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Abstract

Although various animal models have been developed
to clarify gastric carcinogenesis, apparent mechanism of
gastric cancer was not clarified in recent years. Since the
recognition of the pathogenicity of Helicobacter pylori
(H pylori), several animal models with A pylori infection
have been developed to confirm the association between
H pylori and gastric cancer. Nonhuman primate and
rodent models were suitable for this study. Japanese
monkey model revealed atrophic gastritis and p53
mutation after long-term infection of # py/ori. Mongolian
gerbil model showed the development of gastric
carcinoma with A pylori infection alone, as well as with
combination of chemical carcinogens, such as /-methyl-
N-nitrosourea and N-methyl-/V-nitro-V'-nitrosoguanidine.
The histopathological changes of these animal models
after A pylori inoculation are closely similar to those in
human beings with A pylori infection. Eradication therapy
attenuated the development of gastric cancer in 4 pylori-
infected Mongolian gerbil. Although several features of
animal models differ from those seen in human beings,
these experimental models provide a starting point
for further studies to clarify the mechanism of gastric
carcinogenesis as a result of # pylori infection and assist
the planning of eradication therapy to prevent gastric
carcinoma.
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INTRODUCTION

Gastric cancer is one of the main causes of cancer-related
mortality, especially, in East Asia. To clarify the mechanism
of gastric cancer development, many experimental models
have been used. However, almost all experimental animals,
that showed spontaneous gastric cancer were very rare’;
therefore several animal models were established using
chemical carcinogens, such as N-methyl-N-nitrosourea
(MNU)*Y and N-methyl-N-nitro-N"-nitrosoguanidine
(MNNG)™, which showed a high rate of gastric cancer
development, especially in the antrum.

Since Warren and Marshall! revealed the microorganism
which inhabits the stomach, Helicobacter pylori (H pylori)
was considered as the major factor of many kind of
gastroduodenal diseases, such as acute gastritis' ', chronic
atrophic gastritis™"”, intestinal metaplasia' ', peptic ulcer' ',
mucosal associated lymphoid tissue lymphoma*, gastric
cancer”" and others'"*.

Previously, a large number of epidemiological studies
indicated that H pylori infection has a close relation with
gastric cancer”"". Therefore, the International Agency
for Research on Cancer (IARC) conference of the World
Health Organization (WHO) defined H pylori as a definite
carcinogen (Group I) to the human stomach based on
three prospective case-control studies'”"” reported in
199171,

However, the mechanisms by which H pylori infection
develop gastric cancer are not defined in detail. In
further studies, attempts have been made to reveal the
possible mechanisms by which H pylori contributes to the
development of gastric carcinoma and many researchers
have developed animal models of infection using Helicobacter
species.

Previously, a large number of animal experimental
models have been developed to define the association
between H pylori infection and gastroduodenal disease,
such as piglet™, beagle dog™, mice™, rhesus monkey™,
Japanese monkey (Macaca fuscata)”**”", Mongolian gerbil™,
and others. In the beginning of the development of
experimental models, only a few models had long periods
of infection.

We have reported the results of a 5-year study on H

pylori infection using Japanese monkeys (Macaca fuscata)””
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and have obtained the findings that advance gastric
mucosal atrophy, increase proliferation and mutation of
p53 in gastric epithelial cells™™,

Several experiments, which demonstrated that
chronic H pylori infection models of Mongolian gerbils
developed gastric carcinoma, were conducted” ™. In these
experiments, the animals were mainly divided into two
groups: one group was infected with H pylori alone and
the group was given a known carcinogen such as MNU
and MNNG in addition to persistent H pylori infection.
The results of these experiments revealed that animals
in different groups developed different histopathological
types of gastric carcinoma. These results will be very
useful to elucidate the mechanism of gastric carcinogenesis
due to H pylori infection.

