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THE EFFECT OF EXOGENOUS CO-FACTORS ON
ULCEROGENESIS BY H. HELMANNI-LIKE BACTERIA IN MICE
KA 1Fton, WB Green, and S Krakowka, Ohio State University,
Columbus, OH USA

We have shown that chronic infection by H. heilnannii-like
bacteria results in gastric ulceration in Balb/c mice. The purpose of
this study was to determine the effect of bedding ingestion and fasting
stress on ulcerogenesis in H. heilnannii-infected mice.

Mice were inoculated with either gastric homogenate containing
H. heibnannii, uninfected gastric homogenate, or sterile Brucella broth,
and housed on corn cob bedding. Eight months after inoculation, mice
were randomly divided into 3 groups. Group A was fasted on bedding
for 24 hours prior to sacrifice. Group B was removed from the corn
cob bedding, placed in cages with wire inserts and no bedding, and
fasted for 24 hours. Group C was not fasted and not removed from the
bedding. At sacrifice, the stomachs were scored for the presence of H.
heilmannii and gastritis, and for the number and severity of ulcers.

All mice given infected gastric homogenate became infected with
H. heilmannii, and all developed gastritis and lymphofollicular and
epithelial hyperplasia. The stomachs of group A mice contained corn
cob bedding, the stomachs of Group C mice contained lab chow, and
the stomachs of group B mice were empty. Of the infected mice, gastric
ulcers were grossly apparent in 4/8 Group A mice, 2/8 group B mice,
and 1/8 group C mice, but were not present in any uninfected mice.
Histologically, ulcers or erosions were detected in 11/24 of the infected
mice: 5/8 in Group A (ulcer score, 1.375), 4/8 in Group B (ulcer
score, 0.875), and 2/8 in Group C (ulcer score, 0.125). Gastric
erosions were present in 6/48 uninfected mice: 2/16 in Group A and
4/16 in Group B (ulcer score, 0.145).

Ulcers were more common and severe in infected fasted mice
than in unfasted mice or uninfected mice and were more severe in mice
fasted on bedding than in mice fasted on wire. Mechanical trauma due
to ingestion of bedding, stress due to fasting, or both may exacerbate
gastric ulcerogenesis in mice infected with H. heilmannii.

CHARACTERIZATION OF FELINE HELICOBACTER PYLORI
STRAINS AND ASSOCIATED GASTRITIS IN A COLONY OF
DOMESTIC CATS. L.K. Handt, J.G. Fox I.H. Stalis, R. Rufo, G.
Lee, J. Linn, X. Li, H. Kleanthous. Division ofComparative
Medicine, MIT, Cambridge, MA, Oravax, Cambridge, MA, USA.

Background: Twenty four young adult domestic cats from a
commercial vendor were found to be infected with Helicobacter
pylori. Methods: Histopathologic analyses, selected electron
microscopy and urease mapping were performed on mucosal
samples collected from the cardia and fundus, body and antrum of
these cats' stomachs. Results: H. pylori organisms were abundant
in all areas of the stomach, based on histologic evaluation and
urease mapping. H. pylori infection was associated with a
moderate to severe, lymphofollicular gastritis in 21 of24 cats
(88%). The gastritis was most pronounced in the antral region and
consisted mainly of multifocal lymphoplasmacytic follicular infil-
trates in the deep mucosa. The severity of gastritis in the antrum
corresponded to high numbers ofH. pylori there, based on use of
the urease assay as an indicator ofH. pylori colonization. Ten of
24 cats (42%) also had small to moderate numbers of eosinophils in
the gastric mucosa. All twenty four cats had gastric lymphoid
follicles, with follicles being most prevalent in the antrum. Electron
microscopy of gastric tissue revealed numerous H. pylori, some of
which were closely adhered to the mucosal epithelium. Human H.
pyloni gene specific primers to ureA and ureB amplified similar
sized products from H. pylori cat isolates. Digestion ofthe
products with restriction enzymes resulted in fragments
characteristic ofRFLP patterns ofH. pylori human isolates.
Conclusion: In the domestic cat, H. pylori infection is associated
with a lymphofollicular gastritis, consisting of lymphocytic and
plasmacytic infiltration into the lamina propria, and the organism
appears to provide chronic antigenic stimulation resulting in the
formation of gastric lymphoid follicles.

