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Does HCV Cause Dysfunction in the Immune Cells?

Chapter 14

Regulation of Adaptive Immunity by HCV

Xiao-Song He

ABSTRACT
HCV causes chronic infection in the majority of infected patients, which is 
associated with attenuated adaptive immunity against the virus. Accumulating 
data suggest that HCV may modulate the adaptive anti-HCV immunity of the 
host to facilitate the establishment of viral persistence. Potential mechanisms of 
this modulation include infection of dendritic cells by HCV, as well as binding of 
HCV envelope or core proteins to cell surface receptors, resulting in perturbation 
of the functions of different immune cell subsets. These mechanisms may operate 
predominantly in the liver, the primary site of infection by HCV, where the unique 
hepatic environment favors tolerance rather than immunity to foreign antigens. 
Elucidation of these mechanisms may lead to development of novel therapeutic 
strategies combining both antiviral drugs and immunotherapy agents.

INTRODUCTION
Hepatitis C virus (HCV) is a major blood-borne virus that infects over 100 million 
people worldwide and 2.7 million in the United States. It is estimated that in less 
than 20% of HCV-infected individuals the virus is cleared spontaneously, while in 
the majority of patients the virus persists and causes chronic hepatitis that may lead 
to end-stage liver diseases requiring liver transplantation (Alter et al., 1999). The 
mechanisms underlying different outcomes of infection are not clear at this time. 
The host immune responses, including innate immunity and adaptive immunity, play 
a critical role in determining the outcome of viral infection, as well as in the nature 
and extent of liver cell injury during HCV infection (Rehermann and Chisari, 2000; 
He and Greenberg, 2002). Since the rate of persistence for HCV is much higher 
than other hepatitis viruses, for example, hepatitis B virus (HBV) that persists in 
only less than 10% of immunocompetent adults who are infected (Hollinger and 
Liang, 2001), HCV appears to be more successful than many other viruses in terms 
of evading the protective immunity of the host. However, little is known regarding 
the exact reasons for the failure of the host immune system in fighting HCV. In 
this article the current knowledge regarding the adaptive immunity to HCV will 
be reviewed first, followed by a discussion on the potential mechanisms HCV may 
employ to interfere with the normal functions of host immune system to achieve 
its persistence.
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ADAPTIVE IMMUNITY TO HCV: A FAILURE IN MOST PATIENTS
Although HCV persists in the majority of infected individuals, a small fraction 
of patients can successfully clear the infecting virus. In a study on injection drug 
users, those who resolved previous HCV infection were 12 times less likely to be 
reinfected to develop persistent infection than people infected for the first time. 
In those who did become reinfected, the median peak HCV RNA levels were two 
logs lower than people infected for the first time to develop persistent infection. 
These findings suggest that a protective immunity does exist, which is capable of 
complete or partial control of HCV infection (Mehta et al., 2002).

While the role of neutralizing antibodies in the protective immunity against HCV 
has recently regained attention (Hsu et al., 2003; Logvinoff et al., 2004), most 
of the previous studies on the human adaptive immune responses against HCV 
focused on the T cell responses. Although the number of cases with self-limited 
HCV infection that have been carefully studied is relatively small, such studies 
usually reveal a vigorous HCV-specific T cell response, including CD4 T cell 
response (Gerlach et al., 1999; Takaki et al., 2000; Thimme et al., 2001; Rosen 
et al., 2002) and CD8 T cell response (Gruner et al., 2000; Lechner et al., 2000b; 
Takaki et al., 2000; Thimme et al., 2001; Lauer et al., 2004). These responses were 
detected early during the acute phase (Takaki et al., 2000; Thimme et al., 2001) and 
sustained for many years after the clearance of HCV (Takaki et al., 2000). They 
were usually broadly targeted at multiple epitopes restricted by different MHC 
molecules, without a dominant epitope (Cooper et al., 1999; Lauer et al., 2004). 
In contrast, patients with chronic HCV infection usually have weak or defected T 
cell responses against HCV, as indicated by low frequencies for the specific T cells 
(He et al., 1999; Lauer et al., 2004), short-lived responses (Lechner et al., 2000a; 
Ulsenheimer et al., 2003), narrowly targeted epitopes (Lauer et al., 2004), as well 
as defects in the effector functions of the specific T cells (Gruener et al., 2001; 
Wedemeyer et al., 2002). Taken together, these studies strongly suggest that the 
host T cell responses are a key factor in determining the outcome of HCV infection. 
Of note, during the acute phase of self-limited HCV infection, a brief period of 
dysfunction of HCV-specific CD8 T cells has also been documented (Lechner et 
al., 2000b; Thimme et al., 2001), suggesting that a transient down-modulation of 
the effector functions of specific CD8 T cells may be a host strategy to limit the 
tissue damage caused by the cytotoxic CD8 T cells at the early stage of infection 
when viral replication is at its peak rate.