GASTRIC CANCER AND JAPANESE MONKEY

The nonhuman primate animals are useful to clarify
the relationship between H pylori and gastric diseases.
Their stomachs are similar to those of human beings
anatomically, physiologically, and dietary, compared with
rodent animals. They have 10-20 years of long life span,
which enables long-term follow-up with endoscopy
and repeated histological examinations of the stomach
using biopsy or endoscopic resected specimens. Several
primate animals have been reported to be successful in
experimental transmission of H pylori in chimpanzees
(Pan troglodytes) P4 and species of macaques: rhesus monkey
(M. mulatta), cynomolgus monkey (M. fﬂuzm/arz'x)[zs],
and Japanese monkey (M. fmmla)[()’%’zﬂ. In these animals,
some kinds of Macagne species are available for a wide
variety of research field. We have established the Japanese
monkey model with H pylori infection. This experimental
model is very useful and a promising nonhuman primate
model™**?",

The methods of development of this monkey model
are described briefly. The bacterial strains used were
H pylori MCO 88155, MCO 88099, MCO 88142, and MCO
88156, isolated from two patients with duodenal ulcers
and two with gastric ulcers. The colonies were suspended
in 5 mL of sterile saline, and the bacterial concentration
was adjusted to 10° CFU/mL. These were resuspended in
8 mL of sterile saline, and 5 mL of the final resuspension
was used in each monkey. The animals were given
ampicillin orally to eradicate spiral bacteria other than
H pylori. After treatment with ampicillin, spiral bacteria
were not found in any of the stomachs. The monkeys were
sprayed with 5 mL of a mixed suspension of four bacterial
strains endoscopically around their antrum. The gastric
mucosa was examined endoscopically, and endoscopic
mucosal resection was performed repeatedly during 6 years
of observation.

One week after inoculation, all infected monkeys
showed endoscopic acute gastritis accompanied by
marked erythema and edema. These findings were
consistent with the acute gastric mucosal lesion observed
in the human stomach. Infection of H pylori was
recognized by culture, the rapid urease test, histology,

and the elevation of H pylori-specific IgG in plasma. In
the early phase of infection, infiltration of monocytes
and polymorphonuclear leukocytes were marked in
the edematous lamina propria and superficial erosions
were evident. After 3 mo of inoculation, infiltration of
mononuclear cells and plasma cells were predominant in
the lamina propria layer. However, no superficial erosions
and atrophic changes were observed.

In the infected group, the gastritis score which was
evaluated by a scoring system based on the method of
Rauws ¢f a/””'. were markedly increased in the antral
mucosa 1 wk after inoculation (P<0.001). The score then
gradually decreased throughout the whole investigation
period, but remained significantly higher (P<0.01) than
that of the control group.

Six months after inoculation, the pyloric glandular
height was apparently lower in the infected animals than
in controls. Furthermore, the atrophic change advanced
gradually throughout the 5-year observation periodm.
Endoscopically, according to the endoscopic-atrophic-
border scale described by Kimura and Takemoto",
gastric atrophy also gradually advanced for more than
3 years. These findings indicated evidently that H pylori
infection caused atrophic gastritis in the Japanese monkey
model. Cell proliferation activity, which was revealed with
immunohistochemical detection of Ki-67 in the antral
mucosa of infected animals, was significantly accelerated
throughout the entire observation period (Figure 1).
Immunohistochemical detection of p53 and point
mutation of p53 was exhibited in the gastric mucosa”"
of this model. Genetic alterations in exons 5-8 of the p53
gene were uncommon in the H pylori-uninfected monkeys,
whereas a higher prevalence of missense mutations in the
P53 gene appeared in association with H pylori infection
(Table 1). The number of mutations in the p53 gene
increased as the gastric atrophy score increased, which
depends on the duration of H pylori infection™. These
findings of Japanese monkey model may explain the
potential mechanism for the causal role of H pylori in the
chain of events leading to gastric carcinoma. This monkey
model facilitates investigation of the correlation between
the long-term sequence of H pylori infection and gradual
gastric mucosal change. Although many pathophysiological
changes were seen in H pylori-infected gastric mucosa, this
Japanese monkey model did not show the development of
gastric carcinoma. In their long life span, which is similar
to human beings, further continuous infection may be
needed to the more dramatic histological change.

