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iGENE (Tsukuba, Japan). We selected one sequence, si-Nuc,
and, as a control for siRNA transfection, we utilized siRNA
for luciferase (si-Luc) (GL3 luciferase duplex). Forty-eight
hours after electroporation of each siRNA, at a concentra-
tion of 1 pM, into Huh7-DMB, the lysates were analyzed by
Western blotting analysis with two kinds of antibody to
nucleolin. We found that both anti-nucleolin antibodies de-
tected the expression of endogenous nucleolin. Although
si-Nuc efficiently knocked down the expression of endoge-
nous nucleolin, si-Luc did not (Fig. 3), showing the speci-
ficity of the former. In addition, real-time PCR showed that
si-Nuc decreased nucleolin mRNA by about one-third com-
pared with si-Luc (data not shown).

Effect of nucleolin suppression on HCV replication. To test
the effect of nucleolin knockdown on HCV RNA replica-
tion, we transfected 1 pM of si-Nuc or si-Luc along with 100
ng of replicon MA RNA into Huh7-DMB cells and selected
the cells with G418. As shown in Fig. 4, we found that
cotransfection of si-Nuc reduced the number of G418-resis-
tant colonies, whereas cotransfection of si-Luc did not (Fig.
4). As a control for the efficient transfection of siRNA, we used
si-HCV, which targets the HCV internal ribosome entry site
and can efficiently suppress HCV replication, as described pre-
viously (51). Using this siRNA, we observed no G418-resistant
colonies, indicating that SiRNA was efficiently transfected un-
der these experimental conditions. To rule out the possibility
that suppression of nucleolin may have a detrimental effect on
cells and may inhibit HCV RNA replication, we transfected
pCI-Neo, which encodes a neomycin resistance gene under the
control of a CMV promoter/enhancer, into Huh7-DMB cells,

with or without si-Nuc and si-Luc, and selected the cells with
0.5 mg/dl G418. We found that the suppression .of nucleolin
expression did not significantly reduce the number of G418-
resistant colonies (data not shown). In addition, massive cell
death was not observed after the transfection of any siRNA
(data not shown). These results indicate that the transient
suppression of nucleolin may not affect cell proliferation but
that nucleolin may affect the HCV replication complex itself.
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FIG. 3. Knockdown of endogenous nucleolin by siRNA. Huh7-
DMB cells were electroporated with 1 M si-Nuc and si-Luc. After
48 h, total cell lysates were fractionated by SDS-10% PAGE and
subjected to Western blot analysis with the anti-nucleolin antibodies
anti-nucleolin-1 (103C) in A and anti-pucleolin-2 (C23) in B and anti-
B-actin antibody in C. Lanes: 1, cells transfected with si-Nug; 2, cells
transfected with si-Luc; 3, no siRNA [si(-)}.
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FIG. 4. Effect of suppression of endogenous nucleolin on HCV replication in the MA replicon. Huh7-DMB cells were electroporated with 1
ug of in vitro-transcribed MA RNA plus si-Nuc, si-Luc, si-HCV, or no siRNA [si(—)], and G418-resistant cells were selected with 1 mg/m} G418
and were stained 4 weeks later. (A) Mean number of G418-resistant colonies per 10-cm-diameter cell culture dish per 1 pg replicon RNA. Error
bars indicate the standard deviations of the results from at least three independent experiments. (B) Visualization of G418-resistant colonies, as

described in Materials and Methods.

Because the knockdown effect of siRNA does not continue
for more than 3 weeks after transient transfection, the number
of G418-resistant colonies may nct be a good indicator of HCV
RNA replication. We therefore performed a transient replica-
tion assay using a replicon in which the neomycin resistance
gene was replaced by a luciferase gene, and luciferase activity
was used as a marker of HCV RNA replication. Transfection
of MH14 RNA, which was used as the wild-type replicon, into
a subline of Huh7 cells resulted in highly efficient luciferase
activity, whereas a polymerase-defective RNA replicon of
MH14, MH4GHD, in which the catalytic GDD motif of NS5B
polymerase was replaced by an inactive GHD motif, was used

as a negative control (Fig. S5A). si-HCV and si-Luc suppressed
the luciferase activity even at 24 h after transfection, but other
siRNAs did not affect the luciferase activity, and luciferase
activities in these siRNAs were similar to that of the control
(no siRNA) at this point (Fig. 5B). We found that cotransfec-
tion of si-Nuc moderately suppressed both luciferase activity at
72 h after transfection and relative luciferase activity, whereas
cotransfection of si-GFP and si-Mix did not (Fig. 5B and C).
Cotransfection of si-HCV and si-Luc almost completely sup-
pressed luciferase activity at 72 h after transfection. In a tran-
sient replication assay, the suppression of endogenous nucleo-
lin also inhibited HCV replication.
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FIG. 5. Effect of suppression of endogenous nucleolin on HCV
replication in the LMH14 replicon. (A) Schematic representation of
the luciferase replicon. In the LMH14 replicon, the neomycin resis-
tance gene was replaced by a luciferase gene, and 5232 of NS5A was
replaced by R. In the LMH14/GHD replicon, the NS5B GDD motif in
1LMH14 was changed to GHD and used as a negative control. (B) Cells
were transfected with in vitro-transcribed LHH14 or ILMHI14/GHD
RNA along with 2 pM of si-Mix, si-GFP, si-Nuc, si-Luc, si-HCV, or no
siRNA [si(—)] using the DMRIE-C reagent, and luciferase activity
(relative light units [RLU]) was measured 24 and 72 h after transfec-
tion. Shown are the activities at 24 and 72 h. Error bars indicate the
standard deviations of the results from at least three independent
experiments. (C) Activity at 24 b was used as an indication of each
transfection. Shown are the ratios of activity (percent) at 72 h relative
to that at 24 h. Error bars indicate the standard deviations of the
results from at least three independent experiments.
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To rule out the cytotoxic effects of the suppression of en-
dogenous nucleolin, we transfected pGL3 control, with or
without each siRNA, and measured luciferase activity 48 and
72 h after transfection. We found that cotransfection of each
siRNA did not inhibit Juciferase activity at both 48 and 72 h
(Fig. 6), indicating that both suppression of nucleolin and
transfection of siRNA did not have detrimental effects on
transfected cells.

DISCUSSION

HCV replication has been found to take place in a distinctly
altered membrane structure, or membranous web, of the en-
doplasmic reticulum (11). When HCV NS proteins are co-
expressed in stable cell lines harboring replicons, they colocalize
to these membrane structures, indicating that they might form
a complex (16, 39, 47). These nonstructural proteins, together
with host factors, form the viral replicase, the complex in which
viral replication is thought to take place. The in vitro level of
the RdRp activity of NS5B is low (12), indicating that cofac-
tors, whether viral and/or host proteins and/or the appropriate
cellular environment, are necessary for optimal activity of
HCV RdRp. HCV NS5B has been reported to interact with
NS3, NS4A, NS4B, NS5A, and NS5B itself (9, 48, 57, 65).
Using an HCV subgenomic replicon, we previously reported
the critical role of the interaction between NS5A and NS5B
and the oligomerization of NS5B itself in HCV replication (36,
56). NS3 and NS4B have been shown to be positive and neg-
ative regulators, respectively, of NS5B in the replication com-
plex (46).

In addition to interacting with HCV nonstructural proteins,
NS5B has been reported to interact with many host proteins,
including a SNARE-like protein (62); ¢IF4AII, an RNA-de-
pendent ATPase/helicase; a component of the translation ini-
tiation complex (30), protein kinase C-related kinase 2, which
specifically phosphorylates NS5B (27); and p68, a human RNA
helicase I (15). The suppression of protein kinase C-related
kinase 2 has been reported to reduce the phosphorylation of
NS5B and to inhibit HCV RNA replication (27), and the
suppression of p68 has been reported to inhibit the synthesis of
negative-strand HCV RNA from the positive strand (15).

Several host proteins have been shown to interact with
RdRp of other RNA viruses. For example, in poliovirus, an
RdRp and an RdRp precursor interact with human Sam68
(38) and heterogeneous nuclear ribonucleoprotein C1/C2
(5), respectively, and modulate RdRp activity directly or
indirectly. Bromo mosaic virus RdRp and tobacco mosaic
virus RdRp interact with eukaryotic initiation factor 3 and
eukaryotic initiation factor 3-related factor, altering RdRp
activity (45, 50).

