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Fig. 1. A, the structure of ¥ricin; molecular weight, 330.074. B, body weight changes of mice in all groups during the study. Dietary tricin (groups 2, 3, and 5)
did not significantly affect the body weight gain, Macroscopic views of the colons from the mice of groups 1 (C}, 2 (D), and 3 (E), which received AOM/DSS,

AOM/DSS/50 ppm tricin, and AOM/DSS/250 ppm tricin, respectively, at the end of the study (week 18). Although a number of colonic tumors were observed
in the mice of group 1, the numbers of the tumors found in groups 2 and 3 were smaller than that in group 1.

include antioxidative (13, 14), antiinflammatory, antiviral (15),
and antihistamic (16) activities. These same biological activities
have been observed in other promising cancer chemopreven-
tive agents (17-20). The effects of tricin on oncogenesis have
been investigated by Gescher et al. Their studies have shown
that tricin suppresses the growth of human malignant breast
tumor in nude mice (21). Dr. Gescher's group also reported that
treatment with tricin-containing extracts from brown rice in-
hibit the proliferation of human colon and breast cancer cells
in vitro (22). There are few reports on the effects of dietary tricin
on intestinal carcinogenesis. Cai et al. (23) reported that feeding
a diet containing 0.2% tricin decreased the size and the number
of intestinal adenoma formed in Apc™™/* mice through the in-
hibition of cyclooxygenase (COX)-2 (23, 24). Dietary tricin did
not affect tumor formation in the large bowel (23). Because the
concentration of tricin in the mouse intestine is greater than the
concentration in the plasma or liver when mice are fed diets
containing tricin (25-28), we hypothesized that dietary tricin
may affect and possibly inhibit chemically-induced colon carci-
nogenesis in rodents.

The current study was designed to explore the possible can-
cer chemopreventive efficacy of tricin. We investigated the ef-
fects of dietary tricin on large bowel oncogenesis using an
azoxymethane (AOM)/dextran sodium sulfate (DSS)-treated
mouse model, which is a useful animal model to study chemo-
prevention in inflammation-related colon carcinogenesis (29-34).
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The effects of dietary tricin on the expression of inflammatory
enzymes, such as COX-2 (35-37) and inducible nitric oxide
synthase (iNOS; refs. 37, 38), and inflammatory cytokines, such
as tumor necrosis factor (TNF)-o, (39, 40) NF-«B (17, 40), inhibi-
tor «B (I«xB)a, and IkB kinase (IKK)g in the nonlesional colonic
mucosa were examined to understand the mechanism(s) by
which the compound modify AOM/DSS-induced colon carci-
nogenesis. In addition, we determined whether dietary tricin
affects the chromosomal instability (41) of adenocarcinoma cells
by counting the number of anaphase-bridging formations.

Materials and Methods

Chemicals

Tricin (>99% pure confirmed by high performance liquid chroma-
tography) was isolated and prepared from the leaves of Sasa albo-
marginate (Hououdou Co. Ltd.) by one (M.K.) of the authors (15). In
brief, the dried leaves (50 kg) were combined with water (1,000 1) and
extracted at 170°C over a period of 3 h. The extracted solution was
filtered. The hot water extract of Sasa albo-marginata was fractionated
successively with ethyl acetate and n-butanol. The ethyl acetate fraction
(52.0 g) was fractionated using a silica gel 60 (Cica-reagent, 40-50 ym)
column (inner diameter 6 x 50 cm, 500 g) and washed with n-hexane-
ethyl acetate and methanol. This process yielded seven fractions (A-G).
Chloroform was added to fraction F (1.50 g} to obtain a chloroform-
soluble fraction and an insoluble fraction (solid phase). Tricin (10.0 mg)
was recrystallized from the chloroform-soluble fraction as yellow,
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needle-shaped crystals. Finally, a total of 8 g of tricin was prepared
from 40,000 kg of the leaves and was used in this study.

AOM was purchased from Sigma-Aldrich. DSS with a molecular
weight of 36,000 to 50,000 was obtained from MP Biomedicals, LLC.
DSS 1.5% (w/v) was prepared shortly before use to induce colitis.

Animals and diets

Five-week-old male Crj: CD-1 (ICR) mice were purchased from
Charles River Laboratories, Inc. All animals were housed in plastic
cages (three or four mice/cage) and had free access to tap water
and a basal diet, Charles River Formula-1 (Oriental Yeast, Co., Ltd.).
The animals were kept in an experimental animal room under con-
trolled conditions of humidity (50 + 10%), light (12/12-h light/dark
cycle) and temperature (23 + 2°C). After 1 wk of quarantine, animals
were divided into six experimental groups and one control group. Ex-
perimental diets were prepared by mixing tricin in powdered basal
diet at two dose levels, 50 and 250 ppm. The highest dose was one
eighth of the dose used by Cai et al. (23) because we investigated
the potential clinical application of low doses of tricin.

Animal experiment

The exparimental and study design were approved by the Commit-
tee of Kanazawa Medical University Animal Facility under the Insti-
tutional Animal Care guideline. All handling and procedures were
carried out in accordance with the appropriate Institutional Animal
Care Guidelines.

A total of 95 male ICR mice were divided into six experimental
groups and one control group. Mice in groups 1 (1 = 20), 2 (1 = 20),
and 3 (1 = 19) were given a single i.p. injection of AOM (10 mg/kg
body weight). Beginning 7 d after the AOM injection, they also re-
ceived 1.5% (w/v) DSS in drinking water for 7 d. Beginning 1 wk fol-
lowing the final DSS exposure, the mice in groups 2 were fed an
experimental diet containing tricin at the rate of 50 ppm and the mice
in group 3 were fed an experimental diet containing 250 ppm tricin.
Both groups received the experimental diets for 15 wk. The mice in
groups 4 (1 = 9) received only the 250 ppm tricin-containing diet. The
mice in group 5 (n = 9) received only AOM, and the mice in group 6
(11 = 9) received only 1.5% DSS in drinking water. The mice of group 7
(n = 9) served as untreated controls.

At week 8, four mice each from groups 1, 2, and 3 and three mice
each from groups 4, 5, 6, and 7 were randomly selected and sacrificed to
measure mRNA expression of target inflammatory enzymes and cyto-
kines in the colonic mucosa by quantitative reverse transcription-PCR
(RT-PCR). At sacrifice, the large bowel of each animal was removed, the
contents (feces) were washed out by physiologic saline, and the length
from the ileocecal junction to the anal verge were measured. After the
large bowels were cut open longitudinally along the main axis and
gently washed with saline, scraped colonic mucosa tissue was dipped
into the RNAlater solution (Applied Biosystems/Ambion).

At week 18, all of the remaining animals were euthanized by exsan~
guinations through the abdominal aorta under diethylether anesthesia
and subjected to a complete gross necropsy examination to determine
the incidence and multiplicity of tumors in the large bowel. At sacri-
fice, the large bowel was removed and the length was measured. Bach
large bowel was cut open longitudinally along the main axis and gently
washed with saline, then examined manually to determine the inci-
dence and multiplicity of tumors. The colon was fixed in 10% buffered
formalin for at least 24 h. Histopathologic examination was done on
Hé&E-stained sections made from paraffin-embedded blocks. Colonic
tumors were diagnosed according to criteria established in a prior
study (34). The number and density of mucosal ulcers on H&E-stained
sections was also recorded.

Immunehistochemistry of proliferating cell nuclear

antigen

Immunohistochemical analysis for the proliferating cell nuclear
antigen (PCNA) in the colon with or without tumors was done on
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4-pm-thick paraffin-embedded sections by the labeled avidin-biotin-
peroxidase complex method using a Vectastain ABC kit (Vector Labo-
ratories), with microwave accentuation. The paraffin-embedded
sections were heated for 30 min at 65°C, deparaffinized in xylene,
and rehydrated with ethanol at room temperature. PBS (pH 7.4; 0.01
mol/L) as used to prepare the solutions and for washes between the
preparation steps. Incubations were done in a humidified chamber. The
sections were treated for 40 min at room temperature with mouse 1gG
blocking reagent (Vector Laboratories), and incubated overnight at 4°C
with the primary antibody (1:300 dilution; DAKO Japar, Co., Ltd.). The
antibody was applied to the sections according to the manufacturer's
protocol. Horseradish peroxidase activity was visualized by treatment
with H,0, (DAKO Japan, Co., Ltd.) and 3,3'-diaminobenzidine (DAKO
Japan) for 5 min. In the last step, the sections were weakly counter-
stained with Mayer's hematoxylin (Merck). For each examination, neg-
ative controls were done on serial sections. The numbers of nuclei with
positive reactivity for PCNA-immunohistochemistry were counted by
two observers (T.O. and T.T.) who were unaware of the treatment groups
to which the slides belonged. The positive rates were evaluated in >100
cancer cells each of 15 different areas of the adenocarcinomas and 10 dif-
ferent crypts of the “normal”-appearing colonic mucosa from five mice
each from groups 1 to 3 and expressed as percentage (mean + SD).

