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Abstract

Objective The causal agents of gastric cancer could include

fungus toxins. Sterigmatocystin (ST), a fungus toxin, is a

risk factor of gastric cancer. We investigated the effects of

ST on the stomach tissues of Mongolian gerbils.

Methods Seventy-five-week-old male Mongolian gerbils

received ST ad libitum at a concentration of 0 ppb (non-

treated, n = 11), 100 ppb (n = 7), or 1,000 ppb (n = 13)

dissolved in drinking water for a period of 24 weeks. After

administration, we tested the histopathological changes and

immunostaining for proliferating cell nuclear antigen

(PCNA), p53, and MDM2 expression.

Results We investigated the histopathological changes

and determined the incidence of histopathological changes

in animals with various gastric diseases after ST adminis-

tration at a dose of 0 ppb (non-treated control), 100, or

1,000 ppb as follows: firstly, indices for gastritis were 18.2,

100, and 100%, those for erosion events were 9.1, 100, and

92.3%, and those for polyps were 0, 71.4, and 61.5%,

respectively. These incidences in the ST-administered

groups (100 or 1,000 ppb) showed significant increases

compared with those in the non-treated control group. And,

lastly, indices for intestinal metaplasia were 0, 100, and

15.4%, respectively. Furthermore, immunostaining for

PCNA, p53, and MDM2 expression showed significantly

greater rates in the ST-administered groups (100 or

1,000 ppb) than in the non-treated control group.

Conclusion The histopathological and immunohisto-

pathological findings of this study indicate that ST exerts a

marked influence on gastric mucus and gland cells, show-

ing dominant gastritis, erosion events, polyps, and intesti-

nal metaplasia in these animals.

Keywords Sterigmatocystin � Intestinal metaplasia �
Proliferating cell nuclear antigen (PCNA) � p53 � MDM2

Introduction

Previous studies in humans have clarified that Helicobacter

pylori infection induces the infiltration of inflammatory

cells into the gastric mucosa [1], which leads to the

development of chronic atrophic gastritis, gastric ulcers,

duodenal ulcers [2], and gastric cancer [3]. The prevalence

of H. pylori infection before 1949 was over 70% in Japan

[4], and H. pylori infection is the major cause of histo-

logical gastritis and carcinogenesis in humans [1–3].

However, the death rate from gastric cancer in these

patients is unexpectedly low compared with that from other

cancers, such as lung cancer in Japan [5]. Furthermore, the

prevalence rate of gastric cancer has decreased each year

[6]. In addition, half of the patients with early gastric

cancer are negative for H. pylori antibody [7].
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We have speculated that, besides H. pylori, there must

be other causal agents that produce gastric cancer. The

causal agents of gastric cancer could include fungus toxins,

which are universally distributed in Asian countries. The

genus Aspergillus, which is indigenous to human habitats,

is known to grow in corn, barley, wheat, peanuts, and

walnuts and to produce various mycotoxins [8]. Specifi-

cally, the mycotoxin sterigmatocystin (ST), a substance

produced by A. versicolor, the chemical structure of which

has been elucidated, is a precursor of aflatoxin B1. It is also

widely distributed in soil, agricultural crops, and grain

crops [9]. Xie et al. [10] have shown that Aspergillus-

inoculated corn flour causes typical hyperplasia of the

glandular stomach in mice. In addition, an analysis of diet

and gastric juice samples from patients with chronic gas-

tritis in rural regions with high gastric cancer mortality

showed that they were frequently contaminated with

A. versicolor [10].

Truong Minh et al. [11] reported that gastric cancer

mortality rates for men and women increase with age. And

the deterioration in immune function with aging is thought

to make a major contribution to the increased morbidity

and mortality from infectious disease with advancing age

[12]. Furthermore, elderly people frequently have symp-

toms of fullness and appetite loss due to impaired gastric

motor activity [13].

In our previous study, the administration of ST to

H. pylori-infected Mongolian gerbils induced a signifi-

cantly higher incidence of gastric carcinogenesis compared

with that in H. pylori-infected animals without ST treat-

ment [14]. The above-mentioned study suggests that ST is

a potential factor of carcinogenesis on the stomach in

Mongolian gerbils. However, to our knowledge, there have

been no reports showing that ST alone induces stomach

cancer in the experimental animals with aging.

