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including T cells and B cells (Figure 1-d). Following the encounter of DC with other cells, DC
secrete various cytokines (IL-12, TNF-o., IFN-. and IL-10) instructing or regulating the functions of
the adjacent cells {7]. In addition to these cytokines, DC express various co-stimulatory molecules
and ligands to enhance or lim‘it the functions of immune and infected cells. The existence of
functionally and ontogehctically'distinct DC subsets has been reported; i.e., myeloid DC (MDC) and
plasmacytoid DC (PDC) [12]. MDC éredominantly produce IL-12 or TNF-u following
pro—inﬂammatory stimuli, while PDC release a considerable amount of IFN-o. upon virus infection
depending on the immune stimulus; both cytokines in actuality can be made by both cells. Helper T
cells have an immunoregulatory function mediated by the secretion of cytokines that support either
cytotoxic T lymphocyte (CTLs) generation (Th1 with secretion of IL-2, IFN:y and TNF-a) or B cell
function and antibé)dy production (Th2 with secretion of IL-4, IL-5, IL-10 and IL-13) (Figure 1-e).
In addition to Th1/Th2 paradigm, CD4" T cells sécretihg IL-17 (Th17) are induced under distinct
cytokine conditioning and are involved in liver inflammation or autoimmunity. DC ontogeny and-
DC-derived cytokines are crucially associated with the differentiation or polarization of helper T cell
subsets,

It is generally accepted that adaptive immunity performs a critical role during the clinical
courses of hepatitis. The involvement of antigen-specific CD4" T cells in HBV or HCV eradication
has been well described during both acute or chronic infection [5]. However, there is little evidence
that CD4" T cells mediate direct liver cell injury in virus infection. Thus, it is likely that CD4" T
cells play a critical role in facilitating other antiviral irhnmune mechanisms, such as enhancing CD8"
effector function. The antigen-primed CTLs recruit to the Tiver .(Figure 1-f) and constitute the
critical element in the eradication of virus-infected cells (Figure 1-g). The increment of specializgd
immune suppressors such as regulatory T cells (Tregs) has been shown in HBV or HCV infection

[13, 14]. These cells are actively involved in the alleviation of Thl- or CTL-mediated liver
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inflammation, thus contributing to persistence of hepatitis virus (Figure 1-h).
Natural course of acute HBV or HCV infection

4.1. Acute HBV infection

During the early phase of primary HBV infection, HBV-DNA is not detectable in serum or
the liver for 4-7 weeks following expésure. HBYV infection of the liver directly induces type I IFN,
which subsequently activates NX cells. Thus, even in the incubation phase, activated NK cells are
thought to play crucial role in the control of HBV replication by producing TFN-y. This is supported
by the observation that circulating NK cells increases before the peak of HBV replication, which
subs.ides following HBV r;aduction [15]. Activated NKT cells are involved in the inhibition of HBV
replication, as evidenced by HBV transgenic mouse model [16]. Increment of human NT cells, as
defined as CD3"CD56 cells, is observed in acute hepatitis B prior to the peak of T cell responses
{17]. Subsequently a rapid increase in HBV feplication occurs at 10—12 weeks of infection, which is
accompanied by induction of adaptive immunity. HBV-specific CD4" and CD8" T cells are
detectable in the blood even before the onset of overt hepatitis [15]. In chimpanzee inoculated with a
single strain of HBV, the size of viral burden may Be one of the déterminants dictating the outcomes.
The larger size of HBV is administered, the higher chance of immune-mediated HBV clearance is
gained in chimpgnzees [18]. Generally, strong and Th1-biased CD4" T cell response and
multi-specific éDS+ response are associated with HBV clearance [19]. HBV-specific CD8" T cells.
continue to increase after a marked reéuction- in HBV-DNA and reach their highest number at the
time of maximal ALT levels (0.1-1.3% of peripheral CD8" T cells), then decﬁne during the récovéry
phase, in parallel with a resolution of hepatitis [15,19]. From a CD4"- or CD8" T cell depletion

study in chimpanzees, HBV-specific CD§" T cells, but not CD4", are the main effectors responsible
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for viral clearance [20]. In comparison with HCV-specific CD8" T cells using tetramers,
HBV-specific CD8" T cells are highly activated and capable of p.roliferating and secreting much
IFN-y [21]. Since interactions among IFN, NK and T cells seem to be complicated in the acﬁte phase,
suppressive factors are involved as a compensatory mechanism. In this context, HBV-induced IL-10
at primary infection may be closely related with down-regulation of CD4" and CD8+kT cell

responses [22].

