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INSTITUTO OSWALDO CRUZ 

ACIENTES MONOINFECTADOS COM HCV 
RESUMO 

TESE DE DOUTORADO  

 

objetiv

se as 

, a fim de fornecer 

 de 25(OH)D e compar -los com 

usando os ensaios TaqMan e os SNPs analisados foram: VDR-rs7975232 (ApaI) C> A, rs731236 

A> G (TaqI), rs1544410 C> T (BsmI), rs10735810 T> C (FokI) e GC-

 estudados. A insulina foi quantificada usando imunoensaio de 

-RI, onde HOMA-RI> 2 foi definido como 

do HCV com o desenvolvimento de RI

hipovitaminose D em 66,2% dos pacientes com HCV, 

enquanto que entre os pacientes com RVS, a maioria (55,9%) apresentou 25(OH)D superior a 

30ng/mL

- 1,034)], colesterol total [p = 

0,038 (CI: 1,004 - 1,164)], grau de fibrose [p <0,001 (CI: 0.000 - 

 

-

(p = 0,032), glicose (p = 

, 

Conclu

alta 

, o que sugere que a variabilidade 

 

Palavras-chave: 
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INSTITUTO OSWALDO CRUZ 
 

EVALUATION OF SERUM LEVELS AND GENETIC POLYMORPHISMS RELATED TO VITAMIN 
D AND INSULIN RESISTANCE IN HCV MONOINFECTED PATIENTS 
 

ABSTRACT 

PHD THESIS  

 

Hepatitis C virus (HCV) infection has been linked to metabolic disorders.The general aim of this 

study was to determine the prevalence of vitamin D deficiency and genetic polymorphisms 

associated with vitamin D and to evaluate whether the mutations in 70 and 91 core aminoacids 

positions are associated with the presence of insulin resistance (IR) in order to provide subsidies 

for development of more effective strategies for the treatment of this infection. A total of 237 HCV 

patients were included for 25(OH)D levels baseline determination and comparison with virological 

and laboratory data as well as sustained virological response (SVR) to antiviral therapy. For VDR 

and GC gene polymorphisms evaluation, a total of 148 patients with HCV were recruited, where 20 

ng/mL was considered hypovitaminosis threshold. Allelic discrimination analysis was performed 

using TaqMan assays and SNPs analyzed were: VDR-rs7975232 (ApaI) C> A, rs731236 A> G 

(TaqI), rs1544410 C> T (BsmI), rs10735810 T> C (FokI) And GC-rs4588 and rs7041 and the 

haplotype bAt [CCA]. 214 nondiabetic patients were studied to evaluate the isulin resistance (IR) in 

HCV patients. Insulin was quantified using chemiluminescent immunoassay. RI was determined by 

HOMA-RI, where HOMA-RI> 2 was defined as resistant. Finally,for the evaluation of core 70 and 

91 aa mutation and the assotiation with IR, 92 HCV untreated patients were recruited. The 

mutations evaluated were determined by direct nucleotide sequencing. As results, we observed a 

prevalence of hypovitaminosis D in 66.2% of HCV patients, whereas among patients with SVR, the 

majority (55.9%) had 25(OH)D higher than 30ng / mL. In the evaluation of host genetic factors, we 

found a significant associ mL and AST [p = 0.019 (CI: 1.003 - 

1.034)], total cholesterol [p = 0,038 (CI:1.004  1.164)], fibrosis grade [p <0.001 (CI: 0.000 - 

0.844)], and presence of FokI allele (p = 0.028). We also found an association between BsmI and 

fibrosis algorithm; TaqI and triglycerides and fibrosis algorithm; FokI and HDL; GC rs4588 and 

treated and untreated and, GGT and; GC rs7041 with genotype 1 and no-1. In the evaluation of IR 

prevalence, 62.1% presented HOMA> 2 and IR was associated with higher mean values of age (p 

= 0.040), triglycerides (p = 0.032), glucose (p = 0.000), insulin (p= 0.000), abdominal circumference 

(p = 0.001) and body mass index (p = 0.007). Regarding the mutations in the core region, the 

presence of glutamine at position 70 was associated with a low concentration of vitamin D (p = 

0.005). We conclude that vitamin D deficiency is common among Brazilian HCV infected patients 

and is not associated with SVR. The polymorphism of VDR and GC SNPs was associated with 

vitamin D concentration, fibrosis grade, and HCV genotype type. We observed a high prevalence of 

IR among patients with HCV, demonstrating that this population may be at greater risk of 

developing type 2 diabetes mellitus. There was no association between mutations at amino acids 

70 and 91 and, suggesting that the genetic variability of this region has little impact on IR. 

Key words: vitamin D, polymorphism, insulin resistance, core, HCV. 
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LISTA DE SIGLAS E ABREVIATURAS 

HBV Virus da Hepatite B 

HCV Virus da Hepatite C 

HAV Virus da Hepatite A 

HIV  

CMV Citomegalovirus 

HPT -transfusional 

HNANB  

E1 velope 1 

E2  

ORF open reading frame 

UTR untranslated regions 

IRES internal ribossome entry site 

SP peptidase sinal do hospedeiro 

aa  

ARFP alternative reading frame protein 

LD lipid droplets 

ATP trifosfato de adenosina 

Apo ap  

RNA  

SOF sofosbuvir 

miR-122 micro RNA 122 

NK natural killer 

dsRNA double strand RNA 

IFN interferon 

TLR-3 Toll like receptor 3 

IL-2 interleucina 2 

IL-4 interleucina 4 

RI  

DIV drogas intravenosas 

PCR  

SVR sustained virological response 

PEG-IFN interferon peguilado 
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25(OH)D 25-hidroxi-Vitamina D 

1,25(OH)2D3 1,25-diidroxi-Vitamina D 

VDR receptor da vitamina D 

DBP Vitamin D binding protein 

IL-28 interleucina 28 

LDL  

VLDL very low density protein 

GC globulina carreadora 

HOMA homeostatic model assessment 

Huh-7  

Caco-2  

HepG-2  

UDI  droga intravenosa 

CTL  

PLSCR1  

SLC25A5 adenine nucleotide translocator 2 (fibroblast) [solute carrier family 

25 member 5] 

NDUFS2 NADH dehydrogenase (ubiquinone) Fe-S protein 2 

ETFB electron-transfer-flavoprotein, beta polypeptide 

FTL gene da cadeia leve da L-Ferritina 

ENO1 alpha enolase 

bDNA branched DNA 

 



1.   

1.1  

 da Segunda Guerra Mundial apenas dois tipos de hepatites 

descobertos. Os  das hepatites A e B foram identificados no 

i    

a esses agentes,  -

transfusional   HAV) ou 

 (HBV). Dessa forma, foi descrito pela primeira vez uma 

-transfusional (HPT) - -

(HNANB) (Feinstone et al, 1975). 

 

-transfusional (HPT) (Alter et al, 1972). Mesmo 

Epstein-Barr (EBV) (Alter et al, 1975). 

agente(s) 

parenteral de material infeccioso humano (soro, plasma, hemoconcentrado) 

(Hollinger et al, 1978; Alter et al, 1978; Tabor et al, 1978; Bradley et al, 1979; 

Bradley et al, 1980; Hollinger et al, 1984; Bradley et al, 1985). 

Em estudo realizado por Alter et al. (1978) onde amostras de plasma ou soro 

 

hepatite havia sido transmitida pelo soro derivado de pacientes com hepatite 

para o - -



 

em hepatite NANB (AACH et al

oofnagle & Alter, 

lter et al, 1982). 

HNANB (Bradley et al, 1979; Bradley et al, 1980; Hollinger et al, 1984). Em 1989, 

et al. (1989). Em 1989, o 

et al. (1989) 

 

 

 

-

recombinantes) (Kuo et al, 1989)

-transfusional NANB (Alter et al, 1989) 

HCV.  

 

1.2 Estrutura Viral 

 A  

hepatite C foi classificado Hepacivirus Flaviviridae 

(Choo et al, 1991; Simmonds, 2004).  

 Hepacivirus o 

hepatite C,  

(Smith et al, 2016; ICTV, 2017). 

dade limitada de serem propagados 

em cultura celular, uma vez que apenas algumas estirpes adaptadas de HCV, 

incluindo JFH1, infectam eficientemente m celular 

 

 -

TV, 

2017). 



uma fita simples de RNA de polaridade positiva com aproximadamente 9.400 

et al, 1991; Hoffmann et al, 2012; ICTV, 2017). 

oximado de 70nm (He et al, 1987; Simmonds, 2004; ICTV, 

2017

- rince et al, 1996; ICTV, 2017). As 

oingeard et al, 2004; ICTV, 2017), 

tendo em vista que o

livres (Lindenbach, 2013; ICTV, 2017). 

 

et al, 2001; ICTV, 2017). O 

is incorporadas a sua 

estrutura: s do envelope 1 (E1) e 2 (E2) (Op De Beeck et al, 2003; ICTV, 

2017).  

 open 

reading frame

(3010  3033 aa), a qual 

s (p7, NS2, NS3, NS4A, NS4B, NS5A e NS5B) (Choo et al, 

1991; Valoup-Fellous et al, 2006; ICTV, 2017 por duas 

  

virais: a 

sitio interno de entrada ribossomal (IRES  internal ribossome entry site), e a 

, que apresenta a cauda poli-U, tica para o 

et al,1991; ICTV, 2017). 



Figura 1. Estrutura do HCV. As  do  
estimado de 70 nm. Estruturalmente, apresentam um RNA fita simples de polaridade 

 encontra-
www.hopkins-gi.org 

[Acesso:11/06/2017]. 

 

1.3 Genoma Viral 

O segmento amino terminal da 

ORF representa 25% do genoma e 

e) e duas 

. Os 75% restantes do genoma codifica as 

, as quais 

; ICTV, 2017) (Figura 2).  

 



Figura 2. Estrutura do Genoma Viral do HCV. 
(ORF  open reading frame -estruturais com as 

 (untranslated region). A seta escura refere-
peptidase celular; a -

-NS4A; F refere- sitio interno de 
entrada ribossomal (IRES  internal ribossome entry site  

 

1.3.1 as estruturais 

1.3.1.1 Core 

que 

constituem o c e que associam- -

primeiro 

is conservada. Resultados de 

lises de sequencias obtidas de diversas estirpes demonstraram homologia de 

(Simmonds et al, 1994; Davis et al, 1999).   

 

adicionalmente clivada pela pep -

et al, 1994; Okamoto et al, 2008). Assim, a clivagem entre 



por SPP (Ma et al, 2007).  

-

177 (Ogino et al, et al, 

et 

al, 2008). 