DEVELOPMENT OF THE RODENT MODEL

Several rodent models were established for examining the
etiological feature of Helicobacter species infection, such as
mice™" rat™ and Mongolian gerbﬂps]. Compared with
nonhuman primate models, rodent models are treated
casily, and are economical.

Marchetti e a/”. reported the several clinical isolates
colonized the stomach of SPF conditioned mice (CD1

mice) and Balb/c mice; however, colonization was very
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Figure 1 Gastric mucosal alteration of Japanese monkey model with H pylori
infection. Upper graph showed the gradual increase of the proliferative zone of
H pylori-infected Japanese monkey model. Middle graph showed the alteration of
endoscopic-atrophic-border scale of this model. Macroscopically, gastric atrophy
advanced for more than 3 yr. Lower graph showed the alteration of the pyloric
glandular height. Six months after inoculation, the pyloric glandular height was
apparently lower in the infected animals than in controls. Furthermore, the atrophic
change advanced gradually throughout the 6-yr observation period.

low. Lee ez al™” reported the quite good colonization by
using the Sydney strain of H pylori (strain SS1), which is
cagA and vacA positive.

These rodent models showed meager development
of spontaneous gastric cancer. Cui ef al™. reported the
development of spontaneous gastric carcinoma, classified
as malignant enterochromaffin-like (ECL) carcinomas in
female cotton rats (Sigmodon bispidus). Previously, chemical
carcinogens such as MNNG and MNU have been
often used in the rodent species for the investigation of
experimental gastric cancer””

From the recognition of Helicobacter species’
pathogenicity, Fox ez al®. reported a possible carcinogenic
role for Helicobacter species in the gastric mucosa after
oral administration of MNNG in ferrets infected with
Helicobacter mustelae. Nine out of the ten ferrets, which
were given a dose of 50 mg/kg MNNG orally, developed
adenocarcinoma. This was the first experimental
study using carcinogens combined with infection with
a Helicobacter species. Although spontaneous gastric
adenocarcinomas have been reported[m in aged ferrets with
H mustelae even in the absence of carcinogen exposure, an
important additional problem is that the bacterium used
was not H pylori but H mustelae. Fox ef al*. also described
the development of gastric adenocarcinoma, which was
led from severe gastritis in C57BL/6 mice with Helicobacter
felis inoculation. In their report, p53+/- mice showed
significant low prevalence of fundic lymphoplasmacytic
infiltration and submucosal lymphoid follicle formation
than those in C57BL/6 mice. They indicated two distinct
roles of p53, one of them displayed the gastric cancer
risk. However, deletion of one p53 allele results in a down-
regulated Th1 response to Helicobacter infection, which
may indirectly protect against the development of gastric

Table 1 Duration of H pylori infection and number of point mutations
in exon 5-8 of the p53 gene

Monkey Duration  Number of nucleotide ~ Atrophy Intensity of p53

of H pylori (amino acid) substitutions ~score' ~immunostaining’
infection in p53
(yr) Ex5 Ex6 Ex7 Ex8

A 15 00) 21 0@ 1) 2 -
B 2 40) 212 5@4) 40 3 -
C 3 42 10 212 2(2 4 +
D 3 20) 10) 1(1) 4@2) 5 +
E 3.5 52 2(1) 5@ 6@ 4 +
F 4.5 5(1) 3(1) 40 54 6 -
G 5 4(1) 3(1) 2(1) 8@6) 8 +
H 7.5 8() 2(1) 54 84 12 ++

!, The atrophy score was calculated as the sum of the histological evaluations
of five gastric specimens according to Updated Sydney System. *, The
intensity of p53 immunostaining was classified into four grades: -, no
staining; +, mild staining; ++, moderate staining; +++, intense staining.

cancer associated with chronic inflammation.