Although it is still unclear why T cell responses fail to clear HCV in most cases, 
a comparison of T cell immunity against HCV and other viruses with different 
outcomes of infection has generated some intriguing results. Within the category of 
persistent viruses, the pattern of viral replication varies from latent infections that 
undergo periodic reactivation (e.g. Epstein-Barr virus, EBV), to ongoing low-level 
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viral replication (e.g. human cytomegalovirus, CMV) controlled by the immune 
responses without causing disease, to persistent high-level viral replication subjected 
to immune control to variable extents at different stages of disease course, as in 
the case of HIV. MHC class I tetramers and cytokine flow cytometry assays have 
been used to characterize phenotypes of human CD8 T cell responses to persistent 
viral pathogens (He et al., 1999; Appay et al., 2000; Gamadia et al., 2001; Hislop 
et al., 2001; Catalina et al., 2002; Khan et al., 2002; Wedemeyer et al., 2002). 
A study comparing the phenotypes of peripheral CD8 T cells specific for HIV, 
CMV, EBV and HCV showed that the expression of CD8 T cell surface markers 
thought to be related to CD8 T cell differentiation, including CD27 and CD28, 
were heterogeneous between CD8 T cells specific for different viruses (Appay et 
al., 2002). The authors proposed the use of CD27 and CD28 expression to classify 
virus-specific CD8 T cells into early (CD27+CD28+), intermediate (CD27+CD28–) 
and late (CD27–CD28–) differentiated cells. Interestingly, CD8 T cells specific 
for each of the four viruses appeared to fall into different stages based upon this 
classification; that is, HCV-specific CD8 T cells had markers associated with the 
early differentiation phenotype, EBV-specific CD8 T cells were classified as early-
intermediate, CD8 T cells recognizing HIV antigens were intermediate, and only 
CMV-specific CD8 T cells had the proposed late phenotype. Of note, memory CD8 
T cells specific for influenza A virus (fluA), which causes transient infections and 
is cleared by the immune system, have phenotypes consistent with those of early 
differentiated cells (He et al., 2003).

