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Caffeic acid phenethyl ester induces growth arrest and
apoptosis of colon cancer cells via the p-catenin/T-cell

factor signaling

Debing Xiang®?, Dong Wang®®, Yujun He®, Jiayin Xie? Zhaoyang Zhong?®,

Zengpeng Li° and Jiang Xie®

Caffeic acid phenethyl ester, an active component of
propolis, has been implicated in the regulation of cell
growth and apoptosis, although the exact mechanism of
this activity has not been elucidated. In this study, we
explored the effects of caffeic acid phenethyl ester on
growth, cell cycle, apoptosis and p-catenin/T-cell factor
signaling in human colon cancer cells. Using two human
sporadic colon cancer cell lines (HCT116 and SW480), we
assayed for cell growth inhibition, cell cycle and apoptosis
induction. We also assayed for -catenin and downstream
target genes (cyclin D1 and c-myc) mRNA and protein
expression by reverse transcriptase-polymerase chain
reaction and Western blot analysis. p-Catenin localization
was detected by indirect immunofluorescence. p-Catenin/
T-cell factor transcriptional activity was determined by
transient transfection and reporter gene assay. Caffeic acid
phenethyl ester completely inhibited growth, and induced
G, phase arrest and apoptosis in a dose-dependent
manner in both HCT116 and SW480 cells. Treatment of
human colon cancer cells with apoptotic concentrations of
caffeic acid phenethyl ester resulted in a dose-dependent
and time-dependent loss of total -Catenin protein,
associated with decreased nuclear B-catenin. Caffeic acid
phenethyl ester reduced the expression of cyclin D1 and
c-myc in a dose-dependent and time-dependent manner.
We proved that caffeic acid phenethyl ester markedly

Introduction

B-Catenin performs dual functions, which include a
crucial role in cell-cell adhesion and the Wnt/Wingless
signaling pathway [1]. Originally identified as a cytoplas-
mic protein that interacts with cell adhesion molecules,
such as E-cadherin, B-catenin was found to be the
mammalian homologue of armadillo, a segment polarity
gene involved in the Wingless pathway in Drosophila [2]. Its
localization in two subcellular compartments corresponds
well to these two functions. Several cellular proteins have
been identified as directly or indirectly interacting with
B-catenin [1,3]. In normal and unstimulated cells, the
majority of P-catenin protein is present in cell—cell
junctions with very little in cytoplasmic or nuclear
fractions, due to the rapid turnover of [-catenin
promoted by the adenomatous polyposis coli (APC)/gly-
cogen synthase kinase-3f (GSK-3B)/Axin complex. In the
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suppressed the transcriptional activity of p-catenin/T-cell
factor in both HCT116 and SW480 cells depending on the
concentration of caffeic acid phenethyl ester. These results
indicate that caffeic acid phenethyl ester is an excellent
inhibitor of g-catenin/T-cell factor signaling in colon cancer
cell lines and suggest that caffeic acid phenethyl ester
merits further study as an agent against colorectal
cancers. Anti-Cancer Drugs 17:753-762 © 2006 Lippincott
Williams & Wilkins.
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presence of Wnt signal, however, GSK-3B activity is
inactivated, leading to the accumulation of cytoplasmic
and, subsequently, nuclear B-catenin, and the activation
of B-catenin/T-cell factor (Tcf) downstream target genes,
such as c-myc, cyclin D1, fibroblast growth factor 18 and
epidermal growth factor receptor [4-8].

Activated B-catenin/Tcf signaling by accumulation of
B-catenin in the nucleus has been implicated in human
carcinogenesis. This accumulation may result from the
mutation of either the B-catenin gene (CTNNB1) itself
or the tumor-suppressor gene, APC. Actually, the APC
gene or serine—threonine phosphorylation sites for the
GSK-3f within exon 3 of the B-catenin gene are mutated
in many cancer cells including colorectal cancer (CRC),
melanoma, hepatocellular carcinoma and gastric carcino-
ma, and the transcriptional activity of B-catenin is
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upregulated in these cancer cells [9-11]. At least 60% of
sporadic CRC contain one APC mutation and almost half
of them show abnormalities in both APC alleles, and
approximately half of the sporadic CRC and CRC cell
lines lacking APC mutations were shown to possess
somatic mutations in the B-catenin gene [12-14]. More-
over, nuclear translocation of B-catenin in CRC is
significantly associated with tumor progression and poor
survival [15,16]. Therefore, control of B-catenin and/or
control of downstream Tcf target gene expression
represents an ideal target for anticancer therapeutics
and chemoprevention [17-19]. There exist, however, few
B-catenin inhibitors.