-terminal 

-  membrana 

(Kushima et al, 2010) sendo capaz de se agrupar espontaneamente para formar o 

et al, 

1999). -  

(Forns et al, 1999).  

-terminal do core maduro, de 17 kDa, 

et al, 2001). Essa 

(Alternative Reading Frame

Alternative Reading Frame Protein) (Li et al, 

2014). E

et al, 2014) Figura 3. 

 

 



 

Figura 3.  

(Strosberg et al, 2010). 
 

1.3.1.2 Envelope (E1 e E2) 

As g

HCV. Elas 

et al, 1993; 

Takikawa et al, 2000).  

(Dubuisson et al, 1994; Duvet et al, 1998; R et al, 

-terminal (Op De 

Beeck et al, 2000; Patel et al, 2001; Ciczora et al, 2005; Ciczora et al, 2007) e 

et al, 1997; Drummer e Poumbourios 

2004; Albecka et al, 

(Michalak et al, 1997; Patel et al, 2001; Brazzoli et al, 2005) onde a dobragem de 

(Dubuisson e Rice, 1996).  

-se de forma independente em um 

mostrou que este co -pregueadas (Whidby et 

al, 2009; Krey et al, 2010).  

o realiza seus dobramentos na 



(Whidby et al, 2009; Krey et al, 2010). 

s de hepatoma humano (Huh-7) e outras linhagens, 

(Dubuisson et al, 1994; Cocquerel et al, 1998; Duvet et al, 1998; Cocquerel et al, 

1999; Cocquerel et al, 2002; Ciczora et al, et al, 2006; ICTV, 2017). 

No entanto, quando expressos em culturas Caco-2 

colorretal) ou HepG2 (

quilomicron-like e VLDL-like, respectivamente (Icard et al, 2009). Estes dados 

 

et al, 2009).  

O desenvolvimento do sistema de cultura celular do HCV (HCVcc) permitiu 

a cara

tanto E1 quanto E2 apresentam elevado teor de manose e complexos N-glicanos, 

et al, 

2010). Embora E1 e E2 formem 

encontrados naturalmente dobrados ligados por 

complexos de dissulfeto (Vieyres et al, 

 sugere que o arranjo de 

et al, 2006). 

uncionando 

como um mecanismo de escape, evadindo desta forma da resposta imune do 

hospedeiro (Bukh et al, 1995; Penin et al, 2004; Lyra et al, 2004; ICTV, 2017). A 

fase aguda apresentam menor variabilidade (nas 

evoluem para hepat ; ICTV, 2017). 

 



-R) (Chen & Wang, 2007, 

ICTV, 2017 -R e o receptor scavenger (SR-B1) leva a 

tindo o envolvimento de outros 

co- -1 e ocludina) (Jahan 

et al, 2011; ICTV, 2017

riabilidade, 

testes de genotipagem (Chen & Wang 2007).  

 

1.3.2  

1.3.2.1 p7 

ivado a 

partir d  

. Sua necessidade para a r

 

an  

et al, 2003; Roingeard et al, 2004; Aweya et al, 2012). 

(Jirasko et al, 2010; Boson et al, 2011; Ma et al, 2011; 

Popescu et al, 2011; Stapleford e Lindenbach 2011; Tedbury et al, 2011; ICTV, 

2017). Seu segundo papel importante envolve sua capacidade de oligomerizar e 

formar ca

(Montserret et al, 

et al, 2010). 

et al, 

2010; ICTV, 2017). 

 



1.3.2.2 NS2 

-estrutural zinco-dependente de 23 kDa 

-

protease C-terminal (Jirasko et al, 2010; ICTV, 2017

(Dumoulin et al, 2 

clivada madura, visto que ela parece agir inibindo a apoptose, modulando a 

et al, 2005). Sabe-

HCV in vivo

in vitro (Roingeard et al, 2004, Jirasko et al, 2008; ICTV, 

2017). 

 

1.3.2.3 NS3 

-estrutural 

70 kDa. Esta , 

desempenha um papel importante no ciclo replicativo do HCV. A NS3 apresenta 

atividade serina- -  

 seja eficiente 

(Brass et al, -

helicase/NTPase) na extremidade C-terminal, 

cadeia dupla, a parti

et al, 2000; Raney et al, 2010; 

Salam et al, 

replicativo 

et al, 2014).   

Acredita-  pode estar envolvida direta ou 



et al, 2002). 

pelo HCV tem sido direcionado 

-

evir e boceprevir, 

s da atividade da protease (IP) NS3/4

comercializadas. Atualmente o simeprevir

mercado  (Ghany et al, 2011; Salam et al, 2014; Gentile et al, 2014; Feeney et al, 

2014; Kanda et al, 2014). 

 

1.3.2.4 NS4 

(23 kDa). 

componente integral do core (Roingeard et al, 2004; Dubuisson et al, 2002). A 

celulares denominadas 

et al, 2004; Dubuisson et al, 2002; Moradpour & Blum, 2004).  

 

1.3.2.5 NS5A 

desempenha 

diversos  (ICTV, 2017)

et al, 2013). 



- et al, sso, dados 

-NS2 (Jirasko et al, 2010; 

Ma et al, 2011; Popescu et al, 2011; Scheel et al, 2012). 

irais requer o recrutamento de NS5A para LDs, 

et al, 2008; Rotonya et al, 2016). 

Benga et al, 2010; Cun 

et al., 2010; Rotonya et al, 2016

aumenta a montagem viral (Backes et ai, 2010; Rotonya et al, 2016). 

inibidores de NS5A 

picomolares, como o daclatasvir,  

inserida no novo protocolo de tratamento do HCV no Brasil (Conitec, 2017). 

 

 

1.3.2.6 NS5B 

servada que codifica uma 

RNA-

de reparo, o que acarreta uma elevada porcentagem de erros devido  

 e desta foma, torna o 

genoma viral  

1999; ICTV, 2017). 

te (NC) 

-  NC, 

NC 

(You et al, 2004). Dessa forma, torna-se importante a det

polimerase do HCV sejam desenvolvidos (ICTV, 2017). 



A NS5B RNA-

 (ICTV, 2017). Tal como acontece com os inibidores da 

transcriptase reversa do HIV, existem duas classes principais de inibidores de 

inibidores nucleot eos (t), 

inibe a atividade da RNA polimerase (Feeney et al, 2014). 

cado ao desenvolvimento de regimes 

composto com regimes combinados livre de interferon. Pertence aos inibidores de 

cadeia durante  exibe atividade 

antiviral pan-

Aghemo 2014; Conitec, 2017).  

 

1.4  

Flaviviridae.  

n

membrana ou endocitose mediada por receptor (Cabot et al, et al, 

2003; Pawlotsky 2004; Penin et al, 2004, Zeisel et al, 2011). 

-se que o receptor de LDL e 

de baixa afinidade (Barth et 

al. 2003; Rotonya et al, 2016

receptores SR-BI (scavenger receptor class B type I) e CD81 (Scarselli et al, 

2002; Falson et al, 2015; Rotonya et al, 2016). Fatores adicionais como o receptor 



CD81 e claudina-1 (CLDN1) (Lupberger et al, 2002; Rotonya et al, 2016). As 

CLDN1 e oc

et al, 2007; Ploss et al, 2009; Rotonya et al, 2016). Contudo, a 

(NPC1L1) (Sainz et al, 2012; Rotonya et al, 2016).  

A  

et al, 

2006; Koutsudakis et al, 2006; Rotonya et al, 2016

et al, 2011; Rotonya et al, 2016).  

to para assim 

NC

clivada por proteases celulares e virais (NS2/NS3 e NS3/NS4A), 

-

polimerase RNA - dependente (transcriptase) gera uma fita de RNA, de 

polaridade negativa, complementar ao RNA viral, que 

, que 

et al, 2004; 

Rotonya et al, 2016; ICTV, 2017). 

 (ICTV, 2017)

-box, capaz 

- 

de ATP (Sheel et al, 

et al, 

et al, 2004; Dubuisson et al, 2014). 



 

Figura 4  
tores celulares. As 

- -estruturais 

identificado, mas acredita-

por exocitose. 
 

et al, 2011; Rotonya et al, 2016

ciltransferase-1 

(DGAT1) (Herker et al, 2010; Rotonya et al, 2016

- -terminal ou translocada por CLDS) com o core (Rotonya 

et al, 2016). O direcionamento do RNA para os locais de montagem do 

et al, 

2010; Popescu et al, 



etapa de montagem, 

; Khan et al, 2015; Rotonya et 

al, 2016). 

 

1.5  

 

taxa de aproximadamente 10-5 

elevada diversidade viral (Stumpf & Pybus 2002). 

uns dos outros em cerca de 30- et al, 

2005). Dent

outro em cerca de 15-

bsaariana e (ICTV, 2017). 

 propostos  cada um subdividido em subtipos 

nomeados alfabeticamente, de acordo com a sua ordem de descoberta (Stumpf & 

Pybus 2002; Simmonds et al. 1993; Murphy et al. 2007; Smith et al. 2014) (Figura 

5).  

 

 



 

 

Figura 5.  
completas do HCV, representando diferen -7). Fonte: Smith et al, 
2014.  

 

quas

et al, 2004). 

ona variantes resistentes no hospedeiro 

(Plauzolles et al, 2013). 

que inclu

ies parece se correlacionar com a 

4



tratamento antiviral,  - 

resistant-associated variants) (Tong et al, 2008).  

(Smith et al, -se por todo o mundo 

fator agulhas entre 

 (UDI) (Pybus et al, 2001; Simmonds, 2004).  

O

su  no Norte da Europa e EUA e fortemente associado a UDIs; 

particularmente da Europa (Figura 6).  

 e 

 

ento massivo da Esquistossomose. O 

subtipo 5a   encontrado nos UDIs de 

, 2004).  

UDIs, co- - et 

al, 2007; Sereno et al, 2009).  

 



 

Figura 6.  HCV de acordo com o 
GBD (Global Burden of Disease Project)
proporcional ao n et al, 
2015). 
  

No Brasil, 

que as epidemias brasileiras de 

as dos 

subtipos 1a, 1b, 2b e 3a do HCV tiveram sucesso em se estabelecer e disseminar 

diferentes estados atr

(Lampe et al, 2013). 

 

 

1.6  do HCV  

 

eficiente para a ap , em linhagem celular de hepatoma humano, 



o miR-122 (Jopling et al, 2005) em outros 

 

 

ra- s autoimunes, linfoproliferativas 

benignas ou malignas (Lingala, 2015). 

m crioglobulinemia mista com glomerulonefrite 

membrano-proliferativa associada e, possivelmente, porfiria cutanea tardia, 

imunes Os 

 quasiespecies e a grande 

a desenvolvida pelo hospedeiro (Lingala 2015). 

