
Abstract. Mutations of ß-catenin have been identified in
the majority of pediatric hepatic malignancies, including
hepatoblastoma (HB) and hepatocellular carcinoma (HCC),
suggesting its important contribution in hepatic tumorigenesis
in this age group. However, the role of ß-catenin/canonical
Wnt signaling pathway in the neoplastic growth of cancer cells
has not been directly studied. To address ß-catenin's capability
in maintaining the malignant phenotype in established pediatric
HB and HCC cell lines, HuH-6 and HepG2, harboring mutated
and overexpressed ß-catenin, we carried out a series of in vitro
analyses through a transfection of short interfering RNAs
(siRNAs) to generate a loss-of-function model. HuH-7, another
HB cell line derived from a pediatric patient without a stabil-
izing mutation was used for comparison. RNA interference
successfully manipulated the degradation of overexpressed
ß-catenin. In all cell lines, ß-catenin mRNA was suppressed
by 80-90% after 48 h of transfection, and a reduction of its
protein expression was demonstrated. In HuH-6 and HepG2,
the pre-existing ß-catenin nuclear accumulation disappeared
and reductions of ß-catenin downstream target genes, c-myc
and cyclinD1, were also evidenced after the treatment. The
in vitro proliferation of both cell lines was transiently inhibited.
In contrast, the suppression of ß-catenin in HuH-7 did not
lead to a significant change in the expression of target genes
or cellular proliferation. Our data indicate that ß-catenin can
be considered a specific target for gene therapy in pediatric
hepatic tumors with mutations and overexpression of this gene.

Introduction

Hepatoblastoma (HB) and hepatocellular carcinoma (HCC)
comprise the majority of primary hepatic malignancy in the
pediatric age group (1-3). The molecular pathogenesis of HB

and HCC remains largely unknown; however, both tumors
shared common evidence suggesting that the canonical
Wnt/ß-catenin signaling pathway may play roles in their
tumorigenesis (4-6). Somatic mutations of ß-catenin were
detected in 75-80% of HB and up to 40% of HCC (7,8).
Moreover, immunohistochemical studies revealed accumulation
of ß-catenin protein in almost all cases of HB (9,10) and more
than 50% of HCC (11,12). In experimental studies, enhanced
proliferation and suppressed apoptosis have been demonstrated
in murine hepatocytes stably transfected with mutated ß-catenin
(13). A study using transgenic mice expressing an oncogenic
form of ß-catenin demonstrated that its constitutive activation
resulted in sustained hepatocellular proliferation that was not
offset by apoptosis (14).

ß-catenin mediated a transcription of downstream target
oncogenes in the canonical Wnt signaling pathway through a
T-cell transcription factors and lymphoid enhancer factor (Tcf/
Lef)-dependent mechanism (4,6). In normally differentiated
cells, an amount of cytoplasmic ß-catenin is tightly regulated
through its phosphorylation by an intracellular multiprotein
complex composed of a key molecule, Glycogen synthetase
kinase (GSK)-ß, that functions together with Adenomatous
polyposis coli (APC), Axin1 and Axin2. Effective phosphoryl-
ation leads ß-catenin protein to subsequent degradation by an
ubiquitin-proteosome pathway. A mutation, of ß-catenin
itself or any members in this complex, results in defective
phosphorylation and, hence, stabilization and accumulation
of intracellular ß-catenin protein (6).

The majority of ß-catenin mutations in HB occurred as
deletions whereas the predominant mutations in HCC were
missense mutations surrounding the NH2-terminal in exon 3
(4,7-9,15,16). Such alterations affect the phosphorylation sites
(codons 33, 37, 41 and 45) or flanking residues of codons 33
and 37. Accumulated free ß-catenin subsequently interacts
with the transcription factor, Tcf/Lef, and enters the nucleus
where Tcf/Lef functions as a nuclear binding domain for ß-
catenin to transactivate the downstream target oncogenes,
including c-myc and cyclinD1 (17-19). Missense mutations
of APC or AXIN1 were also detected in human HB and HCC,
despite less frequency (8,20).