Caffeic acid phenethyl ester (CAPE) is an active
component of propolis obtained from honeybee hives. It
has antioxidant, anti-inflammatory, anticarcinogenic and
immunomodulatory activities in diverse systems. Several
investigators have demonstrated that CAPE has an
antiproliferative effect, an apoptosis-inducing effect
against various tumor cell lines [20-25], and it also
reduce CRC cells invasion and metastasis # vitro and
n vivo [26-28]. In addition, CAPE inhibits the formation
of aberrant crypts induced by azoxymethane i vivo,
which are relevant to colon carcinogenesis [29]. Dietary
intake of CAPE also decreases tumor formation and
expression of B-catenin protein in the enterocytes of the
Min/ + mouse, which suggests that CAPE can suppress
APC-associated intestinal carcinogenesis [30]. Therefore,
we investigated the effects of CAPE on growth, cell cycle,
apoptosis and B-catenin/Tcf signaling in HCT116 (mu-
tant CTNNBI1, wild-type APC) and SW480 (mutant
APC, wild-type CTNNB1) colon cancer cells.

Materials and methods

Chemicals and cell culture

CAPE, dimethyl sulfoxide (DMSO), propidium iodide
(PI) and 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetra-
zolium bromide (MTT) were purchased from Sigma (St
Louis, Missouri, USA). The human sporadic colon cancer
cell lines HCT116 and SW480 were purchased from the
American Type Culture Collection (Manassas, Virginia,
USA). The cells were cultured in RPMI 1640 medium
supplemented with penicillin G (100 U/ml), streptomy-
cin (100 U/ml) and 10% fetal calf serum at 37°C in a 5%
CO, humidified atmosphere. Cells were routinely sub-
cultured using 0.25% (w/v) trypsin/ethylene diaminete-
traacetic acid solution. CAPE was prepared as 80 g/l stock
solutions in DMSO. Control flasks or plates contained
DMSO at an equivalent dilution (0.1% v/v) to that in
cultures containing CAPE, which had not effect on cells.

Cell growth inhibition assay

Logarithmically growing HCT116 and SW480 cells were
plated at a density of 4000 cells/well into a 96-well plate.
After 24h, cells were treated with CAPE at various

concentrations (0, 2.5, 5, 10, 20, 40 and 80 pg/ml) for 24,
48, 72 or 96 h. Then, 20 pl MTT (5 g/1) was added to each
well and incubated for an additional 4 h, and then culture
media were discarded followed by addition of 0.15ml
DMSO and vibration for 10 min. The absorbance was
measured at 490 nm using a model 550 microplate reader.
Six replicate experiments were performed for each cell
line. Percent absorbance relative to control was plotted as
a linear function of drug concentration. The 50%
inhibitory concentration (ICsq) was identified as the
concentration of drug required to achieve 50% growth
inhibition relative to untreated control populations. ICs,
value was determined using a CalcuSyn software [31].

Cell cycle analysis by flow cytometry

HCT116 and SW480 cells were serum-starved for 24 h
and then treated with a range of CAPE (0, 2.5, 5 and
10 pg/ml) for 24h. At the end of the treatment, the
floating cells were collected by centrifugation, whereas
adherent cells were harvested by trypsin—ethylene
diaminetetraacetic acid solution to produce a single-cell
suspension. The cells were then pelleted by centrifuga-
tion and washed twice with phosphate-buffered saline
(PBS). Then the cell pellets were suspended in 0.5 ml
PBS and fixed in 5ml ice-cold 70% ethanol at 4°C. The
fixed cells were spun by centrifugation and the pellets
were washed with PBS. After resuspension with 1 ml PBS,
the cells were incubated with RNase A (20 pg/ml) and PI
(50 pg/ml) for 1h at 37°C in the dark. The stained cells
were analyzed using a FACSCalibur flow cytometer in
combination with Modefit software (Becton Dickinson,
Franklin Lakes, New Jersey, USA). Three replicate
experiments were performed for each cell line.