 

 (Lingala 2015).  

 -80% dos casos e entre esses, cerca 

de 20% dos casos, progridem ao longo de muitos anos, para cirrose ativa. 

A -infectados pelo HIV, tem maior chance de progredir para 

cirrose e morte do que os demais infectados (Rich e Taylor, 2010; Lingala, 2015) 

de desenvolver carcinoma hepatocelular (ICTV, 2017). 

s formas de hepatite autoimune (ICTV, 2017). 

do virus varia de 6 a 8 semanas. Alguns 

fatores como apresentar gen

consumo de  e ac

 

das aminotransferases, que ocorre entre 6 a 12 seman

HCV e esta  corresponde ao surgimento dos sintomas que pode durar de 

et al. 2008; Lingala, 2015) 

(Figura 7). 



 

 

Figura 7. Curso cl  
fase Ocorre  ap  
sete semanas , podendo variar entre duas a doze semanas. Neste 

-HCV a (janela imunol a), mas 
j . O HCV RNA 

. Muitas vezes assiste-
flutuante das transaminases, que raramente ultrapassam as 200 UI/L, com 

Assim, 

pacientes para determinar a sua 
 (FONTE imagem: http://prevencaodst.blogspot.com.br/2012/11/hepatite-

c.html). 
 

 

 

n  

hepatocarcinoma (Lingala 2015).  

 (Lingala 2015). Os 

 infectados com HCV. Acredita-

lineares e conformacionais estejam envolvidos na resposta imune humoral do 



reflete-se na heterogeneidade da resposta imune humoral. No HCV, a grande 

-

imune humoral do hospedeiro (Mondelli et al, 

, fora da HVR1, em E2 e em E1 (Fafi-

Kremer et al, 2012, Edwards et al, 2012, Keck et al, 2004). As respostas imunes 

o HCV foram detectadas. Acredita-se 

 

(Klenerman e Thimme, 2012). 

inatas 

as 

IFN do tipo II (representado pelo IFN- -  

(Abdelwahab, 2016).          

 ios de 

-like receptor 

3 (TLR-3) (Abdelwahab, 2016). O reconhecimento do dsRNA pelo TLR-

-3). IRF-

IFN-

, 

o papel do TLR- knock-out 

(Abdelwahab, 2016). -se que o TLR-3 leva a respostas 

(Abdelwahab, 2016). 

-50% das pessoas infectadas atingem 

(Abdelwahab, 2016) rios estudos 



inata e adaptativa 

desempenham um papel essencial neste processo. Respostas imunes 

adaptativas vigorosas e am

fracas, muitas (Abdelwahab, 2016) 

A resposta imune adaptativa inclui dois principais tipos de mecanismos 

 

do HCV. No entanto, 

de caps deo podem induzir anticorpos neutralizantes ao HCV e prevenir de forma 

tivadas podem 

apre nos de HCV para as  

as, tais como interleucina: IL-2, IFN- -4. A 

 h c

desenvolvimento de linf  (CTL). Idealmente, os CTL 

s

HCV por mecani (Abdelwahab, 2016). 

hepatite C tem sido  do HCV e do 

hospedeiro. 

 core do HCV teria o 

-Chun et al, 2014). 

 

(Hui-Chun et al, 2014) vias 

CV: insulina, Jak / STAT, TGF- prote

rede IJT (via insulina, Jak / STAT e TGF-

agir com 



PLSCR1(fosfolip  1), conectando insulina e JAK / STAT, a 

 (adenine 

nucleotide translocator 2 (fibroblast) [solute carrier family 25 member 5]; (2) induzir 

 [NADH dehydrogenase 

(ubiquinone) Fe-S protein 2] e ETFB (electron-transfer-flavoprotein, beta 

polypeptide)  (alpha 

enolase)  (gene da cadeia 

leve da L-Ferritina) (Hui-Chun et al, 2014) ria 

potencialmente direcionar as vias de insulina, Jak / STAT, TGF-  

(Hui-Chun et al, 2014). 

A progres  na 

ainda relacionar-se a fatores do hospedeiro, como:  ou 

co-infec  

contato com ele, enquanto que em 

comparada aos imunocompetentes. Fatores h tamb  

progredir mais rapidamente no sexo masculino, com 

com idade superior a 40 anos e RI > 2. 

 

1.7 Epidemiologia  

es 

(MS, 2017). Em todo mundo, estima-se que 150 - 

infectados 



-  

a desde 1996. Entre 

-se 

(Sinan) 561.058 casos confirmados de hepatites virais no Brasil. Destes, 182.389 

com anti-HCV e HCV-

Sudeste, 24,5% no Sul, 5,5% no Nordeste, 3,3% no Centro-Oeste e 2,5% no 

e os 

casos em que esse dado foi preenchido, foi observado que a maior fonte 

elacionadas ao uso de drogas foi de 24,8%, e a 

21,7%, respectivamente (MS, 2017). 

 

(<1% anti-HCV) 

 

(1,2 a 4% anti-HCV) 

 (1,3% 

anti-HCV) et al, 2004; MS, 2017). 

  com as taxas mais altas (>4% anti-HCV) 

  China (3,2%) 

et al, 2014), sendo o principal 

contaminadas (Wasley & Alter 2000; Yen et al. 2003; WHO 2012, Lavanchy, 2011; 

Lanini et al, 2016).  

com HCV (Roman et al, 2014; Ximenes et al, 2015).  



ao sangue e derivados contaminados e o uso de drog

157.000-

et al, 2016). 

 

1.8  

a sangue ou fluidos derivados do soro ou materiais 

perfurocortantes (seringas, alicates) contaminado com o HCV (Gupta et al, 2014). 

como , h

de drogas intravenosas que compartilham seringas (Tseng et al, 2016; Rerambiah 

et al, 2014; Marinaki et al, 2015). 

omo os 

 e 

Alter 2002; Dore et al, 2003; Chan et al, 2016). Nesses 

HCV ocorridas n Alter 2002; Dore et al, 2003; Chan et al, 

2016).  

 (Chan et al, 2016). 

pertencentes  , que 

fazem sexo com homens (MSM) tem sido cada vez mais relatada na literatura, um 

 (Chan et al, 2016). 



Procedimentos com equipamentos ou seringas contaminadas se 

-se que 

subdesenvolvidos, muitas vezes ocorre  

, o que aumenta significativamente o risco de 

et al, 2004; Chan et al, 2016). 

Acredita-se que entre os 

hemoderivados infectaram-

 em torno de 

0,001% por unidade de sangue transfundida. -HCV em 

-HCV positivos apresentam 

elevadas taxas de soroconver

renais, 35% dos receptores de doadores com anti-HCV reagente desenvolveram 

-

(Martins et al, 2011).  

 

 de 

contaminado variando entre 3% e 10% (Mitsui et al, 1992; Lahphear et al, 1994, 

Martins et al, 2011). 

orno de 5% na maioria dos estudos (Taler et al, 1991; 

Martins et al, 2011). 

A   evitando, acima de tudo, o contato com sangue 

contaminado. Alguns dos cuidados s  escovas de dente, l

tesouras ou outros objetos de uso pessoal, nem seringas e outros instrumentos 

nsumo de drogas inje  materiais 

hospitalares sempre descat  (transmiss  e uso de preservativos 

. 

 



1.9   

 

 

-

de maior que 99% (Villar et al, 

2015; Firdaus et al, 2015; Cloherty et al, 2016). 

negativos (Villar et al, 2015; Firdaus et al, 2015; Cloherty et al, 2016). 

 

foram liberados para o uso comercial em 1990 e caracterizam-se pelo emprego 

- -3 (NS4), como 

Firdaus et al, 2015; Cloherty et al, 2016).  

(ELISA II), com o objetivo de aumentar a sensibilidade e especificidade do 

lter et al, 1992). Nos 

-

-22-3) e NS3 

(c-33-c), redu Firdaus et 

al, 2015; Cloherty et al, 2016

-

 

ctados pelo HCV (Cossart 1999; Chevaliez et al, 

2007).            

 J

-HCV em amostras de soro ou plasma 



de pacientes, onde 

permitem 

HCV (Buti et al, 2004).  

cor

Easterbrook et al, 2017). 

-HCV vem sendo introduzidos como uma 

-

- -se fixado 

na linha T do teste e os anticorpos anti-HCV na amostra do paciente (em casos 

iar de acordo com o fabricante 

(Scalioni et al, 2014; Portaria , de 2 de julho de 2013). 

-HCV, este reage com o 

 T do 

 

encontraram resultados de sensibilidade e especificidade superiores a 95% 

(Scalioni et al, 2014)  

ser utilizados em amostras de fluido oral apresentando sensibilidade e 

especificidade, em ambientes de campo e laboratorial, superior a 90% (Scalioni et 

al, 2014). 

 -HCV em flu como saliva e sangue seco 

em papel de filtro utilizando Elisa tamb  j i observado (Cruz et al, 2012; 

Brand et al, 2013; Scalioni et al, 2014; Flores et al, 2017). 

 

1.9.2  

-RNA, testes qualitativos e quantitativos podem 

ser empregados em amostras de soro ou plasma. 

 do DNA

 como NS5B e 5 NC.  

Os testes qualitativos permitem determin

-



tr

(Chevaliez & Pawlotsky 2006). Alguns ensaios comerciais qualitativos incluem 

com um 

he Molecular Diagnostics, Pleasonton, CA, 

Estados Unidos) e Versant HCV RNA ensaio qualitativo, com sensibilidade 

os  de 1 a 5 

(Firdaus, 2015, Villar et al 2015). 

Os testes quantitativos incluem a RT-PCR competitiva, PCR-ELISA 

quantitativa e PCR em tempo real. Estes testes devem apresentar elevada 

julho de 2011, Brasil). 

 branched DNA (bDNA) (Versant HCV RNA)  = 615 

UI/mL), PCR em tempo real COBAS TaqMan/Cobas AmpliPrep (limite de 

 automatizado), 

= 10 UI/mL  automatizado), Cobas Amplicore Monitor HCV v.2 (limite de 

det   semi-automatizado) (Villar et al, 2015).   

 

ubtipos do HCV. 

007). 

 

(DAAs) (Peres-da-Silva, 2015).  

 

1.10 Tratamento 

O objetivo da ter o HCV, a fim de prevenir as 

-



incluindo necroinflama , HCC, manifes -

 a SVR, definido pelo 

HCV RNA 

o  com um limite 

inferior a 15 UI / ml (EASL 2016). Ambas as SVR12 e SVR24 foram 

aceitas como pontos f os EUA e na 

 > 99% (Martinot-Peignoux et al, 2010). 