Although the mechanisms explaining these heterogeneous phenotypes of virus-
specific T cells are not known, there appears to be a correlation between the 
differentiation stage of virus-specific CD8 T cells and the control of viral replication 
mediated by the CD8 T cell response. CMV is a persisting virus with ongoing 
low-level viral replication, but it does not cause any disease in immune competent 
subjects; this is associated with high levels of fully differentiated effector CD8 T 
cells that control the ongoing replication of virus. On the other end of the spectrum, 
fluA does not persist in infected host. The fluA-specific memory T cells responsible 
for the long-term maintenance of immunity in healthy subjects are experiencing rest 
from stimulation by viral antigens (Wherry and Ahmed, 2004); this is associated 
with their early differentiation phenotypes. Between these two extremes lies EBV, 
which is a latent virus with periodic reactivation that re-stimulates the resting 
memory T cells briefly at intervals, resulting in an early-intermediate phenotype of 
the EBV-specific CD8 T cells. HIV causes a persistent and progressive infection. 
This is associated with an intermediate differentiation phenotype of HIV-specific 
CD8 T cells with certain functional defects when compared to CMV-specific CD8 
T cells (Appay et al., 2000; Champagne et al., 2001). Such an immune response 
may partially control the ongoing viral replication during the asymptomatic phase, 
until the depletion of helper CD4 T cells leads to the collapse of the immune system 
and onset of AIDS.
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However, when HCV-specific CD8 T cells are compared to CD8 T cells specific 
for the other viruses, they do not fit into the general pattern described above. While 
HCV causes persistent infection and ongoing disease, HCV-specific CD8 T cells, 
if ever detected in the peripheral blood, are frequently found to have a phenotype 
consistent with an early differentiation stage, similar to the resting fluA-specific 
memory CD8 T cells which had not been exposed to the virus since the last acute 
influenza was cleared. Some of the HCV-specific CD8 T cells even appeared to 
be functional when stimulated ex vivo with the endogenous viral peptides of the 
patient (He et al., unpublished data). In other words, HCV-specific CD8 T cells in 
many patients appear to be in a state of rest or anergy in vivo, ignoring the ongoing 
HCV infection. Of particular interest is a recent study on a cohort of patients 
co-infected with HCV and CMV, which found that CMV-specific CD8 T cells in 
these patients appeared to have lost some markers associated with differentiation 
maturity, including increased expression of CCR7 and reduced expression of Fas 
and perforin, although they maintained functional responses to in vitro stimulation 
with CMV antigen (Lucas et al., 2004). The authors suggested that the reduction in 
mature CD8 T cells in HCV-infected individuals arises through either impairment 
or regulation of T cell stimulation, or through the early loss of mature T cells. In 
either case, HCV may have a pervasive influence on the general T cell immunity 
of infected hosts, which is not limited to HCV-specific T cells.

A critical factor for the development and differentiation of T cells into functional 
memory and effector cells is the stimulation that they receive during the primary 
response (Lanzavecchia and Sallusto, 2002). In order to understand the apparent 
weak or abnormal T cell immunity to HCV, it is important to investigate the initial 
events leading to the antiviral adaptive immunity, which is the processing and 
presentation of viral antigens.

DENDRITIC CELLS – ARE THEY INFECTED BY HCV?
While B and T lymphocytes are the effectors of the adaptive immunity, their 
development and function is under the control of dendritic cells (DCs). Different 
subsets of DCs, including myeloid-derived DCs (MDC) and plasmacytoid-derived 
DCs (PDC), are the most important antigen presenting cells with the capability 
to capture and process antigens, express lymphocyte co-stimulatory molecules, 
migrate to lymphoid organs and secrete cytokines to initiate B and T cell responses 
(Banchereau et al., 2000). DCs not only activate lymphocytes, they also have the 
important function of tolerizing T cells to self-antigens, which results in the anergic 
state of such cells to avoid autoimmune reactions (Banchereau et al., 2000). The 
two opposite roles of DCs have been related to different maturity and cytokine 
production patterns of DCs (Crispe, 2003; Kubo et al., 2004). Thus, depending on 
the nature of antigens as foreign or self, the functions of DCs have to be precisely 
controlled to either activate or tolerize T cells. Any perturbation to this control 
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may lead to serious consequences. These include impaired immunity to infecting 
pathogens, causing persistent infections; or abnormal immunity to self-antigens, 
causing autoimmune diseases. In addition to functioning as antigen presenting cells 
that play a key role in the induction of adaptive immunity or immune tolerance, DC 
is also an important part of the antiviral innate immunity which is largely mediated 
by the type I interferons (IFNs) produced by PDCs (Cella et al., 1999).

Many viruses can directly infect DCs through different cell surface receptors. In 
response to this invasion, DCs process viral proteins and present them through 
MHC class I and II pathways while undergoing a maturation that enhances their 
presentation of antigen to T cells and expression of T cell costimulation factors 
for induction of adaptive T cell antiviral immunity (Carbone and Heath, 2003; 
Rinaldo and Piazza, 2004). As a strategy to counteract antiviral immunity, some 
viruses have evolved mechanisms to undermine the functions of DCs. For example, 
infection of DCs by measles virus resulted in diminished IL-12 production and 
inhibition of DC maturation (Schneider-Schaulies et al., 2003; Servet-Delprat et 
al., 2003). HIV-infected subjects had defects in the number, immunophenotype and 
functions of blood DC subsets infected with HIV (Barron et al., 2003; Donaghy et 
al., 2003). Infection of DCs by CMV has also been shown to cause inhibition of 
DC maturation and T cell activation, as well as increased production of molecules 
that induce apoptosis in T cells and down-regulation of MHC class I molecules 
(Raftery et al., 2001; Moutaftsi et al., 2002).

