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Abstract  
 
Hepatitis C virus (HCV) infection in humans is remarkably efficient in establishing viral persistence, leading to the development of 
liver cirrhosis and hepatocellular carcinoma. CD8+ T cells are involved in controlling HCV infection; but, in chronic HCV patients, 
severe CD4+ and CD8+ T cell dysfunction has been observed. This suggests that HCV may employ numerous mechanisms to 
counteract or possibly suppress the host T cell responses. The primary site of HCV replication occurs within hepatocytes in the 
liver. As a result of liver enodothelial cells perforated by fenestrations, parenchymal cells (hepatocytes) are not separated by a basal 
membrane, and thereby HCV-infected hepatocytes are extensively capable of interacting with innate immune cells including NK, 
DC. Recent studies reveal that the function of NK and DC function is significantly impaired in chronic HCV patients. Given a 
critical role of NK and DC in limiting HCV replication at the early phase of viral infection, it is likely that HCV-infected 
hepatocytes might be responsible for impairing NK and DC function by enhancing the expression of immunoregulatory molecules 
(either soluble or cell surface). Thus, this impairment of innate immunity attributes to the failure of generating effective T cell 
responses to clear HCV infection.  In this article, we will review studies highlighting the regulation of innate immunity by HCV 
and crosstalk between hepatocytes and NK/DC in the hepatic environment. 
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Introduction 
 
Hepatitis C virus (HCV) infection is a growing public health 
problem and over 130 million people are chronically infected 
worldwide [1]. Unlike hepatitis B virus (HBV), HCV evades 
effective immune responses and establishes chronic infection 
in more than 80% of infected individuals. Persistent HCV 
infection predisposes to the increased incidence of compli- 
cations such as liver cirrhosis and hepatocellular carcinoma 
[2].  Unfortunately a protective vaccine is not available and 
therapeutic options for HCV patients are still limited.  Current 
standard therapy with pegylated interferon combined with 
ribavirin is often not tolerable because of side effects, and 
approximately half of individuals receiving anti-HCV therapy 
mount a sustained virologic response (SVR). It is also worth- 
while to point out that, in spite of type I interferon (IFN) 
produced during acute infection, HCV replication is sustained 
and HCV infection fails to be cleared and establishes 
persistent infection. This suggests that HCV evolves multiple 
strategies to attenuate IFN-mediated antiviral mechanisms and 
counteract with host immune responses. An understanding of 
the mechanisms involved in HCV-mediated immune evasion 
strategies is a critical step to help the design of novel antiviral 
therapy and the development of vaccine. Hepatocytes are the 
primary target of HCV infection and replication. Hepatocytes 
comprise 70-80% of all liver cells and lie underneath the liver 
sinusoids collecting the blood from artery and intestine.  
Unlike most blood vessels, liver enodothelial cells do not form 

tight junctions and are perforated by fenestrations.  Therefore, 
parenchymal cells are not separated by a basal membrane and 
there are extensive interactions of HCV-infected hepatocytes 
with immune cells, including NK and DC, as shown in Figure 
1. Although early studies suggest that hepatocytes express low 
levels of class I MHC molecules, hepatocytes are emerging as 
an important player in regulating intrahepatic immune respo- 
nses.  In this review, we will provide a brief discussion of the 
HCV life cycle and describe the potential immunoregulatory 
mechanisms involving several cell types such as hepatocytes, 
NK, and DC from an immunological point of view. 

