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Abstract

Although hepatitis C virus (HCV) is classified in the Hepacivirus genus in the family Flaviviridae,
it is unlike most of the other members of this family due to its propensity to cause persistent
infections. This persistent infection eventually results in chronic liver disease, cirrhosis and
hepatocellular carcinoma in a proportion of infected individuals. It has been difficult to examine
correlates of clearance or persistence because most acute phase HCV infections are subclinical or
result in symptoms which are non-specific; consequently, acute infections are not generally
recognised and patients often present many years later with persistent infection and accompanying
chronic liver disease. Nevertheless, seminal studies, performed during the acute phase, have
identified a number of factors which are likely to influence the outcome of infection, although it is
possible that the mechanism is multifactorial. One of these factors is impairment of dendritic cell
function by a mechanism resulting from expression of an HCV protein(s) in these cells. This may
be a major factor in the failure of the immune response to expand after HCV infection, leading to
persistence. Nevertheless, it may be possible to overcome this defect by autologous transfusion of
HCV antigen-loaded, mature dendritic cells and the purpose of this review is to highlight the need
and general approaches for developing dendritic cell-based immunotherapy for HCV infection.
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1. Introduction

It has been estimated that 80% of HCV-infected individuals fail to clear the infection during
the acute phase and develop persistent infection. As a result, there are approximately 200
million HCV carriers in the world. Estimates suggest that 20% of these individuals will
develop cirrhosis and 1-5% of these will eventually develop hepatocellular carcinoma
(Lavanchy and McMahon, 2001). These HCV carriers also represent an infectious pool for
transmission of the virus to uninfected individuals. Transmission is by the parenteral route;
traditionally, in developed countries, transfusion with contaminated blood and blood
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products, prior to testing blood donations, represented a common mechanism for
transmission, but the explosion in intravenous drug use (IDU) in the 1960s and 1970s is now
recognized as a major mechanism. A large proportion of HCV carriers in the world probably
resulted from iatrogenic infection e.g. shared use of needles during mass vaccination
campaigns, poor medical practice, and this continues to be a major contributor to the ever-
increasing numbers of HCV carriers, particularly in developing countries (Hauri et al.,
2004). 1t is most likely that HCV, which is not transmitted by arthropod vectors, evolved to
ensure survival by persisting in most infected individuals prior to the recent explosion in the
above iatrogenic practices.

There are at least 2.7 million individuals infected with HCV in the USA and it is thought
that approximately, 8000 people die annually in that country as a result of the infection. The
majority of infected persons are aged between 20 and 49 years of age. In the USA, the total
costs associated with HCV infection were US$ 5.46 billion in 1997 (Leigh et al., 2001). The
financial cost of HCV infection in the Australian community is correspondingly high (Shiell,
1998). There are estimated to be 16,000 new cases of HCV infection in Australia
(population, 20 million per annum); most of these probably result from IDU activity (Dore
et al., 2003). If these figures are extrapolated to the USA, this suggests that there are more
than 200,000 new cases of HCV per annum in the US. Significantly, HCV-related mortality
is predicted by The Centres for Disease Control and Prevention, Atlanta, Georgia to increase
2-3 fold within the next 10-20 years.

2. HCV molecular biology

HCV is classified in the Hepacivirus genus in the Flaviviridae; the virus genome is a single-
stranded positive sense RNA molecule that contains a single open reading frame which
encodes a polyprotein that is co- and post-translationally processed into the mature viral
polypeptides. The open reading frame is flanked by untranslated regions at the 5’ and 3’ ends
that have important cis-acting functions for replication of the virus. A diagram to show the
order of the genes and the predicted sizes of the proteins is shown in Fig. 1.

There are six genotypes of hepatitis C virus (HCV), that are in turn subdivided into subtypes
and isolates. Among full length sequences, the identities of the nucleotides sequences in
types, subtypes and individual isolates are around 70%, 80% and >90%, respectively. The
different genotypes are detected according to nucleotide differences and signature sequences
in the genome specific regions of the genome. The 5’UTR, which is the most highly
conserved region in the genome, is commonly used to determine the genotype but the core
and NS5 regions can also be used. Because HCV cannot be cultured reproducibly in vitro,
the function of some of the viral proteins is still unclear (Table 1). The proteins and peptides
used to diagnose HCV infection by the detection of anti-HCV antibody are derived from
genotype 1a and appear adequate to detect anti-HCV generated in response to infection with
other genotypes. However, it is unclear if vaccination or immunotherapy with proteins/
peptides from one genotype will generate immune responses to other genotypes.
Nevertheless, recent data derived from chimpanzees suggest that immunity resulting from
previous infection may show some cross protection against challenge with different
genotypes (Lanford et al., 2004).
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2.1. Humoral immunity in HCV infection

