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Abstract. Currently, there are no diagnostic or metastatic 
markers that can be used in early diagnosis and treatment 
of human hepatocellular carcinoma (HCC). The aim of this 
study was to find a molecular marker that regulated migration 
and metastasis in HCC. We analyzed the gene expression of 
β-catenin, c-Myc and IL-8 in human HCC tissue by RT-PCR 
and immunohistochemistry and analyzed five variously 
differentiated HCC cell lines by Western blotting and migra-
tion and invasion assays to find markers for HCC diagnosis 
and HCC metastasis. mRNA expression of β-catenin was 
significantly higher in the tumor area compared to the non-
tumor area and was more abundant in specimens of late-stage 
HCC. Immunohistochemistry revealed that the translocation 
of β-catenin into the nucleus was closely correlated with IL-8 
protein levels and tumor stage. Similarly, the level of expres-
sion and nuclear translocation of β-catenin was greater in 
HA22T cells with high proliferative activity than in HCC cell 
lines with low proliferative activity (PLC, Hep3B, HepG2). 
Knockdown of the β-catenin gene with β-catenin antisense 

oligonucleotides resulted in inhibition of cell migration and 
invasion of HA22T cells. Taken together, these results suggest 
that β-catenin may be a suitable diagnostic marker of metas-
tasis in human HCC.

Introduction

Hepatocellular carcinoma (HCC) is one of the most frequent 
malignancies found in South China, Sub-Saharan Africa and 
Southeastern Asia, including Taiwan. HCCs are genetically 
heterogeneous neoplasms and this genetic heterogeneity corre-
lates with a variety of etiological factors (1). The molecular 
mechanisms, however, remain largely unknown. Recent 
studies have revealed that neoplastic transformation of liver 
cells is due in large part to the aberrant expression of a number 
of genes, including activation of cellular oncogenes, inactiva-
tion of tumor suppressor genes and overexpression of growth 
factors (2). Once metastasis occurs it causes 90% of human 
cancer deaths (3). Therefore, finding the switch to metastasis 
stage is urgent to control tumor development.

Several classes of proteins involved in the tethering of 
cells to their surroundings in a tissue are altered in cells 
possessing invasive or metastatic capabilities. The affected 
proteins include cell-cell adhesion molecules (CAMs), notably 
members of the immunoglobulin and calcium-dependent 
cadherin families, both of which mediate cell-to-cell interac-
tions, and integrins, which link cells to extra-cellular matrix 
substrates (4). The most widely observed alteration in cell-
to-environment interactions in cancer involves E-cadherin, 
a homotypic cell-to-cell interaction molecule ubiquitously 
expressed on epithelial cells. β-catenin, binds the cytoplasmic 
domain of cadherin along with the actin binding protein, to 
bridge the extracellular adhesive activity of cadherins with the 
underlying actin cytoskeleton (5). Tyrosine phosphorylation of 
β-catenin leads to its dissociation from the adherens complex 
and probable transfer of the protein to the cytosol where it 
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exists in a soluble, monomeric state. Cytosolic β-catenin may 
subsequently be degraded or be translocated into the nucleus 
and regulate the downstream gene expression. The coupling 
between adjacent cells by E-cadherin bridges results in the 
transmission of antigrowth and other signals via cytoplasmic 
contacts with β-catenin to intra-cellular signaling circuits. 
The function of E-cadherin is apparently lost in a majority 
of epithelial cancers by mechanisms that include mutational 
inactivation of the E-cadherin or β-catenin genes, transcrip-
tional repression or proteolysis of the extra-cellular cadherin 
domain (6,7).

In recent years, many studies have shown that the Wnt 
signaling pathway plays a crucial role in tumorigenesis (8,9). 
The central member of the Wnt pathway is β-catenin. Intra-
cellular protein complexes, including Dishevelled (Dvl/Dsh), 
glycogen synthase kinase-3β (GSK-3β), Axin and adenomatous 
polyposis coli (APC) protein regulate cytosolic β-catenin 
protein levels. Overexpression of β-catenin, due to either a 
non-functioning APC protein or to mutations that eliminate 
the phosphorylation sites within β-catenin, is associated with 
several human cancers, including colon carcinomas, mela-
nomas, pilomatricomas and HCC (10-15).