4.2. Acute HCV infection

In clear contrast with HBV, HCV-RNA levels rapidly increase during the first few days of
HCV infection and continue to be high during the incubation periods [23], which lasts for up to
10-12 weeks following infection. Although‘ HCV triggers expression of type I IFN and ISGs in liver
dufing this phase [9], the HCV vifal load do;as not decrease. This suggests that HCV impédes the
execution of anti-viral molcéula;' mechanisms, including interferon regulatory factor (IRF)-3 {24], as
well as NF-kB and RNA-dependent protein kinase (PKR) [25]. In parallel with the onset of acute
hepatitis, activated HCV-specific T cells enter the liver [26]. HCV-specific CD4" and CD8" T-cell
responseé and IFN-y co-expression coincide with decreases in HCV quantity [26]. Vigorous, multi
epifope—speciﬁc, Th1 type and sustained CD4" T cell responses are detected in resolved cases [23].
By coﬁtrast, in cases that progress to chronic hepatitis, CD4" T cell responses are weak, narrowly
selected and short—livéd [27]. The frequency of HCV-specific CD8+‘T cells is high during the acute
phase of infection (2-8% of ﬁeripheral CDS8" T cells), however, it decreases after HCV persistence
develops (0.01-1.2%) {28]. Despite the high numbers of CTL, some of these cells are “stunned” in
acute phase, as demonstrated by an inability to produce IFN-y and to proliferate in response to HCV

antigens [28, 29].
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Innate immunity

5.1. Interferon and interferon-stimulated genes

Mammalian toll-like receptors (TLRs) sense some pathogen-associated molecular patterns
(PAMP) embedded in virus components and tﬁen induée inflammatory cytokines or type-I IFN,
resulting in the augmentation of anti-virus immune reactions [11]. Retinoic acid inducible gene-I
(RIG-I) and melanoma differentiation anfi gen (MDA) -5 are cytosolic molecule that sense dsRNA as
virus replicative intermediate, which subsequently activates IRF-3 and NF-«xB pathways {36}.
Several lines of evidence have been presented that HBV or HCV impedes TLR- or RIG-I-dependent

signal transduction, resulting in lesser magnitude of ISG responses.

5.1.1. HBYV infection

Limited information is available for which HBV components stimulate relevant PAMP
receptors. In general, activation of TLR-dependent pathways suppresses HBV replication both in
vitro and in vivo [31]. In chronic HBeAg-positive patients, itis reported that TLR2 expressicn is
down-regx;lated in hepatocytes, Kupffer cells or monocytes, suggesting that TLR2-dependent
pathway in these cells is impaired [32]. Acute-on-chronic hepatitis B is a critical liver disease that
frequently becomes fatal. In such patients who failed to survive, the expreésion of TLR3 and IFN-j
in monocyte-derived DC (MoDC) w;s significantly decreased compared to those \_)vho survived [33].
| These results suggest that TLR3-dependent pathways are involved in either a cause or a consequence
of liver inflainmation. In mice, HBs, HBe antigéns and HBYV virions are cépable of inhibiting
TLR-dependent .pathways [34]. Recently, it has been shown that HBV-X protein directly degrade
adaptor molecule MAVS, resulting in the inhibition of RIG-I-dependent signaling pathways [35].

Alternatively, Yu et al. reported that, in the shared downstream of TLR and RIG-1, HBV polymerase
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is responsible for IRF3 inhibition at the levels of TBK1/IKKe [36].

