cirrhosis, and liver cancer’®. The mechanisms involved in the progression from steatosis to more
severe liver injury remains unknown, but may involve oxidative stress, mitochondrial

dysfunction, fatty acids lipotoxicity, innate immunity and inflammatory cytokines’®.

Beyond its role in modulating inflammation and host defense, IL-22 seems to regulate
lipid metabolism and steatosis in the liver. In a murine model of hepatic steatosis induced by
high fat diet (HFD), the administration of recombinant IL-22 reduced the expression of
lipogenesis-related genes, as well as triglyceride, cholesterol, AST and ALT levels’.

Additionally, it was suggested a protective activity of 1L-22 when there was an absence of IL-
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17. Rolla et al. (2016) observed that IL-17"" mice are protected from NASH development and
are characterized by an extensive liver infiltration of Th22 lymphocytes’. These data support
IL-22 as a potential candidate for treatment of NASH, however, further studies are necessary

to confirm the beneficial role of IL-22 in humans.

Therapeutic potential of 1L-22

Liver fibrosis is a significant health problem, with a worldwide mortality of around 1.5
million deaths per year, attributed to cirrhosis and primary liver cancer ’°. Despite an improved
understanding of the pathogenetic mechanisms of liver fibrosis, effective antifibrotic drugs are
lacking and only preventive measures are addressed to resolve the underlying causative factors
of liver degeneration (i.e., antiviral therapies for HCV and HBV or strategies to reduce
metabolic syndrome)®. The development of therapies for delaying or regressing the liver
fibrosis are extremely important mainly for those patients for whom a specific treatment is not
available or ineffective, reducing the complications of severe liver disease and delaying the

need of liver transplantation.

The use of IL-22 as a therapeutic agent for liver diseases is promising, since IL-22
treatment has been shown to ameliorate liver damage in several models of liver injury®10:4549.73,
In vitro treatment with recombinant IL-22 or overexpression of IL-22 promoted liver
regeneration or hepatocyte proliferation®448, Furthermore, IL-22 treatment attenuated HSC
activation and down-regulated the levels of inflammatory cytokines, thereby reducing the
severity of liver fibrosis®. Finally, IL-22R1 expression is restricted to epithelial cells (e.g.
hepatocytes and LPCs)’°®, besides, studies investigating liver-specific 1L-22 transgenic mice

observed no obvious adverse phenotypes®, thus 1L-22 treatment may have fewer side effects.
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The increase of IL-22-I1L-22R1’s activity could be achieved by supporting the
generation and/or stability of IL-22-producing cells, increasing 1L-22 production by these cells
or by direct IL-22 application®. On the other hand, in some situations where IL-22 activity has
a detrimental effect, the inhibition of IL-22 production or its neutralization could be an
alternative approach. Therefore, 1L-22 appears to be a promising therapeutic target for the
treatment of liver fibrosis although further investigations are necessary for the implementation

of these strategies considering the source of liver damage.

Conclusions

Considerable progress has been achieved in recent years regarding the role of 1L-22 in
the pathogenesis of liver fibrosis. It is evident that IL-22 plays an important role in the
pathogenesis of liver fibrosis. Its final effect in promoting or protecting the liver will be
determined by the type of liver disease and liver injury models. However, it is worthy to note
that IL-22 presented a protective role in most of the studies, except in some reports which the
source of liver injury was mediated by an infectious agent. In the course of an infectious disease,
IL-22 will interact with many others cytokines that may amplify or inhibit its response (the
protection of 1L-22 was null in the presence of IL-17 ’®). Thus, it is possible that I1L-22 plays
dual role in controlling liver fibrosis, depending on the intrahepatic microenvironment (Figure
1). Further studies are necessary, especially to investigate the role of 1L-22/IL-22BP genetic

polymorphisms in the severity of liver fibrosis.
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Figure legends

Figure 1. Protective and pathological effects of IL-22 under different environments. IL-22 may
be expressed by different cells (CD4, CD8, NK, ILCs and y3 T lymphocytes). Its protective
effect is mainly associated with the expression of antiapoptotic, mitogenic, antimicrobial and
antioxidant molecules. Moreover, a reduction of the expression of genes involved in lipogenesis
have been observed in NAFLD. On the other hand, IL-22 may also increase inflammation and
fibrosis by recruiting Th17 cells in viral hepatitis. The balance between protective and
pathological effects of IL-22 may be associated with variations in IL-22BP levels and other
cytokines, such as IL-17, that in turn may be expressed differently in different diseases and

disease stages.
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6. CONCLUSOES

