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of LAM administration, in 24% after 52 weeks, and in
65% after 5 years.' In Japan, in an extensive study on
the clinical course of both HBeAg-positive and HBe Ag-
negative chronic hepatitis B patients, the rate of emer-
gence of LAM-resistant strains was 50%, 5 years after
the start of LAM administration.”" Not all patients
having rtM204V/1 develop hepatitis. Although the inci-
dence of amino acid mutation of polymerase is high in
patients with hepatitis, no specific mutation has been
observed.”

The case of a patient who was LAM-resistant despite
the absence of mutation in the YMDD motif was re-
ported recently. The 181st alanine (A) in the Pol do-
main was replaced by threonine (T) (rtA181T) in this
patient. An experiment using chimeric mice bearing
human hepatocyies demonstrated that this mutation
causes LAM resistance."

Resistance to adefovir dipivoxil

The use of adefovir dipivoxil (ADV) in combination
with LAM has been approved in Japan for patients
showing LAM resistance. The emergence of ADV-
resistant viral strains was first studied with regard to the
adminisiration of ADV alone. ADV resistance occurs
in approximately 6% of patients 3 years after the start
of ADV administration." The replacement of the 236th
asparagine (N) in the Pol domain by T (rtN236T) and
that of the 181st A in the Pol domain by V (rtAI81V)
were observed in ADV-resistant strains,

Following the administration of ADV to patients
exhibiting LAM resistance, strains with rtAI8IV/T or
riN236T emerged in 18% of the patients | year after the
start of ADV adminisiration.'” nAISIT was also ob-
served in LAM-resistant strains in the absence of muta-
tion in the YMDD motif. It was reported recently that

some patients exhibiting LAM resistance are non-
responders 10 ADV from the start of ADV adminis-
tration. These resistant strains had the nl233V
mutation."

Resistance to entecavir

Administration of entecavir (ETV) for more than 52
weeks to patients with LAM-resistant chronic hepatitis
B leads to the emergence of resistant viral strains in
1.4% of patients,” although no results have been re-
ported for long-term administration of ETV. The amino
acid sequence of the RT domain in resistant viral strains
was analyzed in two patients, and strains with rtM250V
and rt169T were found in one patient and strains with
rT184G and rt8202] in the other.” In Japan, strains
with 11S202G and rtL.2691 have been detected.” It is
notable that all of the patients who acquired ETV re-
sistance were resistant to LAM, Thus, initial treatment
with ETV alone may be less likely to lead to ETV-
resistant viral strain emergence, but this hypothesis
should be confirmed in future studies (Table 1).

HCYV infection

HCV is a positive-strand RNA virus belonging to the
family Flaviviridae. Approximately 170 million HCV
carriers or patients are estimated to be persistently in-
fected with HCV worldwide, and approximately 1.8 mil-
lion in Japan. HCV is transmitted to humans by direct
contact with infected or contaminated blood. The routes
of infection include transfusion of contaminated or
HCV-tainted blood or blood products, which have now
been eliminated in Japan, sharing needles among drug
abusers, acupuncture, and tattoos. Acupuncture and
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Table L Clinical trial of entecavir for the treatment of chronic hepatitis B

ETV
Lam ETV resistance Biochemical
resistance resistance at end point rebound Reference

No. Authors HBeAg at baseline at baseline (1 vear) (1 vear) No.
| Chang et al. Positive No /339 6/339 (2%) 9
2 Sherman et al, Positive Yes 11/186 (6%) 7134 (5%) 17
3 Colonno et al. Positive No (V354 67354 (2%) 18

Negative 1/325 (0.3%) 8325 (2%)
4 Lai et al. Negative No o2n 5211 (2%) 19
5 Chang et al. Positive Yes 6/181 (3%) 2181 (1%) 20

Negative
HBeAg. hepatitis B e LAM. lamivudine, ETV, entecavir

depilation are invasive treatments and should be con-
sidered to mvolve risk for infection with HCV unless
disposable medical instruments are used.”

HCV infection develops into persistent infection at
a very high rate, becoming persistent in 70%-80% of
patients with acute HCV infection. Generally, patients
develop acute hepatitis 2 to 3 months after their initial
infection with HCV. However, many patients are un-
aware of the onset of hepatitis because of the mild sub-
jective symptoms and mild jaundice, if any. Although
20%-30% of patients developing acute hepatitis re-
cover from the disease spontaneously, acute hepatitis
develops into chronic hepatitis (by definition, hepatitis
persisting for more than 6 months) in the remaining
70%—-80% of patients. Then, chronic hepatitis enters an
inactive phase that lasts 10-15 years. Serum ALT level,
which indicates the destruction of hepatocytes. is within
normal limits during the inactive phase, but viral growth
continues.

Chronic hepatitis enters an active phase after 10-15
years in many patients, although there are marked
individual differences. Serum ALT level increases to
about two 1o three times the normal level when chronic
hepatitis enters the active phase. Once chronic hepatitis
C enters the active phase, it will not improve spontane-
ously. If the disease is left untreated, the risk of pro-
gressing from chronic hepatitis to cirrhosis increases.
Hepatitis C characteristically progresses gradually but
steadily.** The risk of developing HCC is high among
patients with cirrhosis. The nisk of HCC development
in cirrhosis patients is 5%-7%." Patients infected with
HCV should be diagnosed during the inactive phase of
chronic hepatitis C and start treatment for HCV elimi-
nation (antiviral treatment) as soon as the hepatitis
enters the active phase.

Treatment of HCV infection

HCV infection is treated mainly with [FN-based drugs.
The treatment efficacy is evaluated 6 months after the
end of IFN-based drug administration. If HCV-RNA s

not detected by the sensitive RT-PCR test, the patient
is considered to show a sustained virological response
(SVR), indicating that HCV has been wvirtually
climinated.

At present, polyethylene glycol-interferon (Peg-IFN)
treatment in combination with ribavirin plays a key role
in the reatment of HCV infection. Peg-IFN, an IFN
molecule covalently bonded to Peg, is a sustained-
release formulation. It needs to be injected only once
weekly from the start of treatment, whereas conven-
tional IFN preparations require administration three
times weekly. Administration of Peg-1FN alone is more
effective than that of a conventional IFN-based drug
alone, but the administration of Peg-IFN in combina-
tion with ribavirin is even more effective® ™ An SVR
rate of approximately 50% can be expected even in
cases of chronic hepatitis infected with a high viral load
of HCV of genotype 1, and an SVR rate of approxi-
mately 60% can be generally expected. Peg-IFN is
usually administered for 48 consecutive weeks. It is im-
portant to continue the treatment for 48 weeks, although
the dose may be reduced if adverse drug reactions ap-
pear. In addition, extending the administration period
to a total of 72 weeks recently proved effective in pa-
tients who became HCV-negative after 12 weeks of
treatment.”

