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The effects of tea polyphenols on the invasion of highly metastatic human fibrosarcoma HT1080
cells through a monolayer of human umbilical vein endothelial cells (HUVECs) and the accompanying
basal membrane were investigated. Among the tea polyphenols tested, epicatechin gallate (ECg),
epigallocatechin gallate (EGCg), and theaflavin strongly suppressed the invasion of HT1080 cells
into the monolayer of HUVECs/gelatin membrane, whereas epicatechin, epigallocatechin, tea
flavonols, tea flavones, and gallate derivatives had no effect. Both theaflavin-digallate and
theasinensin D showed a weak invasion inhibitory effect. ECg significantly inhibited the invasion
without cytotoxicity against cancer cells and HUVECs. Ester-type catechins (ECg and EGCg) and
theaflavin strongly suppressed the gelatin degradation mediated by matrix metalloproteinase (MMP)
2 and MMP-9, which were secreted into the conditioned medium of HT1080 cells. In conclusion,
among the tea polyphenols tested, ECg was considered to be the agent with the most potential
antimetastasis activity because it inhibited invasion in the absence of cytotoxicity.
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INTRODUCTION

Cancer metastasis, the spread of cancer cells from the
primary neoplasm to distant sites and their growth
there, is the major cause of death for cancer patients.
An important part of cancer metastasis is the ability of
cancer cells to adhere to and invade the endothelial cells
and basal membranes in a blood vessel (Nicolson, 1988).
Matrix metalloproteinases (MMPs), which are a family
of zinc-dependent proteinases, are thought to play an
essential role in the facilitation of cancer metastasis
(Stetler-Stevenson et al., 1993; Sato et al., 1994). Among
MMPs, it has been suggested that gelatinases/type IV
collagenases (MMP-2 and -9), which are secreted by
invasive cancer cells, are important in cancer cell
invasion and metastasis because tumor cells must cross
the type IV collagen-rich basement membrane of the
vessel wall to spread to sites distant from the primary
tumor (Tryggvason et al., 1987). Therefore, inhibition
of the adhesion or invasion mediated by MMP-2 or -9
may be a key feature for the prevention of cancer
metastasis.

It has recently been reported that tea (Camellia
sinensis) has various physiological modulative activities,
such as carcinogenesis inhibitory effect (Wang et al.,
1992), free radical scavenging activity (Bors et al., 1987),

antioxidative activity (Okuda et al., 1983), antihyper-
tensive action (Yokozawa et al., 1994), antihypercho-
lesterolemic action (Chisaka et al., 1988), antidental
caries action (Sakanaka et al., 1990), antibacterial
action (Fukai et al., 1991), and intestinal flora ameliora-
tion action (Okuba et al., 1992). Furthermore, it has
been found that green tea inhibits the adhesion of mouse
carcinoma cells to the endothelial cell layer (Isemura
et al., 1993) or the invasion into the basal membranes
(Sazuka et al., 1995). The major effectors were shown
to be catechins (Kada et al., 1985), which are a group
of polyphenolic compounds. Tea contains many kinds
of polyphenols, such as catechins, theaflavins, flavonols,
and flavones. Therefore, we examined the effects of tea
polyphenols by a developed in vitro invasion assay and
using human cell lines. This paper describes the inhibi-
tory effects of ester-type catechins and theaflavins on
the invasion of highly metastatic human fibrosarcoma
HT1080 cells through a monolayer of human umbilical
vein endothelial HUV-EC-C cells and MMP-2 and -9
activities of human fibrosarcoma HT1080 cells.

EXPERIMENTAL PROCEDURES
Tea Polyphenols. Theasinensin D (TS) was kindly pro-

vided by Dr. M. Sano and Dr. T. Miyase of the University of
Shizuoka, Japan. (-)-Epicatechin (EC), (-)-epigallocatechin
(EGC), (-)-epicatechin gallate (ECg), (-)-epigallocatechin gal-
late (EGCg), theaflavin (TF1), and theaflavin 3,3′-digallate
(TF3) were purified >98% by Mitsui Norin Co., Ltd. Other
polyphenols used were purchased from Extrasynthese (Genay,
France). These samples were prepared for use by dissolving
them in either phosphate-buffered saline (PBS) or ethanol. The
structures of tea polyphenols used are shown in Figure 1.