Although neutralizing antibodies have been described for HCV (Farci et al., 1994), the
epitopes are located in hypervariable region 1 (HVR1) of the E2 protein, one of the two
HCV envelope proteins. Consequently, although antibody can neutralize homotypic virus
(Farci et al., 1994) and vaccination of chimpanzees with purified E1/E2 can protect against
challenge with a low dose of homotypic virus, challenge with heterotypic virus resulted in
infection (see Houghton, 2000 for review). Furthermore, although the rapid appearance of
antibodies to the HVR1 correlated with recovery from acute hepatitis C in one study (Zibert
etal., 1997), most HCV carriers have antibodies to both envelope glycoproteins (Houghton,
2000). Moreover, there is not always a direct relationship between the detection of
antibodies to E1 or E2 and neutralizing antibody (Bichr et al., 2002) and there is a great need
to develop a robust neutralizing antibody assay to improve our understanding of the events
during infection. Recently, three publications reported such an assay, using pseudotyped
retroviral particles which contain the HCV E1/E2 glycoproteins in the envelope (Bartosch et
al., 2003; Drummer et al., 2003; Hsu et al., 2003). The HVR1 amino acid sequence in
individual isolates of the virus is unique and mutations in this region result in the appearance
and selection of antibody-resistant mutants (Kato et al., 1994). This may promote
persistence, but studies in carrier chimpanzees (Bassett et al., 1999) and
agammaglobulinaemic carriers, infected with HCV which had no mutations in the HVR1
(Kumar et al., 1994), clearly show that additional factors are responsible for the inability to
clear the acute infection. The continued evolution of neutralizing antibody-resistant mutants
indicate that resolution of persistent infection by neutralizing antibody is most unlikely.

2.2. Cell mediated immunity is associated with HCV clearance

Although neutralizing antibody may have little influence on the resolution of HCV infection,
a number of other factors are associated with recovery from acute infection. Individuals with
specific MHC Class Il haplotypes are more likely to clear the virus (Donaldson, 1999),
suggesting that antigen presentation may be an important factor. This is discussed below in
more detail. In addition, a vigorous CD4* T-cell response to epitopes contained in the core,
NS3, NS4 and NS5 proteins correlate with recovery (Day et al., 2002; Diepolder et al.,
1997; Lamonaca et al., 1999). In fact, loss of CD4* T-cells was associated with recurrence
of viraemia in one study (Gerlach et al., 1999). The CD4" T-cell response is associated with
a ThO/Th1 cytokine profile, suggesting that cell-mediated immunity is associated with
recovery. A previous study (Tsai et al., 1997) showed that acute phase patients who cleared
the virus generated a Th1 response, whereas those who developed persistent infection had a
Th2 response. More recently, studies of the immune response in experimentally-infected
chimpanzees or in naturally-infected patients showed that a strong CD8* CTL response to
multiple HCV proteins correlated with recovery from acute infection (Cooper et al., 1999;
Day et al., 2002; Gruner et al., 2000; Lechner et al., 2000), although this finding is not
universal (Thomson et al., 2003).

Thus a cell-mediated immune response is a major factor in recovery from acute HCV
infection (for reviews see Houghton, 2000; Orland et al., 2001). There is a narrow window
during which an effective cell-mediated immune response can achieve eventual clearance;
lack of an effective response during this period results in persistence (Thimme et al., 2001).
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In needlestick patients who were followed prospectively (Thimme et al., 2001), individuals
who mounted a sustained cell-mediated immune response were able to clear the infection
whereas those who did not developed persistent infection. Most importantly, viral clearance
was temporally associated with interferon-y (IFN-y) production that was not associated with
liver disease. This led to the suggestion that the pathogenesis of liver disease might differ to
the mechanism of viral clearance (Thimme et al., 2001) and a later study in chimpanzees
also supported the concept of viral clearance without lysis of infected cells (Thimme et al.,
2002).

Thus, although T-cell escape mutants have been described (Erickson et al., 2001; Weiner et
al., 1995), the large number of T-cell epitopes which have been identified (Ward et al.,
2002) leads to the conclusion that a response which targets many different epitopes is more
likely to lead to virus clearance than a humoral response against a limited number of
neutralizing epitopes.

