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Preface

Hepatitis C virus (HCV) is a hepatotropic virus that causes acute and chronic liver 

disease. According to the World Health Organization, 80 million people worldwide are 

infected with HCV, of which annually approximately 400,000 HCV-infected people die, 

mostly from cirrhosis and/or hepatocellular carcinoma. Estimates from 2015 suggest 

a global incidence of 1.75 million new HCV infections every year. Thus, HCV infection 

is a severe global health problem. In 2016, the World Health Organization announced 

its ambition to eliminate viral hepatitis as a public health problem before the year 

2030. Yet, irrespective of this great ambition and the significant advances in antiviral 

drug treatment and knowledge on HCV, important challenges still lie ahead of us, such 

as the development of effective vaccines and unraveling virus-host interactions. 

The research described in this thesis focuses on the stress response in hepatocytes 

expressing HCV proteins and its consequences for the interaction with hepatic 

stellate cells, the main cell type responsible for the excessive matrix production 

during fibrogenesis. We developed a model of external oxidative stress induction 

to mimic the in vivo situation of HCV infection. In this model, human Huh7 cells 

expressing viral proteins (Core, NS3/4A and NS5A), were subjected to an additional 

stressor (oxidative stress induced by the superoxide anion donor menadione). Using 

this model, we investigated the effect of the expression of these HCV proteins on the 

adaptation of hepatocytes to oxidative stress and ER stress. In addition, we developed 

a co-culture model of Huh7 cells expressing viral proteins and LX-2 human stellate 

cells, to investigate whether HCV protein expressing cells exert a pro-fibrogenic effect 

on these matrix-producing cells. Our studies reveal important novel information on 

the interaction between virus and host and suggest new therapeutic approaches. 
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Scope of the thesis

The research described in this thesis focuses on the cellular response to stress during 

hepatitis C virus (HCV) infection and the consequences for viral persistence and cell 

survival. We specifically investigated the adaptive response of hepatocytes expressing 

viral proteins to endoplasmic reticulum (ER) stress and oxidative stress. 

In Chapter 1 we present a general overview of the epidemiology, clinical aspects, 

treatment options as well as structure and life cycle of hepatitis C virus.

In Chapter 2  we review host-HCV interactions with special emphasis on the  

hepatocyte adaptive response to viral infection: HCV-infected hepatocytes have to 

cope with 1) HCV replication and expression of viral proteins and 2) inflammatory 

signals from the immune response or other sources of tissue/liver damage. The 

cellular stress response in the context of acute and chronic HCV infection is reviewed 

and discussed in this chapter. 

In Chapter 3, we introduce our first experimental approach. Huh7 cells and rat 

primary hepatocytes were transiently transfected with expression vectors for Core 

and NS3/4A production. Then, hepatocytes expressing HCV viral proteins were 

subjected to exogenous oxidative stress to mimic the events occurring during acute 

HCV infection in vivo. Next, this model is used to investigate the adaptive response of 

HCV-infected hepatocytes to an additional stressor (oxidative stress). 

In Chapter 4, we use Huh7 cells stably transfected with viral proteins as a model 

of chronic HCV protein expression. Different signaling pathways have evolved to 

mediate the cellular stress response. Between them, the activation of the eIF2a/ATF4 

pathway plays an important role to overcome the cellular stress through activation 

of autophagy. We observed the specific degradation of the proteins Core and NS5A 

after external oxidative stress induction, and their expression was recovered when 

menadione effect was blocked with an antioxidant. The phosphorylation of eIF2a and 

expression of ATF4 and CHOP suggested the activation of the eIF2a/ATF4 pathway.  

In Chapter 5, we investigate the interaction between HCV-protein expressing 

hepatocytes and hepatic stellate cells (HSC), the cells responsible for excessive 

matrix production leading to fibrosis. It is relevant to study this interaction, because 

chronic HCV patients typically develop liver fibrosis that may progress to cirrhosis 
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and predisposes for liver cancer. We describe an in vitro model of hepatocyte-HSC 

interaction using a trans-well co-culture system to mimic the conditions during HCV 

infection. Finally, in Chapter 6 we summarize our findings and present an integrated 

discussion of our results and its clinical relevance. Moreover, we present an outlook 

for further research.
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