5.1.2. HCV infection

Large-scale cohort study on US veterans revealed that the prevalence of various infectious
diseases, ihcluding virus, bacteria and parasites, in HCV-infected individuals is significantly higher
than those in uninfected controls [37]. These observations suggest that first-line defense against
pathogens, of which system is initiated by TLR/RIG-I stimulation, is functionally impaired in HCV
infection. Several mechanisms have been proposed regarding to HCV-induced suppression of innate
immunity. By using HCV subgenomié replicon system, it has been demonstrated that HCV NSBMA
proteins influences on the functions of adaptor molecules ‘mediating TLR-dependent and
RI.G-dependent pathways, resulting in an impairmerit of the induction of IFN-p as well ‘as
subsequent ISGs [38, 39]. However, it is yet to be ﬁroven whether the results obtained from HCV
replicon are applicable or not for HCV-infected individuals. HCV core has beeﬁ reported as one of
the crﬁcial immunogenic components. Several molecules have been regarded as targets of HCV
core-mediated immune alteration, ;uch as STAT 1 [46] or SOCS3 [41], all of which evéntualiy
dampen IFN and ISG induction. Alternatively, in mouse macrophage cell line, HCV NS5A is shown
to inhibit TLR-dependent IFN response by interacting adaptor molecule, MyDSS [42].

1"0 investigate the roles of TLR/RIG-1 in HCV infection, we compared their expressions
and the functions in MDC and PDC between the patients and donors. In MDC ﬁoﬁ HCV-infected
patients, TLR2, TLR4 and RIG-1 expression were signiﬁcanﬂy higher than those in healthy’
counterparts [43]. Of particular interest, regardless of the higher expressions, specific agonists for
these sensors stimulated patients MDC {o induce lesser amount of IFN-§ and TNF-o compar;:d to
donor MDC [{3}. These results show that, in MDC, the signal transduction via these receétors is

strongly impeded in HCV infection. Further investigat'ion is needed to clarify which TLR or RIG-I is
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predominantly utilized by HCV to evoke immune reactions.

5.2. Natural Killer cells
Within the liver, NK cells comprise 20-30% of mononuclear cells, as compared to that they

consist of 10~15% in PBMC [44]. It thus needs to be stressed that such regional differences iﬁ the
distribution of NK cells may raise conflicting analytical results of these cells. In HBV- or
HCV-infected liver, NK cells are deemed to be activated by type-I IFN and have gained ability to
produce substantial amount of IFN-y. Recently, it is reported that such NK activation at this phase is
not always correlated with the outcomes of infection, but they are capable of 'd‘ic:tating~ further T cell
responses [45, 46]. Cumulative data have shown that activated NK cells, not only T cells, could be
effectors in liver injury in HBV or HCV infection, in which TRAIL-mediated apoptosis is involved.

| Natural Killer cells express various functional receptors; the one group that transduces
inhibitory signals (Killer Inhibitory Receptors/KIRs, CD94, NKG2A) and the other does activating
signals (NKG2D). The function of NK cells is dynamically regulated in vivo by the balance between
expressions of counteracting receptors and their association with relevant iigands [47]. Large scale
cohort studies in HCV infection have disclosed that.certain combinations of HLA-C and KIR
haplotypes are closely associated with spontaneous HCV clearance [48, 49]. Suchkepidemiolc’)gical
observations raise a possibility that NK cells play an active role in HCV eradication.

‘We compared the expressions of NK cell receptor betwAee.n HCV-infected patients and
healthy donors. As for inhibitory receptors, KIR exprcs;ions are not different between the groups;
however, CD94 and NKG2A expressions.are highér in patients than controls tSO]. In contrast,
activating receptor NKG2D expression is comparable betv;een the groups. It is yet to be determined
how the expression of NK cell receptor is regulated. In our hands, HCV pseudo-virus did not enter

purified NK cells, suggesting that NK cells are not susceptible to direct HCV infection (unpublished
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data). Thus, some soluble factors and/or direct binding of HCV particles to NK cells might be the

cause of NK receptor dysregulation.

