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Atrophic gastric changes in both Helicobacterfelis
and Helicobacter pylori infected mice are host
dependent and separate from antral gastritis

T Sakagami, M Dixon, J O'Rourke, R Howlett, F Alderuccio, J Vella, T Shimoyama,
ALee

Abstract
Background/Aims-The role of host
factors has been neglected in studies ofthe
pathogenesis of Helicobacter associated
disease. The aim of this study was to
assess the response of different mouse
strains to infection with a single strain of
Helicobacterfelas.
Method-Six strains of inbred mice were
infected with the identical Hfelis culture
and were killed at one month, two months,
and six months after infection to assess
histopathological changes. In addition,
two strains of mice were infected with a
mouse adapted strain of H pylorn and
examined at six months after infection.
Results-In SJL, C3H/He, DBA/2, and
C57BIJ6 infected mice, severe to moder-
late chronic active gastritis was observed
only in the body of the stomach, which
increased in severity over time with
specialised cells in the body glands being
replaced. As the severity ofthis damage in
the body increased and atrophic changes
were seen, the level of bacterial colon-
isation of the antrum decreased. In con-
trast, in BALB/c and CBA mice, there was
only mild gastritis in the antrum, no
remarkable changes were detected in their
body mucosa, and no atrophy was seen
over time. In both these strains of mice,
heavy bacterial colonisation was seen,
which tended to increase over the period
of the experiment. Of particular import-
ance in this experiment was that bacterial
colonisation was mainly restricted to the
antrum yet the atrophy, when present,
was only observed in the body of the
stomach. H pyloni infected C3HIHe mice
showed moderate colonisation of the
antrum, which persisted up to six months
with little development of atrophy. In
contrast, H pylorn in C57BL/6 mice
showed excellent colonisation of the
antrum at two months but six months
after infection there was moderate to
severe body atrophy, which was associated
with a loss ofbacteria from the antrum.
Conclusions-These findings challenge
current concepts of the development of
Helicobacter induced atrophy in that
active chronic gastritis of antrum or the
body mucosa, or both, is not a pre-
requisite. They also suggest an auto-
immune basis for the pathology although
no autoantibody or antibody to the H'IK'
ATPase was detected. Loss of infecting

helicobacters from the stomach together
with development of an atrophic gastritis
in the body ofthe stomach is similar to the
pattern found in certain H pylori infected
human subjects.
(Gut 1996; 39: 639-648)

Keywords: Helicobacterpylori, atrophy, mouse model,
host factors, gastritis.

In 1983 Pelayo Correa proposed a sequence of
events leading to the development of gastric
adenocarcinoma.' Active chronic gastritis
caused by some unexplained environmental
factor progressed to multifocal atrophic gas-
tritis with loss of chief cells and parietal cells
and the appearance of intestinal metaplasia.
Increased cell turnover in the atrophic
stomach, together with the hypochlorhydria
resulting from parietal cell loss, created a
gastric milieu susceptible to the effect of
carcinogens possibly generated by overgrowing
of nitrifying bacteria. If certain dietary factors
were present, for example, high salt intake and
low vitamin C consumption the scene was set
for the development of adenocarcinoma. The
discovery of Helicobacter pylori provided the
missing link in the Correa pathway. Here was
the environmental factor responsible for the
active/chronic gastritis. Epidemiological evi-
dence has accumulated providing enough
proof of H pylori as a causal agent in gastric
cancer that a working party of the International
Agency for Research on Cancer (IARC) classi-
fied the bacterium as a Class I carcinogen.2
The concept of a continuum of H pylori
induced inflammation worsening in severity
from active/chronic gastritis to atrophic gas-
tritis is now generally accepted as the scenario
leading to gastric cancer. Variation in the
severity of the gastritis has been explained by
the existence of particular virulent strains ofH
pylori, that carry the marker gene cagA.3 4
Consistent with this concept, cagA positive
strains of H pylori induce greater recruitment
of neutrophils via increased production of the
inflammatory cytokine interleukin 8 by gastric
epithelial cells.5 6 Another feature of atrophic
gastritis is that H pylori tends to be lost from
the stomach in advanced disease.7 Some
claimed the lack of association of concurrent H
pylori infection and atrophy as evidence against
a causal link. Others suggested this was due to
a change in the gastric environment such that
it had become hostile to survival of the
bacterium in particular, a lack of attachment
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sites due to intestinalisation of the gastric
mucosa. The role of the host factors in the
scenario leading to gastric atrophy has been
largely ignored. In 1993 we published an
animal model of atrophic gastritis, namely
longterm infection in a conventional strain of
Quackenbush/Swiss (QS) mice with a close
relative of H pylorn, Helicobacter felis.8 Subse-
quently we examined longterm infection of the
same strain of bacterium in a different strain of
mice, BALB/c. These animals had no gastritis
but after 22 months did develop lesions
equivalent to low grade B-cell lymphomas.9 A
striking feature of these two experiments was
the completely different pathology seen in the
two strains of mice to longterm exposure to the
same bacterium. Differences in host factors
were the only explanation. Therefore it was
decided to examine the development of gas-
tritis in a number of different strains of mice,
to explore the development of atrophic gas-
tritis, and the influence of these host factors.
Six strains were selected from the same animal
house to eliminate differences due to variations
in intestinal microflora. Special emphasis in
this study was given to the development of
antral gastritis and a mapping of bacterial
colonisation as these had not previously been
assessed in longterm studies and were
important with respect to H pylori induced
atrophy in the human. The development of an
H pylori mouse model later in this study, using
a human strain of the bacterium adapted by
multiple passage in mice over six months,
allowed us to find out ifH pylori would induce
atrophy in a mouse model.