O presente trabalho identificou SNPs em 4 genes (IL22RA2, PTX3, PRSS58, SOCS5),
associados com a progressdo da doenca hepéatica em pacientes com hepatite C cronica;
Pacientes com HCV que possuem genotipos GG/GA e TT/TC no rs6570136 e
rs2064501, respectivamente, possuem maiores chances em desenvolver formas graves
de fibrose. Essas variantes, presentes no gene IL22RA2, foram associadas com niveis de
expressdo aumentados de IL-22BP, um inibidor soltvel da IL-22. E possivel que o efeito
protetor da IL-22 no tecido hepatico seja inibido em individuos que possuem essas
variantes;

As variantes rs6570136 e rs2064501 do gene IL22RA2 poderiam ser utilizados como
marcadores genéticos de progressdo da fibrose, permitindo que individuos com maior
risco sejam identificados precocemente e possuam tratamento individualizado;

A presenca do genotipo AA no rs2305619 do gene PTX3 foi associada com um risco de
desenvolvimento de HCC quase duas vezes maior em pacientes com hepatite C. Esse
genotipo foi associado a niveis plasméaticos aumentados de PTX3. Niveis elevados de
PTX3 poderiam aumentar o risco de HCC através do aumento do processo inflamatorio
no figado de pacientes infectados.

S80 necessarios mais estudos em outras populac@es avaliando o papel do PTX3 no
desenvolvimento de HCC, para que ele possa entdo ser considerado um marcador de
predisposi¢do ao HCC,;

Variantes nos genes PRSS58 e SOCS5 foram encontrados exclusivamente em nove
pacientes com HCC e ausentes em dez pacientes cirrdticos sem HCC. Variantes nesses
genes poderiam estar associados com uma maior susceptibilidade no desenvolvimento
de HCC;
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7. PERSPECTIVAS

e O presente estudo foi o primeiro na literatura a associar variantes nos genes IL22RA2,
PTX3, PRSS58 e SOCS5 com a progressao da doenca hepatica em pacientes com
hepatite C crénica. Sendo assim, este estudo abre novo caminhos para a avaliacdo do
papel dessas moléculas na progressao da fibrose hepatica e desenvolvimento de HCC;

e Pretende-se ampliar este estudo em outras populacdes para a confirmacdo de nossos
achados;

e Nossos achados abrem caminhos para o estudo de outras variantes nesses genes, que
também poderiam estar associados com a gravidade da doenca hepética em pacientes
com HCV;

e Estudos em modelos experimentais de fibrose hepatica e HCC em camundongos
knockouts seria uma abordagem interessante para a compreensdo do papel dessas
moléculas na fisiopatologia da doenca hepatica;

e O estudo genético da IL22RA2, PTX3, PRSS58 e SOCS5 também poderia ser estendido
para outras doengas no figado, como hepatite B, NASH, hepatite alcodlica, etc.

e O desenvolvimento de farmacos que atuem na modulacgéo da IL-22BP, poderia ser uma
estratégia eficiente no tratamento da fibrose hepatica;

e O PRSS58 e SOCS5 sdo potenciais candidatos para futuros estudos avaliando a

influéncia dessas moléculas no desenvolvimento de HCC;
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APENDICE A

Questionario utilizado durante entrevista dos pacientes

Investigacao sobre a relacdo de gravidade da doenca hepéatica com polimorfismos genéticos

Data (coleta): \. vy 0 | Prontuario HUOC: IFP:

Nome completo:

Estado atual de tratamento: 1. SEM TRATAMENTO 2. EM TRATAMENTO 3.TRATADO (Follow-Up)
Idade (momento da bi6psia) | ] Qual adata do seu nascimento. | -y

Sexo: | 1. Masc. 2. Fem. Cordepele: 1. Branca 2. Parda 3.Negro 4.Indio 5. Outro

Cidade/Estado (mora): | | Cidade/Estado (origem): |
Telefone convencional para contato: | | Celular:
Antecedentes:
1. Hemotransfusdo Ano: 3. Medicacéo por seringa de vidro 5.Cirurgias
2. Drogas Injetaveis 4. Tatuagens
Consumo de alcool (antes de descobrir a doenga): 1. Sim 2. N&o |
Homem Mulher
() Maior que 40 g/dia () Maior que 20 g/dia
(_ ) Menor que 40 g/dia () Menor que 20 g/dia
Tabagismo: | 1. Nunca fumou 2. Ex-fumante 3. Fumou até 1 ano antes da pesquisa 4. Fumante |
Investigacao clinica.
Além da Hepatite C o (a) senhor (a) tem ou teve alguma outra doenca. | 1. Sim 2. N&do 9. Néo sabe

