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Factors influencing . the  therapeutic -efficacy of
adefovir dipivoxil added to continuing lamivudine
have not been elucidated in lamivudine-resistant
patients with type B chronic hepatitis. The viral
mutations influencingthe efficacy of treatment with
adefovir dipivoxil were investigated by sequencing
analysis of the whole virus genome. Thirty patients
resistant to lamivudine receiving adefovir dipivoxil
therapy added to lamivudine were studied. From
serum samples obtained before the administration
of adefovir dipivoxil, full-length viral DNA sequen-
ces were determined by PCR-direct sequencing:
Susceptibility of the virus to adefovirwas examined
further- using invitro transfection analysis. By
screening the whole viral genome, the presence of
two mutations, a T-to-C/G/A mutation at nt1753
(V1753) and an A-to-C mutation at nt2189 (C2189),
correlated with the higher incidence of sustained
viral DNA clearance during therapy (P < 0.005 and
P<0.05). In multivariate. analysis, the V1753
(P=0.001) and the C2189 (P=0.007) mutations,
and elevated transaminase (P=0.011).and low viral
load (P=0.008) at the baseline were selected as
significant .independent factors associated with
improved: antiviral efficacy. In vitro transfection
analysis showed no differences in susceptibility to
adefovir among wild-type virus and C1753 and
C2189 mutant: viruses; suggesting that the virus
possessing: these mutations may be- eradicated
more efficiently than the wild-type virus by treat-
ment  regardless -of a direct antiviral effect of
adefovir. J. Med. Virol. 81:798-806; 2009.

© 2008 Wiley-Liss, Inc.

KEY WORDS: antiviral therapy; hepatitis B
virus; mutation

INTRODUCTION

Treatment of patients with chronic hepatitis B virus
(HBV) infection 1s aimed at suppressing continuously
viral replication thereby preventing progression of liver
disease, Lamivudine has been shown to achieve reduc-
tion. of HBV DNA and histological improvement in
the liver in most patients with type B chronic hepatitis
[Lai et al.; 1998; Dienstag et al., 1999]. However, its
long-term administration often causes the emergence
of drug-resistant virus, resulting in loss of antiviral
activity. The frequency of lamivudine resistance has
been reported to be 24% after 1 year and 70% after
4 years of therapy [Lai et al., 2003]. This resistance is
conferred by an rtM204V/I mutation occurring within
the reverseé transceription domain of the HBV polymer-
ase gene [Liaw et al., 2000; Leung et al., 2001; Laiet al.,
20083].. The rtL180M mutation is also combined fre-
quently with rtM204V/I [Lai et al., 2003].

Adefovir - dipivoxil has. been shown to result in
significant. virological and. histological ‘1mprovement
in both nucleoside-naive . and  lamivudine-resistant
patients with type B chroni¢ hepatitis [Hadziyannis
et'al.; 2003; Marcellin et al.; 2003; Perrillo et al., 2004;
Peters et al.; 2004]. The incidence of adefovir dipivoxil
resistance - in nucleoside-naive. patients has been
reported to be 6% after 3 years and 29% after 5 years
of therapy [Hadziyannis et al.; 2005, 2006], which is less
frequent than that occurring with lamivudine therapy
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alone. As for lamivudine-resistant patients, adefovir
dipivoxil resistance hasbeen observed in 18% of patients
after 1year after the change from lamivudine to adefovir
dipivoxil [Lee et al., 2006]. Two mutations, rtA181V/T
and rtN236T, have been shown to confer resistance to
adefovir dipivoxil [Hadziyannis et al.; 2005, 2006; Lee
et al,, 2006]. In the case of adefovir dipivoxil admin-
istration added to lamivudine therapy, mutant strains
resistant to both drugs develop rarely, although there
have been reports of a few patients with resistance to
both [Villet et al., 2006; Karatayli et al., 2007].

Thus far, factors affecting the efficacy of adefovir
dipivoxil added to lamivudine treatment have not been
clarified fully in lamivudine-resistant patients with type
B chronic hepatitis. In the present study, sequencing
analysis of full-length HBV DNA was undertaken in
lamivudine-resistant patients with type B chronic
hepatitis, who received adefovir dipivoxil added to
the continuing lamivudine treatment; and attempts
were made to identify the viral mutations associated
significantly with therapeutic efficacy.

PATIENTS AND METHODS
Patients and Treatment

Thirty: ‘consecutive patients with “type B chronic
hepatitis at Osaka University Hospital or the National
Hospital Organization Osaka National Hospital parti-
cipated in this study. These patients were also subjects
in a previous study that investigated the correlation of
viral geniomic changes with occurrences of lamivudine-
resistant T1tM204V/I and rtL180M mutations [Ohkawa
et al, 2008]. All 30 patients had been treated with
100 mg/day of lamivudine and had shown lamivudine
resistance with the detection of lamivudine-resistant
mutant virus. The total duration of the preceding
lamivudine therapy ranged from 20 to 60 (median
35) months. All the patients received 10 mg/day of
adefovir dipivoxil continuously in addition to lamivu-
dine. Liver function tests and HBV markers were
measured every month for the initial 6 months and
every 2 months thereafter. The follow-up period of
adefovir dipivoxil therapy ranged from 6 to 40 (median
19) months.

Clinical Features of the Patients

The clinieal and virological features of the patients at
the commencement of adefovir dipivoxil administration
are shown in Table I, The 26 males and 4 females,
aged 25-71 (median 49) years, all had hepatitis B
surface antigen (HBsAg): Hepatitis B e antigen (HBeAg)
was found in 21 (70%) patients. HBV DNA ranged from
4.9 to >7.6 (median 7.2) logigcopies/ml; and alanine
aminotransferase (ALT) ranged from 16 to 455 (median
108) IU/L. With respect to liver diseases, 23 (77%) were
diagnosed with chronic hepatitis, 3 (10%) with cirrhosis
and 4 (13%) with hepatocellular carcinoma (HCC)
according to a liver biopsy and/or imaging procedures.
None of the patients had evidences of hepatitis C
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virus- or human immunodeficiency virus-related dis-
eases, alcoholic liver disease, autoimmune hepatitis
and drug-induced liver injury. Serum samples for
sequencing analysis were collected within 2 months
before the commencement of adefovir dipivoxil admin-
istration and stored at —80°C. Pairwise serum samples
obtained before lamivudine therapy were also collected
andused for analysis in 14 of the 30 patients with type B
chronic hepatitis. Informed consent was obtained from
all patients.

Measurement of HBV Markers

HBsAg, HBeAg and antibody to HBeAg (anti-HBe)
were measured by enzyme immunoassay. Serum HBV
DNA was.quantitated by a. PCR-based assay (Amplicor
HB Monitor, Roche Diagnostics Co. Ltd, Tokyo, Japan)
having a lower detection limit of 2.6 logyo copies/ml.

Sequencing of Full-Length HBV DNA

The full-length HBV DNA was amplified by PCR and
subjected to direct sequencing analysis as described
elsewhere [Kanada et al., 2007]. In 25 of the 30 patients
with type B chronic hepatitis, sequence data of full-
length HBV DNA, that had been determined in a
previous study [Ohkawa et al., 2008], were also used in
this study: In the remaining five patients, HBV DNA
sequences were updated using serum samples obtained
just before the commencement of adefovir dipivoxil
administration. The Genbank accession numbers of the
nucleotide sequences in HBV strains determined in this
study are shown in. Table 1.