There is a long history of treatment with IFN alone:
treatment of non-A, non-B hepatitis with IFN alone
dates back to around 1985, before the discovery of
HCV. A nationwide survey conducted by the Study
Group of the Ministry of Health, Labour and Welfare
of Japan in 1995 showed that the SVR rate for treat-
ment with IFN alone for 6 months (administration of 6
to 10 million units) was approximately 30% in all pa-
tients, However, in patients with the genotype 1 HCV,
which is the major genotype worldwide and in about
70% of Japanese HCV patients, particularly those with
high viral loads (determined as an HCV-RNA load of
100 KTU/ml or more), SVR was obtained in only about
2%-T7%. The efficacy of treatment with IFN alone is
thus low. Hence, Peg-1FN in combination with ribavirin
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Table 2. Relationship between the ISDR and the response to interferon treatment for chronic hepatitis patients with genotype

1 hepatitis C virus infection

Relationship
between ISDR

Relationship
between ISDR

No. Authors Interferon Ribavirin and viral load and response Ethnicity Ref. no.
1 Enomoto et al. o No Yes Yes Japanese . 30
2 Kurosaki et al. B No Yes Yes Japanese %7]
3 Chayama et al. o No ND Yes Japanese 2
4 Zeuzem et al. o No No No German 33
5 Squadrito et al. o Na No No French 34
6 Hofgartner et al. o No ND No American 35
7 Khorsi et al. @ No ND No French 36
8 Saiz et al. @ No ND Yes Spanish 37
9 Frangeul et al. o No ND No French 38

10 Odeberg et al. « No ND No Sweden 39

11 Chung et al. o No ND No American 40

12 Ibarrola et al. o Yes ND No Spanish 41

13 Sarrazin et al. [+ Yes ND Yes German 42

14 McKechnie et al. o No ND No English 43

15 Yoshioka et al. o No ND Yes Japanese kS
16 Stratidaki et al, o No ND No American 45

17 Murphy et al. o Yes ND No American 46

18 Cappiello et al. PEGa Yes ND No Italian 47

19 Aslan et al. o No ND No Turkish 48

20 Murayama et al. o Yes ND Yes Japanese 49

ISDR. interferon itivity de g region; ND, not described; PEG. pegylated

is the first choice for patients with intractable disease.
as mentioned above.

Emergence of antiviral resistance in HCV infection

In the treatment of chronic hepatitis C with IFN alone
or IFN (or Peg-IFN) in combination with ribavirin,
HCV-RNA does not disappear in some patients, par-
ticularly in those with genotype 1 HCV. Approximately
10% of genotype 1 HCV patients with high viral loads
never become HCA-RNA-negative during the period
of treatment with IFN (or Peg-IFN) in combination
with ribavirin.

Not only host factors but also viral factors have been
identified as causes for the nonelimination of HCV. The
HCV genotype is a typical viral factor, and patients in-
fected with genotype 1 or 4 are more resistant to treat-
ment than those with genotype 2 or 3.

Another reported factor is the interferon sensitivity-
determining region (ISDR) in NS5A, a region consist-
ing of 40 amino acids, first reported by Enomoto et al.™
ISDR is contained in the binding site of interferon
o-inducible RNA-dependent protein kinase (PKR).
Mutation in ISDR may cause dysfunction in the binding
between the NSSA protein and PKR, leading to a de-
crease in viral protein translation. In Japan, a close
correlation between IFN treatment efficacy and muta-
tionin ISDR in genotype 1b HCV patients was found.”
In Europe and the United States, however, the correla-
tion between amino acid mutation in ISDR and IFN

treatment efficacy is not clear even in patients infected
with HCV genotype 1 (Table 2).

In addition, mutation of the PKR/elF2a phosphory-
lation homology domain of the E2 domain has been
reported to correlate with IFN-based drug efficacy, but
this needs further clarification.

Ribavirin-resistant viral strain

Ribavirin shows low anti-HCV activity in some patients
even when it is administered alone, and chronic hepati-
tis C has been treated with ribavirin alone. The struc-
ture of a ribavirin-resistant viral strain that has emerged
has been studied. Mutation of the 415th amino acid
(F415Y) in the RNA-dependent RNA polymerase
(RdRp) domain of NS5B was detected in strains infect-
ing patients treated with ribavirin alone who became
ribavirin-resistant.” This mutation was considered to be
related to IFN treatment efficacy in patients with geno-
type la HCV. In a study using a replicon, mutations of
the 404th and 442nd amino acids (G404S and E442G)
were detected.”

Conclusions

An overview of the mechanisms underlying the emer-
gence of drug-resistant HBV and HCV strains has been
given above. The emergence of drug-resistant strains of
HBYV in particular has posed problems. This resistance
has resulted from the development of a wide range of
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drugs for HBV, ranging from nonspecific 1FN-based
drugs 1o viral protein-specific RT inhibitors. Although
no serious problem has arisen to date as regards HCV,
specific anti-HCV drugs such as protease inhibitors and
RNA polymerase inhibitors are beginning to be devel-
oped. so the emergence of drug-resistant viral strains is
cxpecied Lo be a major problem. Indeed, the emergence
of a strain resistant to VX950, an HCV protease inhibi-
tor with high antiviral activity, following a short period

of

administration of this drug has already been re-

ported.” HBV and HCV do not seem to be very easy
to eliminate.
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Introduction

Abstract

Persistent infection with hepatitis C virus (HCV) is a major risk factor for development of
hepatocellular carcinoma (HCC), However, it remains controversial in the pathogenesis of
HCC associated with HCV as 1o whether the virus plays a direct or an indirect role. The
studies using transgenic mouse models, in which the core protein of HCV has an oncogenic
potential. indicate that HCV s directly involved in hepatocarcinogenesis. albeil other
factors such as continued cell death and regeneration associated with inflammation would
also play a role. The downstream events of the core protein are segregated into two
components. One is the augmented production n!’ oxidative stress along with the activation
of scavenging system, including catalase and glutath in the putative pre-neoplastic
stage with steatosis in the liver. Thus, amdnmc stress production in the absence of
inflammation by the core prolein would parly contribute to the development of HCC. The
generation of oxidative stress is estimated to originate from mitochondrial dysfunction in
hepatocytes by HCV infection. The other component is the alteration of intracellular
signaling cascade of mitogen-activated protein kinase and activating factor (AP)-1, leading
to the activation of cell cycle control. The combination of these pathways, collective with
HCV-associated alierations in lipid and glucose metabolism, would lead 1o the frequent
development of HCC in persistent HCV infection. These results suggest that there would be
a mechanism for hepatocarcinogenesis in persistent HCV infection that is distinct from
those for the other cancers. Similar to the pathogenesis of other cancers, the accumulation
of a set of genetic aberrations may also be necessary for a multistage development of HCC.
However, HCV core protein, to which an oncogenic potential is ascribed, may allow some
of the mulliple steps to be bypassed in hepatocarcinogenesis. Therefore unlike for other
cancers, HCV infection may be able to cause HCC in the absence of a complete set of
genetic abcrranuns Such a sccnmo. ‘non-Vogelstein-type” carcinogenesis, would explain
the rare fi of hep 2 is in HCV infection, the extraordinarily high inci-

dence and the rnuhlcemric nature of HCC development.

