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Abstract Numerous studies have shown that the levels of
matrix metalloproteinase (MMP)-2 and/or MMP-9 are
associated with the invasive phenotypes of cancer cells.
This study investigated the effects of caffeic acid phenethyl
ester (CAPE), a chemopreventive phytochemical derived
from honeybee propolis, on the invasive phenotype of SK-
Hepl human hepatocellular carcinoma cells (SK-Hepl
cells). CAPE effectively suppressed SK-Hepl cell invasion
in a dose-dependent manner. The constitutive expression of
MMP-2 and MMP-9 in SK-Hepl cells was almost com-
pletely abolished by treatment with 12.5 uM CAPE. CAPE
also significantly inhibited nuclear factor kappa B (NF-«xB)
DNA-binding activity in SK-Hepl cells. These results
taken together suggest that CAPE exerts antimetastatic
potential through inhibition of MMP-2 and MMP-9
expression, possibly by targeting NF-kB in hepatocellular
carcinoma.
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Introduction

Metastasis is one of the major causes of mortality in cancer
patients and occurs as a complex multistep process that
involves cancer cell adhesion, invasion, and migration [5].
Tumor cell invasion and metastasis are complex mecha-
nisms involving extracellular matrix (ECM)-degrading
proteinase activity and migration through the ECM. Matrix
metalloproteinases (MMPs) are enzymes involved in ECM
degradation and are linked to various steps in metastasis
development [1]. Among MMPs, the type IV collagenases,
such as MMP-2 and MMP-9, have been most strongly
linked to tumor-cell invasion [13]. One of the prime
components of the intracellular signaling pathways
responsible for MMP-2 and MMP-9 induction is the
eukaryotic transcription factor nuclear factor kappa B
(NF-xB) [6].

Recently, much attention has been devoted to identify-
ing chemopreventive phytochemicals derived from the
daily diet. Caffeic acid phenethyl ester (CAPE, Fig. 1) is
an active component of the propolis obtained from hon-
eybee hives that exhibits antioxidant, anti-inflammatory,
anticarcinogenic, and immunomodulatory activities in
diverse systems. CAPE induces apoptosis and inhibits
expression of the transformed phenotype in transformed
cells [12]. CAPE also inhibits the azoxymethane-induced
formation of aberrant crypts that are relevant to colon
carcinogenesis [2]. We previously reported that CAPE
inhibited cyclooxygenase-2 (COX-2) expression and
restored gap-junction intercellular communication in
H-Ras-transformed rat liver epithelial cells [7].

Hepatocellular carcinoma is one of the most lethal
malignancies and ranks as the second leading cause of
cancer deaths in Southeast Asia [4]. The SK-Hepl human
hepatocellular carcinoma cell (SK-Hepl cell) line is
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Fig. 1 The chemical structure of caffeic acid phenethyl ester (CAPE)

invasive and expresses the gelatinase activity required for
invasion [8]. To investigate the chemopreventive effect of
CAPE on hepatocarcinogenesis, we assessed whether
CAPE inhibits the invasive phenotype of SK-Hepl cells.
Here we report that CAPE appears to effectively inhibit the
invasive phenotype through downregulation of MMP-2 and
MMP-9 by blocking NF-kB activation.

Materials and methods
Chemicals

CAPE and mitomycin C were obtained from Sigma
Chemical (St Louis, MO, USA). Dulbecco’s modified
Eagle’s medium (DMEM); fetal bovine serum; penicillin-
streptomycin; M199; heparin, an NF-kB DNA-binding
detection system, and Trizol™ were purchased from Gibco
BRL (Grand Island, NY, USA). All other chemicals used
were of analytical grade (Fisher, Springfield, NJ, USA).

Cell lines and culture conditions

SK-Hepl1 cells were purchased from the Korean Cell Line
Bank (Seoul, South Korea). The cells were cultured in
DMEM supplemented with 10% fetal bovine serum and
penicillin-streptomycin. The cells were maintained in a
humidified atmosphere with 95% air and 5% CO, at 37°C.

