UNIVERSIDADE FEDERAL DO RIO GRANDE DO SUL
FACULDADE DE MEDICINA
PROGRAMA DE POS-GRADUACAO CIENCIAS EM
GASTROENTEROLOGIA E HEPATOLOGIA

Papel dos niveis séricos de vitamina D e das
variantes genéticas envolvidas na sua rota
metabdlica na hepatite C crbénica.

LAURA ALENCASTRO DE AZEVEDO

Tese de Doutorado

PORTO ALEGRE, BRASIL
2017



UNIVERSIDADE FEDERAL DO RIO GRANDE DO SUL
FACULDADE DE MEDICINA
PROGRAMA DE POS-GRADUACAO EM CIENCIAS EM
GASTROENTEROLOGIA E HEPATOLOGIA

Papel dos niveis séricos de vitamina D e das
variantes genéticas envolvidas na sua rota
metabodlica na hepatite C crbnica.

LAURA ALENCASTRO DE AZEVEDO

Orientador: Prof. Dr. Mario Reis Alvares-da-Silva

Coorientadora: Profa. Dra. Themis Reverbel da Silveira

A apresentacdo desta tese é exigéncia do
Programa de Pé6s-Graduacéo Ciéncias em
Gastroenterologia e Hepatologia, da
Universidade Federal do Rio Grande do
Sul, para obtencéo do titulo de Doutor.

PORTO ALEGRE, BRASIL
2017



CIP - Catalogacéao na Publicagéo

Azevedo, Laura Alencastro de

Papel dos niveis séricos de vitamina D e das
variantes genéticas envolvidas na sua rota metabdlica
na hepatite C crénica. / Laura Alencastro de Azevedo.
-- 2017.

118 f£.

Orientador: Mario Reis Alvares-da-Silva.
Coorientadora: Themis Reverbel da Silveira.

Tese (Doutorado) -- Universidade Federal do Rio
Grande do Sul, Faculdade de Medicina, Programa de Pds-
Graduagdo em Ciéncias em Gastroenterologia e
Hepatologia, Porto Alegre, BR-RS, 2017.

1. Hepatite C. 2. Vitamina D. 3. Polimrofismos.
I. Alvares-da-Silva, Mario Reis, orient. II.
Silveira, Themis Reverbel da, coorient. III. Titulo.

Elaborada pelo Sistema de Geracdo Automatica de Ficha Catalografica da UFRGS com os
dados fornecidos pelo(a) autor(a).




AGRADECIMENTOS

Ao meu orientador, Prof. Dr. Méario Reis Alvares-da-Silva, que me proporcionou uma
enorme oportunidade de aprendizado. Sempre disposto a dividir todo seu conhecimento na
simplicidade de uma caneta e um pedaco de papel. Muito obrigada pelo voto de confianca e
acolhida, levarei esta experiéncia comigo.

A minha coorientadora, Profa. Dra. Themis Reverbel da Silveira, que me incentivou e
apoiou desde o inicio da minha entrada na pos-graduacdo. Fazer parte do seu grupo de
pesquisa e desta familia “Hepatologica” € uma honra. Nao tenho duvidas de que muito do que
sou hoje, profissional e pessoalmente, deve-se ao que aprendi com a senhora.

A Profa. Dra. Ursula Matte, coorientadora informal, mas essencial. Sempre disponivel,
critica e sincera, com sugestdes brilhantes e salvadoras. Obrigada por tudo que fizeste por
mim e pelos anos de convivio e amizade.

A estudante de Farmacia Jacqueline Weis Bonfanti, bolsista exemplar, que participou
e auxiliou em todas as horas de ambulatorio e bancada. Teu comprometimento e dedicagédo
apenas comprovam a excelente profissional que ja és.

As colegas e parceiras de ambulatério e coleta de dados, Juliana Bruch e Aline
Brietzke, com quem tive uma maravilhosa convivéncia e experiéncia.

Aos meus queridos colegas do Laboratério de Hepatologia e Gastroenterologia
Experimental (Ana Claudia, Carolina, Dr. Jorge, Giovana, Inés, Larisse, Leila, Thais, Raquel,
Renata e todos aqueles que ja foram ou chegaram), pelas trocas e amizade durante todo este
tempo.

Aos médicos do ambulatério de Hepatites Virais, Matheus Michalczuck, Alexandre de
Araujo e Antonio de Barros Lopes, que sempre doaram seu tempo ajudando na captacdo dos
pacientes.

As Profas. Dras. Mara Hutz e Sidia Maria Callegari Jacques, pelas sugestes criticas
nas analises dos dados.

As bioinformatas Mariana Mendoza e Delva Ledo, que compartilharam um pouco do
seu conhecimento, me ajudando em etapas criticas do trabalho.

A Universidade Federal do Rio Grande do Sul e ao Hospital de Clinicas de Porto
Alegre, duas instituicbes de exceléncia que promoveram minha formacdo académica e
seguem oferecendo novas oportunidades.

Ao0s meus pais, pois sem eles nada disso faria sentido ou seria possivel.



SUMARIO

1 INTRODUGAO ..ottt 9
2 REVISAO BIBILIOGRAFICA ........coiiieeeeeeteeeee ettt 11
0 N o 1= 0 {1 N USSR 11
2.1.1 FIDroSe NEPALICA.......ecviieic et 12
2.1.2 EVOIUGAOD da hepatite C........ccooiiieeie e 17
2.1.3 TTATAMENTO ... 19

2.2 VHAMINA Do bbbt 21
2.2.1 Metabolismo da Vitamina D ..o 22
2.2.2 Recomendacdes de diagnostico e tratamento da hipovitaminose D................... 24
2.2.3  Vitamina D e doengas NePALICAS. .........ccvrererieieriieiese e 26

2.3 IMPULAGED GENOIMICE ... .ttt 32
2.4  HALT-C (Hepatitis C Antiviral Long-term Treatment against Cirrhosis) ............... 34

3 JUSTIFICATIV A ettt snn e ne e 37
4 QUESTAO DE PESQUISA .....ooiieeeceeeeeeeeee et en sttt 38
B HIPOTESE ... oottt 39
B OBUIETIVOS ...ttt ettt et e et e e sae e e be e re e e te e nnee e 40
6.1  ODJELIVO GEIAL.......cciiieieiece e e 40
6.2  ODjetivos ESPECITICOS ....c.ecviiiiiiiecic ettt 40

T ARTIGOS ..ttt ettt bbbttt e e an e e be e br e e ne e an e 42
T L ATTIZO Lo bbbttt 42
T2 ATTIZO 2 et bbbt 42

8 CAPITULO Lottt 43
9 CAPITULOD 2.ttt 60
10 CONCLUSOES ..ottt 85

11  PERSPECTIVAS E CONSIDERAGOES FINAIS .....coccooiviviieieieieeeiese s 87



12 REFERENCIAS BIBLIOGRAFICA .........oooeieeeeeeeeeeeee e eeeeeeeeeeeese s 89

13 ANEXOS ..o 99
13.1 Anexo I - Variaveis disponiveis do estudo HALT-C na plataforma dbGaP ............. 99
13.2  Anexo Il - Desfechos utilizados N0 artigo 2 ........ccoveveieninininieeeese e 103
13.3  Anexo Il — Carta de aceite do Artigo L.......cccceiieiiiieenieiie e 105
13.4  Anexo IV — SUDMISSAOD AITIZO 2....c.ooviiiiiiiiieiieeeee e 106

14 APENDICES ..ottt sttt 107

14.1 Apéndice | - Passo-a-passo das analises genotipiCas........ccccvvevvevveieeiesieeseeseeennns 107



RESUMO

Introducdo: Nos Ultimos anos tém-se demonstrado que a vitamina D desempenha um papel
crucial em muitas doencas agudas e cronicas, ndo sO afetando as condigdes Gsseas, mas
também aumentando o risco de fraturas, doencas auto-imunes e céncer. A influéncia da
vitamina D nas doencas do figado tem sido amplamente discutida ja que esta sofre
metabolismo hepatico. Individuos com doencas hepéticas, e em especial com hepatite C
cronica, apresentam maior prevaléncia de deficiéncia de vitamina D. Objetivos: Avaliar, em
duas amostras distintas, a influéncia dos niveis séricos de vitamina D e/ou dos polimorfismos
envolvidos na sua rota metabdlica na progressdo da doenca hepética crbnica causada pelo
virus C. Métodos: A primeira amostra consistiu de um estudo transversal com 132 pacientes
com hepatite C cronica genotipo 1 do Hospital de Clinicas de Porto Alegre (HCPA). Foi
avaliada a influéncia de niveis séricos de vitamina D e dos polimorfismos rs7041 e rs4588 do
gene GC no grau de fibrose hepatica (escore METAVIR). As genotipagens foram feitas com
ensaio TagMan e as analises estatisticas foram realizadas no programa SPSS v.20.0. A
segunda amostra consistiu da analise de dados extraidos da plataforma dbGaP. Foram
investigados 681 pacientes com hepatite C crbénica da coorte americana HALT-C,
acompanhados pelo periodo quatro anos. Avaliou-se a relacdo de 40 polimorfismos dos genes
DHCR7, GC, CYP2R1, CYP24Al, CYP27B1, VDR, SMAD3 e TGFB1 nos seguintes
desfechos: piora da fibrose hepatica; descompensacdo hepatica (escore Child Pugh-
Turcotte>7, ascite, encefalopatia hepatica, peritonite bacteriana espontanea e/ou sangramento
de varizes gastroesofagicas); desenvolvimento de carcinoma hepatocelular e morte do figado.
Os polimorfismos que ndo se encontravam disponiveis no banco de dados foram imputados
com o programa Mach-Admix 2.0.203 e as analises foram no programa Plink 1.07 e foi

realizada correcdo de Bonferroni. Nesta amostra, resultados com P<0,05 foram considerados



como tendéncia a associacdo. Resultados: Na amostra do HCPA, niveis diminuidos de
vitamina D, bem como a deficiéncia grave de vitamina D, foram mais frequentes entre
pacientes com fibrose intermediaria/avancada (METAVIR 3 e 4). Embora os polimorfismos
rs7041 e rs4588 e seus haplotipos tenham apresentado relagdo com o0s niveis séricos de
vitamina D, estes ndo apresentaram associacdo com a gravidade da fibrose hepatica. Na
segunda amostra estudada, onze polimorfismos tiveram tendéncia a associagédo (P<0,05) com
os desfechos analisados: quatro SNPs no gene DHCR7 com descompensacdo hepatica
(rs4944957, rs12800438, rs3829251 e rs4945008); dois no gene GC com piora da fibrose e
morte do figado (rs7041 e rs222020); dois no gene CYP2R1 com ascite ou carcinoma
hepatocelular (rs7116978 e rs1562902); dois no gene VDR com sangramento de varizes
gastresofagicas e carcinoma hepatocelular (rs4516035 e rs2239186); e um no gene SMAD3
com piora da fibrose e encefalopatia (rs2118610). Apenas um polimorfismo, rs1800469no
gene TGFB1, apresentou associacdo com descompensacdo hepatica apOs correcdo de
Bonferroni (P<0,05/40). Conclusdes: Nossos resultados demonstraram que niveis séricos
menores de vitamina D estdo associados a progressdo da fibrose hepética na hepatite C
cronica gendtipo 1. Além disso, os onze polimorfismos da rota da vitamina D que
apresentaram tendéncia a associacdo estatistica, indicam que variantes genéticas da rota
metabolica da vitamina D possuem fraca ou nenhuma relagdo com a progressédo da hepatite C
cronica, merecendo analises futuras. J& o polimorfismo rs1800469, do gene TGFBL,
demonstrou potencial utilidade para auxiliar na identificacdo de pacientes com maior chance

de descompensacéo hepatica.



ABSTRACT

Introduction: In the past years it has been demonstrated that vitamin D plays a crucial role in
many acute and chronic diseases, not only affecting bone conditions but increasing the chance
of fractures, autoimmune diseases and cancer. Vitamin D influence in liver disease is also
widely discussed since it undergoes trough hepatic metabolism. Subjects with liver diseases,
especially chronic hepatitis C, present higher rates of vitamin D deficiency. Objectives:
Evaluate, in two different samples, the influence of vitamin D serum levels and/or
polymorphisms of vitamin D metabolic pathway in liver disease progression in patients with
chronic hepatitis C. Methods: The first sample consisted of a transversal study with 132
patients from Hospital de Clinicas de Porto Alegre (HCPA) with chronic hepatitis C genotype
1. We evaluated the influence of serum levels of vitamin D and rs7041 and rs4588 GC
polymorphisms over liver fibrosis (METAVIR scoring). Genotyping was performed with
TagMan probes and statistical analyses were conducted using SPSS v.20.0. The second
sample was extracted from HALT-C cohort available in dbGap plataform. It included 681
patients with chronic hepatitis C, followed for 4 years. Forty polymorphisms in DHCR7, GC,
CYP2R1, CYP24Al1, CYP27B1, VDR, SMAD3 and TGFB1 genes were analyzed with the
following outcomes: worsening of fibrosis; hepatic decompensation (gastric/esophageal
bleeding, CTP > 7, ascites, spontaneous bacterial peritonitis, and/or encephalopathy);
development of hepatocellular carcinoma; and liver death. Polymorphisms not available in
dbGaP data were imputed using Mach-Admix 2.0.203 software and analyses were performed
in Plink v.1.07 and a Bonferroni’s correction was performed. Results with P<0.05 were
considered as having tendency towards association. Results: In HCPA sample low serum
vitamin D, as well as severe vitamin D deficiency, were more frequent among patients with

intermediate/severe fibrosis (METAVIR 3 and 4). Although rs7041 and rs4588



polymorphisms and its haplotypes presented association with serum levels of vitamin D, they
were not associated with severity of liver fibrosis. In sample two, eleven polymorphisms
presented tendency towards association (P<0.05) with the studied outcomes: four SNPs in
DHCR7 with hepatic decompensation (rs4944957, rs12800438, rs3829251 and rs4945008);
two in GC with worsening of fibrosis and liver death (rs7041 and rs222020); two in CYP2R1
with ascites or hepatocellular carcinoma (rs7116978 and rs1562902); two in VDR with
gastric/esophageal bleeding and hepatocellular carcinoma (rs4516035 and rs2239186); and
one in SMAD3 with worsening of fibrosis and encephalopathy (rs2118610). Only one
polymorphism, rs1800469 in TGFB1, showed statistical significance with hepatic
decompensation after Bonferroni’s correction (P<0.05/40). Conclusions: Our results
demonstrated that low serum vitamin D has association with fibrosis progression in chronic
hepatitis C genotype 1. Also, the eleven polymorphisms with tendency towards association
indicate that genetic variants in vitamin D pathway possess weak or none relation with
progression of chronic hepatitis C, deserving future analyses. Finally, polymorphism
rs1800469 in TGFB1 demonstrated potential utility to help identify patients with higher odds

of hepatic decompesantion.
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1 INTRODUCAO

A hepatite C cronica (HCC) se caracteriza pela viremia persistente ap0s seis meses de
infeccdo (1), o que ocorre em 55 a 85% dos casos de infeccdo aguda (2). A infeccdo cronica
costuma evoluir com fibrose hepatica, sendo que 20-30% dos individuos progridem para
cirrose apds 25-30 anos de infeccdo e destes, 1 a 4% evoluem a carcinoma hepatocelular
(CHC) (2). A cirrose é caracterizada por uma fase assintomatica chamada de “cirrose
compensada” e é seguida de uma rapida fase progressiva marcada pelo desenvolvimento de
complicacBes de hipertensdo portal e/ou disfuncdo hepéatica, denominada “cirrose
descompensada” (3). A HCC é um dos principais fatores de risco para o desenvolvimento de
CHC (4). Globalmente, a porcentagem de doentes com cirrose ou CHC que € atribuivel a
infeccdo pelo HCV foi estimada em 27% e 25%, respectivamente, resultando em um total de
211.000 mortes por cirrose e 155.000 mortes por CHC em 2002 (5).

A vitamina D é uma molécula lipofilica complexa, cuja férmula elementar é C,7H40 e
refere-se a um grupo de compostos esteroides chamados vitamina D3 (colecalciferol) e
vitamina D2 (ergocalciferol) (6). A vitamina D é um hormdnio essencial para o crescimento e
desenvolvimento normais, com efeitos bem documentados em 0ssos, musculos e homeostase
mineral. O metabdlito 25(OH)D é utilizado para determinar o status de vitamina D. E
recomendado que os niveis séricos de 25(0OH)D estejam acima de 30 ng/mL (suficiéncia).
Niveis séricos entre 20 a 29 sdo considerados insuficiéncia, enquanto abaixo de 20ng/mL,
deficiéncia (7). Polimorfismos nos genes envolvidos na sintese, transporte e metabolizacdo da
vitamina D sabidamente afetam seus niveis circulantes, principalmente nos loci que codificam

0s genes GC, DHCR7 e CYP2R1 (8-10).



Nos ultimos anos, a influéncia da vitamina D nas doencas do figado tem sido
amplamente discutida por esta ser uma populacao de risco para hipovitaminose D ja que este
horménio sofre metabolismo hepatico. A deficiéncia de vitamina D ja foi associada a maior
progressdo da fibrose hepatica (11), descompensacdo da cirrose (12), maior incidéncia de
carcinoma hepatocelular (13) e piores taxas de resposta a terapia antiviral (14).

Recentemente foi proposto que a vitamina D diminui a fibrose hepética por limitar a
ativacdo das CEHSs, através de um efeito mediado pela interacdo VDR/SMAD3 (15). O VDR,
receptor nuclear da vitamina D, co-ocupa 10.436 sitios gendmicos que sdo ativados pelo
SMAD3, efetor da cascata do TGFf1, importante quimiocina fibrogénica. O VDR apoés a
ligacdo de seu agonista compete pelos mesmos locais que 0 SMAD3, inibindo a transcri¢do

de genes pro-fibrogénese que sdo ativados pelo TGFB/SMAD.
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2 REVISAO BIBILIOGRAFICA
2.1  Hepatite C

Na década de 70 a literatura descreveu os primeiros casos de hepatite viral causada por
um agente diverso dos ja conhecidos virus da hepatite A e B.(16). Em 1989 foi identificado e
isolado pela primeira vez por técnicas moleculares o virus da hepatite C, responsavel pelos
casos da entdo chamada hepatite ndo-A, nao-B (17).

Estima-se que 100 milhGes de pessoas no mundo estejam infectadas pelo virus C (18), e
gue em 2014 existiam 1.450.000 portadores no Brasil (19). A via de transmissdo do virus é
parenteral- pelo uso de drogas ilicitas, transfusdo sanguinea e transplante de 6rgdos (1).
Procedimentos de manicure, realizacdo de tatuagens, colocacdo de piercings, tratamentos
odontoldgicos, uso de seringas de vidro, endoscopia digestiva alta e relacdes sexuais
desprotegidas também configuram fatores de risco para transmissdo do virus (20). No Brasil,
a hepatite C acomete com maior frequéncia a faixa etaria dos individuos com mais de 40 anos,
ja que somente a partir de 1993 a tecnologia necesséria para identificacdo do virus C chegou
aos bancos de sangue (20).

A hepatite C é causada por um RNA virus da familia Flaviviridae (1) e existem sete
gendtipos ja descritos (21). Os gendtipos 1, 2 e 3 tém distribuicdo mundial; dentre eles, os
subtipos 1la e 1b sdo os mais comuns, representando 60% das infecgdes no mundo (19). No
Brasil, Campiotto e colaboradores estudaram a distribuicdo dos gendtipos em diferentes
cidades e mostraram que aproximadamente 65% dos portadores cronicos do virus C eram do
gendtipo 1; 30% do gendtipo 3; e menos de 5% apresentavam 0s genotipos 2, 4 e 5 (22). No
entanto, diferentemente dos outros estados, no Rio Grande do Sul, o genétipo 3 foi 0 mais

frequente (62,5%) entre os individuos estudados (22).
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O curso da doenca é em geral silencioso. As infec¢Bes agudas sdo normalmente
assintomaticas e a resolucdo espontanea ocorre em 15 a 45% dos casos (2). A hepatite C
crénica (HCC) se caracteriza pela viremia persistente apos seis meses de infeccao (1), o que
acomete de 55 a 85% dos casos (Figura 1) (2). A infeccdo cronica evolui com fibrose
hepatica, onde 20-30% dos individuos progridem para cirrose apos 25-30 anos de infecgdo e

destes, até 4% evoluem a carcinoma hepatocelular (CHC) (2).