Mitotic index and anaphase bridging index of

adenocarcinoma cells

To examine the effects of dietary tricin on chromosomal instability
(41) in adenocarcinoma cells, the anaphase bridging index (ABI) was
determined on H&E-stained sections. The numbers of mitoses and
anaphase bridging were counted in >100 cancer cells from five adeno-
carcinomas each from groups 1 through 3. The mitotic index (ML num-
ber of mitoses per cancer cells) and ABI (number of anaphases with
bridging per mitoses) were expressed as percentages (mean + SD).

Quantitative RT-PCR

The normal-appearing colonic mucosa of mice from groups 1
through 3 were assayed for mRNA expression of COX-2, INOS,
TNF-or, NF-xB, IxBe, and TKKp by RT-PCR. RNA was extracted using
the RNeasy Mini kit (Qiagen) according to the manufacturer’s proto-
col. cDNA was synthesized from 0.2 ug of total RNA using Super-
Script HI First-Strand Synthesis System (Invitrogen Co.). Real-time
PCR was done in a LightCycler (Roche Diagnostics Co.) with SYBR
Premix Ex Taq (TAKARA BIO, INC.). The expression level of each
gene was normalized to the p-actin expression level using the stan-
dard curve method. Bach assay was done six times and the average
was calculated. The primers used for amplifications are listed in Sup-
plementary Table S1.

Statistical analysis

Where applicable, data were analyzed using one-way ANOVAwith
Tukey-Kramer Multiple Comparisons Test or Bonferroni (GraphPad
Instat version 3.05, GraphPad Software) with P < 0.05 as the limit
for statistical significance. Fisher's Exact Probability test or the X2 test
were used for comparison of the incidence of lesions between the two
groups. Data on mRNA expression (mean + SEM) were analyzed by
Mann-Whitney U test.

Results

General observation

All animals remained healthy throughout the experimental
period. Food consumption (grams/day/mouse) did not differ
significantly among the groups (data not shown). The body
weight gains by mice in all of the seven groups were similar
during the study (Fig. 1B). The mean body weight of group 2
(AOM/DSS/50 ppm tricin) was significantly lower than that
of group 1 (P < 0.01; Supplementary Table 52). The mean colon
length of group 1 was significantly shorter than the mean
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Fig. 2. Representative histopathology of
the colonic lesions in group 1 (AOM/DSS).
A, mucosal ulcer; B, dysplastic crypts;

C and D, tubular adenomas; E and F,
moderately differentiated tubular
adenocarcinomas.

colon length of group 7 (no treatment; P < 0.01; Supplementary
Table S52).

Incidence and multiplicity of colonic lesions

The incidence of macroscopic colonic lesions, including tu-
mors and small ulcerations, were seen in the mice in group 1,
2, 3, and 6 (Fig, 1C-E). All mice in groups 1 through 3, which
were ireated with AOM/DSS with or without tricin, devel-
oped colonic tumors (adenoma and/or adenocarcinoma).
The mice of group 4, 5, and 7 did not develop colonic tumors.

Microscopic examinations revealed various pathologic co-
lonic lesions in mice from groups 1, 2, 3, and 6. The lesions
included mucosal ulcers (Fig. 2A), dysplastic crypts (Fig. 2B),
tubular adenomas (Fig. 2C and D), and tubular adenocarcino-
mas (Fig. 2E and F). Some of the adenocarcinomas that devel-
oped in the group 1 mice invaded the subserosa of the colon
(Fig. 2E). Table 1 summarizes the microscopic data on the inci-
dence and multiplicity of colonic lesions. The dietary adminis-
tration of 50 ppm tricin (group 2) significantly reduced the
incidence (P = 0.0117) and multiplicity (P < 0.05) of adenomas
and the number of total tumors (adenoma + adenocarcinoma,
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P < 0.05) when compared with group 1. Feeding with 250 ppm
tricin (group 3) also significantly lowered the numbers of ade-
nocarcinomas and total tumors when compared with group 1
(P <0.05 for each comparison). The mean numbers of dysplastic
crypts in groups 2 (P < 0.05) and 3 (P < 0.01) were significantly
lower than that of dysplastic crypts in group 1. The mean
numbers of mucosal ulcers in group 2 (P < 0.05) and 3 (P <
0.001) were also significantly smaller than that of group 1.

PCNA labeling indices of the normal-appearing crypts

and adenocarcinomas

The data on the proliferative kinetics in the normal-appearing
crypts and colonic adenocarcinomas by estimating the PCNA
labeling indices are shown in Fig. 3. The dietary administra-
tion of tricin significantly lowered the PCNA Iabeling index
of the normal-appearing crypts in group 2 (38 = 11, P < 0.05)
and group 3 (36 = 12, P < 0.05) when compared with group 1
(48 = 11). The PCNA labeling indices for colonic adenccarcino-
mas in groups 2 (74 + 6, P <0.05) and 3 (71 + 4, P < 0.001) were
significantly lower than in group 1 (80 = 8).
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Table 1. Incidence and multiplicity of colonic lesions

Group no. Treatment Mucosal ulcer Dysplasia Adenoma Adenocarcinoma Total tumors
{no. of mice examined) ({high grade) {AD+ADC)
1 AOM/1.5% DSS (16) 100% 100% 88% 94% 94%
(2.69 + 0.95)" (5.00 = 3.79) (4.19 = 4.22) (4.63 = 3.74) (8.81 + 6.21)
2 AOM/1.5% DSS/50 ppm 94% 80% 44%$ 75% 75%
tricin (16) (1.81 = 1.11) (.56 = 1.79HF (144 = 1.79)1* (3.19 + 2.64) {4.63 £ 4.05)7*
3 AOM/1.5% DSS/250 ppm 60% 73% 67% 67% 80%
tricin (15) (0.87 = 0.83)! (1.53 + 1.13)% (1.87 + 1.73) (1.80 = 2.04)%* (3.67 £3.37)'*
4 250 ppm tricin (6) 0% 0% 0% 0% 0%
5 AOM (6) 0% 0% 0% 0% 0%
6 1.5% DSS (6) 33% 0% 0% 0% 0%
{0.33 £ 0.52)
7 None (6) 0% 0% 0% 0% 0%

Abbreviations: AD, adenoma; ADC, adenocarcinoma.
*Mean + SD.

P < 0.05.

ip < 0.001.
P < 0.01.

TSignificantly different from group 1 by one-way ANOVA, and Tukey-Kramer Multiple Comparisons test.

SSignificantly different from group 1 by Fisher's exact probability test (P = 0.0117).

The effects of tricin on the MI and ABI

Dietary administration with tricin affected the number of
mitosis (Fig. 4A) and anaphase bridging (Fig. 4B) in adenocar-
cinomas. As illustrated in Fig. 4C, dietary feeding with tricin
significantly decreased the Ml in group 2 (17.4 + 0.9, P < 0.05)
and group 3 (12.7 = 2.0, P < 0.001) compared with group 1
(20.8 = 2.4). The treatment also lowered the ABI in group 2

(0.50 + 0.24) and group 3 (0.29 + 0.10, P < 0.05) compared with
group 1 (1.10 + 0.57).

Expressions of inflammatory enzyme and cytekine

genes in colonic mucosa

Atweek 8, we assayed mRNA levels of COX-2,iNOS, TNF-o,
NF-xB, IkBa, and IKKp in the nonlesional colonic mucosa of
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Fig. 3. The PCNA labeling indices of the normal-appearing ctypts (A) and adenocarcinomas (8). Feeding with fricin (groups 2 and 3) significantly lowered the
PCNA labeling indices of the normal-appearing crypts (P < 0.05 for each comparison) and adenocarcinomas (group 2, P < 0.05; and group 3, P < 0.001) compared

with group 1.
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mice in groups 1 through 3 by semiquantitative real-time
RT-PCR (Fig. 5). The TNF-a expression significantly decreased
in group 3 compared with group 1 (P < 0.05; Fig. 5A). Feeding
with tricin did not significantly affect the expression of COX-2
(Fig. 5B), iNOS (Fig. 5C), NF-«B (Fig. 5D), IxBa (Fig. 5E), and
IKKp (Fig. 5F).

Discussion

The results described herein clearly indicate that dietary ad-
ministration with tricin at two dose levels (50 and 250 ppm)
significantly inhibited AOM/DSS-induced colonic tumorigen-
esis in male ICR mice. The high dose (250 ppm) of tricin sig-
nificantly inhibited development of adenocarcinomas induced
by AOM followed by DSS in mice. The dietary administration
with tricin also significantly affected the expression of TNF-«
in the colonic mucosa at week 8, The treatment resulted in the
reduction of the PCNA labeling index, MI, and ABI in the
colonic epithelial malignancies at week 18.

The antitumor and chemoprevention activities of tricin have
been reported in both in vitro and in vive studies. In vivo ex-
periments included transplanted human breast cancer cell lines
innude mice (21). In addition, Cai et al. reported that 0.2% tricin
in diet effectively inhibited the number of adenomas in the

small intestine of Apc™™* mice (42). They did not, however, ob-
setve inhibition of the development of colonic tumors (42). In
the current study, we observed the cancer chemopreventive ac-
tivity of dietary tricin in carcinogenesis in the inflamed colon. In
addition, feeding with tricin lowered the occurrence of mucosal
ulcers and preneoplasms (dysplastic crypts).