Hepatocellular carcinoma frequently
develops in persistent HCV infection

Hepatitis C virus (HCV) infects hundreds of millions of people
persistently, and induces a spectrum of chronic liver disease
worldwide.' It impacts on society in a number of domains includ-
ing the medical, sociological and economic. Hepatocellular carci-
nomi (HCC) has become the major cause of death in individuals
persistently infected with HCV. In particular, HCV has been given
increasing attention because of its wide and deep penetration in the
community, coupled with a very high incidence of HCC in persis-
tent HCV infection. Once liver cirrhosis is established in hosts
infected with HCV, HCC develops o a yearly rate of 5-7%.°
Knowledge on the mechanism of HCC development in chronic
HCV infection therefore is urgently required for the prevention of
HCC.

s108

How HCV induces HCC is not clear yet, despite the fact that more
than 70% of patients with HCC in Japan are infected with HCV.''*
Hepatitis C virus infection is also common in patients with HCC in
other countries albeit to a lesser extent. These lines of evidence
obligate hepatologists to the considerable task of determining the
role of HCV n hepatocarcinogenesis. Inflammation induced by
HCV, manifesting in various forms of hepatitis, should be consid-
ered in a study on the carcinogenic capacity of hepatitis viruses. It
has been proposed repeatedly that the necrosis of hepatocytes due
to chronic inflammation and ensuing regencration enhances
mutagenesis in host cells, the accumulation of which culminates in
HCC. This theory presupposes an indirect involvement of hepatitis
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viruses in HCC wia hepatic inflammation. However, this leaves
specialists in hepatology with a serious question: can inflammation
per se result in the development of HCC in such a high incidence
or multicentric nature in HCV infection? The secondary role of
HCV would have 1o be weighed against an extremely rare occur-
rence of HCC in patients with autoimmune hepatitis in whom
severe inflammation in the liver persists indefinitely,

This background and reasoning led to the suggestion that HCC
may be induced. at least in part. by viral proteins. This

HCv. iated hegp

rying the core gene develop HCC in two independent lineages.*
The envelope gene transgenic mice do not develop HCC, despite
high expression levels of both El and E2 proteins.*” The trans-
genic mice carrying the entire non-structural genes have developed
no HCC.

The transgenic mice camry the core gene and express the core
protein of an expected size, approximately 21 kDa. the level of
which in the liver is similar 10 that in the liver of chronic hepatitis

ity has been evaluated by introducing genes of HCV mm hepa-
tocytes in culture with little success, One of the difficultics in
using cultured cells is the carcinogenic capacity of HCV, if any.
which would be weak and would take a long time 10 manifest
itself. It 1akes 3040 years for HCC to develop in individuals
infected with HCV. Another constraint common 1o studies on
carcinogenesis is the development of HCC by transformed cells
that might have gone out of growth control and escaped surveil-
lance of the host. Should this be the case, the analysis of trans-
formed cells would not be sufficient for solving the mystery of
carcinogenesis. On the basis of these points, we chose to inves-
tigate carcinogenesis in chronic viral hepatitis using transgenic
mouse technology.

HCV core protein has an oncogenic
activity in transgenic mouse

Transgenic mouse lines with sections of the HCV genome were
engineered by introducing genes excised from the cDNA of the
HCV genome of genotype 1b.** The mouse lines were from a
CS7BLY6 strain, which is known for a rare spontaneous occurrence
of HCC.” Three different transgenic mouse lines have been estab-
lished, which carry the core gene, envelope genes or non-structural
genes (Fig. 1), respectively, under the same transcriptional control
element. Among these mouse lines, only the transgenic mice car-
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Structural Non-structural genes

genes

Figure 1 Structure of the hepatitis C virus (HCV) genome The HCV
genome consists of structural and non-structural regions. The structural
regron consists of the core. envelope and p7 genes. The non-structural
region cones enzyme proteins of NS3 to NSSB. Among the three
different transgenic mouse lines established, which carry the core,
envelope and non-structural region, aly, only the 9

mice carrying the HCV core gene develop hepatoceliular carcinoma
(HCC) after an early phase with hepatic n two
lineages. The mice transgenic for the envelope genes or non-structural

genes do not develop HCC. ISDR, f y o Hing
region.
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C Early in life, these mice develop hepatic steatosis,
\nhwh is one of the histologic charcteristics of chronic hepatitis
C, along with lymphoid follicle formation and bile duct damage. '
Thus, the core gene transgenic mouse model well reproduces this
feawre of chronic hepatitis C. Of note, significant inflammation is
not observed in the liver of this animal model. Late in life, these
transgenic mice develop HCC. Most hepatic nodules have a
pathology characterized by ‘nodule in nodule’. and HCC with a
low degree of differentiation develops within adenoma as well as
within HCC with a higher degree of differentiation.® Although
numerous lipid droplets are found in cells forming adenoma., as in
non-tumorous cells, they are rarely observed in HCC cells. These
histological features closely resemble those observed in HCC
developing in chronic hepatitis C patients, in whom prominent
lipid droplets are found in small, well-differentiated HCC and its
precursors; poorly differentiated HCC without lipid droplets
develops from within differentiated HCC." Notably, the develop-
ment of steatosis and HCC has been reproduced in other HCV
transgenic mouse lines, which harbor the entire HCV genome or
structural genes including the core gene." These outcomes indi-
cate that the core protein per se of HCV has an oncogenic potential
when expressed in vive,

Sequence to the core protein
expression in the liver

It 15 difficult to clarify the mechanism of carcinogenesis even for
our simple model in which only the core protein is expressed in
otherwise normal liver tissues. There is a notable feature of the
localization of the core protein in hepatocytes: although the core
protein predominantly exists in the cytoplasm associated with lipid
droplets, it is also present in the mitochondria and nuclei. ™" On the
basis of this finding, the pathways related 1o these two organelles,
the mitochondria and nuclei, were analyzed.

One activity of the core protein is an increased production of
oxidative stress in the liver. We note that the production of oxida-
tive stress is increased in our transgenic mouse model in the
absence of inflammation in the liver (hepatitis), This reflects over-
production of reactive oxygen species (ROS) in the liver, or pre-
disposition to it, which is staged by the HCV core protein without
any intervening inflammation.'** The overproduction of oxidative
stress results in the generation of deletions in the mitochondrial
DNA, an indicator of genetic damage. Thus, the core protein
induces oxidative stress overproduction in the absence of inflam-
mation, and may, al least in part, contribute 1o hepatocarcinogen-
esis in HCV infection (Fig. 2). If inflammation is induced in the
liver with the HCV core protein, the production of oxidative stress
is escalated 1o an extent that cannot be scavenged by a physiologi-
cal antagonistic system. This indicates that the inflammation in
chronic HCV infection would be different to that produced in ather
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Figure 2 Molecular pathogenesis of lver disease m hepatitis C virus
{HCV) infection. Induction of oudative stress together with hepatc
steatosis by the HCV oore protein would play a pivotal role in the
development of hepatocellular carcinoma (HCC). Aherations in cellular
gene expressions, such as tumor necrosis factora (TNF-u) o suppres-
sor af cytokine signaling-1 (SOCS-1), and those in the intraceliuler sig-
naling pathways Including c-Jun N-terminal kinase LINK) would be
coaccelerators to hepatocarcmogenesis in HCV infection. ROS, reactive
OXyQen Species

types of hepatitis. such as autoimmune hepatitis. The basis for the
overproduction of oxidative stress may be ascribed to the mito-
chondrial dysfunction.'*"* The function of the electron transfer
system of the mitochondrion is suggested in association with the
presence of the HCV core protein.'® Hepatic steatosis in hepatitis
€ may work as fuel for oxidative stress overproduction,'* 17 1*
Other possible pathways would be the alteration of the expres-
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Vogelstein Non-Vogelstein
Figure 3 Mechansm of hepattis C  wius  (HCV)-assocated
hepatocarcnogenesis. Multiple steps are required in the induction of all
cancers; it would be mandatory for hepatocaronogenesis that genetic
mutations accumulate in hepatocytes. However, in HCV infection, some
of these steps may be skipped n the development of hepatocellular
carcinoma (HCC) in the presence of the core protein, The overall effects
achievad by the expression of the core protein would be the induction
of HCC, even in the absance ol a complete set of genetic aberrations,
required for carcinogy By considering such a ‘non-Viogel: ype’
procass for the induction of HCC, a plausible explangtion may be gve
for many unusual events ocourring in HCV camers. CRC, colorectal
cancer; APC, adenomalous polyposis ool