Estudos de acompanhamento em longo prazo mostraram que a SVR 

corresponde a dos 

casos (Swain et al, 2010).  

semanas a teste 

de HCV RNA para avaliar a SVR12 ou a SVR24, respectivamente, em pacientes 

core  (Chevaliez et al, 2014, 

2016; Freiman et al, 2016; Aghemo et al, 2016). 

A 

aval

seja, deve ser realizado ensaio utilizando a 

como o core ou NS5B (Chevaliez et al,  2009). 

de Sanger ou et al, 2015). Na Europa e em outros 

disponibiliza. O desempenho dos 

ensaios in house variam amplamente. Dessa forma, os testes de 

permanecem restritos a pesquisa e sem um co

et al, 2016).  

O tratamento  no Brasil consistia na 

eguilado alfa-2a ou alfa-2b (IFN) e 

ribavirina (Fried et al, 2002). O interferon peguilado e a ribavirina eram utilizados 

para o tratamento em pacientes monoinfectados com HCV e em pacientes co-

infectados HCV/HIV.  A era determinada pela 

awlotsky 

 era 



 infectante onde, era recomendado 24 a 48 semanas de 

 a 72 

 infectante, o que sugere que as 

medicamentos (Van den Eynde et al. 2009; Portaria 

2011, Brasil tes 

(Pawlotsky 

dose de RBV e tratamento mais prolongado (1,0-1,2 g/dia, 48 a 72 semanas) do 

que doentes infectados c  a 48 semanas). Para 

-se o 

awlotsky 2009; Portaria 

de 13 de julho de 2011, Brasil). 

Atualmente n

ho de 2015 - PCDT), para 

aos esquemas anteriores, assim como para 

primeira vez, s  indicados pelo SUS os f s drogas 

-Acting Antiviral - DAAs). O arsenal terap

 3D (PCDT, 

2017). Todos os medicamentos elencados atuam diretamente no HCV, 

 

1, recomenda-se o tratamento por 12 semanas com sofosbuvir e simeprevir ou 

devem ser tratados com sofosbuvir, PEG-IFN e ribavirina ou daclatasvir por 12 

semanas. P -IFN + 



ribavirina por 24 semanas, ou sofosbuvir + daclatasvir por 12 semanas. A 

 

Uma das principais barreiras p  

r exemplo, o sofosbuvir, que foi 

introduzido no final de 2013, custou US$ 1000 por comprimido nos EUA e 

 (United States 

Senate, Government Publishing Office; 2015).  

racionar ou apenas gradualmente aprimorar o tratamento do HCV. Por exemplo, 

no s para tratamento. 

origi ). 

seguros privada por restringir o acesso ao tratamento contra o HCV (Walker 2015; 

Silverman 2016). 

. 

Nenhuma das abordagens atingiu a fase III de testes (Naderi et al, 2014). Desta 

forma,  

 (OMS, 2015).  

genomas (Genoma Wide Associations Studies - GWAS) foram realizados com 

com a hepato

ipo de interesse 

(Karlsen et al, 2010). Diversos estudos utilizando essa metodologia identificaram 



 (Single Nucleotide Polymorphism - SNP) 

relacionados  menor resposta a terapia dupla e tripla e tamb

gravidade da les  (Falleti et al, 2012; Lange et al, 2011). 

tamb  

a antiviral (Akuta et al, 

 duplo (Enomoto et al, 1995 e 

199

. 

 

1.11 Metabolismo do figado 

 e desempenha grande 

 

rmazenamento de 

por 

exemplo, 

armazenamento das vitaminas D, A e B12 (por 4, 10 e 12 meses, 

respectivamente) e ferro (ligad  ferritina

 (Ferramosca et al, 2017). 

 

 

 

 

 



1.12 Sistema hormonal da vitamina D 

 

dieta e de suplementos alimentares. 

Existem duas formas principais 

de vitamina D: vitamina D3 (Colecalciferol) e vitamina D2 (Ergocalciferol) (Holick 

et al, 2004). 

 As principais fontes alimen de origem 

determinada pelo comprimento de onda (290  315 nm) da luz solar, latitude, 

 A -

dehidrocolesterol (7-DHC) na pele e este  subsequentemene hidrolisado no 

s forma 25-hidroxi-vitamina D [25(OH)] e 1,25-diidroxi-vitamina 

D [1,25(OH)2D], respectivamente (Adams et al, 1982, Holick et al, 2004) (Figura 

8). 



 
 

Figura 6 1,25-diidroxivitamina D. 
UVB sobre o 7-dehidrocolesterol, esse isomeriza-se em colecalciferol na pele. Em 

 25-hidroxilase 
convertendo-a em 25-
convertida nas formas 24,25-diidroxivitamina D (inativa) ou 1,25-diidroxivitamina D (ativa). 
Adaptado de Premaor et al, 2006. 

 

 um nutrient    

 s nuclear e foi descoberta pela 

primeira et al, 

2008). Pesquisas posteriores descobriram que a vitamina D tem 



divididos em duas categorias: i) cl  no ; ii) 

: relacionada principalmente a f inflam

e outros (Handono et al, 2014; Reddy et al, 2013). Al

dos muitos tipos de malignidades (Reddy et al, 2013; 

Zhang et al, 2014). 

A 1,25(OH)2D3 -hidroxilase 

-renais, tais como osteoblastos, 

c e 

cancerosas como no  (Henry et al, 2013; Hossein-

Nezhad et al, 2013). Al  a os 

 (Cantorna et al, 2004). Estudos 

demons  

re

infecciosas (Ahmed et al, 2015). Uma vez formada, a vitamina D3  

para fora da 

 (Mathieu et al, 

2005; Holick, 2007) e transferidas para o sangue venoso onde ligam-se a DBP e 

, 2007, Hossein-Nezhad et 

al, 2012  e reabsorvidas nos 

 

a 25(OH)D complexada a sua proteina de transporte DBP [25(OH)D-DBP] (Kim et 

al, 2012). Em estudos realizados com ratos knockout para o gene que codifica 

DBP, a DBP 

1,25(OH)2D3 (Safadi et al, 1999

vitamina D (Taes et al, 2006). usceptibilidade a uma variedade de 

tumores malignos, incluindo c

 et al, 2015). 

insulina (Johnson et al, 1994; Dunlop et al, 2005). 



1.13 Receptor da Vitamina D (VDR) 

 O VDR foi descrito em 1974, em mucosa intestinal de modelos animais, por 

Brumbaugh e Hausslere, e pertence 

-se de um receptor 

intracelul -

terminal DNA-ligante com dois dedos de zinco; ii) -terminal 

-

-

2D3, capaz de ativar a 

neces  

amento do VDR 

(Mangelsdorf & Evans, 1995; Haussler et al, 

 (Figura 9) (Sergeev & Rhoten 1995). 

 

Figura 9. Mecanis 1. No 
(OH)2D3 

receptor de vitamina D (VDR). 2. 
-x (RX

3. Ligado ao elemento de 
resposta, o VDR-

4. A 

Fonte: ANDREW SWIFT 



 

localizado no cromossomo 12q13.11 (Miyamoto et al, 1997). De acordo com o 

gene bank, o VDR possui mais de 900 SNPs 

propuseram a estudar SNPs do VDR avaliaram os polimorfismos FokI 

(rs2228570), BsmI (rs1544410), ApaI (rs7975232) e TaqI (rs731236) (Figura 8). 

  

Figura 8
polimorfismos. Fonte: www.genomos.eu/history. 

 

1.14 Vitamina D vs.  

et al, 2004; Mosekilde et al, 2005), assim 

negal et al, 

1997; Tsuneoka et al, 1996; Bouillon et al

et al, 



1997) ou et al, 1997; Masuda et al, 1989; 

Hofmann et al, 2008). 

infec as hepatites C

(Rosen et al, 2011). Apesar disso, os 

substancialmente mais elevado para a hipovitaminose D (Bitetto et al, 2011; Petta 

et al, 2010; Melo-Villar et al, 2013). 

et al, 2010; Suneetha et al, 2006), 

enquanto que 

et al

-vitamina D nas 

pacientes com hepatite C (Lange et al, 2011; Ladero et al, 2013).   

Foram descritos polimorfismos do gene VDR [BsmI (rs1544410), ApaI 

(rs7975232), TaqI (rs731236), GC (rs7041 e rs4588)] relacionados com a 

 et al, 2012) e 

 badi et 

al, 2010). Contudo, nenhum estudo descreveu polimorfismos destes genes em 

pacientes brasileiros infectados pelo HCV. No Brasil, a taxa 

oriental (Baur et al, 2012; Falleti et al, 2012), fatores estes que, podem infuenciar 

 

vitamina D (VDR) em pacientes com hepatite C sob tratamento com peg-

interferon/ribavirina, foi observado que o haplotipo bAt [CCA] foi significativamente 

 foi 

supracitado ta  com 

interferon e ribavirina -28B (Lange et 



al, 2011; Baur et al, 2012). Em estudo realizado por Lange e colaboradores foi 

observado que o gene CYP27B1- da 1-alfa-

observado que a RVS foi m et 

al

in vitro que verificaram 

 (Faletti et al, 2012; Gal-Tanamy et al, 2011; 

Matsumura et al, 2012). 

antiviral (interferon/ribavirina) em pacientes com hepatite C portadores do 

 em terapia dupla com peg-interferon e ribavirina (Petta et al, 

2010; Lange et al, 2011). Bit

de vitamina D e o polimorfismo na rs12979860 do gene IL28B foram fatores 

na D 

 

(interferon/ribavirina) (Bitetto et al, 2011).  

pacientes po

-

respondedores (Bitetto et al, 2011; Petta et al, 2010; Mohamed et al, 2013). Da 

mesma forma, estudo realizado em 166 pacientes afros americanos infectados 

vezes maior que os demais pacientes (White et al, 2013). 

foi realizada em estudo de Nimer e colaboradores (2012) onde 95% destes 



-interferon 

na qual 

 ram menor resposta ao tratamento 

antiviral para hepatite C (Mandorfer et al, 2013). Weintraub e colaboradores 

. Estudos realizados in vitro demonstraram 

 (Gal-Tanamy et al, 2011)  

e 

 (Matsumura et al, 2012). 

Adicionalmente, algumas citocinas (IL-6, IL-17, IL-23) foram correlacionadas 

hepatopatias, tendo em vista que altos 

et al, 2012; Hammad et al, 

2013).  