Cirrose
20-30%

Resolucdo espontdnea

6 meses

Infeccdo aguda Cronificacdo Fibrose
55-85%

Carcinoma hepatocelular
1-4%

Figura 1. Evolucdo da infeccdo pelo virus C. Apos a exposi¢do ao virus, 55 a 85% dos
casos cronificam. A evolucdo da doenga em geral evolui com fibrose e cirrose em alguns
casos. Uma parcela menor pode desenvolver carcinoma hepatocelular. Fonte: modificado de
http://dyingandgrief.com/causes-of-cirrhosis-of-the-liver

2.1.1 Fibrose hepatica

A fibrose hepatica é definida pelo acimulo de matriz extracelular (MEC) (23). A
membrana basal normal, de baixa densidade, é substituida por tecido conjuntivo do tipo
intersticial, de alta densidade, contendo colageno fibrilar. A formacdo de tecido fibroso nédo
depende apenas da sintese excessiva de matriz extracelular, mas também de deficiéncias na

sua remocdo. A evolucdo da fibrose constitui um processo complexo, com Vvarios
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componentes, sobretudo as células estreladas hepaticas (CEHS), citocinas, proteinases e seus
inibidores (24).

As CEHs estédo localizadas no espaco subendotelial (espago de Disse), entre a superficie
basolateral dos hepatdcitos e o lado anti-luminal das células endoteliais sinusoidais (25)
(Figura 2). As CEHs sdo os efetores primarios da deposicao da matriz-extracelular. No seu
estado normal elas contém goticulas intracelulares de vitamina A (24) e secretam e respondem
a diversas quimiocionas, passando do estado quiescente para o estado ativado (fendtipo
miofibroblastico)(26). A ativacdo das CEHSs esta associada a perda de goticulas de retinoide,
aumento e proliferacao celular, hipertrofia do reticulo endoplasmatico, aumento da producéo
de colageno fibrilar (colageno tipo | e Il) e expressdo de a-actina especifica da musculatura

lisa (a-SMA) (24).

Figura 2. Morfologia das células estreladas hepaticas no figado normal. A: diagrama do
sinusoide hepatico demonstrando a orientacéo relativa de células estreladas (em azul, indicado
com setas) dentro da arquitetura sinusoidal. B: Celulas estreladas dentro do espago de Disse.
Fonte: Friedman, Physiol Rev, 2008.
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O primeiro passo na ativacdo das CEHSs reflete a estimulacdo parécrina pelas células
vizinhas: células de Kupffer (macrofagos residentes do figado), hepatdcitos e leucocitos;
enquanto citocinas autdcrinas, fator de transformacéo de crescimento beta (TGF-B) e fator de
crescimento do tecido conetivo (CTGF), tem papel fundamental em propagar a ativacao
(Figura 3). Os hepatocitos lesados liberam citocinas responsaveis pela ativacdo das células de
Kupffer e pelo recrutamento de células T ativadas: TGF-B, fator de necrose tumoral alfa
(TNF-a), fator de crescimento epidermal (EGF) e fator de crescimento insulinico (IGF).
Células de Kupffer ativadas, linfocitos T e hepatdcitos também liberam citocinas
inflamatorias (TNF-a, interferon y (INF-y), IL-6), radicais livres e fatores de crescimento
(fator de crescimento plaquetario (PDGF), CTGF) que induzem ativacdo e proliferacdo das
CHEs. Com isso, ocorre o acumulo de MEC que resulta tanto da sintese exacerbada como da
degradacdo diminuida. A composi¢do da matriz sub-endotelial muda de colageno tipo IV e
laminina para colageno fibrilar tipos | e 11l. No espaco extracelular, a degradacdo da matriz
ocorre como consequéncia da acdo da familia de enzimas chamadas metaloproteinases de
matriz (MMPs). As MMPs podem ser inibidas por inibidores de metaloproteinases
(TIMPs). As CEHs ativadas produzem MMP-2, MMP-9 e MMP-3, que destroem a membrana

basal, permitindo o recrutamento de células inflamatdrias ao sitio de leséo (27).
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Figura 3. Mecanismos de fibrose hepatica. IL-6: interleucina 6; INF- y: interferon gama;
TGF-B1: fator de transformagdo de crescimento beta 1; TNF-a: fator de necrose tumoral alfa;
EGF: fator de crescimento epidermal; IGF: fator de crescimento insulinico; CEH: célula
estrelada hepéatica;, MMPs: metaloproteinases de matriz; TIMPs: inibidores de
metaloproteinases de matriz; CTGF: fator de crescimento do tecido conetivo; MEC: matriz
extra celular. Fonte: Liu e col, Biomark Insights, 2012,

O TGFp-1 é a quimiocina com maior potencial fibrogénico no figado e, apds sua
ligagdo aos receptores de membrana das CEHs, é capaz de desencadear a transcrigdo de
diversos genes fibrogénicos atraves de seus efetores SMADZ2/3, influenciando na ativagdo do

fendtipo miofibroblastico das CEHs (26).
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Um dos principais passos no manejo dos pacientes com HCC é o estadiamento do
estagio da doenca hepatica, em particular da fibrose hepatica. O estadiamento da fibrose €
classicamente avaliado por bidpsia. A bidpsia permite ndo s6 o estadiamento da fibrose, mas
também da atividade necroinflamatdria. Sistemas de escores numéricos tornaram-se populares
em ensaios clinicos dos anos 90 para tratamento das hepatites B e C (28). Os sistemas mais
usados sdo escore Knodell (29), que tem apenas trés estagios de fibrose (portal, pontes e
cirrose), Batts-Ludwig (30) e Scheuer (31) com quatro estagios (portal, periportal, septos com
nodulos e cirrose), METAVIR (32) com quatro estagios e Ishak (33) com seis estagios de

fibrose (Quadro 1).

Quadro 1. Estadiamento da fibrose em bidpsia hepatica pelos escores Ishak e METAVIR.

Estadgio Descricdo

Ishak
0 Sem fibrose
1 Expansao fibrotica de alguns espacos-porta
2 Expansdo fibrotica de diversos espacos-porta
3 Expansdo fibrotica de diversos espagos-porta, com pontes porta-porta ocasionais
4 Expansao fibrotica de espacos-porta, com muitas pontes porta-porta e porta-centro
5 Muitas pontes porta-porta e porta-centro com nédulos incompletos
6 Cirrose
METAVIR
0 Sem fibrose
1 Alargamento por fibrose restrito ao espago-porta
2 Fibrose em espacgo-porta
3 Fibrose com septos completos e esboco de nddulos
4 Cirrose

16



Particularmente na hepatite C crbnica, erros de amostragem podem levar a um
estadiamento equivocado da fibrose (34). Testes ndo invasivos estdo cada vez mais presentes
nas diretrizes nacionais e internacionais, deixando a biopsia hepatica reservada para pacientes
com diagnostico e estadiamento problematicos. A elastografia hepatica € um método
diagnostico de fibrose através da medida da velocidade de propagacdo de ondas
ultrassonograficas que atravessam o figado. Quanto mais enrijecido o figado em funcdo da
evolucdo da fibrose, maior sera a velocidade de propagacdo das ondas (35).

Diversos fatores influenciam na formacdo da fibrose hepatica na hepatite C, como a
presenca de necroinflamacéo, idade, consumo de alcool, duracdo da infeccdo, presenca de
coinfeccdes virais e alteracGes metabdlicas como esteatose e resisténcia insulinica (36).

2.1.2 Evolucéo da hepatite C

Na historia natural da HCC pode ocorrer fibrose e evolucdo a cirrose, que é
caracterizada por uma fase assintomatica, chamada de “cirrose compensada” seguida de uma
rapida fase progressiva marcada pelo desenvolvimento de complicagdes de hipertensdo portal
e/ou disfungdo hepatica, denominada “cirrose descompensada” (3). Na fase compensada, a
pressdo portal pode ser normal ou abaixo do nivel limiar identificado para o desenvolvimento
de varizes ou ascite. A hipertensao portal é definida como a elevacdo do gradiente de pressao
venosa hepatica acima de 5 mmHg. A hipertensdo portal ocorre por um aumento da
resisténcia intra-hepatica a passagem do sangue venoso devido a cirrose e por causa da
vasodilatacdo esplancnica (24).

Conforme a doenca progride, hd aumento da pressao portal e a perda funcéo do figado,
resultando no desenvolvimento de ascite, sangramento gastrointestinal, encefalopatia e
ictericia. O desenvolvimento de qualquer uma destas complicagdes marca a transicdo de uma

fase compensada para uma fase descompensada. Progressdo pode ser acelerada pelo
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desenvolvimento de outras complicagdes, tais como insuficiéncia renal (ascite refrataria,
sindrome hepato-renal), sindrome hepatopulmonar e peritonite bacteriana espontanea (PBE).
O desenvolvimento de CHC pode acelerar o curso da doenca, em qualquer fase (3).

O diagndstico de cirrose baseia-se também na evidéncia histopatolégica de fibrose em
estagio final (por exemplo, o estagio 4 no sistema METAVIR, ou estagios 5 ou 6 no sistema
Ishak ) (37). A elastografia € melhor para excluir do que para confirmar a presenca de cirrose.
Uma fibrose > 2 METAVIR fica com valores proximos de 7,3-7,9 kPa, j& o cut-off para
diagnostico de cirrose € 13,0-15,6 kPa (35). O diagnostico da cirrose pode ser evidenciado
também por exames de imagem (ultrassonografia e tomografia computadorizada). Como nem
a bidpsia, nem a ultrassonografia apresentam sensibilidade diagnoéstica isolada maior de 90%,
propde-se que a ultrassonografia seja realizada antes da bidpsia (24).

Uma forma de avaliacdo da cirrose e estimativa de prognostico da doenca é através de
escores clinicos, sendo o sistema Child-Pugh-Turcotte (CPT) um deles (38). O escore varia de
5 a 15, onde de 5-6 CPT ¢é considerado classe A (consistente com cirrose compensada); 7-9
classe B; e 10-15 classe C (Tabela 1). O escore CPT foi inicialmente descrito para estratificar
0s pacientes em grupos de risco no pré-operatério de cirurgia portal descompressiva. Ele é um
sistema confidvel para predizer o prognostico de varias doencas hepaticas e também ja foi
utilizado como critério para alocacdo de figado para transplante, mas foi substituido nestes

casos pelo sistema MELD (Model for End-Stage Liver Disease) (39).
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Tabela 1. Célculo do escore Child-Pugh-Turcotte.

Fator Unidade 1 2 3

Bilirrubina sérica mg/dL <2,0 2,0-3,0 >3,0

Albumina sérica g/dL >3,5 3,0-3,5 <3,0

Tempo de protrombina  INR <17 1,7-2,3 >2,3
Facilmente

Ascite Né&o N&o controlavel
controlavel

Encefalopatia hepética Néo Minima Avancada

A HCC € um dos principais fatores de risco para o desenvolvimento de carcinoma
hepatocelular (4). Aproximadamente 700.000 pessoas morrem de CHC a cada ano no mundo,
fazendo dele a terceira causa de morte por cancer (40). Globalmente, a porcentagem de
doentes com cirrose ou CHC que ¢ atribuivel a infeccdo pelo HCV foi estimada em 27% e
25%, respectivamente, resultando em um total de 211.000 mortes por cirrose e 155.000
mortes por CHC em 2002 (5). A classificacdo do CHC ¢ dada pelo sistema BCLC (Barcelona
Clinic Liver Cancer). Ele se divide em cinco estagios prognoésticos e define tratamentos
especificos para cada um deles (resseccdo cirurgica, transplante hepético, ablacdo por
radiofrequéncia, quimioembolizagéo e uso de sorafenibe) (41).

2.1.3 Tratamento

Em 1984 o primeiro estudo piloto para o tratamento da hepatite ndo-A néo-B ocorreu
com o uso de interferon (INF) no Centro Clinico do Instituto Nacional de Saude Americano
(NIH- National Health Institute), sendo identificado que os pacientes com o virus C genotipo
1 apresentavam taxas de cura muito baixas apds 48 semanas de tratamento, em torno de 7-
11% (Figura 4) (42). Em 1999 a associagdo de INF e ribavirina (RBV), um analogo
nucleosideo, se tornou o tratamento de escolha para hepatite C cronica. Logo em seguida o
tratamento sofreu modificacdo, passando a ser usado interferon peguilado (PEG-INF) ao invés
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do comum, 0 que aumentou as taxas da resposta viroldgica sustentada (RVS) para cerca de

40%, tornando-se este o tratamento padréo durante 10 anos.

Ombitasvir/paritaprevir/ritonavir £ Dasabuvir
Daclatasvir + Asunapravir
Sofosbovir + Simeprevir
Sofosbovir + Daclatasvir
Sofosbovir + Ledipasvir
RBV + Sofosbovir

PEG-INF /RBV + Sofosbovir
PEG-INF /RBV + Simeprevir
PEG-INF /RBV + Boceprevir
PEG-INF /RBV + Telaprevir
PEG-INF /RBV

INF /RBV

INF

0 10 20 30 40 50 60 70 80 90 100

% de Resposta Virolégica Sustentada (RVS)

Figura 4. Taxas de resposta virologica sustentada em pacientes virgens de tratamento
com hepatite C gendtipos 1 e 4 em diversos regimes terapéuticos. RBV: ribavirina; INF:
interferon; PEG-INF: interferon peguilado. Fonte: Adaptado de Guidelines for the Screening
Care and Treatment of Persons with Chronic Hepatitis C Infection: Update Version, OMS,
2016 e Pawlotsky et al, Journal of Hepatology, 2015.

Em 2009, o estudo IDEAL, desenhado para comparar a efetividade de trés regimes de
tratamento envolvendo PEG-INF a-2a e PEG-INF a-2b combinados com RBYV, descreveu
pela primeira vez o polimorfismo rs12979860 do gene IL28B, um forte preditor de resolucéo
da hepatite C apds o tratamento com INF-PEG e RBV (43). A coorte de 3070 pacientes
portadores do virus C mostrou que individuos homozigotos para o alelo C deste polimorfismo
apresentavam taxas de RVS duas vezes maior que aqueles portadores do alelo T durante o

tratamento com INF-PEG e RBV (43). O gene IL28B codifica o INF tipo III (A3), proteina
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com potencial de induzir atividade antiviral em suas células alvo, assim como os INFs do tipo
I (o/B) (44).

Infelizmente a descoberta do polimorfismo do gene IL28B chegou tarde, pois com o
rapido avango no conhecimento da estrutura molecular do virus C e dos componentes de seu
ciclo de vida, rapidamente foram desenvolvidos novos agentes antivirais diretos (DAA) em
um ritmo memoravel (45), com taxas de resposta muito superiores ao tratamento com INF-
PEG/RBV (Figura 4). Os DAA visam sua acao em trés alvos principais do virus: a protease
NS3/4A, a RNA polimerase NS5B a e a proteina NS5A. Os inibidores de protease telaprevir e
boceprevir foram aprovados em 2011 e foram a primeira classe de DAA gue teve uso com
sucesso na clinica (46), com taxas de RVS mais altas, porém também com maior toxicidade.
Novas drogas tém sido desenvolvidas, proporcionando regimes terapéuticos livres de
interferon e com taxas de resposta que excedem 90%, surgindo a possibilidade de erradicacédo
da doenca. Contudo, atingir a erradicacdo ndo é simples: o custo dos tratamentos é
extremamente alto. No Brasil, por exemplo, apenas 15% dos individuos sdo diagnosticados e
menos de 1% recebe tratamento, panorama que se reflete pelo resto do mundo (47). Algumas
projecBes mostram que até 2030, a incidéncia da infecgdo ird decrescer, no entanto, eventos
relacionados a evolucdo da doenca como descompensacdo da cirrose e carcinoma
hepatocelular seguirdo aumentando (39).

2.2  Vitamina D

A vitamina D foi descoberta em 1922, e em 1952, demonstrou-se que ela
influenciava nos niveis séricos de calcio e era necessaria para a funcdo neuromuscular. A
vitamina D é um horménio essencial para o crescimento e desenvolvimento normais, com
efeitos bem documentados em 0ssos, musculos e homeostase mineral. Nos ultimos anos se

tem demonstrado que a vitamina D desempenha um papel crucial em muitas doencas agudas e
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cronicas, nao sé afetando a qualidade 6ssea, mas também aumentando o risco de fraturas, de

doencas autoimunes e de cancer (6, 48).

2.2.1 Metabolismo da vitamina D

A vitamina D é uma molécula lipofilica complexa, cuja férmula elementar é
Co7H4sO e refere-se a um grupo de compostos esteroides chamados vitamina D3
(colecalciferol) e vitamina D2 (ergocalciferol) (6). O ergocalciferol difere do colecalciferol
por possuir uma dupla ligacdo entre os carbonos 22 e 23 e um grupo metil (CH3) no carbono
24 (Figura 5) (49). A vitamina D3 pode ser obtida endogenamente pela foto conversao
(exposicdo solar) do 7-dehidrocolesterol em pré-vitamina D3 na pele (Figura 5), que é
convertida em vitamina D3 por isomerizacdo térmica. A vitamina D3 é transportada para o
figado ligada a proteina ligante de vitamina D (DBP), também conhecida como GC-globulina.
(50). Numa porc¢do menor, ela pode ser obtida da dieta, por alimentos como salmao e atum, ja
a vitamina D2 é encontrada em plantas ou derivados de plantas (Tabela 3). Ap6s ingestdo,
ambas sdo incorporadas em quilomicrons, sendo absorvidas no intestino, onde seguem para o
figado. A vitamina D ¢é hidroxilada no figado pelas enzimas do citocromo P450
(principalmente a isoforma CYP2R1) em 25(OH) vitamina D (25(OH)D) e secretada na
circulacdo ligada a DBP. Este composto sofre outra hidroxilagcdo pela CYP27B1 nos rins,
sendo convertida a 1,25(OH) vitamina D (1,25(OH)D), a forma ativa. A enzima CYP24A1 ¢
responsavel por catabolizar o excesso de 25 (OH)D e 1,25(OH)D para que sejam excretados
como produtos na bile. A forma ativa € secretada ligada a DBP e atinge seus tecidos alvos
ligando-se ao seu receptor nuclear- receptor de vitamina D (VDR). O VDR forma um
heterodimero com o receptor retinoide (RXR), se ligando a elementos responsivos a vitamina

D (VDRES) no DNA, promovendo a expressdo ou supressao de varios genes- muitos deles
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relacionados & resposta imune. E estimado que a 1,25(OH)D regule em torno de 2000 genes

(50).

7-dehidrocolesterol ——>  Prévp, —> VD; VD,

DHCR7
’/
_ CHy
3 VD DBP

CYP2R1
\
Proliferagéo celular 25(0H)D
Diferenciagdo
Apoptose
Estresse oxidativo
Transporte de membrana =
Homeostase da matnz
Mineralizagdo tecidual
Adeséo tecidual
\
VDR < 1,25(0H)D ——————>1,24(0OH)D
Sl CYP24A1

Figura 5. Metabolismo da vitamina D. Seta: assinalado o grupamento metila que difere
entre vitamina D3 e D2; DHCRY7: 7-dehidrocolesterol redutase; Pré-VD3: pré-vitamina D3;
VD3: vitamina D3; VD2: vitamina D2; VD: vitamina D; 25(0OH)D: 25-hidroxi vitamina D;
1,25(0OH)D: 1,25-hidroxi vitamina D; 1,24(OH)D: 1,24-hidroxi vitamina D; DBP: proteina
ligante de vitamina D; CYP2RL1: citocromo P450 2R1; CYP27B1: citocromo P450 27B1,;
CYP24A1: citocromo P450 24A1; VDR: receptor de vitamina D. Fonte: Peixoto e cols,
Pesquisa Vet Brasil, 2012; Lugg e cols, Dis Markers, 2015.
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Tabela 2. Fontes alimentares de vitamina D.

