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     A diverse range of cytokines are produced in response to virus infections, and they induce amplification or transition of further immune responses. Establishment of hepatitis C virus (HCV) cell culture infection system has enabled detailed analysis of HCV in the whole spectra of viral life cycle, virus-host interaction, and antiviral innate immunity. Here, we focused on the modulation of cytokine responses by HCV and its significance.
     Liver injury in HCV infection is believed to be caused by host immune responses, not by viral cytopathic effects. TNF-α plays a pivotal role in the inflammatory process of chronic hepatitis C. TNF-α induces cell death that can be ameliorated by NF-κB activation. We studied the regulation of TNF-α signal transduction by HCV using the HCV cell culture infection system, and identified HCV proteins responsible for sensitization to TNF-α-induced cell death. We found that TNF-α-induced cell death significantly increased in HCV-infected cells. HCV infection diminished TNF-α-induced activation of NF-κB pathway and expression of NF-κB-dependent anti-apoptotic proteins, such as Bcl-xL, XIAP, and c-FLIPL. Decreased levels of Bcl-xL, XIAP, and c-FLIP mRNA and protein were also observed in livers with chronic hepatitis C. Forced expression of each HCV protein revealed that HCV infection enhances TNF-α-induced cell death by suppressing NF-κB activation through the action of core, NS4B, and NS5B.
     Next, we investigated whether HCV infection alters the interferon-induced MHC class I expression using the HCV cell culture infection system. While the baseline levels of MHC class I expression was not changed by HCV infection, type I interferon-induced MHC class I expression was notably attenuated by HCV infection. Interferon-gamma-induced MHC class I expression was also attenuated by HCV infection. In contrast to decrease in the protein expression levels, interferon-induced MHC class I mRNA expression was not suppressed by HCV infection, suggesting that HCV regulates MHC class I expression at translational or post-translational levels. Interestingly, forced expression of each HCV protein did not abrogate the interferon-effect on MHC class I expression. Instead, the replication of HCV was required for the attenuation of interferon-induced MHC class I expression. The attenuated expression of interferon-induced MHC class I was associated with activation of protein kinase R (PKR), and resultant suppression of protein synthesis in HCV-infected cells. Interestingly, the attenuation of interferon-induced MHC class I expression was reversed by silencing PKR in HCV-infected cells, indicating that activation of PKR by the replicating HCV was responsible for the attenuation of interferon-induced MHC class I expression.
     Collectively, these findings describe important aspects of the modulation of host cytokine responses by HCV and its consequences on immune evasion, viral persistence, and liver injury.

