Host factors inuolued in the replication of HCD

ciated with remodelling of the HCV replication
complex in the ER membrane through interaction
with Nir2 protein.

HOST PROTEINS MODIFIED BY LIPID AND

- INVOLVED IN LIPID BIOSYNTHESIS

Lipid components are required for the assembly,
budding and replication of several viruses [93-
97]. Increases in saturated and monounsaturated

fatty acids enhance HCV RNA replication, in con-

trast to suppression by polyunsaturated fatty acids
[98], suggesting that enzymes associated with lipid

biosynthesis are also involved in HCV replication.

SREBP-1c regulates the transcription of acetyl-CoA
carboxylase, fatty acid synthase and stearoyl-CoA
desaturase, leading to the production of saturated
and monounsaturated fatty acids and triglycerides
[99]. Expression of HCV core protein induces the
production of lipid droplets composed mainly of
triglyceride [100]. Our recent study suggests that
SREBP-1¢ was upregulated in the liver of trans-
genic mice expressing HCV core protein through
the LXRalpha/RXRalpha-dependent pathway,
which leads to the development of fatty liver
[101]. The upregulation of SREBP-1c in the core
transgenic mice was required for expression of
PA28gamma, an HCV core-binding host protein
involved in the activation of nuclear proteasome
activity. Saturated or monounsaturated fatty acid

Modlification of the
lipid membrane

may be utilised for the formation of HCV replica-
tion complex with cholesterol and sphingolipid
[98]. A lipophilic long-chain compound derived
from microbial metabolites, an inhibitor of sphin-
golipid biosynthesis, was shown to inhibit HCV
replication [6]. The HCV replication complex is
shown to be localised in the lipid raft including
sphingolipid [89,90,102]. Therefore, compounds
disrupting sphingolipid biosynthesis may inhibit
the replication of HCV through the modification
of the lipid raft (Figure 4).

HCV replication was also dlsrupted with an
inhibitor of geranylgeranyl transferase I but not
with that of farnesyl transferase [103], suggesting
that geranylgeranylation of viral or host protein
regulates HCV replication efficiency [103]. Gera-
nylgeranylate is an intermediate of the mevalonate
pathway and is attached to various cellular pro-
teins for anchoring to plasma or intracellular mem-
brane [99]. Wang et al. [104] reported that
geranylgeranylated FBL2 is required for the effi-
cient replication of HCV genomic RNA. FBL2
had been identified as a structural homologue of
Skp2, which interacts with Skp1 for S-phase entry
and conserves the structural motif of F-box for
Skp1 binding [105]. The immunoprecipitation ana-
lysis revealed that NS5A interacts with FBL2 [104].
The F-box motif is located in the N-terminus of
FBL2, followed by 11 leucine-rich repeats [105]

Mevalonate

]

Geranylgeranylate

Unsaturated or monosaturated fatty acids 4—§COI’8 protein

PA28y

Figure 4. Putative model of HCV replication complex composed of viral and host proteins
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and the CAAX motif (CVIL), which is suggested to
- be modified by geranylgeranylation [104]. FBL2
lacking the CAAX motif was not modified by ger-
anylgeranylation and lost the interaction with
NS5A [104]. An F-box-truncated FBL2 mutant sup-
pressed the replication of HCV as a dominant
negative, whereas a mutant in the residues respon-
sible for geranylgeranylation exhibited no sup-
pressive effect [104]. The geranylgeranylated
FBL2 is required for the replication of HCV but
not for that of West Nile virus [104]. Furthermore,
knockdown of FBL2 in the replicon cells induced
suppression of HCV replication but not in cells
expressing an siRNA-resistant FBL2 [104]. The F-
box motif is generally essential for the formation
of the ubiquitin ligase complex-[105], suggesting
that FBL2 regulates the ubiquitination of host or
viral proteins through the interaction with NS5A.
Another possibility is that FBL2 may retain the vir-
al replication complex by interacting with NS5A
(Figure 4).

CONCLUSION

The host machineries of lipid biosynthesis, protein
folding and anchoring in the intracellular compart-
ment may cooperate with HCV proteins to facili-
tate the replication of the viral genome. In
addition, translation of the viral genome is also
expected to utilise the host proteins to generate
viral proteins. Other host factors such as cellular
RNA helicase p68 and nucleolin were also
reported to be involved in HCV RNA replication
[106,107]. The primary concern of chronic hepatitis
C is the development of hepatocellular carcinoma
through liver steatosis and fibrosis. HCV proteins
could potentiate the production of reactive oxygen
species, which may activate STAT3 leading to car-
cinogenesis [101,108-111]. Among HCV proteins,
only the core protein was shown to be involved
in the induction of carcinogenesis [112-114]. Data
on the replication of HCV cooperating with host
proteins have been accumulated by using RNA
replicon and cell culture systems. Further studies
on the host proteins involved in viral replication
and carcinogenesis are needed for the development
of therapeutic measures for chronic hepatitis C.
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A combination of pegylated interferon o (PEG-
IFNo) and ribavirin has .- been used widely.
Enhancement of immune response against hepa-
titis C virus (HCV) is known to be involved in the

related to the.virological outcome of the therapy.
J. Med. Virol. 79:511-521, 2007.
© 2007 Wiley-Liss, Inc.

efficacy of the combination therapy. The aim of KEY WORDS: chronic hepatitis C; PEG inter-
the study was to elucidate whether the frequency feron; ribavirin; dendritic cell
or function of immunocompetent blood cells is

related to the outcome of the therapy. Twenty-

five chronic hepatitis C patients with high viral INTRODUCTION

load of HCV genotype 1 who underwent 48 weeks
of PEG-IFNa2b and ribavirin therapy were
examined. During the treatment, frequencies of
dendritic cell subsets, helper T cell subsets, and
NK cells were phenotypically determined. In
some patients, the ability of dendritic cells to
stimulate allogeneic CD4*T cells was examined
at the end and after the therapy. Among the
25 patients, 11 showed a sustained virological
response, 11 a transient response, and 3 no
response. In comparison with sustained viro-
logical responders, non-sustained virological
responders showed impaired dendritic cell
function at the end and after the treatment.
The transient responders showed a decline of
plasmacytoid dendritic cell frequency from
Weeks 1-12 and impaired dendritic cell function
as well. Even in patients who attained negative