β-catenin mutations were found to range from 9 to 75% in 
mouse liver tumors induced using chemical carcinogens (16). 
The expression level and mutation frequency of β‑catenin have 
been reported to be different in HCC from different countries 
or regions. Especially, the rates of overexpression of β-catenin 
in the nuclei range from 2.4 to 24.8% in HCC (17,18). The 
reduction or loss of β-catenin might disrupt the stability and 
integrity of the E-cadherin-catenin complex and disturbs 
the cellular adhesive junction, resulting in cell proliferation, 
tumor invasion and metastasis (19). The clinical implication 
of aberrant β-catenin expression in HCC, however, remains 
unclear (20). The purpose of this study was to investigate the 
role that β-catenin plays in HCC. We measured the expression 
levels of β-catenin in different histological grades of human 
HCC tissues and five different differentiated HCC cell lines 
(HA22T, PLC, Hep3B, HepG2 and normal chang liver cells) 
and investigated the correlation between β-catenin and 
metastasis in HCC.

Materials and methods

Specimens. We collected different histological grades of 
human HCC tissues obtained from 30 patients (23 men and 
7 women) at the Changhua Christian Hospital, Changhua, 
Taiwan during the period 1998-2001. The specimens included 
grade I HCC (n=6), grade II HCC (n=17) and grade III HCC 
(n=7). The patient ages ranged from 31 to 79 years. Disease 
history, tumor grade, tumor size and level of differentiation in 
each patient were obtained from the medical records.

Immunohistochemistry. Slides with human HCC tissue sections 
were placed on a rack and dried at 58˚C overnight. The slides 
were dewaxed in xylene for 40 min, rehydrated in graduated 
ethanol solutions for 30 min, and finally placed in ddH2O for 
10 min. Endogenous peroxidase activity was blocked with 3% 
H2O2 for 13 min. Slides were then rinsed with tap water for 
15 min, placed in pre-warmed citrate buffer (0.01 M citric acid, 
pH 6), heated in a microwave for 15 min, and then allowed to 

cool to room temperature for 30 min. The slides were then 
rinsed with PBS buffer for 10 min. Non-specific binding was 
blocked with 5% FBS for 10 min. A 1:50 dilution of polyclonal 
β-catenin or IL-8 antibody (Santa Cruz Biotechnology, CA, 
USA) was then added to each slide and allowed to incubate 
at 37˚C for 1 h. The slides were then washed with PBS for 
10 min followed by the application of a secondary antibody 
(dilution of 1:100; Santa Cruz Biotechnology) for 30 min. The 
slides were then washed again using PBS buffer for 10 min. 
Immunoreactivity was visualized with DAB chromogen 
(3,3'-diaminobenzidine) using a DAB substrate kit (Roche, 
Mannheim, Germany).

Cell culture and transfection. Chang liver cells were grown 
in Basal Medium Eagle (BME) (Sigma, St. Louis, MO, USA). 
Hep3B, HepG2 and PLC were grown in Minimum Essential 
Medium (MEM) (Sigma). HA22T was grown in Dulbecco's 
modified Eagle's medium (DMEM) (Sigma). All media were 
supplemented with 10% fetal bovine serum (FBS) (HyClone, 
Logan, UT, USA), 1% penicillin, 0.1  mM non-essential 
amino acids, 1.5 g/l sodium bicarbonate and 1 mM sodium 
pyruvate at 37˚C in 5% CO2. Cells were seeded onto 100‑mm 
dishes in DMEM containing 10% FBS. On the next day, 
the medium was replaced with serum-free medium with no 
penicillin. Antisense oligonucleotides were introduced into 
the cells in the indicated amounts (10 and 100 µM) using 
Lipofectamine™ 2000 (Invitrogen, Carlsbad, CA, USA) 
according to the manufacturer's guidelines. Six hours later, 
the cells were fed with fresh DMEM medium containing 10% 
FBS. The β-catenin antisense oligonucleotide sequence was 
TAAGAGCTTAACCACAACTG and the β-catenin sense 
oligonucleotide sequence was CAGTAACTGAATAGCTACCA 
(MDBio, Taipei, Taiwan).

