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Figure 2 Predicted amino adid se-
quence of the surface region of the HBV
genome obtained from sera before and
25 weeks after the initiation of inter-
feron and ribavirin treatment, at which
time the anti-HBs titer was at a
maximum (DDBJ accession number:
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type HBV-DNA."*1* Two HBV isolates obtained before
and after interferon/ribavirin treatment in the present
study have in common three unique mutations leading
to amino acid changes (Thr to Met at position 118, Pro
to Ser at 127, Phe to Ser at 158) (Fig. 2). These amino
acid changes were not listed in the previous report,
which showed that changes at 144 and 145 were the
possible epitope determinant of d/y other than the
main d/y determinant at 122." In addition, these three
mutations are not included in those which are associ-
ated with the failure of diagnostic tests of HBsAg or with
vaccine or immunoglobulin therapy escape.> Conse-
quently, there seemed to be no amino acid changes in
the HBV-DNA that might weaken HBsAg epitope in each
subtype determinant.

Inhibition testing of anti-HBs using several purified
antigens showed that only the adr antigen significantly
inhibited anti-HBs, whereas neither the adw nor the ay
antigen did so, and thus the main reactivity of the anti-
HBs seems to be against the r epitope (Fig. 3). In addi-
tion, the serum with a high titer of anti-HBs did not
react significantly with other anti-HBs measuring kits
using the ad and ay epitopes (Abbott, Tokyo, Japan; data
not shown), confirming the result of the inhibition test.
Because we did not perform a precise epitope-mapping
analysis against the anti-HBs using multiple synthesized
oligopeptides that could cover the whole HBsAg region,
this result remains inconclusive and the anti-HBs activ-
ities could still be against as-yet-undefined epitopes.
However, it may not be an over-interpretation to suggest
that the appearance of anti-HBs was a break in immune
tolerance against some epitopes in HBsAg induced by
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AB284371). The sequence was 100%
identical, which was also the case for
another region of HBV-DNA (data not
shown). Epitope determinant regions;
box, a determinant; 122, dfy; 160, w/r,
are shown. Nucleotide sequences indi-
cated that the HBsAg subtype was adr.
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the interferon/ribavirin treatment, because we could not
detect any amino acid changes by the treatment.

The characteristic upsurge in anti-HBs titer during
interferon treatment was specific to this patient, who
also received ribavirin. Seven other chronic hepatitis B
patients who received interferon monotherapy were
found not to have significant changes in anti-HBs titer
in response to the initiation of interferon therapy
(Table 1). Thus, the appearance of anti-HBs seemed
to be due to the effect of ribavirin, which has an
immunomodulative function as well as a mutagenic

100%
(344.7 mlU/mL)
75%
50%

25% ,

0% ... %Z BRI ez n ) 4
) adr adw ay
97.5% -2.8% -5.0%

Inhibition rate(%})

Figure 3 Inhibition test for anti-HBs reactivity using several
subtype-specific antigens. Purified adr, adw and ay antigens
were added to the serum with a high anti-HBs titer. The anti-
HBs titer of the 'serum used for this experiment is shown
as 100% and the maximum inhibition percentage values
obtained by each antigen are shown. Minus (-) means adding
no antigen.

— 139 —



Hepatology Research 2007; 37: 477-481

effect on the virus.” In addition, the decrease in anti-
HBs and a reciprocal increase in HBsAg titer occurred
after the cessation of ribavirin (Fig. 1), despite the con-
tinuation of interferon that constituted the major antivi-
ral component of the combination therapy, supporting
the idea that the break in immune tolerance against
HBsAg resulted from the immune-modulating activities
of ribavirin. This observation was made in a single
patient and was incidental to a situation where ribavirin
was used to treat a coinfection with hepatitis C. Should
we come across a similar clinical situation of coinfec-
tion with HBV and HCV, and treatment with interferon
and ribavirin is given, the patient should be carefully
monitored to determine whether or not such a serolog-
ical phenomenon occurs again and results in a good
dlinical outcome for chronic HBV infection. A dinical
study should be commenced if these findings can be
confirmed.
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Introduction

Abstract

Background and Aim: We have reported previously that synthetic small interfering RNA
(siRNA) and DNA-based siRNA expression vectors efficiently and specifically suppress
hepatitis C virus (HCV) replication in vitro. In this smdy, we investigated the effects of the
siRNA targeting HCV-RNA in vivo.

Methods: We constructed recombinant retrovirus and adenovirus expressing short hairpin
RNA (shRNA), and transfected into replicon-expressing cells in vitro and transgenic mice
in vivo.

Results: Retroviral transduction of Huh7 cells to express shRNA and subsequent trans-
fection of an HCV replicon into the cells showed that the cells had acquired resistance to
HCV replication. Infection of cells expressing the HCV replicon with an adenovirns
expressing shRNA resulted in efficient vector delivery and expression of shRNA, leading
to suppression of the replicon in the cells by ~1072, Intravenous delivery of the adenovirus
expressing shRNA into transgenic mice that can be induced to express HCV structural
proteins by the Cre/loxP switching system resulted in specific suppression of virus protein
synthesis in the liver.

Conclusion: Taken together, our results support the feasibility of utilizing gene targeting
therapy based on siRNA and/or shRNA expression to counteract HCV replication, which
might prove valuable in the treatment of hepatitis C.

successful suppression of various human pathogens by RNAI have
been reported, including human immunodeficiency viruses,’t

Hepatitis C virus (HCV), which affects 170 million people world-
wide, is one of the most important pathogens causing liver-related
morbidity and mortality.! The difficulty in eradicating HCV is
attributable to limited treatment options against the virus and their
unsatisfactory efficacies. Even with the most effective regimen
with pegylated interferon (IFN) and ribavirin in combination, the
efficacies are limited to less than half of the patients treated.?
Given this situation, the development of safe and effective anti-
HCV therapies is one of our high-priority goals.

RNA interference (RNAI) is a process of sequence-specific,
post-transcriptional gene silencing that is initiated by double-
stranded RNA.3* Because of its potency and specificity, RNAi
rapidly has become a powerful tool for basic research to analyze
gene functions and for potential therapentic applications. Recently,

Journal of Gastroenterology and Hepatology (2007) @ 2007 The Authors

poliovirus,” influenza virus,® severe acute respiratory syndrome
(SARS) virus® and hepatitis B virus (HBV).!*-13

We and other researchers have reported that appropriately
designed small interfering RNA (siRNA) targeting HCV genomic
RNA can efficiently and specifically suppress HCV replication
in vitro.'"'? We have tested siRNA designed to target the well-
conserved 5’-uniranslated region (5'-UTR) of HCV-RNA, and
identified the most effective target, just upstream of the translation
initiation codon. Furthermore, transfection of DNA-based vectors
expressing siRNA was as effective as that of synthetic siRNA in
suppressing HCV replication.'

In this study, we explored the further possibility that efficient
delivery and expression of siRNA may be effective in suppression
and elimination of HCV replication and that delivery of such
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Figure 1 Structures of HCV replicon plasmids. The pRep-Feo
expressed a chimeric reporter protein of firefty luciferase (Fluc) and
neomycin phosphotransferase (GenBank accession No. AB119282),'420
The pRep-Fluc expressed the Fluc protein. The pRep-BSD expressed
the blasticidin S (BSD} resistance gene. pT7, T7 promoter; 5’UTR, HCV
5-untranslated region; AC, truncated HCV core region (nt. 342-377);
neo, neomycin phosphotransferase gene; EMCV, encephalomyocarditis
virus; NS3, NS4, NS5A and NS5B, genes that encode HCV non-
structural proteins; 3'UTR, HCV 3"-untranslated region.