PROTECTIVE IMMUNISATION AGAINST HELICOBACTER Spp
STIMULATES LONG TERM IMMUNITY
FJ Radeliff, M Chen, A Lee. School of Microbiology & Immunology,
University of New South Wales. Affiliated First Hospital, Sun Yat-sen
University of Mledical Sciences, Guangzhou, P.R. China.

Aim This study was designed to establish whether immunisation against
H. felis provided long term protection.
Method Specific Pathogen Free BALB/c mice were immunised
orogastrically with whole cell sonicates of H. felis + cholera toxin
adjuvant on days 1, 3, 6, 30 and 54. Groups of mice were challenged with
H. felis 1, 3, 6 and 15 months after the last immunising dose. Three
weeks after challenge antral biopsies were taken from the mice for
detection of H. felis by urease reaction and histology. A small group of
mice from the 15 month time point were challenged, then re-challenged
several weeks later; clearance of H. felis was compared with previously
unchallenged immuniised mice from the same time point 2 and 4 days
after challenge.
Results

TIME AFTER H. FELIS INFECTION (%)

IMMUNISATION
IMMUNISED CONTROLS

1 lonth 0/10 (0) 10/10 (100)
3 lMonths 2/14 (14) 12/15 (80)
6 Months 0/9 (0) 15/15 (100)
15 Months 0/10 (0) 15/15 (100)

Fifteen months after immunisation all immunised mice remained
protected from H. felis challenge, whilst all control mice were infected.

TIME H. FELIS INFECTION (%)
AFTER Challenged days 1 & 44 Challenged day 44
CHALL

Immunised Controls Immunised Controls
2 davs 0/6 (0) 6/6 (100) 4/6 (66.7) 4/4 (100)
4 days 0/5 (0) 4/5 (80) 1 1/6 (16.7) 3/4 (75)

Immunised mice which had been challenged on 2 occasions rapidly
mounted a response which totally cleared H. felis after 2 days. However,
immunised mice which received one challenge dose took 4 days to clear
H. felis.
Conclusions Orogastric immunisation with H. felis + CT induced
complete protection against H. felis challenge for nearly a lifetime in
mice. The ability of recently challenged mice to quickly clear a second H.
felis challenge also indicates that the local mucosal immune response can
very effectively prevent infection.

INABILITY OF A UREASE-NEGATIVE ISOGENIC
MUTANT OF HELICOBACTER MUSTELAE TO
COLONIZE THE FERRET STOMACH. Karl A. Andrutis
James G. Fox, Robert P. Marini, James C. Murphy, Alison
Hayward, Jennifer Campbell, Lili Yan, David B. Schauer. Division
of Comparative Medicine, Massachusetts Institute of Technology,
Cambridge, Massachusetts 02139.

Eight ferrets (Mustela putorius furo), specific pathogen free for
Helicobacter mustelae, were administered 4.5 X 107 CFU of either
the parent strain of H. mustelae (NCTC 12032) (2 ferrets), the
urease-negative isogenic mutant strain of H. mustelae
(HmlO:Tn3Km) (4 ferrets), or the sterile culture broth as a negative
control (2 ferrets). Infection status was monitored by serology and
endoscopic gastric biopsy for urease activity, histopathology and
culture at 3, 6, 10 and 21 weeks. All ferrets were necropsied at 25
weeks. Both negative control ferrets remained uninfected
throughout the study. Both ferrets receiving the H. mustelae parent
strain became infected after two doses of the organism as evidenced
by culture, serology and urease assay. All four ferrets administered
the urease-negative isogenic mutant H. mustelae remained
uninfected throughout the study. Histopathology correlated with
infection status. H. mustelae-infected ferrets exhibited diffuse
mononuclear inflammation in the subglandular portion and the
lamina propria of the gastric mucosa while uninfected ferrets
showed no or minimal inflammation. These results suggest that
urease activity is essential for colonization of the ferret stomach by
H. mustelae.
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CULTURE AND CHARACTERISTICS OF A "NEW" HELI-
COBACTER SP. RESEMBLING "H.HEILMANNII" ISOLA-
TED FROM GASTRIC BIOPSIES OF DOGS. N.-L. Han-
ninen, K. Jalava, N. Kaartinen, I. Happonen
and S. Saari. University of Veterinary Medi-
cine and University of Helsinki, Helsinki
Finland.