Isolation and purification of total RNA. Total RNA was extracted 
from HCC tissues using the Ultraspec RNA Isolation System 
(Biotecx Laboratories, Houston, TX, USA) according to the 
manufacturer's instructions. Following homogenization, the 
homogenate was stored for 5 min at 4˚C to permit the complete 
dissociation of nucleoprotein complexes. Then, 0.2 ml of 
chloroform per 1 ml of Ultraspec™ RNA was added. The 
samples were tightly covered, shaken vigorously for 15 sec, 
and then placed on ice at 4˚C for 5 min. The homogenate was 
then centrifuged at 12,000 g at 4˚C for 15 min. The resulting 
homogenate consisted of three phases: a lower organic phase 
and an inter-phase, each containing DNA and protein, and an 
upper aqueous phase containing RNA. About 500 µl of the 
aqueous phase was carefully transferred to a fresh tube while 
taking care not to disturb the inter-phase. Isopropanol (500 µl) 
was then added and mixed. The sample was then centrifuged 
at 12,000 g at 4˚C for 30 min. The supernatant was discarded. 
The pellet was washed twice with 1 ml of 75% ethanol and 
then dried. The pellet was resolved in 0.1% of DEPC-treated 
ddH2O. Quantitative and qualitative analyses were performed 
using spectrophotometry at 260 nm. The extract integrity was 
assessed using 1.5% agarose gel electrophoresis and the RNA 
was visualized using ethidium bromide staining.

Reverse transcription and polymerase chain reaction 
(RT-PCR). An aliquot of total RNA (0.5 µg) was reverse 
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transcribed using 0.5 µM oligo(dT) primers in a reaction 
solution (50 µl) containing 75 mM KCl, 50 mM Tris-HCl 
(pH 8.3), 3 mM MgCl2, 10 mM DTT, 10 U RNase inhibitor 
(Promega, Madison, WI, USA), 0.8 mM total dNTPs, and 
200 U of Moloney murine leukemia virus (MMLV) reverse 
transcriptase (Promega). The sample was incubated at 42˚C 
for 1 h and at 99˚C for 5 min before chilling on ice for 
10 min. The RT product (2 µl) was diluted with the PCR 
buffer (50 mM KCl, 10 mM Tris-HCl, 2 mM MgCl2) to a final 
volume of 50 µl containing 0.5 µM dNTPs (final concentra-
tion, 0.8 mM) and 0.5 U of Taq DNA polymerase. Following 
the hot start (5 min at 95˚C), the samples were subjected to 30 
cycles of denaturation at 95˚C for 1 min, annealing at primer 
annealing temperature for 1 min, and extension at 72˚C 
for 1 min, followed by a final cycle of extension for 10 min 
at 72˚C. The reaction was then held at 4˚C. The β-catenin 
forward primer was GCCGGCTATTGTAGAAGCTG and 
the reverse primer was ACTAGTCGTGGAATGGCACC. The 
pHe7 forward primer was CTTCGAAAGGCAAGGAGGAA 
and the reverse primer was TGGCTCTACAATCCTCAGCA 
(MDBio). The PCR products were analyzed on 1.2% agarose 
gel electrophoresis and imaged using the Kodak Scientific ID 
Imaging System (Eastman Kodak Co., CT, USA).