Plasmid and Transfection

The HBV-expressing plasmid pHBC carried approxi-
mately 1.2 times the genomic length of HBV adr4
strain of genotype C (Genbank accession no. X01587)
[Fujiyama et al.; 1983]. pHBC-C1753 and pHBC-C2189,
which had the C1753 and €2189 mutations intheir
inserted: HBV 'sequences, were generated by site-
directed mutagenesis. pCMV-SEAP was the expression
plasmid of a secreted alkaline phosphatase.

Huh7 cells (8 x 10° cells) were seeded on a 35-mm-
diameter culture dish and transfected with 1 pg of
HBV-expressing plasmid and 0.06: pg of pCMV-
SEAP using the FuGENESG reagent (Roche Diagnostics
Co. Ltd). After overnight culture, the cells were treated
with 1 or 10 pM of lamivudine (GlaxoSmithKline Co.
Ltd, Tokyo, Japan), 1 or 10 pM: of adefovir (Toronto
Research Chemicals; Inc.; North-York, Canada), 10 uM
of lamivudine plus 10 uM of adefovir; or left untreated.
The cells were harvested 3 days after transfection: The
culture supernatant was used for measurement of
alkaline phosphatase activity to evaluate the efficiency
of transfection.

Detection of HBV DNA Replicative Intermediate

For detection of the HBV DNA replicative inter-
mediate, the cells were lysed with buffer containing
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50 mM Tris—Cl (pH 7.5), 1 mM EDTA and 1% NP40,
followed by the 15-min incubation on ice. Then, the
sample was centrifuged to remove the nuclei pellet at
15,000 rpm at 4°C, and treated with 30 pg of DNase I at
37°C for 30 min. The sample was subjected to overnight
incubation at 37°Cin lysis buffer containing 1% SDS and
200 ug of proteinase K. After phenol/chloroform extrac-
tion and ethanol precipitation, the DNA sample was
electrophoresed, transferred onto a nylon membrane
and hybridized with an alkaline phosphatase-labeled
HBV DNA probe. The signals were detected with the
chemiluminescent substrate CDP-star (GE Healthcare
Bio-Sciences Co. Litd, Tokyo, Japan) and quantitated
using an image analyzing software (Imaged 1.38,
supplied online by the National Institutes of Health,
Bethesda, MD).

Statistical Analysis

Group comparisons of contimious and categorical
variables were done using Fisher’s exact probability
test, x> test with Yate’s correction and Mann—Whitney’s
non-parametric U-test as appropriate. The group com-
parison of Kaplan—-Meier curves for the cumulative
probability of sustained HBV DNA clearance was
performed by the log-rank test. The correlation of
various clinical and virological factors with the cumu-
lative probability of sustained HBV DNA clearance was
evaluated by a Cox proportional-hazards model using
univariate and stepwise multivariate procedures. The
one-way analysis of variance and the Fisher’s PLSD test
were used for the in vitro transfection analysis.

RESULTS

Overall Therapeutic Efficacy of Adefovir
Dipivoxil Added to Lamivudine in
Lamivudine-Resistant Patients With
Type B Chronic Hepatitis

Among the lamivudine-resistant patients with type B
chronic hepatitis examined m this study, HBV DNA
decressed to an undetectable level (<2.6 log;¢ copies/ml)
in 6 (20%) of 30 patients at 6 months, 6 (26%) of
23 patients at 12 months and 9. (56%) of 16 patients at
18 months after the beginning of adefovir dipivoxil
administration. Thirteen (43%) of the 30 patients
achieved sustained HBV DNA clearance during follow-
up. ALT normalization was observed in 21 (70%) of
30 patients at 6 months, 14 (61%) of 23 patients at
12 months and 11 (69%) of 16 patients at 18 months of
therapy.

Viral Mutations Associated With Efficacy of
Adefovir Dipivoxil Added to
Lamivudine Treatment

The lengths of the 30 HBV: DNA sequences obtained
from the lamivudine-resistant patients with type B
chronic hepatitis ranged from 3,161 to 3,230 nucleo-
tides. All 30 patients were infected with HBV. of
genotype C as determined by phylogenetic tree analysis
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of the HBV isolates obtained in this study and the
representative HBV isolates of major genotypes (data
not shown). Viral mutations were sought that showed a
relationship with the therapeutic efficacy of adefovir
dipwvoxil added to lamivudine over the whole HBV
genome. As a result, there were only two mutations; one
was a T-t0-C/G/A mutation at nt1753 (V1753 mutation)
located in the basic core promoter (BCP) [Yuh et al,,
1992], and the other was an A-to-C mutation at nt2189
(C2189 mutation) in the core gene.

The V1753 mutation was detected mn 11 (37%) of the
30 patients studied; the C1753 mutation was found in
7 patients, G1753 in three patients, and Al1753 in
1 patient. Figure 1A shows the serial change m HBV
DNA before and after the commencement of adefovir
dipivoxil administration added tolamivudine treatment
in patients with type B chronic hepatitis with and
without the V1753 mutation. In patients with V1753,
HBV DNA clearance was observed in 5 (45%) of
11 patients at 6 months, 5 (71%) of 7 patients at
12 months and 4 (80%) of 5 patients at 18 months of
therapy. By contrast, in patients having T1753, HBY
DNA clearance was seen1n only 1 (5%) of 19 patients at
6 months, 1 (6%) of 16 patients at 12 months and 5 (45%)
of 11 patients at 18 months. Significant differences in
the frequency of HBV DNA clearance were observed at 6
and 12 months of therapy between patients with and
without V1753 (P < 0.02'and P < 0.005). Thus, patients
with V1753 tended to achieve HBV DNA clearance more
frequently by adefovir dipivoxil added to lamivudine
treatment than those with T1753.

The C2189 mutation was found in 13 (43%) of the
30 lamuvudine-resistant patients with type B chronic
hepatitis. Figure 1B shows the serial change 1n HBV
DNA during adefovir dipivoxil administration added to
lamivudine treatment in patients with type B chronic
hepatitis with and without the C2189 mutation. In
patients with 2189, HBV DNA was cleared mn 5 (38%) of
13 patients ‘at 6 months, 4 (44%) of 9 patients at
12 months and 8 (89%) of 9 patients at 18 months of
therapy. On the other hand, in patients having A2189,
HBV DNA was undetectable in 1 (6%) of 17 patients at
6 months, 2 (14%) of 14 patients at 12 months and 1
(14%) of 7 patients at 18 months of therapy. There wasa
significant difference in the frequency of HBV DNA
clearance after 18 months of therapy between patients
with and without C2189 (P < 0.01). HBV DNA tended to
be cleared more frequently by adefovir dipivoxil admin-
istration added to lamivudine treatment in patients
with C2189 than in those with A2189.