HCV-directed siRNA in vivo may be effective in silencing viral
protein expression in the liver. Here, we report that HCV replica-
tion was suppressed in vitro by recombinant retrovirus and aden-
ovirus vectors expressing short hairpin RNA (shRNA) and that the
delivery of the adenovirus vector to mice in vivo specifically inhib-
_ ited viral protein synthesis in the liver.

Methods

Cells and cell culture

Huh7 and Retro Pack PT67 cells (Clontech, Palo Alto, CA, USA)
were maintained in Dulbecco’s modified minimal essential
medium (Sigma, St. Lonis, MO, USA) supplemented with 10%
fetal calf serum at 37°C under 5% CO,. To maintain cell lines
carrying the HCV replicon, G418 (Wako, Osaka, Japan) was added
to the culture medium to a final concentration of 500 pg/mL.

HCV replicon constructs and transfection

HCV replicon plasmids, pRep-Feo, pRep-Fluc and pRep-BSD
were constructed from were constructed from a virus, HCV-N
strain, genotype 1b.2! The pRep-Feo expressed a chimeric reporter
protein of firefly luciferase (Fluc) and neomycin phosphotrans-
ferase.*? The pRep-Fluc and the pRep-BSD expressed the Fluc
and blasticidin S (BSD) resistance genes, respectively (Fig. 1).

The replicon RNA synthesis and the transfection protocol have

been described previously.?

Synthetic siRNA and siRNA-expression plasmid

The design and construction of HCV-directed siRNA vectors have
been described. Briefly, five siRNA targeting the 5’-UTR of HCV
RNA were tested for their efficiency to inhibit HCV replication,
and the most effective sequence, which targeted nucleotide posi-
tion of 331 though 351, was used in the present study. To construct
shRNA-expressing DNA cassettes, oligonucleotide inserts were
synthesized that contained the loop sequence (5'-TTC AAG AGA-
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3") flanked by sense and antisense siRNA sequences (Fig. 2a).
These were inserted immediately downstream of the human U6
promoter. To avoid a problem in transcribing shRNA because of
instability of the DNA strands arising from the tight palindrome
structure, several C-to-T point mutations, which retained com-
pletely the silencing activity of the shRNA, were introduced into
the sense strand of the shRNA sequences (referred to as ‘m’).2
A control plasmid, pUC19-shRNA-Control, expressed shRNA
directed towards the Machado-Joseph disease gene, which is a
mutant of ataxin-3 gene and is not normally expressed. We have
previously described the sequence specific activity of the shRNA-
Control.*

Prior to construction of the virus vectors, we tested silencing
efficiency of five sShRNA constructs of different lengths that
covered the target sequence (Fig.2a). The shRNA-HCV-19,
shRNA-HCV-21 and shRNA-HCV-27 had target sequences of 19,
21 and 27 nucleotides, respectively. Transfection of these sShRNA
constructs into Huh7/pRep-Feo showed that shRNA with longer
target sequences had better suppressive effects (Fig. 2b). There-
fore, we used SARNA-HCV-27m (abbreviated as shARNA-HCV) in
the following study.

Recombinant retrovirus vectors

The U6-shRNA expression cassettes were inserted into the Srul/
HindIll site of a retrovirus vector, pPLNCX2 (Clontech) to con-
struct pLNCshRNA-HCV and pLNCshRNA-Control (Fig. 2c).
The plasmids were transfected into the packaging cells, Retro Pack
PT67. The culture supernatant was filtered and added onto Huh?7
cells with 4 pg/mL of polybrene. Huh7 cell lines stably expressing
shRNA were established by culture in the presence of 500 pg/mL
of G418.

Recombinant adenovirus

Recombinant adenoviruses expressing shRNA were constructed
using an Adenovirus Expression Vector Kit (Takara, Otsu, Japan).
The U6-shRNA expression DNA cassette was inserted into
the Swal site of pAxcw to construct pAxshRNA-HCV and
pAxshRNA-Control. The adenoviruses were propagated
according to the manufacturer’s protocol (AxshRNA-HCV and
AxshRNA-Control; Fig. 2c). A ‘multiplicity of infection’ (MOI)
was used to standardize infecting doses of adenovirus. The MOI
stands for the ratio of infectious virus particles to the number of
cells being infected. An MOI =1 represents equivalent dose to
introduce one infectious virus particle to every host cell that is
present in the culture.

Plasmids for assays of interferon responses

pPISRE-TA-Luc (Invitrogen, Carlsbad, CA, USA) contained five
copies of the consensus interferon stimulated response element
(ISRE) motifs upstream of the Fluc gene. pTA-Luc (Invitrogen),
which lacks the enhancer element, was used for background deter-

. mination. The pcDNA3.1 (Invitrogen) was used as an empty

vector for mock transfection. pRL-CMV (Promega, Madison, W1,
USA), which expresses the Renilla luciferase protein, was used for
normalization of transfection efficiency.” A plasmid, peGFPneo
(Invitrogen), was used to monitor percentages of transduced cells.
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Figure 2 Structure of shRNA-expression constructs and shRNA sequences. (a} Structure of shRNA-expression cassette and shRNA sequences.
TT-Loop, the loop sequence. The shRNA-Control was directed toward an unrelated target, Machado-Joseph disease gene. Underlined letters indicate
C-to-T point mutations in the sense strand. (b) The shRNA-expression plasmids were transfected into Huh7/pRep-Feo cells, and internal lucferase
activities were measured at 48 h of transfection. Each assay was done in triplicate, and the values are displayed as mean + SD. *P<0.05. (c)
PLNCshRNA, structure of a recombinant retrovirus expressing shRNA. ¥, the retroviral packaging signal sequence. AxshRNA, structure of a
recombinant adenovirus expressing shRNA.
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Real-time RT-PCR analysis

Total cellular RNA was extracted from cultured cells or liver tissue
using ISOGEN (Nippon Gene, Tokyo, Japan). Total cellular RNA
(2 ug) was used to generate cDNA from each sample using the
SuperScript II reverse-transcriptase (Invitrogen). The mRNA
expression levels were measured using the Light Cycler PCR and
detection system (Roche, Mannheim, Germany) and Light Cycler
Fast Start DNA Master SYBR Green 1 mix (Roche).

Luciferase assays

Luciferase activity was measured using a luminometer, Lumat
LB9501 (Promega) and the Bright-Glo Luciferase Assay System
(Promega) or the Dual-Luciferase Reporter Assay System
(Promega).

Northern and western hybridization

Total cellular RNA was separated by denaturing agarose-
formaldehyde gel electrophoresis, and transferred to a nylon mem-
brane. The membrane was hybridized with a digoxigenin-labeled
probe specific for the full-length replicon sequence, and subse-
quently with a probe specific for beta-actin. The signals were
detected by chemiluminescence reaction using a Digoxigenin
Luminescent Detection Kit (Roche), and visualized by Fluoro-
Imager (Roche). For the western blotting, 10 pig of total cell lysate
was separated on NuPAGE 4.12% Bis-TrisGel (Invitrogen), and
blotted onto an Immobilon PVDF Membrane (Roche). The mem-
brane was incubated with monoclonal antibodies specific for
HCV-NS5A (BioDesign, Saco, ME, USA), NS4A (Virogen,
Watertown, MA, USA), or beta-actin (Sigma), and detected by a
chemiluminescence reaction (BM Chemiluminescence Blotting
Substrate; POD, Roche).

Transient-replication assays

A replicon, pRep-Fluc, was transfected into cells and the luciferase
activities of the cell lysates were measured serially. To correct the
transfection efficiency, each value was divided by the luciferase
activity at 4 h after the transfection.

Stable colony formation assays

Cells were transfected with a replicon, pRep-BSD, and were cul-
tured in the presence of 150 pg/mL of BSD (Invitrogen). BSD-
resistant cell colonies appeared after ~3 weeks of culture, and were
counted.

