Table 1. Tumor initiation capability of CD271" cells vs,
CD2717 cells.
Number of
cells
Population injected Weeks
2 4 6 8 10
HPCM1  CD271* 30 /6 1/6 2/6 4/6 4/6
D271 30 0/6 0/6 0/6  0/6 1/6
cp271* 100 0/4 1/4 3/4 3/4 3/4
D271 100 0/4 0/4 0/4 0/4 0/4
o271 300 0/4 1/4 4/4 4/4 4/4
D271 300 0/4 0/4 0/4 0/4 0/4
D271 1,000 0/2 1/2 2/2 2/2 2/2
D271 1,000 0/2 0/2 212 2/2 2/2
HPCM2  CD2717 100 0/4 0/4 0/4  0/4 0/4
CD2717 100 0/4 0/4 0/4 0/4 0/4
cD271* 300 0/6 0/6 0/6 176 1/6
D271 300 0/6 0/6 0/6 0/6 0/6
cp271* 1,000 0/8 1/8 2/8 4/8 4/8
D271 ’ 1,000 0/8 0/8 /8 1/8 1/8
o271 10,000 0/2 1/2 172 Y2 12
cD271” 10,000 0/2 0/2 06/2 02 0/2
HPCM3  CD271" 300 0/4 0/4 1/4 2/4 3/4
cb271” 300 0/4 0/4 174 14 14
cont 1,000 0/4 0/4 3/4 4/4 4/4
cD271” 1,000 0/4 0/4 0/4  2/4 2/4
cp271* 10,000 0/4 0/4 4/4 4/4 4/4
cD271” 10,000 0/4 0/4 0/4 = 3/4 4/4
cD271* 100,000 0/2 2/2 2/2 2/2 . 22
D271 100,000 0/2 6/2 2/2 22 2/2
doi:10.137 1/journal.pone.0062002.t001

suggested that the CD2717 cells are armed with MMPs that enable
tissue invasion by breaking down the extracellular matrix.

(D271 Cells are Chemoresistant in vivo
To determine whether the CD271" population is chemoresis-
tant, the effect of CDDP on the cells was analyzed. Our initial

in vitro analysis failed, due to difficulty in tissue culture mainte- -

nance, either under regular tissue culture conditions with serum or
under serum-free sphere culture conditions (data not shown).
Therefore, we used an i vive evaluation model. Mice bearing
HPCM -derived tumors were treated with CDDP, and on day 7,
the tumors were resected, sectioned, and examined by IHC for
~ CD271 (Figure 4A). The flattened and keratinized CD271" cells
in the central zone of the tumor were in the process of dying,
suggesting that chemotherapy had caused massive necrosis in these
cells (Figure 4A). In contrast, as was most apparent in the basal
layer, CD2717 cells survived and were surrounded by stroma. To
verify that the CD2717 cells were refractory to CDDP, a single-cell
suspension prepared from a CDDP-treated tumor was analyzed by
FACS (Figure 4B). After CDDP administration, the CD271"
population increased from 16.3% to 35.2%, suggesting that the
CD271% cells were resistant to CDDP. The multi-drug resistance
of CSCs is attributed to an elevated expression of ATP-binding
. transporters [19], for example, ABCC2 contributes to the efflux of
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CDDP and docetaxel, and ABCB5 and ABCG2 contribute to the
efflux of 5-FU. We therefore compared the expression of these
three ATP-binding transporters in the CD271% and CD2717 cells
of HPCM!1 (Figure 4C). The expression of ABCCZ, ABCBS, and
ABCG?2 in the CD2717 cells was about 2.5-fold, 4.8-fold, and 2.4-
fold higher than that in the CD271 cells, respectively. Together,
these results indicated that the CD271% cells are chemoresistant.

CD271 Expression in HPC Clinical Specimens is Correlated

with a Poor Prognosis

To investigate whether CD271 expression was associated with
any prognostic factors for primary HPC patients, 83 clinical
specimens obtained from surgery or biopsy were examined for
CD271. For this evaluation, because the CD271% cells were
heterogeneously located within each tumor, we used a grading
system that classified each case as either “strong,” if it had more
than 50% CD2717 cells in the entire tumor, or “moderate-to-
weak,” if it had less than 50%. All the slides were evaluated
independently by two investigators (I. S. and K. M.) without any
prior knowledge of cach patient’s clinical information. By IHC
staining of the HPC tissue specimens with an anti-CD271
antibody, 36 of the 83 cases were classified as strong, and 47
were moderate-to-weak (Figure 5A). The clinical and patholog-
ical characteristics of the 83 patients are summarized in Table S§3.
The CD271 grade was analyzed statistically with respect to the
clinical T-stage, N-stage, and the stage of disease. The percentages
of cancers at the advanced T stage (T'3 or more) and advanced N
stage (N2 or more) were significantly higher in the CD271 strong
group than in the moderate-to-weak group (47.2% vs 23.4%:
£=0.023, and 69.4% vs 40.4%: p=0.009, respectively). Similarly,
cases of advanced disease (stage III and IV) were more frequent in
the CD271 strong group than in the moderate-to-weak group
(80.6% vs 55.3%: p=0.016). Next, the discase-specific survival
rate was compared using Kaplan-Meier methods. The three-year
survival rate was significantly lower in the CD271 strong group
compared to the CD271 moderate-to-weak group (54.3% vs
83.2%: p=0.043) (Figure 5B). These data indicate that the
histological expression of CD271 is associated with poor clinical
outcomes.

We further examined whether the CD271 gene expression in
clinical specimens was associated with patients’ prognosis. For this
analysis, 28 cases of HPC that were completely resccted, as
assessed both surgically and histologically, were examined for
CD271 expression. Immediately after resection, each specimen was
separated into tumor and normal hypopharyngeal mucosa. The
total RNAs purified from these respective tissues, were subjected to
CD271 mRNA quantification. Because normal mucosa also
expresses CD271 (Figure 1C), we used a “CD271-expression
index,” the value of CD27] in tumor versus that in normal
mucosa, as the CD271 level. During the average 20-month follow-
up period, 11 of the 28 cases relapsed. All of the relapses occurred
within 18 months, and the relapse-free survival for 18 months was
analyzed using Kaplan-Meier methods (Figure 6A). Using a cut-
off value for the CD271-expression index of 1.5, the CD271-high
expressers relapsed significantly more frequently than the CD271-
low cases (41.1% vs 80.0% relapse-free survival, respectively:
$=0.035). The demographic and clinical characteristics of these
patients are shown in Table $4. For the clinical disease
classification, pT3 or more was significantly more frequent in
the CD271-high cases (CD271-high 15/17, CD271-low 5/11;
p=0.022). Taken together, these results indicated that CD271
expression is associated with poor clinical outcomes in terms of
prognosis and relapse.
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Nanog Expression is Associated with CD271 High Tumors

Next, because the CD271 expression in HPC tumors had
a positive relationship with that of Nanog, the Nanog expression in
the same set of 28 clinical samples was quantified and analyzed.
There was a significant association between the CD27/-expression
index and the Nanogg index, which was the level of Mangg mRINA in
the tumor versus that in normal mucosa (Figure 6B). Using a cut-
off score 1.5 for the Nangg index, all the Nanog-high expressers (8
cases) were categorized into the CD27I-high group. Taken
together, these results suggest that both CD271 and Nanog are
strong prognostic factors for HPC.