Accumulating evidence suggests that DCs are susceptible to HCV infection. In 
some studies, HCV RNA sequences, including replicative negative-strand RNA, 
have been detected in DCs isolated from patients with chronic HCV infection 
(Bain et al., 2001; Goutagny et al., 2003; Tsubouchi et al., 2004a). It was reported 
that both immature and mature monocyte-derived DCs were infected with HCV, 
as indicated by detection of negative-strand HCV RNA in the cells incubated in 
vitro with HCV-positive serum samples (Navas et al., 2002). In a study of HCV 
RNA sequencies isolated from liver and DC samples of a patient, the quasispecies 
detected in DCs were unique and differed from those present in the liver, suggesting 
a particular tropism of HCV quasispecies for DCs. Moreover, the translational 
activity of DC-derived HCV was significantly impaired when compared with those 
from liver and PBMCs, suggesting an impaired replication of HCV in the DCs 
(Laporte et al., 2003). Infection of DCs by HCV is thought to be mediated by the 
interaction of the HCV glycoprotein E2 with DC-SIGN, a membrane-associated 
C-type lectin that also involves in the binding of HIV to DCs (Lozach et al., 2003; 
Pohlmann et al., 2003).

Several groups have reported dysfunction of DCs that may potentially affect 
adaptive immunity in patients with persistent HCV infection, using various in vitro 
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functional assays for DCs. These include impaired allostimulatory abilities to CD4 
T cells (Kanto et al., 1999; Auffermann-Gretzinger et al., 2001; Bain et al., 2001; 
Kanto et al., 2004; Tsubouchi et al., 2004a), defects in responding to maturation 
stimuli (Auffermann-Gretzinger et al., 2001), as well as impaired ability to secrete 
IL-12, a cytokine important for the development of CD4 helper T cell responses 
(Anthony et al., 2004; Kanto et al., 2004). Some of these defects were reversed after 
IFN-α therapy that cleared HCV in the sera (Auffermann-Gretzinger et al., 2001) 
or DCs (Tsubouchi et al., 2004b), indicating that the DC dysfunction is associated 
with HCV infection. Interestingly, a positive association was observed between 
MDC-associated IL-12 production and HCV-specific T cell frequency in HCV-
infected subjects (Anthony et al., 2004). The DC-mediated innate antiviral immunity 
also appeared to be impaired in HCV-infected patients, as indicated by reduced 
production of IFN-α by PDCs (Anthony et al., 2004; Kanto et al., 2004). Of note, 
IFN-α is not only an important antiviral cytokine; it is also an important modulator 
for adaptive immunity. It has been reported that IFN-α enhances expression of class 
I and class II molecules, cytokines and perforin that are involved in the presentation 
of viral antigens and the effector functions of T cells (Ji et al., 2003), as well as 
provides a stimulating signal for the clonal expansion and differentiation of CD8 
T cells (Curtsinger et al., 2005).

In addition to the dysfunction of DCs, the numbers of MDCs, PDCs and DC 
progenitors in the periphery were significantly lower in patients with chronic 
hepatitis than in healthy controls (Kanto et al., 2004; Wertheimer et al., 2004). 
Taken together, these findings point to a defective immune response mediated by 
HCV-induced DC dysfunction as a potential mechanism enabling the persistent 
HCV infection.

It should be mentioned that most of the reported DC dysfunctions were based 
on monocyte-derived DCs generated in vitro. While this system has been used 
extensively in studying DC biology, it is not clear to what extend this model 
represents the functions of DCs in vivo (Kanto and Hayashi, 2004), especially those 
in the infected liver. In addition, conflicting results have been reported by other 
investigators who had conducted similar studies but failed to detect monocyte-
derived DC dysfunction in HCV chronically infected patients (Longman et al., 
2004) or chimpanzees (Rollier et al., 2003; Larsson et al., 2004), the only animal 
model for HCV infection. Obviously, more studies are warranted to elucidate the 
exact role of DCs in the apparent HCV-specific immunodeficiency.

