Infection of Human Hepatocyte Chim

Genetically Engineered Hepatitis

Masataka Tsuge,* Nobuhiko Hiraga,"* Hideki Takaishi,"* Chiemi Noguchi,* Hiromi 0Oga,'* Michio Tmamura,"*

Shoichi Talkahashi,"* Eiji Iwao,? Yoshifumi Fujimoto,* Hidenori Ochi,»* Kazuaki Chayama,"

Chise Tateno, >’ and Katsutoshi Yoshizato®56

Studies of hepatitis B virus (IBV) mutants have been hampered by the lack of a small animal
model with long-term infection of cloned HBV. Using a mouse model in which liver cells
were highly replaced with human hepatocytes that survived over a long time with mature
human hepatocyte function, we performed transmission experiments of HBV. Human se-
rum containing HBV and the virus produced in HepG2 cell lines that transiently or stably
transfected with 1.4 genome length HBY DNA were inoculated. Genetically modified e-
antigen—negative mutant strain also was produced and inoculated into the mouse model. A
high-level (=10 copies/mL) viremia was observed in mice inoculated with HBV-positive
human serum samples. The level of viremia tended to be high in mice with a continuously
high human hepatocyte replacement index. High levels and long-lasting viremia also were
observed in mice injected with the in vitro generated HBV. The viremia continued up to 22
weeks until death or killing. Passage experiments showed that the serum of these mice
contained infectious HBV. Genetically engineered hepatitis B e antigen—negative mutant
clone also was shown to be infectious. Lamivadine effectively reduced the level of viremia in
these infected mice. In conclusion, this mouse model of HBV infection is a useful tool for the
study of HBV virolegy and evaluation of anti-HBV drugs. Our results indicate that HBeAg
is dispensable for active viral production and transmission. (HEPATOLOGY 2005:42:1046-1054.)

epatitis B virus (HBV) is a small enveloped
DNA virus and causes chronic infection of the
liver that often leads to chronic hepatitis, cir-

rhosis, and hepatocellular carcinoma.' The lack of a
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practical small animal model has impeded the study of the
biology of this virus and the development of effective
antviral therapies. Chimpanzee is the only natural host
that allows active replication of HBV.>7 Although this
animal is a valuable model for the study of hepatitis virus-
es,® the practical use of chimpanzees is severely limited
both ethically and economically.

Several small animal models of HBV infection have been
reported. The HBV wansgenic mouse is a very useful model
for the study of virology and evaluation of antiviral drugs.>-1?
However, the liver cells of this model are not permissive for
HBV infection; therefore, studying virus—cell interactions
such as receptor binding and entry is not possible. The HBV-
trimera mouse is another useful mouse model.'? In this
model, ex vivo HBV-infected human liver fragments are im-
planted into lethally irradiated mice after SCID mouse bone
marrow transplantation. Approximately 80% of the mice
develop viremia 2 to 3 weeks after infection. However, the
rate of positivity subsequently decreases to less than 20% 6
weeks after infection. The level viremia is approximately
10%copies/mL. More recently, HBV-containing human se-
rum samples were used to infect human hepatocyte repopu-
Jated mice.4 A high-level viremia (4.5 and 10 X 10%copy/
mL) and HBs antigenemia are observed 8 weeks after
injection. This mouse model is promising because HBV rep-
licates in natural host cells, human hepatocytes. However,
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Table 1. Table inoculum Used for Infection Experiments
) HBe HBV DNA
Inoculum Source Transfection HBs Antigen Antigen (LGE/mL)
Serum 1 HBV carrier 1 - + 130 10.8
Serum 2 HBV carrier 2 — + 150 8.7
CA59 pCAG-HB-wt Stable 6.3+2.8 15+ 7 8.0 = 0.2
CM3 PTRE-HB-wt Transient 39+ 15 106+7 83+04
Fresh CM3 pTRE-HB-wt Transient ND ND 8.0
e-Negative pTRE-HB (PC) Transient 29202 05+03 81+ 0.3
Mouse CM3 CM3-infected mouse — ND ND ND

NOTE. Fifty microliters of each serum or cell culture supematant was used for injection except for fresh CM3 (500-1,000 wpl) and mouse CM3 (5 wl). Data are

mean * SD.
Abbreviations: LGE, log genome equivalent; ND, not determined.

long-term high-level viremia has not been reported so far in
this model, probably because of technical difficulties in
maintaining large quantities of human hepatocytes in these
mice.

Long-term HBV viremia was reported after subcutane-
ous transplantation of immortalized human hepatocytes
in RAG-2—deficient mice after transfection of circular-
ized full-length HBV genome. !> Viremia of up to 3 X 108
copy/mL was still observed in these mice at least 5 months
after transplantation. This long-term viremia model
should be useful for in vive HBV studies. However, the
production and selection of HBV-secreting immortalized
human hepatocytes takes a long time, and the level of
viremia in the transplanted animal depends on the vol-
ume of live immortalized cells in mice. The mode of vire-
mia might be different from natural infection because the
pregenome RNA is wanscribed from integrated HBV.,
Whether the produced HBV re-infects implanted immor-
talized human hepatocytes has not been confirmed.

A useful woodchuck hepatitis virus (WHV) infection
model was established by Petersen etal.’® They showed high-
level replacement of uPA/Rag-2 knockout mice liver with
woodchuck hepatocytes and development of high-level (1 X
10" virion/mL) WHYV viremia. Dandri et al.'” transplanted
Tupaia hepatocyte into uPA/RAG-2 mice and showed up to
8.2 X 107 genome equivalent/mL viremia. This model is
useful because viremia continued up to 29 weeks. However,
probably because of different host cells, the replication levels
of HBV are lower than those of woolly monkey HBV. Using
SCID mouse homozygous for Alb-uPA transgene, the group
of Mercer and colleagues'® were the first group to report
high-level replacement of mouse liver with human hepato-
cytes and successful infection of these mice with hepatitis C
virus. Recently, we also created a human hepatocyte chi-
meric mouse in which the hepatocytes were highly replaced
by implanted human liver cells.'® The repopulation index
calculated from serum human serum albumin (HSA) con-
centrations exceeded 70% in 32% of the transplanted mice,
and these animals survived up to 80 days after transplanta-

tion with high replacement index. Using this chimeric
mouse, we performed transmission experiments of HBV.
Using serum samples obtained from patients with chronic
HBYV infection, high-level viremia (approximately 100 cop-
ies/mlL) was observed up to 22 weeks in mice inoculated with
HBV-positive human serum samples. We also performed
infection study using in vitro—-generated HBV. Infectious
HBYV was produced in HepG2 cell lines by transfecting with
1.4 genome length HBV DNA. Because mice injected with
this 7z vitro-produced virus developed viremia, we further
performed passage study. In addition, we introduced point
mutations in HBV genome to create an HBe antigen—nega-
tive variant. The mice inoculated with this HBe antigen—
negative variant developed viremia. Lamivudine effectively
suppressed replication of HBV in mice inoculated with hu-
man serum samples and wild-type in vitro—created HBV.
This model is a useful tool for the study of the nature of HBV
mutants and development of anti-viral drugs.

Materials and Methods

Human Serum Samples. Serum samples were ob-
tained from four HBV carriers after obtaining written
informed consent. Inocula for mice were obtained from
two patients who tested positive for HBs and HBe anti-
gens with slightly elevated levels of serum alanine amino-
transferase and high-level viremia (Table 1). Serum
samples for extraction and cloning of HBV were obtained
from the remaining two patients who were positive for
hepatitis B e antigen (HBeAg) and had high-level HBV
DNA (6.9 X 10 and 9.8 X 10" copies/mL by real-time
polymerase chain reaction [PCR], respectively). All of
these HBV belonged to genotype C.