HCV-JFH1 virus cell culture

An in-vitro transcribed HCV-JFH1 RNA? was transfected into
Huh7.5.1 cells.?” Naive Huh7.5.1 cells were subsequently infected
by the culture supernatant of the JFH1-RNA transfected Huh-7.5.1
cells, and subjected to siRNA or drug treatments. Replication
levels of HCV-RNA were guantified by the realtime RT-PCR by
using primers that targeted HCV-NS5B region, HCV-JFH] sense:
5’-TCA GAC AGA GCC TGA GTC CA-3’, and HCV-JFH]1 anti-
sense: 5'-AGT TGC TGG AGG GCT TCT GA-3'.

N Sakamoto et al.

Mice and adenovirus infection

Transgenic mice, CN2-29, inducibly express mRNA for the HCV
structural proteins (genotypelb, nucleotides 294-3435) by the
Cre/loxP switching system.? The transgene does not contain full-
length HCV 5’-UTR, but shares the target sequence of the shRNA-
HCV. Although the transgenic mouse CN2 has been previously
reported as expressing higher levels of the viral proteins, the
expression levels of the viral core protein in the CN2-29 mice are
modest and similar to that in the liver of HCV patients. Thus, we
chose CN2-29 mice in the present study.

The mice were infected with AxshRNA-HCV or controls
(AxshRNA-Control or AXCAwl) in combination with AxCAN-
Cre, which expressed Cre recombinase. Three days after the
infection, the mice were killed and HCV core protein in the liver
was measured as described below. The BALB/c mice were
maintained in the Animal Care Facility of Tokyo Medial and
Dental University, and transgenic mice were in the Tokyo Met-
ropolitan Institute of Medical Science. Animal care was in accor-
dance with instimtional guidelines. The review board of the
university approved our experimental animal studies and all
experiments were approved by the institutional animal study
committees.

Measurement of HCV core protein in
mouse liver

The amounts of HCV core protein in the liver tissue from the mice
was measured by a fluorescence enzyme immunoassay (FEIA)®
with a slight modification. Briefly, the 5F11 monoclonal anti-
HCV-core antibody was used as the first antibody on the solid
phase, and the 5E3 antibody conjugated with horseradish peroxi-
dase was the second antibody. This FEIA can detect as little as
4 pg/mL of recombinant HCV-core protein. Contents of the HCV
core protein in the liver samples were normalized by the total
protein contents and expressed as pg/mg total protein.

Immunohistochemical staining

Liver tissue was frozen with optimal cutting temperature (OTC)
compound (Tissue Tek; Sakura Finetechnical, Tokyo, Japan).
The sections (8 um thick) were fixed with a 1:1 solution of
acetone : methanol at —=20°C for 10 min and then washed with
phosphate-buffered saline (PBS). Subsequently, the sections were
incubated with the IgG fraction of an anti-HCV core rabbit poly-
clonal antibody (RR8)™ in blocking buffer or antialbumin rabbit
polyclonal antibody (Dako Cytomation, Glostrup, Denmark) in
PBS ovemight at 4°C. The sections were incubated with secondary
antibody, Alexa-antirabbit IgG (Invitrogen) or TRITIC-antirabbit
IeG (Sigma), for 2h at room temperature. Fluorescence was
observed using a fluorescence microscope.

Statistical analyses

Statistical analyses were performed using Student’s -test;
P-values of less than 0.05 were considered to be statistically
significant.

Joumnal of Gastroenterology and Hepatology {2007) ® 2007 The Authors

Joumal compilation @ 2007 Journa! of Gastroenterology and Hepatology Foundation and Blackwell Publishing Asia Pty Ltd

— 144 —



N Sakamoto et al.

Results

Retrovirus transduction of shRNA can protect
from HCV replication

Retrovirus vectors propagated from pLNCshRNA-HCV and
pLNCshRNA-Control were used to infect Huh7 cells, and cell
lines were established that constitutively express shRNA-HCV
and shRNA-Control (Huh7/shRNA-HCV and Huh7/shRNA-
Control, respectively). There were no differences in the cell
morphology or growth rate between shRNA-transduced and non-
transduced Huh7 cells (data not shown). The HCV replicon,
pRep-Fluc, was transfected into Huh7/shRNA-HCV, Huh7/
shRNA-Control and naive Huh7 cells by electroporation. In Huh7/
shRNA-Control and naive Huh7 cells, the initial luciferase activity
at 4 h decreased temporarily, which represents decay of the trans-
fected replicon RNA, but increased again at 48 h and 72 h, which
demonstrate de novo synthesis of the HCV replicon RNA. In
contrast, transfection into Huh7/shRNA-HCV cells resulted in a
decrease in the initial luciferase activity, reaching background by
72 h (Fig. 3a). Similarly, transfection of the replicon, pRep-BSD,
into Huh7 cells and BSD selection yielded numerous BSD-
resistant colonies in the naive Huh7 (832 colonies) and Huh7/
shRNA-Control cell lines (740 colonies), while transfection of
Huh7/shRNA-HCV, which expressed shRNA-HCV, yielded obvi-
ously fewer colonies (five colonies), indicating reduction of
colony forming units by ~10? (Fig. 3b). There was no difference in
shape, growth or viability between cells expressing the shRNA or
not. These results indicated that cells expressing HCV-directed
shRNA following retrovirus transduction acquired resistance to
HCV replication.

Effect of recombinant adenoviruses expressing
shRNA on in vitro HCV replication

" We investigated subsequently the effects of recombinant adenovi-
rus vectors expressing shRNA. AxshRNA-HCV and AxshRNA-
Control were used separately to infect Huh7/pRep-Feo cells, and
the internal luciferase activities were measured sequentially
(Fig. 4a). AxshRNA-HCV caused continuous suppression of HCV
RNA replication. Six days postinfection, the luciferase activities
fell to background levels. In contrast, the luciferase activities of the
Huh7/pRep-Feo cells infected with AxshRNA-Control did not
show any significant changes compared with untreated Huh7/
pRep-Feo cells (Fig. 4a). The dimethylthiazol carboxymethox-
yphenyl sulfophenyl tetrazolium (MTS) assay showed no
significant difference between cells that were infected by recom-
binant adenovirus and uninfected cells (Fig. 4b). In the northern
blotting analysis, the cells were harvested 6 days after infection
with the adenovirus at an MOI of 1. Feo-replicon RNA of 9.6 kb,
which was detectable in the untreated Huh7/pRep-Feo cells and in
the cells infected with AxshRNA-Control, diminished substan-
tially following infection with the AxshRNA-HCV (Fig. 4c). Den-
sitometries showed that the intracellular levels of the replicon
RNA in the Huh7/pRep-Feo cells correlated well with the internal
luciferase activities. Similarly in the western blotting, cells were
harvested 6 days after infection with adenovirus. Levels of the
HCV NS4A and NS5A proteins that were translated from the HCV
replicon decreased following infection with the AxshRNA-HCV
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Figure 3 HCV replication can be inhibited by ShRNA-HCV which was
stably transfected into cells. Huh7/shRNA-HCV and Huh7/shRNA-
Control stably express shRNA-HCV or shRNA-Control, respectively, fol
lowing retroviral transduction. (a) Transient replication assay. An HCV
replicon RNA, pRep-Fluc, was transfected into naive Huh7, Huh7/
shRNA-HCV and Huh7/shRNA-Control cells. Luciferase activities of the
cell lysates were measured serially at the times indicated, and
the values were plotted as ratios relative to luciferase activities at 4 h.
The luciferase activities at 4 h represent transfected replicon RNA, The
data are mean * SD. An asterisk denotes a Pvalue of less than 0.001
compared with the corresponding value of the naive Huh7 cells. (b}
Stable colony formation assay. The HCV replicon, pRep-BSD, was trans-
fected into naive Huh7, Huh7/shRNA-HCV and Huh7/shRNA-Control
cells. The cells were cultured in the presence of blasticidin S (BSD) in
the medium for -3 weeks, and the BSD-esistant colonies were
counted. These assays were repeated twice. The colony-forming units
per microgram RNA (CFU/ug RNA) are shown at the bottom.

