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Suppression of adhesion and invasion of hepatoma cells in culture
by tea compounds through antioxidative activity
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Abstract

To determine the actions of tea components on the invasion of a rat ascites hepatoma cell line of AH109A and to understand
their modes of action, the cancer cells were co-cultured with a rat mesentery-derived mesothelial cell monolayer in the presence
of tea components. The synergistic effects of (—)-epicatechin (EC) with (—)-epigallocatechin gallate (EGCG) on AH109A
invasion were demonstrated. Further study showed that 10 puM of EGCG or theaflavins, or 2.5 pM of ethylenediaminetetra-
acetic (EDTA) entirely abolished the increase in AH109A adhesion and invasion stimulated by reactive oxygen species (ROS)
from the hypoxanthine—xanthine oxidase system. Our results suggest that OH™ - and other ROS-scavenging activity of EGCG
and theaflavins may be responsible for the inhibition of ‘OH ™ - and related ROS-potentiated AH109A adhesion and invasion to

the cultured rat mesothelial cell monolayer. © 2000 Published by Elsevier Science Ireland Ltd. All rights reserved.
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1. Introduction

Tumour cells can produce a large amount of reac-
tive oxygen species (ROS) [1]. ROS can also be
generated under pathological conditions of tissue
injury, inflammation, and during radiation therapies
and chemotherapy treatments. These ROS are related
to cancer invasion and metastasis [1,2]. The presence
of metastasis is the main cause of mortality in patients
with cancer. During the complicated multistep
processes of cancer metastasis, adhesion and invasion
of cancer cells to the host cell layer and extracellular
matrix are the most critical characteristic steps [3-5].
Green tea has been shown to suppress the metastasis
of mouse lung carcinoma cells [6]. We previously
confirmed that higher concentrations of tea extracts
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and catechins suppress the proliferation and invasion
of a rat ascites hepatoma cell line of AH109A [7,8].
However, it is unclear why tea can inhibit the invasion
and metastasis of cancer cells. To address these ques-
tions, we investigated AH109A adhesion and invasion
inhibition and the mode of action by characteristic tea
components (—)-epigallocatechin gallate (EGCG)
and (—)-epicatechin (EC) as well as theaflavins, the
compounds commonly found in black tea.

2. Materials and methods
2.1. Materials

Ten milligrams of (—)-epigallocatechin gallate
>98% pure, Funakoshi Co., Tokyo, Japan), and thea-
flavins (EC >98% pure, theaflavins >80% pure,
Sigma Chemical Co., St. Louis, MO) were, respec-
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tively, dissolved in 10 ml phosphate-buffered saline
(PBS(—)) for in vitro adhesion and/or invasion assays.

2.2. Culture of AHI09A hepatoma cells

A rat ascites hepatoma cell line of AHIO9A was
provided by the Institute of Development, Aging and
Cancer, Tohoku University, Sendai, Japan. AHI09A
cells were maintained in the peritoneal cavities of
male Donryu rats, prepared from accumulated ascites
and cultured in vitro in Eagle’s minimum essential
medium (MEM, Nissui Pharmaceutical Co., Ltd.,
Tokyo) containing 10% calf serum (CS, from JRH,
Lenexa, KS) for up to 2 months. These isolated
AHI109A cells were cultured for at least 1 week and
then used for the assays.

2.3. In vitro invasion assay

The invasion assay was based on the method of
Akedo et al. [9] with slight modifications as described
previously [7,8]. Briefly, mesothelial cells (M-cells)
were isolated from the male Donryu rat mesentery.
After digestion by trypsin, 1.2 X 10’ cells were plated
in a 60-mm¢ culture dish with 2-mm grids. When M-
cells were cultured to a confluent state within 7-10
days, 2.4 X 10° AH109A cells were seeded on the M-
cell monolayer in MEM in the presence of 10% CS
containing 50 pM EGCG, 100 uM EC, or 50 puM
EGCG mixed with 100 uM EC (in the case of inva-
sion assay for synergistic effect of EC with EGCG), or
10 M EGCG or theaflavins (in the case of in vitro
adhesion and invasion assay). After co-culturing for
48 h (invasion assay for the synergistic effect) or 24 h
(invasion assay), the invaded AH109A cells and colo-
nies were counted under a phase contrast microscope.
Usually at least ten areas were counted and the inva-
sive activity of the cells was indicated by the numbers
of invaded cells and colonies/cm”.

2.4. In vitro adhesion assay

Based on the invasion assay mentioned above,
2.4% 10° AH109A cells were seeded on the M-cell
monolayer in 10% CS/MEM medium in the absence
or presence of each tea component. After co-culturing
for 3 h, the unattached AH109A cells were aspirated
with medium and then the dish was washed three
times with PBS(—). The cells attached to the M-cell

monolayer were counted under a phase contrast
microscope. Usually at least ten areas were counted
and the adhesive activity of the cells was indicated by
the number of adhered cells/cm?.

