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RESUMO

A hepatite C é um problema de saude publica que afeta aproximadamente 3% da
populacdo mundial. E uma doenca de prognostico muito variavel que pode evoluir
para a cura ou para o desenvolvimento de hepatite C crbnica, cirrose hepatica,
carcinoma hepatocelular e morte. Varios polimorfismos nos genes receptores tipo
Toll estédo associados a alteracdes clinicas hepaticas e disturbios estdo relacionados
a inflamacéo. Neste estudo investigou-se a influéncia dos polimorfismos nos genes
dos receptores TLR4 e TLR9 e sua associacdo sobre o perfil de citocinas em
pacientes com doenca hepética cronica. Os SNPs de TLR4 e TLR9 foram
genotipados por PCR-RFLP em 151 pacientes com doenca hepatica crbnica
causada pelo HCV oriundos da Fundacgao de Medicina Tropical Doutor Heitor Vieira
Dourado e 206 doadores de sangue da Fundacdo Hospitalar de Hematologia e
Hemoterapia do Amazonas. Destes, 45 individuos foram selecionados de forma
randomica para o0 ensaio de cultura, sendo 15 amostras foram provenientes de
doadores saudaveis e 30 de pacientes com doenca hepatica cronica (15 <F2e 152
F2), tratados com DAAs e resposta virologica sustentada (RVS) confirmada pela
auséncia de RNA viral por testes moleculares quantitativos. A dosagem de citocinas
IL-6, TNF, IL-10, IL-2, IFN-y, IL-4 e IL17A foram realizadas pela técnica de
Citometria de Fluxo, utilizando o Kit CBA (Cytometric Bead Array). Dentre os
resultados obtidos relatamos a presenca do gendtipo 4,oriundo de um paciente do
estado do Pard, descrito pela primeira vez no estado do Amazonas.Nenhum dos
polimorfismos de TLR4 e TLR9 analisados neste estudo apresentou associacao
significativa com doencga hepatica cronica. As variantes TLR4 A299G A/A + AIG e
TLR4 T399I C/C + C/T sdao mais frequentemente na populacdo estudada.
Observamos também que a combinacdo das variantes TLR9 -1237T/T e TLR9
-1486C/T foi maior nos grupos estudados em comparagdo com outras combinacdes
de gendtipos.Em seguida,estudamos a influéncia dos gendtipos em combinacéo
para as variantes TLR9 TLR9 -1237T/T e -1486C/T sobre perfil de citocinas séricas e
em sobrenadante de cultura estimulada com LPS. Assim, observamos que pacientes
portadores dos genétipos combinados de TLR9 -1237T/T e -1486C/T demonstraram
aumento significativo de IL-6 (p = 0,005) e IL-4 (p = 0,0007) no soro em comparacao
com inividuos saudaveis.Um aumento significativo de IL-10 foi observado em
pacientes com HCV = F2 (p = 0,028) em comparacdo com < F2, enquanto as
citocinas IL-6, TNF, IL-2, IFN-y, IL-4 e IL17A nao foram significativas quando
comparadas entre pacientes com diferentes estagios de doenca hepatica. Nao foi
observada diferenca significativa em IL-6, TNF, IL-10, IL-2, IFN-y e IL-4 em cultura
de PBMC estimulada com LPS. Apenas a IL-17A apresentou aumento significativo
nos pacientes = F2 (p = 0,043) em comparagdao com < F2. Ao final pudemos
observar a mudanca do perfil de citocinas para Tul7 sob o estimulo de LPS
especialmente entre os pacientes com doenca hepatica cronica avancada ainda que
tenham atingido resposta virolégica sustentada. Concluimos que os polimorfismos
associados ao risco de desenvolver cancer podem ajudar a selecionar melhor os
pacientes para o tratamento do HCV.

Palavras-chaves: Hepatite C; Fibrose hepdtica; Polimorfismos; Receptores da
Imunidade Inata, Antivirais de acao direta.



ABSTRACT

Hepatitis C is a public health problem that affects approximately 3% of the world's
population. It is a very variable prognosis disease that can progress to cure or to the
development of chronic hepatitis C, liver cirrhosis, hepatocellular carcinoma and
death. Several polymorphisms in the Toll receptor genes are associated with clinical
hepatic changes and disorders are related to inflammation. In this study we
investigated the influence of polymorphisms on the TLR4 and TLR9 receptor genes
and their association on the cytokine profile in patients with chronic liver disease.
TLR4 and TLR9 SNPs were genotyped by PCR-RFLP in 151 patients with chronic
liver disease caused by HCV from the Tropical Medicine Foundation Doctor Heitor
Vieira Dourado and 206 blood donors from the Hospital Hematology and
Hemotherapy Foundation of Amazonas. Of these, 45 subjects were randomly
selected for the culture assay, 15 of which were from healthy donors and 30 from
patients with chronic liver disease (15 < F2 and 15 = F2), treated with DAAs and
sustained virological response ) confirmed by the absence of viral RNA by
guantitative molecular tests. The cytokines IL-6, TNF, IL-10, IL-2, IFN-y, IL-4 and
ILL7A were performed using the Flow Cytometry technique using the Ctom Kit
(Cytometric Bead Array). Among the results obtained, we report the presence of
genotype 4, from a patient from the state of Pard, described for the first time in the
state of Amazonas. None of the TLR4 and TLR9 polymorphisms analyzed in this
study were significantly associated with chronic liver disease. The TLR4 A299G A/ A
+A/Gand TLR4 T399I C/ C + C/ T variants are more frequently found in the study
population. We also observed that the combination of the TLR9 -1237T / T and TLR9
-1486C / T variants was higher in the studied groups compared to other genotype
combinations. Next, we studied the influence of the genotypes in combination for
TLRY TLR9 -1237T / T variants and -1486C / T on serum cytokine profile and in LPS-
stimulated culture supernatant. Thus, we observed that patients with the combined
TLR9 -1237T / T and -1486C / T genotypes showed a significant increase in serum
IL-6 (p = 0.005) and IL-4 (p = 0.0007) compared to healthy subjects A significant
increase in IL-10 was observed in patients with HCV = F2 (p = 0.028) compared to <
F2, whereas the cytokines IL-6, TNF, IL-2, IFN-y, IL-4 and IL17A did not were
significant when compared among patients with different stages of liver disease. No
significant difference was observed in IL-6, TNF, IL-10, IL-2, IFN-y and IL-4 in LPS-
stimulated PBMC culture. Only IL-17A presented a significant increase in patients =
F2 (p = 0.043) compared to < F2. At the end, we could observe a change in the
cytokine profile for TH17 under the LPS stimulus, especially among patients with
advanced chronic liver disease, even if they had sustained virological response. We
conclude that the polymorphisms associated with the risk of developing cancer may
help to better select patients for the treatment of HCV.

Keywords: Hepatitis C; Hepatic fibrosis; Polymorphisms; Receptors of Innate
Immunity, direct-acting antivirals.
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INTRODUCAO

A Hepatite C cronica é uma inflamacdo hepética que resulta da resposta
inflamatoria contra o virus da Hepatite C (HCV). Estima-se que aproximadamente 71
milhdes de pessoas no mundo estejam cronicamente infectadas pelo HCV, dos
quais 399.000 pessoas morrem ao ano por desenvolverem cirrose hepética e cancer
de figado como consequéncia da doenca (WHO, 2017).

Na maioria das pessoas infectadas pelo HCV, a doenca geralmente se
apresenta de forma assintomatica ou oligossintomatica, o que dificulta o diagnostico
precoce e reduz as chances de tratar os individuos infectados no inicio do processo
infeccioso. Isto se deve a complexidade da interacdo hospedeiro-patdégeno que pode
estar associada tanto a composi¢cdo genética do hospedeiro quanto ao gendtipo do
virus, que podem promover uma resposta imune favoravel tanto para a cura quanto
para o desenvolvimento da doenca hepatica cronica (FERWEDA et al., 2007;
COELHO-CASTELO et al., 2009).

O processo de cronificacdo desta doenca ocorre em consequéncia da falha na
resposta imune em eliminar o agente etiologico (HCV) que pode resultar na
destruicdo hepatica ou agressdo progressiva dos hepatocitos, modificando a
arquitetura do figado e comprometendo sua funcionalidade (FRIDMAN, 2004,
FRIDMAN, 2008).

Sabe-se que a imunidade inata € a primeira linha de defesa do hospedeiro em
resposta aos patégenos. Dentre 0s receptores existentes, os receptores do tipo Toll
(TLRs) reconhecem os patégenos invasores através de padrées moleculares
associados aos patégenos (PAMPs) e desempenham um papel fundamental na
imunidade inata do hospedeiro. Em humanos, dos 10 TLRs funcionais descritos, seis
deles reconhecem diferentes moléculas presentes no HCV que sdo capazes de
estimular a sinalizacdo dos TLR, desempenhando um papel importante no clearance
viral através da producéo de citocinas pro-inflamatorias (MACHIDA et al.,2006; SEKI
et al, 2008; RAMASAWMY et al., 2009).

A desregulacdo da resposta imune na doenca hepatica pode ocorrer a partir da
sinalizacao alterada de citocinas como consequéncia de variacdes genéticas dentro
dos genes de receptores do tipo Toll e estdo associados a suscetibilidade a
infec¢cdes, podendo comprometer os resultados das intervengdes terapéuticas e

propiciar o desenvolvimento da forma mais grave da doenca hepatica (NIETO et al.,
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2014;PINERO et al.,2017). Contudo, ndo € bem conhecido em que ponto esses
polimorfismos contribuem para o desenvolvimento do carcinoma hepatocelular na
nova era da terapia livre de interferon atribuida aos antivirais de acao direta (DAAS).

Em 2015, o Ministério da Saude (MS) incorporou os DAAs para o tratamento da
hepatite C, no ambito do Sistema Unico de Saude (SUS). Sabe-se que estes
medicamentos apresentam menos efeitos colaterais, tempo de tratamento menor
gue as terapias anteriores e expectativa de cura acima de 90% por serem capazes
de inibir a replicacao viral tendo como alvo as proteinas ndo estruturais NS3-4A,
NS5A e NS5B do virus da hepatite C (BRASIL, 2018).

Nesse aspecto, o controle da infeccdo pelo HCV e acompanhamento da
doenca hepatica sdo importantes, principalmente em paises de média renda, em
virtude da sua alta prevaléncia e complicacdes graves decorrentes da cronificagéo
da doenca. No estado do Amazonas essa realidade é ainda mais preocupante. A
alta demanda de atendimentos de casos de pacientes infectados pelo HCV advindos
das mais diversas localidades do estado comprovam a fragilidade na acessibilidade
aos testes que auxiliem no acompanhamento da doenga hepética disponiveis na
rede publica, bem como no acompanhamento dos pacientes crénicos nas cidades
mais distantes da capital, por conta da infra-estrutura precaria de cada municipio do
Amazonas?.

Assim, investigamos a influéncia dos polimorfismos nos genes dos receptores
TLR4 e TLR9 no desenvolvimento da doenca hepética crbnica, em pacientes
tratados com DAAs que podem estar influenciando no desenvolvimento das formas
mais graves da doenca mesmo apds o paciente ter alcancado resposta virologica
sustentada (RVS).

1 Entre os anos de 1975 a 2015, foram confirmados 8.538 casos de hepatites virais, sendo
3.416 do tipo A, 2.825 do tipo B, 1.662 do tipo C e 635 do tipo D. As maiores incidéncias foram nos
municipios de Manaus, Eirunepé, Coari, Atalaia do Norte, Labrea, Boca do Acre, Guajara,
Manacapuru, Fonte Boa e S&o Paulo de Olivenca. Informacéo fornecida pela Fundacéo de Vigilancia
em Salde do Amazonas. Disponivel em: http://www.fvs.am.gov.br/index.php/9-noticiais/178-
campanha-pretende-prevenir-contra-as-hepatites-virais-em-manaus. Acesso em:19 de novembro de
2017.


http://www.fvs.am.gov.br/index.php/9-noticiais/178-campanha-pretende-prevenir-contra-as-hepatites-virais-em-manaus.%20Acesso%20em:19
http://www.fvs.am.gov.br/index.php/9-noticiais/178-campanha-pretende-prevenir-contra-as-hepatites-virais-em-manaus.%20Acesso%20em:19
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1 REVISAO BIBLIOGRAFICA

1.1Hepatite C: Aspectos Gerais

A infeccéo pelo virus da Hepatite C € um problema crescente de saude publica
em todo mundo. A Hepatite C é uma doenca endémica em muitos paises e €
subdiagnosticada em virtude da auséncia de sintomas ou, muitas vezes, por
apresentar sintomas inespecificos. Contudo, nos casos mais graves, pode-se
desenvolver a longo prazo, cirrose e carcinoma hepatocelular (HCC) (BRASIL,
2011a; BRASIL, 2017d; WHO,2017).

Segundo dados fornecidos pela Organizacdo Mundial de Saude (OMS) estima-
se gue aproximadamente 71 milhdes de pessoas no mundo estejam cronicamente
infectadas pelo virus da hepatite C (HCV) sob o risco de desenvolverem cirrose
hepética e cancer de figado (WHO, 2017).

1.2 O virus da Hepatite C

O virus da Hepatite C (HCV) esta classificado dentro do género Hepacivirus e
membro da familia Flaviviridae (CHOO et al., 1989). Esta particula viral € constituida
por um envelope lipidico (no qual se encontram as glicoproteinas E1 e E2), um
capsideo protéico (formado por capsémeros e o acido ribonucléico de fita simples
(ssRNA), com polaridade positiva de cerca de 9.600 bases que codificam as
proteinas estruturais (Core, E1 e E2), as proteinas nao estruturais (NS:NS3, NS4A,
NS4B, NS5A e NS5B) e a membrana peptidica p7, que separa as
proteinas estruturais das ndo estruturais, contribui na montagem de particulas virais
e liberacdo de virions infecciosos(TANG& GRISE, 2009; ASHFAQ et al., 2011)
(Figura 01).

O HCV apresenta seis genotipos bem caracterizados, e cada um pode ser
dividido em vérios subtipos. A distribuicdo global dos gendtipos do HCV é
diversificada, o que reflete nas diferengas epidemioldgicas e variabilidade étnica. Os
genotipos 1, 2 e 3 tém ampla distribuicdo geografica, enquanto que genadtipos 4, 5 e
6 sdo geralmente confinados em regifes geograficas especificas conforme ilustrado
na Figura 02 (HAJARIZADEH; GREBELY; DORE, 2013). Existem relatos na
literatura sobre um sétimo genotipo (7), que foi primeiramente descrito em pacientes
canadenses e belgas, que possivelmente foram infectados na Africa central
(MURPHY et al., 2015).
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Proteinas Ndo-Estruturais

Reorganizacéo de RNA- dependente
Cofator Membrana RNA polimerase
; - Protease de Fosfoproteina de
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do envelope Hel R
elicase de replicacio do RNA
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Figura 01: Genoma do Virus da Hepatite C.
Fonte: Adaptado de LINDENBACHET & RICE, 2013;BARTENSCHLAGER et al., 2013.

No Brasil, sdo encontrados, principalmente, os genétipos 1 (64,9%), seguido do
gendtipo 3 (30,2%), 2 (4%), 4 (0,2%) e 5 (0,1%). Na Regido Norte, observou-se o
predominio do gendtipo 1, seguido do gendtipo 3 e gendtipo 2 (CAMPIOTTO, 2005;
PARANA et al.,2017).

No estado do Amazonas, estudos desenvolvidos em nosso grupo de pesquisa?
apontam maior prevaléncia do genétipo 1, seguido do gendtipo 3 e 2 tanto em
doadores de sangue atendidos pela Fundacdo Hospitalar de Hematologia e
Hemoterapia do Amazonas (HEMOAM) quanto em pacientes atendidos pela
Fundacao de Medicina Tropical Doutor Heitor Vieira Dourado (FMT-HVD) (TORRES
et al., 2009; ARAUJO et al., 2011). O gendtipo 4 também foi descrito recentemente
pelo nosso grupo de pesquisa, 0 que nos leva a crer que nossa regiao seja uma
porta de entrada para variantes incomuns do genétipo do virus (TARRAGO et al.,
2017).

2 Grupo de pesquisa “Imunologia Basica e Aplicada”, liderado pela Profa. Dra. Adriana
Malheiro Alle Marie com desenvolvimento de pesquisas na Universidade Federal do Amazonas,

certificado pela instituicao segundo as normas vigentes da CNPqg e CAPES.
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Figura 02: Distribuicao global dos gendtipos do Virus da Hepatite C
Fonte: Adaptado da WHO, 2016.
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1.3 Transmisséao e Aspectos Clinicos

A transmissao do virus da Hepatite C ocorre principalmente por via parenteral,
por meio de transfusdo de sangue (hemocomponentes e/ou hemoderivados)
contaminados, transplante de 6rgdos de doadores infectados, uso de drogas ilicitas
injetaveis, hemodialise, exposicdo ocupacional ao sangue, infeccdo perinatal e
sexual, bem como por secre¢des organicas como saliva, urina, liquido ascitico, bile e
mucosa intestinal (CAVALHEIRO et al., 2009; CAVALHEIRO et al., 2010; MARTINS;
NARCISO-SCHIAVON; SCHIAVON, 2012). Além disso, outros fatores de riscos
inerentes as atividades humanas estdo associados a transmissdo do virus, tais
como tatuagem, piercing, rituais de escarificacdo, acupuntura, utilizacdo de
equipamentos perfurocortantes, tratamentos odontoldgicos, endoscopia digestiva
alta e produtos para realizacdo de procedimentos de higiene pessoal (escovas de
dente, alicates, laminas de barbear e de depilar, entre outros) CAVALHEIRO et al.,
2010; MARTINS; NARCISO-SCHIAVON; SCHIAVON, 2011).

A doenca se apresenta de forma assintomatica, oligossintomatica ou associada
a sintomas inespecificos. Geralmente o diagnostico é incidental, ocorrendo, algumas
vezes, durante triagem soroldgica para doagdo de sangue ou exames medicos de
rotina. Também podemos reportar que existem importantes manifestacbes extra-

hepaticas relacionadas a infeccdo pelo HCV, sendo a maioria destas sindromes
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associadas a estados autoimunes ou linfoproliferativos (LAUER; WALKER, 2001,
BRASIL, 2017).

Em virtude da histéria natural da doenca, muitas pessoas assintomaticas
infectadas pelo HCV transmitiram o virus, preferencialmente, através de transfusdo
de sangue e/ou hemoderivados (antes de 1993), hemodialise e compartilhamento de
utensilios para uso de drogas injetaveis (LAUER; WALKER, 2001; BOTELHO et al.,
2008; MARTINS; NARCISO-SCHIAVON; SCHIAVON, 2012; BRASIL, 2017d).
Segundo andlise realizada por Amaku et al., (2016), observou-se que a notificacdo
da infeccédo pelo HCV acomete principalmente em individuos acima de 40 anos, 0
gue nos leva a crer que muitos se infectaram h& pelo menos entre 10 e 20 anos.