Phenotypic and molecular characteristics of a
"new" Helicobacter sp. isolated from gastric
biopsies of dogs are described.

Ten isolates studied were 4 to 8 gm long spi-
ral-shaped organisms without periplasmic fib-
rils and with sheathed flagellas at both
ends. All were catalase, oxidase and urease
positive and they were positive in alkaline
phosphatase, gammaglutamyl transferase, DNAa-
se and nitrate reductase tests. They differed
from H. felis by being positive in indoxyl
acetate test. They were resistant to nalidi-
xic acid and sensitive to cephalothin.

The bacteria had a rather homogenous SDS-PAGE
protein profiles of whole cell proteins and
their protein profiles were clearly different
from those of H. felis. DNA-DNA hybridization
confirmed that the organisms were closely
related and they differed from H. felis, HL
Dslori and 'IF. ra]ini". Sequencing of 16S
rRNA is in progress.

Morphologically these bacteria resemble human
"H. heilmannii" which has not been cultured
in vitro. We believe that these two bacteria
are very closely related. A name Helicobacter
bizzozero is proposed according to Bizzozero
who was one of the first scientists who found
spiral organisms from dogs.

High pH is unfavourable for growth of H. felis in the rat
g rc antrum

Bj6m Meligard, Eva Varai and Hakan Larsson
Gastrointestinal Pharmacology, Astra Hassle AB, Moindal, Sweden

Aim: To study the effect of decreased gastric acid production by
means of surgical corpectomy (Q) or treatment with high dose of
omeprazole (Qm) on the growth and survival of H. felis in the rat
gastric antrum.
Methods: In the first expenment, fifteen female Sprague-Dawley rats
(SPF) were infected with H. felis. Of these, nine were subjected to
macroscopically complete Q. Operated animals and controls were
sacrificed 6-8 weeks after surgery. In the second experiment, twelve
rats were infected with H. felis and of these, six were treated with
Q (400 ,imoVkg/day, orally) for seven days and, together with their
controls, sacrificed immediately thereafter. All stomachs were
prepared for histological examination. Scoring of degree of infection
was done using microscopical evaluation on a 0-5 scale.
Results: Of the nine operated rats two were excluded because of
incomplete C. In the first experiment the control animals were found
to have a mean antral scoring of 4.1. In the a rats however, the
mean antral scorng was only 1.6, and 3/7 were negative for H.
felis at this location. In most > rats some remaining oxyntic glands
were found, and such glands were often colonised with H. felis, even
in animals devoid of H. felis in the antrum. In the second experiment
the control animals had a mean antral scoring of 3.5 and the O
treated animals a mean antral scoring of 2.0.
Conclusion: H. felis is highly adapted to its normal habitat in the
mucus layer of the acid producing stomach. Removal of most of the
acid secretion, irrespective of whether this is done by surgery or by
pharmacological treatment, creates unfavourable growth conditions
for H. felis. The most likely explanation for this is the resulting high
pH in the antrum. Thus, our results may explain the decrease in
antral colonisation of H. pylon seen in man during Q treatment, as
caused by an increase in gastric pH.