5.3. Natural Killer T cells

Natural kiIEer T (NKT) cells are a unique lymphocyte subset co-expressing T-cell receptor
(TCR) and NK cell markers [S1]. The NKT cell population is highly heterogeneous according to the
differences in types and tissue distribution; invariant (or classical) NKT (iNKT) cells express an
invariant TCR, composed of V24-JaQ preferentially paired with VB11 in humans [51], whereas
non-invariant NKT cells express diverse TCR. Invariant NKT cells recognize glycolipid antigens
presented on CD1d expressed by DCs [51]. Although endogenous ligands of iINKT cells are little
known, d—ga]actosyl-ceramide (xGalCer) has been used as a surrogate for natural ligands. In
contrast, non-invariant NKT cells are activated by CD1d-dependent manner but are not reactive to
aGalCer. Baron et al. reported that, in HBV-transgenic mice, non-invariant NKT cells are critically
involved in acute liver injury [52]. As for a human counterpart, Exley et ﬁal.vobserved that
CD1ld-resiricted non-invariant NKT cells‘ are infiltrated in HCV-infected liver, where they
presumably exert their promoting role in liver inflammation [53]. Hepétic inflammatory cells or
biliary .cells up-regulate CD1d expression which subsequently supports NKT cell aActivationA {54]. In
addition, hepatic stellate cells are capable of activating NKT cells via surface CD1d and secretion of
IL-15 [55].

Fo.r chronic HCV infection, some controversial reports 'have been published about the
frequency of iNKT cells [56, 57], however, their functional roles in HCV-infected patients are
largely unknow}x. We demonstrate that the number and functions of iNKT cells from HCV-infected
patients are comparable with those from healthy‘ subjects at the steady state [58)]. By contrast;

activated iNKT cells from patients released more Th2 cytokines, most significantly IL-13, than those
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from the controls [58). Recently, other groups have reported that IL-4 and 1L-13 from fresh iNKT
cells were increased in liver cirrhosis caused by HBV or HCV, implying that these cells are
pro-fibrogenic to.the liver [59]. If this is the case, our findings suggest that iNKT cells in chronic
HCY infection are pro-fibrogenic ber se even in the pre-cirthotic stage. The reason why iNKT cells

in HCV infection are Th2-biased needs to be further investigated.

5.4. Dendritic cells
5.4.1. HBYV infection

Several reports have been available for functional alterations of DC subsets iﬁ HBV
infection [60]. Infection of HBV to DC is still controversial and the described functional defects are
minimal when co@pared with HCV [61, 62]. It is reported that peripheral PDC rare phenotypically
and functionally intact [63). In contrast, PDC ability of secreting IFN-c;c is reported to be impaired
specifically in response to TLR9 but not to ’I"LR7 agonists [64]. As for th_e mechanisms, HBs antigen
is responsible for such PDC disability partly by up-regulating suppressor mélecule SOCS-1 [64].
Similarly, other investigators reported that PDC frequency as well as their TLR9 expression are
decreased [65]. In addition to PDC, MDC dysfunction is observed as well, which is presumably
caused by HBV particles and HBs antigen [66].

In contrast to circulating PDC, liver-infiltrating counterparts are more vulnerable to HBV;
liver PDC are significantly Vreduced aﬁd disabled in non-survivors of acute-on-chronic hepatitis B
compared to those in survivors [67]. Blockade of PDC-derived IFN-a downgraded the amounts of

IL-12 and TNF-o released from adjacent cells [67], suggesting that liver PDC play 5 pivotal role in

regulating immune responses in sifu.

5.4.2. HCV infection
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Monocyte-derived DC generated frorh hepatitis C patients have an impaired ability to
stimulate allogeneic CD4 T cells [68, 69]. Functional impairment of DC diminished when HCV had
been eradicated from patients, revealing the evidence of HCV-induced DC disability [68]. DC play a

decisive role in shaping innate immunity by interacting with NK cells. In response to IFN-o., DC are

able to express MHC class-I related chain A/B (MICA/B) and activate NK cells following ligation of
the NK receptor, NKG2D [70]. Interestingly, DC from HCV—infeéted patients are unresponsive to
exogenous [FN-a to enhe;nce MICA/B expression and fail to activate NK cells [70]. It is tempting to
speculate that the impairment of DC in NK cell activation is responsible for the failure of HCV
control in the early phase of primary HCV infection, where HCV continues to replicate in spite of
high-level IFN-o expression in the liver. Altematively, NK cells from HCV-infected patients
down-regulate DC functions in the presence of hepatocytes by secreting suppressive cytokines,

I1.-10 and TGF-B1 [50]. Such functional alteration of NK cells in HCV infection was ascribed to the
enhanced expression of inhibitory receptor NKG2A/CD94 compared to the healthy counterparts [50].
Further stucfy is necessary to determine if the NK-mediated DC suppression is instrumental or not in |
acute HCV ‘infection.