In vitro invasion assay

An in vitro invasion assay was performed using a 24-well
transwell unit with polycarbonate filters (Corning Costar,
Cambridge, MA, USA) as described previously [5]. The
lower side of the filter was coated with type I collagen, and
the upper side was coated with Matrigel (Collaborative
Research, Lexington, KY, USA). The lower compartment
was filled with serum-free media containing 0.1% bovine
serum albumin (BSA). The SK-Hepl cells were suspended
in 100 pl of serum-free media containing CAPE at various
concentrations and placed in the upper part of the transwell
plate, incubated for 24 h, fixed with methanol, and stained
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with hematoxylin for 10 min followed briefly by eosin. The
invasive phenotype was assessed by counting the cells that
migrated to the lower side of the filter under light micros-
copy at x400 magnification. Thirteen fields were counted
for each filter, and each sample was assayed in triplicate.

Gelatin zymography assay

SK-Hepl cells cultured in serum-free medium were treated
with CAPE at various concentrations for 48 h. Conditioned
medium was collected and centrifuged to remove cell
debris. A gelatin zymography assay was performed as
described previously [5]. Briefly, equal amounts of condi-
tioned media were mixed with 2x Laemmli nonreducing
sample buffer, incubated for 15 min at room temperature,
and electrophoresed on 10% sodium dodecyl sulfate
polyacrylamide gel electrophoresis (SDS-PAGE) gels
containing 1 mg/ml gelatin. After electrophoresis, the gels
were washed and incubated overnight at 37°C. After
staining with 0.1% Coomassie brilliant blue, areas of lysis
were observed as white bands against a blue background.

Electrophoretic mobility shift assay (EMSA)

An electrophoretic mobility shift assay (EMSA) was per-
formed using a DNA-binding detection kit (GIBCO BRL,
Grand Island, NY, USA) according to the manufacturer’s
instructions. Briefly, the NF-xB oligonucleotide probe
(5-AGT TGA GGG GAC TTT CCC AGG C-3') was
labeled with [y->*Pladenosine triphosphate (ATP) by T4
polynucleotide kinase and purified on a Nick column
(Amersham Pharmacia Biotech, Buckinghamshire, UK).
The binding reaction was carried out in 25 pl of the mixture
containing 10 mM Tris-HCI (pH 7.5), 100 mM NaCl,
I mM DTT, 1 mM EDTA, 4% (v/v) glycerol, 0.1 mg/ml
sonicated salmon sperm DNA, 10 pg of nuclear extracts,
and 100,000 cpm of the labeled probe. After 50 min incu-
bation at room temperature, 2 pul of 0.1% bromophenol blue
was added, and samples were electrophoresed through a 6%
nondenaturing polyacrylamide gel at 150 V in a cold room
for 2 h. Finally, the gel was dried and exposed to X-ray film.

Results

CAPE inhibits the invasive phenotype of SK-Hepl1 cells
An in vitro invasion assay was applied to highly invasive
SK-Hepl cells to investigate the antimetastatic potential of

CAPE. Treatment with CAPE for 24 h dose-dependently
inhibited the invasive phenotype of SK-Hepl cells (Fig. 2),
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with CAPE at 12.5 pM reducing the number of cells that
invaded through a reconstituted basement membrane by
85%. The CAPE treatment did not affect cell viability (data
not shown), indicating that this inhibitory effect of CAPE
was not due to cytotoxicity.

CAPE inhibits expression of MMP-2 and MMP-9
in SK-Hepl cells

The invasive phenotype of cancer cells is strongly associ-
ated with increased levels of MMP-2 and/or MMP-9. To
determine the effect of CAPE on MMP-2 and/or MMP-9
expression, SK-Hepl cells were treated with CAPE at
various concentrations for 48 h in serum-free medium. The
results from a gelatin-based zymography assay demon-
strated that CAPE suppressed both MMP-2 and MMP-9
expression in a dose-dependent manner (Fig. 3). These
results suggest that the inhibitory effect of CAPE on
invasion of SK-Hepl is closely related to downregulation
of both MMP-2 and MMP-9.

