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Effect of green tea catechins on gastric mucosal
dysplasia in insulin-gastrin mice
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Abstract. Green tea catechins (GTCs) have been implicated
in various physiological effects, including anti-carcinogenic
activities. In the present study, we evaluated the effects of
GTCs specifically on the development of gastritis and pre-
malignant lesions in insulin-gastrin mice. Nine-week-old male
INS-GAS mice (n=38) were supplemented with GTCs for 4
and 28 weeks, and their body weights, serum gastrin levels,
histopathology and pro-inflammatory cytokine levels in gastric
tissue and mucosal cell proliferation were monitored. Body
weights of the GTC-treated mice were significantly lower than
those of the untreated controls (P<0.05). Serum gastrin levels
were suppressed at the age of 37-weeks (P<0.05). The histo-
pathological scores indicated that the extent of dysplasia was
significantly diminished (P<0.05), although GTC supplemen-
tation did not affect the inflammation scores. The messenger
RNA levels of interferon (IFN)-y were significantly reduced
at the age of 13 weeks (P<0.05), although the changes did not
reach statistical significance at the age of 37 weeks (P=0.056).
The labeling index of Ki-67 immunohistochemistry was
significantly decreased (P<0.05). These results demonstrated
that GTCs may play a protective role in the development of
gastritis and pre-malignant lesions via an IFN-y, gastrin, and
mucosal cell proliferation-dependent mechanism in this rodent
model and potentially in humans.

Introduction

Gastric cancer is the fourth most common cancer and the
second leading cause of cancer-related mortality worldwide (1).
The etiology of gastric cancer is multifactorial and includes
Helicobacter pylori (HP) infection, smoking tobacco and
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dietary habits (2). However, vitamin C and some carotenoids
have been inversely associated with risk of gastric cancer (3).
Catechins, for example, are major components of polyphenol
in green tea, one of the most widely consumed beverages in
Asia. Green tea catechins (GTCs) in particular possess various
physiological effects such as antibacterial, anti-oxidative and
anti-carcinogenic activities (4-6). However, epidemiological
evidence of any anti-carcinogenic effects related to green tea
consumption is still controversial. Although several case-
control studies have reported that green tea consumption
decreases the risk of gastric cancer (7-9), no inverse relation-
ship between green tea consumption and the risk of gastric
cancer has been observed in cohort studies (10-12).

The most abundant physiologically active constituent of
GTCs is (-)-epigallocatechin-3-gallate (EGCG). The anti-
carcinogenic effects of EGCG have been extensively studied
in many experimental systems, including the skin, lung, colon
and prostate (13-16). This component appears to suppress
cancer cell proliferation by inhibiting nuclear factor-kB, acti-
vator protein-1 and the epidermal growth factor receptor signal
transduction pathway (17-19). Yamane et al (20) reported that
EGCG suppresses cellular kinetics of the gastric mucosa in
rat models of N-methyl-N'-nitro-nitrosoguanidine (MNNG)-
induced gastric cancer. Although the oral administration
of EGCG in rodent models has shown an inhibitory effect
on chemically-induced gastric tumorigenesis (20,21), the
molecular mechanism of protection has not been eluci-
dated. Intestinal type gastric cancer occurs at later stages
and undergoes relatively well-defined histological steps,
including chronic atrophic gastritis, intestinal metaplasia and
dysplasia (22). Hypergastrinemic insulin-gastrin (INS-GAS)
mice mimic these human gastric carcinogenic sequences
(23,24). Although infection with HP accelerates gastric carci-
nogenesis in INS-GAS mice, uninfected male mice develop
gastric cancer at around 20 months old regardless of the infec-
tion status (23). In the present study, we evaluated the effect of
GTC supplementation on gastric carcinogenesis in INS-GAS
mice in terms of gastric mucosal dysplasia.