Methods

ANIMALS
Six week old female inbred Specific Pathogen
Free (SPF) mice of six different strains were
obtained from the same institute (Walter and
Elisa Hall Institute, Melbourne, Australia), the
detail of these mice strains is shown in
Table I.

All mice were maintained in the animal
house at the School of Microbiology and
Immunology, The University of New South
Wales. They were fed a diet of sterilised
commercial pellets (Lab Feed, Sydney, NSW)
and drinking water was given ad libidum.
For each strain, 24 mice were infected with

H felis and six mice served as uninfected
controls. In addition, groups of 10 C3H/He
and C57/BLI6 mice were infected with H
pylori. All protocols involving animal experi-

TABLE I Strains ofmice usedforH felis colonisation and
their H-2 complexes

H-2 complex

Strain Haplotype K D Aa Ab Ea Eb

C3H/He k k k k k k k
CBA k k k k k k k
DBA/2 d d d d d d d
BALB/c d d d d d d d
C57BL/6 b b b b b - b
SJL s s s s s - s

mentation were approved by the Animal Care
and Ethics Committee at the University of
New South Wales.

BACTERIA
Hfelis, strain CS1 (ATCC 49179), originally
isolated from cat stomach, and H pylori, strain
SS 1, a cagA +ve, vacA +ve human isolate
adapted to colonise the mouse stomach, were
grown on Campylobacter Selective Agar con-
sisting of sterile horse blood (5% v/v) in Blood
Agar Base No 2 (Oxoid Ltd, Basingstoke, UK)
containing 10 mg/l Vancomycin (Sigma
Chemical Co, St Louis, MO.), 5 mg/l
Trimethoprim lactate (Sigma), 2500 IU/1
Polymyxin B (Sigma), and 5 mgll Ampho-
tericin B (ER Squibb and Sons, Princetown,
NJ). The plates were incubated in an anaerobic
jar (Oxoid) with microaerophilic gas gener-
ating kit (Code no BR 56, Oxoid) for two days
at 37°C. Hfelis was harvested from plates and
suspended in brain-heart infusion broth (BHI)
(Oxoid) and the final concentration was
adjusted to approximately 1 09 bacteria/ml with
BHI broth. The H pylori isolate was inoculated
into BHI broth supplemented with 5% horse
serum and antibiotics as above and incubated
under microaerophilic conditions with agi-
tation for two days at 37°C. The cells were then
centrifuged at 5000 rpm for 10 minutes and
the final concentration adjusted to approxi-
mately 1iO bacteria/ml. Mice were inoculated
intragastrically three times in five days with 0a 1
ml of bacterial suspension using a polyethylene
stomach catheter (0.58 mm internal diameter
XO.97 mm outer diameter). Uninfected
control animals were kept for the same period.

EXPERIMENTAL SCHEDULE

For each strain of mice, four infected animals
were examined at one month, and 10 at two
months and six months. Three control mice
were examined at the latter two time points.

Assessment ofpathology and colonisation
The stomachs were cut into strips and fixed in
10% formal buffered saline, embedded in
paraffin wax, and 4 ,um thick sections were cut.
These sections were stained with haematoxylin
and eosin for histopathological assessment and
May Grunwald-Giemsa stain for assessment of
colonisation. The degree of gastric inflam-
mation and architectural changes of gastric
mucosa were assessed in the haematoxylin and
eosin sections. Slides were inspected 'blind'.
That is, the label of all slides were masked,
slides were randomly mixed and relabelled.
The total number of slides was 216. All slides
were scored independently by two of us (TS
and MD), interobserver differences were found
to be negligible. The degree of gastritis was
determined using the scoring system described
in Table II. Antrum and body were each
graded for 'chronic inflammation' character-
ised by infiltration of mononuclear cells
'activity' by presence of polymorphonuclear
leucocytes, and atrophy by loss of specialised
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TABLE II Degree ofchronic inflammation, activity, and architectural changes ofgastric mucosa

Grade Chronic inflammation Activity Atrophic changes

0 No increase in inflammatory cell No increase in inflammatory cell No loss of specialised cells
1 Uniform infiltration of lamina propria Scattered neutrophils in the lamina Mild loss of specialised cells in glands

by lymphocytes, plasma cells, and some propria with no leucopedesis in the (chief cells and parietal cells)
eosinophils region of the gastric pits

2 Moderately dense infiltration of the Moderate number of neutrophils in the Moderate loss of specialised cell in
lamina propria by lymphocytes and lamina propria with microabscess in the gland
plasma cells region of gastric pits

3 Very dense lymphoplasmo-cell Extensive neutrophils in the lamina Severe loss of specialised cell in gland
infiltration on the lamina propria propria with obvious cryptitis

cells - that is, chief and parietal cells (nil=0,
mild= 1, moderate=2, severe=3). The degree of
colonisation was assessed by semiquantative
analysis of bacteria in the antrum, body, and
squamo-columnar junction (nil=O, 1-2 cell/
crypt= 1, 3-10 cell/crypt=2, 11-20=3, >21 cell/
crypt=4). Colonisation in all 216 slides were
also assessed 'blind' by two of us (TS and JO).