Se sim, qual a outra doenca que o (a) senhor (a) tem ou teve.
1. Hipertensdo
2. Diabetes
3. Esquistossomose
4. Outra. Especifique

Exame fisico
Peso. , (quilo, gramas) [ 51 Altura. , (metro, centimetro)
indice de BM [peso/ (altura/m2)]
Circunferéncia abdominal + quadril (cm): P.A:
Exames Laboratoriais
Glicemia: TG: HDL: Albumina: Bilirrubina:
CT: LDL: Insulina:
Sindrome Metabdlica (PA; Glic.; Cintura abdm; TG; HDL): 1. Sim 2.Néo
AST: ALT: Alfa-fetoproteina:
gGT: FA: Plaguetas:
Genotipo viral: Carga viral:

Histopatoldgico

Grau de fibrose (METAVIR)

1.F1 2.F2 3.F3 4.F4 5HCC Data: / / 1.F1 2.F2 3.F3 4.F4 5HCC Data: / /
Grau de inflamacgéao
1. A0 2. Al 3. A2 4. A3 5.A4 1. AO 2. Al 3. A2 4. A3 5.A4

Grau de esteatose
1.Leve 2.Moderada 3.Intensa 4. Esteatohepatite (NASH) 1.Leve 2.Moderada 3.Intensa 4. Esteatohepatite (NASH)

Resposta ao tratamento

Week 4: POS NEG
Week 12: POS NEG
Week 24: POS NEG
Week 48: POS NEG
6 meses pos-tto: POS NEG
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Genetic variation in PTX3 and plasma levels associated with
hepatocellular carcinoma in patients with HCV

R. F. Carmo,'” D. Aroucha,** L. R. 8. Vasconcelos,*® LMM.B. Pereira,>* P. Moura® and

A
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SUMMARY. Hepatitis C wirus (HCV) & the main cause of
chronic liver disease, cirrhosis and hepatocdlular card-
noma (HCC) wordwide. The risk to dewelop HCC
increases with the severity of liver inflammation and
fibrogiz. Long pentraxin 3 (PTX3) & a soluble pattern-
recognition receptor produced by phagocytes and nonim-
mune cells at sites of inflammation or injury. The aim of
the present study was to determine the association of
PTX3 polymorphisms and its plasma levels with HCOC
occurrence among patients with HCV. Samples from 524
patients with chronic hepatits © were evaluated in this
study. Two polymorphisms (rs1840680 and rs2305619)
in the PTX3 gene were determined by realtime PCR.
PTX3 plasma levek were measured by Enzyme-linked

Immunesorbent Assay (ELISA)L Our data show a signifi-
cant association between PTX3 polymorphisms and HOC
orcurrence  in univariate and  multvariste  analysis
[P = 0M024). Patients with HOC had higher PTX3 plasma
levels compared to individuals with mild or severe fibro-
sis (P < 0.0001 and P = 0002, respectively). In addition,
PTX3 r=2305619 polymorphizm and plasma levels were
correlated with Child-Pugh scores B and C in HOC indi-
viduals, PTX? seems to be a risk fdor for HOC occur-
rence in chronic hepatiis C. This & the first study that
evaluates PTX3 in the context of hepatitis C.

Keywords: fibrosiz, hepatitis C, hepatitis C virus, hepatocel-
lular carcinoma, palymorphism, pentraxin 3.

[NTRODUCTION

It i estimated that 3% of the world's population & infected
with hepatitis C virus (HCV), representing 170 million peo-
plke. In these patients, the risk of hepatocellilar carcinoma
(HCC) gradually increases as liver fibrosis progresses. Once
cirrhosis & established, the annual inddence of HOC &
extremaly high (1-7% per year), although HCC rarely
develops in kess fibrotic livers [1,2).

The risk to develop HCC increases with the severity of
liver inflammation and fibrosie, The hepatic inflammation
caused by HCV imvolves various mechanisms that nclude
the regulatory immune response of the host, mediated by
cytokines that play important roles against viral infections
and viral polypeptides, which intersct with cells involved
in innate and adaptive immunity | 3-6].