Reagents. ERDF medium and MCDB107 medium were
purchased from Kyokuto Seiyaku (Tokyo, Japan). Lipopolysac-
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charide and Triton X-100 were purchased from Sigma Chemi-
cal Co. (St. Louis, MO). Gelatin and heparin sodium salt were
purchased from Wako Pure Chemical Co. (Osaka, Japan).
Fetal bovine serum (FBS), PKH-2, 4-[3-(4-iodophenyl)-2-(4-
nitrophenyl)-2H-5-tetrazolio]-1,3-benzene disulfonate (WST-
1) cell counting kit and endothelial cell growth supplement
were obtained from Gibco BRL (Grand Island, NY), Zynaxis
Inc. (Malvern, PA), Dojindo (Kumamoto, Japan), and Calbio-
chem (San Diego, CA), respectively.

Cells and Cell Culture. HT1080 (IFO50354) cells and
HUV-EC-C (IFO57271) were obtained from the Institute for
Fermentation, Osaka Research Communications (Osaka, Ja-
pan). HT1080 cells were routinely cultured in ERDF medium
supplemented with 5% heat-inactivated FBS, and HUV-EC-C
cells were maintained in MCDB107 medium supplemented
with 10% heat-inactivated FBS and 1% human umbilical vein
endothelial cell (HUVEC) growth factor (0.5 mg of endothelial
cell growth supplement and 1 mg of heparin sodium salt/mL
of PBS). Both cell lines were incubated at 37 °C under
humidified 5% CO2/95% air. When we tested for the invasion
of cancer cells into HUV-EC-C, both cell lines were cultured
in MCDB107 medium supplemented with 5% FBS and HU-
VEC growth factor.

Invasion Assay. We used an in vitro assay developed for
cancer invasion as previously described (Albini et al., 1987;
Ohigashi et al., 1989). One hundred microliters of HUV-EC-C
(1 × 106 cells/mL) was inoculated into the upper portion of a
cell culture insert membrane (8 µm pore size, for 24-well,
Falcon 3097) precoated with 0.5% gelatin/PBS solution, while
600 µL of medium was added to the lower chamber. HUV-
EC-C cells were precultured for 48 h and then activated by
adding lipopolysaccharide (1 µg/well) for 2 h. To efficiently
determine the cell number, HT1080 cells were pretreated with
PKH-2 reagent, which can be measured quickly and easily
using a fluorophotometer. After a washing with PBS, the
treated HT1080 cells and tea polyphenols were added to the
HUV-EC-C monolayer in the upper chamber. After incubation
for 5 h, the surface of each lower chamber was treated with
trypsin solution. Trypsinized invasive HT1080 cells were
centrifuged, and the pellet was suspended in 250 µL of 1%
Triton X-100 solution. After sonication for 5 min, the fluores-
cence intensity of the cellular extract was measured with a
fluorophotometer (excitation at 490 nm and emission at 504
nm). Cell viability was measured using the WST-1 assay
according to the method described by Ishiyama et al. (1993,
1996). The results are shown as mean ( SE in triplicated
experiments. The significance of the difference between two
means was assessed on the basis of a Duncan’s multiple-range
test.

Gelatinase/Type IV Collagenases (MMP-2 and -9) Ac-
tivities. The gelatinase activity was examined by gelatin
zymography using the protocol described previously (Liu et
al., 1995; Kubota et al., 1991). Briefly, supernatant samples
of HT1080 cells cultured in FBS-free medium were loaded with
a nonreducing sample buffer onto a 10% sodium dodecyl
sulfate (SDS)-polyacrylamide gel containing 1 mg/mL gelatin
and electrophoresed. After removal of SDS from the gels by
washing with 2.5% Triton X-100 solution for 30 min twice and
10 mM Tris-HCl buffer (pH 8.0) for 30 min with shaking, the
gels were incubated in 50 mM Tris-HCl (pH 8.0) containing
0.5 mM CaCl2 and 0.1 µM ZnCl2 at 37 °C for 18 h to activate
MMPs. The activated gels were stained with 1% Coomassie
Blue R-250 in 10% methanol and 5% acetate with shaking and
subsequently destained with 10% methanol and 5% acetate
solution. The gelatinolytic activity of each gelatinase was
detected as a clear band against a blue background.