IMMUNOASSAY

Systemic IgG antibody against H felis in the
serum was measured using an enzyme linked
immunosorbent assay (ELISA). Microtitre
plates were coated with whole cell sonicates of
H felis (ATCC 49179) (100 ,ug/ml) as the
antigen. Sample sera were diluted to 100 times
with blocking buffer and specific antibody
against H felis detected by using alkaline
phosphatase conjugated antimouse IgG
(GibcoBRL, Gaithersberg, MD) as the second
antibody and disodium p-nitrophenyl phos-
phate, disodium (Sigma) as the substrate. The
optical density (OD) was measured by reading
absorbances at 405 nm using a photometer
(BIO-RAD plate reader, Hercules, CA). All
assays were done at the same time permitting
valid comparative studies.

ASSESSMENT OF AUTOANTIBODY

H/K-A TPase ELISA
Anti-H/K ATPase antibodies in mouse sera
were detected by an ELISA adapted from
Chuang et al. 0 Porcine derived H/K-ATPase,
comprising both ox and P subunits, was
obtained from Dr F Alderuccio of Monash
Medical School, Melbourne, Australia and Dr
H Larsson of Astra Hassle AB, Sweden.
Polyvinyl chloride microtitre plates (Dynatech
Laboratories Inc, Acacia Ridge, QLD) were
coated with 50 plA of purified H/K-ATPase at
a concentration of 1 ,ug/ml (Melbourne derived
pump) and 6.25 ,ug/ml (Astra derived pump)
in 0.5 M carbonate-bicarbonate buffer pH 9.6
for four hours at room temperature. Plates
were blocked with 1% bovine serum albumin
(BSA) in phosphate buffered saline (PBS)
overnight at 4°C. Sera was diluted 1:50 in
PBS+0-05% TWEEN-20. Bound antibody
was detected by addition of 50 ,ul of anti-
mouse IgG biotinylated species antibody from
goat (Amersham International, Little Chal-
font, UK) at a dilution of 1:500 in 041% BSA
in PBS, followed by 50 ,ul of streptavidin-
biotinylated horseradish peroxidase complex
(Amersham) at a dilution of 1:500 in 0.1%

BSA in PBS. Incubations were performed at
room temperature for 60 minutes except the
streptavidin-biotinylated complex, which was
performed for 30 minutes. Between incu-
bations, plates were washed three times with
PBS+0.05% TWEEN-20. Peroxidase activity
was detected by addition of 100 pl of substrate,
containing 0.2 mg/ml O-phenyldiamine
(Sigma) in methanol and 0.006% H202 for
20-30 minutes in the dark. The reaction is
stopped with 50 pI H2S04, and the plate read
at 490 nm. Controls included normal mouse
sera previously defined positive and negative
for gastric H/K-ATPase and parietal cell
reactivity from mice with and without neonatal
thymectomy induced autoimmune gastritis.`
In addition, monoclonal antibodies IH9 and
2B6 specific for the ao and P subunit of gastric
H/K-ATPase respectively, were also used.

Detection ofparietal cell autoantibodies
Mouse sera were assayed for parietal cell auto-
antibodies by indirect immunofluorescence.
Five micron sections of formalin fixed paraffin
wax embedded normal mouse stomach were
cut, dewaxed in Histol, washed twice in 100%
ethanol and once in water. The sections were
incubated with sera diluted 1:50 in PBS for 60
minutes at room temperature. Slides were
washed three times, firstly in PBS followed by
PBS+0.05% TWEEN-20 and finally PBS. All
wash steps were performed at room tem-
perature for five minutes on a shaker. Bound
antibody was detected by incubation with
FITC-sheep antimouse Ig (Silenus Labora-
tories, Hawthorn, Victoria) at 1:50 in PBS for
45-60 minutes at room temperature in the
dark. All incubation steps were carried out in
a humidity chamber. Sections were washed
three times as above, mounted under a cover
slip with Fluorosave Reagent (Calbiochem
Behring Corp, San Diego, CA), and examined
by fluorescence microscopy at an excitation
wavelength of 440-500 nm. Monoclonal anti-
bodies 1H9 and 2B6, specific for the a and P
subunits of the H/K-ATPase respectively, and
sera from normal and neonatal thymectomy
mice were used as controls.