INTERFERENCE OF HOST CELL FUNCTIONS BY HCV
While it is still controversial in terms of DC dysfunction in HCV-infected patients, 
in vitro studies have shown that various HCV proteins have the potential capability 
to modulate host cell functions by interfering with cellular signal transduction. 
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Numerous interactions between HCV proteins and cellular components have been 
identified in cell lines or experimental mice by using different expression systems 
for HCV proteins (Tellinghuisen and Rice, 2002). Studies have showed that the 
expression of HCV proteins suppressed IFN-induced signal transduction through 
the JAK-STAT pathway (Heim et al., 1999; Blindenbacher et al., 2003; Geiss et 
al., 2003; Duong et al., 2004). Specifically, a recent study in transfected cell line 
demonstrate that expression of HCV proteins suppressed IFN signaling by degrading 
STAT1, a major signal protein of the JAK-STAT pathway (Lin et al., 2005). HCV 
NS3/4A serine protease blocks viral activation of IFN regulatory factor-3 (IRF-3), 
a key transcription factor in inducing type I IFN expression, by proteolytic cleavage 
of a cellular protein in the IRF-3 signaling pathway (Foy et al., 2003), while HCV 
NS5A and E2 inhibits the IFN-inducible protein kinase PKR thought to play a role 
in the antiviral effect of IFN (Gale et al., 1999; Taylor et al., 1999). In addition to 
their central role in the innate immunity against viral infections, type I IFNs also 
exert modulation functions to the adaptive antiviral immunity (Boehm et al., 1997; 
Foster, 1997; Ji et al., 2003; Diepolder, 2004; Curtsinger et al., 2005). Of particular 
interest, DCs are a key component of both innate immunity and adaptive immunity, 
which orchestrate a successful overall immune response against infecting viruses. 
In an intriguing in vivo mouse study, Sarobe et al. used recombinant adenovirus 
vectors encoding HCV core/E1 or NS3 proteins to demonstrate that expression of 
specific HCV proteins in DCs down-modulated the antiviral adaptive immunity 
(Sarobe et al., 2003). The authors found that the expression of core/E1 proteins 
in DCs inhibited their maturation. When mice were immunized with immature 
DCs transduced with an adenovirus encoding core/E1, lower CD4 and CD8 T cell 
responses were induced in comparison to the mice receiving DCs transduced with 
an adenovirus encoding NS3.

In addition to the effects of intracellularly expressed HCV proteins, the interference 
of cellular functions by extracellular HCV proteins binding to cell surface receptors 
has also been documented. CD81 is a cell surface marker that binds the major 
envelope protein E2 of HCV (Pileri et al., 1998), and has been suggested to be 
involved in the infection process of HCV (McKeating et al., 2004; Zhang et al., 
2004). It was reported that engagement of CD81 with exogenous HCV E2 affected 
multiple functions of natural killer (NK) cells including activation, cytokine 
production, proliferation, and cytotoxic granule release (Crotta et al., 2002; Tseng 
and Klimpel, 2002). While the NK cell is a primary effector of the innate immune 
system, a complex interaction exists between NK cells and DCs (Andrews et al., 
2005), which may lead to activation or killing of DCs, depending on the nature of 
the interaction (Ferlazzo et al., 2002; Gerosa et al., 2002; Moretta, 2002; Piccioli 
et al., 2002; Zitvogel, 2002). This indicates an important role of NK cells in the 
regulation of adaptive immunity to infections. It has been shown in a mouse model 
that NK cells are necessary for optimal priming of adenovirus-specific T cells (Liu 
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et al., 2000). Of particular interest, in a study on the regulation of NK cell activities 
by inhibitory receptor CD94/NKG2A that normally leads to NK cell-induced 
activation of DCs, NK cells from chronic HCV-infected donors were not capable 
of activating DCs under the same conditions. In comparison to NK cells from 
normal donors, those from HCV-infected patients showed higher expression of the 
inhibitory receptor CD94/NKG2A and the cytokines IL-10 and TGF-β (Jinushi et 
al., 2004). Therefore, modulation of NK cells could be another potential pathway 
for HCV to affect the host innate and adaptive immune responses.