Here and in a previous report, we identified and character-
ized the interaction between nucleolin and HCV NS5B (20).
Nucleolin was originally identified as a common phosphopro-
tein of growing eukaryotic cells, although its function is not
completely understood. Nucleolin is a multifunctional protein
that shuttles between the nucleus and cytoplasm. In addition, it
is expressed on the surface of various cells, acting as a receptor
for various ligands, including lipoproteins (55), cytokines,
growth factors (6, 52, 60), the extracellular matrix (10, 18, 25),
bacteria (58), and viruses (4, 8, 21, 41-44).
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FIG. 6. Effect of suppression of endogenous nucleolin on cell proliferation. The plasmid pGL3 control, encoding the luciferase gene under the
control of the CMV promoter/enhancer, was cotransfected with 2 pM of si-Mix, si-GFP, si-Nuc, si-HCV, or no siRNA [si{(—)] using DMRIE-C
reagent, and luciferase activity was measured 48 and 72 h after transfection. The error bars indicate the standard deviations of the results from

at least three independent experiments.

We found that recombinant C-terminal nucleolin proteins
can bind NS5B and inhibit its RARp activity in a dose-depen-
dent manner (20), suggesting that nucleolin may affect HCV
replication by interacting with NS5B. The direct interaction of
nucleolin with HCV NS5B in vivo and in vitro was shown to
require two critical stretches of NS5B. Here, we showed that
within one of these regions, aa 208 to 214, the W208 residue
was critical for both binding of nucleolin and HCV replication.
Transient down-regulation of endogenous nucleolin by siRNA
considerably inhibited HCV replication in Huh7 cells. These
results strongly indicate that nucleolin has an important role in
HCV replication through its direct interaction with NS5B.

Our finding of an important positive role for nucleolin in
HCV replication is apparently inconsistent with previous find-
ings of an inhibitory role for nucleolin. It was previously re-
ported that purified C-terminal nucleolin proteins inhibited
the RdRp activity of NS5B in vitro. The latter result, however,
may have been due to the use of recombinant truncated nucleolin
proteins, because recombinant full-length nucleolin was not avail-
able (70). Taken together, however, these results indicate that
N-terminal nucleolin may be important for the positive function
of nucleolin in HCV replication, although the NS5B-binding re-
gion is within the RGG domain and RNA-binding domain 4 is at
the C terminus.

Transfection of the mutant replicon containing NS5B W208A,
which could not bind nucleolin, led to almost no HCV replication.
By contrast, the suppression of nucleolin by siRNA moderately
inhibited HCV replication, a result also observed with the tran-

sient assay using luciferase reporter replicon and G418-resistant
colony formation. While HCV replication was completely inhib-
ited by MA/W208A, replication was only partially inhibited by
si-Nuc, indicating that si-Nuc can transiently suppress, but cannot
eliminate, expression of endogenous nucleolin. Recently, nucleo-
lin was reported to inhibit cell cycle progression after heat
shock and genotoxic stress by increasing complex formation
with human replication protein A (26). When pGL3 control or
pClI-Neo was cotransfected with si-Nuc, the luciferase activity
or the number of G418-resistant colonies was not reduced,
strongly suggesting that the moderate inhibition of nucleolin
expression did not have severe cytotoxic effects on siRNA-
transfected cells. More efficient suppression of nucleolin may
result in more severe inhibition of HCV RNA replication. It is
therefore important to determine whether nucleolin is dispens-
able in mammalian cells as it is in Saccharomyces pombe (17)
and Saccharomyces cerevisiae (31), since nucleolin may consti-
tute a putative therapeutic target to inhibit HCV replication.

Using a clustered alanine substitution mutant library (CM)
of NS5B, we previously showed that two stretches of NSSB
amino acids, aa 208 to 214 and 500 to 506, were critical for
nucleolin binding. According to the crystal models of NS5B,
the former stretch is in the palm and the latter stretch is in the
bottom of the thumb domain. We focused on identifying res-
idues in aa 208 to 214 that are essential for nucleolin binding
and HCV replication, as the CM mutant of aa 500 to 506 was
defective in RdRp activity in vitro and HCV replication in vivo
(36, 48, 49). We found that the W208 residue was critical for
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both nucleolin binding and HCV replication. This residue is
exposed to solvent at the edge of the palm and is not close to
the catalytic pocket.

Nucleolin may stabilize monomeric NS5B, making it ready
for oligomerization to NS5B, or it may facilitate the formation
of a complex between NS5B and template RNA. In both cases,
a substoichiometric amount of nucleolin may be required tran-
siently at a step prior to the catalytic RdRp reaction of NS5B.
Efforts to determine the contribution of amino acid residues
500 to 508 to nucleolin binding and HCV replication in vivo
are ongoing and may reveal further correlations. We found
that another mutant replicon, MA/K211A, reduced the num-
ber of G418-resistant colonies compared with the wild type and
the other mutants. Because K211A of NS5Bt is close to the
pocket of catalytic activity and did not affect binding to nucleo-
lin, K211 may contribute to the structural integrity of the
pocket or the heat-stable property of RdRp as reported pre-
viously (36).

Efficient HCV replication and infection in tissue-cultured
cells by using full-length HCV RNA replicons have been re-
ported previously (32, 63, 72). HCV replication occurs in dif-
ferentiated subceliular fractions and involves dynamic com-
plexes of structural proteins, nonstructural proteins, and HCV
RNA demarcated by membrane structures. It is therefore of
great interest to determine whether nucleolin is involved in
such HCV-replicating intermediates in compartmented subcel-
tular structures.
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G to A hypermutation of Hepatitis B virus (HBV) and retroviruses appears as a result of deamination
activities of host APOBEC proteins and is thought to play a role in innate antiviral immunity. Alpha
and gamma interferons (IFN-a and -7) have been reported to upregulate the transcription of
APOBECSG, which is known to reduce the replication of HBV. We investigated the number of
hypermutated genomes under various conditions by developing a quantitative measurement. The
level of hypermutated HBV in a HepG2 cell line, which is semi-permissive for retrovirus, was 2.3 in
10* HBV genomes, but only 0.5 in 10 in permissive Huh7 cells. The level of APOBEC3G
mRNA was about ten times greater in HepG2 cells than in Huh7 cells. Treatment of HepG2 cells
with either [FN-x or -y increased the transcription of APOBEC3G and hypermutation of HBV. These
mRNAs and hypermutation of HBV genomes were induced more prominently by IFN-y than by
IFN-2. Both IFNs decreased the number of replicative intermediate of HBV. Overexpression of
APOBEC3G reduced the number of replicative infermediate of HBV and increased hypermutated
genomes 334 times, reaching 968 in 10? genomes. Deamination-inactive APOBEC3G did not
induce hypermutation, but reduced the virus equally. Our results suggest that APOBEC3G,
upregulated by IFNs, has a dual effect on HBV: induction of hypermutation and reduction of virus
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synthesis. The effect of hypermutation on infectivity should be investigated further.

INTRODUCTION

Hepatitis B virus (HBV) is a small, enveloped DNA virus
with partially double-stranded DNA as a genome (Ganem &
Schneider, 2001; Seeger & Mason, 2000). The virus replicates
through transcription of pregenome RNA and reverse
transcription, like retroviruses (Skalka & Goff, 1993;
Summers & Mason, 1982). Infection with HBV causes
chronic hepatitis and often leads to liver cirrhosis and
hepatocellular carcinoma (Wright & Lau, 1993; Bruix &
Llovet, 2003; Ganem & Prince, 2004).

Recent reports have shown that a cytidine deaminase,
APOBEC3G, which is packaged in human immunodefi-
ciency virus (HIV) virions in non-permissive cells, induces
G to A hypermutation to a nascent reverse transcript of HIV
and serves as part of the innate antiviral activity (Mangeat
et al., 2003; Zhang et al., 2003; Lecossier et al., 2003; Harris

et al., 2003), Recent studies have demonstrated that a small
number of HBV DNA in serum samples of patients with
chronic HBV infection contains hypermutated genomes
(Gunther et al,, 1997; Suspene et al., 2005a; Noguchi et al,
2005). We reported previously that there are small numbers
of hypermutated genomes in serum samples of the majority
of patients with chronic HBV infection and that G to A
hypermutation could be induced in cultured liver cells
derived from HepG2 cell lines (Noguchi et al., 2005) using a
peptide nucleic acid-mediated PCR clamping method.
Suspene et al. (2005a) developed the more sensitive
differential DNA denaturation (3D)-PCR method to
detect hypermutated genomes and found that some
APOBEC proteins induce G to A, and in some cases C to
T, hypermutations in HBV DNA (Suspene et al., 2005a).
Why only a very small proportion of the HBV genome is
hypermutated is unknown at present. Furthermore, the
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mechanism that controls the level of APOBEC protein
expression and degree of hypermutation has not been fully
investigated. Recently, Tanaka et al. (2006) identified an
interferon (IFN)-stimulated response element (ISRE) in the
promoter region of APOBEC3G and showed that IFN-«
upregulates transcription of APOBEC3G. Peng et al. (2006)
also reported that IFN-z and -y upregulate mRNA
transcription of APOBEC proteins. However, these reports
did not analyse whether increased numbers of APOBEC
proteins actually increase hypermutation. More recently,
Bonvin et al (2006) demonstrated that IFN induces
transcription of APOBEC proteins and increases hypermu-
tation of HBV.