Results

LONGTERM H FELIS INFECTION

Histopathology
Table III shows the differences in the severity
of gastritis between various strains of mice
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TABLE III Details ofgastritis in various strains

Strain Length of Antrum Body
infection
(months) Inflammation Activity Atrophy Inflammation Activity Atrophy

SJL 1 13/- 1/- 0/- 2/- 1-2/- 2/-
2 0-9/0 0.7/0 0/0 1 6/0 14/0 2-1/0
6 0.8/0 0 1/0 0/0 2/0 1.3/0 2 1/0

C3H/He 1 0/- 0/- 0/- 0.7/- 0 2/- 1/-
2 0 1/0 0/0 0/0 1*1/0 0 9/0 1/0
6 0 7/0 0.2/0 0/0 2.2/0.3 14/0-3 2.5/0.6

DBA 1 0.7/- 07/- 0/- 1/- 0.2/- 0.5/-
2 0.2/0 02/0 0/0 09/0 1/0 1/0
6 1/1 0.1/0 0/0 2-1/1 0.7/0 19/0.3

C57BLJ6 1 0 5/- 0.2/- 0/- 1/- 0.7/- 1/-
2 0.6/0 0.5/0 0.2/0 13/0 1.2/0 0 9/0
6 0.7/0 0 1/0 0/0 17/0 1/0 2/0

Balb/C 1 0/- 0/- 0/- 0 2/- 0.2/- 0/-
2 0.3/0 0 3/0 0/0 0.2/0 0 1/0 0/0
6 0.6/0 02/0 0/0 0.7/0 0 1/0 0 1/0

CBA 1 0.2/- 0.2/- 0/- 0/- 0/- 0/
2 0 1/0 0 1/0 0/0 0/0 0/0 0/0
6 0.2/0 0/0 0/0 0.3/0 0.2/0 0/0

Data shown as mean infected mouse score/uninfected mouse score.

..

Figure 1: The gastric mucosa ofSJL mice infected with H felis. (A) The body mucosa one
month after infection showing loss ofparietal and chief cells, replacement with proliferating
cells, gland elongation, and mucus metaplasia. (haematoxylin and eosin stain, original
magnification X 125). (B) Microabscesses and cell infiltration of the gastric body two
months after infection (haematoxylin and eosin stain, original magnification X 125).
(C) Antral mucosa six months after infection showing limited infiltration and no mucosal
changes (haematoxylin and eosin stain, original magnification X 125).

infected with H felis. The most severe degree
of gastritis following infection occurred in the
SJL strain; with large numbers of mononuclear
cells (mainly lymphocytes) infiltrating the
submucosa and lamina propria of the mucosa.

There was a severe chronic gastritis with pro-
nounced activity in the body of the stomachs.
One month after inoculation the body glands
showed loss of parietal and chief cells and
replacement by proliferating cells or mucus
secreting cells, or both (Fig IA). Micro-
abscesses in gastric pits were observed in some
animals from two months after inoculation
(Fig 1B). In contrast with these dominant
pathological lesions in the body, only a mild to
moderate degree ofinflammation was observed
in the antrum with no atrophic or metaplastic
changes throughout the experiment (Fig 1 C).

In the C3H/He strain of mice, the severity
of gastritis increased with time and, by six
months, all animals had severe gastritis with
numerous chronic inflammatory cells in the
lamina propria and submucosa in the body.
Atrophic changes were especially prominent, in
this strain of mice at six months after infection
(Fig 2A). The glandular specialised cells were
replaced by proliferating zone cells and mucus
secreting epithelial cells, and these
proliferating glands breached the muscularis
mucosae in some mice. Isolated foci of atypical
branching and dysplastic glands were observed
(Fig 2B). Once again only mild to moderate
chronic inflammation was seen in the antrum
(Fig 2C).
Mice of the DBA/2 strain had a moderate

gastritis by one to two months after inoculation
ofthe Hfelis. At six months, there was intensive
infiltration by mononuclear inflammatory cells
and polymorphs into the mucosa and sub-
mucosa and this was limited to the body.
Atrophy with loss of parietal cells and the
appearance of hyperplastic glands penetrating
through the muscularis mucosae was a feature
of some mice (Fig 3A).
The C57BL'6 mice also had a moderate

degree of active gastritis. Loss of specialised
cells at six months was observed in six mice
with extensive hyperproliferation and moder-
ate to severe glandular replacement in the body
(Fig 3B). This was the most varied group with
four of 10 mice showing little destructive
inflammation.
BALB/c mice had negligible gastritis at one

and two months after infection, as observed
previously. By six months, a mild degree of
cellular infiltration was observed only in the
antrum around gastric pits colonised by Hfelis.
No atrophic changes occurred in the corpus
mucosa of these animals.
The least inflammation following H felis

infection was seen in the CBA mice, which
showed no gastritis in the body (Fig 4A) or
antrum (Fig 4B) during the whole term of the
experiment despite excellent colonisation (Fig
4C).

Uninfected control mice of each of the six
strains used remained Hfelis free over the time
of this study, and showed no notable changes
in their gastric mucosa.

