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DEGREES OF GASTRMS AND PATTERNS OF ANTIBODY
|RESPONSE
TO H. PYLORI INFECTION IN PATIENTS WITH

CHRONIC RENAL FAILURE
Rapisarda N. Figura 2, A. Granata E. Vasquez F. Fraggetta
S. Randone l, G. Urso I, M.G. Bruno 1, P. Fatuzzo l, C. Gennari 2. Univ.
of Catania, Catania, Italy; 2 Univ. of Siena, Siena, Italy
Vacuolating toxin (VacA), cytotoxin-associated protein (CagA), urease and
heat shock protein (HSP) are important virulence factors of H. pylori (HP).
Infection by CagA+ HP is frequently characterised by heavy polymorph
infiltration of gastric mucosa. The aim of this study was to investigate
whether the severity and the activity of gastritis in patients with chronic
renal failure (CRF) were associated with CagA+ HP infection and/or with
a particular pattern of antibody response to the infection. A group of 51
patients was studied: 31 patients were on substitutive dialytic treatment
(group A), and 20 were on conservative treatment (group B). The infection
was diagnosed by histology and Western blotting (WB). Histology was
carried out according to the Sydney's system. Serum antibodies to CagA,
UreB and HSP were investigated by WB. Results: the prevalence of infection was 76.4%; the prevalence was similar in the two groups; uninfected
patients had a certain degree of gastritis activity; infected group B patients
had a higher degree of gastritis activity than infected group A patients
(P = 0.004); CagA seropositive patients did not have a greater activity of
gastritis than CagAM patients (P = 0.540); group B patients with antibodies
to UreB had higher degrees of gastritis activity (P < 0.001) and of gastric
atrophy (P = 0.038) than group A UreB seropositive patients. These results
suggest that, in CRF patients, the uremic microenvironment may interfere
with pathogenic mechanisms of HP infection and CagA+ HP infection has
no role in activity of gastritis.
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3B:02 | MOTILITY OF HELICOBACTER PYLORI IN A VISCOUS
MEDIUM

Q.N. Karim, M. Worku, R.L. Sidebotham, R.P.H. Logan T. Keshavarz 2.
1 St. Mary's Hospital London, Q. M. C. Nottingham; 2 University of
',

Westminster London

Background. Helicobacter pylori (Hp) is adapted to motility in gastric
mucus, a viscid medium formed from mucus glycoproteins of large size in
the normal to small size in the pathological stomach. We have modelled
the effects of mucus viscosity and mucin size on Hp motility by examining
bacterial movements in solutions of large (Mw 41 kD) and small (Mw 14
kD) size methyl cellulose (MC).
Methods. Helicobacter pylori were isolated from endoscopic biopsies of
patients with duodenal ulcer (DU; n = 6) and non ulcer dyspepsia (NUD;
n = 6). Campylobacter jejuni (Cj; n = 10) was included as a comparative
mucophilic bacterium. Bacterial motility was quantitatively measured in
broth and MC (viscosity 3-50 mPa.s), with a Hobson Tracker in real time
and reported as curvilinear velocity (CLV, g/s), straight line velocity (SLV,
,i/s) and track linearity (ratio CLV/SLV).
Results. Campylobacterjejuni showed significantly greater motility than
Hp throughout the range of viscosity tested. There was no significant
difference in motility between DU and NUD isolates of Hp. After an initial
increase, motility of both Hp and Cj decreased as viscosity increased from
3 to 50 mPa.s. Motilities of Hp and Cj were, however, lower in MC of 14
kD than 41 kD (Hp CLV decreased from 31 to 11 tumIs, in MC 41 kD and
from 30 to 5.5 ,tmIs in 14 kD MC). Hp tracked with greater linearity as
viscosity of the MC increased from 3 to 50 mPa.s.
Conclusions. Motility of Hp in the gastric mucus layer will be governed
by the viscosity of the mucus and the size of the mucus glycoprotein.

]

3B:03 ADHESION PROFILE OF DIFFERENT H. PYLORI ISOLATES
G. Rieder 1.2, M. Hahn 1,2, R.A. Hatz N. Lehn 3, G. Enders 2. Dept. of
Surgery, Klinikum Grosshadern, LMU Munich, Germany; 2 Inst. for
Surgical Research, Klinikum Grosshadern, LMU Munich, Germany;
3 Dept. ofMicrobiology, TU Munich, Germany
Since H. pylori is a non-invasive bacteria a signal transducing pathway
must exist which leads to the infiltration of immun-reactive cells. The first
step in signal transduction is the adhesion of the bacteria to epithelial cells.
',

Specific adhesion proteins

or

glycosylated

residues on the surface of H.

pylori could be responsible for bacteria host interaction which induces
signal expression. The aim of our study was to investigate which surface
component could be involved in the adhesion of H. pylori to epithelial
cells. Furthermore, we asked the question whether there is a difference in
adhesion profile of H. pylori isolates from patients with gastritis, peptic
ulcer, MALT-lymphoma, and gastric carcinoma. Methods: Glycosylated
residues were characterized by specific lectin binding and blocking assays
using microtiter plates. To obtain possible differences in adhesion profile
DNA was isolated from different H. pylori isolates and analyzed for specific adhesion genes by PCR. Results: By applying the lectin binding and
blocking assays to different H. pylori isolates we obtained differences in
their binding to lectins specific for galactose (ACL, ECL), fucose (UEAI),
and sialic acid (SNA). The adhesion profile at the DNA level also proved
differences by using the PCR technique with specific primers for adhesion
proteins like hpaA, and flaA,B. Conclusions: Chronic H. pylori infection
can result in different diseases such as ulcer and even stomach cancer.
The different adhesion profile and stronger or weaker adhesion ability of
H. pylori isolates could be one reason for this difference. Therefore, the
altered adhesion profile may contribute to the varying degree of virulence
of disease-related H. pylori strains and could be used as a prognostic
parameter for developing gastric cancer.
| 3B:04 | ASSOCIATION OF H. PYLORI VIRULENCE GENES WITH
NEUTROPHIL AND MONOCYTE ACTIVATION PROTEINS

H. Nielsen, M.F. Go, A.M. Segura, R.M. Genta, L.P. Andersen,
D.Y Graham. Rigshospitalet, Copenhagen, Denmark; VA Medical Center,
Houston, TX 77030, USA
Background: Strong activation of mucosal phagocyte oxidative metabolism
correlates with the pathological findings in the duodenum and gastric
antrum in chronic H. pylori gastritis. To investigate whether the presence
of putative virulence genes correlates with the intensity of inflammation
and the clinical manifestations of H. pylori gastritis, we examined the
association of neutrophil and monocyte oxidative burst activation with the
genomic profile of H. pylori strains.
Patients and Methods: H. pylori was isolated from 7 patients with
duodenal ulcer and from 5 asymptomatic volunteers. The intensity of
gastritis was evaluated histologically in 3 to 5 biopsy specimens from each
patient and graded according to the revised Sydney System. Activation
of neutrophil and monocyte oxidative burst responses were measured by
chemiluminescence after stimulation with sonicate proteins (1-10 jig/mL)
and expressed as peak cpm in relation to the activity of a reference
strain. The proposed H. pylori virulence genes cagA, picB and vacA signal
sequences were assessed by PCR and scored as present or absent.
Results: Chemiluminescence response of neutrophils was higher in
strains from subjects with severe mucosal inflammation compared with
subjects with mild/moderate inflammation, but we observed no correlation
with the endoscopic diagnosis. Two strains were negative for cagA and
picB, respectively, and the neutrophil/monocyte activation in these cases
was similar to that of strains positive for cagA/picB genes. One strain with
S2 type of vacA signal sequence was not different from the remaining
strains having the S1 type.
Conclusions: This preliminary study indicates that the putative virulence
genes assessed and neutrophil activation proteins of H. pylori are not
associated. Rather, they may have independent roles in the pathogenesis
and outcome of H. pylori infection.
LACK OF AN ASSOCIATION OF vacA GENOTYPE AND
13B:05j DUODENAL
ULCER DISEASE
M.F. Go, S.M. Small, D.Y Graham. VA Medical Center and Baylor
College of Medicine, Houston, TX, USA
Background: Mosaicism of the vacA gene consists of two families of allelic
variations of the middle region (ml, m2) and three different families of
the signal sequence (sla, slb, s2). Over 80% of sl/ml strains are toxin
producers, while only about 30% of sl/m2 strains produce toxin. Initial
studies suggested that peptic ulcer disease was associated with the S1 type.
Confirmatory studies are lacking.
Aim: To investigate the prevalence of vacA genotypes in Hp isolates
from subjects with DU vs. simple Hp gastritis.
Methods: Hp isolates were obtained from 21 patients with endoscop-
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Conclusion: The observation of a lack of association of si vacA genotype
and clinical presentation may represent another example of differences in
Hp strains circulating within specific geographic regions. Specific vacA
genotypes may not predict more virulent or disease-related strains of Hp.

|3B:06 |IDENTIFICATION, CHARACTERISATION AND SPECIFICITY
OF THE LACTOFERRIN RECEPTOR FROM HELICOBACTER

PYLORI
A. Dhaenens, F. Szczebara, M.O. Husson. Laboratoire de
Bacte'riologie-Hygiene, Faculte de Mddecine, Lille, France
Iron acquisition plays an important role in bacterial virulence. Different
studies were initiated to define the mechanism by which H. pylori acquires
iron. We previously demonstrated that human lactoferrin supported full
growth of the bacteria in media lacking other iron sources. The ability of
H. pylori to use human lactoferrin as an iron source was dependant on
cell-to-protein contact. Since lactoferrin was found in significant amounts
in human stomach resections with superficial or atrophic gastritis, the iron
uptake of H. pylori via a specific human lactoferrin may play a major role
in the virulence of H. pylori infection. Here, we identified by affinity chromatography with biotinylated human lactoferrin and streptavidin-agarose,
a 74-kDa lactoferrin receptor from outer membrane of H. pylori. This receptor was only present when H. pylori was grown in iron-starved medium
suggesting that it might serve in iron acquisition. Direct binding assays
with increasing concentrations of biotinylated lactoferrin demonstrated that
the lactoferrin interaction with outer membrane of H. pylori growth in
iron-restricted medium was saturable. Competitive binding experiments
with lactoferrin and transferrin from human or bovine origin indicated that
this receptor appeared highly specific for human lactoferrin. A number
of studies has focused on the importance of transferrin and lactoferrin
receptors in pathogenic bacteria and their specificity with the host species.
This observation might explain the very strict human specificity of H.
pylori.

|3B:07 GASTRIC MICROFLORA IN DUODENAL ULCER PATIENTS IS

DIFFERENT IN THE UNITED STATES THAN IN KOREA OR
COLOMBIA
M.S. Osato, J.G. Kim, 0. Gutierrez, R. Reddy, M.F. Go, D.Y Graham. VA
Medical Center, Baylor College ofMedicine, Houston, TX, USA; Hospital
San Juan de Dios Universidad Nacional de Colombia, Bogota, Colombia;
Guro Hospital, Korea University College of Medicine, Seoul, Korea
Background: DU is associated with high rates of acid secretion and low
frequencies of non-Hp colonization of the stomach.
Purposes: To compare the frequency of gastric non-H. pylori (NHP)
bacterial growth from patients with gastric cancer (GC) or DU, and to
determine whether geographic differences exist.
Methods: Hp was cultured from gastric biopsies obtained from patients
with GC or DU from Korea, Colombia, and the U.S. Biopsy specimens
were plated onto selective blood agar plates and incubated for up to 14
days at 37 C in 12% CO2.
Gastric biopsy microbial growth from GC and DU patients
Country
Korea

Colombia
USA

Gastric Cancer
HP only (%)
n
160 26
109 22
71 49

NHP+ (%)
74
78
51

Duodenal Ulcer
HP only(%)
n
64 66
10 40
89 97

NHP+ (%)
31
60
3

It has long been known that hypochlorhydria was associated with increased bacterial colonization of the stomach and in all regions NHP
bacterial growth was more common from GC than from DU (p < 0.05).
In addition, DU in Korea and Colombia was unexpectedly associated with
NHP despite the fact that DU is associated with high rates of acid secretion
irrespective of the country of origin. Conclusions: The composition of the
gastric microbial flora in DU in the US is different from in Colombia or
Korea, both areas of high rates of gastric carcinoma.

| 3B:081 DETECTION AND LOCALISATION OF HEAT SHOCK PROTEIN
32 IN NORMAL AND INFLAMED GASTRIC MUCOSA BY

IMMUNOHISTOCHEMISTRY
S. Jordan, V.R. Winrow, P. Domizio, D.S. Rampton. St
Barton,
S.G.R.G.
Bartholomew's and Royal London School of Medicine and Dentistry,
London, UK
Introduction: Heat shock protein 32 (HSP32), identified as the microsomal
enzyme haem oxygenase-l, degrades haem leading to formation of antioxidant molecules. Reactive oxygen species (ROS) induce HSP32. Increased
mucosal ROS production has been demonstrated in Helicobacter pylori
(HP) infection. Hypothesis: Elevated levels of ROS in HP infection may
lead to enhanced expression of HSP32 in gastric mucosa.
Aims: To compare immunohistochemical staining of HSP32 in gastric
mucosal biopsies of HP-positive and HP-negative patients. Methods: Body
and antral biopsies from HP-negative normal controls (n = 5), HP-negative
gastritis (n = 4) and HP-positive gastritis patients (n = 14) were formalinfixed. HSP32 expression using an avidin-biotin peroxidase technique was
scored semiquantitatively for mucosal staining by 2 blinded observers.
Polyclonal rabbit anti-HSP32 was used as the primary antibody.
Results: Immunoreactive HSP32 was detected in both normal and inflamed body and antrum. Diffuse cytoplasmic staining was seen in surface
epithelial cells, parietal cells and inflammatory cells. Epithelial staining
intensity scored on a scale of 1-3 was:
Normal
Antrum
Body

0.8 (0.12)
0.8 (0.26)

Mean (SEM) are shown *p <
U)

HP+ve gastritis
2.1 (0.18)*

HP-ve gastritis
1.8 (0.14)t

1.3 (0.17)
1.8 (0.21)t
0.005, tp <0.05 from normal controls (Mann-Whitney

Conclusion: HSP32 occurs constitutively in uninflamed gastric body and
antral mucosa. There is greater expression of HSP32 in gastritis, consistent
with the hypothesis that this HSP is induced in gastric mucosa by reactive
oxygen species.

3B:09

IN H. PYLORI-RELATED GASTRIC ATROPHY, RAISED
SERUM IgA ANTIBODIES TO 60 kDa HEAT SHOCK
PROTEINS ARE RELATED TO CagA STATUS
S.G.R.G. Barton, V.R. Winrow, I. Beales , J. Calam , J.E. Crabtree2
D.S. Rampton. St Bartholomew's and Royal London School of Medicine
and Dentistry, London, UK; X Hammersmith Hospital, London, UK; 2St.
James's University Hospital, Leeds, UK
Introduction: Heat shock proteins (HSP's) are ubiquitous, immunogenic
intracellular molecules induced by inflammatory mediators. CagA-positive
strains of Helicobacter pylori (HP) show greater pathogenicity than CagAnegative strains. We hypothesise that circulating anti-HSP antibodies might
contribute to gastroduodenal disease pathogenesis in patients infected by
HP, particularly CagA-positive strains. Methods: We assayed by ELISA
techniques sera of patients with HP+ve gastritis, gastric atrophy, duodenal ulcer or gastric ulcer, and HP-ve normal controls, for antibodies to
mycobacterial (mHSP60), human (hHSP60) 60 kDa HSP and HP CagA
protein. Results: Serum IgA antibodies to mHSP60 in gastric atrophy
patients were elevated (mean optical density ratio = 2.97, SEM = 0.46 (n =
43)) compared to gastritis patients (2.17, 0.30(40), p < 0.05) and to HP-ve
controls (1.82, 0.32 (45), p < 0.0005). IgA anti-hHSP60 in atrophy patients
(1.60, 0.10 (28)) was raised compared to HP-ve controls (1.27, 0.12
(28), p < 0.05). IgA anti-mHSP60 (2.83, 0.42 (48),) and hHSP60 (1.71,
0.16 (32),) levels in CagA+ve patients were raised compared with HP-ve
controls (mHSP60: 1.82, 0.32 (45), p < 0.0005; hHSP60: 1.27, 0.12 (28), p
< 0.05). Conclusions: IgA antibodies to mycobacterial and human HSP60
are associated with HP-related gastroduodenal disease, in particular gastric
atrophy. CagA+ve strains of HP may predispose to mucosal damage by
stimulating generation of HSP60 antibodies. Alternatively, increased mucosal damage by CagA+ve HP may increase mucosal exposure to bacterial
HSP and thereby raise levels of HSP60 antibodies.

|3B:10 1 PHASE VARIATION OF H.'ELICOBACTER PYLORI: RELEASE

OF VacA AND UREASE ARE CORRELATED TO CELL WALL
LIPID COMPOSITION
G. Bukholm 1, T. Tann&s 2, P. Nedenskov , Y. Esbensen 1, H.J. Grav 2,
T. Hovig 3, S. Ariansen ', I. Guldvog 21 Institute of Medical
Microbiology; 2 Institute for Nutrition Research, University of Oslo,
Norway;3 Institute of Pathology, University of Oslo, Norway
A phase variation in H. pylori correlated to expression of virulence factors
was discovered. Isolates of H. pylori were shown to harbor two colony
forms. At normal pH large colonies (L colonies) dominated. They con-
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ically documented DU and 20 patients with asymptomatic Hp gastritis.
Presence of vacA signal-and midregion sequences was determined by PCR
amplification of specific regions of the vacA gene.
Results: The si genotype was found in 19 of 21 DU patients (90.5%) and
19 of 20 (95%) with asymptomatic Hp gastritis (p = 1.0). In both groups
there were 15 with si/mi and 4 with sl/m2 genotypes. The s2/m2 genotype
was found in 2 with DU and 1 with simple Hp gastritis.
DU (n = 21)
GAS (n = 20)

interactions
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|3B:1 |ANTIGASTRIC AUTOANTIBODIES IN H. PYLORI GASTRITIS.
CORRELATION WITH HISTOLOGIC AND SEROLOGIC
PARAMETERS
G. Faller, H. Steininger, J. Kranzlein, H. Maul, Th. Kirchner. Institute of
Pathology, University of Erlangen-Nurnberg, Germnany
Background & Aims: It has previously been shown that humoral antigastric
autoreactivities occur in more than 50% of H. pylori infected patients.
In this study we analyzed the relevance of antigastric autoantibodies for
histological and serological parameters of H. pylori gastritis.
Methods: Gastric biopsy samples and sera from 126 patients were
investigated for evidence of H. pylori infection in histology and serology.
Autoantibodies to epitopes in human gastric mucosa were detected by immunohistochemistry. Fasting serum gastrin levels and serum pepsinogen I
and H of all patients were determined by radioimmunoassays (GASK-PRO,
SORIN Biomedica). Clinical and histological data were correlated with the
detection of antigastric autoantibodies.
Results: Histological and serological evidence for H. pylori infection was
significandy associated with antigastric autoantibodies reactive with the luminal membrane of the foveolar epithelium and with canalicular structures
within the parietal cells (p < 0.05 and p < 0.001; respectively.) Presence
of both autoantibodies was significantly correlated with a more severe
corpus gastritis (p < 0.05 and p < 0.01; resp.). Furthermore, detection
of anticanalicular autoantibodies was associated with gastric atrophy (p <
0.01) elevated fasting gastrin levels (p < 0.05) and a decreased pepsinogen
I/1 ratio (p < 0.001) when compared H. pylori infected patients without
these autoantibodies.
Conclusion: In patients with H. pylori gastritis, the occurrence of antigastric autoantibodies, in particular of antibodies to canaliculi of parietal
cells correlates with parameters of gastric atrophy. This provides evidence,
that the host's (auto)immune response in H. pylori gastritis plays a role in
the pathogenesis and outcome of the disease.

|3B:1 21

THE HELICOBACTER PYLORI BLOOD GROUP ANTIGEN
BINDING ADHESIN
D. Ilver 1, A. Arnqvist l, I.-M. Frick 2, L. Engstrand 3, A. Covacci 4,
K.-E. Magnusson 5, T. Boren '. l Umed University, Umed, Sweden; 2 Lund
University, Lund, Sweden; 3 University Hospital, Uppsala, Sweden;
4 Immunobiological Research Institute Siena, Siena, Italy; 5 Linklping
University, Linkiping, Sweden
Targeting of Helicobacter pylori was previously shown to be mediated
by fucosylated blood group antigens, in particular the Lewis b antigen.
H. pylori strains were analyzed for binding to radiolabeled blood group
antigens and the receptor specificities were in accordance with adherence
in situ. Scatchard analyzes of the interaction between Lewis b and H.
pylori revealed a high affinity. Binding to Lewis b was reversible lost
when approaching pH 2, i.e. the pH of the stomach lumen. H. pylori
isolates were analyzed for blood group antigen binding (BAB)-activity,
and 71% were positive for binding. Strains expressing BAB-activity, also
correlate with expression of the virulence factor CagA. The molecular
weight of the blood group antigen binding adhesin (the BAB-adhesin)
was initially determined by an immunoblot overlay technique. H. pylori
strains from Sweden, Australia, and South-America exhibited the almost
identical molecular mass of the adhesin activity. The BAB-adhesin was
also identified by specific transfer of a biotinylated crosslinker label structure of the Lewis b conjugate, to the adhesin molecule. Immunodetection
demonstrated a biotin labeled protein, of correct molecular mass. For the
protein purification procedure, the Lewis b conjugate was labeled with
the biotin-donating crosslinker agent, the BAB-adhesin was solubilized
and subsequently purified using streptavidin coated magnetic beads. The

aminoterminal sequences of a Swedish and an Australian isolate were identical, indicating a conserved biological structure and activity. The sequence
was homologous to porins. Freeze-etch-immuno-EM, demonstrated the
Lewis b binding activity mediated localization of gold particles associated
with possible porin structures.
PYLORI ACTIVATES TRANSCRIPTION
13B:1 31 HELICOBACTER
FACTOR NF-KB IN CATO-111 CELLS

A. Munzenmaier 1,2 H.L. Pahl2, A. Covacci3, S. BereswillI,
P.A. Baeuerle4, M. Kistl.l Abt. Mikrobiologie & Hygiene, Universitdt
Freiburg, Germany; 2 Inst.fBiochemie und Molekularbiologie, Universitdt
Freiburg, Germany; 3 BIOCINE, Siena, Italy; 4 Tularik Inc., San
Francisco, CA, USA
Helicobacter pylori (H. pylori) infection is implicated in the etiology of
both chronic superficial gastritis and duodenal ulceration. The bacterium
induces the production of IL-a, IL-, and IL-8 in gastric epithelial cells.
Two polypeptides, a secreted cytotoxin and the surface protein cagA have
been implicated in H. pylori pathogenesis. CagA positive strains induce
a higher level of cytokine production than cagA negative strains. Two
genes located upstream of cagA, picA and picB, were recently shown to be
required for LL-8 induction in gastric epithelial cells, since their mutation
abrogates this response. However, the molecular mechanism of H. pylori
pathogenesis remains poorly understood. Especially the molecular determinants responsible for the large diversity in H. pylori virulence remain to
be identified. Using gel shift assays, we show that exposure of CATO-Il
gastric epithelial cells to H. pylori activates the transcription factor NF-KB.
This factor is required for the expression of various cytokine genes including IL-a, IL-P and IL-8. We show that the ability of various H. pylori
strains to activate NF-KB correlates precisely with their ability to induce
IL-8 production, as measured by ELISA. Using mutant H. pylori strains,
which contain specific gene replacements, we show that picA and picB but
not cagA in are required for both NF-KB activation and IL-8 production.
Elucidation of the molecular mechanism of H. pylori pathogenesis may
allow the identification of patients at high risk of developing duodenal
ulcer disease or gastric adenocarcinoma.

HELICOBACTER PYLORI SEROPREVALENCE IN
3B:1 41 THE
BLOOD DONORS RELATED TO LEWIS a,b HISTO-BLOOD
GROUP PHENOTYPE

0. Kurtenkov 1, K. KlaamasI, M. Ellamaa 2, A. Laanemaa 3,
T. Wadstrom4. l Institute ofExperimental & Clinical Medicine, Tallinn,
Estonia; 2 Estonian Blood Bank, Tallinn, Estonia; 3 Tartu Blood Bank
Tartu, Estonia; 4 Lund University, Lund, Sweden
Lewis b histo-blood group antigen has been shown to mediate the H.
pylori attachment to human gastric mucosa (Boren et al., 1993), suggesting
that the secretors (Le a-b+ phenotype) might be more susceptible to
H. pylori infection. However no convincing clinical support of that has
been presented so far. We investigated the anti-H. pylori IgG systemic
immune response (ELISA) in 152 randomly selected healthy blood donors
in relation to their Lewis blood group phenotype as detected by DiaMed (Switzerland) gel test with anti-Lewis a,b monoclonal antibodies.
A clear-cut statistically significant difference was found: 8 of 17 (47%)
non-secretors (Le a+b-) were seronegative compared with 16 of 114(14%)
age adjusted secretors (Le a-b+) and 2 of 21 (9.5%) individuals with Le
a-b- phenotype (P = 0.003 and 0.025, respectively). In addition, the
strength of IgG immune response in H. pylori seropositive non-secretors
was also lower as defined by the distribution of individuals by H. pylori
relative antibody activity. The recognition of the vacuolating cytotoxin
(85 kDa) and CagA protein (120 kDa) bands on blot was similar in all
groups. Thus the Lewis a+b- (non-secretor) histo-blood group phenotype
is associated with a lower H. pylori seropositivity rate and with a weaker
immune response to H. pylori antigens. This supports the idea that Le a,b
histo-blood group antigens are implicated in H. pylori infection acquisition
and persistence.