While E2 is a major component of HCV envelope and is readily available in HCV-
positive serum for interaction with cell surface receptors, it was reported that free 
HCV core protein was secreted from stable transfectant cell lines (Sabile et al., 1999) 
and could be detected in the serum of HCV-infected patients as well (Maillard et 
al., 2001). In a series of publications, Hahn and colleagues reported in vivo and in 
vitro studies suggesting that HCV core acts as an immunomodulator for the host 
T cell response. They first demonstrated that the core protein of HCV genotype 
1a delivered by a recombinant vaccinia vector suppressed the immune response 
to the vaccinia virus in mice (Large et al., 1999). Using in vitro cell systems, they 
further showed that the core protein bound to the complement receptor gC1qR 
on T cells and inhibited their proliferation and IFN-γ production (Kittlesen et al., 
2000; Yao et al., 2001; Yao et al., 2003; Yao et al., 2004). Based on these results, a 
model has been proposed that HCV core acts as an immune modulator that binds 
to a component of the host complement system and suppresses T cell responses, 
leading to the persistence of HCV (Eisen-Vandervelde et al., 2004). This is an 
attractive model because the binding of C1q, the natural ligand for gC1qR, to T cells 
is already known to suppress T cell response (Chen et al., 1994). In addition, other 
pathogens, including measles virus, EBV, and HIV, also appear to exploit similar 
strategies to suppress the host immune system by interactions with components of 
the host complement machinery (Fingeroth et al., 1984; Viscidi et al., 1989; Karp 
et al., 1996).

However, the role of HCV core as an immunomodulator is still an issue of debate, 
as similar studies using the core of HCV genotype 1b delivered with a recombinant 
adenovirus vector, or using genotype 1b core transgenic mouse, both failed to 
demonstrate any immunomodulatory effects on virus-induced cellular immunity 
(Sun et al., 2001; Liu et al., 2002). If the immunomodulator function of HCV 
core is a unique feature of HCV genotype 1a but not genotype 1b, this does not 
explain the fact that both HCV strains are equally likely to establish persistent 
infection. Therefore, this model needs direct evidence from human clinical studies, 
as well as more vigorous testing with in vivo experimental systems, including 
chimpanzees.
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REGULATORY T CELLS IN HCV INFECTION
Regulatory T cells (Tregs) have been recognized to be an important modulator 
of T cell immunity in recent years. The most studied Tregs are those with the 
phenotype CD4+CD25+, which have been shown to be powerful inhibitors of T 
cell activation both in vivo and in vitro (Shevach, 2002). While the involvement 
of Tregs in human autoimmune diseases such as multiple sclerosis and myasthenia 
gravis has been established (Viglietta et al., 2004; Balandina et al., 2005), the 
potential role of Tregs in viral hepatitis is just beginning to be defined. They could 
limit liver injury by controlling inflammation, or they may promote persistence of 
infection by suppressing immune responses (Chang, 2005). Recently, increased 
numbers of these cells have been linked to the impaired immune response in patients 
with chronic HBV infection (Stoop et al., 2005). In chronic HCV infection, the 
persistence of HCV was associated with a reversible CD4-mediated suppression 
of HCV-specific CD8 T cells and with higher frequencies of CD4+CD25+ Tregs 
that could directly suppress HCV-specific CD8 T cells ex vivo (Sugimoto et al., 
2003; Cabrera et al., 2004). However, these studies did not answer the question of 
whether the abnormalities of Tregs associated with persistent HCV infection are 
the causes or the consequences of chronic HCV infection.

Studies in mice have linked the immune regulatory function of Tregs to DCs (Pasare 
and Medzhitov, 2003). It was reported recently that the suppressive function of 
Tregs was critically dependent on immature DCs and was readily reversed by the 
maturation of DCs (Kubo et al., 2004), indicating that the maturity of DCs is a 
key factor that determines suppression or activation of adaptive immune response. 
Therefore, if the functions of DCs are indeed modulated by HCV infection, Tregs 
may provide another potential pathway for HCV to manipulate host adaptive 
immunity to benefit its persistence.