RESULTS

Effects of Tea Polyphenols on Invasion of HT1080
Cells. To screen for the preventive effectors for cancer
metastasis, the inhibitory effects of tea catechins,
theaflavins, theasinensin, flavonols, and flavones on
invasion of HT1080 cells through a HUV-EC-C/gelatin
membrane were examined using the in vitro invasion
assay. Figure 2 shows dose-dependent effects of ECg,
EGCg, and TF1 on invasion and on HT1080 cell vi-
ability. Invasion of human fibrosarcoma HT1080 cell
was inhibited by ECg (A) and EGCg (B), both ester-type
catechins containing a galloyl moiety, and TF1 (C) in a
dose-dependent manner. Because the culture medium
was not alkaline, it was surmised that catechins re-
mained almost undegraded (Yoshino et al., 1999). IC50
values for ECg and EGCg were ∼80 µg/mL, and for TF1
the IC50 was ∼30 µg/mL. IC50 values for ECg (A) and
both EGCg (B) and TF1 (C) against cell viability were
approximately 1 and 100 mg/mL, respectively. Among
these polyphenols, ECg significantly inhibited HT1080
invasion without cytotoxicity against HT1080 cells at
20 µg/mL. TF3 and TS showed a weak invasion inhibi-
tory effect, but EC, EGC, flavonols, and flavones had
no effects (data not shown).

Effects of Ester-Type Catechins and TF1 on the
Secretion of MMPs and Gelatinolytic Activity of
HT1080 Cells. It has been found that fibrosarcoma
HT1080 cells secrete gelatinases/type IV collagenase
(MMP-2 and -9) (Kubota et al., 1991) and that these
enzymes play a major role in the facilitation of cancer
metastasis (Salo et al., 1983; Nakajima et al., 1990).
MMP-2 and -9 are a family of zinc-dependent proteolytic
enzymes known to degrade type IV collagen in the basal
membrane (Matrisian, 1990), and their activities are
regulated at various levels, such as secretion and
activation of proMMP to enzymatically active MMP. It
was reported that a mixture of hexa-, hepta-, octa-,
nona-, and decagalloylglucose strongly inhibited HT1080
invasion through the extracellular matrix and inhibited
the activity of gelatinase (Ata et al., 1996). Tea catechins
with a galloyl moiety (ECg and EGCg) have been shown
to inhibit both eukaryotic and prokaryotic cell-derived
collagenases (Makimura et al., 1993). EGCg, TF1, and
TF3 have been reported to restrict type IV collagenase
activity in a concentration-dependent manner (Sazuka
et al., 1997). To clarify whether catechins and TF1 affect
secretion of MMPs or gelatinolytic activity of HT1080
cells, we performed gelatin zymography. Subconfluent
monolayers of HT1080 cells were cultured for 24 h in
serum-free ERDF medium in the presence of various
concentrations of catechins or TF1. The conditioned

Figure 1. Chemical structures of tea polyphenols.
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media were analyzed by gelatin zymography. As shown
in Figure 3, ECg, EGCg, and TF1 reduced the secretion
of the 72 kDa proMMP-2 and the 62 kDa active-type
MMP-2 proteins (gelatinase A) and the 92 kDa MMP-9
protein (gelatinase B) in a dose-dependent manner.
Neither EC nor EGC affected the secretion of both
MMP-9 and MMP-2. In addition, subconfluent mono-
layers of HT1080 cells were cultured for 24 h in serum-
free ERDF media. The samples of the conditioned media
were applied to electrophoresis in gelatin containing
SDS-polyacrylamide gel. After SDS-polyacrylamide
gel electrophoresis (SDS-PAGE), the gel strips were
incubated in an activation buffer in the presence or
absence of catechins and TF1 for 18 h. As shown in
Figure 4, ECg, EGCg, and TF1 strongly inhibited the
gelatinolysis mediated by both MMPs in a dose-depend-
ent manner. Both galloyl catechins almost completely
suppressed MMPs activities over 20 µg/mL.

DISCUSSION

The highly metastatic human fibrosarcoma cell line
HT1080, secreting several MMPs, is one of the most
popular cell lines to screen for the inhibitory factor of
invasiveness (Nagase et al., 1998; Cha et al., 1998; Ikeda
et al., 1998; Kawada et al., 1995). The in vitro invasion
assay has been established first by using this cell line
(Albini et al., 1987).