Estima-se que 55 a 85% dos casos de infeccdo pelo HCV evoluem para a
Hepatite C cronica, desencadeando complicacées como esteatose, fibrose hepética,
aparecimento de nodulos regenerativos que podem resultar em insuficiéncia
hepatica, cirrose e descompensacdo hepatica, caracterizada por alteracdes
sisttmicas e hipertensdo portal, evoluindo com ascite, varizes esofagicas e
encefalopatia hepatica (FRIEDMAN; 2004; BATALLER; BRENNER, 2005;
FRIEDMAN; 2008). Cerca de 1 a 5% dos pacientes desenvolvem carcinoma
hepatocelular, enquanto que apenas 15 a 45% dos individuos infectados conseguem
eliminar o virus espontaneamente (GALE; FOY,2005; SHEPARED et al., 2005;
LAVANCHY,2009; LAVANCHY,2011).

1.4 Diagnéstico laboratorial

O diagnostico laboratorial para confirmacéo do virus da Hepatite C preconizado
pelo Ministério da Saude inclui o método imunocromatografico, usando antigenos
sintéticos e recombinantes imobilizados na membrana para identificacdo seletiva de
anti-HCV, imunoensaios para a deteccao de anticorpos anti-HCV no soro e os testes
moleculares que foram incluidos para permitir a detec¢cdo do RNA viral, bem como,
caracterizacdo dos gendtipos e dos subtipos descritos do HCV (BRASIL, 2011b;
BRASIL,2017d).

A presenca de anti-HCV, isoladamente, ndo define a presenca de infeccao
ativa e deve ser interpretada como contato prévio com o virus. O resultado reagente
desse marcador deve ser confirmado por teste de amplificacdo de acido nucléico
(NAT) para deteccdo de acidos nucléicos do HCV ampliando a seguranca
transfusional (DESMET et al., 1994).
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Vale ressaltar que pacientes imunossuprimidos e individuos que foram
expostos ao virus em um periodo inferior a cento e cinquenta dias podem n&o
apresentar sorologia reagente (anti-HCV), em virtude da diminuigcdo ou auséncia da
producéo de anticorpos. Nesses casos, o diagnostico deve ser realizado por meio de
testes moleculares (BATTS KP,1995).

1.5 Avaliacdo do Estadiamento da Doenca Hepéatica e ldentificacdo de
Cirrose Descompensada

O grau de acometimento hepético pode ser estabelecido por meio da avaliagdo
da biopsia hepatica (padrdo ouro), elastografia hepatica transitéria e também por
meio da aplicacdo de indices APRI (AST to Platelet Ratio Index) e FIB-4 (Fibrosis-4).
O APRI e o FIB-4 sdo métodos ndo invasivos, recomendados pela Organizacao
Mundial de Saude desde 2014 e podem ser obtidos por meio do célculo matematico
simples utilizando os resultados de exames laboratoriais (Figura 03). Os resultados
de fibrose ausente/inicial ou avancada, sdo obtidos por meio de pontos de corte
preestabelecidos conforme observados no Quadro 01 (WHO, 2014; BRASIL 2017d).

Calculo do APRI:

Valor de AST (UI/L)
Limite Superior Normal de AST (UI/L)
Contagem de Plaquetas (10°)

Calculodo FIB4:

Idade (anos) X AST (UI/L)

N Contagem de Plaquetas (10°) x -|ALT (UI/L) x
Figura 03: Calculo matematico do APRI e FIB-4.
Fonte: BRASIL, 2017d.
APRI APRI FIB4 FIB4
USUERAR (baixo corte) (alto corte) (baixo corte) (alto corte)
METAVIR F2
(fiborose moderada) 0.5 1.5 1,45 325
METAVIR F4 1.0 2.0 i i
(cirrose)

Quadro 01: Deteccao de cirrose e fibrose moderada conforme valores de alto e baixo corte de APRI
e FIB-4.
Fonte:BRASIL, 2017d.
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Existem diversos sistemas de classificacdo para graduacdo e estadiamento
das hepatites crénicas. Recomenda-se o0 uso da classificacio METAVIR, que
considera os aspectos histoldgicos basicos das hepatites cronicas: atividade
periportal, lobular e fibrose (BRASIL, 2011; BRASIL, 2017). O escore de Child-
Turcotte-Pugh (Child-Pugh), utilizado para avaliar o grau de deterioracdo da funcao
hepatica, é calculado somando-se os pontos dos cinco fatores abaixo, variando
entre 5 e 15. As classes de Child-Pugh sé&o A (escore de 5 a 6), B (7 a9) ouC
(acima de 10)(BRASIL, 2017d).

1.6 Entrada e replicacdo do HCV nas células hospedeiras

O HCV circula em vérias formas no hospedeiro infectado, circulando livremente
ou associado diretamente a lipoproteinas de baixa densidade (LDL) agindo como um
dos fatores de ligacdo inicial (PRINCE, et al., 1996; AGNELLO et al.,, 1999;
PATRICE et al., 2005).

Vérias moléculas de superficie celular medeiam a ligacdo do HCV para células
hospedeiras. As moléculas de glicosaminoglicanos (GAGS) e o0s receptores de
lipoproteina de baixa densidade (LDL-R) facilitam a fixac&o inicial, interagindo com
as glicoproteinas do HCV e lipoproteinas associadas aos virions, respectivamente.
Apéds o passo inicial de ligacao, o virus interage com o receptor scavenger classe B
tipo | e a molécula CD81. Logo, as proteinas de juncdo claudina-1 (CLDN-1) e
ocludina (OCLDN) contribuem para a absorcao, ligacao e internalizacao do HCV por
endocitose (EVANS, et al., 2007; DAO THI, et al., 2011) (Figura 04).

ApOs a entrada do virion, o endossoma acidificado induz a fusdo das
glicoproteinas virais a membrana da célula e em seguida o RNA é liberado do
nucleocapsideo para replicacdo e traducdo das proteinas que compde o virus
(MORADPOUR et al.,2007). O processo de formacdo do nucleocapsideo acontece
dentro do reticulo endoplasmatico. Posteriormente, o nucleocapsideo envelopado
matura-se no complexo de Golgi e novos virions sdo produzidos e liberados por

exocitose, iniciando um novo ciclo (PENIN et al., 2004).
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Figura 04: Ciclo de Replicacéo do Virus da Hepatite C.
Fonte: Adaptado de BARTENSCHLAGER et al., 2013.

1.7 Mecanismos imunes inatos e adaptativos no desenvolvimento da
fibrose hepatica

Na infeccao por HCV, a lesao hepética aguda e crénica promovem a ativacao
da resposta pro-inflamatéria, que resulta na producéo de citocinas inflamatérias e no
recrutamento de leucdcitos que contribuem para um desequilibrio no processo de
remodelacdo da matriz extracelular (MEC), induzindo progressivamente a
deformacdo de septos, e anéis de cicatriz que envolvem ndédulos hepaticos
(FRIDMAN, 2004).

A resposta imune na infeccdo por HCV inicia-se através da ativacdo de
receptores do tipo Toll por proteinas e RNA do HCV. Os TLRs podem reconhecer
uma variedade de elementos provenientes de bactérias, fungos, protozoarios e
virus, que podem ser categorizados em componentes de lipideos, proteinas e acidos
nucléicos. O reconhecimento pelos TLR através da interacdo dos padroes
moleculares associados a patdgenos — receptores do tipo Toll (PAMP-TLR) induz a
ativacdo de fatores de transcricdo, como fatores reguladores de interferon 3/
7(IRF3/7) e factor nuclear kappa B (NF-kB), que convergem para a ativacdo de
genes alvo do IFN tipo | (a e B), resultando na inibicdo da replicagéo viral, producéo
de citocinas pro-inflamatorias, como TNF-qa, IL-12, IL-1, IL-6, quimiocinas endoteliais

(CCL2, CXCL8), além de promover a elevacdo das células inflamatérias para o
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figado (MACHIDA et al., 2006;SATO et al., 2007;EKSIOGLU, et al., 2011; DENTAL
et al., 2012;BUONAGURO et al., 2012).

As proteinas do Core e a proteina NS3 sao reconhecidas pelo TLR-2 associado
ao TLR-1/TLR-6 em células mononucleares do sangue periférico (SATO, 2007).
Enquanto NS5A ativa TLR-4 e induz a producéo de IFN-B em células infectadas e
tecido circundante (MACHIDA, 2006). No processo de replicacdo do HCV, seu RNA
também estimula TLR-3, 7/8 e 9, que contribui para o controle da replicacdo viral,
reduzindo os niveis de RNA do HCV e ampliando o processo inflamatorio (ZANG,
2009) (Figura 05).

RNA VIRAL:TLR3,TLR7/8,TLR9

5 3

Core E1 E2
TLR-2 /T"R'3 TLR-2 TLR-4 TLR-7/8/9
IRF-3_| /<
IRF-3_ | NF-kB |
SKINATY NN INALY NI
IFNo/B TNF-a, IL-6, IL-10, IL-12, TGF-B...

Figura 05: Reconhecimento das proteinas do Virus da Hepatite C e ativacdo das vias
de sinalizagé&o.
Fonte: Adaptado de HOWELL et al., 2013.

Este processo inicial de reconhecimento do patégeno € feito pelas células
dendriticas imaturas (iDC) que reconhecem o material genético do virus por meio
dos receptores do tipo Toll e, em seguida, migram para os linfonodos onde tornam-
se células dendriticas maduras e ativam linfécitos T auxiliares (linfécitos T helper,
naive), por meio da ligacdo do antigeno leucocitario humano de classe Il (HLA 1) e
moléculas co-estimulatérias (CD80 e CD86). Simultaneamente, as células
dendriticas ativam linfocitos T citotoxicos (CTLs) através da ligagdo do HLA | e
moléculas co-estimulatérias. Por conseguinte, as células dendriticas mieloides
produzem IL-12, modulando uma resposta imune celular Tul. Estas, por sua vez
secretam IL-2, TNF-a e IFN-y que induzem a ativagao e proliferagao de linfocitos T
citotoxicos (CTLs) especificos ao HCV. Os CTLs sensibilizados sdo estimulados a

deixarem os linfonodos e migrarem para o figado. Eles reconhecem a infeccéo por
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meio da ligacdo do receptor de células T (TCR) aos epitopos virais associados a
molécula de HLA de classe | na superficie de hepatdcitos infectados, e erradica-os
através da injuria causada nesses hepatécitos por liberacdo de perforinas,
granzimas, ligacdo de FAS/FASL e TNF-q, iniciando assim, o processo inflamatorio
(Figura 06) (HIROISHI et al., 2008; HIROISHI et al., 2010; PARK et al., 2014).

N CDS0
cD28 > chae

INF-«
11.-12

Figura 06: Mecanismos das células imunes no reconhecimento e eliminacdo do Virus da
Hepatite C.
Fonte: Adaptado de HIROISHI et al., 2010.

Em caso de eliminagcdo espontanea do virus, uma forte resposta celular devido
aos linfocitos T CD4* e T CD8* € observada na fase inicial da infec¢cdo. Em seguida,
0s anticorpos neutralizantes sao rapidamente expressos. No entanto, na maioria dos
casos, a imunidade adaptativa do hospedeiro € incapaz de controlar a infeccao pelo
HCV e evolui para uma forma crénica da doenca. Os anticorpos especificos para as
proteinas virais E1/ E2 sao ineficientes devido a selecdo rapida das variantes
resultantes da mutagdo do virus, promovendo a falha no reconhecimento e a
eliminacao viral por células T CD8* especificas (JEULIN et al., 2013).

Para continuar seu processo de replicacdo, o HCV interfere em vérias vias de
sinalizacdo das respostas imunes antivirais. Uma das proteinas que participa desse
processo é a NS3/4, que blogueia a ativacdo do gene induzivel pelo &cido retindico |
(RIG-1) e a traducao do fator regulador de IFN-3 (IRF-3). A proteina Core interfere
na via janus-cinase de transdutores de sinais e ativadores de transcricdo (JAK-

STAT) pela ativacdo dos supressores da sinalizacdo de citocinas-3 (SOCS-3). A
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proteina E2 inibe o receptor de proteina cinase (PKR) e as funcdes das células
natural killer (NK) (ASHFAQ et al., 2011).

A NS5A tem propriedades importantes no escape da acgéo antiviral dos IFNs
(ASHFAQ et al., 2011). Uma explicacdo para isto vem da observacdo de que a
NS5A pode induzir a expresséo e secre¢do de IL-8 cujas a¢des inibem a producao
dos IFNs (GALE & FOY, 2005).

Para proteger o dano hepatico causado pelo processo de persisténcia viral, as
células reguladoras dos linfécitos T desempenham um papel central pela supresséo
da atividade imune excessiva através da expressao de citocinas anti-inflamatorias,
como TGF-B1 e IL-10 (CABRERA et al.,, 2004; WARD et al. 2007, JUNG; SHIN,
2016).

No entanto, o TGF-B1 € um forte indutor de fibrogénese, que regula a a-actina
do musculo liso (aSMA), promove a transdiferenciacdo de células estreladas
hepaticas (HSCs) em miofibroblastos além de induzir a sintese de colageno de tipo
| nestas células (LU & INSEL, 2014, TSOU et al., 2014).

Quando a doenca cronica se estabelece, a capacidade de regeneragao das
células do parénquima é prejudicada e os hepatécitos mortos sédo substituidos por
uma acumulacdo abundante da matriz extracelular, segregada principalmente pelas
células estreladas hepaticas ativadas (miofibroblastos). Isto se deve ao fato de que
os macrofagos tém uma capacidade para degradar a matriz cicatricial
recentemente sintetizada através da secrecao de metaloproteinases de matriz
(MMPs), mas a atividade da protease é inibida pela producdo concomitante de
inibidores de tecidos de metaloproteinases (TIMPs) por miofibroblastos e
macrofagos, o que resulta na acumulacdo excessiva de componentes da matriz
extracelular (MEC), como colageno e fibronectina, que vao progressivamente evoluir
para fibrose em ponte e finalmente cirrose (PELLICORO et al., 2014).

Além das citocinas jA mencionadas, outros mediadores pro-inflamatérios que
sdo gerados por danos celulares e por estimulacdo celular dentro ambiente
hepatico.Dentre eles, podemos incluir o fator de crescimento derivado de
plaguetas (PDGF), fator de crescimento do tecido conjuntivo (CTGF) e fator de
crescimento do endotélio vascular (VEGF), cooperam para a proliferagdo dos
miofibroblastos, para a formacdo de novos vasos e para proliferacdo
compensatoéria de hepatdcitos (Figura 07) (AOYAMA et al., 2010).
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A cirrose esta definida histologicamente como uma forma difusa do processo
caracterizado por fibrose e a conversao da arquitetura normal do figado em ndédulos
estruturalmente anormais (BATALLER; BRENNER,2005; BERARDIS et al.,2015).
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Figura 07: Cascata de sinalizacdo de dano Hepatico.
Fonte: Adaptado de AOYAMA et al., 2010; YU et al., 2017.

A progressao da doenca hepética cronica aumenta a resisténcia intra-hepatica
ao fluxo e estd associado a translocacédo bacteriana. A conexao anatdbmica através
da veia porta se permite a exposicdo frequente a bactérias intestinais e produtos
bacterianos e contribui para a ativacdo de TLR-4 nas células do figado, como células
de Kupffer e células estreladas hepéticas. Contudo, a resposta imune hepatica é
extremamente regulada para evitar uma resposta nociva em condi¢des fisioldgicas
(SEKI et al., 2008; AOYAMA et al., 2010; YU; SCHWABLE,2017).

Curiosamente, niveis mais elevados de bactérias/PAMPs que translocam do
intestino para a circulacdo portal em pacientes com doencgas hepaticas e podem
induzir o aumento da sinalizacdo TLR, contribuindo para a progressdo da doenca
hepatica crbnica para seu estagio final, o carcinoma hepatocelular. Esse fenbmeno
pode estar relacionado a diminuicdo da motilidade intestinal, ao crescimento
excessivo de bactérias patogénicas, a inflamacdo do trato gastrointestinal, ao
estresse oxidativo da mucosa e hipertensao portal (WEISS, et al., 2012; SCHWADE;
JOBIN, 2013; MEHTA et al., 2014).
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Outro receptor importante que também participa neste processo de evolucéo
da doenca é o TLR-9 que reconhece o DNA bacteriano rico em motivos CpG.
Watanabe et al.,, (2007) demostraram que o DNA desnaturado de origem do
hospedeiro proveniente de hepatécitos apoptéticos estimula HSCs através de TLR-9
na fibrose hepéatica.

Clinicamente, o carcinoma hepatocelular esta fortemente associado a fibrose
hepatica e cirrose. Contudo, ainda ndo se sabe ao certo em que momento estes

mecanismos podem propiciar o desenvolvimento do carcinoma hepatocelular.

1.8 Impacto do polimorfismo de nucleotideo Unico (SNP) em genes de
receptores do tipo toll (TLRS)

A interacdo do sistema imunolégico com agentes infecciosos ocorre
dinamicamente, com sofisticados mecanismos de controle da infeccdo. A presséo de
selecéo de patdgenos leva a altas taxas consideraveis de polimorfismo genético nos
TLR, e muitos deles afetam a funcdo genética. Fato este que despertou um grande
interesse pela comunidade cientifica em explorar as relagées dos polimorfismos nos
TLRs e os aspectos clinicos da doenca. (SMIRNOVA et al., 2000; FERWEDA et al.,
2007; COELHO-CASTELO et al., 2009; HOWELL et al.,2013).

No caso da hepatite, alguns polimorfismos nos genes dos TLRs sdao
importantes no desfecho da doenca. O receptor TLR-3, localizado no 4q35.1,
reconhece RNA de cadeia dupla (dsRNA), enquanto o TLR-7 e TLR-8 reconhecem
RNA de cadeia simples (ssRNA). O dsRNA é produzido pela maioria dos virus
durante a sua replicacdo e induz a sintese de interferon de tipo | (IFN-a/B), que
exerce atividades antivirais e imunoestimuladoras (TAKEDA & AKIRA, 2005).

Vérios estudos mostraram que as variacdes genéticas no gene TLR3 estdo
associadas a suscetibilidade e/ou resisténcia a varias doencas infecciosas e podem
estar relacionadas com a proliferagdo/angiogénese no desenvolvimento do
hepatocarcinoma (HOWELL et al.,2013; YUAN et al., 2015). Al-Anazi et al., (2017),
relataram que o SNP rs78726532 do TLR3 estava fortemente associado a infecgao
pelo HCV no estudo caso-controle, na Arabia Saudita, enquanto o SNP rs5743314
com progressdo da doenca hepatica devido ao HCV (cirrose e CHC). Sa et al.,
(2015) sugeriram que polimorfismos no gene TLR3 (rs5743305 e rs3775291) podem
estar associados a danos nas vias biliares durante o curso da infecgdo pelo HCV,

contribuindo para o aumento do dano hepatico.
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O gene TLR7 é expresso em compartimentos intracelulares e estdo envolvidos
na regulacdo da resposta imune inata através de cascatas de sinalizacdo pro-
inflamatoéria dependente de MyD88 (DU et al., 2000). Recentemente, Zhu et al.,
(2017) descreveram o impacto de trés SNPs no TLR7 envolvidos com a
suscetibilidade e progressdo da infeccdo pelo virus da hepatite B em adultos
chineses. Os trés polimorfismos rs179010, rs2074109 e rs179009, localizados em
Xp22.2, abrangendo trés exons, ndo causam alteragcbes nos aminoacidos, mas
parecem influenciar a expresséo de TLR-7 e resultam em diferengcas na citocina,
como o IFN-a, sugerindo que esses SNPs sdo funcionais. Yue et al.,, (2014)
demonstraram que o genétipo GG de rs179009 estava associado a um risco
aumentado de infecgéo pelo HCV entre mulheres chinesas e correlacionado com um
nivel mais baixo de IFN-a. Os IFNs sédo importantes para modular uma resposta
imune efetiva dependente de Thl contra o virus da hepatite C (YUE et al., 2014;
ZHU et al.,2017).