Hepatocarcinogenesis in HCV infection:
A mechanism distinct from those in
other cancers

The results of our studies on transgenic mice have indicated a
carcinogenic potential of the HCV core protein in vive: thus, HCV
may be directly involved in hepatocarcinogenesis. In research

sion of cellular genes, interacting with cellular and
modulation of intracellular signaling pathways (Fig. 2). For an
example, tumor necrosis factor (TNF)-ux and interleukin-1[ have
been found to be transcriptionally activated.'” The core protein has
also been found to interact with some cellular proteins, such as
retinoid X receptor (RXR)-ce, which play pivotal roles in cell
proliferation and metabolism,™ The mitogen-activated protein
kinase (MAPK) cascade is also activated in the liver of the core
gene transgenic mouse model. The MAPK pathway, which con-
sists of three routes, c-Jun N-terminal kinase (JNK), p38 and
extracellular signal-regulated kinase (ERK), is involved in numer-
ous cellular events including cell proliferation. In the liver of the
core gene transgenic mouse model prior to HCC development.
only the INK route is activated. Downstream of the JNK activa-
tion, transcription factor activating factor (AP)-1 activation is
markedly enhanced."' Far dow both the mRNA and
protein levels of cyclin D1 and CDK4 are increased (Fig. 2). The
suppression by HCV core protein of the suppressor of cytokine
signaling (SOCS)-/, a tumor suppressor gene, may also contribute
10 hepatocarcinogenesis, Thus, the HCV core protein modulates
the intracellular signaling pathways and gives an advantage to
hepatocytes for cell proliferation.

Such an effect of the core protein on the MAPK pathway,
combined with that on oxidative stress, may explain the extremely
high incidence of HCC development in chronic hepatitis C (Fig.
2).

s110
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dies of carcinog the theory by Kinzler and Vogelstemn has
gained popularity.” They have proposed that the development of
colorectal cancer is induced by the accumulation of a complete set
of cellular gene mutations. They have deduced that mutations in
the adenomarous polyposis coli gene for inactivation, those in
K-ras for activation and those in the pS3 gene for inactivation
accumulate, which cooperate toward the development of colorec-
tal cancer.” Their theory has been extended to the carcinogenesis
of other cancers as well, called “Vogelstein-type® carcinogenesis
(Fig. 3).

On the basis of the results for the induction of HCC by the HCV
core protein, we would like to introduce a mechanism different
from that of Kinzler and Vogelstein for hepatocarcinogenesis in
HCV infection. We do allow a multistage process in the induction
of all cancers; it would be mandatory for hepatocarcinogenesis that
many mutations accumulate in hepatocytes. Some of these steps,
however, may be skipped in the development of HCC in HCV
infection to which the core protein would contribute (Fig. 3). The
overall effects achieved by the expression of the viral protein
would be the induction of HCC, even in the absence of a complete
set of genetic aberrations, required for carcinogenesis.

By considering such a ‘non-Vogelstein-type' process for the
induction of HCC, a plausible explanation may be given for many
unusual events happening in HCV carriers.” Now it does not seem
so difficult as before to determine why HCC develops in persistent
HCV infection at an outstandingly high incidence. Our theory may
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also give an account of the non-metastatic and multicentric de
novo occurrence charactenistics of HCC, which would be the result
of persistent HCV infection.
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Pathogenesis of HCV-associated HCC: Dual-pass
carcinogenesis through activation of oxidative stress and

intracellular signaling

Kazuhiko Koike

Department of Infectious Diseases, Internal Medicine, Graduate School of Medicine, University of Tokyo, Tokyo,

Japan

Overwhelming lines of epidemiological evidence have Indi-
cated that persistent infection with hepatitis C virus (HCV) is a
major risk toward development of hepatocellular carcinoma
[HCC). It remains controversial, however, in the pathogenesis
of HCC associated with HCV, whether the virus plays a direct
role or merely an indirect one. The studies using transgenic
mouse models by us and others, in which the core protein of
HCV has oncogenic potential, indicate that HCV Is directly
involved in hepatocarcinogenesis, albeit other factors such as
continued cell death and regeneration associated with inflam-
mation would play a role, as well. The downstream events of
the core protein are segregated into two components. One is
the augmented production of oxidative stress along with the
activation of scavenging system including catalase and glu-
tathion (GSH) In the putative preneoplastic stage with steato-
sis in the liver. Thus, oxidative stress production in the
absence of inflammation by the core protein would partly
contribute to the development of HCC. The generation of
oxidative stress is estimated to originate from mitochondrial
dysfunction in hepatocytes by HCV infection, The other Is the
alteration of intracellular signaling cascade of MAPK (INK],

AP-1, cyclin D1, and CDK4. The combination of these path-
ways, collective with HCV-associated alterations in lipid and
glucose metabolism, would lead to the frequent development
of HCC in persistent HCV infection, Our results suggest that
there would be a mechanism for hepatocarcinogenesis in per-
sistent HCV infection that is distinct from those for other
cancers. Similar to the pathogenesis of other cancers, the
accumulation of a set of genetic aberrations may also be
necessary for multistage develop t of HCC. Hi , HCV
core protein, to which an oncogenic potential is ascribed, may
allow some of the multiple steps to be bypassed in hepato-
carcinogenesis. Therefore, unlike other cancers, HCV infec-
tion can elicit HCC in the absence of a complete set of genetic
aberrations. Such a scenarlo, “non-Vogelstein-type" carcino-
genesis, would explain the unusually high incidence and mul-
ticentric nature of HCC development in HCV infection.

Key words: hepatitis C virus, hepatocarcinogenesis,
intracellular signaling transduction, oxidative stress,
transgenic mouse

INTRODUCTION

ORLDWIDE, HEPATITIS C virus (HCV) infects

hundreds of millions of people persistently, and
induces a spectrum of chronic liver diseases.' Hence, it
affects society in a number of domains including
medical, sociological, and economic. Hepatocellular
carcinoma (HCC) has become the most frequent cause
of death in individuals persistently infected with HCV.
In particular, HCV has been given increasing attention
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Driseases, Internal Medicine, Graduate School of Medicine, University
of Tokye, 7-3-1 Hongo, Bunkyo-ku, Tokyo 113-8655, Japan. Email:
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because of its wide and deep penetration in the
community, coupled with a very high incidence of
HCC in persistent HCV infection. Once liver cirrhosis
is established in hosts infected with HCV, HCC devel-
ops at a yearly rate of 5-7%.° Knowledge of the
mechanism of HCC development in chronic HCV
infection, therefore, is imminently required for the pre-
vention of HCC.