A group comparison of the Kaplan—Meier curves was
undertaken for the cumulative probability of sustained
HBV DNA clearance with respect to the occurrence of
these two viral mutations. Patients with V1753 had a
significantly higher cumulative probability of sustained
HBV DNA clearance than those with T1753 (P < 0.005)
(Fig. 2A). The cumulative probability of sustained HBV
DNA clearance was also higher n patients with C2189
than in those with A2189 (P <0.05) (Fig. 2B). The
presence of the V1753 and C2189 mutations showed no

J. Med. Virol. DOI 10.1002/jmv
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Fig. 1. Serial changes in the HBV DNA level up to 24 months of adefovir dipivoxil added to lamivudine
treatment in lamivudine-resistant patients with type B chronic hepatitis in relation to the occtirrences of

{A) V1753 mutation and (B) C2189 mutation.

relationship with ALT normalization during adefovir
dipivoxil added to lamivudine treatment.

Factors Associated With the Efficacy of
Adefovir Dipivexil Added to Lamivudine
Treatment Determined by Univariate and
Multivariate Analyses

Next; the clinical "and virological factors affecting
the therapeutic effect of adefovir dipivoxil added to
lamivudine were investigated in the 30 patients with
type B chronic hepatitis. Six clinical factors (age, gender,
liver disease, ALT, HBeAg positivity, and HBV DNA),
two lamivudine resistance-associated viral mutations
(rtM204V/I and rtL180M) [3], two major naturally
occurring viral mutations (A1896 and T1762/A1764)
[Carman et al., 1989; Okamoto et al.; 1994], and V1753
and C2189 mutations were investigated. As shown in
Table II, only the V1753 and C2189 mutations
were .significant factors contributing to- sustained
clearance of HBY DNA (P =0.006 and P=0.047) by
univariate analysis. High ALT and low HBV DNA
(<7.5 logipcopies/ml) at baseline” were selected as

J. Med. Virol. DOI 10.1002fjmv

significant: independent. factors contributing: to. sus-
tained . clearance . of  HBV DNA (P=0.011 and
P=10.008)in addition to the V1753 and C2189 mutations
(P=0.001 and P.=0.007) in multivariate analysis.

Serial Changes in the V1753 and C2189
Mutations During Antiviral Therapy

The V1753 and C2189 mutations were also examined
using serum samples obtained before lamivudine ther-
apy, which were available in 14 of the 30 type B chronic
hepatitis patients. These mutations were assayed by
PCR-direct sequencing. Of the 14 patients; the V1753
mutation was found in only 1 patient before lamivudine
therapy and detected in additional 4 patients before
adefovir dipivoxil admmistration. The €2189 mutation
was found in three patients before lamivudine therapy,
one of whom lost the mutation before adefovir dipivoxil
administration. The additional three patients acquired
this mutation before adefovir dipivoxil administration.
Thus, both the V1753 and C2189 mutations tended to
appear during lamivudine therapy accompanied by the
lamivudine resistarice in these patients.
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Fig.' 3. In vitro transfection analysis to examine viral replicative
competence and susceptibility to the treatment with lamivudine and/or
adefovir. Huh-7 cells were transfected with pHBC, pHBC-C1758 and
pHBC-C2189, and treated with lamivudine alone, adefovir alone,
lanuvudine plus adefovir, or left untreated. The HBV DNA replicative
intermediate in the cytoplasmic fraction of the cells was detected by
Southern blot analysis. A: Representative result of Southern blot
analysis to detect the HBV DNA replicative intermediate. SS, single-
stranded: HBV DNA. DL, double:stranded linear HBV: DNA. RC,
relaxed circular HBV DNA. B: Quantitative analysis of the HBV DNA
replicative intermediate in cells transfected with pHBC, pHBC-C1753
and pHBC-C2189 without nucleos(t)ide analog treatment. The level of

regimen for lamivudine-resistant patients with type B
chronic hepatitis. In the. present study, the viral
mutations associated with the effect of this regimen
were investigated by screening the whole HBV genome
via sequencing analysis of full-length viral DNA. Two
mutations, V1753 and C2189, were identified as sig-
nificant determinants of the therapeutic efficacy. Using
adefovir - dipivoxil added to lamivudine treatment,
HBV DNA tended to decline to the undetectable level
more: frequently in patients with the V1753 or €2189
mutation than in those without it. In univariate
analysis, only the presence of the V1753 or (2189
mutation was shown to be a factor contributing to
sustained ‘clearance ‘of HBV.: DNA during adefovir
dipivoxil therapy. Multivariate analysis also revealed
that the V1753 and C2189 mutations, as well as high
ALT and low HBV DNA at baseline, were independent
factors associated with a better antiviral effect. Reports
from the . United : States and  European countries
have revealed that female gender, high ALT, low viral
load, ‘absence of HBeAg and genotype D rather than

J. Med. Virol. DOY 10.1002/jmv

pHBC-C2189

the HBV DNA replicative intermediate 1n the case of transfection with
pHBC was. considered as 1,  and its fold activity in the case of
transfection with the mutant HBV-expressing plasmid was calculated.
The experimient was done three times, and the results are presented as
the mean =+ SD. *P < 0.001. versus pHBC and pHBC-C1753 groups.
C: Degree of reduction in the HBV DNA replicative intermediate after
treatment with lamiviidine and/or: adefovir in cells transfected: with
pHBC, pHBC-C1753 and pHBC-C2189. The level of the HBV DNA
replicative intermediate 1n untreated cells was considered as 1, and its
fold: activity incells treated with lamivudine and/or adefovir was
caleulated. The experiment was done three times; and the results are
presented as the mean £ SD.

genotype ‘A were related to a better outcome of
adefovir ‘dipivoxil ' therapy 'in nucleoside-naive and
lamivudine-resistant  patients with type: B chronic
hepatitis [Lampertico ‘et al; 2005; Fung et al.,; 2006;
Butiet al., 2007]. The findings of the present study from
Japan, 'a ‘genotype C HBV-endemic area, agreed in
part with these reports. Of particular interest is the
finding that the therapeutic efficacy of adefovir dipivoxil
added to lamiviudine may be affected not only by clinical
factors but also the genomic background of HBV such as
the presence of the V1753 or €2189 mutation:in
lamivudine-resistant  patients: with ‘type B chronic
hepatitis. In  addition, serial sequencing -analysis
revealed that both the V1753 and C2189 mutations
tended ‘to ‘be selected during lamivudine therapy
associated with the establishment of lamivudine resist-
ance, although they have been shown to be mutations
which occur mnaturally ‘during the. course of HBV
infection [Ehata et al;; 1991; Bozkaya et-al.; 1996;
Takahashi et al.; 1999; Imamura et al.; 2003; Ozasa
et al,; 2006; Tanaka et al., 2006).
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HBYV Mutations Affecting Efficacy of Adefovir

The findings of the present study suggest higher
sensitivity to adefovir dipivoxil therapy of the V1753 and
(C2189 mutant viruses compared to the wild-type virus
in vivo. However, in vitro transfection analysis showed
no differences in susceptibility to adefovir, as well as to
lamivudine, among the wild-type virus and the C1753
and C2189 mutant viruses. This indicates that the
V1753 and C2189 mutant viruses may be eradicated
more efficiently by adefovir dipivoxil therapy than the
wild-type virus regardless of a direct antiviral effect of
adefovir dipivoxil. The V1753 and C2189 mutant viruses
may induce stronger immune responses against the
viral pathogens than the wild-type virus, which might
result in more frequent viral eradication under adefovir
dipivoxil therapy in patients having the V1753 or C2189
mutant virus compared to those with the wild-type
virus.