Hepatitis C virus (HCV) infection causes various
types of liver diseases including chronic hepatitis, liver
cirrhosis, and hepatocellular carcinoma [Seeff, 2002).
The most effective way to prevent the progression of
disease is to eradicate HCV from the infected hosts
[Alter et al., 1989]. At present, combination therapy
with pegylated interferon alpha (PEG-IFN«) and riba-
virin is considered as the standard treatment for chronic
HCYV infection. The rate of the sustained virological
response achieved by the combination therapy has been
up to 50% in patients with HCV genotype 1 and a high
HCV RNA titer; however, half of the patients do not
attain sustained virological response [Manns et al.,
2001; Fried et al., 2002]. In addition to HCV genotype
and HCV quantity, several factors have been reported as

serum HCV RNA at Week 12, the transient
responders showed a significant decrease of
plasmacytoid dendritic cell frequency and
impaired dendritic cell function. In conclusion,
in PEG-IFN« and ribavirin combination therapy
for chronic hepatitis C patients, the early-phase
plasmacytoid dendritic cell frequency and/or
end-of-treatment dendritic cell function are

© 2007 WILEY-LISS, INC.
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therapeutic determinants in PEG-IFN« and ribavirin
combination therapy, such as liver fibrosis, age, gender,
and ethnicity [Manesis et al., 1997; Poynard et al., 1998;
Jacobson et al., 2005]. It is accepted that initial changes
of serum HCV RNA titer from the beginning of the
therapy, i.e., HCV dynamics, correlates well with the
clinical outcomes of the treated patients [Davis et al.,
2003; Hayashi and Takehara, 2006]. In PEG-IFN« and
ribavirin therapy, an early virological response is
defined as a reduction in serum HCV RNA quantity by
at least 2 logyo units or to an undetectable level by a
sensitive qualitative PCR after the first 12 weeks of
the treatment or negative serum HCV RNA at Week
24 of the therapy [Davis et al.,, 2003]. It has been
reported that the patients who fail to attain early
virological response at Week 12 or 24 are not likely to
gain sustained virological response after 48 weeks of
the combination therapy, suggesting that early virolo-
gical response ‘can serve as a negative predictor of
sustained virological response [Ferenci, 2004; Ferenci
et al., 2005]. Prolongation of the duration of PEG-IFN«
and ribavirin combination therapy from 48—72 weeks is
likely to improve sustained virological response rate by
decreasing relapsers [Berg et al.,, 2006]. Therefore,
identifying potential relapsers during therapy and
providing additional weeks of treatment may be clini-
cally important, since it can offer them abetter chance of
attaining sustained virological response. However, no
reliable marker is currently available for predicting
virological relapse in PEG-IFN« and ribavirin therapy.

In chronic hepatitis C, multifaceted immune dysfunc-
tion may be implicated in the persistence of HCV
including dendritic cells, NK cells, and T cells [Kanto
et al., 1999; Auffermann-Gretzinger et al., 2001; Rosen
et al., 2002; Nattermann et al., 2006]. It is reported that
sustained viral responders maintained vigorous and
multispecific HCV-gpecific CD4™ Thl responses, sug-
gesting that the restoration of CD4" T cell responses
may be related to successful HCV eradication [Kamal
et al., 2002]. However, it is not known whether the
frequency or the functlon of other immune cells during
the combination therapy has any relationship to the
therapy outcome.

In the present study, in order to determine immuno-
logical markers correlated with the efficacy of the
treatment, the frequency of peripheral blood cell subsets
and their dynamics were studied during and after the
combination therapy. The function of dendritic cells
from the patients was examined to clarify whether it was
correlated with the therapeutic efficacy. This study
supports the view that the reactivity of the immune
system to the combination therapy is involved critically
in the outcome of the treatment.

MATERIALS AND METHODS

Patients

Among chronic hepatitis C patients who had been
followed at Osaka University Hospital, Osaka Kosei-
nenkin Hospital, and Osaka National Hospital,

J. Med. Virol. DOI 10.1002/jmv
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32 patients who received PEG-IFNa2b and ribavirin
combination therapy for 48 weeks were enrolled in the
present study. The study was approved by the ethical
committee of the Osaka University Graduate School of
Medicine. Written informed consent was obtained from
all patients. At enrollment, the patients were confirmed
to be positive for both serum anti-HCV antibody and
HCV RNA, but were negative for other viral infections,
including hepatitis B virus and human immunodefi-
clency virus. All the patients were infected with HCV
genotype 1b with a serum HCV RNA quantity of more
than 100 kilocopies/ml, as determined by methods
described elsewhere [Pawlotsky et al., 2000]. All
patients had shown persistent or fluctuating serum
alanine aminotransferase abnormalities at enrollment.
The presence of other causes of liver disease, such as
autoimmune hepatitis, primary biliary - cirrhosis,
primary sclerosing cholangitis, alcohol abuse, and
metabolic disorders was excluded by laboratory and
imaging analyses. With all patients, a combination of
biochemical markers and ultrasonography or computed
tomography scan analyses ruled out the presence
of cirrhosis and tumors in the liver. Histological
analyses of liver disease were performed with liver
tissue obtained by ultrasonography-guided biopsy. The
activity and stage of the disease were assessed by two
independent pathologists according to the classification
proposed by Desmet [Desmet et al., 1994].

Study Design

- All patients were treated with PEG-IFNa2Zb subcuta-
neously at a dose of 75 ug/week (body weight>40 kg
and<60 kg) or 105 pg/week (body weight>60 kg
and < 80 kg) or 135 pg/week (body weight >80 kg and
<100 kg) and oral ribavirin at a dose of 600 mg/day (body
weight > 40 kg and < 60 kg) or 800 mg/day (body weight
> 60 kg and < 80 kg) or 1000 mg/day (body weight > 80 kg
and < 100 kg). Ribavirin was administered divided into two
doses per day. All patients were treated for 48 weeks and
followed for 24 weeks after the cessation of therapy. The early
responders were defined as those who showed a reduction
in serum HCV RNA quantity to an undetectable level by
qualitative PCR at Week 12 of the therapy. Virological
response was estimated at 24 weeks after cessation of the
treatment. Sustained virological response was defined as
the maintenance of negative serum HCV RNA by PCR for
more than 6 months after completion of the therapy.
Transient response was defined. as the reappearance of
serum HCV RNA within 6 months after cessation of therapy
in patients who had achieved negative serum HCV RNA at
the end of the treatment. No response meant that there was
persistently positive serum HCV RNA throughout the
therapy period. Non-sustained virological response group
is comprised of transient responders.and no responders.