Apart from its functions on cellular proliferation and dif-
ferentiation in the Wnt signaling pathway, ß-catenin also
supports epithelial architecture by forming cell surface
complexes with E-cadherin (21,22). In HB or HCC harboring
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mutations of ß-catenin or its related gene, nuclear localization
of ß-catenin can be detected whereas, in those without such
stabilizing mutations, immunoreactivity is confined to their cell
membranes (8). Such immunohistochemical clues suggested
that particular functions of ß-catenin in hepatic cancer with
and without mutations may differ.

To address the role of ß-catenin in maintaining a malignant
phenotype of pediatric hepatic tumor with regard to its mutation
status, we created a loss-of-function phenotype by in vitro
knock-down of the gene at its mRNA level in a pediatric
HCC cell line (HepG2) and an HB cell line (HuH-6), both
harboring stabilizing mutations of ß-catenin, in comparison
with a pediatric HB cell line without ß-catenin mutation
(HuH-7).

In this study, we transfected artificially synthesized siRNAs
designed to target the ß-catenin gene using Haemagglutinating
Virus of Japan envelope (HVJ-E) as a nucleotide delivery
system (23). We found a dramatic clearance of nuclear and
cytoplasmic immunoreactivity of ß-catenin in cells with
stabilizing mutations (HuH-6, HepG2), in concomitance with
the reduction of ß-catenin mRNA and ß-catenin protein. The
suppression of ß-catenin downstream target genes, c-myc and
cyclinD1, and inhibition of cellular proliferation were observed
in both mutant cell lines. On the other hand, HB cells without
such stabilizing mutation (HuH-7) displayed lower baseline
expression of ß-catenin and absent nuclear immunoreactivity.
In HuH-7, although ß-catenin mRNA and protein could be
suppressed by the treatment as well, no significant change in
the expression of the target genes was detected and the
influence of treatment on tumor cell proliferation was also
less pronounced. These data confirmed the crucial role of
stabilized ß-catenin in the maintenance of tumor growth and
also provided an in vitro gene therapeutic model for pediatric
hepatic cancers, especially those with stabilizing mutations
of ß-catenin.

Materials and methods

Cell lines and culture conditions. Human hepatoblastoma
cell line HuH-6 was obtained from the Japanese Collection of
Research Bioresources (JCRB, Tokyo, Japan). Hepatocellular
carcinoma cell line HepG2 and another hepatoblastoma cell
line, HuH-7, were obtained from Riken Cell Bank (Tokyo,
Japan). HepG2 cells were propagated and maintained in
Minimum Essential Medium (Invitrogen, Inc.) supplemented
with 10% fetal bovine serum (FBS) (Invitrogen, Inc.), 50 units/
ml penicillin, 50 μg/ml streptomycin and 0.1 mM MEM non-
essential amino-acids solution (Invitrogen, Inc.) The HuH-6
and HuH-7 cell lines were maintained in Dulbecco's modified
Eagle's medium (DMEM) (Nacalai Tesque, Kyoto, Japan)
supplemented with 10% FBS and the same antibiotics. All
cell lines were incubated in a 37˚C humidified atmosphere
containing 5% CO2. Mutations of ß-catenin in HepG2 and
HuH-6 have been reported in a previous work by De la Coste
et al (24) and also were confirmed in this study.

DNA and cDNA preparation. Genomic DNA was extracted
from each cell line using the High Pure PCR template prep-
aration kit (Roche, Inc.), following the supplier's instructions.
Total cellular RNA was prepared by RNAqueous RNA

isolation kit (Ambion, Texas, USA), according to the
manufacturer's protocol. First-strand cDNA was synthesized
from 1 μg of total RNA using MMLV reverse transcriptase
(Clontech Laboratories, USA) and oligo(dT) primers.