Discussion

The identification of cell-surface markers to define CSCs/CICs
is important for the possible establishment of target-specific
therapies using small molecule inhibitors and/or humanized
antibodies. In this report, we show that the CD271" cells in
HPC possess tumor-initiating capability iz vivo. The CD2717 cells
are endowed with several CSC-like characteristics, including 1)
tumor initiation, 2) high expression of the CSC-related gene Nanog,
3) self-renewal and the capacity to generate hierarchical popula-
tions, 4) chemoresistance, and 5) invasion capacity. Furthermore,
we demonstrated that the expression of CD271 in HPC tumors is
associated with a poor prognosis for HPC patients.

CSCs were first identified in acute myeloid leukemia (AML). A
small subpopulation of AML cells with the CD34"CD38~
phenotype was observed to initiate tumors in immunodeficient
mice [20]. Since then, xenograft models using highly immunode-
ficient mice have become widely used to evaluate the cancer stem
cells within clinical cancer specimens, and xenotransplantation is
currently regarded as the “gold standard” in this field [21]. Using
this assay system, a number of solid tumors have been analyzed.
Breast cancer cells with CD44"CD24” were identified as CSCs,
which form heterogeneous tumors with CD44"~ and CD24%~
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phylogeny [22]. For HNSCC, only two reports have analyzed
clinical specimen-based CSCs using xenotransplantation. Prince
et al demonstrated that 5,000 CD44" cells could initiate a tumor
[7], whereas Clay et al. demonstrated that 500 ALDH™ cells
formed a tumor [23]. Because positivity for ALDH is based on its
enzyme activity, CD44 has been the cell-surface CSC marker
studied in most detail. The same xenotransplantation methodology
led to the characterization of CD133 as a laryngeal cancer stem
cell marker using Hep-2 cells [24]. However, the CD133™ cells
from clinical HNSCC specimens have not been analyzed by
xenotransplantation.

In our three primary HPC cases, CDI133 expression was
negative, as judged by FACS analyses and THC (data not shown).
Instead, we compared two independent subpopulations, CD44"
and CD44”. However, no significant difference was observed in
the tumor-initiating capability of these populations n vio;
a minimum of 100 cells from either population initiated tumors
(Table S5). Furthermore, a recent report showed that both the
CD44~ and CD44" cells of clinical HNSCC. specimens possess
similar sphere-forming and tumor-initiating capabilities, as well as
chemoresistance [8]. Our results are consistent with this notion,
with regard to the tumor-initiating capability.

Although categorized as HNSCC, HPC may have independent
characteristics from other HNSCGs, especially with regard to the
CSCs. Indeed, CSC markers are divergent, depending on the type
of cancer. For éxample, CD44"CD24" indicates breast cancer
stern cells [22], whereas a pancreatic cancer stem cell phenotype is
CD44*CD24" [25], and CD44"CD117" is an ovarian cancer stem
cell phenotype [26]. Breast cancers, for instance, are-classified into
several subtypes, such as luminal, basal, and HER2", but the well-
known CD447CD24~ phenotype is closely associated with the
basal type, and the HER2"-type CSCs show an ALDH"
phenotype [27]. Thus, since each cancer expresses a unique
pattern of CSC markers, the CSC markers may also differ among
types of HNSCCs.
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In a variety of cancers, the CSCs are considered to be derived
from the stem cells of normal tissues or from cancer cells acquiring
stem cell pluripotency by accumulating genetic mutations [6].
Previous studies indicated that CD271 is expressed in tissue stem
cells. In normal oral [11], laryngeal [12], and esophageal mucosa
[13], CD271" cells are distributed in the basal layer. These
observations are consistent with our present finding that CD271%
cells were distributed in the basal layer of normal hypopharyngeal
mucosa. Based on the hypothesis that CD271 is a tissue stem cell
marker of the head and neck region, it is tempting to speculate that
HPC CSCs are derived from the stem cells of normal mucosa.

In the present study, we observed that the CD27 17 cells of HPC
possessed several characteristics of CSCs. First, the CD271%
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expression ranged from 2 to 20% of the tumor cells. Second,
CD271* cells were more tumorigenic than CD271" cells. Third,
the CD271" cells generated tumors that showed a striking
similarity to the original ones i wiwo, in which a heterogeneous
population of CD271" and CD271" cells was present. These
results indicated that the CD271% CSCs of HPC might originate
from normal stem cells of the hypopharyngeal mucosa. Accord-
ingly, recent reports propose that CD271 is a CSC marker of
squamous cell carcinomas of esophageal origin [16] as well as
malignant melanoma [14,15].

Accumulating evidence suggests that some CSCs reside close to
blood vessels, in the perivascular niche [28,29]. In this regard,
Krishnamurthy et al. demonstrated that the ALDH" cells of
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HNSCC are located within a 100-ptm radius of blood vessels. The
selective ablation of endothelial cells reduced the fraction of
CD44"ALDH" cells, suggesting that endothelial cells may form
a microenvironment, or niche, that allows CSC survival and self-
renewal [30]. In our analyses, the localization of CD271" HPC
cells indicated that they might have been in direct contact with
blood vessels, suggesting that either direct cell-to-cell interaction or
some paracrine factor may promote the survival of CSCs. One
interesting possibility is neurotrophins such as NGF support
CD271" cells. The perivascular niche hypothesis needs to be
further investigated by examining the CD271" cells’ fate in HPC.