Of the 1421 HBV strains, whose nucleotide sequences
of the BCP, precore and core regions had been identified
and registered in the Hepatitis Virus Database (http:/
s2as02.genes.nig.acjp), there were 2569 (18%) strains
with the V1753 mutation and 127 (9%) strains with the
C2189 miitation. The V1753 mutation was found ‘in
strains of all HBV genotypes, whereas the C2189
mutation was found in strains of genotypes A, B, C,
and E. Thus, the V1753 and C2189 mutations were not
specific for genotype C but common in other HBV.
genotypes.

The V1753 mutation occurring 1n the BCP not only
influences the core promoter activity but also causes the
1127T/N/S amino acid change of the overlapping X gene.
This mutation has been detected in a considerable
proportion of chronic HBV. carriers, especially coupled
with the adjacent T1762/A1764 mutation [Kidd-Ljungg-
ren et'al,, 1997; Takahashi et al.; 1999]. Indeed, all 11
patients with the V1753 mutation possessed the T1762/
A1764 mutation in the current study. It has also been
shown that, among patients with type B chronic
hepatitis of genotype C, the V1753 mutation was found
more frequently in patients with HCC than in those
without it [Tanaka et al.; 2006]. In acute HBV infection;
the frequency of mutation has been reported to be higher
in patients with fulminant hepatitis than in those with
non-fulminant hepatitis [Imamura et al., 2003; Ozasa
et al,; 2006]. Invitro transfection assay revealed that the
C1753 mutant virus possessed similar replicative com-
petence to the wild-type virus, though viruses having
the G1753 and A1753 mutation were not examined:
Also; the in vitro replicative competence did not differ
between the wild-type and C1753 mutant viruses when
the T1762/A1764 mutation was introduced into the
backbone HBV structure (data not shown). According to
these observations, the serious disease course and better
response to adefovir dipivoxil therapy caused by the
V1753 mutation, 4s suggested by the present study and
other previous investigations [Imamura et al.; 20083;
Ozasaetal.;2006; Tanakaet al., 2006], may not be due to
the modification of the viral replicative: competence.
Further studies should be done to clarify why the V1753
mutation is involved in the active liver disease and the
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better outcome of adefovir dipivoxil therapy in patients
with HBV infection.

The C2189 mutation, which leads to the I97L amino
acid change in the core gene, has also been shown
to be detected frequently in patients with type B
chronic hepatitis [Ehata et al.,, 1991; Bozkaya et al.,
1996], although the relevance of the mutation to a
particular disease course has not been elucidated
fully.” Previous " in vitro transfection studies have
suggested that the virus with the C2189 mutation
resulted in excessive secretion of the immature virion
and enhanced viral replication [Yuan et al., 1999; Suk
et al., 20021, This does not agree with the present result
showing lower replicative competence of the C2189
mutant virus than the wild-type virus. This discrepancy
may be due to the usage of HBV-expressing plasmids of
different viral strains. ‘The wvirological ‘and clinical
significance of the C2189 mutant virus: should be
assessed by further detailed investigation.

In summary, the results of the present study indicate
that the presence of the two viral mutations, V1753 and
C2189, may be associated with a better therapeutic
effect of adefovir dipivoxil added to lamivudine based on
the results of sereening of the full-length HBV genome
obtained from lamivudine-resistant patients with type
B chronic hepatitis. As the present study examined a
limited number of patients with HBV of genotype C,
further studies with a larger number of patients with
different genotypes should lead to a better understand-
ing of how identifying these mutations canbe usefulina
clinical setting.
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Background/Aims: a-Galactosylceramide (a-GalCer) presented by dendritic cells (DCs) activates NKT cells that in turn
drive DC maturation. However, the potential of generating acquired immunity of liver DCs in a-GalCer treatment remains
unclear.

Methods: We éxamined the activation of acquired immunity in the «-GalCer treatment against liver or spleen tumor and
the ability of liver and spleen DCs in the generation of acquired immunity.

Results: Administration of o-GalCer resulted in generation of pS3 peptide-specific cytotoxic T lymphocytes (CTLs) in mice
bearingliver CMS4 tumor, aberrantly expressing p53, but notin mice bearing spleen CMS4 tumor. The growth of rechallenged
CMS4 subcutancous tamor was inhibited in a-GalCer-treated mice against liver CMS4 tumor, but not in «-GalCer-treated
mice against CMS4 spleen tumor. The antigen presenting related functions of liver DCs were significantly higher than those
of spleen DCsin a-GalCer-treated mice. Vaccination of normal mice with pS3 peptide pulsed liver DCsisolated from a-GalCer
treated mice resulted in generation of pS3 peptide-specific CTLs, but that with p53 peptide pulsed spleen DCs did not.

Conclusions: These results demonstrated that «-GalCer treatment induced unigue immunologic activation of liver DCs in

comparison with spleen DCs, which might be favorable to generate liver acquired immunity.
© 2009 Published by Elsevier B.V. on behalf of the European Association for the Study of the Liver.

Keywords: a-Galactosylceramide; Liver dendritic cells; Acquired antitumor immunity

1. Introduction

a-Galactosylceramide (o-GalCer) presented by CD1d
molecules expressing on dendritic cells (DCs) efficiently
stimulates NKT cells implicated in innate immunity
[1,2]. Recently, in vivo animal studies have shown that sys-
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NC, mononuclear cells.

temic administration of a-GalCer can lead to anti-tumor
effects agamst metastatic liver tumor [3.4], suggesting that
a-GalCer treatment might be promising for clinical appli-
cation against liver tumor. Metastatic liver tumors resist
conventional chemotherapy and radiotherapy, and pres-
ent with a poor progunosis. Thus novel and more effective
immunotherapy is needed, especially for metastatic liver
cancer. Several phase T clinical studies have been done
in cancer immunotherapy using intravenous administra-
tion of a-GalCer, but with limited clinical responses
[5.6]. For further development of a-GalCer treatment in
liver cancer patients, the antitumor effect of a-GalCer
should be more precisely examined in theliver.

DCs effectively elicit immune responses to self and
foreign antigens [7,8]. These specialized antigen-present-
ing cells (APCs) can induce the generation of both

0168-8278/$36.00 © 2009 Published by Elsevier B.V on behalf of the European Association for the Study of the Liver.
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antigen-specific cytotoxic T lymphocytes (CTLs) and T
helper cells. a-GalCer administration resulted in matu-
ration of spleen DCs and activation of the CD8+ T cell
immune response via costimulatory molecules expressed
on the spleen DCs [9.10]. However, in contrast to well-
characterized spleen DCs, the details of activation of
liver DCs by a-GalCer treatment remains to be clarified
because of the difficulty of procuring adequate numbers
of isolated liver DCs for functional analysis [11].
Although most previous studies reported that a-GalCer
treatment induces early activation of liver NKT and NK
cells [3,4,12], which were the main effector cells to erad-
icate metastatic tumor cells, little is known regarding the
induction of liver acquired immunity after early. rejec-
tion of liver tumor. Nakagawa et al. reported that
CD122+4-CD8+ memory T cells play critical roles in met-
astatic liver tumor rejection by a-GalCer treatment [13].
However, the ability of a-GalCer to activate liver DCs
and generate acquired immunity remains to be clarified.