Alimento Porcéo Conteldo de vitamina D
Salmao selvagem 100g 600 - 1.000 Ul de vitamina D3
Salméo de criacédo 100g 100 - 250 Ul de vitamina D3
Sardinha em conserva 100g 300 Ul de vitamina D3
Cavala em conserva 100g 250 Ul de vitamina D3
Atum em conserva 100g 230 Ul de vitamina D3
Oleo de figado de bacalhau 5mL 400 - 1.000 Ul de vitamina D3
Gema de ovo 1 unidade 20 Ul de vitamina D3
Cogumelos frescos 100g 100 Ul de vitamina D3
Cogumelos frescos ao sol 100g 1.600 Ul de vitamina D3

Fonte: Adaptado de Holick, 2007.

Polimorfismos nos genes envolvidos na sintese, transporte e metabolizacdo da vitamina
D sabidamente afetam seus niveis circulantes, principalmente nos loci codificados pelos genes
GC, DHCR7 e CYP2R1 (8-10). O gene GC, que codifica a GC-globulina, é o que mais
consistentemente mostra polimorfismos relacionados com os niveis séricos de vitamina D,
sendo 0 rs4588 T/G e o rs7041 C/A os mais estudados (51), pois levam a troca de
aminoéacidos. Os diferentes haplétipos (GA, GC e TA) dado origem as trés isoformas principais
da proteina, GclF, GclS e Ge2, que sdo compostos por um &cido aspartico e uma treonina,
um &cido glutdmico e uma treonina e um acido aspartico e uma lisina, respectivamente (52).
A isoforma Gc-2 (haplétipo TA) é descrita como tendo a menor afinidade por seu ligante (53)
e responsavel por niveis de vitamina D menores (54). A influéncia dos polimorfismos do VDR
nos niveis séricos de vitamina D é controversa, tendo aparentemente pouca influéncia (55).
2.2.2 Recomendagdes de diagnostico e tratamento da hipovitaminose D

O metabdlito 25(0OH)D ¢ utilizado para determinar o status de vitamina D. Ele é o que

circula em maior quantidade, tem meia-vida de 2-3 semanas e representa tanto a vitamina D
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ingerida quanto a formada por exposicao solar. Embora a 1,25(OH)D seja 0 metabdlito ativo,
ela tem meia-vida de apenas 4-6 horas, esta presente em gquantidades mil vezes menor do que
a 25(0OH)D e conforme o paciente vai se tornando deficiente, a quantidade de 1,25(OH)D
aumenta em resposta ao paratorménio, o que faz dela um marcador inadequado(56).

E recomendado que os niveis séricos de 25(OH)D estejam acima de 30 ng/mL
(suficiéncia). Niveis séricos entre 20 a 29 sao considerados insuficiéncia, enquanto abaixo de
20ng/mL deficiéncia (7). Alguns autores consideram niveis inferiores a 10 ng/mL como
deficiéncia grave (57, 58) ja que abaixo desta concentracdo aumenta o risco de raquitismo e
osteomalacia (59). A insuficiéncia de vitamina D é prevalente pelo mundo e afeta quase 50%
de todos os grupos étnicos e faixas etarias, sendo uma questdo de saude publica, ja que a
hipovitaminose D é fator de risco para mortalidade por varias causas na populacdo em geral
(60). Muitos acreditam que a principal razdo pela deficiéncia de vitamina D ser tdo difundida
se dé pela falta de exposicdo a radiacdo solar, ja que a exposicdo a radiacdo UV estd
relacionada a uma maior incidéncia de cancer de pele (61).

A Sociedade Brasileira de Endocrinologia e Metabologia, assim como as diretrizes da
Endocrine Society, ndo recomenda a avaliacdo da 25(OH)D para a populacdo em geral,
considerando os seus custos (7, 62). O valor tabelado para esta dosagem no Sistema Unico de
Saude (SUS) é de R$ 15,24, o que geralmente ndo cobre os custos do procedimento. Desta
forma, a mensuragéo da vitamina D é recomendada as populagdes consideradas de risco para
hipovitaminose D: pacientes com quadro de raquitismo ou osteomalécia, portadores de
osteoporose, idosos com histdria de quedas e fraturas, obesos, gravidas e lactentes, pacientes
com sindromes de ma-absorcdo (fibrose cistica, doenga inflamatoria intestinal, doenga de
Crohn, cirurgia bariatrica), insuficiéncia renal ou hepatica, hiperparatiroidismo, medicacdes

que interfiram no metabolismo da vitamina D (anticonvulsivantes, glicocorticoides,
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antifangicos, antirretrovirais, colestiramina, orlistat), doencas granulomatosas e linfomas. Da
mesma forma, a suplementancao generalizada de vitamina D ndo é recomendada, devendo ser
realizada em individuos sabidamente deficientes ou nas populacdes de risco(62). As doses
diarias recomendadas estdo descritas na Tabela 4. Em individuos com niveis séricos
diminuidos de 25(OH)D é recomendado dose de ataque no esquema de 50.000 Ul/semana (ou

7.000 Ul/dia) de vitamina D por 6 a 8 semanas (7).

Tabela 3. Doses diarias recomendadas para populacdo em geral e populagGes de risco.

Faixas etérias Populacdo geral (Ul) Populagéo de risco (Ul)
0 - 12 meses 400 400 - 1.000
1-8anos 400 600 - 1.000

9 - 18 anos 600 600 - 1.000

19 - 70 anos 600 1.500 - 2.000

> 70 anos 800 1.500 - 2.000
Gestantes 14 - 18 semanas 600 600 - 1.000
Gestantes > 18 semanas 600 1.500 - 2.000
Lactantes 14 - 18 anos 600 600 - 1.000
Lactantes > 18 anos 600 1.500 - 2.000

2.2.3 Vitamina D e doencas hepaticas

Nos ultimos anos, a influéncia da vitamina D nas doengas do figado tem sido
amplamente discutida por esta ser claramente uma populacdo de risco para hipovitaminose D
e ja este hormonio sofre metabolismo hepatico. Existe claramente uma associacdo entre
doencgas hepaticas e deficiéncia de vitamina D, embora ndo seja muito clara qual a causa e
qual a consequéncia (50, 61, 63-72).

Individuo com doengas hepaticas, e em especial com hepatite C tem maior prevaléncia

de deficiéncia de vitamina D. Em um estudo com 496 pacientes com HCC provenientes de
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hospitais suicos, a mediana de 25(OH)D foi de 13,4ng/mL, sendo 74% com niveis inferiores a
20ng/mL (73). Quando individuos com hepatite C genotipo 1 sdo comparados a controles
higidos, a diferenca também é notavel: média de 25,1 ng/mL versus 43,1 ng/mL (74).

Além disso, a deficiéncia de vitamina D parece ser acompanhada de um pior
prognostico da doenca hepatica. Baur e colaboradores descreveram que individuos com HCC
METAVIR 2 apresentavam 15,5 ng/mL frente aos 22,2 ng/mL dos individuos METAVIR 0/1
(11), e da mesma forma, existe uma relacdo inversa entre os niveis de 25(OH)D com escore
Child-Pugh-Turcotte (12) e com estagios do sistema BCLC no carcinoma hepatocelular (75).
O estudo EPIC (European Prospective Investigation into Cancer and Nutrition), uma coorte
europeia com 520 mil individuos, desenhada para investigar associacdo entre dieta, estilo de
vida na incidéncia de diversos canceres, demonstrou que o risco de desenvolver CHC era
maior entre aqueles com deficiéncia de vitamina D (25(OH)D <20ng/mL) (13).

Niveis séricos diminuidos de vitamina D também estdo associados a maior chance de
falha ao tratamento com INF-PEG/RBV na hepatite C. Em uma recente meta-analise, foi
identificado que dentre individuos com hepatite C (genétipos 1, 2, 3 e 4), aqueles com niveis
inferiores a 20 ng/mL apresentavam maior risco de ndo apresentar RVS (OR=0,53; IC= 0,31-
0,91) (14). Um ensaio clinico japonés descreveu que a suplementacdo de vitamina D3
aumentou as taxas de RVS em pacientes com HCC com gendtipo 1L28B rs8099917
desfavoravel durante o tratamento com simeprevir, interferon peguilado e ribavirina (76).

Os niveis séricos de 25(0OH)D flutuam muito como consequéncia da variagdo a
exposicdo solar durante as estagdes, tipo de alimentagdo, presenca de comorbidades,
suplementacédo de vitamina D e outros, e tendo isso em mente € importante também avaliar as
diferentes variantes genéticas do metabolismo da vitamina D, que poderiam oferecer uma

avaliacdo do status de vitamina D a longo termo. Estudos ja demonstraram que alguns dos

27



polimorfismos diretamente envolvidos nos niveis séricos de vitamina D também se
relacionam com os estagios da doenca hepéatica. O polimorfismo rs12785878 no gene da
enzima colesterol redutase (DHCR7) ja foi associado com o maior grau de fibrose hepatica,
avaliada tanto por bidpsia como por elastografia hepatica (36, 77). Ja os polimorfismos
rs2282679 (GC) e rs1993116 (CYP2R1) foram relacionados ao risco de desenvolvimento de
CHC (78).

Nesse sentido, outro gene que ganhou importancia foi o VDR, o gene do receptor de
1,25(0OH)D. Os hepatocitos exibem pouca ou nenhuma expressdo de VDR, mas ele estd
altamente expresso nas células ndo parenquimatosas do figado, como células de Kupffer,
células endoteliais e CEHs (79). Em individuos com HCC, a expressdo proteica de VDR no
figado é inversamente proporcional a gravidade de fibrose e inflamacéo (80, 81). Modelos
knockout em ratos revelam que a fibrose hepatica espontanea ocorre quando um ou ambos 0s
alelos do VDR séo suprimidos, com fibrose mais severa observada em animais VDR-/- (15).

Ding e colaboradores propuseram que a vitamina D diminui a fibrose hepética limitando
a ativacdo das CEHs através de um efeito mediado pela interacdo VDR/SMAD3 (Figura 6)
(15). O VDR co-ocupa 10.436 sitios genbmicos que séo ativados pelo SMAD3, efetor da
cascata do TGFp, mostrando uma interacdo entre os dois fatores de transcricdo em HSCs. O
VDR ap6s a ligacdo de seu agonista compete pelos mesmos locais que 0 SMAD3, inibindo a
transcricdo de genes pro-fibrogénese que sdo ativados pelo TGFB/SMAD. Modelos
experimentais em animais e in vitro tem demonstrado que a suplementacdo de vitamina D €
capaz de prevenir de reverter a formacao de fibrose hepatica por inibir a ativagdo das CEHs,
inibir a formagé&o de colageno do tipo | bem como aumentar a atividade da metaloproteinase 9

(15, 82-85).
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Figura 6. Modelo proposto da interagdo gendmica VDR/SMAD no controle da resposta
de genes pro-fibrogénese em células estreladas hepaticas. TGFp: fator de transformacéo de
crescimento beta; Ac: acetilacdo das histonas; VDR: receptor de vitamina D; RXR: receptor
de retindide X. Fonte: Ding e col, Cell, 2013.

Uma das variantes genéticas mais comuns no VDR € o hapl6tipo bAt que consiste em
trés loci polimorficos (rs1544410 T/C , rs7975232 A/C e rs731236 G/A ) . O haplétipo
bAt[CCA] ja foi associado a taxa de progressdo da fibrose e cirrose (11) e ao
desenvolvimento de CHC (86, 87). Além destes, outros polimorfismos no VDR ja foram
relacionados a uma maior expressdo de TGFp, a-SMA e colageno 1-a em CEHs de origem
humana (88).
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Dois polimorfismos do TGFB1, rs1800469 e rs1800471, ja foram relacionados a piora
da fibrose e desenvolvimento de CHC em pacientes com HCC (89-91). Embora nenhum
polimorfismo no gene do SMADS3 tenha sido relacionado a doencas hepaticas, 0s
polimorfismos rs9806504, rs11071932 e rs2118610 foram associados a formacdo de queloide
em individuos afro-caribenhos (92). O queloide é um tumor benigno dérmico
fibroproliferativo, caracterizado por um acumulo excessivo de proteinas da matriz
extracelular, conduzindo a uma superproducdo de colageno (93). Na Tabela 5 sdo
apresentados 44 polimorfismos dos genes envolvidos no metabolismo da vitamina D e na

possivel interacdo TGFb1-SMAD3-VDR.
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Tabela 4. Polimorfismos dos genes envolvidos no metabolismo da vitamina D e da interacéo
TGFB1/SMAD3/VDR que tenham relagdo com niveis séricos de vitamina D e processos
relacionados a evolucéo da doenga hepatica.

Crom Gene Proteina SNP Alelos  Posicéo (pb) Associacdo reportada Citacéo
4 GC DBP rs17467825 AIG 72605517  Niveis séricos de Vitamina D ngi%i etal. 2014 ; Wang et al.
rs2282679 TIG 72608383  Niveis séricos de Vitamina D, Ahnetal. 2010; Batai et al.
CHC 2014; Lange et al. 2013; Lu et
al. 2012; Signorello et al.
2011; Wang et al. 2010
rs3755967 T/IC 72609398  Niveis séricos de Vitamina D ng;%i etal. 2014; Wang et al.
rs2298850 C/IG 72614267  Niveis séricos de Vitamina D ng;%i etal. 2014; Wang et al.
rs4588 TIG 72618323  Niveis séricos de Vitamina D  Ahnetal. 2010; Batai et al.
2014 ; Lu et al. 2012; Wang et
al. 2010
rs7041 C/IA 72618334  Niveis séricos de Vitamina D  Ahnetal. 2010 ; Batai et al.
2014; Lu et al. 2012 ; Wang et
al. 2010
rs222020 CIT 72636272  Niveis séricos de Vitamina D 2881? al. 2010 ; Porter et al.
rs1155563 CIT 72643488  Niveis séricos de Vitamina D  Ahnetal. 2010 ; Batai et al.
2014 ; Luetal. 2012 ; Wang
etal. 2010
rs2298849 G/A 72648851  Niveis séricos de Vitamina D nglelt al. 2010; Signorello et al.
rs115316390 A/G 72651159  Niveis séricos de Vitamina D  Bataietal. 2014
rs221999 G/A 72649048  Niveis séricos de VitaminaD  Wistetal. 2006
11 DHCR7 DHCR7 rs1790349 T/IC 71142350  Niveis séricos de Vitamina D  Ahnetal. 2010 ; Luetal. 2012
rs7944926 AIG 71165625  Niveis séricos de VitaminaD  Wang etal. 2010
rs12785878 GIT 71167449  Niveis séricos de Vitamina D, Grunhage et al. 2012; Petta et
Fibrose hepética al. 2013 ; Wang et al. 2010
rs4944957 AIG 71168035  Niveis séricos de VitaminaD  Wang etal. 2010
rs12800438 AIG 71171003  Niveis séricos de VitaminaD  Wang etal. 2010
rs3794060 CIT 71187679  Niveis séricos de Vitamina D  Wang et al. 2010
rs3829251 AIG 71194559  Niveis séricos de Vitamina D  Ahnetal. 2010; Luetal. 2012
rs4945008 AIG 71221248  Niveis séricos de VitaminaD  Wang etal. 2010
rs11234027 AIG 71234107  Niveis séricos de VitaminaD  Ahnetal. 2010
11 CYP2R1 CYP2R1 rs7116978 CIT 14881771  Niveis séricos de Vitamina D  Wang etal. 2010
rs1993116 GIA 14910234  Niveis séricos de Vitamina D, Ahnetal. 2010; Batai et al.
CHC 2014; Lange et al. 2013;
Wang et al. 2010
rs10500804 GIT 14910273  Niveis séricos de Vitamina D  Wang etal. 2010
rs12794714 AIG 14913575  Niveis séricos de Vitamina D  Bataietal. 2014 ; Buetal.
2010 ; Wang et al. 2010
rs10741657 AIG 14914878  Niveis séricos de Vitamina D  Bataietal. 2014; Buetal.
2010 ; Ramos-Lopez et al.
2008 ; Wang et al. 2010
rs2060793 AIG 14915310  Niveis séricos de Vitamina D  Ahnetal. 2010 ; Batai et al.
2014 ;Luetal. 2012 ;Wang
etal. 2010
rs1562902 CIT 14918216  Niveis séricos de Vitamina D 2Bgo%t al. 2010 ; Wjstetal.
rs10766197 AIG 14921880  Niveis séricos de Vitamina D ZB(L;O%t al. 2010 ; Wjstetal.
12 CYP27B1 CYP27Bl1  rs10877012 GIT 58162085  Niveis séricos de Vitamina D ~ Ramos-Lopez et al. 2008;
Signorello et al. 2011
12 VDR VDR rs731236 G/A 48238757  Fibrose hepatica, CHC Baur et al. 2012 ; Beilfuss et
al. 2015; Falleti et al. 2010
rs7975232 AIC 48238837  Fibrose hepatica, CHC Baur et al. 2012 ; Beilfuss et
al. 2015 ; Falleti et al. 2010;
Hung et al. 2014
rs757343 TIC 48239675  Fibrose hepatica Beilfuss et al. 2015 ; Mohy and

Fouad 2014
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rs1544410 T/C 48239835  Fibrose hepatica, CHC Baur et al. 2012 ; Beilfuss et
al. 2015 ; Falleti et al. 2010

rs2239186 G/A 48269410  Niveis séricos de VitaminaD  Wistetal. 2006

rs4516035 CIT 48299826  Fibrose hepatica Beilfuss et al. 2015
15 SMAD3 SMAD3 rs9806504 CIT 67392777  Queldide Brown et al. 2008
rs11071932 AIG 67399546  Queldide Brown et al. 2008
rs2118610 T/IC 67428334  Queldide Brown et al. 2008
19 TGFB1 TGFp-1 rs1800471 CIG 41858876  Fibrose hepatica Eurich et al. 2011 ; Sanchez-
Parada et al. 2013
rs1800469 G/A 41860296  Cirrose, CHC Maetal. 2015 ; Radwan et al.

2012
20 CYP24A1 CYP24Al1 rs2296241 AIG 52786219  Niveis séricos de VitaminaD  Wijstetal. 2006

rs17219315 AIG 52788446  Niveis séricos de VitaminaD  Wistetal. 2006
rs73913757 CIT 52790518  Niveis séricos de Vitamina D  Bataietal. 2014
rs2244719 CIT 52782858  Niveis séricos de VitaminaD  Wistetal. 2006

2.3 Imputacdo Gendmica

Uma das melhores formas de identificar variantes genéticas que tragam susceptibilidade
para diferentes doencas complexas é através dos estudos de associacdo gendmica GWAS
(Genome-Wide Association Study). Os GWAS se tornaram possiveis pela disponibilidade da
tecnologia baseada em chips de microarray, onde milhdes de polimorfismos podem ser
identificados, em especial os polimorfismos onde ha apenas a troca de uma Unica base (SNP-
Single Nucleotide Polymorphism). Dependendo da quantidade de SNPs avaliados, o0 custo de
um projeto pode ser muito caro. O NIH (National Institute of Health) disponibiliza através do
dbGaP (database of Genotypes and Phenotypes) (94, 95) uma plataforma onde é possivel ter
acesso a dados de diversos estudos de GWAS, que receberam fomento deste e outros 6rgaos,
mediante solicitacdo de pesquisadores interessados.

Embora muitos polimorfismos possam ser identificados nos estudos de GWAS, ainda
assim, sabe-se que existe mais de 50 milhdes de variantes genéticas, o que faz com que
apenas uma pequena fracdo seja identificada nestes estudos (96). Imputagdo genémica € uma
técnica estatistica estabelecida utilizada para estimar gendtipos que ndo foram diretamente

determinados em GWAS (97). Através de um painel de referéncia, com hapldtipos
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conhecidos, pode se inferir os SNPs faltantes pelo seu desequilibrio de ligagdo, utilizando
ferramentas estatisticas (Figura 7) (98). O desequilibrio de ligacao especifica que quanto mais
proximo fisicamente dois alelos estdo no mesmo cromossomo mais eles tendem a estar

ligados um ao outro (99).