In the present study, we examined whether the fungus

toxin, sterigmatocystin, which is produced by fungi such as

A. versicolor and flavus, has a carcinogenetic effect on the

gastric mucosa in aged Mongolian gerbils.

Materials and methods

Animals

Seventy-five-week-old male specific pathogen-free Mon-

golian gerbils (NOs/Sea, Kyudo, Kumamoto, Japan),

weighing a mean of 91.6 ± 12.36 g at the beginning of the

ST administration, were used in this study. The animals

were housed 4–5/cage in an animal room maintained at

23 ± 2�C with 55 ± 5% humidity under a 12/12-h light–

dark cycle, with free access to food (CE-2; CLEA Japan,

Inc., Tokyo) and drinking water. This study was based on

the Guidelines for Animal Experimentation of the Faculty

of Medicine, Oita University, Japan, and was approved by

its Ethics Committee.

Experimental protocol

Seventy-five-week-old Mongolian gerbils were randomly

assigned to the following groups: (1) non-treated control

(n = 11), (2) ST 100 ppb administration (n = 7), and (3)

ST 1,000 ppb administration (n = 13). ST (3a,12c-dihy-

dro-8-hydroxy-6-methoxy-7H-furol[30,20:4,5]furo[2,3-c]

xanthen-7-one) [10048-13-2] was purchased from Sigma

Chemical Company (St. Louis, MO, USA), and ST with

over 98% purity was used. The LD50 value of ST has been

reported to be 166 mg per kg in rats with oral adminis-

tration [15]. ST was administered for 24 weeks at the

specified concentrations in drinking water. In order for this

agent to dissolve well in water, ST was dissolved with

distilled water over 24 h and then adjusted to the specified

concentration. The ST water was made fresh every week,

stored at 10�C, and stirred again before administration.

Histological examination

The stomachs were opened along the greater curvature and

gastric tissues, including the cardia, body, and antrum,

were fixed in 10% neutral formalin solution for more than

4 h dehydrated and then embedded in paraffin. Thereafter,

7-lm-thick sections were stained with hematoxylin and

eosin (H&E) for morphological examination or with peri-

odic acid Schiff’s (PAS) reaction and Alcian blue (pH 2.5)

to detect mucin-containing cells and observed.

All tissue preparations were observed by light micros-

copy (Nikon, Tokyo) at 509, 1009, and 4009 magnifi-

cations. Histopathologic findings of the glandular stomach

were categorized as follows: (1) active gastritis, (2) erosion

events, (3) hyperplastic polyps, and (4) intestinal meta-

plasia. These were classified as positive or negative as

reported by Watanabe et al. [16] and Ma et al. [17].

Immunohistochemistry

Gastric sections were examined by immunohistochemical

staining with mouse anti-proliferating cell nuclear antigen

(PCNA) antibody (Nichirei, Inc., Japan), mouse anti-p53

antibody (Nichirei, Inc., Japan), and rabbit anti-MDM2

antibody (Ana Spec, Inc., USA), respectively. The paraffin

sections were autoclaved in TE buffer (pH 9.0) for 15 min

to retrieve the p53 antigenicity and for 20 min to retrieve

the MDM2 antigenicity, or were microwaved in 10 mM

citrate buffer (pH 6.0) for 15 min to retrieve PCNA anti-

gen. The slide was subsequently incubated with the pri-

mary anti-PCNA for 1 h at room temperature, the primary
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anti-p53 for overnight at 4�C, and the primary anti-MDM2

for 40 min at room temperature, together with their

respective secondary antibodies (biotin-conjugated anti-

immunoglobulin) at room temperature for 10 min, fol-

lowed by reaction with the streptavidin peroxidase method

at room temperature for 5 min.

The PCNA labeling index (LI), p53 positive index (PI),

and MDM2 LI expression were evaluated by light

microscopy [18, 19]. Three microscopic fields of the gas-

tric body and pyloric region were photographed, and each

index was calculated by counting about 1,000 positive and

normal nuclei in the selected fields.

Statistical analysis

The gastric sections that were positive for histopathological

changes were analyzed by the Chi-square test. Findings of

p53 PI and MDM2 were also compared between groups

using the Mann–Whitney U-test adjusted by the Bonferroni

method. Body weight at autopsy and PCNA LI were

compared by one-way analysis of variance (ANOVA)

followed by Tukey’s multiple comparison test.

