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teins (which bind active GTP-bound Rho) in triplicate and
incubated at 4 *C for 30 min with vigorous shaking. Active
Rho levels were determined by subsequent incubations
with anti-Rho antibody and secondary horseradish peroxi-
dase-conjugated antibody for 45 min each at room temper-
ature, After adding developing solution, the level of active
Rho was determined by measuring absorbance at 490 nm
using an ELISA plate reader. Equal loading of total RhoA
protein at each time point was determined via immuno-
blotting using anti-RhoA antibody as described above.
Experiments were repeated at least three times.

2.8. Immunofluorescence

Huh-7 cells were transfected with siRNA targeting ARH-
GAPS or negative control siRNA or were left untreated.
Cells were harvested 48 h after transfection, suspended
for 1 h in DMEM containing 1% FCS and then plated on
glass slides coated with fibronectin for 10, 20, 40, 60 or

180 min. Cells were fixed for 10 min in 3.7% formaldehyde,
permeabilized for 2 min in 1% Triton X-100 and incubated
for 1 h with a blocking buffer (phosphate-buffered saline
containing 3% bovine serum albumin). The cells were then
incubated for 1 h at room temperature with anti-p190-B
RhoGAP monaclonal antibody diluted 1:200 in blocking
buffer. Fluorescein isothiocyanate (FITC)-conjugated anti-
mouse IgG (Cappel, Aurora, OH, USA) was used to detect
the primary antibody. Actin filaments and nuclei were
counterstained with rhodamine-phalloidin (Molecular
Probes, Eugene, OR, USA) and 4',6-diamidino-2-phenylin-
dole (DAPI; Sigma-Aldrich), respectively.

2.9. Monolayer wound healing assay

Huh-7 cells were transfected with siRNA targeting ARH-
GAP5 or negalive control siRNA or left untreated. After
24 h, cells in DMEM with 1% FCS were seeded on glass slides
coated with fibronectin and allowed to adhere overnight.
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We scratched wounds in the cell monolayer using a sterile
200-p! pipet tip, rinsed the cells with phosphate-buffered
saline and added DMEM containing 10% FCS with or without
mitomycin C (10 pg/ml, Nacalai Tesque, Kyoto, Japan). Cells
were allowed to migrate into the wound for 0, 12, or 24 h be-
fore fixation, Cells were stained with Giemsa stain (Nacalai
Tesque) or were triple-labeled with anti-p190-B RhoGAP,
rhodamine-phalloidin and DAPI as described above. Wound
widths were measured in three randomly chosen regions.
Experiments were repeated at least three times.

2.10. Statistical analysis

Analysis of variance (ANOVA) was performed using
SPSS 15.0 software (SPSS Inc., Chicago, IL, USA). P values
of <0.05 were considered significant.

3. Results

1.1, Detection of 1412 amplicon in HCC and ESCC cell lines by array
analyses

We screened for DNA copy number aberrations in 10 HCC cell lines
and 10 ESCC cell lines using GeneChip M. g 250 K array analysis. Of
the 20 cell lines, one HCC ﬂ“ line, Huh—? and wo I'.SCC cell hﬂﬂ T
and TE-4, ¢ ly exhibited copy gains at ch | re-
gion 14q12 (Fig. IM In particular, Huh-7 cells showed a high-level
gain indicative of amplification in a narrow region on 14q12 between
the positions recognized by the Affymetrix SNP_A-1933754 and
SNP_A-2088149 probes. To confirm amplification in Huh-7 cells, we
performed FISH analyses using BACs RP11-113E19, RP11-431H16 and
RP11-54H22 as probes (Fig. 1B-D). BAC RP11-431H16 generated strong
signals as a small homogeneously staining region (HSR). indicating
amplification (Figs. 1C, D) In contrast, BACs RP11-113E19 or RP11-
54H22 did not show a HSR pattern, indicating their positions outside
the amplicon (Fig. 1C and D). Furthermore, we determined gene dos-
ages in Huh-7 cells at the STS markers RH53739, SHGC32910,
SHGC24139, G36143, D145941, RH45106, and RH45526 loci by real
time quantitative PCR. (Fig.1B and E). The highest copy number was
observed at the D145941 and RH45106 loci, Taken together, we defined
the smallest region of amplification between markers G36143 and
RH45526. The extent of the amplicon was estimated to be 1.2 Mb. This
region includes four known or predicted protein-coding genes, HEA-
TRSA, c14orf126, NUBPL, and ARHGAPS.

312 Identification of cundidate target genes in the 14g12 amplicon

The 14q12 region may harbor one or more genes (henceforth called
‘target genes') that, when activated by amplification, play a role in carcl-
nogenesis. A common criterion for designating a gene as a putative target
is that amplification leads to its overexpression |B]. Using real-time quan-
titative PCR, we determined mRNA levels of all four genes within the
amplicon in the 10 HCC cell lines and 10 ESCC cell lines. Among the four
genes, HEATRSA and ARHGAPS were commanly overexpressed in Huh-7,
T.T and TE-4 cells, the cell lines that were found to have copy number
gains at 14q12 (Fig. 2A). These findings identified ARHGAPS, which en-
codes p190-B RhoGAP, as one of candidate target genes for the 1412
amplicon.

We determined copy numbers of ARHGAPS in the 10 HCC and 10 ESCC
cell lines by real-time quantitative PCR (Fig. 28). Copy number changes
were counted as gains if the results of the analysis for a given tumor cell
type exceeded the twofold levels of the gene in normal cells. A copy num-
ber gain of ARHGAPS was observed in six (30%) of the 20 cell lines: Huh-7,
T.T. KYSE140, TE-4, TE-6 and TE-10.