COLONISATION OF THE DIFFERENT MOUSE

STRAINS WITH H FELIS
Table IV shows the levels of colonisation by H
felis in each strain. In SJL mice, a few animals
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TABLE IV Degree of colonisation by H felis ofdifferent
strains of mice at various times after infection

Strain Length of Average score ofcolonisation
infection
(months) Antrum Body S-Cjunction*

SJL 1 0.3 0.5 1
2 03 0 0
6 03 0 0

C3H/He 1 1-3 0-2 0.3
2 1-4 07 09
6 01 0 0

DBA/2 1 2 0.7 2
2 1-8 0-6 1
6 01 0 0

C57BL/6 1 2-7 1 1
2 2-1 1 1-4
6 1-5 07 05

BALB/c 1 2-7 0-2 0
2 2-9 0.1 0-2
6 3-2 0.1 05

CBA 1 3 0.7 1
2 3-4 05 1-3
6 39 04 0-8

*S-C junction: squamo-columnar junction, - that is, cardia
equivalent.

, ,%, , . 0 , , ) e <'i: t "' C " "sS~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~.

Figure 2: The gastric mucosa ofC3H/He mice six months after infection with H felis.
(A) Significant cell infiltration and atrophy with almost complete loss ofspecialised cells in
the body mucosa (haematoxylin and eosin stain, original magnification X 125). (B) An
isolatedfocus of atypical and dysplastic glands (haematoxylin and eosin stain, original
magnification X200). (C) Mild inflammation in the antral mucosa (haematoxylin eosin
stain, original magnification X 125).

had small numbers of Hfelis only in the antrum

throughout the experiment. Many C3H/He
animals had moderate colonisation in their
antrum at one and two months, but few bacteria
were detected at six months. DBA/2 mice also
had heavy colonisation in the antrum and cardia
at one and two months but the bacteria had
disappeared at six months. While most C57BIJ6
mice had heavy colonisation in antrum, body,
and cardia at one and two months; only four
mice had heavy colonisation in the antrum at six
months. The mice with atrophy were the
animals found to have lost the infection.

In contrast with the four strains above that
all showed significant pathology and appeared
to lose their helicobacters, in both the BALB/c
and CBA strains, mice that showed virtually no
pathology associated with infection, all mice
have heavy colonisation in their antrum
throughout the experiment, with moderate col-
onisation of the cardia. Indeed, there seemed
to be an increase in colonisation in these
animals with time.

All strains of mice showed very little colon-
isation of the body of the stomach at any time

point after infection. At the beginning mice
had good antral colonisation but, as atrophy
developed, their number in the antrum
declined. There was thus a negative correlation
between antral colonisation and body atrophy.
In Table IV, it appears as though the figures for
the SJL and C57BIJ6 mice are in conflict with
the general rule. This is not the case. With
respect to the SJL mouse, major pathology
develops rapidly - that is, at one month there
is already substantial atrophy and the level of
colonisation is much reduced. Using a three
point scale as described in the Methods and
averaging the results per mouse, a grading of
0.3 means virtually no bacteria are seen. The
results with the C57BI/6 mice do seem
inconsistent but this relates (as pointed out
above) to the variable pathology in these mice,
four of 10 mice showing virtually no atrophy.
Also in this group the pathology (when
present) develops early and consequently the
level of colonisation is lower than other strains.
This together with the effect of averaging
seems to show no influence of atrophy on
colonisation. In fact, looking at individual mice
within this group the observation holds up -
that is, in the four mice without atrophy there
is still moderate colonisation of the antrum.

SEROLOGY OF INFECTED MICE
Table V shows the serum levels of anti-H felis
antibody (IgG) measured by ELISA. All
infected mice had significantly higher levels of
antibody compared with uninfected control
mice in each strain. There was a tendency for
the levels of antibody to increase with time
after infection, however there was no corre-
lation between the severity of the inflammatory
response and the level of antibody. The only
strain of mice that appeared to have different
levels of anti-H felis antibody were the CBA
mice, which had a reduced response.

ASSESSMENT OF AUTOIMMUNITY IN H FELIS
INFECTED MICE
Table VI shows the results of assessment of
sample mice of various strains for antibody
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Figure 3: (A) Hyperplastic glands penetrating the muscularis mucosa in a DBA/2 mouse
six months after infection with H felis (haematoxylin and eosin stain, original
magnification X 125). (B) Loss of specialised cells with extensive proliferation in the body of
a C57BL/6 mouse six months after infection with H felis (heamatoxylin and eosin stain,
original magnification X 125).

*r~~~~~~~~~~~~~~~~~~~j
Figure 4: The gastric mucosa ofa CBA mouse after six months infection with H felis.
(A) Body mucosa with normal histology (haematoxylin and eosin stain, original
magnification X 125). (B) Antral mucosa with normal histology (haemtoxylin and eosin
stain, original magnification X 125). (C) Heavy colonisation ofan antral pit with H felis
(May Grunwald Giemsa original magnification stain, original magnification X 625).

against the H+/K' ATPase parietal cell acid
pump or against other exposed tissue antigens.
No anti-parietal cell antibody was seen by
ELISA or immunostaining in either infected or

uninfected SJL, DBA/2 or BALB/c mice. Some
autoimmune antibody directed against the
purified H+/K' ATPase and parietal cells was

revealed by reaction of serum from C3H/He
mice with the normal uninfected mouse tissue.

However, there was no correlation with Hfelis
infection as antibody positive animals were also
seen in the control uninfected group. All
positive control sera from experimentally
induced autoimmune mice showed antibody
by both techniques.