2.5. Pretreatment of AHI09A cells with hypoxanthine
and xanthine oxidase

AHI109A cells were cultured for 1 h in the absence
or presence of 2.5 uM EDTA (Sigma), 50 uM EGCG,
100 uM EC, or 50 uM EGCG mixed with 100 pM
EC, or 10 pM EGCG or theaflavins, and/or 4 pg/ml
hypoxanthine (HX, Sigma) with 7x10* U/ml
xanthine oxidase (XO, Sigma) [10,11]. The treated
AHI109A cells were then washed with MEM medium
and seeded on the M-cell monolayer in MEM contain-
ing 10% CS without tea samples. After co-culturing
for 3 and 24 h, the adhesive and invasive capacities
were assessed, respectively, as mentioned above.

2.6. Statistical analysis

Data were expressed as means = SE of ten areas.
Multigroup comparisons were conducted by a one-
way analysis of variance (ANOVA) followed by
Tukey—Kramer multiple comparisons test.

3. Results

3.1. Synergistic inhibitory effects on AHI09A invasion
by EGCG and EC

The in vitro invasion assay indicated that 50 M of
EGCG could significantly suppress both exogenous
ROS-potentiated and spontaneous (without HX and
XO treatment) AH109A invasion underneath the M-
cell monolayer. EC at 100 pM restrained only the
exogenous ROS-potentiated AH109A invasion but
failed to restrain the spontaneous invasion. In order
to determine the possible synergistic effects of EC
with EGCG on the AH109A invasion, we used the
100 pM of EC and 50 uM of EGCG to test their
effects on AHI109A invasion in the present study.
Our results demonstrated that 100 wuM of EC could
exhibit synergistic inhibitory effects on both the
exogenous ROS-potentiated and  spontaneous
AHI109A invasion in the presence of 50 puM of
EGCG (Fig. 1).
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Fig. 1. Synergistic effects of EC with EGCG on ROS-enhanced
AH109A invasion underneath the M-cell monolayer. AHI09A
cells were pretreated for 1 h in the absence or presence of 50 uM
of EGCG, 100 uM of EC, or 100 uM of EC mixed with 50 uM of
EGCG, and/or 4 wg/ml of hypoxanthine with 7 x 10™* U/ml of
xanthine oxidase. The treated AH109A cells were washed and
then seeded on the M-cell monolayer. The synergistic effects of
EC with EGCG on ROS-enhanced AH109A invasion underneath
the monolayer was examined as described in Section 2. Each value
and bar represents the mean and SEM for ten areas. All data were
inspected at P < 0.05 by Tukey—Kramer multiple comparisons test.
Values with different letters (a—d) differ significantly (P < 0.05).
This figure is the representative of three similar experiments.

3.2. Inhibition of ROS-potentiated AHI109A adhesion
by low concentration EGCG, theaflavins and EDTA

The mode of AH109A adhesion inhibition by green
and black tea components was determined by exam-
ining effects of 10 wM of EGCG and theaflavins, and
2.5 pM of EDTA on exogenous ROS-potentiated
AHI09A adhesion. At these concentrations, the
three compounds did not significantly affect
AHI109A proliferation (data not shown). One hour
pretreatment of AH109A cells with HX-XO produ-
cing ROS significantly enhanced the in vitro AH109A
adhesion by 42% compared with the control group
without pretreatment with HX-XO. The 10 pM of
EGCG or theaflavins completely suppressed the
enhancement of AH109A adhesion stimulated by
the HX-XO pretreatment, although spontaneous
AH109A adhesion on the M-cell monolayer was not

eliminated. To suppress the Fenton reaction by chelat-
ing transition metals in HX-XO solution, 2.5 puM of
EDTA was added during the 1 h pretreatment of
AHI09A with HX-XO. The enhancement of
AH109A adhesion stimulated by this pretreatment
was also suppressed completely by EDTA without
significantly restraining AH109A proliferation (data
not shown) and spontaneous adhesion was not signif-
icantly affected (Fig. 2).