‘We examined the expression of p190-8 RhoGAP protein in 4 HCC and
4 ESCC cell lines by immunoblot analysis. As shown in Fig. 2C, expression
levels of p190-B RhoGAP were higher in cell lines exhibiting copy number
gains of ARHGAPS (Huh-7, T.T, KYSE140, TE-4 and TE-10) than other cell
lines that did not show gains (SNU354, Huh-1 and PLC/PRF[5).
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3.1 Regulation of RhoA activity by p190-B RhoGAP in Huh-7 cells

To investigate the biological function of p190-B RhoGAP in HCC cells,
knockdown of ARHGAPS expression in Huh-7 cells was carried out using
RNAI Following treatment of Huh-7 cells with siRNA targeting ARHGAPS,
we observed a decrease in both ARHGAPS mRNA and p190-B RhoGAP pro-
tein levels relative to what was observed for cells receiving control siRNA,
transfection agent alone or left untreated (Fig. 3A and B). Because p190-B
RhoGAP negatively regulates RhoA activity, we examined the effect of the
siRNA-mediated knockdown of ARHGAPS on RhoA activity. Huh-7 cells
were treated with ARHGAPS siRNA or control siRNA or were left un-
treated. Cells were then cul 1 in DMEM ¢ 10% FCS for 48 h
under standard conditions. RhoA activity levels were higher in cells trea-
ted with ARHGAPS siRNA than in cells treated with control siRNA or in un-
treated cells, whereas total RhoA levels were similar among the three
groups (Fig. 3C). These findings suggest that overexpression of ARHGAPS
cantrib ta downr of RhoA activity in Huh-7 cells.

3.4, Regularion of cell spreading by p190-8 RhoGAP in Huh-7 cells

It is known that integrin-mediated adhesion regulates the aclivity of
p190-B RhoGAP and RhoA [3.9]. We therefore examined the function of
p190-B RhoGAP when Huh-7 cells were plated on fibronectin, a specific
ligand for 251 integrin. Huh-7 cells treated with ARHGAPS siRNA or con-
trol siRNA or left untreated were suspended and plated on fibronectin,

slight increase that peaked between 40-60 min and then returned fo ba-
sal level. RhoA activity was significantly higher in ARHGAPS siRNA-treated
cells than control siRNA-treated cells or untreated cells between 40 and
180 min. During the experimental period, expression of p190-B RhoGAP
was continuously knocked down by ARHGAPS siRNA and total RhoA levels
were similar among the three groups (Fig. 4A).

Because RhoA affects cell motility by stimulating reorganization of ac-
tin, we examined whether p190-B RhoGAP regulates the spreading of
Huh-7 cells on fibronectin. Using immunofluorescence, we observed mor-
phological changes in Huh-7 cells during attachment and spreading on
fibronectin (Fig. 4B). Phalloidin staining revealed that ARHGAPS siRNA-
treated cells exhibited more robust actin stress fibers but less membrane
ruffling and protrusion at the cell periphery than control siRNA-treated
cells or untreated cells. The actin stress fiber formation and reduced
membrane ruffling and protrusion observed in ARHGAPS siRNA-treated
cells corresponded with higher RhoA activity (Fig. 4)

p190-B RhoGAP was expressed diffusely in the cytoplasm of control
siRNA-treated cells and untreated cells, whereas it was hardly detected
in ARHGAPS siRNA-treated cells, We found that p190-B RhoGAP had par-
tally translocated to the membrane protrusions in control siRNA-treated
cells and untreated cells by 40 min after plating (Fig. 4B). Taken together,
these findings suggest that RhoA inactivation by p190-B RhoGAP results
in tnhibition of actin stress fiber formation, enhanced membrane ruffling
and protrusion and promation of cell spreading on fibronectin.

35, Regul of cell migration by p190-8 RhoGAP in Huh-7 cells

Prior to and during plating. cells were d in DMEM ¢
1% FCS. Adhesion to fibronectin regulated RhoA activity in a triphasic or
biphasic manner (Fig. 4A). Prior to plating (0 min). RhoA activity was sig-
nificantly higher in ARHGAPS siRNA-treated cells than in control siRNA-
treated cells or untreated cells. In ARHGAPS siRNA-treated cells, RhoA
activity rapidly and transiently decreased (20 min). This initial decline
was followed by an increase that peaked at 60 min. In the final phase,
RhoA activity gradually decreased. In control siRNA-treated cells or un-
treated cells, an initial period of low RhoA activity was followed by a

To investigate the role of p190-# RhoGAP in cell motility, we per-
formed a monolayer wound healing assay. Wound closure was delayed
in ARHGAPS siRNA-treated cells relative to control siRNA-treated cells
or unireated cells, whether cultured in the presence of mitomycin C or
in its absence (Figs. SA-E). M ycin C blocks is and thus allows
analysis of cell migration in the absence of cell proliferation. These results
show that cell migration, rather than cell proliferation, is the major factor
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in the retarded wound repair process in ARHGAPS siRNA-treated cells. edge than contral siRNA-treated or untreated cells (Figs. SF-H), p190-B
Wound edge cells in ARHGAPS siRNA-treated cells had more abundant ac- RhoGAP translocated to the membrane protrusions of control siRNA-trea-
tin stress fibers but less membrane ruffling and protrusion at the leading ted or untreated cells at the edge of the wound, but not in ARHGAPS-siR-
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Cells were cultured in the absence (D) or presence (E) of mitomycin C. Wound widths were

4 in three randomly chosen regions at the indicated

time after wounding. Values are represented as the mean ¢ SD. Differences were analyzed by ANOVA [P < 0.05). (F-H) Wound edge cells were triple-labeled
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NA cells, Taken together, these observations suggest that the inhibition of
RhoA activity by p190-B RhoGAP promotes cell movement and formation
of membrane protrusions in migrating cells.

4. Discussion

We report here the amplification of ARHGAPS in HCC and
ESCC cell lines, We undertook a melecular definition of the
amplicon at 14q12 thatis present in HCC and ESCC cell lines.
The amplification at 14q12 has been reported in various
types of cancers, including HCC [ 10}, ESCC | 7], nasopharyn-
geal carcinoma [ 11] and non-squamous cell lung carcinoma
|12],although the frequency of 14q12 gainis low in primary
HCC (4-6%)[10.13]. The range of the amplicon varies among
these tumors, and their boundaries have not been deter-