METRONIDAZOLE RESISTANT MUTANT ISOLATED FROM H.PYLORI
INFECTED EUTHYMIC MICE MODEL S.Matsumoto, Y.Washizuka,
Y.Matsumoto, S.Tawara, M.Karita. New Drug Resarch Lab. Fujisawa
Pharmaceut Co., Ltd, Osaka, Japan and Vanderbilt University School of
Medicine, Nashville, TN, USA
Both clinical monoerapy and n vitro studies have shown that H.pyon can
easily acquire rsista to antibiofics resulbing in a serious isue in the
treatment of H.pykri infection. The purpos of this study was to screen for
resistance in H.pylon infected mice treated with different antibiotics.
[Method] H.pyloMi CPY2052, gwn in Bnruclla h wifth 10% fetal bovine
serum at 37° under 10%C02, was orally infected into 4 weeks old mab ICR
mice. After 4 days, the mice were treated with Mebroidazole (MNZ),
Claritromycin (CAM) or Amoxycillin (AMPC) for 4 days, BID. 2 weks after Xt
fial treament, the mi were saifed and the gastric mucosa h d in
p bufed sal 0.01OmI aliquots wer inoculated onto selctive Brucella
agar plates which we tn incubated at 37t under 10%C02 for 4days. Th
MIC of MNZ, CAM and AMPC for reisolated strains from each treated groups
and control mice gastric mucosa were determined. [Result]

drug dose eradicaed resistant reisolates
MIC(# gImi) (mg/kg) frequey MIC ( ~In)
Metronidazole 3.2 08 018

1.56 10 518 1/5 25
~ 32 em not isolated

alarithrmycin 10 018 018
0.1 32 6/8 0f2

100 8e8 not isolated
Amoxycillin 1 5Y8 015

0.05 32 7/8 0(1
10 8(8 not isoated

control as8018
[Condusionj Her, we r for the first time about a H.pyli resisant muw
isolad from mioe treatd wih MNZ for 4 days. This result sugge that
H.~ rapdy aqr rsit to MNZ n vivo as wel as in viro and the
mice model allows usto examine whet r H.pybitends to acquire resist to
dnrgs X Wm.

LONG-TERM INFECTION OF HELICOBACTER PYLORI
PROMOTES GASTRIC MUCOSAL ATROPHY IN
CYNOMOLGUS MONKEY
N.Masubuchi', S.Hoshiya', H.Ninomiya', K.Matsuoka', S.Takahashi',
T.Itoh', I.Hirata', Y. Yanagawa', M. Shingaki' and S.Saito'.
'The 3rd. Dept. of Int. Med. Kyorin Univ. School of Med. and `Tokyo
Metropolitan Research Lab. of Public Health, Tokyo, Japan.

It has been reported that there is strong relationship between
Helicobacterpvlori infection and development of gastric mucosal
atrophy. However, it has not been well known about the cell
proliferation of gastric mucosa infected with H.pylori Thus, the aim of
this study is to clarify the change of gastric mucosa after infection with
H.pylori in animal model.
METHODS: Four H.pylori -free monkeys were inoculated with H.pylori
of monkey origin at a dose of 10'CFU. Gastroscopic examination with
gastric biopsy was done every 3 to 6 months after infection over 2 years.
Biopsy samples were taken from both gastric antrum and body for culture
and histological examination. Samples were stained by concanavalin A
paradox (con A) and Ki-67 (MIB-1). The ratio of con A positive zone in
gastric mucosa were measured for evaluation of gastric glandular portion.
The ratio of MIB-1 positive cells in gastric mucosal cells were counted
for evaluation of cell proliferation and expressed as labeling index (LU%).
RESULTS: 1. H.pylori could colonize on the gastric mucosa and gave
rise to gastritis. This infection and gastritis were continued over 2 years.
2. The ratio of con A positive zone increased in H.pylori infected gastric
mucosa.
3. MIB- I positive cells were detected at lower tubular portion.
4. U% increased in H.pylori infected gastric mucosa.
CONCLUSION: Gastric glandular cells changed to mucous neck cells in
gastric mucosa and the cell proliferation was stimulated with H.pylori
infection through two years. Long term infection of H.pylori promotes
gastric mucosal atrophy in Cynomolgus monkey.
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EXPERIMENTAL INFECTION OF RHESUS MONKEYS WITH H.
PYLORI. A. Dubois, N. Fiala, E.T. Incecik, G. Perez-Perez, M.J. Blaser,
D.E. Berg. USUHS and AFRRI, Bethesda, MD; Washington University,
St.Louis, MO; Vanderbilt University, Nashville, TN.

