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Inhibitory Effects of (—)-Epigallocatechin Gallate on Spontaneous Hepatoma in
C3H/HeNCrj Mice and Human Hepatoma-derived PLC/PRF/5 Cells
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The inhibitory effect of (—)-epigallocatechin gallate (EGCG), a main constituent of Japanese green
tea, on spontaneous hepatoma in C3H/HeNCrj mice was investigated. A total of 72 mice were divided
into three groups; the control group without EGCG, and two experimental groups receiving 0.05%
(w/w) or 0.1% EGCG in drinking water. EGCG reduced the incidence of hepatoma-bearing mice
from 83.3% (control) to 56.0% (0.05% EGCG) and 52.2% {(0.1% EGCG), and also reduced the
average number of hepatomas per mouse from 1.83 (control) to 0.72 (0.05% EGCG) and 0.91 (0.1%
EGCG) at week 65, Ridit analysis of the distribution of the number of hepatomas in each group
revealed that EGCG significantly increased the rate of mice without hepatoma in the two EGCG
groups as compared to the control. EGCG did not affect body weight gain, food consumption or any
serum biochemical parameter. EGCG inhibited the growth and secretion of ¢-fetoprotein by human
hepatoma-derived PLC/PRF/S cells without decreasing their viability. These results indicate that

EGCG may be a practical, nontoxic preventive agent against human hepatoma.
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It has recently been proposed that the development of
human cancers could be inhibited by taking certain sub-
stances contained in daily foods or drinks. Green tea is a
candidate, in view of epidemiological evidence of low
standardized mortality rates for all forms of cancer in the
population of the Shizuoka area of Japan, where people
drink large amounts of green tea.” Decreased risks of
stomach cancer and urinary bladder cancer were also
reported to be associated with high consumption of green
tea.>*) Green tea extract and some components of green
tea are known to inhibit carcinogenesis in the skin, lung,
esophagus, forestomach and colon in several rodent
models.*®? EGCG® (Fig. 1) is a polyphenolic main con-
stituent of Japanese green tea and has the strongest
antioxidant activity among the catechins in the leaf.'?
EGCG inhibited the tumor-promoting activity of both
teleocidin, one of the 12-O-tetradecanoylphorbol-13-
acetate-type tumor promoters, and okadaic acid in two-
stage carcinogenesis experiments on mouse skin,''? and
also inhibited mouse duodenal carcinogenesis induced by
N-ethyl-N’-nitro-N-nitrosoguanidine.!” Since adminis-
tration of green tea extract containing EGCG signifi-
cantly inhibited the labeling index of preneoplastic foci in
mouse liver treated with phenobarbital,' we expected
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* The abbreviations used are: AFP, a-fetoprotein; EGCG,
(—)-epigallocatechin gallate.
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that carcinogenesis in the liver would also be prevented
by EGCG.

In this report, we demonstrate that EGCG inhibits
spontaneous liver tumors in C3H/HeNCrj mice without
showing any toxicity. In addition, EGCG inhibited the
growth and secretion of AFP by human hepatoma-
derived PLC/PRF/5 cells. The possible role of EGCG as
a cancer-preventive agent, as exemplified by its ability to
prevent human hepatoma, is discussed in the present

paper.
MATERIALS AND METHODS

Animals and chemicals Eight-week-old male C3H/
HeNCrj mice were purchased from Charles River Japan
Inc. (Atsugi). EGCG was isolated from Japanese green
tea as reported previously.!? The isolate was composed of
85% EGCG, 109 (—)-epigallocatechin and 5% (—)-
epicatechin gallate.

Animal experiment in C3H/HeNCrj mice All mice were
acclimatized to our facilities for the initial 6 weeks. The
mice were then randomly divided into three groups:
group A (control group, 20 mice), group B (0.05%
EGCG, 26 mice) and group C (0.1% EGCG, 26 mice).
Groups B and C were given tap water containing 0.05%
and 0.1% EGCG, respectively, ad libitum from week 7
of the experiment {14 wecks of age), while group A was
given tap water without EGCG. The mice were housed
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in plastic cages (25.5xX41.5X15.5 cm) with wood chip
bedding in an air-conditioned room at around 25°C and
fed a commercial pelleted diet (MF: Oriental Yeast Co.,
Tokyo) ad libitum for the entire experimental period.
Their body weight and food consumption were measured
every week. At week 65 (72 weeks of age), all surviving
mice were killed under ether anesthesia and blood was
drawn from the carotid artery for analyses of serum
albumin, total bilirubin, glutamic pyruvic transaminase,
7-glutamyl transpeptidase, and total cholesterol by an
autoanalyzer.'” Following laparotomy, liver tumors were
counted and the diameter of each was measured. Liver
tissues were fixed in formalin, embedded in paraffin, and
subjected to hematoxylin and eosin staining for histolog-
ical analysis. Hepatomas were classified according to
Frith and Ward as one of two types: hepatocellular
adenoma and hepatocellular carcinoma.'® Statistical
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Fig. 1. Structure of (—)-epigallocatechin gallate (EGCG).

analyses were performed using Fisher’s exact test to
compare tumor incidence and Student’s f test to compare
mean values. Ridit analysis was performed to measure
the distribution of the number of hepatoma.