Painel de referéncia com os haplétipos

Dados genotipados diretamente Bal » 2 2 B 2 B > RO E ? Dados imputados
1°??1?1?022??2?04\1???II?l?Oll'-’?1?E>1111121°02202220
oj2 2 2 2 22%?2 022%2%22720 . 0j01L 012221002222 220
122 222220212722?20 ) 11111222/002112220
1222221212222220 [1|???1i1i°1°£110| 11220221012 2/12220
27??2?2?121??2?0< >2222212012112220
12221212 122°2722720 1/210121/012212220
1?22 ?222?22?20212?%?2?27?21 11221 212/002111211
2/2 221217212172 7?222¢?21 2221111012101211
1?22 20202222%27?2?2?20 | l1220020022212220

Figura 7. Imputacdo gendmica de uma amostra de individuos ndo relacionados. Os
hapl6tipos dos individuos genotipados diretamente sdo comparados aos haplotipos dos
individuos do painel de referéncia. Os dados faltantes sdo imputados com o uso de modelos
estatisticos. Fonte: Marchini, Nature, 2010.

A imputacdo é feita por meio de ferramentas de bioinformatica, com softwares
especificos. Dentre os softwares mais comumente utilizados e que sdo de uso livre podemos
destacar: BEAGLE(100), IMPUTE2 (101), MACH(102) e Mach-Admix (103). Todos
utilizam o Modelo Oculto de Markov para predizer os SNPs faltantes (104).

Os painéis de referéncia mais comumente usados sdo os Projeto HapMap (105) e 1000

Genomes (106), ambos consoércios internacionais. No HapMap 2.5 milhdes de variantes estdo
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discriminadas, embora variantes raras nao estdo estejam bem determinadas, bem como néo
estdo incluidas insercdes/delecdes e variagdes estruturais (107). JA no 1000 Genomes estdo
caracterizados o genoma completo de 2504 individuos de 26 diferentes populacdes, sendo
identificados 88 milhdes de variantes (84,7 milhdes de SNPs, 3,6 milhdes de

insercOes/delecdes e 60mil variantes estruturais) (108).

2.4 HALT-C (Hepatitis C Antiviral Long-term Treatment against

Cirrhosis)

O HALT-C (Hepatitis C Antiviral Long-term Treatment against Cirrhosis) foi um
estudo multicéntrico, randomizado e controlado, desenhado para determinar se 0 usO
continuando de interferon a longo prazo preveniria a progressdo para cirrose e carcinoma
hepatocelular e reduziria a necessidade de transplante de figado em pacientes com hepatite C
crénica com fibrose avancada. O estudo foi apoiado e coordenado pelo NIDDK (Instituto
Nacional de Diabetes e Doencas Digestivas e Renais), uma filial do NIH em conjunto com
universidades norte-americanas (109).

A populacdo de estudo foi limitada aqueles individuos com fibrose avancada ou
cirrose evidenciada na bidpsia e que tivessem recebido pelo menos 12 semanas de terapia com
interferon alfa e que ndo tivessem erradicado o virus. Como o0s pacienetes arrolados
receberam uma variada gama de tratamentos com interferon, para garantir que todos
recebessem um tratamento 6timo com interferon, foi oferecido a todos um periodo de Lead-in.

Durante o lead-in todos 0s pacientes receberam peginterferon alfa-2-a 180ug/semana e
ribavirina 1000-1200mg/dia por um periodo de 24 semanas. Os individuos que tivessem carga
indetectavel na semana 20 seguiam tratamento até a semana 48, visando atingir RVS. Os que
tivessem carga detectavel na semana 20 eram randomizados para receber peginterferon alfa-

2a 90pug/semana ou nenhum tratamento por 3,5 anos. Os pacientes respondedores da semana
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20 que tivessem carga detectavel nas semanas 36, 48, 60 ou 72 (ndo respondedores parciais ou
recidivantes) tiveram o tratamento descontinuado e também foram encaminhados para

randomizacéo (Figura 8).

Pacientes ndo respondedoresa
tratamento prévio com INF

L

Lead-in
PEG-INF + RBV por 24 sem
[ L """ !
| 966 pacientes |
| PR — q; ______
S5em 20
\|/ Pacientes ndo respondedores a tratamento
CV: Negativa CV: Positiva prévio com INF (Grupo Express)
I Tratamento até sem 48 I [ H T j ------
| 562 pacientes | | Naodisponiveis |
__________ ! no dbGaP
b a4
I CV: Negativa II CV: Positiva I -‘
S —
| 144 pacientes
e
! 130 pacientes
L A
i 692 pacientes
| B i: ______
Randomizagdo
Sem tratamento Tratamento com INF
3 anos e meio 3 anos e meio

Figura 8. Desenho do estudo HALT-C. HALT-C: Hepatitis C Antiviral Long-term
Treatment against Cirrhosis; INF: interferon; PEG-INF: interferon peguilado; RBV:
ribavirina; sem: semanas; CV: carga viral; RVS: resposta viroldgica sustentada; dbGaP:
database of Genotypes and Phenotypes. Fonte: Lee e col, Control Clin Trials, 2004.

Como houve uma demora maior do que esperado para se conseguir arrolar os

pacientes para a randomizacdo, o estudo aceitou também pacientes tratados com interferon-

35



alfa-2b ou alfa-2a de fora do ensaio HALT-C, que tivessem todos critérios de inclusdo
preenchidos (Grupo Express).
As duas principais hipoteses do estudo foram:
e Em paciente com HCC e fibrose avancada o tratamento com inerferon pode
prevenir a cirrose.
e Em pacientes com cirrose secundaria a HCC, o tratamento com interferon pode
reduzir o risco de descompensacdo hepatica ou de carcinoma hepatocelular.
Como resultados do ensaio clinico, os autores descreveram gue manter a terapia com
interferon foi associada com diminuicdo dos niveis séricos de RNA HCV, de alanina
aminotransferase e do escore necroinflamatério. No entanto, ndo houve associacdo com a
reducdo de fibrose e demais desfechos clinicos. A progressao da doenca hepatica ocorreu em
34,1% dos pacientes tratados e em 33,8% dos pacientes ndo-tratados. Como conclusdo, os
autores determinaram que o uso prolongado de interferon ndo apresentou efeito e ndo deveria
ser utilizado em pacientes ndo respondedores ao tratamento com interferon (110).
O estudo HALT-C encontra-se disponivel na plataforma dbGaP (phs000430.v1.pl).
No que diz respeito aos dados fornecidos pelo dbGaP, estdo disponiveis as informacdes
clinicas e genotipica sobre 966 individuos que foram submetidos a Lead-in no estudo. Destes,
692 foram randomizados, ndo estando disponivel a informacdo sobre em quais grupos os
pacientes foram randomizados. As variaveis disponibilizadas no banco de dados encontram-se

descritas no Anexo 13.1 — Variaveis disponiveis na plataforma dbGaP.
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3 JUSTIFICATIVA

A hepatite C cronica é uma doenga com distribuicdo mundial, que possui enorme
impacto em termos de salde publica. Conhecer os fatores envolvidos na progressdo desta
doenca é de suma importancia para identificar aqueles individuos com chance de evolugéo
para um quadro mais grave.

O papel da vitamina D na evolucdo da hepatite C cronica tem se tornado cada vez mais
evidente nos ultimos anos e sua influéncia na doenga hepética esta longe de ter sido elucidada.
Os genes envolvidos no metabolismo da vitamina D regulam desde sua formacéo, até seu
efeito nos tecidos bioldgicos. A literatura demonstra que ndo sé niveis séricos de vitamina D,
mas também polimorfismos envolvidos na sua rota metabolica podem apresentar relagdo com
a progressao do virus C.

A selecdo criteriosa e fundamentada de polimorfismos em uma determinada rota
metabdlica é crucial para que se possa avaliar o quanto o perfil genético de um individuo é
capaz de influenciar na evolucdo de uma doenca. Desta forma, a avaliacdo sérica de vitamina
D, aliada a identificacdo das variantes genéticas envolvidas em seu metabolismo, poderia

contribuir na caracterizacao dos fatores associados a progressdo da hepatite C cronica.
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4 QUESTAO DE PESQUISA

Os niveis séricos de vitamina D, bem como os polimorfismos envolvidos na sua rota

metabdlica, influenciam na progressdo da doenca hepatica causada pela hepatite C crénica?
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5 HIPOTESE

Os niveis séricos de vitamina D, bem como os polimorfismos envolvidos na sua rota

metabolica, influenciam na progressao da doenca hepatica causada pela hepatite C cronica.
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6 OBJETIVOS

6.1 Objetivo Geral

Avaliar, em duas amostras distintas, a influéncia dos niveis séricos de vitamina D e dos
polimorfismos da sua rota metabdlica na progresséo da doenca hepatica causada pela hepatite

C cronica.

6.2 Objetivos Especificos

1. Avaliar a associagdo dos niveis séricos de vitamina D no grau de fibrose hepatica em
pacientes com hepatite C cronica genotipo 1.

2. Avaliar a associacdo dos polimorfismos rs7041 e rs4588 do gene GC nos niveis
séricos de vitamina D em pacientes com hepatite C cronica genotipo 1.

3. Avaliar a associa¢do dos polimorfismos rs7041 e rs4588 do gene GC no grau de

fibrose hepatica em pacientes com hepatite C crénica gendtipo 1.

4. Avaliar a associacdo de 44 polimorfismos dos genes DHCR7, GC, CYP2R1, CYP24A1,
CYP27B1, VDR, SMAD3 e TGFB1 em uma coorte de pacientes com hepatite C cronica sobre
0s seguintes desfechos primarios:

- piora da fibrose hepética (aumento de dois pontos no escore Ishak);

- descompensacdo hepética (presenca de pelo menos um: sangramento de varizes
gastricas ou esofagicas, escore Child-Turcotte-Pugh Score (CTP) >7, ascite, peritonite
bacteriana espontanea e encefalopatia hepatica);

- desenvolvimento de carcinoma hepatocelular;

- morte do figado.
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5. Avaliar a associacéo de 44 polimorfismos dos genes DHCR7, GC, CYP2R1, CYP24A1,
CYP27B1, VDR, SMAD3 e TGFB1 em uma coorte de pacientes com hepatite C crénica sobre
0s seguintes desfechos secundarios:

- sangramento de varizes gastricas ou esofagicas;

- escore Child-Turcotte-Pugh Score (CTP) >7;

- ascite;

- peritonite bacteriana espontanea;

- encefalopatia hepatica.
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Effect of vitamin D serum levels and GC gene polymorphisms in liver fibrosis due to chronic
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Genetic variants underlying vitamin D metabolism and VDR-TGFf-1-SMAD3 interaction
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Abstract

Introduction and aim: Vitamin D has been associated with chronic liver diseases and low vitamin
levels may contribute to progression of chronic hepatitis C. The aim of this study was to evaluate the
influence of vitamin D serum levels and GC gene polymorphisms in the severity of liver fibrosis in
patients with chronic hepatitis C genotype 1. Materials and Methods: Cross-sectional study that
enrolled 132 adult patients with chronic hepatitis C genotype 1 attended at the outpatient Clinic of
Gastroenterology Division at Hospital de Clinicas de Porto Alegre. At the time of enrollment patients
had a blood withdraw for serum 25(OH)D determination and genotypic analysis of rs7041 and rs4588
polymorphisms in GC gene. None/mild fibrosis was considered as METAVIR FO, F1 and F2 and
severe fibrosis as METAVIR F3 and F4. Results: Median 25(OH)D levels in the sample were
19.9ng/mL (P25-P75: 14.0-29.4). Fifty percent of patients presented vitamin D deficiency (<20ng/mL).
In stepwise multiple linear regression the variables associated with 25(OH)D levels were blood
withdrawn in Winter/spring season, the haplotypes AT/AT + AG/AT of rs7041 and rs4588 and female
sex. For evaluation of severe fibrosis, variables associated in logistic regression were age, vitamin D
severe deficiency (<10ng/mL), glucose levels, BMI and platelets count. Conclusions: Vitamin D levels
are associated with severity of liver fibrosis in chronic hepatitis C genotype 1 patients. Although the
rs7041 and rs4588 GC polymorphisms are strong predictors of vitamin D levels, they do not play a

direct role in liver fibrosis.
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Introduction

Liver fibrosis is defined by extracellular matrix (ECM) accumulation with consequent loss of liver
function, due to acute or chronic damage (1). Chronic hepatitis C (CHC) leads to liver fibrosis and 20-
30% of patients progress to cirrhosis after 25-30 years of infection (2). Several factors influence the
evolution of CHC and formation of liver fibrosis, such as age, obesity, virus C genotype, alcohol

consumption, duration of infection, presence of viral co-infections and metabolic disorders (2).

Vitamin D has been associated with chronic liver diseases and low vitamin levels may contribute to
progression of CHC (3). Vitamin D is mainly synthesized in the skin by 7-dehydrocholesterol (DHCR?7)
in pre-vitamin D, which is converted into vitamin D by isomerization. Vitamin D and its metabolites
circulate bounded to vitamin D-binding protein (GC-globulin). Vitamin D goes under hydroxylation in
the liver by cytochrome P450 enzymes forming 25-hydroxyvitamin D (25(OH)D) and is used to
evaluate vitamin D status. The metabolite 25(OH)D is hydroxylated by CYP27B1 in the kidney,
producing 1,25-dihydroxyvitamin D (1,25(OH)D), the active form that binds to vitamin D receptor
(VDR) (4). Vitamin D deficiency is a risk factor for all-cause mortality in the general population (5) as

well as for cirrhotic patients (6).

GC-globulin is coded by GC gene. The three protein isoforms are coded by different alleles, which are
formed by single nucleotide polymorphisms (SNPs). Polymorphism rs7041 has two alternative alleles,
containing either A or C, and polymorphism rs4588 has either G or T. Each person carries two copies
of the GC gene; therefore possible genotypes for rs7041 are AA, AC or CC, for example. Different
SNPs at the same gene are inherited together forming a haplotype. For rs7041 and rs4588 possible
haplotypes are CT, CG or AT. These two SNPs are responsible for the three major circulating isoforms
of GC-globulin GclF (CT), Gc¢lS (CG) and Ge2rs (AT) (7). The Ge-2 isoform is described to have the
lowest affinity for its ligand (8). The three common haplotype variants combined form CT-CT, CT-CG,
CG-CG, CG-AT, CT-AT and AT-AT.

It is known that several polymorphisms involved in the vitamin D metabolism are associated with its
serum concentrations (9,10). The aim of this study was to evaluate the influence of vitamin D serum
levels and GC polymorphisms in the severity of liver fibrosis in patients with chronic hepatitis C

genotype 1.

Materials and Methods

This was a cross-sectional study that enrolled 132 adult patients with chronic hepatitis C genotype 1
attended at the outpatient Clinic of Gastroenterology Division at Hospital de Clinicas de Porto Alegre,
Brazil, from June 2013 to February 2015. Hepatitis C virus infection was confirmed by anti-HCV ELISA
3 and by detection of viral RNA by polymerase chain reaction (HCV RNA PCR). Patients infected by
the human immunodeficiency virus (HIV) or hepatitis B virus (HBV), alcohol abusers (>40 g/day),

chronic renal injured, liver transplanted, decompensated cirrhotic and those with hepatocellular
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carcinoma (HCC) or in immunosuppressive or antiviral treatment were excluded. Both naive and

previously PEG-INF treated patients were included.

At the time of the enrollment patients had a blood withdraw for vitamin D serum levels determination
and genotypic analysis. Alanine aminotransferase (ALT), aspartate aminotransferase (AST), gamma-
glutamyl-transferase (GGT), platelets, glucose, cholesterol and body mass index (BMI) were extracted
from patient’s chart from the previous 6 months. Severity of fibrosis was evaluated by the last liver
biopsy done by the outpatients Clinic routine. Liver biopsies were evaluated by the same pathologist
and scored with METAVIR system (11). Serum 25(OH)D levels were determined using a
chemoluminescent immunoassay on a Liaison automatic analyzer (DiaSorin). Vitamin D levels below
10ng/mL were considered severe deficiency; 10 to 20ng/mL deficiency; 20 to 30ng/mL insufficiency;
and above 30ng/mL sufficiency (12). Date of sample collection was categorized into two seasons,
Summer/autumn (December-May) and Winter/spring (June-November). The study was conducted
according to the principles of the Declaration of Helsinki and was approved by the hospital Ethical

Committee. All patients gave written informed consent to participate in the study.
Genotypic analysis

The genomic DNA was extracted from whole blood EDTA using Wizard® Genomic DNA Purification
Kit (Promega) according to manufacturer’s instructions. The polymorphisms rs7041 and rs4588 from
the GC gene were identified using hydrolysis probes (TagMan Assays; ABI), IDs: C_3133594 30 and
C_8278879_10, respectively. A total of 10 ng of DNA was used in a final reaction volume of 12.5 pl for
real-time PCR on StepOne™ System (Thermo Fisher).

Statistical analysis

Categorical variables are presented as frequencies. Continuous variables with normal distribution are
presented as mean and standard deviation and variables with non-normal distribution as median and
interquartile range (P25-P75). To check the normal distribution of the variables, a Shapiro-Wilk test
was applied. Associations between continuous variables were carried out with T Test, Mann-Whitney
or Kruskall-Wallis as appropriated and associations between categorical variables were evaluated with
Fisher's Exact Test. Stepwise multiple linear regression analysis with a forward approach using a
cutoff value of 0.05 was performed to identify independent predictors of 25(OH)D levels. Stepwise
logistic regression analysis with a forward approach using a cutoff value of 0.05 was performed to
identify independent predictors of liver fibrosis. Variables included in the model were sex, age, fibrosis
(none/mild or severe), diabetes mellitus, BMI, ALT, AST, GGT, cholesterol, glucose, platelets, rs4588
and rs7041 haplotypes (AT/AT + AG/AT vs others), season of blood withdrawn (Summer/Autumn vs
Winter/Spring). For analysis purposes none/mild fibrosis was considered as METAVIR FO, F1 and F2
and severe fibrosis as METAVIR F3 and F4 (cirrhosis). A chi-square test was employed to verify
whether the proportions of the two polymorphisms were distributed in accordance with the Hardy-
Weinberg Equilibrium. Haplotypes for rs7041 and rs4588 were statistically reconstructed using the

PHASE program, version 2.1, which implements a Bayesian statistical method for haplotyping
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reconstructing from genotype data (13, 14). Statistical analysis was performed using SPSS 20.0
(SPSS Inc, Chicago, Il, USA). Significance level was set at a<0.05.

Results
Patient features

Demographical, clinical, biochemical and genotypic features of enrolled patients are described in
Table 1. Patients’ age varied from 26 to 74 years. The majority of patients were cirrhotic (33.3%).
Median 25(OH)D levels were 19.9ng/mL (14.0 — 29.4). Fifty percent of patients presented deficiency

or severe deficiency of vitamin D.

Genotypes and alleles frequencies of rs7041 and rs4588 were in Hardy Weinberg Equilibrium. The
most frequent genotypes were AC for rs7041 and GG for rs4588 (Table 2). Finally, for haplotypes,
GCITA, GC/GC and GC/GC were the most common ones.