2.3. Factors which promote persistence

It is likely that a defective or inappropriate immune response is responsible for the
progression to persistent HCV infection and a number of factors have been suggested that
may be responsible. These include:

» inadequate stimulation of the immune system (Thimme et al., 2001). Individuals
with clinical hepatitis in the acute phase appear to eliminate the virus with greater
frequency than do asymptomatic individuals (Alter et al., 1999; Giuberti et al.,
1994; Villano et al., 1999) and may be related to the vigour of the immune
response. This assumes that symptomatic disease is a surrogate marker of the
vigour of the immune response (Gordon, 2003);

» viral escape mutations including mutations in cytotoxic T-lymphocyte (CTL)
epitopes (Erickson et al., 2001; Weiner et al., 1995);

» the quasispecies complexity (Farci et al., 2000);
» failure to sustain the immune response (Gerlach et al., 1999);

» inhibition of the immune response by one or more of the viral proteins (eg. Gale et
al., 1997; Keskinen et al., 2002; Kittlesen et al., 2000);

» aweak, narrow cell-mediated immune response (Cooper et al., 1999; Thimme et
al., 2002);

« impaired effector function of CD8* T-cells (Wedemeyer et al., 2002);

» impaired effector function of antigen presenting cells (APC) including dendritic
cells (DC)-see below.

In fact it is possible that many of the above potential mechanisms (recently reviewed by
Torresi et al., 2004) result from a lack of expansion of immune effector cells, although the
contribution of each is unknown. Relevant to this is the finding that the frequency of HCV-
specific CTL has been reported to be very low (see Bertoletti and Ferrari, 2003 for review).
The cause of these weak responses may be related to impaired antigen presentation that
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results in a failure to induce an adequate CD4* cell response that has recently been shown to
be important for recovery (Grakoui et al., 2003). These findings highlight the importance of
the following discussion on impaired DC function in HCV infection.

2.4. Impaired function of dendritic cells in HCV infection

DC are the most important of the professional APC which initiate the immunological
cascade (Hart, 1997). They are speciallised to prime Th and CTL because they can
internalise exogenous antigen in a manner that allows presentation through the MHC Class |
and Il pathways (reviewed in Cella et al., 1997). Several studies have reported a phagosome-
to-cytosol pathway in APCs to permit MHC Class | presentation of exogenous, particulate
proteins (reviewed in Rock, 1996). This cross presentation pathway may represent the major
mechanism for priming CTL responses to antigens which are synthesised by other cell types
than professional APC (Carbone et al., 1998). Other studies, designed to test the hypothesis
that processing and presentation of endogenous antigens through the MHC Class | pathway
in DC was more likely to lead to a Th1-type response, showed that infection of the DC with
recombinant viruses (adeno-vaccinia or retro-virus) followed by adoptive cell transfer
resulted in a potent CTL response that protected mice against lethal tumour challenge
(reviewed in Schuler and Steinman, 1997). DC are able to activate naive CD8* T-cells by
engaging the T-cell receptor and several co-stimulatory cell surface molecules and also
promote this response by secretion of cytokines, including IL-12, that are known to be vital
for an effective Thl-type response (Cella et al., 1997).

DC are derived from bone marrow, peripheral blood monocytes or a lymphoid precursor and
methods have been developed to culture immature and mature DC in vitro (Cella et al.,
1997). Immature monocyte-derived DC (Mo-DC) have a high capacity for antigen uptake
and processing but a low T-cell stimulation capacity, whereas mature DC have a low antigen
processing capacity but high T-cell stimulation capacity. The availability of large numbers
of in vitro-cultured DC has permitted ex vivo priming of DC with tumour antigens followed
by adoptive transfer of the primed DC to mice that resulted in induction of a specific CTL
response, which increased survival of the mice after tumour challenge (reviewed in Young
and Inaba, 1996). Adoptive transfer of mature Mo-DC into patients with melanoma, prostate
or renal cancer was reported to result in regression of metastases in various organs and
proved that DC immunotherapy is safe (Nestle et al., 1998). A recent comprehensive review
of DC immunotherapy trials to date suggests significant clinical efficacy in several cancer
types (Nestle et al., 2001).