(Fig. 4d). These results indicated that the decrease in luciferase
activities was due to specific suppressive effects of ShRNA on
expression of HCV genomic RNA and the viral proteins, and not
due to non-specific effects caused by the delivery of shRNA or to
toxicity of the adenovirus vectors.

Absence of interferon-stimulated gene
responses by siRNA delivery

It has been reported that double-stranded RNA may induce
interferon-stimulated gene (ISG) responses which cause instability
of mRNA, translational suppression of proteins and apoptotic cell
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death.'®303! Therefore, we examined the effects of the shRNA- with plasmid pUC19-shRNA-HCV or pUC19-shRNA-Control, or
expressing plasmids and adenoviruses on the activation of ISG adenovirus, AxshRNA-HCV or AxshRNA-Control, and the ISRE-
expression in cells. The ISRE-reporter plasmid, pISRE-TA-Luc, mediated luciferase activities were measured. On day 2, the ISRE-
and a control plasmid, peGFPneo, were transfected into Huh7 cells luciferase activities did not significantly change in cells in which
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Figure 4 Effect of a recombinant adenovirus expressing shRNA on HCV replicon. (a) Huh7/pRep-Feo cells were infected with AxshRNA-HCV or
shRNA-Control at a muttiplicity of infection {MO} of 1. The cells were harvested, and internal luciferase activittes were measured on day 0 though
day 9 after adenovirus infection. Each assay was done in triplicate, and the value s displayed as a percentage of no treatment and as mean = SD.
An asterisk indicates a Pvalue of less than 0.05. (b) Dimethylthiazol carboxymethoxyphenyl sulfophenyl tetrazolium (MTS) assay of Huh7/pRep-Feo
cells. Cells were infected with indicated recombinant adenoviruses at an MO! of 1. The assay was done at day 6 of infection. Error bars indicate mean
+ SD. {c) Northern blotting. The upper panel shows replicon RNA, and the lower panel shows beta-actin mRNA. (d} Westem blotting. Total cell lysates
were separated on NUPAGE gel, blotted and incubated with monoclonal ant-NS4A or ant-NS5A antibodies. The membrane was re-blotted with
antibeta-actin antibodies. NT, untreated Huh7/pRep-Feo cells; Control, cells infected with AxshRNA-Control; HCV, cells treated with AxshRNA-HCV.
In panels (b) and (c}, cells were harvested on day 6 after adenovirus infection at an MOl of 1. -

<

Figure 5 Interferon-stimulated gene responses by transfection of
(a)

7 siRNA vectors. (a) Huh7 cells were seeded at 5 x 10* per well im 24-well

[ plates on the day before transfection. As a positive control, 200 ng of

_L pISRE-TA-Luc, or pTA-Luc, 1 ng of pRL-CMV, were transfected into a

6 well using FUGENE-6 Transfection Reagent {(Roche), and the cells were

cultured with 1 U/mL of interferon (IFN) in the medium (lane 1). Lanes

5 3-5: 200 ng of pISRE-TA-Luc or pTA-Luc, and 1 ng of pRL-CMV were

cotransfected with {lane2) 300 ng of poly {l : C), or 200 ng of plasmids

4} {lane 3) pcDNA3.1, {lane 4} pUC19-shRNA-Control or (lane 5) pUC19-

shRNA-HCV. Lanes 6-8: 200 ng of pISRE-TA-Luc or pTA-Luc, and 1 ng of

3 pRL-CMV were transfected, and MOl =1 of adenoviruses, (fane 6)

AxLacZ, which expressed the beta-galactosidase (LacZ) gene under

2} control of the chicken beta-actin (CAG) promoter as a control, {lane 7)

AxshRNA-Control or (lane 8) AxshRNA-HCV were infected. Dual

1} luciferase assays were performed at 48 h after transfection. The Fluc

I | | | |_L| |-'_| activity of each sample was normalized by the respective Rluc activity,

0 L A A and the respective pTA luciferase activity was subtracted from the
3 4 5 7 8
rSSNEE

Relative luciferase activity

pISRE luciferase activity. The experiment was done in triplicate, and the
& data are displayed as means + SD. (b} Huh7 cells were infected with
g °‘$’ ;l“ indicated recombinant adenoviruses, AxLacZ, AxshRNA-Control and
\. o \ 4 AxshRNA-HCV. RNA was extracted from each sample at day 6, and
=0 Qo O = Q§ mRBNA expression levels of an interferon-inducible MxA protein were
& I & S . ) e
& 0? & ) quantified by the realtime RT-PCR analysis. Primers used were as
”Q (,' ;ae v‘y follows: human MxA sense, 5-CGA GGG AGA CAG GAC CAT CG-3/,
] é- human MxA antisense, 5-TCT ATC AGG AAG AAC ATT T1-3’; human
beta-actin sense, 5-ACA ATG AAG ATC AAG ATC ATT GCT CCT CCT-3”;
[ and human beta-actin antisense, 5-TTT GCG GTG GAC GAT GGA GGG
GCC GGA CTC-3".
-

(b) °
)
% 108 ¢ _ negative- or positive-control shRNA plasmids was transfected.
> (Fig. 5a). Similarly, the expression levels of an interferon-
.g 107 } inducible MxA protein did not significantly change by transfection
® of shRNA-expression vectors (Fig. 5b). These results demonstrate
@ that the shRNA used in the present study lack induction of the ISG
: 106 } responses both in the form of the expression plasmids and the
% - adenovirus vectors.
E 105} o
§ Effect of siRNA and shRNA adenoviruses on
= 104 L : N ) ) HCV-JFH1 cell culture
é\ C.)\ a’ @ (,A The effects of HCV-targeted siRNA- and shRNA-expressing
.z? $ \? o'e" ’,1" adenoviruses were confirmed by using HCV-JFH1 virus cell
L 3 Q‘y O g culture system. Transfection of the siRNA #331 into HCV-
C Q g ~¢Q- infected Huh7.5.1 cells resulted in substantial decrease of intra-
< & 2 cellular HCV RNA, while a control siRNA showed no effect
o'f ; (Fig. 6a). Similarly, infection of AxshRNA-HCV into Huh7.5.1/
V.s' HCV-JFH1 cells specifically suppressed expression of HCV
RNA (Fig. 6b).
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Figure 6 Effects of an siRNA and adenovirus expressing shRNA on
HCV-JFH1 cell culture. (a) The siRNA #331, the siRNA-Control®, (b}
AxshRNA-HCV or AxshRNA-Control were, respectively, transfected or
infected onto HV-JFH1-infected Huh7.5.1 cells. Seventy-two hours of
the transfection or infection, expression level of HCV-RNA was quanti
fied ’by reaktime RT-PCR. The assays were repeated twice, and consis-
tent results were obtained. IFN, recombinant interferon-alpha 2b.