Pifiero et al., (2017) analisaram véarios SNPs em genes TLRs e observaram que
0 rs4696480 (TLR2), rs4986790 (TLR4) e 0 rs187084 (TLR9) estavam associados a
niveis séricos significativamente elevados de acido lipoteicdico (LTA),
lipopolissacarideo (LPS) e DNA bacteriano. Além disso, 0s niveis séricos de TNF-q,
IL-6 e 6xido nitrico estavam significativamente diminuidos em todos os pacientes
portadores dessas variantes. Esses SNPs também estdo associados a um aumento
no fator de circulacdo de antigenos e a uma diminui¢cdo na resposta pré-inflamatoria
em pacientes com cirrose. Esta imunodeficiéncia geneticamente derivada pode ter
consequéncias na depuracdo do antigeno bacteriano e contribuir para as
complicagbes clinicamente relevantes que sao freqientemente desenvolvidas em
pacientes com cirrose (PINERO, 2017).

Individuos com doenca hepatica crénica avangada causada pela infec¢cdo do
HCV e sob constante exposicdo a microbiota derivada do intestino podem levar a
producéo inapropriada de citocinas pro-inflamatérias, podendo evoluir para doenca
hepatica grave associada a expressdo anormal de TLR em células estreladas de
hepatdcitos e células de Kupffer (KIZILTAS et al., 2016).

Evidéncias crescentes sugerem que o rs4986790 TLR4 leva a uma alteracéo
de aminoacidos (Asp299Gly) alterando a estrutura da proteina podendo afetar a
ligagdo dos ligantes TLR-4 a estabilidade da proteina e causar recrutamento

deficiente de MYD88 e TRIF, mas eles nao tém efeito sobre a expressao do receptor
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TLR-4 (OTHO et al.,, 2012; FIGUEROA et al.,2014). Curiosamente, dois estudos
mostraram uma hiporresponsividade imunoldgica a ligacdo de LPS em variantes de
TLR4 em mondcitos / macréfagos humanos (HOLD et al., 2014; SCHMITT et al.,
2002). Esses SNPs podem contribuir para o aumento do risco de infeccoes
bacterianas e uma diminuicdo na resposta pro-inflamatéria em pacientes com
cirrose.

Vérios estudos dedicaram-se a estudar possiveis associacbes entre 0s
polimorfismos do gene TLR9 e o risco de cancer (MOLLAKI et al., 2009; KUTIKHIN
et al., 2011). De acordo com Novak et al., (2007) e Ng et al., (2010), o alelo T é
transcrito de forma mais eficaz sob condicbes basais em comparacao com o alelo C
variante. Uma das possiveis conseqiéncias funcionais do SNP TLR9 -1237T/C é a
adicdo de um sitio de ligacéo transcricional de NF-kB que pode levar ao aumento da
producao de citocinas pré-inflamatérias.

Carvalho et al., (2011) mostraram que a IL-6 regula positivamente a expressao
de TLR-9, levando a respostas celulares exacerbadas ao CpG-DNA, incluindo
producéo de IL-6 e proliferacdo de células B em células mononucleares portadoras
do SNP TLR9 -1237 T/C (CARVALHO et al., 2011). Além disso, o aumento da
atividade transcricional de TLR9 em células mononucleares de pacientes portadores
de SNP TLR9 -1237 T/C suporta um efeito funcional deste polimorfismo na
suscetibilidade ao linfoma ndo-Hodgkin (CARVALHO et al., 2012). Roszak et. al.,
(2012) sugerem que o heterozigoto TLR9 -1486C/T pode ser um fator de risco
genético para o cancer do colo do utero. Tao et al., (2007) confirmam que o alelo C
do TLR9 -1486C/T SNP contribui para diminuir a expressédo de TLR-9 e também esta
estreitamente correlacionado com o risco de lapus eritematoso sistémico (TAO et al.,
2007; ROSZAK et al., 2012).

Sabe-se que os efeitos da infeccdo pelo HCV na sinalizacdo de TLRs séo
complexos e que a supressdo da sinalizagdo de TLRs em células efetoras imunes
podem favorecer a inibicdo da inflamacao, a persisténcia viral e a infec¢do cronica.
Evidéncias preliminares sugerem que os polimorfismos nos TLRs oferecem uma
ferramenta em potencial para a predicdo dos resultados adversos relacionados ao

HCV e outras infecgoes.
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1.9 Tratamento da Hepatite C

O tratamento da Hepatite C tem como objetivo reducdo da atividade
inflamatéria nos hepatdcitos por meio da interrupcdo da replicacdo do agente
infecioso e estd indicado para todos os pacientes, independentemente do
estadiamento da fibrose hepéatica (BRASIL,2018).

Atualmente, o Sistema Unico de Saude (SUS) disponibilizou um arsenal
terapéutico de farmacos, inibidor de protease que sdo capazes de inibir o complexo
enzimatico NS5A (daclatasvir/ombitasvir), analogo de nucleotideo que inibe a
polimerase do HCV (sofosbuvir), inibidor ndo nucleosidico da polimerase NS5B
(dasabuvir), inibidor de protease NS3/NS4A (simeprevir/veruprevir) e o0
potencializador farmacocinético (ritonavir) (Brasil,2017). Estes agentes mostraram
efeitos colaterais minimos, boa eficacia, com tempo de tratamento menor e altas
taxas de resposta virolégica sustentada (RVS) (AHMED & FELMLEE, 2015).

No entanto, estudos recentes tém discutido o perfil de seguranca dessas novas
drogas. Vérios estudos sugeriram um aumento na incidéncia e recorréncia de
carcinoma hepatocelular (CHC) em pacientes cirréticos que atingiram a RVS
(STRAZZULLA et al., 2016; SYED et al., 2018; MAIDA et al., 2018). Existem indicios
na literatura que o tratamento promove uma interrupcdo da vigilancia imunologica
durante a terapia antiviral com os DAAs e a persisténcia do processo inflamatorio

através da resposta do estresse de reticulo endoplasmatico e inibicdo da expresao
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Além disso, estudos recentes demostram que ha uma desregulacéo persistente
de citocinas e quimiocinas (IP-10, MCP-1, MIP-1f3, e IL-18) durante/p6s tratamento
(CARLIN et al.,2015; HENGST et al.,2016), bem como no perfil celular de
CD4*/CD8* (MEISSNER et al., 2017) e células T invariaveis associadas a Mucosa
(HENGST et al.,2016).Observou-se também um aumento dos niveis de VEGF
durante o tratamento (VILLANI et al.,2016) e uma hipercoagulabilidade transitoria
marcada pela elevacéo do fator VIII e pelo potencial de trombina enddégena gerada
durante o tratamento (RUSSO et al., 2018).

Outro fato importante a ser considerado € que essas populacdes que recebem
DAAs tém, comumente, idade mais avancada e com uma porcentagem maior de
fibrose avancada ou cirrose podendo contribuir para um estado inflamatorio crénico
acompanhado de alteracdes hormonais e adiposas (MICHAUD et al., 2013). Todos
esses fatores juntos somados ao patrimbnio genético que cada um carrega podem
favorecer ao desenvolvimento do hepatocarcinoma mesmo depois de tratamento.
Diferente do IFN exdgeno que desempenha um papel protetor na incidéncia de CHC
através do clearance viral, acdo imunomodulatéria, antiangiogénica e efeito
antitumoral indireto, comparado aos DAAs, que erradicam o HCV sem controlar os
clones neoplasicos e reduzindo a resposta anti-inflamatéria (STRAZZULLA et al.,
2016).

Diante do que foi exposto, decidimos avaliar a influéncia dos polimorfismos nos
genes TLR4 e TLR9 em pacientes tratados com antivirais de acao direta e que

atingiram resposta virolégica sustentada.
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3 OBJETIVOS
3.10bjetivo Geral

e Descrever a influéncia dos polimorfismos nos genes dos receptores
TLR4 e TLR9 e sua associacao sobre o perfil de citocinas em pacientes com
doenca hepatica crénica.

3.2 Objetivos Especificos

e Determinar a frequéncia dos polimorfismos encontrados, atraves da
genotipagem nos genes dos receptores do tipo Toll TLR4 (rs4986790 e
rs4986791) e TLR9 (rs187084 e rs5743836);

e Descrever 0s genotipos variantes circulantes do virus da Hepatite C na
populacao de pacientes estudados;

e Investigar a associacdo dos polimorfismos nos genes dos receptores
do tipo Toll com o grau de fibrose hepatica, relacionando as alteracbes
laboratoriais e clinicas;

e Avaliar a relacdo desses polimorfismos dos receptores do tipo Toll
sobre o perfil citocinas circulantes e em sobrenadante de cultura envolvidas na
progressdo da fibrose hepatica apds tratamento com antivirais de acéo direta
(DAAS).



Mteriat e Metoidbs
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4 MATERIAL E METODOS
4.1 Modelo de Estudo

Foi realizado um estudo descritivo, do tipo caso-controle e transversal,
retrospectivo realizado em pacientes diagnosticados com Hepatite C cronica,
atendidos no ambulatério de Hepatopatia da Fundacao de Medicina Tropical- Doutor
Heitor Vieira Dourado (FMT-HVD).

O presente estudo constitui subprojeto de um projeto maior da linha de
pesquisa sobre Hepatites do Grupo de Pesquisa “Imunologia béasica e Aplicada™s,
realizado em pacientes com Hepatite C cronica atendidos no ambulatorio de
hepatites virais da (FMT-HVD) em Manaus, Amazonas.

4.2 Populacéo de estudo e critérios de incluséo e excluséo

Para a coleta das informagbes do objeto de pesquisa, foram utilizadas

amostras biologicas de sangue total dos seguintes segmentos populacionais:

) Foram incluidos no estudo pacientes diagnosticados com Hepatite C,
advindos de qualquer localidade, e que procuraram atendimento na FMT-
HVD, no periodo de dezembro de 2015 a julho de 2017, localizada na
cidade de Manaus, Estado do Amazonas.

I) Para o grupo controle, foram selecionados candidatos a doadores de
sangue da Fundacdo Hospitalar de Hematologia e Hemoterapia do
Amazonas (HEMOAM), de ambos os sexos, com idade minima de 18 anos
residentes em Manaus, que ndo apresentaram reatividade para Hepatite B
(anti-HBc, HBsAQ), HCV (anti-HCV), HIV (anti-HIV-1 e 2), confirmados por
NAT-HBV/HCV/HIV, HTLV (anti-HTLV | e Il), doenca de Chagas (ELISA),
sifilis (VDRL).

Foram excluidos pacientes que apresentaram co-infeccdo com os virus da
hepatite B (anti-HBc), virus da imunodeficiéncia adquirida-HIV (anti-HIV 1 e 2), HTLV
(anti-HTLV | e 1l), doenca de Chagas (ELISA), sifilis (VDRL) pacientes que
apresentaram quadro clinico-laboratorial de cirrose hepatica descompensada,
pacientes diabéticos descompensados, pacientes com relato de consumo diario de

3 “Identificacdo e Selecdo de Peptideos Miméticos Reativos aos soros de pacientes HCV* e
sua influéncia no desenvolvimento da fibrose hepatica in vitro”.
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bebida alcodlica, pacientes com disturbios psiquiatricos, pacientes renais cronicos e
pacientes com sindrome plurimetabdlica. Nao foram incluidos gravidas e indigenas.
4.3 Participantes do Estudo
A amostragem foi composta por 206 candidatos a doadores de sangue e por
151 pacientes diagnosticados com Hepatite C e em acompanhamento pos-
tratamento, coletados por demanda espontanea no Ambulatério de Hepatopatia da
(FMT-HVD).

4.4 Critérios de Avaliacao dos Pacientes infectados pelo virus da Hepatite

C com fibrose ausente ou inicial e fibrose avancada
Os pacientes infectados pelo virus da Hepatite C foram avaliados pela equipe
médica da FMT-HVD e foram classificados de acordo com a presenca de doenca
hepéatica estabelecidos por meio da aplicacdo dos indices APRI (AST to Platelet Ratio
Index) e FIB4 (Fibrosis-4) mediante a correlacdo dos resultados dos referidos indices

com a escala Metavir.

4.5 Aspectos Eticos

As amostras utilizadas neste estudo foram obtidas a partir dos projetos
aprovados pelos CEPs intitulados “Identificacdo e Sele¢do de Peptideos Miméticos
Reativos aos soros de pacientes HCV* e sua influéncia no desenvolvimento da
fibrose hepatica in vitro” e “Avaliacdo do perfil Celular, humoral e molecular em
doadores de sangue com sorologia reativa ao virus da hepatite B (HBV) na Cidade
de Manaus”, coordenados pela Dra. Adriana Malheiro Alle Marie e Dra. Laura
Patricia Viana Chaves, respectivamente. Vale ressaltar que do segundo projeto
utilizamos apenas as amostras controles.

Ambos projetos foram aprovados pelo Comité de Etica em Pesquisa da
Fundacdo Hospitalar de Hematologia e Hemoterapia do Amazonas sob o0s
respectivos nimeros de CAAE: 49652815.8.0000.0009 e CAAE 0024.112.000-10.

4.6 Procedimentos

4.6.1 Coleta e conservacao das amostras

As amostras analisadas neste estudo foram coletadas através de puncao
venosa. O volume total de 30 mL de sangue periférico foram distribuidos em dois
tubos: 5 mL em tubo PPT (Plasma Preparation Tube, Vacuntainer BD) para

procedimentos referentes a determinagcdo dos polimorfismos das citocinas
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propostas, 5 mL em um tubo sem anticoagulante e 4 tubos contendo heparina (BD
Vacutainer® PST™) para realizacdo de cultura de células mononucleares do
sangue periférico, no qual foi reservado para dosagem de citocinas previstas pelos
projetos.

As amostras foram transportadas ao Laboratério Multidisciplinar da Fundacao
HEMOAM, onde o soro e o plasma foram separados por centrifugacéo a 3.000 (rpm)
por 5 minutos, e, juntamente com a fracdo celular, congelado a -80 °C. As etapas
descritas neste estudo foram realizadas conforme o fluxograma abaixo (Figura 08).

Recrutamento dos pacientes HCV (FMT-HVD) e controle
(HEMOAM)

i

Apresentagao do
TCLE

Né&o incluido
no estudo

Aceita participar dd
estudo?

NEO—|

Sim
Y

Coleta de dados Clinicos e
Demograficos

! ' '

‘ Soro ] Sangue Total (EDTA) ]

Sangue Total (Heparina)

Y

Cultura PBMC
Dosagem de
=

citocinas

Genotipagem
dos
polimorfismos

3 B

Sobrenadante de \
Cultura

Andlise de Dados

i

Elaboragéo do Artigo

T 3

i

( Publicagao dos dados ,

Figura 09: Fluxograma demonstrativo das etapas do projeto.



44

4.6.2 Extracdo do DNA

A extracdo de DNA gendmico foi realizada com o kit comercial QIAmp DNA kit
(QIAGEN, Chatsworth, CA, USA). A extracdo foi realizada segundo as
recomendacdes descritas no protocolo do fabricante. Apds a extracdo as amostras
foram congeladas a -20°C até a execucdo da Reacdo em Cadeia da Polimerase
(PCR) .

4.6.3 Genotipagem dos genes dos receptores do tipo Toll por Reagcdo em
Cadeia da Polimerase (PCR) associada a analise de polimorfismos por
Fragmentos de Restricdo (RFLP)

Os polimorfismos nos genes dos receptores do tipo Toll foram genotipados
pela técnica de PCR-RFLP descritas por Leoratti et al., (2008), Ramasawmy et al.,
(2009) e Costa et al, (2017).

Resumidamente, a reacdo de PCR para cada SNP consistiu em 1 uL de DNA
gendmico (~20ng) adicionado a 24 pL de mix de PCR contendo 0,2 pL (2U)
Platinum™ Taq polimerase (Thermo Fisher Scientific), 2,5 yL de tampao 10x (100 40
mmol/L Tris-HCI [pH 8,3] e 500 mmol/L de KCI), 1 uL de MgClz (1,5 mmol/L), 1 puL de
dNTPs (40 mmol/L), 0,5 pL de primers forward e reverse (0,25 pmol/L) e 18,3 uL de
dH20 ultrapura. O processo de amplificacdo foi realizado no termociclador Veriti® 96
Well Thermal Cycler (Applied Biosystems, Carlsbad, USA). Em seguida, foi utilizado
10 pL de produto de PCR para a reacdo de restricdo, adicionado de 5U da
respectiva enzima de restricdo (New England Biolabs, Ipswich, MA, EUA) diluida em
tampdo enzimatico de acordo com as instru¢cdes do fabricante. Os primers, as
condicbes de ciclagem para PCR e as endonucleases de restricdo estdo descritos
na Tabela 01. Os fragmentos gerados pela reacdo de PCR-RFLP foram separados
por eletroforese em um gel de agarose a 2% - 4% corado com GelRed™ Nucleic
Acid Gel Stain (Biotium, Hayward, CA, EUA) e visualizados em luz Ultravioleta (UV)
no aparelho de fotodocumentagdo Molecular Imager Gel Doc™ XR (Bio-Rad
Corporation, Hercules, CA, EUA), como demonstrado nas Figuras 10-13. Descricéo
dos genes, referéncia dos SNPs e primers utilizados na genotipagem estéo

demonstrados na tabela O1.
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Figura 10: Andlise do Polimorfismo TLR4 A299G em individuos com hepatite C por
PCR-RFLP.Alelo selvagem do gene TLR4 A299G (249pb) e alelo variante (219 e
30pb). Pogo 1: Ladder de 100pb ; Poco 2-14/ 16 -20: homozigoto selvagem (A/A); Poco
15 : Heterozigoto (A/G).

Figura 11: Analise do Polimorfismo TLR4 T399I em individuos com hepatite C por
PCR-RFLP. Alelo selvagem do gene TLR4 T399I (147pb) e alelo variante (96 e
51pb) . Poco 1: Ladder de 100pb;Poco 2; controle negativo; Pogo 3-13: homozigoto
selvagem (C/C); Poco 14 : Heterozigoto (C/T).
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Figura 12: Andlise do Polimorfismo TLR9 -1237C/T em individuos com hepatite C
por PCR-RFLP.

Alelo selvagem do gene TLR9 -1237C/T (60,48 e 27pb) e alelo variante (108 e
27pb). Poco 1: Ladder de 100pb; Poco 2,5,6,7,9-10,12-14,15-16,19: homozigoto
mutado (T/T); Poco 3,4,8,11,15,18e 20 : Heterozigoto (C/T).
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Figura 13: Analise do Polimorfismo TLR9 -1486C/T em individuos com hepatite C
por PCR-RFLP. Alelo selvagem do gene TLR9 -1486C/T(145pb), alelo variante
(111 e 34pb) Poc¢o 1: Peso molecular de 100pb; Poco 2-7: Heterozigoto (C/T).
Poc¢o 8: Homozigoto mutado (T/T).