We can point several mechanisms by which tricin may sup-
press AOM/DSS-induced colon carcinogenesis in this study.
Our findings that dietary tricin lowered the PCNA labeling in-
dex, MI, and ABI of colonic adenocarcinomas may suggest an
antigrowth effect of tricin on colonic malignancy. The findings
are in agreement with the reports by Cai et al. (21) that
showed tricin or tricin-containing extracts of brown rice inhib-
ited the growth of the colon and mammary cells in vitro and
in vivo (22). In addition, the results that dietary tricin lowered
the ABI of adenocarcinoma cells suggest that tricin affects the
chromosomal instability of cancer cells and possibly their telo-
merase activity (41). Tricin may exert chemopreventive activity
through inhibition of COX-1 and 2 enzymes and prostaglandin
E, production in human colon cancer cell lines (HT-29 and HCA-
7) and the small intestine of z‘&pc“\”"”/+ mice (23, 24). Unexpectedly,
dietary tricin did not significantly alter the expression of COX-2
oriNOS at week 8. The suppression of NF-«B-signaling pathway
by dietary administration with tricin was insignificant. However,
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we observed that dietary tricin significantly inhibited the expres-
sion of TNF-«a in the nonlesions colonic mucosa. Such effects are
of interest because TNF-a acts as a master switch to establish an
intricate link between inflammation and cancer (39, 40).

In conclusion, the dietary administration with tricin effec-
tively suppressed AOM/DSS-induced colon catcinogenesis
by suppressing the expression of TNF-a in the early phase
and MI and ABI in the later phase. The effects of tricin on
TNF-a expression are also important in the chemopreventive
activity of tricin in inflammation-associated colorectal carcino-
genesis. The safety of tricin was reported by Verschoyle et al.

(43). A natural flavonoid tricin is present in edible plants, in-
cluding rice, oats, barley, and wheat (10). In the current study,
we isolated tricin from the dried leaves of Sasa albo-marginata
that contain a large amount (0.2 ppm) of tricin than rice (Oryza
sativa L.; 0.066 ppm). Tricin is thus a candidate for clinical use
for fighting colorectal cancer development in patients without
colitis.
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Anti-inflammatory effects of caffeic acid phenethyl ester (CAPE), a nuclear
factor-xB inhibitor, on Helicobacter pylori-induced gastritis in Mongolian gerbils
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Nuclear factor-kB (NF-xB) plays a major role in host inflamma-
tory responses and carcinogenesis and as such is an important
drug target for adjuvant therapy. In this study, we examined the
effect of caffeic acid phenethyl ester (CAPE), an NF-xB inhibitor,
on Helicobacter pylori (H. pylori)-induced NF-xB activation in cell
culture and chronic gastritis in Mongolian gerbils. In AGS gastric
cancer cells, CAPE significantly inhibited H. pylori-stimulated NF-
kB activation and mRNA expression of several inflammatory fac-
tors in a dose-dependent manner, and prevented degradation of
IxB-o and phosphorylation of p65 subunit. To evaluate the effects
of CAPE on H. pylori-induced gastritis, specific pathogen-free
male, 6-week-old Mongolian gerbils were intragastrically inocu-
lated with H. pylori, fed diets containing CAPE (0-0.1%) and sac-
rificed after 12 weeks. Infiltration of neutrophils and monoenuclear
cells and expression of NF-kB p50 subunit and phospho-IxB-a
were significantly suppressed by 0.1% CAPE treatment in the
antrum of H. pylori-infected gerbils. Labeling indices for 5'-
bromo-2'-deoxyuridine both in the antrum and corpus and lengths
of isolated pyloric glands were also markedly reduced at the high-
est dose, suggesting a preventive effect of CAPE on epithelial pro-
liferation. Furthermore, in the pyloric mucosa, mRNA expression
of inflammatory mediators including tumor necrosis factor-o,
interferon-y, interleukin (IL)-2, IL-6, KC (IL-8 homologue), and
inducible nitric oxide synthase was significantly reduced. These
results suggest that CAPE has inhibitory effects on H. pylori-
induced gastritis in Mongolian gerbils through the suppression of
NF-xB activation, and may thus have potential for prevention and
therapy of H. pylori-associated gastric disorders.

© 2009 UICC

Key words: Helicobacter pylori; caffeic acid phenethyl ester;
chemoprevention; gastritis; Mongolian gerbils

Nuclear factor-«B (NF-xB) plays a central role in many physio-
logical processes in the whole body such as immune responses,
cell proliferation, and inflammation through promoting transcrip-
tion of various cytokines, enzymes, chemokines, antiapoptotic fac-
tors and cell growth factors. Because many types of cancer,
including neoplasm in the stomach, are known to be associated
with chronic inflammation,” inhibition of NF-xB activation has
attracted increasing attention as a new therapeutic approach for
chemoprevention of cancer development.>* Several natural and
synthetic compounds have been found to inhibit NF-kB activation,
and to exert anti-inflammatory effects in vitro and in vivo. 38 Cat-
feic acid phenethyl ester (CAPE), one of the active components of
propolis derived from honeybee hives, has been reported to be a
selective inhibitor of NF-xB.”® Besides that, recent study has also
shown that CAPE may inhibit activator protein-1 (AP-1) activity
in Helicobacter pylori (H. pylori)-stimulated gastric epithelial
cells.” Thus, further investigation was needed, to confirm how
CAPE would influence many signal transduction cascades other
than NF-xB pathway. Although the mechanisms of NF-kB inhibi-
tion by CAPE are not fully understood, research has demonstrated
anti-inflammatory, anticarcinogenic and immunomodulatory
effects of the compound in animal models. '

H. pylori is now recognized as a major causative factor for
chronic gastritis and peptic ulcer, and there is compelling evidence
indicating an association between H. pylori-induced chronic gas-
tritis and development of stomach cancer.'>!* Triple therapy with
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a proton pump inhibitor and 2 antimicrobials, amoxiciilin and
clarithromycin, is usually recommended as the general therapy for
H. pylori eradication.'® However, considering the occurrence of
antibiotic-resistance, the search for new agents for alternative
therapies continues to be very important.16 H. pylori infection also
leads to activation of NF-xB signaling in gastric epithelial cells,
and NF-xB-mediated cytokine e)gpression is essentially involved
with H. pylori-induced gastritis.'” ' Thus the degree of gastritis
induced by a mutant strain of H. pylori lacking capacity for NF-
kB activation was found to be lower than that with wild type
infection.?? Inhibition of NF-kB could be a promising target for
prevention and adjuvant therapy of H. pylori-associated gastric
disorders.>?

The Mongolian gerbil (Meriones unguiculatus) provides a
useful animal model of H. pylori-induced chronic active gastri-
tis, allowing investigation of morbidity-related epithelial altera-
tions in the gastric mucosa and their development into gastric
neoplasia.24 We have previously demonstrated that some natural
products in food such as a fruit-juice concentrate of Japanese
apricot and nordihydroguaiaretic acid, an antioxidant to preserve
food and oils, and canolol, a potent oxygen radicals scavenger
contained in canola oil, have suppressive effects on H. pylori-
induced gastric disorders in Mongolian gerbils.zs“27 The purpose
of this study was to evaluate possible anti-inflammatory effects
of CAPE, a naturally-occurring compound in food, in the same
model.

Material and methods
Chemicals and cell culture

CAPE was purchased from Cayman Chemicals (Ann Arbor,
MI) (Fig. 1). AGS cells, the human gastric cancer cell line, were
maintained in RPMI 1640 medium (Gibco, Grand Island, NY)
supplemented with 10% heat-inactivated fetal calf serum (FCS,
Sigma Chemical, St. Louis, MO), penicillin (100 units/ml), strep-
tomycin (100 pg/ml) and amphotericin B (0.25 pg/mi) (Invitrogen,
Carlsbad, CA). Culture dishes and plates were kept in an incubator
with a humidified atmosphere of 5% CO, at 37°C. CAPE was
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prepared as a 20 mg/ml solution in dimethyl sulfoxide immedi-
ately before use.

Bacterial culture

H. p‘glori was prepared by the same method as described previ-
ously.2 Briefly, H. pylori strain ATCC43504 (American Type
Culture Collection, Rockville, MD) was grown in Brucella broth
(Becton Dickinson, Cockeysville, MD) containing 7% FCS, at
37°C under microaerobic conditions using an Anaero Pack Cam-
pylo (Mitsubishi Gas Chernical, Tokyo, Japan), at high humidity
for 24 hr. The broth cultures of H. pylori were checked under a
phase contrast microscope for bacterial shape and motility.

Luciferase reporter assay on transcriptional activation of NF-xB
To assess whether NF-xB is activated by H. pylori infection in
gastric cancer cells and to determine the effects of CAPE, lucifer-
ase reporter assays were performed. AGS cells were cotransfected
in a 24-well culture plate with two expression plasmids, one
including a luciferase reporter gene under transcriptional control
of the NF-xB element (pNF-«xB-Luc; Stratagene, La Jolla, CA)

o

OH

Ficure 1 — Chemical structure of caffeic acid phenethyl ester.
C7H,604, molecular weight 284.3.

and the other a transfection efficiency indicator (pGLA.74[hRIuc/
TK] Vector; Promega, Madison, WI) using the Lipofectamin 2000
(Invitrogen) transfection reagent. After 24 hr incubation, cells
were challenged by infection with 1 X 10° colony-forming units
(CFU)/well of H. pylori and immediately treated with various con-
centrations of CAPE (0, 10, 20, or 40 pg/ml) for 24 hr. NF-xB lu-
ciferase reporter gene assays were performed with a Dual Lucifer-
ase Reporter Assay System (Promega) and a Juminometer (Lumat
LB9501; Berthold, Bad Wildbad, Germany) according to the man-
ufacturer’s instructions.