 
The HCV life cycle 
 
HCV is an enveloped positive stranded RNA virus belonging 
to the Flaviviridae family.  The precise process by which HCV 
enters hepatocytes is not yet fully understood, but the entry of 
HCV may require lipoproteins and other cellular proteins [3].  
Low density lipoprotein (LDL) receptor appears to be invol- 
ved in endocytosis of HCV as antibodies to LDL receptor 
prevented HCV entry in a dose dependent manner and endo- 
cytosis of HCV is also competitively inhibited by LDL and 
very low density lipoprotein (VLDL), but not by high density 
lipoprotein (HDL) [4, 5]. In addition, HCV entry into hepato- 
cytes is associated with other cellular proteins: the tetraspanin 
CD81, the scavenger receptor class B type I (SR-BI), and the 
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tight junction proteins claudin-1, -6 or –9 [6-9]. While HCV 
entry appears to be reduced in the presence of antibodies to 
CD81, or the downregulation of CD81 in hepatoma cells [10], 
SR-BI is thought to be an additional factor to mediate the 
entry of HCV into cells [7, 11]. However, coexpression of 
CD81 and SR-BI are not sufficient for HCV entry, suggesting 
that other proteins are involved in HCV entry [6, 12]. Indeed, 
recent studies report that additional cellular factors such as the 
tight junction proteins, claudin 1 (CLDN1) and occludin are 
involved in the HCV entry [6, 13]. Nevertheless, certain cell 
types are still non-permissive despite the expression of CD81, 
SR-BI and CLDN1 and this indicates that additional unknown 
factor(s) may be necessary for the entry of HCV into 
hepatocytes [14]. Since several proteins have been identified 
as crucial factors for HCV entry, HCV entry occurs by the 
sequential steps of numerous cell surface molecules displayed 
in hepatocytes. After endocytosis, the positive strand HCV 
genome undergoes an uncoating process and is exposed to 
host cell machinery. The 5’ non-translated region of the HCV 
genome contains an internal ribosome entry site (IRESs). The 
viral genome is then translated as a polyprotein in the cyto- 
plasm, and the HCV replication appears to occur in association 
with the endoplasmic reticulum. The individual structural 
(core, E1, E2) and non-structural proteins (NS2, NS3, NS4A, 
B, NS5A, B) are proteolytically processed from the poly- 
protein. To counteract with host immunity against HCV, viral 
proteins such as core, NS3A, NS5A, have been shown to 
inhibit the production of type I IFN as described below and 
play a role in the establishment of HCV persistent infection.  
Given the immunoregulatory role of type I IFN in activating 
innate immunity, particularly NK cell activation, the inhibition 
of the type I IFN response by HCV might directly be involved 
in the impaired innate and adaptive immunity as observed in 
chronic HCV patients. 
 
RIG-I/TLR activation and interference of RIG-I/TLR 
signaling by HCV 
 
Pathogen recognition receptors (PRRs) recognize constituents 
from microbial pathogens and trigger anti-viral responses by 
promoting the production of inflammatory cytokines. While 
HCV is able to activate toll like receptor3 (TLR3) and retinoic 
acid inducible gene I (RIG-I) pathway, several viral factors 
have been reported to inhibit the innate immune response and 
favors for virus survival [15, 16]. During HCV infection in 
hepatocytes, two PRRs (RIG-I, TLR3) recognize HCV RNA 
and trigger signaling cascades that lead to the synthesis of 
multiple cytokines, including type I IFNs and the activation of 
host defense mechanism (Figure 2A). RIG-I senses the poly- 
uridine motif of the HCV genome 3’ non-translated region in 
the cytoplasm recruits the adapter molecule INF-β promoter 
stimulator protein 1 (IPS-1) localized to the membrane of 
mitochondria [17, 18]. On the other hand, TLR3 senses 
double-stranded RNA in the endosome and recruits the adapter 
molecule Toll-IL-1 receptor domain-containing adapter indu- 
cing INF-β (TRIF) [19]. TRIF is essential for double-stranded 
RNA-stimulated synthesis of type 1 IFNs signaling. Neverth- 
eless, both RIG-I and TLR3 pathways initiate a signaling 
cascade that result in INF-β synthesis [19, 20]. Secreted INF-β 
then activates the JAK/STAT signaling cascade by binding to 
the INF-α/β receptor [19]. This cascade results in the 
transcription of IFN-stimulating genes (ISGs) including pro- 
tein kinase R (PKR), 2’,5’ oligoadenylate synthetases-RNaseL 
[21-24]. These products play a pivotal role in limiting virus 
infection by suppressing viral replication and modulating 
adaptive immune response [25]. As a counteractive mecha- 
nism for TLR-induced anti-viral responses, HCV develops 
strategies to evade these immune responses in part through its 

ability to antagonize signaling to the IFN response at multiple 
levels (Figure 2B). First, the HCV NS3/4A protease inacti- 
vates IPS-1 by cleaving and delocalizing from the mitoch- 
ondria membrane, thus preventing RIG-I signaling [11, 17, 
26].  Importantly, liver tissues from chronic infected HCV 
patients demonstrated redistribution of IPS-1, which provides 
strong evidence that IPS-1 is targeted and is an essential 
component of IFN transcription [27]. In addition, NS3/4A 
protease has also been demonstrated to disrupt TLR3 pathway 
by accelerating degradation of TRIF in vitro [28]. As a 
consequence of cleavage of IPS-1 and TRIF by NS3/4A, IFN 
synthesis is reduced in HCV-infected cells, and the host 
defense mechanism is likely to be impaired [11].  It suggests 
that the protease inhibitors, which are now in clinical trial, 
may not only reduce viral replication, but also restore host 
immunity [11].  Second, HCV core inhibits IFN signaling by 
interfering with JAK/STAT pathway [29] whereas HCV NS5A 
blocks 2’-5’ oligoadenylate synthetase (2’-5’ OAS) and 
induces IL-8, which inhibits overall ISG expression [19, 30]. 
Lastly, HCV E2 and NS5A inhibit PKR, which leads to 
increase the phosphorylation of eIF2α and inhibits protein 
synthesis in infected cells [31, 32]. The analysis of PKR 
activation among various HCV genotypes demonstrated that 
HCV genotype 1 is relatively resistant to IFN therapy and 
inhibits PKR more efficiently than HCV genotype 2 and 3 [32, 
33]. These findings provide an explanation to why patients 
with genotype 2 and 3 have a greater SVR rate than those with 
genotype 1. As these viral escape mechanisms have been 
identified in cell culture systems, more data wait for demons- 
trating their physiological relevance during a natural HCV 
infection. Given a crucial role of type I IFN in the activation 
of NK cells, the inhibition of type I IFN synthesis by HCV 
proteins might be critical for impairing the function of NK and 
DC shown in chronic HCV patients as described below.  
Further studies are necessary to elucidate the potential role of 
HCV-induced inhibition of type I IFN synthesis in impairing 
NK cell activation, resulting in affecting DC activation via 
NK-DC crosstalk. 
 