4.6.4 Isolamentos de células mononucleares do sangue periférico
(PBMC) e cultura celular

O material coletado foi processado na Universidade Federal do Amazonas -
Laboratério de Imunologia Celular (LIC), dentro da capela de fluxo laminar nivel I,
previamente esterilizado por 20 minutos sob a luz U.V. O sangue periférico obtido foi
adicionado em um tubo falcon de 50 mL contendo Ficoll-Hypaque, submetido a
centrifugacao por 800g durante 20 minutos a 18 °C.

ApoOs a centrifugagdo, a massa leucocitaria formada por células mononucleares
de sangue periferico foi transferida para um tubo falcon de 15 mL, onde foi
acrescentado o volume de 15 mL de meio de cultivo RPMI ndo suplementado
(Roswell Park Memorial Institute-1640- Sigma-Aldrich) e centrifugado por 250g por
10 minutos a 15° C. O sobrenadante foi desprezado e o pellet foi ressuspendido em
10 mL de RPMI (Sigma — Aldrich) e centrifugado novamente. Ao descartar o
sobrenadante, as células foram ressupensas em 5 mL de RPMI suplementado
(RPMI, 1% de estreptomicina + 10 % de soro bovino fetal). As células foram
contadas em camera de Neubauer utilizando a solugéo de Turk e para verificar a
viabilidade celular, utilizamos o corante vital Azul de Tripan (GIGI et al.,2008).

O volume final de 4 mL de células mononucleares (2x108/mL) foram
distribuidos em tubos de polipropileno/fosco de fundo em U com tampa. O tubo 1 foi
preenchido com 500 uL de suspenséao celular, 500 uL de RPMI completo (controle
negativo). No no tubo 2 foi preenchido com 500 pyL de suspenséao celular, 500 L
RPMI completo, 100uL de endotoxina exdgena (LPS/1ug/mL). Cada estimulo foi

realizado em duplicata. Os tubos foram submetidos a um periodo de incubacéo de
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12 horas em estufa a 5% de CO2 a 37° C. Apés a incubacéao foi realizada a coleta do
sobrenadante da cultura para dosagem de citocinas utilizando o kit CBA e ELISA, e
coleta das células para marcacdo com anticorpos especificos para citometria de

fluxo.



Tabela 01: Descricéo dos genes, referéncia dos SNPs e primers utilizados na genotipagem.
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Enzimas Alelos e
Polimorfismos Iniciadores Protocolo de PCR de Fragmentos
Restricao (bp)
TLR4 A299G F: 5-ATACTTAGACTACTACCTCCATG-3 95°C for 5min, 35x (95°C for A: 259
(rs4986790) R: 5-AAACTCAAGGCTTGGTAGATC-3’ 30s, 56°C for 30s, 72°C for Ncol .
S ) G: 239+20
30s), 72°C for 7min
TLR4 T399I F: 5-GCTGTTTTCAAAGTGATTTTGGGAGAA-3’ 95°C for 5min, 35x (95°C for C: 147
(rs4986791) R: 5-CACTCATTTGTTTCAAATTGGAATG-3 30s, 60°C for 30s, 72°C for Hinf-I| A
o . T: 96+51
45s), 72°C for 5min
F: 5-CTGCTTGCAGTTGACTGTGT-3 95°C for 5min, 40x (95°C for )
TLR9-1237CIT . 5 ATGGGAGCAGAGACATAATGGA-3' 30s, 59°C for 30s, 72°C for BstNI| C:108+27
(rs5743836) o . T: 60+48+27
45s), 72°C for 7min
F: 5-TATCGTCTTATTCCCCTGCTGGAATGT-3’ 95°C for 5min, 40x (95°C for
TLR9 -1486C/T L , o ’ o C: 145
(rs187084) R: 5-TGCCCAGAGCTGACTGCTGG-3 30s, 59°C for 30s, 72°C for Aflll T 111434

30s), 72°C for 7min
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4.6.5 Dosagem de Citocinas por Cytometric Bead Array (CBA)

A dosagem de citocinas das amostras de soro e sobrenadante de cultura dos
pacientes e controles foram realizadas pela técnica de Citometria de Fluxo,
utilizando o kit CBA (Cytometric Bead Array) com o Kit BDTM Human TH1/TH2/TH17
Cytokine (marca BD® Biosciences, San Diego, CA, USA), seguindo as orientacdes
descritas pelo fabricante.

As citocinas quantificadas foram IL-2, IL-4, IL-6, IL-10, TNF, IFN-y e IL17A.O
Kit BDTM CBA utiliza uma série de particulas (microesferas ou beads) de tamanho
conhecido e com intensidade de fluorescéncia distinta para detectar
simultaneamente, através de uma superficie de captura as varias citocinas solaveis.
Cada bead de captura estd conjugada com um anticorpo especifico para cada
citocina. A deteccdo das citocinas presentes na amostra foi realizada através de
anticorpos conjugados ao fluorocromo ficoeritrina (PE) que fornecem um sinal
fluorescente em proporcdo a quantidade de citocina da amostra ligada a bead. Os
complexos formados de bead de captura+tcitocina da amostra + anticorpo de
deteccdo foram quantificados através da Citometria de Fluxo. A intensidade da
Fluorescéncia PE de cada complexo revela a concentracdo em pg/mL de cada
citocina. Para a aquisicdo das amostras foi utilizado o Citdbmetro de Fluxo
FACSCanto Il (Becton, Dickinson and Company, San Jose, CA, USA) da Fundacéo
Hospitalar de Hematologia e Hemoterapia do Amazonas (HEMOAM).

Para o calculo das concentragcdes em pg/mL e Intensidade Média de
Fluorescéncia (MFI) de cada citocina foi utilizado o software FCAP-ArrayTM (v3.0.1).

4.6.6 Analise dos Resultados

A comparacdo entre os grupos foi realizada com o teste qui-quadrado (x?) ou
exato de Fisher com intervalo de confianca de 95% [IC]. O equilibrio de Hardy-
Weinberg (HWE) foi determinado pela comparacdo da freqiéncia do numero de
genadtipos observados e esperados. Os testes para o equilibrio de Hardy-Weinberg

foram realizados por uma aplicacao online (https://ihg.gsf.de/cqgi-bin/hw/hwal.pl). O

software Graphpad Prism v.5 (San Diego, CA, EUA) foi utilizado para analises
comparativas de citocinas entre 0s genotipos combinados dos SNPs estudados. As
variaveis continuas apresentaram distribuicdo ndo normal e os dados foram

analisados com teste ndo paramétrico de Mann-Whitney para comparar 0s pares.


https://ihg.gsf.de/cgi-bin/hw/hwa1.pl
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O teste de correlacdo de Spearman foi realizado para avaliar a associacao entre 0s
niveis de cada citocina testada. As correlagbes positivas e negativas séo
consideradas significativas quando p <0,05. O indice de correlacéo (r) foi utilizado
para categorizar a for¢ga de correlagdo como fraca (r<0,35), moderada (r=0,36 a
r<0,67) ou forte (r=0,68), como descrito anteriormente (TAYLOR,1990). Redes
foram montadas para avaliar as associacdes entre as citocinas circulantes.
CorrelagOes significativas foram compiladas usando o software de acesso aberto
Cytoscape v3.3 (Cytoscape Consortium, San Diego, CA), conforme relatado
anteriormente (SOUZA-CRUZ et. al, 2016; COSTA et al., 2018). A significancia

estatistica foi considerada em todos os casos com p <0,05.
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5 RESULTADOS E DISCUSSAO
CAPITULO I:

Case Report: Sofosbuvir and daclatasvir combination therapy for current
hepatitis C virus genotype 4 achieves SVR: a case report of HCV genotype 4

from the Amazon.
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Abstract

Hepatitis C is a worldwide endemic disease. However, hepatitis C virus
genotype 4 (HCV GT-4) has rarely been reported in Brazil. HCV GT-4 demonstrates
high sustained virological response (SVR). Here, we report the case of a 62-year-old
HCV GT-4 positive woman complaining of a headache, nausea, and arthralgia. The
patient was treated according to the protocol for genotype 4 (12 weeks administration
of 400mg sofosbuvir and 60mg daclatasvir daily) and achieved SVR. Although this is
not an Amazonas autochthonous case, the presence of genotype 4 is rarely reported

in the region.

Keywords: Hepatitis C. Genotype 4. Sustained viral response.
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Introduction

According to the World Health Organization (WHO), hepatitis C virus (HCV)
affects millions of people worldwide;it is estimated that approximately 71 million
people are chronically infected with HCV, causing a serious global public health
problem?,

There are seven HCV genotypes including 67 subtypes, which are
geographically distributed throughout the world2. In Brazil, the genotype distribution
pattern consists of genotype 1, followed by genotypes 3, 2, 4, and 534,

The treatment recommended by the Brazilian Ministry of Health for chronic HCV
infection involves oral combinations of direct-acting antivirals (DAAS); sofosbuvir in
association with simeprevir or daclatasvir. These drug combinations are well
tolerated and have been reported to increase sustained virological response (SVR)
rates to approximately 90%°".

Case Report

A 62-year-old woman was admitted to the Fundacdo de Medicina Tropical
Doutor Heitor Vieira Dourado (FMT-HVD) in November 2015. Upon admission, the
patient complained of a headache, nausea, and an extrahepatic manifestation of
neurological motor impairment. The patient had received blood transfusion eight
years prior in Alenguer, during an upper digestive endoscopy procedure. Follow-up
tests prior to treatment are detailed in Table 1. The patient was treated according to
the protocol for genotype 4 (12 weeks administration of 400mg sofosbuvir and 60mg
daclatasvir daily); SVR was achieved and hepatic markers values returned to normal
six months after the end of treatment (Table 1).

Discussion

Hepatitis C virus genotype 4 (HCV GT-4) represents approximately 15 18
million cases of the total global HCV infections. It is prevalent in lower income
countries in Northern and Equatorial Africa, the Middle East, and Caribbean and
Indian regions®®.

The frequency of the geographical distribution of the genotypes in the Amazon
region is similar to the pattern in Brazil and other world regions; a higher prevalence
of genotypes 1 (64.9%) and 3 (30.2%) and a lower prevalence of genotypes 2
(4.6%), 4 (0.2%), and 5 (0.1%)3. However, genotype 4 is rarely reported in the State

of Amazonas?°.
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The current global distribution of HCV genotypes has undoubtedly been infl
uenced by historical events and modified by contemporary human migration trends.
Although genotype 1 has been established as the most prevalent genotype
worldwide, including in the Amazon region, we must be aware of the introduction of

other genotypes into the region.

Table 01: Laboratory tests test results

Laboratory tests Admission Post -Treatment** Reference values
Hemoglobin 12.9 g/dL 13.73 g/dL 12 g/dL -18 g/dL
Hematocrit 39.8% 41.1% 37%-52%
Platelets 196.000 /mm? 239.000/mm?3 130.000/mm3-400.000/mm?
Leukocytes 6190 /mm?3 6340/mm?3 5.2 Imm?3-12.4/mm3
Albumin 5.1 g/dL 5.0 g/dL 3.5-5.0 g/dL
INR 1.13 1.12 1.0
TGO/AST 81 IU/L 20 IU/L 2 1U/L — 38 IU/L
TGP/ALT 116 IU/L 20 IU/L 2 IU/L - 44 IU/L

541978 121U/ mL (Log=1.08) —
HCV-RNA (Log= 5.73) undetectable 100 x 10° IL(J/mgL (Log)=8)
FIB-4* 2,38 1,20 FIB 4 > 3,25 (2 F2)
Child pugh score A5 A5 A-C

INR:international normalized ratio; TGO/AST: transaminase glutamic-oxalacetic/aspartate
aminotransferase; TGP/ALT: transaminase glutamic-pyruvic/alanine aminotransferase; HCV-RNA:
hepatitis C virus- ribonucleic acid; IU/mL: international units/milliliter; FIB-4: index for liver fi brosis;
APRI. AST-to-platelet ratio index;METAVIR: score that quantify the degree of infl ammation and fi
brosis using the results of a liver biopsy. *Post -Treatment tests were performed six months after the
end of treatment. **The treatment is indicated for HCV mono infected patients with APRI > 1.5 or FIB-
4 > 3.25, characterizing METAVIR =2F2. HCV.

In this case, the patient is a native of Tracuateua, a small City in Para, in the
Amazon region; however, she lives in Alenquer, another city in Para closer to
Manaus. Thus, this is not an autochthonous case as the patient temporarily moved to
Manaus for HCV treatment. Migratory fl ow may contribute to the dissemination of
genotype 4 originating from other states in the region into Amazonas via virus
carriers prior to SVR.

The origin of the region of Tracuateua is linked to the construction of the Belém-
Braganca railroad (completed in 1908), during which many African descent,
Portuguese, and Spanish immigrants began to colonize the vicinity. Although this
migratory phenomenon is not recent, it has been increasing; thus, new and unusual
genotypes may be more prevalent than thought®.

Because of the low prevalence of HCV GT-4 in Brazil, this genotype has not
been studied extensively in prospective trials evaluating treatment outcomes. The
lack of genotype 4 in our samples indicates that it is absent or rarely present in our

population. Because many people in Bahia are of African descent and Brazil is a
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country with continental proportions, it is possible that uncommon Brazilian HCV
strains in other regions of Brazil may be the result of multiple introductions of
genotype 412,

Therefore, we believe that HCV patient numbers are inexact in some
municipalities of the state of Amazonas, a poor region of the country affected by this
endemic disease, where the only public access to advanced technology for diagnosis
and treatment is at the FMT-HVD and Araudjo Lima Ambulatory, the Federal
University of Amazonas. In addition, the natural history of hepatitis C and the limited
education of the population in some of these municipalities hinder patient notifi cation
and treatment.

This case report may contribute to demonstrate that there is HCV GT-4 in the
North of Brazil and these individuals carrying this genotype have developed response
to the DAAs.
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Abstract

Hepatitis C is a public health problem and affects approximately 3% of the
world's population. HCV infection has a wide spectrum of clinical manifestations that
ranges from spontaneous clearance in the period of six months after infection of the
virus to the development of chronic hepatitis C, liver cirrhosis hepatic
decompensation, hepatocellular carcinoma and death. Several variants in the genes
of the toll-like receptors are cited to influence the clinical outcomes of HCV infection.
This minireview describes the influence of polymorphisms of toll-like receptors in the
development of liver fibrosis associated with Hepatitis C virus and highlights the

importance of genetic background in the new era of interferon- free treatment.

Keywords: Hepatitis C, fibrosis, immune response, Toll -like receptors,

polymorphisms, genetic background
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Introduction

Hepatitis C is a liver disease caused by the hepatitis C virus (HCV). HCV can
cause acute or chronic hepatitis. HCV infection has a wide spectrum of clinical
manifestations that ranges from spontaneous clearance of the virus to the
development of chronic hepatitis C, liver cirrhosis, hepatocellular carcinoma and to
severe liver disease leading to death. It is estimated that nearly 71 million people
have chronic infection and 399 000 people die each year from hepatitis C, mainly
cirrhosis and hepatocellular carcinoma®.,

The hepatitis C usually presents asymptomatic or oligosymptomatic @, which
makes early diagnosis difficult and reduces the chances of treating infected
individuals at the onset of infection. Immunological reactions underlying the fibrosis
process mediate the course of the disease that can lead to dysregulated organ
architecture and function G4,

Innate immunity is the host's first line of defense in response to pathogens and
orchestrate the innate immune response and the subsequent adaptive immune
response to keep in check the pathogen. The innate immune response needs to
strike an appropriate balance, resulting in an inflammatory response sufficient to
controll the infection and preserve the integrity of the tissue ®). Toll-like receptors
(TLRs) recognize invading pathogens through distinct pathogens associated
molecular patterns (PAMPSs) and play a key role in the innate immunity of the host. In
humans, of the 10 functional TLRs described, six of them recognize different
molecules present in HCV that are capable of stimulating TLR signaling. TLR- 2,3, 4
and 7- 9 play important role in viral immune clearance through activation of
transcription factors and the production of proinflammatory cytokines. An excess
activation of intracellular signaling pathways via TLRs may lead to high levels of
proinflammatory mediators that may contribute to the host tissue damage ©-®. The
host-pathogen interaction is complex and dependent on the host's genetic makeup
and the virus genotype and depending on the intensity of the immune response, it
either can promote a favorable immune response for healing or for the development
of liver disease. Of all the patients with the chronic form of the disease (60-80%),
only 15-30% progress to the severe form in 20 years . This minireview outlines

recent advances made in the understanding of the mechanisms underlying liver
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inflammation in HCV infection and how the genetic background of the host may
contribute to the progression of the disease or spontaneous clearance of the virus.

Innate immune Mechanisms in development of Hepatic fibrosis

In HCV infection, the acute and chronic liver injury promote the activation of
proinflammatory response. The release of inflammatory cytokines together with the
recruitment of leucocytes to the site of injury contributes to an unbalance in the
process of remodeling of the components of extracellular matrix (EMC) that,
progressively, leads to a septum formation and rings of scar that surround nodules of
hepatocytes ©),

The immune response in HCV infection initiates through the activation of TLRs
by viral proteins (Core and non-structural proteins) and HCV-RNA that trigger a
cascade of signaling leading to the activation of transcription factors, such as
Interferon regulatory factor 3/7 (IRF3/7) and Nuclear factor kappa B (NF-kB). IRF3/7
transcribe IFN type | (IFN-a and B) target genes to inhibit viral replication and NFk-B
transcribes the proinflammatory cytokines (TNF-a, IL-12, IL-1 and IL-6), chemokines
(CCL2 and CXCL8), endothelial adhesion molecules and costimulatory molecules @°-
11).

HCV Core and non-structural protein 3 (NS3) are recognized by TLR2
associated with TLR1/TLR6 in peripheral blood mononuclear cells 2, NS5A
activates TLR4 and induces IFN-$ production in infected cells and surrounding tissue
®), HCV-RNA stimulates TLR3, 7/8 and 9 to impede the HCV replication, reducing
HCV-RNA levels and the intensity of the inflammatory process (1213),

TLRs have different effects upon TLR pathway stimulation in various cellular
compartments. The activation of TLR2, TLR3 and TLR4 in monocytes, dendritic cells,
Hepatocytes, Kupffer cells and endothelial cells promote upregulation of
inflammatory cells into the liver ®. The TLRs activation induces CD4+T cells to
polarize to a Thl profile through the activation of Natural Killer cells, Natural killer T
cell and CD8+T cells, essential for HCV elimination in infected hepatocytes (4,

The humoral immune response is essential for the neutralization of viral
particles of HCV. Specific antibodies are detectable in the serum of infected
individuals after the appearance of the cellular immune response and remain
throughout the course of chronic infection. However, its actions in chronic individuals

appear to have no effect against viral particles 5.