mined in each case, Moreover, the target oncogene(s) in
the amplified regions have not been fully identified. Here
we defined the amplified regions in one HCC and two ESCC
cell lines and narrowed the site of the amplification to a rel-
atively short section. Among the four genes within the
smallest region of the amplification, only HEATR5A and ARH-
GAPS were overexpressed in all the tested lines exhibiting
copy number gains in the region: hence they are thought
to be candidate targets in the amplicon. Of the two genes,
we chose to focus further analysis on ARHGAPS because its
protein product, p190-B RhoGAP, is purported to play an
important role in dynamic cellular processes by regulating
RhoA activity, while little is known about HEATR5A. During
the preparation of this manuscript, amplification of ARH-
GAPS5 was reported in Huh-7 cells | 14].
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Although several studies have suggested an association
of p190-B RhoGAP with tumors | 15-17], its biological func-
tion in cancer cells is poorly understood. Therefore, using
siRNA, we studied its function in Huh-7 cells, the HCC cell
line that exhibited the most remarkable copy number gain
and overexpression of ARHGAPS, We found that p190-B
RhoGAP negatively regulates RhoA activity in Huh-7 cells
cultured in medium containing 10% FCS and plated on
fibronectin. Adhesion to fibronectin regulated RhoA activity
in a triphasic or biphasic manner, as previously reported in
fibroblasts [18,19]. Although some RhoA activity is required
for migration, possibly to maintain sufficient adhesion to
the substrate, high activity inhibits movement [19-22].
Our results showed that RhoA inactivation by p190-B Rho-
GAP results in inhibition of actin stress fiber formation, en-
hanced membrane ruffling and protrusion, and promotion
of spreading and migration of Huh-7 cells. These findings
are in agreement with results obtained from previous stud-
ies. A dominant negative (loss-of-function) p190-8 RhoGAP
mutation elevates RhoA activity in fibroblasts cultured on
fibronectin and inhibits their migration, whereas overex-
pression of wild-type p190-B RhoGAP decreases RhoA
activity, promotes the formation of membrane protrusions
and enhances mobility [19]. Activation of B1 integrin sig-
naling stimulates tyrosine phosphorylation of p190-B Rho-
GAP and promotes membrane protrusion at invadopodia in
a melanoma cell line [17]. p190-B RhoGAP is also involved
in invasion by breast cancer cells [15].

In conclusion, we have identified ARHGAPS as a proba-
ble target for the amplification at 14q12 detected in a sub-
group of HCCs and ESCCs. Our results indicate that p190-B
RhoGAP, the protein product of ARHGAPS, promotes cell
spreading and migration in Huh-7 cells. Further studies
are needed to determine the importance of ARHGAPS and
p190-B RhoGAP in the development and progression of
not only HCC and ESCC but also other types of tumors.
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Hepatitis B virus (HBV) reactivation in hepatitis B

surface antigen (HBsAg)-negative patients fol-

and management of HBV reactivation and
may explain partially the mechanism of recent,
unusual cases of HBV reactivation. J. Med. Virol.

lowing treatment with rituximab has been
reported increasingly. The aim of this study was
to investigate the molecular mechanisms under-
lying HBV reactivation in an HBsAg-negative
patient. HBV was reactivated in a 75-year-old
man following chemotherapy with rituximab,
without elevation of HBsAg. The patient’s full-
length HBV genome was cloned and the entire
sequence was determined. Transfection studies

80:2069-2078, 2008. © 2008 Wiley-Liss, Inc,

KEY WORDS: occult HBV infection; HBV reac-
tivation; mutation; rituximab

INTRODUCTION

were performed in vitro using recombinant wild-

type HBV (wild-type), the patient’s HBV (patient),

and two chimeric HBV constructs, in which the
preS/S region of the patient and wild-type virus

had been exchanged with one another. Secreted

HBsAg and intra- and extra-cellular HBV DNA

were measured, The number of amino acid
substitutions in HBV from this patient was much
higher than in previous reports of HBV mutants,

such as occult HBV and vaccine escape HBV

mutants. Levels of HBsAg and HBV DNA produc-

tion in vitro were significantly lower in the patient

compared to wild-type transfections. From anal-

yses of the chimeric constructs, the altered preS/

S region was responsible mainly for this impair-
ment. These results show that highly mutated
HBV can reactivate after chemotherapy with

rituximab, despite an unusually large number of

mutations, resulting in impaired viral replication
in vitro. Severe immune suppression, probably
caused by rituximab, may permit reactivation
of highly mutated HBV. These findings have
important clinical implications for the prevention

© 2008 WILEY-LISS, INC.

Infection with hepatitis B virus (HBV) is a major
global public health problem, with 50 million people
infected per year and more than 350 million people
infected chronically worldwide. HBV infection is asso-
ciated with a wide spectrum of clinical presentations,
ranging from asymptomatic or very mild clinical
features to severe liver disease. The majority of acute
HBYV infections are self-limited, whereas patients with
chronic HBV infection generally have persistent infec-
tion. In addition, hepatitis B surface antigen (HBsAg)-
negative infection or occult HBV infection has been
recognized recently [Mrani et al., 2007; Nebbia et al.,
2007], but the precise magnitude, pathogenesis, and
clinical relevance of these infection are unclear.
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HBV reactivation in patients who are hepatitis B
carriers is well-known and is often a fatal complication of
cytotoxic chemotherapy [Yeo et al., 2000]. HBV reactiva-
tion diagnosed by HBsAg and anti-HBs titers was first
described by Wands et al. [1975]. With the availability of
quantitative HBV DNA assays, HBV reactivation can be
identified by an increase in HBV DNA titer, and can be
related to clinical hepatitis and to the administration of
chemotherapy [Lok et al., 1991; Yeo et al., 2000]. To date,
many cases of HBV reactivation have been reported in
patients with various cancers, such as breast cancer,
[Zhong et al., 2004] hepatocellular carcinoma [Yeo et al.,
2004] and, in particular, lymphoma [Lok et al., 1991].
Even in cases of resolved HBV infection, HBV DNA may
persist in the liver, where its replication is suppressed
[Rehermann et al., 1996], but immune suppression may
lead to HBV reactivation.

HBV reactivation has been reported to occur in 29-56%
of inactive HBsAg carriers that have been treated with
chemotherapy [Reff et al., 1994]. Furthermore, a number
of HBV reactivations in HBsAg-negative patients have
been reported recently. Hui et al. [2006] reported that
eight of 244 (3.3%) HBsAg-negative lymphoma patients
developed HBV-related hepatitis after chemotherapy.
Surprisingly, seven of the eight patients (89%) were
treated with a regimen including rituximab, There s little
information concerning the molecular mechanism under-
lying such reactivation and neither complete genome
sequencing nor functional analyses of the reactivated
HBYV have been performed previously.