Flow cytometry analysis with the Annexin-V/propidium
iodide assay

HCT116 and SW480 cells were treated with a range of
CAPE (0, 2.5, 5 and 10 pg/ml) for 24h. The apoptotic
index was assessed by flow cytometry using Annexin-V—
FITC kit (Roche, Indianapolis, USA) following the
manufacturer’s instructions. Data acquisition and analysis
were performed in a FACSort cytometer (Becton Dick-
inson) using CellQuest Software (Franklin Lakes, New
Jersey, USA). For each analysis, 20000 events were
acquired on a forward and side scatter gate. Three
replicate experiments were performed for each cell line.

Reverse transcriptase-polymerase chain reaction

HCT116 and SW480 cells were treated with a range of
CAPE (0, 2.5, 5 and 10 pg/ml) for 24 or 48 h. Total RNA
was prepared from HCT116 and SW480 cells with
Tripure RNA Purification Kit (Roche) according to the
manufacturer’s instructions. Reverse transcription (RT)
was performed with Moloney-murine leukemia virus
reverse transcriptase (Promega, San Luis Obispo, Cali-
fornia, USA) according to the manufacturer’s protocol. To
amplify 226-bp B-catenin, 354-bp cyclin D1, 219-bp c-myc
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and 667-bp glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) cDNA fragments, the sequences of PCR
primers (Sangon, Shanghai, China) were as follows: for
B-catenin sense (5'-ATTTGATGGAGTTGGACATGGC-
3’), antisense (5'-CCAGCTACTTGTTCTTGAGTGAA
GG-3); for cyclin D1 sense (5'-TCTAAGATGAAGGAGA
CCATC-3'), antisense (5'-GCGGTAGTAGGACAGGAA
GTTGTT-3); for c-myc sense (5'-CAAGAGGCGAACAC
ACAACGTCT-3'), antisense (5'-AACTGTTCTCGTCG
TTTCCGCAA-3') and for GAPDH sense (5'-CCCATCA
CCATCTTCCAGGAGCG-3'), antisense (5'-AGATGGA
GGAGTGGGTGTCGCTGT-3). The samples were first
denatured at 94°C for 2 min, followed by 28 polymerase
chain reaction (PCR) cycles, each with temperature
variations as follows: 94°C for 60s, 54°C—-62°C (54°C for
B-catenin, 59°C for c-myc, 60°C for GAPDH and 62°C for
cyclin D1) for 50s and 72°C for 50s. The last cycle was
followed by an additional extension incubation of 10 min
at 72°C. Analysis of amplification was accomplished on
1.5% agrose gel containing 0.2 pg/pl ethidium bromide
and visualized under UV transilluminator. The densito-
metric analysis of PCR products was performed by
computer software using a GS-800 Imaging Densitometer
(Bio-Rad, Hercules, California, USA) and standardized to
GAPDH product. Three replicate experiments were
performed.

Western blot analysis

HCT116 and SW480 cells were treated with a range of
CAPE (0, 2.5, 5 and 10 pg/ml) for 24 or 48 h. In the end,
the attached cells and floating cells were extracted in
lysis buffer using standard methods. Western blot was
carried out using standard techniques. Briefly, equivalent
protein concentrations of 50pg in each sample were
resolved in 10% sodium dodecyl sulfate polyacrylamide
gel electrophoresis and the proteins transferred onto
polyvinylidine diflouride membranes. After blocking with
5% nonfat dried milk, the membranes were incubated
with the appropriate dilution of primary mouse mono-
clonal antibodies against human B-catenin, cyclin D1, c-
myc and B-actin. The B-catenin antibody (Sigma) was
used at a 1:1000 dilution. The cyclin D1 antibody was
used at a 1:500 dilution (Santa Cruz, California, USA).
The c-myc antibody (Santa Cruz) was used at a 1:500
dilution. The B-actin antibody (Sigma) was used at a
1:1000 dilution. The membranes were then incubated
with a horseradish peroxidase-conjugated secondary anti-
body (1:2000) (Pierce, Rockford, Illinois, USA). The
proteins were detected by an enhanced chemilumines-
cence detection system (Pierce) and light emission was
captured on Kodak X-ray films. Three replicate experi-
ments were performed.