62

Despite the existence of neutralizing antibodies to the HCV envelope E2
glycoprotein, specific antibodies are inefficient due to the rapid selection of variants
result of virus scape mutation, promoting failure in recognition and viral elimination by
cells (617

HCV interferes in several signaling pathways to escape the antiviral immune
responses. The core protein interferes in the transit pathway of transducers and
transcription activators (JAK-STAT) by the so-called cytokine-3 signaling (SOCS-3)
(18 HCV E2 protein was reported to bind to the CD-81 receptor acting on NK cells
and to inhibit its actions of cytotoxicity and IFN production through the protein kinase
(PKR) receptor 19, NS3/4A protease promotes blockade of the activation of the
retinoic acid induction gene | (RIG-1) and Toll receptor proteins (TLR-3). It was
further observed that this protease is host, including a mitochondrial antiviral
signaling protein (MAVS) and the TIR domain containing interferon- adapter-inducer
(TRIF), downregulate IRF-3/7 activation and induction of IFN (20-21)

HCV viral persistence leads to liver damage through continuous production of
proinflammatory cytokines. To counter balance the exacerbating response, T
regulatory cells play a central role by suppressing the excessive immune activity
through the expression of anti-inflammatory cytokines such as TGF-B1 and IL-10 @2
24). Of note, TGF-B1 is a strong inducer of fibrogenesis, which regulates a-smooth
muscle actin (aSMA) and induces collagen synthesis by hepatic stellate cells (HSCs)
(25-26)

Once the chronic disease is established, the regeneration capacity of the
parenchyma cells is impaired, and the dead hepatocytes are replaced by an
abundant accumulation of the extracellular matrix, secreted mainly by the activated
liver stellate cells (myofibroblasts). The excessive accumulation of components of
extracellular matrix (ECM), such as collagen (I, 1l and 1V) fibronectin, elastin, laminin,
hyaluronan and proteoglycans leads to the development of fibrosis®).

The continuous activation of the hepatic stellate cells leads to collagen fibers
deposition that transform the normal liver architecture into structurally abnormal
nodules 527 This process results from the concomitant secretion of matrix
metalloproteinase (MMPs) by macrophages and tissue inhibitor metalloproteinases
(TIMPs) by both macrophages and myofibroblast. Normally, MMPs degrade the
newly synthesized scar matrix, but as its protease activity is inhibited by the

concomitant production of TIMP, there is an excessive accumulation of extracellular
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matrix (ECM) components, such as collagen and fibronectin, that may gradually
progress to cirrhosis (28-29),

In addition to the cytokines, other proinflammatory mediators such as growth
factors including platelet-derived growth factor (PDGF), connective tissue growth
factor (CTGF) vascular endothelial growth factor (VEGF), cooperate for the
proliferation of myofibroblasts, for the formation of new vessels and for compensatory
proliferation of hepatocytes are generated due to cellular damage and stimulate the
immune cells 0,

The continuous fibrotic process stablished in cirrhosis rises due to intrahepatic
resistance to flow and is associated with bacterial translocation. The anatomical
connection via the portal vein exposes itself frequently to intestinal bacteria and
bacterial products that contributes to the activation of TLRs in liver cells. The gut
permeability and gut microbiota may contribute to the progression of the chronic liver
disease, hepatocellular carcinoma (31-33),

Interestingly, higher levels of bacteria/ molecular patterns associated with a
microorganism (MAMPSs) translocate from the gut and portal circulation in patients
with cirrhosis, compared with healthy individuals, may induce increased TLR4
signaling and may contribute to the progression of chronic liver disease. This
phenomenon may be related to decreased intestinal motility, overgrowth of intestinal
bacteria, oxidative stress of the mucosa, intestinal inflammation, portal hypertension
and/or compromised tight junctions (34-35),

Another important receptor that also participates in this process of disease
evolution is TLR-9 that recognizes the cpG-rich DNA of bacteria. Watanabe et al.,
2007 demonstrated that host-derived denatured DNA from apoptotic hepatocytes
stimulates HSCs through TLR-9 in hepatic fibrosis ©%. Clinically, hepatocellular
carcinoma is strongly associated with liver fibrosis and cirrhosis. However, it is not
yet known at what point these mechanisms may promote the development of
hepatocellular carcinoma (36)-

Impact of single-nucleotide polymorphisms in TLRs genes and clinical

outcome prediction

The interaction of the immune system with infectious agents is a dynamic
process, with sophisticated mechanisms of infection control and escape ©). Several
studies have explored the relationships between TLR polymorphisms in human

populations and infectious diseases @437,
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In case of hepatitis, some polymorphisms in TLRs genes are important on the
outcome of the disease. TLR3 recognize double-stranded RNA (dsRNA), while
bothTLR7 and TLR8 recognize single-stranded RNA (ssRNA). The dsRNA is
produced by most viruses during their replication and induces the synthesis of
interferon type | (IFN-a/B), which exert antiviral and immunostimulatory activities ©8).
Several studies have shown that genetic variations in TLR3 gene are associated with
susceptibility and/or resistance to various infectious diseases and may be related to
proliferation/angiogenesis in the development of hepatocellular carcinoma (%43 Al-
Anazi et al.,, (2017) reported that the SNP rs78726532 of TLR3 was strongly
associated with HCV infection in case-control study, in Saudi Arabia, while the SNP
rs5743314 with progression of liver disease due to HCV (cirrhosis and HCC) ¥4).S4 et
al., (2015) suggested that polymorphisms in the TLR3 gene (rs5743305 and
rs3775291) might be associated to biliary damage during the course of HCV infection
contributing to increased liver damage “9.

Recently, Zhu et al., (2017) described the impact of three TLR7 SNPs on
susceptibility and disease progression of Hepatitis B virus infection in Chinese adults.
The three polymorphisms rs179010, rs2074109 and rs179009, is located at Xp22.2,
spanning three exons, do not cause change in amino acids but appear to influence
TLR7 expression and result in difference in cytokine, such as IFN-a, suggesting that
these SNPs are functional “. Yue et al. (2014), demonstrated that the GG genotype
of rs179009 was associated with an increased risk of HCV infection among Chinese
women and correlated to a lower level of IFN-a. The IFNs are important to modulate
an effective Thl -dependent immune response against hepatitis virus 7).

Individuals with chronic HCV advanced liver disease and under constant
exposure to gut-derived microbiota may lead to inappropriate production of
proinflammatory cytokines may progress to severe liver disease associated with
abnormal TLR expression in hepatocytes stellated cells and Kupffer cells ©8).

Increasing evidences suggests that the rs4986790 of TLR4 that leads to an
amino acid change (Asp299Gly) altering the protein structure may affect the binding
of the TLR4 ligands the protein stability and cause deficient recruitment of MYD88
and TRIF, but they have no effect on TLR4 receptor expression “9-50) |nterestingly
two studies showed an immunological hyporesponsiveness to the binding of LPS in
TLR4 variants in human monocyte/macrophages 152, These SNPs might contribute
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to the increase risk of bacterial infections and a decrease in the proinflammatory
response in patients with cirrhosis.

Pifiero et al., (2017) analyzed several SNPs in TLRs genes and observed that
the TLR-2 rs4696480, TLR-4 rs4986790 and TLR-9 rs187084 were associated with
significantly elevated serum levels of lipoteichoic acid (LTA), lipopolysaccharide
(LPS) and bacterial DNA ©9, Furthermore, serum levels of TNF-q, IL-6 and nitric
oxide were significantly decreased in all patient carriers of these variants. These
SNPs are also associated with an increase in the antigen circulation factor and a
decrease in the proinflammatory response in patients with cirrhosis. This genetically
derived immunodeficiency may have consequences in the clearance of bacterial
antigen and contribute to the clinically relevant complications that are frequently
developed in patients with cirrhosis (53-5),

Several studies devoted to possible associations between TLR9 gene
polymorphisms and cancer risk ©7-58), According to Novak et al.,2007 and Ng et
al.,2010, agree that the T allele is transcribed more effectively under basal conditions
compared to the variant C allele. Possible functional consequences of the TLR9 -
1237T/C SNP an additional NF-kB transcriptional binding site that may lead to
increased production of proinflammatory cytokines (°-69),

Carvalho et al., (2011) showed that IL-6 up-regulates TLR9 expression, leading
to exacerbated cellular responses to CpG- DNA, including IL-6 production and B-cell
proliferation in mononuclear cells carrying the TLR9 -1237T/C SNP ©1. Further, the
increased transcriptional activity of TLR9 in mononuclear cells from patients
harboring TLR9 -1237T/C SNP supports a functional effect of this polymorphism on
non-Hodgkin lymphoma susceptibility ¢?). Roszak et. al.,2012 suggests that TLR9 -
1486C/T heterozygote may be a genetic risk factor for cervical cancer ©3). Tao et al.,
2007 confirm that the C allele of TLR9 -1486C/T SNP contribute to down regulate
TLR9 expression and is also closely correlated with the risk of systemic lupus
erythematosus ¢4,

Tumor Risk during Anti-HCV Treatment: the new era of all-oral interferon-

free treatment

The incorporation of direct-acting antivirals (DAAS) in the treatment of chronic
hepatitis C has been a remarkable transformation in next-generation DAAs. These
agents have shown minimal side effects, good efficacy with shortened courses of

treatment and high sustained viral response (SVR) rates. DAAs inhibit HCV
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replication by targeting the virus encoded non-structural proteins, NS3-4A, NS5A and
NS5B (65),

However, recent studies have argued the safety profile of these new drugs.
Several studies have suggested an increased incidence of hepatocellular carcinoma
(HCC) occurrence and recurrent HCC in cirrhotic patients that achieved SVR (66-68),

A proposed hypothesis is the disruption of immune surveillance during DAAs
antiviral therapy and the persistence of the inflammatory process through the ER-
stress response even after treatment %76, A summary of these immunological
dysregulation is outlined in Table 1.

In fact, populations receiving DAAs are commonly older and with a higher
percentage of advanced fibrosis or cirrhosis. This different background may
contribute to a chronic inflammatory state accompanied by hormonal and adipose
changes (/7). Moreover, exogenous IFN plays a protective role in HCC incidence
through viral clearance, immunomodulatory, antiangiogenic, and antitumoral actions
indirect effect, compare to DAAs, that eradicate HCV without controlling neoplastic
clones 67 and reducing the anti-inflammatory response.

The genetic background of the host may contribute to the progression of the
disease in the presence of the inflammatory process after virologic immune response
achieved by DAAs protocol. The discovery of the free interferon therapy pro-
oncogenic effects and the polymorphisms associated with the risk of developing
cancer may help to better select patients for treatment of HCV, taking into
consideration the current high cost of the all-oral regimen and the favorable
prognosis. Patients with advanced liver disease may be candidates for closer

surveillance.



Table 01: Immunological dysregulation induced by DAAs.

Autor, year, ref

Treatment combination

Type study

Effect

Carlin et al.,201569

Sofosbovir + Ribavirin

case-control study

Temporal dynamics of
IP-10, MCP-1, MIP-1f3, and IL-18
during HCV infection and treatment.

Hengst et al.,2016°

Sofosbovir + Ribavirin

case-control study

Temporal dynamics of
IP-10, MIP-18, and IL-18 during
HCYV infection and treatment.

Hengst et al.,2016Y

Sofosbovir + Ribavirin

cohort study/ in vitro

MAIT cell-dysfunction

Villani et al.,2016(?

DAA +Ribavirin

cohort study/ in vitro

Increase serum VEGF Level during
the treatment

Meissner et al., 2017

ledipasvir/sofosbuvir
ledipasvir/sofosbuvir + GS-9669
ledipasvir/sofosbuvir + GS-9451

cohort study

CD4*/CD8" population increase, but
not CD4*/CD8*(HLADR*/CD38")
population; IP-10 increased

Russo et al.,2018(%

SOF+RBV, SOF+Ledipasvir+RBV,
SOF+ Daclatasvir+ RBV, Ombitasvir
+ Paritaprevir + Ritonavir+3D + RBV.

cohort study

FVIIl decrease, PC and EPT
increase at the end of treatment

Olveira et al., 2018(®

DAA +Ribavirin

cohort study

Persistent alteration of liver tests
after SVR.

Aydin et al.,2017(®)

ledipasvir+ sofosbuvir

In vitro

Decreased expression of p53 in
cirrhotic liver

IP-10: inducible protein-10; MCP-1: monocyte chemotactic protein-1, MIP-13: macrophage inflammatory protein-1 beta, IL-18: interleukin -18,

FVIII: Factor VIII; PC: Protein C and EPT: Endogenous thrombin potential;

67
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Conclusion

HCV infection on TLR signaling is complex. The suppression of TLR signaling in
immune effector cells may favor an inhibition of inflammation, viral persistence and
chronic infection. Preliminary evidence suggests that polymorphisms in TLRs are a
potential tool for predicting adverse outcomes related to HCV infection and bacterial
— derived complications of cirrhosis. This may suggest that there is a decrease in the
innate immune response in these patients with variants of TLRs. In our opinion, the
study of patients' genetic background ally the age of the patient, stage of liver
disease in the new era of the DAAs, may be useful to predict the different outcomes,
especially those who have advanced chronic liver disease treated with DAAs (Figure
01).

Genetic
Background

Advanced

stage of P
liver .

disease

Age ‘ DAAs

Enviromental
Factors

<]

- -

Figure 1: Factors that may influence the outcome of chronic liver disease in
the new era of treatment for hepatitis C.
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Abstract

Hepatitis C is a public health problem and affects approximately 3% of the
world's population. HCV infection has a wide spectrum of clinical manifestations and
several single nucleotide polymorphisms (SNPs) in the genes of the toll-like receptors
are cited to influence the clinical outcomes. A cross-sectional study was conducted in
the Amazonas State, Brazil. SNPs in TLR4 and TLR9 genes were genotyped by
PCR-RFLP in 151 HCV chronic hepatic disease patient and 206 health donors.
Circulating cytokines IL-6, TNF, IL-10, IL-2, IFN-y, IL-4 and IL17A were measured by
cytometric bead array (CBA). The combined genotypes of TLR9 -1237T/T and -
1486C/T seem to influence the cytokine profile under LPS stimulus to Th17 profile,
especially among patients with advanced chronic liver disease, treated with DAAs.

Key words: Hepatitis C, polymorphisms, Toll like receptor, carcinoma

hepatocellular, DDAs
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Introduction

Chronic hepatitis C (CHC) is a major global health problem worldwide and more
than 71 million people have chronic hepatitis C infection M. The liver damage during
chronic infection is commonly attributed to mechanisms mediated by the host
immune response associated with marked release of inflammatory mediators,
favoring changes in the patterns of adhesion molecule expression and recruitment of
cells to the hepatic inflammatory tissue microenvironment @. Immunological events
linked to chronic hepatitis C can lead to dysregulated architecture and function of the
liver and increases intestinal permeability through the release of cytokines that alter
the portal circulation and intestinal epithelial junctions, allowing the
lipopolysaccharide (LPS) derived from the intestinal microbiota to enter the portal
circulation -5,

Previous studies showed that TLR-4 and TLR-9 pathway can activate hepatic
stellated cells (HSCs) in patients with advanced liver disease through increased of
LPS levels in systemic/portal vein blood and DNA from dying hepatocytes,
respectively 69, Several studies investigated the association between TLR single
nucleotide polymorphisms (SNPs) and different outcomes in HCV infection (10).
Direct acting antivirals (DAAs) are known to inhibit the tumor suppressor p53 in
patients with successful clearance of HCV, while the inflammatory process continues
to persist and placed patients at risks of developing HCC ®1),

Clearance of HCV in patients treated with interferon-free therapy and the
genetic background of the host may contribute to the progression of the disease in
the persistence of the inflammatory process after virologic immune response (1217,

In this study, we analyzed whether polymorphisms in TLR4 A299G A/G
rs4986790, TLR4 T399I C/T rs4986791, TLR9 -1237C/T rs5743836 and TLR9 -
1486C/T rs187084 are associated with susceptibility to HCV infection and cytokine
profile changes after treatment with DAAs in the Amazon population.

Material and Methods

Ethics approval

This study was approved by the Ethics Committee of the Fundag&o Hospitalar
de Hematologia e Hemoterapia do Amazonas (HEMOAM) (1.405.965/2015 and
00240112000-10/2010). Participants read and signed the written informed consent
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form prior to the enroliment in the study, according to Declaration of Helsinki and
Resolution 466/12 of the Brazilian National Health Council for research involving
human subjects. All patients were treated according to the recommendations of the
Brazilian Ministry of Health (18),

Samples and clinical data

The study was carried out at the Fundacdo de Medicina Tropical Dr. Heitor
Vieira Dourado (FMT-HVD) in Manaus, the capital city of the Amazonas State, during
2016-2017. The study population was a nonprobability sample of convenience
consisting of 206 Healthy donor’s candidates (HD) and 151 HCV infected patients. All
participants were submitted to a serological screening at HEMOAM, recommended to
monitor blood borne pathogens by Brazilian Blood Donor Bank Authorities, that
includes serological analysis for the Hepatitis B and C virus, HIV, DENV, HTLV,
Syphilis and Chagas' Disease. Among the HCV infected patients, 84 and 67 had < F2
and =F2, respectively.

Genomic DNA extraction

10 mL of blood were collected by venipuncture from each participant in two
tubes, one containing EDTA (BD Vacutainer® EDTA K2) and one tube containing
Gel separator (Gel BD SST® Il Advance®) for carrying out the genotyping of
polymorphisms and assay of circulating cytokines respectively. Sera were kept at -
80°C until cytokines were assayed. Genomic DNA was extracted from peripheral
blood samples using QIAamp DNA Blood Mini Kit (QIAGEN, Chatsworth, CA, USA)
according to the manufacturer's instructions. DNA samples were quantified with a
NanoDrop 2000c (Thermo Fisher Scientific, Waltham, MA, USA) to evaluate the

concentration, and purity of nucleic acids.

Genotyping of TLR

The following polymorphisms, TLR4 A299G (rs4986790), TLR4 T399I
(rs4986791), TLR9 -1237C/T (rs5743836) and TLR9 -1486C/T (rs187084) were
investigated. Polymerase chain reaction-restriction fragment length polymorphism
(PCR-RFLP) analysis was used for allelic discrimination as described previously ®°
21), Briefly, the PCR reaction for each SNP consisted of 1uL genomic DNA (~20ng)
added to 24puL amplification mix containing 0.2uL (2U) Platinum™Taq polymerase
(Thermo Fisher Scientific), 2.5uL10x buffer (100 mmol/L Tris-HCI (pH 8.3) and 500
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mmol/L KCI), 1L MgCI2 (1.5 mmol/L), 1uLdNTPs (40 mmol/L), 0.5uL each of
forward and reverse primer (0.25 pmol/L) and 18.3uL ultrapure dH20. A total of 10uL
of PCR product was digested with 5 U of respective restriction endonuclease Ncol,
Hinfl, BstNI, and Aflll (New England Biolabs, Ipswich, MA, USA) in enzyme buffer
according to the manufacturer’s instructions. The primers, PCR cycling conditions,
and restriction endonucleases are shown in ST1 Table. The fragments generated by
PCR-RFLP were separated by electrophoresis in either a 2% - 4% agarose gel
stained with GelRed™ Nucleic Acid Gel Stain (Biotium, Hayward, CA, USA), and
visualized with the UV light Gel Doc™ XR +System (Bio-Rad Corporation, Hercules,
CA, USA) with a photo documentation system.

Isolations of peripheral blood mononuclear cells (PBMC) and cell culture

PBMC were collected from 45 individuals for culture assay as described
previously ?2, 15 samples were from Healthy donors (HD) and 30 from HCV infected
patients with chronic liver disease (15 < F2 and 15 =F2), treated with DAAs and
sustained virological response (SVR) confirmed by the absence of viral RNA by
guantitative molecular tests (Figure 01). PBMC were isolated from 20 ml of venous
venipuncture from each participant in four tubes containing Heparin (BD Vacutainer®
PST™), using the Ficoll-Hypaque protocol. After centrifugation, PBMC were collected
from the interface and washed with RPMI 1640 medium. After washing two times, the
supernatant was discarded and the PBMC were resuspended at a concentration of 2
x10° cells/ml in 4mL of RPMI supplemented with 1% streptomycin and 10% fetal
bovine serum and incubated in 5%CO2 at 37 °C for 12 hours. LPS stimulus was
performed in duplicate using 100 uL of exogenous endotoxin (LPS /1 ug/ mL).