Suppression of HCV-IRES-mediated translation
in vivo by adenovirus expressing shRNA

The effects of the shRNA expression on the expression of the viral
structural proteins in vivo were investigated using conditional
HCV  cDNA-transgenic mice, CN2-29.% Adenoviruses,
AxshRNA-HCV, AxshRNA-Control or AxCAwl were injected
into CN2-29 mice in combination with AxCANCre, an adenovirus
expressing Cre DNA recombinase. The mice were killed on
the fourth day after the injection, and the hepatic expression of
the HCV core protein was measured. The expressed amounts
of the core protein were 143.0 * 56.2 pg/fmg and 108.5 *+
424 pg/mg in AxCAwl and AxshRNA-Control-infected mice,
respectively, and the expressed amount was significantly lower in
mice injected with AxshRNA-HCV (28.7 * 7.0 pg/mg, P < 0.05,
Fig. 7a). Similarly, the induced expression of HCV core protein
was not detectable by immunohistochemistry in AxshRNA-HCV
infected liver tissue (Fig. 7c). Staining of a host cellular protein,
albumin, was not obviously different between the liver infected
with AxCAw1, AxshRNA-HCV and AxshRNA-Control (Fig. 7d).
The expression levels of two ISG, IFN-beta and Mx1, in the liver
tissue were not significantly different between individuals with

N Sakamoto et al.

and without injection of the adenovirus vectors (Fig. 7b). These
results indicate specific ShRNA silencing of HCV structural
protein expression in the liver.

Discussion

The requirements to achieve a high efficiency using RNAi are: (i)
selection of target sequences that are the most susceptible to
RNAi; (ii) persistence of siRNA activity; and (iii) efficient in vivo
delivery of siRNA to cells. We have used an shRNA sequence that
was derived from a highly efficient siRNA (siRNA331), and con-
structed a DNA-based shRNA expression cassette that showed
competitive effects with the synthetic siRNA (Fig. 2)."* The
shRNA-expression cassette does not only allow extended half-life
of the RNAI, but also enables use of gene-delivery vectors, such as
virus vectors. As shown in the results, a retrovirus vector express-
ing sShRNA-HCV could stably transduce cells to express HCV-
directed shRNA, and the cells acquired protection against HCV
subgenomic replication (Fig. 3). An adenovirus vector expressing
shRNA-HCV resulted in suppression of HCV subgenomic and
protein expression by around three logs to almost background
levels (Fig. 4). Consistent results were obtained by using an HCV
cell culture (Fig. 6). More importantly, we have demonstrated
in-vivo effects on viral protein expression in the liver using a
conditional transgenic mouse model (Fig. 7). These results suggest
that efficient delivery of siRNA could be effective against HCV

‘infection in vivo.

An obstacle to applying siRNA technology to treat virus infec-
tions is that viruses are prone to mutate during their replication.
HCV continuously produces mutated viral strains to escape
immune defense mechanisms. Even in a single patient, the circu-
lating HCV population comprises a large number of closely related
HCV sequence variants called quasispecies. Therefore, siRNA
targeting the protein-coding sequence of the HCV genome, which
have been reported by others,’!® may vary considerably among
different HCV genotypes, and even among strains of the same
genotype.”® Our shRNA sequence targeted the 5-UTR of HCV
RNA, which is the most conserved region among various HCV
isolates.” In addition, the structural constraints on the 5’-UTR, in
terms of its requirement to direct internal ribosome entry and
translation of viral proteins, might not permit the evolution of
escape mutations. Our preliminary results have shown that the
siRNA-HCV suppressed replication of an HCV genotype 2a
replicon™ to the same extent as the HCV 1b replicon.

Although the siRNA techniques rely on a high degree of speci-
ficity, several studies report siRNA-induced non-specific effect
that may result from induction of ISG responses.'s3' These effects
may be mediated by activation of double-strand RNA-dependent
protein kinase, toll-like receptor 3, or possibly by a recently
identified RNA helicase, RIG-L* It remains to be determined
whether these effects are generally induced by every siRNA con-
struct. Sledz et al. have reported that transfection of two siRNA
induced cellular interferon responses,’” while Bridge e? al. report
that shRNA-expressing plasmids induced an interferon response
but transfection of synthetic siRNA did not.* Speculatively, these
effects on the interferon system might be construct dependent. Our
shRNA-expression plasmids and adenoviruses did not activate
ISG responses in vitro (Fig. 5a,b) or in vivo (Fig. 7b). We have
preliminarily detected phosphorylated PKR (P-PKR) by western
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Figure 7 Effects of a recombinant adenovirus expressing shRNA on HCV core protein expression in CN2-29 transgenic mice. CN2-29 transgenic
mice were administered with 1 x 10° PFU of AXxCANCre combined with 6.7 x 10° PFU of AxshRNA-HCV, AxshRNA or AxCAw1. The mice were killed
on day 4 after injection. (a) Quantification of HCV core protein in liver. Liver tissues were homogenized and used to determine the amount of HCV
core protein. Each assay was done in triplicate, and the values are displayed as mean = SD. Asterisk indicates P-value of less than 0.05. (b) Expression
levels of mouse interferon-beta (white bars} and Mx1 (shaded bars) mRNA in the mouse liver tissue were quantified by the real-time RT-PCR analyses.
Primers used were as follows: mouse interferon-beta sense, 5-ACA GCC CTC TCC ATC AAC TA-3’; mouse interferon-beta antisense, 5’-CCC TCC
AGT AAT AGC TCT TC-3"; mouse Mx1 sense, 5-AGG AGT GGA GAG GCA AAG TC-3’; mouse Mx1 antisense, 5-CAC ATT GCT GGG GAC TAC CA-3";
mouse beta-actin sense, 5-ACT CCT ATG TGG GTG ACG AG-3’; mouse beta-actin antisense, 5-ATA GCC CTC GTA GAT GGG CA-3’. Adeno (-} denotes
mice without adenowirus administration. (¢} Immunofluorescence microscopy of HCV core protein in the liver tissue. Liver sections of mice were
stained using rabbit anticore polyclonal antibody and normal rabbit IgG as a negative control, The upper photographs were obtained at 400x
magnification, and the lower photographs were at 1000x. {d) Immunofiuorescence microscopy of albumin in liver. Liver sections from the mice were
fixed and stained using rabbit antialbumin antibody and normal rabbit IgG as a negative control.

blotting, and found no apparent increase of P-PKR (data not that suppresses translational initiation of mRNA,*® or it could
shown). These results indicate that these target sequences and mediate transcriptional gene silencing.”® Regarding our in-vivo
structures are of sufficient specificity to silence the target gene experiments, it was difficult to differentially analyze the effect of
without eliciting non-specific interferon responses. siRNA at individual sites of action because post-translational

Beside the canonical action of siRNA, a sequence-specific effect of siRNA concomitantly destabilizes target mRNA, which
cleavage of target mRNA, the siRNA could act as a micro-RNA leads to apparent decrease of mRNA transcripts.
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Efficiency and safety of gene transfer methods are the key
determinants of the clinical success of gene therapy and an unre-
solved problem. There are several reports of delivery of siRNA or
siRNA-expression vectors to cells in vivo;'**#' however, gene
delivery methods that are safe enough to apply to clinical thera-
peutics are currently under development. Adenovirus vectors are
one of the most commonly used carriers for human gene
therapies.*** Qur present results demonstrate that the adenoviral
delivery of shRNA is effective in blocking HCV replication
in vitro and virus protein expression in vivo. Adenovirus vectors
have several advantages of efficient delivery of transgene both in
vitro and in vivo and natural hepatotropism when administered in
vivo. The AxshRNA-HCV specifically blocked expression of HCV
structural proteins in a conditional transgenic mouse expressing
those proteins. The current adenovirus vectors may cause inflam-
matory reactions in the target organ,** however, and produce neu-
tralizing antibodies which make repeated administration difficult.
These problems may be overcome by the improved constructs of
virus vectors with attenuated immunogenicity or by the develop-
ment of non-viral carriers for gene delivery.*

In conclusion, our results demonstrate the effectiveness and
feasibility of the siRNA expression system. The efficiency of aden-
ovirus expressing shRNA that target HCV suggests that delivery
and expression of siRNA in hepatocytes may eliminate the virus
and that this RNA-targeting approach might provide a potentially
effective future therapeutic option for HCV infection.
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Abstract