IMMUNE CELLS AND IMMUNE RESPONSES IN THE LIVER
Fig. 1 is a summary of the aforementioned potential mechanisms for the regulation 
of adaptive immunity by HCV. It should be emphasized that these models are largely 
based on in vitro or ex vivo experiments using human immune cells isolated from 
peripheral blood or on mouse experiments and have not been verified in HCV 
infected patients. A major challenge to all these potential mechanisms, or the HCV-
induced dysfunctions of different immune cell subsets including DCs, NKs and T 
cells, is that they are not in agreement with the lack of global immune deficiency 
in HCV-infected individuals similar to that in HIV-infected individuals. In other 
words, these mechanisms cannot explain why only HCV-specific immune responses 
are impaired, while the immune responses against other pathogens appear to be 
spared from the HCV-mediated immune dysfunctions. Although a recent study 
suggested that in patients with chronic HCV infection the phenotypes of CMV-
specific CD8 T cells were affected, there was no evidence for functional defects 
of CMV immunity (Lucas et al., 2004).
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The primary site of HCV replication and the major location of disease caused 
by HCV are both in the liver, where most of the immunopathologic events 
associated with the infection are likely to occur. This notion is supported by the 
dramatic lymphocyte infi ltration in the infl amed liver, but not in the normal liver. 
Unfortunately, because of the diffi culty in obtaining liver specimens, most of the 
immunological studies on human liver diseases have to rely on peripheral blood 
samples. Although very little is known about the immune cells in human liver 
compared to their counterparts in the peripheral blood, evidences derived from 
limited studies that directly investigated immune cells in normal and HCV-infected 
livers have revealed signifi cant differences between the intrahepatic and peripheral 
lymphocyte subsets, including their activation status, phenotypes and proliferation 
capability (Nuti et al., 1998; Wang et al., 2004; Ward et al., 2004). By using MHC 
tetramers, HCV-specifi c CD8 T cells in the liver have been characterized directly. 
These studies revealed that such cells were enriched in HCV-infected liver versus 
peripheral blood and had different surface phenotypes compared to their counterparts 
in the periphery (He et al., 1999; Grabowska et al., 2001; Accapezzato et al., 2004). 
Of note, studies in mice have demonstrated a highly heterogeneous nature of hepatic 
DCs and identifi ed unique intrahepatic DC subsets with phenotypic and functional 
features distinct from DC subsets isolated from other sites (Lian et al., 2003).

Fig. 1. Potential mechanisms for HCV-mediated interference of adaptive immunity. All these 
mechanisms are likely to operate primarily in the liver.
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As the largest organ in the body, the liver not only has various excretory, detoxifying 
and metabolic functions, but it is also considered an intrinsic lymphoid organ 
(Mackay, 2002) with unique microenvironment compared to other lymphoid 
tissues in the periphery, such as the lymph nodes. Therefore, naive T cells in the 
liver may encounter local antigens and start development and differentiation in a 
manner distinct from those in the periphery, including such dramatic differences 
as apoptosis versus proliferation (Park et al., 2002). It has been shown in mice that 
oral administration of a foreign antigen at high dosage generated CD4 Tregs that 
suppressed T cell proliferation as well as Ab responses to the antigen (Watanabe et 
al., 2002). Of particular interest, Bowen et al. recently demonstrated in mice that the 
site of primary T cell activation is a determinant of the balance between intrahepatic 
tolerance and immunity. They showed that while naive CD8 T cells activated within 
the lymph nodes were capable of mediating hepatitis, cells undergoing primary 
activation within the liver exhibited defective cytotoxic function and shortened 
half-life and did not mediate hepatocellular injury (Bowen et al., 2004). These 
findings emphasized the unique nature of immune responses in the liver versus 
the periphery.