Analysis of HBV Markers. Hepatitis B surface anti-
gen (HBsAg) and HBeAg were measured by commer-
cially available ELISA (Abbott Japan, Osaka, Japan). For
quantitative analysis of HBV DNA, 100 pL serum sam-
ples or culture supernatants were used. DNA was ex-

tracted from these samples by SMITEST (Genome
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Science Laboratories, Tokyo, Japan) and was dissolved in
20 L H,O. One microliter DNA solution was amplified
by Light Cycler (Roche Diagnostics, Japan, Tokyo) for
quantitation of HBV. The primers used for amplification
were 5'-TTTGGGCATGGACATTGAC-3" and 5'-
GGTGAACAATGTTCCGGAGAC-3'. The amplifica-
tion condition included initial denaturation at 95°C for
10 minutes, followed by 45 cycles of denaturation at 95°C
for 15 seconds, annealing at 58°Cfor 5 seconds, extension
at 72°C for 6 seconds. The lower detection limit of this
assay is 300 copies. Nested PCR was used to detect a small
amount of HBV DNA with the ourter primers X1F1 (5'-
CGCGGGACGTCCTTTGTCTA-3") and X2R1 (5'-
GTTCACGGTGGTCTCCATGC-3")  and  inner
primers  X1EF2 (5'-TACGTCCCGTCGGCGCT-
GAA-3' and X2R2 (5'-CAGAGGTGAAGCGAAGT-
GCA-3"). The amplification condition included 35 cycles
of 94°C for 1 minute, 58°C for 1 minute, and 72°C for 2
minutes after 2 minutes of initial denaturation at 94°C
followed by 7 minutes of final extension using Gene Taq
(Wako Pure Chemicals, Tokyo, Japan) with anti-Taq
high (TOYOBO Co., Osaka, Japan) according to the
instructions provided by TOYOBO.

Cloning of HBV DNA and Plasmid Construction.
Full-length HBV DNA was amplified using these HBV
DNA samples by the method of Gunther et al.?% and
cloned into pBluescript SK+ (Stratagene, La Jolla, CA).
HBV DNA, 1.4 genome length, obtained from one of
these two patients was cloned into pcDNA3 (Invitrogen,
San Diego, CA) after replacement of CMV promoter
with CAG to yield pCAG-HB-wt. Similarly, 1.4 genome
length HBYV DNA from the other patient was cloned into
a plasmid vector pTRE2 (BD Biosciences, Franklin
Lakes, NJ) and designated pTRE-HB-wt. A modified
plasmid pTRE-HB-PC was generated by introducing a
G-to-A point mutation to nucleotide 1896 to create pre-
core stop codon (TTG to TAG). The substitution was
introduced by a commercially available site directed mu-
tagenesis kit (QuickChange Site-Directed Mutagenesis
Kit, Stratagene). Nucleotide sequences of the HBV
cloned into plasmids pCAG-HB-wt and pTRE-HB-wt
were deposited into the GenBank database under acces-
sion numbers AB206817 and AB206816, respectively.

Transfection of HepG2 Cell Lines With 1.4 Ge-
nome Length HBV DNA and Endogenous Polymerase
Reaction Analysis. HepG2 cells were grown in Dulbec-
co’s modified Fagle’s medium (DMEM) supplemented with
10% (v/+) fetal bovine serum at 37°C and under 5% CO,.
The cells were seeded to semi-confluence in G-well tissue
culture plates. For transient transfection experiments, two
plasmids; pTRE-HB-wt and pTRE-HB-PC, were used.

Two micrograms of each plasmid was transfected using Fu-
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gene 6 transfection reagent (Roche Diagnostics, Indianapo-
lis, IN) according to the instructions provided by the
supplier. Three to five days after transfection, the culture
supernatant was collected for infection of mice and quanti-
tative analysis of HBYV DNA by real-time PCR. Alterna-
tively, calcdium phosphate precipitation was performed to
prepare fresh supernatant for large-dose administration ex-
periments. Concentrated supernatants were prepared by us-
ing Microsep 10K spin filter, according to the instructions
provided by the manufacrurer (Pall Life Sciences., Ann Ar-
bor, MI). The HBV particles produced in the supernatants
were immunoprecipitated with protein A sepharose and
mouse anti-HBs monodlonal antibody 228247 (Institute of
Immunology, Tokyo, Japan) and subjected to endogenous
polymerase reaction?’ and Southern blot analysis after so-
dium dodecyl sulfate/proteinase K digestion followed by
phenol extraction and ethanol precipitation. The DNA was
electrophoresed in a 1% agarose gel and wransferred onto a
nylon membrane. The tansferred DNA was detected with
full-length HBYV DNA probe synthesized with the PCR
DIG probe synthesis kit and the DIG Nucleic Acid Detec-
tion kit and CSPD, ready-to-use (Roche Diagnostics) in the
Fluor-S Max Multilmager (BIO-RAD Laboratories, Her-
cules, CA).

For the production of stably transfected cell lines,
HepG2 cells were cultured in DMEM supplemented
with 10% fetal bovine serum at 37°C and 5% CO,. Cells
were seeded into 90-mm-diameter culture dishes. Twenty
micrograms of the plasmid pCAG-HB-wt was transfected
by calcium precipitation. Twenty-four hours after trans-
fection, the cells were splitand cultured in G418 selection
DMEM (1 mg/mL). One hundred fifty colonies were
isolated and amplified for identification of virus-produc-
ing cell lines. Clones positive for both HBs and HBe
antigens were selected and further analyzed for produc-
tion of HBV particles. Finally, one of five cell lines that
produced more than 10° copy/mL HBV DNA in super-
natant were selected and used for further experiments.
This cell line produced stable levels of HBV DNA for
more than 12 months (data not shown).

Analysis of HBV Produced in the Supernatant of
Transfected HepG2 Cell Lines by Sucrose Density
Gradient. Five milliliters HBV-positive serum (10°
copy/mL) or 100 mL cell culcure supernatant (107 copy/
mL) was layered on a 20% (wt/wt) sucrose gradient, and
centrifuged at 24,000 rpm for 1 hour at 4°C with a Beck-
man SW28 rotor Beckkman Coulter, Fullerton, CA). The
precipitate was resuspended with 500 uL phosphate-
buffered saline. These HBV samples were layered on a
linear 20% to 50% (wt/wt) sucrose gradient. Centrifuga-
tion was carried out at 24,000 rpm. for 21 hours at 4°C
with a Beckman SW40 rotor. The gradients were frac-
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Fig. 1. Time course studies in 20 mice inoculated with human serum samples positive for hepatitis B virus (HBV). Fifty microliters serum samples
{serum 1, Table 1) was intravenously injected into each mouse. The upper half of each panel shows HBY DNA, and the lower panel shows
concentrations of human serum albumin (HSA). Mice were divided according to the levels of HSA; (A) initial HSA > 1,000,000 ng/ml with only slight
decline (n = 5); (B) initial HSA > 500,000 ng/mL, with slight decline (n = 5); (C) initial HSA > 200,000 ng/mL, but declined to tess than 100,000
ng/mL during observation (n = 4); (D) initial HSA =100,000 ng/mL, but diminished to fess than 30,000 ng/mL (n = 6).

tionated into 500-pL samples, and the density of each
fraction was calculated from the weight and volume. Fach
fraction was diluted 10-fold and tested for HBY DNA by
real-time PCR.