HBV was reactivated in a person who was negative for
both HBsAg and anti-HBs, but positive for anti-HBc.
The full length HBV DNA was amplified and complete
HBV genome sequencing were undertaken, which is
considered suitable for accurate identification of HBV
quasi-species. Transfection studies performed with full-
length linear HBV, rather than with fragments of the
genome, are useful for functional analysis to determine
the biological features of the reactivated HBV. The
complete sequence of this defective HBV and the
expression of HBsAg and replication of the full-length
clone in vitro are described.

MATERIALS AND METHODS
Patient

A T5-year-old Japanese man was treated with ritux-
imab, plus cyclophosphamide, adriamycin, vincristine,
and prednisone (CHOP), for diffuse large B cell
lymphoma. He had never received blood transfusions
or hepatitis B vaccine. About 6 months after chemo-
therapy, he was admitted with elevated levels of serum
transaminases. At that time, the blood level of total
bilirubin was 0.66 mg/dl, AST was 314 IU/m], and ALT
was 158 IU/ml. The result of HBsAg assay was unusual.
Before the onset of hepatitis and the elevation of
transaminases, the first screening assay for HBsAg
(Fig. 1*1), using a chemiluminescent enzyme immuno-
assay (Lumipulse II, Fujirebio, Inc., Tokyo, Japan), was
negative. However, coinciding with the development of

oJ. Med. Virol. DOI 10.1002/jmv
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hepatitis, the second HBsAg assay (Fig. 1*2) was
positive, but indicated a low titer, whereas the neutral-
ization assay was negative. These contradictory results
were interpreted as a false-positive HBsAg assay and
the sample was classified as HBsAg-negative at
that time. Serological tests for HBV showed that anti-
HBs, hepatitis B e antigen (HBeAg), and IgM antibody
to HBc antigen (IgM anti-HBc) were all negative, but
antibody to HBeAg, total anti-HBe and serum HBV DNA
(7.6 log copies/ml) were all positive. In subsequent
HBsAg assays, the titer of HBsAg remained low and
did not mirror increased HBV DNA levels. For con-
firmation, therefore, HBsAg was measured using
another chemiluminescent immunoassay kit (ARCHI-
TECT, Abbott Japan, Tokyo, Japan), and the result was
positive (Fig. 1*3). A needle biopsy performed on the
tenth day after admission provided a diagnosis of acute
hepatitis. Any recent sexual and iatrogenic contact with
HBV was excluded by medical interview and by
reviewing treatment history. He had neither a family
history of, nor apparent previous infection with HBV.
Thus, his hepatitis was considered to result from
reactivation of HBV that he had acquired subclinically
(Fig. 1). Initially, the patient received lamivudine for
10 days, but serum transaminases increased continu-
ously to 1,400 IU/ml. He was treated with additional
steroid and interferon therapy and the hepatitis
improved within 2 months.

Full-Length HBV Genome Analysis

HBV DNA was extracted from 200 pul of serum on the
tenth day after the patient's admission. Full-length
HBV DNA was amplified according to the method
described by Giinter et al. [1995] with HBV-specific
primers, using the Expand high-fidelity PCR system
(Roche Diagnosties, Tokyo, Japan). The amplification
was performed in an iCycler Thermal Cycler (Bio-Rad
Laboratories, Tokyo, Japan) under the following con-
ditions: 94°C for 4 min then, 95°C for 30 sec, 60°C for
30 see, 72°C for 3 min, for 40 cycles with an increment of
10 sec after each cycle, and 1 cycle of 72°C for 7 min. The
PCR products were purified and the full-length HBV
genome was cloned using a TOPO TA cloning kit
(Invitrogen Japan, Tokyo, Japan). The complete HBV
DNA sequences of five clones were determined using
appropriate primers.

Genotyping of the HBV DNA sequences was carried
out using the CLUSTAL program by phylogenetic
comparison along the entire genome with sequences
from representative genotypes, A to H. All five HBV
clones belonged to genotype C, therefore, the nucleotide
and amino acid sequences of HBV DNA isolates were
aligned to HBV genotype C (AB033556). The average
numbers of mutations in five clones were calculated.

Preparation of Constructs for Transfection

One of the five HBV clones (patient), isolated accord-
ing to the procedures above, was used as the template
plasmid. Another full-length HBV DNA (wild-type) was
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Fig. 2. Structure of HBV DNA transfected into Huh?7 cells.
Recombinant HBV constructs, Rel and Re2, were made by uchlnging
the preS/S regions of the patient and the wild-type clones. The
inblack indicate HBV sequences with mutations. Each full length
DNA was cleaved with Sapl from the vector DNA.

as HBaAg-negative(*2). For confi
HITECT,

HBsAg o using
Abbott Japan) and the result was pout.iva (*3).

restriction sites (Fig. 2). Both plasmids were digested
with Acll at 37°C for 2 hr, and Bs¢EII at 60°C for 2 hr.
Plasmids were separated into two fragments; one frag-
ment encoding the preS/S region (1.2 kb) and the other
compriging the vector sequence (3.7 kb) ligated to 2.0 kb
of HBV DNA without the preS/S region. To construct the
chimeric plasmids, the preS/S regions of the patient and
the wild-type plasmids were swapped. The structures of
the full-length clones are given in Figure 2.

Transfection Study With Full-Length HBV DNA

Transfection of recombinant HBV was performed
according to Giinter et al. [1995] and Pollicino et al.
[2006)]. Linear 3.2 kb HBV monomers (patient, wild-
type, Rel, Re2) were released from the four plasmids by
cleavage with Sapl (New England Biolabs Japan,
Tokyo, Japan). HuH7 human hepatnma cells were
plated at a density of 1.3x10° cells per 100 mm-
diameter culture dish (Falcon, Becton Dickinson and
Co., Tokyo, Japan) and incubated for 24 hr to yield
60-90% confluency. The cells were transfected transi-
ently with 5 pg of HBV DNA using Lipofectamine 2000
(Invitrogen Japan). The medium containing DNA was
changed 1 day after transfection to stop the reaction, and
cells and supernatant were harvested 1 day later.