Limited works have been published on the roles of blood DC in acute HCV infection.
Ulsenheimer et al. reported that, in acute hepatitis C, PDC are reduced and functionallly impaired,
however such decrease is not specific for HCV infection but due to liver inflammation [71]. in
chronic HCV infection, MDC and PDC in HCV-infected patients were reduced in number and
impaired in their ability to prorﬁote Thl polarization and IFN-o production {72, 73]. One of the
explanations for such reductién is enhanced apoptosis in MDC, which is partly due to diminished
NF-«B activity [74]. Of note is the finding that HCV is relatively §‘i weak IFN-o inducer to PDC
compared to other viruses such as HIV or herpes virus, thus contributing to HCV persistence [75].

Dysfunctional DC are involved in the exhaustion of CD8" T cells, thus confirming a role of DC as a
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linker between innate and adaptive immunity {76]

Twao plausible explanations exjst to explain the mechanisms of DC dysfunction in chronic
hepatitis C: 1] direct HCV infection of DC and 2] the presence of circulating HCV proteins u{hich
" affect DC function and number. The HCV genome has been reported to be isolated from MoDC or
biood DC [68, 77]. These resuits need to be interpreted carefully, sin;ce contamination with free virus
in blood cannof be ruled out when amplifying PCR techniques are used. To exclude this possibility,
HCV pseudo-virus has been developed to investigate the cell tropisms of HCV as well as to
determine putative HCV entry receptors to cells. By using this, MDC, but not PDC, displayed
susceptibility to HCV pseudo-virus pdssessing chimeric HCV E1/E2 proteins [78]. |

Recently, cell culture-derived HCV paﬁicles (HCVcc) have been established from replicon
cells harboring full genome JFH—l clone [79]. Inoculation studies with HCVcec to vérious blood cells
including DC, have been performed in order to reveal HCV tropism [80]. Consequently, no direct
evidence was obtained for the replication and reproduction of HCVcc in these cells [81-83].
However, on PDC, HCVcc has given a négative impact on [FN-o production, of which was
independent of HCV infection {84]. Of particular interest, Dolguanic et al proposed a novel
mechanism of third—parcy‘ cells involving in PDC dysfunction. They have shown thé’t HCV.core and
NS3 stimulate TLRZ on monocytes to release TNF-a, tﬁereby inducing PDC apoptosis and
dampening their IFN-o, production [85]. |

Several criticisms have been raised about DC dysfunction in the setting of chronic HCV
infection [86], failing to demonstrate any DC defects which may héve to do with differences in the
populations studied. Cohort studies on chimpanzees following HCV infection showed that functiqna]
'impairment of DC was observed in some céses but was not a prerequisite of persistent infection [87].
Further study needs to be done to clarify whether DC are indeed disabled in the setting of human

chronic hepatitis C and furthermore whether this contributes to the development of HCV persistence
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or it is simply a consequence of active HCV infection.