Generation of Human Hepatocyte Chimeric Mice
and Analysis of Serum Samples. Generation of the
uPA**/SCID*™* mice and transplantation of human
hepatocytes were performed as described previously by
our group.!” Animal protocols were performed in accor-
dance with the guidelines of the local committee for ani-
mal experiments. Infection, extraction of serum samples,
and sacrifice were performed under ether anesthesia. HSA
was measured with a Human Albumin ELISA Quantita-

tion kit (Bethyl Laboratories Inc., Montgomery, TX) ac-
cording to the instructions provided by the manufacturer.
Serum samples obtained from mice were aliquoted and
stored in liquid nitrogen until use.

Histochemical Analysis of Mouse Liver. The liver
specimens of infected mice were fixed with 10% buffered-
paraformaldehyde and embedded in paraffin blocks for
histological examination. The liver sections were stained
with hematoxylin-eosin or subjected to immunohisto-
chemical staining by using an antibody against heparitis B
core antigen (HBc-Ag) (DAKO Diagnostika, Hamburg,
Germany) or HSA (Bethyl Laboratories Inc.). Endoge-
nous peroxidase activity was blocked with 0.3% H,0,
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and methanol. Immunoreactive materials were visualized
by using a strepravidin-biotin staining kit (Histofine
SAB-PO kit; Nichirei, Tokyo) and diaminobenzidine.

Results

Huwman Hepatocyte Chimeric Mice Develop High-
Level and Long-Term Viremia After Inoculation of
Serum Samples Obtained From Carriers. Twenty chi-
meric mice were inoculated with 50 pL serum 1 (Table 1).
We used mice that had relatively low-level HSA because we
had previously found that mice with low-level replacement
are susceptible to HBV (Chayama K and Tateno C, unpub-
lished results). The HSA of these mice was 300,000 ng/mL
(median, range, 40,000-3,090,000, Fig. 1A). All 20 mice
tested positive for HBYV DNA by nested PCR 2 to 4 weeks
after inoculation. Eighteen of 20 mice developed quantita-
tively measurable viremia, but two mice showed very low-
level viremia that was detectable only by nested PCR. Mice
with persistently high-level HSA tended to show high virus
titer (Fig, 1A-C). The maximum level of viremia was 9.5 X
10'% copy/mL. The viremia reached a plateau 4 to 6 weels
after infection. In contrast, mice with a rapid decrease in
HSA or persistently low-level HSA showed low virus titer
(Fig. 1D). We also performed infection experiments using,
serum 2 (Table 1). Of the five mice inoculated with this
serum, all developed quantitatively measurable viremia 2 to 4
weeks after inoculation (Fig. 2). The level of viremia reached
1 X 107 to 1 X 10° copies/mL. The level of viremia also
tended to be high in mice with high HSA levels.
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Fig. 2. Time course studies in five mice inoculated with human serum
samples positive for hepatitis B virus (HBV). Fifty microliters serum
samples (serum 2, Table 1) was intravenously injected into each mouse.
The upper panel shows HBV DNA, and the lower panel shows concen-
trations of human serum albumin. The effects of lamivudine are shown in
the upper panels.
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Fig. 3. Formation of fully repaired, relaxed circular hepatitis B virus
(MBV) DNA after endogenous polymerase reaction. HBY particles pro-
duced into supernatant were immunoprecipitated with a monoclonal
antibody against HBs antigen and subjected to Southern blot analysis
hefore (lanes 1 and 2) and after (lanes 3 and 4) endogenous polymerase
reaction. The undigested (lanes 1 and 3) and unique Smal-digested DNA
was electrophresed in a 1% agarese gel and detected by Southern biot
hybridization. )

HBYV Generated in HepG2 Cell Lines Are Infec-
tious to Human Hepatocyte Chimeric Mice. HBV
markers and endogenous polymerase experiments with
Southern blot analysis of HBV produced by transiently or
stably transfected HepG2 cell lines are shown in Table 1
and Fig. 3. The results indicated that these cell lines pro-
duced the expected HBV antigens and HBV DNA. into
the supernatant. Using virus particles produced by tran-
sient transfection of plasmid pTRE-HB-wt, we performed
endogenous polymerase chain reaction experiments. For-
mation of fully double-stranded, relaxed circular DNA
was observed after the reaction (Fig. 3). Sucrose density
gradient analysis of HBV produced by stably wansfected
cell line (CAS9, Table 1) showed that the produced vi-
ruses were sedimented to similar fractions of HBV ob-
rained from the serum of the HBV carrier (Fig. 4),
suggesting that HBV particles similar to those in serum
are produced in these cell lines.

In the next step, we inoculated each chimeric mouse
with 50 L of the supernatants produced by transiently or
stably transfected cell lines (Table 1). Three mice were
inoculated with CM3 (Fig. 5A). Four weeks later, one of
these three mice developed measurable viremia. It reached
a high level (7.3 X 10 copy/mL) at week 14. A serum
sample obtained from this mouse at week 6 was stored in
liquid nitrogen and used in the subsequent passage exper-
iments. The other two mice developed viremia, but its
Jevel was so low that HBV was only detectable by nested
PCR. At week 13, these two mice (5-a-2, 5-a-3, Fig. 5A)
were inoculated with serum 1, which induced high-level
viremia in mice with high HSA levels (Fig. 1). These mice
did not develop measurable viremia, suggesting that the
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Fig. 4. Sucrose density gradient analysis of hepatitis B virus (HBV)
produced into the supernatant of the transfected HepG2 cell line (CA59).
Sucrose density is indicated by the dotted line. The amount of HBY DNA
in each fraction was measured by real-time PCR.

low-level viremia in the latter two mice was due to low-
levels of human hepatocyte replacement. Similarly, six
mice were inoculated with supernatant CA59. One of
these six mice developed quantitatively measurable vire-
mia (peak, 2.6 X 10? copies/mL) (Fig. 5B). Two of the six
mice developed viremia only detectable by nested PCR.
For a more efficient reverse genetics infection procedure,
we used mice with higher human albumin concentrations
and inoculated each with 500 to 1,000 uL freshly pre-
pared high-titer virus particles. This resulted in infection
of all 10 mice (Fig. 5C). Thus, we established a highly
effective infection procedure of reverse genetics of HBV.
Infection of Genetically Engineered Mutant Vi-
ruses. Four mice were inoculated with the supernatant of
genetically engineered e-antigen—negative HBV gener-
ated in a pTRE-HBV-PC-transfected HepG2 cell line
(e-negative, Table 1). Three of these four mice developed
quantitatively measurable, but relatively low-level (less
than 107 copies/mL) viremia, 2 to 6 weeks after inocula-
tion (Fig. 6). Nucleotide sequence analysis of the precore
region showed that the sequence obtained from the in-
fected mice was completely in agreement with the trans-
fected plasmid with precore stop codon at 1896.
Passage Experiment of HBV From a Mouse Infected
by In Vitro Generated HBV to Naive Chimeric Mice.

Each of four naive mice was injected with 5 L serum
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samples obtained from a mouse that developed HBV vire-
mia after inoculation of in vitro generated virus (CM3,
Table 1). All four mice developed viremia at 2 to 6 weeks
after inoculation (Fig. 7). One of the four mice that de-
veloped measurable viremia died at week 5 (7-a-3, Fig. 7).
Another mouse (7-a-2) was weak and was sacrificed at
week 13. The high-level viremia in the third mouse (7-
a-1) increased further to 8.5 X 107 copies/mL. The re-
maining mice developed viremia detectable only by
nested PCR (7-a-4).