Effect of EGCG on the growth of and AFP secretion by
PLC/PRF/5 cells Human hepatoma-derived PLC/
PRF/5 cells (Alexander cells) were maintained in
Eagle’s minimum essential medium supplemented with
10% fetal calf serum and 50 gg/ml kanamycin in an
atmosphere containing 5% CO, at 37°C. Four X 10*
celis/ml were plated in Falcon 3013 flasks (25 cm?) and
24 h later, the medium was changed to that containing
0,0.1,0.5, 1, 5, 10, 20, 40, 80, or 100 u M EGCG. At day
6, total cell numbers were counted using Biirker-Tiirk
plates and viabilities were determined by use of the
trypan blue dye exclusion test. The culture media at day
6 were centrifuged at 7,600¢ for 15 min and the AFP
content of the supernatant was measured using a radio-
immunoassay (AFP RIA kit, Novo Laboratories Inc.,
Tokyo).!”

RESULTS

General observations There was no significant difference
in the average body weight (Fig. 2), the average food
consumption (data not shown) or the average water con-
sumption (7.0 ml per day) among the three groups. The
intakes of EGCG in group B and group C were estimated
as 3.5 mg and 7 mg per day, respectively. During the
experimental period, 2 mice in group A, 1 mouse in
group B, and 3 mice in group C died.

Effect of EGCG on the development of hepatoma in
C3H/HeNCrj mice EGCG significantly reduced the in-
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Fig. 2. Growth curves of mice in group A (without EGCG, &), group B (0.05% EGCG, X) and group C (0.19% EGCG, ®).
The arrow marks the beginning of EGCG administration. Administration of EGCG had no effect on the body weight.
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cidences of hepatoma-bearing mice in group B (56.0%)
and group C (52.2%) as compared to group A (83.3%)
at week 58 of the experiment (Table I) (P<0.05). The
average number of hepatomas per mouse was also signifi-
cantly lower in group B (0.721+0.74) when compared to
group A (1.831£2.28) (P<{0.05). Groups A and C, how-
ever, did not significantly differ in the numbers of hepato-
mas per mouse (Table I). Table II stratifies the number
of hepatomas per mouse into three categories: none, one
or two, and three or more tumors. Ridit analysis revealed
that the number of hepatoma-free mice in groups B and
C was significantly increased as compared to the control
(P<0.05). The values of average diameter of the hepa-
toma were 4.714.9,4.61+3.1 and 5.614.1 mm in groups
A, B and C, respectively, and did not differ significantly.
Microscopic observation of the tumors revealed that the
proportions of hepatocellular adenoma and hepato-
cellular carcinoma in group A were 81.8% and 18.2%,
those in group B were 83.39% and 16.79 and those in
group C were 85.7% and 14.3%, respectively. There was
no significant difference in the ratio among the three
groups. These results indicated that EGCG treatment
does not affect the histology of the tumors.

Effects of EGCG on cell growth and AFP secretion
EGCG inhibited the growth of PLC/PRF/5 cells dose-
dependently over the concentration range of 0.5 uM to
100 4 M (Fig. 3). The viability of the cells exceeded 95%
even with 100 p M EGCG, indicating that EGCG has
low cytotoxicity. AFP secretion was reduced to approxi-
mately 609 of the control by treatment with the optimal
concentration of EGCG (0.5 4 M, Fig. 3)}. The amount of

Table 1. Effects of EGCG on the Incidence and Average
Number of Hepatomas in C3H/HeNCrj Mice

G No. of Incidence Average number of
roup mice (%) hepatomas per mouse?
Without EGCG 18 15 (83.3) 1.8312.28
0.05% EGCG 25 14 (36.0)% 0.721£0.74%
0.1% EGCG 23 12 (52.2)% 0.911.08
a) Meant 8D,

b) P<0.05 as compared to the group without EGCG.

Inhibition of Spontaneous Hepatoma

AFP secreted by 10° cells was 5.2 ng without EGCG and
was 3.0 ng with 0.5 uM EGCG,

Analysis of blood serum No abnormality of any bio-
chemical parameter was noted on analysis of blood in any
of the three groups (data not shown), indicating that
EGCG had no toxic effect on liver function.

DISCUSSION

In the present study, we demonstrated that EGCG, a
major polyphenolic component of Fapanese green tea,
inhibits spontaneous hepatocarcinogenesis in C3H/
HeNCrj mice. The bioavailability of EGCG to the liver
is suggested by the report that glucuronide-conjugated
EGCG can be found in the urine (Z. Y. Wang et al,
personal communication). Thus, the liver has been
proven to be a target organ, in addition to the skin!!'®
and duodenum,' of the anticarcinogenic activity of
EGCG. It has also been shown that EGCG is effective
not only at preventing chemical carcinogenesis''™'» but
also against spontaneously occurring tumors. Even
though EGCG inhibited carcinogenesis significantly, no
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Fig. 3. In vitro effects of EGCG on the growth of PLC/

PRF/5 cells (@) and the AFP level/10° cells in culture
media (O).