Cytokine assay

The cytokines IL-6, TNF, IL-10, IL-2, IFN-y, IL-4 and IL17A in human blood
serum and supernatant of PBMC culture were measured by Cytometric Bead Array
(CBA), Kit BD™ Human Th1/Th2/Th17 Cytokine (Cat: N° 560484, Lot:29132,
BD®Biosciences, San Diego, CA, USA) according to the manufacturer's technical
guidelines and protocols. A FACSCanto |l flow cytometer (BD® Biosciences) at the
HEMOAM was used for sample acquisition. The FCAP-Array software v3 (Soft Flow

inc, USA) was used to calculate the cytokine levels.
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Figure 1: Study and data analysis flow chart. We included 357 eligible participants:Study and data analysis flow chart.
We included 357 eligible participants:206 Healthy blood donors and 151 that were infected with and were attended at FMT-HVD. Of these, thirty biological
samples from patients with chronic hepatic disease, treated with direct-acting antivirals (DAAs) and sustained virological response (SVR) were collected for

cell culture.
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Genotype association test and Statistical analyzes

.Comparison between groups was performed with the chi-squared (3?) or
Fisher's exact test with 95% confidence interval (Cl). The Hardy-Weinberg
equilibrium (HWE) was determined by comparing the frequency of the observed and
expected number of genotypes. Tests for Hardy-Weinberg equilibrium were
performed by an online application (https://ihg.gsf.de/cgi-bin/hw/hwal.pl). Graphpad
Prism v.5 software (San Diego, CA, USA) was used for comparative analyzes of
cytokines among the genotypes combination of the SNPs studied. The continuous
variables presented a non-normal distribution and data was analyzed with non-
parametric Mann-Whitney test to compare pairs. A Spearman correlation test was
performed to assess the association between the levels of each cytokine tested. The
positive and negative correlations are considered significant when p < 0.05. The
correlation index (r) was used to categorize the correlation strength as weak (r<0.35),
moderate (r=0.36 to r<0.67), or strong (r=0.68), as previously described 3. Networks
were assembled to assess the associations among the circulating cytokines.
Significant correlations were compiled using the open access software Cytoscape
v3.3 (Cytoscape Consortium, San Diego, CA), as previously reported (2425, Statistical
significance was considered in all cases at p < 0.05.

Results
Baseline demographic, Laboratorial and clinical characteristics of the

study population

The median age of the healthy blood donors and HCV patients were 32 and
57 years, respectively (p<0,0001). In both groups, male subjects were predominant
(65% and 55%). At the time of blood collection, the HCV group were < F2 (55.6%)
and =2F2 (44.4.5%), presenting statistical differences in follow-up markers (AST
p<0,0317 and ALT p<0,0001). The data are shown in Table 01.
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Table 01: Clinical and demographics characteristics of the study population
HCV patients

Healthy Donor’s

Variables All <F2 2F2

(n = 206) (n =151) (n =84) (n = 67)
Age (mean +SD) 32411 58 11 55 +11 61 +9
Gender (male/female) 134/72 83/68 45/39 38/29
ALT (u) - 69.2 £56.8 59.8 +44.6 80.9+67.4
AST (UL - 63.2 #43.3 44.1 +25.8 86.9 +48.7

Polymorphisms in TLR4 and TLR9 are not associated in Chronic hepatic
disease patients

To systematically examine association of TLR4 and TLR9 SNPs with HCV
infection, allelic and genotypic frequencies of two TLR4 SNPs
(rs4986790/rs4986791) and two TLR9 SNPs (rs5743836/rs187084) were analyzed
and shown in Table 2. Homozygosity for TLR4 A299G G/G and TLR4 T399I T/T were
absent in the population studied. The genotype distributions for TLR4 A299G G/G,
TLR4 T399I T/T, TLR9 -1237 C/T and TLR9 -1486C/T were not significantly different
between the groups. Carriers of the TLR9 -1237 T/T and TLR9 -1486 C/T variants
confer 40% of the studied population. All of the SNPs were in HWE, except TLR9 -
1486C/T SNP deviated slightly, in both HCV patients (p=0.002) and HD (p=0.04).

Lack of Association of genotypic combinations of polymorphisms in TLR9
-1237T/T and -1486C/T with Chronic hepatic disease

None of the polymorphisms of TLR4 and TLR9 analyzed in this study, exhibited
any significant association with Chronic hepatic disease. TLR4 A299G A/A + A/G and
TLR4 T399I C/C + C/T variants are most frequently in the population study 97% +
3% and 96% + 4%, respectively. We, therefore, proposed the influence of the
combination genotypes for TLR9 variants TLR9 -1237T/T and -1486C/T on the
cytokines profile in HCV patients treated with DAAs. Statistical analysis revealed that
combination of TLR9 -1237T/T and TLR9 -1486C/T variants were higher in HD and
HCV group compared to others genotypes combinations between the groups Table
3.
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Influence of genotypic combinations of polymorphisms in TLR9 -1237T/T
and -1486C/T on the circulating profile of cytokines in HCV patients

Human antiviral response against HCV is characterized by induction of Thl
cytokines profile. Analysis of genotypic combinations over the Thl, Th2, Th1l7 and
Treg cytokines profiles among the studied groups indicated a different profile
between the HCV patients over the liver damage. A significant increase of IL-6
(p=0.005) and IL-4 (p=0.0007) (Fig. 2A and 2F) were observed in the serum of these
patients compared with HD. The cytokines TNF, IL-10, IL-2, IFN-y and IL17A were
not significant when compared between HCV patients and HD (Fig. 2B-2E and 2G).
A significant increase of IL-10 were observed in HCV 2=F2 patients (p=0.028)
compared to < F2 whereas the cytokines IL-6, TNF, IL-2, IFN-y, IL-4 and IL17A were
not significant when compared between HCV patients with different stages of liver
disease (Fig. 3A).

Influence of genotypic combinations over cytokines profile in the culture

supernatant stimulated with Lipopolysaccharide (LPS)

No significant difference in IL-6, TNF, IL-10, IL-2, IFN-y and IL-4, (Fig. 3B) were
observed on stimulated with LPS PMBC culture. Only, the IL-17A showed significant
increase in HCV =F2 patients (p=0.043) compared to < F2 (Fig. 3B).

Lipopolysaccharide (LPS) change the interaction of cytokines in HCV
patients

To test the relationship between altered levels of cytokines after LPS stimulus, a
series of correlation analyzes were performed (Fig.4). The numbers of interactions
between the cytokines analyzed were also different according to the hepatic gravity
in HCV patients. No interactions were observed in HD group carrying the same
genotypes combinations as HCV group that exhibited a strong positive relation
between IL-6, IL- 10, IL-2, IL-17A (Fig.4A). A moderate relation between IL-6, TNF
and IL-10 also were observed in HCV group. HCV < F2 patients exhibited a strong
positive relation between IL-6, IL-10 and TNF. In addition, in HCV =F2 patients, a
strong positive relation between IL-6, IL-10, IL-2 and IL17A was preserved, while IL-
6, IL17A and IL-10 exhibited a strong negative relation (Fig.4B).



Table 02: Genotypes and alleles association of TLRs polymorphisms in HCV patients.

. Health HCV HCV HCV
Polymorphism, Donor')é patients OR (p) <F2 2F2 OR (p)
0, = = 0,
Genotype or Allele (n = 206) (n = 151) (IC 95%) value (n = 84) (N = 67) (IC 95%) value
TLR4 A299G (rs4986790)
AlA 196 (95%) 147 (97%) 0.656 0.447 81 (96%) 66 (99%) 0.656 0.429 A/A vs AIG
AIG 10 (5%) 4 (3%) (0.219-1.96) ™ 3 (4%) 1 (1%) (0.042-4.025) '
GIG - - - -
A 402 (97%) 298 (99%) 0.662 165 (98%) 133 (99%) 0.414
0.452 0.660 Avs G
G 10 (3%) 4 (1%) (0.224-1.958) 3 (2%) 1 (1%) (0.043-4.021)
TLR4 T399I (rs4986791)
ci/C 199 (96%) 146 (96%) 0.952 0.934 80 (95%) 66 (99%) 0.303 0.264 CICvs CIT
cIT 7 (4%) 5 (4%) (0.296-3.066) ™ 4 (5%) 1(1%) (0.033-2.777) '
T - - - -
C 405(98%) 297 (98%) 0.953 164 (98%) 133 (99%) 0.308
0.935 0.399 CvsT
T 7(2%) 5 (2%) (0.299-3.035) 4 (2%) 1 (1%) (0.034-2.791)
TLR9 -1237C/T(rs5743836)
TIT 137 (66%) 99 (65%) (o.oglsz-iigs) 0.115 56 (67%) 43 (64%) . 13'52_3%420) 0.551 CIC vs CIT+TT
CIT 67 (33%) 47(31%) (o.og'zz-i.lsos) 0.117 25 (30%) 22 (33%) (0.23'2?%%39) 0.771 CICvs CIT
0.289 0.868
0, 0, 0 0,
ciC 2(1%) 5 (4%) (0.055-1.520) 0.120 3 (3%) 2 (3%) (0.139-5.428) 0.01 CICvsTIT
T 341 (83%) 245(81%) 0.895 137 (82%) 108 (80%) 1.064
0.572 0.833 CvsT
C 71(17%) 57(19%) (0.609-1.316) 31 (18%) 26 (20%) (0.596-1.898)
TLRO -1486C/T (rs187084)
cic 26 (13%) 17 (11%) (0.518(2623?069) 0.851 8 (10%) 9 (13%) (0.22'76_1?866) 0.400 CIC vs CIT+TT
CIT 114(55%) 93 (62%) . 6%61-29360) 0.617 54 (64%) 39 (60%) (0.2(2)'7‘?‘11_2812) 0.400 CICvs CIT
T 66 (32%) 41 (27%) . 48'7??%01) 0.682 22 (26%) 19 (27%) (0.22'77_(25?38 2) 0.647 CICvsTIT
C 166 (40%) 127 (42%) 0.893 70 (42%) 57 (43%) 0.965
' 0.479 : 0.878 CvsT
T 246 (60%) 175 (58%)  (0.652-1.223) 98 (58%) 77 (57%) (0.609-1.529)

88



Table 03: Association of genotypic combinations of deferent polymorphisms with HCV patient’s.

Polymorphism, %erfglt;)y paTiCe\n/ts OR (p) E(F:;/ E(F:;/ OR (p)
genotypic combinations (IC 95%) value - B (IC 95%) value
(n = 206) (n =151) (n =84) (n =67)
TLR9 -1237C/T (rs5743836) / TLR9 -1486C/T (rs187084)
1.38 1.28
0, 0, 0, 0,
TT/TT 41(20%) 23(15%) 078 242 0267 14(17%) 9(13%) (0.52.3.19) 0.652
1.10 0.36
0, 0, 0, 0,
TT/CC 18 (9%) 12(8%) (0.51-2.37) 0.848 4(5%) 8(12%) (0.10-1.28) 0.134
0.86 0.97
CT/CT 35 (17%) 29(19%) (0.49-1.48) 0.675 16(19%) 13(19.5%) (0.43-2.20) 1.000
0.82 1.30
0, 0, 0, 0,
TTICT 78(38%) 64(42%) (0.53-1.27) 0.443 38(45%) 26(39%) (0.67-2.50) 0.507
1.18 3.30
0, 0, 0, 0,
cT/CC 8 (4%) 5 (3%) (0.37-3.68) 1.000 4(5%) 1(1.5%) (0.35-30.26) 0.382
0.17 2.44
0, 0, 0, 0,
CC/TT 1 (0.5%) 4(3%) (0.01-1.62) 0.166 3(3%) 1(1.5%) (0.24- 24.07) 0.629
ccicc - - - - - - - -
0.73 0.26
CCICT 1(0.5%) 1(1%) (0.04-11.80) 1.000 - 1(1.5%) (0.01- 6.54) 0.443
1.40 0.46
CT/TT 24 (11%) 13 (9%) (0.68-2.84) 0.384 5(6%) 8 (12%) (0.14- 1.50) 0.246

88
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Serum Cytokines according to the Genotypic Combinations
TLR9 (-1237C/T and -1486C/T)
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Figure 2: Concentration in Mean Fluorescence Intensity (MIF) of serum cytokines according to the genotypic combinations (rs5743836/

rs187084) between the control group (HD) and HCV patient group (HCV).
Results are expressed as median and standard deviation. Statistical analyzes were performed using the non-parametric Mann Whitney

test. A significant statistical difference was considered when p <0.05, represented by "*".



Serum Cytokines in HCV Score Fibrosis subgroups according to the
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Figure 3: Concentration in Mean Fluorescence Intensity (MIF) of serum cytokines.
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(A) according to the genotypic combinations (rs5743836/ rs187084) between HCV patient

group (sF2 and =F2). (B) Concentration in Mean Fluorescence Intensity (MIF) in the culture
supernatant stimulated with Lipopolysaccharide (LPS) (1 pg/ml), according to the genotypic
combinations (rs5743836/ rs187084) between HCV patient group (sF2 and =F2). Results are
expressed as median and standard deviation. Statistical analyzes were performed using the

non-parametric Mann Whitney test. A significant statistical difference was considered when p

<0.05, represented by "*".
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A Biomarker Networks According Genotypes
-1237C/T/-1486C/T (TLR9)
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Figure 4: “Cytokine Networks” in the HCV patients according to the fibrosis score.

(A). Concentration in Mean Fluorescence Intensity (MIF) in the culture supernatant stimulated with
Lipopolysaccharide (LPS) (1 pg/ml), according to the genotypic combinations (rs5743836/ rs187084)
between the control group (HD) and HCV patient group (HCV) (A) and patient group (sF2 and =F2)
(B). Customized biomarker network layouts were built to identify the relevant association between
proinflammatory IL-6, TNF, IL-2 and IL17A cytokines, modulatory IL-10 axis, using a clustered
distribution of nodes. Significant Spearmam’s correlations at P < 0.05 were represented by connecting
edges to highlight positive [strong (r = 0.68; thick continuous line) or moderate (0.36 = r < 0.67; thin
continuous line)] and negative [strong (r<-0.68; thick dashed line) or moderate (-0.36 = r<-0.67; thin
dashed line)] as proposed by Taylor [18]. The overall statistic analysis of the network node
neighborhood connections point out for an almost linear-chain pattern in the HCV groups with a clear
shift towards a more imbricate profile in HCV patients =F2. A persistent IL-6/IL-10 loop was observed
in all HCV subgroups with differential neighborhood connections for the IL-17A node in HCV patients
=>F2.
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Discussion

The results of the present study revealed the low frequency of polymorphic
alleles in TLR4 (rs4986790 and rs4986791) in the Amazon population. Studies
conducted with other North Brazilian samples have reported frequencies of
heterozygotes similar to ours (1921.2627)  |ncreasing evidences suggest that the
rs4986790 of TLR4 that leads to an amino acid change (Asp299Gly) might interfere
with the interaction between the receptor-ligand and the protein stability. This may
cause deficiency in the recruitment of Myeloid differentiation primary response 88
(MYD88) and TIR-domain-containing adapter-inducing interferon-p (TRIF) and
contribute to the increase risk of bacterial infections and a decrease in the
proinflammatory response in patients with cirrhosis 8-3%), Our data does not show
any association of these SNPs with susceptibility to HCV infection and hepatic
impairment.

Another important receptor that also participates in this process of hepatic
disease evolution is TLR-9 that recognizes the CpG-rich DNA of bacteria. Watanabe
et al, 2007 demonstrated that host-derived denatured DNA from apoptotic
hepatocytes stimulates HSCs through TLR-9 in hepatic fibrosis . Several studies
showed possible associations between TLR9 gene SNPs and cancer risk 1936 The
T allele of the TLR9 rs5743836 is transcribed more effectively under basal conditions
compared to the variant C allele ©7-38),

IL-6 up-regulates TLR9 expression, leading to exacerbated cellular responses
to CpG, including IL-6 production and B-cell proliferation in mononuclear cells
carrying the TLR9 -1237C/T SNP @9, Further, the increased transcriptional activity of
TLR9 in mononuclear cells from patients harboring TLR9 -1237T/C SNP supports a
functional effect of this polymorphism on non-Hodgkin lymphoma susceptibility “0. It
was suggested that TLR9 -1486C/T heterozygote may be a genetic risk factor for
cervical cancer Y. The C allele of TLR9 -1486C/T SNP showed lower TLR9
expression and correlated with the risk of systemic lupus erythematosus “?. TLR9
expression by fibroblast-like cells was shown to be significantly correlated with
shortened overall survival in patients with hepatocellular carcinoma “3).

Successful treatment of hepatitis C is associated with sustained virological
response and declining liver inflammation through decrease cytokines and

chemokines levels during treatment of hepatitis C “4. The direct-acting antivirals
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(DAAs) dramatically increased number of patients that will be able to clear hepatitis C
virus infection with this new medication. However, risk of hepatocellular carcinoma
(HCC) after DAAs still a great concern among patients with advanced cirrhosis. What
we know is that the ER-stress response and restores p53 are normalized after HCV
clearance induced by interferon-alpha-based antiviral therapies, whereas HCV
clearance by DAAs does not restore p53. The p53 is a tumor suppressor and
coordinates diverse cellular responses to stress, damage and in the suppression of
autoimmune and inflammatory diseases 149,

TLRs may play an important role in a wide range of human diseases by
triggering early events in the immunological response. The polymorphisms studied
have been associated to cancer risk and the most frequently genotype combination
in our population is TLR4 299A/A, TLR4 299C/C, TLR9 -1237T/T and TLR9 -
1486C/T.

The data presented in this study suggest the influence of combination of TLR9 (
-1237T/T and -1486C/T) on the production of circulating cytokines IL-6 and IL-4 in
HCV patients compared to health donors. Furthermore, these combined
polymorphisms also affect the production of circulating IL-10 in patients with
moderate fibrosis. These cytokines are important in chronic liver disease caused by
chronic HCV infection. Nieto et al., (2014) observed a spontaneous increase of L-6
and IL-10 production in patients with cirrhosis carrying the wild-type variants of TLR4
A299G and/or T399l. Yet, the production of IL-6, TNF-a and IL-10 after TLR
stimulation was similar between the patients. This different pattern of cytokine
production could influence in development of cirrhosis complications “6)

An increase of IL-17A in PBMC from patients with greater severity of hepatic
disease treated with DAAs was observed in this study. LPS can up-regulates the
expression of several TLRs and nuclear factor kappa B (NF-kB), extracellular-signal-
regulated kinase (ERK) and p38 kinase signal pathways. This phenomenon might
explain the synergy between bacterial DNA and LPS in activating macrophages to
invading bacteria (47-49),

LPS also downregulated the expression of p53 protein in mouse Kupffer cell
and RAW 264.7 macrophage cell line “9. This observation may contribute to the
hypothesis that the p53 inhibition perpetuate through TLR4 activation by LPS in
patients with moderated fibrosis. In fact, p53 tumor suppressor protein is related to



93

carcinogenesis and is suggested to cause prolonged NF-kB activation at a late stage
after LPS stimulation and possibly to sustain prolonged proinflammatory responses
(49), Several inflammatory factors encoded by NF-kB target genes and IL-6 are
important activator of transcription 3 (STAT3). NF-kB and STAT3 regulate the
expression of numerous oncogenic and inflammatory mediators such as vascular
endothelial growth factor (VEGF), platelet-derived growth factor (PDGF), hepatic
growth factor (HGF), IL-10, IL-17 and IL-6, favoring the emergence of tumor 9. The
interactions between the cytokines analyzed seem in this study to change after LPS
stimulation. A strong positive relation between IL-6, IL-10, IL-2 and IL17A was
observed.