Transfection efficiency was measured by co-trans-
fection of 1 pg of a reporter plasmid expressing secreted

J. Med. Virel. DOI 10.1002jmv
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alkaline phosphatase (TaKaRa BIO, Otsu, Japan).
Secreted HBsAg in the culture supernatant was meas-
ured by a chemiluminescent immunoassay using a
commercially available kit (ARCHITECT, Abbott
Japan). HBV DNA was extracted from 200 pl of super-
natant. The cells were washed, pelleted by centrifuga-
tion, and nucleic acids were extracted from the cell
pellet. Quantitation of extracellular and intracellular
HBV DNA was undertaken by a real-time PCR method
using the SYBR Green I protocol in a Light-Cycler
(Roche Diagnostics). Each 20 pl reaction contained 2 pl of
Master Mix, 0.5 uM of forward and reverse primers, and
2 ul of sample material. The forward and reverse
primers were (637-652) b5'-cctatggga ag-3'
and (742-761) 5'-geccecaataccacateate-3', which target
part of the polymerase region. Amplification was
performed as follows: 95°C for 10 min, then 45 cycles of
95°C for 0 sec, 55°C for 0 sec, 72°C for 16 sec. The
products were analyzed by fluorescence and crossing
point curves, melting curves and electrophoresis. Serial
dilutions of a control HBV DNA were used as quantita-
tion standards. HBV constructs without transfection
reagent were included as negative controls. All the
experiments and measurements were carried out
seven times and the mean values were used for analysis.

RESULTS
Nucleotide and Amino Acid Sequence Analysis

All five clones from this patient, as well as the wild-
type clone used as the control, belonged to HBV
genotype C, according to phylogenetic analysis. Numer-
ous nucleotide mutations were detected in the patient,
spread throughout the genome sequence, and some
resulted in amino acid substitutions (Table I). In this
case, amino acids were changed most frequently within
the S region of the surface open reading frame (ORF)
(Table I).

Three amino acid substitutions (Q129H, F134Y,
D144E) were located in the “a” determinant. The
frequency of substitutions in the “a” determinant was
almost equal to those reported previously. The subtype

Miyagawa et al.

of this virus was classified as ayw by arginine at position
122 and by lysine at position 160. The remaining 17
amino acid substitutions in the surface ORF were
located outside the “a” determinant. No deletions were
located within the preS1 and preS2/8 promoters, which
might lead to reduced secretion of HBsAg [Sengupta
et al., 2007].

Besides mutations within the surface ORF, numerous
amino acid substitutions were scattered throughout the
polymerase ORF. However, no significant amino acid
substitutions were detected, which have been reported
previously to change the replication ability of the
domains [Radziwill et al., 1990; Blum et al., 1991]. No
substitution was detected in the YMDD motif.

The core promoter mutations A1762T/G1764T were
not found in any isolate. However, the G1896A mutation
in the precore region was detected in all isolates.

Functional Analysis of the HBV Genome by
Transient Transfection

To investigate the replication capacity and ability of
the variant HBV to produce HBsAg in vitro, four
constructs (patient, wild-type, Rel and Re2; Fig. 2) were
used for transient transfection of HuH7 cells. HuH7
cells transfected with linear HBV DNA of the patient
had aceumulated between 40 and 60 HBV molecules per
cell 24 hr after transfection, as determined by real-time
PCR assay. No HBV DNA or HBsAg were detected in the
lysates of cells treated with HBV DNA but without
Lipofectamine 2000 transfection regent.

As anticipated, extracellular HBsAg was not detected
in the supernatants from cells transfected with the
patient clone and was strongly suppressed with the Rel
clone (Fig. 3). Meanwhile, the Re2 clone expressed
detectable HBsAg but at a rather lower level than the
wild-type.

All four clones were able to release viral DNA into the
cell culture medium (Fig. 4). Intracellular and extrac-
ellular HBV DNA levels were in proportion for each
clone, The level of HBV DNA in the sample transfected
with the patient clone was lower than the wild-type
level. The secretion of HBV DNA by the patient clone

TABLE 1. Position of Amino Acid Substitutions and Number of Mutations in Each Region of the Patient HBV Genome

Number of
Location Position of amino acid mutation mutations” (%)
preS region F'248 (1/5), F45L, N56K, Q80P, D133N, L141E, G149E, T1641, T.0/174 (4.0%)
S region E2G, T41, F§S, Q308 (1/5), T47M, T571, Y72C (1/5), K122R, T123N, @129H, F134Y, 16.2/226 (7.2%)
(3/5), T1481, A159G (3/6), E164D (2/5), V168A, S174N, A184V (1/5), Y206C, Y221C
Polymerase 1101V, K127E (1/5), T1508 (1/5), F206L (3/5), S213G, 1214V, L225P, S237A, W253R, A2725, 23.6/843 (2.8%)
region H277Y, 8287P (1/5), V302M, H306N, R313K, F3218, T3841, D477K, 1515V (1/5), V519L
(2/5), A540T (1/5), F567L (1/5), W589R (1/5), G590D (1/5), 16151, AG63S, TT18A, E729G (2/
5) T743K, L784P (1/5), R807Q, T809S, V830A (1/5), K 841R
X region G27R, P36T, D48V, C61R (1/5), EB0A, T86A, V92L, S101T/P (2/5,1/5) 6.8/154 (4.4%)
Precore was* 1.0/29 (3.4%)
region
Core region E40G (1/5), V115I (1/5), 8168T (3/5) 2.0/183 (0.65%)

Mutations within “a” determinant are underlined. Several mutations were detected in one to three of five clones (the number of mutated clone per

five clones).

*The number of amino acid mutations per all amino acid in each region. The average number of mutations in five clones was calculated.

J. Med. Virol. DOI 10.1002/jmv
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Fig. 3. The expression of HBsAg in cell culture 1 day after
transfpction. The wild-type clone served as a reference with the value
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and the Rel clone was suppressed, while the replication
of the Re2 clone was comparable to that of the wild-type
clone. These results suggest that the altered preS/S
sequencesin this patient impair not only the synthesis of
HBsAgbut also the production of HBV DNA and that the
mutations outside the preS/S region only weakly inhibit
the production of HBsAg.

DISCUSSION

In this study, molecular characterization of an
HBsAg-negative, defective HBV that reactivated after
CHOP plus rituximab chemotherapy were carried out.
There were 812 articles identified from PubMed data-
bases using keywords including “hepatitis” and “reac-
tivation” (Table II). There were 21 reports of HBV
reactivations associated with chemotherapy in HBsAg-
negative patients and another four reports cited in those
articles. Reports associated with transplantations were
excluded. In these 25 selected reports, 22 of a total of 36
(61.1%) patients had received chemotherapy containing
rituximab [Hui et al., 2006]. Only two studies associated
with rituximab treatment [Westhoff et al., 2003; Awe-
rkiew et al., 2007] reported sequencing of the reacti-
vated HBV. These studies revealed approximately five
amino acid substitutions within the surface ORF.