IENs are cytokines that play a major role against many
pathogens (Samuel, 2001; Colonna et al,, 2002; Grandvaux
et al., 2002). We also reported in a previous study that both
[FN-o and -y reduce virus replication in stably HBV-
transfected cell lines without inducing a remarkable increase
in G to A hypermutation (Noguchi ef al,, 2005). However,
the method used in previous experiments for detection of
hypermutation was not as sensitive as the method of
Suspene et al. (2005z, b) and not quantitative. To assess the
level of hypermutation, a reliable measurement of hyper-
mutated genome is needed. In the present study, we
developed a new and sensitive method for the measurement
of hypermutated genome levels. Using this method, we
show here that both IFN-2 and -y increased the levels of
hypermutated genomes in cultured cell lines. Furthermore,
both IFNs increased the mRNA level of APOBEC3G. We
also performed overexpression experiments to examine
whether APOBEC3G and its inactive mutants increase the
levels of hypermutation and reduce HBV replication.

METHODS

Plasmid constructs. The expression vector for haemagglutinin
(HA)-tagged human APOBEC3G, pcDNA3/HA-A3G, was con-
structed as described previously (Kobayashi et al, 2004).
APOBEC3F ¢DNA was obtained by modifying APOBEC3F like
(IMAGE clones from Open Biosystems) to have the same sequence
as human APOBEC3F transcript variant 1 (GenBank NM_145298)
and cloned into pcDNA3/HA (Invitrogen). APOBEC3G mutants
were constructed using a QuikChange mutagenesis kit (Stratagene).
The construction of wild-type HBV 1.4 genome length, pTRE-HB-
wt, has been described previously (GenBank accession no.
AB206816) (Tsuge ef al., 2005).

Cell culture and transfection. Huh7 and HepG2 cell lines were
grown in Dulbecco’s modified Eagle’s medium supplemented with
10 % (viv) fetal calf serum at 37 “C in 5% CO,. Cells were seeded to
semi-confluence in six-well tissue culture plates. Transient transfec-
tion of the plasmids into HepG2 and Huh7 cell lines was performed
using TransIT-LT1 (Mirus) according to the instructions provided
by the supplier. A plasmid encoding a secreted form of human pla-
cental alkaline phosphatase (SEAP) was co-transfected to adjust the
transfection efficiency. The SEAP assay in the culture medium was
performed uvsing the Great EscAPe SEAP Reporter System 3 (BD
Bioscience).

T23 cells are HepG2 cells stably transfected with the plasmid pTRE-
HB-wt. They were cultured using a method described previously

(Tsuge et al., 2003). Cells were seeded to semi-confluence in six-well
tissue culture plates and then treated with medium containing either
IFN-2 (Hayashibara Biochemical Laboratories) or IFN-v (Shionogi &
Co.). The cells were harvested 12-72 h after IFN treatment. Core-
associated HBV DNA was extracted from the cells for HBV DNA
quantification and quantitative analysis of G to A hypermutated
genomes (Noguchi ef al., 2005).

Analysis of core-associated HBV DNA. The cells were harvested
4 days after transfection and lysed with 250 pl lysis buffer {10 mM
Tris/HCl pH 7.4, 140 mM NaCl and 0.5 % (v/v) NP-40] followed by
centrifugation for 2 min at 15000 g The core-associated HBV
genome was immunoprecipitated from the supernatant by mouse
anti-core monoclonal antibody anti-HBc determinant « (Institute of
Immunology, Tokyo, Japan) and subjected to quantitative analysis
after SDS/proteinase K digestion followed by phenol extraction and
ethanol precipitation. Quantitative analysis was performed by real-
time PCR using the 7300 Real-Time PCR system (Applied
Biosystems). The primers used for amplification were #1, 5'-
ACTTCAACCCCAACAMRRATCA-3' (nt 2978-2999) [numbers are
those of HBV subtype C reported by Norder et al (1994)] and
#2, 5'-AGAGYTTGKTGGAATGTKGTGGA-3" (nt 24-1), where M
is A/C, R is G/A, Y is T/C and K is G/T. The probe was a 6-carboxy-
fluorescein (FAM)-labelled minor-groove binder (MGB) probe, 5'-
(FAM)-TTAGAGGTGGAGAGATGG-(MGB)-3' (nt 3184-3167).
Real-time PCRs were set up in 25 pl TagMan Universal Master
Mix with 1 ul DNA solution, 0.9 pM each primer and 0.25 pM
probe. The amplification conditions were 2 min at 30°C, 10 min
at 95°C, followed by 40 cvcles of amplification (denaturation at
95°C for 15 s, annealing at 55 “C for 30 5 and extension at 62 °C for
90 s).

Amplification and analysis of hypermutated HBV genomes
by 3D-PCR. HBV DNA was extracted from 100 pl serum obtained
from a chronic HBV carrier (genotype C) by SMITEST (MBL
International) and was dissolved in 20 pl H,O. Hypermutated gen-
omes were detected by modified 3D-PCR using primers #1 and
#2 and DNA solution from serum containing 8.0 x 107 or 2.3 x 10°
copies of core-associated HBV DNA in 25 pl of 100 mM Tris/
HCl pH 8.3, 50 mM KCl, 15 mM MgCl,, 0.2 mM each dNTP,
10 pmol each primer and 125U Taq DNA polymerase (Gene
Taq, Nippon Gene Co.), together with 0.25 pg anti-Tag high
(TOYOBO Co.). The amplification conditions included an initial
denaturation step at 83-95°C for 5 min, followed by 45 cycles of
denaturation at 83-95“C for 1 min, annealing at 50°C for 30,
extension at 72°C for 30 s followed by 10 min of final extension.
Amplicons were separated by electrophoresis on 2% (w/v)
agarose gel, cloned and sequenced in an ABI PRISM 3130 Genetic
Analyzer with a BigDye Terminator version 3.1 cycle sequencing
ready reaction kit (Applied Biosystems). The PCR products were
also analysed on Hanse Analytik (HA)-yellow ge as described pre-
viously (Suspene et al, 2005b; Tsuge et al, 2005; Abu-Daya et al,
1995).

Quantitative analysis of hypermutated genomes by real-time
PCR. Hypermutated genomes were quantified by real-time PCR
using the 7300 Real-Time PCR system (Applied Biosystems) and the
above primers and probes. The amplification conditions included
activation at 95°“C for 10 min followed by initial denaturation at
88 °C for 20 min and 45 cycles of amplification (denaturation at
88 °C for 15 s, annealing at 50 ~C for 30 s and extension at 62 °C for
90 s). We chose 88 “C as this temperature is appropriate for detec-
tion of about 20% hypermutated genomes. There are 200-300 such
hypermutated genomes in 10° genomes present in HepG2 cells tran-
siently transfected with APOBEC3G. The buffer comprised 10 mM
Tris/HCI pH 8.3, 50 mM KCl, 3 mM MgCl,, 10 mM EDTA, 60 nM
Passive Reference 1 (Applied Biosystems), 0.2 mM each dNTP,
0.9 uM each primer, 0.25 uM probe, 5x 10° copies of HBV DNA
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Fig. 1. Amplification of HBV DNA by 3D-PCR. (a) Detection of hypermutated genomes by HA-yellow agarose gel
electrophoresis. The numbers of G to A transitions are expressed as means + SD generated from the sequence analysis of five
independent clones from PCR products. The white dotted line was added to help visualize the retardation of AT-rich DNA in
HA-yellow agarose gel. (b) Nucleotide sequences of HBV amplified by 3D-PCR. The nucleotide sequences obtained by direct
sequencing are used as a reference sequence. The nucleotide sequences where the probe hybridizes are underlined. Note
that the number of G 1o A mulations correlates with denaturation temperature.

and 0.625 U AmpliTaq Gold DNA polymerase (Applied Biosystems)
in a final volume of 25 pl. A standard curve was constructed by
the simultaneous amplification of serial dilutions of the 3D-PCR
products.