H PYLORI INFECTION IN MICE

Table VII shows the severity of gastritis in two
strains ofmice infected with Hpylori. The most
severe degree of gastritis after Hpylori infection
occurred in the C57BL/6 strain, with a moder-
ate to severe chronic gastritis with activity
detectable in the corpus of the stomach (Fig
5A). Interestingly, there was not the variability
in pathology in the C57/BL/6 mice colonised
with Hpylori compared with that observed with
Hfelis. Six months after infection body glands
showed moderate loss ofparietal and chief cells
and replacement with proliferating cells or
mucus secreting cells, or both (Fig 5B).
Microabscesses in gastric pits were also seen.
In contrast, only a mild degree of inflammation
was observed in the antrum with no atrophic
or metaplastic changes detected (Fig 5C).
The C3H/He mice exhibited a mild degree

of cellular infiltration following a six month
infection (Fig 5D). Almost no atrophic
changes occurred in the body of the stomach.
Uninfected control animals of each of the
strains used remained H pylori free over the
time of this study, with no change in the gastric
mucosa observed. Thus similar results were
found to the Hfelis infected C57/BLJ6 mouse
in that atrophy in the body was seen after six
months and the degree of colonisation
reduced. In contrast with the H felis infected
C3H/He mouse atrophy was not seen in the
longterm infected animals.

Discussion
These longterm studies clearly show the
importance of host differences in the develop-
ment of Helicobacter induced pathology.
Basically the H felis infected mice could be
divided into two groups. Those who exhibited
little or no inflammatory response and those
who displayed a severe gastritis with atrophy.
In the SJL, C3H/He, C57BL/6, and DBA/2
strains a moderate to severe degree of chronic
active gastritis was observed in the body of the
stomach, with replacement of parietal and
chief cells with proliferating zone cells or
mucous secreting cells, or both, by six months
after infection. On the other hand, atrophic
changes were not detectable in the body of
BALB/c and CBA mice. BALB/c mice had
only a mild degree of localised gastritis around
the gastric pits in the antrum, but not in the
body. CBA mice had no observable gastritis.
Histopathological findings of all 216 slides in
this experiment were 'blinded' and therefore
unbiased. The progressive results are con-
sidered to be an accurate representation of the
developing gastritis. Probably the most
revealing feature of the gastritis was its
predominance in the body mucosa of affected
animals with virtually no inflammatory or
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TABLE V Levels ofspecific antibody (IgG) against H felis as determined by ELISA in
mouse serum from different strains of mice at various times after infection

Strain Mean value ofoptical density reading (SD)
1 month 2 months 6 months

infected control infected control infected

SJL 2-15 (007) 009 (003) 2-23 (0.19) 0-17 (001) 2-61 (008)
C3H/He 1.40 (0.16) 0.09 (0.05) 1.47 (0.24) 0.27 (0.17) 2.16 (0.33)
DBA/2 1.91 (0.25) 0-12 (0-05) 1-87 (0.27) 0-08 (0.04) 1-89 (0.27)
C57BL/6 1-22 (0-15) 0-06 (0 01) 1-45 (0.29) 0-27 (0.28) 1-75 (0-12)
BALB/c 1-62 (0.35) 0-08 (0.03) 1-53 (0.33) 0.10 (0.07) 2-17 (0-16)
CBA 0-75 (0.19) 0-08 (0.01) 0.94 (0-35) 0-42 (0.26) 1-42 (0.27)

TABLE VI Assessment ofantibody mediated autoimmunity
in H felis infected mice at different times after infection

Mouse Infection with H+/K+ A TPase Parietal cell
strain H felis antibody antibody

C3H/He Nil 3/6 3/6
2 months 2/9 2/9
6 months 4/10 3/10

SJL Nil 0/6 0/6
2 months 0/10 0/10
6 months 0/10 0/10

DBA/2 Nil 0/6 0/6
2 months 0/10 0/10
6 months 0/10 0/10

BALB/c Nil 0/6 0/6
2 months 0/10 0/10
6 months 0/10 0/10

Positive control* - 3/3 3/3
Negative control - 0/3 0/3
mAB IH9t - 1/1 1/1
mAB 2B6: - 1/1 1/1

*Serum from neonatally thymectomised mice. tAntibody
against the a subunit of gastric H+/K' ATPase. tAntibody
against the b subunit of gastric H+/K' ATPase.

architectural changes in the antrum. Given
what we now know about the colonisation
patterns of Hfelis in mice, the distribution of
gastritis is anomalous.12 H felis has a more
limited ecological niche in the stomach than H
pylori. The bacterium is mainly restricted to the
antrum of the stomach and the cardia equiva-
lent - that is, the three to four gastric glands
immediately distal to the squamocolumnar
junction close to the oesophagus and the
stratified epithelial lined rumen-like compart-
ment of the mouse stomach. The antrum and
cardia have one feature in common; the
absence of parietal cells. We have argued else-
where, that this is due to the sensitivity of the
bacterium to local acid production.13 One
exception to the poor colonisation of the body
mucosa by H felis was in the C57BL/6 mice,
which had moderate to heavy colonisation.
This is an interesting difference that warrants
further investigation but does detract from the
main observation that in general progressive
changes occurred in the presence of the lightest
bacterial load.
Although the antrum is the preferred habitat

ofHpylori in the human stomach the organism
is seen overlying the body. The atrophic and
metaplastic gastritis reported in this paper

occurs where few bacteria are seen and yet the
organism can readily be seen in the antrum in
the early stages of infection. This means that
the damage seen in body mucosa cannot be
due to inflammatory reactions directed against
the bacterium itself, otherwise antral de-
struction would be seen. One explanation for
this phenomenon is that the damage results
from an autoimmune response directed against
gastric tissue and triggered by the presence of
longterm Hfelis infection.