Analysis of Dendritic Cell Subsets,
Helper T Cells, and NK Cells

For the numerical analyses of blood dendritic cells,
helper T cells, and NK cells, venous blood was drawn
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from patients before treatment and at Weeks 1, 4, 8, 12,
24, and 48 during the therapy. Peripheral blood mono-
nuclear cells (PBMCs) were collected by density-gradi-
ent centrifugation on a Ficoll-Hypaque cushion. After
viable PBMCs had been counted, the cells were stained
with combinations of various antibodies for phenotypic
markers.

The following monoclonal antibodies were purchased
from BD Biosciences (San Jose, CA): anti-lineagemarker
(Lin; CD3 (clone SK7), CD14 (clone M@P9), CD16 (clone
3G8), CD19 (clone SJ25C1), CD20 (clone L27), and
CD56 (clone NCAM16.2)), anti-CD4 (clone RPA-T4),
anti-CD11c (clone B-ly6), anti-CD123 (clone 7G3), anti-
CD3 (clone UCHT1), anti-CD45RO (clone UCHLI),
anti-CD56 (clone B159), anti-HLA-DR (clone L1.243),
anti-CCR4 (clone 1G1l). Anti-CXCR3 (clone 49801)
monoclonal antibody was purchased from R&D Systems
{Minneapolis, MN). Staining was performed with FITC,
PE, PerCP, and APC conjugated antibodies as described
previously. The acquisitions and analyses of data were
performed with FACSCalibur (BD Biosciences) and
CellQuest software.

Blood dendritic cells were defined as Lin~ and HLA-
DR™ cells. Myeloid dendritic cells are Lin~, HLA-DR™,
CD11c*, CD123"% cells, and plasmacytoid dendritic
cells are Lin~, HLA-DR™, CD11c", and CD123™" cells,
respectively. Helper T cell subpopulations were defined
by the pattern of CXCR3 and CCR4; Th1 cells are CD4™,
CD45RO™", CXCR3*,and Th2 cells are CD4*, CD45RO,

and CCR4%, respectively. NK cells were defined as

CD3~, CD56% cells. The percentages of dendritic cell
subsets and NK cells in PBMCs or Thl and Th2 cells
in CD4* T cells were determined by FACS. In order to
examine the dynamics of dendritic cell subsets after
initiation of the treatment, we used the ratio of
frequencies at each time point to those before the
therapy.

Allogeneic Mixed Leukocyte Reaction
With Dendritic Cells

In some patients, we examined whether the allosti-
mulatory ability of dendritic cells was related to
the clinical outcomes:. At the end of treatment and at
Week 4 after completion of the treatment, monocyte-
derived dendritic cells were generated from PBMC
obtained from the patients according to methods
reported previously {(Romani et al., 1994]. As controls,
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monocyte-derived dendritic cells were generated simul-
taneously from healthy donors. As responder cells in
mixed leukocyte reaction (MLR), naive CD4% T cells
were isolated from PBMC of irrelevant healthy donors
by using a naive CD4* T cell enrichment kit (Stemcell
Technologies, Vancouver, BC). Allogeneic MLR with
monocyte-derived dendritic cells was performed as
reported previously [Kanto et al., 1999]. In order to
compare the ability of monocyte-derived dendritic cells
among patients, we determined the MLR ratio between
patients and controls as counts per minute (cpm) of *H-
thymidine incorporated into CD4™ T cells at the T cell/
dendritic cell ratio of 10/1.

Statistical Analyses

For statistical analysis, the non-parametric Mann—
Whitney U-test was used between the groups. To
analyze paired data, we used Wilcoxon’s signed rank
test. Differences of continuous variables between groups
were compared by two-way ANOVA. P-values of less
than 0.05 were considered to be statistically significant.
These statistical analyses were performed with Stat-
View software (Cary, NC).

RESULTS
Outcome of the PEG-IFNa and Ribavirin Therapy

Amongthe 32 patients who received PEG-IFNa2b and
ribavirin combination therapy, 25 completed the ther-
apy while 7 patients dropped out due to various adverse
effects. Among the 25 patients who completed the
therapy, 11 (44%) achieved sustained .virological
response, 11 (44%) showed transient response, and
3 (12%) showed no response (Table I). There was no
difference in the baseline clinical parameters among
these groups (Table I). With regard to HCV RNA at
Week 12 in patients who completed the therapy, 11 were
negative for HCV RNA (early responders), while the
remaining 14 were not. Among 11 patients with early
response, 7 were sustained virological responders and
4 were transient responders. Among 14 patients who
were positive for serum HCV RNA at Week 12, 4 patients
achieved sustained virological response, 7 showed
transient response, and 3 showed no response. Details
of the therapeutic response in the current study are
shown in Figure 1.

TABLE 1. Baseline Clinical Characteristics of the Patients

All patients SVR TR NR
Age® 50.0+10.9 46.7+12.4 54.1+89 46.7+9.3
Sex (M/F) 20/5 9/2 . 83 3/0
ALT (IUN)® 99.3+47.8 97.5+50.9 103+51.3 94.0+ 34.6
HCV RNA (kilo copies/ml)? 3146 £2675 368513023 2743+2338 2647+ 3163
Activity (minimal/mild/moderate) 7/7/11 5/3/3 1/4/6 1/0/2
Fibrosis (mild/moderate/severe) 11/12/2 6/5/0 3/7/1 2/0/1

ALT, alanine aminotransferase.

Histological activity and fibrosis were assessed according to the classification proposed by Desmet.

#Mean + SD.