Carcinoembryonic antigen-related cell adhesion molecule 1 (CEACAMI), an adhesion molecule of the immunoglobulin superfamily, has been
characterized as a putative tumor suppressor because it is frequently down-regulated in aggressive types of cancer cells. Recently, however, several
studies have shown that CEACAMI actively contributes to malignant progression or migration in some types of tumor cells, suggesting that the
role of CEACAM]1 might be diverse among different types of cancer cells. To investigate the functional consequences of CEACAMI expression
in hepatocellular carcinoma, we analyzed the status of CEACAMI in hepatoma cell lines HLF, PLC/PRF/5, HepG2 and KYN-2. We found that
CEACAMI was only expressed in HepG2 cells, which show a unique property for enhanced anchorage-independent growth. When HepG2 cells
were treated with small interfering RNA targeted against CEACAM], the growth rate in monolayer culture was increased. In contrast, when
HepG2 cells were cultured in suspension, inhibition of CEACAMI1 expression significantly decreased the growth rate, and the speed of cell-cell
attachment was repressed. Hyaluronidase treatment attenuated the growth rate of HepG2 cells in suspension culture, indicating that cell-cell
attachment is a requisite for anchorage-independent growth. Our data may reveal the dual role of CEACAMI on hepatocarcinogenesis, by
showing that CEACAMI1 acts as a tumor suppressor in HepG2 cells in anchorage-dependent growth conditions, while in anchorage-independent
growth conditions, it augments cell proliferation by potentiating the cell—cell attachment. '
© 2007 Elsevier Inc. All rights reserved.

Keywords: CEACAMI; HepG2; Anchorage-independent growth; Small interfering RNA

Introduction CAM]1 has generally been considered to be a tumor suppressor

based on decreased expression in cancer cells including breast

Carcinoembryonic antigen-related cell adhesion molecule 1
(CEACAM]1), also known as biliary glycoprotein (BGP),
CD66a and pp120, is a member of the carcinoembryonic antigen
family of immunoglobulin-like adhesion molecules. CEA-

* Corresponding author. Tel.: +81 25 227 2207; fax: +81 25 227 0776.
E-mail address: yasunobu@med.niigata-u ac.jp (Y. Matsuda).

0024-3205/8 - see front matter © 2007 Elsevier Inc. All rights reserved.
doi:10.1016/.1f5.2007.06.002

(Obrink, 1997; Riethdorf et al, 1997), colorectal (Neumaier
etal,, 1993; Brummer et al., 1995), prostate (Kleinerman et al.,
1995; Luo et al., 1999), bladder (Kleinerman et al., 1996) and
endometrial carcinoma (Bamberger et al., 1998). As it has been
reported that forced expression of CEACAMI reduced tumor-
igenesis in prostate and colon cancer cells (Hsieh et al., 1995;
Kunath et al,, 1995; Luo et al, 1999; Busch et al., 2002),
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CEACAMI may play an important role in preventing carcino-
genesis, together with many other cell—cell adhesion molecules.

Recently, however, several studies have ‘revealed that
CEACAM]I actively contributes to the malignant progression
in some types of cancer cells. Overexpression of CEACAM1
has been found in melanoma (Brummer et al., 2001; Thies et al.,
2002), gastric cancer (Kinugasa et al., 1998) and non-small cell
lung cancer (Laack et al., 2002; Sienel et al., 2003) where the
cancer is invasive or in individuals with poorer prognosis. More

A M 1

CEACAM1

B HLE

KYN-2

significantly, it has recently been shown that CEACAMI
expression markedly enhanced cell invasion and migration of
melanoma cells (Ebrahimnejad et al., 2004) and thyroid cancer
cells (Liu et al., 2006). These lines of evidence strongly indicate
that the biological behavior of CEACAM1 may be different
among different types of cancer cells.

Hepatocellular carcinoma (HCC) is one of the most aggressive
malignancies worldwide, and often metastasizes to non-cancerous
liver tissue. In general, cancer metastasis is governed by a multi-

PLC/PRFS HepG2

CEACAM1

pactin

CEACAM1

CEACAM1 + DAPI

- - -

suspm ) - -

Fig. 1. Expression of CEACAMI in hepatoma cells. (A) Reverse transcription — polymerase chain reaction analysis of CEACAMI gene. Total RNA was extracted from
hepatoma cells in monolayer culture afier 48 h. The CEACAM] gene was reverse-transcribed and amplified, and B-actin mRNA was used as the internal control. Arrows
indicate PCR bands corresponding to mRNAs of CEACAMI1-3S (3S: 243 bp), CEACAM1-3L (3L: 296 bp), CEACAM1-4S (4S: 531 bp) and CEACAM1-4L (4L: 584 bp).
M, ®X174 DNA/Mze I§; 1, HLF; 2, KYN-2; 3, PLC/PRF/5; 4, HepG2 cells, (B) Immimnoblotting analysis of CEACAMI protein expression. Mo, monolayer culture; Sus,
suspension culture. (C) Immunofluorescence staining for CEACAMI in HepG2 cells in monolayer culture (upper panel) and suspension culture (lower panel) after 48 h.
Left, immunostaining for CEACAM1 (red); right, merged images of CEACAM1 immunostaining (red) and DAPI (blue). (magnifications: x40).
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step process comprising (1) detachment of cancer cells from the

tumor periphery, (2) entry from the stroma into the vascular-

system, (3) anchorage-independent growth while circulating in the
blood stream, and (4) cell proliferation at the seeded site. Increased
ability for anchorage-independent growth may significantly affect
the ‘metastatic potential of HCC, because the number of viable
cancer cells circulating in the blood stream may determine the
number of metastatic foci in the liver or distal organs. To date,
many studies have suggested that CEACAMI1 exerts an inhibitory
effect during the progression of HCC. CEACAMI expression was
found to be decreased in HCC compared with adjacent non-
cancerous regions (Tanaka et al, 1997), and the loss of
CEACAMI expression adversely affected the survival of
individuals with HCC (Cruz et al., 2005). Moreover, restoration
of CEACAMI1 expression in rat HCC cells suppressed tumori-

>

cell numbers (10 celis/mL)
O - N W & O ®

genesis in vivo (Laurie et al, 2005), indicating that CEACAM1 is
a putative tumor suppressor in HCC. However, considering the
diverse role of CEACAMI among different types of cancer
cells, it is still unclear whether CEACAMI acts only as a tumor
suppressor, including during the process of HCC metastasis.

In this study, we found that the biological potential of
CEACAMI was significantly different between cultured hepatoma
HepG2 cells with and without anchorage dependence. When
HepG2 cells were cultured in monolayer, CEACAMI exerted an
inhibitory effect on cell proliferation. When HepG2 cells were
cultured in anchorage-independent growth conditions, however,
treatment with small interfering RNA targeting CEACAMI re-
pressed the growth rate. Our results show a dual role of CEACAM1
on hepatoma cells and suggest that this adhesion molecule should
not be considered a simple tumor suppressor in HCC.
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Fig. 2. Proliferation of hepatoma cells in monolayer and suspension culture. (A) Growth curve of hepatoma cells. Cells (1 x 10° cells/mlL) were cultured in monolayer
or suspension, and cell numbers were determined at the indicated time intervals. Values shown are the mean of triplicate dishes. Points, mean; bars, standard deviation
(8.D.). (B) BrdU labeling index of hepatoma cells in monolayer and suspension culture after 48 h, (C) Percentage of TUNEL-positive apoptotic cells in monolayer and
suspension culture after 48 h. Filled column, monolayer; open column, suspension; bars, S.D.; *p<0.05.
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Materials and methods
Materials

Dulbecco’s modified Eagle’s medivm (DMEM), RPMI-60
medium, and fetal bovine serum were obtained from Invitrogen
(Carlsbad, CA, USA). Polyhydroxyethylmethacrylate (poly-
HEMA) and hyaluronidase were obtained from Sigma Chem-
ical (St Louis, MO, USA). For immunoblotting, anti-CEA-
CAM]1 mouse monoclonal antibody (283340) was obtained
from R&D systems (Minneapolis, MN, USA) and antibody for
actin was obtained from Chemicon (Temecula, CA, USA).