CAPE inhibits NF-«xB activation in SK-Hepl cells

There are multiple lines of evidence that NF-xB plays a
key role in the expression of MMP-2 and MMP-9 [3, 10,
11]. Although the molecular basis of the cancer chemo-
preventive activity of CAPE remains to be clarified, it was
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Fig. 2 Inhibition of the invasive phenotype of SK-Hepl human
hepatocellular carcinoma cells (SK-Hepl1 cells). Treated with caffeic
acid phenethyl ester (CAPE) in vitro, invasion assay was applied to
cells (2 x 10*) treated with CAPE at various concentrations for 24 h.
The number of cells that invaded per field was counted under light
microscopy (x400 magnification). The mean and standard error of
mean values of triplicate experiments are shown

suggested that CAPE is a potent and specific inhibitor of
NF-xB [9]. We conducted an EMSA to examine whether
CAPE inhibits NF-kxB DNA-binding activity. The DNA-
binding activity of NF-xB was prominently inhibited in
SK-Hepl cells treated with CAPE at 12.5 and 25 uM for
24 h (Fig. 3b). These results reveal that NF-xB is a
potential molecular target for inhibition of MMP-2 and
MMP-9 in SK-Hepl cells by CAPE.

Discussion
Hepatocellular carcinoma is among the most prevalent and

deadly cancers worldwide, and identifying and developing
pharmaceutical agents that can inhibit the processes of
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Fig. 3 Effects of caffeic acid phenethyl ester (CAPE) on expression
of matrix metalloproteinase (MMP)-2, MMP-3, and nuclear factor
kappa B (NF-xB) DNA-binding activity in SK-Hepl cells. a CAPE
inhibits MMP-2 and MMP-9 expression in SK-Hepl1 cells. Cells were
treated with CAPE for 48 h. The activities of secreted MMP-2
(72 kDa) and MMP-9 (92 kDa) in the conditioned media were
determined by gelatin zymography. b CAPE inhibits NF-kB DNA-
binding activity in SK-Hepl cells. SK-Hepl cells were treated with
CAPE for 1 h. The DNA-binding activity of NF-xB activation was
determined by an electrophoretic mobility shift assay as described in
“Materials and methods”, where CAPE was used at 12.5 and 25 pM.
Data are representative of two independent experiments
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invasion and metastasis can provide an feasible strategy for
its prevention and treatment. CAPE has been shown to
inhibit COX-2 expression and restore gap-junction inter-
cellular communication of H-Ras-transformed rat liver
epithelial cells [7]. The major aim of this investigation was
to elucidate the inhibitory effects of CAPE on the invasive
phenotype of SK-Hepl cells.

Tumor cell invasion involves degradation of the base-
ment membrane and the stromal ECM by members of the
MMP family. Numerous studies have shown that the levels
of MMP-2 and/or MMP-9 are associated with the invasive
phenotype of tumor cells. An imbalance between protein-
ases and their inhibitors has been demonstrated to be a
pivotal factor in carcinogenesis, particularly tumor pro-
gression. We previously suggested that MMP-2 and MMP-
9 play an important role in SK-Hep1 cells [5]. The present
study demonstrated that the chemopreventive CAPE
inhibits the invasiveness of SK-Hepl cells as well as
downregulates MMP-2 and MMP-9.

In the study reported here, we demonstrated that CAPE
inhibited SK-Hepl cell invasion, suggesting overlapping
pathways for regulation of ECM-degrading activities.
CAPE effectively inhibited invasion and downregulate
MMP-2 and MMP-9. Thus, this study presents MMP-2 and
MMP-9 as potential target molecules for the anti-invasive
and antimigrative activities of CAPE in SK-Hepl cells.
The promoter region of MMP-9 and MMP-2 genes has
been shown to contain consensus motifs for NF-xB. We
recently reported that CAPE significantly inhibited H-ras-
induced NF-xB DNA-binding activity without affecting
activation of ERK1/2 and p38, which are major intracel-
lular molecules of ras-mediating signals [7]. The study
reported here also demonstrates that CAPE strongly
inhibits NF-kB DNA-binding activity in SK-Hepl cells.
Taken together, the results suggest that CAPE inhibits the
invasive phenotype of SK-Hepl1 cells through inhibition of
MMP-2 and MMP-9 expression, which may be at least
partly associated with blockade of NF-«B activation.
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