J. Med. Virol. DOI 10.1002/jmv
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Fig. 1. Detailed outcomes of chronic hepatitis C patients treated
with 48-week PEG-IFNw«2b and ribavirin combination therapy. Thirty-
two patients received the therapy, but seven dropped out due to various
adverse effects. Among the 25 who completed the therapy, 11 achieved
sustained virological response, 11 were transient responders, and 3
were non-responders. The early responders were defined as those
who showed a reduction in HCV RNA quantity to an undetectable level

Non-Sustained Virological Responders
Had a Lower MLR Ratio Than Sustained
Virological Responders

In order to clarify whether the frequency and function
of immune cells are involved in the outcomes of the
combination therapy, these parameters were compared
between sustained virological responders and non-
sustained virological responders, including transient
responders and no responders. The pretreatment per-
centages of myeloid dendritic cells, plasmacytoid den-
dritic cells, NK cells, Thl, and Th2 were not different
between the sustained virological responders and non-
sustained virological responders (Fig. 2A). As for the
changes of dendritic cell subsets during the therapy,
frequencies of both plasmacytoid dendritic cells and
myeloid dendritic cells at each time point did not differ
between sustained virological responders and non-
sustained virological responders (Fig. 2B,C). The per-
centages of NK cells in non-sustained virological

by qualitative PCR at Week 12 of the therapy. According to this
criterion, 11 patients were early responders and were further
categorized into 7 sustained virological response (sustained virological
responders with early response) and 4 transient response (transient
responders with early response). Of the other 14 patients who were not
early responders, 4 were sustained virological responders, 7 were
transient responders, and 3 were non-responders,

responders tended to be higher than those in sustained
virological responders from Weeks 4—48, which did not
reach statistical significance (P =0.0533 ANOVA)
(Fig. 2F). The frequencies of Thl and Th2 did not differ
between these two groups (Fig. 2G,H). As for dendritic
cell function, dendritic cells from the non-sustained
virological responders showed a lower MLR ratio than
those from the sustained virological responders at the
end (P<0.01) and at 4 weeks after the completion of
therapy (P < 0.005) (Fig. 3). These results show that
lesser ability of dendritic cells at the end of treatment
may be related to non-sustained virological response.

Transient Responders Had a Lower MLR Ratio
in Dendritic Cell Function Than Sustained
Virological Responders in the Course of
Combination Therapy

In order to elucidate if the above-mentioned immuno-
logical markers are related to virological relapse, a

Fig. 2. Pretreatment frequency of blood cells and its changes during
48-week PEG-IFNa2b and ribavirin therapy in sustained virological
responders and non-sustained virological responders. Frequencies of
myeloid dendritic cells, plasmacytoid dendritic cells, NK celis, Thl
cells, and Th2 cells in the patients before the treatment (A), during the
combination therapy (B, C, F-H) and the ratios of myeloid dendritic
cell or plasmacytoid dendritic cell frequency (D, E) were determined as
described in Materials and Methods, which were compared between

J. Med. Virol. DOI 10.1002/jmv

sustained virological responders and non-sustained virological respon-
ders. Black bars (A) or closed triangles (B—H) depict sustained
virological responders and white bars (A) or closed circles (B—H) depict
non-sustained virological responders. The results are expressed as the
mean + SEM of 11 sustained virological responders and 14 non-
sustained virological responders. PBMC, peripheral blood mononuc-
lear cells; NK, natural killer.
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Fig. 3. Allostimulatory activity of dendritic cells in patients who
underwernt 48-week PEG-IFNa2b and ribavirin therapy in sustained

virological responders and non-sustained virological responders.

At the end of treatment (Week 48) and at Week 4 after completion
of the treatment, monocyte-derived dendritic cells were generated from
the patients or healthy donors and their allostimulatory capacity was
evaluated as described in Materials and Methods. The MLR ratio
between patients and controls was determined from the counts per
minute (cpm) of *H-thymidine incorporated into CD4™* T cells at T cell/
dendritic cell ratio of 10/1. The results are expressed as the mean +
SEM of 11 sustained virological responders and 14 non-sustained viro-
logical responders. Black bars indicate sustained virological respon-
ders and white bars indicate non-sustained virological responders.
*P <0.01, **P < 0.005.

comparison was undertaken between sustained virolo-
gical responders and transient responders. The pre-
treatment percentages of myeloid dendritic cells,
plasmacytoid dendritic cells, NK: cells, Thl, and Th2
were not different between the sustained virological
responders and transient responders (Fig. 4A). :
The percentages of myeloid dendritic cells and
plasmacytoid dendritic cells were not different between
the sustained virological responders and transient
responders at each time point (Fig. 4B,C). The transient
responders tended to show a lower plasmacytoid
dendritic cell ratio than sustained virological respon-
ders from Weeks 1-12 (P=0.0553, ANOVA) (Fig. 4E),
suggesting that plasmacytoid dendritic cell is likely to
decrease in the early phase in transient responders
whereas those in sustained virological responders tend
to be maintained. By contrast, no difference was
observed in the myeloid dendritic cell ratio between
the groups (Fig. 4D). The percentages of NK cells
in transient responders were significantly higher
than those in sustained virological responders from

Itose et al.

Weeks 8—48 (P < 0.05) (Fig. 4F). The frequencies of Thl
or Th2 at each point during therapy did not differ
between the sustained virological responders and
transient responders (Fig. 4G,H).

With regard to the dendritic cell function, the
transient responders showed a lower MLR ratio
than the sustained virological responders from Weeks
4-48 after the end of the therapy (P < 0.05) (Fig. 5).
These results suggest that sustained impairment of
dendritic cell function at the end and after the treatment
may be related to the virological relapse after cessation
of the therapy.