Long pentraxn 3 (PTX3) is a soluble pattern-recognition
receptor produced by phagocytes and nonimmune cells at
sites of inflammation or injury. PTX3 plays multiple roles
in innate immunity and inflammation, being able to acti-
vate and regulate the complement system (via Clg and
factor H), interact with microbial moieties (outer mem-
brane protein A of K. preumonia and viral haemagghtining
and regulate inflammation [ 7-9].

PTX3 gene, located on human chromosome 3, is orga-
nized in three exons and two introns. Two single nudeo-
tide polymorphisms (SNPs) in PTX3 (rs1840680 and
rs2305619) have demonsirated functional significance.
The A allele of both SNPs has been assodated with higher
PTX3 plasma levels [10,11]. In addition, the A allee of the
r=1 840680 and re2305619 have been amodated with sus-
ceptibility to Mypcobacterium tuberculosiz and Praudomonas

Abbreviations BMI, body mass index: CL confidence interval; CRP, C-reactive profein HOC, hepatocelular carcinoma: HOV, hepatits C
virms:; HIV, human immunodeficiency virus [1-18, inede ukin-1 beta; IL-f, interlaskin-f; MIF, macrophage migration inhibitory facton
OR, odds ratio PTX, pentrasin SNPs. dngle nuceotide polymorphisms TNF-z tumour necmds factor-alpha.
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IL-22 and IL-22 Binding Protein (IL-22BP)
Regulate Fibrosis and Cirrhosis in Hepatitis C
Virus and Schistosome Infections

Mathieu Sertorio,'? Xunya Hou,® Redrigo F. Carmo,” Hélia Dessein,"? Sandrine Cabantous,'?
Mohammed Abdelwahed,” Audrey Romano,'? Fernanda Albuguerque,” Luydson Vasconcelos,®
Theomira Carmo,” Jun Li,* Arthur Varoquaux,® Violaine Amaud,' Pablo Oliveira,'?”” Anas Hamdoun,*
Hongbin He,” Suzan Adhchnahﬂud,f'k Adil Mcrgmﬁ,m Jie Zhou,” Ahmed M{mis,f' Leila Beltrao Pereira®
Philippe Halfon,'! Marc Bourliére,'> Raymundo Parana,'* Mitermayer dos Reis,” David Gonnelli,"*
Patricia Moura,” Nasr Eldin Elwa]i,ﬁ Laurent ,-\rg;im,l-'2 Yuesheng Li,> and Alain Dessein'?®

Interleukin (IL)-22 acts on epithelia, hepatocytes, and pancreatic cells and stimulates
innate immunity, tissue protection, and repair. IL-22 may also cause inflammation and
abnormal cell proliferation. The binding of IL-22 to its receptor is competed by IL-22
binding protein (IL-22BP), which may limit the deleterious effects of IL-22. The role of
IL-22 and IL-22BP in chronic liver diseases is unknown. We addressed this question in
individuals chronically infected with schistosomes or hepatitis C virus (HCV). We first
demonstrate that schistosome eggs stimulate production of IL-22 transcripts and inhibit
accumulation of IL22-BP transcripts in schistosome-infected mice, and that schistosome
eggs selectively stimulate production of IL-22 in cultures of blood leukocytes from indi-
viduals chronically infected with Schistosoma japenicum. High 1L-22 levels in cultures
correlated with protection against hepatic fibrosis and portal hypertension. To test fur-
ther the implication of IL-22/IL-22BP in hepatic disease, we analyzed common genetic
variants of IL22RA2, which encodes IL-22BD, and found that the genotypes, AA, GG of
rs6570136 (P =0.003; odds ratio [OR|=2), and CC, TT of rs2064501 (P=0.01;
OR = 2), were associated with severe fibrosis in Chinese infected with 8. japonicim. We
confirmed this result in Sudanese (rs6570136 GG [P=0.0007; OR=8.2], rs2064501
TT [P=0.02; OR=3.1]), and DBrazilians (rs6570136 GG [P=0.003; OR= 26|,
rs2064501 TC, TT (P=0.03; OR=11]) infected with 8. mansoni. The aggravating
genotypes were associated with high IL22RA2 transcripts levels. Furthermore, these
same variants were also associated with HCV-induced fibrosis and cirrhosis (rs6570136
GG, GA [P=0.007; OR = 1.7], rs2064501 TT, TC (= 0.004; OR = 2.4|). Conclusions:
These results provide strong evidence that I1-22 protects against and IL-22BP aggra-
vates liver fibrosis and cirrhosis in humans with chronic liver infections. Thus, pharma-
cological modulaton of IL-22 BP may be an effective strategy to limit cirrhosis.
(HepaTOLOGY 2015361:1321-1331)