Western blot analysis. Cell lysates were prepared as described
above, resolved on 10% (w/v) SDS-polyacrylamide gels and trans-
ferred to nitrocellulose membranes (Whatman) via electro-blotting.
The membranes were incubated with anti-haemagglutinin
fusion epitope monoclonal antibody (Roche) or with anti-f-actin
monoclonal antibody (Sigma-Aldrich) followed by incubation
with horseradish peroxidase-conjugated donkey anti-rabbit antibody
or sheep anti-mouse immunoglobulin (Amersham Biosciences).
Proteins were visualized via the ECL system (Amersham
Biosciences).

Quantification of mRNA of APOBEC3G or APOBEC3F by
reverse transcription and real-time PCR. Total RNA was
extracted from HepG2 cell lines by using an RNeasy Mini kit
(Qiagen). The RNA was reverse transcribed with random primers
and Moloney murine leukemia virus reverse transcriptase (ReverTra
Ace, TOYOBO Co.) at 42°C for 60 min according to the instruc-
tions provided by the manufacturer. Quantitative analysis of
APOBEC3G and APOBEC3F ¢DNA was performed by real-time
PCR using TagMan Gene Expression assays (Applied Biosystems).
To confirm that the APOBEC3G and -3F PCR primers specifically
amplify the target genes, quantitative PCR on the expression plas-
mids encoding human APOBEC3G and -3F, used as ternplates, was
performed. No cross amplification was observed, even when we used
10 copies of APOBEC3G plasmid in the amplification reaction of

APOBECS3F and vice versa. A standard curve was constructed by the
amplification of serial dilutions of the known number of plasmids
containing human APOBEC3G and APOBEC3F. The target cDNA
was normalized to the endogenous RNA level of the housekeep-
ing reference gene glyceraldehyde-3-phosphate dehydrogenase
(GAPDH). The primers and FAM-labelied probe used to quantify
GAPDH were purchased from Applied Biosystems.

Infectivity of luciferase reporter viruses produced from
HepG2 and Huh7 cell lines. Luciferase reporter viruses with or
without viral infectivity factor (Vif) were prepared by co-transfection
of pNL43/AEnv-Luc (wild-type) or pNL43/AEnvAvif-Luc (AVif)
plus pVSV-G together with a mock vector or expression vectors for
A3G by Lipofectamine (Invitrogen) as described previously (Janini
et al., 2001; Shindo et al., 2003). Productive infection was measured
by luciferase activity. Values were presented as percentage of infec-
tivity relative to the value of each virus without expression of
APOBEC3G proteins.

RESULTS

Quantitative analysis of hypermutated genome
by real-time PCR

Using serum samples from a patient with a high viral load,
we amplified a large number of hypermutated genomes by
3D-PCR and detected them by HA-yellow agarose gel
electrophoresis (Fig. 1a). Nucleotide sequence analysis
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Fig. 2. Quantitative measurement of hypermutated HBV DNA
using 3D-PCR combined with real-time PCR. The indicated
numbers (10%-10%) of hypermutated genomes alone (orange
lines) and a mixture of wild-type plus hypermutated genomes
(green lines) were amplified by 3D-PCR. 3D-PCR did not
result in amplification of wild-type sequence (purple line).
Denaturation temperature was 88 °C.

showed detection of more heavily hypermutated genomes at
lower denaturation temperatures (Fig. 1b). To develop
quantitative measurement, we selected sequences with many
G residues, designed primers that contained only a small
number of G residues and used degenerate primers. A probe
sequence was designed without a G residue. Using this
primer and probe set, we could amplify only hypermutated
genomes (Fig. 2). When hypermutated and non-mutated
genomes were co-amplified, only hypermutated genomes
were successfully amplified using the above primer and
probe set (Fig. 2b). Non-hypermutated genomes (10’
copies) were not amplified, although conventional PCR
amplified both mutated and non-mutated genomes equally
(data not shown). We also tried to detect only slightly (four
of the 58 G residues) mutated genomes by 3D-PCR, but
could not detect such genomes. 1t should thus be noted that
the quantitative measurement we developed in this study
detects only hypermutated genomes.
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Fig. 3. Expression levels of APOBEC3G and -3F protein
mRNAs in HepG2 and Huh7 cell fines. (a) mRNAs were
extracted from cultured cell lines and the number of mRNA was
quantified by real-time PCR with a probe for APOBEC3G and
-8F. The expression levels were expressed as a percentage of
GAPDH mRNA. (b) Number of hypermutated HBV genomes
measured by real-time 3D-PCR in HepG2 and Huh?7 cell lines
transiently  transfected with pTRE-HBV-wt. Results are
means % SD values of three independent experiments.

Detection of APOBEC3G mRNA and
hypermutated genomes in semi-permissive and
permissive cell lines

In retrovirus studies, it is known that some cell lines allow
production of infectious retrovirus virions with Vif
deficiency (permissive cells) while others do not. The
difference between semi-permissive and permissive cell lines
is the expression of APOBEC3G (Mangeat et al, 2003;
Zhang et al., 2003; Lecossier et al., 2003; Harris et al,, 2003;
Shirakawa et al., 2006). Thus, we examined the expression of
APOBEC3G in both HepG2 and Huh7 cell lines. The
APOBEC3G mRNA level detected by real-time PCR was
very low (approx. 0.002 % relative to GAPDH mRNA) and
about ten times greater in HepG2 cells than in Huh7 cells
(Fig. 3a).

The number of hypermutated genomes in HepG2 cells
transiently transfected with pTRE-HB-wt was about five
times that in Huh7 cells (Fig. 3b). Vif-deficient HIV-1
virions produced from HepG2 cell exhibited very low
infectivity compared with wild-type (Fig. 4a). In contrast,
the infectivity of HIV-1 virions produced by Huh7 was
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Fig. 4. Infectivity of HIV-1 virions produced from HepG2 and
Huh? cell lines. (a) Wild-type and mutant viruses lacking Vif
protein produced from the two cell lines were examined for
infectivity as described in Methods. The relative infectivity of the
wild-type is shown. (b) Effect of APOBEC3G (A3G) expression
on infectivity. HIV-1 virions produced by Huh7 cells co-trans-
fected with the indicated number of APOBEC3G expression
plasmid were used for measurement of infectivity.

similar to that of the wild-type virus (Fig. 4a). Transient
expression experiments showed that the expression of
APOBEC3G in Huh7 cell lines reduced infectivity of wild-
type BIV-1 produced in these cell lines in a dose-dependent
manner (Fig. 4b). Infectivity of Vif-deficient HIV-1 was
reduced to almost undetectable levels (Fig. 4b). Thus,
APOBEC3G effectively suppressed the production of
infectious HIV in these cell lines.

Both IFN-g and -y induce APOBEC3G mRNA
expression and hypermutation of HBV genomes
and reduce replication of HBV

We treated HepG2 cell lines stably transfected with 1.4
genome length construct HBV (Tsuge et al, 2005) with
either IFN-¢ or -y to examine their influence on the
expression of APOBEC3G mRNA and G to A hypermuta-
tion of HBV genomes. Chronological studies showed that
the core-associated HBV DNA in the stably HBV-producing
cell line gradually decreased until 36 h after IFN-x treatment
(Fig. 5a). Expression levels of APOBEC3G mRNA, but not
those of APOBEC3F, increased in this cell line at 12 h after
the IFN treatment (Fig. 5a). Hypermutated genomes in this
cell line increased with time until 36 h after IFN-o

>
100 2 g 25
5 80 g8 20
o T ©
< 60 32 15
z ES
% 40 § E 10
T 2 T 5 "
12 24 12 24 6
Time {h) Time (h)
5 APOBEC3G APOBEC3F ] #ne
°2 2 2
% IFN-a (+)
g e
5%
2= i
5
(3
13
0 o o 2 :
12 24 12 24
Time (h) Time (h)
(b}
By
100 T E 100
T o
= 80 £5 80
£ 3
< 60 L o0
3 a0 25 40
> e
&2 E 20
SiNERNERE L mem 1 [
12 24 3% 48 12 24 36 48
Time (h) Time (h)
APOBEC3G APOBEC3F
7
c ! e )
S 6 3
z Edwna
e 5 5
a %
e 4 4
22 3 3
5 2 2
& 1 1
o : B 0 = :
12 24 12 24
Time (h) Time (h)

Fig. 5. Effects of IFN-a and -y on HBV-producing cells. (a)
The {FN-ua-treated and -untreated HBV-producing 723 cell line
was harvested at the indicated time after IFN treaiment and
examined for the number of core-associated HBV DNA, the
number of hypermutated genome and mRNAs of APOBEC3G
and APOBECSF. (b) IFN-y-treated and -untreated HBV-produ-
cing T23 cell line was examined as described in (a). Results
are means + SD values of three independent experiments.

treatment. Similarly, the core-associated HBV DNA
decreased gradually to about 20 % of the levels in untreated
cells after IFN-y treatment (Fig. 5b). The increase in
APOBEC3G mRNA expression was more prominent after
IFN-y than after IFN-x treatment. The level of APOBEC3F
mRNA was also about double that of untreated cells. Gto A
hypermutation of HBV genomes increased markedly with
time after IFN-y treatment (Fig. 5b).