UNIQUENESS OF HCC DEVELOPMENT IN
HCV INFECTION

OW HCV INDUCES HCC is not yet clear, despite
the finding that more than 70% of patients with
HCC in Japan are infected with HCV."** HCV infection
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is also common in patiems with HCC in other coun-
tries, albeit to a lesser extent. These lines of evidence
obligate hepatologists to a considerable task of deter-
mining the role of HCV in hepatocarcinogenesis.
Inflammation induced by HCV, manifesting in various
forms of hepatitis, should be considered in a study on
the carcinogenic capacity of hepatitis viruses. It has been
proposed repeatedly that the necrosis of hepatocytes
caused by chronic inflammation and ensuing regenera-
ton enhances mutagenesis in host cells, the accu-
mulation of which culminates in HCC. This theory
presupposes an indirect involvement of hepatitis viruses
in HCC via hepatic inflammation. However, this leaves
specialists in hepatology with a serious question: can
inflammation per se result in the development of HCC
in such a high incidence or multicentric natwre in HCV
infection? The secondary role of HCV would have to be
weighed against an extremely rare occurrence of HCC in
patients with autoimmune hepatitis in whom severe
inflammation in the liver persists indefinitely.

This background and reasoning lead to a possible
activity of viral proteins for inducing HCC. This possi-
bility has been evaluated by introducing genes of
HCV into hepatocytes in culture with little success. A
difficulty in using cultured cells is the carcinogenic
capacity of HCV, if any, which would be weak and
would take a long time to manifest. It takes
30-40years for HCC 1o develop in individuals
infected with HCV. Another constraint common to
studies on carcinogenesis is the development of HCC
by transformed cells that might have gone out of
growth control and escaped surveillance of the host.
Should this be the case, the analysis of transformed
cells would not be sufficient for solving the mystery of
carcinogenesis. On the basis of these viewpoints, we
started tackling carcinogenesis in chronic viral hepatitis
by transgenic mouse technology.

® 2007 The Japan Society of Hepatology
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Figure 1 Hepatitis C wvius (HCV)
transgenic mouse lines. Among the
three different transgenic mouse lines
established. only the transgenic mice
carrying the HOV core gene develop
hepatocellular carcinoma (HCC) after
an early phase with hepatic steatosis in
two independent lineages. The mice
wransgenic for the envelope genes or
non-structural genes do not develop
HCC. core, core genes, env, envelope
genes; NS, non-structural genes.

steatosis
HCC

CORE PROTEIN OF HCV HAS ONCOGENIC
ACTIVITY IN VIVO

S ILLUSTRATED IN Figure 1, transgenic mouse

lines with parts of the HCV genome were engi-
neered by introducing the genes excised from the
c¢DNA of the HCV genome of genotype 1b.** The back-
ground of the mouse lines is a C57BL/6 strain, which
is known for a rare spontaneous occurrence of HCC.”
Established are three different transgenic mouse lines,
which carry the core gene, envelope genes, or non-
structural genes, under the same transcriptional control
element. Among these mouse lines, only the transgenic
mice camying the core gene develop HCC in two
independent lineages (Fig 1)." The envelope gene
transgenic mice do not develop HCC, despite high
expression levels of both E1 and E2 proteins®’ The
transgenic mice carrying the entire non-structural genes
have not developed HCC.

The transgenic mice carrying the core gene express the
core protein of an expected size, approximately 21 kDa,
the level of which in the liver is similar to that in the
liver of chronic hepatitis C patients, Early in life, these
mice develop hepatic steatosis, which is a histologic
characteristic of chronic hepatitis C, along with lym-
phoid follicle formation and bile duct damage." Thus,
the core gene transgenic mouse model well reproduces
this feature of chronic hepatitis C. Of note, significant
inflammation is not observed in the liver of this animal
model. Late in life, these transgenic mice develop HCC.
Most hepatic nodules disclose a pathology characterized
by “nodule-in-nodule”, and HCC with a low degree of
differentiation develops within adenoma as well as
within HCC with a higher degree of differentiation.*
Although numerous lipid droplets are found in cells
forming adenoma, as in non-tumorous cells, they are
rarely observed in HCC cells, These histologic features
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closely resemble those observed in HCC developing in
chronic hepatitis C patients, in which prominent lipid
droplets are found in small differentiated HCC and its
precursors; poorly differentiated HCC without lipid
droplets develops from within differentiated HCC"
Notably, the development of steatosis and HCC has
been reproduced by other HCV transgenic mouse lines,
which harbor the entire HCV genome or structural genes
including the core gene." These outcomes indicate that
the core protein of HCV has an oncogenic potential
when expressed in vivo,

MECHANISM OF HEPATOCARCINOGENESIS
IN MOUSE MODEL FOR
HCV-ASSOCIATED HCC

T 1S DIFFICULT to sort out the mechanism of carcino-

genesis even for our simple model, in which only the
core protein is expressed in otherwise normal liver
tissue. There is a notable feature in the localization of
the core protein in hepatocytes; while the core protein
predominantly exists in the cytoplasm associated with
lipid droplets, it is also present in the mitochondria and
nuclei*"” On the basis of this finding the pathways
related 1o these two organelles, the mitochondria and
nuclei, were meticulously analyzed.

One activity of the core protein is an increased pro-
duction of oxidative stress in the liver. The production
of oxidative stress is increased in our transgenic mouse
model in the absence of inflammation in the liver
(hepatitis). This reflects a state of an overproduction of
reactive oxygen species (ROS) in the liver, or predispo-
sition to it, which is staged by the HCV core protein
without any intervening inflammation."" " The overpro-
duction of oxidative stress results in the generation of
deletions in the mitochondrial DNA, an indicator of
genetic damage. Thus, the core protein induces oxidative
stress overproduction in the absence of inflammation,
and may, at least in part, contribute 1o hepatocarcino-
genesis in HCV infection. If inflammation is induced in
the liver with the HCV core protein, the production of
oxidative stress is escalated to an extent that can no
longer be scavenged by a physiologically antagonistic
system. This indicates that the inflammation in chronic
HCV infection would have a characteristic different in
quality from those of other types of hepatitis, such as
autoimmune hepatitis. The basis for the overproduction
of oxidative stress may be ascribed to mitochondrial
dysfunction."*'* The function of the electron transfer
system of the mitochondrion is suggested in association
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Table 1 Biomolecular alterations with core protein expression
observed in the transgenic mouse model

1 Induction of cytokines including TNF-a and IL-16"

2 Activation of MAPK pathway and enhancement of
AP-1 activation™ ™"

3 Overproduction of oxidative stress or ROS in the
absence of inflammation’’

4 Synergy of HCV core and alcohol in inducing
oxidative stress and activating MAPK'"™"

5. Interaction of HCV core and RXR-a and PPAR-a”'

6. Induction of insulin resistance’”

7 Development of steatosis by inhibiting MTP
activity™ 14

8. Interaction of HCV core and proteasome activator
PA28Y"

9 Inhibition of SOCS-1+

A1, activated protein-1; HCV, hepatitis C virus; 11215,
interleukin- 1f; MAPK, mitogen-activated protein kinase; M7,
microsomal triglyceride transfer protein; PPAR-@, peroxisome
proliferator agonist receptor-ou ROS, reactive oxygen species;
RXR-a, retinoid X receptor; SOCS. 1, suppressor of cytokine
signaling: TNF-a, tumor necrosis factor.

with the presence of the HCV core protein.'" Hepatic
steatosis in hepatitis C may work as fuel for oxidative
stress overproduction.'!"*

Other possible pathways are the alteration of the
expression of cellular genes, interacting with cellular
proteins, and modulation of intracellular signaling
pathways (Table 1). For example, umor necrosis factor
(TNF)-et and interleukin-1p (11-1B) have been found
transcriptionally activated.” The core protein has also
been found to interact with some cellular proteins,
such as retinoid X receptor (RXR)-u, that play pivotal
roles in cell proliferation and metabolism.”” The
mitogen-activated protein kinase (MAPK) cascade is
also activated in the liver of the core gene transgenic
mouse model, The MAPK pathway, which consists of
three routes, c-Jun N-terminal kinase (JNK), p38, and
extracellular signal-regulated kinase (ERK), is involved
in numerous cellular events including cell prolifera-
tion. In the liver of the core gene transgenic mouse
model prior to HCC development, only the |NK
route is activated. Downstream in the NK activation,
transcription  factor AP-1 activation is markedly
enhanced.'™*' Far downstream, both the mRNA and
protein levels of cyclin D1 and CDK4 are increased.
Thus, the HCV core protein modulates the intracellular
signaling pathways and gives advantage for cell prolif-
eration to hepatocytes.