The intrahepatic tolerance can be considered a requirement for the special functions 
of the liver. The incoming blood stream from the intestine to the liver carries large 
amount of food-derived antigens that are foreign in nature but mainly harmless 
to the body. The constant presence of non-self antigens in the liver is thought to 
impose a constraint on the immune responses generated in the liver, resulting in 
a tolerant environment for foreign antigens (Crispe, 2003). The unique tolerance 
nature of liver is best demonstrated by the fact that allogeneic liver transplantation 
can be established without immunosuppression (Calne et al., 1969). However, this 
constraint on liver immunity does not prevent the immune system from mounting 
vigorous responses against some liver-specific pathogens such as hepatitis A virus, 
which is almost always cleared after a self-limited infection (Hollinger and Emerson, 
2001), and HBV, which is also cleared in more than 90% of immunocompetent 
adults (Hollinger and Liang, 2001). Obviously, a precise control on the actions of 
the intrahepatic immune cells is in operation, leading to either tolerance or immunity 
to foreign antigens.

Although the controlling mechanism for liver tolerance is poorly understood at 
this time, it is reasonable to speculate that liver resident antigen presenting cells, 
including DCs, liver sinusoidal endothelial cells (Knolle and Limmer, 2001) and 
liver resident machrophages or Kupffer cells (Everett et al., 2003), play a critical 
role in shaping the outcome of intrahepatic immune responses. In addition to 
the professional antigen presenting cells, hepatocytes may also serve as antigen 
presenting cells under certain conditions (Herkel et al., 2003). It has been shown in 
mice that liver sinusoidal endothelial cells selectively suppressed the expansion of 
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IFN-γ-producing Th1 cells but promoted the outgrowth of IL-4-expressing Th2 cells, 
creating an immune suppressive milieu that favors development of tolerance rather 
than immunity within the liver (Klugewitz et al., 2002). In particular, the accessory 
signals delivered by the hepatic antigen presenting cells, including cytokines and 
costimulating molecules, are likely to exert profound effects on the regulation of 
intrahepatic T cell immunity (Crispe, 2003). Given that liver is the primary site 
of replication for HCV with the highest concentration of viral protein products, it 
is conceivable that HCV-mediated interference of immune cell functions (Fig. 1), 
including those of HCV-infected DCs or other antigen presenting cells as well as 
NK cells and T cells, occurs primarily in the liver rather than other sites of the body, 
resulting in a suppressed immunity against HCV but relatively unaffected immune 
responses against other pathogens that do not primarily infect the liver. Future 
studies on the issue of HCV-mediated immune modulation should focus on the 
relevant events in the liver that affect the function of intrahepatic immune cells.

CONCLUSION
Although the mechanism for HCV to evade host immune responses and establish 
chronic infection is still poorly understood, accumulating data indicate that HCV may 
play an active role in attenuating host adaptive immunity to benefit its persistence. 
Therefore, suppression of HCV replication by antiviral treatment should restore the 
T cell immunity against HCV. Indeed, in HCV chronically-infected patients treated 
with IFN, increased T cell immunity after IFN therapy has been demonstrated for 
HCV-specific CD4 T cells (Cramp et al., 2000; Barnes et al., 2002; Kamal et al., 
2002) and CD8 T cells (Vertuani et al., 2002; Morishima et al., 2003), although in 
some studies an increase in HCV-specific CD8 T cells was not detected (Barnes 
et al., 2002). The discrepancy could be caused by different methods and antigens 
used to measure CD8 response and should be resolved by further studies.

While current pegylated IFN-based anti-HCV therapies have accomplished greatly 
improved efficacy, the rate of sustained virological response is still less than 50% 
for the most common genotype of HCV (Manns et al., 2001; Fried et al., 2002). In 
a significant fraction of patients who failed to achieve long-term response, however, 
the HCV replication was temporally suppressed during IFN treatment. This may 
represent an opportunity for immunotherapy such as therapeutic vaccines designed 
to enhance adaptive immunity against HCV. With the HCV viral load suppressed 
by IFN, the therapeutic vaccine is likely to elicit an anti-HCV immunity most 
efficiently. Therefore a combination of antiviral drugs and a therapeutic vaccine 
may produce a synergetic effect that surpasses the potential of either treatment 
strategy alone.
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