In the current study, we evaluated the induction of
acquired immunity by a-GalCer activated liver DCs in
comparison with spleen DCs. We demonstrated that o-
GalCer treatment resulted in generating strong acquired
immunity after liver tumor treatment, but not after
spleen tumor treatment. We also show that o-GalCer
treatment activated liver DCs more strongly with respect
to the antigen-presenting function and antigen-specific
CTL irduction than spleen DCs. Thus, a-GalCer treat-
ment resulted in unique immunologic activation of liver
DCs, which might contribute to induction of acquired
immunity 1n the liver.

2. Materials and methods

2:1.-Mice and. cell lines

Six-to-ten-week-old female BALB/c mice-and C57BL/6 mice were
purchased  from  Shizuoka  Expermmental: Animal Laboratory (Shi-
zuoka, Japan). The animals were handled under aseptic ¢onditions.
Procedures were performed according to approved protocoels and mn
accordance with recommendations for the proper care and use of lab-
oratory. animals.. CMS4 sarcomas (H-2%) express mutated p53 and
present the - wild-type  p53a32 240 epitope recognized ' by Ha2K%
restricted CTLs [14,15), and MC38 colon cancer cell lines were man-
tained s previously described [16}. a-Galactosylceramide (o-GalCer)
was kindly provided by Kirn Pharma (Gunma, Japan) and prepared
as previously described [15].

2.2. IEN-y ELISPOT assays for p53 peptide-reactive
CD8+ T cells responses after a-GalCer treatment for
CMS4 tunior and animal experiments

To examine the mduction of the acquired: antitumor immunity,
BALB/c mice were injected intrahepatically’ or mtrasplenically with
5 % 10° CMS4 cells on day 0-and treated mtraperitoneally (ip.) with
a-GalCer (2 pg/100 ) or 100 pl of vehicle on day 1. Fourteen days
afier &-GalCer treatment, CD8-+ T cells were isolated from the spleen
of immuinized muice by using magnetic beads (MACS, Milteny: Biotec,
Gladbach, Gerany). Next, CD8+ T cells (1 x 10° cells/well) and syn-
geneic bone marrow derived DCs (BMDCs) generated from normal

BALB/c mice (2 x 10? cells/well) were cocultured with p53a33 240 PEP-
tide in ELISPOT culture plate. We used mouse IFN-y ELISPOT kit (R
& D Systems, Minneapolis, MN) to detect the p53232 240 peptide-spe-
cific CD8+ T cell responses, as previously described [16). To assess the
systemic acquired immunity due to o-GalCer treatment, mice were
mjected m the liver or the spleen with 5 x 10° CMS4 cells or MC38
cells on day 0 and were injected 1.p. with a-GalCer on day 1. On day
14 after a-GalCer treatment; 1 x 10° CMS4 cells or MC38 cells were
myected as a rechallenge mto the night flank of treated mice, respec-
tively, Tumor size was assessed every 7 days.

2.3. Preparation of liver and spleen DCs and flow
cytometry

Twenty-four hours afteér 1p. treatment with o-GalCer or vehicle,
hepatic mononuclear cells (MNC) and splenic MNC were. prepared
as previously described [15]. CD11c+ dendrnitic cells were 1solated from
fiver MNC and spleen MNC by magnetic cell sorting ustng MACS
(Milteny: Biotec) according to the manufacturer’s protocol. For: phe-
notypic analysis of liver and spleen DCs; PE- or FITC- or APC-conju-
gated- monoclonal antibodies: agamnst mouse cell surface molecules
[CD1l¢ (Milteny1 Biotec), CD40, CD80, CD36, MHC “class 1L,
CD8e and CD11b (all from BD-Pharmingen, San Diego, CA)] were
used, and flow cytometric analysis was performied using a FACS Cal-
ibur (Becton Dickinson; San . Jose, CA) flow cytometer. We defined
DCs with CD11c+ MHC class 1T+ cells by flow cytometry and evalu-
ated ‘the expressions of these antigen presentmg related molecules.
Data were analyzed using FlowJo. software (Tree Star, Ashland, OR)
and reported as the mean fluorescence ntensity (MFI).

2.4. Cytokine measureinent

Twenty-four hours after 1.p. treatment with o-GalCer or vehicle,
liver and spleen DCs were prepared as above. To assess cytokine pro-
duction, we cultured 2 X 105 DCs m:1'ml of complete medium with
LPS (R & D Systems Inc., 10'ug). After 48 h; cell culture supernatants
were harvested and tested using a species-specific enzyme linked mmu-
nosorbent assay (ELISA) kit-for IL-12, IFN-y and’ TNF-a (BD-
Pharniingei) according to the manufacturer’s protocols.

2.5. T cell proliferation assay

Twenty-four hours after p: treatment with o-GalCer or vehicle,
liver and spleen DCs were prepared as above. The DCs were added
in various numbers to 5 X 10% allogeneic T lymphocytes (purified using
Thy-1:2 mmunomagnetic microbeads from C57BL/6 niice) n 96-well
U-bottom plates and then pulsed with {*H] thynudine (1 i Ci/well) on
day 3 for an additional 20 h as previously described {17}

2.6. Tmmunization of p53 peptide-pulsed liver or spleen
DCs from o-GalCer-treated mice

Twenty-four hours after 1.p. treatment with o-GalCer ot vehicle,
liver and spleen DCs were prepared as above. Isolated DCs were incu-
bated with p53332 240 peptide at concentration of 10 ug/ml. per 108
DCs/mL for 2 b as previously described [14]. 1 X 10% p53a3a 240 peptide
pulsed liver or spleen DCs were mjected 1.p. into normal BALB/cmice.
Five days after 1.p. immunization, CD8+ T cells were 1solated from the
spleen of immunized mice by usmg magnetic beads (MACS) and were
subjected to mouse IFN-y ELISPOT assay as above described.

2.7. Statistical analyses

The statistical significance of differences between the groups was
determined by ‘applying Student’s #-test with- Welch correction after
each group had been tested with equal variance and Fisher exact prob-
ability test. The statistical significance of the differences m more than
three groups was determined by applying one-way ANOVA. Statistical
significance was defined as p < 0.05:
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3. Results

3.1. Acquired antitumor immunity was induced by
a-GalCer treatment of CMS4 liver tumor

We exammed whether o-GalCer treatment for CMS4
liver or spleen tumor would induce acquired antitumor
immunity. Mice bearing liver or spleen CMS4 tumor were
treated i.p. with a-GalCer. Fourteen days after o-GalCer
treatment, spleen CD8+ T cells from treated mice were pre-
pared and subjected to IFN-y ELISPOT. The lugh numbers
of IFN-vy spots were detected in the CMS4 liver tumor
model; but riot in the CMS4 spleen tumor model (Fig. 1A).