Abbreviations: CentF central hepatic fibrosis CTGE connective tisue growth factor; HBV, hepatitis B virus; HCV, hepavitis C virus;, HE hepatic fibvosis 1L,
interlewking {L-22BP IL-22 binding pratein; ILCs, innaze lymphoid cells NetF necwork fibvosis, LD, linkage disequilibriun LPS, lipopolysaccharide; mRNA,
messenger RNA; OR, odds ratio; PBMCs, peripheral blood mononuclear cells; PH, poreal hypertension; SNI%, single-nucleotide polymorphisms; Th, T helper.
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ANEXO C

TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO

Titulo da Pesquisa: “Avaliacdo de polimorfismos genéticos na doenca hepética cronica causada pelo
virus da hepatite C”

Nome do (a) Pesquisador (a): Rodrigo Feliciano do Carmo

1. Natureza da pesquisa: o sr. (sra.) esta sendo convidado (a) a participar desta pesquisa que tem
como finalidade investigar a relagdo de polimorfismos genéticos com a gravidade da doenca hepatica
em pacientes com hepatite C.

2. Justificativa: Ainda é desconhecido o porqué de alguns pacientes com hepatite C desenvolverem
formas graves da doenca de forma mais rapida que outros pacientes. O presente estudo ajudara a uma
melhor compreensdo de fatores genéticos agravantes, podendo fornecer subsidios para um melhor
manejo dos pacientes infectados pelo virus da hepatite C.

3. Objetivos: O objetivo do presente estudo € avaliar a presenca de mutacBes genéticas
relacionadas com a gravidade da doenca hepatica em pacientes com hepatite C.
4, Procedimentos metodoldgicos: O estudo genético para a determinacdo das mutacfes associadas

com a gravidade da doenca sera realizado através da analise do DNA, obtida através do sangue de
pacientes com formas graves e leves da doenca causada pelo virus da hepatite C. Ap6s obtencédo das
amostras serdo comparados os dois grupos em busca da presenca de fatores envolvidos com a gravidade
da doenca hepatica.

5. Participantes da pesquisa: Serdo recrutados 250 pacientes com hepatite C para o
desenvolvimento deste estudo.
6. Envolvimento na pesquisa: ao participar deste estudo a sra (sr) permitira que o (a) pesquisador

(a) retire uma amostra de 10 ml de sangue da sua veia, por profissionais durante o seu atendimento.
Também sera obtida uma pequena parte do fragmento do figado (aprox. 0,5 cm) que é retirado para o
exame histopatoldgico de rotina requisitado pelo médico para orientar o tratamento do paciente. Este
procedimento é obrigatério para que o paciente seja avaliado quanto sua necessidade de tratamento,
dessa forma nao serd realizada uma biopsia especificamente para esse estudo. Algumas perguntas serdo
feitas ao senhor (a), relacionadas ao seu tratamento, através de um questionario. A sra (sr.) tem liberdade
de se recusar a participar e ainda se recusar a continuar participando em qualquer fase da pesquisa, sem
qualquer prejuizo para a sra (sr.). Sempre que quiser podera pedir mais informagdes sobre a pesquisa
através do telefone do (a) pesquisador (a) do projeto e, se necessario através do telefone do Comité de
Etica em Pesquisa.

7. Sobre as entrevistas: o0 pesquisador fara algumas perguntas relacionadas ao seu tratamento
através de um questionario previamente elaborado para o estudo.
8. Riscos e desconforto: a participacdo nesta pesquisa ndo infringe as normas legais e éticas. A