The present study reveals different interactions between cytokines in HCV
patients according to polymorphisms combinations and liver damage. The changes
of the cytokines dynamic connections during the disease associated with these
genotypes may lead to a progressive oncogenic milieu. This would be signaling an
increased risk of cancer in patients treated with DAAs who carry the combination of
TLR9 (-1237T/T and -1486C/T) even after successful treatment of viral clearance
(Figure 05). In addition, understanding the influence of these polymorphisms may be
useful in clinical practice for designing new therapeutic scenarios.

This study has some limitations. The study population size is small and may
influence in the levels of associations with HCV infection and disease severity. The
small sample size does not allow intra-comparison of the genotype’s combination
studied with cytokines profile. However, it showed that the combinations of these
polymorphisms seem to influence in the chronic hepatic disease. Further studies are
needed to confirm this preliminary finding.

Conclusion

Altogether, our findings demonstrated that TLR9 -1237T/T and -1486C/T
variants may change the cytokine correlations between IL-6, IL-10,IL-2 and IL17A,
especially among patients with advanced chronic liver disease, treated with DAAS.
The possibility of these patients presenting an unresolved ER stress after HCV
clearance by DAAs linked to the genetic background, and the pathology already
installed could increase the risk for HCC development. Our results suggest the

relevance of these set of biomarkers for clinical investigations as a potential tool for
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predicting adverse outcomes in patients with chronic hepatic disease caused by HCV

infection.
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Supporting information

Table Supplementary 01: Description of polymorphisms, primer sequences, PCR protocols, restriction enzymes, and fragments generated during the
SNP identification study.

Restriction Alleles and
Polymorphisms Primers PCR Protocols fragments
enzymes a
(bp?)
TLR4 A299G F: 5-ATACTTAGACTACTACCTCCATG-3’ 95°C for 5min, 35x (95°C for 30s, 56°C for Ncol A: 259
(rs4986790) R: 5-AAACTCAAGGCTTGGTAGATC-3 30s, 72°C for 30s), 72°C for 7min G: 239+20
TLR4 T399I F: 5-GCTGTTTTCAAAGTGATTTTGGGAGAA-3’ 95°C for 5min, 35x (95°C for 30s, 60°C for Hinf-I C: 147
(rs4986791) R: 5-CACTCATTTGTTTCAAATTGGAATG-3 30s, 72°C for 45s), 72°C for 5min T: 96+51
TLR9 -1237C/T F: 5-CTGCTTGCAGTTGACTGTGT-3’ 95°C for 5min, 40x (95°C for 30s, 59°C for BstNI C: 108+27
(rs5743836) R: 5-ATGGGAGCAGAGACATAATGGA-3 30s, 72°C for 45s), 72°C for 7min T: 60+48+27
TLR9 -1486C/T F: 5-TATCGTCTTATTCCCCTGCTGGAATGT-3 95°C for 5min, 40x (95°C for 30s, 59°C for Al C: 145
(rs187084) R: 5-TGCCCAGAGCTGACTGCTGG-3 30s, 72°C for 30s), 72°C for 7min T:111+34
*rs: Reference sequence; #F: Forward; ¥R: Reverse; °bp: Base pairs.
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6 CONCLUSAO

Os resultados deste trabalho demonstraram achados relevantes sobre a

influéncia dos polimorfismos nos receptores da imunidade inata (TLR4 e TLR9)

sobre o perfil de citocinas em pacientes com doenca hepatica cronica, apontando

que:

e Homozigotos para TLR4 A299G G / G e TLR4 T399I T / T apresentara-se
ausente na populacdo estudada. As distribuicbes de gendtipo para TLR4
A299G G/ G, TLR4 T399I T/ T, TLR9 -1237C /T e TLR9 -1486C / T nao foram
significativamente diferentes entre os grupos. Pacientes que carregam as
variantes TLR9 -1237 T/ T e TLR9 -1486C / T representam 40% da populacdo
estudada.

eNenhum dos polimorfismos de TLR4 e TLR9 analisados neste estudo exibiu
associacdo significativa com doenca hepatica crbnica. As variantes TLR4
A299G A/A+A/GeTLR4 T399I C/C + C /T foram as mais frequente na
populacdo estudada - 97% + 3% e 96% + 4%, respectivamente. Portanto,
avaliamos a influéncia da combinacdo genotipos das variantes -1237T / T e -
1486C / T do TLR9 na citocina perfil em pacientes com HCV tratados com
DAAs. A andlise estatistica revelou essa combinacdo das variantes TLR9 -
1237T /| T e TLR9 -1486C / T foi maior nos grupos HD e HCV quando
comparado a outro genétipo combinacdes entre 0s grupos;

e As variantes TLR9 -1237T/T e -1486C/T podem alterar as correlacdes de
citocinas entre IL-6, IL-10, IL-2 e IL17A, especialmente entre pacientes com
doenca hepatica crbnica avancada e tratados com antivirais de acao direta;

Nossos resultados sugerem a relevancia deste conjunto de biomarcadores para

investigacdes clinicas como uma ferramenta potencial para prever desfechos

adversos em pacientes com doenga hepatica cronica causada por infecgdo pelo

HCV. No entanto, estudos adicionais devem ser realizados para confirmar a

influéncia da genética do hospedeiro na resposta imune no estadiamento da doenca

hepatica.
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pesquisa sobre Biolecnologia & Sadde

intitulado: “Desenvalvimento de tecnolagias aplicadas =o diagneéstico e terapia de doencas infecciosas
tropicais®, gue sera cesenvelvide pelos

grupos de Pesquisa “Virologia™ da Universidade Federal do Para — UFPA, em parceria com 0§ grupos
“Imunolagia Bésica e Aplicada” da

Universidade Federal do Amazonas e “Nanotecnolegia® da Universidade Federal de Ubertandia- UFU. Ainda
teremos apoio das Universidade da

Califomia (UCDAVIS) e da Universidade de Miami{UM). Aprovade pelo Edital Pré-Amazéniz n, 047/2012,
Objetivo da Pesquisa:

Objetiva Primario:

= Determinar a reatividade em soro de individuos HCV+ para peptideos miméticos ao HCV identificados pela
técnica phage display e caracterizar o

Endereco: Av. Corstanting Nary 4357 BLD Oir Ens Pasg

Bairro: Chepeda CEP: 65050002
UF: AM Municigio:  MANAUS
Telefone: [92)3555-0114 Fax: (§2)3655-0112 E-mail: cap@hameam am.gov.br

Pégmadice 0@



FUNDAGAO DE |
HEMATOLOGIAE  QREradl
HEMOTERAPIA DO
Cominusgn do Purecur: 1406265

periil da citocinas envolvidas na desenvolvimanto de fibrose hepatica em cultura de calulas

Objetive Secundéario:

» Salacionar e identificar paplideos miméticos reatives a soros de pacientes HCV+ com fibrose hepdtica;

= Sequenciar os clones isaladas e realizar anglises de bicinformatica;

» Descrever ¢ perfil de citocinas envelvidos no desenvolvimento da fibrose em cultura de células
mesenquimais @ hepatocitos;

= Pré-validar ¢s clenes selecionados através de ensaios de Phage-ELISA utilizando proteinas totais de
paciantes com fibrose hepatica;

Avaliagdo dos Riscos e Beneficios:

Riscos:

Risco de contaminagdo dos colaboraderes da pesguisa com sangue contaminade com © virus ¢a Hepatite C
Beneficios: Conseguir desenvolver peptideos que possam ser utilizados postariormeante em biossensores
capazes de detectar proteinas presente em soro de

pacientes que passam predizer e sanvir de biomarcadores para diagndstico de fibrose.

Comentarios e Consideragoes sobre a Pesquisa:

Pesquisa Relevante que busca detectar marcadores que auxiliem na detecgée de peptidecs miméticos ao
virus da hepatite C capazes de predizer fibrose utilizande tecnologias combinadas em engenharia genética,
como Phage Display com o intuito de gerar estratégias direcionadas para a investiga¢do do processo do
desenvolvimento da fibrose.

Consideragdes sobre os Termos de apresentagdo obrigatoria:

Todos 03 termos foram apresentados

Recomendacoes:

Conclusoes ou Pendéncias e Lista de Inadequagoes:

Aprovado

Consideragoes Finais a critério do CEP:

Este parecer foi elaborado baseado nos documentos abaixo relaclonados:

Tipo Decumento Arquivo Postagem Autor Situagio
Informacdes PB_INFORMACOES _BASICAS DO_P | 091092015 Aceito
Endereco: Av. Congiantino Nary 4397 E4.D Dir Ens Fasq
Bairro: Chepada GEF: 63050-002
UF: AM Municipio:  MANAUS
Telefone: (92)3555-0114 Fax: (§2)3555-0112 E-mall: cep@hamoam am gov,br
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Cominuegau do Parecur: 1,905,955
Bésicas do Projeto  |ETO_579290.pdf 15:35:04 Aceito
Falhz de Roste folhaderosto. paf 08/09/2015 |ANDREA Aceito
15:32:42  |MONTEIRD
TCLE / Termos de | TCLE.pdf 09/09/2015 |ANDREA Aceito
Assenfimanto / 15:30:02  |MONTEIRO
Justificativa de TARRAGO
Auséneiz
Projeto Detalhado [ | Projete.pdf 09/09/2015 |ANDREA Aceito
Brochura 15:26:05 |MONTEIRO
 Investicador TARRAGO
Declaragao de anuencias.pdf 09/09/2015 |ANDREA Aceito
Pesquisadores 15:21:14 |MONTEIRO
Declaragio de anuencias.docx 09/09/2015 | ANDREA Aceito
Pesquisadores 14:46:12  |MONTEIRO
Situagdo do Parecer:
Aprovado
Necessita Apreciagio da CONEP:
Nao
MANAUS, 12 de Fevereiro de 2016
Assinado por:
Elisa Brosina de Leon
(Coordenador)
Endereco:  Av. Constanting Nery 4397 81D Dr En5 Pasq
Bairo: Chapaca CEP: 49.080-002
UF: AM Municiplo:  MANALS
Telefone: (52)3655-0114 Fax: (92)3656-0112 E-mail: cop@hemoam.am.gov.ar
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Anexo 02: Parecer do Comité de FEtica em Pesquisa -CEP-HEMOAM
(CAAE:0024.0.112.000-10).

COMITE DE ETICA EM PESQUISA - CEP

CAAE- 10 -V !

IDENTIFICACAD _
Titulo: Avaliaglo do perfil celular, humoral e molecular em doadores de sngue
com sonologia reativa ao virus da hepatite B (HBY) na cidade de Manaus.
Instituiciio: Fundagiio HEMOAM
Pesquispdor: Laurs Podricia Viens Maia
Data da
Renpresentacho; | (6. 10,2010

OBJETIVOS - B
Geral: Avalior o perfil celular, humoral ¢ molecular em doadores de sangue com
| somobogia reativa aoe vires da hepatite B (HBY) na cidade de Manaus.
Especilico: Avaliar & soroprevalencia de doadores de sangue com sorologia reativa ao
virus da hepatite B, através dos marcadores HBsA g efou anti-HBc;
Analisar o perfil celular dos linfocitos T CD34/C04+ e CO3+HCTDE;
Analisar o sub-populagie de levctcitos ptivades através do marcdor CDG9+
(linfocites, eosindfilos, bastfilos & mondcitos;
Anplisar a sub-populagio linfocitos T reguladores através do marcador
CD25+;
Avaliar o perfil de citocinas THI {IL12 & IFM-y); citocinas Th2 (1L-4);
citocing supressora (1L-10) e citocinas inflamatérias (IL-6, IL-8 ¢ TWF - a);
) Caraclerizar o8 genGlipos virais na populagho de doadores e
comelacionar com & resposta imune enconlrada,

o SUMARIO D) PROJETO
Metodologia: Trata-se de um estudo observacional descritivo do tipe ndo-probabilistics
que serd realizado com doadores de sangue com sorologia positiva para
HBsAg efou anti-HBc no periodo de novembro de 2010 a abril de 2011,
com uma amostra de 123 doagles reativas, ]

Caracterizage | Trata-se de um estudo observacional descritive do tipo nﬁa—pmbal:—:lr_ﬂma
da Amastra: que seri realizado com todos os doadores de sangue com sorologia
positivi para HBsAyp efou anti-HBe do virus da hepatite B no periodo de
setembro de 2000 4 setembro de 2011, votalizando 1.39% doadores (valor

estimado], I
Critérios de Doadores de sangue com sorologia positiva para HBsAg efou anti-HBe,
Inclusio de ambos o5 sexos, com idade entre 18 ¢ 65 anos ¢ 0s que apresentarem

FUMDWCAD DE HEMATOLOGIA E HEMOTERAPIA DO AMATOMNAS ~ HEMIIANM
COMITE DE ETICA EM BPESOUISA
A COMSTANTING MERY. 45T — CHAPADA — CEF B050-M2 - ANALSMMATTRGE
FOHE (92 365501 13 FAX 92) 35301 12
E-muid cop_bersmenitheimail com



co-mnfecglo (sifilis, doenga de chagas, HCV, HIV e HTLV),

Critérios de Doadores que apresentarem resultados negativos para ambos os
Exclusiio marcadores da hepatite B na segunda amostra de sangue.

COMENTARIOS DO CEP FRENTE A RESOLUCAO CNS 196196 E RESOLUCOES |

COMPLEMENTARES

Na andlise do protocolo observou-se que os autores responderam aos questionamentos
descritos no parecer antersor.

PARECER DO CEP

Projeto Aprovado. Conforme determinado pela resolugio CNS 196/96 o0s pesquisadores
deveriio apresentar a este CEP relatdrios parcial e'ou final, ficando determinado desde ent3o,
o prazo para apresentagiio de relatono; 27042011, Eventuais modificagdes ou emendas ao
protocolo devem se apresentadas ao CEP de forma clara ¢ sucinta, identificando a parte do
protocolo a ser modificada ¢ suas justificativas. O termo de Consentimento deverd ser
aplicado em duas vias sendo gue uma delas ficard com o sujeito da pesquisa.

SITUACAO DATA DO PARECER

APROVADO 26.10.2010

FUNDACAD DE HEMATOLOGEA £ HEMOTERAPIA DO AMAZONAS ~ HEMOAM
COMTE DE ETICA EM PESQUSA
AV. CONSTANTIND NERY, 4397 - CHAPADA ~ CEP 58050002 « MANALGSIMAZONAS
FONE (37) 36550113 FAX (97) 36550112
Fomadl oop horeumidotenail (oo
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Anexo 03: Producéo cientifica relacionada a Tese

Rev Soc Bras Med Trop S0{6):861-863, Movember-December, 2017
dei; 10, 1590/0037-8682-0094-2017
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Case Report

Sofosbuvir and daclatasvir combination therapy for current
hepatitis C virus genotype 4 achieves SVR: a case report of
HCV genotype 4 from the Amazon

Andréa Monteiro Tarragd'"'?, Grenda Leite Pereira"®, Flamir da Silva Victoria™¥,
Adriana Malheiro Alle Marie"" @ and Marilii Barbieri Victoria™®

[1): Labaratirso de Gendimica, Fundagio Hospitalar de Henatobogia ¢ Hemote rapia do Amazonas, Mansua, AM, Brasil. [2]. Programa de Pds-Graduagdo
em Imamalogia Bisica e Aplicada, Universidade Federal do Amazons, Manaus, AM, Brasil. [3]. Fundagiio de Medicma Trapical Dy, Hestar Vieir Dourada,
Mansua, AM, Brasi. [4). Programa de Pds-Graduag@o em Medicina Tropical . Universidade do Estado do Amazonss, Mansua, AM, Brasi .

Abstract
Hepatitis C is a worldwide endemic disease, However, hepatitis C vins genotype 4 (HCV GT-4) has rarely been reported in
Bmzil. HCV GT-4 demonstrates high sustained virological response (SVR). Here, we report the case of a 62-year-old HCV
GT-4 positive woman complaining of a headache, nausga, and arthralgia. The patient was treated according to the protocol for
genatype 4 (12 weeks administration of 400mg sofosbuvir and 60mg daclatasvir daily) and achieved SVR. Although this is not
an Amazonas autochthonous case, the presence of genotype 4 is mrely reported in the region.
Keywords: Hepatitis C. Genotype 4. Sustaiped viral response,

INTRODUCTION

According to the World Health Omanization (WHO),
hepatitis C virus (HCV) affects millions of people worldwide;
it is estimated that approximately 71 million people are
chronical ly infected with HCV, causing a serious global public
health problem?,

There are seven HCV genotypes including 67 subtypes,
which are geographically distributed throughout the world?, In
Brazil, the genotype distribution pattern consists of genotype
1, followed by genotypes 3, 2, 4, and 5%,

The treatment mecommended by the Bmzilian Ministry of
Health for chronic HCV infection involves oral combinations
of direct-acting antivirals (DAAs); sofosbuvir in association
with simeprevir or daclatasvir. These drug combinations are
well tolemted and have been reported to increase sustained
virological response (SVR) rates to approximately 9096,

CASE REPORT

A 62-year-old woman was admitted to the Fundagdo de
Medbetva Tropical Dowtor Heitor Fietra Dowrado (FMT-HVD)
in Movember 2015, Upon admission, the patient complained
of a headache, nausea, and an extmhepatic manifestation of

Corresponding arthor: Dra, Marnihh Barbieri Victdnia
el v idterra coam. br

Received 4 Apnil 2017

Accepted & Augusi X017

www.rsbmt.org.br — www.scielo.br/rsbmt

neurological motor impairment, The patient had received
blood transfusion eight years prior in Alenguer, during
an upper digestive endoscopy procedure. Follow-up tests
prior to treatment are detailed in Table 1. The patient was
treated according to the protocol for genotype 4 (12 weeks
administration of 400mg sofosbuvir and 60mg daclatasvir
daily), SVR was achieved and hepatic markers values returned
tonomal six months after the end of treatment (Table 1).

DISCUSSION

Hepatitis C vimus genotype 4 (HCV GT-4) represents
approximately 1518 million cases of the total global HCV
infections. Itis prevalent in lower income countries inNorthern
and Equatorial Africa, the Middle East, and Caribbean and
Indian mgions*?,

The frequency of the geographical distribution of the
genotypes in the Amazon region is similar to the pattern in Brazil
and other world regions; a higher prevalence of genotypes 1
(64 9% and 3 (30.2%) and a lower prevalence of genotypes 2
(4.6%), 4 (0.2%), and 5 (0. 1%, However, genotype 4 is ranely
reported in the State of Amazoms',

The current global distribution of HCV genotypes has
undoubtedly been influenced by historical events and modified
by contemporary human migration trends, A lthough genotype 1
has been established as the most preval ent genotype worldwide,
including in the Amazon region, we must be aware of the
introduction of other genotypes into the region.
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TABLE 1: Patient labaratory test resulis.