Results

General findings

Ninety-nine-week-old Mongolian gerbils showed mean

body weights in the respective groups as follows: ST non-

treated control group 106.1 g, ST 100 ppb-administered

group 111.5 g, and ST 1,000 ppb-administered group

86.7 g (Table 1). The mean index of body weight was

significantly lower in the ST 1,000 ppb-administered group

than in the ST 100 ppb-administered group. Furthermore,

the feed consumption ranges during the experimental

period were as follows: ST non-treated-control group

5.5–8.1, ST 100 ppb-administered group 4.5–7.0, and ST

1,000 ppb-administered group 3.9–5.3 (g per animal per

day), respectively. And the ST consumption ranges during

the administration period were ST 100 ppb-administered-

group 0.007–0.015 and ST 1,000 ppb-administered-group

0.088–0.132 (mg per kg per day), respectively. There were

no intergroup differences in either feed consumption or

water intake.

Histopathological findings

Figure 1 shows the histologically normal appearance of the

gastric mucosa and glands from the ST non-treated control

group. There were no foci of inflammation in the gastric

mucosa.

Macroscopically, in the gastric mucosa of some ST-

administratered Mongolian gerbils, polyps and edema were

found (Fig. 2).

Table 1 shows the incidences of the histopathological

changes in the Mongolian gerbils with various gastric dis-

eases after ST administration at a dose of 0 ppb (non-treated

control), 100, or 1,000 ppb. Firstly, gastritis was found in

18.2% of the non-treated control, 100% of 100 ppb, and

100% of 1,000 ppb groups. Secondly, erosion events were

found in 9.1% of the non-treated control, 100% of 100 ppb,

and 92.3% of 1,000 ppb groups. Thirdly, hyperplastic polyps

were found in 0% of the non-treated control, 71.4% of

100 ppb, and 61.5% of 1,000 ppb groups. These incidences

were significantly greater in both ST-administered groups

than those in the non-treated control group. Lastly, intestinal

metaplasia was found in 0% of the non-treated control, 100%

of 100 ppb, and 15.4% of 1,000 ppb groups. The incidence

of intestinal metaplasia was also significantly greater in the

ST 100 ppb-administered group than that in either the ST

1,000 ppb-administered group or non-treated control group.

Table 1 Body weight and histopathological changes in the glandular stomach of Mongolian gerbils in the sterigmatocystin (ST)-administered

groups

Group n Body weight at

99 weeks (g)a
Active

gastritisb
Erosion

eventsb
Hyperplastic

polypsb
Intestinal

metaplasiab

Non-treated control 11 106.1 ± 19.5 2/11 (18.2) 1/11 (9.1) 0/11 (0.0) 0/11 (0.0)

ST (100 ppb) administration 7 111.5c ± 13.0 7/7 (100.0)d 7/7 (100.0)d 5/7 (71.4)d 7/7 (100.0)e

ST (1,000 ppb) administration 13 86.7 ± 22.0 13/13 (100.0)d 12/13 (92.3)d 8/13 (61.5)d 2/13 (15.4)

a The results represent the mean ± SD. The data were analyzed by one-way analysis of variance (ANOVA) followed by Tukey’s multiple

comparison test
b The results show the number of animals that were histopathologically positive/the number of animals examined (the percentage of positive

cases). The data were analyzed by the Chi-square test
c P \ 0.05 compared with the ST (1,000 ppb) administration group
d P \ 0.01 compared with the non-treated control group
e P \ 0.01 compared with the non-treated control and ST (1,000 ppb) administration groups
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Figure 3 demonstrates the histopathological findings in

the ST-administered Mongolian gerbils. Figure 3a, b shows

intestinal metaplasia forming villus-like structures in the

mucosal and muscular layers of the pyloric antrum in the

ST-administered groups. Mucous cells, which were posi-

tively stained with Alcian blue staining, contained acid

mucins. Figure 3c shows intensive erosions in the deep

regions of the antrum mucosa and Fig. 3d shows polyps

with many glands in the mucosa.