Isolation of cytoplasmic/nuclear fractions and Western blot 
analysis. Cytoplasmic and nuclear fractions were isolated 
with extraction reagent lysis buffer A (50 mM Tris-base, 
0.5 M NaCl, 1 mM EDTA, 1% NP40, 1% glycerol, 1 mM 
β-mercaptoethanol and proteinase inhibitor) and lysis buffer B 
(50 mM Tris-base, 0.5 M NaCl, 1 mM EDTA, 1% glycerol 
and proteinase inhibitor). In brief, 5x106 cells were trypsinized 
(0.05% trypsin/0.53 mM EDTA) and resuspended in 100 µl 
lysis buffer B. After a 10-min ice-cold incubation, the lysates 
were centrifuged at 3,000 g to pellet the nuclei. After centrifu-
gation, the supernatant was stored for use as the cytoplasmic 
fraction. The nuclei were lysed with 100 µl of lysis buffer A. 
The cell lysate proteins were separated using 12% SDS-PAGE 
and transferred to PVDF membranes. Residual protein sites 
were blocked in Tween/Tris-buffer saline (TBS) containing 5% 
skim milk. The filters were incubated with primary antibodies 
α-tubulin (NeoMarkers, Fremont, CA, USA), β-catenin and 
c-Myc (Santa Cruz Biotechnology) in TBS at the recommended 
concentrations (200 ng/ml) at 4˚C overnight and incubated with 
secondary antibodies for 1 h at room temperature. Antibody 
reaction was visualized with enhanced chemiluminescence 
(ECL) reagent (21).

Wound healing assay. Cells were initially seeded uniformly 
onto 60‑mm culture plates. An artificial wound was then care-
fully created by scratching the sub-confluent cell monolayer 
with a P-200 pipette tip. After 48 h of culture in DMEM 
supplemented with 1% serum, cell migration was observed 
using the eyepiece of a phase contrast microscope.

Migration assay. A Boyden chemotaxis chamber was employed 
in this assay. The upper and lower chambers were separated by 
polyvinyl-pyrrolidone-free polycarbonate membranes with 
8‑µm pores (Neuro Probes, Gaithersburg, MD, USA). The 
lower wells of the chamber were filled with DMEM medium 
supplemented with 10% FBS. Cells were added to the upper 

wells in a suspension with serum-free DMEM. A membrane 
sheet separated the upper and lower wells. The Boyden 
chamber was incubated for 4 h at 37˚C to allow cell migra-
tion and adherence to the membrane. The membrane was 
then stained with Giemsa stain and the number of cells was 
counted under microscopic visualization.

Invasion assay. In vitro invasion assay was performed with a 
Boyden chemotaxis chamber. The filter surfaces (8 µm pore 
size) were coated with 50 µg Matrigel (BD, Franklin Lakes, 
NJ, USA) for 4 h at room temperature. The coating uniformity 
was checked using Coomassie Brilliant Blue staining and low-
power microscope observation. The lower chamber was filled 
with 10% FBS DMEM medium. Cells were re-suspended in 
the upper chamber wells in serum-free DMEM medium. After 
4 h incubation at 37˚C, the filter was gently removed from the 
chamber. The cells on the upper surface were removed with 
a cotton swab. Cells that had passed through the Matrigel 
and attached to the filter surface were fixed with methanol 
and then stained with Giemsa stain. Cells that adhered to the 
membrane were counted under microscopic visualization.

Statistical analysis. The immunohistochemistry data were 
analyzed using χ2 and Fisher's exact test. Western blot analysis, 
invasion and migration experiments were repeated three times 
at least, and results are presented as the mean ± SEM, and 
statistical comparisons were made using the Student's t-test. 
p<0.05 was considered significantly different.

Results

The elevation of β-catenin gene expression and translocation 
correlated with HCC grading in vivo. An RT-PCR assay was 
used to examine the level of β-catenin mRNA expression 
in 30  tissue samples of HCC (Fig. 1A, B). Although most 
of the samples showed elevated levels of β-catenin mRNA 
expression, mRNA expression was significantly higher in 
high-grade HCC samples than in moderate- or low-grade 
samples (p<0.01) (Fig. 1B).