Analysis of mRNA expression for inflammatory factors by relative
quantitative real-time RT-PCR

To investigate the effects of CAPE on cytokine expression of
H. pylori-stimulated AGS cells, real-time RT-PCR analysis was
performed. AGS cells were challenged by infection with 1 X 107
colony-forming units (CFU)/dish of H. pylori and immediately
treated with CAPE (0, 5, 10 or 20 pg/ml). After 24 hr incubation,
total RNA was extracted from these cells using an RNeasy Plus
Mini Kit (Qiagen, Hilden, Germany). After DNase treatment, first
strand ¢cDNAs were synthesized using a SuperScript III First-
Strand Synthesis System (Invitrogen) according to the manufac-
turer’s instructions. Relative quantitative PCR of tumor necrosis
factor-a (TNF-o), interleukin (IL)-1p8, IL-8, IL-10, inducible ni-
tric oxide synthase (iNOS) and cyclooxygenase-2 (COX-2) was
carried out using a LightCycler system (Roche Diagnostics,
Mannheim, Germany) with the glyceraldehyde-3-phosphate dehy-
drogenase (GAPDH) gene as an internal control. The PCR was
performed basically as described earlier using a QuantiTect SYBR
Green PCR Kit (Qiagen).?’ The primer sequences for each marker
are listed in Table 1. Specificity of the PCR reaction was con-
firmed using the melting program provided with the LightCycler
software. To further confirm that there was no obvious primer
dimer formation or amplification of any extra bands, the samples
were electrophoresed in 3% agarose gels and visnalized with ethi-
dium bromide after the LightCycler reaction. Relative quantifica-

TABLE I - PRIMER SEQUENCES FOR RELATIVE QUANTITATIVE REAL-TIME RT-PCR

Species Gene Sequences Product length (bp) Accession no.
Gerbil GAPDH 5-AACGGCACAGTCAAGGCTGAGAACG-3' 118 AB040445
5'-CAACATACTCGGCACCGGCATCG-3'
TNF-o 5'-GCCCCCACCTCGTGCTCCTCAC-¥ 96 AB177841
5'-GGCAGGGGCTCTTGATGGCAGACAG-3'
IFN-vy 5'-AGAGCATAAACGCCATCAGG-3' 120 L37782
5'“TGCTCTGGATCTGTGGATCA-3’
IL-2 5'-AGCTCCTGAGAGGGATCAAC-3 139 X68779
5'-ACATCATGCAGAGGTCCAAG-3'
IL-6 5'-ATGGCTGAAGTCCAAGACC-3’ 125 AB164706
5'-GGAATGTCCTCAGCTTGGTA-3'
IL-10 5'-CAGGGCTCCTGAAAGAGTTA-3' 114 L37781
5'-AGAATGAGGTCAGGGGAATC-3'
iNOS 5'-GCTTGAGCGAGGAGCAGGTTGAGGA-3' 11 AB177843
5'-CGCTGGCCTTTTTCACCCCATAGGA-3'
KC 5'-CACCCGCTCGCTTCTTC-3' 138 AJ877921
5'-ATGCTCTTGGGGTGAATCC-3'
Human GAPDH 5'-GGGAAGCTTGTCATCAATGG-3' 103 NM_002046
5'-TGGACTCCACGACGTACTCA-3'
TNF-o 5'-AGCCCATGTTGTAGCAAACC-3/ 135 AF043342
5'-ATGAGGTACAGGCCCTCTGA-3’
IL-1B 5'-AGGGACAGGATATGGAGCAA-3 127 NM_000576
5'-TTCAACACGCAGGACAGGTA-3
IL-8 5'-CGGAAGGAACCATCTCACTG-3' 116 NM_000584
5'-AGCACTCCTTGGCAAAACTG-3
IL-10 5'-CCAAGACCCAGACATCAAGG-3' 115 NM_000572
5'-GGCCTTGCTCTTGTTTTCAC-3'
iNOS 5'-CCCAAGCTCTACACCTCCAA-3 132 AB022318
5" TTTGAGCCTCATGGTGAACA-3
COX-2 5'-CGCTTTATGCTGAAGCCCTA-3' 127 M90100

5'-TTTCTACCAGAAGGGCAGGA-Y

GAPDH, glyceraldehyde-3-phosphate dehydrogenase; TNF, tumor necrosis factor; IFN, interferon; IL, interleukin; iNOS, inducible nitric

oxide synthase; COX, cyclooxygenase.
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FiGure 2 — Experimental design. Six-week-old male Mongolian
gerbils were inoculated with Helicobacter pylori (ATCC43504 strain)
or Brucella broth. After 2 weeks, animals were given basal diets (CE-
2) containing caffeic acid phenethyl ester (CAPE) at various concen-
trations (0, 0.01, 0.03 and 0.1%) for 10 weeks.

tion was performed as previously established usin§ the internal
control without the necessity for external standards.”

Western blot analysis

Total protein extract was obtained from H. pylori-stimulated
and CAPE-treated AGS cells by a Nuclear Extract Kit (Active
Motif, Carlsbad, CA). Protein samples were fractionated by SDS-
PAGE and electrophoretically transferred to a PYDF membrane.
Blots were blocked with 5% nonfat dry milk in tris-buffered saline
for 1 hr and then incubated over night with a rabbit polyclonal
anti-IxB-« antibody (Cell Signaling Technology, Beverly, MA), a
mouse monoclonal anti-a-tubulin antibody (clone DMIA, Santa
Cruz Biotechnology, Santa Cruz, CA), a rabbit polyclonal anti-
phospho-NF-kB p65 antibody (Ser276, Cell Signaling Technol-
ogy) and a mouse monoclonal anti-actin antibody (clone
ACTNOS5, Thermo Scientific, Fremont, CA). Detection was per-
formed using an Immun-Star HRP Chemiluminescent Kit (Bio-
Rad Laboratories, Hercules, CA).

In vivo experimental design

The experimental design is illustrated in Figure 2. A total of 55
specific pathogen-free male, 6-week-old Mongolian gerbils (Mer-
iones unguiculatus; MGS/Sea, Kyudo, Fukuoka, Japan) were
used. They were housed in plastic cages on hardwood-chip bed-
ding in an air-conditioned biohazard room with a 12-hr light/12-hr
dark cycle, and allowed free access to food and water throughout.
The gerbils were divided into 6 groups (Groups A-F). Animals of
Groups A-D were inoculated with 1.0 ml of broth culture contain-
ing H. pylori (1 X 10° CFU/ml) intragastrically using an oral
catheter, while gerbils of Groups E and F were inoculated with
Brucella broth alone. From weeks 2 to 12, the gerbils received
CE-2 diets (CLEA Japan, Tokyo, Japan) containing CAPE at the
concentrations of 0.1% (Groups A and E), 0.03% (Group B),
0.01% (Group C) and 0% (Groups D and F). All experimental
diets were prepared at 8 day intervals in our laboratory and stored
in a refrigerator. Food cups were replenished with fresh diet every
second day. At week 12, all gerbils were intraperitoneally injected
with 5'-bromo-2'-deoxyuridine (BrdU) at a dose of 100 mg/kg,
1 hr before sacrifice. The animals were then subjected to deep
anesthesia and laparotomy with excision of the stomach, liver,
spleen, kidney, heart and lung, and blood samples were collected
from the inferior vena cava. The experimental design was
approved by the Animal Care Committee of the Aichi Cancer
Center Research Institute, and the animals were cared for in
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accordance with institutional guidelines as well as the Guidelines
for Proper Conduct of Animal Experiments (Science Council of
Japan, June 1, 2006).

Histopathology and immunohistochemistry

The excised stomachs were fixed in 10% neutral-buffered for-
malin for 24 hr and sliced along the longitudinal axis into 48
strips of equal width, and embedded in paraffin. Serial paraffin
sections were prepared and stained with hematoxylin and eosin
(H&E) for morphological observation. The glandular mucosa of
the antrum and corpus was examined histologically for inflamma-
tion and epithelial changes. The degree of chronic active gastritis
was graded according to criteria modified from the Updated Syd-
ney System,” by scoring the infiltration of neutrophils and mono-
nuclear cells, intestinal metaplasia and heterotopic proliferative
glands, on a four-point scale (0-3; 0, normal; 1, mild; 2, moderate;
3, marked). Epithelial cell proliferation was assessed by BrdU
labeling, visualized by immunostaining with a mouse monoclonal
anti-BrdU antibody (clone Bu20a, diluted 1:1000, Dako, Glostrup,
Denmark) as described previously.3 ! Labeling indices in BrdU-
stained slides were determined as the mean percentages of BrdU-
positive epithelial cells among total cells in 10 different randomly
selected glands in both the antrum and corpus. Immunohistochem-
ical analyses were carried out with a mouse monoclonal anti-
COX-2 antibody (clone 33, diluted 1:100, BD Biosciences, San
Jose, CA), a mouse monoclonal anti-phospho-IxB-o antibody
(clone SAS, diluted 1:150, Cell Signaling Technology) and a rab-
bit polyclonal anti-NFkB p50 antibody (clone H-119, diluted
1:100, Santa Cruz Biotechnology) as previously described 3>
To quantitate the degree of staining, a grading system was
employed with the following criteria: grade 0 (negative), grades
1-3 (increasing degrees of intermediate immunoreactivity) and
grade 4 (extensive reactivity).