Materials and methods

Materials. Polyphenon 60S® was purchased from Mitsui Norin
Co., Ltd., (Shizuoka, Japan) and contained 60.3% catechins,



3242

including EGCG (27.2%), epicatechin gallate (7.7%), epigal-
locatechin (15.2%), epicatechin (6.8%), gallocatechin gallate
(2.9%) and catechin gallate (0.5%). The mixture was dissolved
in distilled water at a concentration of 2,000 ppm.

Animals and the study design. Thirty-eight male INS-GAS
mice from an FVB/N background were used in the present
study. The INS-GAS mice were supplied by the Massachusetts
Institute of Technology (Boston, MA, USA) and bred at the
Division of Laboratory Animal Resources at the University
of Fukui. Animals were housed on hardwood bedding in a
micro-isolator with solid-bottom polycarbonate cages and
maintained at a constant temperature with a 12-h light/dark
cycle. Mice were fed a regular chow diet (CLEA rodent diet
CE-2; CLEA Japan, Inc., Tokyo, Japan) and provided distilled
water ad libitum. At the age of 9 weeks, mice were divided
into four groups: i) group 1, mice were supplemented with the
GTC solution for 4 weeks (n=8); ii) group 2, the controls were
given distilled water for 4 weeks (n=8); iii) group 3, mice were
supplemented with the GTC solution for 28 weeks (n=13);
and iv) group 4, the controls were given distilled water for 28
weeks (n=9). All mice in groups 1 and 3 were given the GTC
solution (2,000 ppm) instead of distilled water. The GTC solu-
tion and water were replaced weekly. There was no difference
in the food consumption between the GTC-treated group and
the control group in our preliminary experiment. After 4 or 28
weeks of GTC supplementation, at the age of 13 or 37 weeks,
the mice were sacrificed by CO, inhalation. Necropsy was
performed under non-fasting conditions, and gastric tissue and
serum samples were collected. All protocols were approved by
the University of Fukui's Committee on Animal Care (permit
no. 22047).

Histopathology and immunohistochemistry. During necropsy,
linear strips of the stomach extending from the squamoco-
lumnar junction through the proximal duodenum were fixed in
10% neutral buffered formalin overnight, processed routinely,
paraffin-embedded, cut into 2-um sections, and stained with
hematoxylin and eosin. Histological evaluation for inflamma-
tion and dysplasia were graded on an ascending scale from
0-4 by a pathologist blinded to sample identity using previ-
ously outlined criteria (25). To evaluate cell proliferation of
the gastric mucosa, 4 samples selected randomly from groups
3 and 4 were stained using Ki-67 immunohistochemistry. The
slides were deparaffinized and hydrated in xylene and graded
ethanol to water. The slides were incubated for 30 min with
purified mouse anti-human Ki-67 monoclonal antibody (mate-
rial no. 550609, dilution 1:50; BD Biosciences, San Diego,
CA, USA) using the Vector M.O.M kit InPRESS Peroxidase
Polymer (Vector Laboratories, Inc., Burlingame, CA, USA)
according to the manufacturer's instructions. After washing,
the slides were incubated with diaminobenzidine for 5 min and
counterstained with hematoxylin, dehydrated and mounted.
The Ki-67 staining was evaluated by counting the number of
positive nuclei per single gland, and the labeling index was
expressed as the mean number of positively stained nuclei
from 10 well-oriented glands as previously described (26).

Real-time reverse transcription polymerase chain reaction
assay of cytokines. Total RNA was extracted from the corpus
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Table I. Body weights (g) after supplementation of GTCs for
4 and 28 weeks.

Duration of GTCs administration

Group 4 weeks 28 weeks
Control 34.7+0.7 40.3+0.7
GTCs 29.8+1.1* 33.7+0.8*

“P<0.05 compared with control INS-GAS mice.