3B:1 51 COMPARISONS OF DENSITY, DNA CONTENT AND

SECRETED PROTEINS IN WELL-DEFINED COCCOID FORMS
OF HELICOBACTER PYLORI

H. Enroth, K. Wreiber, L. Engstrand. Depts. of Clin. Microbiol. and
Cancerepidemiol., Uppsala, Sweden; Swedish Inst. for Inf Dis. Control,
Stockholm, Sweden
Introduction Viability and culturability of the coccoid form of H. pylori
have been tested and its possible transmission in nature has been discussed.
However, few attempts have been made to define the differences that may
exist between coccoid forms in vitro. The aim of this study was to define
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tained bacteria that retained Vac A toxin and urease, and they did not invade
or adhere to epithelial cells. In a low frequency small colonies (S colonies)
were spontaneously formed. They contained bacteria that released Vac
A toxin and urease and adhered to and invaded epithelial cells. After
cultivation of bacteria on acid culture medium with HCl (pH 6), almost all
of the L colonies converted to S cells. Biochemical analysis of isogenic
pairs of the L and S bacteria revealed that the conversion from L to S also
was correlated to a dramatic alteration of the phospholipid and glycolipid
content of the bacteria. Phosphatidyl ethanolamine (PE) in L bacteria was
exchanged to lyso-PE and phosphatidyl serine in S bacteria. In addition
there was major alterations of the content of cholesteryl glucosides of the
bacterial cells. The results demonstrate that environmental factors, such as
HCl, can induce alteration of cell wall phospholipid content resulting in
enhanced release of virulence factors of H. pylori in vitro. A similar in
vivo variation would have implications for understanding the interaction
between H. pylori and HCl secretion in the gastric mucosa for development
of peptic ulcer disease.
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Percoll density centrifugations

performed at day 10 and 30. DNA
Supernatants from all stored
preparations/controls were used for SDS-PAGE and immunoblotting to
visualize secreted and superficial proteins. Pooled positive anti-H. pylori
were

infected and stressed mice had only a discrete lymphoid infiltrate (6/10)
with only 2 cases with polymorphs and lymphoid follicles.
This unexpected finding was in disagreement with a significant decrease
in mean body weight noted when the infected mice were stressed compared
to those which were not stressed (p < 0.001).
In this study a restrained stress applied to H. felis infected mice induced
less severe gastric inflammation but significantly more decrease in body
weight than the mice infected but not stressed.

measurements were performed only at day 30.

four patients was used to detect differences in protein patterns.
Results and discussion No growth of H. pylori was found at day 10 or 30,
i.e all bacteria were non-culturable coccoid forms as verified also by Gram
stain. Density differences existed between the controls, as well as between
coccoid forms stored in different media/temperatures. Coccoid forms with
a density close to the rod shaped form may be viable but non-culturable,
sera from

while coccoid forms with a lower density may be degenerative or dead.
At least two different hypothetical populations of coccoid forms seem
to exist. The control series showed a higher DNA content compared to
stored samples. Immunoblotting patterns of secreted/superficial proteins
showed variations in intensity of bands between bacteria stored in different
media. Bands emerged and disappeared over time in the control series. To
sum up, clear differences exist between well-defined coccoid forms. The
methods used for production of coccoid forms are important in studies of
H. pylori.

|3B: 1 | ALTERATIONS IN NUCLEOLAR ORGANIZER REGIONS
(AgNORs) ARE ASSOCIATED WITH INFECTION OF
CagA'-H. PYLORI STRAINS

G. Bode, I. Beckmann, Q. Song, G. Adler. Department of Internal
Medicine I, University of Ulm, Germany
The importance of the nucleolus in cancer pathology has been demonstrated in various neoplastic conditions and has been confirmed after the
detection that distinct components, which are called nucleolar organizer
regions, have important functions in ribosomal gene transcription. NOR
associated proteins (AgNORs) are detected with specific silver straining
techniques both in light and electron microscopy. Intensity of staining
and ultrastructural appearance of AgNORs depend on the transcriptional
activity and thus correlate with the proliferative activity of the cell. Our
aim was to demonstrate whether alterations of AgNORs are associated
with the infection with CagA+-H. pylori strains. Material and methods:
Tissue from gastric antrum and corpus from 22 patients (gastritis n =
11, duodenal ulcer n = 6, gastric cancer n = 5) with H. p. infection
(CLO-Test, 13C-urea breath test) and from a healthy control group (n = 12)
was stained by the AgNOR-method of Ploton. CagA was determined by
immunoblotting the sera of patients against H. p. antigens. Results: The
number of AgNORs per cell was significantly higher compared to the H.
p.-negative control group (1.2 ± 0.6 vs. 4.1 ± 1.2; p < 0.001), whereas
patients with gastric cancer had the highest AgNOR-numbers. Patients with
CagA+ H. p.-infection had significantly more AgNORs per cell (5.0 ± 0.8
vs. 2.5 ± 1.2; p < 0.01). Some of the patients (especially patients with
gastric cancer) showed ultrastructural alterations in the substructure of the
AgNOR complex. Conclusion: Our results strongly suggest that infection
with CagA+-strains is able to influence the cell cycle of gastric surface
mucus cells and possibly interferes with their transcriptional activity.
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DOES STRESS PLAY A ROLE ON GASTRIC INFLAMMATION?
de Mascarel 2, J. Hua 1, F. M6graud 1.
Laboratoire de Bacteriologie, Bordeaux, France; 2 Laboratoire
d'Anatomopathologie, Universite Bordeaux 2, Bordeaux, France
Stress has been considered for many years to play an important role in the
development of peptic ulcer disease. Since the discovery of the causal role
of Helicobacter pylori, stress remains an environmental cofactor which
may be involved in the pathogenic process by exacerbating the inflammation which is present. Our aim was to study the impact of stress on gastric
inflammation in a model of mice infected by Helicobacterfelis.
Twenty C57 Black female mice, 8 week old, were infected with H.
felis strains and 20 others were kept as controls. Two monffis following
H.P. Doermann l, L. Nakusi 1, A.

the

infection,

10

infected

and 10

non-infected

mice were submitted to

restrained stress during 2 weeks (16 hours/day without drinking and
eating). Five mice in each group have been weighted before and after
the stress period. All mice were sacrificed 15 days after the end of the
stress period. Histological preparations were made, stained with H & E
and graded (0-3). No lesions were observed on non infected mice. Infected
non stressed mice exhibited marked gastric inflammation: 719 with score >
2 for lymphocytes and polymorphs and 8/9 with lymphoid follicles while
a
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DIFFERENT ASPECTS ON HELICOBACTER PYLORI
SURFACE HYDROPHOBICITY
D. Risberg, H. Enroth, A. Uribe, L. Engstrand. Karolinska Institute,
Danderyd Hospital, Stockholm, Sweden; Univ. Hospital, Uppsala, Sweden
Introduction Bacterial infection, adherence and attachment to epithelial
cells are dependent on the organisms surface hydrophobicity. In H. pylori,
this may be of importance when the bacteria bind to the gastric mucosa.
The aim of this study was to examine surface hydrophobicity of H. pylori
strains which differ in the expression of virulence factors (Vac A/Urease)
or in morphology, i.e the rod shaped and the coccoid form.
Materials and methods A total of 18 H. pylori strains and H. mustelae,
cultured on agar plates, were analyzed (reference strains, clinical isolates
and knock-out mutants). Bacterial colonies were evenly spread on glass
slides and air dryed for 30 minutes. A droplet of saline was added and
the contact angle was measured by a goniometer. Mean values from four
separate measurements were used for evaluation.
Results The contact angles of the Vac A knock-out mutants were significantly lower than the angles measured on the wild type strains (p < 0.001).
H. mustelae and clinical isolates from different patientgroups (DU, GU,
GC) showed significant differences in hydrophobicity when compared. The
contact angle observed from the coccoid form was 50% higher than from
the rod shaped.
Conclusion The presence of vacuolating toxin increased the surface
hydrophobicity of H. pylori. Morphology changes also seems to influence
hydrophobicity. This may be of importance for bacterial adherence to the
gastric mucosa and for survival in the hydrophilic gastric juice. By this,
the attachment and cytotoxic action on the mucosa may be facilitated.
The contact angles observed in vitro, which reflects bacterial surface
hydrophobicity, may contribute to the pathogenesis in H. pylori infection.

|3B:1 91 AMMONIA OR H. PYLORI PRODUCT SUPPRESSED RAT

GASTRIC SOMATOSTATIN RELEASE IN VITRO
T. Hayakawa, H. Kaneko, H. Nagai, K. Shinozaki, T. Iyo, K. Yamashita,
C. Yamaguchi, S. Mori, S. Yamamoto, T. Mitsuma, Y Nishio I,
T. Konagaya l, K. Kusugami 1. Fourth Dept. of Internal Med., Aichi Med.
Univ. Aichi 480-11, Japan; 1 First Dept. of Internal Med., Nagoya Univ.
School of Med., Nagoya 466, Japan
We reported that antral somatostatin (SS) concentrations are decreased in
H. pyloni (HP)-infected individuals and that ammonia levels in the gastric
juice are inversely correlated with SS levels (Dig Dis Sci 1992: 37; 409).
In other studies, 4-week-long oral treatment with 0.01% ammonia reduces
gastric SS secretion in rats (Jpn J Gastroenterol 1992: 89; 1477). Conflicting views in relationships between ammonia and gastrin are present.
Aim: To investigate the effect of ammonia or HP/HP product on luminal
secretion of SS and gastrin from resected rat stomach in vitro. Methods:
Stomachs resected from non-fasted male Wistar rats (250-300 g) were
reversed and filled with culture medium (Medium 199: Nissui, Tokyo,

Japan) containing 1.0 mg/ml bacitracin adjusted pH with NaHCO3 to pH
7.4. These mucosal side-out balloon-shaped stomachs were incubated in
glass beakers containing 8 ml of the medium in an atmosphere of 95%
02 and 5% CO2 in a culture incubator at 37°C under continuous shaking
(40 cpm). All beakers were incubated three times for 20 min. From the
fundamental study, SS or gastrin release in the second incubation was used
as the control. HP obtained from a duodenal ulcer patient (cag-A gene
positive) was cultured in Brucella broth (5 ml) for 4 days, and HP pellet
(1 x 109 CFUU/ml saline) was obtained by centrifugation. At the third

SS basal
Post-treated

Vehicle

Ammonia
0.01% 0.05% 0.1%

29.8

31.7
± 1.3
28.0
± 1.2

±:0.9
30.0

±0.8

31.0
± 1.2
26.2

±2.0

31.7

HP
pellet
37.0

±0.8

± 1.5

28.2
± 1.2

34.5

±2.5

broth-i

broth-2

39.6
± 1.2
32.2

± 1.5
33.2

±3.1

40.4

±2.9

Gastrinbasal 78±12 87±7 85±8 83± 8 71±6 84±16 67±15
Post-treated 94±19 74±7 75 ±9 79±13 60±10 65 ± 12 91 ±:23
(Values are expressed as mean ± SEM pg/ml of 5-6 rat stomachs. Significant changes
were observed in 0.05%, 0.1% ammonia, broth-i and broth-2 treated stomach; P <
0.01)
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and characterize such forms and to show some differences that exist when
coccoid forms are produced and stored by different methods.
Materials and methods Defined coccoid forms were produced from
3/6/10 days old plate-cultures of H. pylori (ref. strain 88-23). Bacteria were
suspended in 5 different media, then placed in +250C or +40C. A total
of 30 suspensions were prepared. H. pylori was Gram stained, cultured
and tested for urease activity every day the first 10 days and at day 30.
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13B:201 ROLE OF THYROTROPIN-RELEASING HORMONE (TRH),
SOMATOSTATIN AND ENDOTHELIN-1 (ET-1) IN
AMMONIA-INDUCED ACUTE GASTRIC MUCOSAL LESION IN
RATS
S. Mori, H. Kaneko, H. Nagai, K. Shinozaki, T. Iyo, K. Yamashita,
C. Yamaguchi, T. Hayakawa, S. Yamamoto, T. Mitsuma, Y Hirooka',
Y Nishio 2, T. Konagaya 2, K. Kusugami 2. Fourth Dept. of Internal Med.,
Aichi Med. Univ. Aichi 480-11, Japan; 1 Dept. ofLaboratory Med., Aichi
Med. Univ. Aichi 480-11, Japan; 2 First Dept. of Internal Med., Nagoya
Univ. School of Med., Nagoya 466, Japan
Ammonia, which induces gastric erosions, has been estimated to be one
of the pathogenic factors in Helicobacter pylori (HP)-associated gastric
mucosal damage. We have reported the changes in gastric peptide concentrations in conjunction with HP infection in humans or long-term oral
ammonia administration in rats (Dig Dis Sci 1992: 37; 409 & Jpn J Gastroenterol 1992: 89; 1477). Aim: To investigate an implication of several
gastric peptides in acute gastric mucosal lesion induced by ammonia in
rats. Methods: Under urethane (1.25 g/kg, ip) anesthesia, 0.3% ammonia
solution (pH 11.0) (at a minimum concentration to induce consistent
macroscopic gastric mucosal lesions from the preliminary data) was administered intragastrically by an oro-gastric tube at 1 ml in male Wistar
rats weighing 200-250 g. Rats were serially decapitated from 2 to 120
min after ammonia administration. Percentage of corpus mucosal lesions
was determined by computerized image analyzer. Concentrations of TRH,
somatostatin and ET-1 in the gastric wall, gastric juice and serum were
measured by respective radioimmunoassay. Results: Gastric mucosal lesion
appeared 5 min after ammonia and peaked 30 min later. Gastric juice pH
significantly increased from 2 to 60 min after administration compared
with non-treated control rats (P < 0.01). Ammonia significantly decreased
gastric wall TRH levels (mean i SEM pg/mg wet weight: non-treated, 1.3
±0. 1;2 min, 1.1 + 0. 1; 5min, 0.9 ±0. 1; 15 min, 0. 8+0. 1;30 min, 0.8 :
0.1; 60 min, 1.1 i 0.1; 120 min, 1.2 i 0.1; n = 6; P < 0.01) and increased
TRH in the gastric juice (pg/stomach: non-treated, 25.3 ± 0.5; 2 min, 28.0
± 0.4; 5 min, 30.1 ± 0.7; 15 min, 37.3 i 1.4; 30 min, 36.7 ± 1.2; 60 min,
28.8 ± 1.5; 120 min, 26.8 ± 1.1; P < 0.01). After a rapid increase in gastric
juice ET-1 levels, ET-1 levels in both gastric wall and juice significantly
decreased from 15 to 30 min after ammonia (P < 0.05). No significant
changes in gastric somatostatin concentrations and serum levels of three
peptides investigated were observed. Conclusion: Intragastric ammonia
administration stimulates TRH release from the gastric wall into the gastric
juice and depleted gastric ET- 1 contents immediately after accelerated
release within 2 min, accompanied by development of gastric erosions.
Gastric somatostatin seems no role in the ammonia-induced gastric injury
under the present experimental condition in contrast to the previous our
findings. These findings suggest that gastric TRH and ET-1, a strong
vasoconstrictor, but not somatostatin, may play a role in the occurrence of
acute gastric erosions induced by ammonia administration.

1

H. PYLORI AND CYTOKINES FROM GASTRIC TH1 CELLS
INDUCE APOPTOSIS IN GASTRIC EPITHELIUM
S.E. Crowe, K.B. Bamford, X.J. Fan, S. Behar, N. Van Houten, E. Brooks,
VE. Reyes, P.B. Ernst. Depts. of Internal Medicine and Pediatrics,
University of Texas Medical Branch, Galveston, TX, USA
Variation in strains partly explains why only a fraction of individuals
infected with H. pylori develop peptic ulcer. The purpose of this study was
to characterize the functional activity of gastric T cells and examine their
ability to cause epithelial cell damage by inducing apoptosis in gastric
epithelial cells. T cells were isolated from gastric biopsies and peripheral
blood and stimulated with H. pylori. Subsequently, simultaneous four color
flow cytometry was used to assess the T cell phenotype including cytoplasmic cytokines. T cells from peripheral blood became activated by H. pylori.
T cells stimulated in vitro and those isolated from the gastric mucosa of
infected patients produced interferon-y but not cytokines associated with
Th2 cells. Since H. pylori has been shown to be associated with an increase
in programmed cell death or apoptosis of gastroduodenal epithelial cells in
situ, we examined the ability of the cytokines from Thl cells to enhance
apoptosis in vitro. The gastric epithelial cell line Kato IH was cultured for
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48 hr with H. pylon which resulted in a 30% decrease in the recovery of
cells and a 15% decrease in cell viability. Although interferon-y and TNF-a
had little effect by themselves in the first 48 hours, the combination of these
cytokines with H. pylori led to significant death of up to 95% of the cells (p
<0.05). To investigate the mechanism of this death, DNA fragmentation
was assayed using ELISA in the cytosolic fraction of cells. In addition,
low molecular weight DNA was separated by electrophoresis and detected
after staining with ethidium bromide. H. pylori-treated cells induced DNA
fragmentation that was detected by both ELISA and gel electrophoresis.
The magnitude of this response was increased by interferon-y and maximal
DNA fragmentation occurred when Kato IH cells were stimulated with H.
pylori in combination with interferon-y and TNF-ot. These data demonstrate that Thl cells predominate in response to infection with H. pylori
and that these cells contribute to epithelial cell death through apoptosis. An
increased T cell response may augment epithelial cell death and predispose
the host to peptic ulceration. Supported by NIH grants DK 50669 and the
Sealy Foundation for Biomedical Science.
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EPITHELIAL CELL KINETICS CHANGES IN HELICOBACTER
PYLORI ASSOCIATED GASTRITIS

E. Iascone, A. Armuzzi, M. Covino, G. Pignataro, A. Valenti, M.E. Lippi,
M. Anti, G. Gasbarrini. Catholic University Rome, Italy
Gastric carcinogenesis can be seen as a multi-step process implicating the
progression from normal gastric mucosa via superficial gastritis, atrophic
gastritis, intestinal metaplasia, dysplasia to carcinoma. Epidemiological
studies support the hypothesis that Helicobacter pylori infection is a major
risk factor for the development of gastric cancer. Aim of our study was to
evaluate early changes in cell proliferation and apoptosis in Helicobacter
pylori positive gastritis. Methods: antral pinch biopsies were taken from
dyspeptic patients (age 18-70 years) undergone routine upper endoscopy
for the first time. Biopsies were processed for BrdU immunostaining [cell
proliferation expressed as Labelling Index (LI)], for in situ TdT-mediated
bio-dUTP nick end labelling (TUNEL) [apoptosis expressed as Apoptotic
Index (AI)], for Giemsa and H & E stains. Apoptotic cells were detected
by TUNEL staining adjusted by morphological criteria. Gastritis were
classified according to Sydney System. Histological sections with atrophy
or intestinal metaplasia were excluded from analysis. Results: 10 patients
H. pylori positive and 12 H. pylori negative were studied. LI in antral pits
was higher in H. pylori positive patients than in negative patients [LI 5.9
± 0.9 vs. 3.7 i 0.4 (p < 0.05)]. Apoptotic Index did not show significant
difference in H. pylori positive respect to H. pylori negative patients [AI
1.8 ± 0.8 vs. 1.6 ± 0.7]. Conclusion H. pylori gastric infection causes
early changes in epithelial cell proliferation while apoptosis regulating
mechanisms do not seem significantly affected.

3B:23 GASTRIC METAPLASIA AND DUODENAL H. PYLORI
INFECTION IN ASYMPTOMATIC CARRIERS AND DUODENAL
ULCER PATIENTS
A. Hamlet 1"2, A.-C.E. Thoreson 2, A.-M. Svennerholm 2, L. Olbe 1. l Dept
of Surgery, Sahlgrenska Hospital, Sweden; 2 Dept ofMicrobiology and
Immunololgy, Goteborg University, Sweden
Background: Only a minority of those (ca 15%) infected with H. pylori
develop duodenal ulcers (DUs). When present in the duodenal bulb the
bacteria are only found in areas of gastric metaplasia (GM).
Aim: The present study was undertaken to investigate whether H. pylori infected DU patients (DU+) and asymptomatic carriers of H. pylori
infection (AC+) differed with regard to duodenal H. pylori infection.
Methods: Twenty DU+ (14 men, mean age 54, range 26-84) and 20 AC+
(16 men, mean age 50, range 29-60) were endoscoped. Paired biopsies
were taken from each quadrant of the duodenal bulb (half of 4 biopsies were
put aside for culturing) and from the antrum of the stomach. Eight bulb
biopsies from each subject were routinely processed, stained with Giemsa,
and assessed by a single blinded observer. The prevalence (percentage
of biopsies) and extent (percentage of epithelial surface) of GM as well
as the activity and severity of duodenitis, expressed as a score resulting
from the sum of the inflammatory grade (0-3) of each biopsy/total number
of biopsies, were recorded. The antral and duodenal bulb biopsies were
cultured, and the number of bacteria in the antrum and bulb was determined
as colony forming units (CFUs)/biopsy.
Results: DU patients had a significantly higher (p < 0.05) prevalence
(mean 45%) and extent (mean 24%) of GM than AC+ (mean 26 and 9%,
respectively). None of the AC+ had an active duodenitis compared to 12/20
of DU+ (p < 0.001). The bulb inflammatory score was also significantly
higher (p < 0.01) in DU+ (mean 1.46) than in AC+ (mean 0.92), and
the amount of bacteria in the duodenal bulb was significantly greater (p
< 0.05) (geometric mean 1100 vs 65 CFUlbiopsy). In the antrum the
bacterial count was much higher than in the duodenal bulb but did not
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incubation, ammonia at a final concentration of 0.01-0.1% or sonicated
HP pellet at 1 x 108 CFU or HP-cultured Brucella broth (1: 1 ml or 2: 0.1
ml) was added to the beakers which were incubated for 20 min. Results:
Ammonia at 0.05% and 0.1% significantly inhibited SS release by 15.8%
and 1 1.1%, respectively. Broth, but not HP pellet, decreased SS release by
18.7%. No significant changes in gastrin release were observed.
Conclusion: These results indicate that ammonia, at a level in the gastric
juice in patients with HP-infection, or HP product released into the Brucella
broth may inhibit rat gastric SS release, directly.
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3B:24 THE VacA CYTOTOXIN FROM HELICOBACTER PYLORI:
RELATIONSHIP BETWEEN STRUCTURE AND FUNCTION

D. Burroni, P. Massari, P. Lupetti R. Manetti, M. Marchetti, P. Ghiara,
R. Rappuoli, J.L. Telford. IRIS/Biocine, Siena, Italy; i Dept. of Evolution
Biology, University ofSiena, Siena, Italy
Purpose: To understand the function of the heptameric structure of VacA
and its role in eliciting a protective immune response.
',

Methods: Biochemical, electron microscopic and immunological studies
have been used to clarify the function of the oligomeric structure both in
native and inactivated states.
Results: The native structure of VacA is a regular oligomer of six or
seven 95 kDa monomers. This structure is essential for protein function and
for the stimulation of a toxin neutralizing immune response. Proteolytic
cleavage of the 95 kDa monomer into two subunits of 37 kDa and 58 kDa is
required for activation of toxin. However the subunits remain associated in
the oligomer. Prevention of the cleavage results in a detoxified antigenically
intact molecule.
Conclusion: The maintenance of the oligomeric structure of VacA is
fundamental for the activity of the protein. An inactivation of this toxin
without modification of its conformation may be a good approach for the
development of a prophylactic or therapeutic vaccine.

|3B:25 H. PYLORI MAY PARTICIPATE IN DELAY IN ULCER HEALING
THROUGH ANGIOGENIC SUPPRESSION BY PRODUCING
AMMONIA

S. Tsuji, E.S. Gunawan, M. Tsujii, S. Kawano. Osaka University School of
Medicine, Suita, Japan
We have shown that increase in mucosal microcirculation due to angiogenesis at ulcer margin plays a pivotal role in peptic ulcer healing. H.
pylori-infection is a critical factor influencing ulcer healing and recurrence.
In this study, we examined the effects of ammonia and pH on proliferation
of vascular endothelial cells.
Materials and Methods: Human umbilical vein endothelial cells, 1 x 104
cells/ml were seeded onto 96-well plates and incubated in a medium supplemented with 10% fetal calf serum and 0.01-100 mM ammonia/ammonium
chloride (NH3/NH4C1). The media were adjusted to pH 6.8, 7.4 and 8.0
with HCI or NaOH prior to the experiment. Four days later, the number
of the cells was examined by spectrophotometry using a tetrazolium-dye.
Ammonia-induced changes in cell kinetics was assessed by flowcytometry
using propidium iodide. To examine the acute effects of ammonia, the
viability of the cells was assessed after 6 hours of incubation in the media
containing ammonia.
Results: NH3/NH4Cl in the media significantly suppressed endothelial
cell proliferation at concentrations more than 0.1 mM in a dose-dependent
manner. Flowcytometry revealed that NH3/NH4Cl suppressed the ratio
of S-phase cells. After the 6-hour incubation, NH3/NH4Cl decreased endothelial cell viability only at 100 mM. Lower pH also decreased cell
proliferation.
Conclusion: Endothelial cell-proliferation is a critical step for angiogenesis. We found that NH3/NH4Cl suppressed proliferation of vascular
endothelial cells at concentrations far less than those found in the gastric
lumen (8 mM). These results indicate an important role of ammonia in
gastric mucosal angiogenesis in H. pylori-infected peptic ulcer subjects.

] TOPICAL AMMONIA IN RAT STOMACH

|3B:26 ADAPTIVE CYTOPROTECTION AND ADAPTATION TO
P.C. Konturek T. Brzozowski 2, S.J. Konturek 2, E.G. Hahn'. 'Dept.
Med. I Univ., Erlangen, Germany; 2 Inst. Physiol., Jagiell. Univ. Med.
Sch., Krakow, Poland
Ammonia (NH4OH) has been proposed to play a major role in the pathogenesis of the Helicobacter pylori (Hp)-associated gastric damage but the
mechanism of this damage has not been fully explained. This study was
designed to examine possible adaptive cytoprotection and the adaptation of
rat gastric mucosa to the irritant action of ammonia (NH4OH). Single application of NH4OH alone in various concentrations (15-500 mM) caused a
concentration-dependent mucosal damage starting at 30 mM and reaching
a maximum at 250 mM, similar to that obtained with 100% ethanol and

that was accompanied by the fall in the gastric blood flow (GBF) to about
30% of the normal value. When the mucosa was exposed first to the low,
non-damaging concentration (15 mM) of NH40H and then insulted with
100% ethanol, the extent of ethanol damage was greatly attenuated as
compared to that caused by ethanol alone. This "adaptive" cytoprotection
was accompanied by the rise in the GBF and reversed, in part, by the
pretreatment with indomethacin, an inhibitor of PG-cyclooxygenase, with
L-NAME, a blocker of NO-synthase or with capsaicin deactivating the
sensory nerves. Damaging concentration of NH4OH (125 mM) caused
a widespread mucosal damage after first application but with repeated
insults of 125 mM NH40H, a gradual reduction in the mucosal lesions
accompanied by an enhanced mucosal cell proliferation and overexpression of epidermal growth factor (EGF) (using immunohistochemistry) and
EGFmRNA (using RT-PCR) were noticed.
We conclude that: 1) NH4OH alone damages gastric mucosa only at
concentrations exceeding that found in Hp-infected stomach, while at lower
concentration acts as "mild" irritant to induce adaptive cytoprotection, 2)
this adaptive cytoprotection appears to be mediated, in part, by endogenous
PG, sensory nerves and arginine-NO dependent pathway, and 3) repeated
applications of NH40H induce gastric adaptation probably mediated by
enhanced expression of EGF and its receptors and by an increased mucosal
cell proliferation.

3B:27 ABERRANT EXPRESSION OF GLAND-TYPE GASTRIC MUCIN
IN THE SURFACE EPITHELIUM OF H. PYLORI-INFECTED
PATIENTS
J.C. Byrd, P. Yan, C. Yunker, H. Schoeppner, R.S. Bresalier. Henry Ford
Health Sci. Ctr., Detroit, MI., USA
Mucins are high-Mr glycoproteins that protect the gastric epithelium. Three
mucin genes, MUC6, MUC5 and MUC 1, are expressed in normal stomach.
Our aim was to compare expression of gastric mucin genes in HP+ patients
vs uninfected (HP-neg) individuals. Gastric biopsies obtained at routine
endoscopy (29 HP+ and 33 HP-neg by histology and CLO) were examined
by immunohistochemistry for mucin gene expression in surface mucous
cells and mucous glands:
% of Patients with Staining of Surface Mucous Cells
HPHP+
0
72
MUC6
LeX
MUC5
89
100
P-ConA
MUCi
100
100
Leb

HP9
11

60

HP+
57
70
96

In HP-neg specimens, MUC6 was expressed only in mucous glands,
but in 21/29 HP+ specimens, there was also staining of surface mucous cells. Expression of MUC5 mucin (surface but not glands) and
MUCl (surface and glands) was unaffected by HP infection. Carbohydrates recognized by anti-LeX (Galfi4[Fuca3]GlcNAc) and by ConA
(after I04/NaBH4) are normally found only in mucous glands, but were
present in surface mucous cells in 16/28 and 16/23 of HP+ tissues. Surface
Leb (Fuca2Galfi3[Fuca4]GlcNAc) was present in 26/27 HP+ and 18/30
HP-neg tissues, consistent with a role for Leb in HP colonization. Mucins
purified from gastric aspirates of 5 HP+ patients bound more anti-MUC6
(0.32 4 0.04 vs 0.09 ± 0.07 A405/25 ng, by ELISA) and anti-Leb (1.31
± 0.30 vs 0.05 ± 0.03), than mucins from 5 HP-neg patients, suggesting
erosion of the altered surface mucin layer.
Conclusion: In HP+ patients, the type of mucin that is normally limited
to mucous glands is also expressed in surface mucous cells. Aberrant
expression of MUC6 might disrupt the protective surface mucin layer,
which could be important in the pathogenesis of HP-associated diseases.