 

hepatite C (HCV) em todo o mundo, onde a hepatite C 

HCV  a terapia combinada de 

interferon peguilado e ribavirina. A resposta (RVS

pacientes. Devido, principalmente aos efeitos adversos e custo do tratamento, a 

tem sido uma importante abordagem. Dessa forma, 

Abdelsalam et al (2017), avaliou a  entre a co

e os polimorfismos do receptor de vitamina D (VDR) com RVS, 

onde a  e os polimorfismos FokI e TaqI foram 

considerados como 

interferon peguilado e ribavirina (Abdelsalam et al, 2017). 

Atualmente, estudos tem sido 

D e a RVS DAA). Backsteadt et al 

(2017) avaliaram  d ose em uma 

coorte infectada por HCV, no per  a RVS da semana 12. 

 Vitamina D em coortes de 

pacientes HCV-



influenciaram nas taxas de RVS desses pacientes (Backsteadt et al, 2017). Belle 

et al (2017), avaliou em uma 

em pacientes com ipo 1, virgens de tratamento e submetidos a terapia dupla 

convencional (interferon + ribavirina). Nenhum impacto foi observado entre os 

 dupla convencional (Belle et 

al, os relacionados a 

cascata da vitamina D em uma 

polimorfismo no gene DHCR7 pode ser um marcador preditivo de resposta ao 

1 (Thanapirom et al, 2017). 

 

1.15  Insulina 

-

am desde 40 receptores nos 

-

unidades a e duas subunidades b, u n et al, 

1985). A sub-unidade a 

insulina. A sub-unidade b 

Kasuga et al, 1982). O 

ATP age como 

-unidade a sobre a atividade da 

sub-unidade b do seu receptor. A insu

e de crescimento (Sun et al, 1991; White et al, 1997). 

 

 



1.16 Resistencia Insulinica e HCV 

 

in

responde a qualquer excesso de glicose no sangue e converte esse excesso em 

 DM2, disli

podem levar 

-  

a 

 insulina (RI) 

com glicemia de jejum normal e tem sido associada com um risco aumentado de 

Fa

, 

et al,1990).  

(Parvaiz et al

glicemia de jejum normal e tem sido associada com um risco aumentado de 

- -Rahman et al, 2012). Estudos 

internacionais demonstram prevalencia de resistencia insulinica de 16% a 44,12% 

em pacientes com hepatite C (Dai et al, 2012)

et al, 2008), assim como foi observado que RI 



Romero-  et al, 2005;2008;2011; 

Conjeevaram et al, 2007), Poustchi et al, 2008). 

pacientes infectados pelo HCV qu

Kawaguchi et al, 2007). 

E

 (White et al, 2008; Younossi e McCullough, 2009; Serste et 

al, 2010). Os estudos moleculares demonstraram a capacidade do HCV de 

desenvolveram esteatose (

 , 

a 

- -1) promove a 

-

de protease do HCV 

et al, 2010).  

pelo qual o HCV promove a 

parecem ser 

- -

TNF-

eroxissomo- et al, 

2004; Douglas & George, 2009; Del-Campo et al

do HCV pode ter papel relevante no desenvolvimento da RI tal como descrito por 

Hsieh e colaboradores (2012) que obse

HCV. Do mesmo modo, Khaliq e colaboradores (2011) observaram que a 

desenvolvimento da RI em pacientes com HCV. 

 



uma abordagem de biologia de sis

, dodecenoil coenzima, 

 

 

(MTTP) em estudos com animais (Chang et al, 2016). 

expre -

 (Chang et al, 2016) -se na 

ativando SREBP-1c (Figura 10)

do HCV e a apolipop , sugerindo-

o o metabolismo 

 (Chang et al, 2016)  core do HCV atua como um fator 

 (Chang et al, 2016).  

 

 do HCV afetam o 

esenvolvimento de esteatose. A 

core do HCV 

core 

na esteatose induzid

diacilglicerol aciltransferase-

 (Chang et al, 2016) (Figura 10). 

 
 
 



 

Figura 10. 
regulador de esterol; PPAR: 

receptores ativados por proliferadores de peroxisomas; Glu: Glicose; Glut: transportador 

graxo; PPRE: elemento de resposta PPAR; PI3K: fosfatidilinositol 3-quinase; Akt: Protein 

carboxiquinase; G6Pase: glicose 6 fosfatase; IR: receptor de insulina; IRS: substrato do 

 da rapamicina; TNF: fator de necrose 
 Fonte: Chang 

et al, 2016. 
 

de diabetes tipo 2 

que pode ocorrer devido a defeit

Esta   

e B, por 

exemplo, (Fraser et al, 1996; Serfaty et al, 2009). A diabetes de tipo 2 



compreende aproximadamente 90% dos casos e pode ter um componente 

mesma para evitar a cetoacidose e coma.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



2. JUSTIFICATIVA 

et al, 2004; Mosekilde et al, 2005), assim 

de 14% a 92,4% em pacientes infectados pelo HCV (Farnick et al, 2013; Monegal 

et al, 1997; Tsuneoka et al, 1996; Bouillon et al

, 

et 

al et al, 1997; Masuda et al, 1989; 

Hofmann et al

menor resposta ao tratamento antiviral para hepatite C (Mandorfer et al, 2013).  

Estudos demonstraram 

 

tratamento antiviral, por

.  

Nos 

estudos mol

, demonstrando a import  compreender 

entre 16% a 44,1% dos pacientes com hepatite C (Mehta et 

al, 2000; Dai et al, 2012)

(White et al, 2008), assim como foi observado que a 



Romero-  et al, 2005;2008;2011; Conjeevaram et al, 

2007), Poustchi et al, 2008). es infectados 

insulina (Kawaguchi et al, 2007).  

desenvolvimento da RI tal como descrito por Hsieh e colaboradores (2012) que 

colaboradores (2011) e Chang e colaboradores (2016) observaram que a 

variabilidade do gene core do 

desenvolvimento da RI em pacientes com HCV.

mecanismos 

completamente compreendidos. 

todos os paciente com HCV tem sucesso em seus tratamentos com 

rsonalizados para 
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ABSTRACT 

Potential relationship of vitamin D, vitamin D receptor (VDR) and vitamin D binding 

protein (DBP) have been suggested in the pathophysiology of hepatitis C virus (HCV) 

infection. The aim of this observational study is to determine vitamin D levels, and VDR 

and DBP genetic polymorphism according demographic and laboratory data in chronic 

HCV patients (CHC). A total of 148 CHC patients gave serum samples for testing 

25(OH)D level by immunochemiluminometric assay (<20 ng/mL defined as deficient) and 

donated blood samples to allelic discrimination analysis using TaqMan assays. Analyzed 

SNPs were: VDR- rs7975232 (ApaI) C>A, rs731236 A>G (TaqI), rs1544410 C>T (BsmI), 

rs10735810 T>C (FokI) and GC- rs4588 and rs7041 and the haplotype bAt [CCA]. 

Hepatic fibrosis was assessed using Fib-4 and Forns index. Eight-two (54.40%) patients 

demonstrated deficiency of vitamin D and this was associated to AST [p=0.019 (CI: 1.003 

 1.034)], total cholesterol [p=0.038 (CI: 1.004  1.164)], fibrosis grade [p<0.001 (CI: 

0.000  0.844)], and FokI (p=0.028) allele T presence. Association was found between 

VDR polymorphism and fibrosis (BsmI andTaqI), triglycerides (TaqI) and HDL (FokI). 

DBP polymorphism was associated to HCV genotype (GC rs7041), previous HCV 

treatment and GGT (GC rs4588). In conclusion, low frequency of vitamin D deficiency was 

found, but VDR polymorphisms were frequently associated to fibrosis grade suggesting 

that they could be used as disease evaluation markers to understand the mechanisms 

underlying the virus-host interaction. 

  

Key words: Vitamin D; polymorphism; hepatitis C; fibrosis.  

 

 

 

 

 

 

 

 



1. INTRODUCTION

Hepatitis C virus (HCV) is a major cause of chronic hepatitis responsible for more >185 

million worldwide accounting a seroprevalence of 2.8% (1,2,3). While the incidence rate of 

HCV infection is decreasing in the developed countries, deaths from liver disease 

secondary to HCV infection will continue to increase over the next 20 years (4). 

In low- and middle-income countries, interferon and ribavirin-based therapies are the 

first choices due to their availability and low cost. The combination of ribavirin (RBV) and 

pegylated-interferon-alpha (peg-IFN-

infection in the last decade where those infected by genotypes 1 and 4 are treated for 48 

weeks and those infected by genotypes 2 and 3 are treated for 24 weeks (5). Recently, the 

use of direct acting antivirals has proven effective against HCV in developed countries, 

significantly decreasing morbidity and mortality. However, low- and middle-income 

countries, most of which are highly endemic areas, access to new antiviral drugs still is 

restricted due to high cost (6).  

Several predictors of successful treatment of chronic hepatitis C using interferon and 

ribavirin have been identified (7,8), such as factors related to the virus (infection by HCV 

genotype 2-3, basal HCV viral load, and HCV genetic variability) or to the host (liver 

inflammation, fibrosis, lower serum cholesterol values and interleukin 28B (IL-28B) 

polymorphisms C/C, vitamin D concentration) (9-11). 

Calcitriol is an important modulator in the immune pathways, and is also known to 

be involved in cell proliferation and differentiation (12). Most of its biological effects are 

mediated through the vitamin D receptor (VDR), a member of the nuclear receptor 

superfamily of ligand-activated transcription factors (13-15) and directed to these cells 

connected with a binding protein. GC-globulin is the main serum vitamin D binding 

protein; it is polymorphic and characterized in Caucasian populations by a great variability 

at two loci (rs7041 and rs4588) (16).  

The presence of the minor alleles in GC-globulin loci has been associated with lower 

circulating vitamin D levels (17), instead VDR polymorphisms has been associated with 

rapid fibrosis progression (haplotype bAt[CCA]) (18). Vitamin D deficiency has been 

associated to low sustained virological response (SVR) among hepatitis C patients (19,20). 

Moreover, vitamin D levels and SNPs involved in its metabolism have been related to anti-



HCV therapy response (21-23). In this way, our aim is to evaluate the influence of genetic 

determinants of 25(OH)D serum levels and the association with demographic, metabolic 

and virological data in chronic HCV patients living in South America. 

 

2. METHODS 

 

2.1 Study design and population 

This is a observational study that included 148 chronic hepatitis C patients (CHC) 

resident in Rio de Janeiro recruited at Viral Hepatitis Ambulatory (Viral Hepatitis 

Laboratory, Oswaldo Cruz Institute, FIOCRUZ), Hepatology Unit (Clementino Fraga Filho 

Uni  Guinle University 

Hospital, UNIRIO) and Hepatology Unit (Antonio Pedro University Hospital, UFF). Non-

probabilistic recruitment was conducted from 2011 to 2012 year.  