As one important function of DC is to stimulate Th cells, presumably through MHC Class 11
restricted presentation of processed antigens, the fact that a group of patients with certain
MHC Class Il haplotypes clear HCV infection more efficiently than the general population
(see Donaldson, 1999 for review) led to the suggestion that impaired antigen presentation
may be a factor which contributes to HCV persistence (Gowans, 2001). Consistent with this
hypothesis, several reports have suggested that DC function may be compromised in HCV
carriers. The first of these showed that Mo-DC from HCV-positive patients had reduced
activity in a mixed lymphocyte reaction (MLR) compared with DC from normal human
volunteers (Kanto et al., 1999), although the DC from the patients still retained potency for

J Clin Virol. Author manuscript; available in PMC 2015 August 05.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Gowans et al.

Page 6

antigen-specific autologous T-cell stimulation. It was suggested that reduced levels of
expression of IL-12 and IFN-y were responsible for the impairment in the MLR and that this
may inhibit the induction of the appropriate Thl-type of CD4* T-cells in natural HCV
infection. Similar data were reported by Bain et al. (2001) who showed that Mo-DC from
HCYV carriers showed normal phenotype and morphology, and a normal capacity for antigen
uptake, but were also reported to have a defect in allostimulatory activity in the MLR. This
defect was not detected in DC from HCV patients with a sustained response to interferon
treatment, who were no longer viraemic. A more recent report (Auffermann-Gretzinger et
al., 2001) also reported a defect in the MLR allostimulatory capacity of DC from HCV
carriers and confirmed that this defect was repaired in patients who showed a sustained
response to IFN. Additional evidence was presented to suggest that the defect was probably
related to the inability of immature DC to mature in vitro in response to TNF-a. It has been
suggested that HCV may infect the DC population in vivo (Bain et al., 2001), although the
evidence for this is poor. However, expression of the HCV core and E1 proteins in DC
derived from normal individuals, after infection of the cells with a recombinant adenovirus,
resulted in a defect in the allostimulatory capacity of the DC (Sarobe et al., 2002) that
mirrored the impairment in vivo. Furthermore, the DC which expressed the core/E1 proteins
were unable to completely activate autologous T-cells, in contrast to DC that were infected
with an adenovirus control. In addition to the reduction in the allostimulatory capacity, DC
from HCV patients failed to mature in response to conventional maturation stimuli
(Auffermann-Gretzinger et al., 2001; Bain et al., 2001; Sarobe et al., 2002), although
maturation was achieved by the addition of LPS. Only a small proportion of DC showed
impaired function and it was concluded that most DC from infected patients retain their
immunostimulatory ability, particularly against non-HCV proteins (Sarobe et al., 2002).
This provides an explanation for the general immune competence of HCV carriers. More
recently, the same group reported that immunization of mice with immature DC which
expressed the HCV core/E1 proteins showed a reduction in cell-mediated immune responses
compared with mice vaccinated with control DC (Sarobe et al., 2003). Similar results were
reported previously with recombinant adenovirus-infected murine DC expressing the HCV
core/EL1/E2 proteins (Hiasa et al., 1998). As the HCV core protein is able to bind to the
cytoplasmic domain of the TNF receptor (Zhu et al., 1998), that is likely to participate in one
of the DC maturation pathways, it is possible that endogenous expression of the core protein
might modulate DC function as described above. In contrast, the addition of purified
(exogenous) core protein to DC did not impair DC function, as DC treated in this way were
able to prime CTL from naive CD8™ cells in vitro (Jackson et al., 1999). In addition to the
reports which suggest that the HCV core protein can impair DC function, it was reported
that the HCV NS3 protein can also impair DC function in vitro (Dolganic et al., 2003). In
this study, elevated levels of IL-10 (an immunosuppressive molecule) and decreased levels
of IL-12 (a Th1 cytokine) were also noted, in addition to impaired MLR activity, reducing
the likelihood of a CTL response.

These impairments in DC function were detected in HCV carriers whose infections were
well established, and it is possible that the impairments represent an effect rather than a
cause of persistence. In an effort to address this, DC function was examined during acute
phase infection of chimpanzees (Rollier et al., 2003); the study showed that allostimulatory
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activity, the most common feature associated with impaired DC function in human carriers,
was normal. It is unclear if this represents differences in the pathogenesis in chimpanzees
and humans, or a genuine difference related to DC function in acute versus persistent HCV
infection.