We next analyzed whether the o-GalCer treatment of
CMS4-treated liver or spleen would impact the progres-
sion of subcutaneous rechallenged €MS4 tumots. Four-
teen days later after a-GalCer treatment, 1 x 10® CMS4
cells were rechallenged subcutaneously in the right flank.
As shown in Fig. 1B, CMS4 subcutaneous tumors m: o
GalCer treated mice bearing CMS4 liver tumor were sig-
nificantly inhibited compared with those.in non-treated
mice, “but those in mice bearing: CMS4 spleen tumor
were not. Colon26, BALB/c syngeneic colon cancer cell,
subcutaneous tumors were not inhibited in mice receiv-
ing a-GalCer treatment for CMS4 liver or spleen tumor
(data not shown). Strong acquired rmmunity could also
be generated after o-GalCer treatment of MC38 liver
tumors’ in’ C57BL/6 mice; but not of MC38: spleen
tumors (Fig. 1C). These findings suggested that tumor-
specific acquired immunity could be generated efficiently
by a-GalCer treatment m the liver, but not in the spleen.

3.2. Administration of «-GalCer activated DCs-and

increased CD8- conventional DC fraction in the liver

Recent research revealed that NKT cells-DC mterac-
tions by a-GalCer are criticallyimportant in the sequential
activation of effector cells in both innate and acquired
immunity [12,18]. However, details of the DC activation
by a-GalCer in the liver have not yet been evaluated.

First, we investigated the increase of liver and spleen
DCs after a-GalCer or vehicle treatment. As shown in
Fig. 2A, liver DCs increased significantly after a-GalCer
administration whereas spleen DCs from o-GalCer trea-
ted mice did not. The proportion of liver DCs m liver
MNCs also significantly increased by a-GalCet adminis-
tration, but that of spleeri DCs did not (data not shown).
Next, we examined the change of DC subtypes after o-
GalCer treatment by analyzing the relative surface
expressions of the CD8a and the CD11b molecules [19].
The proportion and the number of CD8- conventional
DCs (CD11b+CD8g-) significantly increased in the liver
by a-GalCer treatment, but not in the spleen. In marked
contrast, those of CD8+ conventional DCs (CD11b-
CD8a+) exhibited no significant change in both the liver
and spleen by a-GalCer treatment (Fig. 2B and C).
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Fig. 1. Induction of local and systemic acquired antitumor immunity
after ¢«-GalCer treatment of CMS4 liver and spleen tumor. BALB/c mice
were injected intrahepatically or: intrasplenically. with 5 x 10% CMS4
cells: or MC38 cells. One day later, mice were injected i.p. with o-
GarCer. (A) Fourteen days later, spleen CD8+ T cells were isolated from
both the CMS4 liver and spleen tumor models and subjected to IFN-y
ELISPOT to analyze p53,3; 54 peptide specific IFN-y production. The
results ‘are shown as’ spots/100,0000 CD8+ T cells; meant SD of
triplicate samples. CD8+ T cell reactivity against peptide-unpulsed
BMDCs served as the negative control in: all cases, and this value was
subtracted from all experimental determination to determine p53-specific
spot  numbers. *p<0.05.N.D., not detected: - Similar results  were
obtained from two separate experiments. (B and C) Fourteen days later,
mice: were. challenged subcutaneously with: 1 % 10° CMS4 cells (B) or
MC38: cells (C) in the right flank (all treatment groups N = 8). Tumor
size was assessed every 7 days after subcutaneous injection of tumor cells
(=on day. 0). a-GalCer-treated. CMS4 or MC38 liver: tumor (s), a-
GalCer-treated CMS4 or MC38 spleen tumor (O), non-treated mice
(C7); Each data poin€ represents the mean tumior size #SE. *p < 0.05.

We examined the CD80, CD86 and CD40 expres-
sions of liver and spleenn DCs after:administration of
a-GalCer. CD86 and CD40 molecules on both liver
and spleen DCs. from «-GalCer-treated mice were
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not. (B and C) The change of CD8+ or CD8- conventional DC subtypes after o-GalCer treatment was examined by flow cytometry. The data are
represented as the average of numbers obtained from 5 separate experiments. "p < 0.05.

expressed more strongly than those from vehicle-treated
mice and non-treated mice. CD80 molecules on liver DC
from a-GalCer-treated mice were expressed significantly
more strongly than those from vehicle-treated or non-
treated mice, but those on spleen DC showed no signif-
icant change by «-GalCer treatment (Fig. 3). The
expressions of CD80, CD86 and CD40 molecules on
liver DCs tended to be lower than those on spleen
DCs in non-treated ‘'mice.  However, after o-GalCer
treatment, their expressions on  liver :DCs tended to
increase to levels similar to those on spleen DCs.

3.3. Liver DCs from o-GalCer-treated mice could produce
more Thl cytokines and present higher T cell
immunostimulatory ability than spleen DCs

Thl-cytokines, such.as IL-12, INF-y and TNF-a,
play key roles in determining the strength and/or the
phenotypes: of -the antitumor = immune - responses
[20,21]. We next examined the production of Thi
cytokines from DCs after a-GalCer treatment. The pro-
duction of these cytokines from DCs derived from vehi-
cle-treated and non-treated mice were not detected in the
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liver or the spleen. In marked contrast, all IL-12, INF-y
and TNF-a production from liver DCs derived from o-
GalCer-treated mice were significantly hugher than those
from spleen DCs (Fig. 4A-C). To investigate the differ-
ence of the antigen-presenting function between liver
DCs and spleen DCs, we examined the allostimulatory
capacity of liver and spleen DCs using a mixed lympho-
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Fig. 3. a-GalCer treatment increased the expression of antigen present-
ing related molecules on both liver and spleen DCs. DCs were stained
with PE- or FITC-conjugated monoclonal antibodies (CD11c;, CD40,
CD80; CD86 and MHC class II), and the expressions of these molecules
were ‘analyzed: by flow cytometry. The data are represented as: the
average of MFI obtained from 5 separate experiments. *p.<.0.05 for each
treatment group, #5 < 0.05 between liver DCs (M black bar) and spleen
DCs ([7 white bar). Ndive: DCs derived from non-treated mice; vehicle:
DCs derived from vehicle-treated mice; g-GalCer: DCs derived from o-
GalCer-treated mice.

cyte reaction (MLR). Liver DCs from a-GalCer-treated
mice showed higher T cell proliferation ability than
those from vehicle-treated or non-treated mice and
spleen DCs from all treatment groups. Spleen DCs from
all treatment groups and liver DCs from vehicle-treated
or hon-treated mice showed little T cell proliferation
ability (Fig. 4D). These results suggested that a-GalCer
treatment increased the function of DCs in the liver
more strongly than those in the spleen.