of the stomach using TRI reagent (Sigma-Aldrich, St. Louis,
MO, USA), according to the manufacturer's instructions. Total
RNA (2 pug) was converted into complement (c)-DNA using a
High-Capacity cDNA Archive kit (Applied Biosystems, Foster
City, CA, USA), according to the manufacturer's protocol.
Real-time quantitative polymerase chain reaction (PCR) was
performed using StepOne Plus (Life Technologies, Carlsbad,
CA, USA) under the following conditions: 50°C for 2 min,
95°C for 10 min followed by 45 cycles at 95°C for 15 sec and
60°C for 1 min. The cDNA was amplified using the Real-Time
PCR Master Mix (Toyobo, Osaka, Japan). The commercially
available primer and probe mixes used in these experiments
included interferon (IFN)-vy, tumor necrosis factor (TNF)-a,
interleukin (IL)-1p, and glyceraldehyde-3-phosphate dehydro-
genase (GAPDH) (Applied Biosystems). The PCR reaction
was performed in duplicate, and the data were analyzed
using a comparative cycle threshold method (27). The relative
expression of the target gene was normalized to GAPDH and
expressed as the fold change compared to an average value
of the controls that were given distilled water for 4 weeks

(group 2).

Serum gastrin levels. The blood samples at necropsy were
centrifuged and stored at -20°C. Serum gastrin levels in groups
3 and 4 were measured using a radioimmunoassay (BML
Corp., Tokyo, Japan).

Statistical analysis. Non-parametric data, including two histo-
logical parameters and gene expression assays, were analyzed
using Mann-Whitney U test. Parametric data, including body
weight, the serum gastrin level, and Ki-67 labeling were
analyzed using Student's t-test. Statistical computing was
performed using Prism 6 software for Windows (Graphpad
Software, Inc., San Diego, CA, USA). Data are shown as
mean + standard error of mean. Statistical significance was
defined as a P-value <0.05.

Results

Administration of GTCs decreased body weights and serum
gastrin levels. We compared body weights between the
GTC-administered group and the control group to confirm
that GTCs were reliably administered at a sufficient dosage.
In groups 1 and 2, for which the duration of administration
was 4 weeks, the body weight was significantly lower in the
group receiving GTCs (29.8+1.1 g) than in the control group
(34.7£0.7 g). Similarly, in groups 3 and 4, for which the dura-
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Figure 1. Histopathology of the corpus of the stomach in insulin-gastrin mice. (A) Mice after sham supplementation for 4 weeks. (B) Mice after 4 weeks of
green tea catechin (GTC) supplementation. (C and E) Mice after 28 weeks of sham supplementation; the glands have a tortuous architecture. (D and F) Less
severe mucosal change was noted in the GTC-supplemented mice after 28 weeks.

tion of administration was 28 weeks, the body weight was
significantly lower in the group receiving GTCs (33.7+0.8 g)
than in the control group (40.3+0.7 g) (Table I). Furthermore,
when the serum gastrin levels were compared between the
28-week GTC-administered group and control groups, the
level of gastrin (863+65.6 pg/ml) was significantly lower
in the GTC-administered group than in the control group
(1,912+507.4 pg/ml) (P<0.05). The low gastrin level in the
GTC-administered group during non-fasting states indicated
that the gastrin level was continuously suppressed by the
administration of GTCs.

Administration of GTCs attenuated gastric dysplasia. To
evaluate the effects of GTC administration on gastritis, we
performed histopathological examinations of the gastric
mucosa. The mice developed minimal to mild corpus gastritis.
Similar to the results of previous studies using INS-GAS mice
(23,24,26), atrophy of the gastric fundic gland, hyperplasia of
the glandular epithelium, and intestinal epithelium metaplasia
and dysplasia were observed (Fig. 1). No differences in inflam-
mation scores were observed between the GTC-administered

group and the control group in either the 4-week or the
28-week administration clusters. In the 4-week groups, no
differences in the dysplasia scores were observed between
the GTC-administered group and the control group. However,
the dysplasia score was significantly lower in the 28-week
GTC-administered group than in the 28-week control group
(Fig. 2). These results suggested that although INS-GAS mice
inevitably slowly develop gastric cancer from gastritis regard-
less of the intervention, the progression of gastric mucosal
dysplasia was inhibited by long-term GTC administration.