Such an effect of the core protein on the MAPK
pathway, combined with that on oxidative stress, may

© 2007 The Japan Society of Hepatology
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Figure 2 Mechanism of hepatitis C virus {HCV)-associated hepatocarcinogenesis. Inflammation should contribute to hepatocar-
cinogenesis by producing genetic ab ions via ¢ al cell death and regeneration. In the case of HCV infection, the virus
would contribute to hepatocarci is via two | ys. (i) the core protein acts on the function of mitochondrial electron
transfer system, leading to the overproduction of oxidative stress. Infl tion may act synergistically with the core protein in
inducing oxidative stress. The presence of steatosis and insulin resistance would enhance the production of oxidative stress; and (ii)
modulation of cellular gene expression and signal transduction. which would give a growth advantage 1o hepatocytes. The
combination of these alterations would escalate the development of hepatocellular carcinoma (HCC) in HCV infection. AP-1,

activated protein-1; INK, Jun N-terminal kinase; NADH, nicotinamide adenine dinucleotide; ROS, reactive oxygen species.

explain the extremely high incidence of HCC develop-
ment in chronic hepatitis C,

HEPATOCARCINOGENESIS INDUCED BY HCV
INFECTION: MECHANISM DISTINCT FROM
OTHER CANCERS

HE RESULTS OF our studies on transgenic mice

indicated a carcinogenic potential of the HCV core
protein in vivo; thus, HCV may be directly involved in
hepatocarcinogenesis.

In research studies of carcinogenesis, the theory by
Kinzler and Vogelstein® has gained wide popularity.
They proposed that the development of colorectal
cancer is induced by the accumulation of a complete set
of cellular gene mutations. They deduced that mutations
in the APC gene for inactivation, those in K-ras for acti-
vation and those in the p53 gene for inactivation accu-
mulate, which cooperate toward the development of
colorectal cancer.™ The theory has been extended to
the carcinogenesis of other cancers as well, called
“Vogelstein-type” carcinogenesis (Fig. 2).
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On the basis of results we obtained for the induction
of HCC by the HCV core protein, we introduce a mecha-
nism different from that of Kinzler and Vogelstein™
for hepatocarcinogenesis in HCV infection. We allow
multistages in the induction of all cancers; it would be
mandatory for hepatocarcinogenesis that many muta-
tions accumulate in hepatocytes. Some of these steps,
however, may be skipped in the development of HCC in
HCV infection to which the core protein would contrib-
ute (Fig. 3). The ovenall effects achieved by the expres-
sion of the viral protein would be the induction of HCC,
even in the absence of a complete set of genetic aberra-
tions, required for carcinogenesis.

By considering such a “non-Vogelstein-type” process
for the induction of HCC, a plausible explanation may
be given for many unusual events happening in HCV
carriers.”” Now it does not seem so difficult as before 1o
determine why HCC develops in persistent HCV infec-
tion at an outstandingly high incidence. Our theory
may also give an account of the non-metastatic and
multicentric de nove occurrence characteristics of HCC,
which would be the result of persistent HCV infection.
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Inactivation

“Vogelstoin®

HCV-associated hepatocarcinogenesis 5119
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Figure 3 Hepatitis C virus (HCV)-associated hepatocarcinogenesis is a non-Vogelstein-type. Multiple steps are required in the
induction of all cancers; it would be mandatory for hepatocarcinogenesis that genetic mutations accumulate in hepatocytes.
However, in HCV infection, some of these steps may be skipped in the development of hepatocellular carcinoma (HCC) in the
presence of core protein. Overall effects achieved by the expression of core protein would be the induction of HCC, even in the
absence of a complete set of genetic aberrations, required for carcinogenesis. By considering such a “non-Vogelstein-type”
process for the induction of HCC, a plausible explanation may be given for many unusual events in HCV carriers. CRC,

colorectal cancer,
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Amino acid substitutions in the S region of hepatitis B virus
in sera from patients with acute hepatitis
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Background: An increase in the number of acute hepatitis
patients with hepatitis B virus (HBV) of non-indigenous
genotypes may reduce the efficacy of vaccination against
HBV.

Methods: We have determined the aminc acid (aa)
sequences In the major hydrophilic region (MHR) in the S
region of HBV in patients with acute hepatitis B and compared
those with the ones from HBV strains used for the production
of HBV vaccines commercially available in Japan.

Results: Of 48 patients studied, 11 were infected with geno-
type A, 11 with genotype B and 26 with genotype C HBV. The
aa sequences of the nine genotype A isolates were the same
as the aa sequence of J02205 which is used for the production
of one of the commercially available recombinant vaccines.
The aa sequences of the 11 genotype B isolates differed from
the aa sequence of J02205 in two or three amino acids. Of the

26 genotype C isolates, 22 had the same aa sequence as
X01587 which |s used for the production of another recombi-
nant vaccine. The remaining genotype C isolates had aa
substitutions at aa131, which have a potential to alter the
hydropathy and the three-dimensional structure of the MHR.
The differences among the three current HBV vaccines in aa
sequences in the MHR theoretically alter the hydropathy and
three-dimensional structure.

Conclusion: Our results suggest that the transmission of
HBV isolates with different genotypes or with aa substitutions
In the MHR might reduce the efficacy of currently available
HBV vaccines in the protection of HBV infections.

Key words: genotype, hepatitis B virus, major hydrophilic
region, vaccine

INTRODUCTION

RBOUT 300 MILLION people in the world are

chronically infected with hepatitis B virus (HBV).
Chronic infection may eventually lead to liver cirrhosis
or hepatocellular carcinoma.'™ To prevent the transmis-
sion of this virus, vaccination has been introduced in
many countries. Indeed, universal vaccination has not
only reduced the number of infected individuals, but
also the number of deaths related to HBV.**
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Dhseases, Internal Medicine, University of Tokyo, 7-3-1 Hongo,
Bunkyo, Tokyo 113-8655, Japan. Emanl: hyotsu-thy@umin.acjp
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In Japan, in 1985, a national project was stared
to vaccinate children born to HBV-infected mothers,

The chances of vertical transmission from HBV-

carrying mothers have decreased. Recently, the preva-
lence of HBV in Japan has decreased to approximately
0.6%.

Because the number of individuals infected with HBY
has decreased, the number of patients with acute hepa-
titis B, mainly caused by horizontal transmission from
HBV carriers, should also have decreased. However, in
Japan, the number of patients with acute hepatitis B has
recently increased (Yatsuhashi H. eral, 2004, unpubl.
data).