Predictors of 25(0OH)D serum levels

Vitamin D levels were higher in patients enrolled in Summer/Autumn than in Winter/Fall (31.2ng/mL
(IQR 19.8-35.0) versus 18.4ng/mL (IQR 12.8-24.1); P<0.001) (Figure 1). Median 25(OH)D levels was
18.0 ng/mL (12.7 - 23.2) for females and 24.0 ng/mL (17.2 - 31.8) for males (P=0.002). Vitamin D did
not differ between nédive and PEG-INF treated patients (P=0.921). When 25(OH)D serum levels were
stratified among rs7041 and rs4588 genotypes and haplotypes, there was no statistical significance
(P>0.05), however a trend is graphically observed for AA genotype of rs7041 and TT genotype of
rs4588, as well as for AT/AT and AG/AT haplotypes (Figure 2). Transforming the mentioned
genotypes and haplotypes into dichotomous variables, it is observed that 25(OH)D levels are lower for
AA genotype of rs7041, TT genotype of rs4588 and AT/AT + AG/AT haplotypes when compared to
their counterparts (Table 3). In multiple linear regression the variables associated with diminished
25(0OH)D circulating levels were blood withdrawn in Winter/Spring, the risk haplotypes AT/AT + AG/AT

and female sex (Table 4).
Variables related to liver fibrosis

In Table 5 are presented the association of studied variables with severity of liver fibrosis. Older age;
higher BMI, ALT, GGT and glucose; lower platelets and 25(OH)D; diabetes and severe vitamin D
deficiency were related to severe liver fibrosis in bivariate analysis. None of the evaluated genotypes
and haplotypes of rs7041 and rs4588 were associated with fibrosis severity. In the logistic regression
analysis were included sex, age, 25(OH)D >10ng/mL, season of blood withdrawn (Summer/Autumn vs
Winter/Spring), diabetes mellitus, BMI, ALT, AST, GGT, cholesterol, glucose, platelets, rs4588 and
rs7041 haplotypes (AT/AT + AG/AT vs others). The variables that remained in the model were age,
25(0OH)D <10ng/mL, glucose levels, BMI and platelets count. When 25(OH)D is included as a

continuous variable it loses statistical significance in the model.
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Discussion

In recent years, the influence of vitamin D in liver diseases has been broadly discussed since it
undergoes hepatic metabolism. Herein we evaluated the association of vitamin D serum levels and of
rs7041 and rs4588 polymorphisms from GC gene in severe liver fibrosis in a sample of 132 chronic

hepatitis C genotype 1 patients.

In this sample, vitamin D median levels were 19.9 ng/mL and deficiency prevalence was 50%. In a
study with 496 CHC patients from Swiss hospitals, median 25(0OH)D was 13.4ng/mL, and 74%
presented levels below 20.0 ng/mL (15). It has been described that the prevalence of vitamin D

insufficiency and deficiency in patients with chronic liver disease ranges between 64 and 92% (16).

Serum levels of 25 (OH)D fluctuate strongly as a result of variations in sunlight exposure during the
season, type of food, presence of comorbidities, vitamin D supplementation and others. It is important
to also evaluate the different genetic variants of vitamin D metabolism, which could provide an
assessment of long term vitamin D status. In multiple regression analysis, 25(OH)D levels were
influenced by season, sex and genetic factors. Polymorphisms in genes involved in synthesis,
transport and vitamin D metabolism are known to affect its circulating levels, especially in GC, DHCR7
and CYP2R1 loci (7, 8, 17). The GC gene codifies the protein responsible for carrying vitamin D and
its metabolites in the circulation and in our study the haplotypes AT/AT and AG/AT were responsible
for the lower levels of vitamin D, showing that the T allele of rs4588 has the biggest influence in
vitamin D levels. Our findings are similar to Santos et al, which found the same results in healthy
Brazilian girls (18). The Gc-2 isoform is described to have the lowest affinity for its ligand, which is in

accordance confirming the lowest levels of vitamin D described in both studies (10).

Vitamin D deficiency seems to be associated with a poorer prognosis of the liver disease. In this
sample, a difference in 25(OH)D serum levels was observed in none/mild and severe fibrosis (21.1
versus 18.1 ng/mL; P=0.014). Baur et al reported that individuals with CHC METAVIR 2 presented
15.5ng/mL 25(OH)D levels compared to 22.2ng/mL of individuals METAVIR 0/1 (19). Meanwhile,
Petta described that CHC G1 with Scheuer scoring 0-2 presented 25.5ng/mL versus 21.9 ng/mL from
patients Scheuer scoring of 3-4 (20). In our sample the overall prevalence of severe deficiency was
13.6% (18/132), in patients with none/mild fibrosis was 5.6% (4/72) and in patients with severe fibrosis
was 23.3% (14/60). In a cohort of German CHC patients, severe deficiency prevalence was 25% (21).
In logistic regression, severe vitamin D deficiency was associated with severe fibrosis along with age,
BMI and platelets count. Although the studied polymorphisms have presented association with vitamin
D circulating levels, they were not related to liver fibrosis. There are studies that have shown that
polymorphisms of vitamin D metabolism relate to the stages of liver disease. Studies from Petta and
Grinhage identified the polymorphism rs12785878 in the gene of cholesterol reductase (DHCR?7)
associated with a greater degree of liver fibrosis (22, 23). This polymorphism was not evaluated in the

present sample. Another gene that is important in liver fibrosis is VDR, since it can downregulate the
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activation of hepatic stellate cells by competing for several genomic sites related to fibrosis, which are
activated by SMAD3, an effector of the transforming growth factor beta 1 (TGFB1) (24). The
rs1544410, rs7975232 and rs731236 polymorphisms have been associated with the rate of

progression of fibrosis and cirrhosis (19).

As limitation of this study we could cite that some cofounding factors were not analyzed, such as
smoking, intravenous drug use, duration of HCV infection. Also, it was a cross-sectional study that
analyzed only two polymorphisms. Although the sample size is relatively small, we considered as a
main strength the use of a well-defined cohort of HCV genotype 1 patients that represent the real-
world experience. Our results corroborate the literature findings, whereas lower vitamin D levels are
found among patients with higher liver fibrosis. Identifying those patients is important since oral
supplementation of vitamin D is a very simple therapeutic measure. Several studied have
demonstrated that vitamin D deficiency 1 is likely to be related to lower odds of sustained virological
response (SVR) to treatment with pegylated interferon plus ribavirin (25) and recently, in a Japanese
trial, vitamin D3 supplementation increased SVR rates on refractory CHC patients on treatment with

simeprevir, pegylated interferon plus ribavirin (26).

In summary, vitamin D levels were associated with severity of liver fibrosis in chronic hepatitis C
genotype 1 patients. Although the rs7041 and rs4588 GC gene polymorphisms are strong predictors

of vitamin D levels, they do not play a direct role in liver fibrosis.
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Figure 1. Median 25(OH)D serum levels of the enrolled patients according to investigation month.

53



A P=0075 B P=0.057 c P=0.073
8 * o * o
o 0 )
60,0 60,0 60,0
o 0 Q

I I I
E E £
] o ]
£ £ 0 £ 0
n " w
9 400 Y a0 9 00
C 2 2
a] o a]
T T T
o o J
[+ o n
[y} o o

20,0 20,0 20,04

0 T T T 0 T T T 0 T T T T T T
cc AC AA m GT GG TATA GCITA GCIGC GAMA GAIGC GAIGA
rs7041 genotypes 154588 genotypes rs7041 and rs4588 haplotypes
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Table 1. Demographic, clinical and biochemical features of chronic hepatitis C genotype 1 patients.

Variable

Chronic hepatitis C genotype 1 (n=132)

Sex (male)®

Age (years)”

Body Mass Index (kg/m?)°
ALT (IU/L)°

AST(IU/L)®

GGT(IU/L)°

Platelets (10°/uL)"
Cholesterol (mg/dL)*
Glucose (mg/dL) ©

DM presence (yes)?

METAVIR®

Naive®
250H vitamin D (ng/mL)°

Vitamin D status®

Season of blood withdrawn

53.8% (71)
53 (+9)
28.5 (+5.2)
64 (42-100)
53 (36-84)
90 (43-156)
186 (+51)
164 (147-185)
100 (91-111)

21.2% (28)

FO 12.9% (17)
F1 22.7% (30)
F2 18.9% (25)
F3 12.1% (16)
F4 33.3% (44)

56.8% (75)

19.9 (14.0-29.4)

Severe deficiency 13.6% (18)
Deficiency 36.4% (48)
Insufficiency 27.3% (36)
Sufficiency 22.7% (30)
Summer/Autumn 25% (33)

DM- diabetes mellitus; a: % (n); b: mean (standard deviation); c: median (IQR P25-P75). Total sample

for: BMI=125; platelets=131.
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Table 2. Allelic, genotypic and haplotypic data of rs7041 and rs4588 polymorphisms in chronic

hepatitis C genotype 1 patients.

Chronic hepatitis C genotype 1 (n=129)

rs7041% C 46.1%
cC 19.4% (25)
AC 53.5% (69)
AA 27.1% (35)
rs4588° T 21.3%
T 6.2% (8)
GT 30.2% (39)
GG 63.6% (82)
Haplotypes® AT/IAT 6.2% (8)
AG/AT 9.3% (12)
AGIAG 11.6 (15)
CGIAT 20.9% (27)
CGICG 19.4% (25)
AGICG 32.6% (42)
a: % (n).
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Table 3. Median 25 (OH)D stratified according to risky genotypes and haplotypes of rs7041 and

rs4588.
25(0OH) D (ng/mL) * P value
rs7041 CC+CA 22.8 (16.2- 30.1) 0.026
AA 17.0 (8.9 — 26.6)
rs4588 GG + GT 20.2 (15.8-29.8) 0.023
TT 9.6 (8.1-20.9)
Haplotypes AT/AT + AG/AT 12.3(8.1-19.2) 0.002
AG/AG + CG/AT +CG/CG +AG/CG 21.2 (16.2-30.1)

"median (IQR P25-P75) Mann-Whitney
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Table 4. Stepwise forward multiple linear regression analysis for variables associated with 25(OH)D

serum levels.

Variables B SE  Pvalue
Winter/Spring vs Summer/Autumn -0.375 2.003 <0.001
Female sex -0.261 1.740 0.001

Haplotypes AT/AT + AG/AT vs others  -0.259 1.254 0.001

Variables included in the model: sex, age, fibrosis (none/mild or severe), diabetes mellitus, BMI, ALT,
AST, GGT, cholesterol, glucose, platelets, rs4588 and rs7041 haplotypes (AT/AT + AG/AT vs others),
season of blood withdrawn (Summer/Autumn vs Winter/Spring).B: standardized coefficient beta; SE:

standard error.
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Table 5. Bivariate and logistic regression analysis of risk factors associated with severe fibrosis in

chronic hepatitis C genotypes 1 patients.

Bivariate Logistic Regression
None/mild fibrosis Severe fibrosis analysis OR (Cl 95%) P value
n=72 n=60 P value
Sex (male)? 54.2% (39) 53.3% (32) 1.000 - -
Age (years)” 50.9 (+8.2) 55.6 (+8.6) 0.002 1.058 (1.001-1.117) 0.045
Body Mass Index (kg/m®)° 27.6 (+4.3) 29.6 (6.1) 0.042 1.142 (1.037-1.258) 0.007
ALT (IU/L)® 58 (41-92) 71 (47-105) 0.001 - -
AST(IU/L)* 45 (34-76) 66 (48-98) 0.131 - -
GGT(IU/L)" 64 (31-125) 117 (70-187) 0.001 - -
Cholesterol (mg/dL)® 163 (147-186) 166 (147-177) 0.922 - -
Glucose (mg/dL)° 96 (87-106) 102 (93-133) <0.001 1.011 (0.999-1.023) 0.072
Platelets (10°/uL)° 213 (+62) 155 (+68) <0.001 0.985 (0.977-0.993) <0.001
DM presence (yes)? 12.5% (9) 31.7% (19) 0.010 - -
250H vitamin D (ng/mL)° 21.1 (17.5-30.0) 18.1 (10.5-25.5) 0.014 - -
250H vitamin D <10 ng/mL® 5.6% (4) 23.3% (14) 0.004 4.558 (1.184-17.543) 0.027
250H vitamin D <20 ng/mL? 43.1% (31) 58.3% (35) 0.115 - -
250H vitamin D <30 ng/mL?® 75.0% (54) 80.0% (48) 0.537 - -
rs70412 CC+CA 77.1% (54) 67.8% (40) 0.242 - -
AA 22.9% (16) 32.2% (19)
rs4588% GG +GT 95.7% (67) 91.5% (54) 0.468 - -
TT 4.3% (3) 8.5% (5)
Haplotypes? AT/AT + AG/AT 12.9% (9) 18.6% (11) 0.465 - -

AG/AG + CG/AT +CG/CG +AGICG

87.1% (61)

81.4% (48)

Bivariate analysis: a: % (n) Fisher's Exact Test; b: mean (standard deviation) T test; ¢: median (IQR P25-P75)

Mann-Whitney. Variables included in the stepwise logistic regression model with forward approach: sex, age,

25(0OH)D >10ng/mL, season of blood withdrawn (summer/autumn vs winter/spring), diabetes mellitus, BMI, ALT,

AST, GGT, cholesterol, glucose, platelets, rs4588 and rs7041 haplotypes (AT/AT + AG/AT vs others). OR: odds

ratio; Cl: confidence interval.
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Abstract

Vitamin D deficiency is prevalent in liver disease and vitamin D has been shown to decrease hepatic
fibrosis through an anti-TGFB-1/SMAD3 effect mediated by the vitamin D receptor. Thus, we
hypothesized that genetic variants involved in vitamin D metabolism and/or VDR/TGFB-1/SMAD3
interaction could impact on the progression of chronic HCV. We obtained or imputed genotypes for 40
single nucleotide polymorphisms (SNPs) located in genes implicated in vitamin D metabolism from the
HALT-C cohort via dbGaP. The HALT-C study followed 692 chronic HCV patients over 4 years,
evaluating clinical outcomes including worsening of fibrosis, hepatic decompensation
(gastric/esophageal bleeding, CTP > 7, ascites, spontaneous bacterial peritonitis, and
encephalopathy), development of hepatocellular carcinoma, and liver death. We tested the selected
SNPs for association with these outcomes in 681 HALT-C subjects. Eleven SNPs presented tendency
towards significance (P< 0.05): four SNPs in DHCR7 related to with hepatic decompensation
(rs4944957, rs12800438, rs3829251 and rs4945008); two in GC to worsening of fibrosis and liver
death (rs7041 and rs222020); two in CYP2R1 to ascites and hepatocellular carcinoma (rs7116978
and rs1562902); two in VDR to gastric/lesophageal bleeding and hepatocellular carcinoma
(rs4516035 and rs2239186); and one in SMAD3 to worsening of fibrosis and encephalopathy
(rs2118610). Only rs1800469 in TGFB1 was statistically associated with hepatic decompensation after
Bonferroni’s correction (P<0.00125). In conclusion, rs1800469 in TGFB1 was associated to hepatic
decompensation in chronic hepatitis C. The other eleven described polymorphisms must be evaluated
in a larger cohort to determine the possible role of vitamin D in hepatitis C.

Keywords:

Vitamin D; HCV; HALT-C; db-GaP
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INTRODUCTION

Chronic hepatitis C (CHC) leads to hepatic fibrosis, the liver's wound-healing response to injury."
Advanced liver fibrosis results in cirrhosis, which is characterized by distortion of the hepatic
vasculature. The major consequences of cirrhosis in the natural course of CHC are impaired liver
function, portal hypertension and an increased risk of developing hepatocellular carcinoma (HCC).* ®
Given the high prevalence of vitamin D deficiency in CHC patients, the role of vitamin D in liver
disease has received much attention over the past few years. Indeed, low levels of vitamin D have

been found to be associated with a higher likelihood of advanced liver disease.”

The majority of vitamin D is synthesized in the skin as a result of exposure to UV radiation. In an initial
step, 7-dehydrocholesterol is converted into pre-vitamin D by the 7-dehydrocholesterol reductase,
followed by an isomerization step which completes the synthesis of vitamin D. A small proportion of
vitamin D is obtained from the diet. Vitamin D from both skin conversion and dietary intake are
hydroxylated in the liver by cytochrome P450 enzymes (CYP2R1). 25-hydroxyvitamin D (25-OH VD)
circulates bound to vitamin D-binding protein (DBP), which is synthesized in the liver. The 1la-
hydroxylation of 25-OH VD by CYP27B1 in the kidney produces 1,25-dihydroxyvitamin D (1,25-OH
VD), the form that activates the vitamin D receptor (VDR). The enzyme CYP24A1 is responsible for
catabolizing the excess of 1,25-OH VD. The VDR acts as a transcription factor that binds to vitamin D
responsive elements in the promoter region of target genes,5 regulating the expression of more than
200 genes that influence cell proliferation, differentiation, apoptosis, immunomodulation, and

angiogenesis.®

Among its many actions, it has been described that vitamin D decreases hepatic fibrosis by limiting
hepatic stellate cell (HSC) activation through an anti-transforming growth factor beta 1 (TGFB-1) effect
mediated by VDR." 8 Ding et al. found 10,436 genomic sites to be co-occupied by both VDR and
SMAD3, an effector of TGFB-1 cascade, thus showing an interaction between the two transcription
factors in HSCs.” A common genetic variant of the VDR gene is the bAt haplotype, which is composed
of three polymorphic sites (rs1544410 T/C, rs7975232 A/C, and rs731236 G/A).9 The bAt [CCA]-
haplotype has been associated with fibrosis progression rates and cirrhosis.™® We thus hypothesized
that genetic variants involved in vitamin D metabolism (DHCR7, GC, CYP2R1, CYP27B1 and
CYP24A1) and/or in the VDR-TGF(B-1-SMAD3 interaction could impact on the evolution of chronic
hepatitis C.

MATERIALS AND METHODS
Patient data

The present study is based on genotype and clinical phenotype data from the Hepatitis C Antiviral
Long-term Treatment against Cirrhosis (HALT-C) Trial,"* which we obtained from the Database of

Genotypes and Phenotypes (db-GaP; http://www.ncbi.nim.nih.gov/gap; accession number
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phs000430.v1.p1)*% Access to the controlled portion of the dbGaP data was granted by the NIH Data
Access Committee. This study has also been approved by the Ethics Committee of Universidade
Federal do Rio Grande do Sul (UFRGS).

The HALT-C Trial is a randomized controlled trial designed to evaluate the safety and efficacy of long-
term use of pegylated-interferon (PEG-IFN) for the treatment of chronic hepatitis C in patients who
failed to respond to previous interferon therapy. HALT-C genotyping was funded through a Bench-to-
Bedside Award (NIH) to Gonzalo Laje, MD in the Human Genetics Branch, Intramural Research
Program, NIMH, NIH, U.S.DHHS. The original dataset, was submitted to dbGap by Dr Laje.

Information regarding inclusion and exclusion criteria and randomization can be found elsewhere.™
Briefly, participants were adult CHC patients of any genotype who did not respond to previous
interferon treatment, who had advanced fibrosis without hepatic decompensation or hepatocellular
carcinoma, and who were free of any other liver diseases. A total of 692 subjects were randomized
and followed over 4 years. A clinical and serological evaluation was carried out every 3 months; liver
biopsies, endoscopic evaluation of esophageal varices and an assessment of portal hypertension
were performed at the time of the enroliment and after 2 and 4 years. Information on the subjects’

treatment status is not available through dbGaP. In this study, we evaluated the following outcomes:

(A) Worsening of fibrosis, defined by a 2-point increase in Ishak Score for patients with an Ishak <
4,
(B) Hepatic decompensation in cirrhotic patients (Ishak 5 or 6) who presented any of the following:

bleeding from gastric or esophageal varices, Child-Turcotte-Pugh Score (CTP) > 7, ascites,

spontaneous bacterial peritonitis, and hepatic encephalopathy;

© Development of hepatocellular carcinoma;

(D) Liver death: need for liver transplant and/or liver-related death.
Genetic Variant Selection

We selected, in the literature, 44 single nucleotide polymorphisms (SNPs) of vitamin D metabolism
(genes DHCR7, GC, CYP2R1, CYP27B1, CYP24A1) and VDR-TGFB-1-SMAD3 interaction that have
been previously related to serum levels of vitamin D and/or to HCV progression for investigation in this
cohort (Table 1).

Genotype Analysis and Imputation

Although HALT-C data included genotypes at 617,431 polymorphisms from the lllumina
Human610_ Quadvl_B platform, we were only interested in analyzing the 44 SNPs described in Table
1. Binary pedigree format files were obtained from db-GaP and handled with PLINK v.1.07°". All
markers were flipped to forward strand orientation, and ambiguous variants (A/T or C/G) were
removed. Individuals with sex chromosome abnormalities and sex inconsistencies, as well as

individuals with less than 90% genotype data were removed from the data set. SNPs with a genotype
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call rate < 97% or a minor allele frequency (MAF) < 0.01, and SNPs deviating from the Hardy-

Weinberg equilibrium (P<10®) were also excluded.

