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An animal model of stomach carcinogenesis was established using Mongolian gerbils wikh
methyl-N-nitrosourea (MNU) and N-methyl-N “nitro- N-nitrosoguanidine (MNNG) as the carcino-
gens. In addition, the sensitivity of these gerbils tblelicobacter pylori(H. pylori) was confirmed.
One hundred and sixty specific pathogen-free male MGS/Sea animals, 7 weeks old, were treated
with MNU in the drinking water (30 ppm for alternate weeks to give 10 weeks exposure, or 10
ppm or 3 ppm for 20 weeks continuous exposure), or given MNNG in the drinking water at 400
ppm or 200 ppm for 20 weeks, or orally inoculated with ATCC43504. pylori (1.7x10° CFUs/ani-
mal). Adenocarcinomas in the glandular stomach were found in 2 out of 12 effective animals (2/
12) treated with 30 ppm MNU at week 20, although all were dead or moribund by week 30 due to
MNU toxicity. At week 50, the incidences of gastric adenocarcinomas in groups treated with 10
ppm MNU, 3 ppm MNU, 400 ppm MNNG, and 200 ppm MNNG were 2/21 (9.5%), 1/23 (4.3%), 7/
11 (63.6%), and 1/10 (10.0%). The lesions were generally well differentiated, although poorly dif-
ferentiated adenocarcinoma was also found in a single gerbil in each of the 10 ppm MNU and 400
ppm MNNG groups. In control animals no tumors were found. In the infection study, the animals
were killed at week 20, andH. pylori was detected in all cases, causing multiple erosions with
marked inflammatory cell infiltration in the lamina propria and submucosa, and frequent forma-
tion of lymphoid follicles. Thus, MNU and MNNG in the drinking water induced neoplastic le-
sions in the glandular stomach epithelium oH. pylori-sensitive gerbils.

Key words:  Glandular stomach cancer Helicobacter pylori— Mongolian gerbil —N-methyl-N-
nitrosourea —N-methyl-N’-nitro-N-nitrosoguanidine