Gastric tissue is known to be susceptible to
autoimmune attack. In the human, chronic
atrophic gastritis of the corpus mucosa (type A
gastritis), is the underlying basis for pernicious
anaemia and is characterised by the generation
of autoantibodies against the H+/K' ATPase
enzyme, the gastric proton pump of the parietal
cell, together with mononuclear cell infiltration
within the gastric mucosa.14 15 Autoimmune
gastritis can be induced experimentally in cer-

tain strains of mice by neonatal thymectomy.16
In both human autoimmune gastritis and the
mouse model, Hf/K' ATPase antibodies can

be detected in the serum. For this reason H/K
ATPase antibodies were assessed in the Hfelis
infected mice but with completely negative
results. However, this observation does not
eliminate the possibility of an autoimmune
response, as there is animal model of auto-
immune gastritis without demonstration of
parietal cell antibodies. Nishio et al isolated a

T-cell clone reactive to parietal cells from a

mouse with autoimmune gastritis and adopt-
ively transferred these activated cells into
syngenetic nude mice. Autoimmune gastritis
was seen at four weeks in the recipient mice
without the production of autoantibodies to
parietal cells.17 An incidental finding in this
study was the presence of some parietal cell
antibody in the uninfected C3H/He mice. This
is unexplained but may be of interest to those
working with the thymectomised mouse

models. In a recent finding of relevance to this
study, Appelmelk and colleagues showed
shared epitopes between H pylori LPS and
Lewis x and y blood antigens.18 Experimental
infection in mice or natural infection in humans
induced anti-Lewis antibodies. The P chain of
gastric H+, K+-ATPase and the parietal cell
proton pump were shown to contain Lewis y

epitopes with gastric mucin containing both
Lewis x and y determinants. They conclude that
molecular mimicry between H pylori LPS and
the host, based on Lewis antigens, provides an

understanding of an autoimmune basis to H
pylori gastritis. We do not yet know if Hfelis LPS
also shares such epitopes. Investigations into
similar phenomena in the mouse model
described above will be interesting.

TABLE VII Mean grading ofgastritis and levels of colonisation in different mice strains infected with H pylori

Strain/length Antrum Body Colonisation (average score)
colonisation

Inflammation Activity Atrophy Inflammation Activity Atrophy Antrum Body

C3H/He2m 07 0 0 0-3 0 0 1-8 017
C3H/He 6m 0.9 0-6 0 1-3 0-5 0-3 1.9 0.6
C57BLJ6 3m 0.5 0.5 0 0.9 0.5 0.3 2-6 0-1
C57B16 6m 1-5 0-8 0 2-0 1.4 1.5 0.9 0.4
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Figure 5: The gastric mucosa of mice colonised with H pylori for six months. (A) Body mucosa ofa C57BL/6 mouse
showing moderate infiltration ofinflammatory cells (haematoxylin and eosin stain, original magnification X 125).
(B) Body mucosa ofa C57BLI6 mouse showing the replacement ofparietal and chief cells with proliferating or mucus
secreting cells, or both (*) (haematoxylin and eosin stain, original magnification X 125). (C) Antral mucosa ofa C57BIJ6
with normal histology (heamatoxylin and eosin stain, original magnification X 125). (D) Body mucosa ofa C3H/He
mouse a mild degree ofcellular infiltration (heamatoxylin and eosin stain, original magnification X 125).

A contribution of autoimmunity to H pylori
mediated damage has been previously dis-
cussed in the published reports. Negrini
demonstrated the presence of antibody
directed against various mouse tissues after
intensive parenteral immunisation ofmice with
H pylori antigens.19 20 Although an artificial
experimental system, it shows that cross reac-

tive epitopes may exist between the bacterium
and gastric tissue. There has been discussion
of a possible role of H pylori in human
autoimmune gastritis but the association is at
present unclear. The organism is usually absent
from the gastric mucosa of patients although

antibody against H pylori has been detected in
21 2their serum. 22 Our results may be relevant to

this debate as continuing damage is seen in the
mouse at the same time as bacteria are lost
from the mucosa.
There are some features of the atrophic

gastritis seen here that are different to classic
Type A atrophy in the human, these need to be
explained. Glands show metaplasia rather than
destruction and the replacement of specialised
cells does not seem to be directed as a
consequence of a reaction against the parietal
and chief cells themselves as there are no
intraepithelial accumulations of mononuclear
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cells. Rather the effect seems to be due to
hyperplastic changes in the mucous neck cells
with downward replacement of specialised cells
- that is, a divergent differentiation of
proliferating neck cells away from parietal/chief
cell lineage. This may explain the lack of
parietal cell antibody. It could be, however, that
similar mucosal changes are a feature of the
atrophy associated with non-autoimmune
active/chronic gastritis. Another difference
from Type A gastritis is the very considerable
infiltration ofpolymorphonuclear cells in all the
reactive strains ofmice. Given that we could see
no Hfelis in this actively inflamed body tissue,
we have no explanation as to what is the
stimulus for recruitment of these cells.
However, the major differences between this