EFFECT OF HELICOBACTER PYLORI WATER EXTRACT AND
13B281 AMMONIA
TO PRIMARY CULTURED GASTRIC MUCOSAL
CELLS

T. Murai, S. Watanabe, M. Hirose, X.E. Wang, R. Ohkura, H. Miwa,
T. Ogihara, N. Sato. Dept. ofGastroenterology, Juntendo Univ. School of
Medicine Tokyo, Japan
Helicobacter pylori (H.p.) is known as a major causative factor of gastric ulcer and type B gastritis. There are some reports which show H.p.
has a potential virulence determinant like vacuolating toxin called vacA
and/or cagA. We established a wound repair model which included cell
migration and proliferation using primary cultured gastric epithelial cells.
In this study, we assessed the effect of ammonia and H.p. water extract
from CagA and VacA cytotoxin positive or negative H.p. strain on gastric
restoration. Method: Isolated rabbit gastric epithelial cells were cultured in
F-12 medium and formed complete monolayer cell sheet in 48 hours. A
round shaped wound with constant size cell-free area (2 mm2) was created
by mechanical cell denudation. The restoration process was monitored by
measuring wound size every 12 h. The cell proliferation was monitored by
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differ significantly between the DU+ and AC+ (geometric mean 17 x 104
vs 15 x 104 CFU/biopsy).
Conclusions: GM is more common and extensive in DU+ than in AC+,
which may explain the greater number of H. pylori and thereby the more
severe duodenitis observed in DU+. Our results suggest that these factors
may be of importance for the final event of duodenal ulceration in H. pylori
infected subjects.
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PYLORI CagA-POSITIVE STRAINS AND
|3B:291 HELICOBACTER
EPITHELIAL CELL PROLIFERATION IN GASTRIC MUCOSA:
IMMUNOHISTOCHEMICAL STUDY IN A HIGH GASTRIC
CANCER RISK POPULATION
L. Baldini, F. Bonvicini, G. Epifanio, S. Pretolani, N. Figura 1,
C. Fasanella, L. Cogliandro, E. Mazzotta, F. Miglio 2, G. Gasbarrini 3. I
Patologia Medica, University of Bologna, Italy; l Patologia Medica,
University of Siena, Italy; 2 Dept. Int. Med., Malpighi Hospital, Bologna,
Rome, Italy; 3 Dept. Int. Med., Catholic University, Rome, Italy
The role of H. pylori on gastric epithelial cell proliferation is still debated.
High prevalence of H. pylori CagA positive (Hp CagA+ve) strains was
found in a representative sample of a population at high risk for gastric
cancer (San Marino Study I - GUT 1995). >Aim: to evaluate, in this
population, the gastric epithelial cell proliferation, in order to find possible
correlations with Hp infection and CagA-status. Methods: Thirty-six patients were studied, subdivided into 4 groups: Hp CagA+ve gastritis, Hp
CagA-ve gastritis, Hp-ve gastritis and controls. Antral mucosal biopsies
were incubated with PC 10 monoclonal antibody for the immunohistochemical detection of PCNA (avidin-biotin peroxidase technique). The
following parameters were blindly evaluated by computerized image analysis: Proliferative Zone index (PZ = number of cell included between the
uppermost and lowest labelled cell), and Labelling index (LI = percentage
ratio between total number of labelled cells and total number of cells
in proliferative zone). Statistics: T-Student's test and linear regression.
Results: Hp+ve gastritis shows a significant higher LI (33 ± 8) and PZ
index (70 ± 9) with respect to normal mucosa (23 ± 15; 50 ± 16) and
Hp-ve gastritis (13 ± 3; 41 ± 10). LI and PZ index are directly correlated
anti-CagA antibodies (p < 0.01). Conclusions: These data indicate that
CagA+ve Hp strains induce a higher gastric cell proliferation, and support

the role of this infection in gastric carcinogenesis.
TREATMENT INDUCES SUSCEPTIBILITY TO
13B:30 1 IL-12
HELICOBACTER-ASSOCIATED GASTRITIS IN THE
RESISTANT BALB/C MOUSE STRAIN
M. Mohammadi, J. Nedrud, S. Czinn. Case Western Reserve University,

Cleveland, OH, USA
Previous studies have shown that the genetic background of the host
plays a significant role in pathogenesis of Helicobacter-associated gastritis.
BALB/c mouse strains are among the resistant strains and display no
pro-inflammatory (THI) cellular responses. To investigate the contribution
of TH1 cellular responses to gastritis BALB/c mice were treated with IL-12
which has been shown to induce THI responses.
Methods: 6-8 wk old BALB/c mice were infected with live H. felis and
treated with recombinant murine 1L-12 i.p. for two periods of three weeks.
Mice were sacrificed at 12 wks after infection and evaluated for gastritis,
cytokine production and serum antibodies. Recombinant 1L-12 was kindly
provided by the Immunology Dept. of Genetics Institue, Inc. (Cambridge,
MA).
Results: 1L-12-treated mice manifested significantly enhanced gastric
inflammation compared to the resistant, infected controls. Spleen cells
from the treated group produced significant amounts of IFN-y, whereas
the untreated, infected controls did not produce any detectable amounts
of IFN-y. In addition, serum IgG2a was elevated in IL-12 treated mice,
further indicating the activation of THI cellular responses.
Conclusion: We have previously demonstrated the contribution of THI
cellular immune responses to Helicobacter-associated gastritis. This study
provides additional support and demonstrates that by converting the T
helper phenotype of the host one can manipulate susceptibility or resistance to Helicobacter-associated gastritis in infected subjects.

3B:31

LEWIS BLOOD GROUP ANTIGEN EXPRESSION AND
ADHERENCE OF H. PYLOR! TO GASTRIC CELLS
M. Clyne, B. Drumm. Dept. ofPaediatrics, University College Dublin,
The Childrens Research Centre, Our Ladys Hospital for Sick Children,
Crumlin, Dublin 12, Ireland
Soluble Lewis B (Leb) blood group antigen and monoclonal antibodies to
Leb have been reported to inhibit the binding of H. pylori to fixed sections
of gastric tissue. The aim of this study was to determine the effect of
expression of Lea and Leb on binding of H. pylori to primary cells isolated
from gastric biopsy specimens and to Kato Im cells (cells from a gastric
adenocarcinoma cell line) using a quantitative, flow cytometric adherence
assay. 19/19 individuals expressed Le' on their gastric cells and 18/19
expressed Leb. However, the percentage of cells expressing these blood
group antigens varied considerably from individual to individual. The ABO
and Lewis blood type was determined for 11 individuals. Expression of
Lea and Leb on gastric cells differed from expression on erythrocytes
(see Table). Binding of H. pylori to gastric cells did not correlate with
expression of Lea or Leb.
Patient
No.
l

Blood type

2
3
4

Le (a-b+)

Le (a-b+)

5

6
7
8
9
10
11

% Cells expressing
Lea

Le (a-b+)
Le (a-b+)

Le (a+b-)
Le (a+b-)
Le (a-b+)
Le (a-b+)
Le (a-b+)
Le (a-b+)

Le (a+b-)

14.74
26.66
41.55
15.61
23.19
31.91
04.88
45.34
27.17
15.71
44.88

% Cells expressing

Leb
10.83
67.68
35.06
16.33
0.11

21.09
46.38
36.68
36.89
27.22
40.20

% Cells H. pylori
bound to
43.80
67.59
46.13
25.61
63.60
63.58
53.25
56.42
57.23
86.70
36.68

Likewise binding of H. pylori to Kato IH cells did not correlate with
expression of Lea or Leb. Pretreatment of cells with antibodies to Lea and
Leb did not inhibit binding. In conclusion H. pylori adheres to isolated
human gastric cells in a manner that is not dependent on Lea and Leb
expression.

|3B:32 | ADHESION INDUCED SIGNAL TRANSDUCTION IN H.
PYLORI-ASSOCIATED GASTRITIS
G. Rieder',2, R.A. Hatz I, A.P. Moran 3, A. Walz 4, M. Stolte 5,
G. Enders 2. 1 Dept. Surgery, LMU Munich, Germany; 2 Inst. Surgical
Research, LMU Munich, Germany; 3 Dept. Microbiology, Univ. College,
Galway, Ireland; Theodor Kocher Inst., Univ. Bern, Switzerland; Dept.
Pathology, Klinikum Bayreuth, Germany
Active H. pylori-associated gastritis (HAG) is characterized by a dense
mucosal infiltration with granulocytes. Since H. pylori is non-invasive,
secondary signals must induce the accumulation of granulocytes. IL-8
has been shown to play a key role in this event. Therefore, we tried
to correlate the activity of the disease with the amount of IL-8 RNA
found in biopsies from HAG patients. In addition, we used an in vitro
system to gain more insight into this mechanism. Methods: Total RNA
was extracted from antral biopsies obtained from HAG patients and control
individuals. The transcripts and proteins for IL-8, and ENA-78 (epithelial
derived neutrophil activating peptide) were analyzed by means of RT-PCR
and ELISA, respectively. The gastric carcinoma cell lines AGS and Kato
m were used for the in vitro stimulation assay. Using a filter system it
was possible to avoid direct bacterial adhesion to epithelial cells without
blocking secreted bacterial products to cross the membrane. Results: IL-8
mRNA was found in gastric biopsies and the amount was correlated with
the degree of gastritis. ENA-78 transcripts was not found as an alternative
chemokine in gastric biopsies. The in vitro stimulation assay showed that
IL-8 is induced only when bacteria had direct contact. Bacterial products
like cytotoxin, LPS, and water soluble proteins which were able to pass the
epithelial barrier showed no effect. Conclusions: We could demonstrate at
RNA-level that IL-8 is a critical chemokine which mediates the accumulation of granulocytes in the lamina propria. Using the in vitro stimulation
assay we found that direct contact of viable bacteria is necessary to induce
IL-8 synthesis. Therefore we suggest, that the direct contact of the bacteria
may be the critical element for IL-8 induction in vivo.
,
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the sequential staining for BrdU. Ammonia and water soluble H.p. extracts
were prepared from CagA(+)VacA(+) strain or CagA(-)VacA(-) strain.
Result: The change of the wound size during restoration in the presence
of H.p. extract from CagA(-)VacA(-) strain was observed. However,
ammonia and a extract from Cag(+)VacA(+) strain also retarded epithelial
restoration and caused prominant cell vacuolization in a dose- and timedependent manner. Conclusion: H.p. might produce inhibitory substances
in dependent of CagA,VacA, and ammonia for gastoric epitheliai cell
restoration which include cell migration and proliferation.
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IL-8
GRO
91.1
Hp(+) n = 34 85.3
47.8
Hp(-) n = 23 34.8
p < 0.0005 p < 0.0005

RANTES
88.2
65.2
p < 0.05

MIP-lat

MIP-P MCAF

67.6
26.1

85.3
73.9
p < 0.005 n.s.

100.0
87.0 (%)
n.s.

Fifteen patients were treated with eradication therapy and Hp was
successfully eradicated in 10 patients. Expression of IL-8, GRO and MIPla mRNAs was significantly decreased after the eradication, while the
expression of RANTES mRNA remains high levels.
IL-8
Success Before 90.0
n = 10 After 40.0
p < 0.05
Failure Before 100.0
After 100.0
n=5
n.s.

GRO
90.0
40.0
p < 0.05
100.0
100.0

RANTES MIP-la
90.0
70.0
90.0
10.0
< 0.05
p
n.s.
80.0
100.0
80.0
80.0

n.s.

n.s.

n.s.

MIP-f
100.0
70.0

MCAF
100.0
90.0(%)

n.s.

n.s.

100.0
100.0

100.0
100.0 (%)

n.s.

n.s.

Conclusions: This study indicates that these chemokines play some roles
in Hp-associated gastritis. Furthermore, RANTES may have different roles
from IL-8 in gastritic mucosa.
|3B:34 ROLE OF MOLECULAR MIMICRY BETWEEN HELICOBACTER
PYLORI LPS AND HOST LEWIS ANTIGENS IN
AUTOIMMUNITY
B.J. Appelmelk , I. Simoons-Smit I, R. Negrini 2, A.P. Moran 3,
G. Aspinall 4, J. Forte s, E. Bloemena ', C.M.J.E. Vandenbroucke-Grauls l
'Vrije Universiteit, Amsterdam, The Netherlands; 2 Spedali Civili,
Brescia, Italia; University College, Galway, Ireland; 4 York University,
North York, Canada; 5 University of California, Berkeley, USA
A serotyping system was developed that showed that LPS of > 85%
of H. pylori strains contain Lewis x, -y and H type I antigens; thus
Lewis antigens are common to H. pylori. Vaccination of rabbits and
mice, experimental infection in mice, and natural infection in humans
yield anti-Lewis antibodies; thus H. pylori elicits an anti-Lewis antibody
response. As shown by immunohistochemistry, murine anti-Lewis antibodies cross-reacted with the glandular area of human and murine gastric
mucosa. The molecular targets recognized were identified as gastric H+,
K+-ATPase, the parietal cell proton pump and gastric mucin; both targets
were shown to express Lewis y. Growth in mice of an anti-Lewis y monoclonal resulted in histopathological evidence of gastritis, which suggests a
direct pathogenic role for anti-lewis antibodies. To further investigate the
role of H. pylori LPS were have isolated strains that are mutated in LPS
biosynthesis genes. Our data suggest that molecular mimicry plays a role
in H. pylori associated type B gastritis; in addition, they suggest that H.
pylori may play a decisive role in the initial phase of type A autoimmune
gastritis leading to pernicious anaemia, known to involve gastric parietal

cell H+K+-ATPase-directed autoimmunity.

densely than others, and cause more inflammation. We aimed to establish
whether cag genes were associated with infection density independent of
vacA genotype by studying Rhesus monkey infection by strains of similar
vacA genotype but differing cag status. Methods: Nine H. pylori culture and
histology positive Rhesus monkeys with previously characterised strains
(all vacA sl/ml, 6 cagA/picB+) had Warthin-Starry and haematoxylin
and eosin-stained sections from gastric biopsies assessed. H. pylori were
counted, and inflammatory cell infiltrates and epithelial changes scored
0-3. Results: cag+ strains colonised gastric antra more densely than cagstrains [cag+ geometric mean 15.8 (95% CI 2.6-115) bacteria/high power
field vs. cag- 2.6 (1.5-4.4.), p = 0.03]. A mild (grade 1) neutrophil
infiltrate was seen in antra colonised by 216 cag+ and 1/3 cag- strains.
Lymphocyte scores were similar in antra infected by cag+ [median grade
2 (interquartile range 2-3] and cag- strains [2 (2-2.5)]. Only 3/9 corpus
biopsies had visible H. pylori; none showed neutrophil infiltration, and
lymphocyte infiltration was less than antral. No significant differences
between cag+ and cag- strains were seen for epithelial damage. No biopsies showed atrophy or intestinal metaplasia; all contained Gastrospirilla.
Conclusion: cag+ strains colonise monkey antral mucosa more densely
than cag- strains, despite similar vacA genotypes and inflammation levels.
cag-encoded proteins may allow more efficient, and thus more dense,
colonisation.
| 3B:36 THE EFFECT OF GASTRIN ON CELL PROLIFERATION
F. O'Connor, M. Buckley, J. Lee, C. O'Morain. Department of
Gastroenterology, MeathWAdelaide Hospitals, Trinity College, Dublin,

Ireland

Epidemiological evidence indicates that increased cell proliferation induced by external or internal stimulation is a common denominator in the
pathogenesis of many human cancers. Helicobacter pylori has been shown
to increase gastric epithelial cell proliferation. This altered cell turnover
is reversible with eradication of the bacterium. The aim of this study was
to determine if elevated levels of gastrin influence cell proliferation in the
gastric antral mucosa.
Methods: Patients on long-term omperazole (> 6 months) were identified and referred for endoscopy. Patients remained on medication until time
of scope. Four mucosal pinch biopsies were taken for cell proliferation
analysis using the in vitro bromodeoxyuridine immunohistochemical technique. Ten entire gastric pits per patient were analysed and the labelling
index percentage (LI%) was calculated (total number of proliferating cells
expressed as a percentage of the total number of cells per pit). Serum
gastrin levels were determined by radio-immuno assay.
Results: 25 patients on long-term omperazole and 32 controls were
enrolled. Serum gastrin levels (313.7 nmol/l [64.1]) and LI% (3.56 [0.2])
of the omperazole group were significantly higher than control group (40.8
nmolIA [2.8] and 3.13 [0.2], respectively [p < 0.05]). When the subjects
were subdivided on the basis of H. pylori infection, it was determined that
only the H. pylori-positive omperazole group (n = 5) had higher gastric
epithelial cell proliferation (LI% = 4.87 [0.2]) than controls (LI% = 3.13
[0.2]) [p < 0.05].
All results expressed as mean [SEMI.
Conclusion: Increased cell proliferation is not associated with elevated
levels of gastrin. H. pylori infection seems to be directly related to increased
cell turnover.

13B:37

SOMATOSTATIN CONCENTRATION (SC) AND
HELICOBACTER PYLORI (HP) vacA GENOTYPES AND cagA
D.M.M. Queiroz, E.N. Mendes, G.A. Rocha, S.B. Moura,
A.M.R. Oliveira, C.A. Oliveira. Laboratory of Research in Bacteriology,
UFMG, Belo Horizonte, Brazil
HP-positive patients both with duodenal ulcer (DU) or gastritis only present
higher antral SC than HP-negative subjects. This effect may be due to
bacterium products or to host inflammatory response. Phenotypically HP
is homogeneous but some strains produce cytotoxin and a protein coded
by cagA. Although cytotoxin is not produced by all HP strains, nearly
all present the vacA that encodes cytotoxin. Recently, Atherton et al have
described a mosaicism in HP vacA alleles and have observed that toxin

production was associated to the sl family of the gene. Since cytotoxin

| 3B:35 cage STRAINS OF HELICOBACTER PYLORI COLONISE THE
GASTRIC ANTRA OF RHESUS MONKEYS MORE DENSELY
THAN cag- STRAINS, WITHOUT DIFFERENCES IN
MUCOSAL INFLAMMATION
J.C. Atherton, K.T. Tham, G. Gonzalez-Valencia , A. Dubois 2,
M.J. Blaser, T.L. Cover. Vanderbilt University and VAMC, Nashville, IN,
USA; ' IMSS Mexico; 2 USUHS, Bethesda, MD, USA
In humans, cag+/vacA si strains of H. pylori colonise gastric mucosa more

and cagA could be involved in more injury to the gastric epithelium and in
more inflammatory response by the host, factors that could influence the
antral D cell function, we evaluated cagA and vacA of HP strains isolated
from patients with and without DU, and the antral SC of these patients
and of HP-negative group. We studied 61 patients (20 HP-positive with
gastritis, 15 HP-positive with DU and 26 HP-negative subjects). HP strains
were isolated on BHM and DNA was extracted by phenol-chloroform
method. vacA genotypes and cagA were detected by PCR using primers
previously described. SC was measured by radioimmunoassay. SC was
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3B:33 ROLES OF CHEMOKINES IN GASTRIC MUCOSA WITH H.
PYLORI INFECTION
Y Yamaoka , M. Kita 2, T. Kodama , N. Sawai', T. Tanahashi',
K. Kashima , J. Imanishi 2. 1 Third Department of Internal Medicine,
Kyoto, Japan; 2 Department of Microbiology, Kyoto Prefectural University
of Medicine, Kyoto, Japan
Background: A new class of cytokines including interleukin-8 (IL-8),
that were chemotactic factors for leukocytes, has been characterized and
referred to as chemokines. Recent studies have shown that IL-8 plays
important roles in H. pylori (Hp)-associated gastritis. Therefore, we have
studied the expression of chemokine mRNA in gastric mucosal biopsy
specimens. Methods: Fifty-seven patients were studied for the expression
of chemokine mRNA by RT-PCR. The chemokine mRNAs we studied were
C-X-C groups (IL-8 and growth regulated (GRO)) and C-C groups (monocyte chemotactic and activating factor (MCAF), macrophage inflammatory
protein-la (MIP-la), MIP-iP and RANTES)). Furthermore, 15 patients
infected with Hp were treated with eradication therapy and chemokines
were also measured 4 weeks after the therapy. Results: Expression of
IL-8, GRO, MIP-la and RANTES mRNAs was significantly higher in
Hp-positive than in Hp-negative patients.
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|3B:38 1 LACK OF EVIDENCE FOR SIALIDASE PRODUCTION BY THE

GASTRIC PATHOGEN HELICOBACTER PYLORI
S. Hirmo ', S. Kelm 2, R. Schauer 2, T. Wadstrom l. l Dept. Medical
Microbiology, University of Lund, Sweden; 2 Biochemistry Institute,
University of Kiel, Gennany
Sialidases are widespread among microorganisms and are playing important roles in the pathogenicity of many viral, bacterial and protozoal
infections. Recently, we showed that those H. pylori strains which bind cell
surface sialic acids have a specificity for at2,3-linked sialic acid residues. In
this study we investigated the possible sialidase production by both sialic
acid-dependent and non-dependent H. pylori strains. Different bacterial
preparations as water extract, sonicate and total bacteria suspension as
well as culture medium were tested for sialidase. Enzyme activity was
assayed using two substrates: (1) the fluorogenic 4-methyl-umbelliferylN-acetylneuraminic acid or (2) the radioactive sialyl-3H-lactitol. In comparison, the radioactive method proved to be more sensitive and specific
eliminating possible artefacts of the fluorogenic assay. In contrast to a
recent report, in this study we did not obtain any evidence for sialidase
production by H. pylori.

3B:39 1 PURINE METABOLISM OF HELICOBACTER PYLORI AND ITS

RELATIONSHIP WITH MICROAEROPHILY
G.L. Mendz, A.J. Shepley. The University of New South Wales, Sydney,
Australia
Objective: to investigate the role of the de novo purine biosynthetic pathway
in the survival of the bacterium Helicobacter pylori.
Methods: passage experiments, classical cell culture techniques, and
one-dimensional 1H, and 31P-nuclear magnetic resonance spectroscopy.
Results: multiple passage experiments in media lacking preformed
purines and supplemented with exogenous catalase showed that bacterial
cells grew and replicated, suggesting that H. pylori can synthesize de novo
purine nucleotides to met its requirements. The effects of inhibitors of
purine nucleotide biosynthesis on cell growth and viability were examined,
and strong inhibition by thiopurine and 6-methyl mercaptopurine riboside
was observed. It was possible to substitute catalase in the medium for
adenine or hypoxanthine without loss of cell growth. Adenine is rapidly
deaminated by bacterial cells in cultures, but the presence of adenine
deaminase inhibitors did not affect bacterial growth.
Conclusions: the ability of H. pylori to grow and replicate by relying on
the biosynthesis of purines, and the lethal effects on cells of blockage of
this pathway, suggested that the de novo biosynthesis of purine nucleotides
is essential for growth and viability of the bacterium. The results suggested
that adenine and hypoxanthine support growth by protecting the bacterium
against toxic oxygen species.

3B:40 H. PYLORI CHANGES THE PERMEABILITY OF EPITHELIAL

BARRIER TO MACROMOLECULES
T. Matysiak-Budnik, K. Hashimoto, M. Heyman, J.F. Desjeux, S. Alain,
F. M6graud 1. INSERM U 290, Hopital St Lazare, Paris; 1 Laboratoire de
Bacteriologie Universite de Bordeaux II, France
The influence of H. pylori on the gastric permeability to macromolecules is
not known. An increased permeability could facilitate antigens absorption
and induce or maintain gastric inflammation.
Two strains of H. pylori isolated from 2 patients with duodenal ulcer,
identified by PCR as CagA+, were grown on Wilkins-Chalgren agar with
horse blood under microaerobic conditions for 24-36 h. HT29-19A intestinal cells, grown on transwell@s as monolayers, and used as an epithelial
model, were infected on their apical side with a suspension of H. pylori
(n = 36) or kept untreated (n = 36). After 24 h, the cell monolayers
were placed in small Ussing chambers to study permeability. Electrical
parameters, i.e. potential difference (PD), short-circuit current (Isc) and
electrical resistance (R), as well as fluxes of 22Na+ (JNa), 14C-mannitol

(Jman), and 3H-horseradish peroxidase under intact (JHRPi) or degraded
(JHRPd) form were measured.
The electrical parameters did not differ between H. pylori and controls
(PD = 2 ± 0 and 2 ± 0 mV, R = 120 ± 5and 125 i 10Q.cm2, Isc= 19 ±
4 and 21 i±2 gA/h.cm2 for H. pylori and controls, respectively). Mannitol
and Na fluxes, reflecting mainly the paracellular pathway, were not altered
by H. pylori. However, JHRPi was significantly higher (p < 0.03) in H.
pylori group (1200 ± 356 ng/h.cm2) than in controls (367 ± 123 ng/h.cm2)
without modification of JHRPd.
In conclusion: 1. H. pylori does not affect the integrity of intercellular
junctions as attested by the lack of effect on R, JNa and Jman, 2. H.
pylori increases the passage of intact HRP through the epithelial layer,
probably along a transcellular pathway, 3. The increased transport of intact
macromolecules may contribute to the induction and maintenance of gastric
inflammation by H. pylori.

13B:41 | TREFOIL PEPTIDES ARE CHEMOTAXINS FOR H. PYLORI
G.A. Turner, R.P.H. Logan, R. Chinery , A. Cockayne, C.J. Hawkey,
S.P. Borriello. Div of Gastroenterology and Institute of Infection &
Immunity, University Hospital, Nottingham NG7 2UH; 1 ICRF; Lincolns
Inn Fields, London, UK
Introduction: H. pylori shows chemotaxis to gastric mucin, however the nature of the chemotaxin and whether its limited tissue distribution accounts
for the gastric tropism of H. pylori is unknown.
Methods: H. pylori (type strains, N6, flaAB- and Campylobacterjejuni
were statically grown in liquid medium. The tips of capillary tubes (filled
with chemotaxin or buffer control) were inserted vertically into microtitre
wells containing suspensions of washed, OD standardised, bacteria and
incubated micro-aerobically at 37°C for 1 h. H. pylori in the upper 2/3rds
of each tube were counted by culture of serial dilutions. Preparations of
hog gastric mucin (HGM, 0.5%), treated HGM (trypsin/boiling at 100°C
for 1 h or dithiothreitollproteinase K and boiling) and freshly isolated
human mucus (from colonic/gastric resections) were used as chemotaxins.
Treated HGM was subjected to HPLC and concentrated purified fractions
collected for ELISA and repeat bioassay. Assays were done in duplicate
on at least three occasions. Results are expressed as the proportion (above
control) migrating from the well.
Results: All Helicobacter spp and C. jejuni showed chemotaxis to
soluble HGM, which increased 7 fold for motile compared to the isogenic
non-motile mutant. The chemotactic response to gastric (but not colonic
mucin) was highly resistant to trypsin/pronase digestion and boiling after
incubation with dithiothreitol/proteinase K. HPLC (Sephadex G75) of
treated HGM identified a single peak (12 kDa) which contained most of the
biological chemotactic activity which was 10x greater than the remaining
fraction. The 12 kDa molecule, but not the void fraction, was assayed
as human spasmolytic polypeptide (HSP) in an ELISA (t 12 mglml).
Recombinant human spasmolytic polypeptide (2 uglml) and recombinant
human intestinal trefoil peptide (rITF [75 ug/ml]) induced chemotaxis,
which for both peptides was > 90% of control assays.
Conclusions: Trefoil peptides are chemotaxins for H. pylori and may
account for the gastro-duodenal localisation of infection.