Helicobacter pylori (H. pylori) has been linked to carcinogenicity was investigated. In addition, the suscep-
chronic atrophic gastritis, a precursor condition for gastrictibility of the stomach to humald. pylori was confirmed.
carcinoma™® Based on epidemiological findings, py- One hundred and sixty specific pathogen-free male ger-
lori was defined as a “definite biological carcinogen” by bils (Meriones unguiculafu(MGS/Sea) (Seac Yoshitomi,
WHO/IARC in 1994Y However, there is also a report of Ltd., Fukuoka), 6 weeks old, were housed in plastic cages
an apparent lack of association betwéerpylori infec-  with hard wood chips in an air-conditioned biohazard
tion and risk of gastric canc@r. Many animals infected room for infection with a 12 h light-12 h dark cycle.
with humanH. pylori have already been studied to deter- They were given food (Oriental NMF, Oriental Yeast Co.,
mine the pathogenetic backgrount) but none of the Tokyo) and watead libitum After one week, the animals
models studied mimics humaH. pylori infection and  were divided into three groups for Experiments I, Il and
subsequent pathology. Recently, however, a Mongoliall. MNNG (Tokyo Kasei Kogyo Co., Ltd., Tokyo) and
gerbil model of humai. pylori infection, with the bac- MNU (Sigma Chemical Co., St Louis, MO) were each
teria detectable throughout a 12-month study period, waslissolved in distilled water (solutions were freshly pre-
described® In this model, gastric ulcers and intestinal pared three times per week) for administration in light-
metaplasia were induced, although no neoplastic lesionshielded bottles as drinking watad libitum H. pylori
were found. For analysis of the role l8f pylori in gas-  (ATCC43504, American Type Culture Collection, Rock-
tric carcinogenesis, therefore, establishment of an experiville, MD) was inoculated on brucella agar plates (Remel,
mental model of gastric carcinogenesis in the MongolianLenexa, KS) containing 7% heat-inactivated fetal bovine
gerbil is very important. In the present study, the sensitivserum and incubated at 37°C under microaerobic condi-
ity of this animal toN-methyl-N-nitrosourea (MNU) and tions using Anaero Pack Campylo (Mitsubishi Gas Chem-
N-methyl-N"-nitro-N-nitrosoguanidine (MNNG) gastric ical Co., Inc., Tokyo) at high humidity. Two days later,
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the bacteria grown on the plates were collected with inocand all surviving animals were killed and autopsied at the
ulating loops, dissolved in 0.5 ml of brucella broth (Re-end of the 30th experimental week (group 1 in experiment
mel), introduced into brucella broth supplemented withl) or at the end of the 50th experimental week (the others).
7% heat-inactivated fetal bovine serum in tissue cultureAnimals that survived for 20 weeks (group 1 in experi-
flasks with Vent caps, and incubated at 37°C under miment I) or 30 weeks (others), when the first tumors ap-
croaerobic conditions at high humidity for 24 h without peared, were included in the effective numbers for
shaking. The broth cultures were checked by phase coranalysis of the incidence of tumors. Survival curves of
trast microscope for shape and mobility df pylori. gerbils were calculated without including gerbils killed on
Samples containing 2x1 colony-forming units (0.8 ml)  schedule at week 20. For detectiortbfpylori infection,
per milliliter were used as the inoculum, delivered via ansamples of about 30 ntnof stomach mucosa from the
oral catheter. greater curvature, containing both fundic and pyloric
The animals were treated as follows (Fig. 1): Experi-glands, were homogenized with one ml of brucella broth.
ment |: Ninety gerbils were divided into 3 groups. They Aliquots of 0.1 ml were inoculated on segregating agar
were given MNU in their drinking water at a concentra- plates forH. pylori (Eiken Chemical Co., Tokyo) and in-
tion of 30 ppm for alternate weeks to give 10 weeks intercubated at 37°C under microaerobic conditions using
mittent exposure (group 1), or at a concentration of 10Anaero Pack Campylo (Mitsubishi Gas Chemical Co.,
ppm (group 2) or 3 ppm (group 3) for 20 weeks continu-Inc.) at high humidity for six days. The excised stomachs
ously, and then given tap water. Experiment Il: Fortywere fixed in sublimed formaldehyde and cut into about 6
gerbils were divided into 2 groups given MNNG in their strips for embedding in paraffin. Other tissues were care-
drinking water at a concentration of 400 ppm (group 1) orfully checked under the naked eye. Tumors and related
200 ppm (group 2) for 20 weeks, followed by tap water.lesions were fixed in 10% buffered formalin and embed-
Experiment Ill: H. pylori (1.7x10® CFUs/animal) was ded in paraffin. Tissue sections were stained with hema-
given by intragastric intubation (i.g.) to 10 gerbils after toxylin and eosin (HE), and alcian blue-PAS, as well as by
they had been subjected to starvation for 24 h. Four hourthe paradoxical concanavalin A (Con A) metHbdnd by
after inoculation, they were allowed free access to wateimmunohistochemistry foH. pylori (anti-H. pylori serum,
and fed again, and all animals were killed at week 20. Adako, Denmark). Neoplastic lesions of the glandular
non-treated controls for experiments |, Il and Ill, 20 ger-stomach were classified as adenomas and adenocarcino-
bils were used. The experimental animals were initiallymas!® Adenomas consisted of excessive glandular prolif-
weighed every week and then every two to three weekegration with scanty cellular atypia. Adenocarcinomas of
after week 20. Necropsies were performed on all animalshe glandular stomach were classified into well differenti-
which died or were killed upon becoming moribund. In ated lesions characterized by tubular structures, poorly dif-
experiments | and I, ten to twelve (experiment I) and sixferentiated tumors characterized by little tendency to form
or seven (experiment Il) animals were killed at week 20glandular structures with severe cellular atypia, and signet
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Fig. 3. Body weight curves of gerbils treated with MNU (A) or MNNG (B).4, 30 ppm, 10 gm, 3ppm, contr@. B, 400
ppm, O 200 ppmO control.

ring cell carcinomas characterized by isolated tumor cellgreated with 10 ppm or 3 ppm MNU showed minimal
containing abundant mucin. changes. The incidences of gastrointestinal tumors ob-
In experiments | and Il, reductions in survival and body served in each group are summarized in Tables | and II.
weight were observed in gerbils treated with MNU or The tumors were generally limited to the forestomach,
MNNG in a dose-dependent manner (Figs. 2 and 3). lrglandular stomach and duodenum. All forestomach le-
group 1 receiving 30 ppm of MNU in experiment |, al- sions were of squamous cell origin. Most tumors in the
most all the gerbils died or became moribund from weekglandular stomach were found in the pyloric mucosa adja-
20 to 30 and the 2 remaining gerbils were therefore killeccent to the fundic region. At week 20, adenocarcinomas
at week 30. At week 20 in the groups given MNU (30in the glandular stomach were found only in the group
ppm) and MNNG (400 and 200 ppm), ulcers and dysplastreated with 30 ppm MNU and no tumors were apparent
tic regenerated epithelium were found in the glandulain the other groups treated with carcinogens. At week 50,
stomach mucosa in almost all animals. However, gerbiladenocarcinomas were found at low incidence in the 10
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Table I. Incidence of Tumors in the Forestomach, Glandular Stomach and Small Intestine of Mongolian Gerbils Treated with MNU
(Experiment I)