3.3. Inhibition of ROS-potentiated AHI109A invasion
by low concentration EGCG, theaflavins and EDTA

To rule out the possible effects of a high concentra-
tion of EGCG, theaflavins or EDTA on AH109A
proliferation, and also to further determine the mode
of AH109A invasion inhibition by green and black tea
components, we tested the effects of a low concentra-
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Fig. 2. Inhibitory effects of EGCG, theaflavins and EDTA on ROS-
potentiated AH109A adhesion underneath the M-cell monolayer.
AHI109A cells were cultured for 1 h in the absence or presence of
10 M of EGCG or theaflavins, or 2.5 uM of EDTA, and/or 4 pg/ml
of hypoxanthine with 7 X 10~* U/ml of xanthine oxidase. The treated
AH109A cells were then seeded on the M-cell monolayer. The effects
of EGCG, theaflavins and EDTA on adhesion of AHI09A cells
underneath the cultured M-cell monolayer were examined as
described in Section 2. Each value and bar represents the mean and
SEM for ten areas. All data were inspected at P < 0.05 by Tukey—
Kramer multiple comparisons test. Values with different letters a and
b differ significantly (P < 0.05). This figure is the representative of
three similar experiments.
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tion of EGCG, theaflavins, and EDTA on AH109A
invasion and the mode of action. One hour pretreat-
ment of AHI09A cells with HX-XO producing ROS
enhanced significantly the in vitro AHI09A invasion
by 36% compared with the control group which had
not been pretreated with HX—XO. The in vitro assay
indicated that 10 pM of EGCG or theaflavins could
completely suppress the increase in AHI09A invasion
stimulated by the HX—XO pretreatment for 1 h with-
out significantly changing AHI109A proliferation.
This exogenous ROS-induced AHI09A invasion
underneath the M-cell monolayer was also inhibited
by 2.5 uM of EDTA (Fig. 3).

4. Discussion
In the present study, we confirmed that 1 h exposure
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Fig. 3. Inhibitory effects of EGCG, theaflavins and EDTA on ROS-
potentiated AH109A invasion underneath the M-cell monolayer.
AHI109A cells were cultured for 1 h in the absence or presence of
10 wM of EGCG or theaflavins, or 2.5 uM of EDTA, and/or 4 pg/ml
of hypoxanthine with 7 X 10~* U/ml of xanthine oxidase. The treated
AH109A cells were then seeded on the M-cell monolayer. The effects
of EGCG, theaflavins and EDTA on invasion of AH109A cells
underneath the cultured monolayer were examined as described in
Section 2. Each value and bar represents the mean and SEM for ten
areas. All data were inspected at P < 0.05 by Tukey—Kramer multi-
ple comparisons test. Values with different letters (a) and (b) differ
significantly (P < 0.05). This figure is the representative of three
similar experiments.

to exogenous ROS from the HX-XO system increased
AHI109A invasion underneath the M-cell monolayer
as previously observed in AH130 [11] and AH109A
[12] treated with the system for 4 h. This increase in
AH109A invasion was completely eliminated by EC
and EGCG. EGCG also inhibited significantly spon-
taneous AHI09A invasion at the concentration of
50 wM. More interestingly, EC displayed a synergistic
inhibitory effect with EGCG against the invasion (Fig.
1). Further study showed that 10 pM of EGCG or
theaflavins, or 2.5 uM of EDTA entirely suppressed
ROS-potentiated AHI09A adhesion on and invasion
underneath the cultured M-cell monolayer (Figs. 2
and 3, respectively), without significantly changing
AHI109A proliferation (data not shown).

As mentioned above, tumour cells can produce a
large amount of ROS [1]. If AHI109A cells can also
produce ROS, the spontaneous ROS would induce the
spontaneous invasion of AH109A cells across the M-
cell monolayer. In our present study, the HX-XO
system produced ‘O, and H,0, and finally OH~ via
the Fenton reaction because transition metal ions are
present in the solution [13]. EDTA inhibited both
increase in AH109A adhesion and invasion possibly
by chelating transition metal ions, and thus prevented
the formation of ‘OH . Due to the presence of the
‘catechol’ structure, EC, EGCG and theaflavins are
strong metal ion chelators [14]. They can bind the
transition metal ions, prevent formation of OH™,
and thus inhibit the enhancement of AH109A adhe-
sion and invasion as EDTA did. Clearly, the antiox-
idative activity of EGCG and theaflavins may be
primarily responsible for the exogenous ROS-poten-
tiated AH109A adhesion to and invasion underneath
the M-cell monolayer and might be partially respon-
sible for spontaneous adhesion and invasion. EGCG
has much stronger antioxidative capacity and higher
affinity for the lipid bilayers of the cell membrane than
EC [15], and can enter the nuclei of cancer cells [16].
This may partially explain why EGCG was able to
effectively suppress both exogenous and spontaneous
AH109A invasion while EC could only suppress
exogenous ROS-increased AH109A invasion. The
possible synergistic antioxidation of EC with EGCG
may be responsible for the synergistic inhibitory
effect against AH109A invasion. The arachidonic
acid is metabolized to various products of cyclooxy-
genase and lipoxygenase. Some of the metabolites are
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relevant to the invasion and metastasis of tumour cells
[17,18]. Green tea polyphenols inhibited cyclooxy-
genase and lipoxygenase in vivo [19]. It is also possi-
ble that EGCG and theaflavins might inhibit AHI09A
invasion by suppressing the cyclooxygenase and
lipoxygenase; however, this requires further study.
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