13B:42

LIPID COMPOSITION IS CHANGED IN COCCOIDS FROM
HELICOBACTER PYLORI AND HELICOBACTER FELIS
W. Steinhilber, S. Loffler, A. Siebler, M. Rektorschek, K. Melchers,
K.P. Schafer. Byk Gulden Pharmaceuticals, Konstanz, Germany
Helicobacter pylori is the causative agent for gastritis and ulcer disease
in humans. The route of infection has not yet been identified and is still
in debate. It is known that H. pylori and H. felis form coccoids, but their
function and role in pathogenesis is unclear. Recently, it was reported that
coccoids of H. pylori as well as of H. felis are able to infect mice, suggesting that coccoids might act as a vehicle for transmission. To get more
information on the development of coccoids and their role for infectivity,
we studied the protein and lipid composition of spiral and coccoidal fonns
from H. pylori and H. felis. The coccoids were induced either by the
incubation of stationary cells for up to 10 days at 37°C without shaking or
by the addition of 1 M urea. The content of coccoids was jugded by light
microscopy. The protein composition appeared unchanged as determined
by silver staining of total cellular proteins separated by SDS-PAGE. However, Western blot analysis using specific antibodies revealed the down
regulation of F,Fo-ATP synthase and flagellin (flaA) in coccoids from H.
pylori and H. felis. In addition, in coccoids from H. felis two unknown
cytosolic proteins are absent as shown by an antiserum raised against a
cytosolic fraction of H. felis. In contrast, the protein content of urease
as well as HspB is unchanged in spirals and coccoids, whereas urease
activity is decreased by about 40% in coccoids. Since the protein pattern
was altered only slightly, but the change from spiral to coccoidal form is
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lower in HP-positive patients than -negative ones, both with DU (p =
0.0000006) and with gastritis (p = 0.00002). Among patients with gastritis
only we observed two groups: one presented SC lower than the control
group (median 40765.2 fmol/mg - p = 0.000009) and, in the other, SC was
similar to the control group (165289.6 fmollmg - p = 0.1). In the first one
the infection was with type sl/ml or sl/m2 strains and in the 2nd s2/m2.
In DU patients, only 1 was colonized by type s21m2 strain and in this case
SC was also similar to the normal. Differences were also observed between
patients with DU (p = 0.03) colonized by type sl/ml (34355.7 fmol/mg)
and s1/m2 (69926.5 fmollmg) and with gastritis (p = 0.04) type sl/ml
(30383.4 fmovmg) and s1/m2 (65102.2 fmollmg). In regard to cagA status,
cagA+ patients presented lower SC than cagA- patients (p = 0.0003).
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|3B:43

CLONING AND CHARACTERIZATION OF A LETHAL TARGET
GENE (ftse FROM HELICOBACTER PYLORI

Z. Ge, D.E. Taylor. University ofAlberta, Edmonton, Alberta, Canada
Approximately 20 different genes have been cloned and sequenced from
H. pylori. Our studies using genomic mapping of five different H. pylori
strains by pulsed-field gel electrophoresis using NotI and NruI demonstrates that each genome contains genes in a different order. Therefore,
genome macrodiversity in H. pylori depends on gene order.
Most genes cloned from H. pylori have proven to be expendable when
knock-out mutants are constructed. In contrast, we recently identified a
gene homologous to bacterial ftsH genes which are necessary for H. pylori
growth and cell division. A 2.6 kb DNA fragment was cloned from H. pylori
and sequenced. An open reading frame (ORF) coding for 632 amino acid
residues was identified. This deduced protein displays striking sequence
identity (40%-44%) to FtsH proteins identified in Bacillus subtilis, Escherichia coli and Lactococcus lactis and contains a 200 amino acid region
which is conserved by all the members of the putative ATPase Associated
Activities (AAA) family. Therefore, this ORF was designated as HpftsH
gene. Overexpression of HpftsH in E. coli leads to degradation of cellular
proteins, suggesting that HpFtsH has proteinase activity. Disruption of
HpftsH with a CAT cassette leads to loss of viability of H. pylori cells,
indicating that this gene is a lethal target and is essential for the growth of
this organism.

13B:44

LIPOPOLYSACCHARIDE (LPS) ORIGINATED FROM H.

PYLORI (HP) PROTECTS GASTRIC MUCOSA VIA
ENDOGENOUS PROSTAGLANDINS (PG), NITRIC OXIDE (NO)
AND SENSORY NERVES

T. Brzozowski, P.C.H. Konturek, Z. Sliwowski, S.J. Konturek. Inst Physiol,

Univ Sch Med, Krakow, Poland; Dept Med I, University Erlangen, FRG
We determined the effects of LPS extracted from Hp expressing CagA
and VacA on gastric secretion, acute gastric lesions induced by 100%
ethanol, gastric blood flow (GBF) using laser flowmetry and expression
of constitutive (cNOS) and inducible NO synthase (iNOS) messenger
RNA in gastric mucosa using RT-PCR. Four series (A-D) of tests were
performed on rats; A with suppressed PG generation by indomethacin (5
mg/kg ip), B with inhibited NO synthase by N0-nitro-L-arginine methyl
with deactivated sensory nerves with capsaicin
ester (20 mg/kg iv), C
(125 mg/lkg sc) and D with vehicle treatment (control). LPS (0.01-1.0
mg/kg) given ip reduced dose-dependently both gastric acid secretion and
ethanol-induced mucosal lesions and this was accompanied by significant
rise in the GBF. The protective effect of LPS persisted over 6 h, as after
exogenous dimethylPGE2 (10 ugl/kg ip). Pretreatment with indomethacin
significantly reduced the gastroprotection and hyperemia afforded by LPS.
Intense signals for expression of cNOS and iNOS were detected by
RT-PCR in the gastric mucosa of LPS-treated rats. Suppression of NO
synthase by L-NAME or deactivation by capsaicin of sensory nerves also
significantly reduced the protective and hyperemic effects of LPS against
ethanol damage. We conclude that Hp LPS protects gastric mucosa from
acute ethanol-induced damage via the mechanism involving endogenous
PG, arginine-NO pathway and sensory nerves.
-

-

-

-

3B:45 GENE CLONING OF A FLAGELLAR SHEATH PROTEIN OF
HELICOBACTER PYLORI SHOWS ITS IDENTITY WITH THE
PUTATIVE ADHESIN, HpaA

A.C. Jones , S. Foynes 2, A. Cockayne 3, C.W. Pennl. 1 University of
Birmingham, Birmingham; 2 St. Bartholomew's Hospital Medical College,
London; 3 University Hospital, Nottingham, UK
H. pylori is a gastrointestinal pathogen of global importance. Motility, conferred by up to six sheathed flagella, has been demonstrated to be essential
for the colonization of the gastric mucosa. Recently, a 29-kDa protein has
been identified which is located in the flagellar sheath, as demonstrated in

a clinical isolate (Roberts strain) by immunogold electron microscopy with
a monoclonal antibody derived from whole H. pylori cells. The presence of
the protein in the flagellar sheath has now been confirmed in the type strain
NCTC 11637 in addition to two other clinical isolates. A genomic library of
the type strain in the vector lambda Zap Express (Stratagene) was screened
with the antibody and several clones were identified which expressed a
protein with an identical molecular weight to the sheath protein. Nucleotide
sequence analysis of the smallest clone, designated pACJ193, showed it to
94% identical to a fragment sequenced by Evans et al. which contained
the gene hpaA, reported to encode a subunit of a sialyl lactose-binding
haemagglutinin. Errors in the sequence of hpaA were corrected and the
transcriptional start mapped by primer extension from H. pylori mRNA,
indicating an active consensus promoter at a different location to that
suggested by Evans et al. HpaA contains the lipoprotein signal peptide
cleavage and acylation motif LVGC and its hydrophobic nature was shown
by partitioning in a Triton-X1 14 two-phase system. Characterization of
hpA- mutants showed that in addition to the abolition of HpaA expression,
the level of flagellin expression was also reduced.

3B:46 IMMUNOMAGNETIC BEAD ENRICHMENT AND PCR FOR
DETECTION OF H. PYLORI IN HUMAN STOOLS
H.-O. Nilsson, P. Aleljung, T. TIyszkiewicz, T. Wadstrom. Institution of
Medical Microbiology, University of Lund, Sweden
An immunomagnetic bead-based Polymerase Chain Reaction assay (IMSPCR) was developed for the detection of Helicobacter pylori in experimentally inoculated human stools and human clinical stool samples.
Magnetic beads coated with anti-H. pylori rabbit antibodies were used
for enrichment and concentration of H. pylori from faecal samples. Taq
polymerase inhibitors, found in human faeces, are efficiently removed by
the immunomagnetic separation (IMS) and subsequent washing of the
magnetic beads. Conditions of the assay were developed and optimised
with faeces from a non-symptomatic H. pylori seronegative patient. Faeces
was inoculated with serial dilutions of either the spiral or the coccoid form
of H. pylori. These two morphologic forms could be detected at similar
concentrations when inoculated in faeces using an optimised IMS-PCR
method. In one gram of faeces less than 2.5 x 104 H. pylori cells were
detected as measured with two separate sets of PCR-primers, based on
a urease A subunit genesequence and a genesequence encoding a 26 kD
surface protein of H. pylori. Human stool specimens (n = 17), collected
from patients with abdominal pain, were included in a primary evaluation
of this IMS-PCR method. Eleven of the samples were positive in the
IMS-PCR.
The results indicate that H. pylori cells are shed in faeces of infected
patients and that immunomagnetic bead PCR is an appropriate method
for clinical diagnosis and studies involving immunoprophylaxis, antibiotic
treatment as well as vaccine candidates.

3B:47

DETECTION OF A HELICOBACTER PYLORI GENE WITH
HOMOLOGY TO LACTOFERRIN RECEPTORS
S. Gray-Owen 1, R. Haas 2, S. Bereswill 3, M. Kist3, A. Schryvers l. l Dep.
of Microbiol. & Inf Dis., University of Calgary, Canada; 2 MPIfor
Biology, TUbingen, Germany; 3 Abt. Mikrobiologie & Hygiene, Univ.
Freiburg, Germany
The host iron-binding protein lactoferrin is present in the mucus layer
of the stomach, and it was earlier demonstrated that H. pylori can use
lactoferrin as an iron source, when grown under iron restricted conditions.
Iron acquisition from host iron binding proteins is a common feature of
pathogenic bacteria. The mechanisms, by which bacteria obtain the iron
directlly from the host proteins via surface receptors have been extensively
studied in Neisseria and Haemophilus. To recruit host iron sources, these
pathogens express high affinity lactoferrin and transferrin binding proteins
(Lbp and Thp). Using the sequences from genes coding for Thp and Lbp
from several bacterial species a set of primers with consensus sequences
was developed to amplify the corresponding genes from H. pylori DNA.
PCR-analysis of DNA from H. pylori strain A69 gave rise to a 300 bp
product which was cloned and sequenced. The sequence analysis revealed
that the fragment encoded an open reading frame with high homology to
the Lbp and the Thp of H. influenzae and Neisseria species. In order to
investigate if the gene is common in H. pylori strains, primers specific for
the H. pylori gene were deduced from the sequence, and a variety of strains
including NCTC and ATCC strains were analysed by PCR. In addition the
fragment was labelled and used as a probe in southern hybridisation experiments. The acquisition of lactoferrin bound iron might support survival and
virulence of H. pylori, especially since Lbp and Thp were demonstrated to
be virulence factors for the other pathogens mentioned above.
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an impressive morphological event, we examined the lipid composition in
both forms. Total lipids were extracted from spiral and coccoidal forms
from H. pylori as well as from H. felis by CHCl3IMeOH, and separated by
thin layer chromatography. Staining with CuSO4 revealed drastic changes
in the lipid composition in coccoids compared to spirals. Using commercially available (phospho-)lipids as standards as well as different staining
techniques, we demonstrate that in coccoids phosphatidylethanolamine
(PE), and phosphatidylglycerol (PG) are drastically decreased, whereas
phosphatidylcholine (PC), phosphatidylserine (PS) and neutral lipids are
increased. Furthermore, a glycolipid, presumably cholesteryl glucoside, is
downregulated in coccoids of H. pylori. Interestingly, this type of lipid is
not present in H. felis spirals or coccoids.
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OF A HELICOBACTER PYLORI DNA
13B:48 | CHARACTERIZATION
REGION THAT RESTORES IRON UPTAKE IN aroB MUTANTS

3B:49 | MUTATIONAL ANALYSIS OF H. PYLORI VIRULENCE:
DELETION OF THE ENTIRE 40 kB Cag REGION
D. Kersulyte, K.A. Eaton, D.E. Berg. Washington University, St. Louis,
MO, USA; Ohio State University, Columbus, OH, USA
Many strains of H. pylori carry a toxigenic allele of the vacuolating
cytotoxin (vacA) gene and also a 40 kb DNA segment called "cag" that
contains the well-studied cagA gene at one end. Most other strains carry a
non-toxigenic vacA allele and lack the entire 40 kb cag region. In humans,
Tox+ Cag+ strains seem to be more virulent than Tox- Cag- strains.
Intermediate strains that are Tox+ Cag- or Tox- Cag+ are rare, even
though vacA and cag are far apart in the chromosome.
To better understand the contributions of cag to colonization and disease,
we engineered a deletion of this entire region into several Tox+ Cag+ H. pylori strains. This entailed PCR amplification of short fragments adjacent to
each end of cag (1.1 and 0.5 kb), cloning them, inserting a chloramphenicol
resistance (cam) cassette between them, and transforming Tox+ Cag+ H.
pylori strains to CamR. Transformants were obtained at frequencies close
to those seen with insertion mutant alleles. PCR and DNA hybridization
tests indicated that all CamR transformants lacked the entire cag region.
The levels of VacA toxin in these cag-deletion strains matched those of
their isogenic cag+ parents. In addition, each of six piglets inoculated
with a cag-deletion strain became infected at levels comparable to those
obtained with the isogenic cag+ parent (106_107 cfu/g).
These results confirm that cag region genes are not needed for the
synthesis or export of the vacuolating cytotoxin, or for gastric colonization.
These findings open the way for detailed mutational analyses of the role
of cag region genes in tissue damage and disease, and of the basis for the
remarkable epidemiologic association between vacA and cag despite their
lack of close physical linkage in the H. pylori genome.

13B:50

CLONING OF AN EXTRACELLULAR HEPARIN BINDING
PROTEIN OF HELICOBACTER PYLORI
Yu.L. Shumakov, P. Aleljung, F. Ascencio, H.-O. Nilsson, T. Wadstrom.
University of Lund, Sweden
The aim of this study was to clone a gene coding for an extracellular
heparin binding protein of H. pylori, which can participate in bacterial
adhesion. The extracellular heparin binding protein (EHBP) in the 70 KDa
region was purified and its N-terminal sequence was determined. A DNA
oligomer of the N-terminal from the EHBP was synthezised and labeled
with digoxigenin. H. pylori DNA was cleft to completion with BamH I and
was subjected to agarose-electrophoresis. The separated DNA fragments
were Southern-blotted and the DNA oligomer was used as a probe. The
DNA oligo probe hybridized to two DNA fragments (4.1 and 6 Kb),
which were isolated, ligated into the plasmid vector pGEM 7Zf(+) and
transformed into E. coli DH Sa (clones 13 DH 4 and 34 DH 6 respectively).
The fragments were mapped with restriction analisis and the smallest DNA
fragments retaining the signal in Southern blot assay were subcloned. A
600 b fragment, from the clone 13 DH 4, and a 2.1 Kb fragment from
the clone 34 DH 6 were found to hybridize with the DNA oligo probe.

13B:51

TYPING OF vacA OF H. PYLORI ISOLATED IN TWO AREAS
IN JAPAN WITH CONTRASTING GASTRIC CANCER RISKS

Y Ito 1, T. Azuma 1, S. Itol, M. Hirai ', H. Miyaji ', Y. Yamazaki',
F. Sato , H. SutoI, Y. Ohtakil,Y. Kohli 2,Y Keida 3,M. Kuriyama.
'Fukui Medical School, Fukui, Japan; 2 Aiseikai Yamashina Hospital,
Kyoto, Japan; 3 Okinawa Chubu Hospital, Okinawa, Japan
H. pylori infection is widely accepted as the predominant cause of chronic
gastritis, and is considered to be a risk factor for gastric cancer. However,
most infected patients will not develop atrophic gastritis or gastric cancer.
The outcome of H. pylori infection probably depends on features of the
bacterium, the host, and the environment. H. pylori strain-specific differences might contribute to malignant transformation of gastric epithelial
cells. In the present study, we conducted the genotypic analysis of vacA
in two areas (Fukui and Okinawa) in Japan with contrasting gastric cancer
risks. Methods: One hundred and twenty clinical isolates (87 in Fukui
Prefecture and 33 in Okinawa Prefecture) were included in this study.
DNA was extracted from three-day-old liquid cultures in Brucella broth
supplemented with 10% of fetal calf serum. Typing of vacA was done
by polymerase chain reaction method reported by Atherthon et al. and by
partially DNA sequencing. Results: As for signal region, 85 (97.7%) out
of 87 isolates in Fukui were sla, one (1.1%) was slb and one (1.1%)
was unclassified. Thirty one (93.9%) out of 33 isolates in Okinawa were
sla and two isolates (6.1%) were s2. As for middle region, only three
isolates (3.4%) in Fukui could be typify as ml and remaining 84 isolates
could not be assigned either ml and m2. Out of 33 isolates in Okinawa,
7 isolates (21.2%) were m2 and remainder could not be determined by
the method previously reported. DNA sequencing of vacA middle region
for 53 unclassified isolates (41 in Fukui and 12 in Okinawa) revealed that
mutation within primer regions caused unsuccessful PCR typing and all of
them were similar to ml type strain. Conclusions: Although most isolates
in both areas were slalml type strains, m2 type strain was more frequently
found in Okinawa.

13B:52

H. PYLORI LACKS INDUCIBLE SOS MUTAGENESIS
S.A. Thompson, M.J. Blaser. Vanderbilt University School of Medicine
and VA Medical Center, Nashville, Tennessee, USA
H. pylori isolates exhibit a remarkable level of genomic heterogeneity, due
at least in part to nucleotide substitutions among strains. Understanding
the molecular mechanisms underlying this diversity may improve understanding of the evolution of H. pylori in the stomach. In some bacteria
(e.g. E. coli), the majority of point mutations are introduced through the
actions of a mutagenesis system (SOS mutagenesis). SOS mutagenesis is
induced upon exposure of bacteria to certain DNA-damaging agents (including MMS and UV), and is manifested by an increase in mutation rate
due to UmuDC-dependent low-fidelity replicative bypass of sites of DNA
damage. In the absence of an SOS mutagenesis system, indirect mutagens
do not cause mutations. In contrast, direct mutagens (e.g. MNNG) cause
mutations by mispairing of damaged bases, and do not require SOS processing. We therefore tested whether the SOS mutagenesis pathway exists
and could contribute to the introduction of point mutations in H. pylori. We
exposed suspensions of strain 84-183 to MNNG and MMS and assayed
survival and the frequency of mutation to nalidixic acid resistance. In the
absence of mutagens, H. pylori 84-183 mutated to NalT at a frequency of
1 x 10-8. In the presence of the direct mutagen MNNG, mutation to Nall
increased in a dose-responsive manner to 1 x 10-6, as expected. However,
the mutation rate to Nalr for cells exposed to MMS remained at 1 x 10-8.
H. pylori therefore lacks the SOS mutagenesis pathway, and the large
number of nucleotide substitutions among H. pylori genomes are due to
other mechanisms such as deficiencies in replication fidelity or mismatch
repair.

3B:53 | CLONING AND EXPRESSION OF THE H. PYLORI
3-OXOACID- COA-TRANSFERASE GENES IN E. COLI
I.E. Corthesy-Theulaz, G.E. Bergonzelli, D. Bachmann, D. Schorderet 1,
A.L. Blum, N. Ornston 2. Division of Gastroenterology, Lausanne,
Switzerland; 1 Division of Medical Genetics, CHUV, Lausanne,
Switzerland; 2 Department of Biology, Yale University, New Haven, CT7
USA
Better knowledge of metabolism and substrate utilisation is essential to
design new drugs to treat Helicobacter infection. We have identified in the
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OF ESCHERICHIA COLI
S. Bereswill I, R. Haas 2, K. Hantke 3, M. Kist'. 'Abt. Mikrobiologie &
Hygiene, Univ. Freiburg, Germany; 2 MPIfor Biology, Tubingen,
Germany; 3 Dep. of Microbiology, Univ. Tubingen, Germany
Iron is not freely available for bacteria since the majority of the iron pool
consists of ferric iron (FeI) which is not soluble under physiological
conditions. In order to solubilize ferric iron, many bacteria produce organic
molecules with high affinity to iron, the so called siderophores.
It has been reported that H. pylori can produce siderophores and it was
the aim of this study to identify genes involved in this process. The E.
coli aroB mutant H1443, which lacks siderophore synthesis and therefore
cannot grow under iron restricted conditions, was used to screen a plasmid
based gene library of H. pylori for heterologous complementation. After
transformation into strain H1443 plasmids that supported growth under iron
restricted conditions were selected on nutrient broth agar containing the
iron chelator dipyridyl. More than twenty positive positive clones restored
growth of H1443 and all plasmids carried the same inserted DNA fragment
of around 4 kb in size. Partial sequence analysis of the fragment which is
presently under survey identified several open reading frames (ORFs) that
could code for proteins. Since a similarity search in the EMBL sequence
data base gave only weak homologies for these partial ORFs, detailed
Information on the function of these reading frames is not available so
far. We assume that the further characterization of the DNA fragment will
provide interesting insights in iron metabolism of H. pylori.

The 2.1 Kb DNA insert was subjected to Erase-a-Base prior to sequencing.
The 600 b DNA fragment and selected clones after Erase-a-Base treatment
were sequenced in an automatic sequencer to determine DNA identity to
N-terminal sequence of EHBP and structural organization of the gene.
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| 3B:54 H. PYLORI 3-OXOACID-COA TRANSFERASE; A NEW
TARGET AGAINST INFECTION?
G.E. Bergonzelli, R. Haas 1, A.L. Blum, I.E. Corthesy-Theulaz. Division
ofGastroenterology, CHUV, Lausanne, Switzerland; ' Max Planck,

Tuebingen, Germany
We have identified in H. pylori a 3-oxoacid CoA-transferase (Hp CoA-T)
showing a high degree of homology with the CoA-transferase of pig heart
mitochondria (see Corthesy-Theulaz et al., abstract).
Purposes: To determine: 1) whether 3-oxoacid CoA-T is present in all
H. pylori strains and 2) to establish the importance of the enzyme for
bacterial survival.
Methods: PCR and slot blots were performed with bacterial genomic
DNA. Gene disruption was done by shuttle mutagenesis within A and
B subunits of Hp CoA-T. 3-oxoacid CoA-T activities were measured in
cellular extracts by monitoring the increase at A310 corresponding to the
formation of acetoacetyl-CoA from succinyl-CoA and acetoacetate in the
presence of magnesium ions.
Results: PCR amplification showed that the whole CoA-T operon was
present in all H. pylori strains tested but not in E. coli, Campylobacter
jejuni or H. felis. The same results were obtained by slot blot using
high stringency conditions. 3-oxoacid CoA-T activity was systematically
detected in H. pylori cellular extracts. A 2.5-fold increase in CoA-T
activity was observed in the presence of iodoacetamide, an inhibitor of
acetoacetyl-CoA thiolase. H. pylori 69A mutants, with a disruption in the
A (Hp p68) or B (Hp p67) CoA-T genes exhibited no enzymatic activity in
the presence or absence of iodoacetamide. Furthermore, in vitro growth of
both mutants was severely altered.
Conclusions: The 3-oxoacid CoA-transferase is specific to H. pylori.
This makes it a selective target for new therapeutic agents. Our results
indicate the presence of an associated H. pylori acetoacetyl-CoA thiolase.

3B:55 GENETIC ANALYSIS OF THE HELICOBACTER PYLORI
UREASE REGION
H. De Reuse, V. Cussac, S. Silhadi, D. Mengin-Lecreulx, A. Labigne.
Unite' de Pathoge'nie Bacte'rienne des Muqueuses, Institut Pasteur, Paris,
France
Expression of high amounts of urease is essential for successful colonization of the gastric mucosa by H. pylori. The genes encoding the urease
structural subunits UreA-B and the accessory proteins (required for nickel
incorporation into the apoenzyme) UreE-F-G-H were previously identified.
These genes were sufficient to allow expression of an active urease when
cloned in E. coli, although at a very low level. Different genes adjacent to
these structural and accessory genes were proposed to be important for full
expression and/or activity of urease in H. pylori. First, ureC situated upstream from ureA-B. The implication of its product in urease expression can
be excluded since we showed that ureC codes for a phosphoglucosamine
mutase homologous to the E. coli GlmM protein. Overexpression of ureC
complements a glmM conditional mutant and ureC as glimM was shown
to be an essential gene. Secondly, we investigated the role of two genes,
ureJ-K, situated downstream of the accessory genes but transcribed in the

opposite direction. We showed that when these genes were overexpressed
in E. coli (by means of the pTac promoter) on a plasmid carrying the entire
urease region, the urease activity was enhanced 10 to 20 fold. A H. pylori
strain deleted for these two genes was constructed and surprisingly the
urease activity of this mutant was not affected. UreJ-K show significant
homology with a new family of proteins (including SpoIIIE of Bacillus
subtilis and different Tra proteins of Streptomyces conjugative plasmids)
implicated in transport processes. UreJ-K like these proteins contain two
highly conserved ATP-binding sites. We propose that UreJ-K might play
a role in a transport process important for urease activity in E. coli. We
are now testing whether UreJ-K could also play a similar role in H. pylori
grown on different defined culture media.
3B:56 EPITOPE MAPPING OF HSPA, THE GROES-LIKE PROTEIN
OF HELICOBACTER PYLORI (HP)
J.-M. Thiberge, R. Ferrero, I. Kansau, A. Labigne. Institut Pasteur, Paris,

France

HspA, is a unique metallo-binding protein, that exhibits two domains;
the A domain is homologous to the bacterial GroES protein, whereas the
B domain is responsible for the binding of nickel ions. HspA has been
shown to be highly immunogenic in 40% of HP infected patients, and to
be a protective antigen when orally administered to mice. The aim of this
study was to identify, map, and compare the linear epitopes recognized a)
by an hyperimmune rabbit serum, b) by sera from infected patients, and
c) by sera drawn from protected as well as unprotected Maltose Binding
Protein-HspA immunized and challenged mice.
Seventy soluble nonameric peptides overlapping by 7 amino acid
residues were synthezised as biotinylated peptides (Chiron Mimotopes);
together they represent the entire amino acid sequence of the two previously
identified variants of HspA. They were bound to streptavidin-coated plates
and used in an ELISA-like method to identify the linear epitopes. Human,
rabbit and mice sera were diluted to 1:100, 1:1000, 1:500, respectively.
Hyperimmune rabbit serum recognized 4 linear epitopes (I: AA 3 to 6,
II: AA 21 to 29, m: AA 71 to 75 and IV: AA 83 to 87) located within the
highly conserved A domain, and none in the B domain. None of the 8 HspA
seropositive infected patients developed antibodies (ab) to the epitopes I,
HI or IV; 3 have ab that recognized epitope II, and ab recognizing an
epitope located in the B domain (epitope V: AA 103 to 113). All mice
immunized with MBP-HspA developed antibodies directed against epitope
II and V whether or not protected.