Histochemical Analysis of the Liver of Mice Infected
With HBV. Liver specimens from mice that became pos-
itive for HBV DNA after the inoculation of the described
passage experiment were subjected to histological and im-
munohistochemical analyses. Multiple foci of replaced
human hepatocytes were noted in hematoxylin-eosin—
stained sections (Fig. 8A) that were positive for HSA (Fig.
8B). Such positive human hepatocytes were also positive
for the HBV core antigen in serial sections (Fig. 8C).

Effect of Lamivudine Treatment in Mice Infected
With HBV. Five mice that became positive for HBV
DNA by inoculation with serum 2 (Fig. 2) were fed lami-
vudine (30 mg/kg/day)-containing food. A rapid reduc-
rion of HBV DNA level was observed in all 5 mice.
Although two of five mice showed graft failure reflected
by a decrease in HSA levels to the lower limits of the assay
{2-a-2 and 2-a-5), the reduction of HBV DNA. levels
appeared before the decrease in HSA in these mice, sug-
gesting that the decrease in HBV DNA was due to both
the effect of lamivudine and the loss of virus replicating
human hepatocytes (Fig. 2). Similarly, 1 mouse with
high-level viremia as described in the above passage exper-
iment (7-a-1, Fig. 7) showed a marked reduction of HBV
DNA.

Discussion

The major finding of the current study was the success-
ful establishment of a model of HBV infection with long-
term and high-level HBV viremia in the human
hepatocyte chimeric mouse. The level of viremia corre-
lated with the degree of human hepatocyte replacement
indicated by HSA levels. We also showed that HBV cre-
ated 7n vitro using HepG2 cell lines are infectious to this
mouse model. Thus, a combination of chimeric mouse
and molecularly cloned virus enabled us to prepare a prac-
tical model for the study of HBV virology. Chimpanzee is
also a useful model for the study of HBV virology. Injec-
tion of molecularly cloned HBV into the liver of chim-
panzee induced HBV infection and hepatitis.2? However,
there might be some difference between hepatocytes of
human and chimpanzee that could affect the nature of
infection and the replication of this narrow host virus.

— 42 —
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Fig. 5. (A) Time course studies in three mice inoculated with supernatants of HepG2 cell lines transfected with hepatitis B virus (HBV) DNA. Fifty
microliters culture superatant (CM3, Table 1) was inoculated intravenousiy into each mouse. Upper panel: HBV DNA; lower panel: concentrations
of human serum albumin. (B) Time course studies in 6 mice inoculated with supematants of HepG2 cell lines transfected with HBYV DNA. Fifty
microliters culture supematant (CA59, Table 1) was inoculated intravenously into each mouse. (C) Time course studies in 10 mice inoculated with
freshly prepared supematants of HepG2 cell lines transfected with HBY DNA. Five hundred (mice 5-¢-1 to 5-¢-4) and 1,000 ul cufture supemnatants
(5-¢-5 to 5-c-8) and 500 ul concentrated (from 1.1 X 10° copies/mL to 1.3 X 10'° copy/mL by ultrafiltration) supernatant (5-¢-9 and 5-¢c-10)

were inoculated intravenously into each mouse.

A critical difference between the chimeric mouse model
reported here and chimpanzee is that there is no immune
system active for HBV in the mouse model. Although the
chimpanzee model is known to cause hepatitis and is suitable
for the study of HBV-induced hepatitis,? the mouse model
is expected to be free from inflammation because these mice
are SCID and do not have any human cytotoxic T lym-
phocytes. Actually, we observed no lymphocyte infil-
tration ot focal necrosis of human hepatocytes in our

mouse model. Recently, similar morphological changes
in a similar model were reported by Meuleman et al.?%;
they also observed no alteration of liver architecture by
HBV and hepatitis C virus infections. Interestingly, how-
ever, we observed a poor increase in the viral dter during
the early phase of infection in some mice (Figs. 5SA, 6).
This might represent some innate ant-viral defense
mechanism of liver cells themselves against viral infection.
Further investigation is necessary to explore this issue.
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Fig. 6. Time course studies in four mice inoculated with supematants
of HepG2 cell lines transfected with e-antigen-negative (G1896A) hep-
atitis B virus (HBV) DNA. Fifty microliters culture supematant (e-negative,
Table 1) was inoculated intravenously into each mouse. The upper panel
shows HBV DNA, and the lower panel shows the concentrations of human
serum albumin.

A mouse model without any inflammation is an advan-
tageous phenotype because it allows the study of HBV
replication without any influence of immunological reac-
tion. The model is also beneficial for studying the effects
of drugs without any influence of fluctuation of the virus
by immunological reaction. The HBV-infected mouse
described here opens the way to create a long desired
practical small animal model that overcomes economical

Fig. 8. Histochemical analysis of liver samples obtained from mice
infected with hepatitis B virus generated in the 1.4 genome transfected
HepG2 cell line. (A) Hematoxylin-eosin staining. Human hepatocytas are
indicated by arrows. Immunchistochemical staining with anti-human
sarum albumin antibody (B) and anti-HBc-Ag antibody (C) (original
magnification, <40.

and ethical problems associated with the chimpanzee
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replication of HBe antigen-negative HBV strain. Our results
clearly demonstrate that HBV can infect and replicate in the
complete absence of e-antigen—producing species. However,
the level of viremia was relatively low (less than 1 X 107
copies/mL) in these mice. Whether this is due to lack of
e-antigen should be further confirmed in a larger number of
mice with high replacement index.

Because the mice treated with lamivudine showed a
reduction of viremia (Figs. 2, 7), our infected mouse is
suitable for the study of new drugs. Lamivudine is a po-
tent anti-HBV drug that reduces the virus and induces
clinical remission and histological improvement.?¢-28
Emergence of drug-resistant HBV mutants against this
drug as well as other anti-viral drugs is a serious problem
in the treatment of HBV,2931 a5 has been seen in the
therapy of human imm unodeficiency virus infection. Our
model is especially useful for the study of the biology and
drug susceptibility of such mutants, because almost all
such drug resistances are based on only one or two point
mutation(s).2?:3!

In conclusion, the mouse model presented in this study is
very useful for the study of HBV biology and evaluating of
anti-HBV drugs. Furthermore, many applications of this
model are expected because we can easily create, manipulate,
and modify the model compared with other models.
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EDITORIAL

Integration of hepatitis B virus DMA and hepatocellular carcinoma
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1206-1214.

Hepatocellular carcinoma (HCC) is one of the most
common malignant human tumors worldwide.!
Hepatitis B virus (HBV) and the hepatitis C virus
(HCV) infections are etiologically linked to this cancer.
HCC often emerges after the development of cirrhosis
in patients with chronic HCV infection. In contrast, in
patients with the HBV infection, HCC sometimes
develop in non-cirthotic patients, although the inci-
dence is much lower than in patients with cirrhosis.?
The HBV is a DNA virus that integrates into the chro-
mosome of the host. In contrast, the HCV is a RNA
virus that does not integrate into the host genome. It
seems that the integration of the HBV into host chro-
mosome(s) plays an important role in the development
of HCC, especially in non-cirthotic patients with HBV
infection.