The differences between H felis in mice and H pylori in
human beings are the lack of induction of neutrophil and
cag pathogenicity island, which are recognized as main
pathogens of H pylori. Kim et al*™. reported that C57BL/6
mice infected with H pylori (SS1 strain) showed no evidence
of gastric adenoma, dysplasia, and carcinoma during 80 wk
of infection. They explained this result by the balance that
exists between cell proliferation and apoptosis.

Transgenic hypergastrinemic (INS-GAS) mouse model
have also been useful for the investigation of gastric
carcinogenesis. Fox ef a/*. reported that male INS-GAS
mice infected with H pylori developed atrophy, intestinal
metaplasia, and dysplasia and adenocarcinoma. This murine
model with H pylori cagEl mutant showed the deletion of
development of cancer. In contrast, none of the female
mice with H pylori infection developed adenocarcinoma.
However, 1L-1 levels showed no significant difference
between males and females. Fox ¢ a/. concluded that the
INS-GAS model is effective for investigating discrete
host-microbial interactions that culminate in gastric cancer
within the context of biologic conditions induced by H

Dpylori.

DEVELOPMENT OF MONGOLIAN GERBIL
MODEL

Yokota et a/*. developed the experimental Mongolian
gerbil model with H pylori infection, in which only a
mild inflaimmatory infiltration in the gastric mucosa was
seen during two months of their observation. Hirayama
et al™". described that ulcers and intestinal metaplasia
were produced 6 mo after inoculation with H pylori in
Mongolian gerbils.

In our laboratory, 5-wk-old male Mongolian gerbils
weighing 30-40 g (Seiwa Experimental Animals Co. Ltd.,
Fukuoka, Japan) were used'”, H pylori ATCC-43504
possessing the cagA gene and expressing vacuolating
cytotoxin was used. A 4-d culture on blood agar at
37 C under microaerophilic conditions was harvested and
incubated in brucella broth (DIFCO Laboratoties, Detroit,
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Figure 2 Microscopic views of the gastric body of Mongolian gerbils at 18 mo after H pylori inoculation. A: Severe infiltration of polymorphonuclear and mononuclear
cells were seen in the lamina propria. (HE stain, x100); B: Some glands have extended into the submucosa but not into the proper muscularis layer. Severe infiltration of
mononuclear cells in the submucosa (HE stain, x10); C: Intestinal metaplasia is seen scattering in gastric mucosa (HE stain, x10); D: Intestinal metaplasia (Alcian blue stain
(pH 2.5); original magnification, x10).

MI, USA) with 10% horse serum for 24 h. Inoculum size
was adjusted with sterile saline to produce the optical
density of McFarland 4 at 540 nm. Mongolian gerbils
were housed five per cage, starved for 24 h, and then fed
with chow (Oriental Yeast Co., Tokyo, Japan) and water ad
libitum beginning 12 h after H pylori inoculation. On the day
of infection, the Mongolian gerbils were challenged orally
with vehicle or 10" CFU H pylori in 1.0 mL of brucella
broth with 10% horse serum. The spiral bacteria were
observed in the mucus and gastric pits of all inoculated
animals from 1 mo after inoculation throughout the whole
observation period. However, nearly half of the animals
had barely detectable H pylori in the stomach by bacterial
culture. The bacterial counts from the stomachs of gerbils
1 and 6 mo after H pylori inoculation were 25 and 410
CFU/10 mg of gastric tissue, respectively[48]. These levels
of colonized bacteria were nearly 1/10 to 1/100 than
those of human being and monkey.