GTCs modulated IFN-y expression in the gastric mucosa. To
molecularly evaluate the mechanism of changes in dysplasia,
we analyzed messenger (m)-RNA expression of inflammatory
cytokines such as IFN-y, TNF-o and IL-1f in the gastric tissue
(Fig. 3). In the 4-week administration cluster, mnRNA levels
of IFN-y were significantly lower in the GTC-administered
group than in the control group (P<0.05). In addition, although
not significantly different, the 28-week mRNA levels of IFN-y
were also lower in the GTC-administered group than in the
control group (P=0.056). We also analyzed the mRNA expres-
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Figure 2. Gastric histological scores of intact and green tea catechin (GTC)-supplemented insulin-gastrin mice for 4 and 28 weeks. "P<0.05 compared with
intact mice.
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Figure 3. Gastric tissue messenger RNA levels of pro-inflammatory cytokines. Gastric tissues were evaluated using quantitative polymerase chain reaction
for messenger (m)-RNA levels of interferon (IFN)-v, tumor necrosis factor (TNF)-a and interleukin (IL)-1p. The target gene mRNAs were normalized to that
of glyceraldehyde-3-phosphate dehydrogenase. Data are expressed as the mean median fold change normalized to the average of the intact insulin-gastrin
(INS-GAS) mice after sham supplementation for 4 weeks. ‘P<0.05 compared with intact INS-GAS mice.

sion of TNF-a and IL-1p, but no significant differences were  administration had little or no effect on the expression of other
observed between the GTC-administered group and the control  inflammatory cytokines such as TNF-a and IL-1f.

group in either the 4-week or 28-week administration clusters.

These results suggested that the expression of IFN-y in the  Administration of GTCs suppressed epithelial cell prolif-
gastric mucosa was inhibited by GTC administration, but GTC  eration in the gastric mucosa. To evaluate the effect of GTC
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Figure 4. Immunohistochemical detection of Ki-67 in the proximal corpus of the stomach. Green tea catechin (GTC)-supplemented mice showed significantly
decreased Ki-67 labeling index (LI) compared with intact mice. (A) Mice after sham supplementation for 28 weeks. (B) Mice after GTC supplementation for

28 weeks. (C) Epithelial cell proliferation LI of the proximal corpus. ‘P<0.05.

administration on cell proliferation in the gastric mucosal
epithelium, analysis was performed in the 28-week adminis-
tration cluster using the Ki-67 immunohistochemical staining
labeling index. We observed Ki-67 positive nuclei from the
glandular cervical region to the crypt epithelium (Fig. 4A
and B). The labeling index of Ki-67 was significantly lower
in the GTC-administered group than in the control group
(Fig. 4C). This result suggested that cell growth in the gastric
mucosal epithelium was inhibited by GTC administration.

Discussion

In the present study, we analyzed the preventive effects of GTC
administration on gastric cancer using a mouse model.
INS-GAS mice exhibit high gastrin levels and gastric fundic
gland atrophy, and develop gastric cancer after approximately
20 months in their natural life cycle (23). In the present study,
we observed a significant reduction in body weight due to
GTC administration at 4 and 28 weeks, and suppressed gastric
mucosa dysplasia progression after 28 weeks, suggesting
a tumor-inhibitory effect from GTCs. Furthermore, GTC
administration also appeared to suppress mRNA expression
of IFN-v in the gastric mucosa and proliferation of gastric
mucosal epithelial cells.

GTCs have been reported to show various physiological
activities such as antibacterial, antitumor and anti-inflamma-
tory actions (4-6). In the present study, the GTC-administered
groups had a significant reduction in body weight compared
to the control groups, which is in agreement with previous
reports on abdominal cavity fat and overall weight reduction
following green tea powder administration in mice (28). The
suggested mechanisms involve GTC-suppressed fatty acid
synthase activity in the liver, increased activity of the enzymes
involved in lipolysis (29), and increased expression of lipolytic

enzymes in adipocytes (30). In addition, the catechin intake
and exercise have been reported to have inhibitory effects on
the increase in mouse body weight (31). In the present study,
GTCs administered via drinking water showed sufficient
physiological activity to result in body weight reduction.