We also observed in the current study that CD2717 cells were
clustered within the invasive front area. The invasive front is the
part of a growing tumor that extends most deeply into the adjacent.
non-cancerous tissue, and it is the location of the tumor-host
‘communication interface [31-33]. Histopathological grading
analyses revealed that the invasive front reflects the biological
aggressiveness of a carcinoma [33]. In some of our specimens,
CD2717 cells formed small foci, which might be potential points of
invasion initiation (Figure 1C-c,d). In accordance with this
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finding, the expressions of MMPI, MMP2, and MMPI0 were
elevated in the CD271" cells. Because these secreted AMMPs cleave
the extracellular matrix, they are essential factors for invasion
[31,34]. MMPs have been shown to contribute to tumorigenicity;
the over-expression of MMPI enhances tumorigenicity, while its
knockdown reduces tumor formation in a glioblastoma cell line
[35]. In non-small cell lung cancers, MMPI0 plays a pertinent role
in tumor initiation, and it maintains the characteristics of CSCs
[36]. Considering these reports, it is reasonable that MMP-positive
CD271* cells show strong invasion capability as well as the =
potential to initiate tumors.

Nanog is one of the homeobox transcription factors expressed in
pluripotent embryonic stem cells [37,38], and accumulating
evidence suggests it has a role in inducing the pluripotency of
various types of cancer. The over-expression of Nanog leads to
elevated tumorigenicity [39,40], while its inhibition reduces
tumorigenicity in prostate, breast, and colorectal cancers
[39,41]. In HNSCC, sphere culture enhances the expression of
Nanog, and in clinically dissected samples, high Nanog expression is
closely associated with a poor prognosis for the patient [42]. In our
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study, the Nanog expression was elevated in the CD2717 cells of all
three HPC xenograft lines. Furthermore, all the Nanog-high cases
also had CD271-high expression in our clinical specimens. Thus,
we consider the GD2717 cells in HPC to have pluripotent stemness
characteristics with high Nanog expression.

Treatment resistance is a well-known characteristic of CSCs.
For example, CD133" glioma stem cells show radioresistance [43],
and CD447CD24~ breast CSCs are chemoresistant [44]. These
treatment resistances are considered to be associated with
treatment failure, for instance with cancer relapse. In our study,
the CD2717 cells of HPC were at least partially CDDP-resistant as
assessed by both IHC and FACS analyses. In esophageal SCC,
Huang et al previously demonstrated a similar CDDP resistance of
CD271" cells in vitro using **copper accumulation assays [16].
Our findings also suggested the involvement of the drug
transporters ABCC2, ABCB5, and ABCG2 in the function of
the CD271" cells. The elevated ABCC2 expression may be
responsible for the CDDP resistance of the CD2717 cells [45].
The up-regulation of ABCB5 and ABCG2 may similarly confer
multidrug resistance on CD2717 cells. Interestingly, ABCB5 marks
a putative cancer stem cell compartment in oral cancer [46], and
cancer stem cells of the laryngeal cancer cell line Hep-2 show an
increase in ABCGZ expression [47]. Taken together, the up-
regulation of ATP-binding transporters may contribute to the
malignant phenotypes of CD2717 cells. However, the differential
drug resistance i ziwo needs to be interpreted carefully, because
additional factors, such as differential localization within a tumor
and interaction with the stroma may affect cell survival. In the
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present study, treatment resistance was also indirectly supported
by the clinical outcomes. Immunohistochemical and gene expres-
sion analyses for CD271 using primary HPC specimens indicated
that high CD271 expression was correlated with a poor prognosis
for the patient. Disease-specific survival analyses of 83 HPC cases,
as well as the relapse-free survival, suggested that the CD271
expression determined by IHC staining was correlated with a poor
prognosis and tumor aggressiveness. From these findings, we
speculate that elevated CD271 expression is a good marker for
a poor prognosis. Similarly, CD271 is reported to be a marker for
poor prognosis in oral cancer [48]. Accordingly, we are in the
process of setting up a larger clinico-pathological study to
investigate whether CD271 can be a unique prognostic marker
of HPC, when adjusting multiple parameters, such as clinical-, T-
and N-stages. At present, with limited number of cases, both the
disease-specific and relapse-free survival rates of CD271 high'cases
tend to be lower (e.g., Stage IV, 18-month relapse-free survival:
CD271-low, 66.7% vs CD271-high, 18.2%, p=0.09). By in-

creasing the number of cases, we speculate that CD271 can be an -,

independent prognostic marker of HPC in the future.

There are some limitations in our study. First, despite the
enhanced tumor-initiating capability of the CD271% cells, the
CD271" cells also initiated tumors, but with a longer latency and
less efficiency. Furthermore, IHC and FACS analyses of the
CD271 derived tumors revealed that they included some CD271%
cells (Figure $6). A certain level of plasticity may account for this
inter-conversion. Alternatively, a minor contamination of the
CD271 cells by CD271% cells during the sorting procedure
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cannot be ruled out. Second, the subcutaneous xenografting
experiment requires careful evaluation, as it may differ from
orthotopic grafting. In addition, CD271-positivity detected by
IHC and FACS may potentially include certain difference in the
sensitivity, the dynamic range, and the specificity. Therefore,
careful interpretation may be required upon comparison of the
data obtained by these two methods.

Taken together, we conclude that the CD2717 cells in human
HPC possess tumor-initiating capability and some CSC-like
characteristics. Our findings will help pave the way for the
development of a novel strategy for treating HPC, using CD271,
for future clinical interventions. Further study will be needed to
investigate the function of CD271 in CSCs.

Supporting Information

Figure S1 Histology of xenotransplanted HPC tumors
and their original primary samples. Primary HPC tumors
obtained from three independent patients were transplanted into
NOG mice, and the respective xenotransplanted tumors were
dissected from the mice. Tissues of the primary HPC tumors and
their xenotransplanted tumors were stained with hematoxylin and
cosin (H&E). The primary and xenotransplanted tumors were
histologically indistinguishable. Scale bar: 100 pm.
(TIE)
Figure 52 IHC of xenotransplanted HPC tumors for
CD271 and CKs. IHC for CD271, CK5/6, and CKS8 in serial
sections of a xenograft tumor. IHC is performed as described in
Materials and Methods S1. Immunopositivity appears brown.
Scale bar: 100 pm.
(TIF)
Figure §3 IHC of xenotransplanted HPC tumors for
Nanog and MMPs. IHC for CD271 and Nanog (A), and
CD271 and MMPs (B) in serial sections of a xenograft tumor. IHC
is performed as described in Materials and Methods S1.
Immunopositivity appears brown. Scale bar: 100 pm.
(TTF)
Figure S4 Expression of Sox-2 and Oct-4 in CD271" and
CD271" cells from HPC. Sox-2 and Oct-4 expression in the
CD271" and CD271 cells was analyzed by real-time RT-PCR.
Transcript levels were normalized to that of GAPDH, and the fold
increase in the expression level in CD2717 versus CD2717 cells
- was calculated for each HPC line. Values are the mean®SD of
triplicate experiments.