Gland isolation

Gland isolation was performed as previously described. ™
Briefly, remaining portions of resected gastric mucosa were
injected with calcium- and magnesium-free Hanks’ balanced salt
solution (HBSS) containing 30 mM ethylenediaminetetraacetic
acid (EDTA) submucosally, incubated in EDTA-HBSS, and
shaken for 15 min at 37°C, Then the mucosa was scraped off with
a scalpel. Isolated glands were washed in phosphate buffered sa-
line, fixed in 70% ethanol for a few hours, dehydrated with 95%
ethanol, and stored at —20°C until use.

Analysis of mRNA expression in the pyloric mucosa of
Mongolian gerbils

Relative quantitative real-time RT-PCR for TNF-«, interferon-
v (IFN-v), IL-2, IL-6, IL-10, iNOS and IL-8 homologue (KC) was
carried out using total RNA extracted from selected pyloric muco-
sal tissue with the gerbil-specific GAPDH gene as an internal con-
trol same as above. The expression levels of mRNAs were
expressed relative to 1.0 in the control group (Group F).

Serology

Blood samples were centrifuged and separated sera were stored
at —80°C until use. The titer of anti-H. pylori antibodies was
measured using an ELISA kit (Biomerica, Newport Beach_i CA)
and values were expressed using an arbitrary index (AD.? Sera
were also used for measurement of gastrin levels (SRL, Tokyo,
Japan).

Statistical analysis

Quantitative values were expressed as means * SD or SE, and
differences between means were statistically analyzed by ANOVA
or Kruskal-Wallis followed by a multiple comparison test. p val-
ues of less than 0.05 were considered to be statistically significant.
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Results

Suppressive effects of CAPE on H. pylori-induced NF-xB
activation and mRNA expression of inflammatory factors
in AGS cells

NF-xB activation in H. pylori-stimulated AGS cells was signifi-
cantly increased as compared to that in noninfected control cells
(p < 0.01) (Fig. 3). CAPE decreased the H. pylori-induced NF-xB
transcriptional activation in a dose-dependent manner, with signif-
icance at the 20 and 40 pg/ml doses (p < 0.05 and p < 0.01,
respectively). Relative quantitative real time RT-PCR data for
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Ficure 3 — Luciferase reporter assay for transcriptional activation
of nuclear factor-xB (NF-xB) in the AGS gastric cancer cell line. Ele-
vated transcriptional activation of NF-xB was induced after infection
with Helicobacter pylori (H. pylori). Note the dose-dependent inhibi-
tion of NF-xB activation by caffeic acid phenethyl ester (CAPE) treat-
ment compared with the vehicle control (0.1% dimethyl sulfoxide).
Values are means * SDs of data from three independent experiments.
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mRNA expression of inflammatory cytokines and enzymes in the
AGS cells are summarized in Figure 4. IL-8 mRNA expression in
20 pg/ml CAPE-treated cells was significantly suppressed as com-
pared to H. pylori-stimulated control cells. Levels of TNF-a
mRNA in 20 and 10 pg/ml CAPE-treated cells and IL-1B and
iNOS mRNAs in all CAPE-treated cells were also markedly lower
than in positive control. There were no significant differences in
IL-10 and COX-2 expression among H. pylori-infected cells.

CAPE prevents IxB-u degradation and phosphorylation
of NF-xB p65 in AGS cells

We assessed the degradation of IxkB-« and phosphorylation of
p65S subunit by Western blot analysis (Fig. 5). Western blotting
showed that H. pylori stimulation up-regulated the phosphoryla-
tion of p65 and IxB-a degradation in AGS cells. CAPE treatment
inhibited the phosphorylation of p65 and degradation of IxB-o in
a dose-dependent manner.

Average body weights, relative organ weights
and serological results

Data for average body weights, titers of anti-H. pylori antibod-
ies, serum gastrin levels and relative organ weights are summar-
ized in Table II. The average body weight in the 0.1% CAPE-
treated and H. pylori-infected group (Group A) was significantly
higher than for the other H. pylori-infected groups (Groups B-D)
(p < 0.01). Al values for anti-H. pylori antibody titers and serum
gastrin levels were markedly up-regulated by H. pylori infection
(p < 0.01 and p < 0.05, respectively). There were no significant
differences in the relative organ weights of liver and kidney
between 0.1% CAPE-treated and noninfected gerbils (Group E)
and untreated controls (Group F). The relative kidney weights in
the H. pylori-infected group (Group D) were markedly higher than
in Group F (p < 0.05). No macroscopic or microscopic lesions

TNF-a iNOS
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Ficure 4 — Relative expression levels of interleukin (IL)-18, tumor necrosis factor-a (TNF-t), inducible nitric oxide synthase (iNOS), cyclo-
oxygenase-2 (COX-2), IL-8 and IL-10 mRNAs in the AGS gastric cancer cell line. Values were set at 1.0 in untreated control and expressed as
mean *+ SE relative values. Note that the Y-axes have different scales. *p < 0.05 and **p < 0.01 vs. H. pylori-infected and CAPE-untreated
samples.
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were observed in nonstomach internal organs, including the liver,
spleen, kidney, heart and lung of all groups.

Inhibitory effects of CAPE on H. pylori-induced gastritis

The gastric mucosa of H. pylori-infected groups (Groups A-D)
was generally thickened and edematous, with occasional erosions
and ulceration. Such macroscopic lesions were not recognized in
the stomachs of noninfected gerbils, and gastric mucosal speci-
mens from these gerbils had normal histomorphology. Histologi-
cal findings for chronic gastritis in each group are summarized in
Table I1I. Infiltration of neutrophils in both the antrum and corpus
and of mononuclear cells in the antrum of Group A animals (H.
pylori + 0.1% CAPE) was significantly suppressed as compared
to Group D (p < 0.05 and 0.01, respectively) (Figs. 6a, 6e, and
6i). There were no significant differences in scores for intestinal
metaplasia, heterotopic proliferative glands and COX-2 immunor-
eactivity among Groups A-D. Macroscopic and microscopic anal-
yses revealed no significant differences between gerbils in Groups
E and F, so Group E was excluded from subsequent analyses of
BrdU labeling indices, immunochistochemistry of NF-xB p50 and
phospho-IkB-a and transcriptional expression of inflammatory
factors. Immunohistochemistry of NF-xB p50 and phospho-IxkB-a
revealed that strong reactivity of gastric epithelium and infiltrated
cells in H. pylori-infected gerbils, and CAPE treatment signifi-
cantly reduced the immunohistochemical scores (Figs. 6c, 64, 6g,
6h, 6k, and 6/).

BrdU labeling indices in gastric epithelial cells

In H. pylori-infected gerbils, BrdU-labeled epithelial nuclei
were found distributed throughout the hyperplastic mucosa, while
BrdU-positive cells in noninfected animals were located in the
neck portions of glands (Figs. 6b, 6f, and 67). At 12 weeks, BrdU
labeling indices in both the antrum and corpus of Group A (H.
pylori + 0.1% CAPE) were significantly suppressed as compared

CAPE (ug/ml) 0 o 5 10 20

H. pylori - + + + +
IxB-o -4 39 kDa
tubulin -4 55 kDa
phospho-p85 -4 80 kDa
actin - 42kDa

Ficure 5 — Western blotting for IkB-a and phospho-p65 in AGS
cells. CAPE prevents IxB-a degradation and p635 phosphorylation in a
dose-dependent manner. A representative data of three independent
experiments is shown.
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to Group D (p < 0.01; Fig. 7). Similarly, BrdU labeling indices in
the antrum of the 0.03% CAPE-treated group (Group B) were sig-
nificantly lowered (p < 0.05), without significant decrease in the
corpus.

Hyperplasia in isolated pyloric glands

To evaluate the effect of CAPE on H. pylori-induced mucosal
hyperplasia, we analyzed the length of isolated glands from the
pyloric mucosa (Fig. 8a). The average value for Group A (H.
pylori + 0.1% CAPE) was significantly reduced compared to that
for Group D (p < 0.05) (Fig. 8b).

Expression of inflammatory factors in the pyloric mucosa

RT-PCR data for mRNA expression of inflammatory cytokines
and enzymes in the pyloric mucosa of gerbils are summarized in
Figure 9. TNF-o and iNOS mRNA expression in Group A (4.
pylori + 0.1% CAPE) was significantly suppressed as compared
to Group D (p < 0.05). Levels of IL-2 mRNA in Groups A and B
and IFN-y and IL-6 mRNAs in all CAPE-treated groups (Groups
A-C) were also markedly lower than in Group D (p < 0.05). Only
very low mRNA expression was evident in Group F.