There are two major possible carcinogenic effects of
HBV on the development of HCC. One is the direct
effect of viral proteins such as HBx. In fact, this protein
has been proven to be a transactivator that activates a
variety of viral and cellular promoters. It has also been
reported that HBx binds to p53 and inhibits p53-
mediated cellular processes, including DNA binding,
transcriptional transactivation and apoptosis. The viral
proteins that might be produced as a result of integra-
tion and truncation of preS2/S and hepatitis B spliced
proteins have also been reported to function as tran-
scriptional modulators.” These proteins have been
shown to modulate the transcriptional activation of cel-
lular growth-regulating genes, to modify apoptosis and
to inhibit nucleotide excision and the repair of dam-
aged cellular DNA. The other possible carcinogenic
effect of HBV is the integration of HBV-DNA into a
host chromosome. This might interrupt cellular tumor
suppressor genes, or cause alterations in the expression
of cellular growth factors and/or apoptosis regulating

factors. Although frequent activation of the N-myc
oncogene has been reported in woodchuck heparitis
virus integration,' no apparent favored locus of human
oncogene/tumor suppressor gene has been found.
However, there are many reports that describe the
alteration of cellular proliferation pathways (important
in the control of cell signaling, proliferation and viabil-
ity) as a result of the insertion of HBV-DNA. Recent
reports have shown that in at least some hepatocellular
carcinomas, the human telomerase reverse tran-
scriptase (WTERT) gene is a non-random integration
site of the HBV genome, which activates the hTERT
transcription in cis.’

In this issue of the Journal, Huang ez al.® reported a
high incidence of HBV-DNA integration in tumor and
non-tumor tissues of children with chronic HBV infec-
tion. They detected a higher incidence of the HBV inte-
gration using a sensitive inverse polymerase chain
reaction (IPCR). This method was developed to amplify
unknown sequences that flank a region of a known
sequence (Fig. 1)™. This technique is very sensitive
because a nested polymerase chain reaction is used for
amplification of DNA. However, in some instances, it
fails to detect integrated HBV-DNA. For example, inte-
grants that do not contain a full four site of primer
escape detection. Alternatively, the flanking region that
does not contain an employed restriction enzyme diges-
tion site near the integration portion fails to be ampli-
fied. The latrer possibility is less likely because the
employed restriction enzymes are four base recognizing
cutters, the restriction site often appearing in common
nucleotide sequences. However, it sometimes the
restriction enzyme site is too near to the integration site
and consequently, the amplified flanking sequences are
too short to analyze. This could be avoided if one were
to use several different pairs of enzymes in order to ana-
lyze the samples. It is, thus, highly likely that the inci-
dence of integration of HBV-DNA in a host
chromosome is higher than that detected.
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Figure 1 Alu-polymerase chain reaction to detect the inte-
grated hepatitis B virus DNA in host chromosomes.
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Figure 2 Cellular DNA was amplified using primer HBVI
and Alu specific primer with 5-Tag sequence. Primers were
synthesized using dUTP. The amplified products were then
digested with uracil DNA glycosilase. Primers in the amplified
DNA were digested with this enzyme leaving complementary
sequences. The second round PCR was then carried out using
HBV?2 and a Tag primer. Only sequences that contain HBV-
DNA and Alu sequence were effectively amplified.

An alternative method used to detect integration of
HBV-DNA is Alu PCR (Fig. 2).° A recent study showed
that this method is very sensitive, detecting more than
70% of HCC related to HBV containing integrated
HBV-DNA." However, this approach might fail to
detect integrated HBV-DNA if the site of integration is
too far from the Alu sequences. Also, it is possible that
the flanking sequence contains a PCR resistant second-
ary structure or guanine—cytosine rich regions. Further-
more, similarly to IPCR, if the integrated sequence does
not contain a sequence for primers to anneal, the exam-
ined integration rate might be underestimated.

The high integration rate (related or unrelated to car-
cinogenesis) and the fact that the related hepadna virus,
the duck hepatitis B virus (DHBV), integrates into a
host genome very early after infection, show us that

S Takahashi and K Chayama

almost all infected cells conrain integrated HBV-
DNA.! However, previous studies have shown that a
greater proportion of HBV-DNA integrations are not
velated to cancer development. Although it is obvious
that chronic inflammation and fibrosis are main factors
for accelerated cell proliferation and transformation,
there are many steps to the development of HCC.
Although it remains unclear if the integration of HBV
plays an important role in hepatocarcinogenesis, it
might open up new avenues of research for hepatocar-
cinogenesis, for example, to improve the detection of
HBV-DNA integration (see Huang et al.”), and 1o con-
tinue the analysis of the effect of integrated HBV-DNA
to intracellular biological phenomenon. Tissues
obtained from HCC in children might be good candi-
dates for such analysis because they might cause a seri-
ous alteration in chromosomal genetic functions.
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Measurement of hepatitis B virus core-
related antigen is valuable for identifying
patients who are at low risk of lamivudine

resistance

Tanaka E, Matsumoto A, Suzuki F, Kobayashi M, Mizokami M, Tanaka Y,
Okanoue T, Minami M, Chayama K, Imamura M, Yatsuhashi H, Nagaoka
S, Yotsuyanagi H, Kawata S, Kimura T, Maki N, Iino S, Kiyosawa K, HBV
Core-Related Antigen Study Group. Measurement of hepatitis B virus core-
related antigen is valuable for identifying patients who are at low risk of
lamivudine resistance.
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Abstract:  Objective: The clinical usefulness of hepatitis B virus core-related
antigen (HBVcrAg) assay was compared with that of HBV DNA assay in
predicting the occurrence of lamivudine resistance in patients with chronic
hepatitis B. Patients: Of a total of 81 patients who were treated with
lamivudine, 25 (31 %) developed lamivudine resistance during a median
follow-up period of 19.3 months. Results: The pretreatment positive rate of
HBe antigen, or pretreatment levels of HBVerAg or HBV DINA did not differ
between patients with and without lamivudine resistance. Levels of both
HBVcrAg and HBV DNA decreased after the initiation of lamivudine
administration; however, the level of HBVcrAg decreased significantly more
stowly than that of HBV DNA. The occurrence of lamivudine resistance was
significantly less frequent in the 56 patients whose HBY DINA level was less
than 2.6 logcopy/ml at 6 months of treatment than in the remaining 25
patients. The cumulative rate of lamivudine resistance was as high as 70%
within 2 years in the latter group, while it was only 28% in the former group.
Lamivudine resistance did not occur during the follow-up period in the 19
patients whose HBVerAg level was less than 4.6 log Uyml at 6 months of
treatment, while it did occur in 50% of the remaining patients within 2 years.
Conclusion: These results suggest that measurement of HBV DNA is
valuable [or identifying patients who are at high risk of developing
lamivudine resistance, and that, conversely, measurement of H BVcrAg is
valuable for identifying those who are at low risk of lamivudine resistance.
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Lamivudine, a nucleoside analogue that inhibits
reverse transcriptases, was first developed as an
anti-viral agent against human immunodeficiency
virus (HIV). It was later also found to be elfective
against hepatitis B virus (HBV) because HBV is a
member ol the Hepadnaviridae family of viruses,
which use reverse transcriptases in their replica-
tion process (1, 2). Lamivudine was found to
inhibit the replication of HBV, reduce hepatitis,
and improve histological findings of the liver in
long-term treatment (3-5). Furthermore, it has
been shown that lamivudine treatment improves
the long-term outcome of patients with chronic
hepatitis B (6, 7). However, there are a number of
problems with lamivudine therapy, such as re-
lapse of hepatitis because ol the appearance of
YMDD mutant viruses and the reactivation of
hepatitis alter discontinuation of the treatment
(8-11).