The most notable difference between the defective
HBV in this case and the mutants reported previously is
the large number of mutations and the localization of the
mutations within the S region. The number of amino
acid substitutions in the S region in this patient was
higher than in vaccine-selected HBV mutants and occult
HBYV reported previously (16.2 vs, 1.0-6.1) (Table I1I).
Only one study, Grethe et al. [1998], reported an
unusual variant with similarly high numbers of muta-
tions in the surface ORF (18—23 mutations). It is of note
that their case was asymptomatic and had low levels of
HBV DNA (10*® genomes/ml), implying that a highly
mutated HBV could not cause active disease under
normal host immunity.

By in vitro transfection studies it was found that
mutations in the preS/S region abolished HBsAg
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the sample transfected with the HBV construct containing preS/S
tati The Re2 ining the frag without the
mutated S region retains the wild-lype replication capacity and
produces virions, even though it includes sume mutations outside the
preS/S region.

production. Moreover, mutations outside of the preS/S
region may inhibit the secretion of HBsAg partially
(Fig. 4, Re2). These findings are in agreement with the
view that amino acid substitutions near to but outside of
the S region also affect the secretion of HBsAg, as
reported by Kreutz [2002].

HBsAg could be detected in vivo only using the
immunoassay kit (ARCHITECT, Abbott Japan). This
phenomenon is known to occur due to altered anti-
genicity of HBsAg [Cariani et al., 2007; Gibb et al., 2007].
Low antigenicity of our variant HBsAg was confirmed by
in vitro expression assays and by a lower HBsAg titer, in
proportion to the level of HBV DNA in vivo. Negative
HBsAg detection in vitro may be attributed to lower
proliferation efficacy in vitro compared to that in vivo,

Because the sequence of the PreS/S region is over-
lapped entirely by a large part of the polymerase ORF,
the spacer and RT domain, it was determined whether
the nucleotide changes in the preS/S region affected the
amino acid sequence of the preS/S protein or the
polymerase, or both. In the 8 region, 78.8% of the
nucleotide mutations changed the amino acid sequence
of only the S protein, while only 5.0% of the mutations
were non-synonymous for only the polymerase protein
(Fig. 5). Within the region of the preS ORF, 54% of the
mutations changed the protein sequence of the polymer-
ase only and 19.8% of these mutations changed the preS
domain only (Fig. 5). The mutations within the preS
region were considered more likely to change the amino
acid sequence of the polymerase than the preS domain of
the surface protein.

J. Med. Virol. DOI 10,1002/jmv
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It was found that there were 34 amino acid sub-
stitutions in the entire polymerase protein. The analysis
in vitro demonstrated low replication of the patient’s
clone (patient), whereas amino acid substitutions in the
polymerase outside the preS/S region did not affect HBV
DNA production (Re2). Rather, the low replication
capacity was presumed to be caused by the mutations
located in the part of the polymerase overlapping the
preS/S region (Rel) (Fig. 4).

It was found that 11.8 amino acid substitutions within
the spacer domain were overlapped by the preS region
and 2.4 mutations within the RT domain were over-
lapped by the 8 region. Their effects remain unknown
and further studies will be needed.

In previous studies, HBV reactivation usually
resulted from HBV strains with normal HBsAg produc-
tion and high replication capacity (Table II). However, in
this case, the HBV clones isolated had poor replication
ability and produced altered HBsAg. The mutant
viruses in this patient, with low replication capacities,
pmmt.ed probably because they were more fit than wild-
type viruses under strong immune pressure before
chemotherapy. They benefited presumably from
reduced antigen presentation due to low replication,
but this needs further investigation. It is of note that a
similar phenomenon was reported recently in cases of
occult HBV infection [Besisik et al., 2003; Chaudhuri
et al, 2004); lamivudine resistant YMDD mutants,
known to have low replication ability, were found
occasionally in individuals who had never been treated
with lamivudine.

Several cases of fatal HBV reactivation have been
reported following rituximab treatment [Czuczman
et al,, 1999; Ng and Lim, 2001; Coiffier et al., 2002;
Skrabs et al,, 2002]. More than half of the cases of
reported reactivations in HBsAg-negative patients were
treated with rituximab-containing chemotherapy
(Table II). Rituximab is an engineered chimeric anti-
CD20 monoclonal antibody and is used in combination
with chemotherapy to treat cases of B-cell non-Hodg-
kin's lymphoma, in which the CD20 antigen is expressed
[Coiffier et al., 2002).

In patients with HBV, not only HBV-specific cytotoxic
T lymphocytes, but also B lymphocyte-mediated antigen
presentation, are needed to control HBV infection.
However, rituximab leads to the depletion of B lympho-
cytes and results in the failure of antigen-presenting
cells to prime the cytotoxic T-lymphocyte responses to
HBV [Dai et al., 2004]. Such an immune-compromised
state might allow defective HBV to reactivate and cause
hepatitis.

In conclusion, it was demonstrated that highly
mutated HBV could reactivate after rituximab-contain-
ing chemotherapy. To the authors' knowledge, thisis the
first study to analyze the complete sequence and
molecular function of HBV reactivated after adminis-
tration of rituximab. An unusually large number of
mutations resulted in the inhibition of viral replication
in vitro, as well as a lack of HBsAg production in vivo and
in vitro. From the previous reports, mutated HBV was
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He et al. [2001)

QOon et al. [1995)
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Huang et al. [2004]
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detected more frequently after use of rituximab for
chemotherapy. Further studies are needed to clarify the
frequency and the mechanism of reactivation of defec-
tive HBV. These findings have clinical implications for
the prevention and management of HBV reactivation;
defective HBV can be reactivated even in individuals
who are anti-HBc and/or anti-HBs positive and HBV
DNA negative. As recommended by others recently
[Vitale et al., 2008], it is suggested that monitoring of
HBV DNA, as well as HBsAg and anti-HBc, should be
carried out, particularly for liver function disorders of
unknown origin in patients under an immune-suppres-
sive state after chemotherapy including rituximab.
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Activation of B-Myb by E2F1 in hepatocellular carcinoma
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Aim: Deregulation of E2F1 transcriptional activity is
observed in a variety of cancers, including hepatocellular
carcinoma (HCC). The aim of the present study is to identify
transcriptional target genes of E2F1 in HCC.