ß-catenin mutation characterization. Confirmation of ß-catenin
mutation in cell lines used polymerase chain reaction (PCR)
and PCR-based direct sequencing. Briefly, genomic DNA
was amplified by using two primer sets (BCAT1/2, BCAT3/4),
which were designed by Koch et al (9). These two primer sets
were utilized to detect point mutations and larger interstitial
deletions involving exon 3 of the ß-catenin gene, respectively.
PCR and electrophoreses conditions were described in our
previous publication (16). For sequencing, PCR products were
purified using the QIAquick PCR purification kit (Qiagen,
Inc.), and their nucleotide sequences were determined on both
strands using a Dye Terminator cycle sequencing kit (Applied
Biosystems, Inc.) on an automated sequencer (ABI PRISM™
310 Genetic Analyser, Perkin-Elmer).

siRNA oligonucleotides. SMARTpool siRNA oligonucleo-
tides with two thymidine residues (dTdT) at the 3'-end of the
sequence were purchased from Dharmacon (Lafayatte, CO,
USA). The siRNA oligonucleotides corresponded to nucleo-
tides 445-463, 570-588, 607-625 and 1732-1750 of the
human ß-catenin gene (GeneBank access no. X87838). The
sequences were as follows: siß-catenin-1 (sense, 5'-ACAAG
TAGCTGATATTGAT-3'), siß-catenin-2 (sense, 5'-CCACT
AATGTCCAGCGTTT-3'), siß-catenin-3 (sense, 5'-GCTGA
AACATGCAGTTGTA-3'), siß-catenin-4 (sense, 5'-GATAA
AGGCTACTGTTGGA-3').

Transfection. Transient transfection of siRNA was carried
out using a Genome-One HVJ-E vector, (ISK Corp., Osaka,
Japan), following the instruction manual. All transfection
was performed with a final concentration of 100 nM of
siRNA in serum-free culture media. Briefly, siRNA and the
viral envelope were mixed to form a transfection complex by
centrifugation under a cool temperature. The cell was exposed
to the vector-siRNA complex for a 1-h period in order to
avoid cytotoxic side-effects. Transfection efficiency was
measured as approximately 60% in HuH-6 and HepG2 cell
lines and 40% in HuH-7 cell when evaluated by a fluorescein
isothiocyanate (FITC)-labeled oligodeoxynucleotide under
this transfection condition (data not shown).

Gene expression assays by real-time reverse transcription-
polymerase chain reaction (RT-PCR). Twenty-four hours prior
to transfection, 1.5x105 cells of HuH-6 and HuH-7 or 9x105

cells of HepG2 were seeded in each well of a 6-well plate.
After 48 h, the cells were harvested for RNA extraction and
cDNA synthesis. To quantitate the level of mRNA of ß-catenin
and its target genes, real-time RT-PCR was performed on an
ABI PRISM 7700 sequence detection system with Sequence
Detector V1.7 software (PE Applied Biosystems, Inc.), as
described elsewhere (25). The primers and TaqMan probes
used in this study are presented in Table I. Human GAPDH
was used as an internal control. The copy numbers of ß-catenin,
c-myc and cyclinD1 mRNA were standardized by the copy
number of GAPDH in each sample and expressed per 1,000
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copies of GAPDH. Time-courses of mRNA expression were
followed on post-transfection days 2, 3, 5 and 7 in HuH-6 cells.

ß-catenin protein quantitation. Transfection was performed
under the same condition as gene expression assay. Protein
quantitation was performed using Western blotting, as
described elsewhere (26). Briefly, cells were harvested 72 h
post transfection and lysed using RIPA lysis buffer (Upstate,
Inc.). After measuring by BCA protein assay (Pierce Biotech-
nology, Inc.), approximately 20 μg of protein was loaded into
each well on a 10% sodium dodecyl sulfate-polyacrylamide
gel for electrophoresis, and subsequently transferred onto a
polyvinyl difluoride membrane. The membrane was incubated
with anti-ß-catenin monoclonal antibody (Transduction
Laboratories, KY, USA) at a dilution of 0.5 μg/ml, for 24 h
at 4˚C. It was then incubated with a horseradish peroxidase-
conjugated anti-mouse antibody for 1 h and developed using an
enhanced chemiluminescence system (Amersham Biosciences,
Inc.).