The concentration of HBV DNA in serum
decreases and usually becomes undetectable dur-
ing lamivudine administration, but it rapidly
increases when HBV becomes resistant to lami-
vudine. Thus, the measurement of HBV DNA is
useful for monitoring the anti-viral effects of
lamivudine. However, a negative result of HBV
DNA in serum does not necessarily indicate a
good outcome of lamivudine therapy, because
lamivudine resistance may occur even if HBV
DNA levels remain undetectable during therapy
(11-13). Recently, a chemiluminescence enzyme
immunoassay (CLEIA) was developed in our
laboratory for the detection of hepatitis B virus
core-related antigen (HBVcrAg) (14, 15). The
assay reflects the viral load of HBV in a similar
manter to that used in assays, which detect HBV
DNA. HBVcrAg consists of HBV core and e
antigens; both proteins are transcribed from the
precore/core gene and their first 149 amino acids
are identical (16-18). The HBVcrAg CLEIA
simultaneously measures the serum levels of he-
patitis B core (HBc) and e (HBe) antigens, using
monoclonal antibodies, which recognize common
epitopes of these two denatured antigens. In the
present study, we analyzed the clinical signifi-
cance of the HBVcrAg assay in monitoring the
anti-viral effects of lamivudine treatment.

Patients and metheds
Patients

A total of 81 patients with chronic hepatitis B,
who received lamivudine therapy, were enrolled
in the present study. These were 58 men and
23 women with a median age of 49 years (range
24-79 years). The 81 patients were selected retro-

Prediction of lamivudine resistance

spectively from six medical institutions in Japan
{Shinshu University Hospital, Toranomon Hos-
pital, Nagoya City University Hospital, Kyoto
Prefectural University Hospital, Hiroshima Uni-
versity Hospital, National Nagasaki Medical
Center). Eight to 25 patients who met the follow-
ing three criteria were selected consecutively in
cach institution: the first, a daily dose of 100 mg
Jamivudine was administered for at least 6
months in a period from 1999 to 2004; the second,
histologically confirmed for chronic hepatitis
without liver cirrhosis; and the third, serum
samples at several time points available [or test-
ing. All patients were naive for lamivudine ther-
apy. Chronic hepatitis B was defined as positive
hepatitis B surface (HBs) antigen for more than 6
months with elevated levels of serum transami-
nases. The HBV genotype was A in two patients,
B in three and C in 76. Serum HBV DNA was
detectable in all patients, and HBe antigen was
positive in 51 (63%) of the 81 patients just before
lamivudine administration. The median foHow-
up period was 19 months with a range from 6 to
50 months. Follow-up of patients ended when
lamivudine administration was discontinued.
Written informed consent was obtained from
each patient.

The occurrence of lamivudine resistance was
defined as a rapid increase in serum HBV DNA
levels with the appearance of the YMDD muta-
tions during lamivudine administration. Using
this criteria, resistance appeared in 27 (33%) of
the 81 patients. The median period from the start
of lamivudine administration to the occurrence of
resistance was 12 months with a range [rom 4 to
37 months.

Serological markers for HBY

HBs antigen, HBe antigen and anti-HBe antibody
were tested using commercially available enzyme
immunoassay kits (Abbott Japan Co., Ltd., To-
kyo, Japan). Six major genotypes (A-F) of HBV
can be detected using the method reported by
Mizokami et al: (19), in which the surface gene
sequence amplified by polymerase chain reaction
(PCR) is analyzed by restriction fragment length
polymorphism. The YMDD motif, that is, lami-
vudine resistant mutations in the active site of
HRBV polymerase, was detected with an enzyme-
linked mini-sequence assay kit (HBV YMDD
Mutation Detection Kit, Genome Science La-
horatories Co., Ltd., Tokyo, Japan) (20).

Serum concentration of HBV DNA was deter-
mined using Amplicor HBV monitor kit (Roche,
Tokyo, Japan), which had quantitative range
from 2.6 to 7.6logcopy/ml. Sera containing
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over 7.0logcopy/ml HBV DNA were diluted
10- or 100-fold with normal human serum and
re-tested to obtain the end titer.

Serum concentrations of HBVcrAg were mea-
sured using the CLEIA method reported pre-
viously (10, 11). Briefly, 100pl, serum was
mixed with 50 pl. pretreatment solution contain-
ing 15% sodium dodecylsulfate and 2% Tween
60. After incubation at 70 °C for 30 min, 50 pL
pretreated serum was added to a well coated with
monoclonal antibodies against denatured HBc
and HBe antigens (HB44, HB61 and HB114)
and filled with 100 uL assay buffer. The mixture
was incubated for 2h at room temperature and
the wells were then washed with buffer. Alkaline
phosphatase-labeled  monoclonal  antibodies
against denatured HBc and HBe antigens
(HB91 and HB110) were added to the well, and
the mixture was incubated for 1h at room tem-
perature. Alter washing, CDP-Star with Emerald
1T (Applied Biosystems, Bedford, MA) was added
and the plate was incubated for 20 min at room
temperature. The relative chemiluminescence
intensity was measured, and the HBVcrAg con-
centration was determined by comparison with
a standard curve generated using recombinant
pro-HBe antigen (amino acids, 10-183 of the
precore/core gene product). The HBVcerAg con-
centration was expressed as units/ml (U/ml) and
the immunoreactivity of recombinant pro-HBe
antigen at 10{g/ml was defined as 1 U/ml. In the
present study, the cutofl value was tentatively set
at 3.0log U/ml. Sera containing over 7.0 log U/m!
HBVcrAg were diluted 10- or 100-fold in normal
human serum and re-tested to obtain the end
titer.

Statistical analysis

The Mann—Whitney U-test and Wilcoxon signed-
ranks test were utilized to analyze quantitative
data, and Fisher’s exact test was used for quali-
tative data. A log-rank test was used to compare
the occurrence of lamivudine resistance. Statisti-
cal analyses were performed using the SPSS 5.0
statistical software package (SPSS, Inc., Chicago,
IL). A P-value of less than 0.05 was considered to
be statistically significant.

Results

Table 1 shows a comparison of the clinical and
virological backgrounds of the 27 patients who
showed lamivudine resistance and the 54 patients
who did not. Median age, gender distribution and
median [ollow-up period did not differ between
the two groups, and the positive rate of HBe
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Table1. Comparison of the clinical and virological backgrounds of
patients who showed lamivudine resistance and those who did not

Appearance of lamivudine

resistance
Negative Positive
Characteristics (n=54) (n=27) P
Age (years)* 47.0 (24-79) 50.6 (34-67) 0.1407
Gender (male %) 74% 67% >0.21
Follow-up period 16 (6~50) 21 (9-43) >0.2t
(months)*
HBV genotype (A/B/C)  2/2/50 0/1/26 >0.21
HBe antigen (positive %) 59% 70% >0.21
ALT (1U/ml)*
Initial 85 (22-713) 95 (20-1140)  >0.2t
At 8 months 27 (11-1158) 30 (15-92) >0.2%
HBV DNA (log copy/miy*
Initial 7.0 (3.5-9.1) 7.3(4.2-9.2) =027
At 6 months <2.6 (<2.6-4.8) 3.3 (<2.6-6.6) <0.001¢
HBVerAg (log U/ml)*
Initial 6.2 («<3.0-8.8) 7.3(4.4-9.1) 0.073+
At 6 months 5.2 (<3.0-6.7) 58(4.7-8.4) <0.001%

HBe antigen, hepatitis B e antigen; HBV, hepatitis B virus; ALT, alanine
aminotransferase; HBVcrAg, HBVY core-related antigen. *Data are ex-
pressed as median (range). TMann-Whitney U test. ty>-test.

antigen was similar. Both HBV DNA and
HBVcrAg levels at the beginning of lamivudine
administration were similar between the two
groups; however, both HBV DNA and HBVcrAg
levels at 6 months after the start of lamivudine
administration were significantly lower in the
famivudine resistance negative group than in
the positive group. ALT level was normal at the
beginning in eight (15%) of the 54 patients with-
out lamivudine resistance and in two (7%) of the
27 patients with it (P>0.2).

foe]
L

HBVDNA (log copy/mL})
HBVerAg (log U/mL)

0 1 2 3 4 5 6
Months after starting lamivudine administration

Fig. 1. Changes in the median levels of hepatitis B virus core-
related antigen (HBVcerAg) and hepatitis B virus (HBV) DNA
during lamivudine administration. The box plots show the 10th,
25th, 50th, 75th and 90th percentiles, with the open hoxes
indicating HBV DNA and shaded boxes indicating HBVcrAg.
The median amount of decrease from the baseline in HBVerAg
levels was significantly smaller (Wilcoxon signed-ranks test)
than that in HBV DNA level at 1 (2.80logcopy/ml vs.
0.271log Ujml, P<0.001), 3 (3.60logcopy/ml vs. 0.83 log U/ml,
P<0.001) and 6 months (3.90logcopy/ml vs. 1.15logU/ml,
P < 0.001) after the initiation of lamivudine administration.