Indirect immunofluorescence for p-catenin localization
Cells grown on glass coverslips were treated for 24 or 48 h
with a range of CAPE (0, 2.5, 5 and 10 pg/ml), under
standard culture conditions as described above. Cells
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were fixed in 100% methanol at —20°C for 10 min and
washed twice in PBS. Monolayers were incubated with -
catenin antibody (Sigma) in PBS plus 1% (w/v) dried
skimmed milk powder overnight at 4°C. Omission of the
respective primary antibody was used as a negative
control. Monolayers were incubated with fluorescein
isothiocyanate (FITC)-conjugated secondary antibody
(Pierce) in 1% dried skimmed milk in PBS for 30 min at
37°C. Confocal microscopy was performed using a Leica
TCS SP laser scanning confocal microscope. Three
replicate experiments were performed.

Transfection and reporter gene assay

To evaluate the Tcf/Lef transcriptional activity, we used a
pair of luciferase reporter constructs, TOPflash and
FOPflash (Upstate Biotechnology, Lake Placid, New
York, USA). TOPflash contains three copies of the Tcf/
Lef binding site upstream of the thymidine Kkinase
minimal promoter and FOPflash contains a mutated
Tef/Lef binding site. pRL-TK luciferase reporter gene
plasmid (Promega) was always cotransfected to normalize
for transfection efficiency. Transient transfection was
performed using Fugene 6 (Roche) according to the
manufacturer’s instruction. Cells were transiently trans-
fected by one of these luciferase reporters and pRL-TK.
Three hours after transfection, cells were treated with
different concentrations of CAPE (0, 2.5, 5 or 10 pg/ml)
for 24 or 48 h. Luciferase activity was measured with the
Dual luciferase reporter assay system (Promega). Three
replicate experiments were performed.

Statistical analysis

Data were expressed as the mean = standard deviation.
Statistical significance of differences between two groups
was determined using Student’s r-test. A value of
P < 0.05 was considered statistically significant.

Results

Caffeic acid phenethyl ester inhibits human colon
cancer cells growth in vitro

HCT116 and SW480 cells were treated with CAPE at
various concentrations for 24-96 h, and the cell viability
was determined as described above by MTT assay. As
shown in Fig. 1, CAPE inhibited the growth of both
HCT116 and SW480 cells in a dose-dependent and time-
dependent manner. 1Cs values for HC'T116 cells at 24,
48, 72, 96 h after CAPE treatment were 22.45, 12.07, 6.47
and 5.36 pg/ml, respectively. 1Cs, values for SW480 cells
at 24, 48, 72, 96h after CAPE treatment were 20.27,
10.38, 6.15, and 5.44 pg/ml, respectively.

Effect of caffeic acid phenethyl ester on apoptosis
induction of human colon cancer cells

We explored whether induction of apoptosis by CAPE was
a mechanism for the inhibitory effect of CAPE. To deter-
mine the occurrence of apoptosis in cells treated with
CAPE, we stained the cells with both Annexin-V=-FITC
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Fig. 1
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Dose-dependent and time-dependent growth inhibition of human colon
cancer cells by caffeic acid phenethyl ester (CAPE). HCT116 (a) and
SW480 (b) cells were treated with CAPE at various concentrations (O,
2.5, 5, 10, 20, 40 and 80 pug/ml) and cell viability was determined by 3-
(4, 5-dimethylthiazol-2-y")-2, 5-diphenyltetrazolium bromide assay at the
indicated time period. The values are expressed as the mean * standard
deviation from six independent experiments.

and PI and performed flow cytometry. After treatment
with CAPE for 24 h, the Annexin-positive and PI-negative
cell population (apoptotic cell population) clearly in-
creased in HCT116 and SW480 cells. Moreover, CAPE
induced apoptosis in a dose-dependent manner in
HCT116 and SW480 cells (Fig. 2).

