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Abstract

We have developed in vitro and ex vivo assay systems for screening food components and natural substances that
suppress the proliferation and/or invasion of a rat ascites hepatoma cell line of AH109A and have used them to study
the effect of green tea extract. AH109A cells were found to penetrate underneath the monolayer of primary cultured
mesothelial cells isolated from Donryu rat mesentery in the presence of 10% newborn bovine serum. Green tea
extract inhibited this AH109A penetration in a dose dependent manner and also inhibited AH109A proliferation in
vitro dose-dependently. Green tea tannin, the major polyphenolic substances in green tea extract, also inhibited the
proliferation and invasion of AH109A in vitro in a dose dependent manner. When rat serum obtained 0.5 h after oral
intubation of green tea extract was added to the culture media instead of newborn bovine serum at a concentration
of 10%, the invasion of AH109A was significantly inhibited as compared to control rat serum (before green tea
extract intubation); the inhibitory effect lasted for 1 h and disappeared 3 h after oral intubation of green tea extract,
but those rat sera showed no inhibition of AH109A proliferation. These results suggest that green tea extract has
an inhibitory effect on the invasion of AH109A both in vitro and ex vivo, but on the proliferation of AH109A only
in vitro, and that these assay systems are effective for the screening of food components which inhibit tumor cell
proliferation and invasion.

Introduction

Tumor cells have two biological characteristics: end-
less proliferation and metastasis. Several in vitro assay
systems have been used to screen materials which
inhibit these properties. Particularly for tumor cell
metastasis which is achieved by a series of complex and
sequential steps (Fidler et al., 1978), many assay sys-
tems to study tumor cell invasion, the most important
step in tumor metastasis (Liotta et al., 1983; Mareel,
1980), were reported. Systems using chick chorioal-
lantoic membranes (Armstrong et al., 1982, Chambers
et al., 1982; Easty and Easty, 1974) and the Boyden
chamber with the membrane coated with extracellular
matrices (Albini et al., 1987; Welch et al., 1989) are
often used. However, two factors have hindered the

finding of an effective way to prevent tumor invasion.
One is that tumor invasiveness in such systems and
the invasive behavior of tumor cells in their original
host were reported to be poorly correlated (Poste et al.,
1980; Noel et al., 1991). Akedo et al. (1986) developed
a model culture system in which a rat ascites hepatoma
cell line, AH130, could invade underneath the mono-
layer of cultured mesentery-derived mesothelial cells;
they showed that the in vitro invasiveness of AH130
in their culture model correlated well with the in vivo
invasive behavior of this cell line. The other factor is
that some materials which show the inhibitory poten-
tial on tumor cell invasion in vitro are often ineffective
in in vivo tumor cell invasion. Assay systems which
overcome the discrepancy between the in vitro and in
vivo effects are thus needed.
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In this study, using mesentery-derived mesothe-
lial cells and rat ascites hepatoma cells (AH109A),
we describe novel in vitro and ex vivo culture systems
to find some food materials which have the potential
to inhibit tumor cell proliferation and invasion. Like
AH130 cells, AH109A cells grow in the rat pertioneal
cavity and invade the mesentery during the course of
growth. AH109A cells are also capable of proliferat-
ing in an in vitro culture system. Our system allows
us to assess the ability of a tested material to inhibit
AH109A proliferation and invasion in vitro; materi-
als which are found to have this inhibition capability
are further studied by an ex vivo system to determine
whether they retain this effect on AH109A invasion
when given orally to rats. These culture systems thus
partially overcome the above described discrepancy
between the in vitro and in vivo effects on tumor cell
proliferation and invasion.

Using these systems, we found that green tea extract
could inhibit AH109A invasion both in vitro and ex
vivo, but that it inhibited the proliferation of AH109A
only in vitro.