Forestomach Glandular stomach Small intestine

Treatments Effective no. Adenocarcinoma

and weeks  of gerbils S‘l‘;?é?r?gnsqge" Adenoma ncidence Histology Sarcoma Adenocarcinoma
Well Poorly Signet

30 ppm

20w 12 3(25.0) 2(16.7) 2 (16.7) 1 1 1 0 5 [1] (41.7)

30w 17 7 (41.2) 3(17.6) 2(11.8) 2 0 0 0 8 [1] (47.1)
10 ppm

20w 10 0 0 0 0 0 0 0 0

50 w 21 1(4.8) 5(23.8) 2(9.5) 3 1 0 1(4.8) 4 (19.0)
3 ppm

20w 10 0 0 0 0 0 0 0 0

50 w 23 0 8(34.8) 1(4.3) 1 0 0 2 (8.7) 0
Control (0 ppm)

20w 5 0 0 0 0 0 0 0 0

50w 10 0 0 0 0 0 0 0 0

Well, well differentiated adenocarcinoma; Poorly, poorly differentiated adenocarcinoma; Signet, signet ring cell carcinoma.
( )%, [ ]No. of Brunner's gland adenocarcinoma.

Table 1. Incidence of Tumors in the Forestomach, Glandular Stomach and Small Intestine of Mongolian Gerbils Treated with
MNNG (Experiment I1)

Forestomach Glandular stomach Small intestine

Treatments Effective no. Adenocarcinoma

and weeks  of gerbils S%‘;?g?r%’ri;e” Adenoma ncidence Histology Sarcoma Adenocarcinoma
Well Poorly

400 ppm

20w 6 2 (33.3) 0 0 0 0 0 2 (33.3)

50w 11 5 (45.5) 4 (36.4) 7 (63.6) 6 1 4 (36.4) 7 [2] (63.6)
200 ppm

20w 7 3(42.9) 0 0 0 0 0 0

50 w 10 4 (40.0) 4(400) 1(10.0) 1 0 0 41[2] (40.0)
Control (0 ppm)

20w 5 0 0 0 0 0 0 0

50w 10 0 0 0 0 0 0 0

Well, well differentiated adenocarcinoma; Poorly, poorly differentiated adenocarcinoma.
()%, [ ]No.of Brunner’s gland adenocarcinoma.

ppm MNU group and at high incidence in the 400 ppmintestine, including the duodenum, adenocarcinomas were
MNNG group. Carcinomas induced by MNNG were found at relatively high incidences in the MNU and
mainly well differentiated adenocarcinomas (Fig. 4), MNNG treated groups. Adenocarcinomas originating
though well differentiated and poorly differentiated (Fig. from Brunner’s glands were included. No tumors were
5) adenocarcinomas and a signet ring cell carcinoma (Figdetected in the large intestine and control animals lacked
6) were induced in the glandular stomach at low inci-any neoplastic lesions.

dences by MNU. Intestinal metaplasia was not evident in In experiment Ill,H. pylori was detected by culture in
any stomach in experiments | and Il. Sarcomas also devehll gerbils previously inoculated, whereas all control ani-
oped in the glandular stomach, with 4 leiomyosarcomas imals were negative. The numbers of colonies were
group 1 of experiment Il (MNNG 400 ppm). In the small around 18 CFUs per stomach for all inoculated gerbils.
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Fig. 4. A typical well differentiated glandular stomach adeno- Fig. 5. A poorly differentiated glandular stomach adenocarci-
carcinoma at week 50 in an animal of experiment Il treated withnoma at week 50 in an animal of experiment | treated with 10
400 ppm MNNG. HEx200. ppm MNU. Alcian blue-PASx200.

Fig. 6. A, A glandular stomach signet ring cell carcinoma at week 20 in an animal in experiment | treated with 30 ppm MNU. HE,
x200. B, Serial section of the same specimen as in Fig. 6A. Alcian bluexP@s,
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Fig. 7. Severe gastritis at week 20 with marked infiltration of inflammatory cells and glands in the submucosa in an axper@ of e
ment Il infected withH. pylori. HE,x40.

