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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-o (IFN-at) 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-a 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 (CYP2EL), 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
[FN-a therapy in HCV infected individuals consuming alcohol. Specifically we have
shown that alcohol metabolism attenuates the anti-HCV activity of IFN-a 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

HCYV 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
STATS3 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
STATS3 in the life cycle of HCV and suggest a role for therapies directed against

STATS3 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
STATS3 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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