Caffeic acid phenethyl ester arrests human colon cancer
cells in Gy/G; cell cycle phase

To study the effect of CAPE treatment on cell
populations in different phases of the cell cycle, we
treated exponentially growing cells with 2.5, 5 or 10 pg/ml
of CAPE for 24h. Using conventional DNA flow
cytometry, we determined the effect of CAPE on the
distribution of cells in various phases of the cell cycle. In
untreated HCT116 and SW480 cells, 40-46% of cells
were in the Go/G; phase, 45-49% were in S phase and the
remaining cells were in the G,/M phase. In HCT116 and
SW480 cells, CAPE treatment, however, resulted in an
accumulation of cells in the Gy/G; phase, and these
results were dose-dependent and were paralleled by a
decrease of cells in S phase (Fig. 3). Interestingly, CAPE
treatment resulted in an increase of the percentage of G,/
M phase in SW480 cells, especially with 5 pg/ml of CAPE
(Fig. 3).

p-Catenin, cyclin D1 and c-myc expression during caffeic
acid phenethyl ester treatment

B-Catenin is involved in both colon carcinogenesis and
target genes (cyclin D1 and c-myc) transcriptional
regulation. Therefore, we investigated whether CAPE-
induced G; arrest and apoptosis were associated with
changes in protein and mRNA expression of B-catenin, c-
myc and cyclin D1 by Western blot and RT-PCR analysis.
HCT116 and SW480 cells were treated with a range of
CAPE (0, 2.5, 5 and 10 pg/ml). After 24 and 48 h, Western
blot analysis showed that CAPE treatment was associated
with a dose-dependent and time-dependent decrease in
B-catenin protein expression in both HCT116 and SW480
cells (Fig. 4a). After 24h, CAPE treatment was not
associated with a decrease in B-catenin mRNA expression
in both HCT116 and SW480 cells. After 48h, CAPE
treatment was associated with a slight decrease in B-
catenin mRNA expression in both HCT116 and SW480
cells (Fig. 4b), which was not paralleled by a decrease in
the B-catenin protein expression. After 24 and 48h,
CAPE treatment was associated with a dose-dependent
and time-dependent decrease in cyclin D1 and c-myc
protein (Fig. 4a) and mRNA (Fig. 4b) expression in both
HCT116 and SW480 cells.

Effect of caffeic acid phenethyl ester on p-catenin
localization in human colon cancer cells

Translocation of B-catenin into the nucleus is required for
its transcriptional activity as a coactivator [3,32]. As B-
catenin exists both in the cytosol and in the nucleus, we
explored the possibility that CAPE may alter its
distribution between the nucleus and the cytosol, there-
by inhibiting target genes (cyclin D1 and c-myc)
transcriptional activity. HCT116 and SW480 cells were
treated with a range of CAPE (0, 2.5, 5 and 10 pg/ml) for
24 or 48 h, and B-catenin was detected by immunofluor-
escence. Figure 5 shows strong nuclear expression of
B-catenin in control HCT116 and SW480 cells. CAPE
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Fig. 2
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Caffeic acid phenethyl ester (CAPE) promotes apoptosis in the human colon cancer cells. HCT116 and SW480 cells were treated with a range of
CAPE (0, 2.5, 56 and 10 pg/ml) for 24 h, and the cells were stained with Annexin-V (x-axis) and propidium iodide (PI) (y-axis) to quantify apoptosis and
necrosis, respectively. Early apoptotic cells were localized in the lower right quadrant of a dot-plot graph using Annexin-V—fluorescein isothiocyanate
versus Pl (a). (b) Bar graphs represent the mean values of triplicate determinations + standard deviation. *P<0.05 versus vehicle; **P<0.01 versus

vehicle.

treatment was associated with decreased nuclear [-
catenin expression and a concurrent increase in B-catenin
protein expression at cell-cell contacts, especially after
HCT116 cells were treated with higher concentrations of
CAPE (10 pg/ml) for 48h (Fig. 5).