We further examined the effect of IFN on reduction of HBV
replication and induction of hypermutation by comparing
the effects of different doses of IFN-x and -y. Both IFN-«
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Fig. 6. Dose-dependent reduction of HBV replication and
hypermutation of genomic sequences. HBV-producing cell line
T23 was harvested after {a) IFN-x and (b) IFN-y treatment for
72 h. The number of core-associated HBYV DNA and the
number of hypermutated genomes were measured. Resulis are
means + SD values of three independent experiments.

and -y treatment decreased core-associated HBV DNA
in a dose-dependent manner (Fig. 6). Hypermutation of
HBV genomes also increased with higher doses of IFN

(Fig. 6).

Expression of APOBEC3G increases
hypermutation of the HBV genome

To confirm that the increase in hypermutation of the HBV
genome is induced by the effect of APOBEC3G, we
performed expression experiments of APOBEC3G and its
deaminase function-deficient mutants into HepG2 cell lines
and measured the number of hypermutated HBV genomes.
Transient expression experiments showed that the number
of HBV DNA was decreased by co-transfection of
APOBEC3G in HepG2 cells (Fig. 7a). 3D-PCR and
detection with HA-yellow agarose gel electrophoresis
showed the presence of heavily hypermutated genomes
(Fig. 7b). No amplification was observed at the 81°C
denaturation temperature (data not shown). Quantitative
analysis showed an about 334-fold increase in hypermutated
genomes compared with mock-transfected control cells
(Fig. 7c). However, the proportion of hypermutated
genomes was 9.68 % (968 in 10* genomes).

To confirm the effect of APOBEC3G on HBV hypermuta-
tion, we transfected wild-type and inactive mutants of
APOBEC3G (Fig. 8a, b) into Huh7 cells. Wild-type
APOBEC3G effectively induced hypermutation of HBV
genomes and reduced the replication of HBV. In contrast,
insufficient deaminase activity in the E67Q mutant induced
less hypermutation of HBV genomes than in the wild-type.
No increase in hypermutation was observed in cell lines
transfected with deamination-defective E259Q and E67Q/
E259Q mutants, although the number of HBV replication
was reduced in these cells (Fig. 8a). We observed similar
reduction in HBV replication by transient transfection of
APOBECS3F. Induction of hypermutation by APOBEC3F
was less efficient than by wild-type and the E67Q mutant of

(a) (b)

(c)

Denaturation temperature (°C)

APOBEC3G
p-Actin * HBV : A3G (1:0)
100 HA-yellow B2
g 8 HBV : A3G (1:3) [B
< 60 :
=) HA-yellow
s 40
T 20
0

1:0 1:2 16
HBV : APOBEC3G

83 85 88 80 95

per 10* genomes
<D
=]
(=]

2.9 i
1:0 1:2 1:6
HBV : APOBEC3G

Hypermutated HBY

Fig. 7. Effects of APOBEC3G expression on HBV hypermutation. A plasmid containing 1.4 genome length HBV DNA was
co-transfected with pcDNA3/HA-A3G into HepG2 cells. At 72 h after transfection, the cells were harvested. (a)
Quantification of core-associated HBV DNA and Western blot analysis of cytoplasmic extracts with anti-HA or anti-f-actin
antibody, (b) Detection of hypermutated genomes by HA-yellow agarose gel electrophoresis. Hypermutated genomes in the
presence or absence of APOBEC3G-HA were amplified by 3D-PCR. The white dotted line was added to help visualize the
retardation of AT-rich DNA in HA-yellow agarose gel. (c) Quantification analysis of hypermutated genomes by real-time 3D-
PCR. Results are means % SD values of three independent experiments.
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APOBEC3G. These results suggest that hypermutation of
HBV contributes very little to reduce the number of
replicative intermediate.

DISCUSSION

Induction of G to A hypermutation in HIV has been
reported as part of host innate immunity against virus
infection (Mangeat et al., 2003; Zhang et al,, 2003; Lecossier
et al., 2003; Harris et al., 2003; Sheehy et al, 2002). We and
others have reported the presence of hypermutated genomes
of HBV in serum samples of chronically infected patients
and in HepG2 cell lines (Gunther et al,, 1997; Suspene et al.,
2005a; Noguchi et al, 2005; Rosler ef al, 2004).
Hypermutation of HBV was induced in hepatocytes

(Noguchi et al,, 2005), and expression of APOBEC proteins
in liver cell-derived cell lines increased hypermutation
(Suspene et al., 2005b; Rosler et al, 2004). However, the
estimated number of hypermutated genomes in chronically
infected patients is very low (Noguchi et al., 2005; Suspene
et al., 2005b). The reason for the partial hypermutation of
HBV remains an enigma. It might be due to the low
expression levels of APOBEC proteins in liver cells (Jarmuz
et al., 2002). Alternatively, rapid packaging of pregenome
RNA into capsid might prevent access of APOBEC3G to the
first strand DNA. Furthermore, rapid degradation of edited
HBV genomes by uracil DNA glycosylase in liver cells might
also explain the Jow number of hypermutated genomes.

The mechanism that controls the activities of APOBEC
proteins to cause hypermutation has not been analysed until
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recently. Tanaka et al. (2006) reported that IFN-x increases
the expression levels of APOBEC3G mRNA. They reported
the presence of ISRE elements in the promoter region of
APOBECS3G and that the promoter was activated by IFN-x.
However, they did not examine the occurrence of G to A
hypermutation in their experiments, Moreover, Peng et al.
(2006) showed that IFN-x and -y cooperatively induce
APOBEC3G expression and that the inhibition of HIV
production by a small number of IFN is cancelled by a small
interfering RNA (siRNA) against APOBEC3G. More
recently, Bonvin et al. (2006) demonstrated that IFN-z
induces transcription of APOBEC proteins. They showed
that IFN treatment increased APOBEC3B, -3C, -3F and -3G
mRNAs, particularly when they used primary cultured
hepatocytes. They also reported that they were able to detect
hypermutated genomes after transfection of APOBEC3
plasmids, but did not measure the direct effect of IFN on G
to A hypermutation.

These studies did not analyse quantitatively the increase in
hypermutation of viral genomes. The studies that analysed
the expression of APOBEC protein and reduction of HBV
DNA also did not analyse quantitatively the number of
hypermutated genome (Suspene et al., 2005a; Noguchi et al,
2005; Turelli et al., 2004a, b; Rosler et al., 2005). In the
present study, we developed a method that accurately
measures the level of hypermutation using real-time PCR. It
is often difficult to design a primer set and a probe to detect
G to A hypermutation because they are located in a region
with many G residues, but the primer and probe sequences
should not contain any. It is thus possible that we did not see
any C to T substitution because we did not design a primer-
probe set to detect this substitution. We also tried to select
such a primer—probe set applicable for all genotypes of HBV,
but were able to select only one suitable for genotype C.

Using this method, we demonstrated that both IFN-z and -y
increased G to A hypermutation of the HBV genome.
Although the expression levels of APOBEC3G increased
after IFN treatment, we did not observe an apparent shift of
preferred dinucleotide sequence of APOBEC proteins from
3F to 3G. This is probably because the increase in
APOBEC3G is only slight (Fig. 5).

The exact mechanism by which IFNs activate the transcrip-
tion of APOBEC3G is unknown, Furthermore, what kind of
sensor(s) detects HBV infection and how the signal is
communicated for the production of IFNs and subsequent
induction of effector molecules have not been analysed yet.
Although the importance of the IFN system in eliminating
HBV and its possible mechanism have been reported
{(Wieland et al., 2004a, b, 2005}, further studies are needed to
fully describe the mechanism of action of [FNs including the
activation of APOBEC3G.