There was a differential distribution in the level of 
β-catenin expression between different grades of HCC. In 
well-differentiated HCC cells (grade I) there were significantly 
higher levels of β-catenin in the cytoplasm and significantly 
less membrane-bound β-catenin than in moderately or poorly 
differentiated cells (p<0.01). In moderately differentiated 
HCC cells (grade II), β-catenin was mostly concentrated in 
the cytoplasm and on the cell membrane, although some was 
located in the nucleus. In poorly differentiated HCC cells 
(grade III), there were significantly higher levels of β-catenin 
in the nucleus and on the cell membrane than in well-
differentiated and moderately differentiated cells (p<0.05)
(Fig. 1C, D, Table I).

Based on the above data, β-catenin had greater expression 
in tumor than non-tumor tissue. The translocation of β-catenin 
from the membrane or cytoplasm into nucleus correlated with 
the pathologic grade of HCC. The results of the immuno-
histochemical studies showed that the protein expression of 
interleukin-8 regulated by β-catenin was higher in tumor than 
in non-tumor tissue. The protein distribution ratio ranged 
from 0% in grade I HCC to 29% in grade III HCC (Table II). 
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Interleukin-8 might enhance angiogenesis, cell migration and 
metastasis. These findings suggest that β-catenin might be an 
important regulator in HCC metastasis.

Higher protein level and nuclear-type β-catenin were present 
in HA22T cells with high proliferative activity. To further 
confirm the in vivo correlation result, we used four differenti-
ated HCC cell lines (HepG2, Hep3B, PLC, HA22T) ranging 
from well to poorly differentiated cells. Well-differentiated 
cells are present in lower grades of HCC and possess lower 

proliferative activity. On the contrary, poorly differentiated 
cells are present in higher grades of HCC and have higher 
proliferative activity. We found that the protein level of 
β-catenin was highly expressed in HA22T cells, a cell 
line with high proliferative activity (Fig. 2A). To further 
test the correlation between β-catenin translocation and 
the development of HCC in vitro, we prepared nuclear and 
cytoplasmic protein fractions and assayed them using Western 
blot analysis. We found that the translocation of β-catenin into 
the nucleus was also negatively correlated with the degree 
of differentiation in HCC cells in vitro. Consequently, the 
level of β-catenin protein in the cytoplasmic fraction showed 

Figure 1. Expression and protein distribution of β-catenin in different grades 
of HCC. (A) β-catenin gene expression in 30 samples of HCC from 30 
patients were assayed by RT-PCR. PHe7 served as the internal control. (B) 
β-catenin gene expression was compared among 30 samples with different 
grades of HCC. N, non-tumor; T, tumor. (C) β-catenin protein distribution 
was assayed by immunohistochemistry. The β-catenin proteins were stained 
to show brown color in membrane, cytoplasm or nuclei. (D) Histogram of 
β-catenin protein distribution in different grades of HCC. N, nuclear; dM,C, 
diffuse membrane and cytoplasm; M, cell membrane.

Table I. β-catenin protein distribution ratio in different grades 
of HCC.

	 β-catenin	 β-catenin	 β-catenin
Location	 (dM,C) (%)	 (nuclear) (%)	 (membrane) (%)

Grade I	 5/6	 (83)	 0/6	 (0)	 1/6	 (17)
Grade II	 8/17	(47)	 2/17	(12)	 7/17	(41)
Grade III	 0/7	 (0)	 4/7	 (57)	 3/7	 (43)

Table II. The IL-8 expression in different grades of HCC.

	 IL-8 positive (%)

Grade I	 0/6	 (0)
Grede II	 2/17	(11.8)
Grade III	 2/7	 (29)
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negatively correlated with in the nuclear fraction (Fig. 2B). 
The HCC cells with high proliferative activity showed higher 
β-catenin protein levels and more translocation into the nucleus. 
All of these results suggest that nuclear accumulation of 
β-catenin is associated with the development of HCC both 
in vivo and in vitro.