Caffeic acid phenethyl ester downregulates
p-catenin/T-cell factor transcriptional activity

We were then interested to determine the effect of
CAPE on B-catenin/Tcf transcriptional activity in human
colon cancer cells. HCT116 and SW480 cell lines have a
constitutively active transcriptional activity of B-catenin/
Tef. Cells were transiently transfected with a synthetic
Tef reporter plasmid TOPflash (which consists of three
"Tef-binding sites upstream of a minimal thymidine kinase

promoter and the luciferase open reading frame), prior to
treatment with CAPE.

In order to exclude nonspecific effects of CAPE on gene
expression, TOPflash activity in CAPE-treated cells was
corrected for any drug-induced effects on FOPflash
(which is identical to TOPflash except that it contains
mutant inactive Tef-binding sites). Figure 6 shows that
CAPE suppressed the Tef transcriptional activity in
HCT116 and SW480 cell lines in a dose-dependent and
time-dependent manner. Within 48 h of treatment, 10 pg/
ml concentration of CAPE reduced B-catenin/Tcf tran-
scriptional activity of HC'T116 and SW480 cells by 63 = 7
and 57 = 6% compared with the corresponding control,
respectively, whereas CAPE treatment was associated
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Fig. 3
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Caffeic acid phenethyl ester (CAPE) induces cell cycle arrest in the Go/G cell cycle phase in human colon cancer cells. HCT116 and SW480 cells
were treated with a range of CAPE (0, 2.5, 5 and 10 pg/ml) for 24 h. Cell cycle analysis was performed after propidium iodide staining of ethanol-
permeabilized cells. The percentages of cells within the Go/G; phase, the S phase and the Go/M phase are indicated for each cell in the figure.
Values represent mean percentages * standard deviation of three separate experiments. *P<0.05 versus vehicle; **P<0.01 versus vehicle.

with numerically small, variable effects on FOPflash
activity.

Discussion

Epidemiological studies of CRC incidence suggest that
the development of this disease can be modulated by
dietary factors, with a high intake of fruits and vegetables
providing a protective effect. Many diet-derived sub-
stances, such as plant polyphenolic compounds, calcium,
antioxidant vitamins and ®-3 fatty acids have demon-
strated significant efficacy in tumor prevention. CAPE is
also a phenolic compound and an active component of
honeybee propolis [33,34]. It has previously been shown
to have anticancer activities in cell culture of both
hematological and solid tumors [20-25]. CAPE has also
demonstrated chemopreventive activity in a variety of
laboratory animal models, including azoxymethane-in-
duced colonic tumorigenesis and diethylnitrosamine-
treated hepatocarcinogenesis in rats [29,35].

In the present study, we investigated the effect of CAPE
on the growth, cell cycle and apoptosis of colon cancer
cells. Our data demonstrated that CAPE treatment was
associated with a strong inhibition of growth in a dose-
dependent and time-dependent manner, along with
induction of Gy/G; arrest and apoptosis in both
HCT116 and SW480 colon cancer cells. Similar to
previous findings, CAPE entered HL-60 cells very
quickly, and then inhibited their survival in a dose-

dependent and time-dependent manner, and induced
characteristic DNA fragmentation and morphological
changes typical of apoptosis in these cells [20,21].

The elevated B-catenin/Tcf signaling is an important
event in the genesis of a number of malignancies, such as
colon cancer. Mutations in the regulatory region of f3-
catenin or loss of APC function have been identified in
human colon cancers [9,36]. Activation of an abnormal
APC/B-catenin/Tcf signaling pathway and alterations in
cellular adhesion mediated through changes in B-catenin
homeostasis within the colonic epithelium are initiating
factors in the development of the majority of colorectal
cancers. Moreover, B-catenin signaling plays an important
role in the growth and apoptosis of colon cancer cells
[19,37].