The increase in the number of patients with acute
hepatitis B may, in part, be the result of patients carrying
novel HBV genotypes imported from abroad. For
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example, in recent years, genotype A HBV has often been
detected in patients with acute hepatitis B.**

Genotype A HBV is transmitted from individuals who
live in or have immigrated from other countries to
lapan. lts infection is characterized by a high viral load
and a long hepatitis B surface antigen (HBsAg) positivity
peniod. The transition of acute hepatitis B with genotype
A HBV infection to the chronic state has been reported
recently."" Decreasing the transmission rate of geno-
type A HBV is therefore imporant for the control of the
disease. Introducing universal vaccination for adoles-
cents or adults is a measure to be considered.

The effectiveness of universal vaccination depends on
the reactivity of vaccines against HBV. HBsAg binds anti-
body to hepatitis B surface antigen (anti-HBs) produced
against HBV vaccines mainly via the ‘a’ determinant
region (aal24-aal49). This region contains common
antigenic epitopes of all subtypes (adw, adr, ayw, ayr) of
HBsAg and lies in the major hydrophilic region (MHR)
between 2299 and aal69. Amino acid (aa) substitutions
in the MHR, particularly in the "a’ determinant region,
can alter B cell epitopes of HBsAg, leading to immuno-
logical escape from the host immunity induced by either
vaccination or previous infection.' Therefore, if HBV
prevalent in Japan has aa substitutions in the MHR, the
effect of universal vaccination may be reduced.

In Japan, three types of HBV vaccine (Bimmugen,
The Chemo-Sero-Therapeutic Research Institute, Kuma-
moto, Japan; Heptavax, Merck & Co., Whitehouse
Station, NJ, USA; and Meinyu, Meiji Dairies, Tokyo,
Japan) are now available. Efficacy and immunogenicity
of vaccines are not always comparable or identical '*"
Whether giving a single vaccine effectively prevents the
transmission of all genotypes of HBV is an imporant
but still unsolved problem. Elucidating the aa substitu-
tions in the MHR may give a clue to this problem.

The purpose of the present study is to determine the
difference of the aa sequences in the MHR of HBV
among isolates from patients with acute hepatitis and
also the difference of the aa sequences among viral
strains used for the production of anti-HBV vaccines,
and to find ways to use currently available vaccines as
effective prophylaxes.

METHODS

Patients

ROM 1992 TO 2001, serum samples were collected
from 48 patients diagnosed with acute hepatitis B in
our institutions. Only patients whose serum samples

© 2007 The Japan Society of Hepatology
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were stored at the onset of hepatitis were included in
this study. All the 48 patients ran a self-limited clinical
course. No patients subsequently developed fulminant
hepatic failure or chronic sequelae.

The criteria for the diagnosis of acute hepatitis B were
the following: (i) an acute onset of liver injury without
a history of liver dysfunction and positivity for HBsAg in
serum; and (ii) immunoglobulin M (IgM) antibody 10
HBV core antigen (anti-HBc) at a titer of more than 2.5
of cut-off index. Coinfection with a hepatitis A virus or
a hepatitis C virus was excluded by serological tests.
None of the patients had previously received any vacci-
nation against HBV.,

Serum samples from the 48 patients with acute hepa-
titis B were examined virologically, and the results were
examined for correlations with clinical characteristics.
Informed consent was obtained from each patient. The
study protocol conforms to the ethical guidelines of the
1975 Declaration of Helsinki and was approved by
the ethics committees of our institutions.

Determination of HBV-DNA

Hepatitis B virus DNA level was determined using
transcription-mediated amplification (TMA) and a
hybridization protection assay (Chugai Diagnostics
Science, Tokyo, Japan) using the protocol of Kamisango
et al." The range of detection using TMA was from 3.7
log genome equivalents (LGE)/mL (i.e. 10" copies/mL
corresponding to 5000 copies/mL) to 8.7 LGE/mL (10*"
copies/mL). In seven of 34 swdied serum samples, the
level of HBV-DNA was lower than 3.7 LGE/mL and
these were categorized as 3.7 LGE/mL.

Genotyping HBV

Hepatitis B virus genotypes were determined using
commercial enzyme immunoassay kits (Smitest HBV
Genotyping kit; Genome Science, Fukushima, Japan).
In brief, DNA extracted from serum was amplified by
polymerase chain reaction (PCR) using three sense
primers (i.e. s1: 5-ACCAACCCTCTGGGATTCTTTCC-3',
§2: 5“-ACCAATCCTCTGGGATTCTTCCC-3', and s3: 5
AGCAATCCTCTAGGATTCCTTCC-3' [nt 2902-2924])
and an antisense primer (ie. asl: 5-GAGCCIGA
GGGCTCCACCC-3" [t 3091-3073]) biotinylated at
the 5° end; their sequences were deduced from con-
served sequences in the pre-S1 region of HBV. The
biotin-labeled and amplified HBV-DNA was denatured
in an alkaline solmion, and tested for hybridiza-
tion to probes specific for one of the seven HBV
genotypes (A-G) immobilized on wells of a 96-well
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microplate. Thereafter, hybridization was detected by
staining with the streptavidin-horseradish peroxidase
(HRP) conjugate.”

Amplifying and sequencing the S region

of HBV-DNA

The entire aa sequence of MHR in the § region was
amplified by two-stage PCR using genotype-specific
primers. The outer primers for the amplification of the
first fragment were 5-TTTCCACCAAGCTCTGCAA-3'
(sense: nt 9-28) and 5 -TTCAGGGAATAACCCCATCT-3'
{antisense: mt 872-853) for genotype A, 5-CTCCA
CCACTTTCCA  GACT-3"  (semse: mt  1-22) and
5-CAACTCCCAATTACATATCCC-3"  (antisense:  nt
899-879) for genotype B and 5-TTACAGGCGGGG
TIITTCTT-3’ (sense: nt 70-89) and 5-TACAGACIT
GGCCCCCAATA-3" (antisense: nt 771-752) for geno-
type C. The inner primers were 5-AGAGTCAGGGGCC
TGTATTTT-3" (sense: nt 35-55) and 5-AGCGAATAA
CCCCATCACTTT-3" (antisense: nt 869-849) for geno-
type A, 5-TTCAAGATCCCAGAGTCAGG-3 (sense: nt
24-43) and 5-AGGGAATATCCCCACCTTTTT-3" (anti-
sense: nt 869-849) for genotype B and 5-CGGGGTT
TTCTTGTTGACA-3 (sense: nt 77-97) and 5"-CCCAAT
ACCACATCATCCATA-3' (antisense: nt 758-738) for
genotype C.

The first stage of amplification was carried out in a
thermal cycler for 40 cycles (94°C, 1 min; 55°C, 1 min;
72°C, 1 min) in 100yl reaction mixture containing
200 mm dNTPs, 1.0 mm each of primers and PCR buffer
(50 mm KCI, 10 mm Tris-HCl (pH 8.3), 1.5 mm MgCl;
and 0.001% (wt/vol) gelatin) and 2 U Ampli-Taq poly-
merase (Perkin Elmer Cetus, Norwalk, CT, USA). PCR
products (2 pl) were subjected to the second stage of
amplification under the same conditions as those in the
first stage. Standard precautions to avoid contamination
were taken during PCR. with a negative control serum
sample included in each run,

Amplification products were purified on Wizard PCR
preps DNA purification resin (Promega, Madison, W1,
UISA), and sequenced bidirectionally with a Dye Termi-
nator Cycle Sequencing Ready Reaction kit (PE Applied
Biosystems, Foster City, CA, USA) using the above-
mentioned PCR primers. Sequencing was performed in
an automated DNA sequencer (ABI 377; PE Applied
Biosystems).