Materials and methods

Preparation of green tea extract

2.4 g of green tea leaves (Itoen Co., Ltd., Tokyo, Japan)
were extracted by 100 ml of hot water (80 �C–90 �C)
for 1 min. After filtrating through a filter paper (No.
2, Advantec Toyo Co., Ltd., Tokyo, Japan), the extract
was evaporated to dryness. The dried materials were
reconstituted by 10 ml of phosphate buffered saline
(PBS) (that is, concentrated 10 fold), then sterilized by
filtration and added to culture media at the concentra-
tions indicated in the figures.

Primary cultures of mesentery-derived mesothelial
cells

Mesentery-derived mesothelial cells (M-cells) were
prepared and cultured according to Akedo et al. (1986)
with slight modifications. Briefly, the abdominal cav-
ity of a male Donryu rat (4–6 weeks old, obtained
from NRC Haruna, Gunma, Japan) was opened and the
mesentery was cut off by scissors. About 15 mesen-
teries were usually obtained from one rat. The mesen-
teries were then incubated in 0.25% trypsin (Sigma,
St. Louis, MO, USA) in PBS at 37 �C for 20 min
with gentle stirring. Trypsin digestion was stopped by

adding equal volume of DM-160 medium (Kyokuto
Pharmacutical Co., Tokyo, Japan) supplemented with
10% newborn bovine serum (NBS, JRH, Lenexa, KS,
USA), streptomycin (100 �g/ml, Meiji-Seika Kaisha,
Tokyo, Japan) and penicillin (100 U/ml, Ban-yu Phar-
maceutical Co., Tokyo, Japan) (10% NBS/DM-160)
and the cell suspension was filtrated through a mesh
sieve. The M-cells were pelleted by centrifugation at
1500 rpm and 4 �C for 10 min, washed once with 10%
NBS/DM-160, and seeded at a density of 1.5 x 105

cells/60 mm� culture dish with 2 mm grids (Coster,
Cambridge, MA, USA) in 3 ml of 10% NBS/DM-160.
The cells were cultured in an atmosphere of 5% CO2-
95% humidified air at 37 �C to the confluent state by
replacing culture media every other day and were used
for the in vitro and ex vivo invasion assays described
below.

Cultures of AH109A hepatoma cells

AH109A cells were provided by SRL (Tokyo, Japan),
and were maintained in the peritoneal cavities of male
Donryu rats. AH109A cells prepared from accumu-
lated ascites were able to be cultured in vitro in 10%
NBS/DM-160 for up to 2 months. AH109A cultured at
least for 1 week after preparing from rat ascites were
used for the assays described below in order to elimi-
nate contaminated macrophages and neutrophils.

In vitro proliferation assay

Effect of green tea extract on AH109A prolifera-
tion was examined by the incorporation of [methyl-
3H] thymidine (20 Ci/mmol, New England Nuclear,
Boston, USA) as described previously (Yagasaki et
al., 1992) and MTT assay (Mosmann, 1983). For
MTT assay, 0.5 � 105 cells of AH109A were cul-
tured for 44 h in a well of 24-well-plate contain-
ing 10% NBS/DM-160 in the absence or presence
of green tea extract. MTT solution was then added
and the cells were cultured for another 4 h. Viable
cells can cleave MTT and produce dark brown for-
mazan in the cells. The formazan was extracted by
0.04 N HCl/isopropanol and absorbance at 570 nm
and 630 nm was measured. The relative proliferative
activity of AH109A was calculated from the difference
between A570 and A630.
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In vitro invasion assay

In vitro invasion assay was performed accoding to Ake-
do et al. (1986) with slight modifications. 2.4 � 105

cells of AH109A were overlayed on the confluently
cultured M-cell monolayer in 10% NBS/DM-160 in
the absence or presence of green tea extract and cul-
tured for 48 h. After washing nonadherent AH109A
with PBS, the cells were fixed with 0.25% glutaralde-
hyde in PBS. The invasive activity of AH109A was
measured by counting the invaded AH109A cells and
colonies under a phase contrast microscope. Since M-
cells were cultured in 60 mm� culture dishes with 2
mm grid, the number of invaded AH109A cells and
colonies in a 4 mm2 area could be counted. Usually at
least 10 areas were counted and the invasive activity of
AH109A was indicated by the number of invaded cells
and colonies/cm2.