Early-Phase Decline of Plasmacytoid Dendritic
Cell Frequency and Sustained Impairment
of Dendritic Cell Ability Are Related to
Transient Response in the Combination
Therapy Even in Patients Who Lost Serum
HCV RNA at Week 12 of the Treatment

In order to estimate more precisely the involvement of

immunological markers in the outecomes of the combina-

tion therapy, we examined the above-mentioned para-
meters in patients who attained negative serum HCV
RNA at Week 12 (early response group), as they were
considered to be comparable with respect to the
virological response to the therapy. Among 11 patients -
who were clear of serum HCV at Week 12, 7 were

" categorized into sustained virological response (sus-

tained virological responders with early response) and
the remaining 4 into transient response (transient
responders with early response) (Fig. 1). Among
patients with early response, the pretreatment percen-
tages of myeloid dendritic cells, plasmacytoid dendritic
cells, Thl, Th2, and NK cells (Fig. 6A) and those at
any points during the therapy did not differ between
sustained virological responders and transient respon-
ders (Fig. 6B,C,F—H). The plasmacytoid dendritic cell
ratios in transient responders were lower than those
in sustained virological responders from Weeks 1-12
(P<0.05, ANOVA) (Fig. 6E), whereas the myeloid
dendritic cell ratio did not differ between the groups
(Fig. 6D). '

As for MLR, dendritic cells from the transient
responders showed a lower MLR ratio than those from
the sustained virological responders at the end and at
4 weeks after the completion of therapy (Fig. 7)
(P <0.001).

DISCUSSION

In the PEG-IFNa and ribavirin therapy for chronic
hepatitis C, viral and host factors are critically involved
in the efficacy of treatment. As for viral factors, HCV

Fig. 4. Pretreatment frequency of blood cells and its changes during
48-week PEG-IFNo2b and ribavirin therapy in sustained virological
responders and transient responders. Frequencies of myeloid dendritic
cells, plasmacytoid dendritic cells, NK cells, Thl cells, and Th2 cells in
the patients before the treatment (A), during the combination therapy
(B, C, F-H), and the ratios of myeloid dendritic cell or plasmacytoid
dendritic cell frequency (D, E) were determined as described in
Materials and Methods, which were compared between sustained

J. Med. Virol. DOI 10.1002/jmv

virological responders and transient responders ones. Black bars (A) or
closed triangles (B—H) depict sustained virological responders and
white bars (A) or closed circles (B—H) depict transient responders.
The results are expressed as the mean+SEM of 11 sustained
virological responders and 11 transient responders. PBMC, NK are
shown in Figure 2. *P < 0.05 (sustained virolegical responders vs.
transient responders). ’
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Fig. 5. Allostimulatory activity of dendritic cells in patients who
underwent 48-week PEG-IFN«2b and ribavirin therapy in sustained
virological responders and transient responders. At the end of
treatment (Week 48) and at Week 4 after completion of the treatment,
monocyte-derived dendritic cells were generated from the patients or
healthy donors and their allostimulatory capacity was evaluated as
described in Materials and Methods. The MLR ratio between
patients and controls was determined as the same as Figure 3. The
results are expressed as the mean + SEM of 11 sustained virological
responders and 11 transient responders. Black bars indicate sustained
virological responders and white bars indicate transient responders.
*P < 0.05. :

genotypes and baseline HCV RNA titers are major
determinants dictating therapeutic outcomes. In addi-
tion, failure of rapid decline in serum HCV RNA from
the beginning of the treatment, i.e., non-early viro-
logical response, has been used as a negative predictor
for sustained virological response. Alternatively, the
enhancement of immunity has been implicated to play a
key role in the successful responses in PEG-IFNa and
ribavirin therapy. However, it is yet to be determined
which parameters are practically feasible for the
assessment of treatment-induced immune responses
correlating with therapeutic efficacy.

In the present study, it was determined whether the
frequencies of dendritic cells, NK cells, Thl and Th2
cells, as well as dendritic cell function in patients are
related to the outcome of the PEG-IFNa and ribavirin
therapy. By comparing these markers in the course of
the treatment between sustained virological responders
and non-sustained virological responders, it was demon-
strated that non-sustained virological responders
showed impaired dendritic cell function in MLR
than sustained virological responders. When the ana-
lyses were extended to comparison between sustained
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virological responders and transient responders,

_ transient responders exhibited (1) lower plasmacytoid

dendritic cell ratio, (2) higher NK cell frequency, and
(3) impaired dendritic cell function than sustained
virological responders. Of particular interest were the -
findings of a lower plasmacytoid dendritic cell ratio as
well as lower MLR even in transient responders with
early response -compared to sustained , virological
responders with early response. Since patients with
early response are defined as those who showed negative
serum HCV RNA at Week 12, they are considered to be
similar in virological response to the combination
therapy. Thus, such parameters could serve as immu-
nological markers for virological relapse, presumably
being independent of the early virological response.

In general, homeostasis of blood cell number is
regulated by their life span and their recruitment from
the bone marrow to circulating blood. A reduction of
blood cell numbers is frequently observed in patients
who are treated with PEG-IFN« and ribavirin combina-
tion therapy, which may be due to bone marrow
suppression, enhancement of cellular apoptosis, or
alteration of localization. However, the dynamics of
dendritic cell subsets or NK cells under combination
therapy is yet to be clarified. Some investigators have
reported that the frequency or the absolute number of
blood dendritic cell is dynamically changed by various
stresses, such as infection [Hotchkiss et al., 2002] or
surgery [Ho et al., 2001]. The present study showed that
reduction of plasmacytoid dendritic cells after the
introduction of combination therapy is much greater in
the transient responders than in the sustained viro-
logical responders. IFNa is reported to act as a
regulatory factor on CD11c™ dendritic cells to sustain
their viability and to inhibit gaining the. ability to
stimulate Th2 development [Ito et al., 2001]. Thus,
patients who respond well to IFNa, as demonstrated by
better plasmacytoid dendritic cell survival during the
treatment, are likely to have better chances to eradicate
HCV. Limited information is available about the factors
influencing the number of NK cells. In chronic HCV
infection, it has been reported that the progression of
liver disease is associated with a decrease of peripheral
as well as liver-residing NK cells [Kawarabayashi et al.,
2000]. It is plausible that the lower frequency of
peripheral NK cells in the sustained virological respon-
ders compared to the transient responders, as shown in
this study, may be related to the accumulation of NK
cells in the liver, where they presumably produce IFNy
to suppress HCV replication. Further study is needed to
disclose the reasons for the dynamics of these cells being
related to the virological response in the combination

. therapy.