(TIF)
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Abstract

‘Background The immunopathogenesis of dual chronic
infection with hepatitis B virus and hepatitis C virus (HBV/
HCV) remains unclear. The in vivo suppressive effects of
each virus on the other have been reported. In this study we
aimed to analyze the virological and immunological
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parameters of HBV/HCV coinfected patients during
pegylated interferon/ribavirin (Peg-IFN/RBV) therapy.
Methods One patient with high HBV-DNA and high
HCV-RNA titers (HBV-high/HCV-high) and 5 patients
with low HBV-DNA and high HCV-RNA titers (HBV-low/
HCV-high) were enrolled. Twenty patients monoinfected
with HBV and 10 patients monoinfected with HCV were
enrolled as control subjects.. In vitro cultures of Huh 7 cells
with HBV/HCV dual infection were used to analyze the
direct interaction of HBV/HCV.

Results  Direct interaction of HBV clones and HCV could
not be detected in the Huh-7 cells. In the HBV-high/HCV-
high-patient, the HCV-RNA level gradually declined and
HBV-DNA gradually increased during Peg-IFN/RBV ther-
apy. Activated CD4- and CDB8-positive T cells were
increased at 1 month of Peg-IFN/RBV-therapy, but HBV-
specific IFN-y-secreting cells were not increased and HBV-
specific interleukin (TIL)-10 secreting cells were increased.
The level of HBV- and HCV-specific IFN-y-secreting cells
in the HBV-high/HCV-high-patient was low in comparison
to that in the HBV- or HCV-monoinfected patients. In the
HBV-low/HCV-high-patient, HCV-RNA and HBV-DNA
rapidly declined during Peg-IFN/RBV therapy. Activated
CD4- and CD8-positive T cells were increased, and HBV-
and HCV-specific IFN-y-secreting cells were also increased
during Peg-IFN/RBV-therapy.

Conclusion The immunological responses of the HBV-
high/HCV-high patient were low in comparison to the
responses in HBV and HCV monoinfected patients.
Moreover, the response of immune cells in the HBV-high/
HCV-high patient during Peg-IFN/RBV therapy was
insufficient to suppress HBV and HCV.

“Keywords Dual infection - HBV - HCV -

Immunopathogenesis
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Introduction

Hepatitis B virus (HBV) and Hepatitis C virus (HCV) are
noncytopathic viruses that cause chronic hepatitis and
hepatocellular carcinoma (HCC) [1, 2]. HBV now affects
more than 400 million people worldwide, and persistent
infection develops in ~5 % of adults and 95 % of neo-
nates who become infected with HBV [3]. HCV infects
about 170 million people worldwide and is a major cause
of chronic hepatitis, cirrhosis, and HCC [4]. Some groups
have mentioned that dual infection with HBV/HCV is not
uncommon in Asian patients [S, 6]. The prevalence of
patients with dual HBV/HCV infection is approximately
10-15 %, although it likely differs among countries [7-9].
Co-infection with HBV/HCV has been associated with
severe liver disease and frequent progression to cirrhosis
[10]. Moreover, a significantly higher incidence of HCC
and liver-related mortality was noted in patients with HBV/
HCV co-infection [11, 12]. However, some groups repor-
ted, based on a meta-analysis, that dual infection with
HBV/HCYV did not increase the risk of HCC [13, 14]. These
contradictory reports could be explained by the rarity of
dual infection with HBV/HCV in patients without clini-
cally evident liver disease. It might be difficult to estimate
the hepatocarcinogenic risk of dual infection compared
with that of either infection alone in such clinical settings
[15].

An inverse relationship in the replicative levels of the
two viruses has been noted, suggesting direct or indirect
effects in vivo [16]. More recently, some groups have
reported, using an in vitro infection system, that there is
little direct interaction of HBV/HCV in coinfected hepa-
tocytes [17, 18]. Therefore, the viral interference observed
in coinfected patients is probably due to indirect mecha-
nisms mediated by the innate and/or adaptive host immune
responses.

The cellular immune response to HBV and HCV plays
an important role in the pathogenesis of chronic hepatitis,
cirrhosis, and HCC [19-21]. Hyporesponsiveness of HBV-
or HCV-specific T-helper 1 cells and excessive regulatory
function of CD4*CD25%FoxP3™ regulatory T cells (Tregs)
in peripheral blood have been shown in patients with
chronic hepatitis B and C [22-34]. Recently, we reported
that HBV replication stress could enhance the suppressive
activity of Tregs via TLR2 [35]. However, little is known
about the immunopathogenesis of HBV/HCV dual
infection.

Dual infection can be classified into several groups (e.g.,
group A: HBV active and HCV active; group B: HBV
inactive and HCV active; and group C: HBV active and
HCV inactive) [36]. HCV is reported to be the dominant
virus in HBV/HCV dual infection, but the dominance of
either virus might be due to the genotypes of each virus
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and/or ethnic differences that could affect the proliferative
activity of the viruses [36]. In this study, we investigated
immunopathogenesis in a group A patient and in group B
patients during therapy with pegylated interferon-o2b (Peg-
IFN-02b) plus ribavirin.

Patients, materials, and methods

Patients

One patient with high HBV-DNA and high HCV-RNA
titers (HBV-high/HCV-high; patient A) and 5 patients with
low HBV-DNA and high HCV-RNA titers (HBV-low/
HCV-high) were enrolled (one of these patients, whose
results were analyzed in detail, was termed patient B; see
findings below in the “Results”). Twenty patients mono-
infected with HBV and 10 patients monoinfected with
HCV were enrolled as control subjects. None of the
patients had liver disease due to other causes, such as
alcohol, drugs, congestive heart failure, or autoimmune
diseases. Permission for the study was obtained from the
Ethics Committee at Tohoku University Graduate School
of Medicine (permission no. 2006-194). Written informed
consent was obtained from all the participants enrolled in
this study. Participants were monitored for two years. At
each assessment, patients were evaluated by biochemical
laboratory tests, immunological analysis, and virological
tests. Liver histology was analyzed at the start of Peg-IFN/
RBYV therapy by using laparoscopic liver biopsy samples
and by employment of the METAVIR score.