In the 28-week administration cluster, the serum gastrin
level was significantly lower in the GTC group than in the
control group. Gastric fundic gland atrophy and the reduction
of the gastric acid secretion capacity are seen in INS-GAS
mice as early as 6 months after birth in their natural life
cycle, and further increases in the gastrin levels are inevitably
observed as time progresses (23). Sato et al (32) reported
that GTC administration reduces the serum gastrin level and
protects against stress-initiated acute gastric mucosal damage
in water-immersion mouse models. Furthermore, gastrin
and histamine receptor antagonists reportedly suppress the
progression of gastric mucosal atrophy due to chronic gastritis
in Helicobacter felis-infected INS-GAS mice, ultimately
resulting in the suppression of gastric carcinogenesis (27). The
mechanism by which GTCs reduce gastrin levels in INS-GAS
mice is not fully understood, but it is thought that the reduc-
tion inhibits the progression of dysplasia in the gastric mucosa.
The present study supported this hypothesis, as dysplasia of
the gastric mucosa was indeed significantly suppressed in the
28-week GTC-administered group compared to the control
group.

The GTC-administered group also had reduced gastric
mucosal IFN-y expression, suggesting that IFN-v is involved
in the suppression of dysplasia. An HP infection is a class I
gastric carcinogen; the infection causes chronic gastritis,
which progresses into atrophic gastritis, intestinal metaplasia,
and dysplasia and ultimately leads to carcinogenesis (22).
Increased expressions of inflammatory cytokines such as
IFN-vy and IL-1f are seen in HP-infected gastric mucosa, rein-
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forcing their important role in inflammatory carcinogenesis
(33,34). Furthermore, IFN-y knockout mice fail to develop
HP-infected gastritis or gastric mucosa atrophy (35). In this
study, gastric mucosal IFN-y expression was suppressed by
GTC administration at 4 weeks, and although the difference
did not remain significant at 28 weeks, a reduction was still
noticeable. To date, GTC administration has been reported
to inhibit the local production of inflammatory cytokines
such as IFN-y and TNF-a in mouse models with dextran
sulfate sodium-induced colitis, autoimmune hepatitis and
arthritis (36-38). In addition, it is reported that GTC decrease
IL-1p expression in melanoma cells (39). The inhibitory effect
of GTC on mRNA expression of IL-1p3 and TNF-a was not
observed in this study. Host factor may be associated with the
differences in susceptibility to GTC.

In the present study, the inhibition of cell prolifera-
tion of the gastric mucosal epithelium was observed in the
GTC-administered groups, similar to the GTC-induced
growth inhibitory effects of gastric mucosal epithelial cells
in an MNNG-induced gastric carcinogenesis model. Many
studies have thus far reported cytostatic effects of GTC in
various cancer cell lines such as lung, breast and colorectal
cancer (40-42), which are thought to involve TNF-a release
inhibition and an inhibitory effect on DNA methylation. Some
mechanisms have been proposed for the effect of GTCs on
cell proliferation. GTC induces apoptosis, cell cycle arrest
and modulation intracellular cell signaling. EGCG trigger cell
growth arrest pathway at Gl stage cycle through regulation
of cyclin D1, cdk4, cdk6, p21/WAF1/CIP1 and p27/KIP1 and
induced apoptosis through caspase-3 and caspase-9 activa-
tion (43). Furthermore, cell growth inhibition and apoptosis
induction by EGCG have been identified in gastric carcinoma
cell lines as well. These mechanisms involve Id1 and EGCG-
regulated surviving expression, but the specifics of these
mechanisms have not yet been elucidated (44,45).

We reported the potential preventive effects of GTCs on
gastric carcinogenesis in INS-GAS mice via the suppression
of IFN-y expression and gastric mucosal epithelial cell growth
inhibition. In addition, GTCs possess anti-oxidant and anti-
vascularity effects, which should be equally closely examined
in future studies. Understanding the protective mechanisms
of GTCs against gastric carcinogenesis at a molecular level
may lead to new therapeutic and preventative interventions for
treating gastric cancer in humans.
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