Patients were included if they had a virological diagnosis of CHC [anti-HCV and 

HCV-RNA reactive serum sample, with persistently abnormal alanine aminotransferase 

(ALT), at least 6 months] and more than 18 years of age. The infecting HCV genotypes 

were the following: 1, 2, 3 and 5. Patients were excluded if they were positive for serum 

hepatitis B surface antigen or anti-human immunodeficiency virus antibody, or exhibited 

other causes of hepatocellular injury (e.g., any history of alcoholism, autoimmune hepatitis, 

advanced cirrhosis, or treatment with hepatotoxic drugs) and, concomitant use of drugs 

known to affect serum vitamin D concentration and intravenous drug use. These factors 

were excluded due to potential source of bias. 

 This study was approved by the Ethics Committee of FIOCRUZ (CAAE 

41269015.3.0000.5248). Informed consent was obtained from each patient who was 

included in the study, and the study protocol was followed according to the ethical 

guidelines of the 1975 Declaration of Helsinki. 

 

2.2 Clinical and laboratorial data  

All serum samples were tested for anti-HCV using commercial EIA kit HCV Ab 

(Radim, Pomezia, Italy), where all anti-HCV-reactive samples were retested in duplicate.  



HCV RNA viral load was determined using CobasTaqMan HCV Test (Roche 

Molecular Systems, Inc, Basel, Switzerland) or Abbott Real Time HCV m2000sp (Abbott 

Laboratories, Illinois, USA) and expressed as IU/mL. HCV genotyping was performed 

using INNO-LIPA HCV II kit (Innogenetics, Zwijnaarden, Belgium) or Abbott Real Time 

 

Clinical and demographic data were collected simultaneously from all patients. A 

12-h overnight fasting blood sample was draw, to determine serum levels of ALT, gamma-

glutamyltransferase (GGT), total cholesterol, high-density lipoprotein (HDL) and low-

density lipoprotein cholesterol (LDL), triglycerides, plasma glucose concentration, and 

platelet count.  

Baseline serum vitamin D level was assessed by measuring serum 25-

hydroxyvitamin D levels using automated immunochemiluminometric assay (ICMA) 

(Liason 25 (OH) Vitamin D, Diasorin, Varceli, Italy) with 20 ng/mL being considered the 

threshold value. Serum insulin was also determined using ICMA (Liason Insulin Assay, 

Diasorin, Varceli, Italy). Insulin resistance (IR) was determined using homeostasis model 

(24).  

Hepatic fibrosis was assessed using Fib-4 and Forns index as the same as described 

previously (25). When Fib-4 was less than 1.45, individual was considered as low fibrosis, 

and if Fib-

considered as low fibrosis, and index above or equal to 4.2 were considered high 

fibrosis(25). 

Genomic DNA was obtained from whole blood samples using QIamp DNA Mini 

Kit (Quiagen, Valencia, CA). The purified and elute DNA was quantified using a Nanodrop 

Spectrophotometer ND-1000 (Thermo Scientific, Rockford, IL). Thereafter, DNA was 

diluted in UltraPure DNase/RNase-Free water (Invitrogen Corporation, Camarillo, CA, 

USA) to a concentration of 2 ng. The allelic discrimination analysis was performed using 

the TaqMan assays (Applied Biosystems, Foster City, CA, USA) at ViiA7 Real-Time PCR 

System 7500 Fast Real-Time PCR System (Applied Biosystems, Foster City, CA, USA). 

TaqMan Master mix (2.5 L), TaqMan assay (0.25 L), and H2O (1.25 L) were added to a 

final volume of 4 L per sample, and 1 L of DNA was added for a total reaction volume of 

5 L. Reaction conditio



SNPs BsmI and rs7041 TaqMan Master mix (5.0 L), TaqMan assay (0.50 L), and H2O 

(3.5 L) were added to a final volume of 9 L per sample, and 1 Lof DNA was added for a 

total reaction volume of 10 L. Reaction conditions for these polymorphisms were: 10 min 

BsmI (26). 

We selected tag-SNPs from vitamin D metabolism-related genes, VDR and GC and 

the haplotype bAt [CCA]. These SNPs were chosen using previous literature 

information(18,19,26,27,28). Public databases were used to collect additional information about 

SNPs and genes: NCBI http://www.ncbi.nlm.nih.gov 

The analyzed SNPs were: VDR- rs7975232 (ApaI) C>A, rs731236 A>G (TaqI), 

rs1544410 C>T (BsmI), rs10735810 T>C (FokI) and GC- rs4588 and rs7041. 

Haplotypes were constructed from the combination of the VDR polymorphisms 

BsmI, ApaI and TaqI {bAt [CCA] 

allele A)]} and their frequencies were inferred using the PHASE 2.1.1 program (Matthew 

Stephens Lab, University of Chicago). To predict that both allele frequencies will remain 

constant because they are in equilibrium, we calculated the Hardy-Weinberg equilibrium by 

X2 (p<0.05). 

 

 2.4 Statistical Analysis 

data are expressed as number (percentage). Comparisons of differences in categorical date 

between groups were performed using the Chi-square test. Distributions of continuous 

variables were analyzed by the Student t test or Mann Whitney U test for the two groups 

where appropriate. Missing data was presented in tables when appropriate. Independent 

factors possibly affecting 25(OH)D concentration (cut off value of 20 ng/mL) were 

determined by stepwise multiple logistic regression analysis.  

Hardy-Weinberg equilibrium for each SNP were compared using the Pearson chi-

square test (X2). 25(OH)D concentration and the variance in each genotype was accessed in 

One- nivariate analyses, p-value were 



considered significant when p<0.2 and in multivariate analyze p<0.05. All the tests were 

performed with IBM SPSS Statistics 20.0 for Windows (Chicago, Illinois, USA). 

 

3. RESULTS 

3.1 Baseline characteristics 

Demographic, virological, and clinical features of population studied are shown in 

mean of ALT, AST, phosphatase, GGT, blood glucose, total cholesterol and, LDL serum 

levels were observed in patients.  

< 12 ng/mL for women and < 13 ng/mL for men). Using the cutoff value of 20 ng/mL, 

82/148 (54.40%) patients demonstrated deficiency of vitamin D. HCV RNA viral load (log 

mean) was high and most prevalent genotype was 1 (88.37%). During this study, 68 CHC 

patients were treated for HCV using PEG-IFN and ribavirin and in this subgroup, 46 

(31.08%) did not achieve SVR. Sixty-eight patients (45.94%) were not treated for 

HCV.Using fibrosis algorithm, 52.00% (n=77) presented high level. The HOMA index 

mean was also lower than the cutoff established in this work 

(n=49) presented IR. 

 

3.2 Association between serum 25(OH)D levels, clinical and viral data in chronic HCV 

patients 

To assess the relationship among 25(OH)D concentration and demographic and 

laboratory data in HCV patients, a cutoff value was established (deficiency < 20 ng/mL). 

High mean values of age (p=0.042), AST (p=0.022), HDL (p=0.072), triglycerides (0.047), 

SVR (p=0.108), and presence of high fibrosis (p=0.016) were associated to 25(OH)D 

deficiency at univariate analysis.  

0 ng/mL (p=0.014), as 



ng/mL (Table 2). At multiple linear regression analysis, AST [p=0.019 (CI: 1.003  

1.034)], total cholesterol [p=0.038 (CI: 1.004  1,164)], and, fibrosis grade [p<0.001 (CI: 

0.000  0.844)] were significant.  

 

3.3 Association between VDR and GC polymorphism according 25(OH)D level among 

HCV patients 

To study the implication of these SNPs and 25(OH)D concentration according 

clinical and laboratory data of HCV patients, first our sample was categorized according to 

previously defined cutoff value [25(OH)D deficiency < 20 ng/mL]. Second, the alleles 

were categorized in risk allele/non-risk allele and grouped and, presence/absence of 

haplotype bAt [CCA]. The genotype distribution of all investigated SNPs was in Hardy-

Weinberg equilibrium. Only FokI was statistically significant (p=0.028), where allele T 

we  

After this, the One-

test (p<0,05) were done. There was no statistically difference between SNPs genotypes and 

25(OH)D concentration in 148 Brazilian CHC patients (Figure 1). ApaI: [CC vs. CA 

(t=0.172), CC vs. AA (t=0.199), CA vs. AA (t=0.430)]; TaqI: [AA vs. AG (t=0.806), AA 

vs. GG (t=0.990), AG vs. GG (t=0.497)]; BsmI: [CC vs. CT (t=1.281), CC vs. TT (t=0.564), 

CT vs. TT (t=0.278)]; FokI: CC vs. CT (t=1.786), CC vs. TT (t=0.961), CT vs. TT 

(t=2.040)]; GC rs4588: AA vs. AC (t=0.927), AA vs. CC (t=0.101), AC vs. CC (t=1.515)]; 

GC rs7041: [TT vs. TG (t=0.610), TT vs. GG (t=2.001), TG vs. GG (t=1.565)].  

Besides that, we carried out a bivariate and a linear regression analysis by 

comparing favorable allele group with demographic, biochemical and viral data. The 

significant results are given in table 3. In the multivariate analysis, using SPNs as 

dependent variable, we found association between BsmIrs1544410 (fibrosis algorithm), 

TaqI rs731236 (triglycerides and fibrosis algorithm), FokI rs10735810 (HDL), GC rs4588 

(treated and none-treated and, GGT) and, GC rs7041 (genotype 1 and none-1).  

 

4. DISCUSSION 

In vitamin D pathway, a series of studies had reported on interaction between 

vitamin D-related genes and 25(OH)D levels. Among them, vitamin D receptor and vitamin 



D-Binding protein (DBP) genes played an important role in vitamin D pathway. Previous 

studies had shown that genetic variations in these genes had a significant effect on vitamin 

D levels in many populations including the Chinese (29,30), Japanese (31), 

Caucasian(16,17,19,20,27), Brazilian healthy girls (26), and in this study, FokI C allele in 

Brazilian CHC patients were associated to 25(OH)D < 20 ng/mL. 

This way, we hypothesized that genetic determinants of 25(OH)D serum levels may 

be associated with demographic, metabolic and virological data in chronic HCV Brazilian 

patients. To our knowledge, this is the first study that describes the interaction between 

vitamin D-related genes and 25(OH)D levels among HCV infected patients from South 

America giving some new insight about these parameters in tropical regions.  