Detection of interleukin (IL)-28B polymorphism

Genomic DNA was isolated from peripheral blood mono-
nuclear cells (PBMCs) using an automated DNA isolation
kit. Then polymorphism of IL-28B (rs8099917) was ana-
lyzed using real-time polymerase chain reaction (PCR)
(TagMan SNP Genotyping Assay, Applied Biosystems,
CA, USA). Detection of the IL-28B polymorphism was
approved by the Ethics Committee at Tohoku University
Graduate School of Medicine (permission no. 2010-323).

Isolation of peripheral blood mononuclear cells
(PBMCs) and flow cytometry

Peripheral blood mononuclear cells (PBMCs) were isolated
from fresh heparinized blood by means of Ficoll-Hypaque
density gradient centrifugation (Amersham Bioscience,
Uppsala, Sweden). PBMCs were stained with CD3, CD4,
CD8, CD19, CD25, CD40, CD56, CD86, HLA-DR,
NKG2D, and isotype control antibodies (Becton Dickin-
son, NJ, USA) for 15 min on ice to analyze the frequency
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of CD3YCD4 HLA-DR* cells, CD3"CD8HLA-DR *cells,
CD4CD25% Tregs, CD3 CD16-CD56" % natural killer
(NK) cells, and CD3"CD16"CD56%™ NK cells. The fre-
quencies of the immune subsets were analyzed by flow
cytometry using FACS Canto-II (Becton Dickinson, NIJ,
USA).

ELISPOT assay

The detection of IFN-y and IL-10 was performed using an
ELISPOT Set (BD Biosciences, San Jose, CA, USA)
. according to the manufacturer’s instructions. Cultures of
PBMCs were established in triplicate on round-bottomed
96-well plates for all time points investigated, at a con-
centration of 3 x 107 cells per well in 100 ul RPMI 1640
containing 10 % fetal bovine serum (FBS). Positive spots
were detected using an automated counting machine.

Detection of HBV-DNA and determination of HBV
genotype

DNA was extracted from 100 pl of serum using SMITEST
EX-R&D (Medical & Biological Laboratories, Nagoya,
Japan) and dissolved in 20 pl of nuclease-free distilled
water. The DNA preparation thus obtained (10 pl) was
subjected to nested PCR with primers targeting the S gene
of the HBV-DNA, as described previously [37]. Briefly,
first-round PCR was carried out for 35 cycles (98 °C for
10's, 55 °C for 15 s, and 72 °C for 1 min, with an addi-
tional 7 min in the last cycle) in the presence of Prime-
STAR HS DNA Polymerase (TaKaRa Bio, Shiga, Japan)
and primers HB095 (sense, 5'-GAG TCT AGA CTC GTG
GTG GAC-3') and HB184 (antisense, 5'-CGA ACC ACT
GAA CAA ATG GCA CCG-3'), for 25 cycles. This was
followed by a second-round PCR consisting of 25 cycles
using the same conditions as in the first round, with primers
HB097 (sense, 5'-GAC TCG TGG TGG ACT TCT CTC-
3') and S2-2 (antisense, 5'-GGC ACT AGT AAA CIG
AGC CA-3'). The HBV genotype was determined by
phylogenetic analysis of the S gene sequence (437 nt) of
the HBV isolates.

Detection of HCV RNA

RNAs were extracted from 250 pl of serum using TRIzol
LS (Invitrogen, Tokyo, Japan). They were divided into two
aliquots and each was assayed by reverse transcription
(RT)-PCR with nested primers derived from the core region
and NS5A interferon sensitivity determining region (ISDR)
of the HCV genome. Nested PCR of the core region of the
HCV genome was carried out with primers C008 (sense,
5'-AAC CTC AAA GAA AAA CCA AAC G-3) and CO11
(antisense, 5'-CAT GGG GTA CAT YCC GCT YG-3') in

the first round and C009 (sense, 5'-CCA CAG GAC GTY
AAG TTC CC-3') and C010 (antisense, 5'-AGG GTA TCG
ATG ACC TTA CC-3') in the second round. Nested primers
that were derived from NSSA-ISDR of the HCV genomes
were designed to amplify a 188-bp product with C004
(sense, 5-ATG CCC ATG CCA GGT TCC AG-3') and
C005 (antisense, 5'-AGC TCC GCC AAG GCA GAA
GA-3') in the first round, and C006 (sense, 5'-ACC GG
ATGTGGCAGT GCT CA-3")and C007 (antisense, 5'-GTA
ATC CGG GCG TGC CCA TA-3') in the second round.

Analysis of nucleotide and amino acid sequences

The PCR products were sequenced directly on both strands
using a BigDye Terminator version 3.1 Cycle Sequencing
Kit on an ABI PRISM 3100 Genetic Analyzer (Applied
Biosystems, Foster City, CA, USA). Sequence analysis was
performed using Genetyx-Mac ver. 12.2.6 (Genetyx,
Tokyo, Japan) and ODEN (version 1.1.1) from the DNA
Data Bank of Japan (National Institute of Genetics,
Mishima, Japan) [38]. Sequence alignments were generated
using CLUSTAL W (Version 1.8) [39]. The phylogenetic
tree was constructed by the neighbor-joining method [40].
The reliability of the phylogenetic results was assessed
using 1000 bootstrap replicants [41]. The final tree was
obtained with the Njplot program (version 2.2) [42].

Plasmid construction

HBYV expression plasmids were constructed by previously
published methods. Serum samples were obtained from
two patients infected with HBV genotype Bj and two
patients infected with HBV genotype C. HBV-DNA was
extracted from 100 pl serum using a QIAamp DNA blood
kit (QIAGEN, Hilden, Germany). Four primer sets were
designed to amplify two fragments covering the entire
HBV genome. Amplified fragments were inserted into a
pGEM-T Easy Vector (Promega, Madison, WI, USA) and
cloned in DH5a competent cells (TOYOBO, Osaka,
Japan). Briefly, at least 5 clones of each fragment were
sequenced and the consensus sequence was identified and
used as a template for 1.24-fold the HBV genome of dif-
ferent genotypes (B1 indicates the genotype Bj35 clone; B2
indicates the genotype Bj56 clone; Cl1 indicates the geno-
type C-AT clone; and C2 indicates the genotype C-22
clone). The HCV-JFH-1 strain was provided by Dr.
T. Wakita (National Institute of Infectious Diseases,
Japan). :