Figure 1 shows changes in HBV DNA and
HBVcrAg levels during lamivudine treatment in
all patients. The level of HBV DNA decreased
rapidly and became undetectable at 3 months after
treatment was initiated. On the other hand,
although HBVcrAg levels decreased continuously,
the median amount of decrease {rom the base-line
was significantly lower than that in HBV DNA
levels at 1, 3 and 6 months alter starting lamivu-
dine administration (Wilcoxon signed-ranks test,
P <0.001 at all analyzed points in time).

Changes in HBV DNA and HBVcrAg levels
during lamivudine administration are compared
in Fig. 2 between the 27 patients who showed
lamivudine resistance and the 54 patients who did
not. Serum HBV DNA levels were found to
decrease rapidly and become undetectable within
6 months in 45 (83%) of the 54 patients without
lamivudine resistance. On the other hand, only 11
(41%) of the 27 patients with lamivudine resis-
tance showed a similar rapid decrease, and the
HBV DNA levels of the remaining patients
stayed above the detection limit during the
follow-up period. HBVcrAg levels decreased but
did not reach levels lower than 4.7logU/ml
(5000 U/ml) in the 27 patients with lamivudine

Lamivudine resistance (-)

Prediction of lamivudine resistance

resistance. In 19 (35%) of the 54 patients without
lamivudine resistance, on the other hand, the
levels decreased to levels below 4.7log U/ml
within 6 months after the start of lamivudine
administration. The level of HBVerAg increased
rapidly as did the level of HBV DNA when
lamivudine resistance occurred.

The occurrence of lamivudine resistance was
significantly less frequent in the 56 patients whose
HBV DNA level was less than 2.6 Jogcopy/ml at 6
months alter the initiation of treatment than in the
remaining 25 patients (Fig. 3). The cumulative
occurrence of lamivudine resistance was as high as
70% within 2 years in the latter group, while it was
only 28% in the former group. There was no
occurrence of lamivudine resistance during the
follow-up period in the 19 patients whose HBV-
crAg levels were less than 4.6log U/ml at 6 months
after the initiation of lamivudine therapy (Fig. 3).
On the other hand, lamivudine resistance occurred
in 50% of the remaining patients within 2 years.

flispussion

The HBVcrAg assay is a unique assay, which
measures the amounts of ¢ and core antigens

Lamivudine resistance (+)

HBVDNA (log copy/mL)
W A OO N O ©

HBVcrAg (fog U/ml)

0 3 6 9 12 15 18 21

0 3 6 9 12 15 18 21 24

Months after starting lamivudine administration

Fig.2. Comparison of changes in serum hepatitis B virus (HBV} DNA and serum HBYV core-related antigen (HBVcrAg) levels
between patients who showed lamivudine resistance and those who did not. The broken lines indicate the detection limit of each assay.
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HBV DNA HBVcrAg
>2.6 log copy/mL (n=25
80 g copy/mL (n=25) 80
>4.7 log U/mL (n=62)
5 = 70 70
R
28 604 60 4
© c
g 8 50 504
2%
S 8§ 404 40
22 304 30
83
22 20 20
£
=) 4 . —
a8 10 <2.6 log copy/mL. (n=56) 10 <4.7 log U/mL (n=19)
0- 0 fi-H-HH ——HH
T T T T T T T T T T T T T T T T T T T — T
0 6 12 18 24 30 36 42 48 54 0 6 12 18 24 30 36 42 48 54

Months after starting lamivudine administration

Fig.3. Comparison of the cumulative occurrence of lamivudine resistance between patients who showed hepatitis B virus (HBV)
DNA levels of less than the detection limit (2.6 log copy/ml) at 6 months after starting lamivudine administration and those who did
not (left figure), and similarly between patients who showed HRBV core-related antigen (HBVerAg) levels of less than 4.7 log U/ml and

those who did not (right figure).

coded by the core gene of the HBV genome with
high sensitivity and a wide quantitative range.
Serum HBVcrAg levels reflect the viral load in
the natural course because these levels correlate
linearly with those of HBV DNA (14, 15). On
the other hand, the character of HBVcrAg is
somewhat different from that of HBV DNA in
patients undergoing anti-viral therapies such as
lamivudine. That is, HBVcrAg levels decrease
significantly more slowly than those of HBV
DNA after the initiation of lamivudine adminis-
tration.

HBYV is an enveloped DNA virus containing a
relaxed circular DNA genome, which is converted
into a covalently closed circular DNA (cccDNA)
episome in the nucleus of infected cells (18, 21—
23). The cccDNA molecules serve as the tran-
scriptional template for the production of viral
RNAs that encode viral structural and non-
structural proteins. Reverse transcription of the
viral pregenomic RNA and second-strand DNA
synthesis occur in the cytoplasm within viral
capsids formed by the HBV core protein. Because
lamivudine, a nucleoside analogue, inhibits re-
verse (ranscription of the pregenomic RNA, it
directly suppresses the production of HBV virion.
Thus, serum HBV DNA levels decrease rapidly
after the initiation of lamivudine administration.
On the other hand, the production of viral
proteins is not suppressed by lamivudine because
the production process does not include reverse
transcription. Furthermore, it has been reported
that the amount of cccDNA, which serves as a
template for mRINA, decreases quite slowly after
starting the administration of nucleoside analo-
gues (24-26). Thus, it is reasonable that serum
HBVcrAg levels decrease much more slowly than
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HBV DNA levels after the initiation of lamivu-
dine therapy.

Significant markers that can predict the pre-
sence or absence of lamivudine resistance are
clinically valuable because the emergence of this
resistance and the subsequent recurrence of he-
patitis are f[undamental problems in lamivudine
therapy. Serum markers that reflect the activity of
HBYV replication have been reported to be asso-
ciated with the occurrence of lamivudine resis-
tance (11, 12, 27, 28). However, neither the
pretreatment existence of HBe antigen nor pre-
treatment levels of HBV DNA or HBVcrAg were
found to be significant markers in the present
study. These results may reflect a weak associa-
tion between the pretreatment activity of HBV
replication and the occurrence of lamivudine
resistance (13, 29). Changes in HBV DNA and
HBVcrAg levels after starting lamivudine admin-
istration clearly differed between patients with
and without lamivudine resistance. Thus, HBV
DNA and HBVcrAg levels at 6 months after
starting Jamivudine administration were analyzed
to determine whether these levels might serve as
predictive markers; both were found to be sig-
nificantly lower in patients without lamivudine
resistance at the tested point in time. Further-
more, patients who showed higher levels of HBV
DNA and HBVerAg at 6 months after the initia-
tion of treatment were significantly more likely to
develop lamivudine resistance than those who
showed lower levels.