Discussion

In this study, we demonstrated that NF-xB transcriptional acti-
vation in H. pylori-stimulated AGS gastric cancer cells were sig-
nificantly inhibited by CAPE treatment in a dose-dependent man-
ner. This result is consistent with a previous report that CAPE
inhibits H. pylori-induced DNA-binding activity of NF-kB in gas-
tric cancer cells.” We found that CAPE treatment resulted in a
decrease of the phosphorylation of NF-kB p65 subunit and inhibi-
tion of IxB-o degradation. In addition, relative quantitative real-
time RT-PCR analysis revealed that mRNA expressions of several
inflammatory factors including IL-1B, TNF-a, iNOS, and IL-8 in
NF-xB-activated AGS cells were significantly suppressed by
CAPE treatment in a dose-dependent manner, whereas there were
no statistical differences in COX-2 and IL-10 expression. IkB-a
degradation induces the phosphorylation of p65 and following nu-
clear transition of NF-xB complex. Thus, our data suggested that
CAPE may prevent H. pylori-induced NF-«B activation and tran-
scriptional activity of inflammatory factors through the inhibition
of nuclear translocation of NF-xB.

Here we found that oral administration of CAPE effectively
inhibited gastric inflammation at 0.1% in the diet with significant
suppression of infiltration of neutrophils both in the antrum and
corpus and mononuclear cells in the antrum at week 12. Fitzpa-
trick ef al. earlier reported CAPE to inhibit TNF-a production in a
rat macrophage cell line and TNF-o-stimulated IL-8 production in
human colonic epithelial cells.?® Expression of IL-8, a potent che-
mokine stimulus for neutrophil migration, is increased with H.
pylori infection through NF-xB activation.'” In this study, mRNA
expression of TNF-a and IL-8 in H. pylori-stimulated AGS cells
were significantly decreased by CAPE treatment. Similarly, CAPE
markedly suppressed the expression of TNF-a and KC protein,
one of the IL-8 homologues, in H. pylori-infected gerbils. The

TABLE IT - SUMMARY OF THE ANIMAL EXPERIMENT

Relative organ weights (%)

Group Treatment Effective number Body weight () Anti-Hp 1gG titer (AD) Serum gastrin (pg/mi)
Liver Kidney
A Hp + 0.1% CAPE 10 81.4.+87" 84+3.12 187 £ 52.3° 388 £025 082 %007
B Hp + 0.03% CAPE 10 735 +£48 11.5 £4.2° 176 + 35.3% 374 +0.17 082 *0.04
C Hp + 0.01% CAPE 10 726 42 159 £ 7.3 192 + 93.23 366 =027 080x0.05
D Hp 10 73.0 £ 68 10.6 + 5.4° 185 + 45,8 374 +0.13 083 + 0.06°
E Broth + 0.1% CAPE 5 69.5 49 0704 126 £ 16.7 359030 073 +£0.24
F Broth 10 752 * 64 0.5 0.1 125 £ 54.8 375+021 077 £0.04

Values for results are expregsed as means * SD. Hp, Helicobacter pylori; Al, arbitrary index; CAPE, caffeic acid phenethyl ester.
1p < 0.01 vs. Group B-D.—’p < 0.01 vs. Group F—"p < 0.05 vs. Group F.
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inhibitory effects of CAPE on infiltration of neutrophils observed
2T 2 in this study may therefore be explained by reduction of NF-xB-
0y 4 associated cytokines, including TNF-a and KC.

o g g Phosphorylation of IxB-« acts as a trigger of IxB degradation,
allowing the nuclear translocation of NF-xB complex and activa-
tion of gene expression. In our study, 0.1% CAPE-containing diet

o 0 inhibited the immunohistochemical expression of phosphorylated

3 3 3 IxB-« and nuclear transition of NF-xB p50 subunit in the gastric

N~ mucosa of H. pylori-infected gerbils, suggesting that CAPE has

—o < chemopreventive potentials by inhibiting the NF-xB pathway.

Our findings for BrdU-labeled cells in the gastric mucosa and
~Ne average lengths of isolated pyloric glands suggest that H. pylori-
fl f‘ 3 induced chronic gastritis and epithelial hyper-proliferation are effi-
P ciently suppressed by CAPE administration. Previous clinical
css o studies have demonstrated that epithelial proliferation is positively

correlated with the degree of histological inflammation in the gas-

"o o tric mucosa of H. pylori-infected patients.37 We have previously

ocs o reported that the severity of gastritis plays an important role in H.

i+ pylori-associated gastric carcinogenesis in gerbils, with essential

= 2 2- b involvement of chronic inflammation and increased rates of cell
2 proliferation.38 Therefore, it is very conceivable that CAPE might

o o E, reduce gastric carcinogenesis as well as chronic gastritis.

sc S| & Our demonstration that mRNA expression levels of inflamma-

HH 4 g tory factors including TNF-a, IFN-y, IL-2, IL-6, iNOS and KC

2 3 & were significantly decreased by CAPE treatment in the pyloric

3 mucosa of H. pylori-infected Mongolian gerbils is of clear inter-
9 est. All these factors are known to be induced by NF-kB transcrip-

a2g 3 e tional activation.* It has been reported that a predominant H.

o4 8 pylori-specific Th1 response characterized by TNF-a and IFN-y

—=o | production is associated with H. pylori-infected gastritis.40 Several

ee < EC‘ studies have demonstrated that IFN-y and IL-6 play important

U roles in progression of pyloric gastritis in H. pylori-infected ger-
vwo ol § bils.?>? In addition, TNF-a is a mediator during inflammation

i f' i E and tumor promotion, leading to activation of NF-xB and therel?'

cae o 5 suppression of cell death and stimulation of cell proliferation. !

dc S| Interestingly, although significant suppressive effects of CAPE on
§ JL-6 and IFN-y expression in the antrum were observed in all

wo «l = CAPE-treated groups, gastritis was attenuated only in 0.1%

S3S o T CAPE-treated gerbils. Thus, our resuits suggest that TNF-a and

HHH §'~ iNOS might be key molecules, in addition to other factors, sup-

P g & pressing H. pylori-induced chronic gastritis in Mongolian gerbils.

$ iNOS is also known to be up-regulated by H. pylori and to
S enhance progression of gastric inflammation and carcinogenesis
a9 %;p through generation of reactive oxygen species.

3?‘ fl 3 On the other hand, expression level of COX-2 was not sup-

a- o g pressed by CAPE treatment both in H. pylori-stimulated AGS

s S cells and in the pyloric mucosa of gerbils. Several studies demon-

ol strated that gastric COX-2 expression in H. pylori-infected

"o é humfmfz i&d rodents could be associated with repair of mucosal

o o] O injury.” " Thus, there is a possibility that COX-2 expression
HA H| g may play important roles both in mediation of gastritis and in
3 g b :’] % healing of H. pylori-associated gastric ulceration. CAPE treatment
w § also showed no effects on mRNA expression of IL-10 in AGS
§O cells and the pyloric mucosa of gerbils. IL-10 has been known as
on o E g an anti-inflammatory cytokine, and demonstrated to inhibit other
= =l 3z inflammatory cytokines and chemokines in H. pylori-induced gas-
§ S tritis.**‘7 Our result of stable expression of IL-10 may reflect an
5 \é increase of anti-inflammatory cytokine activity through the sepa-

® 27 rate cascade from NF-kB pathway.
gg_: . ;i CAPE concentrations in the range of 0.01-0.1% were chosen
S+ 5 sl 53 for the present investigation because a previous study in mice
g m "‘56 demonstrated no toxicity at 0.15% CAPE given for 110 days."
& 2 g In this study, there were no significant differences in relative
ég organ weights of liver and kidney between 0.1% CAPE-treated
23 (Group E) and nontreated gerbils (Group F). In addition, no
Am 2V macroscopic and microscopic lesions were observed in the non-
> gastric internal organs, including liver, spleen, kidney, heart and
lung of CAPE-treated gerbils. Therefore, we conclude that the
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H&E BrdU

NF-xB p50 Phospho-ixB-o

FIGURE 6 — Histopathology and immunohistochemistry findings for the gastric mucosa of Mongolian gerbils. Helicobacter pylori (H. pylori)
-+ basal diet group (Group D, panels a—d), H. pylori + 0.1% caffeic acid phenethyl ester (CAPE) group (Group A, panels e-/) and Broth + ba-
sal diet group (Group F, panels i-I). () Marked mucosal hyperplasia with severe infiltration of neutrophils and mononuclear cells (H&E, %50,
Bar = 200 pm). (b) Large numbers of BrdU-positive cells are apparent in hyperplastic mucosal epithelium (BrdU immunostaining, X 100, Bar
= 100 pm). (c and d) Strong expression of NF-xB p50 and phospho-IkB-« is observed in gastric epithelium and infiltrated cells (NF-xB p50
and phospho-IkB-o immunostaining, respectively, X 100, Bar = 100 um). (¢) Mild to moderate gastritis (H&E, %50, Bar = 200 pum). (f) Note
moderate numbers of BrdU-positive cells (BrdU, X100, Bar = {00 pm). (g and /) Relatively weak expression of NF-kB p50 and phospho-TxB-
o in 0.1% CAPE-treated gerbils (NF-xB p50 and phospho-IxB-a, X 100, Bar = 100 um). (i) No lesions are observed in the gastric mucosa of a
noninfected gerbil (H&E, X50, Bar = 200 pm). (j) BrdU-positive cells are present only in the proliferative zone of a noninfected animal (BrdU,
X100, Bar = 100 pm). (k and /) NF-xB p50 and phospho-IxB-a expression is weak in a noninfected gerbil (NF-xB p50 and phospho-IkB-c,

X100, Bar = 100 pm).