Down-regulation of β-catenin reduces cell migration and 
invasion ability of HA22T cells. To explore whether β-catenin 
plays a key role in the metastasis of HCC, we applied β-catenin 

antisense oligonucleotides (10 or 100 µM) to knock down gene 
expression. The β-catenin antisense oligonucleotide treatment 
inhibited β-catenin and c-Myc expression in a dose-dependent 
manner (Fig. 3A). Knockdown of β-catenin with antisense 
oligonucleotides resulted in fewer proliferative and migrating 
cells in the wound-healing assay (Fig.  3B). In a further 
migration test using the Boyden chamber, knockdown of 
β-catenin reduced the number of migrating cells by about 50% 
(p<0.01) (Fig. 4A). Moreover, we employed a carcinogenic 
promoter, TPA, in the knockdown experiments. Knockdown 

Figure 2. The protein level of β-catenin in five different differentiated HCC cell lines. (A) Chang liver, HepG2, Hep3B, PLC and HA22T cell lysates were 
prepared, and expression of β-catenin and α-tubulin proteins were assessed by Western blot analysis. (B) The expression level of β-catenin protein in nuclear 
and cytosolic fractions was assayed by Western blotting.

Figure 3. The protein level of β-catenin and c-Myc and the proliferation/migration effect after knockdown of β-catenin. (A) HA22T cells were transiently 
transfected with lipofectamine alone, β-catenin antisense or sense oligonucleotides at different dosages, as indicated. Expression of β-catenin, c-Myc and 
α-tubulin proteins was assessed using Western blot analysis. (B) HA22T cells were transiently transfected with lipofectamine alone, β-catenin antisense, 
or sense oligonucleotides at 10 µM as indicated. The proliferation/migration effects of cells were assessed using wound healing assay for 48 h. Sense oligo-
nucleotides were used as a negative control; oligont, oligonucleotide.
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of β-catenin slightly reversed the TPA-induced migration 
effect (Fig. 4B). Treatment of HA22T cells with β-catenin 
antisense oligonucleotides resulted in a 50% reduction in cell 
invasion (Fig. 4C).

Discussion

There are no definitive molecular tools to characterize the 
biology of HCC, and most treatment decisions are still based 
on parameters such as size and tumor number, as defined 
by imaging techniques. Patients diagnosed at an early stage 

benefit from effective treatments such as surgical resection, 
transplantation, percutaneous ablation and palliative therapy. 
Survival of optimal candidates may exceed 60-70% at 5 years, 
the main drawback being the high rate of disease recurrence 
during follow-up (>50% at 3 years). After surgical ablation, 
numerous cases are susceptible to metastasis (22). Therefore, 
controlling the molecular factor of metastasis may be the suit-
able strategy after clinical surgery.

In this study, we showed that the mRNA level of β-catenin 
was significantly higher in tumor areas than in non-tumor 
areas, especially in pathologic grade III tumors. This finding 

Figure 4. The migration effect of HA22T cells after knockdown of β-catenin with or without TPA. (A) HA22T cells were transiently transfected with lipo-
fectamine alone, β-catenin antisense or sense oligonucleotides at 10 µM. Cell migration was assessed by Boyden chambers. 
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suggests that β-catenin might be associated with HCC patho-
genesis (Fig. 1A, B). Moreover, the translocation of β-catenin 
into the nucleus was closely associated with tumor development. 
The elevation of β-catenin expression was also correlated with 
poorly differentiated HCC (Fig. 1C, D and Table I). Similar 
results were found in vitro, in which β-catenin expression was 
greater in poorly differentiated HA22T HCC cells than in 
the other cell lines (Fig. 2A). We also found that the level of 
β-catenin expression increased as the level of cell differentiation 
decreased (Fig. 2A). In addition, our data show that the build up 
of β-catenin in the nucleus increased with disease progression, 
especially in HA22T cells, a cell line with high proliferative 
activity (Fig. 2B). In the poorly differentiated tumor area, we 
found an increase in β-catenin translocation to the nucleus 
and an increase in IL-8 expression (Table II), which suggests 
that β-catenin might play a major role in neovascularization, 
migration and tumor invasion (23,24). Moreover, knockdown of 
β-catenin with antisense oligonucleotides resulted in decreased 
cell migration and invasion ability of the HA22T cells (Figs. 3 
and 4A, C). The above data suggest that β-catenin might be a 
key factor in metastasis of HCC.