realizacdo da biopsia oferece riscos inerentes ao procedimento, e serd realizado por um médico
habilitado. A regido da puncéao podera ficar dolorida durante as primeiras 24 horas apds o procedimento.
Também serd retirada uma Unica coleta de 10 ml de sangue por pungdo venosa, por profissionais
habilitados e treinados para tal, entretanto um risco de maior gravidade seria a ndo coleta por dificuldade
em puncionar a veia e esse fato pode representar um pequeno risco de ocasionar uma pequena mancha
roxa no local da punc¢do, mesmo que esse acontecimento seja muito raro de acontecer. Caso vocé venha
a sentir algo dentro desses padrdes, comunicar imediatamente ao pesquisador para que sejam tomadas
as devidas providéncias através do profissional de enfermagem presente no local. Os procedimentos
adotados nesta pesquisa obedecem aos Critérios da Etica em Pesquisa com Seres Humanos conforme
Resolu¢do no. 466/2012 do Conselho Nacional de Satde. Nenhum dos procedimentos usados oferece
riscos a sua dignidade.
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9. Confidencialidade: todas as informac6es coletadas neste estudo sdo estritamente confidenciais.
Somente o (a) pesquisador (a) e seu (sua) orientador (a) (e/ou equipe de pesquisa) terdo conhecimento
de sua identidade e nos comprometemos a manté-la em sigilo ao publicar os resultados dessa pesquisa.
10. Beneficios: ao participar desta pesquisa a sra (sr.) ndo terd nenhum beneficio direto. Entretanto,
esperamos que este estudo traga informag6es importantes sobre a influéncia de mudancas genéticas na
gravidade da doenca hepética causada pelo virus da hepatite C, de forma que o conhecimento que seré
construido a partir desta pesquisa possa fornecer subsidios para o desenho de estratégias terapéuticas
empregando as moléculas estudadas e fornecer subsidios para estabelecer o melhor manejo clinico dos
pacientes com hepatite C, onde o pesquisador se compromete a divulgar os resultados obtidos,
respeitando-se o sigilo das informacdes coletadas, conforme previsto no item anterior.

11. Pagamento: a sra (sr.) ndo tera nenhum tipo de despesa para participar desta pesquisa, bem como
nada sera pago por sua participacéo.

Apos estes esclarecimentos, solicitamos o seu consentimento de forma livre para participar desta
pesquisa. Portanto preencha, por favor, os itens que se seguem: Confiro que recebi cdpia deste termo de
consentimento, e autorizo a execucdo do trabalho de pesquisa e a divulgacdo dos dados obtidos neste
estudo.

Obs: Nao assine esse termo se ainda tiver duvida a respeito.

Consentimento Livre e Esclarecido

Tendo em vista o0s itens acima apresentados, eu, de forma livre e esclarecida, manifesto meu
consentimento em participar da pesquisa

Nome do Participante da Pesquisa

Assinatura do Participante da Pesquisa

Assinatura do Pesquisador

Assinatura do Orientador

Pesquisador: Rodrigo Feliciano do Carmo. Contato: (87) 2101-6862
Coordenador do Comité de Etica em Pesquisa: Professor Alexandre H. Reis
Vice-Coordenadora: Marcia Bento Moreira

Telefone do Comité: 87 21016896

E-mail cedep@univasf.edu.br



ANEXO D

Folha de aprovacédo do CEP

UNIVERSIDADE FEDERAL DO VALE DO SAO FRANCISCO - UNIVASF
COMITE DE ETICA E DEONTOLOGIA EM ESTUDOS E PESQUISAS — CEDEP
COMISSAO DE ETICA E PESQUISA - CEP

Prezado pesquisador,

E com satisfagdo que informamos formalmente ao V2. Sr. que o projeto “Avaliacdo
de polimorfismos genéticos na doenca hepatica crénica causada pelo virus da hepatite C”
foi aprovado pelo Comité de Etica e Deontologia em Estudos e Pesquisas — (CEDEP) em
reunido realizada no dia 19 de setembro de 2013. A partir de agora, portanto, o vosso
projeto pode dar inicio a fase pratica ou experimental. Informamos ainda que no prazo
maximo de 1 (um) ano a contar dessa data devera ser enviado a esse Comité um relatorio
sucinto sobre o andamento da presente pesquisa. Informamos que para efeito de
publicacdo, o presente projeto encontra-se registrado sob o n2 0005/190913

CEDEP/UNIVASF.

Pesquisador responsavel: Rodrigo Feliciano do Carmo
Data da entrada: 21/08/2013

Petrolina-PE, 23 de outubro de 2013.

(Alexandre H. Reis)
Coordenador CEDEP/UNIVASF

Av. José de S3 Manicoba, s/n — Centro — Petrolina - PE
CEP 56.304-205 - Petrolina — PE Tel/Fax: (87) 2101-6896 E-mail: cedep@univasf.edu.br
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