These results demonstrate that very few linear epitopes are recognized
within the HspA antigen; the A domain contains an immunodominant
epitope (II) which per se is not protective. No specific linear epitope could
be associated with protection, indicating that protection mainly involves

conformational epitopes.

|3B:57 | CLONING, SEQUENCING AND DELETION OF THE GENE
ENCODING THE GAMMA-GLUTAMYLTRANSPEPTIDASE
(GGT) OF HELICOBACTER PYLORI(HP)
C. Chevalier, J.-M. Thiberge, A. Labigne. Institut Pasteur, Paris, France
All the H. pylori isolates encode a GGT that catalyses the transfer of
gamma glutamyl residues from glutathione to amino acids, and might

therefore participate to the intracellular translocation of amino acids. This
enzymatic activity accounts for one of the key biochemical assays that
leads to the identification of HP. Using a polyclonal rabbit antiserum raised
against a mammalian transferase, a 53 kDa band was revealed by Western
blot in the cytoplasmic fraction of strain 85P. The protein was purified
by a series of chromatography and the immuno-reactive fractions were
pooled at each step. The partially purified 53-kDa protein was submitted
to enzymatic endoproteolysis and the N-amino acid sequences of two of
the peptides thus generated was determined. Four degenerated oligonucleotides were synthezised and used to amplify the HP chromosomal DNA.
A unique combination of 2 of the oligonucleotides gave a PCR product
that was then used as a probe to identify a recombinant cosmid within the
genomic library, and subclones of the cosmid. The identified gene encodes
a 555 amino-acid protein that showed high similarity with the E. coli and

human GGTs and resembles the cephalosporin acylase from Pseudomonas
and Bacillus with respect to their molecular organization and amino acid
sequence. Whether the GGT in HP consists as for these enzymes of two
polypeptide chains (a and P chains, 365 and 190 kDa, respectively) which
result from the maturation of the 555 kDa precursor protein remains to be
determined. A 0.7 kb fragment internal to the ggt gene was replaced by a
kanamycin cassette and the recombinant plasmid was used to generate a
knocked out mutant of HP. This mutant was viable despite the fact that no
residual gamma-glutamyltranspeptidase activity was detectable. These first
steps in the genetic study of the GOT of HP will allow us to synthezise
large amount of the protein in order to study its immunogenicity in infected
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H. pylori genome two open reading frames showing striking homology
with enzymes catalyzing the reversible transfer of CoA from one carboxylic
acid to another: CoA-transferases (CoA-T).
Aims: Characterization of the enzyme by reconstitution of its activity in
E. coli and identification of the substrate(s) involved in the reaction.
Methods: DNA and deduced amino acid sequences were analyzed with
the University of Wisconsin GCG programs. The genes encoding the two
subunits of the putative H. pylori CoA transferase (pCoA-T) as well as
H. pylori urease A subunit (pUreA) were introduced and overexpressed
in E. coli JM105 cells. Activities were measured in cellular extracts by
spectrophotometry using different CoA donors and acceptors. Specific
antibodies were raised against recombinant A and B proteins separately
and used for Western blot.
Results: The highest degree of amino acid homology was found with
the 3-oxoacid CoA-transferase from pig heart mitochondria. In presence
of succinyl CoA and acetoacetate, a 3-oxoacid CoA transferase activity
of 2880 ± 200 mU/mg was measured in E. coli extracts when cells
were transformed with pCoAT compared to 0.25 ± 0.06 mU/mg for cells
transformed with pUreA. The 3-oxoacid CoA-T was the only activity
detected in cellular extracts of H. pylori (see Bergonzelli et al). The specific
antibodies recognized two distinct subunits of 26 and 24 kDa in H.
pylori extracts
Conclusions: Comparisons of amino acid sequences combined with
measurements of enzymatic activity have shown that the H. pylori CoA-T
is a 3-oxoacid CoA-T. In contrast to the monomeric pig mitochondrial
homologue, the H. pylori enzyme is made of two different subunits.
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patients, to localize the protein in HP cells, as well as to determine whether
antibodies to this protein might interfer with the GGT in mammals, an
enzyme known to be associated with the brush-border and to be surface
exposed.

Z. Shen, D.B. Schauer, K. McGovern, J.G. Fox. Massachusetts Institute of
Technology, Cambridge, USA
Infection with Helicobacter hepaticus causes chronic-active hepatitis in
certain strains of mice, and is associated with hepatocellular carcinoma in
A/JCr mice. Infection with H. hepaticus has also be linked to inflammatory
bowel disease in certain immunodeficient strains of mice. Like many other
murine Helicobacter species which colonize the lower bowel, H. hepaticus
expresses an active urease. Urease has been shown to be necessary for
mucosal colonization by gastric Helicobacter species, but the role of urease
expression by Helicobacter species in lower bowel colonization has not
been determined. It has been previously reported that the urease from H.
pylori exhibits a peak of activity at an acidic pH which is absent in the
urease from H. muridarum, another murine Helicobacter species which
colonize the lower bowel. No nucleotide sequence data for urease genes of
Helicobacter species which colonize the lower bowel have been previously
reported. As a first step in understanding the structure which contributes
to these functional differences, we have used PCR to direcdy amplify
the ureAB genes from H. hepaticus genomic DNA. The predicted amino
acid sequence of the UreA protein is 24.7 Kd which corresponds to 222
amino acid residues, with a pI of 6.12. The sequence shows 65% identity
to the H. pylori UreA. We also have sequenced 2/3 of the H. hepaticus
ureB gene and detected 76% identity to the H. pylori ureB gene. These
results should allow us to begin to address the role of urease expression
by murine Helicobacter species which colonize the lower bowel and under
certain conditions, the liver. Comparative studies between ureases of gastric
and intestinal Helicobacter species will also contribute to the understanding of the mechanism by which urease contributes to gastric mucosal

colonization.
3B:59 | THE COMPLETE DNA SEQUENCE OF THE HELICOBACTER
PYLORI GENOME
J.-F. Tomb ', G. Sutton ', A. Glodek , L. Zhou l, 0. White',
T. Utterback ', J. Kelley l, J. Peterson', R. Fleischmann 1, C. Bult',
M. Adams 1, J. Gocayne l, R. Clayton ',N. Akopyants 2, D.E. Berg2,
H.O. Smith 3, C. Fraser 1, J.C. Venter '. 1 The Institute For Genomic
Research, Rockville, MD, USA; 2 Washington University Medical School,
St. Louis, MO, USA; 3 Johns Hopkins University, School ofMedicine,
Baltimore, MD, USA
The DNA sequence of a bacterial genome can be of immense value,
especially in cases of important pathogens such as Helicobacter pylon.
Here we present the complete annotated sequence of a representative H.
pylori strain (KE26695). This strain was chosen for four reasons: (i) it
colonizes piglets and elicits immune and inflammatory responses; (ii) it
is of the toxigenic and Cag+ (putatively more virulent) type; (iii) its t
40 kb cag region is not interrupted by rearrangement, unlike certain other
Cag+ strains; (iv) it is transformable, and thus amenable to mutational tests
of gene function. The genome sequence was determined using a random
library of small insert plasmid clones, essentially as in our sequencing
of the Haemophilus influenzae and the Mycoplasma genitalium genomes
(Science 269, 496-512, 1995; Science 270, 397-403, 1995). In the initial
random phase, we achieved 7.5 fold coverage by generating 24028 sequences with an average read length of 551 bases. We also sequenced the
ends of 500 large fragment lambda phage clones to create a scaffold that
helped ensure correct assembly. The availability of this sequence should
greatly speed many areas of H. pylori research, including characterization
of colonization mechanisms, virulence traits and host interactions; analyses
of H. pylori population structure and genome evolution; and development
of new potent therapies against H. pylori and associated gastroduodenal

diseases.

3B:60 I MOLECULAR CHARACTERIZATION OF THE
plo-ASSOCIATED paIABCD OPERON OF HELICOBACTER
PYLORI

M.K. Tummuru, U. Krishna, M. Karita, M.J. Blaser. Vanderbilt University,
University School of Medicine and Veterans Affairs Medical Center,
Nashville, TIV
H. pylon strains producing cagA are highly associated with enhanced mucosal inflammation and with duodenal ulcer disease. Our previous studies

have suggested that cagA is a marker rather than a cause of the enhanced
virulence. Analysis of the region upstream of cagA identified two genes,
picA and picB, that are involved in the induction of IL-8 release by gastric
epithelial cells. We now have characterized four genes, provisionally called
palA, palB, palC, and palD that are localized downstream of picB and
transcribed in the same orientation (pal = pic associated locus). These genes
are arranged in an operon. The deduced pkalA, B, C, D products showed no
significant homology with any known proteins. In a colony hybridization
study of 69 H. pyloni strains isolated from patients with gastritis and
peptic ulcer disease, palA, B, C, D were present in 71% of the strains,
in good agreement with the representation of cagA positivity. An isogenic
strain that is deficient for palA production evoked the same high level of
IL-8 induction in AGS cells as did the parental strains. Primer extension
analysis identified a single transcriptional start site 47 bases upstream of
the palA translational start site. Northern blot hybridization data showed
that palA, B, C, D are co-transcribed and an insertional mutation in palA
also ablates palBCD expression. A fragment of palD, encoding a 30 kDa
peptide sequence, was cloned into the expression vector pRSET B. The
truncated recombinant PaiD in E. coli was not recognized by sera from H.
pylori-infected persons. Further analysis of the palABCD operon should
provide insight into the function of these genes in H. pylori.

|3B:61

ALLELIC EXCHANGE MUTAGENESIS OF A NOVEL ABC
|
TRANSPORT
SYSTEM SIGNIFICANTLY REDUCES
CATALYTIC ACTIVITY OF UREASE IN HELICOBACTER
PYLORI
J.K. Hendricks, H.L.T. Mobley. University ofMaryland School of
Medicine, Baltimore, Maryland, USA
Urease requires nickel ions for catalytic activity. NixA (high affinity nickel
transport protein)-deficient mutants of H. pylori, constructed by allelic
exchange, retain significant urease activity suggesting the presence of alternate nickel transporters or urease enhancing factors. Analysis of random
nucleotide sequence of the H. pylori chromosome revealed a partial ORF
that predicts a homolog of NikD, a component of an ATP-dependent nickel
transport system in E. coli. Based on this sequence, a 400-bp "nikD"
fragment was PCR-amplified and used as a probe to identify two AZAPII
clones from an H. pylori genomic library that carried these sequences.
Sequencing of one of these clones revealed four open reading frames of
621, 273, 983 and 642-bp predicting polypeptides of 22.7, 9.9, 36.6, and
22.8-kDa, respectively. The 36.6 kDa polypeptide is highly homologous
(56% amino acid sequence identity and 92% similarity) to an E. coli ATPbinding protein component of an ABC transport system. Both ATP-binding
and linker motifs, characteristic of such proteins, were identified within
the predicted polypeptide. An allelic exchange mutant of this gene was
constructed in H. pylori UMAB41. While synthesis of urease apoprotein
was unaffected as assayed by Western blot with antiserum specific for the
UreA and UreB, urease activity was significantly reduced from a mean
of 169 ,umol NH3/minlmg protein in the wild type H. pylori strain to 21
gmol NH3/min/mg protein in the allelic exchange mutant. We conclude
that we have identified another gene in addition to nixA that is involved
in production of a catalytically active urease. The presumed mechanism of
action of this gene cluster is to mediate nickel transport.

|3B:62 | IDENTIFICATION AND CHARACTERISTICS OF AN InvC
HOMOLOGUE IN H. PYLORI
P.J. Jenks 1,2, S. Ward 1, S. Foynes ', A. Labigne 2, B.W. Wren'. ' St
Bartholomew's Hospital Medical School, London, UK; 2 Institut Pasteur,
Paris, France
The InvC protein family is related to the catalytic ,-subunit of the bacterial
FOF1 proton-translocating ATP-ase. These proteins are often involved in
organelle assembly, protein secretion and proton translocation and are
found in a number of important enteric pathogens. The presence of such a
protein in H. pylori may be important in survival of the organism in the
acid environment of the stomach and in its interaction with host cells.
Methods: The invC gene fragment was amplified from H. pylori 11637
chromosomal DNA by polymerase chain reaction (PCR) with degenerate
oligonucleotide primers designed on regions of patch homology from a
multiple alignment of InvCs from several bacterial species. The amplified
product (370 base pairs) was mutated by the inverse-PCR mutagenesis
(IPCRM) procedure and a kanamycin resistance cassette was ligated into
the construct. This was then introduced into wild-type H. pylori 11637 by
natural transformation to construct a defined isogeneic mutant.
Results: Sequence data analysis of the H. pylori InvC homologue revealed 56% identity and 74% similarity to its Salmonella typhimurium
counterpart. Hybridization analysis revealed the presence of a single InvC
gene on the H. pylori genome. The cloned gene fragment was mutated
by IPCRM with a 12-base pair deletion, resulting in the inclusion of stop
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IDENTIFICATION AND CHARACTERISATION OF THE
HELICOBACTER PYLORI GENE ENCODING A
METHYL-ACCEPTING CHEMOTAXIS PROTEIN

E. Allan, P. Mullany, S. Tabaqchali. St. Bartholomew's and the London
Hospital School of Medicine and Dentistry, London, UK
Motility and chemotaxis are primary virulence determinants of many
bacterial pathogens capable of colonising mucosal surfaces. Motility has
been shown to be an important colonisation factor of H. pylori, but very
little is known about the chemotactic response and the control of flagellar
rotation in H. pylori. To date, only the two flagellin structural genes flaA
and flaB and figE which encodes the flagellar hook structure have been
characterised.
We describe the cloning and sequence of an H. pylori gene which
encodes a methyl-accepting chemotaxis protein (MCP). These proteins are
located in the inner membrane and are responsible for initiating the chemotactic signal transduction pathway in the cytoplasm in response to changing
levels of chemoeffector in the environment. Using a rabbit antiserum raised
against H. pylori whole cells, a recombinant clone which expressed the
MCP was detected in a lambda ZAP expression library. The gene encoding
this protein was localised by immunoblot analysis of a series of nested
deletion clones and the nucleotide sequence of the gene was determined.
The predicted amino acid sequence showed extensive homology to MCPs
of other bacteria and was most closely related to those of Desulphovibrio
vulgaris.
We are currently constructing an isogenic mutant which should allow
the precise role of the MCP in the chemotactic response of H. pylori to be
determined.

13B:641

COMBINATION OF DNA FINGERPRINTING METHODS IS
NEEDED FOR ANALYSIS OF GENETIC DIVERSITY AMONG
UNRELATED AND FAMILIAL HELICOBACTER PYLORI
ISOLATES

C. Burucoa, V. Lhomme, J.L. Fauchere. Microbiologie A, University

Hospital of Poitiers, France
To investigate the genetic diversity among clinical isolates of H. pylori we
studied 42 strains from different geographic origins: 39 unrelated strains
(4 from Venezuela, 3 from USA, 5 from Paris, France, 27 from Poitiers,
France), 3 familial strains (from mother, son and daughter). We used
3 DNA fingerprinting methods: ribotyping, PCR-based restriction length

polymorphism analysis of urease genes (RFLP-PCR) and RAPD. For each
method, several restriction enzymes or primers were tested. A total of 8
technics were used. Isolates from the familial cluster were indistinguishable
by ribotyping, RFLP-PCR and RAPD as were subcultivated strains. Ten
strains were non typable by ribotyping because DNA samples were not
cleaved by restriction enzymes. Except for familial strains, all the typable
strains yielded different ribotypes with HaeHI. All 42 strains were typable
by RFLP-PCR. UreA and UreB DNA amplification digested with HaeIl
yielded 17 distinct patterns and only 7 distinct patterns when digested with
BamHI and HindI. UreC DNA amplification digested with HaeUI and
HindIII produced 11 distinct patterns and 27 distinct patterns when digested
with Sau3I. Except familial strains, a triplet and 3 couples of unrelated
strains yielded identical patterns with 3 of the 4 RFLP-PCR technics used.
All 42 strains were typable by RAPD. VILI and VIL3 primers yielded the
same 38 distinct patterns: the 3 familial strains and 2 couples of unrelated
strains were indistinguishable. VILS yielded 40 distinct pattems.
We concluded that ribotyping is a discriminant DNA fingerprinting
method but limited by non cleavable DNA samples (10/42) and time
consuming. PCR based methods are rapid and simple methods but could
led to false identity even if several primers or enzymes are used. In this
study it was necessary to combine RFLP-PCR with RAPD methods to
avoid false identity between unrelated strains.

| 3B:65 | SEQUENCING AND EXPRESSION OF THE GENE ENCODING
A NOVEL PROTEIN WITH GASTRIC ACID INHIBITORY

PROPERTY FROM HELICOBACTER PYLORI
L.L. Huang, D.R. Cave, A. Wright. Dept. of Medicine, St. Elizabeth's
Medical Center, and Dept. Mol. Biology and Microbiology, Tufts
University School ofMedicine, Boston, MA
A novel protein from H. pylori, which inhibits acid secretion from isolated
rabbit gastric glands, was purified to homogeneity. We have designated the
protein acid-inhibitory factor 1 (ALF-1). The sequence of the first thirty
amino acids of AIF-1 was determined using Applied Biosystems 477A
protein sequencer.
The AIF-1 gene was identified in a H. pylori gene library, prepared
in lambda EMBL3. The phage library was prepared by ligating sizefractionated Sau3Al fragments (9-20 kb) of the H. pylori chromosome
with EMBL3 phage arms, generated by BamHl and EcoRI digestion
of EMBL3 DNA. After subcloning into pBluescript SK, DNA sequence
analysis of an oligo-positive clone revealed a 1143 bp open reading frame,
encoding a protein with a calculated molecular mass of 45237 daltons. The
amino terminal sequence of the deduced protein is identical to that which
had been obtained by N-terminal sequence analysis of the AIF- 1 protein.
To obtain high levels of AIF-1 in E. coli for further biochemical analysis,
the gene was cloned downstream of the E. coli phage T5 promoter in
plasmid pQE3, which contains two lac operator sequences. The resulting
plasmid (pQE-AIF) was used to transform an E. coli strain M15 containing
a second plasmid, pREP4, which encodes the lac repressor. Expression of
AIF-1 from the recombinant vector pQE-AIF was induced by the addition
of isopropyl b-D-thiogalactopyranoside. Easily detectable amounts of AIF1 were obtained after 5 hr of induction at 37°C. Expressed protein was
recognized by affinity purified polyclone antibody against the N-terminal
peptide of AIF-1.
Conclusion: we have cloned the AIF-1 gene in an E. coli plasmid and
obtained the entire DNA sequence of AIF-1. We have expressed significant
levels of AIF-1 in E. coli.
3B:66 UREASE NEGATIVE H. PYLORI UNDERGOES AUTOLYSIS
RESULTING IN SURFACE LOCALIZATION OF HEAT SHOCK
PROTEIN (HspB)

S.H. Phadnis, M. Parlow, B.E. Dunn. Dept. of Pathology, Medical College
of Wisconsin and VAMC, Milwaukee WI 53295 USA
Helicobacter pylori is characterized by potent urease activity which is
essential for survival at low pH. We have recently demonstrated that urease
and HspB (a homologue of the GroEL heat shock protein) become associated with the surface of H. pylori in a novel manner: these cytoplasmic
proteins are released by bacterial autolysis and become adsorbed to the
surface of intact bacteria due to unique characteristics of the outer membrane (Infect. and Immun. 64: 905-912). A significant fraction of urease
and HspB are associated with the surface of H. pylori in human gastric
biopsies, indicating that bacterial autolysis followed by surface adsorption
occur in vivo. Since exogenous urea induces destruction of H. pylori in
vitro and urease constitutes a significant fraction of the total protein, we
sought to determine if autolysis is linked to urease production and activity.
In the present study we demonstrate that expression of urease is not
required for autolysis of H. pylori or for subsequent surface adsorption of
HspB in vitro. This observation indicates that autolysis in H. pylori may
be regulated genetically but is distinct from urease production. We propose
that autolysis and subsequent surface adsorption of originally cytoplasmic
proteins define the fourth mechanism of surface localization of proteins
in bacteria. This new mechanism has important implications regarding
pathogenesis and development of vaccines against H. pylori.

13B:67

ACID-INDUCED GENE EXPRESSION IN H. PYLORI

C.C. McGowan, T.L. Cover, M.J. Blaser. Vanderbilt University School of
Medicine and the Department of Veterans Affairs Medical Center,

Nashville, TN
H. pylori inhabits the mucus layer overlying the gastric epithelium where
it is exposed to a wide gradient of pH values. Pathogenic bacteria vary
gene expression in response to environmental stimuli in general, and acid
stress in particular. The aim of this study was to identify H. pylori genes
whose expression is induced following exposure to acid pH. Methods:
Total RNA was isolated from H. pylori strain 60190 after 1 h exposure to
pH 7 (= pH 7 RNA) and 4 (= pH 4 RNA). Total RNA from both conditions
was hybridized with anti-sense 16 s and 23 s rRNA strands synthesized
and labelled with biotin-UTP by in vitro transcription. rRNA-biotin complexes were precipitated with streptavidin and removed, thus enriching
for mRNA. pH 4 RNA was converted to single-stranded (ss) cDNA by
reverse transcription and hybridized with a 10-fold excess of biotinylated

Gut: first published as 10.1136/gut.39.Suppl_2.A53 on 1 January 1996. Downloaded from http://gut.bmj.com/ on January 7, 2023 by guest. Protected by copyright.

codons and the insertion of a kanamycin cassette. A H. pylori invC mutant
was constructed by allelic replacement and was shown to urease-negative.
Conclusion: We have identified the presence of and invC homologue in
H. pylori and successfully constructed and isogeneic mutant. This mutant
is urease-negative which suggests that the product may be involved in
the export of proteins important in the pathogenic process. Further work
to assess the mutant's ability to hydrolyse ATP, survive at low pH and
to determine the role of InvC in the export and regulation of urease are
currently underway.
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fragment. Sequencing of the catalase gene (katA) in RUl was carried out
with chemiluminescent dye-labelled terminators.
Results: 2-D electrophoresis showed the absence of catalase in the
catalase-negative phenotype and this was confirmed by Western blot.
mRNA specific for katA was not detected in the case of the catalasenegative phenotype. These findings indicate that the loss of activity is due
to repression of katA transcription. Sequencing of katA enabled comparative analysis to be carried out. H. pyloni catalase (katA) was most closely
related to that of Campylobacterjejuni.
Conclusions: This study has yielded valuable information on the molecular nature of the observed loss of catalase activity in RUl. Transcription
of katA was repressed in the spontaneous catalase-negative strain of H.
pylori. The sequencing of the gene has enabled its classification and further
investigation of its unique characteristics.

13B:68

K. Melchers, R. Haas ', L. Herrmann, T. Weitzenegger, W. Steinhilber,
G. Sachs 2, KP. Schafer. Byk Gulden Konstanz, Germany;
'Max-Planck-Institut Tilbingen, Germany; 2 UCLA and Wadsworth VA,
Los Angeles, USA
Helicobacter pylori (HP) is unique in expressing large amounts of urease,
an Ni2+ metalloenzyme, and in surviving in the human stomach providing
an highly variable cationic environment. Thus, survival of HP will depend
on regulated expression of ion pumps. Using the conserved phosphorylation
consensus sequence of P type ATPases two distinct P type ion pumps of
HP, ATPase-439 and ATPase-948, were cloned. The predicted ion pumps
contain the conserved sequence motifs of phosphorylation and ATP binding
as well as distinct N-terminal metal ion binding sequences and a CysProCys
motif as part of a transmembrane region. The membrane domain of both ATPases is formed by 8 transmembrane segments constituting the ion channel.
Histidine and cysteine residues which play a role in ion binding, are found
in similar numbers in both enzymes. But their distribution in cytoplasmic
or membraneous regions of the enzymes is strikingly different indicating differences in the ion specificities of the cloned ATPases. Disruption
of the chromosomal ATPase-948 gene by kanamycin cassette insertion or
transposition of TnMax (a transposon containing a chloramphenicol acetyl
transferase gene) renders the obtained H. pylori mutants more susceptible to
copper ions but not to other divalent cations. In contrast, mutants deficient
for ATPase-439 were found to be strongly reduced in urease activity while
expression of urease subunit B was unchanged as demonstrated by Western
blot analysis. Urease activity of these mutants could be restored in a concentration dependent manner by the addition of NiCI2 to the growth medium.
Growth of these mutants in the presence of 63Ni revealed that the cells accumulated less nickel compared to the parental strain. The data presented
here suggest that ATPase-439 might be involved in Ni2+ supply for urease, a
prerequisite for efficient urease activity, while ATPase-948 is a Cu2+ export
ATPase conferring copper resistance to HP (Cop ATPase). With respect to
survival in an gastric environment, these ion pumps are most likely of vital
importance for HP physiology.

ANALYSIS OF vacA TRANSCRIPTION AND TRANSLATION IN
TOX- HELICOBACTER PYLOR! STRAINS
M.H. Forsyth, J.C. Atherton, M.J. Blaser, T.L. Cover. Vanderbilt
University School of Medicine and Veterans Affairs Medical Center,
Nashville, TN
Tox- strains of H. pylori contain divergent vacA signal sequences (s2) and
mid-region sequences (m2) when compared to tox+ strains (sl/mi), which
may partially account for differences between strains in vacuolating cytotoxin activity. In the present study, we sought to investigate further potential
differences between tox+ and tox- strains in transcription and translation
of vacA. Primer extension analysis of 2 tox+ strains (both sl/ml) and 6
tox- (all s21m2) strains indicated that the same transcriptional start point
(119 bp upstream of the ATG codon in 60190) was used by each strain in
which transcription was detectable. Of the 6 tox- strains tested, 3 produced
primer extension signal intensities similar to tox+ strains, 2 produced
low intensity signals, and 1 failed to produce a detectable signal. These
variations in levels of vacA transcription among tox- strains correlated
with the amount of secreted 90 kDa VacA seen in immunoblots of culture
supernatants. Analysis of the vacA promoter regions in these strains did
not identify substantial differences that could account for the varying transcription levels. To study vacA transcription via an alternative approach,
we constructed H. pylori strains containing vacA operon fusions with
xy/E as a transcriptional reporter gene. The tox+ strain 60190 vacAcxxy/E
demonstrated high levels of vacA transcription, whereas the tox- strain
86-313 vacAocxy/E demonstrated very low levels of transcription. This is
in agreement with our results using primer extension analysis. Through
homologous recombination, the tox- vacA gene of strain 86-313 along
with its xy/E operon fusion were placed under the control of both the vacA
promoter and sl signal sequence derived from tox+ H. pylori strain 60190,
to create the chimeric H. pylori strain 86-313a. There was no increase in
vacA transcription in this chimeric strain. In contrast, when the entire vacA
of 86-313, including its promoter region, was replaced with vacAocxyIE
from 60190 by allelic exchange, creating a second chimera (86-313b), vacA
transcription was significantly increased. In total, these data suggest that
tox- strains transcribe vacA at varying levels and that this heterogeneity is
not primarily due to promoter differences among H. pylori strains.
|3B:69 | MOLECULAR BASIS OF A SPONTANEOUS CATALASE
NEGATIVE MUTATION IN HELICOBACTER PYLORI
J. Manos I, S.L. Hazell 1, T. Kolesnikow 1, D. Newell 2, P. Nuitjen 3. 1 The
University of New South Wales, Sydney, Australia; 2 CVL, Weybridge, UK;

3 Agriculture, Netherlands
Introduction: H. pylori catalase displays an unusually high activity, presaging a significant role for the enzyme in vivo. It has been identified
as a virulence factor and may play a role in maintaining the bacterium
on inflamed gastric musosae. Paradoxically, some strains exhibit a loss of
catalase activity during in vitro passage. Iwo such strains (RU1 & N6) were
identified and the nature of this loss of activity was examined in RUl by:
i) comparing the protein profiles to identify whether translation had taken
place ii) qualitatively comparing mRNA levels to identify transcriptional
repression and iii) comparing the gene sequences of both phenotypes.
Method: 11 randomly selected isolates were subjected to prolonged
passaging in vitro, leading to the isolation of a catalase negative strain of
RUl. Protein profile comparisons of the mutant and its parent strain were
undertaken by 2D-gel electrophoresis and Western blot (probing with a
monoclonal antibody specific for the enzyme). mRNA was analysed by
probing Northern Blots of total RNA with a 710 bp H. pylori catalase gene

| 3B:70 | CLONING AND ANALYSIS OF TWO P TYPE ION PUMPS OF
HELICOBACTER PYLORI, A CATION RESISTANCE ATPASE
AND A MEMBRANE PUMP NECESSARY FOR UREASE
ACTIVITY

3B:71

DNA REARRANGEMENTS IN THE 40 kb cag (VIRULENCE)
REGION IN THE H. PYLORI GENOME
Natalia S. Akopyants, Dange Kersulyte, Douglas E. Berg. Washington
University Medical School, St. Louis, MO, USA
Nearly all H. pylori strains from peptic ulcer or gastric cancer patients
carry a segment including the cagA gene, which encodes an immunodominant protein of unknown function, and the adjacent picA and picB genes,
which are implicated in induction of cytokine IL-8 synthesis and severe
inflammation. Many strains from asymptomatic carriers lack these genes.
We had found a 21 kb segment that is unique to cagA+ strains, using our
ordered cosmid library from strain NCTC1638. This segment is far from
cagA in NCTC1638, and was called "cagII".
Here we report PCR-based tests that indicate that:
1. Many cagA+ strains differ from NCTC1 1638 in carrying cagII, cagA
and the genes between them in one continuous 40 kb segment of the H.

pylon chromosome.
2. In NCTC11638, one end of cagII consists of a novel transposable
element called IS605, which is present in only a subset of cagA+ strains.
3. The rearrangement in NCTC1 1638 seems to have resulted from
insertion of IS605 into a full length cag region, and then homologous
recombination between this IS605 and another IS605 element in reverse
orientation at another chromosomal locus. This recombination separated
cagll from the rest of cag and inverted the intervening chromosomal
segment.
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pH 7 RNA. ss cDNA:RNA-biotin hybrids were bound to streptavidin and
removed, and the recovered pH 4 cDNA was subjected to a repeat round of
subtraction with fresh biotinylated pH 7 RNA. The subtracted product was
converted to ds cDNA, ligated to synthetic adaptors, and PCR-amplified
using adaptors as primers. The amplified DNA was then used to probe
a cosmid library of H. pylori genomic DNA (generously provided by D.
Berg). Results: Screening of the cosmid library with the subtracted probe
yielded several reactive cosmids. Southern hybridization of the subtracted
probe with restriction-digested DNA from one selected cosmid yielded
a reactive 0.7 kb band, which was subcloned and sequenced. Nucleotide
sequence analysis revealed an ORF that predicted a protein with 51%
identity to an E. coli protein of unknown function, and 42% identity
to a Yersinia enterocolitica protein belonging to an operon encoding for
0-antigen biosynthesis. Dot blot hybridization of RNA extracted from H.
pylori cells exposed to pH 7 and 4 conditions using the 0.7 kb fragment as a
probe confirmed that this gene is over-expressed at pH 4 compared with pH
7. Conclusions: Subtractive hybridization appears to be an effective method
for identifying genes that are differentially expressed after exposure of H.
pylori cells to low pH.