Genotypes were available for 21 of the 44 SNPs listed in Table 1. Genotypes for the remaining 23
were imputed using MaCH-Admix v. 2.0.203% in the integrated running mode. As a reference panel,
we used a 1000 Genomes vcf file (ALL Phase 3 v.5), containing the haplotypes of 2,504 samples for
approximately 81.2M polymorphic markers.*® To speed up the computation, genotypes were imputed
one chromosome at time only for chromosomes of interest (4, 11, 12, 15, 19, and 20), and the
reference panel was split in chunks of 5Mb centered around the SNP of interest, with flanks of 250kb
on either side. Imputation running settings included: --states 200, --imputestates 1000, and --rounds
50. At the end of each run, imputed genotypes were extracted with fcGENE 1.0.7%%1in binary pedigree
format. The imputation quality was measured by the squared correlation between imputed and true
genotypes (Rsq). Variants with an Rsq > 0.5 were considered as successfully imputed.41 SNPs with a

lower Rsq were excluded from the analysis.
Statistical Analysis

For each of the four outcomes, a logistic regression analysis was conducted to evaluate the
association with the 44 SNPs of interest. The five signs of hepatic decompensation - bleeding of
gastric or esophageal varices, CTP score > 7, ascites, spontaneous bacterial peritonitis, and hepatic
encephalopathy - were analyzed separately by logistic regression, and were considered secondary
outcomes. Logistic regression analyses were adjusted for age, sex, and race (as a dummy variable -
white and non-white) after checking in single regression analysis if these variables were associated
with the studied polymorphisms. Analyses were carried out to test for dominant (minor-minor or minor-
major vs. major-major), recessive (minor-minor vs. minor-major or major-major), and additive models
of inheritance. We regard this as an exploratory study; therefore, SNPs reaching the P<0.05 threshold
were considered as showing “tendency towards association”. Subsequently, Bonferroni’s correction
was conducted to adjust for multiple comparisons (P<0.05 / number of evaluated SNPs in the
analyses). Statistical analysis was performed using PLINK. The VDR bAt [CCA]-haplotype was
evaluated using MaCH-Admix and Haploview v 4.2* and Chi-square tests were performed in SPSS
20.0 (SPSS Inc, Chicago, Il, USA).

RESULTS

After applying quality control filters, 681 individuals were retained. 550,275 SNPs were used for
imputation (Figure 1). Four SNPs were removed from the final analyses due to low quality imputation
(rsq < 0.5) (Supplementary Table 1), making for a total of 40 SNPs (21 genotyped, 19 imputed). Level

of significance after Bonferroni correction was set at 0.00125 (P<0.05/40).

Demographic and clinical data of analyzed patients are summarized in Table 2. The majority of

patients were male (71.4%) and white (72.4%). Mean age at enrolment was 49.9 years, ranging from
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19 to 80 years. Some of the studied SNPs presented association with studied available covariates

(sex, age and race) in single regression analysis (Supplementary Table 2).

For the analysis of worsening fibrosis, a total of 366 patients with baseline Ishak < 4 and at least two
liver biopsies to evaluate progression were included (Figure 2). One hundred patients had a minimum
2-point increase in Ishak score during the four-year follow-up. The results of the logistic regression
analysis for worsening fibrosis are described in Table 3. Two SNPs in the GC gene, rs7041 and
rs222020, as well as one SNP in SMAD3, rs2118610, presented only tendency towards association
under additive and dominant models. Since the VDR bAt [CCA]-haplotype (rs1544410, rs7975232,
and rs731236) has been associated with a worsening of fibrosis, it was analyzed separately.
Haplotype frequencies were: 0.468 for CCA; 0.354 for TAG; 0.153 for CAA; and 0.013 for TAA.
Haplotype frequencies did not differ between patients who had an increase of at least 2 point in their
Ishak score and those who did not. Homozygosity at the bAt [CCA] haplotype versus all other
genotypes was not found to be associated to a worsening of fibrosis [23% (23/100) vs. 20.7%
(55/266); P=0.363).

One-hundred and twenty-six of the 393 cirrhotic patients presented at least one of the following:
bleeding from gastric or esophageal varices, ascites, spontaneous bacterial peritonitis, hepatic
encephalopathy and/or CTP Score > 7. The latter was the most frequent sign, present in 105 patients
(Table 2). In the regression analysis for hepatic decompensation, 4 polymorphisms in the DHCR7
gene (rs4944957, rs12800438, rs3829251 and rs4945008) showed tendency towards significance,
and only rs1800469 in TGFB1 was significant after Bonferroni's correction (Table 4). When each one
of the five decompensation variables were analyzed separately, six SNPs demonstrate tendency
towards significance, including rs1800469 in TGFB1 with CTP > 7, but none of these were associated

after Bonferroni’s correction (Table 4).

After 4 years of follow-up, 55 patients had developed HCC. In the logistic regression analysis of HCC,
two polymorphisms showed tendency towards significance under the recessive model, rs1562902 in
CYP2R1 and rs2239186 in VDR (Table 5). The overall mortality over the course of the study was of 94
patients (13.8%). Fifty-two of those deaths were liver related. Ninety-nine patients needed a transplant
and/or progressed to a liver related death. The polymorphism rs7041 showed tendency towards

significance for this outcome under the recessive model of inheritance (Table 5).

A summary of SNPs reaching tendency towards significance or significance after Bonferroni’s
correction for any given outcome can be found in Table 6. Risk alleles found at rs1800469 for hepatic
decompensation, rs4516035 for gastric esophageal bleeding and rs3829251 for hepatic

decompensation were in accordance with risk alleles reported in the literature.

Results under the additive model for all 40 SNPs for worsening of fibrosis, hepatic decompensation,

HCC and liver death are presented in Supplementary Table 3.
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DISCUSSION

The high prevalence of vitamin D deficiency is independent of the etiology of liver disease and may
impact upon clinical outcomes.*® Polymorphisms in GC, CYP2R1 and CYP27B1 could play a role in
treatment response to PEG-IFN and ribavirin,** although baseline levels of 25-OH VD do not seem
to.”® With this in mind, we hypothesized that genetic variants involved in vitamin D metabolism could
impact on the progression of liver disease in outcomes such as worsening of fibrosis, hepatic,
development of HCC and liver death. SNPs in DHCR7, GC and CYP genes are mostly related to
vitamin D synthesis and can influence its circulating levels. In addition, variants involved in the
VDR/TGFB-1/SMAD3 signaling cascade could have an effect on fibrosis and other liver-related

events.

We tested our hypothesis on data collected by the HALT-C trial, which evaluated the efficacy of long-
term use of pegylated interferon for preventing progression of CHC. We selected 42 SNPs that had
previously been reported to be related to progression of HCV-chronic liver disease and two SNPs
related to scarring (both in SMAD3). After discarding four SNPs due to insufficient imputation quality
scores, twelve of these SNPs were found to be associated or with tendency towards association with

at least one of the studied outcomes.

Four SNPs in the DHCR7 gene presented tendency towards significance with hepatic
decompensation and/or gastric/esophageal bleeding. Although these findings indicate only a
tendency, the A allele of rs3829251, related to presence of hepatic decompensation, has previously
been reported to be associated to lower levels of circulating vitamin D.™ *® ** The other three SNPs
were linked to serum levels of vitamin D in a single GWAS study, which did, however, not report risk

alleles.*®

In the GC gene two polymorphisms showed tendency towards significance with worsening of fibrosis
or liver death. SNP rs7041 is one of the two most common polymorphisms of the GC gene, leading to

an amino acid change®® and to lower serum levels of vitamin D.***°

However, the A allele identified in
this study as “risk”, was reported to be responsible for higher levels of vitamin D in the literature. For
rs222020, an intron variant of GC, that also showed tendency to significance, has been described both

as a protective and as a risk factor for vitamin D levels in Caucasians.?* **

At the CYP2R1 locus, two SNPs showed tendency towards significance to ascites and to
hepatocellular carcinoma. While we found the T allele at rs7116978 to be weakly related with ascites,
it has been reported to be associated to higher vitamin D serum levels.”® We found that the
homozygosity for the C allele of the polymorphism rs1562902, tended towards significance with the
development of hepatocellular carcinoma. In previous studies, the C allele has been related to both
risk of and protection from low levels of vitamin D.?* > *” We described various SNPs in DHCR7, GC
and CYP2R1 genes with tendency towards significance with the studied outcomes, however our

results were controversial or did not corroborate the literature.
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The interaction between VDR, TGFB-1 and SMAD3 needs to be considered more directly in the
context of liver fibrosis and the progression of liver disease following it. Though we only found
polymorphisms with tendency towards significance in VDR, those findings are in accordance to which
is described in the literature. The C allele of rs4516035, related in this sample to gastric/esophageal
bleeding, was described to be related to an increased expression of TGFB-1 and a-SMA mRNA in the
liver of patients with Non-Alcoholic Fatty Liver Disease.® Also, the G allele of rs2239186, related to
HCC in this sample, has been described to be linked to both lower and higher levels of vitamin D.?* %
We expected to find an association between SNPs at the VDR locus and worsening fibrosis in this
cohort; however, none of the SNPs in the VDR gene were significant for liver fibrosis, and neither was
the bAt [CCA] haplotype. This may be due to the fact that the differences in CCA haplotype
frequencies found by Baur et al.”® were caused mainly by rs7975232, which was not significant in our
sample. In our study, SMAD3 gene demonstrated controversial findings; T allele of rs2118610 tended
towards significance with progression of liver fibrosis, and C allele to presence of hepatic
encephalopathy. Although we have not found any association of this polymorphism with liver disease
in the literature, Brown et al. found that the C allele might play a role in keloid formation in Afro-
Caribbeans.*In this cohort, the AA genotype of rs1800469 in the TGFB1 gene was the only one with
statistical association after Bonferroni’'s correction, being associated with hepatic decompensation.
Transforming growth factor beta plays a central role in many fibrotic diseases, including chronic
hepatitis, and TGF-B signaling in these processes has been attributed to a canonical pathway
involving Smad proteins.48 The A allele of rs18000469 has been linked to both increased levels of
TGF-B1 and risk of cirrhosis,*® as well as related to the development of HCC in Chinese and Egyptian

patients. *> %°

Therefore, we believe our results and the ones reported in Chinese and Egyptians
populations lean toward the same direction, since HCC is the natural evolution of cirrhosis. Maybe a
follow-up period of four years may not be sufficient to HCC development. On the other hand, these
associations may be population-specific and it is possible that Egyptians and Chinese are not
comparable to the American population analyzed in the HALT-C Cohort. We should keep in mind that
the association found here between rs1800469 and hepatic decompensation may be only a result of

the severity of cirrhosis rather than being related to vitamin D pathway itself.

Low levels of vitamin D have been linked to increased mortality among cirrhotic patients.*® None of the
studied polymorphisms were related to liver transplant and/or death. VDR polymorphisms have been
associated to acute cellular rejection in liver-transplanted patients.”® However, there was no

information on post-transplant events among the available clinical HALT-C data.

Our study has potential limitations. Vitamin D serum levels were not available to confirm the
relationship between polymorphisms and variants. Corey et al. published an ancillary study on vitamin
D serum levels in 129 cases and 129 controls of the HALT-C cohort.** They defined as cases those
patients who experienced an increase of at least 2 points in their Ishak fibrosis score or who
developed hepatic decompensation over the course of the study. The controls were subjects with

stage 3 or 4 fibrosis who did not reach any of these endpoints. In comparative analyses, mean 25-OH

68



VD measures did not differ between groups. This shows that analyses of associations between
punctual 25-OH VD serum levels and hard outcomes can be misleading, since 25-OH VD serum

levels fluctuate as a consequence of seasons, age, race, gender, among other factors.

The original HALT-C study tested whether PEG-INF treatment had an effect on disease progression.
The participants’ treatment status could represent a potential confounder for the present study, and we
did not have access to this information. However, since the HALT-C study did not find any association
between PEG-INF treatment and disease progression, we believe that our results are robust.>” Also,no
information regarding viral factos were available, such as viral load and genotype. However we do

know that the great majority of enrolled patients were genotype 1, as described by Di Bisceglie.*?

Even though the existence of other polymorphisms, either in the genes studied here or in other genes
related to vitamin D metabolism, cannot be ruled out, we consider it a strength of our study that we
included only the SNPs most likely to be associated with vitamin D metabolism in liver disease
progression. We view our results as exploratory, pending further confirmation on an independent
cohort to validate our findings. We decided to present SNPs reaching a 0.05 threshold, since
corrections for multiple testing could be too stringent, risking the suppression of interesting findings.>*
** However, multiple measurements may incur a risk for type | errors and these results should be
looked at with care. Of the 40 analyzed SNPs, eleven presented tendency towards significance,
reaching a 0.05 threshold, while only rs1800469 in TGFB1 was significant after Bonferroni correction.
Also, it is worth noting that the effective sample size was relatively small for all outcomes (Figure 2). It
is well established that the sample size is one of the most important factors affecting the power of
genetic association studies for complex phenotypes.56 The fact that weak association sighals could be
detected in this relatively small sample therefore suggests that these SNPs are worth investigating in

larger cohorts.

In conclusion, polymorphisms underlying vitamin D metabolism and effects showed a possible
association with important outcomes in chronic hepatitis C. Here, we reported eleven polymorphisms
that must be confirmed in a larger cohort and that could potentially be used in further studies to
evaluate the role of vitamin D in chronic hepatitis C; and one polymorphism in TGFB1 gene that was

associated to hepatic decompensation in these patients.
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Figure 2: Sample size for each of the analyzed outcomes. *Signs of hepatic decompensation: bleeding
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of gastric or esophageal varices, Child-Turcotte-Pugh Score

peritonitis, and hepatic encephalopathy.
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Table 1. Polymorphisms of vitamin D metabolism related to serum levels of vitamin and/or CHC progression selected from the

literature.
Chr Gene Protein dbSNP Alleles Position (bp) Reported association Citation
4 GC DBP rs17467825 AIG 72605517  Vitamin D serum levels 13,24
rs2282679 TIG 72608383  Vitamin D serum levels, HCC 1319
rs3755967 T/C 72609398  Vitamin D serum levels 13,14
rs2298850 CIG 72614267  Vitamin D serum levels 13,14
rs4588 TIG 72618323  Vitamin D serum levels 13,16
rs7041 CIA 72618334  Vitamin D serum levels 1316
rs222020 CIT 72636272  Vitamin D serum levels 2022
rs1155563 cIT 72643488  Vitamin D serum levels 1316,19
rs2298849 GIA 72648851  Vitamin D serum levels 17,20
rs115316390 AIG 72651159  Vitamin D serum levels “
rs221999 GIA 72649048  Vitamin D serum levels =
11 DHCR7 DHCR7  rs1790349 T/C 71142350  Vitamin D serum levels 15,16
rs7944926 AIG 71165625  Vitamin D serum levels B
rs12785878 GIT 71167449  Vitamin D serum levels, Liver fibrosis 13,19, 24,25
rs4944957 AIG 71168035  Vitamin D serum levels B
rs12800438 AIG 71171003  Vitamin D serum levels 18
rs3794060 CIT 71187679  Vitamin D serum levels B
rs3829251 AIG 71194559  Vitamin D serum levels 15.16.19
rs4945008 AIG 71221248  Vitamin D serum levels 13
rs11234027 AIG 71234107  Vitamin D serum levels 15
11  CYP2R1  CYP2R1 rs7116978 CIT 14881771  Vitamin D serum levels 13,26
rs1993116 GIA 14910234  Vitamin D serum levels, HCC 181518
rs10500804 GIT 14910273  Vitamin D serum levels 3
rs12794714 AIG 14913575  Vitamin D serum levels 18,14,20
rs10741657 AIG 14914878  Vitamin D serum levels 13,14, 20,27
rs2060793 AIG 14915310  Vitamin D serum levels 1816
rs1562902 CIT 14918216  Vitamin D serum levels .23
rs10766197 AIG 14921880  Vitamin D serum levels 0.2
12 CYP27B1 CYP27B1 rs10877012 GIT 58162085  Vitamin D serum levels e
12 VDR VDR rs731236 GIA 48238757  Liver fibrosis, HCC 8.10.28
rs7975232 AIC 48238837 Liver fibrosis, HCC 8.10,28,29
rs757343 T/C 48239675  Liver fibrosis 8.30
rs1544410 TIC 48239835 Liver fibrosis, HCC 810,28
rs2239186 GIA 48269410  Vitamin D serum levels 2.8
rs4516035 cIT 48299826  Liver fibrosis 8
15 SMAD3 SMAD3  rs9806504 cIT 67392777  Skin fibrosis (keloid) %
rs11071932 AIG 67399546  Skin fibrosis (keloid) %
rs2118610 T/IC 67428334  Skin fibrosis (keloid) 8
19 TGFB1 TGFB-1  rs1800471 CIG 41858876  Liver fibrosis 33,34
rs1800469 GIA 41860296  Cirrhosis, HCC .36
20 CYP24Al CYP24Al 52296241 AIG 52786219  Vitamin D serum levels =
rs17219315 AIG 52788446  Vitamin D serum levels =
rs73913757 cIT 52790518  Vitamin D serum levels 1
rs2244719 CIT 52782858  Vitamin D serum levels =

75



Table 2: Demographic and clinical features of chronic hepatitis C patients.

Variable

Chronic hepatitis C (n=681)

Sex (male) ?
Age (years) °
Ethnicity *
White
Black
Hispanic
Other

Baseline Ishak score ®

Cirrhosis decompensation
Gastric/esophageal bleeding °
CTP>7
Ascites
Spontaneous bacterial peritonitis
Hepatic encephalopathy
Hepatocellular carcinoma ?
Mortality *
Liver related
Not liver related
Skewed

Transplant *

486 (71.4%)

49.9 (+7)

493 (72.4%)
117 (17.2%)
55 (8.1%)

16 (2.3%)

47 (6.9%)
233 (34.2%)
124 (18.2%)
150 (22.0%)
127 (18.6%)

126 / 393 (32.1%)

10 (2.7%)
105 (26.7%)
59 (15.0%)

4 (1.0%)

34 (8.7%)

55 (8.1%)
94 (13.8%)
52 (55.3%)
36 (38.3%)

6 (6.4%)

55 (8.1%)

%n (%) ° mean(+sd) ° data available for 373 patients
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Table 3: Polymorphisms with tendency towards association with worsening of fibrosis.

Chr Gene SNP Minor  Model Affecteds (n) Unaffecteds (n) OR 95% C.I. P P adjusted*
Worsening of fibrosis (> 2 Ishak points)
4 GC rs7041 A Additive A 0.42 (84) 0.55 (291) 0.59 0.41-0.86 0.004872 0.1949
c 0.58 (116) 0.45 (241)
Dominant AA+AC 0.64 (64) 0.79 (210) 0.47 0.28-0.80 0.005004 0.2001
cc 0.36 (36) 0.21 (56)
4 GC rs222020 C Additive C 0.16 (31) 0.27 (142) 0.55 0.35-0.85 0.07682 0.3073
T 0.84 (169) 0.73 (390)
Dominant CC+CT  0.27 (27) 0.44 (116) 0.50 0.29-0.84 0.009792 0.3917
TT 0.73 (73) 0.56 (150)
15 SMAD3  rs2118610 T Additive T 0.48 (95) 0.38 (202) 151 1.07-2.12 0.01806 0.7222
C 0.52 (105) 0.68 (330)
Dominant TT +TC 0.76 (76) 0.62 (164) 2.06 1.21-3.49 0.007354 0.2942
ccC 0.24 (24) 0.38 (102)

* Bonferroni’s correction
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Table 4: Polymorphisms with tendency towards association and associated with hepatic

decompensation, bleeding from gastric or esophageal varices, Child-Turcotte-Pugh Score > 7, ascites,

spontaneous bacterial peritonitis, and hepatic encephalopathy.