Methods: We determined expression levels for E2F1 and ten
candidate genes thought to be targets of E2F1 in primary
HCCs using a real-time quantitative reverse transcription-PCR
assay. Following small interfering RNA (siRNA}-mediated
knockdown of E2F1 in HCC cell lines, we guantified mRNA
levels of the candidate E2F1 target genes.

Results: E2F1 was significantly over-expressed in 41 primary
HCCs as compared to non-tumorous liver tissues. Among
the candidates, MYBL2, whose product is the transcriptional
factor B-Myb, which is involved in controlling cell-cycle pro-
gression and apoptosis, was significantly over-expressed in
primary HCCs. Additionally, expression levels of MYBL2 corre-
lated with those of E2F1. Knockdown of E2F1 resulted in a

decrease in expression of MYBL2. A copy-number gain for
MYBL2 was observed in 36 of 66 primary HCCs, suggesting
that MYBL2 expression is up-regulated by amplification in
addition to being regulated by E2F1. Moreover, SiRNA-
mediated knockdown of MYBL2 led to reduced expression of
CDC2 (which encodes CDC2), cyclin A2 (CCNAZ2), and topoi-
somerase || a (TOP2A), implicating these genes in the cell
cycle and suggesting that they may be downstream targets of
B-Myb.

Conclusion: MYBL2 is a probable transcriptional target of
E2F1 in HCC and may therefore be a useful biomarker for
diagnosis and an attractive target for molecular therapies
useful to treat HCC.

Key words: CCNA2, CDC2, E2F1, hepatocellular carcinoma,
MYBLZ, TOP2A

INTRODUCTION

EPATOCELLULAR CARCINOMA (HCC) is the

fifth most common malignancy in the world and

is estimated to result in approximately half a million

deaths annually.' Several risk factors for HCC have

been reported, including infection with hepatitis B virus

(HBV), hepatitis C virus (HCV), dietary aflatoxin,
alcohol consumption, and diabetes.

Deregulation of E2F transcriptional activity as a result

of alterations in the p16™***-cyclin D1-Rb pathway is a
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hallmark of human cancer. E2Fs comprise a family of
related factors that control the expression of genes
important for cell-cycle progression as well as other pro-
cesses such as apoptosis, DNA repair, and differentia-
tion.”” There are now eight known human E2F family
genes: E2F1-E2F8. The E2F1 through to E2F6 proteins
dimerize with one of three DP proteins (DP1, DP2/3,
or DP4) to form functional transcriptional factor com-
plexes that can bind DNA with high affinity. The
function of the E2F-DP heterodimer is thought to be
determined primarily by which E2F is present in the
heterodimeric complex.

Qur earlier studies identified TFDP1, which encodes
DP1, as a probable target within a 13934 amplicon that
is frequently detected in HCCs' and esophageal squa-
mous cell carcinomas.”® Elevated expression of TFDP1
was associated with large HCC tumor size and down-
regulation of TFDP! inhibited growth of HCC cells.®

© 2008 The Japan Society of Hepatology
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Amplification of E2F1 has been reported in some
cancer cell lines and E2F1 may be a target for the chro-
mosome 20q amplification.” High levels of E2F1 in
cancers of the lung, breast, and pancreas correlate with
poor clinical outcomes.” In contrast, reduced E2F1
expression in colon cancer and bladder cancer correlates
with more aggressive malignancy. Paradoxically, E2F1
has been shown to have the ability to induce both cell-
cycle progression and programmed cell death, poten-
tially leading to both tumor-promoting and twmor-
suppressing effects.” Deregulation of E2F1 expression
can lead to promotion or inhibition of tumorigenesis,
depending on what other oncogenic mutations are
present.’

B-Myb belongs to the Myb family of transcriptional
factors, which include A-Myb and C-Myb." Whereas
A-Myb and C-Myb are tissue-specific, B-Myb is expressed
ubiquitously. B-Myb plays an important role in the cell
cycle and in cell survival.® MYBL2, which encodes
B-Myb, is induced by E2F1."" B-Myb expression is barely
detectable in GO and is induced at the G1/S transition of
the cell cycle.® The broad expression of B-Myb in prolif-
erating cells at least in part explains the phenotype
of B-Myb knockout mice; that is, death in early
embryogenesis.''

Herein we examined E2F1 expression in HCC and
explored transcriptional targets of E2F1 that are acti-
vated in this type of wmor Intriguingly, MYBL2
emerged as a likely downstream target of E2F1. Further,
we show that B-Myb protein can activate expression of
genes that encode CDC2, cyclin A2, and topoisomerase
11 @, which are required for cell cycle progression.

METHODS
Cell lines and tumor samples

TOTAL OF 21 liver cancer cell lines were examined

in this study: HCC-derived HLE'" HLF;"“ PLC/
PRF/5; Li7;'"* Huh7; Hep3B; SNU354;'* SNU368;"
SNU387;! SNU398;™ SNU423;" SNUI449;" SNU475;'
JHH-1;"* JHH-2;"* JHH-4;" JHH-5;"" JHH-6;"* JHH-7;"*
Huh-1;" and the hepatoblastoma line HepG2. All cell
lines were maintained in Dulbecco’s modified Eagle's
medium (DMEM) supplemented with 10% fetal bovine
serum. We obtained a total of 66 primary HCC tumors
from patients undergoing surgery at the Tokyo Medical
and Dental University and Kyoto University. Before ini-
tiation of the present study, informed consent was
obtained in the formal style approved by all relevant
ethical committees. Genomic DNA was isolated from
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each cell line and from primary tumors using the Pure-
gene DNA isolation kit (Gentra, MN, USA). Total RNA
could be extracted from 41 of these primary HCCs,

Fluorescence in situ hybridization (FISH)

We performed FISH using as a probe the bacterial arti-
ficial chromosome (BAC) RP11-73E4, which includes
MYBL2, as desaibed previously.* Briefly, the probe was
labeled by nick translation with biotin-16-dUTP (Roche
Diagnostics, Germany) and hybridized to metaphase
chromosomes. Hybridization signals for biotin-labeled
probes were detected with avidin-fluorescein (Roche
Diagnostics).