Fig. 6. Pretreatment frequency of blood cells and changes during 48-
week PEG-IFNo2b and ribavirin therapy in patients who showed
negative serum HCV RNA at Week 12 of the therapy. Frequencies of
myeloid dendritic cells, plasmacytoid dendritic cells, NK cells, Thl
cells, and Th2 cells in the patients before the treatment (A), during the
combination therapy (B, C, F-H) and the ratios of myeloid dendritic
cell or plasmacytoid dendritic cell frequency (D, E) were determined as
described in Materials and Methods, which were compared between

J. Med. Virol. DOI 10.1002/jmv

sustained virological responders and transient responders ones. Black
bars (A) or closed triangles (B—H) depict sustained virological
responders and white bars (A) or closed circles (B—H) depict transient
responders. The results are expressed as the mean+SEM of seven
sustained virological responders with early response and four transient
responders with early response. PBMC, NK are shown in Figure 2.
*P < 0.05 (sustained virological responders vs. transient responders).
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Fig. 7. Allostimulatory activity of dendritic cells in the patients who
underwent 48-week PEG-IFNa2b and ribavirin therapy in patients
who showed negative serum HCV RNA at Week 12 of the therapy. At
the end of treatment (Week 48) and at Week 4 after the completion of
the treatment, monocyte-derived dendritic cells were generated from

the patients or healthy donors and their allostimulatory capacity was -

evaluated as described in Materials and Methods. The MLR ratio
between patients and controls was determined as the same as Figure 3.
The results are expressed as the mean 4 SEM of seven sustained
virological responders with early response and four transient respon-
ders with early response. Black bars indicate sustained virological
responders and white bars indicate transient responders, respectively.
*P < 0.05.

In the present study, non-sustained virological
responders or transient responders showed a lesser
capacity for dendritic cell function than sustained
virological responders at the end and after cessation of
the therapy. Even in the patients who lost serum HCV
RNA at Week 12, the dendritic cell function was lower in
transient responders than sustained virological respon-
ders. One of the mechanisms of impaired dendritic cell
function in non-sustained virological responders or
transient responders may be residual HCV both in
serum and in cells. It is reported that the relapse rate
was higher in the patients who were positive for HCV
RNA by sensitive transcription-mediated amplification
(TMA) at the end of combination therapy than those who
were negative for it, even when they were negative for
HCV RNA by conventional PCR [Gerotto et al., 2006].
Other investigators have shown that residual HCV is
detectable by means of sensitive PCR in blood cells from
patients who cleared HCV from the serum by IFNo and
ribavirin combination therapy [Pham et al., 2004],
supporting the possibility that blood cells are reservoirs
of HCV replication. Taking these findings into consid-
eration, it is conceivable that a small quantity of HCV
might exist in the blood cells in some transient
responders. Since direct HCV infection of monocytes or
blood dendritic cells is considered to be one of the
mechanisms of the functional impairment of dendritic
cell [Navas et al., 2002; Goutagny et al., 2003; Ducou-
lombier et al., 2004], persistent HCV may delay the
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restoration of dendritic cell function in non-sustained
virological responders or transient responders com-
pared to sustained virological responders.

In summary, it was shown that the frequencies of

~ plasmacytoid dendritic cells or NK cells and dendritic -

cell function might be related to the outcomes of the
combination therapy. Since the present study was
performed with a relatively small number of patients,
a greater number of patients should be examined in
order to validate the feasibility of using these as
immunological markers of relapse. The prediction of
virological non-response or relapse during therapy can
help improve the clinical outcomes of treated patients,
as prolongation of combination therapy offers poten-
tial relapsers a better chance of sustained virological
response by suppressing HCV reappearance.
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SUMMARY. In interferon-alpha (IFN-«)/ribavirin combination
therapy for chronic hepatitis C (CHC), an enhanced T helper
1 (Th1) response is essential for the eradication of hepatitis C
virus (HCV). We aimed to elucidate the role of IFN-a or IFN-
a/ribavirin in dendritic cell (DC) ability to induce Thl
response in HCV infection. We generated monocyte-derived
DC from 20 CHC patients and 15 normal subjects driven by
granulocyte-macrophage colony-stimulating factor and

interleukin 4 (IL-4) without IFN-a (GM/4-DC), with IFN-a

(IFN-DC), with ribavirin (R-DC) or with IFN-«/ribavirin
(IFN/R-DC) and compared their phenotypes and functions
between the groups. We also compared them in 14 CHC
patients between who subsequently attained sustained
virological response (SVR) and who did not (non-SVR) by
24 weeks of IFN-a/ribavirin therapy. Compared with GM/4-
DC, IFN-DC displayed higher CD86 expression, but lesser

ability to secrete IL-10 and were more potent to prime CD4 "
T cells to secrete IFN-y and IL-2. Such differences were more
significant in healthy subjects than in CHC patients. No
additive effect of ribavirin was observed in DC phenotypes
and functions in vitro either which was used alone or in
combined with IFN-a. However, in the SVR patients, an
ability of IFN/R-DC to prime T cells to secrete IFN-y and IL-2
was higher than those of IFN-DC and those of IFN/R-DC in
the non-SVR group, respectively. In conclusion, DC from
CHC patients are impaired in the ability to drive Thl in
response to [FN-a. Such DC impairment is restored in vitro by
the addition of ribavirin in not all but some patients who
cleared HCV by the combination therapy.

Keywords: chronic hepatitis C, dendritic cells, hepatitis C
virus, interferon-alpha, ribavirin, Thl.