In this study, the prevalence of vitamin D deficiency was 55.04% that is lower than 

previously observed in similar population in Brazil (63%) (25) and among Italians HCV 

patients (73%) (20,22,23,32). Moreover, severe fibrosis was found in patients with lower 

vitamin D concentration (Table 2). Lange et al. (19) published a large study of non-cirrhotic 

patients with chronic HCV infection where vitamin D status was assessed in a cohort of 

468 patients and the prevalence of vitamin D deficiency was greater in patients with more 

advanced fibrosis, according our founding. Others studies found the contrary (15). These 

differences can be explained because of variation in the 25(OH)D assay used, vitamin D 

cutoff and, the different ethnicities and geographic latitude of populations studied, and 

clinical trials.  

Vitamin D deficiency is common among patients with liver diseases. Whether 

vitamin D status can also affect liver function is poorly understood. In this study, low 

25(OH)D concentration was associated with high AST and cholesterol total value. Skaaby 

et al (33) investigate the association between vitamin D status, liver enzymes, and incident 

liver disease in 2,649 individuals and found that the risk of having a high level of ALT, 

AST, or GGT tended to be higher for lower vitamin D levels, in accordance with our 

results. There is conflicting information when it comes to the link between cholesterol and 

vitamin D. Population studies show that people with lower vitamin D levels are more likely 

to have high cholesterol, although this does not prove a cause and effect relationship 

despite being according our findings (34). To the National Institutes of Health, there is 



insufficient evidence to determine any relationship between vitamin D intake and 

cholesterol levels. 

A strong association of vitamin D sufficiency to TT genotype in FokI was 

found.This way, FokI C>T polymorphisms may be used as a molecular marker to predict 

the risk and to evaluate the disease severity of HCC in those infected with HCV since low 

concentrations of vitamin D is directly associated with increased liver injury in Brazilian 

population. Differently, Shehab et al. (35) observed that VDR genetic polymorphisms are 

significantly associated with the occurrence of HCV related HCC especially T allele 

carriers which could be considered as a risk factor of hepatocellular carcinoma in Egyptian 

patients. 

 Regarding VDR and DBP genes polymorphisms in Brazilian population, the BsmI, 

ApaI, TaqI and the rs4588 and rs7041 polymorphisms were most consistently associated 

with lower 25(OH)D levels (26,35). However, in the present study both of these SNPs were 

n. Nevertheless, Falleti et al (16), 

demonstrated that normal serum vitamin D levels and the carriage of GC-globulin WT 

isoform strongly predicts the achievement of SVR after PEG-interferon plus ribavirin 

antiviral therapy. Some studies found that the carriage of ApaI CC genotype and TaqI AA 

genotype had significant higher viral load as compared to those with ApaI CA/AA type and 

TaqI AG type, respectively (28). Besides that, VDR gene variants can modulate biological 

effects of vitamin D without influencing serum vitamin D levels (15,36). 

Some variables could explain these differences. It is well established that there are 

racial differences in the relations between the 25(OH)D concentrations, parathyroid 

hormone concentration, and calcium homeostasis (14). Racial differences in vitamin D 

physiology or race-specific factors that modify the effects of vitamin D may affect the 

immune response to HCV (37). 

We did not find a significant association between VDR bAt [CCA] haplotype and 

clinical and laboratory data in HCV patients as the same as Hung et al (28) who also did not 

find any relationship between this haplotype and response to peginterferon plus ribavirin 

therapy. These genetic variations have been described as important modulators of several 

chronic liver diseases such as primary biliary cirrhosis and autoimmune hepatitis (38).  



In the present study, fibrosis was associated to BsmI rs1544410 and TaqI rs731236 

what was not observed among Chinese population with chronic HCV infection (28).To 

explain the relation between high serum triglycerides and the effect of TaqI rs731236 a 

hypothetical explanations is related to the mechanism in which vitamin D induces the 

expression of VLDL-cholesterol receptors in some types of cell (39). This situation is 

associated with an elevation of the levels of VLDL and triglycerides, and is common in 

CHC patients (40). The relationship between HCV genotype and GC remains unknown.  

This study presents some limitations, like the absence of race information or 

ancestry profile, sun exposure, and season of collection that could create some bias 

regarding vitamin D measures. In conclusion, the present study suggests a significant 

association of VDR FokI rs10735810 and the 25(OH)D concentration in CHC patients, 

strong association between fibrosis algorithm, 25(OH)D, BsmI rs15444 and, TaqI 

rs731236, and finally the association between GC rs7041 (Genotype 1/ None-1). These data 

could provide helpful information for understanding the complex mechanisms underlying 

the virus-host interaction and the variations observed in antiviral therapy responses. 
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Figure Legend: Figure 1. Association of VDR and GC gene polymorphism with 25 (OH) D 

concentration in Brazilian chronic HCV patients. No significant variance was found using 

ANOVA  

 

 

. 



Table 1. Demographic, laboratory and, metabolic data of 148 chronic hepatitis patients (CHC). 

 deviation. ALT: alanine aminotransferase. AST: 

aspartate aminotransferase. GT: gamma glutamyltransferase. HDL: high- density lipoprotein; VLDL: very low- 

density lipoproteinLDL: low- density lipoprotein. HOMA: homeostatic model assessments. * with missing data. 

Variable Value 
Age (years)  
Gender 
F 
M 

 
92 (62.2%) 
56 (37.8%) 

25(OH)D ng/mL  
HCV RNA IU/mL 571000,000 (12  30600000,00) 
Log 5.75 (1.08  7.48) 
Glucose ng/mL  
AST UI/mL 76.00 (4  397) 
ALT UI/mL  
VLDLmg/dL  
LDLmg/dL  
HDL mg/dL  
Triglycerides mg/dL  
Total cholesterol mg/dL 233.75  

  
  

HOMA  
APRI  
FORNS  
Fib-4  
TSH  
Hemoglobin ng/mL  
Hematocrit (%) 40.64 (6.48) 
Phosphatase UI/mL 111.32  
Platelets103/mm  
Antiviral treatment 
Without sustained virological response (SVR) 
With SVR 
No treatment 

 
46 (31.08%) 
22 (14.86%) 
68 (45.94%) 

Genotype* 
1 
None-1 

 
114 (88.37%) 
15 (11.62%) 

25(OH)D 
< 20 

 

 
82 (55.40%) 
66 (44.60%) 

HOMA 
< 2  

 

 
49 (33.10%) 
99 (66.90%) 

Fibrosis algorithm* 
Low 
High 

 
41 (27.70%) 
77 (52.00%) 



Table 2. Univariate and multivariate regression analysis of factors associated with 25(OH) concentration. 

Variable 25(OH)D ng/mL 
 

Bivariate 
analysis P 

value 

Multivariate analysis 
P (CI) 

    
Age (years)    0.042 0.967 (0.943  1.063) 
Gender 
Female, n 
Male, n 

 
47(%) 
19(%) 

 
45(%) 
37(%) 

 
0.041 

 
0.882 (0.254-4.937) 

Log   0.572  
Glucose ng/mL   0.106 0.102 (0.992  1.093) 
AST UI/mL   0.022 0.019 (1.003  1.034) 
ALT UI/mL   0.160 0.109 (0.853  1.016) 
VLDLmg/dL   0.205  
LDLmg/dL   0.357  
HDL mg/dL   0.072 0.075 (0.983  1.429) 
Tg mg/dL   0.344  
Tc mg/dL   0.047 0.038 (1.004  1,164) 

   0.824  
TSH   0.040 0.110 (0.669  52.71) 
Hemoglobin ng/mL   0.422  
Hematocrit (%) 40.54 (5.16) 40.79 (7.48) 0.232  
Phosphatase UI/mL   0.532  
Platelets103/mm 5162.316 

 
 0.014 0.087 (0.932  1.005) 

Response to antiviral 
treatment (n=68) * 
SVR, n 
Without SVR, n 

 
 

5 
21 

 
 

17 
25 

0.108 0.5 (0.035  969.661) 

Genotype (n=129) * 
1 
None-1 

 
46 
8 

 
68 
7 

 
0.341 

 
 

 
HOMA 
<2 

 
Fibrosis algorithm (n=118)* 
Low 
High 

 
46 
20 

 
13 
43 

 
53 
29 

 
28 
34 

 
0.517 

 
 

0.016 
 

 
 

 
 

0.000 (0.000  0.844) 
 

ALT: alanine aminotransferase. AST: 

aspartate aminotransferase. GT: gamma glutamyltransferase.Tg: triglycerides. Tc: Total cholesterol.HDL: high- 

density lipoprotein; VLDL: very low- density lipoprotein. LDL: low- density lipoprotein. HOMA: homeostatic model 

assessments. * with missing data 



Table 3. Univariate and multivariate regression analysis of factors associated with VDR- ApaI rs7975232, 

TaqI rs731236, BsmI rs1544410, FokIrs10735810, GC- rs4588 and, GC- rs7041 SNPs. 

SNP Bivariate analysis 
P value 

Multivariate analysis 
P (CI) 

BsmI rs1544410   
Total Cholesterol mg/dL 0.080 0.524 (0.998  1.003) 
HOMA 0.019 0.987 (0.887  1.125) 
Fibrosis Algorithm 0.030 0.040 (0.048  0.554) 
Genotype 1/ None-1 0.148 0.360 (0.240  2.444) 
   
TaqI rs731236   
Total Cholesterol mg/dL 0.045 0.116 (0.999  1.005) 
Triglycerides mg/dL 0.194 0.033 (0.978  0.999) 
AST UI/mL 0.184 0.452 (0.994  1.013) 
Hematocrit % 0.114 0.456 (0.868  1.065) 
Fibrosis Algorithm 0.164 0.019 (1.320  21.746) 
   
ApaI rs7975232   
HOMA 0.018 0.027 (0.171  0.900) 
Age 0.138 0.087 (0.917  1.006) 
Gender 0.153 0.125 (0.838  4,247) 
   
FokI rs10735810   
LDL mg/dL 0.035 0.106 (0.998  1.018) 
HDL mg/dL 0.106 0.012 (0.889  0.995) 
GGT mg/dL 0.115 0.133 (0.979  1.003) 

 0.163 0.871 (0.926  1.067) 
SVR/Without SVR 0.019 0.097 (0.728  44.221) 
   
GC rs4588   
Treated/Untreated  0.023 0.679 (0.070  59.088) 
AST UI/mL 0.082 0.244 (0.989  1.047) 
Total Cholesterol mg/dL 0.057 0.159 (0.995  1.029) 
GGT mg/dL 0.014 0.057 (0.999  1.056) 
Platelets103/mm 0.059 0.044 (1.000  1.034) 
   
GC rs7041   
Fibrosis Algorithm 0.191 0.620 (0.213  2.514) 
Genotype 1/ Non-1 0.001 0.011 (0.023  0.608) 
AST UI/mL 0.155 0.757 (0.987  1.018) 
ALT UI/mL 0.109 0.784 (0.988  1.016) 
VLDL mg/dL 0.127 0.454 (0.874  1.351) 
LDL mg/dL 0.115 0.676 (0.997  1.002) 
HDL mg/dL 0.163 0.763 (0.972  1.021) 
Triglycerides mg/dL 0.188 0.658 (0.947  1.035) 
GGT mg/dL 0.084 0.236 (0.998  1.010) 

Univariate analysis: p<0.2; Multivariate analysis p<0.05. ALT: alanine aminotransferase. AST: aspartate 

aminotransferase. GGT: gamma glutamyltransferase. HDL: high- density lipoprotein; VLDL: very low- density 

lipoprotein. LDL: low- density lipoprotein. HOMA: homeostatic model assessments. 
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5.  