Adaptive immunity

6.1. Chronic HBYV infection

Extensive work has been done on CD4” and CD8" T-cell dysfunction in chronic HBV
infection. Patients with chronic hepatitis B are generally hyporesponsive to HBV proteins, and the
level of T cell reactivity at this stage is‘signiﬁcantiy weaker than in acute self-limited hepatitis B.
Even with tetramers, HB V-specific CD8" T cells are barely detected in the circulation of HBe
antigen-positivé patients [88]. One of the proposed mechanisms of such CTL reduction is
Bim-mediated CD8" T cell apoptosis [89). The importance of HB_V-specéiﬁc CD8" T cells in the
control of virus replication and the suppression of liver inflammation has been well established [88].
In HBe antigen-negative chronic hepatitis B patients without liver inflammation, tetramer positive
CDS; T cells were highly active and more frequently observed both in the liver and PBMC than HBe
éntigen—positive patients with active hepatitis [88]. It has been speculated that one of the
mechanisms of T cell hyporeactivity in chronic HBV infection is the exhaustion of antigen-specific
T cells due to the presence of large quantity of virus or viral proteins, such as HBe antigen [90]. In
support of this, reduction of HBV-DNA in patients treated with lamivudine coincided with a

significant increase in HBV-specific CD4" and CD8" T cell responses [91]. -

6.2. Chronic HCV infection
The relevance of CD4" and CD8 T cells in chronic HCV infection is different from that
observed with HBV. Many reports have been published on the importance of CD4" T cell response

in the clearance and control of HCV. In chronic hepatitis C patients, HC V-specific CD4" T cells were
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functionally impaired and their activity was not sustained [92], which was in clear contrast with
resolved cases. Inoculation studies of infectious HCV to recovered chimpanzees demonstrated that
CD4" T cell help was indispensable for the development of effective CD8" T cell response to protect
from HCV persistence [93]. Since the liver is the major site where the hepatitis virus replicates,
analyses of liver-infiltrated lymphocytes give quite distinct perspectives from that obtained with
PBMC [94]. Compartmentalization of specific Thl type CD4" T cells occur in the chronic
HCV-infected liver and can be distinguished from cells found in the periphery [95]. The
immunological environment in the liver is potentially tolerogenic to infiltrating T cells [96]. Liver
sinusoidal endothelial cells (LSEC), Kuppfer cells, stellate cells and liver DC may mediate this
tolerogenic effect [97]

With regard to HCV-specific CD8" T cells observed during the chronic stages of disease,
éonﬂicting results have been reported for their roles in HCV replication and liver inflammation.
Several investigators have shown tﬁat the HCV-specific CTL responsé is inversely correlated with
viral load, suggésting its inhibitory capacity on HCV replication [98]. However, others did not find a

‘signiﬁcant reiationship betweep these parameters [99]. HCV-specific CD8" T cells in chronic
hepatitis C patients possess lesser capacity to proliferate and produce less IFN-y in response to HCV
antigens [100]. Since CD8" T cells are reported to be involved in HCV-induced liver inflammation
[101], inefficient CD8" T cells may evoke only milder hepatocyte injury, which level is not sufficient
for HCV eradication {8].

T cell exhaustion is a conceptual mechanism that is involved in persistency of hepatitis
virus. Under continuous exposure to large amount of viral proteins, antigen-specific T cells become
hypo-responsive to repetitive antigen stimulation in proliferation and cytokine production. With
regard to an inducer of exhausted T cells, extensivie.studies have been done on PD-1 expression on

HCV-specific CD8" T cells [102]. In a transition from acute hepatitis to chronic phase, it is reported
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that CD8* T cells expressing PD-1 are increased in patients who developed to chronic hepatitis [103].
However, inconsistent observation regarding to PD-1 has been reported by other investigétors [104].
Of particular importance, HCV-specific CD8" T cell response was restored in vitro in the presence of
maéking antibodies against PD-L1, suggesting that PD-1/PD-L1 pathway could be served as a
therapeutic target {17, 105]. In addition to PD;I, multiple inhibitory receptoré are co-expressed on
HCV-specific CD8" T cells, shaping characteristic aspects forcing exhausted phenotype [106].

Conflicting r‘géults have been published so far for thé existence of epitope hierarchy in
HCV-specific CTL. The prevalence of resolved cases was higher in those with HLA-B27 compared
to those without, suggesting that HCV-specific CTL recognizing HLA-B27-binding peptides are
. somewhat involved in spogtaneous HCV clearance [107, 108]. Howevet, such responses are
observed in limited patients with HCV genotype 1 infection, but not in those with genotypes 2 and 3
[108].