The Wnt pathway regulates cell fate, proliferation and 
apoptosis (25,26), and defects in the pathway play a key role 
in many cancers (8-10,12,13,19). The degradation of β-catenin 
(in the absence of Wnt) involves binding of the protein to 
a complex involving adenomatous polyposis coli (APC) 
protein, and two further proteins, Axin and glycogen synthase 
kinase (GSK)-3β. The latter serves to phosphorylate serine 
and threonine residues on β-catenin, a crucial step required 
to target the protein for ubiquitination and proteosomal 
degradation (8). Both APC and Axin enhance this phos-
phorylation step and are, therefore, promoters of β-catenin 
degradation. Mutations and abnormal expression of β-catenin 

were identified in numerous human cancers and correlated 
with tumor invasion and metastasis (19). A study by Miyoshi 
et al showed that APC is often inactivated and that exon 3 of 
the β-catenin gene is frequently mutated during hepatocellular 
carcinogenesis (27). The mutations in phosphorylation site of 
β-catenin exon 3 lead to accumulation of β-catenin in cytosol 
and translocation of activated β-catenin into nucleus (28). 
In our findings, we also show the translocation of β-catenin 
into nucleus and further point out the correlation with HCC 
grading (Fig. 1).

Recent studies have demonstrated that c-Myc, cyclin D1 
and MMP-7 are important target genes of the Wnt signaling 
pathway and that overexpression of those genes is positively 
associated with the accumulation of β-catenin and mutational 
defects in the Wnt signaling pathway in numerous tumor types 
(10-18). Cyclin D1 and c-Myc are critical genes involved in cell 
proliferation and differentiation. As two target genes in the Wnt 
signaling pathway, the amplification or overexpression of c-Myc 
and cyclin D1 in tumor cells is extremely common, indicating 
that their activation may be essential during carcinogenesis 
(19,29). We found that β-catenin antisense oligonucleotide 
treatment inhibited the expression of β-catenin protein and led 
to a decrease in the expression of c-Myc (Fig. 3A).

Additionally, the study of Bar-Eli (23) showed that IL-8 
up-regulated MMP2 expression and activity and led to 
increased invasiveness of human melanoma cells. IL-8 is 
an angiogenic factor up-regulated by hypoxia and related 
to metastasis of various primary tumors (23,24). IL-8 is 
associated with increased tumor growth and metastases in 
ovarian cancer (30). In this study, we showed that β-catenin 
was translocated into the nucleus and that this translocation 
was associated with increased expression of IL-8 (Fig. 1, 
Tables I and II), findings that suggest that enhancements of 

Figure 4. (C) The β-catenin knockdown effect on HA22T cell invasion. HA22T cells were transiently transfected with lipofectamine alone, β-catenin sense or 
antisense oligonucleotides at 10 µM. Cell invasion was assessed by Boyden chambers. The overall mean number of migrated cells from triplicate experiments 
is shown in the bar graph. ***Indicates significant difference (p<0.001); oligont, oligonucleotide.
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neoangiogenesis, migration and invasiveness lead to HCC 
metastasis. Collectively, our results suggest that β-catenin is 
not only important in controlling cell proliferation, but also is 
important in controlling HCC metastasis.

Based on our findings, we propose that β-catenin is 
anchored to the cell membrane under normal condition. 
Once the Wnt pathway is over activated or mutation occurs, 
β-catenin is gradually released into the cytosol causing the 
cells to detach from the extra cellular matrix and accumulating 
in the cytosol. β-catenin then translocates into the nucleus to 
function as a transcription factor that up-regulates c-Myc 
and IL-8 gene expression. When these genes are expressed, 
cell proliferation occurs and angiogenesis, cell migration, 
and metastasis are enhanced in HCC. For this reason, we 
hypothesize that β-catenin plays a key role in metastasis of 
HCC by up-regulating IL-8.
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