Laboratory tests Admission Post-treatment* Reference values

Hemeglobin 12.9gML 13.73gkL 12gdL—18g/dL

Hemn s ol 39.8% 41.1% 3IMe=52%

Platalats 196 D00dmm? 233, 000Vmm? 130, 0006mm* =400, 0006nm *

Leukocytes &, 1904mm* &340 mem* 5.2 -1 Z 4fmm?

Alburnir SAgidL S.0geL 35-50g0dL

INR 113 112 1.0

TGOAET 2L 200U ZNL-3BIU0L

TGRIALT MBI 20UL AL

HEALRNA, 541878 Undelectable 1200l fLog= 08) - 100_10% IWnL {Lag=8)
{log=5.73)

Flg-4"* 238 120 FIB 4= 328z F2)

Child pugh score A5 A5 AL

INR: infemational normalized rafio; TGOWMST: ransaminase glulamic-oalace hoaspatale aminoranslerass; TGPWLT: (mnsaminase gutamic-pynuvicialanine
aminofransierase; HCV-RMA: hepailis C virus- ribonucieio acid; |LMmL: infernaional unitsfmillier; FIB-4: index: forliver fbrosis; APRL AST4o-plabeiel rafio index;
METAMVIR: soore that quaniify the degme ofinflammalionand fibmsis using the msults of a lver biopsy. “Post -Treaiment fests ware parformaed six months afarthe:
end of meatmenl. “The teatmen & ndicated for HCV mono infected patients with APR1 > 1.5 o FIB-4 = 335, chamctedzing METASIR 2F2. HOW.

In this case, the patient is a native of Tmcuateua, a small
City in Pard, in the Amazon region; however, she lives in
Alenguer, anather city in Para closer to Manaus, Thus, this is
not an autochthonous case as the patient temporarily moved to
Manaus for HCV treatment, Migmtory flow may contribute to
the dissemination of genatype 4 originating from other states
in the region into Amazonas via virus carriers prior to SVR.

The origin of the region of Tracuateva is linked fo the
construction of he Belém-Braganga milroad (completed in 1908),
during which many African descent, Portuguese, and Spanish
immigrants began to colonize the vicinity. Although this migratory
phenomenon is not recent, it has been increasing: thus, new and
unusual genotypes may be more prevalent than thought™,

Because of the low prevalence of HCV GT-4 in Brazil,
this genotype has not been studied extensively in prospective
trials evaluating treatment outcomes. The lack of genotype 4
in our samples indicates that it is absent or rarely present in
our population, Because mamy people in Bahia are of African
descent and Brazil is a country with continental proportions,
it is possible that uncommon Brazilian HCY strains in other
regions of Brazil may be the resull of multiple introductions
of genotype 4',

Therefom, we believe that HCV patient mumbers are inesxcact
in some municipalities of the state of Amazonas, a poor region
of the country affected by this endemic disease, where the
only public access to advanced technology for diagnosis and
teatment isat the FMT-HVD and A mdjo Lima Ambulatory, the
Federal University of A mazonas. In addition, the natural history
of hepatitis C and the limited education of the population in some
of these muni cipali ties hinder patient noti fication and treatment,

B62

This case report may contribute to demonstrate that there is
HCW GT-4 in the Morth of Brazil and these individual s carrving
this genotype have developed msponse to the DAAs,
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denpex } whe we mndomly ncinded during dorsfone al
HEMDAM and 151 HCV infecied patiests treaind o the FMT-HVIDL A3
ithe ET pasticpaniy wen mimitiedl o o sroopiol sneming i
HEMDAM, wisck ir seommended by Bmasiian Biood Oenor Bk
Authoritin &n o o mondor bisod bome paihopess and mckedes
mrolopioal seabyy for the Hipeistsa B wnd  vieea, HIV, DENV, HILY,
Syphilty xeed Chagns Disexe. Amony the HOV inkecied paiseris, 84 and
&7 bnd wF2mnd = FL nexpeciively.

23 Genore DVA aoxtroction

[P En b fmbeey, oo coniwizing EDTA (I Vo aizer® EITA KX and
ong rebe comeining Gl sepaswtor (Gl B EST® B Advanoe®) foz cor-
Tying ot the pmoiypisy of pohmorphiens and xooy of dronbisng
cyiokines, nexpertively. Sers mrepler wern kept 28— 81 C el opis-
leireex were axopeed. Grmomic DA w exirscied Som blood
exrplex maing ey [HA Bloed Mini 8 (JLAGEN, Chotewsrih, G,
LUEA) scoonding o the mamedeciunry tetrecione. DL mreple wen
suantified with 3 RaneDeop H100k: | Therma Fibes Ederisr, Waltkae,
WA, [EA) iz evbmie the conomimasion and jpurity of necleic scide

24 Cenptgzing of TLR

The tzlicwing pebyreorphims, TURS nd8E750, TIR4 986791,
TLRF nETAHIE andl TLRY olETEd were sreestipind. Folymerss
chain nescHonmaitiction fngmeni kngth polymophes (POLRFLP)

waa mmed fo= allelic dixsimimtion a deoibed Eovicudy
[L8-21]. The FCR nection for emch ENF ooeavied of 1 il enorese DN
{0 mg) meded iz 34 pl. smplifcstion miv contxining 013 pl. (2005
Plaisrmue™Tag palymerams {Therms Paher Scieneiic), 250010 bufier
FRLEY] ml."l.'l'rbll]l:;i-lul-nd 500 mmalL. KL, 1 pl Mgz
{15 oozl 1plNTRy (80 mooLl 05 pl esch of foowsed md
movesm prier (LS peelL) sed 103 . wlirspess 0L & toiwl oF
1 pl o PCR product wae dipeied with 5 O o TEsTicin
wnddermchens Nenl, Hizfl, Brifil, and 22 (Nrow Enpland Biclals, [ox
wich, Bk, USA) in ey bufler, scmonding in te memibsctenery i
donupcienss e showe = Suppiementary Table 1. The sypmente

perezxind by FCREFLF weoy mpamind by alectrophoneis in sither x
o % spurom pul swined with Gelfled™ Redeic Add Gel Sinin

{Bistiere, Haperaed, CA, UEA] snd vinmiswd wich the UV bgee Col
Do KR 4 Sysem (Hiz-Rad Corporation, Herenler, CA, USA) wath »
phsin deczmeniation nystem.
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Fig. 1. Stxty mxd éaby sesiysix fow curt. W bacited 357 eigitie pric
pueE 306, Hery o dormcorm 152 th veeres i i S0 ad e
mircded by FMT-EIVTE, (N S, viciy Bicksgicsd meyplen ware collerind S
£rll calirs e brenyg abisinnd From ptieniy with chrris hpatic o b win
wer vt it it arsng etivind (DAl i s wrolopiod e
apm (SYEL

15, balakion of peripleral Bood monomuciee ooy [FEECY ond oo
2195 ]

PEMIC weme rollected from 45 teckvedenls for enlume xory ax de-
acribed prewizeaty [Z2]. 15 menpler wene from ety dono () a=d
30 from HOW indecied paiimmiy with chronds lver disewae {15 00 F2 amed
1E = FI) whe were imenied with [y and mexiwined wirodogicsl oe-
spacm (EVE] conZ=med by the sbemon of wind BNA by quaniEsite
malecler testy (Fig 1) FENC: Som eack pticipest wem imiated
o 3 ml. of venom weipunchum i i ke osiicy Heparin
tritepatson, PHEC: were enliected fron the mbertso and wahed with
FFAD 1580 medum. A wanbeng fwior, the mpematani war dis-
:-Hnlﬁ.m:lmrlq-.blllmmhinﬂlzw
cells'ml i 4 ml of IFM spplenmind with 1% soxpiomycin axd
1% frtnl bovine serom end inceboeted 0 5% 00y ot 37 Tior 12 b 1S
siimupine war jprriormed in deplicei weng 100 pl. of cxopenoe m-
dotorin (LFSS] py S mly

L&, Eerwm cyinkin oy

Tha IL-&, THF, E-10, E-Z, Iy, (L4 and [L-I7A in
homan arrnuzm and muperaiani of FEMC cbieesy v meamined

by Cpiometric Besd &eray (CHAJ, Kit ED™ Human ThLThLThI?
Cypckine (Cai: N™S6ME, Lot 29132, D™ Bicacience, San Dheps, CA,
USA) scmomding b0 the manefscioeery incknicd geideliieey and poi-
cab & FACSCanix (I Sow cyiomete (20 Biariennnr) o the HESOAM

wax esed for murepln scrpisition. The FOAP-Aoeray mware »3 [Saf
Flow inc, USA) w wond iz calobuin dke oytokdoe vl

L7, [emotype enoniston iext and sngiical asbyso

Cormparizon briwees proups wan periormed with the dhiaquned
"] o Pasher's zac st writh 158 roniidenns intewad (0. The Hardy-
‘Weinberp muisheten (HWE) wan Srivrmened by coeparing the -
quency of e choerved and sxpecied member of gmcivpee Tedy for
Eardy- wqulibrinrm were pericemind an axlize aplics-
Blom [faHpe gt i rpi-binhe p}?;phpl Priem 5
sndware {San Dinpa, CA, UEA) war umed for comparnisve axaiyses af
cyiskine umosy the pesctype conbimtton af the SNy sudied. The
contimom varisbley pressied o mon-eoemal devivibaiion aed deis

wemn armbyoed with 8 non-prrrestsic Mans Whiiney i io oopes
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2], Roslier demogrephic. inborniorisl snd chinival chorceriies of S
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TLEA NP [ 3860 W) and st PBETT 1) med s TLET B (ST BR3E
and il EE] were amdyoed wnd dhe noelis s sbown in Table 2
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23 Lack of smachion of protypis cnbination of poynerphios s
TR - 1N7TT e - 14350 T weith chronic bhar diems

Mo of the polymorphiznr of T and TUAD snabymed i thic
siudy sxkibind any Aot axnciation with chronic e diseame.
TLRAAZRG A + WG and TLEA TN CAC + CT vactasiy were the
mox Frequent b e stedy popultiion - TP + 3% and K & 46
mexpectieely. Wa therefooy ammed the infoes of the combimison
prraiyper for TLRS variasty -1257TVT and -14BE0T o= the cytokiae
bl in FICY patients teuied with (e Sextivtical sualyrs srvealed
ittt combinstios of TLED -1257TT and TLRD -14BE0T izt wax
kipher & the HD s HCY groums when compeed b cthr peeciye
sorshination brbwees the proups, = oo be e @0 Takke 1

24 Exflumnce of prmoiypic combination of palymorpleess i TLRP
JBTTFT and - 148500T on Bu crenleding: pefie of oyl i OV
JameTa

Eeman anitvinl seqposss spaina HOV & chamscieriond by indocson
of Tkl syiskine profile. Ambpsic of peeciypic combimions @ mperd

t= the Th, Thl, Thl? and Trep cpiokizm peofiks smong the siadied
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tx Eves demape. & spnificnt noe of L& (p = L) a=d 14
ip = W00OT) {Fg. 2h and P wo obaeresd in dhe serum of the pa-
ey compurnd weith HIL. The cyickcne THF, 210, IL-Z IFR-y and E-
17A did ni sherw azy diSevnos briweses HEV paiiesia and HIF proeg
tFig ZE-E axd O} K sgnifiani tsoee of [L-10 e cheswed 0
HOY =F2 = [LIEE) in mFZ whene the opio-
ketzn (L, TNF, [1-2, [FN-y, [L-4 and [L-I7A weere st xigeificest when
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26 [pepatpaccherite ([P changs S intrection Bafwarn of Syiodine
in ROV patienia

Totest the reintiorekn between altered levels of cypckines gt [FS
sifmubis, & mrier of comedstion sy war peioemed (Fig A5 The
umbeTy al el Tan briwesr i cpadite amiymed e ma
Ssffrreni merording bs the hepette seooe in BV patiente. Mo inseractione
on oomrem o the Fm'p':q::nq'lﬂlltm::nnﬂ: conizing-
tioro ma the HCV which exhibiied o sirong pasittee mdation be-
twem [L-£, E- 10, E-2 and [L-1TA (Fg. 441 & medersie meistion be-
twemn D6, THF and E-10 war abe chesred in the HOV goup

[

HOV wF2 patienty exhibiind 3 sronp pootes nelstion et 04,
E-10 and THE. b addiios, in HOV = F2 patiests, o sirosp podties
comeaiion. betworn [, [L-10, 112 and B-1TA war prescreed, wekile
E-& E-17A and E-10 exhiistted x sirong sepaisve corebrtion (Fig. 4B

4. Discussion

The semity of the presss sudy nevesied the low ogeescy ol
polymarphic slles in TUE (ol EET90 mnd ol BE79]) i the merpie
group of te popubtios oo the Aoxen dsie Shadien onduced
ugng gites Northemn Bzl ek heve moporiesd. Sssuencier ol
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Fig- 4. "Cyhize Neoworka” tnthe HOY paz=r prondisy ic ihe Ao o
& Coscenivation in Man Reomcores brertiy (WF) & B mlhon s

axter rioziiind Witk Lipopaymartaride [LF] (1 ppiml], sconkng = e
pomtyplc mnbiadion (RO 4E0G" o ETE) bofween B oreml pep
I = O pasemd proep (FIOV] [A] = petiere: gronrs [ F2 asd. 2 FID(HL
‘Cromertord binmrarier serenr ety s bl o ity b oo =
miation berwwz. protnfbermiory 164, THF, 11 el 3074 cpokism,
Teskiiory 1110 mi weng o dotemd dbsiree of wode
Spomman’t o © oo (L25 WerT mpmene by cosmertng g i
Eighlyki positie [mromg (7 > 208 thick oordsmom lise) or oodees
{026 2 r & DA fisn contt oo Ber) e oo (o 7 © - LGK; Beick
dmerd lise) or oo (- 030 » 1 @ - DT iz detel B = propomd
by Tarylor (18). The oveml sivdmical soiyrd of te retwork nede sapblor-
homd commeriiom 2w Ao lnes-chadz pazem dn G WOV proem
with a chear 25t wwarda 8 monn bnbrice: profe in HOY patimbe = FL A
‘pererare [1-£0TL-14 kaag v oimerd in ol BEY rebyros with diffoeniial
eghborhoo] oyssertions b the £-1TA 2ode = HOY pete=sy - F2

[emtemaypoivy rimibe fo theme foued in oor sdy [19-2026.17). fe
creasing evidnon oy tai the oSSR alleke of TLRY thai by
io xx xminn acid chaspe (ApX¥Ghy) might inieries with B e
aciion betwern the neorpior-lipand and the proivis’s sabisy, This oy
e dnficimcy in the mouEment of Myelsid difSeestistion primey
g ER (H}Eﬁl mnd TE-domain-comisiziny sdaphes-ndachy
teivrieon [THIF), wnd contzibute iz the incoewm s of becterial i

fectiozs mnd u darmexm in the poizfisamaiory nopoo in patsmes
with civhos [22-35]. Oer duin dom mok show sy soocission be-

Cyiew [0 200 15530

menoenciear celb camying the TLRD - 1505 T 5K (9], Ferthermar,
thn increamed trazscriptiond sciivity of TURY in mosomecers oy from
plhn'h'bu'thLﬂﬂ lﬂ?mﬂiprmnh:h:ﬂmdlhﬂ

on mon- yephoma rsaeptibiliy [40). h

h._.ludddnl'.l'l.l.'l‘ Imhﬂw:ﬂ.ﬂh::-ﬂ
rizk fartor for oervicl cnoe [41]. The € alicke of TR -14860T SKP

showed kv TU expresvion. and oomedied with b side of rpsemic
brpur eryttematony (4], TLED expreion by Sorobbu- e ool bax
bz shewn B be dpniSiamtly cooelaied with sherimed cwerall ne-
vinl b pitenis wiik hepainerlblar cimsnors (4],

Snooymul festreent of hepatitis C & soocisind with 5 and de-
clining bver infamerotion trouph @ decne i cpickine wnd ceme-
ko lewels dering the imsimeni of hepatitic C (4] md te DA
dr.l:u:l'H]l terrexmd the mumbe of patiesis tui will b able iz der

C vien infortion with the ow of ihis mow medicstion.
Hm. risk of devcopisy hepaizerlbr oo (FOD) st
Dlive ix il m preni conoem nmeosy patieni with sSvanoed cirekarie. |
& benorm i the Fl-siem sexpozee and pid e soemalived st HEY
clraranre wian iedued by amidviral
wharas HCY cheranon by DWAs dosx mof nesore pS3 The pSE in
temor mupprmer and cordiner dees odioe mrpones s,
damage, and = the sppremion of aoioimsee and nflenasicry
dimasex [11,45).

TlRx zay play an imporiani sol i o wide cangs of buman disaes
by iripgesing mrdy evmis in fbe ool mpome. The paly-
mecrphism sudied have boen amocivied with goesier s of e
and the mas fegquesily foond r=ezbination in our popelation
iz TLR 20000, TLRA MOCAT, TLES - 1797T/T and TLRO -T4BELIT.

T duty preseziwd iz this sudy tha izfleenioe al combine-
tiom of TURY - 129775 T el -14B60T) on the prodertion of cirenisisng
cyizkiney [l£ and 14 n HOY peiimiy whes compard &0 bealiby
donor. Furthermare, them combined palys als et the
producion of cireelating [L-10 & patenis with modemie Sororie Thes
cyizkine v impertast i chronic B s cxemed by chrosic HEY
fnfeciion, Nimto o al, {2014} chesrwed 3 spentaneour nceam in L4
ndl;lﬂpuh:ﬂ-mﬂﬁ-:ﬂhmﬁhmﬂﬁlﬂ-
Eypa warianis of TLEY ofor THPOI [4£]. Y, the prodection af

B, THF-o xxd [1-10 afex TLH stiorebntion e simibr betwen e

patieziy. This doSereni patizm of cyickine produchion could be o B

in ke development of in cirzhasin [4£].
An tzcrease of B-17A in FEMCy i pabiesiy win bad 3 presier -
werity of heptse diseaw mnd were seaied with Dike wan obeeved in

thix sindy. LPS cn wpovpulie e of mreeral TLRy and -
clrar Ewcior oppa B (RFGH), Loalur-wgrl sogrisied iz
{FEE) and p38 kirooe zigzal paifrenys. This phenoomemon mipht cplin

than pynerpy between bacierial INA and 1FS & sciivaisng sscopbapes
apuizs oacking bmcheria [ 47 45].
L5 alm dowsregelzied the expremion of pE3 pEoivs 0 mex
ol and RAW 2EAT oull Enw [47]. Thix charea-
ﬁ,m#ﬂlﬁmﬂhpﬁlﬁﬂﬂhj- -
teaira tkzzuph TUL4 actiention by 7S & petimb with modersied B-
brmiz b i, the pE3 hmor sppemor poish & rdaied B
cxchspenesic mnd b mpprsted bo o prslonged NF B activation at
3 v gyt LS stimeistion and poshly rsxn proksped

twenem .t SNPr and muerepishility b0 HCV infecison el bepaiie im-
pErmes,

Anzthe imporiant seorpice that alvs mctispaie in this proce of
iz cisruw evnisssn L TUR, whirh necogeiaes the Cpl-rich ONA
Hhm.u'ﬂ'mh::],mh_ndﬁlhm-hdb
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