To further complicate matters, a recent report (Longman et al., 2003) found no evidence for
a defect in Mo-DC from HCV carriers as determined by allostimulatory capacity in a MLR.
These differences may be the result of differences in disease staging in the patients,
differences related to genotypes or technical differences. In this respect, a comparison of the
conditions used to culture the monocyte-derived DC show that cells in one study were
cultured in serum-free medium (Auffermann-Gretzinger et al., 2001), while others were
cultured in 10% foetal bovine serum (Bain et al., 2001; Dolganic et al., 2003) and others
were cultured in 1% autologous donor plasma (Longman et al., 2003) or 10% heat
inactivated human AB serum (Sarobe et al., 2002). It is well recognized that the addition of
serum, with undefined concentrations of cytokines/chemokines has a great influence on the
outcome of DC culture, and this range of culture conditions prevents a direct comparison of
the data.

2.5. Current HCV treatment modalities

Recombinant IFN-a2b or -a2a, pegylated IFN-a2b or -a2a or a combination of recombinant
IFN-a and ribavirin are the only licensed agents for the treatment of HCV infection. The
optimal response to IFN-based therapy is undetectable serum HCV RNA levels 6 months
following the end of therapy and is defined as a sustained virological response (SVR). A
SVR is associated with clearance of hepatic HCV RNA (Marcellin et al., 1997) and
improvement in histological fibrosis (Shiratori et al., 2000). Combination therapy with
standard IFN plus ribavirin or pegylated IFN plus ribavirin achieves an overall SVR in 40%
and 55% of chronic HCV-infected patients, respectively (Manns et al., 2001; McHutchison
et al., 1998). IFN may have a direct anti-viral effect [in this regard, the HCV replicon is
sensitive to IFN-a and -y (Cheney et al., 2002)] but may also exert its effect through the
immune system because it may be able to amplify an existing immune response (Thomas
and Waters, 1997). It is possible that infected hepatocytes may be cured of HCV infection in
a non-lytic manner (Thimme et al., 2001, 2002) as described for hepatitis B virus (HBV)
(Cavanaugh et al., 1997; Guidotti and Chisari, 2001). It is possible that this or a similar
mechanism accounts for the reduction/loss of viraemia without a simultaneous rise in serum
ALT that has been noted in the large international trials of IFN plus ribavirin in previously
untreated chronic HCV patients (Manns et al., 2001; McHutchison et al., 1998), in contrast
with the flare in serum ALT levels which precedes clearance of HBV in some patients
during IFN therapy.

Only a small proportion of HCV carriers have been treated with IFN-based therapy. For
logistical and economic reasons, the numbers of patients who can be treated with the current
schedules is unlikely to increase significantly. Furthermore, because the patients are selected
carefully prior to therapy, the current cure rate is likely to fall if the selection criteria are
relaxed to permit more general use. In addition, the cost of treatment is high, the side effects
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are numerous and a proportion of patients fail to complete the therapy. It is clear that
additional, novel treatment strategies are required.

2.6. DC-based immunotherapy in persistent HCV infection

Although the evidence is sometimes inconsistent, several publications have reported that DC
function and maturation are impaired in persistent HCV infection. If we assume that this
results in impaired antigen presentation, which in turn fails to result in an expansion of the
Th cell population, then the result will be a limited expansion of the humoral and cell-
mediated immune response. Features of HCV infection include low titres of HCV-specific
antibodies (Chen et al., 1999) and a low frequency of HCV-specific CTL (Rehermann and
Chisari, 2000), both of which are consistent with a failure of CD4* Th cells to induce
proliferation of the B- and CTL-effector cells. IFN-based treatment of HCV carriers indicate
that the frequency of HCV core-specific Th cell precursors is significantly higher in
sustained responders than in transient- or non-responders (Lasarte et al., 1998) suggesting
that the expansion of Th cell precursors correlates with HCV elimination.

There is therefore, a high probability that DC from HCV carriers that are loaded and
matured ex vivo with HCV proteins followed by autologous transfusion will be able to
prime naive T-cells and/or stimulate existing HCV-specific cellular immunity. The aim then
is to change the equilibrium between the virus and the immune response in the patients that
will result in viral clearance. How have we arrived at this conclusion and how might it be
possible to correct the deficit in vivo?

(A) It has been suggested that the number of impaired DC is small (Sarobe et al., 2002),
although the effect appears to be great. Autologous transfusion of a large number of
HCV antigen-loaded, matured DC may overcome the impairment. Previous studies to
treat tumours have transfused approximately 5 million DC (Heiser et al., 2002). Thus,
simply increasing the number of DC, primed to activate HCV-specific T-cells, may
have the desired effect.