Mongolian gerbils with H pylori infection showed
irregularly thickened gastric walls and spotty hemorrhages
and erosions macroscopically, 1 year after inoculation. A
severe infiltration of polymorphonuclear and mononuclear
cells was seen in the lamina propria and mononuclear cells
infiltration with lymphoid follicle in the submucosa,
1 mo after H pylori inoculation (Figure 2A). Erosion of the
gastric mucosa appeared soon after inoculation, whereas
gastric ulcers, gastritis cystica profunda (Figure 2B),
and atrophy with goblet cell metaplasia (Figures 2C and
D) occurred between 3 and 6 mo after inoculation™*,
Moreover, Suzuki e a/™. reported that H pylori inoculation
induced neutrophil followed by an increase in the level of
lipid peroxidation and activated glutathione (antioxidant)
turnover. These sequential changes of histological changes
in gastric mucosa were quite similar to those observed in
human beings. Therefore, Mongolian gerbil model may be
uscful to study the relationship between H pylori infection
and gastric lesions, which include gastric malignancy.

GASTRIC CANCER AND MONGOLIAN

GERBIL MODEL

Mongolian gerbils have also been induced by the
development of gastric carcinoma with chemical

carcinogen alone®. In addition, the results of several
experimental studies have confirmed that administration
of MNNG or MNU to Mongolian gerbils with chronic
H pylori infection enhanced the development of different
histopathological types of gastric carcinoma (Table 2) B3l

Sugiyama ez a/”"'. reported the development of
carcinoma in the Mongolian gerbils evaluated at 40 wk
after an experiment in which 7-wk-old animals were
inoculated with H pylori (ATCC43504) and given 10 or
30 ppm MNU before or after inoculation. In this report,
only the groups of the animals, which were administered
with both H pylori and MNU, developed gastric cancers;
more specifically, they developed different types of
adenocarcinoma, such as well-differentiated, pootly
differentiated, and signet ring cell carcinoma. These
interesting experimental results support the results so far
obtained in largescale epidemiological investigations™.

The group inoculated with H pylori after being given
MNU showed a distinctive initiation-promotion effect,
whereas the group to which MNU was given after
inoculation with H pylori appeared to demonstrate the
simultaneous action of these two factors, with H pylori
acting as a coinitiator. No gastric carcinoma was found
within 40 wk of H pylori infection alone.

Tokieda et al”™. conducted a study in which 5-wk-old
Mongolian gerbils were inoculated with H pylori
(ATCC43504) and orally given MNNG at 50 g/mL
for 20 wk for comparison against animals administered
with MNNG alone. At the 52" wk after initiation, the
group treated with MNNG and H pylori developed
gastric carcinoma at a significantly higher frequency than
the group treated with MNNG alone. In addition, cell
proliferation was revealed to be markedly accelerated in
those animals infected with H pylori with evaluation using
a labeling index of 5-bromo-2’-deoxyuridine. This result
suggests the possibility of explaining the link between
H pylori infection and early events in gastric carcinogenesis.
One of the interests in this study is that administration
of MNNG reduced the infection rate of H pylori with
the lapse of time, due to the likelihood of MNNG
showing low-level (200 pg/mL) antibacterial activity
against H py/omm]. It is also of interest that H pylori-free
animals did not develop gastric carcinoma even with
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Table 2 Gastric carcinogenesis in Helicobacter pylori-infected Mongolian gerbils

Author Year Strain Study design (ppm) Incidence of Duration of
cancer (%) experiment (wk)
Sugiyama ef al. 1998 ATCC43504 HP—MNU (10) 7/19 (36.8) 40
HP alone 0/20 (0) 40
MNU (30) — HP 6/18 (33.3) 40
MNU alone 0/74 (0) 40
Tokieda et al. 1999 ATCC43504 HP — MNNG (50) 5/17 (29.4) 52
persistent HP positive 5/8 (62.5) 52
HP eradicated 0/9 (0) 52
Br — MNNG (50) 3/22(13.6) 50
Shimizu et al. 1999 ATCC43504 MNNG (300) — HP 12/27 (44.4) 50
MNNG (300) — Br 1/19 (5.3) 50
MNNG (60) — HP 6/25 (24.0) 50
MNNG (60) — Br 0/20 (0) 50
HP — MNNG (100) 4/27 (14.8) 50
Br — MNNG (100) 3/18 (16.7) 50
HP — MNNG (20) 15/25 (60) 50
Br — MNNG (20) 1/20 (5) 50
HP alone 0/20 (0) 50

HP, Helicobacter pylori; MNU, N-methyl-N-nitrosourea; MNNG, N-methyl-N"-nitroso-N-nitrosoguanidine; Br, Brucella broth.