PCNA LI, p53 PI, and MDM2 LI expression

Analysis of the effects of dose-dependent ST on the

expression of PCNA showed that positive cells were more

abundant in the gastric mucosa of the ST 1,000 and

100 ppb administration groups than those in the non-trea-

ted control group (Fig. 4a), and extended into the middle of

the basal layers of the mucosa. Figure 4b, c show PCNA

immunostaining of gastric mucosa from ST 1,000 and

100 ppb-administered Mongolian gerbils, respectively.

The PCNA LI, p53 PI, and MDM2 LI are shown in

Table 2. The PCNA LI, p53 PI, and MDM2 LI values in the

ST 1,000 and 100 ppb administration groups were signifi-

cantly greater than those in the non-treated control group.

However, no p53 or MDM2 was detected in the normal

part of the gastric mucosa (Fig. 5a, b). The p53- and

MDM2-positive cells were observed due to the presence of

faintly stained nuclei (Fig. 5c, d), indicating significantly

greater expression rates of tumor suppressor genes.

Discussion

The present study demonstrated that long-term adminis-

tration of the mycotoxin ST induced a metaplastic effect,

including increases in the PCNA LI, p53 PI, and MDM2 LI

expression rates, in the gastric mucosa of Mongolian ger-

bils. We also found gastritis, erosion events, polyps, and

intestinal metaplasia of the gastric mucosa in ST-admin-

istered Mongolian gerbils. Histopathological changes for

active gastritis and erosion events were found in all animals

of both ST administration groups. Active gastritis was

marked in the ST 1,000 ppb administration group com-

pared with that in the ST 100 ppb administration group.

And ulceration was demonstrated in some gerbils receiving

ST 1,000 ppb. Intestinal metaplasia was confirmed in all

animals of the ST 100 ppb administration group, but only

in 15.4% of the ST 1,000 ppb administration group. The

difference in the incidence of intestinal metaplasia might

provide a clue to the mechanism underlying the

Fig. 1 Light microscopic views of the normal gastric mucosa of

Mongolian gerbils. a Normal stomach tissue is smooth and without

foci of inflammation in the gastric mucosa. b Findings in the

luminal surface of the normal stomach body. The epithelium is well

preserved and Alcian blue staining does not demonstrate acidic

mucin. c Periodic acid Schiff’s (PAS) reaction is negligible.

Characteristics of adenocarcinoma and mucus production are not

confirmed. Stains: hematoxylin and eosin (H&E) staining (a), pH

2.5 Alcian blue staining (b), PAS staining (c). Group: non-treated

control group (a–c)

Fig. 2 Macroscopic image of the luminal surface of stomach from

sterigmatocystin (ST)-administered Mongolian gerbils. Edema

(arrows) in the gastric mucosa is found and the gastric mucosal

surface is irregular in appearance. Group: ST 1,000 ppb administra-

tion group
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development of intestinal metaplasia. In other words, the

administration of over 1,000 ppb of ST induced G1 arrest

at the G1 check point of the cell cycle, but the adminis-

tration of less than 100 ppb of ST produced a failure of G1

arrest [20]. Various histopathological changes were con-

firmed in most of the ST administered animals. These

histopathological changes suggested a precancerous con-

dition [16]. In our results, we were able to capture images

of these precancerous lesions.

Histopathological examinations reconfirmed that

H. pylori clearly produced metaplastic changes in the

gastric mucosa of Mongolian gerbils, leading to atrophy

and cancer of the stomach [21]. Ma et al. [22] reported that

ST enhanced the development of H. pylori-induced gastric

mucosal injury. Honda et al. [23] reported that H. pylori

infection was closely associated with the development of

intestinal metaplasia; however, Shousha et al. [24] sug-

gested the effect of factors other than H. pylori infection on

the gastric mucosa. The present study indicated that other

factors, such as ST, produced changes similar to those

induced by H. pylori in the gastric mucosa of aged Mon-

golian gerbils.