Immunocytochemistry. Cells were plated on cover glasses
placed in a 6-well plate in the same densities as for mRNA
expression assay. On post-transfection day 3, the cells were
fixed in 4% paraformaldehyde for standard indirect immuno-
fluorescence staining. Briefly, fixed cover glasses were rinsed
in PBS, permeabilized with 1% Triton X-100 for 1 h and
then blocked with 10% normal rabbit serum for 30 min

before incubation with anti-ß-catenin antibody (0.5 μg/ml;
Transduction Laboratories, KY, USA) overnight at 4˚C. For
visualization, FITC-conjugated rabbit anti-mouse immuno-
globulins (6 mg/ml; Dako, Denmark) were used as a secondary
antibody. Cover glasses were incubated in PBS containing
0.02% propidium iodide for nuclear staining and then washed
and mounted with fluorescence mounting medium (Dako
Cytomation, Japan). Photographs were taken using a Keyence
VB6000 digital photography system (Keyence, Japan) attached
to a Nikon Eclipse C1000 microscope (Nikon, Japan). The
negative control neglected the ß-catenin antibody but followed
the other same staining procedures.

Cell viability assay. Cell viability was determined using the
WST-1 cell counting kit (Wako Pure Chemical Industries,
Osaka, Japan). The principle of this method is a colorimetric
detection of mitochondrial dehydrogenase in viable cells (27).
Prior to transfection, HuH-6 and HuH-7 cells were seeded at
a density of 5x103 cells in 100 μl of medium into each well
of 96-well plates. HepG2 were seeded at 3x104 cells/well. On
post-transfection day 2, 10 μl of WST-1 solution was added to
each well. After incubation at 37˚C for 60 min, the absorbency
of the treated samples against a blank control was measured
under an immuno-reader (Immuno Mini NJ-2300, Nippon
Inter-Med K.K., Tokyo, Japan) with 450 nm as a detection
wavelength and 650 nm as a reference wavelength.

Cell counting analysis. To estimate the time-course of cell
proliferation, 3x105 cells of HepG2 and 5x105 cells of HuH-6
or HuH-7 were plated in standard 12-well culture plates before
transfection. After siRNA transfection, cells were harvested
every 24 h for up to 6 days after transfection (5 days for
HuH-7) and documented using an automatic cell counter
instrument (Beckman Coulter Co., Japan). For comprehensive
comparison, the results in each time-point were expressed as
a percentage of the number of cells in the no treatment group.

Apoptosis evaluation. For HuH-6 and HuH-7, apoptotic assay
was performed semi-quantitatively by using the ApopTag
Plus Fluorescein In Situ apoptosis detection kit (Serologicals
Corp., USA) and was based on the TUNEL principle. Cells
were seeded on coverslips in a 6-well plate and transfected
using the same protocol as for the expression study. After 3
days, the cells were harvested and subjected to detection,
according to the manufacturer's instructions. Apoptotic cells
were observed under a fluorescence microscope.

Statistical analysis. All experiments were performed at least
three times under similar conditions and the typical results
were demonstrated. Unless stated otherwise, data were
presented as means together with standard deviation for each
parameter. Statistical analysis was performed using an un-
paired Student's t-test with significance considered as p-value
<0.01.

Results

Identification of ß-catenin mutation and overexpression in
each hepatic tumor cell line. To confirm ß-catenin mutations in
each hepatoblastoma cell line, we performed PCR and direct
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Table I. Primers used in real-time quantitative PCR.
–––––––––––––––––––––––––––––––––––––––––––––––––
Gene Sequences (5'➝3')
–––––––––––––––––––––––––––––––––––––––––––––––––
ß-catenin
Forward CCTCTGATAAAGGCTACTGTTGGAT
Reverse CTGATGTGCACGAACAAGCA
TaqMan probe FAM-CCTTTGTCCCGCAAATCATGCA