Ex vivo proliferation and invasion assay

Green tea extract was intubated to male Donryu rats
at a dose of 1.0 ml/100 g body weight and blood was
collected at the times indicated. Sera were prepared,
sterilized by filtration, and added to culture media at
a concentration of 10% in place of NBS in the in vit-
ro proliferation and invasion assays of AH109A as
described above. The proliferative and invasive activi-
ties of AH109A in the presence of these sera were then
measured as described above.

Effect of tannin on the in vitro proliferation and
invasion of AH109A

Tannin, the major polyphenolic substances in green
tea extract, was obtained from Mitsui Norin Co., Ltd.
(Shizuoka, Japan). Tannin was added to culture media
at concentrations indicated in Figure 3 and the effect
of tannin on the proliferation and invasion of AH109A
was assessed by the in vitro proliferation (in this case,
only MTT assay was done) and invasion assays as
described above.

Statistical analysis

Data were analyzed by a one-way analysis of variance
(ANOVA). When F values were significant (P<0.05),
differences among the data were inspected at P<0.05
by Tukey’s Q test.

Results and discussion

Effect of green tea extract on the in vitro prolifera-
tion and invasion of AH109A is illustrated in Figure
1. This extract which is 10 times concentrated inhib-
ited the in vitro proliferation of AH109A as deter-
mined both by the incorporated amount of [methyl-
3H]-thymidine (Figure 1A) and by MTT assay (Fig-
ure 1B) in a dose-dependent manner. Green tea extract
also inhibited dose-dependently the in vitro invasion
of AH109A underneath the cultured M-cell monolayer
(Figure 1C). The inhibitory effect of the extract on this
invasion was more potent than that on AH109A pro-
liferation at all concentrations examined in this study.
These results suggest that different component(s) in
green tea extract are responsible for the inhibition of
the in vitro proliferation and invasion of AH109A.

Rats were given oral intubation of green tea extract,
blood was withdrawn 0, 0.5, 1.0, 2.0 and 3.0 h there-
after and the effect of green tea-loaded rat serum on the
proliferation and invasion of AH109A were investigat-
ed in vitro. The serum obtained 0.5 h after oral intu-
bation significantly inhibited the invasion of AH109A
and its inhibitory effect was also observed at 1.0 h, but
at 2–3 h it had disappeared (Figure 2B). The green tea-
loaded rat serum, however had no effect on the prolifer-
ation of AH109A at any time points investigated (Fig-
ure 2A). These results clearly showed that the effective
components in green tea extract on AH109A invasion
was absorbed from the gastrointestinal tract and that
those on AH109A proliferation was not. These find-
ings are in accordance with the in vitro results described
above.

How does green tea extract inhibit AH109A inva-
sion both in vitro and ex vivo? Tannin, the major
polyphenolic substances in green tea extract, inhibited
the in vitro invasion of AH109A in a dose dependent
manner (Figure 3B). The concentrations of tannin used
in Figure 3 are equivalent to the amounts of the com-
ponent contained in the experimental media shown in
Figure 1C. Therefore, tannin is possibly responsible for
the inhibitory effect of green tea extract on the in vitro
invasion of AH109A. It is well known that tannin con-
tains some polyphenolic substrances, e.g., catechin,
epicatechin, epicatechin gallate, epigallocatechin, and
epigallocatechin gallate, which have potent antioxida-
tive activity (Ruch et al., 1989). Shinkai et al. (1986)
reported that superoxide radical potentiates the inva-
sive activity of AH109A cells in vitro, using the same
in vitro invasion system as that used in this study. Fur-
thermore epigallocatechin gallate, the main polyphe-
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Figure 1. In vitro effect of green tea extract on the proliferation and invasion of AH109A. Green tea extract was added at the concentrations of
0.1%, 0.5% and 1.0% to culture media. Its effect on the in vitro proliferation of AH109A by measuring the incorporated amount of [methyl-3H]
thymidine for 2 hr (A), by MTT assay (B), and on the in vitro invasion of AH109A underneath the cultured M-cell monolayer (C) was examined
as described in Materials and methods. PBS instead of green tea extract was added to control medium (0%). Each column and vertical bar
represents the mean and SEM for 4 wells (A,B) or 10 areas (C). Values not sharing a common letter are significantly different atP <0.05 by
Tukey’s Q test. This figure is representative of at least 3 similar experiments.