We hypothesized that the antitumor effects of CAPE in
colon cancer are mediated by its ability to downregulate
the B-catenin/Tcf signaling. Studies on the inhibitory
agent against B-catenin/Tcf signaling in cancer cell lines
have been performed. Dihlmann e @/. [38] and Nath ez a/.
[39] reported that nonsteroidal anti-inflammatory drug
and nitric oxide-donating aspirin, respectively, were good
inhibitors of B-catenin/Tcf signaling in colon cancer cell
lines. Dashwood e @/ [40] also reported that epigallo-
catchin gallate (EGCG) inhibited B-catenin/Tcf activity
in HEK293 cells transiently transfected with constitu-
tively active mutant B-catenin gene. In addition, it was
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Fig. 4
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Effects of caffeic acid phenethyl ester (CAPE) on B-catenin, c-myc and cyclin D1 expression in human colon cancer cells. HCT116 and SW480 cells
were treated with vehicle or various concentrations of CAPE (2.5—-10 ug/ml) for 24 or 48 h. (a) Western blotting of cell lysates for the protein
expression of B-catenin, c-myc, cyclin D1 and B-actin. Fold induction of protein level was based on densitometric measurements and is shown below
each immunoreactive band. -Actin was used as a standard for each sample and protein levels in untreated cells were defined as 1.0. Data are
representative of three independent experiments. (b) Reverse transcriptase-polymerase chain reaction of cell lysates for the mRNA expression

of B-catenin, c-myc, cyclin D1 and glyceraldehyde-3-phosphate dehydrogenase (GAPDH). GAPDH served as internal loading controls and mRNA
levels in untreated cells were defined as 1.0. Data are representative of three independent experiments.
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Fig. 5
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Caffeic acid phenethyl ester (CAPE) inhibits expression of nuclear -
catenin in HCT116 and SW480 cells. Indirect immunofluorescence for
B-catenin was performed on adherent cells following 24 or 48 h
treatment with CAPE. Confocal microscopy was performed at the same
magnification for all cell preparations ( x 400).

revealed by Jaiswal ez @/. [41] that curcumin inhibited the
transcriptional activity of B-catenin/Tcf so as to induce
growth arrest and apoptosis in HCT116 colon cancer
cells. As the importance of P-catenin as a cause of
tumorigenesis increases, many more studies on the B-
catenin inhibitor and its inhibitory mechanism are being
conducted.

Our data showed that CAPE treatment was associated
with a dose-dependent decrease in B-catenin protein
expression in both HCT116 and SW480 colon cancer
cells. B-Catenin mRNA levels, however, were not
significantly different from untreated controls. From
these data, we conclude that the reduced p-catenin
protein expression is not related to B-catenin transcrip-
tion, but related to B-catenin ubiquitination and protea-
somal degradation.

Cyclin D1 and c-myc are known B-catenin target gene,
therefore, we also investigated the protein and mRNA
expression of cyclin D1 and c-myc by Western blot and
RT-PCR analysis. Figure 4 shows that CAPE treatment
was associated with a dose-dependent and time-depen-
dent decrease in cyclin D1 and c-myc protein and mRNA
expression in both HCT116 and SW480 cells, which

was paralleled by a decrease in the PB-catenin protein
expression.

As we know, B-catenin is ubiquitous to and moves freely
in a cell. It contributes to the cell-cell adhesion in the
membrane and functions as a transcriptional activator
in the nucleus [1]. B-Catenin is transcriptionally active in
most CRC cell lines and after forming a complex with
Tef/Lef transcription factor in the nucleus, it regulates
the expression of B-catenin/Tcf target genes. To deter-
mine B-catenin subcellular localization, immunofluores-
cence staining was performed. The results indicate that
CAPE treatment was associated with decreased nuclear
B-catenin and a concurrent increase in f-catenin protein
expression at cell—cell junctions.

The changes in the subcellular localization of B-catenin
might result in the downregulation of B-catenin/Tcf
signaling. To prove this assumption, B-catenin/Tcf
transcriptional activity was determined by transient
transfection and reporter gene assay. Our data of
luciferase activity showed that B-catenin/Tcf-driven
transcription (measured by 'TOPflash activity) was
suppressed strongly by CAPE in both HCT116 and
SW480 human colon cancer cells dose dependently
(Fig. 6), which showed that CAPE was a good inhibitor
of B-catenin/Tcf signaling.