CCTT-TAMRA

GAPDHa

Forward GAAGGTGAAGGTCGGAGTCA
Reverse GAAGATGGTGATGGGATTTC
TaqMan probe FAM-CAAGCTTCCCGTTCTCAGCC-

TAMRA

c-Myc
Forward TCAAGAGGTGCCACGTCTCC
Reverse TCAAGAGGTGCCACGTCTCC
TaqMan probe FAM-CAGCACAACTACGCAGCGCCT

CC-TAMRA

CyclinD1
Forward TCTACACCGACGGCTCCATC
Reverse CATCTGTGGCACAAGAGGCA
TaqMan probe FAM-CGGAGCATTTTCATACCAGAA

GGGAAAGC-TAMRA
–––––––––––––––––––––––––––––––––––––––––––––––––
aHuman glutaraldehydes-3-phosphate dehydrogenase.
–––––––––––––––––––––––––––––––––––––––––––––––––
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sequencing analyses. In all cell lines, the PCR product for
primers BCAT1/2 showed a normal size on agarose gel;
however, interstitial deletion of the ß-catenin gene in HepG2
cells was detected by PCR with primers spanning exon 3

SANGKHATHAT et al:  RNA INTERFERENCE AGAINST ß-catenin718

Figure 1. Immunocytochemical study demonstrated ß-catenin nuclear staining pattern in HepG2 and HuH-6 cells and only membrane immunoreactivity in
HuH-7. After siRNA treatment, HuH-6 and HepG2 revealed disappearance of nuclear localization. Disappearance of membrane staining also occurred in
HepG2 while membrane reactivity remained weakly positive in HuH-6. HuH-7 showed almost no positive immunoreactivity to ß-catenin antibody after the
treatment. No significant change was found in the mock transfection group. Photographs were taken at x20 magnification.

Figure 2. Assessment of mRNA expression of ß-catenin and its downstream
targets, c-myc and cyclinD1, by real-time RT-PCR. The study showed
significant reduction of ß-catenin expression in the siRNA treatment group
of all cells studied. The magnitude of suppression was approximately 80-
90% of baseline level. Significant reduction of downstream target gene
expression was evidenced in HuH-6 (A) and HepG2 (B), but not in HuH-7
(C) (*p<0.01).
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(BCAT3/4). Subsequent direct sequencing revealed a 348-
nucleotide in-frame deletion at codon 25-140 of ß-catenin
(data not shown), resulting in a 116 amino-acid deletion.
Direct sequencing of BCAT1/2 PCR products also revealed a
missense mutation at codon 34 (Gly34Val) in HuH-6 and
wild-type sequence in HuH-7. Consistent with the mutation
status, intense nuclear accumulation of ß-catenin was found in
HepG2 and HuH-6 cells whereas, in HuH-7, only a membrane
staining pattern appeared in moderate intensity, (Fig. 1, right
column).

siRNA knock-down expression of ß-catenin independent of
the localization of the protein. At post-transfection day 2, the
level of ß-catenin mRNA decreased significantly in all siRNA
treatment groups (Fig. 2). Assay of the ß-catenin protein by
Western blotting also showed an obvious reduction of ß-catenin
protein in the treatment groups of all cell lines (Fig. 3).
Although the suppression of ß-catenin expression occurred
in all cell lines studied, significant changes of target gene
c-myc and cyclinD1 expression were limited to cell lines with
ß-catenin mutations, HuH-6 and HepG2 (Fig. 2).

When the time-course of expression was followed in
HuH-6, it appeared that ß-catenin knock-down lasted for 3
days after the transfection (Fig. 4). The nadir level of reduction
occurred around post-transfection days 2 and 3 when the ß-
catenin mRNA level was suppressed to 40% of the control.

The expression of target oncogenes c-myc and cyclinD1
decreased and recovered in the same pattern but to a lesser
extent than that of ß-catenin.