Inhibition of NK antiviral activity by HCV 
 
Natural Killer (NK) cells are enriched in the liver and 
constitute the first line of host defense mechanisms against 
pathogen [34]: the intrahepatic lymphocytes contain 37% NK 
cells compare to 13% NK cells present in the peripheral blood 
[35].  Following viral infection, NK cells can penetrate the 
endothelial cells, enter the space of Disse, and directly contact 
the microvilli of hepatocytes. NK cells activated during the 
early stages of viral infection play a pivotal role in guiding 
first defense against viral infection and linking between innate 
and adaptive responses.  NK cell function is modulated by the 
expression of inhibitory receptors (Ig-like killer inhibitory 
receptor, CD94/NKG2 receptors) and activating receptors 
(NKp46, NKp30, NKp44, NKG2D). During the early stage of 
HCV infection, NK cells are activated by type I IFNs and DCs 
[36, 37] and the activated NK cells can inhibit HCV infection 
by killing HCV-infected hepatocytes directly, secreting cyto- 
kines such as IFN-γ that inhibit HCV replication and stimu- 
lating adaptive immune response [38-43]. Thus, NK cells play 
an important role in controlling acute HCV infection [43]. 
However, the frequency of NK cells is decreased in peripheral 
blood of chronic HCV infected patients [44, 45].  Interestingly, 
patients who cleared HCV with antiviral therapy showed 
similar frequency NK cells compared to healthy controls [44], 
and intrahepatic NK cells also correlate positively with 
sustained response to IFN/ribavirin treatment for chronic HCV 
patients [46].  Notably, in chronic HCV patients, NK cells are 
functionally  impaired  and  the  ability of NK cells to augment  
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Fig 1.  A diagram for the liver sinusoid.  Under the normal condition, due the physical barrier formed by portal endothelial 
cells and basal membrane, innate immune cells, in particular, immature DC are easily not accessible to interact with 
hepatocytes.  However, following the inflammatory stimuli including liver tropic HCV infection, NK and DC can direct 
contact with HCV-infected hepatocytes due to the increased permeabilization of endothelia membrane.  So there are extensive 
interactions between HCV-infected hepatocytes and NK/DC.  These interaction might play a critical role in regulating anti-
viral T cell responses. 

 
DC function is severely compromised [38, 47]. These results 
suggest that HCV evades NK cell surveillance via multiple 
mechanisms. The binding of the HCV envelope protein, HCV-
E2, to CD81 (an ubiquitous cellular receptor for HCV) has 
been reported to block NK cell activation with inhibition of 
IFN-γ production, and cytotoxic granule release [48, 49]. In 
addition, the expression of HCV core protein at hepatocytes 
enhances the expression of HLA-E, a ligand of NK cell 
inhibitory receptor NKG2A, and inhibits NK cells function 
[50, 51]. Thus, it is likely that the intracellular HCV core alters 
the expression of NK cell receptor repertoire, favoring 
expansion of NK inhibitory receptors. Although most of in 
vitro cell culture experiments and clinical studies suggest that 
NK cells play a critical role in controlling HCV infection, the 
development of reliable in vivo models is an essential step to 
clarify the function of NK cells in the complex network of 
innate and adaptive immune responses. Importantly, recent 
studies reported that NK cells can crosstalk with DC, resulting 
in the regulation of adaptive T cell responses. Thus, it is 
possible that the impaired DC function as described below 
might be as a result of the inhibition of NK cell activation in 
chronic HCV patients.   
 