We also demonstrated that the number of hypermutated
genomes increased with the expression of APOBEC3G and
APOBEC3F (Fig. 8), but not in deaminase-1nactive
mutants, as demonstrated previously in HIV studies

(Shindo et al, 2003; Newman et al, 2005). However,
these mutants also reduced the replication of HBV almost to
the wild-type level. This suggests that the contribution of
hypermutation of HBV to the reduction of virus replication
is only minimal and supports the previous report that
showed that APOBEC3G reduced the replication of HBV
through inhibition of packaging of the pregenome (Turelli
et al., 2004a). However, the effect of hypermutation on
infectivity of the virus should be investigated further. The
effects of APOBEC proteins, including other family
members, especially under physiological conditions,
should also be exarnined further. Whether any HBV protein
inhibits deamination of the genomic DNA awaits further
investigation. Furthermore, the mechanism that enables
HBV to cause chronic infection, especially escape from
innate antiviral immunity, should also be clarified in order
to control chronic HBV infection and reduce HBV-related
morbidity.
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Abstract

AIM: To assess the clinical features and prognosis of
151 patients with extrahepatic metastases from primary
hepatocellular carcinoma (HCC), and describe the
treatment strategy for such patients.

METHODS: After the diagnosis of HCC, all 995
consecutive HCC patients were followed up at regular
intervals and 151 (15.2%) patients were found to
have extrahepatic metastases at the initial diagnosis
of primary HCC or developed such tumors during the
follow-up period. We assessed their clinical features,
prognosis, and treatment strategies.

RESULTS: The most frequent site of extrahepatic
metastases was the lungs (47%), followed by lymph
nodes (45%), bones (37%), and adrenal glands (12%).
The cumulative survival rates after the initial diagnosis
of extrahepatic metastases at 6, 12, 24, and 36 mo were
44.1%, 21.7%, 14.2%, 7.1%, respectively. The median
survival time was 4.9 mo (range, 0-37 mo). Fourteen
patients (11%) died of extrahepatic HCC, others died of
primary HCC or liver failure.

CONCLUSION: The prognosis of HCC patients with
extrahepatic metastases is poor. 'With regard to the
cause of death, many patients would die of intrahepatic
HCC and few of extrahepatic metastases. Although
most of HCC patients with extrahepatic metastases
should undergo treatment for the primary HCC mainly,
treatment of extrahepatic metastases in selected HCC
patients who have good hepatic reserve, intrahepatic

WWwW .\v\'jgl’lt‘,t.(‘,()l“

tumor stage (T0-T2), and are free of portal venous
invasion may improve survival,

© 2007 The WIG Press. All rights reserved.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is a highly malignant
tumor with frequent intrahepatic metastasis, The
prognosis of HCC patients has improved because of
progress in therapeutic procedures, such as surgical
resection, radiofrequency ablation (REA), percutancous
ethanol injection (PEI), and transcatheter arterial
chemoembolization (TACE)"™, Moreover, progress in
diagnostic modalities, such as ultrasonography (US),
computed tomography (CT), magnetic resonance imaging
(MRI), and digital subtraction angiography (AG) has led to
a better detection of patients with carly and small HCC or
asymptomatic extrahepatic metastases.

The above improvements in survival and diagnostic
modalities have resulted in increased detection of
extrahepatic metastases from primary HCC and further
increases are andcipated in the future. Several groups have
investigated extrahepatic metastases from HCC, but many
of such cases were in autopsy cases, in a small number
517 At present, the prognosis of
patients with extraheparic metastases from primary HCC
is poor ', In this regard, there is only litle information

M, and there is
no consensus on the treatment strategy for extrabepatic
metastases from HCC. For example, what treatment
strategy should be used o treat intrahepatic HCC or
extrahepatic metastases? Among patients with extrahepatic
metastases from primary HCC, which patients should
be treated? To our knowledge, there ate no reports that

of cases or case reports

about the causes of death of such patieats

€
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deal directly with these questions. In this relatively large
study, we retrospectively assessed the clinical features and
prognosis of 151 patients with extrahepatic metastases
from primary HCCs, and described the treatment strategy
for such patients.

IVIATERlALS AND METHODS

Patients
From June 1990 to December 2005, 995 consecutive
patients with HCC were admitted o oor hospital. Among
these patients, 880 were initially diagnosed with HCC
in our hospital while the others were treated previously
for HCC in other hospitals. Extraheparic metastases
from primary HCC were detected in 151 (15.2%) of 995
paticnts. None of the patients was treated for exmrabepatic
metastases. All the 151 HCC patients with extrahepatic
metastases (117 men and 34 women, median age: 64 years,
range: 21-82 years) were enrolled in the present study.
Table 1 summarizes the clinical profile of the 151
patients at the initial diagnosis of extrahepatic metastases.
These 151 patients were divided into groups A and B.
Group A was consisted of 68 patients presented with
cxtrahepatic metastases together with primary HCC at
the initial diagnosis of HCC, group B was composed
of 83 patients who received treatment for intrahepatic
HCC, and developed extrahepatic metastases during the
follow-up period. Among them, 37 (25%) patients were
treated previously for primary HCC in other hospitals, 90
patients were of performance status (PS) of 0, 43 patients
of 1, 9 patients of 2, 6 patients of 3, and 3 patients of
4" The etiology of the background liver disease was
hepatitis B virus (HBV) in 33 patients, hepacms C virus
(HCV) in 89 patients, HBV and HCV in 5 patients,
and non-B non-C in 24 patients. The hepatic reserve
was Child-Pagh grade A in 88 patients, grade B in 48
pqticnm and grade C in 15 padents. We evaluated the
primary tumor stage accordmu to the Liver Cancer Study
Group of Japan criteria® b'\%cd on the following three
conditions (T factor): soht'u\' 2 cmin dmrnctcr and
no vessel invasion. T1 was defined as fulfilling the three
conditions, T2 as fulfilling two of the three condmom
T3 as fulfilling one of the thiee conditions, T4 as fulfilling
none of the three conditions. The primary HCC tumor
stage at the first diagnosis of extrahepatic metastases
was TO (no intrahepatic HCC) in 11 (7%) patents, T1 in
4 (3%) patients, T2 in 13 (9%) patients, T3 in 43 (28%)
patients, and T4 in 80 (53%) patients. Twenty seven of 28
patients with intrahepatic tumor stage TO-T2 were treated
previously for inwahepatic HCC. The median size of the
main intrahepatic primary tumor was 48 mm (range, 0-160
mm). Intrahepatic tumor morphology was nodular type in
83 (55%) patients, non-nodular type in 57 (38%) patients,
and nao intrahepatic HCC in 11 (7%) patients. Table 1 lists
the sites of exmrahepatic metastases at enrollment. Among
the 151 patients with extrahepatic metastases, the sites
of metastases were the lungs in 63 patents, lymph nodes
in 60 partients, bones in 51 patients, adrenal glands in 16
patients and other locations (e.g., peritoneum, pancreas
and nasal passages). In some patents, two or maore distant
metastatic tumors were found in one oy more organs.

Age (yr) 64 (21-82)

Sex (male/female) 117/34
Etiology (HBV/HCV/HBV * HCV/ others) 33/89/5/24
PS(0/1/2/3/4) * 90/43/9/6/3
ln'ii'éhe;patic fumor stage (T0/1/2/3/4) 11/4/13/43/80
Ii1l'ra)1epz§lic main tumor size (mm) 48 (0-160)
Intrahepatic tumor volume (< 50% / 2 50%) 103/48
Intrahepatic tumor morphology

: ) 83/57/11
{nodular type/non nodular type/no intrahepatic HCC) v

Grade of portal vein invasion (Vp0/1/2/3/4) 74/0/26/268/23
Child-Pugh grade (A/B/C) 88/48/15
AFP (ng/ml) 741.8 (< 5-861600)
DCP (mAU/mL) 1300 (< 10-391400)
Site of extrahepatic metastases, i ( ) ] ;
© Lung . ) ‘63 (42).' Lo
Lymph nodes . C60(40) 7
Bone | . - : o 51
Adrenal : L T e T sy
Peritoneumn ® <~ L . oo - 1(07)
Pancreas © - P . S X (Y B
Nasal passages © . =+ ooy

Data are expressed as medians and ranges unless indicated otherwise. HBV:
hepatitis B virus; HCV: hepatitis C virus; PS: Eastern Cooperative Oncology
Group performance status; TO: no intrahepatic HCC; Portal invasion assessed
Vpl: tumor thrombus in a third or more of the peripheral branches; Vp2: in
Lhe second branch; Vp3: in the first branch; Vp4: in the trunk; AFP: alpha-
fetoprotein; DCP: Des-y-carboxy prothrombin,

Hepatocellular carcinoma

A definitive diagnosis of HCC was based on the

finding of typical hypervascular radiclogical features
ot hisropathological examinarion of needle biopsy
specimen. HCC was also assessed by US, CT, and/or AG.
Furthermore, CT was obrained during artetial pottography
and computerized tomographic hepatic arteriography.
Further assessment of HCC was conducted by measuring
a-fetoprotein (AFP) and des-y-carboxy prothrombin
(DCP).