A68

3B:72 RESPIRATION IN H. PYLORI IS CARRIED OUT BY AT LEAST
TWO TERMINAL OXIDASES, ONE OF WHICH IS A NOVEL
HAEM-COPPER OXIDASE OF THE cb.TYPE
J. Alderson I,C.L. Clayton 2, D.J. Kelly 1. l The University of Sheffield,
Sheffield, UK; 2 Glaxo-Wellcome Research Centre, Stevenage, UK
Purpose: H. pylori is a microaerophile, but almost nothing is known about
the nature of its electron transport system. In this study, we have (i) shown
that the respiratory chain is branched, with at least two terminal oxidases of
differing cyanide sensitivity (ii) identified, cloned and sequenced a cluster
of genes encoding the subunits of one of the cytochrome oxidases.
Methods: Respiration was measured in a Clarke-type oxygen electrode.
Cytochrome c oxidase activity was measured as oxygen uptake after
addition of tetramethyl-p-phenylenediamine/sodium ascorbate as electron
donor. Results and Conclusions: In cells of H. pylori respiring lactate, respiration was decreased to 50% of the control value by 6 ,uM myxothiazol
or antimycin A (specific inhibitors of the cytochrome bc, complex) and to
20% of the control value by 20 ,sM; complete inhibition of respiration was
not observed, indicating that the respiratory chain is branched at the level
of the quinone pool. Cytochrome c oxidase activity was very sensitive to
inhibition by KCN (50% inhibition at 5 ,uM) but lactate respiration was
much less sensitive. These data are consistent with the presence of both
a quinol oxidase of low cyanide sensitivity and a cytochrome c oxidase
of higher sensitivity. Small, randomly sequenced clones homologous to
the fixNOP genes of Rhizobiun, which encode a cb type of haem-copper
cytochrome c oxidase, were identified. These were used as hybridisation
probes to obtain larger clones which have been sequenced. This has confirmed that one of the terminal oxidases of H. pylori is of the cb type and
has revealed linked genes which may be necessary for the regulation and
assembly of this enzyme.

|3B:73 | COMPARISON OF MONKEY AND HUMAN HELICOBACTER
PYLORI ISOLATES USING IS605, A NOVEL TRANSPOSABLE
ELEMENT, ureB AND 16S rRNA SEQUENCES
J. Hook-Nikanne, D. Israel, J.C. Atherton, M.J. Blaser. Vanderbilt
University School of Medicine and Veterans Affairs Medical Center,
Nashville TN, USA
A new insertion sequence (IS) was found in the "cag" region of Helicobacter pylon (Hp). Our previous work has shown that there is diversity
(91-97% identity) among IS605 of human Hp isolates. Insertion sequences
are important in epidemiological studies and in understanding bacterial
evolution. The goal of this study was to determine the degree of diversity
among monkey Hp isolates.
Methods: Chromosomal DNA was extracted from naturally infected
Rhesus monkeys from two different colonies and human isolates from
USA, Japan, Peru, and Zaire. PCRs using primers to amplify approximately 300 bp regions of IS605, ureB and 16S rRNA were performed. The
PCR products were cloned and sequence analysis was performed.
Results: The prevalence of IS605 among monkey isolates (33%; 5 of
15) was similar to the prevalence (28%) in 85 human isolates. There was
no correlation with either cagA status or vacA type. As expected, the 16S
rRNA sequences of the 5 monkey strains were greater than 99% identical
to each other and to the 5 human strains analyzed. Among monkey isolates,
the ureB sequence was 100% conserved, but the ureB sequences from
human Hp were more (96-99%) diverse. The monkey IS605 sequences
within one colony were greater than 99% identical to each other, whereas
between colonies the identity was 94%. The human IS605 sequences were
92-95% identical to the monkey sequences, with the exception that the
IS605 sequence from the African strain was 98% identical to a monkey
strain.
Conclusions: This analysis of ureB and IS605 sequences shows that there
is more diversity among Hp isolates from humans than from monkeys. In
both cases, however, the greatest variation was in the IS605 sequence.

|

vacA GENOTYPES IN PATIENTS WITH GASTRITIS, PEPTIC
3B:741 ULCER
AND GASTRIC CARCINOMA

E.N. Mendes, D.M.M. Queiroz, G.A. Rocha, A.M.R. Oliveira,
C.A. Oliveira. Lab. of Research in Bacteriology/UFMG, Belo Horizonte,

Brazil

Helicobater pylori (HP) is the major cause of human chronic gastritis and
is now considered a significant risk factor for the development of peptic
ulcer and gastric cancer. The vacuolating cytotoxin, encoded by vacA, is
considered an important virulence factor of the bacterium, being more
frequently produced by strains associated with peptic ulcer and gastric
cancer (another abstract in this Meeting). Despite vacA can be detected in
almost all strains, only about 50% of them induce vacuolation in vitro. In
fact, it was recently demonstrated that vacA could present two different
signal sequences (sl and s2) and two distinct modulating regions (ml and
m2). It was also observed that HP strains isolated from peptic ulcer patients
are more frequently type sl/ml, the genotype associated with the highest
production of cytotoxin, than strains obtained from patients with gastritis
only. We sought to determine the distribution of vacA genotypes, by PCR,
in HP strains isolated from patients with gastritis (n = 35), peptic ulcer (n
= 33), and gastric carcinoma (n = 48), in Brazil.
DNA was extracted from HP strains by a phenol-chloroform method.
Primers employed for the detection of vacA homologs were previously
published by Atherton et al (1995).
Three of the possible combinations of signal and modulating sequences
(slml, sIm2 and s2m2) were found. As expected, no s2tml combination
was observed. Nineteen (57.5%) patients with peptic ulcer disease had type
sl/ml strains, 12 (36.4%) slm2, and 2 (6.1%) s2tm2. Among the patients
with gastric carcinoma, 38 (79.1%) had type sl/ml strains, 9 (18.8%)
sl/m2, and 1 (2.1%) s2tm2. Eighteen (51.4%) patients with gastritis only
were colonized by type s2/m2 strains, 9 (25.7%) by sl/ml, and 8 (22.9%)

by sl/m2.
In conclusion, type sl strains are more frequently found not only in
peptic ulcer patients (p < 10-4), as it was previously demonstrated, but
also in those with gastric carcinoma (p < 10-8) when compared to patients
with gastritis only. It raises the possibility that this sequence could be used
as a marker of strains

associated to these diseases.

3B:75 GROWTH PHASE-DEPENDENT PRODUCTION OF LEWIS X
BY HELICOBACTER PYLORI
D.E. Taylor, D.A. Rasko, R. Sherburne. University of Alberta, Edmonton,
Alberta, CANADA

Lewis X (LeX) is a complex human carbohydrate molecule (Gal#61i--4[Fucal--3]GlcNAc) that has been recently identified on the surface of the
bacterium Helicobacter pylori. Lex was not detected on Helicobacterfelis,
H. mustelae or H. hepaticus. In H. pylori, LeX is produced in a growth
dependent manner. Growth curves were established for both high and low
producing strains, UA1 182 and NCTC1 1637 respectively. The presence of
Lex on whole cells was assayed using an enzyme linked immunosorbent
assay (ELISA) with anti-LeX antibody (mouse isotype IgM). The greatest
expression of LeX occurred during early to mid-log phase with decreased
expression as stationary phase was reached.
Biopsy samples were examined by scanning electron microscopy as
a method of visual quantitation of H. pylori binding. There was little
direct binding to biopsy tissue by H. pylori. When the biopsy samples
were pre-incubated with pentameric IgM (anti-Lex) there was a substantial

increase in the amount of bacteria bound. If H. pylori was pre-incubated
with anti-LeX IgM, limited binding occurred. Therefore, we conclude that
the antibody acts as a cross-linking agent to enhance the binding of the
bacteria to the host epithelium.
3B:76 | DIFFUSE GASTRIC CANCER IN YOUNG H. PYLORI POSITIVE
JAPANESE PATIENTS: LACK OF ASSOCIATION WITH CagA

STATUS
S. Kikuchi I, D. Forman 2, A. Covacci 3, J.E. Crabtree 2, Juntendo Univ,
Tokyo, Japan; 2 Univ Leeds & St. James's Hospital, Leeds, UK; 3IRIS,

Siena, Italy
Purpose. Infection with CagA positive strains of H. pylori has been

as-

sociated with an increased risk of intestinal-type gastric cancer and its
precursor conditions. This study examines CagA seropositivity in Japanese
patients with gastric cancer under the age of 40 years previously identified
as H. pylori seropositive. Methods: Sera from 92 H. pylori seropositive
gastric cancer patients (78 diffuse, 14 intestinal) and from 79 H. pylori
seropositive subjects from a matched case-control study were assayed for
CagA IgG antibodies by ELISA using a purified recombinant fragment of
CagA. Results: Fifty eight (63%) of the cancer patients and fifty (64%)
of the controls were CagA seropositive. Within the cancer patients 50/78
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4. In three of ten other cagA+ strains tested, cagA is 13 kb to the left
of cagII and again in inverted orientation. This reflects a different rearrangement (not involving IS605), but probably also due to recombination
between inverted repeats.
5. An eight kb DNA segment that is absent from most cag+ strains is
inserted between cagA and cagII in these three strains.
6. The very ends of full-length cag regions contain 30 bp direct repeats.
Cag- strains might arise from cag+ strains by recombination between
these repeats, thereby deleting the intervening 40 kb cag region. Such
deletions would arise easily only in strains in which the cag region is not
rearranged.
Future studies should reveal the extent and mechanisms of DNA rearrangement in H. pylori genomes, and their effects on bacterial fitness and
the evolution of virulence.
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13B:77

CLONING OF THE LIPOPOLYSACCHARIDE (LPS)-CORE
GENE, rfaC, FROM HELICOBACTER PYLORI
J.B. Goldberg I, A. Wright 2, J. Ramakrishna 2, A. Moran 3, D. Kersulyte 4,
D.E. Berg 4. 1 Channing Laboratory, Harvard Medical School, Boston,
MA, USA; 2 Tufts Medical School, Boston, MA, USA; 3 University College,
Galway, Ireland; 4 Washington University Medical School, St. Louis, MO,
USA
H. pylori LPS is unusual in its low endotoxic activity and immunogenicity.
The recent elucidation of the complete chemical structure of the LPS 0
antigen and core oligosaccharide regions from three different H. pylori
strains shows that each is distinct (Biochemistry [1996] 35, 2489-2497,
2498-2504). In each case, however, the LPS displays Lewis Y or Lewis
X antigens suggesting that these antigens may act as molecular mimics (to
avoid host immune effectors or induce autoantibodies). Moreover, these
Lewis antigens may act as receptors for H. pylori adherence to the gastric

|3B:79 l CHARACTERIZATION OF HELICOBACTER PYLORI DNA
FRAGMENTS THAT CONFER HEMOLYTIC ACTIVITY TO
ESCHERICHIA COLI
S. Bereswill ', F. Fassbinder I, A. Covacci 2, M. Kist '. l Abt.
Mikrobiologie & Hygiene, Univ. Freiburg, Germany; 2 BIOCINE, Siena,
Italy
Hemolysis mediated by specific proteins called hemolysins is a common
feature of a wide range of pathogenic bacteria. The destruction of the
red blood cells provides an important tool for the bacteria to obtain iron.
Results from earlier studies indicated that H. pylori does express hemolytic
activity and recently DNA fragments coding for hemolysins have been
cloned.
In order to identify DNA fragments coding for hemolyic activity we
have screened a plasmid based DNA library of H. pylori in E. coli HB101
for formation of a hemolytic halo during growth on blood agar. Restriction
analyses of plasmids isolated from twenty four positive clones identified
more than five different types of DNA fragments ranging from 1 to 6 kb
in size. Two types of hemolysis were presented by the clones: a clear halo
and a green halo was formed indicating the action of both, beta and alpha
hemolysins, respectively. The intensity of hemolysis varied among the
different clones and hemolysins acted stronger on sheep erythrocytes than
on human erythrocytes. The presence of hemolytic genes in H. pylori could
be of great importance for iron acquisition of the bacterium, especially
during the late phase of ulceration, when bleeding takes place. Furthermore
the synthesis of hemolysins might help to impair the cellular immune
defense reaction as previously shown for hemolysins of other bacteria.

mucosa.

In order to assess the importance of the expression of LPS in general and
the Lewis antigens in particular to H. pylori infection, we have initiated
studies to create isogenic mutants lacking various LPS epitopes. The
structure of the H. pylori LPS core oligosaccharide region is similar to that
of Salmonella typhimurium; thus H. pylori LPS genes may be isolated by
complementation of characterized S. typhimurium LPS mutants. One such

is S. typhimurium SA1377, an rfaC mutant defective in heptosyl
transferase I required for the synthesis of the LPS core; a consequence
of this mutation is that SA1377 is hypersusceptible to hydrophobic antibiotics such as novobiocin. A plasmid library of cloned H. pylori DNA
was transferred to SA1377, and novobiocin-resistant transformants were
selected. Plasmid DNA isolated from one such transformant contained an
approximately 1.5-kb insert of H. pylori DNA. This DNA was mapped by
hybridization to two overlapping cosmids in an ordered H. pylori library.
As expected, the inferred amino acid sequence of the insert DNA is similar
to that of RfaC from S. typhimurium. Mutational analysis, starting with this
and other LPS biosynthetic genes, will be used to generate mutant strains
of H. pylori with specific defects in LPS structure and to test the role of H.
pylori LPS in colonization and disease.
mutant

|3B:78 |BIOCHEMICAL AND MOLECULAR CHARACTERIZATION OF
HEMIN BINDING PROTEINS OF HELICOBACTER PYLORI
S. Bereswill, S. Schaps, F. Fassbinder, M. Kist. Abt. Mikrobiologie &
Hygiene, Univ. Freiburg, Germany
Many species of pathogenic bacteria have evolved hemolytic properties
and the ability to aquire iron from heme compounds. It has been recently
published that H. pylori can produce hemin binding proteins under iron
restricted growth conditions.
The aim of this study was to further characterize the hemin binding
properties of H. pylori and a first experiment was initiated to demonstrate
the ability of H. pylori to use hemin as an iron source: The growth of strain
151 was inhibited by addition of 50 ,tM desferrioxamine and bacterial
growth was completely restored when hemin (5 liM) was added to the
medium. The hemin binding proteins of H. pylori strain 151 were detected
by affinity chromatography with hemin agarose as previously described.
Several hemin binding proteins in the size range of 40 to 100 kd were
identified by SDS-PAGE. To omit iron binding by serum proteins present
in FCS the bacteria were grown in Brucella broth with 1% cyclodextrin.
Changes in the iron concentration of the medium did not alter protein
expression and all proteins were detected even under iron restricted condi-

tions (100 ,sM dipyridyl) and when access iron (100 ,uM FeCl3) was added
to the medium. Furthermore a clone from a cosmid library was identified,
that conferred hemin binding to E. coli. This DNA fragment was further
investigated and the restriction analysis identified a 6 kb DNA fragment
which is presently sequenced. The heme iron uptake system could be a
microbial virulence factor that supports iron uptake from nutritional heme
compounds and from blood, especially in the late phase of ulceration.

|3B:80 ANTIGEN-RECOGNITION IN DIFFERENT HELICOBACTER
PYLORI ASSOCIATED DISEASES
S. Borchers, B. Kramer l, I. Stallforth, N. Lehn 2. Medical Microbiology,
Techn. University Munich, Germany; 1 MIKROGEN GmbH, Munich,

Germany; 2 University Regensburg, Germany

The objective of this study was to realize whether antigen-recognition of H.
pylori is different in patients suffering from gastric cancer (GC), duodenal
ulcer (DU), MALT-lymphoma (LY) or type B gastritis (GA).
Patients and Methods: We tested sera from 38 patients each in an
immunoblot (IB) recently developed with MIKROGEN GmbH in Munich.
Patients were age and sex matched and considered H. pylori positive if they
were positive in histology or culture of biopsies.
Results: Sensitivity and specificity of the IB were 90% (38 of 46
negative) and 92% (114 of 106 positive) respectively.
Table 1. Recognition of antigens in patients suffering from different H. pylori
associated diseases
GC
Antigen
61%
CagA
66%
UreA
84%
67 kD
34%
54 kD
11%
33 kD
11%
25 kD

DU
92%
76%
82%
50%
24%
24%

LY
63%
92%
66%
71%
42%
42%

GA
45%
63%
47%
18%
11%
8%

Conclusion: A remarkably high rate of CagA recognition was detected
in DU suggesting the importance of this virulence associated protein in
diagnosis. The significance of the different recognition of other antigens
remains to be evaluated.

INTRACELLULAR UPTAKE OF HELICOBACTER PYLORI IN
13B:81 | VITRO
MONITORED BY TIME-LAPSE ON VIDEO
C. LUfman, R. Rigo, M. Block, K. Hult6n, H. Enroth, L. Engstrand.
Swedish Television, Depts. of Clin. Microbiol. and Cancerepidemiol.,
Uppsala, Sweden
Background: An intracellular location of H. pylori in gastric epithelial cells
has been widely discussed. If H. pylori has the capacity of intracellular
survival, it will have great implications for the therapy and understanding
of H. pylori infection.
The aim of this video production was to study the intracellular uptake of
H. pylori in vitro.
Materials and methods: H. pylori, reference strain 88-23, was cultured
for 36 h in Brucella Broth. Hep-2 cells were cultured in RPMI on circular
glass plates. Bacteria and cells were cultured following standard procedures. The glass plates with attached cells were transferred to an inert
gold plated chamber. H. pylori in broth culture was added to the cells
and the chamber was covered with another glass plate. The temperature
was controlled to 37°C by circulating water. A Leitz inverted microscope
(Labovert) with an interference contrast lens giving 25 x 10-fold magnification was used. The image was exposed by a Sony 3CCD camera with
a resolution of 700 lines. The signal was transferred to a Sony Betacam
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(64%) with diffuse-type cancer and 8/14 (57%) were cagA seropositive.
Overall, the odds ratio (OR), for the risk of cancer if CagA seropositive was
0.99 (95% CI, 0.5 1-1.93) after adjustment for age and sex. For diffuse and
intestinal type cancers the ORs were 1.05 (0.53-2.06) and 0.78 (0.22-2.31)
respectively. Conclusions: These results in a large series of young H.
pylori positive gastric cancer patients show no risk of association with
cagA status. Most of the patients had diffuse type cancer, which although
associated with H. pylori infection, does not develop in a background of
atrophic gastritis. This is in contrast to intestinal type gastric cancer in the
elderly where there is an association with atrophy and CagA.

A69

A70
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DETECTION OF cag A AND vac A GENES IN HELICOBACTER
PYLORI AND ITS RELATION WITH ENDOSCOPIC FINDINGS
FROM SPANISH CHILDREN
I. Sanchez Romero, T. Alarc6n, D. Domingo, J.C. Sanz, M.J. Martinez,
M. L6pez-Brea. Hospital de la Princesa, Madrid, Spain
Aim: 1. To detect the presence of cag A and vac A (signal sequences sl
and s2) genes by using the polymerase chain reaction (PCR) in H. pylori
strains isolated from a Spanish paediatric population. 2. To determine the
correlation among these genes. 3. To study the endoscopic findings in these
patients.
Material and Methods: 54 paediatric patients referred for

upper gas-

trointestinal tract endoscopy were included in this study. Samples were
cultured and microorganisms identified following standard methodology.
DNA was extracted from a 48 h. H. pylori culture in by the CTAB method.
PCR was carried out in 50 mcl containing DNA from H. pylori, 2.5 mM
MgCl2, 0.3 mcM of cag A primers or 0.5 mcM of vac A primers, 1.2 U of
Taq polymerase, 200 mcM each dNTP in the buffer recommended by the
manufacturer. The fragment of 297, 259 and 286 bp, (cag A, vac A-sl and
vac A-s2 respectively) was detected in agarose gel.
Results: They

Genes
cag A+
cag ATotal

are

included in the following Table:

A-sl
12 (70.6%)
3 (8.1%)

vac

15

A-s2
5 (29.4%)
34 (91.9%)
39

vac

Total
17 (31.5%)
37 (68.5%)
54

The endoscopic findings were: antral gastritis (20 patients), nodular
gastritis (11), non-specific gastritis (2) duodenal ulcul (2) and no document
(11). A relation among these endoscopic findings and the presence or
absence of the specific genes were not found.
Conclusions: 1.- The prevalence of cag A H. pyloni strains was 31.5%
in our paediatric population. 2.- A statistically significative correlation
among cag A+Ivac A-sl and cag A-Ivac A-s2 was observed. However, the
endoscopic findings were not related with the presence or absence of these
genes.

3B:83

IS THE hpaA GENE IMPORTANT FOR ADHERENCE OF H.
PYLORI?

G.A. Turner, R.P.H. Logan, A. Cockayne, A. Robins, B. Wren',
C.J. Hawkey. Div of Gastroenterology & Institute of Infections &
Immunity, Univeristy Hospital, Nottingham; 1 St Bartholomew's Hospital,
London, UK
Introduction: The hpaA gene of H. pylori has been proposed to encode an
adhesin recognising NeuAc (a2-3) Gal, although recent data suggests that
it encodes a cytoplasmic lipoprotein. Our study assesses the adherence of
an isogenic mutant in hpaA and the parent strain to gastric epithelial cells
and red blood cells.
Methods: H. pylori (NCTC 11637, ATTC 60190 and hpaA- by allelic
exchange) were grown microaerobically in broth culture for 24 h. Isolates
were fluorescently labelled by incubation with carboxyfluorescein diacetate succinimidyl ester (CFDA-SE) at 370C for 5 m. After washing in
PBS to remove excess CFDA-SE, bacteria were resuspended in PBS and
standardised numbers of bacteria co-incubated (ratio 10:1) with AGS at
37°C for 3 h. After washing to remove non-adherent H. pylori cells were
detached from flats with EDTA (2 mM), fixed prior to FACS and quantitated by reference to fluorescence of bacteria alone. In other experiments
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human RBC (Group 0) were co-incubated with bacteria under saturating
conditions and haemagglutination (HA) quantitated using an automated
spectrophotometric method. NAML was used for blocking studies.
Results: All H. pylori strains adhered to AGS cells with > 90% cells
binding bacteria within 30 min. The number of bacteria per cell varied
between 10-60, but there were no significant differences in either parameter
for the hpaAM and the parent strain. There was also no difference in HA
between hpaA- and the parent strain with or without NAML.
However the relative ratio of soluble:cell associated HA was greater with
hpaA compared to the parent strain
Conclusion: These results show that deletion of the hpaA gene does not
effect the adhesion of H. pylori to gastric epithelial or red blood cells.
PUTATIVE ADHESINS & RECEPTORS OF H.
13B:84 | IDENTIFYING
PYLORI
R.P.H. Logan, G.A. Turner, A. Cockayne, C.J. Hawkey, S.P. Borriello.
Institute of Infections & Immunity and Division of Gastroenterology,
University Hospital, Nottingham NG7 2UH
Introduction: Adherence may be an important virulence factor for H. pylori,
however the adhesin (s) and the receptor have yet to be characterised.
Methods: Broth and plate grown H. pylori were biotinylated (Nhydroxysuccinimido-Biotin 5 mM, Sigma) in sodium borate buffer (10
mM, pH 7.3) at 4°C for 3 hrs, excess biotin was removed by washing (with
borate buffer, x2) and blocking with glycine (60 mM) and a 20 min water
extract prepared. Human gastric epithelial cells (AGS) were grown RPMI
(+ 5% FCS) on tissue culture flats. Untreated (control) and trypsin or neuraminidase treated AGS cells were harvested with EDTA (2 mM), washed,
and solubilised prior to SDS-PAGE (10%). Separated polypeptides were
transferred to nitrocellulose and after blocking of membranes with BSA
or gelatin (3%), were interacted with biotinylated bacterial water extracts
for 3 h. After washing with PBS (x 3), bound bacterial proteins were
visualised using streptavidin peroxidase (SPX). To identify the adhesins,
biotinylated bacterial proteins were eluted from replicate nitrocellulose
strips and identified following SDS-PAGE, transfer to nitrocellulose and
visualised with (SPX).
Results: The pattern of binding by bacterial extracts to separated
untreated AGS was similar for all strains and was not effected by treatment with SDS. However pre-treatment of AGS with either trypsin or
neuraminidase considerably reduced the binding to the putative 17 kDa
receptor. Binding to this putative receptor was confirmed using electroluted material from SDS-PAGE gels and transfer to nitrocellulose.
Re-solubilisation of bacterial products bound to semi-purified receptor revealed differences between strains and with culture conditions. For NCTC
11637, two principle adhesins were identified at 26 kDa and 58 kDa,
neither of which reacted with monoclonal antibodies raised against H.
pylori urease, HspA, FlaAB or the HpaA.
Conclusions: These results suggest that H. pylori possess at least one
major adhesin and several minor adhesins, expression of which varies with
growth conditions.
| 3B:85 THE MORPHOLOGIC CONVERSION OF H. PYLORI FROM
BACILLARY TO COCCOID FORMS IS NOT AN ACTIVE
PROCESS
J.G. Kusters, M.M. Gerrits, C.M.J.E. Vandenbrouke. Vrije Universiteit,
Amsterdam, the Netherlands
H. pylori (HP) can transform from its helical bacillary morphology to a
coccoid form. Since this coccoid form can not be cultured in vitro, it
has been speculated that this so called 'dormant form' plays a role in
the transmission of HP and in relapse after antibiotic therapy. This study
sought to determine if coccoid HP indeed represent dormant forms of the
bacterium or should be regarded as a degenerate nonviable morphologic

phase.