Table 3 Gastric carcinogenesis in Helicobacter pylori-infected Mongolian gerbils

Author Year Strain cagA gene Vacuolating Incidence of Duration of Histological type of
cytotoxin cancer (%) experiment (wk) carcinoma
Watanabe et al. 1998 TN2GF4' + + 10/27 (37) 62 Well differentiated
adenocarinoma
Honda et al. 1998 ATCC43504> + + 2/5 (40) 72 Well differentiated
adenocarinoma
Hirayama etal. 1999 ATCC43504” + + 1/56 (1.8) 64 Poorly differentiated
adenocarinoma
Ogura et al. 2000 TN2? + + 1/23 (4) 62 Well differentiated
adenocarinoma
Zheng et al. 2004 ATCC43504> + + 3/17 (18) 84 Well differentiated
H pylori 161° adenocarinoma

'H pylori isolated from patient with gastric ulcer; *Type of strains; *H pylori isolated from patient with gastric adenocarcinoma.

MNNG administration. This result indicated a stronger
carcinogenic role of H pylori infection. Although it has
been reported by Sugiyama™ that H pylori can persistently
colonize the stomach of MNUtreated Mongolian gerbils,
it is interesting that the two studies™* report that MNNG
administration eradicates H pylori infection, resulting in
a reduction of its carcinogenic effects in the stomach.
In H pylori-infected Mongolian gerbils with MNNG
administration, duodenogastric reflux due to surgical
procedure might attenuate the effect of H pylori on gastric
tumorigenesis'”’. Because of our study, which indicated
that bile reflux might lead to H pylori eradication”™ their
results may probably depend on the H pylori eradication.

CARCINOGENICITY OF H PYLOR/ INFECTION
ALONE

Although these studies showed marked increase of the
chemical carcinogenic risk in the Mongolian gerbils, direct
relationship between H pylori and gastric carcinogenesis
was not indicated.

Two experimental studies attempted to confirm
prior epidemiological studies that have demonstrated

an association between H pylori infection and gastric
carcinogenesis in human beings using Mongolian gerbils
chronically infected with this bacterium (Table 3)*>*. Both
studies confirmed gastric carcinogenesis resulting from
H pylori infection alone, and were the first papers to fulfill
Koch’s postulates concerning H pylori infection and gastric
carcinoma.

Wiatanabe ¢/ al™. used H pylori isolated from patients
with gastric ulcer (IN2GF4), and Honda ¢7 al™. used
ATCC43504 type strain, both of which were inoculated
into 5-wk-old SPF Mongolian gerbils. The results showed
that 37% (10 out of 27) of the animals in the former
study developed well-differentiated adenocarcinoma at
62 wk after inoculation, whereas 40% (2 out of 5) of the
animals in the latter study developed well-differentiated
adenocarcinoma at 72 wk after inoculation (Figure 3). Both
of these strains contained cagA and produced vacuolating
cytotoxins. Sequential histopathological changes leading
to carcinogenesis of the gastric mucosa were found to be
common to the two studies, and very closely resembled the
histopathological changes in human gastric mucosa caused
by H pylori infection.

Hirayama ez a/””. reported that poorly differentiated
adenocarcinoma and carcinoid were developed in
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Figure 3 Microscopic views of the gastric mucosa of Mongolian gerbils at 18 mo
after H pylori inoculation. Well-differentiated adenocarcinoma has extended into
the muscular layer. Atypical glands and nuclei and abnormal mitosis are evident (HE
stain, x40).