PCNA is an auxiliary protein of DNA polymerase delta

and is synthesized in the cell nucleus in the late G1 and S

phases of the cell cycle [25]. It is a very reliable indicator

of cell proliferative activity in tumorous and non-tumorous

tissues [26]. We evaluated PCNA expression in several

experimental groups. The PCNA LI rate was significantly

greater in both of the ST-administered groups compared to

that in the non-treated control group. These results indicate

Fig. 3 Histopathological findings in the gastric mucosa of Mongolian

gerbils. a, b Intestinal metaplasia forming villus-like structures

(arrows) in the mucosa of the pyloric antrum. c Erosion events in the

antrum mucosa. Not only the gastric epithelium but also the gastric

glands were severely damaged. d Polyps consisting of several glands

in the mucosa. A large polyp like a cauliflower is found (arrows).

Stains: H&E staining (a, c), pH 2.5 Alcian blue staining (b), PAS

staining (d). Groups: ST 100 ppb administration group (b), ST

1,000 ppb administration group (a, c, d)
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Fig. 5 p53 and MDM2 immunostaining images in the gastric mucosa

of Mongolian gerbils. a, b Non-treated control gerbils, whose nuclei

are negative on p53 and MDM2 immunostaining. c, d p53 and MDM2

expressions are observed in the gastric mucosa from ST-administered

gerbils. Faintly stained cells are seen in the mucous glands. The

arrows indicate positive nuclei. Stains: p53 immunohistochemistry

(a, c), MDM2 immunohistochemistry (b, d). Groups: non-treated

control group (a, b), ST 1,000 ppb administration group (c, d)

Fig. 4 Proliferating cell nuclear antigen (PCNA)-immunostaining

images of the gastric mucosa of Mongolian gerbils. a Non-treated

control animals, whose nuclei show almost negative reaction for

PCNA antibody. b, c The gastric mucosa of ST-administered

Mongolian gerbils clearly has PCNA-positive nuclei. Stain: PCNA

immunohistochemistry (a–c). Groups: non-treated control group (a),

ST 1,000 ppb administration group (b), and ST 100 ppb administra-

tion group (c)
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that ST changes the patterns of active cell proliferation in

the gastric glands.

The p53 gene is a tumor suppressor gene that is most

frequently expressed at the time of transformation to a

malignant tumor, including to those of gastric cancer [27].

In this study, p53 PI expression was significantly greater in

the gastric mucosa of both ST-administered groups com-

pared to that in the non-treated control group. The p53

expression was identified in occasional epithelial cells that

were concentrated in the neck region, as reported by pre-

vious studies [28]. The p53 gene expression has been

reported in precancerous lesions [29]. This suggests that ST

increases DNA damage in epithelial cells.

The MDM2 oncoprotein is a cellular inhibitor of the p53

tumor suppressor in that it can bind the transactivation

domain of p53 and downregulate its ability to activate

transcription. In certain cancers, MDM2 amplification is a

common event and contributes to the inactivation of p53

[30, 31]. The interaction and relative ratios of p53 and

MDM2 protein seem to play an important role in regulating

cell division [32]. In this study, MDM2 LI expression was

significantly greater in the gastric mucosa in both the ST

100 and 1,000 ppb-administered groups compared to that

in the non-treated control group. Furthermore, Xie et al.

[20] reported that, in an in vitro study to elucidate the

mechanism of ST-induced carcinogenesis in mouse

embryonic fibroblasts, the ST-induced activation and

overexpression of MDM2 led to the suppression or inhi-

bition of p53 gene function, and impairment of the DNA

repair function resulted in the failure of G1 arrest; thus, ST

induced the loss of genomic integrity, thereby, increasing

carcinogenicity. In addition to the regulation of p53,

MDM2 can also abrogate Rb-induced growth arrest and

interact with the S-phase-promoting transcription factor

E2F1/DP1 and activate it [20, 33–35]. In response to DNA

damage, the p53 regulated pathway involves several of its

downstream genes, including p21, cyclin-dependent kina-

ses, Rb, and E2F. The effects of alteration of any of these

downstream components may be similar to those of p53

inactivation, and, consequently, lead to failure of function

of the entire pathway [36]. This indicates that ST promotes

the malignant transformation of cells.

We administered ST to aged Mongolian gerbils to

examine its carcinogenicity. The mean lifespan of Mon-

golian gerbils is reportedly about 3 years [37]. If a crude

extrapolation is be made, 7 weeks corresponds to a human

age of 3–4 years, 26 weeks to 14 years old, and 1 year to

25 years old [38]. Therefore, the Mongolian gerbils at the

start of this study were estimated to be in their fifties in

terms of human age.