) BrdU

A B c D F A B
CAPE(%) 0.1 003 001 0 0 01 003 001 O 0 01 003 0.7 © 0
H.pylort  + * * + - + + + * - + + + + -

p50 phospho-lkB-a

¢ D F A B Vv F

B8 antrum B corpus

FiGURE 7 — Immunohistochemical analysis of BrdU, NF-xB p50, and phospho-IxB-a staining in the antrum and corpus of Mongolian gerbils.
BrdU staining was evaluated by mean percentages of BrdU-positive cells among total cells in 10 selected glands, and NF-xB p50 and phospho-
IxB-« staining were scored 0-4. Data are presented as mean = SD values. ¥*p < 0.05 and **p < 0.01 vs. Group D.

toxicity of CAPE is negligible at the doses used in the present
study. Our data showed that relative kidney weight of H. pylori-
infected group (Group D) was statistically higher than that of
Group F. Several authors have discussed whether H. pylori
infection is associated with the pathogenesis of renal failures in
humans, but the relationship is still unclear.*®% Because there
were no macroscopic and microscopic renal lesions in the ger-
bils, more detail examination is needed to clarify the association
of renal weight change and H. pylori infection. Regarding body
weight, 0.1% CAPE-treated and H. pylori-infected gerbils
(Group A) were heavier than those in other infected groups

(Groups B--D). However, animals in Group E showed no signifi-
cant increase. Since there were no marked differences in serum
total cholesterol and triglyceride levels between Groups A and
D (data not shown), there may not be significant relevance
between CAPE ingestion and body weight change.

In conclusion, our study clearly demonstrated: (1) CAPE treat-
ment inhibits H. pylori-induced NF-xB activation by suppression
of IxB-a degradation and phosphorylation of p65 in a gastric can-
cer cell line, and (2) CAPE exerts anti-inflammatory effects on H.
pylori-induced gastritis in Mongolian gerbils with reduction of nu-
clear transition of NF-xB p50 through phosphorylation of IxkB-a
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H. pylori +0.1% CAPE
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Ficure 8 — Tsolated glands from the pyloric mucosa of Mongolian gerbils. (a) Histopathology and immunohistochemistry of isolated pyloric
glands (Upper column, H&E; Lower column, BrdU staining, X200, Bar = 25 pm). Note the Helicobacter pylori-induced hyperplasia and cell
proliferation activity is attenuated by 0.1% CAPE treatment. (b) Average lengths of isolated pyloric glands of Mongolian gerbils. Data are mean

+ SD values. Note that the Y-axis starts from 150. *p < 0.05 vs. Group D.
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FiGgure 9 — Relative expression levels of tumor necrosis factor-o (TNF-at), interferon-y (IFN-v), interleukin (IL)-2, IL-6, IL-10, inducible ni-
tric oxide synthase (iNOS), and KC mRNAs in the pyloric mucosa of Mongolian gerbils at 12 weeks postinfection. Values were set at 1.0 in
Group F and expressed as mean * SE relative values. Note that the Y-axes have different scales. *p < 0.05 vs. Group D.
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and suppression of the mRNA expression of many NF-xB-associ-
ated inflammatory factors. These results suggest that CAPE may
have potential as an alternative drug for chemoprevention of
chronic active gastritis and other H. pylori-associated gastric dis-
orders, including stomach adenocarcinomas.
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Pitavastatin Fails to Lower Serum Lipid Levels or Inhibit Gastric
Carcinogenesis in Helicobacter pylori-Infected Rodent Models

Takeshi Toyoda, Tetsuya Tsukamoto,' Shinji Takasu,! Naoki Hirano," Hisayo Ban,’ Liang Shi,"
Toshiko Kumagai,® Takuiji Tanaka® and Masae Tatematsu'+

Abstract

Statins are commonly used lipid-lowering drugs that reduce the risk of cardiovascular
morbidity and mortality. Although recent studies have pointed to chemopreventive effects
of statins against various cancers, their efficacy for gastric cancer is unclear. Here, we
examined the effects of pitavastatin, a lipophilic statin, on Helicobacter pylori (H. pylori-
associated stomach carcinogenesis and gastritis using Mongolian gerbil and mouse
models. The animals were allocated to H. pylori + N-methyl-N-nitrosourea administration
(gerbils, 52 weeks) or H. pylori infection alone groups (gerbils and mice, 12 weeks). After
H. pylori infection, they were fed basal diets containing 0 to 10 ppm of pitavastatin. The
incidences of H. pylori-associated gastric adenocarcinomas and degrees of chronic
gastritis were not decreased by pitavastatin compared with those of control values.
Expression of interleukin-18 and tumor necrosis factor-a mRNAs in the pyloric mucosa
was markedly up-regulated in pitavastatin-treated animals. Furthermore, in the H. pylori-
infected groups, serum total cholesterol, triglyceride, and low-density lipoprotein levels
were significantly increased by pitavastatin treatment, contrary to expectation. In the
short-term study, H. pylori-infected gerbils and mice also showed significant up-regula-
tion of serum triglyceride levels by pitavastatin, whereas total cholesterol was markedly
reduced and low-density lipoprotein exhibited a tendency for decrease in noninfected
animals. These findings indicate pitavastatin to be ineffective for suppressing gastritis
and chemoprevention of gastric carcinogenesis in H. pylori-infected gerbils. Our serolog-
ic results also suggest that the H. pylori infection and consequent severe chronic gastritis
interfere with the cholesterol-lowering effects of pitavastatin.

Statins are widely used drugs for the treatment of hypercho-
lesterolemia, with beneficial effects on cardiovascular disease
(1, 2). They are potent inhibitors of 3-hydroxy-3-methylglutar-
yl CoA reductase, a rate-limiting enzyme in cholesterol
biosynthesis, and decrease serum lipid levels, especially low-
density lipoprotein (LDL) cholesterol and triglyceride (TG).
Recent studies have shown multifunctionality of statins,
including anti-inflammatory and antiangiogenic effects, inde-
pendent of their lipid-lowering influence (3, 4). Epidemiologic
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research has also suggested chemopreventive properties for
various types of cancer, including colorectal tumors (5-7).
However, studies of cancer prevention by statins have pro-
duced conflicting results (8-12).

Stomach cancer is the fourth most common cancer and sec-
ond leading cause of cancer-related death worldwide (13). In
spite of its importance, no large epidemiologic research into
inhibitory effects of statin on stomach carcinogenesis has thus
far been conducted. Moreovet, there has been no in vivo exam-
ination of gastric carcinogenesis using animal models, al-
though several rodent studies have shown statins to be
preventive agents for colorectal cancer (14, 15). Helicobacter
pylori (H. pylori) is now recognized as a major risk factor for
chronic active gastritis and stomach cancer development
(16, 17). In addition, it has been suggested to be also associated
with coronary heart disease due to the alteration of the serum
lipid profile (18, 19). Therefore, there is a possibility that
H. pylori infection might influence the pharmacologic activity
of statins.

The Mongolian gerbil (Meriones unguiculatus) provides a
useful animal model of H. pylori~induced chronic active gas-
tritis, allowing investigation of morbidity-related pathologic
epithelial alterations in gastric mucosa and their development
into gastric neoplasia (20). The purpose of the present study
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Fig. 1. A, chemical structure of pitavastatin. CsoHseCaF2N20g (molecular weight, 880.98). B, experimental design. Six-week-old male Mongolian gerbils or C578L/6J
mice were inoculated with H. pylori (A\TCCA43504 strain for gerbils or SS1 strain for mice) or Brucella broth. In the iong-term experiment (experiment |), the

gerbils (groups A-F) were given 10 ppm MNU in their drinking water for 20 wk and basal diet (CE-2} containing pitavastatin (0, 1, 3, or 10 ppm) from weeks 8 to 52. In
the short-term experiment {experiment lI), the gerbils (groups G-L) and mice {(groups M-R) were given CE-2 diet containing pitavastatin from weeks 2 to 12. C,
histopathology and immunchistochemistry in experiment 1. a, normal gastric mucosa in a group F (untreated control group) gerbil at 52 wk (H&E). Magnification,
x30. Bar, 500 pm. b, marked infiltration of inflammatory cells and hyperplasia is evident in a group D (H. pylori + MNU) gerbil at 52 wk after infection (H&E).
Magnification, x30. Bar, 500 pm. ¢ and d, note that the intensity of iNOS immunoreactivity in a group A (H. pylori + MNU + 10 ppm pitavastatin) gerbil is higher than
that in a group D gerbil. Magnification, x50 {c and d). Bar, 200 pm. e, well-differentiated adenocarcinoma in the glandular stomach of a group D gerbil (H&E).
Magnification, x160. Bar, 100 ym. f, poorly differentiated adenocarcinoma at 62 wk in a group D gerbil (H&E). Magnification, x200. Bar, 100 pm.

was to evaluate the effect of pitavastatin, a recently developed
lipophilic statin (21), on H. pylori-associated gastric carcino-
genesis, and to clarify the effect of H. pylori infection and as-
sociated chronic gastritis on cholesterol-lowering effects of
pitavastatin, using two rodent models.