INTRODUCTION

The prevalence of hepatitis C virus (HCV) infection is evident
with 170-200 million being affected worldwide [1,2].
Approximately 30% of those exposed to HCV are able to
eradicate it after the initial exposure, while the remaining
70% cannot, subsequently developing to chronic hepatitis,
liver cirrhosis and hepatocellular carcinoma [3]. In the early
phase of acute HCV infection, HCV continues to replicate in

Abbreviations: CHC, chronic hepatitis C; DC, dendritic cells; ELISA,
enzyme-linked immunosorbent assay; FACS, fluorescence-activated
cell sorter; GM-CSF, granulocyte-macrophage colony-stimulating
factor; HCV, hepatitis C virus; [FN-q, interferon-alpha; IL, interleu-
kin; mAb, monoclonal antibody; MFI, mean fluorescence intensity;
MoDC, monocyte-derived DC; PBMC, peripheral blood mononuclear
cells; SVR, sustained virological response; Thl, T helper 1

Correspondence: Norio Hayashi, 2-2 Yamadaoka, Suita-shi, Osaka,
565-0871. Japan. E-mail: hayashin@gh.med.osaka-u.ac.jp

the liver, where interferon-alpha (IFN-a«) and IFN-inducible
genes are significantly induced, suggesting that HCV ham-
pers the execution of IFN-a-mediated anti-virus or immune
response [4,5]. In order to eradicate HCV from chronically
infected patients, IFN-o has been used. However, IFN-o
monotherapy successfully eradicates HCV in only 10-20% of
treated patients [6], the efficacy being lower in patients
infected with HCV genotype 1 than those with other geno-
types [7]. Pegylated IFN-a in combination with ribavirin has
been widely used as the first-line anti-HCV therapy, as the
rate of HCV clearance has been improved to be 46-56% of
the treated patients [8]. These clinical results show that IFN-
« alone is not sufficient to initiate anti-HCV activity in some
chronically infected patients. }

Both IFN-a and ribavirin have an immunomodulatory
effect on immune cells in addition to their direct antiviral
effects; however, the mechanisms of action of these drugs
during the therapy are poorly understood. IFN-« directly or
indirectly stimulates T helper 1 (Th1) cell development and

© 2006 The Authors
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appears to suppress Th2 cell development [9-13]. Ribavirin
has been shown to enhance antiviral type 1 and suppress
type 2 cytokine expression in human T cells [14] and may
significantly promote the Thl immune response in vivo [15].
Several investigators have reported that the enhancement of
a HCV-specific Th1 response is necessary for HCV eradica-
tion by IFN-a and ribavirin combination therapy [16-19].
As dendritic cells (DC) are the most potent antigen-present-
ing cells (APC) that regulate Thl or Th2 differentiation in
vivo {20,21], it is possible that IFN-a or a combination of
IPN-« and ribavirin may cause DC to modulate Th1 differ-
entiation. In chronic HCV infection, we as well as others
have demonstrated that monocyte-derived DC (MoDC) have
impaired allostimulatory capacity [22—-24]. However, it is
still uncertain whether or not [FN-« or a combination of IFN-
o and ribavirin affects DC development and alters DC func-
tion in chronic HCV infection. '

In the present study, we hypothesize that IFN-« influences

on DC differentiation and subsequently enhances the DC

capacity to induce the Thl response. To clarify whether or
not DC in HCV infection similarly respond to IFN-¢ or a
combination of IFN-a and ribavirin, we generated MoDC in
the presence of granulocyte-macrophage colony-stimulating
factor (GM-CSF) and IL-4 without IFN-a (GM/4-DC), with
IFN-a (IFN-DC), with ribavirin (R-DC), or with IFN-a and
ribavirin (IFN/R-DC) and compared their phenotypes and
functions between HCV-infected patients and normal sub-
jects. We demonstrate here that MoDC generated in the
presence of IFN-« gain the ability to induce a Th1 response.

However, with chronic HCV infection, MoDC fail to respond

sufficiently to IFN-a, resulting in a lesser ability to induce a
Thl response than those from healthy counterparts. We
show that IFN-« and ribavirin in combination enhance the
ability of DC to induce a Thl response in vitro in some
HCV-infected patients, which may be associated with a
subsequent- sustained virological response (SVR) by the
combination therapy.

MATERIALS AND METHODS

Subjects

Twenty patients who were both positive for anti-HCV Ab and
serum HCV RNA were enrolled in the present study. All of
them were infected with HCV serotype 1 and had shown
elevated or fluctuated serum alanine aminotransferase levels
for more than 6 months at the enrollment. They were neg-
ative for HBV and HIV, and displayed no sign of other liver
diseases. None of the patients had previously been treated
with IFN-a-based therapy. The controls were 15 age-mat-
ched normal subjects who were negative for anti-HCV Ab,
HBsAg, and anti-HIV Ab. The clinical backgrounds of these
subjects are shown in Table 1. Informed consent was ob-
tained from each patients included in the study. Fourteen of
20 patients were subsequently treated with 6 MU of IEN-o2b
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Table 1 The clinical backgrounds of normal subjects and
chronic hepatitis C patients*

Normal subjects - CHC patients

(n=15) (n=20)

Men/women 12/3 15/5

Age (years) 419 47 £ 12

ALT level (IU/L) ND 77 + 47

Serum HCV-RNA ND 6.0% 1.5
(Megq/ml)

ALT, alanine aminotransferase; ND, not determined. *Vahies
are expressed as the mean * SD. ’

(Schering-Plough, Kenilworth, NJ, USA) three times a week
with 600-1000 mg of ribavirin (Schering-Plough) for
24 weeks. Virological response to IFN-« and ribavirin com-
bination therapy was assessed 24 weeks after the completion
of the therapy. The ‘SVR group’ was defined as the patients
who showed negative serum HCV RNA at the end of therapy
and continued to be negative for 24 weeks thereafter.
Transient responders were defined as those who showed
negative serum HCV RNA at the end of therapy but dis-
played HCV RNA reappearance within 24 weeks after the
therapy cessation. Non-responders showed positive serum
HCV RNA throughout the treatment. The ‘non-SVR group’
consisted of transient responders and nonresponders in this
study.

Reagents

Recombinant human GM-CSF and interleukin 4 (IL)-4 were
purchased from Peprotech (Rocky Hill, NJ, USA). Human
IFN-a was provided by Otsuka Pharmaceuticals (Tokyo,
Japan). Ribavirin was obtained f{rom Sigma-Aldrich
(St Louis, MO, USA). Neutralizing mouse anti-human IL-10
Ab (clone #23738) and isotype mouse IgG were obtained
from R&D Systems (Minneapolis, MN, USA).