H felis associated atrophic gastritis and the
situation in the H pylori infected human is that
there is no prior or accompanying phase of
active/chronic gastritis in the antrum or body.
Correa, the originator of the currently accepted
pathway from gastritis to gastric adeno-
carcinoma, has himself questioned whether
diffuse antral gastritis and multifocal atrophic
gastritis are separate entities or part of the same
spectrum.23 These data would strongly suggest
they are separate entities albeit both caused by
H pylori. For an unknown reason Helicobacter
species in mice do not usually induce an active/
chronic gastritis in antrum or body directly
related to the presence of the bacterium.
However, atrophy with some of the features
seen in humans does occur. Importantly this
aspect of helicobacter induced inflammation is
host dependent. In the human with more
bacteria throughout the corpus mucosa and
gastritis consistently in the antrum, it is very
difficult to dissociate these two entities. These
mouse models allow that to be done. The
results of the small scale experiment with our
mouse adapted strain ofH pylori show that the
same phenomenon occurs confirming the
relevance of the Hfelis data.
Humans infected with H pylori who develop

severe gastritis in the body accompanied by
loss of acid secretion lose the bacterium.7 The
same is seen here in the longterm H felis and
Hpylori infected mice. As the atrophy develops
the infecting organism is lost from the stomach.
In C3H/He, C57BL16 and DBA/2 mice at the
last time point examined H felis was not
present. SJL mice were never well colonised. In
contrast, a high rate of colonisation was seen
in BALB/c and CBA mice throughout the
entire experiment. Thus, the degree of H felis
colonisation in mice was inversely proportional
to the severity of the gastritis. One explanation
for this observation could be that immunity
against the bacteria was increased because of
the inflammation and so an effective anti-
bacterial state was induced with time. This
would seem unlikely given the inability of
normal immune responses to eliminate Hpylori
from infected people and the finding that there
was no difference in the serological responses
to H felis in any mice except the CBA mice,
which did have a reduced response. The other
explanation could be that local environmental
changes induced by the atrophy could be

making the stomach inhospitable for Hfelis or
H pylori. This could result from competition
due to overgrowing other bacteria associated
with a hypochlorhydric state or from the cidal
effects of a relatively alkaline environment on
a bacterium adapted to survival in the presence
of some acid. Similar arguments have been
suggested for the loss ofH pylori from humans
with atrophic gastritis.7
Why are there such striking differences in

response between mouse strains? One explan-
ation could relate to the immunoreactivity of
each strain. Mouse strains of varying haplo-
types were selected for this experiment in an-
ticipation of this hypothesis (H-2 complex:
major histocompatibility I and II). But C3H/
He and CBA strains belong to the H-2k
haplotypes while BALB/c and DBA/2 strains
belong to H-2d haplotype. The significant
differences in the severity and type of gastritis
between these identical H-2 complex strains
suggests there is no relation between severity of
gastritis and H-2 complex. Another explan-
ation for the difference relates to prior antigen
exposure. However, the mouse strains were
selected from the same animal house and so it
is probable that the gut microbiotas are similar
but this has not been proved to date. Much
more comparative work is needed before we
understand the true nature of these differences
in host responsiveness. Why little or no
inflammation is seen in the antrum of any of
the mouse strains infected with either Hfelis or
the cagA positive mouse adapted Hpylori strain
is also a mystery. Indeed, true antral active/
chronic gastritis is rarely seen in any helico-
bacter infected animal of any species other than
the human.
A short-term study of H felis infection in

BALB/C, C3H/He, and C57BLJ6 mice has
recently been reported by Mohammadi and
colleagues.24 They demonstrated differences in
pathology at 11 weeks similar to our study.
They noted BALB/c mice showed little inflam-
mation whereas C3H/He and C57BL/6
animals had significant scores although
atrophy had not yet developed. C57BL16 has
10 times more bacteria in the body as was
found here. Additionally, they studied a series
of congenic mice and concluded that there are
contributions by both MHC and non-MHC
genes to helicobacter induced inflammation.
The results from these animal studies

challenge the conventional wisdom regarding
the evolution of atrophic gastritis and suggest
that host dependent autoimmune type mech-
anisms could contribute. Rather than atrophy
being an extreme end point of a continuum of
inflammation starting with acute gastritis,
leading through active/chronic gastritis to
atrophic gastritis, an independent mechanism
of induction of multifocal atrophic gastritis
may occur in some people. In the human this
atrophy is seen together with the chronic
gastritis resulting from direct action of the
bacteria and so the two phenomena cannot be
distinguished. The H felis and H pylori mouse
models will allow investigation of the mechan-
ism of parietal and chief cell replacement,
reasons for helicobacter loss in the atrophic
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stomach, and identification of the host factors
responsible for host dependent atrophy.
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