(min)

We studied the effects of ageing, temperature, oxygen tension and
nutrient availability on the morphologic conversion rate. When incubated
at 37°C under micro aerobic conditions, broth cultures took over 14 days
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SP video recorder. Time-lapse procedure was achieved by a computer
controlled device, one frame was taken every 12 seconds.
Results and conclusion: The cell-movements and activities, as well as
the attachment and adhesive behaviour of H. pylori and its uptake into the
cells could be clearly visualized. H. pylori has a capacity for intracellular
penetration in vitro and the bacterial adhesion to cells is an instantaneous
event after addition of H. pylori to the cells.
The technique used in this study can be further developed by digital
image processing.
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pH-DEPENDENT DISSOCIATION AND REASSOCIATION OF
THE H. PYLORI VACUOLATING CYTOTOXIN OLIGOMER
T.L. Cover , P.I. Hanson 2, J.E. Heuser3. Vanderbilt University School of
Medicine and Veterans Affairs Medical Center, Nashville, TN; 2 Yale
University, New Haven, CT, 3Washington University, St. Louis, MO, USA
In this study, we sought to investigate the structure of the H. pylon
vacuolating cytotoxin (VacA). VacA was isolated from culture supematant
of H. pylori strain 60190 by gel filtration chromatography. When imaged
by electron microscopy after adsorption to mica flakes, freeze-drying,
and metal replication, the cytotoxin oligomer appeared as a flower-like
structure, composed of a central ring about 15 nm in diameter, surrounded
by 6 globular domains (petals), each 5 nm in diameter, yielding a complex
with an overall diameter of 30 nm. Two H. pylori strains with a type
sl/m2 vacA genotype each produced 6-petal VacA oligomers that were
indistinguishable from that of strain 60190 (type sl/ml vacA). When VacA
from strain 60190 was adsorbed to mica at neutral pH and then acidified
to pH 3.5, the 6-petal oligomers dissociated into heaps of up to 11 visible
petals. A similar structural change occurred when VacA was acidified in
solution and then adsorbed to mica at acid pH. These findings suggest
that the VacA oligomer consists of two overlapping six-membered rings.
In glycerol gradients at neutral pH, the VacA oligomer sedimented with a
peak at 22S, whereas at pH 3 nearly 100% of VacA was in a monomeric
form. When VacA was exposed to low pH for extended periods of time, and
then reneutralized and applied to gradients at neutral pH, reassociation to
form 22S oligomers occurred. In contrast to the 6-petal forms seen in initial
preparations, VacA oligomers formed by acidification and reneutralization
consisted of nearly 100% 7-petal forms. Acid-treated VacA molecules that
underwent reassociation at neutral pH displayed an increase in vacuolating
activity for HeLa cells in vitro. These data indicate that the VacA oligomer
consists of 12 t 90 kDa subunits, and that pH-dependent conformational
changes in VacA are accompanied by alterations in functional activity.
| 3B:87 EXPRESSION OF ICEA, A NOVEL ULCER-ASSOCIATED H.
PYLORI GENE, IS INDUCED BY CONTACT WITH GASTRIC
EPITHELIAL CELLS AND IS ASSOCIATED WITH ENHANCED
MUCOSAL IL-8

R.M. Peek, S.A. Thompson, J.C. Atherton, M.J. Blaser, G.G. Miller.
Vanderbilt University School of Medicine and VA Medical Center,
Nashville, TN
cagA+tox+ H. pylori strains are linked with peptic ulceration but most
persons infected with such isolates remain disease-free; thus, other unidentified virulence genes may be important in pathogenesis. For H. pylori,
adherence to gastric epithelium may provide a stimulus for induction of
virulence gene expression. iceA (induced by contact with epithelium) is
a novel H. pylori gene that is selectively up-regulated following contact
with gastric epithelial cells. The aims of this study were to characterize
iceA allelic diversity, correlate iceA genotypes with H. pylori virulence
determinants, peptic ulcer disease and in vivo IL-8 production, and examine
expression of iceA alleles following contact with gastric epithelial cells.
Methods: iceA cDNA derived from H. pylori ulcer strain J166 was used
to isolate a genomic clone from reference strain 60190. iceA primers were
designed for PCR of genomic DNA from 39 other clinical isolates and
products from 6 of these strains were sequenced. iceA alleles in these
strains were compared with ulcer disease, cagA and vacA genotypes,
toxigenicity, and mucosal IL-8. Expression of iceA alleles following brothgrowth or contact with AGS cells was examined by slot blot and Northern
hybridizations. Results: iceA sequences from 7 H. pylori clinical isolates
revealed two distinct allelic families, iceA 1 in 3 ulcer strains, and iceA 2
in 4 gastritis only strains. iceA PCR in 40 strains also identified two groups
that differed significantly for peptic ulceration: 10 of 10 (100%) iceA 1
strains were from ulcer patients compared with 8 of 30 iceA 2 strains
(29%, p < 0.001). iceA allelic variation was not correlated with cagA
genotype, vacA ml mid-region or si signal sequence alleles or toxigenicity.

The mean antral mucosal level of IL-8 in persons infected with iceA 1
strains was significantly higher (266 + 108 pg/mg protein) compared with
persons harboring iceA 2 strains (97 ± 65 pg/mg protein, p < 0.001). By
hybridization, expression of the iceA 1 allele was significantly up-regulated
following contact with gastric epithelial cells while the type 2 allele was
not expressed in broth growth or following adherence. Conclusions: iceA
is a novel gene of H. pylori with 2 major allelic types. Infection with an
iceA 1 strain is associated with increased mucosal concentrations of IL-8.
Only iceA 1 is induced following contact with gastric epithelial cells, and
infection with the type 1 allele is significantly associated with ulcer disease,
independent of other known H. pylori virulence determinants.

13B:88

H. PYLORI CagA STATUS, VacA GENOTYPES AND

GASTRODUODENAL DISEASE
J.C. Stephens, A.M. Folwell, R.A. Swann, B.J. Rathbone. Leicester Royal
Infirmary, Leicester, UK
H. pylori infection is recognised as a major factor in gastroduodenal pathology. The vacA gene and the cagA gene have been identified as markers
more commonly seen in strains isolated from patients with more severe
pathology. The vacA genotype of the infecting strain has been shown to be
associated with development of ulcer disease
Using primers from published literature the cagA status and vacA genotype of 60 strains was determined by PCR, and the results correlated to the
presence of ulcer disease.
49/60 (82%) were cagA positive. Of patients with ulcer disease 20/23
(87%) were cagA positive compared to 29/37 (78%) of patients with no
ulcer disease. For vacA signal sequence, 23/23 (100%) of ulcer patients
were type sl compared to 33/37 (89%) of non-ulcer patients. Only 4/60
strains were type s2, all from patients without ulcers. For the vacA middle
sequence 8/60 strains were not typeable to either ml or m2. Of the strains
from ulcer patients 11/21 (52%) were ml and 10/21 (48%) were m2, which
did not differ significantly from the non-ulcer patients.
In conclusion cagA negative strains are rare in our population, likewise
the vacA genotype s2/m2. This confirms the previously reported association between the presence of cagA and the sl type of vacA. There
was however no significant difference between the strains from ulcer and
non-ulcer patients in terms of vacA & genotypes.
3B:89 | STRUCTURE-FUNCTION RELATIONSHIPS WITHIN THE NIXA
NICKEL TRANSPORT PROTEIN, A UREASE-ENHANCING
FACTOR OF H. PYLORI
J. Fulkerson, R.M. Gamer, H.L.T. Mobley. Univ. ofMaryland Sch.
Medicine, Baltimore, Maryland, USA
Synthesis of a catalytically active urease is central to the pathogenesis
of H. pylori. NixA, a high affinity nickel transport protein provides one
pathway for transport of nickel ions across the cytoplasmic membrane
for insertion into the urease active site. The purpose of this study was to
determine the mechanism of action of this protein. First, we used LacZ
fusions to reveal that the protein is longer than first reported. A GTG start
codon follows a a70 promoter and Shine-Dalgamo sequence. This newly
identified start predicts a new transmembrane domain and predicts a total
molecular size of 37,019 Da for NixA with 8 putative transmembrane
domains. We hypothesized that negatively charged residues are necessary
for transport of the divalent cation. Site directed mutations of these residues
in NixA expressed in E. coli (D24I, D26I, D171I, E175I) reduced rates
of nickel transport by > 80%. In these mutants NixA-dependent urease
activity, expressed in E. coli containing the entire H. pylori urease gene
cluster, was reduced to less than 1% of that expressed by unmutated NixA.
To localize the transport protein within the cytoplasmic membrane using
immunogold techniques, a fusion protein consisting of NixA residues 132
to 174 fused to a Histidine tail was isolated on a Ni-nitriloacetic acid
column and used for preparation of antiserum in rabbits. To investigate the
ion specificity of NixA, it was found that Cu2+, Zn2+, and Co2+ inhibited
uptake of 63Ni2+ in H. pylori while Mg2+, Mn2+ and Ca2+ did not. We
conclude that NixA is an integral membrane protein that transports Ni2+
ions via negatively charged amino acid residues exposed to the periplasmic
space and found within the transmembrane domains. Although the protein
favors Ni2+, other closely related ions (Cu2+, Zn2+, Co2+) also appears to
serve as substrates.
ANALYSIS OF THE CORE REGION OF
13B:90 | SEROLOGICAL
HELICOBACTER PYLORI LIPOPOLYSACCHARIDE

E.J. Walsh, A.P. Moran. University College Galway, Ireland
Lipopolysaccharides of Gram-negative bacteria are composed of three
regions: a polysaccharide 0 sidechain, a core oligosaccharide (COS) and a
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to become completely coccoid. However, complete conversion occurred
within 48 Hrs when incubated under aerobic conditions. Temperature and
nutrient availability also increased the conversion rate but their effect was
less pronounced. The morphologic conversion was always preceded by
a dramatic decrease in CFU/ml. Culturable bacteria could no longer be
detected from the point where less than half of the bacteria was in the bacillary form. We also investigated the effect of protein- and RNA-synthesis
inhibitors on the conversion rate. Since they increased the conversion rate
significantly we concluded that 1) this conversion is a passive process and 2)
the synthesis of novel proteins is not a prerequisite for this conversion. The
above findings, and the fact that the amount of vital molecules like rRNA are
significantly reduced in the coccoid form led us to believe that the coccoid
form is a degenerate morphologic phase associated with dead bacteria.
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Yersinia enteroclitica and Escherichia coli were also tested. Immunodot
blotting results suggested that the four polyclonal antibodies specifically
reacted with H. pylori LPS. However, the presentation of the epitope on the
membrane was important for recognition since for H. pylori NCTC 11637
smooth-(S-) LPS (with an 0 side chain) did not react, semi-rough (SR-)
LPS reacted weakly and R-LPS very strongly. In Western blotting, antisera
reacted with PKWCE and isolated LPS of H. pylori strains in the low
molecular-weight COS region of blots. No reaction was observed with LPS
of other bacterial species. In contrast to immunodot blotting reactions were
observed with S-, SR- and R-LPS of H. pylori strains indicating exposure
of the epitope under Western blotting conditions. Thus within the COS of
H. pylori LPS there are epitopes which are conserved but exclusive to H.

pylori.
3B:91 | ESTABLISHMENT OF MONOCLONAL ANTIBODY TO
NEUTRALIZE VACUOLATION OF CULTURED CELLS
CAUSED BY CYTOTOXIN OF HELICOBACTER PYLORI
S. Kamiya, H. Yamaguchi, T. Osaki, H. Taguchi. Kyorin University,

teinase. Desalting of the protease in the presence of EDTA resulted in
almost complete inactivation of the activity. This activity could be restored
to near control levels by titrating with zinc. In addition, protease activity
was both stimulated and stabilised by the presence of calcium. Moreover,
both magnesium and calcium could partially reactivate EDTA-inhibited
protease but full activity was regained only with the addition of < 200 JAM
zinc. Biotinylated bovine serum albumin, hide powder azure and elastin
congo red were resistant to hydrolysis by this activity. Conclusions: This
metalloendo-proteinase activity represents a potential virulence determinant in the pathogenesis of H. pylori induced disease. It's physiological
substrate(s) has yet to be determined unequivocally.

13B:93

THE BINDING CHARACTERISTICS OF HELICOBACTER
PYLORI COCCOIDS TO LECTINS

M.M. Khin ', T. Wadstrom 2, B. Ho'. ' National University ofSingapore,

Singapore; 2 Lund University, Lund, Sweden
The agglutination characteristics ofH. pylori coccoid and spiral forms were
examined using fifteen commercial lectins. The coccoid and spiral forms
reacted differently to the various lectins indicating different specificity to
these lectins. The differences in lectin agglutination patterns between the

two differentiated

forms may be attributable to the occurrence of structural

changes during the events of transformation from spiral to coccoid form.
Specific carbohydrates, glycoproteins and mucin were shown to inhibit
H. pylori lectin-agglutination reactions. Pretreatment of the bacterial cells

with formalin and sulfuric acid did not alter the agglutination patterns with
lectins. However, sodium periodate treatment of bacterial cells were shown
to inhibit agglutination reaction with Con A, Lotus A and WGA lectins.:
Interestingly, heating of H. pylori cells at 60°C for 1 hour was shown to
augment the agglutination with all of the lectins tested. The presence of
various sugar residues on the cell wall of the coccoids may allow them
to bind to different carbohydrate receptors on gastric mucus and epithelial
cells. This may probably lead to different clinical outcome of H. pylori
associated gastroduodenal disease.

Mitaka, Japan
About half of H. pylori strains produce vacuolating cytotoxin (VT) which
induces vacuolation in the cytoplasm of cultured cells. The molecular
weights of VT in the native and denatured form have been reported to be
more than 972 kDa and 87 kDa, respectively. In order to make a detailed
analysis for characterization of VT, establishment of monoclonal antibody
(MAb) to neutralize VT was tried.
Two MAbs (V36E and V41) were raised from neutralization assay in
cytotoxicity test using rabbit kidney (RK-13) cells. It was also shown in
ELISA that the two MAbs reacted with culture supernatants of toxigenic
TK 1029 strain, but not with nontoxigenic TK 1028 strain. Immunoblot
analysis using two MAbs after native PAGE showed that broad bands from
440 to 690 kDa were detected, although no band was detected in the analysis after SDS-PAGE. Reaction of RK-13 cells incubated with supernatants
of toxigenic TK 1029 strain with two MAbs was demonstrated in flow
cytometric analysis. Adhesion of the reactive antigen with the MAbs to
human gastric carcinoma (MKN45) cells and its internalization into the
cell were also shown in the flow cytometric analysis.
These results suggest that the MAbs raised do not recognize the VT of
87 kDa, but another antigen which might be involved in the occurrence
of vacuolation. It was also implied that the epitope(s) recognized by two
MAbs seems to be located on the surface of native molecule, but not on the
denatured form.
3B:92 I BIOCHEMICAL CHARACTERISATION AND PARTIAL
PURIFICATION OF AN ENDOPROTEINASE ACTIVITY FROM

HELICOBACTER PYLORI
H.J. Windle, D. Kelleher. University ofDublin, Trinity College, Dublin,
Ireland
Introduction: We previously identified a soluble and outer membranebound protease activity in H. pylori. The aim of this study was to purify
and characterise further this activity. Methods: The protease activity was
partially purified by a combination ofammonium sulphate precipitation, ion
exchange chromatography (DEAE), reactive dye-ligand chromatography
(Reactive Yellow 86 & Reactive Blue 4) and metal-chelate chromatography
on a zinc affinity resin. Protease activity was measured by monitoring the
proteolytic degradation of two subtrates (biotinylated casein and azocasein)
both spectrophotometrically and by SDS-PAGElWestern blotting. Results:
The isolation procedure used resulted in a greater than 200-fold purification
of the activity. The membrane-bound and soluble extracellular protease
catalysed hydrolysis of casein (pH optimum: 8.0) was inhibited by the zinc

1,10-phenanthroline, in addition to EDTA and phosphoramidon,
indicating that this activity was due to a zinc-dependent metalloendoprochelator

|3B:94| Cag, A PATHOGENICITY ISLAND (PAI) OF HELICOBACTER

PYLORI ENCODES FOR TYPE I-SPECIFIC VIRULENCE
FACTORS
S. Censini ', C. Lange ', Z. Xiang 2, j. Crabtree 3, P. Ghiara',
R. Rappuoli 1, A. Covacci 1. 1 IRIS Chiron-Biocine, Siena, Italy; 2Institute
for Vaccine Development, Baltimore, USA; 3 St. James's Hospital,

University of Leeds, Leeds, England
Purpose: identification of the the genetic locus containing cagA and mapping of the chromosomal region absent in Type H strains of Helicobacter
pylori. Methods: molecular cloning, computer analyses and ELISA assay.
Results: we have isolated a set of contiguous clones covering a region
(cag) larger than 60 Kb that is present in single copy in Type I strains. A
H. pylori specific IS (IS605) is frequently inserted within the cag region
that can be subdivided into the right-end, or cagIand the left-end, or cagII.
The sequence of cagI is 22474 bp and encodes for 22 ORFs. A duplicated
signal sequence of 31 bp located at the extreme 5'-end and 3'-end of cag
is present also in Type II strains and may act as a signal for a site-specific
recombination event. We have generated single disruptions for each of the
22 ORFs. Phenotypic analysis reveals that at nine genes are involved in the
induction of IL-8 expression in gastric epithelial cell lines. Mutants in two
genes show defects in CagA processing. Two mutants also have increased
hemolytic activity. Computer analysis reveals that genes located in the
cagI region have homologies with the ptlC gene of Bordetella pertussis
and the virB4 gene of Agrobacterium tumefaciens. Conclusions: we have
identified a pathogenicity island of Helicobacter pylori that is responsible
for the phenotypic differences between Type I strains and Type II strains.
This region encodes for molecules required for secreting/exporting protein
complexes (type HI secretion systems) and may participate in the formation
of pilus-like structures. The identification of a pathogenicity island is an
indicator of evolutionary divergence between Type I and Type II strains
and account for type diversity in Helicobacter pylori.
3B:95 |SIGNAL TRANSDUCTION AND PEPSINOGEN SECRETION IN
HUMAN GASTRIC ADENOCARCINOMA CELLS STIMULATED
BY HELICOBACTER PYLORI

E.-C. Chan, Y-L. Lin. School of Medical Technology, Chang-Gung
College of Medicine and Technology, 259 Web-Hua Ist Rd., Kweishan,

Taoyuan, Taiwan
Background: Helicobacter pylori (HP) infection is strongly associated
with chronic superficial peptic ulcers, and gastric carcinoma. Although
considerable evidence

was

accumulated to support that the cellular signal

Gut: first published as 10.1136/gut.39.Suppl_2.A53 on 1 January 1996. Downloaded from http://gut.bmj.com/ on January 7, 2023 by guest. Protected by copyright.

lipid moiety, lipid A. The 0 sidechains of LPS of 80% of H. pylori strains
have been found to mimic Lewis X and/or Y blood group antigens. Also,
the COS of H. pylori LPS is involved in pepsinogen stimulation. Previously,
we have determined the chemical structure of the COS of the H. pylori
type strain NCTC 11637. Nevertheless, no information is available on the
variability or conservation of structures in the COS of different H. pylori
strains. The present investigation was undertaken, therefore, to probe the
COS of H. pylori using serological techniques. Whole cell lysates (WCE),
proteinase K-treated WCE (PKWCE) and LPS isolated by phenol-water
extraction from H. pylori strains (including clinical isolates) were tested
in immunodot and Western blotting with polyclonal antisera against H.
pylori strains (NCTC 11637, C-5437, R6 and KI). Antisera were raised
in rabbits immunized with formalin-treated heat-killed bacteria which
expressed rough-(R-) LPS lacking an 0 side chain. Preparations from
Campylobacter jejuni, C. fetus, Helicobacter felis, H. bilis, Bacteroides
fragilis, Salmonella typhimurium, S. minnesota, Aeromonas salmonicidia,
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3B:96 | CYTOTOXIN PRODUCTION BY H. PYLOR! STRAINS

ISOLATED FROM PATIENTS WITH GASTRIC CANCER
T.F. Soares, D.M.M. Queiroz, E.N. Mendes, G.A. Rocha, R.C. Leite,
C.A. Oliveira. Lab. of Research in Bacteriology/UFMG, Belo Horizonte,

Brazil
H. pylori (HP) infected patients can develop serious complications such
as peptic ulcer and gastric cancer. It has been suggested that patients who
harbor vacuolating cytotoxin-producer strains would be more prone to
undergo these complications. In M. Gerais State, Brazil, gastric carcinoma
is the second and the third more frequent malignant tumor in males and
females, respectively. Therefore, we investigated HP strains isolated from
patients with gastric carcinoma, peptic ulcer and gastritis to compare their
ability to produce cytotoxin. HP was isolated from 140 adults (40 with
distal gastric carcinoma, mean age 60.3 yr., range 32-81; 50 with peptic
ulcer, mean age 44.9 yr., range 19-81, and 50 patients with gastritis
only, mean age 41.8 yr., range 18-77) and were grown in Brucella broth
supplemented with 10% fetal calf serum (pH 7.2). They were incubated in
a microaerophilic atmosphere under agitation (150 rpm) at 37°C for 48 hrs.
Broth culture supernatants were added to INT407 and HeLa cells. The cells
were examined for vacuolation as cytopathic effect after 24 hrs. and 48
hrs. of incubation. Cytotoxic effect was detected similarly in both INT407
an HeLa cells systems. Sixty two of 140 (44.2%) HP isolated produced
vacuolating cytotoxin. Twenty nine of 50 (58%) HP isolated from patients
with peptic ulcer and 22 of 40 (55%) strains from patients with gastric
carcinoma produced vacuolating cytotoxin in contrast to 11 of 50 (22%)
strains isolated from patients with gastritis (p = 0.0005 e p = 0.026, respectively). In regard to toxin production, there was no difference between
strains isolated from patients with peptic ulcer and gastric carcinoma (p =
0.94) and from diffuse and intestinal type (p = 0.909). Four of 40 (10%)
strains isolated from gastric carcinoma, showed another cytopathic effect,
that consisted of cell destruction without vacuolation within 24 hours. This
effect was not observed in strains isolated from patients with gastritis and
ulcer. In conclusion, HP strains isolated from both gastric carcinoma and
peptic ulcer patients produce cytotoxin more frequently, which could be an
important factor in the pathogenesis of these diseases.

13B:97

THE EFFECT OF 02 DEPRIVATION ON THE MORPHOLOGY
AND GROWTH OF HELICOBACTER PYLORI
G. Donelli, C. Fiorentini, P. Matarrese, E. Di Campli, S. Di Bartolomeo,
L. Cellini. Laboratorio di Ultrastrutture, Istituto Superiore di Sanita,
Roma, Italy; Istituto di Medicina Sperimentale, Facolta di Medicina,

Chieti, Italy
Helicobacter pylori, as well as Vibrio-like bacteria, shows two different
morphologic aspects, a spiral shaped and a coccoid form, with this last
form not culturable in vitro. This transition to a viable but not culturable
(VCN) state may be the expression of a transitory adaptation to an unsuitable environment and this morphology has been considered a specific
form of 'dormancy' occurring in nonsporulating organisms. The aim of
this study has been to evaluate in vitro morphologic changes of H. pylori
form bacillary to coccoid form by 2 deprivation. H. pylorin ATCC 43504
was used for the experiments. The strain grown in agar Chocolate plus 1%
IsoVitaleX in microaerophylic environment for 5 days, was inoculated in
Brucella Broth plus 5% Fetal Calf Serum (FCS) in anaerobic conditions.
The same environment was used to incubate the strain in BB plus 2%.of
FCS and cholesterol (150 mg/100 ml), added to obtain an optimal growth
of H. pylori. C.F.U./ml, pH and bacterial morphology were detected at the
time of spreading and at 3, 6, 24, 48, 72 and 96 hours. A more detailed

investigation of the bacterial shape was performed by scanning electron
microscopy. 02 deprivation produced a rapid conversion from bacillary to
coccoid form. In fact, whereas after 3 hours of oxigen deprivation some
rood- and spiral-shaped bacteria were still detectable, after 6 hours of incubation 100% of bacterial cells showed a coccoid phenotype. The presence
of cholesterol induced a faster growth in broth cultures but did not retard
the morphologic conversion. A rapid decrease of CFU/ml was recorded
at 6 h of incubation and no growth was observed at 72 h of incubation.
In conclusion, our study shows a rapid coccoid-H. pylori production in
anaerobic conditions. Further studies are required to clarify the clinical
significance of these results.

