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Abstract 

 

Hepatitis C virus (HCV) is a significant human pathogen that in many cases, 

establishes a chronic life long infection of the liver, resulting in progressive liver 

disease that culminates in the development of cirrhosis and hepatocellular carcinoma 

(HCC). The only treatment option available for HCV infection is a combination 

therapy of Interferon-α (IFN-α) and Ribavirin. However, it is only successful in a 

limited number of patients. There are a number of co-factors that accelerate liver 

disease in chronic hepatitis C (CHC) and one of the most significant factors is alcohol 

consumption. Furthermore, alcohol consumption has been shown to reduce the 

efficacy of IFN-α treatment. Despite these clinical observations, the molecular 

mechanisms by which alcohol exerts these effects are unknown and remain relatively 

unexplored. This is largely due to the lack of an appropriate model system to enable 

studies into the interaction between the HCV life cycle, alcohol metabolism and IFN. 

To overcome this limitation, we have developed an in vitro cell culture model system 

that enables Huh-7 cells to metabolise alcohol (ethanol), via the enzyme cytochrome 

P4502E1 (CYP2E1), while also supporting HCV replication directed from both the 

HCV replicon and infectious HCV model systems. As such, this model system has 

been used in this thesis to extensively investigate the interactions between alcohol 

metabolism, HCV and IFN. 

 

It is known clinically that HCV infected persons who consume alcohol, have 

exacerbated liver disease and in some cases increased serum of HCV. One postulated 

mechanism for this effect is that alcohol consumption increases HCV replication, 

which in turn leads to increased viral burden in the liver and associated pathogenic 

effects. We have shown that CYP2E1 mediated metabolism of alcohol increases HCV 

RNA replication in vitro, in both the replicon and infectious HCV model systems. 

Furthermore, we have demonstrated that this process is mediated via the oxidative 
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stress produced by alcohol metabolism, as the anti-oxidant NAC blocked this alcohol-

induced increase in HCV RNA replication. These observations correlate with what is 

noted clinically and suggest a potential mechanism whereby alcohol consumption in 

chronically infected HCV individuals, leads to accelerated rates of liver disease 

progression. These findings form a rationale to clinically investigate the use of anti-

oxidant therapy in CHC patients consuming alcohol.  

 

In this thesis we present a molecular mechanism for the reduced response rates to 

IFN-α therapy in HCV infected individuals consuming alcohol. Specifically we have 

shown that alcohol metabolism attenuates the anti-HCV activity of IFN-α via 

perturbation of the JAK/STAT signaling cascade and subsequently decreases the 

expression of anti-viral ISGs, which are the effector molecules of an IFN response.  

Thus alcohol metabolism seems to be able to blunt the anti-viral effects of IFN and 

this has implications for anti-viral directed therapy and the innate immune response to 

HCV infection in the liver. 

 

Also arising from this thesis was the novel observation that levels of the oxidative 

stress sensitive transcription factor signal transducer and activator of transcription 3 

(STAT3) were increased in the context of HCV replication and alcohol metabolism. 

From these observations we hypothesized that STAT3 could be a potential pro-viral 

host factor. We have presented strong evidence in this thesis to suggest that STAT3 is 

working at multiple levels to assist HCV replication. Firstly, we have shown that 

STAT3 is activated in the presence of replicating HCV, and we believe STAT3 may 

be facilitating HCV replication via the production of specific STAT3 dependent 

genes. Secondly, we have presented significant data in this thesis to suggest that 

STAT3 may be assisting HCV entry into hepatocytes via the control of microtubule 

dynamics. These studies emphasize the need for further investigations into the role of 

STAT3 in the life cycle of HCV and suggest a role for therapies directed against 

STAT3 in patients with CHC, in order to limit disease progression. Furthermore, the 
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ability of HCV to activate STAT3 and the oncogenic nature of STAT3 suggest that 

STAT3 could be playing a mechanistic role in the development of HCC in individuals 

infected with HCV.  

 

In summary we have developed an in vitro model system to simultaneously evaluate 

the impact of HCV replication, alcohol metabolism and IFN, on each other. We have 

shown that alcohol metabolism increases HCV replication via an oxidative stress 

related mechanism and that the anti-viral action of IFN is severely attenuated in the 

presence of alcohol metabolism. Moreover, we have also identified STAT3 as a pro-

viral host factor that may exert its effect at multiple stages of the HCV life cycle. 