Figure 2. Ex vivo effect of green tea extract on the proliferation and invasion of AH109A. Green tea extract-loaded rat serum was obtained
at the indicated times after oral intubations. Its effect on the proliferation (A) and invasion (B) was examined in vitro. Each point and vertical
bar represents the mean and SEM for 4 wells (A) or 10 areas (B). Values not sharing a common letter are significantly different atP <0.05 by
Tukey’s Q test. This figure is representative of at least 3 similar experiments.

nolic constituent of green tea, was reported to have
a suprressive effect on lung metastasis of mouse B16
melanoma cell lines in both experimental and sponta-
neous systems (Taniguchi et al., 1992). It is also known
to inhibit mouse lung carcinoma cell adhesion to the
endothelial cells (Isemura et all., 1993). It is therefore
possible that epigallocatechin gallate is responsible for

the inhibitory effect of green tea extract observed in
this study on the invasion of AH109A both in vitro
and ex vivo. However, this substance also reportedly
has some cytotoxic activity on the endothelial cells in
culture (Isemura et al., 1993). In this study, we found
no shrinking or detachment of M-cells throughout all
experiments. There is thus a possibility that some sub-
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Figure 3. Effect of tannin on the in vitro proliferation and invasion of AH109A. Tannin was added to culture media at concentrations indicated
in figure and its effect on the proliferation (A) and invasion (B) was examined in vitro. Each column and vertical bar represents the mean and
SEM for 4 wells (A) or 10 areas (B). Values not sharing a common letter are significantly different atP <0.05 by Tukey’s Q test.

stances other than epigallocatechin gallate are respon-
sible for the inhibitory effect of green tea extract on
AH109A invasion both in vitro and ex vivo.

Green tea extract did inhibit AH109A proliferation
in vitro, but not ex vivo. Tannin also inhibited the pro-
liferation of AH109A in vitro at concentrations equiv-
alent to the amounts of the component contained in the
experimental media in Figure 1A and 1B (Figure 3A). It
is reported that epigallocatechin (not epigallocatechin
gallate) shows a considerable cytotoxicity on mouse
3LL mouse lung carcinoma cells (Isemura et al., 1993);
it is also known to be much less well absorbed from
the gastrointestinal tract as compared with epigallocat-
echin gallate. We therefore conclude that the inhibitory
effect of green tea extract on AH109A proliferation in
vitro and its ineffectiveness ex vivo are due to epigallo-
catechin, although the possibility that other substances
may be responsible cannot be excluded.

In summary, we showed using our assay systems
that green tea extract significantly inhibits the inva-
sion of AH109A both in vitro and ex vivo and that it
also inhibits the proliferation in vitro, but not ex vivo.
We are now testing the in vivo effect of the extract on
AH109A proliferation and metastasis, using a spon-
taneously metastatic system recently developed in our
laboratory (Miura et al., manuscript in preparation).
The described in vitro and ex vivo systems are thought
to be useful for the primary stage of screening antitu-
mor or antimetastatic substances, and we have already

found some food components which inhibit the prolif-
eration and/or invasion of AH109A; characterization
of the effective substance(s) is now in progress.
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