(B) Ex vivo loading of immature DC is likely to be very much more efficient than
attempting to target immature DC in vivo by vaccination. Consequently, the number of
mature, HCV antigen-loaded DC will be very much greater than could be achieved
otherwise.

(C) Immature DC which express or process HCV core (and perhaps NS3) may induce
tolerance in common with other immature DC (Jonuleit et al., 2001; Moser, 2003). The
ex vivo maturation of the immature DC, which express the HCV core or other proteins,
with maturation agents that are more effective than TNF-a or CD40L may overcome
the defect. Flow cytometry will be used to ensure that only mature DC are used for
autotransfusion.

(D) The reports in the literature suggest that endogenous but not exogenous HCV core
antigen impairs DC function. This could be overcome by the addition of purified
exogenous protein or specific peptides to the DC culture ex vivo.

(E) It is theoretically possible that DC vaccination will result in liver disease through
induction of a cytolytic CD8* T-cell response. However, the fact that patients who are
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successfully treated with IFN-based therapy fail to show a rise in ALT, coupled with the
recent findings (Thimme et al., 2001, 2002) that the HCV viral load is decreased by
several orders of magnitude without a concomitant rise in ALT levels during acute, self
limited infection, suggests that there is a very strong possibility of non-cytocidal
elimination of virus.

(F) The objective of DC immunotherapy to treat HCV infection is to concentrate IFN-a
and IFN-y producing cells in the liver. This is expected to result in high local
concentrations of IFN and provide an environment which is conducive to virus
elimination without the considerable side effects associated with systemic IFN
administration. Successful IFN-based therapy appears to correct the allostimulatory
impairment in DC function, and although it is unclear if this is cause or effect, serious
consideration should be given to the possibility that this contributes to viral clearance.

(G) Although immature DC are very much more efficient than mature DC in antigen
uptake and processing, it is possible that HCV proteins could be delivered effectively ex
vivo to mature DC. Mature DC infected ex vivo with a recombinant adenovirus
containing an HCV gene were previously shown to induce specific CTL in mice after
DC immunization (Matsui et al., 2002).

In practical terms, this may be achieved by the ex vivo culture of DC from individual HCV
patients viz. by differentiation of monocytes (collected by apheresis) with appropriate
cytokines (Cella et al., 1997), followed by the addition of HCV proteins to the immature DC
and subsequent maturation of the cells. The mature DC are then transfused to the same
patient from whom the cells were collected.

3. Previous trials of DC immunotherapy

Previous trials of DC immunotherapy have been limited to patients with tumours, including
malignant melanoma, colorectal cancer, myeloma or prostate cancer. The results have been
reviewed recently (Ridgway, 2003) and show that more than 1000 patients have been
vaccinated. Adverse events were uncommon and generally mild. Clinical responses were
reported in approximately half of the trials. The potential to treat the liver that can be readily
infiltrated by activated lymphocytes is so much greater than the potential to treat solid
tumours that are infiltrated very poorly.

4. Summary

Although there are a number of technical obstacles to overcome, DC immunotherapy of
HCYV carriers has the potential to result in an immune response with the capacity to clear the
infection. Initially, the procedure is likely to be unwieldy due to the requirements of
regulatory authorities that will demand good laboratory practice conditions for the
preparation of the cells, and the HCV proteins or peptides which will be used in the
maturation process. However, this process should be viewed as proof of principal which, if
successful, could be streamlined and may eventually result in a prophylactic vaccine.
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Fig. 1.

Organisation of the HCV genome. The figures immediately above the boxes depicting the
HCYV genes represent nucleotide positions at the 3’ end of each gene and the figures below
the boxes depicts the amino acid position of a typical genotype 1 virus. The figures on the
bottom line depict the electrophoretic mobility of each protein as determined by SDS-PAGE

analysis. Not to scale.
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Table 1

The functions of the HCV proteins

Protein Function

Core Capsid

F (Frameshift)  Unknown

E1/E2 Envelope glycoproteins

p7 Viroporin (in vitro only)

NS2 NS2/3 protease component

NS3 Protease, helicase, NTPase

NS4A NS3 protease co-factor

NS4B Unknown-replicase component
NS5A Unknown-?IFN sensitivity determinant
NS5B RNA dependent RNA polymerase
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