Chr  Gene SNP Minor  Model Affected (n) Unaffected (n) OR 95% C.I. P P adjusted*
Hepatic decompensation

11 DHCR7 rs4944957 A Dominant AA + AG 0.54 (68) 0.50 (134) 1.56 1.02-2.38 0.04185 1
GG 0.46 (58) 0.50 (133)

11 DHCR7 rs12800438 G Dominant GG+ GA  0.55 (69) 0.51 (136) 1.56 1.02-2.40 0.04115 1
AA 0.45 (57) 0.49 (131)

11 DHCR7 rs3829251 A Dominant AA+AG  0.34 (43) 0.69 (87) 1.58 1.03-2.44 0.0374 1
GG 0.66 (83) 0.31 (180)

11 DHCR7 rs4945008 A Dominant AA + AG 0.60 (76) 0.55 (146) 1.58 1.01-2.47 0.04309 1
GG 0.40 (50) 0.45 (121)

19 TGFB1 rs1800469 A Recessive AA 0.19 (24) 0.08 (22) 3.22 1.69-6.12 0.000369 0.01475
AG +GG  0.81(102) 0.92 (245)
Bleeding from gastric or esophageal varices

11 DHCR7 rs4944957 A Recessive AA 0.30 (3) 0.10 (38) 4.68 1.08-20.18 0.03867 1
AG+GG 0.70 (7) 0.90 (325)

11 DHCR7 rs12800438 G Recessive GG 0.30 (3) 0.12 (43) 4.42 1.01-19.4 0.04926 1
GA+AA 070 (7) 0.88 (320)

12 VDR rs4516035 C Additive  C 0.65 (13) 0.38 (273) 2.66 1.08-6.58 0.03394 1
T 0.35 (7) 0.62 (453)

Child-Turcotte-Pugh Score >7

19 TGFB1 rs1800469 A Recessive AA 0.18 (19) 0.09 (27) 2.30 1.20-4.41 0.01204 0.4815

AG +GG  0.82(86) 0.91 (261)
Ascites

11 CYP2R1 rs7116978 T Dominant TT +TC 0.71 (42) 0 .55 (183) 2.08 1.13-3.82 0.01799 0.7196

cC 0.29 (17) 0.45 (151)
Hepatic encephalopathy

15 SMAD3 rs2118610 T Additive T 0.62 (21) 0.72 (258) 0.57 0.33-0.99 0.04641 1

C 0.38 (13) 0.28 (101)

* Bonferroni’s correction
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Table 5: Polymorphisms with tendency towards association with hepatocellular carcinoma and liver

death that showed statistical significance.

Chr Gene SNP Minor  Model Affecteds (n)  Unaffecteds (n) OR 95% C.I. P P adjusted*
Hepatocellular carcinoma

11 CYP2R1 rs1562902 C Recessive CC 0.31(17) 0.19 (122) 1.86 1.006-3.44 0.04778 1
CT+TT 0.69 (38) 0.81 (504)

12 VDR rs2239186 G Recessive GG 0.09 (5) 0.03 (18) 2.978 1.036-8.561 0.04278 1
GA+AA  0.91 (50) 0.97 (608)

Liver death

4 GC rs7041 A Recessive AA 0.19 (19) 0.28 (165) 0.5589 0.3164-0.987  0.04496 1

AC+CC 0.81(80) 0.72 (417)

* Bonferroni’s correction
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Table 6: Comparison of risk alleles identified in the present study to the literature.

Current study Literature
Gene SNP Risk Effect Risk Alelle  Effect Studies
Alelle
DHCR7 rs4944957 A Hepatic decompensation - Vitamin D serum levels Wang, 2010
Gastric/esophageal bleeding
rs12800438 G Hepatic decompensation - Vitamin D serum levels Wang, 2010
Gastric/esophageal bleeding
rs3829251 A Hepatic decompensation A Vitamin D serum levels Ahn, 2010; Lu, 2012; Kuhn, 2013
rs4945008 A Hepatic decompensation - Vitamin D serum levels Wang, 2010
Gastric/esophageal bleeding
GC rs7041 C Worsening of fibrosis A Vitamin D serum levels Wang, 2010; Ahn 2010; Lu, 2012;
Batai, 2014
Liver death
rs222020 T Worsening of fibrosis T/C Vitamin D serum levels Porter, 2013; Xu, 2014, Bu, 2010;
Zhang, 2012
CYP2R1 rs7116978 T Ascites C Vitamin D serum levels Nissen, 2014
rs1562902 C HCC C/T Vitamin D serum levels Wijst, 2006, Bu,2010; Zhang,
2012; Nissen, 2014
VDR rs4516035 C Gastric/esophageal bleeding C Liver fibrosis Beilfuss,2015
rs2239186 G HCC G/A Vitamin D serum levels Wijst, 2006; Yao, 2012
SMAD3 rs2118610 T/C Worsening of fibrosis C Skin scarring Brown, 2008
Hepatic encephalopathy
TGFB1 rs1800469* A Hepatic decompensation A HCC and cirrhosis Radwan, 2012; Mohy, 2014; Ma,
2015
CTP>7

* Polymorphism associated after Bonferroni’s correction.
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Supplementary Table S1: Quality of imputed polymorphisms.

Gene dbSNP Major alelle Minor alelle MAF Rsq
GC rs115316390* G A 0.0001 0.0431
rs17467825 A G 0.2422 0.9360
rs222020 T C 0.2268 0.7561
rs2298850 G C 0.2348 0.8257
rs3755967 C T 0.2418 0.9548
rs4588 G T 0.2463 0.8018
rs221999 A G 0.2531 0.6837
CYP2R1 rs10741657 G A 0.3576 0.9929
rs10766197 G A 0.4189 0.8982
rs7116978 C T 0.3469 0.7671
DHCR7 rs12785878 G T 0.3541 0.9876
rs4945008 A G 0.3833 0.7196
rs4944957 A G 0.3093 0.9650
VDR rs731236 A G 0.3639 0.8463
rs7975232 A C 0.4746 0.8314
CYP27B1 rs10877102 G A 0.1910 0.9458
SMAD3 rs9806504 T C 0.0233 0.9720
rs11071932 A G 0.0373 0.7504
TGFB1 rs1800471* C G 0.0599 0.2405
rs1800469 G A 0.3345 0.9324
CYP24A1 rs73913757 C T 0.0228 0.6061
rs17219315* A G 0.0143 0.2502
rs2244719* T C 0.4585 0.2344

*SNPs removed due to low imputation quality. MAF: minor allele frequency. Rsq: squared correlation.



Supplementary Table S2: Polymorphisms associated with the analyzed covariates (race, age and
sex).

Race Age Sex
Chr  dbSNP Chr  dbSNP Chr  dbSNP
4 rs7041 4 rs222020 4 rs7041
4 rs2298849 4 rs7041 11 rs3794060
4 rs2298850 11 rs10741657 11 rs4945008
4 rsl7467825 11 rs1993116 12 rs4516035
4 rs2282679 11 rs2060793
4 rs3755967
4 rs4588
4 rs221999
11 rs4945008
11 rs7944926
11 rs12785878
11 rs12800438
11 rs10766197
11 rs4944957
11 rs10500804
11 rs12794714
11 rs11234027
11 rs1562902
11 rs1993116
11 rs10741657
11 rs3829251
12 rs4516035
12 rs731236
12 rs1544410
12 rs10877012
12 rs2239186
15 rs11071932
15 rs9806504
15 rs2118610
20 rs73913757
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Supplementary Table 3: Results of the logistic regression analysis of all SNPs under the additive model for the primary outcomes (worsening of fibrosis, hepatic decompensation, liver death, and hepatocellular carcinoma).

Chr dbSNP Minor MAF aff MAF un OR 95% C.1. P MAF aff MAF un OR 95% C.1. P MAF aff MAF un OR 95% C.I. P MAF aff MAF un OR 95% C.1. P
Worsening of fibrosis Hepatic decompensation Hepatocellular carcinoma Liver death
4 rs17467825 G 0.205 0.2199 0.8767  0.8767-0.5912 0.5125 0.2103 0.264 1.034 1.034-0.7394 0.8467 0.1909 0.2372 0.8255 0.8255-0.5049  0.4444 0.2172 0.2363 0.9044 0.9044-0.6308  0.5846
4 rs2282679 G 0.205 0.2199 0.8767  0.8767-0.5912 0.5125 0.2103 0.264 1.034 1.034-0.7394 0.8467 0.1909 0.2372 0.8255 0.8255-0.5049  0.4444 0.2172 0.2363 0.9044 0.9044-0.6308  0.5846
4 rs3755967 T 0.205 0.2199 0.8767 0.8767-0.5912 0.5125 0.2103 0.264 1.034 1.034-0.7394 0.8467 0.1909 0.2372 0.8255 0.8255-0.5049 0.4444 0.2172 0.2363 0.9044  0.9044-0.6308 0.5846
4 rs$2298850 C 0.2 0.218 0.855 0.855-0.5744 0.4402 0.2063 0.2622 1.027 1.027-0.7337 0.8777 0.1818 0.2356 0.7853 0.7853-0.4759 0.3441 0.2121 0.2345 0.8838 0.8838-0.6145 0.5054
4 rs4588 T 0.2 0.2237 0.8345  0.8345-0.5612 0.3716 0.2063 0.264 1.016 1.016-0.7265 0.9249 0.1818 0.2388 0.7603 0.7603-0.4606  0.2841 0.2121 0.238 0.8646 0.8646-0.6011  0.4326
4 rs7041 A 0.42 0.547 0.5944  0.5944-0.4138 0.004872 0.4365 0.5019 0.9639 0.9639-0.7173 0.8075 0.4636 0.5056 0.7295 0.7295-0.4869 0.1263 0.4545 0.5103 0.7966  0.7966-0.5834 0.1523
4 rs$222020 C 0.155 0.2669 0.5495 0.5495-0.3538 0.007682 0.1786 0.1835 0.8805 0.8805-0.5955 0.5236 0.2455 0.2157 0.9774 0.9774-0.6114 0.924 0.2424 0.2139 1169 1169-0.8138 0.3975
4 rs1155563 C 0.22 0.2218 0.969 0.969-0.6572 0.8739 0.2341 0.2528 1121 1.121-0.8053 0.4975 0.2 0.2364 0.8453 0.8453-0.5266  0.4864 0.2172 0.2363 0.9014 0.9014-0.6307  0.5687
4 rs2298849 G 0.19 0.2594 0.7038  0.7038-0.4696 0.0888 0.2143 0.206 0.9914  0.9914-0.6909 0.9627 0.2182 0.2324 0.8239  0.8239-0.5095  0.4295 0.2778 0.2234 1.33 1.33-0.9416 0.1055
4 rs221999 G 0.21 0.218 0.9305 0.9305-0.6254 0.7225 0.2262 0.2547 1.038 1.038-0.739 0.831 0.2 0.2332 0.8582 0.8582-0.5303 0.5335 0.2121 0.2337 0.8867 0.8867-0.6148 0.5201
11 rs7116978 T 0.35 0.3402 1.002 1.002-0.7135 0.9912 0.3929 0.3333 11 1.1-0.8157 0.532 0.4182 0.3435 1.401 1.401-0.9376  0.09991 0.3687 0.3462 1108 1108-0.8102 0.5207
11 rs1993116 A 0.355 0.3365 1.012 1.012-0.7185 0.9455 0.4127 0.3464 1.145 1.145-0.8476 0.3777 0.4 0.353 1.316 1.316-0.877 0.1848 0.3485 0.3582 0.9627 0.9627-0.7002  0.8149
11 rs10500804 G 0.39 0.4117 0.8597 0.8597-0.6126 0.3817 0.3849 0.4045 1.146 1.146-0.8571 0.3585 0.3455 0.4018 0.8857 0.8857-0.584 0.5677 0.3687 0.4021 0.8819  0.8819-0.6446 0.4323
11 rs12794714 A 0.39 0.4098 0.867 0.867-0.6185 0.4075 0.3849 0.3989 1.173 1.173-0.8775 0.2817 0.3455 0.3994 0.8957 0.8957-0.5911 0.6035 0.3687 0.3995 0.8928 0.8928-0.6529 0.4776
11 rs10741657 A 0.35 0.3271 1.034 1.034-0.7335 0.8476 0.4048 0.3408 1.148 1.148-0.8442 0.3792 0.3818 0.3474 1.252 1.252-0.8285 0.2863 0.3384 0.3522 0.9432 0.9432-0.6826  0.7228
11 rs2060793 A 0.38 0.3477 1.106 1.106-0.7872 0.562 0.4286 0.3614 1.101 1.101-0.8117 0.5371 0.4364 0.3658 1.399 1.399-0.9321 0.1051 0.3788 0.3703 1044 1044-0.7609 0.7883
11 rs1562902 C 0.435 0.4305 1.013 1.013-0.7363 0.9352 0.4643 0.427 0.9345 0.9345-0.6987 0.6477 0.5182 0.4313 1.376 1.376-0.9317 0.1086 0.4444 0.4373 1022 1022-0.7583 0.8856
11 rs10766197 A 0.385 0.4267 0.7688  0.7688-0.5486 0.1268 0.4087 0.4101 1.268 1.268-0.9482 0.1093 0.3273 0.4193 0.7819 0.7819-0.5125  0.2537 0.3737 0.4184 0.8437 0.8437-0.6181  0.2843
11 rs1790349 C 0.15 0.1748 0.8428  0.8428-0.5384 0.4543 0.1548 0.1742 1.174 1.174-0.8128 0.3929 0.1818 0.1709 1.073 1.073-0.6562 0.7795 0.1919 0.1684 1154 1154-0.7928 0.4544
11 rs7944926 A 0.345 0.3703 0.9945 0.9945-0.6893 0.9764 0.3651 0.3483 1.228 1.228-0.8962 0.2012 0.4273 0.3586 1.129 1.129-0.7364 0.5777 0.3788 0.3617 1061 1061-0.7612 0.7282
11 rs12785878 G 0.345 0.3703 0.9945 0.9945-0.6893 0.9764 0.3651 0.3483 1.228 1.228-0.8962 0.2012 0.4273 0.3586 1.129 1.129-0.7364 0.5777 0.3788 0.3617 1061 1061-0.7612 0.7282
11 rs4944957 A 0.295 0.312 0.9649  0.9649-0.6683 0.8487 0.3294 0.3015 1.361 1.361-0.9918 0.0563 0.3545 0.3099 1.115 1.115-0.7268 0.6186 0.3333 0.3101 1098 1098-0.7885 0.5797
11 rs12800438 G 0.305 0.3365 0.9208  0.9208-0.6372 0.6606 0.3413 0.3127 1.336 1.336-0.9776 0.06906 0.3545 0.3299 0.9793 0.9793-0.6363  0.9242 0.3384 0.3308 1017 1017-0.7291 0.922
11 rs3794060 C 0.35 0.3778 0.9939  0.9939-0.6842 0.9745 0.373 0.3483 1.264 1.264-0.9225 0.145 0.4364 0.3634 1.153 1.153-0.7486 0.5185 0.3838 0.3668 1066 1066-0.7633 0.7071
11 rs3829251 A 0.155 0.1767 0.8769  0.8769-0.5625 0.5619 0.1865 0.1835 1.458 1.458-1.013 0.0426 0.1909 0.1821 1.013 1.013-0.615 0.9597 0.1919 0.1813 1059 1059-0.7212 0.7705
11 rs4945008 A 0.35 0.3778 0.9926  0.9926-0.6832 0.9691 0.381 0.3521 1.283 1.283-0.936 0.1214 0.4364 0.3666 1.133 1.133-0.7351 0.5709 0.3889 0.3694 1078 1078-0.7718 0.659
11 rs11234027 A 0.17 0.1917 0.9097 0.9097-0.5906 0.6677 0.1944 0.1985 1.268 1.268-0.8838 0.1974 0.2182 0.1941 1.08 1.08-0.6674 0.7545 0.2071 0.1942 1077 1077-0.7386 0.7001
12 rs731236 G 0.375 0.3741 0.9653  0.9653-0.6815 0.8427 0.3571 0.3858 0.9421  0.9421-0.6986 0.6961 0.3273 0.3682 0.8992 0.8992-0.5846  0.6287 0.3535 0.3668 0.9375 0.9375-0.6795  0.6941
12 rs7975232 C 0.455 0.4718 0.9164  0.9164-0.6615 0.5994 0.5 0.4326 1.275 1.275-0.9586 0.09511 0.4636 0.4712 0.9869 0.9869-0.6667  0.9477 0.4848 0.4682 1079 1079-0.7998 0.6171
12 rs757343 T 0.1 0.09398 1.108 1.108-0.6179 0.7312 0.1111 0.118 1.046 1.046-0.6726 0.8418 0.1455 0.1038 1.43 1.43-0.8094 0.218 0.101 0.1082 0.9184  0.9184-0.5552 0.7403
12 rs1544410 T 0.39 0.3741 1.037 1.037-0.7348 0.8376 0.3532 0.3914 0.8848  0.8848-0.6568 0.421 0.3 0.3722 0.7739  0.7739-0.5011  0.2478 0.3535 0.3686 0.9324  0.9324-0.6773  0.6677
12 rs2239186 G 0.2 0.1541 1.309 1.309-0.8598 0.2094 0.1786 0.1929 0.899 0.899-0.6175 0.5784 0.2091 0.1757 1.302 1.302-0.8079 0.2784 0.1667 0.1804 0.9033 0.9033-0.6037  0.6209
12 rs4516035 C 0.41 0.3346 1.302 1.302-0.92 0.1365 0.3968 0.367 1.248 1.248-0.9315 0.1376 0.3364 0.3538 1.047 1.047-0.6948 0.8274 0.3434 0.354 0.9466 0.9466-0.6908  0.7329
12 rs10877012 T 0.275 0.3139 0.8179  0.8179-0.5774 0.2577 0.3135 0.294 1.071 1.071-0.785 0.6651 0.3364 0.3035 1.202 1.202-0.8004 0.3757 0.2929 0.3084 0.9303 0.9303-0.6737  0.6608
15 rs9806504 C 0.035 0.02632 1.699 1.699-0.6949 0.2452 0.03571  0.02622 0.9036  0.9036-0.3855 0.8156 0.02727  0.02716 0.7131 0.7131-0.2225 0.5695 0.03535  0.02577 1306 1306-0.573 0.5252
15 rs11071932 G 0.05 0.04511 1.501 1.501-0.667 0.3263 0.04762 0.0412 0.7569  0.7569-0.3511 0.4771 0.05455  0.04153  0.9643 0.9643-0.39 0.9372 0.06566  0.03866 1857 1857-0.9302  0.07931
15 rs2118610 T 0.475 0.3797 1.507 1.507-1.073 0.01806 0.4405 0.4419 0.9851 0.9851-0.7245 0.9235 0.4455 0.4145 1.187 1.187-0.7896 0.4092 0.4545 0.4107 1208 1208-0.8855 0.2332
19 rs1800469 A 0.36 0.3289 1.158 1.158-0.8048 0.4292 0.3929 0.3258 1.364 1.364-0.9996 0.05032 0.3273 0.3371 0.8888 0.8888-0.5832  0.5835 0.3737 0.3299 1194 1194-0.868 0.2759
20 rs2296241 G 0.48 0.4812 1.045 1.045-0.7433 0.7995 0.5079 0.4569 1.133 1.133-0.8472 0.4005 0.4636 0.48 0.8946 0.8946-0.6025  0.5808 0.4899 0.4768 1055 1055-0.7782 0.731
20 rs73913757 T 0.005 0.0282 0.2118  0.2118-0.02755 0.1359 0.0119 0.01685 0.8525  0.8525-0.2628 0.7904 0.02727  0.01997 0.9579 0.9579-0.2904  0.9437 0.01515  0.02148 0.6715 0.6715-0.2047 0.5113

MAF aff: Minor alelle frequency of affected patients; MAF un: Minor allele frequency of unaffected patietns; OR: odds ratio.
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10 CONCLUSOES

1. Niveis séricos diminuidos de vitamina D, bem como a deficiéncia grave de vitamina
D, foram mais frequentes entre pacientes com fibrose avancada (METAVIR 3 e 4).