Generation of MoDC

Peripheral blood mononuclear cells (PBMC) were separated
from peripheral blood or buffy coats using Ficoll-Hypaque

" density gradient centrifugation. Monocytes were immuno-

magnetically separated from PBMC by using anti-CD14
monoclonal antibody (mAb)-coated microbeads (Miltenyi
Biotec, Bergish-Gladbach, Germany). To generate MoDC,
monocytes were cultured for 7 days at 37 °C with 5% CO, in
tscove’s modified dulbecco’s medium (IMDM: Gibco Labor-
atories, Grand Island, NY, USA) supplemented with 10%
foetal calf serum, 50 IU/mL penicillin, 50 pug/mL strepto-
mycin, 2 mM - L-glutamine, 10 mM Hepes buffer, 10 mm
nonessential amino acid in the presence of 50 ng/mL GM-
CSF and 10 ng/mL IL-4. To examine the influence of IFN-a
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with or without ribavirin on the development of MoDC; we

added 100 U/mL IFN-a or 3 pg/mL ribavirin or a combi-

nation of these to the cells from the beginning of the culture
as 100 U/mL of IFN-« and 3 pg/mL of ribavirin are close to
the peak serum concentration of these drugs in the patients
who were administrated intramuscularly at 5 MU of IFN-«
and 400 mg/day of ribavirin, respectively [25,26]. On day 4
of the culture, half of the medium was replaced with fresh
medium containing equal concentrations of GM-CSF, 1L-4,
IFN-« or ribavirin. The cells were harvested on day 7 and
subjected to phenotypic and functional analysis. In order to
examine the relationship between in vitro DC function and
the therapeutic response to a combination of I[FN-a and
ribavirin therapy, we generated MoDC as described above
from PBMC obtained before the treatment and compared DC
function between the patients who attained SVR and those
who did not.

Phenotypic analysis of MoDC

The cells were incubated in phosphate-buffered saline con-
taining 2% bovine serum albumin and 0.1% sodium azide
with FITC-, PE-, or PerCP-conjugated mouse monoclonal
anti-human Ab against CD86 (clone #IT2.2), CD8O (clone
#L307.4) (BD PharMingen, San Diego, CA, USA), human
leukocyte antigen-DR(HLA-DR) (clone #L243) (BD Bios-
iences, San Jose, CA, USA), or CD83 (cloné #HB15a) (Im-
munotech, Marseille, France) or isotype Abs for 20 min at
4 °C. The expressions of these markers on MoDC were
analysed by fluorescence-activated cell sorter (FACS) calibur
(Becton Dickinson Immunocytometry Systems, San Diego,
CA, IfSA) using CellQuest software (Becton Dickinson Im-
munocytometry Systems).

Analysis of cytokine production from MoDC

On day 7 of culture, 10%/well of MoDC were stimulated with
5 x 10%/well of human CD40L-transfected mouse L-cells
(CD40L-L-cells) for 24 h at 37 °C, 5% CO,. The superna-
tants were stored at —80 °C until being subjected to ELISA.

Analysis of T-cell polarization by MoDC

To examine the capacity of DC to polarize CD4 T cells, day 7
MoDC were cultured with allogeneic naive CD4* CD45RO™ T
cells for 6 days (DC/T cell ratio = 1/10). Naive CD4" T cells
were separated from PBMC of healthy donors by immuno-
magnetic separation using a human naive CD4" T-cell
enrichment cocktail and anti-CD45RO mAb (Stemcell
Technologies Inc., Seattle, WA, USA) according to the
manufacturer’s instructions. More than 98% of the collected
cells were CD4* and CD45R0O™ as assessed'by FACS (data not
shown). In some series of experiments, 50 pug/mL of anti-
human IL-10 Ab or mouse IgG was added to the cells from
the beginning of the co-culture. On day 4 of the culture, half

of the supernatants were collected to assess the [L-2 release
from the cells. On day 6 of co-culture, the cells were har-
vested and stimulated with 50 ng/ml phorbol myristate
acetate (Sigma-Aldrich) and 1 pg/mL ionomycin (Sigma-
Aldrich). For ELISA, the supernatants were collected 24 h
after the stimulation of cells.

Enzyme-linked immunosorbent assay

The concentrations of I-10, II-12p70, IL-2, and IFN-y in
the supernatants were determined by ELISA using matched
pairs of relevant mAbs (Endogen, Woburn, MA, USA)
according to the manufacturer’s instructions. The detection
thresholds of 1.-10, IL-12p70, [1-2, and IFN-y are 10, 10, 10
and 16 pg/mlL, respectively. ’

Statistical analysis

Statistical analyses were performed using StatView 5.0 soft-
ware (SAS Institute Inc., Cary, NC, USA). The unpaired two-
tailed Mann—Whitney U-test was used to compare differences
in the level of cytokine and surface marker expression.

RESULTS

IFN-o significantly enhanced CD86 expression on MoDC
from chronic hepatitis C patients and normal subjects

First, in order to examine the role of IFN-« in GM-CSF and IL-
4-driven DC development, we compared the phenotypes and
functions between GM/4-DC and IFN-DC. After 7 days of
culture with GM-CSF, IL-4, with or without IFN-«, the cells
were negative for CD14 (data not shown), but were strongly
positive for CD86 and HLA-DR, and moderately positive for
CD80, whereas their expression of CD83 was barely detect-
able (Fig. 1a). :

In this study, we added IFN-« to the cells for DC generation
from the beginning of the culture. In the preliminary
experiments for the assessment of IFN-¢ dose-response
relationship, we examined the expressions of CD86 and
CD80 as representatives on DC cultured with- different con-
centrations of IFN-« and fixed concentrations of GM-CSF and
IL-4. The expressions of these molecules on DC were up-
regulated even as low as 100 U/mL of IFN-a, the degree of
which did not differ even at higher concentrations up to

1000 U/mL (data not shown).

The comparison of the expressions of these markers
showed that CD86 expression on the cells generated in the
presence of GM-CSF and IL-4 from HCV-infected patients was
lower than those from normal donors (Fig. 1a). IFN-a up-
regulated the levels of CD86 on MoDC regardless of HCV
infection (Fig. 1a). The CD86 upregulation was more signi-
ficant in normal donors as demonstrated by comparison of
the ratios of mean fluorescence intensity (MFI) between IFN-
DC and GM/4-DC (Fig. 1a.b).
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