In this paper, we demonstrated that ECg and EGCg,
both ester-type catechins with a galloyl moiety, and TF1
could inhibit the invasive ability of HT1080 cells,
although EC and EGC, both free catechins, had no
effect. IC50 of ECg for invasiveness was shown to be ∼80
µg/mL, and the IC50 for HT1080 cell viability was ∼1
mg/mL. At 20 µg/mL, only ECg significantly inhibited
cancer cell invasion without affecting cell viability.
Plasma concentration of catechins administered orally
has not been established well. It was reported that
human plasma catechin concentration reached 2 µM
after oral ingestion of 400 mg of catechins (Pietta et al.,
1998). In the case of 3-O-methyl-(+)-catechin, a plasma
level of 11-18 µg/mL was observed after a single 2 g
oral dose (Hackett et al., 1985). At present it is not
known whether the effective concentrations of ECg and
EGCg are achievable in serum by drinking tea. Dietary
supplements may help for such a purpose. The inhibi-
tory effect of EGCg on invasion was obscured, because
EGCg suppressed both invasion and cell viability. These
results suggest that the cancer invasive inhibitory effect
of ECg is not caused by cytotoxicity and ECg may be
useful as an effector for the prevention of cancer
metastasis. These findings demonstrate that tea cat-
echins containing a galloyl moiety possess the ability
to inhibit cancer invasion. Accordingly, we examined
three kinds of gallate derivatives (gallic acid, methyl
gallate, and lauryl gallate) by the invasion assay. As
far as we investigated, the gallate derivatives had no
effects (data not shown). In addition, other tea polyphe-
nols, such as flavonols (kaempferol, quercetin, and
myricetin) and flavones (apigenin, isovitexin and sa-
ponarin), did not affect the invasive ability of HT1080
cells at all (data not shown). These results suggest that
both flavanol skeleton and galloyl moiety are necessary
for the inhibitory action.

Ester-type catechins (ECg and EGCg) and TF1 have
been demonstrated here to strongly suppress the deg-

Figure 2. Effects of tea catechins containing a galloyl moiety and theaflavin on invasion of HT1080 through the HUV-EC-C/
gelatin membrane and on HT1080 cell viability. An invasive rate of 100% is defined by control experiments of invasive HT1080
cells tested in the absence of catechins. Cell number of HT1080 cells cultured without catechins or TF1 was set as 100% of cell
viability. The results are indicated as a mean ( SE in triplicated experiments. Values not sharing a common superscript letter
are significantly different between the groups (p < 0.05) by a Duncan’s multiple range test.

Figure 3. Zymogram showing the effects of catechins and TF1
on MMPs production by HT1080 cells. Subconfluent monolay-
ers of HT1080 cells were cultured for 24 h in serum-free ERDF
medium in the presence of various concentrations of catechins
and TF1. The conditioned media were analyzed by gelatin
zymography. Clear zones of degradation at 92 kDa (MMP-9),
72 kDa, 68 kDa, and 62 kDa (MMP-2) are seen.

Figure 4. Zymogram showing the effects of ester-type cat-
echins and TF1 on the gelatinolytic activities of MMP-2 and
-9. Subconfluent monolayers of HT1080 cells were cultured for
24 h in serum-free ERDF media. Samples of the conditioned
media were subjected to electrophoresis in gelatin-containing
SDS-polyacrylamide gel. After SDS-PAGE, the gel strips
were incubated in the activation buffer in the presence or
absence of catechins or TF1 for 18 h.
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radation of gelatin mediated by MMP-2 and -9. ECg,
EGCg, and TF1 inhibited also the secretion of MMPs
by HT1080, but the effective concentration range did
not parallel the inhibitory effects on HT1080 cell inva-
sion. Sazuka et al. (1997) reported that EGCg, TF1, and
TF3 inhibited MMP-9 activity from mouse lung carci-
noma LL2 cells and matrigel invasion in a concentra-
tion-dependent manner. These findings revealed that
ester-type catechin and TF1 inhibited MMP activity of
both human and mouse tumor cells. Also, Nagase et al.
(1998) reported that delphinidine, one of the plant
polyphenols, inhibited MMP secretion from HT-1080
cells. Because polyphenols are known to possess the
ability to form complexes with various substances
including proteins and metal ions, the inhibition of
MMP-2 and -9 activities by ester-type catechins and TF1
may be partly related to the ability to chelate zinc metal,
which is essential for enzymatic activity. The present
results suggest that ester-type catechins with a galloyl
moiety and TF1 inhibit the invasion of cancer cells by
inhibiting the activation of MMP-2 and -9 enzymes. In
conclusion, among the tea polyphenols tested, ECg was
considered to be the agent with the most potential
antimetastasis activity because it inhibited invasion in
the absence of cytotoxicity.

ABBREVIATIONS USED

HUVEC, human umbilical vein endothelial cell; EC,
(-)-epicatechin; EGC, (-)-epigallocatechin; ECg, (-)-
epicatechin gallate; EGCg, epigallocatechin gallate; TF1,
theaflavin; TF3; theaflavin-digallate; PBS, phosphate-
buffered saline; FBS, fetal bovine serum; MMP(s),
matrix metalloproteinase(s); IC50, 50% inhibitory con-
centration; SDS, sodium dodecyl sulfate.
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