HCV and HBV expression in Huh 7 cells

Cell-culture-derived infectious HCV was génerated as
described previously [43]. The HCV was quantified as
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follows: RNA was extracted from the Huh-7 culture super-
natant using a QIAamp Viral RNA Kit (Qiagen, Valencia,
CA, USA). The HCV RNA was quantified by real-time RT-
PCR, using TagMan EZ RT-PCR Core Reagents (Applied
Biosystems) according to the manufacturer’s protocol, using
the published primers and probe [44]. The filtered (0.45 pm)
culture supernatant of HCV-infected Huh-7 cells containing
2 x 108 HCV RNA copies/ml [equivalent to 9.7 x 10*
focus-forming units (ffu)/ml] was used for the experiments.
To analyze HCV-RNA in the supernatant, Huh-7 cells
(2 x 10° cells in a 6-well plate) were infected with JFH-1
(multiplicity of infection [MOI] = 0.01) and after 4 h the
cells were washed twice with phosphate-buffered saline
(PBS). The supernatants were then collected and the cells
were reseeded at 2 x 10° cells per 6-well plate. Then the
HBYV expression and mock plasmid were transfected by
FuGENEG6 (Roche Applied Science, IN, USA). The super-
natant of the culture medium was collected 72 h after
transfection. Quantification of HBV-DNA and HCV-RNA
was carried out using real-time PCR.

IFN-« was added 24 h after the transfection of the HBV
plasmids, and the supernatant of the culture medium was
then collected 48 h after the addition of the IFN-c.

Results
Clinical characteristics of patients A and B
Patient A (high HBV-DNA titer and high HCV-RNA titer)

Patient A was a 44 year-old man with a high aspartate
aminotransferase/alanine  aminotransferase (AST/ALT)
level. The prothrombin time-international normalized ratio
(PT-INR) was in the normal range. Patient A had high
HBV-DNA titers and high HCV-RNA titers (Table 1). His
liver histology was classified as A2/F3 (Fig. 1). The lapa-
roscopic analysis indicated moderate inflammation and
‘intermediate fibrosis. The liver surfaces of the right lobe
and left lobe were almost the same phenotype. Polymor-
phism of IL-28B (rs8099917) was T/G (hetero allele).

" Patient B (low HBV-DNA titer and high HCV-RNA titer)

Patient B was a 63 year-old man with a low AST/ALT
level. PT-INR was in the normal range. Patient B had low
HBV-DNA titers and high HCV-RNA titers. The liver
histology was classified as A2/F1 (Fig. 1). The liver sur-
face showed moderate inflammation and was smooth. The
polymorphism of IL-28B (rs8099917) was T/T (major
homo allele).

Biopsy samples from patients with dual HBV and HCV
infection were collected at the main liver centers in Miyagi
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Table 1 Background of HBV/HCV dual-infected patients

Patient B
HCV high titer/
HBYV low titer

Patient A Normal range
HCV high titer/

HBV high titer

Gender Male Male
Age (years) 44 63
HCV-RNA 6.5 5.5 log copies/ml
HCV 1b 1b
genotype
HBV-DNA 5.5 35 log copies/ml
HBV C Bj
genotype
HBe-Ag 1295 0.5 0-0.9 index
HBe-Ab 0.1 99.3 049 %
Total 0.7 1.2 0.2-1.2 mg/dl
bilirubin
Direct 0.1 0.1 0-0.3 mg/dl
bilirubin
y-GTP 208 31 8-57 IUN
AST 138 33 12-30 1U/1
ALT 256 38 8-35 1UN
Hb-Alc 53 5.4 43-58 %
Glu 103 83 68-106 mg/dl
BMI 25.34 18.75
T-cho 160 195 128-220 mg/dl
LDL-cho 69 93 70-139 mg/dl
HDL-cho 37 67 36-89 md/dl
WBC 7800 5100 3200-9600/l
RBC 491 446 428-566 x 10%
pl
Hb 17.1 14.1 13.6-17.4 g/dl
PLT 169000 176000 155000-347000/
ul
PT-INR 0.87 0.96 0-1.15 INR
Liver A2/F3 A2/F1 METAVIR
histology _score
IL-28B_.SNP  T/G T/T
(rs8099917)

HCYV hepatitis C virus, HBV hepatitis B virus, e-Ag envelope antigen,
e-Ab envelope antibody, y-GTP y-guanosine triphosphate, AST
aspartate aminotransferase, ALT alanine aminotransferase, Hb
hemoglobin, Glu glucose, BMI body mass index, T-cho total cho-
lesterol, LDL low-density lipoprotein, HDL high-density lipoprotein,
PLT platelets, PT-INR prothromin time-international normalized
ratio, /L interleukin, SNP single-nucleotide polymorphism

prefecture. Fifteen HBV/HCV dual-infected patients were
found in this study (Supplementary Table 1). Many of

- these patients had HCV-dominant infection and undetect-

able levels of HBV replication (10/15 patients). Most of the
patients were HB envelope antigen (eAg)-negative and HBe
antibody (Ab)-positive (14/14 patients). All HBV/HCV
dual-infected patients who had received Peg-IFN-based
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Fig. 1 Laparoscopic liver biopsy. The laparoscopic images of the liver surfaces of patient A (a) and patient B (b) are shown. Histopathology of

patient A (c) and patient B (d) is also shown. Bars = 50 ym
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Fig. 2 Virological analysis of hepatitis B virus (HBV) and hepatitis
C virus (HCV) in HBV/HCV dual infection. The amino acid
sequences of the HCV-core region including core-70 and core-91,
which were previously reported as determinants of the sensitivity to
pegylated interferon/ribavirin (Peg-IFN/RBV) therapy, in patient A

treatment achieved a sustained viral response (SVR) (5/5
patients). These data indicated that HCV-dominant dual-
infected patients had good responses to treatment for HCV
infection.

and patient B are shown (a). The amino acid sequences of the
interferon sensitivity determining region (ISDR), which were previ-
ously reported as determinants of the sensitivity to IFN, in patients A
and B are shown (b)

Virological analysis of HBV/HCYV in patients A and B

The HCV genotype in both patient A and patient B was 1b.
The sequences of amino acids in the ISDR region and HCV
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core-70 and core-91 amino acids were analyzed by direct
sequencing. Both patients had wild-type core-70 and core-
91 amino acids (Fig. 2a). None of the mutations of the
ISDR region was detected in patient A, but two of the
mutations of the ISDR region were detected in patient B
(Fig. 2b). The genotypes of HBV in patients A and B were
analyzed by direct sequencing and phylogenetic tree
analysis. The genotype of HBV in patient A was genotype
C, which has been reported as difficult-to-treat HBV. The
genotype of HBV in patient B was genotype Bj, which has
been reported as easy-to-treat HBV in comparison to
genotype C [45-47].