We believe that the measurement of HBV
DNA levels is useful to identify patients who
are at high risk for lamivudine resistance because
as many as 70% of patients who were positive for
HBV DNA at 6 months alter starting lamivudine



administration developed lamivudine resistance
within 2 years. However, a negative result ol
HBV DNA at 6 months does not necessarily
guarantee the absence of lamivudine resistance
because nearly 30% of such patients developed
resistance within 2 years. On the other hand,
HBVcrAg levels of less than 4.7logU/ml at 6
months are a useful indicator of patients who are
unlikely to develop lamivudine resistance, be-
cause no such patients developed resistance dur-
ing the follow-up period in the present study.
Lower serum HBVcrAg levels may reflect lower
levels of cccDNA in hepatocytes because the
mRNAs of HBVcrAg are transcribed [rom the
cccDNA (18, 22, 23). This possibility may explain
our finding that patients whose HBVcrAg levels
decreased sufficiently were unlikely to develop
lamivudine resistance, because cccDNA provides
the templates for viral and pregenomic messenger
RNA (18, 22, 23), which may be a source of
lamivudine-resistant strains.

In conclusion, our results suggest that measure-
ment not only of HBV DNA but also of
HBVerAg is useful for predicting the occurrence
of lamivudine resistance. HBV DNA measure-
ment is valuable for identilying patients who are
at high risk of developing this resistance and
HBcrAg measurement is valuable for identifying
those who are at low risk.
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Hepatitis C Virus Core Protein Modulates Fatty
Acid Metabolism and Thereby Causes Lipid
Accumulation in the Liver
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We studied the roles of hepatitis C virus (HCV) core protein in hepatic steatosis and changes in hepatic
lipid metabolism. HCV core protein expression plasm id was transfected in HepG?2 . Triacylglyceride
(TG) and mRNA level associated with lipid metabolism were measured. Male C57BL/6 mice were
infected with HCV core recombinant adenovirus and used for lipids and mRNA studies. In HCV
core protein-expressing cells, peroxisome proliferator-activated receptor (PPAR)er, multidrug resis-
tance protein (MDR) 3, and microsomal triglyceride transfer protein (MTP) were down-regulated
48 hr after transfection. In HCV core protein-expressing mice, hepatic TG content and hepatic thio-
barbituric acid-reactive substances increased. PPAR«, MDR2, acyl-CoA oxidase (AOX), and carni-
tine palmitoyl transferase-1 (CPT-1) were down-regulated. HCV core protein down-regulated lipid
metabolism-associated gene expression, Mdr2, CPT, and AOX, accompanied by down-regulation of
PPARq. There findings may contribute to the understanding of HCV-related steatosis, induction of

reactive oxygen species, and carcinogenesis.

KEY WORDS: HCV core profein; steatosis; nuclear receptor; ABC ransporter.

Chronic hepatitis C virus (HCV) infection results in
necroinflammatory liver disease that is characterized by
the insidious progression of hepatic fibrosis and the loss
of functioning hepatocytes (1-3). Little is known about
the molecular mechanisms underlying liver injury due to
infection with this virus, but a cell-mediated immune re-
sponse associated with prominent lymphocytic infiltration
of hepatic tissues is thought to play a major role (4, 5). In
addition, various observations have suggested that nonim-
mune mechanisms may also play an important role. These
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findings include the frequent presence of hepatic steatosis
in patients with chronic hepatitis C, an abnormality that is
not often observed in other inflammatory conditions such
as autoimmune hepatitis and chronic hepatitis B (6-9).
Also, a considerable number of in vitro studies have sug-
gested that expression of various HCV proteins may lead
to alterations of lipid metabolism and transport, cell cy-
cle dysregulation, increased or decreased susceptibility to
apoptosis, and cellular transformation (10-17). In partic-
ular, HCV core protein has been suggested to contribute
to hepatic steatosis (18~20), induction of reactive oxygen
species (ROS) (19-21), and hepatic carcinogenesis (22).
Regarding HCV core protein-induced steatosis, the fol-
lowing findings have been reported: (a) HCV core protein
interacts with apoA2, a major component of high-density
lipoprotein (10, 23), (b) HCV core protein interferes with
the assembly of very low-density lipoprotein (VLDL)
by reducing the level of microsomal triglyceride transfer
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1. Adenoviruses for in vivo experiments
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Fig 1. Constructs of recombinant adenoviruses and plasmids employed in this study. See Materials and Methods.
ATG, start codon; G poly(A), rabbit A-globin poly(A), CAG promoter; cytomegalovirus enhancer, chicken B-actin

promoter, and rabbit f-globin poly(A); Ad5, adenovirus type 5 genome lacking E1A, EIB, and E3.

protein (24), and (c) HCV core protein causes steatosis
due to mitochondrial toxicity and production of ROS (19,
20). However, the details of the interaction between HCV
and lipid metabolism remain unclear. Hepatocytes rep-
resent the crossroads of various metabolic pathways, so
HCYV may interfere with lipid metabolism via one or sev-
eral pathways. To investigate the role of HCV core pro-
tein in steatosis and the accompanying changes in hepatic
lipid metabolism, we focused on fatty acid metabolism-
associated proteins, including those involved in fatty acid
oxidation and lipid transport into blood and bile, as well
as nuclear receptors.

MATERIALS AND METHODS

Plasmid and Recombinant Adenovirus. The comple-
mentary DNA clone of the full-length HCV core protein
(amino acids [aa] 1-191) was derived from the serum
of a patient with HCV 1b by reverse transcription and
nested polymerase chain reaction. First-strand primers
were 5-CTGCTAGCCGAGTAGTGTTG-3 and 5-
CATTGAGGACCACCAGGTTCT-3', while second-strand
primers were 5'-CGGGAATTCTCGTAGACCGTGCACCATG
AGC-3 and 5-GTTGGGATCCTCCTAAGCGGAAGCTGG
GAT-3'. The gene was inserted into pBluescript (Stratagene,
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La Jolla, CA, USA) and cloned. Then it was made to cor-
respond with HCV 132996 (GenBank) using a QuikChange
Site-Directed Mutagenesis kit (Stratagene). The HCV core
protein expression plasmid (pCAG-HCVcore), a control
plasmid (MOK), and a p-galactosidase expression plasmid
(pCAG-LacZ) were prepared using an adenovirus expression
vector kit (Takara Biotechnology, Tokyo) (25, 26). The HCV
core gene was inserted into the Swal site in cosmid vector
pAxCAwt, which is a 44.741-kilobase cosmid containing a
31-kilobase adenovirus type 5 genome lacking the E1A, E1B,
and E3 genes, but including the cytomegalovirus enhancer,
chicken f-actin promoter, and rabbit f-globin poly(A) signal
(pPAXCAIHCVcore). The cosmid vector pAxCAilLacZ, with
the B-galactosidase gene inserted into pAxCAwt, was included
in the adenovirus expression vector kit. These three vectors
(pAxCAwt, pAxCAIHCVcore, and pAxCAilLacZ) were di-
gested at the Sall site and ligated, yielding the pCAG-MOK,
pCAG-HCVcore, and pCAG-LicZ expression plasmids for
cell transfection experiments. The cosmid pAxCAiHCVcore or
pAxCAiLacZ was cotransfected into 293 cells with adenovirus
DNA by calcium phosphate precipitation. Incorporation of the
expression cassette was confirmed by digestion with Clal.
Recombinant adenovirus (AdexCAHCVcore or AdexCAlacZ)
was propagated in 293 cells and the viral titer was determined
as the 50% tissue culture infectious dose using 293 cells. These
viruses were used for animal experiments (Figure 1).

Cell Culture. HepG2 cells were seeded into 56-cm? tissue
culture dishes in Dulbecco’s modified Eagle’s medium (DMEM)
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