Macroscopically, the glandular stomachs of the affected
animals were edematous, with hemorrhagic spots and ero-
Jigs sions being found. Histologically, the glandular gastric
e epithelium showed hyperplastic changes with variable
degrees of cystic glandular dilatation and multifocal ero-
sion. The bases of the glands had broken through the
muscularis mucosae multifocally and multiple cystic
glands were present in the submucosa. There was marked
infiltration, predominantly of lymphocytes and some mac-
rophages, as well as neutrophils, in the lamina propria and
submucosa, with frequent formation of lymphoid follicles
(Fig. 7). Immunohistochemistry also demonstrated the ex-
istence ofH. pylori in all inoculated gerbils (Fig. 8). No
neoplastic or intestinal metaplastic changes were found at
‘ week 20. Moreover, there was no change in the distribu-
g tion of class Ill mucins, so there was no apparent pheno-

Heal S typic alteration in the mucous membrane. In the control,
! there were no pathological changes of note.

= : o ;'l % The present investigation clearly demonstrated that
LR o W8 8 e & 8’” MNU and MNNG can induce neoplasms in the glandular
;_1_0‘1:1\ Q" 1 .“2.%; g & ,? stomach of gerbils, with dose-dependent effects on body
. ,} UL ), ™ e f}l@‘"‘f | weight, survival time and tumor development. Intermittent

. ) . . . administration of 30 ppm MNU for 10 one-week periods
Fig. 8. Bacteria (arrows) are evident in the gastric pits and sur- d d I d v diff tiated ad .
face mucus layer at week 20 in an animal of experiment IlI in-NAuced well-and poorly diiferentiated adenocarcinomas

fected with H. pylori. Immunohistochemical staining of. ~ and a signet ring cell carcinoma within 20 weeks. The
pylori, x400. histological types of adenocarcinomas induced by MNU
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varied considerably, as demonstrated earlier for counterin their susceptibility and response to infection. It has al-
part lesions 7in mic&*"? However, since toxic effects ready been reported that pathological changes progress for
were pronounced with the high dose of MNU, lower con-up to 12 months and that intestinal metaplasia may also be
centrations are required to ensure longer survival. In coninduced in the glandular stomach of these gerbils in re-
trast, gerbils proved resistant to MNNG, so that relativelysponse tdH. pylori.*® Therefore the gerbil model appears
high dosages were tolerated. The incidences of glandulaadmirably suited to investigating the role laf pylori in
stomach adenocarcinomas in the groups given 400 anduman gastric disorders, including the increased risk of
200 ppm MNNG were dose-dependent, at 7/11 and 1/10gastric adenocarcinonid? It is clear, however, that bac-
Almost all the tumors were well differentiated, as ob- terial infection alone cannot explain the pathogenesis of
served in rats treated with MN¥®and MNNG?®- 29 gastric carcinoma.H. pylori infection is extraordinarily
Intestinal metaplasia in humans has been considered twommon, and in some developing nations it affects almost
be a preneoplastic charig@ for well differentiated ade- all adults?® Only a very small percentage of infected per-
nocarcinomas. However, well-differentiated adenocarci-sons will develop stomach neoplasms. So there must be
nomas contain gastric-type cancer cells with class lllother critical factors.
mucins, pepsinogens or mucins specific to gastric surface In conclusion, MNU and MNNG can induce glandular
mucous cells, suggesting their origin to be gastric epithestomach cancer in Mongolian gerbils so this animal,
lium. Independence of gastric phenotypic expression ofvhich is highly susceptible tH. pylori infection, may af-
stomach cancer cells and surrounding intestinal metaplagerd a good model for elucidation of the interaction be-
tic mucosa has also been repofd®dAs no intestinal tween bacterial infection and carcinogens in the induction
metaplasia was noted in any of the stomachs in the presenf stomach cancer.
experiment, no relationship between intestinal metaplasia
and MNU- or MNNG-induced glandular stomach cancers This work was supported in part by Grants-in-Aid for the 2nd
in gerbils was found. The data in this work are also con-Term Comprehensive 10-Year Strategy for Cancer Control from
sistent with the conclusion from our previous stuidigs the Ministry of Health and Welfare of Japan, by a Core Research
that intestinal metaplasia is not a preneoplastic change dgrant for Evolutional Science and Technology from the Japan
any ma]or relevance to gastrlc neoplas|a SCie_r‘Ice and Tech.nology COI’pOI’ation, .an.d by a gl’ant from the
Twenty weeks after a single inoculation idf pylori, ~ Society for Promotion of Pathology of Aichi.
the bacteria were detectable, along with gastritis and eroReceived October 23, 1997 / Revised December 2, 1997 / Ac-
sion. This confirms that Mongolian gerbils resemble mancepted December 5, 1997)
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