Sequential analysis of biochemical and virological data
during Peg-IFN/RBV therapy

Patient A

In patient A, HCV-RNA gradually declined during Peg-
IFN/RBV therapy. On the other hand, the HBV-DNA
gradually increased during Peg-JFN/RBV  therapy
(Fig. 3a). The amount of HBeAg started to increase
9 months after the start of Peg-IFN/RBV therapy. HCV-
RNA started to increase 12 months after the start of Peg-
IFN/RBV therapy, although Peg-IFN/RBV was still being
administered up to 18 months after the start of Peg-IFN/
RBYV therapy (Fig. 3a).

Patient B

In patient B, HCV-RNA and HBV-DNA rapidly declined
after the start of Peg-IFN/RBV therapy (Fig. 3b). HCV-
RNA could not be detected in peripheral blood 2 months
after the start of Peg-IFN/RBYV therapy. Peg-IFN/RBV was
administered up to 12 months after the start of the Peg-
IFN/RBYV therapy. The amounts of HBeAb and HBeAg did
not change during the Peg-IFN/RBV therapy (Fig. 3b).

Sequential immunological analysis during Peg-IFN/
RBYV therapy

We analyzed various subsets of immune cells that could
affect the immunopathogenesis of HBV/HCYV dual infection.
NK cells (CD37CD16"CD56™®" and CD37CDI16%
CD56"™) and NK-T cells (CD3*CD56CD16", CD3"
CD567CD16~ and CD37CD56 CD16") were analyzed
(Supplementary Fig. 1A). The CD3™ gated lymphocytes
were separated into 4 groups (a, b, ¢, and d). For these subsets,
(a) indicated the presence of CD3~CD16~CD56"€" NK cells
that could produce various cytokines vigorously and had low
cytotoxic activity. Subset (b) showed CD3~CD16TCD56%™
NK cells that had weak cytokine production ability and high
Cytotoxic activity.
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The CD3" gated lymphocytes were separated into 3
groups (a, b, and ¢). The activated CD3%, CD3*CD47, and
CD37CD8" T cells were analyzed (Supplementary
Fig. 1B). HLA-DR™" activated CD3", CD3*CD4", and |
CD3*CD8" T cells could be clearly distinguished by
FACS analysis. Additionally, representative dot plots of
Tregs and B cells were created (shown in Supplementary
Fig. 1C). The frequencies of CD3~CD16¥CD56%™ NK
cells, CD3"CD16 CD56" NK-T cells, activated
CD3"CD4" T cells, and activated CD3"CD8" T cells
fluctuated similarly during Peg-IFN/RBYV therapy in patient
A (Supplementary Fig. 1D). Activated T cells were
increased at one month of Peg-IFN/RBV therapy, and the
above subsets of lymphocytes gradually decreased up to 3
months of Peg-IFN/RBV therapy. After that, these cells
gradually increased again up to 9 months of Peg-IFN/RBV
therapy. In patient A, after 9 months of Peg-IFN/RBV
therapy, these cells had decreased again (Supplementary
Fig. 1D). The frequency of Tregs and activated B cells
(data not shown) did not change during Peg-IFN/RBV
therapy in patient A (Supplementary Fig. 1D). On the other
hand, in patient B, the frequencies of CD37CDI16%
CD56%™ NK cells, CD3"CD16 CD56™ NK-T cells, acti-
vated CD37CD4" T cells, and activated CD37CD8" T
cells were increased and sustained during Peg-IFN/RBV
therapy (Supplementary Fig. 1E). Five HCV monoinfected
patients were analyzed by the same protocol (Supplemen-
tary Fig 1F). The mean frequency of various kinds of
immune subsets was analyzed (Supplementary Fig 1F).
The tendency of immunological reactions during Peg-IFN/
RBV therapy in these five patients was similar to that in
patient B.

Analysis of HBV- and HCV-specific immune responses

The analysis of HBV- and HCV-specific-immune responses
was carried out by ELISPOT assay. Representative spots of
IFN-v are shown in Fig. 4a. In patient A, HCV- and HBV-
specific IFN-y secretion activities were remarkably low in
comparison to the IL-10 secretion activity. Moreover, in
patient A, the induction of IFN-y-secreting cells could not be
detected after Peg-IFN/RBYV therapy, especially in regard to
HBV-core specific IFN-y secretion in PBMCs (Fig. 4b). On
the other hand, in patient B, the HBV-core specific IFN-y-
secreting cells were high in comparison to those in patient A
(Fig. 4c). Moreover, the induction of IFN-y-secreting cells
could be detected during Peg-TFN/RBV therapy in patient B
(Fig. 4c). The mean numbers of IFN-y- and IL-10-secreting
spots in HBV-dominant dual-infected patients, patients with
monoinfection with HBV genotype Bj (HBeAb%), Bj
(HBeAg™), C (HBeAbt), C (HBeAg™), or HCV genotype 1b
are shown in Fig. 4d. In patient A, HB core antigen
(HBcAg)-specific IFN-y secretion was weaker than that in
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Fig. 3 Sequential biochemical
data analysis during Peg-IFN/
RBYV therapy. The titers of
HBV-DNA and HCV-RNA; the

A HCV HigthBV High [Sequential Biochemical Data During PEG-IFNa+RBV Therapy]

amounts of envelope antigen
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HBV-genotype C-monoinfected patients who were HBeAg-
positive. However, HBcAg-specific IL-10 secretion in
patient A was stronger than that in HBV-genotype C
monoinfected patients who were HBeAg-positive. These
data indicated that the presence of HCV might also suppress
the HBV-specific immune response in regard to certain host

012 345678 9101112131415161718192021222324

(Month)

factors (e.g., in the presence of IL-28B polymorphism, and
depending on the body mass index [BMI] and y-guanosine
triphosphate [y-GTP] level), because the presence of HCV
did not suppress the HB V-specific immune response either in
patient B or in the patients with dual HCV-dominant infec-
tion. Otherwise, we could deny the possibility indicating that
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Fig. 3 continued
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the certain background of host factors could allow the exis-
tence of dual virus actively. These data indicated that HBV-
specific IL-10-secreting cells and/or certain kinds of host
factors had an important role in HBV- and HCV-specific
immune suppression in patient A, but not in patient B.