Impairment of DC function by HCV 
 
Antigen-presenting cells, such as DC, have an important role 
in initiating immune responses to viral infection and also 
express different TLR, thus responding to diverse pathogens 
[52]. Importantly, DC play a crucial role in linking the innate 
immunity to the adaptive immunity by presenting viral anti- 
gens to T cells [53]. Impairment of DC can severely disrupt 
the ability of the host immune response to clear viral infection, 
thereby resulting in ongoing viral infection. Numerous studies 
have also reported that patients with chronic HCV infection 
have decreased numbers of peripheral myeloid and plasma- 
cytoid DC [35, 54-56]. This could be possibly due to the 
migration of DC from the peripheral blood to the infected 
liver.  This possibility is further supported by recent studies 
that intrahepatic accumulation of DC in chronic HCV hepatitis  

 
patients is increased markedly compared to normal control 
liver  specimens  [57].  However, the  intrahepatic  trapping  of 
DC may not be specific to chronic HCV infection, as this has 
been shown in another liver-tropic viral infection, i.e. chronic 
HBV infection.  Human DCs are classified into two major 
subsets: myeloid DCs and plasmacytoid DCs [52, 58-60].  
Myeloid DCs are considered as classical APCs, as they are 
able to initiate the activation of naïve and effector T cells.  
Thus, defective myeloid DC function could result in insuff- 
icient Th1 cell development. Notably, in chronic HCV patie- 
nts, the ability of myeloid DCs to stimulate allogeneic T cells 
is diminished [54, 61, 62].  Myeloid DCs from chronic HCV 
patients display increased IL-10 and decreased IL-12 
production in response to stimulation such as poly(I:C) or 
CD40 [54, 61-64].  As one of viral factor(s) to impair DC 
function, extracellular HCV core has been reported to inhibit 
the production of IL-12 by human myeloid DCs in response to 
TLR stimulation [65].  Based on the pivotal role of cytokines 
(i.e. type I IFN, IL-12) secreted by DC in NK activation 
during the early phase of viral infection, future studies are 
necessary for paying attention to elucidate the contribution of 
impaired DC function in chronic HCV patients on altering NK 
cell activation. Importantly, plasmacytoid DC play a pivotal 
role in generating anti-viral responses by secretion of high 
levels of IFN-α in response to TLR7 and TLR9 stimulation 
[66, 67].  In HCV infection, the function of plasmacytoid DCs 
is impaired compared to healthy control and their ability to 
produce IFN-α upon in vitro stimulation is reduced [54, 56, 
61, 68-70].  Interestingly, patients who resolved their HCV 
infection spontaneously and patients who responded to therapy 
showed similar numbers of plasmacytoid DC and IFN-α 
production as the healthy control group [56, 68]. Taken 
together, the impaired DC function in HCV patients might 
explain a failure in generating effective T cell responses 
during HCV infection.  Given that inflammatory cytokines, 
particularly IL-12, are crucial for activating NK cells, it is 
possible that the inhibition of such cytokines might be also 
involved in the inhibition of NK cell activation as described 
above. 
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Fig  2.  A) Pathogen recognition receptors RIG-I and TLR3 detect HCV ds RNA and activate via their adaptor molecules IPS-
1 and TRIF.  These signaling cascades result in transcription of INF-β gene in synergy with NF-κβ.  Secreted INF-β activate 
JAK/STAT pathway by binding INF common receptor.  As a result, INF-stimulated genes are induced.  B) HCV attenuates 
innate immune responses at the multiple levels.  NS3/4A protease inhibits RIG-I and TLR3 downstream pathway via blocking 
their adaptor molecules, IPS-1 and TRIF. HCV proteins NS5A and Core inhibit INF-stimulated gene expression by interfering 
with JAK/STAT pathway.  HCV proteins E2 and NS5A inhibit PKR activation. 

 
Future Studies 
 
HCV utilized several mechanisms related to escape innate and 
adaptive immune responses at multiple steps. HCV needs 
these strategies including disruptions of mediators in intra- 
cellular antiviral defenses, as well as interruptions of host 
immune processes, for survival in the host. Although our 
understanding at the molecular level that HCV may evade 
detection and clearance by the host immune system was 
advanced  after  the  cell  culture  system  was  developed,  the  

 
 
potential mechanisms to clinical persistent infection still 
remain to be defined.  In addition to recent advances in cell 
biology and immunology of the host, it is hoped that small 
animal models will be developed to allow evaluation of anti- 
viral agents, vaccines, and immunotherapies. And the benefits 
of such advances might help patients who suffer from serious 
forms of liver disease with improved personal life, and it may 
ultimately become possible to provide protection against viral 
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infection.  Furthermore, although several aspects of immune 
responses are not functional during chronic HCV infection, the 
initial causal factor(s) responsible for impaired responses to 
HCV has yet to be determined. Given that NK and DC 
recruited to infection sites following viral infection lead to the 
promotion of NK-DC cross-talk, influencing CD8+ T cell 
responses, it is critical for a better understanding of the 
mechanisms of hepatic NK cell function and the cooperation 
between hepatic NK cells and other cells (i.e. DC, CD8+ T 
cells) in the liver. 
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