Cell lines and culture

Human hepatoma cell lines HLF, PLC/PRF/5 and HepG2
(Riken Cell Bank, Tsukuba, Japan) were cultured in DMEM
medium, and KYN-2 cells (kindly provided by Dr M Kojiro,
Kurume University, Kurume, Japan) (Yano et al., 1988) were
cultured in RPMI-60 medium. Culture media were-supple-
mented with 100 U/ml penicillin, 100 mg/ml streptomycin and
10% fetal bovine serum. Cells (1 x 10° cells/mL) were cultured
in monolayer on the culture dishes, or in suspension by plating
on poly-HEMA (a nonionic material that blocks cell attach-
ment) coated culture dishes at 37 °C in an incubator contain-
ing 5% CO,. In the cell-aggregation assay (Tanaka et al., 1997),
single cell suspensions (1% 10° cells/mL) were made by pass-
ing trypsinized cells through a 27-gauge needle three times,
then seeded on a poly-HEMA -coated dish and shaken at 70 rpm
for 2 h. To disrupt cell aggregation, 2 mg/ml hyaluronidase was
added to the suspension culture (Mueller et al., 2000).

Proliferation and apoptosis assays

~ Cells (1x 10°/mL) in monolayer or suspension culture were
harvested at the times indicated. They were trypsinized, dispensed
as either single cells or small clumps by differential cycles of
mechanical aspiration, and counted by microscopic analysis
(Zhang et al., 2006). The percentage of cells in the S-phase was
determined by measuring incorporation of 5-bromo-2’-deoxyur-
idine (BrdU). Briefly, 40 pM BrdU was added to the culture
media 24 h before the cells were fixed in cold ethanol, and mouse
anti-BrdU antibody (DAKO A/S; Copenhagen, Denmark) was
used as the primary antibody. BrdU staining was visualized by
using the Vectastain Elite ABC kit (Vector; Burlingame, CA,
USA) and labeled cells were counted. Apoptotic cell death was
evaluated by TUNEL (Terminal deoxynucleotidyl Transferase
Biotin-dUTP Nick End Labeling) using ApopTag Plus Peroxi-
dase In Situ Apoptosis Detection Kit (Millipore; Bedford, MA,
USA). For statistical analysis, three lots of 100 cells were counted
in five random microscopic fields at x400 magnification.

Immunoblotting
. In all experiments, levels of CEACAMI expression were

analyzed after 48 h of culture. Protein samples were extracted in
lysis buffer (50 mM Tris pH 8.0, 150 mM sodium chloride, 1 mM

sodium vanadate, 0.1% (v/v) sodium dodecyl sulfate (SDS), and
1% Nonidet P-40) and precleared by cenfrifugation, and the
concentration was determined using a Bradford assay (Bio-Rad
Laboratories, Hercules, CA, USA). Samples (10 pg) were electro-
phoresed on SDS-polyacrylamide gels and transferred to Immobilon
membranes (Millipore). After blocking nonspecific sites, filters
were reacted with primary antibodies and corresponding
horseradish peroxidase-conjugated secondary antibodies. Protein
bands were visualized using an enhanced chemiluminescence
detection system (GE Healthcare Bio-Sciences; Tokyo, Japan).

Immunofluorescence staining

Cells were fixed with 4% paraformaldehyde in phosphate
buffered saline (PBS) (pH 7.4) and permeabilized with 0.1% Triton
X-100. Fixed cells were incubated with 2% swine serum, reacted
with anti-CEACAM]1 monoclonal antibody (29H2; 1:500) Novo-
castra Laboratories; Newcastle upon Tyne, UK) at 4 °C ovemnight,
and incubated with the Alexa Fluor 546-labeled anti-mouse goat
IgG (Invitrogen). Actin filaments were visnalized using Alexa
Fluor 488-labeled phalloidin (Invitrogen). Stained cells were
mounted with 4',6-diamidino-2-phenylindole (DAPI) (Vector)
and examined using an Axio Imager A1 microscope (Carl Zeiss).

Reverse transcription-polymerase chain reaction

Total RNA was prepared using the RNeasy Kit (Qiagen,
Hilden, Germany) and subjected to reverse transcription using the
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Fig. 3. Effect of siRNA on CEACAM]I expression. (A) RT-PCR analysis of
CEACAMI1 mRNA in HepG2 cells treated with siRNA for 24 h. Cycling
conditions: 23 cycles for CEACAM] gene and 20 cycles for B-actin gene.
(B) Western blotting analysis of HepG2 cells treated with siRNA for 48 h. M,
X174 DNA/Hae III; (C) Cells treated with control siRNA. 1, Cells treated with
CEACAMI1 siRNA#1; 2, Cells treated with CEACAM1 siRNA#2.
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First Strand ¢DNA Synthesis Kit for RT-PCR (AMV) (Roche
Diagnostics; Mannheim, Germany). Reverse transcription-poly-
merase chain reaction (RT-PCR) was performed using TagBead
Hot Start Polymerase (Promega; Mannheim, Germany). PCR
~ conditions were 35 cycles of denaturation, annealing, and
extension (94 °C for 1 min, 55 °C for 2 min and 72 °C for
3 min). DNA primers for the human CEACAM1 gene were sense
5'-CTG CAA CAG GAC CAC AGT CAA G-3' and anti-sense 5'-
GCT GGG CTT CAA AGT TCA GGG T-3/, which encompass
from the extracellular B1 domain to the cytoplasmic domain
and can amplify four alternatively spliced mRNA transcripts of
CEACAMI1 (CEACAMI-3L, 3S, 4L and 4S) (Takahashi et al.,
1993). Human B-actin primers were sense 5'-GGT CAC CCA
CAC TGT GCC CAT-3’ and anti-sense 5'-GGA TGC CAC
AGG ACT CCA TGC-3' (generating a 350-bp fragment)
(McCaffrey et al., 2000). The PCR products were visualized
by electrophoresis on an agarose gel stained with ethidium
bromide, and the intensity of the bands was quantified by
densitometry. :

A

[] control siRNA
CEACAM1-si RNA#1

B ceacamisiRnAZ2

- £ 100 1

E 3

L e

& £

=] T

Aw—r -n

] 4

2 3

E &

c

o

(3]