In vitro analysis of HBV/HCV dual infection

We carried out in vitro analysis of HBV/HCV infection using
Huh-7 cells that were susceptible to the HCV-JFH-1 strain
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and HBV expression plasmids. The amount of the JFH-1
strain did not change with the various kinds of HBV
expression plasmids (Fig. 5a). Moreover, the amounts of the
various HBV strains did not change in the presence of JFH-1
infection. These data indicated that no direct effect of HBV
and HCV could be detected in Huh 7 cells. We carried out
experiments to analyze the effect of IFN-« treatment on HCV
Huh-7 cells with various kinds of HBV expression (Fig. 5b).
In our systems, it appeared that HBV expression could not
significantly affect the suppressive effect of IFN-o.
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Fig. 4 The sequential analysis of HBV/HCV-specific immune reac-
tions during Peg-IFN/RBV therapy. Representative spots of the
ELISPOT assay are shown (a). The sequential data of IFN-y- and
interleukin-10 (JL-10)- secreting spots in patient A are shown (b). The
sequential data of IFN-y- and IL-10-secreting spots in patient B are
shown (¢). Comparison of IFN-y- and IL-10- secreting spots in patient
A before starting therapy, patient B before starting therapy, dual
HCV-dominant patients, HCV-monoinfected patients, HBV-Bj
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(HBeAb™) monoinfected patients, HBV-Bj (HBeAg™) monoinfected
patients, HBV-C (HBeAb*) monoinfected patients, and HBV-C
(HBeAg") monoinfected patients (d). In these bar graphs, the blue
bars indicate HCV-core specific reaction. The red bars indicate HCV-
NS3 specific reaction. The green bars indicate HBV-core specific
reaction. The aqua blue bars indicate the negative control (Cont.).
Error bars indicate standard deviations (color figure online)
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Fig. 4 continued

Discussion

The immunopathogenesis of dual hepatitis B and C infec-
tion is not clear, given the complexity of viral and host
factors [19, 21, 48-50]. However, detailed understanding
of specific patients with dual hepatitis B and C infection
could contribute to improving the treatment and follow up
of these patients. Therefore, we focused on two represen-
tative patients with HBV/HCV dual infection who received
Peg-IFN/RBYV therapy.

Concerning the virological results, patient A had geno-
type 1b, HCV-Core 70 wild-type and low mutation of
ISDR HCV and genotype C HBV. It has been reported that
genotype 1b HCV is common in Japan and is usually dif-
ficult to treat in comparison to genotypes 2a and 2b [51].
Among genotype 1b HCV strains, HCV-Core 70 wild-type
HCV is easily decreased by Peg-IFN/RBV therapy [51]. On
the other hand, it has been reported that in genotype 1b
HCYV low mutation of ISDR is difficult to treat [52]. Patient
B had almost the same background of HCV-—genotype 1b,
HCV-Core 70 wild-type, and low mutation of ISDR-as
patient A. However, the background of host factors that
could affect the responsiveness of IFN-based therapy was
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different between patients A and B. For example, patient A
had a hetero allele of the IL.-28B polymorphism, advanced
fibrosis, and fatty changes of the liver. On the other hand,
patient B had the major allele of the IL-28B polymorphism
and mild fibrosis. Moreover, the background of HBV in
patient B was completely different from that in patient A. It
has been reported that HBV genotype Bj is usually more
susceptible to IFN-based therapy than genotype C [45, 53].
Therefore, not only the HBV factors but also the combi-
nation of host factors and HBV factors might affect the
responsiveness to [FN-based therapy. In patient A, the
responsiveness of HCV during Peg-IFN/RBV therapy was
relatively poor. However, the viral titers of HCV were
lower than 1.2 log copies/ml at 7 months after the start of
therapy. During the reduction of the HCV viral titers, the
titers of HBV and HBc-Ag specific IL-10-secreting cells
were gradually increased. Although patient A had received
Peg-IFN/RBV therapy for up to 18 months, HCV-RNA
increased again 12 months after the start of the therapy.
The sustained Thl immune suppression might have con-
tributed to the relapse of HCV. Not only weak up-regula-
tion of HCV-specific Th1 immune reaction but also strong
up-regulation of HBV-specific IL-10-secreting activity was
detected during Peg-IFN/RBV therapy in patient A [26,
35]. Moreover, increased HBeAg could be detected
9 months after the start of the therapy. Fluctuations of
activated CD4 cells, CDS8 cells, NK cells, and NK-T cells
could be seen in patient A. On the other hand, in patient B,
the responsiveness of HBV and HCV during Peg-IFN/RBV
therapy was good. Moreover, the immune response of
patient B was almost comparable to the responses in
the patients with HCV monoinfection and those with
HBV-genotype Bj monoinfection. Previously, it has been
reported that Peg-IFN/RBV therapy could achieve almost
the same SVR rates in patients with HCV/HBV dual
infection and those with HCV monoinfection [54-56]. We
assume that the results in these studies were obtained from
patients similar to our patient B, because the number of
patients with HCV-dominant infection is much higher than
the number of those with HBV/HCV dual active infection
such as our patient A. Patients with HBV/HCV dual active
infection such as patient A are relatively rare in Japan.
However, it is necessary to understand the immunopatho-
genesis of these patients, because Peg-IFN/RBV therapy
might not be sufficient to eradicate or control HBV/HCV in
these difficult-to-treat patients. One of the candidate ther-
apies for such patients might be Entecavir (ETV)/Peg-IFIN/
RBV sequential therapy. The effect of HBV specific
regulatory T cells might contribute to the immunosup-
pression of not only HBV but also HCV [35]. In some
previous studies, including ours, it has been reported that
HBYV replication might contribute to immune suppression
[19, 29].
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In the present study, we employed an in vitro coinfec-
tion system to analyze the direct interaction between HBV
and HCV. In our system, we used several different HBV

clones, because it is necessary to consider the effects of '

different genotypes. Although we could not detect the
direct interaction of HBV/HCYV in our system, we could not
exclude the possibility of indirect interaction between
cytokines and chemokines produced from virus-infected
hepatocytes. We are now analyzing the chemokines pro-
duced from hepatoma cells with different HBV genotype
clones (ongoing study).

In conclusion, we analyzed data from representative
patients with HBV/HCV dual infection sequentially and
precisely. Because many different kinds of backgrounds
might affect immunoreactions, we focused on representa-
tive patients and analyzed the immunological responses
extensively. There might be a group of patients with very

difficult-to-treat dual infections. We need to understand the
immunopathogenesis of such patients to develop the
appropriate therapy.
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