Materials and Methods

Chemicals and diets

Pitavastatin (Fig. 1A) was kindly donated by Kowa Pharmaceutical
Co. Ltd. CE-2 powder diet was purchased from Clea Japan, Inc. Exper-
imental diets containing pitavastatin were prepared every 8 d in our
laboratory and stored in a refrigerator. Food cups were replenished
with fresh diet every second day. The gastric carcinogen N-methyl-
N-nitrosourea (MNU) was purchased from Sigma Chemical, dissolved
in distilled water at the concentration of 10 ppm, and administered via
light-shielded bottles in drinking water ad libitum. MNU solutions
were freshly prepared thrice per week.
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Inoculation of H. pylori

H. pylori was prepared by the same method as described previ-
ously (22). Briefly, H. pylori strain ATCC43504 or Sydney strain 1
(American Type Culture Collection) was grown in Brucella broth
{Becton Dickinson), containing 7% (v/v) heat-inactivated fetal bovine
serum, at 37°C under microaerophilic conditions using an Anaero Pack
Campylo (Mitsubishi Gas Chemical Co., Inc.) at high humidity for
24 h. After 24-h fasting, animals were inoculated via an oral catheter
with 1.0 mL (gerbils) or 0.8 mL (mice) of aliquots of H. pylori culture
containing 1.0 x 10® colony-forming units/mL of the organisms. Before
inoculation, the broth cultures of H. pylori were checked under a phase-
contrast microscope (TMS; Nikon Co.) for bacterial shape and mobility.
Four hours later, the animals were again allowed free access to food.

Animals and experimental protocol

Two hundred thirty-three specific pathogen-free male Mongolian
gerbils (MGS/Sea; Kyudo Co. Ltd.) and 118 specific pathogen-free
male C57BL/6] mice (Clea Japan), 6 wk old, were used in this study.
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All animals were housed in plastic cages on hardwood chip bedding
in an air-conditioned biohazard room with a 12-h light/12-h dark cy-
cle and allowed free access to food and water. The experimental de-
signs were approved by the Animal Care Committee of the Aichi
Cancer Center Research Institute, and the animals were cared for in
accordance with institutional guidelines as well as the Guidelines
for Proper Conduct of Animal Experiments (Science Council of Japan,
June 1, 2006). The experimental design is illustrated in Fig. 1B. The
animals were allocated to experiments I and IL

In experiment 1, 175 gerbils were divided into six groups (groups A-
F). Two weeks after inoculation of H. pylori, gerbils of groups A to D
were administered MNU for 20 wk, and groups E and F were given
broth and autoclaved distilled water. From weeks 8 to 52, the gerbils
received CE-2 diets containing pitavastatin at concentrations of 10
(groups A and E), 3 (group B), 1 (group C), or 0 ppm (groups D
and F). All surviving animals were sacrificed under deep anesthesia
at 52 wk after inoculation and subjected to laparotomy with excision
of the stomach.

In experiment II, a total of 58 gerbils and 118 mice were divided
into six groups (groups G-L and M-R, respectively). Groups G to |
and M to P were inoculated with H. pylori as in experiment 1. From
weeks 2 to 12, the animals received CE-2 diet containing pitavastatin
at the concentrations of 10 (groups G, K, M, and Q), 3 (groups H and
N), 1 (groups I and O), or 0 ppm (groups J, L, P, and R). Sactifice was
at 12 wk after inoculation.

Histology and immunohistochemistry

For histologic and immunohistochemical examination, the sto-
machs were fixed in 10% neutral-buffered formalin for 24 h, sliced
along the longitudinal axis into strips of equal width, and embedded
in paraffin. Serial sections (4 pm thick) were prepared and stained
with H&E for morphologic observation and immunohistochemistry
for cyclooxygenase-2 (COX-2) and inducible nitric oxide synthase
(iNOS). The degree of chronic active gastritis was graded according
to criteria modified from the updated Sydney System (23), by scoring
the infiltration of neutrophils and mononuclear cells, as well as intes-
tinal metaplasia and heterotopic proliferative glands (HPGs), on a
four-point scale (0-3; 0, normal; 1, mild; 2, moderate; 3, marked). Im-~
munohistochemical analysis of COX-2 and iNOS was carried out
with a mouse monoclonal anti-COX-2 antibody (diluted 1:200; BD
Biosciences) and a rabbit polyclonal anti-iNOS antibody (1:500;
Calbiochem) as previously described (24). To quantitate the degree
of staining, the grading system used the following criteria: grade 0
(negative), grades 1 to 3 (increasing degrees of intermediate immuno-

reactivity), and grade 4 (extensive reactivity; ref. 25). The sections
were analyzed on BX50 light microscope (Olympus). Images were
captured using AxioVision 4.6 software (Carl Zeiss Co. Ltd.) and
further processed with Adobe Photoshop software (Adobe Systems).

Serologic examination

Before removal of the stomachs, blood samples were collected
from the inferior vena cava after laparotomy. Sera were separated
from blood and the total cholesterol (T-Chol), TG, high-density lipo-
protein (HDL), and LDL levels were measured by ELISA (SRL, Inc.).
The titers of anti-H. pylori antibodies were also determined with an
ELISA kit (Biomerica) and values were expressed using an arbitrary
index (26).

Analysis of mRNA expression of inflammatory factors

by real-time quantitative PCR

Total RNA was extracted from the antrum and corpus in the glan-
dular stomach of gerbils using a QuickGene RNA Tissue Kit SII (Fu-
jifilm). After DNase treatment, first-strand cDNAs were synthesized
using a SuperScript III First-Strand Synthesis System for reverse tran-
scription-PCR (Invitrogen) according to the manufacturer's instruc-
tions. Quantitative PCR of interleukin (IL)-1p, tumor necrosis factor
(TNF)-q, and iNOS was done using a StepOne Real-Time PCR System
(Applied Biosystems) with the gerbil-specific glyceraldelyde-3-phos-
plate dehydrogenase gene as an internal control. The PCR was done ba-
sically following the manufacturer's instructions using a QuantiTect
SYBR Green PCR kit (Qiagen). For PCR amplification, the following
primers were used: glyceraldehyde-3-phosphate dehydrogenase, 5'-
AACGGCACAGTCAAGGCTGAGAACG-3’ and 5'-CAACA-
TACTCGGCACCGGCATCG-3; IL-1p, 5'-TTGGGCCTCAAGG-
GAAAGAATCTGT-3’ and 5-GGTATTGTTTGGGGTCCACGCTCTC-
3’; TNF-a, 5/-GCCCCCACCTCGTGCTCCTCAC-3’ and 5'-
GGCAGGGGCTCTTGATGGCAGACAG-3’; and iNOS, 5'-
GCTTGAGCGAGGAGCAGGTTGAGGA-3’ and 5'-
CGCTGGCCTTTTTCACCCCATAGGA-3'. Specificity of the PCR
was confirmed using a melt curve program provided with the Ste-
pOne software. To further confirm that there was no obvious primer
dimer formation or amplification of any extra bands, the samples
were electrophoresed in 3% agarose gels and visualized with ethidium
bromide after the StepOne reaction. Relative quantification was done
as previously established using the internal control without the neces-
sity for external standards (27). The expression levels of mRNAs were
expressed relative to 1.0 in the control group.

Table 1. Summary of the general data and incidences of gastric carcinomas in Mongolian gerbils in experiment |

Group (n) Treatment BW (g9) Anti-Hp 1gG titer (Al) Relative organ Adenocarcinoma
weights (%)
Liver Kidney Well Por Incidence (%)
A (40) Hp + MNU + 10 ppm PS  96.6 + 14.9 257.8 + 225.4 5.09 + 0.81* 0.85 =+ 0.06 15 3 18/40 (45.0)
B (39) Hp + MNU + 3ppm PS  97.3 + 9.4 415.4 + 452.3 5.08 + 0.77* 0.84 + 0.07 22 0 22/39 (56.4)
C (40) Hp + MNU + 1 ppm PS  89.1 £ 16.6 233.6 + 2183 4,76 + 1.00* 0.85 x 0.07 19 1 20/40 (50.0)
D @41) Hp + MNU 91.5 149 296.5 + 197.7 473 £1.03* 0.85+0.11 15 2 17/41 (41.5)
E (10) Broth + 10 ppm PS 94.7 + 9.7 3.8+32 3.84 £ 0.11 0.71+£0.068* 0 0 0/10 (0)
F &) Untreated control 89.7 £ 12.9 ND 3.65 + 0.31 0.83 + 0.07 0 0 0/5 (0)

NOTE: Values for results are expressed as mean + SD.

tiated adenocarcinoma; PS, pitavastatin; ND, not done.
*P < 0.01 versus group F.

Abbreviations: BW, body weight; Hp, Helicobacter pylori; Al, arbitrary index; Well, well-differentiated adenocarcinoma; Por, poorly differen-
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