RNA interference

Small interfering RNA (siRNA) duplexes designed to target
CEACAM1 were synthesized by Sigma Genosys (Woodlands,
TX, USA) as follows: 5'-UAG UGG AUC CUA UAC CUG
CCA-3’ (sense) and 5'-GCA GGU AUA GGA UCC ACU
ACA-3’ (antisense) (siRNA#1), and 5'-UAA CUC AGU CAC
UGG CUG CAA-3' (sense), 5'-GCA GCC AGU GAC UGA
GUU AAA-3’ (antisense) (siRNA#2). All siRNAs were
evaluated for sequence specificity by a siDirect™ search
(Naito et al., 2004) and did not show homology to other known
genes. Negative Control siRNA (Ambion) was used as a control
oligo. Transfection of cells was carried out using the siPORT
NeoFX transfection protocol (Ambion Inc.; Austin, TX, USA)
according to the manufacturer’s instructions. Briefly, siPORT
NeoFX (Ambion) was incubated in Opti-MEM medium (Invitro-
gen) for 10 min. The siRNA oligo or control oligo was diluted in
Opti-MEM medium to give a final concentration of 100 nM,
and mixed 1:1 with the SiPORT NeoFX for a further 10 min
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Fig. 4. Effect of CEACAM1 siRNA on HepG2 cells in monolayer culture. (A) Cells were treated as described in “Materials and methods™ section, and were analyzed
according to cell numbers, BrdU labeling indices and TUNEL-positive cells. (C) Control siRNA-treated cells; 1, CEACAM1-siRNA#|-treated cells; 2, CEACAM1-
siRNA#2-treated cells; bars, S.D.; *p<0.05 vs. control. (B) Alexa Fluor 488-labeled actin filaments of HepG2 cells treated with control siRNA (control) and
CEACAMI1-siRNA#1 (CEACAMI-5iRNA#1). arrows, ruffled cell membranes (magnifications: x 40).
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incubation. The mixture (200 puL) was placed in each well of a 6-
well plate and overlaid with J x 10° cells/ml (2.3 mL) in normal
growth medium. Cells were trypsinized 48 h after transfection,
and cultured on a dish plate with or without poly-HEMA at a
density of 1x10° cells/mL for 48 h.

Statistical analysis

The results are presented as mean+SD. The student’s #-test
was used for statistical evaluation, and P<.05 was considered
significant.
Results
Expression of CEACAM]I in hepatoma cells

RT-PCR analysis detected the splicing variants of CEA-
CAM1 mRNAs in all hepatoma cells, with predominant
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expression of CEACAMI-3L and CEACAMI1-4L mRNA
transcripts. HepG2 cells showed the strongest expression of
all mRNAs, ranging from 8 to 30 times the expression in the
other cells (Fig. 1A). Immunoblotting showed that CEACAM1
protein was only expressed in HepG2 cells, and the level of
protein expression was almost the same in monolayer and
suspension cultures (Fig. 1B). Immunofluorescence staining
detected highly concentrated CEACAMI1 expression at the
lateral cell—cell contact area of HepG2 cells in monolayer
culture (Fig. 1C), while for cells in suspension, lateral staining
for CEACAMI] was reduced and diffuse expression was
observed on the cell bodies.

Proliferation of hepatoma cells in monolayer and suspension
culture

For HLF, KYN-2 and PLC/PRF/5 cells, growth rate in
suspension culture was significantly decreased when compared
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Fig. 5. Effect of CEACAM siRNA on HepG2 cells in suspension culture. (A) Cells were treated as described in “Materials and methods” section, and were analyzed
according to cell numbers, BrdU labeling indices and TUNEL-positive cells. (C) Control siRNA-treated cells; 1, CEACAM1-siRNA#1-treated cells; 2, CEACAMI-
siRNA#2-treated cells; bars, S.D.; <0.05 vs. control. (B) Alexa Fluor 488-labeled actin filaments of HepG2 cells treated with control siRNA (control) and CEACAM1-

siRNA#1 (CEACAMI1-siRNA#1) (magnifications: x40).
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with monolayer culture (monolayer vs suspension; HLF, 6.1%0.5

‘vs. 2.6+£0.3x10° cells/mL, p<0.05; KYN-2, 5.2+0.4 vs. 2.2+
0.4x10° cellsml, p<0.05; PLC/PRF/5, 2.6+0.2 vs. 1.1+
0.3x10° cells/mL, p<0.05). In contrast, growth rate of HepG2
cells in suspension culture was almost the same as in monolayer
culture (monolayer vs. suspension; 2.3+0.5 vs. 2.8+0.4x 10°
cells/mL, p=0.21) (Fig. 2A). BrdU labeling indices of HLF, KYN-
2 and PLC/PRF/5 cells were significantly lower in suspension
culture than in monolayer culture (p<0.05), whereas the labeling
index of HepG2 cells was relatively higher in suspension than in
monolayer (monolayer vs. suspension, 64+10% vs. 82+7%,
p=0.06) (Fig. 2B). No significant difference was observed in the
ratio of apoptotic cells between monolayer and suspension cultures
in any cell lines (Fig. 2C).

siRNA-mediated silencing of CEACAMI in HepG2 cells in
monolayer culture

To investigate whether strong CEACAMI expression is
associated with enforced anchorage-independent growth of
HepG2 cells, the effect of siRNA targeting of CEACAM1 on
growth rate was examined. CEACAM]1 siRNA-treated cells
showed significant reduction of all splicing variants of
mRNAs (Fig. 3A). Immunoblotting analysis confirmed that
the level of CEACAMI protein in siRNA-treated cells was
less than 20% of that in mock transfectants (Fig. 3B). When
CEACAM]1 siRNA -transfected HepG2 cells were cultured in

M. Hokari et al. / Life Sciences 81 (2007) 336-345

27+11%, -51+4%; p<0.05, p<0.05 compared with mock
transfectants). TUNEL assay detected no significant difference
in the ratio of apoptotic cells between CEACAMI1 siRNA-
transfectants and mock transfectants (Fig. 5A). In both mock
transfectants and CEACAM1-siRNA-treated cells, actin fila-
ments were mainly localized in the area of cell-to-cell

* attachment (Fig. 5B). Mock transfectants took on a polygonal

shape with smaller intercellular spaces, while CEACAMI-

. 1

CEACAM1-SiRNA#1 |

monolayer for 48 h, cell proliferation was increased compared

with mock transfectants (SiRNA#1 vs. siRNA#2 vs. mock;
4.0+0.5, 3.7£0.3, 2.0£0.4x10* cells/mL; p<0.05, p<0.05
compared with mock transfectants) (Fig. 4A). CEACAMI1
siRNA-transfected cells showed a higher BrdU labeling index
.compared with mock transfectants (SIRNA#1 vs. sSiRNA#2 vs.
mock; 72+6%, 66+6%, 40+5%; p<0.05,p<0.05 compared
with mock transfectants) (Fig. 4A). TUNEL assay did not
detect any significant difference in the number of apoptotic
cells between CEACAM1 siRNA-transfectants and mock
transfectants (Fig. 4A). In mock transfectants, actin fila-
ments stained with phalloidin were mainly localized in the cell
membrane and the area of cell-to-cell attachment (Fig. 4B).
Significantly, in CEACAM]1 siRNA-transfected cells, the
cell membrane became wavy and protruded, and there was
spotty distribution of actin filaments in the cytoplasm with
accumulation at the leading edge of ruffled cell membranes

" (Fig. 4B).

siRNA-mediated inhibition of CEACAMI in HepG2 cells in
suspension culture

When HepG2 cells were cultured in suspension, the growth
rate of CEACAMI1-siRNA treated cells was significantly
decreased compared with mock transfectants (siRNA#1 vs.
siRNA#2 vs. mock; 1.5+0.4, 1.2+0.3, 3.0+£0.5% 10° cells/mL;
p<0.05, p<0.05 compared with mock transfectants) (Fig. SA).
The mean BrdU labeling index in CEACAMI siRNA-
transfected HepG2 cells was relatively low- compared with
mock transfectants (siRNA#1 vs. siRNA#2 vs. mock; 36+7%,

§ CEACAMA-siRNAM1
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Fig. 6. Cell-aggregation assay. (A) Representative photograph of HepG2 cells
after 2 h in suspension culture (magnifications: x 10). (B) Percentages of single
cell populations. C, control siRNA-treated cells; 1, CEACAMI-siRNA#1-
treated cells; 2, CEACAM1-siRNA#2-treated cells. Bars, S.D. (C) Growth curve
of HepG2 cells (1 x° cells/mL) in suspension culture in the absence (control) or
presence (hyaluronidase) of hyaluronidase. Points, mean; bars, S.D.; *p<0.05
vs. control.
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