The mortality rates of gastric cancer for men and women

increase greatly with age [11]. Furthermore, aging factors

are closely involved in the extension of atrophic gastritis

[39]. Our results indicated that the environmental toxic

substance ST produced the changes seen in the gastric

mucosa of aged Mongolian gerbils and suggested that ST

induced gastric carcinogenesis in the gastric mucosa. The

mechanism of these ST-induced histopathological changes

remains unclear, so further detailed studies on the base

arrangement of genes with regard to their carcinogenic

effect are needed.

Acknowledgments We are grateful to Y. Makino, K. Kawahara,

T. Kishida, N. Eshima, Y. Yamaoka, R. Hamanaka, and S. Ishii from

Oita University Faculty of Medicine, Japan, and N. Ebine of Doshisha

University, Faculty of Health and Sports Science, Japan, for their

helpful guidance in the preparation of this manuscript. We also thank

A. Okamoto, M. Hikida, M. Yoshikawa, M. Tamori, Y. Miyanari,

Y. Takakura, S. Sonoda, Y. Sakamoto, T. Shinohara, H. Akashi, and

all staff members of the Department of Matrix Medicine, Oita Uni-

versity Faculty of Medicine, Japan, for their technical assistance in

this study. This work was supported by Grants-in-Aid for Scientific

Research from the Ministry of Education, Culture, Sports, Science

and Technology of Japan (17390176).

References

1. Marshall BJ, Armstrong JA, Mcgechie DB, Glancy RJ. Attempt

to fulfil Koch’s postulates for pyloric Campylobacter. Med J

Aust. 1985;142:436–9.

2. Sakaki N, Momma K, Yamada Y, Tadokoro Y, Tajima T.

Helicobacter pylori infection and the development of atrophic

Table 2 Proliferating cell nuclear antigen (PCNA) labeling index (LI), p53 positive index (PI), and MDM2 LI in the ST-administered groups

Group n PCNA LI (%)a P53 PI (%)b MDM2 LI (%)b

Non-treated control 11 15.3 ± 6.7 0 ± 0.1 0 ± 0

ST (100 ppb) administration 7 29.6c ± 12.7 4.0d ± 4.4 2.1d ± 2.7

ST (1,000 ppb) administration 13 29.7c ± 13.9 5.5d ± 4.7 1.7d ± 1.5

a The results represent the mean ± SD. The data were analyzed by one-way analysis of variance (ANOVA) followed by Tukey’s multiple

comparison test
b The results represent the mean ± SD. The data were analyzed by Mann–Whitney’s U-test adjusted by the Bonferroni method
c P \ 0.05 compared with the non-treated control group
d P \ 0.01 compared with the non-treated control group

230 Environ Health Prev Med (2011) 16:224–231

123



gastritis assessed by endoscopy. Eur J Gastroenterol Hepatol.

1992;4(Suppl 1):S85–7.

3. Parsonnet J, Vandersteen D, Goates J, Sibley RK, Pritikin J,

Chang Y. Helicobacter pylori infection in intestinal- and diffuse-

type gastric adenocarcinomas. J Natl Cancer Inst. 1991;83:640–3.

4. Asaka M, Kimura T, Kudo M, Takeda H, Mitani S, Miyazaki T,

et al. Relationship of Helicobacter pylori to serum pepsinogens in an

asymptomatic Japanese population. Gastroenterology. 1992;102:

760–6.

5. Kato H, Sobue T, Katanoda K, Saito Y, Tsukuma H, Saruki N,

et al. Cancer statistics in Japan ‘2008’. Tokyo: Center for Cancer

Control and Information Services, National Cancer Center Japan;

2008. p. 62–9.

6. Matsuda T, Marugame T, Kamo K, Katanoda K, Ajiki W, Sobue

T; Japan Cancer Surveillance Research Group. Cancer incidence

and incidence rates in Japan in 2003: based on data from 13

population-based cancer registries in the Monitoring of Cancer

Incidence in Japan (MCIJ) Project. Jpn J Clin Oncol. 2009;39:

850–8.