. 3.4. Vaccination of p5333._249 peptide-pulsed liver DCs

isolated from o-GalCer-treated mice resulted in
generating p53135_s40 peptide specific CTLs more
efficiently than that of spleen DCs

Based on the above results, liver DCs had more anti-
gen-presenting function than spleen DCs in a-GalCer-
treated mice. We next evaluated the potential of tumor
associated antigen specific CTL induction by vaccina-
tion of peptide-pulsed liver DCs or spleen DCs. We vac-
cinated normal mice i.p. with peptide-pulsed DC. Five
days later, spleen CD8+ T cells were isolated and sub-
jected to IFN-y ELISPOT assay. As shown in Fig. 5,
the ‘numbers of IFN-y spots observed for T cell
responses against p53232_40 peptide in mice vaccinated
with - a-GalCer-activated liver DCs were significantly
higher than those in mice with vehicle- or non-treated-
liver DCs. There were no detectable spots in mice vacci-
nated with spleen DCs from all treatment groups, sug-
gesting that spleen DCs displayed no stimulatory
activity for CTL induction regardless of the administra-
tion of a-GalCer in vivo. These results revealed that liver
DCs in a-GalCer-treated mice have the highest potential
for inducmg tumor-associated antigen-specific CTLs,
which might be associated with the in vivo generation
of acquired immunity against liver tumor by o-GalCer
treatment shown in Fig, 1.

4. Discussion

We  and' others previously reported: that the. early
eradication of tumor cells in the liver mainly depended
on NKT cells and NK cells [3,4]. In'this study, we dem-
onstrated that «-GalCer treatment resulted m generating
stronger acquired immunity after eradication of primary
CMS4 and: MC38 liver tumor, but not after spleen
tumor - treatment. This suggests that liver, and not
spleen; 1s an unique immunological organ that is favor-
able for generation of acquired immunity. We examined
whether CTLs generated by immunization with peptide-
and o-GalCer-pulsed BMDC could show equally antitu-
mor effect in skin, liver and spleen in the normal mice.
The generated CTLs in treated mice have equal access
to all organs and are capable of killing tumor: cells
(Sasakawa, unpublished data). Thus, our data encour-
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Fig. 4. Thl type cytokine production of liver DCs from «-GalCer treated mice. Liver and spleen DCs were prepared 24 h after i.p. treatment of a-GalCer
or vehicle. 2 x 16° DCs were stimilated with LPS (10 jig), and the supernatants of the DC cultures were subjected to specific ELISA. 1L-12 (A), IFN-y
(B) and TNF-g (C). N.D., not detected. (D) We examined the allostimulatory capacity of liver and spleen DCs by MLR. Liver DC from non-treated mice
(M), vehicle-treated mice (A), and a-GalCer-treated mice (o). Spleen DC from non-treated mice (LJ), vehicle-treated mice (A), and «-GalCer-treated mice
(O). Each data point represents the mean tumor size  SD. "p < 0.05 counts per minute (CPM) of liver DCs vs CPM of spleen DCs from a-GalCer,
vehicle or non-treated mice, respectively. Similar resnlts were obtained from three separate experiments.

aged us to investigate the ability of liver DC to generate
acquired antitumor immunity in comparison with spleen
DCs.

In the current study, we investigated the activation
of liver and spleen DC function after o-GalCer treat-
ment. ‘The expressions of antigen-presenting related
molecules on liver. DCs were weaker: than those on
spleen' DCs: in normal or vehicle treated muce. Pillari-
setty et al. reported that liver DCs are generally weak
activators of immunity in contrast to spleen DCs in
normal mice and the expressions of MHC and costimu-
latory molecules on liver DCs were lower than those on
spleen DCs in normal mice [22]; This is consistent with
our results. In marked contrast, a-GalCer administra-
tion resulted in a significant increase of DCs in ' the
liver ‘and the expressions of antigen-presenting related
moleculeswas more strongly upregulated in the’ liver

than in the spleen: It has been reported. that the expres-
sion of CD8« molecule is an activating marker of con-
ventional . DCs - from  progenitor: ‘cells [23]. = We
demonstrated  that a-GalCer administration rinduced
not only an increase of total DCs but-also a: significant
mcrease of CD8- conventional DCs in the liver, which
suggested that o-GalCer treatment resulted in develop-
ing progenitor DCs efficiently to matured conventional
DCs. More strikingly, the production of Thl type cyto-
kine from a-GalCer-treated liver DCs were significantly
more than from a-GalCer-treated spleen DCs: Previous
reports ‘demonstrated that the capacity of Thl type
cytokine to link between innate and adaptive immunity
by interacting with DCs and T cells, is important: for
the induction of adaptive antitumor immune response
and ‘long-term -therapeutic effect [24]. Furthermore,
liver DCs showed higher T cell proliferation: ability
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Fig. 5. Evaluation of p5323; 240 peptide specific CD8+ CTL induction
after vaccination of p53 peptide-pulsed DCs from each treated mice.
Normal BALB/c mice were immunized ip. with 1 X 108 P53232-240
peptide pulsed liver or spleen DCs isolated from a-GalCer or. vehicle
treated mice. Five days after vaccination, CD8+ T cells were isolated
from the spleen of immunized mice. The frequency of p53335-210 peptide
specific CD8+ CTL was evaluated by IFN-y ELSIPOT assay. The
results are shown as spots/100,0060 CD8+ T cells; mean * SD" of
triplicate samples. CD8+ T cell reactivity against peptide-unpulsed
BMDCs served as the negative control in all cases, and this value was
subtracted from all experimental determination te determine pS3-specific
spot numbers. “p < 0.05.N.D., not detected. Similar results were
obtained from three separate experiments.

than spleen DCs after o-GalCer treatment. Taken
together; these results suggested ‘that a-GalCer treat-
ment resulted in the efficient activation of liver DCs
more strongly than spleen DC, which might be associ-
ated with the mduction: of antitumor acquired immu-
nity in the liver.

To examine whether the o-GalCer activated liver
and spleen DCs could actually induce acquired immu-
nity. we vaccinated p53232 240 peptide-pulsed a-GalCer
activated ‘liver and: spleen: DCs. The- frequencies  of
CD8+ T cells in response to P33s32-24¢ Deptide were
much higher in a-GalCer activated liver DCs vacci-
nated mice: than- those in vehicle-treated liver DCs
vaccinated - mice.  Interestingly, - the  vaccmation. of
P53232.240  peptide-pulsed spleen DCs 1solated from
both a-GalCer and vehicle-treated mice did not gener-
ate p53232.240 peptide-specific CTL responses. These
data’ suggested that the immunological microenviron-
ment in the spleen may support DCs to be potentially
very tolerogenic resulting in inability of generating
acquired immunity. In marked contrast, liver DCs
potentially have the ability of generating antitumor
acquired immunity and that o-GalCer could markedly
enhance this ability. A normal mouse liver: contains
Ilymphocytes that are usually enriched with 10% NKT

cells in contrast to mouse spleen that contains only
2% NKT cells [25]. a-GalCer presented by DCs acti-
vates NKT cells upregulating CD40 ligand on NKT
cells, which in turn leads to the activation of DCs
{17]. Actually we confirmed that i.p. mjection of a-Gal-
Cer activated equally well in both liver and spleen
NKT cells (Sasakawa, unpublished data). Thus, the
higher population of NKT cells mn the liver may be
associated with efficient activation of liver DCs after
oa-GalCer treatment, which might characterize the
unique immunological responses in the liver.