Table II. Effects of EGCG on the Distribution of the Number of Hepatomas per Mouse
No. of Total numbers of hepatomas per mouse (%)
Group .
mice 1-2 3-
Without EGCG 18 3(167) 12 (66.7) 3 (167
0.05% EGCG 25 11 (44002 10 (40.0) 4 (16.0)
0.1% EGCG 23 11 (47.8)9 9 (3%.1) 3 (13.0)

@) P(overall) <0.05 as compared to the group without EGCG.
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toxicity in C3H/HeNCrj mice, in terms of blood bio-
chemistry, growth, or food consumption, was evident
throughout the experimental period, even in the group
treated with as much as 0.1% EGCG.

However, the mechanisms by which EGCG exerts its
anticarcinogenic effects are not yet clearly understood.
Polyphenolic compounds, such as EGCG, are known to
act as antioxidants, EGCG inhibits HyO; formation in-
duced by TPA in HeLa cells and suppressed the oxidation
of lard as evaluated by the active oxygen method,'®'®
These antioxidative activities of polyphenolic com-
pounds are regarded as being associated with their anti-
mutagenic activity in several experimental models.***”
Since spontaneous hepatomas in C3H/HeNCrj mice
are reported to have a high rate of c-Ha-ras oncogene
mutations,?) EGCG may exert its antimutagenic
action by inhibiting activation of the ¢-Ha-ras gene in
this mouse strain. In the present experiment, 10% (—)-
epigallocatechin and 5% (—)-epicatechin gallate in addi-
tion to EGCG were also contained in the tea extract
which was applied to the mice. Since these two additional
catechins have comparable antioxidantive activities to
EGCG,'? it is likely that not only EGCG but also the
two catechins exert anticarcinogenic activity in C3H/
HeNCrj mice.

EGCG is also reported to have anti-tumor-promoting
activity in two-stage carcinogenesis experiments in mouse
skin. EGCG inhibited tumor promotion by two differ-
ent types of tumor promoters, teleocidin A and okadaic
acid,” and polyphenols are known to inhibit ornithine
decarboxylase activity induced by tumor promoters.*”
Since EGCG inhibits the interaction of tumor promoters
with their receptors, EGCG is believed to inhibit simi-
larly the interaction of various growth factors and hor-
mones with their receptors and, thereby, to inhibit spe-
cifically cell growth.'">* Thus, it is conceivable that
EGCG inhibits tumor promotion during hepatocarcino-

RETFERENCES

1) Oguni, 1., Nasu, K., Kanaya, S., Ota, Y., Yamamoto, S.
and Nomura, T. Epidemiological and experimental studies
on the antitumor activity by green tea extracts. Jpn. J.
Nutr., 47, 93-102 (1989).

2) Kono, 8., Ikeda, M., Tokudome, S. and Kuratsune, M. A
case-control study of gastric cancer and diet in northern
Kyushu, Japan. Jpn. J. Cancer Res., 79, 1067-1074 (1988).

3) Ohno, Y., Acki, K., Obata, K. and Morrison, A. S, Case-
control study of urinary bladder cancer in metropolitan
Nagoya. Natl Cancer Inst. Monogr., 69, 229-234 (1985).

4y Wang, Z. Y., Khan, W. A, Bickers, D. R. and Mukhtar,
H. Protection against polycyelic aromatic hydrocarbon-
induced skin tumor initiation in mice by green tea poly-

224

genesis in C3H/HeNCrj mice, although no direct evi-
dence is yet available.

The antitumerigenic effects of EGCG in C3IH/HeNCrj
mice have encouraged us to examine whether EGCG can
inhibit the growth of human hepatoma-derived PLC/
PRF/5 cells, EGCG dose-dependently inhibited the
growth of PLC/PRF/5 cells without reducing their via-
bility, while its ability to inhibit AFP production was
dose-independent. AFP secretion was most strongly in-
hibited by as low a concentration as 0.5 uM EGCG — a
concentration which caused minimal inhibition of cell
growth. Maximum inhibition of cell growth was caused
by EGCG at 100 uM, whereas AFP secretion/cell was
not inhibited at that concentration (Fig. 3). The mode of
action of EGCG may change depending on its concentra-
tion. At 0.5 y M, EGCG may induce differentiation and
subsequently reduce AFP secretion by PLC/PRFE/5
cells. We have not, however, studied the reciprocal in-
crease of albumin secretion — a function of mature
hepatocytes.?

The present study has revealed that EGCG inhibits
both hepatocarcinogenesis in C3H/HeNCrj mice and the
growth of PLC/PRF/5 cells without showing any toxic-
ity. Since EGCG is widely consumed daily as green tea, it
should not be difficult to allay concerns regarding its
toxicity — the next step in our strategy for development
of new cancer preventive agents.”® Early clinical trials of
EGCG should target those at high risk for hepatoma.,
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