Multiple molecular mechanisms seem to be involved in
the tumor-suppressive effects of CAPE. Recently, it is
reported that CAPE induced apoptosis via Fas signal
activation in human breast cancer MCF-7 cells [42].
Moreover, tumor-suppressor protein p53 and p38 mito-
gen-activated protein kinase play a prominent role in the
CAPE-induced apoptotic cell death, which might con-
tribute to the antitumor effects of CAPE in C6 glioma
cells [43]. The present study for the first time provides
evidence that the B-catenin/Tcf signaling pathway is a
target of CAPE in colon cancer cells.

Eventually, we could conclude that the reduction of
B-catenin in the nucleus is the root of the suppressed
B-catenin/Tcf signaling. Now, we can postulate several
possibilities to account for the decreased nuclear
B-catenin product due to CAPE. The first possibility is
that B-catenin is translocated to the cytosol from the
nucleus by CAPE, then degraded in the cytosol via GSK-
3B phosphorylation. Our data demonstrated that CAPE
treatment was resulted in a dose-dependent and time-
dependent loss of total and nuclear B-catenin protein.
It is already well known that B-catenin is exported to
the cytosol from the nucleus by an APC-dependent or
APC-independent pathway, and that Lef-1 blocks the
APC-mediated nuclear export of B-catenin [44-46]. CAPE
may enhance the B-catenin exporting system. The second
possibility is that B-catenin is degraded in the nucleus, not
in the cytosol via GSK3B phosphorylation, by CAPE
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Caffeic acid phenethyl ester (CAPE) inhibits the transcriptional activity of B-catenin/T-cell factor (Tcf) in HCT116 cells and SW480 cells. Cells were
cotransfected with reporter genes harboring Tcf-4-binding sites (TOPflash) or a mutant Tef-binding site (FOPflash), respectively, and pRL-TK. Three
hours post-transfection, increasing amounts of CAPE as indicated were added to the cells. Luciferase activity was determined 24 or 48 h post-
treatment, normalized against values for the corresponding pRL-TK activity. Values represent means * standard devition of three independent

experiments. *P<0.05 versus vehicle; **P<0.01 versus vehicle.

through an unknown mechanism. The HCT116 human
colon cancer cell line has no APC mutations, but harbors a
somatic PB-catenin mutation coding for a 3-bp deletion,
which results in the removal of one amino acid (serine 45)
in the coded protein [9]. Ser45 is one site for APC/GSK-
3B-dependent phosphorylation, a key event in targeting
the B-catenin protein for ubiquitination and proteasomal
degradation. If phosphorylation of Ser 45 is essential for
proteasomal degradation of B-catenin induced by CAPE,
the HCT116 cell line would be expected to be resistant
to these effects. Like the SW480 cell line, treatment of
HCT116 cells with CAPE resulted in a dose-dependent
and time-dependent loss of B-catenin protein. These
results indicate that GSK-3B-dependent phosphorylation
at Ser 45 is not required for CAPE-induced down-
regulation of B-catenin. Curcumin, also plant-derived
phenolic compound, induced growth arrest and apoptosis
in colon cancer cells, which were associated with caspase-
3-mediated cleavage of B-catenin, decreased transactiva-
tion of PB-catenin/Tef and the damaged B-catenin/Tcf
signaling is not recovered by caspase-3 inhibitor,
Z-DEVD-fmk, which blocks the cleavage of B-catenin
by caspase-3 [41].

In summary, we have identified that CAPE could inhibit
human colon cancer cell growth, and induce cell cycle
arrest and apoptosis. This paper reveals the molecular
mechanism underlying the antitumor effect of CAPE by
suppressing B-catenin/Tcf signaling via decreasing the
nuclear B-catenin proteins. In further studies, we will
focus on the way in which nuclear B-catenin protein was
decreased and the effects of CAPE on B-catenin/Tcf
signaling in CRC cells m vivo.
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