Extrahepatic metastases were diagnosed by CT, MRI,
bone scintigraphy, X-ray, and/or positron emission
tomography (PET) with "F-fluorodeoxyglucose (FDG),
or diagnosed by histopathological examination of
surgically resected specimen or biopsy, When we suspected
extrahepatic metastases with HCC, we always ruled out
other malignancies (such as gastric cancer, colon cancer
and lung cancer) by several imaging modalities, serological
twmor matkets and/or pathological examination.

Follow- up

All the 151 HCC pauents with extrahepatic metastases
were followed up during the observation period and no
one was Jost to follow-up, The median follow-up period
was 4.9 mo (range, 1-37 mo). After the diagnosis of
HCC, all patients were screened at regular intervals for
the development of inta/extra hepatic metastases by
clinical examination, AFP, DCP, and/or various imaging
modalities. Serological tumor matkers were measured once
every month. US, CT or MRI was performed once every
three to six months.
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Stafistical analysis and ethical considerations

Differences berween groups were examined for statistical
significance using the Mann-Whitney test (U-test) and
y? test where appropriate, Cumulative survival rate was
assessed by the Kaplan-Meier life-table method and
the differences were evaluated by the Jog rank test. The

following 15 potential predictors were assessed in this

study: PS (0 # 1-4), age (65 s > 65 vears), sex (M ne
), Child-Pugh stage (A s B, C), intmhepatic tumor stage
(FO-T2 me T3, T4), main intrahepatic tumor size (= 50
rs > 50 mm), intrahepatic tumor volume (% 50% r¢ >
50%), intrahepatic tamor morphology (nodular type re
non nodular type), portal venous invasion (Vp 0-2 wr >
Vp 3, 4), AFP (< 400 ng/mL pe > 400 ng/mL), DCP (<
1000 mAU/mL s > 1000 mAU/mL), site of cxtrahepatic
metastases (Jung v others, bone #¢ others, only lymph
node #r others), and treatment for extrahepatic metastases
(performed wr not performed). All factors that were at
least marginally associated with the survival after diagnosis
of extrahepatic metastases (P < 0.05) were entered into a
multivatiate analysis, The hazatd ratio and 95% confidence
interval (95% CI) were caleulated to assess the relative risk
confidence. All analyses described above were performed
using the SPSS program (version 11.0, SPSS Inc., Chicago,
).

The study protocol was approved by the Haman Ethics
Review Committee of Graduate School of Biomedical
Sciences, Hiroshima University and a signed consent form
was obtained from each patent

RESULTS

Site of extrahepatic metastases

Table 2 lists the sites of extrabepatic metastases identified
througbout the follow-up period. The most frequent site
of metastases that were jdentified throughout the follow-
up period was the lung (¢ = 71 patients, 47%), followed
by lymph nodes (# = 68 patients, 45%), bone (# = 56
paticnts, 37%), and adrenal glands (7 = 18 patients, 12%),
Brain metastases were identified in 2 (1%) padents. One
(0.7%) patient each had metastases in the peritoneum,
pancreas, nasal passages, muscle, skin, diaphragm, and
colon. Autopsy was performed in 14 cases with metastases.
Despite the detection of extrahepatic metastases in
these 14 patients before autopsy, additional extrahepatic
metastases were detected on postmortem examination
(lymph nodes, diaphragm, and colon). At the first diagnosis
of extrahepatic metastases, 109 (72%;) patents had single-
organ metascases, while the others had multiple organ
MEtastasces.

Among the 71 patients with lung metastases, 23
patients had bilateral lung metastases, 14 had additional
extrapulmonary site of metastatic disease. The size of
pulmonary nodules ranged from 9 to 30 mm at injtal
diagnosis of extrahepatic HCC. Few patients had
symptoms (cough, dyspnea, and pleural etfusion) related ro
lung metastases, and 8 patients who had severe symptoms
died subsequently of respiratory failure. The median
survival period of these § patients was 4.3 mo (range,
2.5-14.4 mo).
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Site Patlents (7 = 151), 7 (%)
Lung 71 (47)
Lymph nodes 68 (45)
Bone 56 {37)
Adrenal 18 (12)
Brain 2(1)
Peritoneum 1(0.7)
Pancreas 1(0.7)
Nasal 17
Muscle 107)
Skin 1.7
Diaphragm 1(07)
Colon ) 1(0.7)

Among the 68 patients with lpmph node metastases,
mertastases were identified in 64 regional lymph nodes.
The most common site was in the paraaortic nodes
(31/64), followed by portohepatic nodes (21/64),
periceliac nodes (6/64) and peripancreatic nodes (6/64),
The majority of patients with regional lymph nodes
metastases weré asympromatic, but few regional lymph
nodes (portohepatic nodes) caused obstructive jaundice.
Distant nodal metastases were found at 17 sites. The
most common site was the mediastinum nodes (10/17),
followed by subclavicular nodes (3/17), iliac nodes (2/17),
cardiophrenic node (1/17), and retrocrural node (1/17).
All distant lymph node metastases were not associated
with clinical symptoms in this study.

Fifteen of 56 patients with bone mectastases had
multiple bone merastases at the initial diagnosis of bone
metastases. The total number of bone metastatic sites
was 88. The most frequent site was the vertebra (63/88;
cervical vertebrae = 9, thoracic vertebrae = 38, and
lombar vertebrae = 16), followed by the ribs (8/88). Bone
metastases were diagnosed by CT, MRI, bone scintigraphy,
and/or PET with FDG.

Of the 18 patients with adrenal gland metastascs, 13
had right adrenal gland merastases, 4 had left adrenal gland
metastases and only one patient had bilateral metastases.
These metastases were not associated with symptoms.

Treatments of extrahepatic metastases

All patieats with Child-Pugh grade other than C or
PS other than 2-4 were treated for intrahepatic HCC,
and many of them were continuously treated after the
diagnosis of extrahepatic metastases. On the other
hand, HCC patients with Child-Pugh grade C or PS of
2-4 received supportive care. Forty-nine (32%) of 151
patients were treated for extrahepatic metastases by
surgical resection, TACE, systemic chemotherapy, and/or
radiotherapy. The 49 patients had exwahepatic metastases
that were considered to worsen prognosis.

Surgical resection was performed in three (2%)
patients (with regional lymph node, adrenal gland and lung
metastases). The survival periods after surgical resection
of extrahepatic metastases were 7 mo {in patients with
lymph node metastases), 23 mo (in patients aclrenal gland
mertastases), and 37 mo (in patents with Jung metastases).
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Figure 1 Survival rate of 151 HCC patients with extrahepatic metastases (A),
intrahepatic tumor stage (B) [solid line: T0-T2, dashed line: T3, T4 {log-rank test: P
< 0.001)}, and after treatment of exirahepatic metastases (C) [solid line: treaiment
group, dashed fine: no treatment group (iog-rank test: P < 0.001)}.

These three were all alive without recurrence of
extrahepatic metastases during the observation period. In
each of these 3 patients, hepatic reserve was Child-Pugh
stage A, no intrabepatic HCC was not detected, and PS
was 0.

TACE was performed in 8 (5%) patients (7 patients
with adrenal gland metastases, and one patient with
paraaortic lymph node metastases). Systemic chemotherapy
was used in 39 (26%) patients. Chemotherapy included
5-fluorouracil, carboplatin, cisplatin. Twenty-five of the
39 paticnts had lung metastases, 10 had lymph nodc
metastases, 2 had bone metastases, one had lung and
lymph node metastases, and one had lung, adrenal gland
and lymph node merastases,

Radiotherapy was performed in 36 (24%) patients.
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Variable , . Hazard Ratio 95% Cl P
PS (0us 1) o 2,181 1.50-3.17 <0.0m
Age (< 65us > 65 yr) ) 0988 . 0.97-1.0: 0.18
Sex (MosE)’ 0.889 057-1.38 0,601
Child Pugh stage (A vs B, ) 2323 1.73-3.12 <0001
Intrahepatic main tumor size 2321 152354 <0.001
(¥ 50 vs > 50 mm) -

Intrahepatic tumor volume 2523 1.71-3.72 <0.001
(= 50 vs > 50%) .