The nucleotide sequences of HBV isolates from
the patients were compared with those of three
reference HBV strains which are used for vaccine
production.'*""
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Phylogenetic trees were constructed with the Mega
Program version 2.1 (Center for Evolutionary Func-
tional Genomics, The Biodesign Institute, Tempe, AZ,
LISA) using the Kimura two-parameter matrix and the
neighbor-joining method." To confirm the reliability of
phylogenetic tree analysis, boot-strap resampling, and
reconstruction were carried out 500 times.

Hydrophobicity and secondary
structure analysis

The hydrophobicity profile of the MHR of the S region
was predicted by computer-assisted Kyte-Doolittle
analysis (an estimate of hydrophobicity based on the
bulk phase partitioning of side chain hydrophobicity
alone)™ with GENETYX-MAC software (version 10.1;
Software Development, Tokyo, Japan).

The secondary structures of the amino acids in the
same region were predicted by computer-assisted Rob-
son’' and Chou-Fasman analyses™ with the GENETYX-
MAC software.

Statistical analyses

Data were analyzed by the chi-squared test for categori-
cal data and Student’s t-test or the Mann-Whitney U-test
for continuous variables. P-values less than 0.05 were
regarded as statistically significant.

RESULTS

Distribution and clinical characteristics of
HBV genotypes
EPATTTIS B VIRLIS genotype was determined in the
48 patients with acute hepatitis B. Genotype A was
detected in 11 (23%) patients, genotype B in 11 (23%)
and genotype C in 26 (54%).

The clinical and demographic backgrounds of the
patients with acute hepatitis B who were infected with
HBV of different genotypes are shown in Table 1. The
mean ages of all the groups were similar. The proportion
of male to female patients was higher in genotype A
infection than in genotypes B or C infection (100%,
73% and 64%, respectively: A 15 B, P=0.22; A s C,
P=0.01; Bws C, P=0.16). The maximum alanine ami-
notransferase [ALT) levels were lower in patients with
genotype A infection than in patients with genotypes
B or C infection (1646+ 1123, 3085+1119 and
2545 + 981 IU/L, respectively: A vs B, P=0.01: A vs C.
P=0.03; B 15 C, P=0.89). The maximum HBV-DNA
levels were not significantly different between the
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Table 1 Demographic and clinical differences among patients with acute hepatitis infected with HBV of distinat genotypes

Features Genotypes of HBV Differences (P-value)

An=11) Bn=11) C [n=26) AuvsB AnC BwsC
Age (years) 306475 28.1%51 31.1£91 0.41 0.87 0.33
Gender (M:F) 110 83 15:11 0.22 0.01 o.l6
ALT (1ufL) 1646 £ 1123 3085+ 1119 2545 £ 981 0.01 0.03 0.89
HBV-DNA (LGE/mL) 68117 66121 =1%12 0.60 0.23 006
ALT, al sferase; 11RV, hep B wvirus,

genotypes (68+ 1.7, 6.6+21 and 5.2+ 1.2 LGE/mL.
respectively: A vs B, P=0.60; Aws C, P=0.23; Bis C,
P=0.06).

Amino acid sequence of the S region

The aa sequence of the S region between 2a27 and 2a203
was determined in the 48 sequences. Figure 1 shows a
phylogenetic tree constructed using the 48 sequences
and 15 published sequences (four for genotype A, three
for genotype B, three for genotype C, one for genotypes
D, E F, G and H). Among the 48 sequences we studied,
11 were classified into genotype A, 11 into genotype B
and 26 into genotype C.

The aa sequence of the region between aal0l and
aal63 including MHR (aall11-aal56) was compared
among 48 sequences and three HBV sequences
(X01587, 102205 and huGK-14) currently used for anti-
HBV vaccine production. As shown in Figure 2, the aa
sequences of X01587 (used for Bimmugen) and 102205
(used for Hepravax) differed in eight amino acids (i.e.
aall10, aal13, aal14, aal26, aal31, aal43, aa160 and
aal61). The aa sequence of huGK-14, which is used for
the HBV-vaccine Meinyu, differed from that of X01587
in six amino acids and from that of J02205 in two
amino acids.

Nine of the 11 isolates classified into genotype A
had the same aa sequence as J02205. The remaining two
isolates (AB289727 and AB289728) differed from
J02205 at aal61 (Fig. 2).

Ten of the 11 isolates classified into genotype B had
the same aa sequence as J02205 except for two amino
acids (aall4 and aal31). The remaining isolate had
another aa substitution at aal12 (Fig. 2).

As shown in Figure 2, 22 of the 26 isolates classified
into genotype C had the same sequence as X01587. The
remaining four isolates (from patients 10, 24, 30 and
48) had the same sequence as X01587 except for one aa
substitution at aa131; the threonine (aal31) of X01587
was substituted with proline for three isolates
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(AB289714, AB289720 and AB289736) and with
alanine for one isolate (AB289701).

Hydrophobicity and secondary

structure analysis

As mentioned above, the aa sequences of the MHR from
four isolates differed from that of X01587 only at aal31.
Furthermore, the aa sequence of the MHR differed
between X01587 and ]2205 in eight amino acids. We
compared the hydropathy and secondary structure of
the MHR among J02205, X01587 and two isolates with
genotype C (one isolate with proline at aal31 and one
with alanine at aa131). The results of Kyte-Doolittle
hydropathy analysis based on the hydropathy index are
shown in Figure 3. The substitution with alanine-131
was found to alter the pattems on the hydropathy plot,
whereas the substitution with proline-131 was found 10
have little effect. A substitution with alanine-131 could
increase the hydrophobicity of the first loop of the
MHR. which may affect the antigenicity of HBV.

The secondary structure of our isolate with alanine-
131 by Chou-Fasman analysis predicted an -helix con-
figuration for the region from aa126 1o aal35 instead of
the P-configuration predicted for the same region of
X01587. The predicted secondary structure of our isolate
with proline-131 coincided with that of X01587. In con-
trast, by Robson prediction, the secondary structure of
our isolate with alanine-131 coincided with that of
X01587; however, that of our isolate with proline-131
was found 1o have lost a turn structure between aal31
and aa134, which was predicted for X01587,

DISCUSSION

ACCINATION IS THE key to controlling HBV infec-
tion. In countries with a high prevalence of HBV
infection, universal vaccination is effective not only
for controlling viral infections but also for decreasing
the incidence of hepatocellular carcinoma.™”" Even in
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X01587
AB289697
AB289708
AB289715
AB289718

AB289716
AB289701
AB289702

AB289729

AB289739

0.1

Figure 1 Phylogenetic tree constructed using hepatitis B virus (HBV)-DNA sequences of the § gene. The sequences include four
with genotype A, four with genotype B, three with genotype C, and those recovered from the serum of 48 patients with acute
hepatitis B. 102205 (genotype A) is used for the production of Heptavax and X01587 (genotype C) is used for the production of
Bimmugen. The horizontal bar indicates the number of nucleotide substitutions per site. Accession numbers are shown for the
isolates that have been deposited in the DDBJ/EMBL/CenBank databases. The accession numbers for the HBV sequences from the
48 patients are also shown

Boot-strap value: 500
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