RNA interference abducted ß-catenin from the nucleus. After
siRNA treatment, immunocytochemistry demonstrated a
dramatic clearance of nuclear accumulation. In HuH-6, intense
nuclear staining of ß-catenin completely disappeared, leaving
only weak staining on cell membranes (Fig. 1). In HepG2 cells,
although weak nuclear staining reactivity remained observable
in some cells, the majority had a ‘blank-cell appearance’ after
treatment.

In HuH-7, of which pre-treatment staining showed a normal
epithelial pattern of membrane localization, there was no
positive immunoreactivity after the treatment.

RNA interference suppressed hepatic cancer cell proliferation.
In WST-1 viability assay, the treatment groups in all cell lines
showed significantly reduced viable cell numbers, compared

to the mock transfection and no treatment controls (Fig. 5A).
However, the growth suppression level was less in HuH-7 than
in the other two cell lines. The WST-1 results were consistent
with the growth study by direct cell counting, in which the
growth suppression appeared to last approximately 4 days in
HepG2 and HuH-6 and not more than 2 days in HuH-7
(Fig. 5B).

Apoptosis did not increase after ß-catenin knock-down. Using
in situ TUNEL assay, there were more fluorescence positive
cells in HuH-6 than in HuH-7. However, there was no
significant difference between the siRNA treatment group,
mock and no treatment control of each cell line.

Discussion

The canonical Wnt/ß-catenin signaling pathway is involved
in the tumorigenesis of various cancers in humans (4,6,28). In
the pediatric age group, our previous study and that of others
found ß-catenin mutations in the majority of hepatoblastoma,
solid and cystic tumors of the pancreas, and a number of
nephroblastoma (8-10,15,16,28-30). A common feature
occurring among these Wnt associated tumors is the nuclear
localization of ß-catenin protein, a molecule which plays its
central role in modulating the transcription of target oncogenes
in the pathway.

The nuclear accumulation of ß-catenin is determined
largely by an amount of free cytosolic ß-catenin and the
balance of nuclear influx and efflux (31). Mutations affecting
ß-catenin regulatory phosphorylation sites or their flanking
residues prohibit an effective degradation of ß-catenin protein
by GSK3-ß, leading to its pathological stabilization. Free
protein in the cytoplasm forms complexes with the tran-
scription factor, Lef/Tcf, to enter the nucleus where it activates
downstream target genes that control cellular growth (10,36).
According to this signaling scheme, the large deletion at exon
3 in HepG2 and the point mutation at codon 34 in HuH-6
explains the strong ß-catenin nuclear staining patterns in both
cell lines. On the other hand, HuH-7, a HB carrying wild-type
ß-catenin, showed only weak immunoreactivity along the
cytoplasmic membranes. From this fundamental evidence, it
can be hypothesized that knocking-down ß-catenin in those
tumor cell lines with mutated and/or overexpression will cause
a negative impact on their growth.

INTERNATIONAL JOURNAL OF ONCOLOGY  28:  715-722,  2006 719

Figure 3. Western blotting of ß-catenin from the whole cell lysates. The
study revealed reduction of cellular ß-catenin in all cells studied. In HepG2,
reduction of the expression of both wild-type (upper band) and aberrant
protein derived from the mutated sequence occurred (lower band, approx-
imately 70 kDa). S, siRNA treatment; M, mock control; C, no treatment
control.

Figure 4. Time-course curve of relative expression of ß-catenin and its
targets, c-myc and cyclinD1. Results were expressed in percentage of
baseline value of each cell line before treatment. Note that the maximum
suppression happened around post-transfection days 2 and 3.

Sangkhathat 10-10  25/1/06  16:31  Page 719



siRNA are synthetic short dsRNA that, when introduced
into a cell, induce the destruction of homologous single-
stranded RNA (32-34). Recently developed RNA interference
technology employs molecules to provide highly specific
genetic silencing, which is an advantage to functional genetic
study. Moreover, a therapeutic advantage can also be explored.
A recent study by Verma and colleagues successfully used
siRNA to knock-down ß-catenin in an experimental model of
colonic cancer (35). As a result, inhibition of colon cancer cell
proliferation was demonstrated both in soft agar and nude mice.
In our experiments, siRNA successfully reduced ß-catenin
in the mRNA level, leading to a subsequent reduction in its
protein, as evidenced by the lower amount of total cellular
ß-catenin protein in Western blot analysis. It should be noticed
that, in HepG2 cells, both wild-type and truncated protein were
affected by the treatment.