Analyses of H. ylori colonization and virulence factors require models
that closely match humans in terms of anatomy, physiology and genetics.
Rhesus monkeys may meet this need. We report here the successful
experimental infection of these monkeys by H. pylori strains of human as
well as of monkey origin, and indications of differences among H. pylori
strains in specificity for individual hosts.

Five animals that were H. pylori negative by culture and histology, and
a sixth animal that was later found to have a low grade H. pylori infection,
were challenged with a mixture of 2 laboratory-passaged human strains
and 1 monkey strain. Two of the five H. pylori-free animals, and "monkey
6" became persistently colonized after challenge, but the other 3 monkeys
were not. Arbitrarily primed PCR DNA fingerprinting showed that all
strains recovered from the first two monkeys, and most of those from
"monkey 6" were of monkey origin. The exceptional isolates from
"monkey 6" were closely related to its resident strain, but nevertheless
distinguishable by a few RAPD bands. The 3 monkeys that had resisted
the initial challenge were again challenged this time with two fresh human
isolates, and each became colonized. In each case, DNA fingerprinting
showed that colonization had been by only 1 of the 2 human strains.
The successful colonization by a human strain of monkeys that had

previously resisted colonization by a "monkey" strain suggests that
individual H. pylori strains may be better suited for certain individual
hosts, and that other strains may be best suited for other hosts. In this
context, the special isolates from "monkey 6" that seemed to have diverged
from the resident strain may have arisen by recombination between this
resident strain and the input strain(s). Those new bacterial genotype(s) that
were now better adapted to this individual host would then have been
selected in the gastric mucosa. In conclusion, the present results show that
monkeys can, indeed, be infected by H. pylori of human origin, and
suggest that these animals will be very useful for understanding how
bacterial genotype and host genotype, physiology and history of past
disease, all affect whether a given exposure to H. pylori results in
colonization and disease.
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DEVELOPMET OF A MOUSE MODEL OF GASTRIC
COLONISATIONWTHIHELICOBACTER PYLORI
AA McCQlm J Bagshaw, C OMalley and A McLaren
Glaxo Research and Development Limited
Glaxo Medicines Research Centre, Stevenage, Herts SG1 2NY

Experimental studies on H. pylon (Hp) in vvo would be
significantly advanced by development of a reliable small animal
model ofgastric colonisation. Initial studies using a cocktail of 15
freshly isolated strains of Hp administered on 3 successive days
indicated that prolonged colonisation (> 5 months) ocurred in
approximately 95% of germ free (GF) CD-1 mice, 61% of
conventional (CV) mice (HSD-ICR strain) and 82% of CV mice
antibiotic treated to partially decontaminate the gut. No
requirement for prior acid block or immunosuppression appeared
necessary. Min1im or no gastritis was seen in these animals. All
mouse strains tested (approx 20) supported at least some
colonisation. Similarly, most strains ofHp evaluated colonised to
some degree. Subsequent and ongoing experiments aimed at
idetifying the necessary criteria for successful colonisation have
shown that high and persisting colonisation rates (- 100% for at
least 6 weeks) can be reproducibly achieved with individual Hp
strains in CV HSD-ICR mice as follows:-
a) Oral challenge on 2 sequential days with lmi of a 24hr broth

culture containing 107-108 bacteria.
b) Tryptose soya broth is preferable to brain heart infusion

broth or brucelia broth.
c) Bacteria grown for < 1 month in vitro and exposed to

urea/acid treatment to stimulate urease activity will colonise
better than older cultures.