Despite recent progress and early success with vari-
ous types of immunotherapy, there is still significant
room for mmptrovemerit in these regimens against liver
cancer. We demonstrated that liver 1s an immunologi-
cally unique organ that is favorable for generation of
acquired antitumor immunity. We propose that a-Gal-
Cer treatment may be an attractive strategy for sup-
pressing tumor growth in the liver and promoting
regression of metastatic lesions in other organs.
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Aim: The objective of this study was to elucidate the long-
term effects of interferon (IFN)Jo-2b plus ribavirin combination
therapy and to clarify whether this therapy can reduce the
incidence of hepatocellular carcinoma (HCC) in patients with
chronic hepatitis C.

Methods: A total of 403 patients infected with hepatitis C
virus (HCV) were enrolled in a multicenter tnal. All patients
were treated with a combination of IFN-0-2b plus ribavirin
therapy. We examined the incidence of HCC after combination
therapy and analyzed the risk factors for liver carcinogenesis.

Results: A sustained wvirological response (SVR} was
achteved by 139 (34%) of the patients. The cumulative rate of
incidence of HCC was significantly lower in SVR patients than
in non-SVR patients (P = 0.03}, while there was no difference
in the cumulative incidence of HCC between the transient
response (TR) group and the no response (NR) group. Cox’s

regression analysis' indicated the following nisk factors as
independently significant in relation to the development of
HCC. age being > 60 years (P'=0.006), advanced histological
staging (P = 0.033), non-SVR to IFN therapy (P = 0.044). The
cumulative incidence rate of HCC was significantly lower in
patients who had average serum alanine aminotransferase
{ALT) levels of < 40 [U/L than in those who showed average
serum ALT levels of = 40 1U/L after the combination therapy
(P=0.021).

Conclusions: These results suggest that the attainment of

SVR or continuous normalization of ALT levels after IFN
therapy can affect patients apart from HCC development.

Key words: chronic hepatitis C, continuous normalization of
ALT, hepatocellular carcinoma, interferon plus ribavirin
combination therapy, sustained virological response

INTRODUCTION

EPATOCELLULAR CARCINOMA (HCC) is one of
the most common malignancies in Japan and its
incidence has been increasing over the last 30 years.
Recently, various treatments such as transcatheter
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arterial embolization/chemoembolization, radio fre-
quency ablation and hepatic resection have been
reported to yield significant improvements in overall
patient survival,*"* but HCC relapse has thus far been
observed in a majority of treated patients due to the
highly malignant potential of the liver. In general,
approximately 70-80% of Japanese HCC patients are
also diagnosed with type C chronic hepatitis or cirtho-
sis.? It has also been shown that the chronic hepatitis C
(CHC) liver slowly but steadily progresses to cirrhosis*®
and the risk of HCC increases according to the degree of
liver fibrosis.”® In this regard, the success of treatment
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for chronic hepatitis C virus (HCV) infection is expected
to prevent the patient’s liver from progressing to cirrtho-
sis and to reduce the risk of development of HCC. Inter-
feron (IFN) has been proven to be effective in reducing
and in eliminating HCV from the circulation; in decreas-
ing serum alanine aminotransferase (ALT) levels; and in
improving the histological appearance of the liver in
patients with CHC.*"' Moreover, it has been demon-
strated that IFN monotherapy in CHC patients is asso-
ciated with reducing the incidence of HCC, especially
in those patients who achieved a sustained virological
response (SVR).**** Recently, many investigators have
reported that combination therapy using IFN-0-2b or
pegylated IFN (Peg-IEN) N plus ribavinn is more effec-
tive for eradicating HCV than IFN monotherapy.’*™"’
However, it has not been accurately evaluated whether
or not the combination therapy using Peg-IFN plus rib-
avirin could reduce HCC development in patients
infected with HCV.

In this study, we evaluated the long-term effect of
{FN-0-2b plus ribavirin therapy on the incidence of
HCC in HCV-infected patients treated with the combi-
nation therapy by retrospective examination of the clini-
cal outcomes.

METHODS

Patients

HIS STUDY WAS a multicenter trial conducted by

Osaka University Hospital and other institutions
participating in the Osaka Liver Forum in Japan. A total
of 459 patients with HCV infection were treated with a
combination of IFN-0-2b (Intron; Schering-Plough Cor-
poration, Kenilworth, NJ, USA) plus ribavirin (Rebetol;
Schering-Plough, Auxerre, France) between June 2002
and March 2005. All patients were treated with 6 MU of
IFN-0-2b subcutaneously thrice a week and with oral
ribavirin daily. Ribavirin was given at a total daily dose
of 600 mg for patients who weighed <60kg and
800 mg for patients who weighed = 60 kg. Patients who
were positive for hepatitis B surface antigen, anti-human
immunodeficiency virus antibody or those with other
liver diseases (alcoholic liver disease, autoimmune liver
disease, etc) were excluded from this study. Also
excluded were patients with a history of HCC and those
who developed HCC within the first 6 months of the
follow-up period after the end of IFN therapy, because
of the possibility that microscopic HCC had been
present before initiation of the treatment. The remain-
ing 403 patients infected with HCV were enrolled and
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followed in this study. The observation term was termi-
nated upon the start of the next IFN therapy, such as
Peg-IEN plus ribavirin after a combination of IFN-¢-2b
plus ribavirin therapy. Responses to IFN therapy were
divided into the following three groups based on the
viral load: sustained virological response (SVR) was
defined as the absence of detectable serum HCV-RNA at
24 weeks after completion of IFN therapy. Transient
response (TR) was defined as the absence of HCV-RNA
from the serum at the end of treatment but detectable at
24 weeks after completion of therapy. Those categorized
as having no response (NR) did not meet these criteria.

This study protocol followed the ethical guidelines of
the 1975 Declaration of Helsinki, and informed consent
was obtained from each patient.

Blood tests

Serum samples were stored frozen at —~80°C. HCV-RNA
levels were analyzed by quantitative reverse transcrip-
tion (RT)-PCR assay (Amplicor-HCV version 2.0; Roche
Diagnostic Systems, Tokyo, Japan). The lowest detection
limit of this assay was 50 IU/mL. All patients were exam-
ined for serum HCV-RNA level and underwent hemato-
logical and biochemical tests just before therapy, every
4 weeks during treatment and every 12 weeks thereafter
until the end of treatment.

Normal serum ALT is defined as < 40 IU/L. In addi-
tion, the biological response to IFN therapy was defined
based on “the average serum ALT level”, which was
calculated from all data of ALT levels after completion of
IEN therapy.

Histological evaluation

The patients underwent liver biopsies within 6 months
before the start of therapy. Histopathological interpre-
tation of specimens was done by experienced liver
pathologists who had no clinical information. The his-
tological appearance of the liver sample sections was
evaluated according to METAVIR’s histological score.'®
Fibrosis stage was evaluated on a scale from 0 to 4.

Diagnosis and follow up of HCC

Ultrasonography was carried out before IFN therapy and
every 3 to 6 months during the follow-up period. New
space-occupying lesions, detected or suspected at the
time of ultrasonography were further examined by com-
puted tomography (CT} or hepatic angiography. HCC
was diagnosed by the presence of typical hypervascular
characteristics on angiography, in addition to the find-
ings from CT. If no typical image of HCC was observed,
fine-needle aspiration biopsy was carried out with the
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