Figure 4 Gastric carcinoid in the stomach of a Mongolian gerbils colonized for 24 mo
by H pylori. Microscopic view showing intramucosal carcinoid tumor (A: HE stain,
x20; B: immunohistochemistry of chromogranin A, x20°).

Mongolian gerbils model with H pylori (ATCC43504
type strain) infection alone. Zheng e# al™”. reported that
Mongolian gerbils models, which were infected with
H pylori (ATCC43504) and H pylori 161 (isolated from a
Chinese patient with gastric adenocarcinoma) showed
the development of well-differentiated adenocarcinoma
(Table 3). Ogura et al™, reported the development of
well-differentiated gastric cancer in wild type (TN2) and
isogenic mutant of sacA (TN2AvacA) of Mongolian gerbil.

Mongolian gerbils’ model also showed the
development of gastric carcinoid”*. In our laboratory,
ECL cell tumors with marked atrophic gastritis and with
hypergastrinemia were observed in the fundic gland area
of infected Mongolian gerbils, 24 mo after inoculation
(Figure 4); in contrast, adenocarcinoma developed in
pyloric gland area. Histopathological findings of the entire
observation period in Mongolian gerbils after H pylori
inoculation are summarized in Table 4.

Ogura ¢ al”. discussed the virulence factors of H pylori
in Mongolian gerbils. Experimental gastric cancer derived
in Mongolian gerbils with wild type of H pylori and vacA
mutant infection, whereas agll mutant induced far milder
change of gastritis and induced no gastric cancer, which
indicates the essential role of cagPAI in the gastric diseases
with H pylori infection.

Table 4 Gastric carcinogenesis in Helicobacter pylori-infected
Mongolian gerbils

Histropathological findings Mo
6 12 18 24

Gastritis 5/5 4/4 5/5 10/10
Gastric ulcer 4/5 3/4 5/5 5/10
Atrophy 4/5 4/4 5/5 10/10
Intestinal metaplasia 2/5 3/4 5/5 10/10
Dysplasia 0/5 2/4 4/5 10/10
Gastric cancer 0/5 0/4 2/5 5/10
Gastric carcinoid 0/5 0/4 0/5 5/10

Data represent positive case/control Uninfected control. animals (1 = 5 each)
showed no abnormal findings.

Table 5 Relation between p53 and H pylori and gastric mucosal
change (tentative opinion)

Condition Human Japanese  Mongolian
monkey gerbil

H pylori and p53 ++ ++ +

overexpression (histology)

H pylori and p53 point mutation ++ ++ -

H pylori and atrophic gastritis ++ ++ ++

H pylori and intestinal metaplasia ++ - ++

H pylori and gastric cancer + - ++

'The p53 overexpression was observed only in gastric cancer; *Not proven by
interventional study; ++, strong evidence; +, weak evidence; -, no evidence

PREVENTION OF GASTRIC CARCINOMA BY
ERADICATION OF H PYLORI

Shimizu ez /Y. reported that the incidence of
adenocarcinomas in MNU-administered Mongolian gerbils
with H pylori infection (15 out of 23) was significantly
higher than in MNU-administered Mongolian gerbils
that underwent H pylori eradication (5 out of 24). Their
results suggest that H pylori eradication may prevent
gastric carcinogenesis, and Mongolian gerbil’s models
have also been useful to study the prevention of gastric
carcinogenesis in human beings.

DIFFERENCES BETWEEN ANIMAL MODELS

AND HUMAN BEINGS

Although the Japanese monkey model and Mongolian
gerbil model showed the similar change of human
stomach that was infected with H pylori, several features of
animal models differ from those seen in human beings. In
Japanese monkey model intestinal metaplasia was not seen
during the whole observation period. Severe gastritis and
lymphoid follicular hyperplasia in the submucosal layer and
gastritis cystica profunda, which are seen in Mongolian
gerbils, are not observed in human gastric mucosa.