2. Os genotipos AA do polimorfismo rs7041 e TT do rs4588 do gene GC, bem como a
combinacdo dos diplétipos TA/TA e GA/TA, foram responsaveis por niveis menores
de vitamina D nos pacientes com hepatite C crénica genotipo 1.

3. Embora os polimorfismos rs7041 e rs4588 e seus hapldtipos tenham relagdo com os
niveis séricos de vitamina D, estes ndo apresentaram associacdo com 0 grau de
fibrose hepética.

4.1. Dos 40 polimorfismos avaliados na coorte de pacientes com hepatite C cronica do

estudo HALT-C, nove tiveram tendéncia a associa¢do com os desfechos primarios:

- 157041 (GC), rs222020 (GC) e rs2118610 (SMAD3) com piora da fibrose;

- rs4944957 (DHCRY7), rs12800438 (DHCR?), rs3829251 (DHCR7) e rs4945008
(DHCR7) com descompensacao hepatica;

- 151562902 (CYP2R1) e rs2239186 (VDR) com carcinoma hepatocelular;

- rs7041 (GC) com morte do figado.

4.2. Dos 40 polimorfismos avaliados na coorte de pacientes com hepatite C cronica do
estudo HALT-C, apenas o rs1800469 (TGFB1) foi associado estatisticamente com
descompensacdo hepatica apds correcdo de Bonferroni.

5.1. Dos 40 polimorfismos avaliados na coorte de pacientes com hepatite C cronica do
estudo HALT-C, seis tiveram tendéncia a associacdo com os desfechos secundarios:

- 1s4944957 (DHCRY7), rs12800438 (DHCR7) e rs4516035 (VDR) com sangramento

de varizes gastresofagicas;
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- rs1800469 (TGFB1) com escore Child-Pugh Turcote >7;
- 157116978 (CYP2R1) com ascite;
- 152118610 (SMAD3) com encefalopatia hepatica.
5.2. Dos 40 polimorfismos avaliados na coorte de pacientes com hepatite C crénica do
estudo HALT-C, nenhum foi associado estatisticamente com os desfechos secundarios apds

correcdo de Bonferroni.

Nossos resultados corroboram que niveis séricos diminuidos de vitamina D possuem
relacdo com maior fibrose na hepatite C crénica e que, a influéncia das variantes genéticas da
sua rota metabdlica, apesar de promissora, ainda é controversa, merecendo validacdo em outra

coorte.
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11 PERSPECTIVAS E CONSIDERACOES FINAIS

Nos ultimos anos, a influéncia da vitamina D nas doencas do figado tem sido amplamente
discutida, j& que esta sofre metabolismo hepatico. Além disso, a possibilidade de facil
reposicdo por suplementacdo a torna um alvo terapéutico atrativo. EXiste associacdo entre
doencas hepaticas e deficiéncia de vitamina D, embora ndo seja muito clara qual a causa e
qual a consequéncia.

Nesta tese foram avaliadas duas amostras de pacientes com hepatite C cronica (HCC).
Um estudo transversal com 132 pacientes do Hospital de Clinicas de Porto Alegre (HCPA) e
uma coorte de 681 pacientes americanos acompanhados por quatro anos, extraidos de uma
base de dados de genotipagem publica. Na amostra de pacientes do HCPA, os niveis séricos
de vitamina D, bem como a deficiéncia grave (<10ng/mL), foram relacionados com graus
maiores de fibrose. Infelizmente, na coorte HALT-C os niveis séricos de vitamina D néo
foram determinados e, consequentemente, esta comparacdo ndo foi possivel.

No gue concerne as variantes genéticas da rota metabdlica da vitamina D, descrevemos
que o alelo A do polimorfismo rs7041 e o alelo T do polimorfismo rs4588 do gene GC, que
codifica a GC-globulina (proteina de transporte da vitamina D), tiveram relacdo com menores
niveis de vitamina D na amostra do HCPA, embora ambos os polimorfismos e a composicéo
de seus haplétipos, ndo tenham tido relacdo com a fibrose hepatica nestes pacientes. J& na
amostra da coorte HALT-C, o alelo C do rs7041 obteve tendéncia a associacao estatistica com
a piora da fibrose, mostrando-se discordante do resultado da amostra HCPA e da literatura.

Além disso, outros onze polimorfismos foram relacionados, também apenas com
tendéncia a associacao estatistica, com os diferentes desfechos da evolucdo da hepatite C na

coorte HALT-C. Por se tratar de estudo exploratorio, os autores decidiram apresentar 0s
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resultados das analises sem correcdo para analises multiplas, necessitando que seja feita
confirmacdo destes achados em outra amostra. Foram descritos polimorfismos em genes
relacionados a formacéo da vitamina D- DHCR7 e CYP2R1, bem como genes envolvidos na
acao da vitamina D- VDR, SMAD3 e TGFB1. O polimorfismo com maior poder estatistico
nesta coorte foi o polimorfismo imputado rs1800469 do gene TGFB1, associado com
descompensacdo hepatica apos correcdo de Bonferroni (P<0,05/40). Embora esta associagdo
ndo comprove relacdo da vitamina D com evolucdo da HCC, ela aponta um polimorfismo
com potencial utilidade na identificacdo de pacientes com maior chance de evoluir para uma

doenca mais grave.
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13 ANEXOS

13.1 Anexo | - Variaveis disponiveis do estudo HALT-C na plataforma

dbGaP
Variable Description Coded Most Frequently Occurring Valid Value
values S
LOGDROP2 Early 0=no no (488)
virological 1=yes yes (478)
response
(EVR)>= 2 log
decrease in
HCV RNA by
week 12
HCVRNAP_W?2 | HCV RNA | 0=no yes (584)
0 negative end of | 1=yes no (311)
W20
HCVRNAP_W4 | HCV RNA | O=no no (260)
8 negative end of | 1=yes yes (29)
W48
HCC_PHCC_A | HCC 0=no no (636)
developed 1=yes yes (56)
fibro_ishak _s00 | Ishak Fibrosis | O=absent bridging fibrosis (code=3) (346)
score at visit | 1=portal cirrhosis (code=5) (195)
S00 fibrotic bridging fibrosis (174)
expansion | cirrhosis (171)
2=portal portal fibrotic expansion (77)
fibrotic portal fibrotic expansion (code=1) (1)
expansion
3=bridging
fibrosis
4=bridging
fibrosis
5=cirrhosis
6=cirrhosis
fibro_ishak_M24 | Ishak Fibrosis | O=absent bridging fibrosis (166)
score at visit | 1=portal cirrhosis (129)
M24 fibrotic bridging fibrosis (code=4) (91)
expansion | cirrhosis (code=5) (90)
2=portal portal fibrotic expansion (87)
fibrotic portal fibrotic expansion (code=1) (17)
expansion
3=bridging
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fibrosis

4=bridging
fibrosis
5=cirrhosis
6=cirrhosis
fibro_ishak_M48 | Ishak Fibrosis | O=absent cirrhosis (137)
score at visit | 1=portal bridging fibrosis (136)
M48 fibrotic cirrhosis (code=5) (73)
expansion | portal fibrotic expansion (73)
2=portal bridging fibrosis (code=4) (47)
fibrotic portal fibrotic expansion (code=1) (15)
expansion | absent (1)
3=bridging
fibrosis
4=bridging
fibrosis
5=cirrhosis
6=cirrhosis
AGE Age 51 (71)
45 (71)
46 (70)
48 (69)
47 (63)
49 (62)
50 (59)
53 (46)
44 (44)
52 (42)
GENDER Gender 1=Male Male (696)
2=female female (270)
RACE4 Race/ethnicity | 1=Non- Non-hisp white (721)
hisp white | Black (140)
2=Black Hispanic (82)
3=Hispanic | Other (23)
4=Other
LIVER_REL Death  Liver | -8=skipped | yes (53)
related 1=yes no (36)
2=n0 skipped (6)
DTH_A Death all cause | 0=no no (597)
1=yes yes (95)
CTP_A CTP >=7 0=no no (577)
1=yes yes (115)
ASC_A Ascites 0=no no (628)
1=yes yes (64)
BPER_A Spontaneous 0=no no (688)
bacteria 1=yes yes (4)
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peritonitis

ENCE_A Encephalopath | 0=no no (654)
y 1=yes yes (38)
TRANS_A Liver 0=no no (636)
transplant 1=yes yes (56)
TPI Two point | 0=no no (269)
increase in | 1=yes yes (102)
Ishak Fibrosis
score
ESOPH_VAR Esophogeal 0=no no (504)
varices 1=yes yes (166)
baseline
esoph_var_M24 | Esophogeal 0=no yes (127)
varices M24 1=yes no (35)
esoph_var_M48 | Esophogeal 0=no no (340)
varices M48 1=yes yes (196)
vprogr Worsening of | 0=no NA (518)
baseline 1=yes No M24 and M48 (84)
varices 2=M24 M24 (29)
3=M48 M48 (14)
4=VH VH (4)
5=No M24 | miss M24, no M48 (3)
and M48
6=miss
M24, no
M48
7=NA
8=got
worse
9=improve
d
10=same
.=Missing
portgast BL Portal 0=no no (419)
gastropathy 1=yes yes (250)
baseline
portgast_ M24 Portal 0=no yes (113)
gastropathy 1=yes no (49)
M24
portgast_M48 Portal 0=no yes (323)
gastropathy 1=yes no (213)
M48
pgastprogr6l Worsening of | 0=no NA (449)
baseline PHG | 1=yes miss M24, no M48 (91)
2=M24 No M24 and M48 (63)
3=M48 M48 (28)
4=VH M24 (16)
5=No M24 | VH (13)
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and M48

6=miss
M24, no
M48
7=NA
8=got
worse
9=improve
d
10=same
.=missing
HAI_IMP2_M24 | HAI improved | 0=no no (398)
by 2+ S00 to | 1=yes yes (182)
M24
HAI_IMP2_M48 | HAI improved | 0=no no (308)
by 2+ SO0 to | 1=yes yes (167)
M48
RVR TMA  results | 0=no no (95)
non-reactive at | 1=yes yes (37)
wk 4
liverdeath_trans | Liver deaths or | 0=no no (588)
transplant 1=yes yes (104)
subjid Subject ID N/A
SVR Patient  type: | 1=yes no (822)
SVR (negative | 2=no yes (144)
wk72)
breakthrough Patient  type: | 1=yes no (936)
breakthrough 2=n0 yes (30)
relapse Patient  type: | 1=yes no (866)
relapse 2=n0 yes (100)
randomized Patient 0=no yes (692)
randomized 1=yes no (274)
into HALT-C
trial

ftp://ftp.ncbi.nlm.nih.gov/dbgap/studies/phs000430/phs000430.v1.p1/pheno variable summa

ries/phs000430.v1.pht003054.v1.p1.HALT C Subject Phenotypes.var report.xml

ftp://ftp.ncbi.nlm.nih.gov/dbgap/studies/phs000430/phs000430.v1.p1l/pheno variable summa

ries/phs000430.v1.pht003054.v1.HALT C Subject Phenotypes.data dict.xml
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13.2 Anexo Il - Desfechos utilizados no artigo 2

Variaveis de controle
AGE
GENDER

RACE4

Piora da fibrose

TPI =1 (aumento de 2 pontos Ishak)

Descompensacado hepética: ocorréncia de qualquer uma das variaveis listadas abaixo

vprog =4 (sangramento)

pgastrogr =4 (sangramento)

CTP =1 (escore Child-Pugh-Turcotte > 7)

ASC =1 (episodio de ascite)

BPER =1 (episodio de peritonite bacteriana espontanea)
ENCE =1 (episodio de encefalopatia hepatica)

Morte relacionada ao figado

liverdeath =1 (morte do figado (6bito ou transplante hepatico)

Carcinoma hepatocelular

HCC =1 (surgimento de carcinoma hepatocelular)

Sangramento de varizes gastro-esofagicas: ocorréncia de qualquer uma das variaveis

listadas abaixo
vprog = 4 (sangramento)

pgastrogr = 4 (sangramento)
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Escore Child-Pugh-Turcotte > 7

CTP =1 (escore Child-Pugh-Turcotte > 7)
Ascite
ASC =1 (episddio de ascite)

Peritonite bacteriana espontanea

BPER =1 (episddio de peritonite bacteriana espontanea)

Encefalopatia hepatica

ENCE =1 (episédio de encefalopatia hepética)
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14 APENDICES

14.1 Apéndice | - Passo-a-passo das analises genotipicas

O banco de genotipagem € disponibilizado em formato binario ped, que consiste de
trés arquivos de texto (bed, bim e fam). A grande maioria dos arquivos utilizados sao arquivos
de texto simples e podem ser abertos e editados em editor de texto. Todos os programas

utilizados séo rodados por linha de comando e foram utilizadas versdes Windows ou Linux.

Arquivo.bed - arquivo com a informag&o da sequéncia de bases de cada individuo
*Este é 0 Unico arquivo que nao € visualizavel em formato texto.
Arguivo.fam - arquivo com colunas com as seguintes informacées

Family ID: identificacdo da familia do individuo (para o caso de estudos familiares)

Individual 1D: namero que identifica cada individuo

Paternal ID: nimero que identifica o pai

Maternal ID: nimero que identifica o pai

Sex: 1=homem; 2=mulher; outros=desconhecido

Phenotype: fenotipo do individuo: 1= ndo afetado; 2=afetado; 0 ou -9=missing
Arguivo.bim —>arquivo com 6 colunas que identificam cada polimorfismo analisado:

Cromossomo

NUmero rs#

Distancia genética em morgans

Posicdo em pares de base

Alelo 1 (referéncia)

Alelo 2
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Os dados de genotipagem dos individuos do banco foram originalmente obtidos por
sequenciamento, utilizando a plataforma Illumina Human610_ Quadvl B, que genotipou
617.431 polimorfismos em um total de 966 individuos.

Neste estudo foram, primeiramente, realizadas algumas atualizacbes e edicdes
necessarias no banco baixado da plataforma dbGaP. Estas edi¢des foram realizadas utilizando
software Plink v1.07 em ambiente Windows.

1. Algumas das bases do arquivo binario se encontrava no sentido reverse (-) e
precisaram ser atualizadas para o sentido forward (+). Esse passo € importante para
gue no momento da imputacdo, o sentido da fita da amostra esteja no mesmo sentido
do painel de referéncia. Foram invertidos 306.621 SNPs para o sentido forward.

2. A versdo da montagem do genoma (genome assembly) era NCBI36 e precisou ser
atualizada para NCBI37, a mesma versdo do painel de referéncia. Dessa forma a
posicdo no cromossomo em pb fica a mesma para as duas popul¢oes.

3. Remocdo dos SNPs A/T e C/G para evitar ambiguidade das fitas no momento da
imputacdo. Foram excluidos 4.401 SNPs, ficando 613.030.

4. Para atualizacdo destas informacbes foi utilizado o arquivo fonte especifico para a
plataforma llumina Human610 Quadvl B, que consta no site

www.well.ox.ac.uk/~wrayner/strand.

5. Em seguida foram aplicados os seguintes filtros:
a. Filtro de amostra: remocao de individuos com anormalidades cromossémicas,
inconsisténcia no sexo e aqueles com menos de 90% dos polimorfismos

genotipados. Permaneceram 952 individuos.
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b. Filtros dos marcadores: exclusdo dos SNPs com menos 97% de genotipagem

na amostra (40.483), SNPS com MAF<0,01(36.792) e aqueles com desvio do

Equilibrio de Hardy-Weinberg (P<10'®) (15.019). Ficaram 550.275 SNPs.

6. Foi verificado, que dentre os 44 SNPs de interesse, 23 ndo constavam na amostra

(Tabela 1A).

Tabela 1A: Polimorfismos que precisaram ser imputados.

Cromossomo

Gene SNP

4

11

11

12

12
15

19

20

GC rs115316390
rs17467825
rs222020
rs2298850
rs3755967
rs4588
rs221999
rs10741657
rs10766197
rs7116978
rs12785878
rs4945008
rs4944957
rs731236
rs7975232
rs10877102
rs9806504
rs11071932
rs1800471
rs1800469
rs73913757
rs17219315
rs2244719

CYP2R1

DHCRY7

VDR

CYP27B1
SMAD3

TGFB1

CYP24A1

7. Foram criados arquivos separados, extraindo cada um dos cromossomos de interesse:

4,11,12, 15, 19 e 20.
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A imputacdo dos polimorfismos de interesse foi feita com o programa Mach-Admix em

sistema operacional Ubuntu. Previamente a imputacdo foi necessario preparar os arquivos da

amostra e do painel de referéncia nos formatos adequados conforme instrugbes do

desenvolvedor (http://www.unc.edu/~yunmli/MaCH-Admix/tutorial.php#input).

Amostra: formato MERLIN

Arquivo ped: arquivo contendo Family ID, Individual ID, Maternal ID, Paternal ID,

Sexo e a dupla de alelos para cada polimorfismo.

Arquivo dat: lista de todos marcadores presentes no arquivo ped (rs#).

Painel de referéncia: formato vcf

Arquivo Unico que contém os hapl6tipos dos individuos da amostra referéncia.

1.

2.

3.

Os arquivos de cada cromossomo da amostra foram convertidos nos formatos dat e
ped.

O painel de referéncia utilizado foi do projeto 1000 Genome (ALL Phase 3 v.5), que
contém 2504 individuos e aproximadamente 81.2M marcadores. Os arquivos do
1000G foram baixados em formato vcf para cada cromossomo. Utilizando o programa
Java splitVCFref, cada cromossomo foi divido em pedacgos de 5Mb com flancos de
250kb em cada extremidade para otimizar o tempo de cada analise. O programa foi
baixado do site do Mach-Admix, seguindo instrugdes do proprio desenvolvedor.

Os arquivos dos pedacgos de cromossomo que continham os SNPs de interesse foram
filtrados para remocdo de mutagdes indels, para ndo interferir na imputacdo. A
remocao de SNPs do arquivo vcf foi relizada com a versdo beta do Plink (Plink v.2)

em Windows.
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4. A imputacao foi rodada em modo integrado, que é o modo padrdo do programa. Os
parametros computacionais utilizados foram: --states 200, --imputestates 1000 e --
rounds 50. O tempo médio de imputacdo por regido cromossémica foi de 50.000

segundos (~15h). Comando genérico:

\mach-admix --d amostra.dat --p amostra.ped --h referéncia.vcf --vcfreference --dosage --geno
--probs --compact --autoflip --forcelmputation --states 200 --imputestates 1000 --rounds 50 --

0 nomearquivofinal.out

5. Sao gerados quatro arquivos na imputacéo: info, erate, rec e geno.

6. Do arquivo info € retirada a informacao sobre a qualidade e a frequéncia alélica dos
SNPs imputados. A qualidade é medida pela a correlagdo ao quadrado entre os
genotipos imputados e os verdadeiros (Rsq). As variantes com Rsg>0,5 foram
consideradas adequadas. Polimorfismos com Rsq inferior a 0,5 foram excluidos.

7. Apo0s anadlise da qualidade da imputacdo os dados foram convertidos novamente para
arquivo em formato plink (bed, bim e fam) utilizando o software fcGENE 1.0.7

também em sistema operacional Ubuntu. Comando genérico:

\fcgene --mach-geno arquivoimputado.out.geno --mach-info arquivoimputado.out.info --

format plink --out nomedoarquivofinal

8. Os polimorfismos imputados foram incorporados aos SNPs genotipados, gerando um
arquivo unico.

9. Para cada uma das variaveis de interesse foi realizada regresséo logistica no programa
Plink. Os testes foram ajustados para idade, sexo e etnia. Foram testados os modelos

de heranca aditivo, dominante e recessivo.

Aditivo: D VErsus d

Dominante: DD, Dd VEersus dd
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Recessivo: DD Versus Dd, dd

D=alelo com menor frequéncia

10. Foram feitas corregdes de Bonferroni e FDR (False Discovery Rate). Comando

genérico:

\plink --bfile nomearquivo --covar arquivodevariaveisparaajuste --pheno
arquivocomosdefeschos --pheno-name nomedodesfecho --logistic --ci 0.95 --adjust --

dominant
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