7. Zhang C, Yamada N, Wu YL, Wen M, Matsuhisa T, Matsukura

N. Helicobacter pylori infection, glandular atrophy and intestinal

metaplasia in superficial gastritis, gastric erosion, erosive gastri-

tis, gastric ulcer and early gastric cancer. World J Gastroenterol.

2005;11:791–6.

8. Atalla MM, Hassanein NM, EI-Beih AA, Youssef YA. Myco-

toxin production in wheat grains by different Aspergilli in rela-

tion to different relative humidities and storage periods. Nahung/

Food. 2003;47:6–10.

9. Chu FS. Mycotoxins: food contamination, mechanism, carcino-

genic potential and preventive measures. Mutat Res. 1991;259:

291–306.

10. Xie TX, Wang FR, Wang JL, Zhang ZD. Sterigmatocystin

induced adenocarcinoma of the lung and atypical hyperplasia of

glandular stomach in mice. Chin J Cancer Res. 1991;3:31–4.

11. Truong Minh P, Fujino Y, Yoshimura T, Tokui N, Mizoue T,

Yatsuya H, et al. Mortality and incidence rates of stomach cancer

in the JACC Study. J Epidemiol. 2005;15(Suppl 2):S89–97.

12. Khan N, Shariff N, Cobbold M, Bruton R, Ainsworth JA, Sinclair

AJ, et al. Cytomegalovirus seropositivity drives the CD8 T cell

repertoire toward greater clonality in healthy elderly individuals.

J Immunol. 2002;169:1984–92.

13. Shimamoto C, Hirata I, Hiraike Y, Takeuchi N, Nomura T, Katsu

K. Evaluation of gastric motor activity in the elderly by elec-

trogastrography and the 13C-acetate breath test. Gerontology.

2002;48:381–6.

14. Kusunoki M, Misumi J, Aoki K, Shimada T, Matsuo N,

Sumiyoshi H, et al. Long-term administration of sterigmatocystin

with drinking water in Helicobacter pylori-infected aged Mongolian

gerbils enhances carcinogenesis in the gastric mucosa. J Phys Fit

Nutr Immunol. 2009;19:8–16.

15. Terao K. Sterigmatocystin—a masked potent carcinogenic

mycotoxin. J Toxicol. 1983;2:77–110.

16. Watanabe T, Tada M, Nagai H, Sasaki S, Nakao M. Helicobacter
pylori infection induces gastric cancer in Mongolian gerbils.

Gastroenterology. 1998;115:642–8.

17. Ma F, Misumi J, Zhao W, Aoki K, Kudo M. Long-term treatment

with sterigmatocystin, a fungus toxin, enhances the development

of intestinal metaplasia of gastric mucosa in Helicobacter pylori-
infected Mongolian gerbils. Scand J Gastroenterol. 2003;4:360–9.

18. Jones NL, Shannon PT, Cutz E, Yeger H, Sherman PM. Increase

in proliferation and apoptosis of gastric epithelial cells early in

the natural history of Helicobacter pylori infection. Am J Pathol.

1997;151:1695–703.

19. Korkolopoulou P, Christodoulou P, Kapralos P, Exarchakos M,

Bisbiroula A, Hadjiyannakis M, et al. The role of p53, MDM2

and c-erb B-2 oncoproteins, epidermal growth factor receptor and

proliferation markers in the prognosis of urinary bladder cancer.

Pathol Res Pract. 1997;193:767–75.

20. Xie TX, Misumi J, Aoki K, Zhao WY, Liu SY. Absence of p53-

mediated G1 arrest with induction of MDM2 in sterigmatocystin-

treated cells. Int J Oncol. 2000;17:737–42.

21. Correa P. Chronic gastritis: a clinico-pathological classification.

Am J Gastroenterol. 1988;83:504–9.

22. Ma F, Zhao W, Kudo M, Aoki K, Misumi J. Inhibition of vac-

uolation toxin activity of Helicobacter pylori by iodine, nitrite

and potentiation by sodium chloride, sterigmatocystin and fluo-

ride. Toxicol In Vitro. 2002;16:531–7.

23. Honda S, Fujioka T, Tokieda M, Satoh R, Nishizono A, Nasu M.

Development of Helicobacter pylori-induced gastric carcinoma

in Mongolian gerbils. Cancer Res. 1998;58:4255–9.