5.1.  

pacientes infectados com HCV e re  

baseada em interferon e ribavirina

 principais achados deste 

ina, 

RVS para 

terapia baseada em interferon e ribavirina.          

 

brasileiros infectados pelo HCV, semelhante ao observado entre os pacientes 

europeus e americanos com hepatite C. Enquanto que a 

hipovitaminose D variou de 46,4 a 73% entre pacientes HCV monoinfectados na 

et al, 2010; Bitetto et al, 2011; Ladero et al, 2013) e 86% entre 

in - et al, 2012). 

vitamina D (Villar et al, 2013). No presente 

e

         

 

foram associados ao grau de fibrose conforme observado por Kitson e 

colaboradores e Bitetto e colaboradores (2011) 

tivamente.       



  

estar mais expostos ao sol e, cons

mais altos de vitamina D (Guzman-Fulgencio et al, 2014), ii) alta 

fibrose grave (70,1%

tamina D (HPLC para Petta et al, 2010 e Kitson et al, e 

eletroquimiol et al, 2011 e no presente estudo).    

 RVS no presente estudo, 

et al, 2013) e entr et al, 2011; 

Guzman-Fulgencio et al

RVS 

 

-se envolvido por uma camada 

valores mais altos de RVS nestes pacientes. Berg e col. descobriram que os 

RVS para a terapia baseada em 

associada a altas taxas de RVS, como demonstrado nos pacientes infectados 

e foram tratados com PEG-IFN e ribavirina 

(Niederau et al

 pelo 

HIV/HCV no Brasil.          

 Dessa forma, os dados encontrados 

-sucedidas para o tratamento com PEGIFN e ribavirina. A 



l

pacientes envolvi

resultados.           

 

o, uma 

 

  

 Basyigit e col comentaram o nosso estudo anterior (contribution to author) 

-

e 

Basyigit e col sugeriram que 

outros o receptor da 

vitamina D  poderiam estar 

associados a estes resultados. E primeiro 

fatores como polimorfismos 

estudos seguintes.           

 

de IL-23, IL-17, e MCP-1 em pacientes 

caucasianos europeus demonstraram que polimorfismos na cascata da vitamina 

et al, 2011; Falleti et al, 2013).    



 Apesar de alguns estudos demonstrarem um papel do status de vitamina D 

na taxa de RVS em pacientes 

e ribavirina (Villar et al, 2013; Bitetto et al

associada com a RVS,  peg-interferon e ribavirin

definitivas sobre o papel da vitamina D na resposta ao tratamento com interferon 

 

 esses, desempenha papel importante na via vitamina 

veis de vitamina D em muitas 

et al, 2010; Ren et al, 2015), japoneses 

(Miki et al, 2011), caucasianos (Lange et al, 2011; Lange et al, 2012; Falleti et al, 

2012; Ladero et al, 2013; Zierold et al

(Santos et al, 2013), e no presente estudo, o alelo C no SNP FokI foi associado a 

com CHC. 

 

relaciona

 

 

menor que a observ

(Melo-Villar et al, 2015), que utilizou um n superior ao nosso, e entre pacientes 

italianos com HCV (73%) (Petta et al, 2010; Bitetto et al, 2011; Bitetto et al, 2011; 

Ladero et al, 2013). Um trabalho brasileiro, conduzido a fim de verificar a 



avaliou um total de 120 homens, 20-93 anos, onde 46,7% apresentaram 25 (OH) 

D abaixo de 30 ng / mL e em 27,6% abaixo de 20 ng/mL (Moreira et al, 2017). 

reprodutiva. Entre as 369 mulheres avaliadas, 81,1% apresentaram 

et al, 2017). 

 o grau de fibrose mais grave foi encontrado em pacientes 

- 0,844) ] foi estatisticamente 

significativo. Lange e col. (2011

 de vitamina D foi avaliado 

oncordancia com nossos 

et al, 2010). Essas 

 

 etnic s 

 

 

25(OH)D foi 

associada com alto valor de AST e colesterol total. Skaaby (2014) investigou a 

 em 

GGT elev

entre o colesterol e a vitamina D. Estudos populacionais demonstraram que as 

acordo com nossos achados (Hsia et al

 

 

e 

utilizados como um marcador molecular para prever o risco e avaliar a gravidade 

  



de portadores de alelos T, em pacientes com HCV tratados com terapia dupla 

convencional, que poderiam ser considerados como um fator de risco de 

 

 O -  da 

et al

estudo. Ochs-Balcom e col. (2011) 

2D3 

 

 Em estudos anteriores 

polimorfismos BsmI, ApaI, TaqI e rs4588 e rs7041 foram associados de forma 

nores de 25(OH)D  

(Santos et al, 2013; Shehab et al, 2016). No entanto, no presente estudo, esses 

de Zhang 

normais de vitamina D no soro e da isoforma de GC-  

RVS -interferon e 

ribavirina. Alguns estudos 

(Hung et al,  VDR podem modular os 

(Wang et al, 2010; Santos et al, 2012). 

et al

vitamina D ou fatores esp  os efeitos da vitamina D 

podem afe et al, 2011). 



 

m peg-interferon e ribavirina. Essas 

(Fan et al, 2005). 

 neas do mundo, a qual 

africanos. Lins e col. (2012) analisam os polimorfismos dos receptores de 

 

menos do que encontrado na p et al, 211). 

 

et al, 

-Balcom et al, 2011). Esta 

 

comum em pacientes com CHC (Ginsberg et al, 

de HCV e GC permanece desconhecida. 

 

FokI rs107

25(OH)D, BsmI 

1/Nenhum-1). dentificar fatores preditivos virais e 

a D no 

pre



-hospedeiro e as va

antiviral. 

 

5.2   

 

o 2. Relacionada ao 

et al, 2017). 

 indicando 

1990. Mais recentemente, diversos 

 (Desbois et al, 2017) (Quadro 1) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Quadro 1. entre 
 

hepatite C 
 

 Ano  Amostra  

(n) severa 

Konrad et al 2000 Alemanha 10 Sim 

Sud et al 2004  170 Sim 

Muzzi et al 2005  221 Sim 

D'souza et al 2005 Reino Unido 59 Sim 

Taura et al 2006  83 Sim 

Leandro et al 2006  3068 Sim 

Bugianesi et al 2006  132 Sim 

Kita et al 2007  68 Sim 

Petta et al 2008  201 Sim 

Moucari et al 2008  500 Sim 

Hsu et al 2009 Taiwan 528 Sim 

Hung et al 2011 Taiwan 1470 Sim 

Mohamed et al 2011 Egito 50 Sim 

Conjeevaram et al 2011 Estados Unidos 341 Sim 

Thompson et al 2012 Estados Unidos 1038 Sim 

Alfaleh et al 2013  157 Sim 

Dokmeci et al 2014 Turquia 104 Sim 

Huang et al 2015 Taiwan 1077 Sim 

Fartoux et al 2005  141  

Elgouhari et al 2008 Estados Unidos 183  

Petta et al 2009  156  

Rueger et al 2014  1461  

  

 

-46%) (Del Campo 

et al, 2013; Serfaty et al et al, 

et al, 2013) e Brasil (53%) (Mello et al, 2006). Essa 

estudo. 

 

realizado com pacientes 

, realizado 012 a 2015, 



diabetes na pop Eshraghian et al, 2017). 

 Neste presente estudo, a RI foi associada 

 e IMC com RI entre 

pacientes com HCV (Mello et al, 2006; Oliveira et al, 2009; Souza et al, 2011; 

Oliveira et al, 2016; Ramcharran et al,  a 

HCV (Chang et al, 2016). 

 

dos valores normais, provavelmente como resul

 

 

RVS. Embora alguns estudos tenham demonstrado uma melhora nos 

valores de HOMA entre os pacientes com HCV que apresentaram RVS (Del 

Campo et al, 2013) e alta carga viral entre aqueles que apresentaram RI 

(Michalczuk et al, 2012). No presente estudo, observou-

RVS

 

 Foi observada 

pacientes com HCV. 

 



manuscrito da 

desenvolvimento de hepatocarcinoma.  

insulina e 

  (Akuta et al, 

 foram relacionadas ao aumento do risco de 

HCC, (Nakamoto et al, 2010; Akuta et al, 

terapia baseada em interferon em pacientes japoneses (Akuta et al, 2007), 

a et al, 2009; Akuta et 

al, 2010), terapia tripla (telaprevir mais INF / RBV) (Akuta et al, 2012; Sumida et 

al, et al, 2008). Por outro lado, alguns 

IRS- -box (FoxO1 e FoxO2) e 

ativa a via mTOR / S6K1, o que poderia contribuir para promover a RI. Estes 

et al, 

2010; Hori et al, 2016).  

, 

IMC 25,0-

em estudos envolvendo popul

-

(Silva et al, 

et al, 

 

em pacientes com HCV (Everhart et al, 

, assim como demonstrado anteriormente em pacientes 



monoinfectados com HCV (Schuch et al, 2009). Everhart e colaboradores 

anti-

viral treatment against cirrhosis (HALT-  

70 do core do HCV foi associada 

2D3 ca 

et 

al, 2003). 

indiretamente (Bland et al, 2004). O efeito direto parece ser mediado pela 

1,25(OH)2D3 

- -Villar et al, 

 

s 

 

 

 

 

 

 

 

 

 



6.  

 

 foram observadas uma 

entre o status de vitamina D e alguns dados laboratoriais, que podem 

antiviral.  

R FokI rs10735810 e a 

algoritmo de fibrose, D, BsmI rs15444 e TaqI rs731236 e, 

-1). Esses dados 

demonstram que 

 

ntes 

laboratoriais (glicose, 

pacientes com HCV.  

, o que su
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