Several investigators have reported that the frequency of regulatory T cells (Tregs) are
inc;reased in chronic hepatitié B or C patients, éither in liver or in the periphery {13, 14]. It is well
acknowledged that Tregs consist of distinct populations, thymus-derived natural Tregs,
adaptive/inducible Tregs or IL-10-producing CD8" Tregs. Either type of Tregs are éndowed with
suppressing capacity on NK cells, DC and HBV- or HCV—speciﬁc T‘cells, thus legding to alleviation
of collateral liver damage or impeding virus elimination. It has been speculated that Tregs actively
enhance persistence of hepatitis virus in the acute phase, however no direct correlation was found
between the expansion of FOXP3" cells and attainment of chronic HCV infection [109]. A question
is still unsolved that how Tregs are generated either in HBV or HCV infection. The presence of viral
epitope has been postulated that is specifically capable of expanding Tregs, though it is still
controversial [110, 111]. Alternatively, multifaceted mechanisms have been committed to the

induction of Tregs, such as tolefogenic MDC or PDC [112], galectiné [113] and certain TLRs [114]
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as reported elsewhere.

Immune response during anti-viral therapy

In chronic HBV-infected patients with active viral replication, nucleot(s)ide analogues
- such as lamivudine, adefovir or entecavir have been used to reduce viral burden [1]. The reduction of
HBV DNA by lamivudine improvés HBV-specific CD4" as well as CD8" T cell responses [91]. In
similar with this observation, adefovir treatment reduces HBV load and subsequently improves
number and function of MDC [115]. During IFN-a-based therapy, successful responses.are
;ssociated with fasting and Th1-type CD4" T cell responses [116]. |

Anti-viral agents, pegylated (PEG) IFN-« and ribavirin, have been widely used for the
treatment of chronic HCV infection in order to prevent the development to liver cirrhosis and
hepatocellular caricinoma [6]. In addition to providing direct inhibition of viral replication, these
agents modulate antiviral immune’responses, which greatly contribute to the successful therapeutic
responsé. Earlier studies reported that HCV-specific CD8" T cell response, as examined by CTL
precursor frequency, was not enhanced after IFN-o monotherapy. Furthermore, analyses of MHC
class-I tetramer-positive cells in patients who underwent IFN-a and ribavirin mer;py revealed that
CD8" T cells did not increase following treatmént and they were not associéted with outcome [117].
Combination therapy of IFN-. and ribavirin increases antigen-specific CD4" T cell proliferation and
IFN-y production by CD4" T cells [118]. The “vigor” of the CD4" T cell response to HCV
eradication is reported té be variable, something which is coﬁsidered quite contrqversial [1171.
Recent report has shown that T cell responses as assessed by IFN-y production and proliferation did
not differ between sustained virological responders (SVR) and non-SVR éroups [119].

Currently, no data is available for the involvement of innate immunity in the efficacy of
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IFN@-«based antifHCV therapy. We thus examined whether IFN—a and ribavirin give a positive
impact on DC capacity to induce CD4" T cell (Th1) respoﬁse. By using in vitro culture system,
MoDC from chronic hepatitis C patients were impaired in the ability to drive Th1 in response to
TFN-oe. When we compared such DC capacity between patients who cleared HCV (SVR) by
IFN-o/ribavirin therapy and those who failed to do so, impaired DC function was restpred. in
response to IFN-o/ribavirin in SVR patients but not in n0h~SVR ones [120]. These-results imply that
DC responsiveness to anti-viral agents is restored in patients who potentially gain favorable
outcomes in IFN-oi/ribavirin therapy.

Next, we aimed to elucidate if the frequency or function of DC is related to the outcome of
PEG-IFN-o and ribavirin therapy. In comparison with SVR patients, non—éVR ones and transient
responders (TR) showed a decline of PDC frequency from weeks 1-12 and impaired DC function at
the end of treatment [121]. These results show that restoration of DC function is critically involved
in favorable response in PEG-IFN-a/ribavirin therapy. In support for our resu_lts, other investigators
reported that the restoration of DC function is critically involved in virological rcsporise 10
PEG-I?NOL and ribavirin therapy [122, 123]. Takéng these results into considerations; DC system
could be a target of therapeutic immune modulation.