Table 5 shows our tentative opinion on p53 and H pylori
infection in animal model and human beings. Although
no gastric carcinoma developed in Japanese monkey
model, Mongolian gerbil model showed gastric carcinoma
resulting from H pylori infection alone. In human and
Japanese monkey, both p53 immunostainingm’&"w and

point mutations™ " were observed in H pylori infection. In
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Mongolian gerbil, the p53 immunostaining was detected in
gastric cancer but not in atrophic gastritis; moreover, there
were no p53 mutations in exons 5 to 8 in infected gastric
mucosa®

Suzuki e# al". reported that Mongolian gerbil model
showed significant attenuation of apoptosis and promotion
of cell proliferation than those seen in mice model with
H pylori inoculation. Crabtree ef al®®. also described
the differences of mucosal cytokine response between
Mongolian gerbils and mice, and gender differences in
the magnitude of cytokine response to H pylori. The
differences of features between the species suggested that
the pathogens of gastric diseases does not associate only
with H pylori and may reflect in part other host factors.

Sonic hedgehog (Shh) is an important endometrial
morphogenetic signal during the development of the
vertebrate gut. Shh controls gastrointestinal patterning
in general and gastric gland formation in particular.
Suzuki ez a/™. reported that the long-term colonization
of H pylori led to attenuation of Shh expression. Loss of
Shh expression correlated with the loss of parietal cells,
disturbed maturation of the mucous neck cell-zymogenic
cell lineage. van den Brink ez al™. described the loss of
Shh expression in the intestinal metaplasia of the human
stomach. Loss of Shh expression not only in intestinal
metaplasia, but also in the tissue of H pylori-induced fundic
gland atrophy is important for considering the possible
link to preneoplastic lesion formation'™”.

QUITE A NEW CONCEPT OF GASTRIC CANCER
ORIGIN

In 2004, Houghton et al™., reported the innovative
idea of gastric cancer origin with the usage of H. felis/
C57BL/6 mouse model. Previously, tissue stem cells have
been recognized as the origin of carcinoma. However,
their study showed that bone marrow-derived cells
(BMDCs) might also represent a potential source of
malignancy. Female C57BL/6 mice after undergoing lethal
irradiation were transplanted with bone marrow from
male C57BL/6]Gtrosa26 (ROSA26), which was labeled
with X-galactosidase or green fluorescent protein. In this
model, gastric mucosal apoptosis increased at 6- 8 wk
after H. felis inoculation. After 52 wk of inoculation, beta-
galactosidase (gal) and trefoil factor2 (TFF2) positive
cells increased gradually, then 90% of the gastric mucosa
at the squamocolumnar junction was replaced with cells
derived from the donor marrow. One year after infection,
intramucosal carcinoma or high-grade gastrointestinal
intraepithelial neoplasia were seen in these mice. No
evidence of BMDC engraftment was seen in H. fe/is
uninfected mice. Authors indicated that BMDC originated
the epithelial cancer and the necessity of Helicobacter
infection in this process.

CONCLUSION

In various experimental models, nonhuman primate and

rodent models showed the variable evidences, which
clarified the association between H pylori infection and
gastric cancer.

Experiments developed using Mongolian gerbils have
demonstrated that H pylori infection is clearly responsible
for gastric carcinogenesis, and provide important
confirmation of the statements issued by IARC/WHO. It
will be of critical importance to extrapolate the sequential
histopathological changes found in the Mongolian gerbil
to lesions in the human gastric mucosa, since this model is
proven to provide important pointers for the study of the
mechanism of gastric carcinogenesis as a result of H pylori
infection. While Koch’s postulates for H pylori and gastric
carcinoma have now been fulfilled, an important question
to be addressed is why the Mongolian gerbil is the only
species in which carcinogenesis has been experimentally
induced by infection with H pylor.
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