While all of the experiments in this thesis were conducted in vitro, the knowledge 

gained from this work will aid in the design of future studies to be performed when a 

small animal model of HCV pathogenesis becomes available. We believe we have 

significantly added to our understanding of the interplay between HCV and alcohol 

metabolism and that in the long term these findings will aid in therapeutic responses 

and management of patients chronically infected with HCV. 
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Biomol New Jersey, USA 

BioRad Laboratories California, USA 

Cell Signaling Massachusetts, USA 

Chemicon International Massachusetts, USA 

Cohu California, USA 

DAKO California, USA 

Dynatech Virginia, USA 

GeneWorks Adelaide, SA, Australia 

Invitrogen California, USA 

Merck Darmstadt, Germany 

Mol Bio Laboratories California, USA 

Molecular Probes Oregon, USA 

Nalge Nunc International Illinois, USA 

Nikkon Sydney, NSW, Australia 

New England Biolabs Massachusetts, USA 

Oxis Oregon, USA 

Olympus New York, USA 

Panomics Santa Clara, USA 

Perkin Elmer Massachusetts, USA 
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Promega Wisconsin, USA 

QIAgen Hilden, Germany 

Roche Indiana, USA 

Rockland Pennsylvania, USA 

Schering-Plough New Jersey, USA 

Schleicher and Schuell Dassel, Germany 

Sigma Missouri, USA 

SPSS Inc Illinois, USA 

Stratagene California, USA 

UVP Inc California, USA 

Vector Laboratories California, USA 

Vision Systems Mount Waverley, VIC, Australia 
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Abbreviations Used 

 

A adenosine 

aa amino acids 

bp base pairs 

BSA bovine serum albumin 

BVDV bovine viral diarrhoea virus 

C cytosine 

° C degrees Celsius 

cDNA complimentary deoxyribosenucleic acid 

CHC chronic hepatitis C 

CMV cytomegalovirus  

CYP2E1 Cytochrome P450-2E1 

dATP deoxyadenosine-5’-triphosphate 

dCTP deoxycytosine-5’-tripshosphate 

DEPC diethyl pyrocarbonate 

dGTP deoxyguanosine-5’-triphosphate 

dH2O deionised water 

DMEM Dulbecco’s Modified Eagle Medium with HEPES 

DNA deoxyribonucleic acid 

dNTP deoxyribonucleotide triphosphate 

dTTP deoxythymidine-5’-triphosphate 

EDTA ethylene diamine tetra acetic acid  

ER endoplasmic reticulum 

FCS foetal calf serum 

FITC fluorescein isothiocyanate 

g grams 

G guanosine 
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GAPDH glyceraldehyde-3-phosphate deydrogenase 

HCC hepatocellular carcinoma 

HCV hepatitis C virus 

HRP horse radish peroxidase 

IFN-α interferon alpha 

IFN-γ interferon gamma 

IRES internal ribosome entry site 

ISRE interferon stimulated response element 

JAK janus kinase 

kb kilobase 

kDa kilo Dalton 

L-Agar LB + agar 

LB Luria Bertani broth 

LDL low density lipoproteins 

Luc luciferase 

µg micrograms 

µl microlitres 

µM micromolar 

mA milliamps 

mg milligrams 

ml millilitres 

mM millimolar 

MCS Multiple Cloning Site 

MEM Minimum Essential Medium 

min minute(s) 

mRNA messenger RNA 

MW molecular weight 

ng nanograms 

nM nanomolar 
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N/A not applicable 

nt nucleotide 

ORF open reading frame 

PAGE polyacrylamide gel electrophoresis 

PBS phosphate buffered saline; 0.15M NaCl, 6M K2HPO4, 2mM 

KH2PO4 (pH 7) 

PCR polymerase chain reaction 

pg picograms 

pmol picomolar 

RNA  ribonucleic acid 

rpm revolutions per minute 

RT room temperature 

RT-PCR reverse transcriptase polymerase chain reaction 

sd standard deviation 

SDS sodium dodecyl sulfate 

sec second(s) 

ss single stranded 

STAT signal transducer and activator of transcription  

STMN1 Stathmin 

T T thymidine 

TAE 0.04M Tris (pH 8), 0.04M Acetic Acid, 1mM EDTA 

TEMED TEMED N,N,N’,N’-tetramethylethyethylenediamine 

Tris 3,3,5,5-tetramethylbenzidine 

TYK2 tyrosine kinase 2 

U units 
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UTR untranslated region 

V volts 

w/v weight per volume  
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