Our studies indicate that quality of the challenge inoculum appears
to be more important than strain of mouse or organism in
successfull gastric colonisation with Hp.
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THE REGULATION OF ACTIVATED HELPER T CELLS IN THE
GASTRIC MUCOSA DURING INFECTION WITH H. PYLORI H. Haberle,
M. Kubin, G. Trinchieri, R. Luthra, W.K. Gourley, R. Garofalo, S.E.
Crowe, V.E. Reyes, D.Y. Graham, R. Karttunen and P.B. Ernst, Dept.
of Pediatrics and Internal Medicine, University of Texas Medical
Branch, Galveston, TX, The Wistar Institute, Philadelphia, PA and the
Department of Gastroenterology, V.A. Medical Center, Houston TX.
Recent work by recent work by Karttunen et al suggests the Thi

subset of helper T (Th) cells is preferentially increased in the stomach
during gastritis. The objective of these experiments was to
characterize the cytokines which may select for the Th cell response
during infection with H. pylori. Gastric biopsies were collected from
over 1 60 patients who were categorized with respect to the presence
of H. pylori, gastric disease as well as their age, gender, medications
and other factors. Analysis of T cell subsets in individuals infected
with H. pylori and not regularly taking NSAIDS showed a marked
increase in CD45RO+ CD4' Th cells in the lamina propria and
epithelium compared to uninfected controls. CD4 and CD45RO are
normally co-expressed on activated or memory Th cells. Since this
subset of T cells can be recruited by the chemokine RANTES, we
measured the levels of immunoreactive RANTES in solubilized
biopsies collected from the antrum of infected individuals. RANTES
was significantly increased (p< 0.05, Wilcoxon Rank Sum test) in
the gastric mucosa of H. pylori-infected patients. As Thi and Th2
cells are selected by IL-12 and IL-10, respectively, we determined
whether H. pylori stimulates IL-10 or IL-1 2 production. Peripheral
blood leukocytes stimulated with live or killed H. pylori released IL-1 2
and IL-10, however, IL-12 was found in higher levels in the gastric
tissue while- IL-10 levels were negligible. In addition, the interferon-r-
inducible class 11 MHC and invariant chain molecules were expressed
by epithelial cells adjacent to activated CD4+ cells. These results
suggest H. pylon stimulates the induction of RANTES and IL-12
leading to the selection of activated Th1 cells that produce interferon-
y and other cytokines. In turn, these cytokines may activate local
antigen presenting cells and facilitate the induction of cell-mediated
immune reactions and lgG production. This model may help explain
some of the changes in the gastric mucosa associated with H. pylori
infection.
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IDENTIFICATION AND CHARACTERIZATION OF A METALLO-
PROTEASE ACTIVITY FROM HELICOBACTER PYLORI WHICH
IS CAPABLE OF DEGRADING IMMUNOGLOBULINS

Heny J. Windle and Dermot Kellcher

Department of Clinical Medicine, University ofDublin, Trinity
College, St. James's Hospital, Dublin 8, Ireland.

INTRODUCTION Helicobacter pyloA infections persist despite the
specific IgA and IgG responses generated by the host against the
bacterium. One mechanism whereby H. pylori could evade the
immune response would be provided by a secretory protease whose
substrate specificity includes immunoglobulins, as has been described
for other pathogenic gram negative bacteria.

RESULTS We have identified a protease activity in both clinical
isolates and reference strains of agar-grown H. pylori. The protease
activity is associated with the outer membrane fraction of the
bacterium and is also secreted by the bacterium when grown in broth
medium. The protease has been partially purified by ion exchange
and metal chelate chromatography. The protease does not copurify
with urease activity.

The protease activity was inhibited by EDTA, phosphoramidon and
1,10-phenanthroline, but not by PMSF and only partially by E-64. It
was thus considered to be a metalloprotease. Protease activity was
stimulated in the presence of the metal ions Zn > Cu > Mg > Co. The
activity had a pH optimum of 8.1 ± 0.1. The protease is stably
expressed as it remains active even after repeated subculture. In
vitro, the metalloprotease degrades both polyclonal IgG and IgAl in
addition to the chromogenic substrate, azocasein.

CONCLUSIONS Although the enzyme proteolyses IgA and IgG in
vitro the possibility that other non-immunoglobulin proteins may act
as natural substrates remains to be explored. This protease represents
a potential virulence determinant in the pathogenesis of H. pyloni
induced gastroduodenal disease as well as a means of evading the
hosts immune response to the pathogen.
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