In HuH-6 and HepG2, ß-catenin knock-down also
resulted in a reduction of the expression of c-myc and cyclinD1,
two well-known downstream targets of ß-catenin in the
canonical Wnt/ß-catenin signaling pathway (18,19). The
evidence confirmed that ß-catenin manipulation in these two
cells provided sequential alterations to a more distal part of
the signaling pathway. c-Myc and cyclinD1 promote cell-cycle
progression through G1 to S phase transition acceleration
(36). CyclinD1 expression has been correlated with ß-catenin

mutations in a series of clinical HB (15) and in experimental
mice HCC (37). Our data provide supportive evidence that
c-myc and cyclinD1 are downstream responders of ß-catenin
in hepatic tumor cells with ß-catenin mutations.

Our study also demonstrated that post-transcriptional
knock-down resulted in the clearance of nuclear accumulated
ß-catenin. Nuclear accumulation has been suspected to be
the pathological signature which discriminates tumor cells
harboring mutations from normally developed cells (4,6,10,24).
This exclusive feature allows ß-catenin to be an interesting
candidate for targeted therapy. Synchronous with the reduction
of nuclear immunoreactivity, proliferation of HuH-6 and
HepG2 significantly reduced. The data support the role of
ß-catenin in the growth of these cell lines of pediatric HB and
HCC. Marginal growth inhibition after ß-catenin knock-down
in HuH-7, the wild-type counterpart, suggested that ß-catenin
contributes much less in the proliferation function of this cell
line, as evidenced by its absence of nuclear immunoreactivity
and relatively low baseline expression level of ß-catenin and
its downstream target genes.

Regarding the growth promoting function of ß-catenin,
previous study demonstrated enhanced proliferation of murine
hepatocytes after a stable transfection of mutated ß-catenin.
Our study which was performed in the opposite direction
gave a concordant summarization. However, according to our
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Figure 5. (A) WST-1 study on post-transfection day 2 demonstrated a significant reduction in cell viability in the siRNA-treated group of all three cell lines
studied (*p<0.01). (B) Time-course study of cell numbers by direct counting demonstrated that a reduction in total cell amount transiently occurred to varying
degrees among the three cells. Growth suppression in HuH-7, although significant, was only marginal and occurred in a shorter period than in HuH-6 and
HepG2.
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apoptosis assay, the growth inhibition was not likely to be a
result of increased apoptosis.

In the transfection experiment, HVJ-E provided higher
transfection efficiency than liposome-based transfection
vectors. This viral envelope vector also has an advantage in
its potential use in in vivo application (23). The effect of
siRNA treatment on cellular proliferation was temporary,
lasting not longer than one week. This incomplete response
could be explained by the transience in intracellular stability
of an externally induced siRNA, as it appeared that the RNA
expression in HuH-6 reached maximum inhibition within the
first few days of treatment and then quickly recovered to its
pre-treatment level. Recent advances in RNA interference
technology reported that de novo synthesis of double-stranded
interfering RNA via an expression plasmid constructed to
transcribe short hairpin RNA could achieve prolonged silencing
(38).

In conclusion, we performed in vitro knocking-down of
ß-catenin, which has been suspected to be a key player in the
tumorigenesis of pediatric HB and HCC. We demonstrated
that siRNA transfection dramatically silenced this gene in
terms of reduction in mRNA expression, clearance of nuclear
accumulation and decrease in total cellular ß-catenin protein.
The treatment ultimately resulted in the suppression of in vitro
tumor cell progression in cell lines that harbor ß-catenin
mutations. The data lend a novel model of in vitro growth
inhibition of pediatric hepatic epithelial cancers with ß-catenin
mutations through a precise genetic manipulation at the post-
transcriptional level.
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