Real-time PCR

We quantified genomic DNA and mRNA by real-time
fluorescence detection. Total RNA was obtained using
Trizol (Invitrogen, CA, USA). Residual genomic DNA
was removed by incubating the RNA samples with
RNase-free DNase | (Takara Bio, Japan) prior to reverse
transcription (RT)-PCR. Single-stranded complementary
DNA (cDNA) was generated using Superscript Il
Reverse Transcriptase (Invitrogen) following the manu-
facturer’s directions. Real-time quantitative PCR experi-
ments were performed with the LightCycler system
using Faststart DNA Master Plus SYBR Green | (Roche
Diagnostics) according to the manufacturer’s protocol,
Primer sequences are listed in supplementary Tables
§1 and S2. GAPDHY and long interspersed nuclear
element-1 (LINE-1)"" were used as endogenous controls
for mRNA and genomic DNA levels, respectively.

RNA interference studies

For RNA interference (RNAi), small interfering RNA
(siRNA) duplex oligoribonucleotides targeting E2F1 or
MYBL2, along with a non-silencing control siRNA which
has no significant similarity to any known mammalian
gene, were obtained from Qiagen (Japan). The siRNAs
were delivered into JHH-5 cells using Hyperfect trans-
fection reagent (Qiagen) according to the manufactur-
er’s instructions. To determine mRNA levels, cells were
harvested 48 h after transfection and subjected to real-
time quantitative RT-PCR as described above.

Statistical analysis

All statistical analyses were performed using SPSS
version 15.0 (SPSS, IL, USA). Either the Wilcoxon
signed-rank test or the Mann-Whitney U-test was used
to compare mRNA levels among tumorous and non-
tumorous tissues. Any apparent associations were tested
via Pearson’s correlation coefficient analysis. y’-tests
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Figure 1 Over-expression of E2F1 in primary hepatocellular
carcinoma (HCC). Relative expression levels of E2F] in 41
primary HCC tumors (T) and seven non-tumorous liver tissues
(NT) were evaluated by real-time quantitative RT-PCR and
normalized to GAPDH. Horizontal lines indicate the means of
expression levels,

were used to evaluate associations between clinico-
pathological parameters and the level of MYBL2 expres-
sion. P values of <0.05 were considered significant.

RESULTS

Identification of E2F1 downstream genes

E DETERMINED THE levels of E2F1 mRNA in 41

primary HCCs and seven non-tumorous liver
tissues using real-time quantitative RT-PCR. E2F1 was
significantly over-expressed in HCC tumors as com-
pared to non-tumorous tissues (Mann-Whitney U-test,
P<0.001; Fig. 1).

To identify genes induced by E2F1 in HCC, we exam-
ined ten candidate genes thought to be targets of E2F1:
MYBL2 (which encodes B-Myb); CDC2 (CDC2/CDK1);
CCNA2 (eyelin A2); CCNE1 (cyclin E); MYC (c-MYC);
DHFR (dihydrofolate reductase); TYMS (thymidylate

Hepatology Research 2008; 38: 886-895

synthetase); TK1 (thymidine kinase 1); RRM1 (ribo-
nucleotide reductase M1); and PCNA (proliferating cell
nuclear antigen). For this purpose, we knocked down
expression of E2F1 via siRNA. In HCC-derived JHH-5
cells that received siRNA targeting E2F1, we observed a
decrease in E2F1 mRNA levels relative to what was
observed for cells that received a control siRNA or for
untreated cells (Fig. 2A). Following siRNA-mediated
knockdown of E2F1, we quantified mRNA levels of the
ten candidate genes. Knockdown of E2F1 led to a
decrease in expression of MYBL2, CCNEI, MYC, TKI,
and RRM1, but not CDC2, CCNA2, DHFR, TYMS, or
PCNA (Fig. 2A).

We next determined the expression levels of the ten
candidate genes in 41 primary HCCs and seven non-
tumorous liver tissues. Real-time quantitative RT-PCR
analyses revealed that MYBL2, CDC2, and CCNA2 were
significantly over-expressed in HCC tumors as com-
pared to non-tumor tissues (Fig. 2B). Among the ten
candidates, only MYBL2 was down-regulated following
siRNA-mediated knockdown of E2FI1 and significantly
over-expressed in primary HCCs. Therefore, we chose to
further analyze MYBL2, which encodes the transcrip-
tional factor B-Myb.

To further test if over-expression of MYBL2 correlates
with primary HCC tumors, we quantified MYBL2
expression in paired tumor and non-tumor tissues from
an additional 22 patients with HCC. MYBL2 was signifi-
cantly over-expressed in 20 (91%) of the tumors as com-
pared to their non-tumorous counterparts (Wilcoxon
signed-rank test, P < 0.001; Fig. 2C). Further, the expres-
sion of MYBL2 significantly correlated with those of
E2F1 in the 22 primary HCC tumors (Fig. 2D) and in
the 21 HCC cell lines (Fig. 2E). Taken together, these
observations indicate that MYBL2 is up-regulated in
HCC and is a probable transcriptional target of E2F1.

To clarify the relationship between expression of
MYBL2 and various clinicopathological parameters, we

Figure 2 MYBL2 is up-regulated in hepatocellular carcinoma (HCC) and is a probable transcriptional target of E2F1. (A) siRNA-
mediated knockdown of E2F1 in HCC cell lines. JHH-5 cells were treated with 5 nM siRNA targeting E2F1 (siE2F1) or control siRNA
(non-silencing) and harvested 48 h after wansfection. Unireated cells were maintained under identical experimental conditions.
Relative expression of E2F1 and its ten putative downstream genes was evaluated by real-time quantitative RT-PCR. Results are
presented as the ratio between expression of each gene and a reference gene (GAPDH) to correct for variation in the amount of RNA.
Relative expression levels were normalized such that for untreated cells, this ratio is 1. (B) Expression of ten putative E2FI-
downstream genes in 41 primary HCC tumors (T) relative to expression in seven non-tumorous liver tissues (NT). Horizontal lines
indicate the means of expression levels. (C) Relative expression of MYBL2 in paired tumor (T) and non-tumor (NT) tissues from
22 patients with HCC. (D, E) Correlation between expression levels of E2F1 and MYBL2 in 22 primary HCC tmors (D) and 21
HCC cell lines (E). Pearson’s correlation coefficient analysis revealed that there was a significant correlation between expression
levels of the two genes. ([J) untreated, (ff) non-silencing, (i) siE2F1.
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