Intrahepatic lumor morphology 1.506 1.04-218  0.03
(nodular vs non nodular)

Vp (02053, 4) 2.247 1.53-3.29, <0.001
AFP (<5 400 vs > 400 ng/mL) 1.158 080-1.68  0.439
DCP (1000 vs > 1000 mAU/inL) ' 1584 . 1.08-233 0.02
'Ireatment (pcrformed us not pcrformcd) 2385 151377 < 0.001
Site (lung vs nthers)? ST 1.065 © 074152 0731
Site (hone vs others) - Lo 161 111233 0.012.
Site (only lymph node s others) S ) 1183 - 074174 - 0567

'Treatments: various treatments for extrahepatic metastases (surgical
resection, TACE, systemic chemotherapy and/or radiotherapy); Site: site of
extrahepatic metastases,

Curative therapy was performed in 10 patients (6 patients
with lymph node metastases and 4 patients with adrenal
gland merastases). Palliative therapy was performed in the
remaining 26 patients who had severe pain due to bone
metastases. Furthermore, 9 patients with painful bone
metastases were treated with RFA therapy combined with
ccmcntoplasty‘gl]. Nonsteroidal antd-inflammatory drugs or
opioids were used in patients with bone metastases due to
severe paim.

Survival data

The cumulative survival rates of the 151 HCC patients
with extrahcpatic metastases after initial diagnosis of
extrahepatic merastases at 6, 12, 24, and 36 mo were
44.1%, 21.7%, 14.2%, and 7.1%, respectively (Figure 1A).
The median survival period was 4.9 mo (range, 1-37 mo).
Survival was compared among patients with intrahepatic
tumor stage T0-T2 and T3, T4 (Figure 1B). The rate
was significantly highct in the intzahepatic tumor stage
T0-T2 groups than in the T3, T4 groups (P < 0. 0()])
We investigated the determinants of survival after injtial
diagnosis of extrahepatic metastases. Univariate analysis
identified the following 9 factors significantdy influencing
survival PS, (0 (P < 0.001); Child- Puqh grade, A (P <
0.001); intrahepatic main tamor size, < 50 mm (P < 0.001);
intrahcpqtic tumor volume, < ﬁ()‘ % (P < 0.001); portal
venous invasion, Vp 0-2 (P < 0.001); use of treatment
for extrahepatic metastases (P < 0.001, Figure 1C);
bone mermstasis (P = 0.012); DCP < 10()) mAU/mL (P
= 0.02); and nodular type intrahepatic tumor (P = 0.03)
{Table 3). Since the varables could be mutually correlated,
multivariate analysis was performed. The analysis
wdentified the following four variables as significant and
independent determinants of survival after inidal diagnosis
of extrahepatic metastases: PS (P < 0.001), portal venous
invasion (P < (0.007), treatment of extrahepatic metastases
(P = 0.003), and Child-Pugh grade (P = 0.009) (Table 4).
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Variable Hazard ratio 95% Cli 14

PS (0 vs 1-4) 5.576 2431-12.152 < 0.001
Vp {0-20=3,4) 4.792 2137-10.712 < 0.001
Treatment (performed v¢ not performed)  4.134 1.539-11.011  0.003
Child pugh stage (A vs B, () 2372 1.247-4.914 0.008

Causes of death

‘Twenty-five patients were still alive at the end of this study
while 126 patients died, Of the lateer group, intrahepatic
tumor stages at the first diagnosis of extrahepatic
metastases were T0-2 in 17 patients and T3-4 in 109
patients. One hundred and twelve (89%) patients died of
intrahepatic HCC or liver failure. Fourteen (11%) patients
died of extrabepatic HCC (Table 5). Eight paticnts died
of tespiratory failure due to lung metastases. Four patients
died of bone metastases-related disease. Two patients
died of obstructive jaundice due to portohepatic node
metastasis.

Of the 4 patients who dicd of bone metastases-related
disease, 3 died of intracranial hypertension due to skull
metastasis. Another patent died of vertebra metastasis-
related disease. He was (69-year old at first diagnosis of
bone metastases. He suffered from complete spinal cord
injury due to vertebral metastasis with gradual wossening
of PS. Finally, PS changed to 4 and the patient died of
aspiration-related pneumonia. The survival period after
first diagnosis of extrahepatic metastases was 11.5 mo.

Among the 14 patients who died of extrahepartic
HCC, 3 had chronic hepatitis, 7 had cirthosis of Child-
Pugh grade A, 3 had cirrhosis of Child-Pugh grade B,
and 1 had cirthosis of Child-Pugh grade C. All patients
who died of extrahepatic HCC with the exception of
that with Child-Pugh grade C had some hepatic reserve
until death. Intrahepatic tumor stage at first diagnosis
of extrahepatic metastases was T0 (3 patients), T1 (4
patients), T2 (1 patient), T3 (5 patieats), and T4 (1 patient).
All 8 patients with intrahepatic tumor stage T0-T2 were
treated previously for intrahepatic HCC. Eight of 17 (47%4)
patients with intrahepatic tumor stage T0-T2 died of
extrahepatic metastases, On the other hand, 6 of 109 (6%
patients with intrahepatic tumor stages T3 and T4 died
of extrahepatic metastases. The mortality rate of patients
with intrahepatic tumor stage T'0-T2 was significantly
higher than that of patients with intrahepartic tumor stages
T3 and T4 (P = 0.001) (Table 6).
DISCUSSION
The prognosis of HCC patients with extrahepatic
metastases is unsatisfactory” ™' and often not well
known"", 1n the present study, we assessed the clinical
features and progaosis of 151 consceutive HCC
patients with extrahepatic metastases. The incidence of
extrahepatic metastases {from [HCC was 15.2%. The most
frequent metastatic sites were the lung, lvmph nodes,
bone, and adrenal gland. The cumulative survival rates of
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Case Presentation Site Intrahepatic Sex Agé Child-Pugh Etiology

HCC stage (yr) stage
1 R Lung 3 M 65 A HCV
2 R Tang T4 M 35 CH HBV
3 R Lung T3 M 56 A HBV
4 R Lung, TO M 40 CH HBV
vertebra
5 R Lung, T M 69 A BV
verlebra
6 R Lung, T0 M 63 B HBV
LN
7 R Lung, TO M 50 A HBV
veriebra,
‘nasal
8 R Lung T3 M 73 A NBNC
9 1 Skuli T M 57 A HCV
10 1 Skull T2 F 72 C HCV
11 1 Skull T3 M 56 B HCV
12 YA Vertebra T3 M 6 A HCV
13 ] Lung,rib, - T1 74 A HCV.
14 . 70 Vermebra, . TI. M 7 B HCV

LN

All patients with intrahepatic tumor stage T0-T2 were treated previously
for intrahepatic HCC. R: respiratory failure; CH: chronic hepatitis; LN:
tymph node; NBNC: no hepatitis B virus or hepatitis C virus; I: intracranial
hypertension symptom; A: aspiration-related pneumonia; O: obstructive
jaundice,

Intrahepatic tumor stage

Intrahepatic HCC or
Tiver failure

53% (9/17)

94% (103/109)

Extrahepatic HCC

T0-2 (n = 17)
© T3 (n = 109)

47% (8/17)
% (6/109)

the 151 patients after the inidal diagnosis of extrahepatic
metastases at 6, 12, 24, and 36 mo were 44.1%, 21.7%,
14.2%, 7.1%, respectively. The median survival period
was 4.9 mo (range, 1-37 mo). The mortality rate due to
extrahepatic metastases from HCC was 11% (14/126).

Extrahepatic metastases have been reported to occur
in 13.5%-42% of HCC patients™ . 1n this study, the
prevalence of extrahepatic metastases was 15.2%. Though
we screened all HCC patients at regular intervals for intra/
extra hepatic metastases, not all patients received a full
metastatic follow up based on the use of several diagnostic
techniques. Since the majority of HCC padents with
extrahepatic metastases were asymptornatic, it is possible
to miss asymptomatic metastases such as those in the
lungs, distant lymph nodes, muscles and rectum.

Based on the initial diagnosis of intrahepatic HCC,
Natsuizaka ¢ /' reported that patients with advanced
HCC develop extrahepatic metastases significantly more
frequently than those with less advanced HCC. At the
initial dingnaosis of extrahepatic metastases, many HCC
patients with extrahepatic metasrases have been reported