Receﬁt}y, the genome-wide association study'(GWAS)'reveaIed that the single nucleotide
polymorphisms (SNPs) neighboring IFN-A3/IL28B gene are strongly associated with successful or
unsuccessfui viral response in Peg~IFNa/ribévirin‘therapy for chronic hepatitis C [124, 125}.\Of
particular interest, it is reported that majér alleles in such SNPs give a significant and positive
impact on spontaneous HCV clearance [125]. Since DCs are main producer of IFN-A, these results’
again c;onﬁnn that DCs are critically important for the control of HCV infection, either v
spontaneously or therapeutically.

The questions remain unsolved are if impaired immune system in chronic HCV infection



Kanto T. Page 20

is restored or not by the successful HCV eradication after anti-viral therapy. Controversial results
have been reported about the durability of treatment-induced recovery in HCV—speciﬁc immune
response [126, 127], which seems to be c]éaﬂy distinct from that observed in spontaneous HCV

resolvers.
Immunological intervention against HBV or HCV infection

Boosting virus-specific immune responses may be beneficial to HBV- or HCV-infected
patients; however critical concerns remain unsolved regarding to potential risks of evoking severe
type of hepatitis. Clinical trials have been underway in order to assess efficacy or safety of anti-HBV
or anti-HCV vaccines. As reported in HIV infection, cell therapy is one of the innovative approaches
for refractory chronic virus infection such as HBV or HCV. In the clinical settings, DC are attractive
candidates as natural adjuvant that stimulate or reguiate vims-speciﬁc immune responses (Figure 3).

With respect to HBV,‘ extensive studies have been done in HBV transgenic mice models.
These mice are inbred tolerant to HBV antigens; however, DC pulsed with HBs antigen induced
anti-HBs antibody, showing that DC act as a tolerance breaker [128]. For extension of the studies,
they administered HBs antigen-pulsed DC to healthy yolunteers. Although the size of the study is
small, anti-HBs antibody titer increased in some recipients, showing that antigen-loéded DC vaccine
is promising for controlling HBV [129]. Recently, the results of phase-I study using DNA vaccine
encoding HBeAg have been pubiiéhed. From immunological points of view, NK cells from
vaccinated patients showed higher percentages of CDS6bright population and their CD244 and-

-~ NKG2D expressions were enhanced, indicating that NK cells are activated by vaccine in vivo [130].
In HCV infection, basic research regarding to therapeutic DC vaccine has been underway

for the selection of apprqpn'ate antigens. For such purposes, DC expressing NS5A [131] or from
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NS2 to NS5B have been used as an immunogen [132]. Lipopeptide-loaded MoDC has been
subjected to phase-I vaccine trial for chronic HCV infection [133]. Monocyte-DC has been
administered in safe and raised transient T cell responses specific not only for HCV but also for

other viral antigens [134]. Unfortunatel v, such responses were not sustained nor accompanied with

reduction of HCV titer [134]. Further study is arguably needed to verify more effective way to prime

sustained HCV-specific T cell responses in vivo.

Perspective

Synthetic compounds that specifically suppress hepatitis yirus replicatién are now ready to
use in cliz;ics [135]. Additionally, man‘y others are still on the pipeline and are destined to clinical
trials. They. ar;e quite promising as an altemative’approach for hard-to-treat chronic hepatitis pgticnts,
such as those infected with dmg-résistant HBY strain or non-responders in PEG-IFNo/ribavirin
therapy. In addition to inhibitory effect on viral replication, such compounds are able to restore
immunity either indirectly by reducing viral burden or directory by immune modulation. Therefore,
extensive immunological studies are needed to elucidate if the therapeutic modulation of innate
immunity could shape sustained HBV- or HCV-specific adaptive immunity or not. The next steps in
evolving innovative‘app'roaches to establish virus-specific immunotherapy are to determine the
means to, direct the magnitude, breadth, quality and duration of antigen-specific immune responses
in a desired way. Active modulation of innate immunity may be one of the strategies to gain access

tothe goal.
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