24. Shousha S, El-Sherif AM, El-Guneid A, Arnaout AH, Murray-

lyon IM. Helicobacter pylori and intestinal metaplasia: compar-

ison between British and Yemeni patients. Am J Gastroenterol.

1993;88:1373–6.

25. Shimizu T, Usuda N, Yamanda T, Sugenoya A, Iida F. Prolif-

erative activity of human thyroid tumors evaluated by prolifer-

ating cell nuclear antigen/cyclin immunohistochemical studies.

Cancer. 1993;71:2807–12.

26. Filipe MI, Mendes R, Lane DP, Morris RW. Assessment of

proliferating cell nuclear antigen expression in precursor stages of

gastric carcinoma using the PC10 antibody to PCNA. Histopa-

thology. 1993;22:349–54.

27. Fritsche M, Haessler C, Brandner G. Induction of nuclear accu-

mulation of the tumor-suppressor protein p53 by DNA-damaging

agents. Oncogene. 1993;8:307–18.

28. Hsu PI, Lai KH, Chien EJ, Lin CK, Lo GH, Jou HS, et al. Impact

of bacterial eradication on the cell proliferation and p53 protein

accumulation in Helicobacter pylori-associated gastritis. Anti-

cancer Res. 2000;20:1221–8.

29. Ochiai A, Yamauchi Y, Hirohashi S. p53 mutations in the non-

neoplastic mucosa of the human stomach showing intestinal

metaplasia. Int J Cancer. 1996;69:28–33.

30. Kussie PH, Gorina S, Marechal V, Elenbaas B, Moreau J, Levine AJ,

et al. Structure of the MDM2 oncoprotein bound to the p53 tumor

suppressor transactivation domain. Science. 1996;274:948–53.

31. Fuchs SY, Adler V, Buschmann T, Wu X, Ronai Z. Mdm2

association with p53 targets its ubiquitination. Oncogene. 1998;17:

2543–7.

32. Momand J, Zambetti GP, Olson DC, George D, Levine AJ.

The mdm-2 oncogene product forms a complex with the p53 protein

and inhibits p53-mediated transactivation. Cell. 1992;69:1237–45.

33. Xiao ZX, Chen J, Levine AJ, Modjtahedi N, Xing J, Sellers WR,

et al. Interaction between the retinoblastoma protein and the

oncoprotein MDM2. Nature. 1995;375:694–8.

34. Dubs-Poterszman MC, Tocque B, Wasylyk B. MDM2 transfor-

mation in the absence of p53 and abrogation of the p107 G1 cell-

cycle arrest. Oncogene. 1995;11:2445–9.

35. Martin K, Trouche D, Hagemeier C, Sørensen TS, La Thangue

NB, Kouzarides T. Stimulation of E2F1/DP1 transcriptional

activity by MDM2 oncoprotein. Nature. 1995;375:691–4.

36. Agarwal ML, Taylor WR, Chernov MV, Chernova OB, Stark

GR. The p53 network. J Biol Chem. 1998;273:1–4.

37. Schmiedt RA, Mills JH, Adams JC. Tuning and suppression in

auditory nerve fibers of aged gerbils raised in quiet or noise. Hear

Res. 1990;45:221–6.

38. Ikeno T, Ota H, Sugiyama A, Ishida K, Katsuyama T, Genta RM,

et al. Helicobacter pylori-induced chronic active gastritis, intes-

tinal metaplasia, and gastric ulcer in Mongolian gerbils. Am J

Pathol. 1999;154:951–60.

39. Kimura K. Chronological transition of the fundic–pyloric border

determined by stepwise biopsy of the lesser and greater curva-

tures of the stomach. Gastroenterology. 1972;63:584–92.

Environ Health Prev Med (2011) 16:224–231 231

123


	Long-term administration of the fungus toxin, sterigmatocystin, induces intestinal metaplasia and increases the proliferative activity of PCNA, p53, and MDM2 in the gastric mucosa of aged Mongolian gerbils
	Abstract
	Objective
	Methods
	Results
	Conclusion

	Introduction
	Materials and methods
	Animals
	Experimental protocol
	Histological examination
	Immunohistochemistry
	Statistical analysis

	Results
	General findings
	Histopathological findings
	PCNA LI, p53 PI, and MDM2 LI expression

	Discussion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