13B:98

SURVIVAL OF HELICOBACTER PYLORI BY DE NOVO
SYNTHESIS OF PYRIMIDINE NUCLEOTIDES
G.L. Mendz, A.J. Shepley, S.L. Hazell. The University of New South
Wales, Sydney, Australia
Objective: to investigate the role of the de novo pyrimidine biosynthetic
pathway in the survival of the bacterium Helicobacter pylori.
Methods: passage experiments, classical cell culture techniques, and H,
19F, and 31P-nuclear magnetic resonance spectroscopy.
Results: multiple passage experiments in pyrimidine-free media indicated that the bacterium grew and replicated by relying exclusively on
the de novo biosynthesis of pyrimidine nucleotides. Primaquine, lawsone
and juglone are known inhibitors of dihydroorotase, the second enzyme
of the de novo pathway; and 5-fluoroorotate (SF0) is one of the most
potent inhibitors of orotate phosphoribosyl-transferase, another step of the
de novo biosynthesis. These inhibitors had bactericidal effects at different
concentrations. The effects of the inhibitors on the activities of enzymes
of the de novo pathway were measured employing 'H- and 31P-NMR
spectroscopy. The inhibitory effects on enzymes were compared to the
bactericidal effects on cultures. The metabolic fate of SF0 was investigated
with 19F-NMR spectroscopy.
Conclusion: the ability of H. pylori to grow and replicate by relying on
the biosynthesis of pyrimidines, and the lethal effects on cells of blockage
of this pathway, suggested that the de novo biosynthesis of pyrimidine
nucleotides is essential for growth and viability of the bacterium.

|3B:99 | REQUIREMENTS FOR GROWTH AND SURVIVAL OF H.
PYLORI IN A DEFINED MEDIUM
N.H. Albertson, I. Wenngren, J.-E. Sjostrom. Preclinical R & D, Astra
Hassle AB, Molndal, Sweden
Purpose: We sought to determine the minimal requirements for growth of
H. pylori in a defined medium, and the effects of different additives on
growth and viability.
Methods: H. pylori was grown in a complete defined medium containing
either 0.5% BSA or 0.1% P-cyclodextrin and lipid additives. The effects
on culture viability of glucose addition/emission were determined. The
sensitivity of cells grown in different media to the bacteriostatic effects of
polyoxyethylene 20 stearyl ether (Brij 78) was compared.
Results: H. pylori did not grow on defined medium containing only
0.1% fi-cylclodextrin. However, the addition of cholesterol partially complemented this deficit, giving rise to intermediate cell yields. Growth in the
defined medium was similar in the presence/absence of glucose. However,
cell viability was markedly reduced in cultures grown to stationary phase
in the absence of glucose. Cultures grown in the presence of glucose
retained high culture viability for over 4 weeks after inoculation. H. pylori
cells cultivated in the different media did not show markedly different
sensitivities to Brij 78.
Conclusion: Growth of H. pylori in a defined medium permits detailed
studies of cell metabolism. In addition, the requirements essential for
growth can be determined.

|3B:1 00 DIVERSITY IN vacA MID-REGION SEQUENCE BUT NOT IN

SIGNAL SEQUENCE TYPE AMONG HELICOBACTER
PYLORI STRAINS FROM JAPAN, CHINA, THAILAND AND
PERU
J.C. Atherton, M. Karita, G. Gonzalez-Valencia, M.R. Morales, K.C. Ray,
R.M. Peek, G.I. Perez-Perez, T.L. Cover, M.J. Blaser. Vanderbilt
University and VAMC, Nashville, TN, USA
In the US, H. pylori vacA shows allelic variation in the signal sequence
(which may be type sla, slb or s2) and the mid-region (type ml or m2).
Previous PCR-based vacA typing failed to classify some Asian and South
American strains as either ml or m2. We now sought to clarify this, and
to investigate vacA diversity further. Methods: We studied 13 Japanese, 6
Chinese, 9 Thai, and 8 Peruvian H. pylori isolates. cagA was identified
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transduction was involved in the gastric diseases caused by HP, the underlying mechanism of HP action was yet defined. Methods: To further
understand the mechanism of signal transduction in human gastric adenocarcinoma cell line (AGS) stimulated by HP, we prepared the lysate of HP
(HPL) and examined for its effect on the stimulation of second messengers
and pepsinogen secretion in the cultured AGS cells. Results: Cytosolic
free calcium concentration (Ca2) in the fura-2/AM-loaded AGS cells was
stimulated by HP. The increase of (Ca2) was HPL dose dependent and
was due to release of the intercellular Ca2 store as well as entry of the
extracellular Ca2. The effects of HPL on AGS cells were also found to
induce the generation of total inositol phosphates (IPs), to increase both
the concentrations of adenosine 3',5'-cyclic monophosphate (cAMP) and
guanosine 3',5'-cyclic monophosphate (cGMP), and to stimulate the secretion of pepsinogen. We also observed the dephosphorylation of proteins in
AGS cells in response to HPL, Which was not previously characterized.
Conclusion: This study indicates that HPL stimulates the major second
messengers that mediate pepsinogen secretion and proteins dephosphorylation in the AGS cell. From these data we establish a model of signal
transduction pathway in HPL-stimulated AGS cells.
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|3B.101 l

HELICOBACTER PYLORI: NOT A SINGLE SPECIES?
S.L. Hazell R.H. Andrews 2, H.M. Mitchell l The University of New
South Wales, Sydney, Australia; 2 University of Adelaide, Adelaide,
Australia
Aims: H. pylori is genetically heterogeneous. Strain typing based on RFLP,
ribotyping and RAPD-PCR have not provided significant data as to the
genetic relatedness of strains. One technique that may provide a basis
for examining the population genetics of H..pylori is multilocus enzyme
electrophoresis (MEE). Comparison of strains by MEE, using a sufficiently
large number of independent enzyme loci provides data that are both
statistically and biologically relevant. MEE pernits both intra-species and
inter-species comparisons to be undertaken.
Materials and Methods: 23 strains of H. pylori were examined. Strains
were isolated from consecutive adult patients diagnosed with either duodenal ulcer disease (DU) or non-ulcer dyspepsia (NUD). Subjects were
also classified by race. 16 enzyme loci were examined, and each enzyme
was compared directly in all isolates. Phenograms representing the genetic
distance between isolates were constructed by the Unweighted Pair Group
Method using Arithmetic Averages and using as a measure of genetic
difference the percentage of loci showing "fixed" allelic differences.
Results: The 23 isolates clustered into four major divisions showing >
75% fixed differences. Such differences represent a degree of heterogeneity
in the chromosomal gene sequences as would be found in different bacterial
species. Isolates from patients with DU could be found in each of the four
major divisions. No pattern pertaining to ethnic groups was found.
Conclusion: MEE facilitates studies of population genetics. We have
identified four clusters of bacteria with sufficient differences in their chromosomal genotype that would suggest that these represent four cryptic
species. Isolates of H. pylori from related disease states (eg., DU) may not
be restricted to a distinct branch of a phylogenetic tree; that is, isolates
associated with disease are not monophyletic. Indeed, disease may be
induced by a number of cryptic species or sub-species in what may be
termed a "Helicobacter pylori Complex".
'.

| 3B:1 02| DIAGNOSIS AND GENOTYPING OF HELICOBACTER
PYLORI (HP): USE OF POLYMERASE CHAIN REACTION

UreA (+)
GJ+AB+BB
GJ +AB
GJ+BB
GJ

Histology pos (n = 39)
24
5
3
4

Histology neg (n = 33)
0
2
0
4

31/42 UreA positive patients, were positive also for CagA. Among CagA
positive patients, 90% had an active gastric or duodenal ulcer, or intestinal
metaplasia or chronic atrophic gastritis. On the contrary the remaining
UreA positive/CagA negative patients had in 88% of the cases only signs of
antral gastritis. In conclusion: 1. the high sensitivity of UreA identification
in gastric juice samples (92%) might be an useful tool in Hp diagnosis; 2.
CagA positive Hp strains seem to be those mainly involved in determining
the most severe Hp associated gastroduodenal diseases.
3B:1 031 THE EXPERIMENTAL MODEL WITH H. PYLORI INFECTION
IN MONGOLIAN GERBILS
Y. Sawada, H. Sashio, N. Hida, H. Akashi, Y. Tonokatsu, T. Sakagami,
Y. Fukuda, T. Shimoyama, T. Nishigami. Hyogo College of Medicine,
Hyogo, Japan
Recently, many reports have suggested that infection with H. pylori might
be an important factor in the pathogenesis of gastritis, peptic ulcer and
gastric cancer. Clinical study of H. pylori infection has concentrated on
its eradication but the pathogenesis of gastritis, peptic ulcer and gastric
cancer due to infection with H. pylori remains to be elucidated. This is
because no one had succeeded in making a good animal model infected
with H. pylori. We have therefore started to make this model following
Hirayama's method to clarify gastric diseases associated with H. pylori
infection. We orally administered the culture broth of H. pylori ATCC
43504 to 7 week-old male Mongolian gerbils. After H. pylori inoculation
these Mongolian gerbils were fed in a vinyl isolator. Subsequently, over
the course of 24 weeks some of them were sacrificed for histopathological
examination and H. pylori culture.
H. pylori colonisation in the glandular stomach was continously seen in
all the infected gerbils but we could only find a few H. pylori histologically.
Acute inflammation, immature epithelium and erosion were observed 2
weeks after H. pylori infection. Chronic inflammation was found from 4
weeks after H. pylori infection. Also, we found intestinal metaplasia at
12 weeks H. pylori infection in only one case. Some histological findings
were similar to humans but these inflammations existed mainly in the deep
mucosa and submucosa. There were some erosive lesions but we have not
seen gastric ulcer yet.
In conclusion, this is a good animal model for H. pylori associated
gastric diseases and it might be useful to investigate pathogenesis of H.
pylori infection.

3B:1 041 H. PYLORI INFECTION OF RHESUS MONKEYS: STRAINS

(PCR) IN GASTRIC JUICE

F. Navaglia, D. Basso, F. Di Mario M.G. Piva, M. Scrigner, A. Toma,
M. Rugge 2, M. Plebani. Department ofLaboratory Medicine, University
of Padua, Italy; I Department of Gastroenterology, University of Padua,
Italy; 2 Department of Laboratory Medicine, Pathology, University of
Padua, Italy
The use of PCR allows the detection of very low amounts of Hp in biological samples; this technique, furthermore,

range 19-79). From each subject during endoscopy, gastric juice (GJ)
(immediately neutralized with NaOH 1 mol/L), 5 antral (AB) and 5 body
biopsies (BB) were taken. Hp was histologically evaluated in 2 antral and
2 body biopsies (Giemsa and/or Warthin Starry staining). Gastric histology
was evaluated in 1 antral and 1 body biopsies after H&E staining. Gastric
juice, 2 antral and 2 body biopsies were stored at -20 C until DNA
extraction, which was performed using a standard proteinase K digestion
and phenolchloroform method. DNA was then subjected to A) 40 amplification circles using the primers HPU1 (S'GCCAATGGTAAATTAGTT3')
and HPU2 (5'CTCCTTAATTGTTTTTI-rAC3') which amplified a 41 l-bp
product from UreA and B) 40 amplification circles using the primers Fl
(5'GATAACAGGCAAGCl-TM-GAGG3') and Bi (5'CTGCAAAAGATT
GM GGCAGA3') which amplified a 349-bp from CagA. PCR products
were identified after agarose gel electrophoresis. The table shows the
results of the histological identification of Hp and of PCR for UreA in the
different biological samples.

could

offer advantages

over

histology to genotype Hp strains. CagA may be an useful genetic marker
in discriminating cytotoxic from non-cytotoxic Hp strains. Aims of the
present study were 1. to verify the clinical usefulness of the identification
of the urease gene A (UreA) of Hp in different biological samples and to
compare the results with those obtained with histology; 2. to assess if there
was any significant clinical association between CagA and gastro-duodenal
diseases. We studied 72 consecutive patients (45 males, 27 females, age

DIFFER IN SPECIFICITY FOR INDIVIDUAL HOSTS
A. Dubois I, D.E. Berg 2, E.T. Incecik 2, N. Fiala l. ' Uniformed Services
Univ. Health Sciences and AFRRI, Bethesda, MD; 2 Washington Univ., St.
Louis, MO, USA
Colony-raised rhesus monkeys tend to become naturally infected by H.
pylori early in life. Those that have escaped such early natural infection
may be somewhat resistant to H. pylo, but can nevert-heless often be
infected experimentally [1]. Here, we report that:
1. Monkeys likely to be most susceptible, based on their having become
colonized by age two, can be cured by a clarithromycin-omeprazole-based
combination therapy.
2. Each of four such cured monkeys tested was reinfected when inoculated with a mixture of several H. pylori strains of human origin (kindly
provided by J Atherton and M Blaser).
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by colony hybridisation (CH), vacA signal sequence was typed by PCR,
and vacA mid-region was typed proximally by CH and distally by PCR.
Sections of mid-region from 8 strains were PCR-amplified, sequenced,
and compared with published sequence from 8 other strains. Results: Of
the 36 Asian and South American strains studied, 35 were cagA+ (the
cagA- was Peruvian) and 35 were vacA sla (1 cagA+ Peruvian was slb).
vacA mid-regions from Japanese strains were not PCR-amplified by ml or
m2-specific primers, but hybridised weakly with an ml probe. Sequence
analysis of vacA from 1 Japanese strain revealed 91% nucleotide identity
with the ml probe and 71% identity with the m2 probe. The previously
equivocal Thai and Peruvian strains also were vacA ml by sequence
analysis. A Chinese strain was ml in the proximal mid-region and m2
in the distal mid-region, showing a clear crossover site. Final mid-region
types were: Japanese, all 13 ml; Chinese, 1 ml, 1 ml/m2, 4 m2; Thai, 3
ml, 6 m2; Peruvian 4 ml, 4 m2. Distal mid-region sequences of 16 strains,
compared over 294 bp, clustered into 2 groups, ml and m2. Nucleotide
identity between ml and m2 strains ranged from 73-78%. Within groups,
m2 strains were less diverse than ml strains (m2 range 94-99.7%, ml
88-99.3%, p < 0.001). Sequencing 7 ml and 3 m2 strains over 1.1 kb
proximally, showed that clustering of strains was maintained outside the
294 bp region. Conclusion: These Asian and South American strains are
homogeneous in terms of cagA status and vacA s la genotype, but fall into
2 vacA mid-region groups. ml sequences are more diverse than m2, and
thus may be phylogenetically older. The vacA sequence of 1 Chinese strain
suggests recombination in vivo between ml and m2 alleles.
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THE MOUSE MODEL OF INFECTION WITH CYTOTOXIN
EXPRESSING STRAIN OF Helicobacter pylor (Hp) IN
STUDYING THE PATHOGENESIS OF CHRONIC GASTRIC
ULCER

T. Brzozowski, P.Ch. Konturek, E. Karczewska, P. Ghiara, E.G. Hahn,
S.J. Konturek. Inst Physiol, Univ Sch Med, Krakow, Poland; Dept Med I,
Univ Erlangen-Nuremberg, Erlangen, Germany
Hp infection is known to be responsible for gastritis and peptic ulcers but
studies on the pathogenesis of Hp infection and peptic ulceration is limited
by the absence of adequate animal model. We studied the effects of inoculation of conventional BULB/c mice with bacteria expressing both CagA
and VacA (SPM 326 type I) and non-cytotoxic Hp strain (SPM 314 type
II), obtained from fresh clinical isolates, on healing of acetic acid-induced
gastric Inoculation of type I or II strain (2 x 109 CFU) or vehicle saline
was made at day 2, 4 and 6 upon ulcer production and the mice were killed
at day 7 and 14. General condition of all animals subjected to Hp was fine
and their weight increased normally. Hp infection was positive at 1 and
2 wk both by histology and culture status. Neutrophil infiltration mainly
at the submucosa by histology was apparent only in type I strain infected
mice. After 1 and 2 wk upon ulcer formation in vehicle-treated mice, the
ulcer area by planimetry was reduced by t 46% and 93%, respectively,
and similar rate of healing was observed in type H Hp strain infected mice.
In contrast, in type I strain infected mice no tendency of ulcer healing was
observed after 1 and 2 wk. Blood flow by laser Doppler flowmetry was
significantly lower in the ulcer area in type I strain than in type II strain
infected or vehicle treated mice. We conclude that conventional mice can
be successfully colonized by Hp strain expressing CagA and VacA and this
infection delays healing of chronic gastric ulcers, at least in part, due to
gastritis and reduction in gastric blood flow.

3B:1 06 ORAL IMMUNIZATION WITH RECOMBINANT UREASE
COMBINED WITH ANTIMICROBIAL THERAPY AUGMENTS
CLEARANCE OF AN H. FELIS INFECTION IN MICE
H. Kleanthous, T. Tibbitts, J. Bakios, K. Georgokopoulos, G. Myers,
T.H. Ermak, J. Pappo, C.K. Lee, T.P. Monath. OraVax, Inc. Cambridge,
MA
We investigated the utility of combining anti-microbial regimens with
oral immunization to eradicate an established murine H. felis infection.
Groups of Swiss Webster mice (n = 10) were infected with H. felis. Four
weeks later, the mice were treated with various combinations of vaccine
and antimicrobials. The vaccine dose consisted of four weekly doses of
100 ,ug recombinant Urease (rUre) plus 5 ug heat labile enterotoxin (LT).
Anti-microbials regimens consisted of amoxycillin (1.5 mg/day) and/or
Pepto-Bismol (0.2 mg/day) for 14 days. H. felis infection was assessed at
one and four weeks post therapy by measurement of gastric urease activity.
One week post-therapy, administration of amoxycillin plus Pepto-Bismol
resulted in clearance of H. felis infection in 80% (8/10; p = 0.007) of
mice and proved more efficacious than either amoxycillin (50%; 5/10; p
= 0.1) or Pepto-Bismol alone (0%; 0/10). Immunization with rUre plus
LT resulted in 70% (7/10; p = 0.003) clearance one week post-treatment.
By four weeks post-therapy, the clearance rate in mice treated with both
antimicrobials, or with amoxycillin alone was only 40% (4/10; p = 0.23),
and in the urease immunized mice 50% (p = 0.1). Urease immunization

plus amoxycillin treatment improved the efficacy of the anti-microbial to
90% (9/10; p = 0.0004) at one week and to 66% (5/9; p = 0.03) at four
weeks. By combining amoxycillin and Pepto-Bismol with urease immunization, 100% of mice cleared their H. felis infection at both one and four
weeks post-therapy. The results show that oral immunization with rUre can
augment eradication of an H. felis infection when given in combination
with anti-microbials. Such a strategy may help in addressing problems
with patient compliance, associated with stringent treatment regimens.
Re-infection studies are under way looking at similar treatment strategies.
OF ROUTE OF MUCOSAL IMMUNIZATION WITH
13B:1 071 EFFECT
RECOMBINANT UREASE ON GASTRIC IMMUNE

RESPONSES AND PROTECTION AGAINST H. PYLORI
H. Kleanthous, G. Myers, T. Tibbitts, J. Bakios, K. Georgokopoulos,
H. Gray, R. Ding, R. Nichols, C. Lee, T. Ermak, J. Pappo, T. Monath.
OraVax, Inc. Cambridge, MA, USA
To determine the optimal inductive sites for immunization against H. pylori
the protective activity of recombinant urease (rUre), was determined in
mice given vaccine by the oral [PO], intranasal [IN] or rectal routes. When
mice were immunized with rUre (25 ug PO and rectal, 10 ug IN) plus 5
ug heat labile toxin (LT), and challenged with H. pylori, all routes afforded
significant protection as evidenced by significantly decreased gastric urease
activity (p < 0.01). Quantitative culture of stomach tissue, demonstrated
a 36-fold reduction in bacterial burden in mice immunized by the PO
route (p = 0.36), a 52-fold reduction by the rectal route (p = 0.02) and a
108-fold reduction by the IN route (p = 0.007). In the absence of LT, mice
immunized by the PO or IN route were not protected. Rectal immunization
in the presence of sub microgram doses of LT was fully protective by
both urease activity and culture (p = 0.009 and p = 0.047 respectively).
Induction of gastric anti-urease IgA levels in gastric luminal secretions was
greater after PO immunization as compared with IN treatment (31.3 versus
2.28 ng/ml respectively), and was dependent on coadministration of LT
and challenge with H. pylori. However, rectal immunization resulted in the
generation of the highest levels of gastric anti-urease-IgA (85.77 ng/ml),
and was detectable prior to challenge with H. pylori (107 ng/ml). Immunohistochemical analysis showed the frequency of urease-specific antibody
containing cells to be R > PO > IN. These results identify both the IN and
rectal route as superior inductive sites for urease immunization. Although,
IN immunization resulted in the greatest reduction in the bacterial burden
post-challenge, the poor gastric immune response generated by this route
may indicate alternate mechanisms of protection. Current studies focus on
characterizing the cellular response to protection by route of immunization.

|3B:1 081 SEROLOGICAL ANALYSIS OF H. PYLORI INFECTED

VERSUS H. PYLORI IMMUNIZED BALB/C MICE
Rikard Rupar, Par Aleljung, Xin Wang, Erik Sturegard, Roger Will6n,
Torkel Wadstrom. Department of Medical microbiology, University of
Lun4 Sweden
This study aimed to investigate the immunological response to infection
and immunization with H. pylori in BALB/c mice.
Infection study: Six weeks old mice were inoculated orally three times
at 2-day intervals with 0.1 ml per mouse of the spiral form of strain 553/93
containing 109 colony-forming units (CFU)/ml. Infection was followed for
24 weeks.
Immunization study: Mice were immunized weekly for four weeks.
Formaldehyde killed cells of H. pylori 553/93 (spiral form) was used at a
dose of 108 CFU per mouse and immunization. Six protocols were tested:
intraperitoneal injection (Ip), oral administration and the combination (Ip +
0) and respective group with and without cholera toxin (CT) as adjuvant.
Histology was used to score the inflammation on stomach biopsies. Sera
were tested by ELISA and immunoblot (Western blot) for H. pylori specific
antibodies.
Infection study: Strain 553/93 gave an high inflammation score already
after 1 week inoculation. The inflammation was more severe in the pyloric
region of the stomach and duodenum compared to other strains tested (for
example 17874). Strain 553/93 gave a significant increase in ELISA titer
after 16 weeks.
Immunization study: Already two weeks after first immunization IgGtiters in ELISA increased in all immunized mice except the group
immunized orally. IgG-titers of all six groups increased after four weeks.
The mice receiving combined immunization with CT-adjuvans gained the
best specific systemic immune response against H. pylori. Immunoblot
results after immunizations were similar to the patterns typical for patients
with chronical type B gastritis.
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3. Arbitrarily primed PCR (RAPD) DNA fingerprinting of H. pylori
recovered from biopsies taken one week after inoculation showed that a
given animal tended to be co-colonized by several input strains initially,
and that one strain tended to become predominant in a few months.
4. The strain that emerged as dominant in any given monkey often
differed from that which emerged in others.
5. The gastritis of natural infection was cured by five months posttherapy,
but returned rapidly after reinfection (score: 0.8 ± 0.2 preinoculation; 3.2
:i 0.5 at day 7; 3.8 i 0.2 at 5 months).
The susceptibility of cured animals to re-infection confirms that established H. pylori infections do not elicit protective immunity, in accord with
findings that antibiotic therapy does not prevent reinfection of humans in
high risk environment [2], and thus may not permanently remove the threat
of H. pylori-associated gastroduodenal disease in such populations. The
emergence of different strains in different monkeys supports our concept
that the typical H. pylori strain adapts to its host during years of carriage,
and hence that strains differ in suitability for the next possible host to ingest
them. This concept has major implications for H. pylori epidemiology and
the evolution of virulence.
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|3B:110 NATURAL IMMUNE RESPONSE AGAINST HELICO-BACTER
PYLORI INFECTION IN A MOUSE MODEL
K. Mieziewska, B. MellgArd. Preclinical R&D, Astra Hassle AB, Mdlndal,
Sweden
Purpose: To characterise the colonisation and natural mucosal immune
response in acute H. pylori infection and compare the response to Vac+ or
Vac- strains.
Methods: Mice of the C57BI/6 strain were infected with a Vac+ or
a Vac- H. pylori (Hp) strain. Animals were sacrificed 11, 18, 40 and
60 days post inoculation. Gastric tissue was fixed, paraffin embedded
and immunocytochemically evaluated. The number of CD3+, IgA+ and
polymorphonuclear cells were counted. Colony forming units (cfu) of Hp
were determined by culture of gastric mucosal scrapings.
Results: With the Vac+ strain, infiltrating lymphocytes were present in
the transition zone between corpus and antrum, at 11 days postinfection
and onwards. The number of IgA+ B-cells in the lamina propria increased
3-fold between 11 and 60 days post inoculation. This coincided with a
marked decrease in H. pylori cfu. No, or very few infiltrates or IgA+ cells
were detected in mice infected with the Vac- strain, also, we found no
reduction in cfu. In all mice, the gastric cells and the overall structure of
the mucosa seemed largely undisturbed.
Conclusion: The Vac+ Hp strain was able to elicit a mucosal immune
response which included the massive recruitment of IgA producing plasma
cells, but the Vac- strain was not. The decrease in the number of bacteria
with the Vac+ strain most likely involves secretory IgA as a mechanism
of defense. This suggest that the mouse host immune system responds
differently to the two Hp strains. Also, the IgA pattern is different in
duodenal and gastric tissue, which suggests an alternative mechanism of
secretion in the gastric mucosa.

OMEPRAZOLE ENHANCES H. PYLORI ERADICATION RATE
13B:1 11 | OF
AMOXICILLINICLARITHROMYCINIMETRO-NIDAZOLE

COMBINATIONS IN A MOUSE MODEL
B. Mellgard, E. Varai, H. Larsson. Dept of Gastrointestinal Pharmacology,
Astra Hassle AB, Molndal, Sweden
Purpose: Many H. pylori eradication regimens include two antibiotics
in combination with omeprazole. It is well known that omeprazole will
enhance the effect of single antibiotics, but much less is known about the
positive effect of omeprazole in combination therapies. We addressed this
question in an H. pylori infected mouse model and also compared the effect
of amoxicillin and penicillin V.
Methods: BALB/c mice were infected with H. pylori grown in Brucella
broth. Four weeks post inoculation, oral treatment was commenced, BID
for one week or OD for two weeks. Four weeks after end of treatment H.
pylori colonies from gastric mucosal scrapings were counted.
Results: One week treatment: Clarithromycin (10 mg/kg) plus amoxicillin (20 mg/kg) (CA) or clarithromycin (5 mglkg) plus metronidazole (8
mg/kg) (CM) resulted in eradication rates of 6% and 22%, respectively.
The eradication rate in combination with omeprazole was 78% for CA and
100% for CM.

Two weeks treatment: Amoxicillin at a dose of 50 mg/kg resulted in
6% eradication without omeprazole, and 53% with omeprazole. However,
penicillin V in the same regimen had no effect, even in the combination
with omeprazole. All control animals were well infected.
Conclusion: To achieve high eradication rate of H. pylori, addition of a
potent acid secretion inhibitor such as omeprazole is very important also
when combining different antibiotics. Surprisingly, the efficacy of closely
related substances such as amoxicillin and penicilline V was very different
despite similar in vitro potencies.
| 3B:1121 ERADICATION OF GASTRIC HELICOBACTER INFECTIONS
USING AMOXICILLIN AND OMEPRAZOLE. REPRODUCTION
OF HUMAN RESULTS IN RODENT MODELS INFECTED
WITH H. FELIS OR H. PYLORI
H. Larsson, S. Arvidsson, A.-C. Jonsson, J. Lundgren, S. Nylander,
B. MellgArd. Preclinical R&D, Astra Hdissle AB, Molndal, Sweden
Purpose: Human Helicobacter pylori infections are effectively treated with
combinations of antibiotics, such as amoxicillin plus clarithromycin, and
omeprazole, a potent gastric acid secretion inhibitor. The present study was
undertaken in order to investigate the effect of treatment with amoxicillin
+ omeprazole on Helicobacter infections in rats and mice.
Methods: Female Sprague Dawley rats were inoculated with H felis
and BALB/c mice with H. pylori. Four weeks thereafter they were treated
orally for 2 to 4 weeks with amoxicillin (6.25-50 mg/kg) with or without
omeprazole at 40 or 400 1£moJIkg. The infection rates in the antrum and
corpus of each animal were assessed using histology and/or culture at 0, 1,
2 and 4 weeks after stopping treatment.
Results: Amoxicillin given alone cleared the infection at all dose levels.
However, a gradual recurrence of bacteria was seen over the first 2 weeks
after stopping treatment. At 4 weeks follow-up the infection was doseand time-dependently eradicated by amoxicillin in up to about 50% of the
animals and the effect was potentiated by omeprazole so that at the higher
omeprazole dose eradication rates over 90% were achieved.
Conclusion: Amoxicillin given at sufficient doses will eradicate H. felis
or H. pylori infections to a certain degree. This eradication is dependent
on dose and treatment time. However, when acid secretion is inhibited by
omeprazole a pronounced potentiation of the effect is seen. Thus, in these
animal models the clinical efficacy of this kind of combination treatment
can be reproduced and new combination treatments evaluated.

DEVELOPMENT OF A RAT MODEL OF H. PYLORI
13B:131 INFECTION
AND DISEASE TO STUDY THE ROLE OF
H. PYLORI IN GASTRIC CANCER INCIDENCE
T.G. Blanchard, J.G. Nedrud, S.J. Czinn. Case Western Reserve
University, Cleveland, OH, USA
The rat is one of the best characterized animal models for the induction of
chemical induced gastric cancer. The purpose of this study was to develop
a model of H. pylori infection in an animal model already widely used in
gastric cancer studies so that the co-carcinogenic properties of H. pylori
infection can begin to be addressed. Spraque Dawley and inbred Wistar

Kyoto rats were inoculated by gastric intubation with three daily doses of
a cagA+IvacA+ mouse-adapted H. pylori strain. Rats were necropsied at 8
and 12 weeks and the gastric tissue was examined by a urease detection
assay, culture, H & E staining for pathology and silver staining for direct
visualization of H. pylori. 100% of inoculated rats were infected as determined by silver stain. Urease detection and direct culture of H. pylori from
biopsies were only partially successful at predicting infection. Colonization
was heavy in the antrum with bacteria present in most glands. There were
also occasional bacteria seen in the antrum/body interface. Infection with H.
pylori resulted in PMN dominated moderate acute and chronic inflammation with occasional lymphoid aggregate development. Infection induced
serum IgG, IgM, and IgA anti-H. pylori titers of 1038, 103-4, and 1029
respectively. The establishment of chronic H. pylori infection in the rat accompanied by inflammation similar to that observed in humans will facilitate
co-carcinogenic studies between H. pylori and chemical carcinogens.

3B:1141 EXPERIMENTAL INFECTION OF CHINESE RHESUS
MONKEYS WITH HELICOBACTER PYLORI
Cynthia K. Lee 1, Kenneth Soike 2, Timothy Tibbitts 1,
Kathleen Georgakopoulos 1, Jennifer Bakios 1, James Blanchard 2,
Joseph Hill 3, Harold Kleanthous 1, Thomas P. Monath'. 1 OraVax, Inc.,
Cambridge, MA, U. S. A.; 2 Tulane Regional Primate Center, Covington,
LA, U. S. A.; 3 Clemson University, Columbia, SC, U. S. A.
A problem for prophylactic vaccine studies in rhesus monkeys (Macaca
mulatta) has been the high prevalence of infection with Helicobacter pylori

Gut: first published as 10.1136/gut.39.Suppl_2.A53 on 1 January 1996. Downloaded from http://gut.bmj.com/ on January 7, 2023 by guest. Protected by copyright.

ON INFECTION, INFLAMMATION AND IMMUNOLOGICAL
RESPONSE
L. Hong, K. Mieziewska, I. Kalies, T. Berglindh, B. Mellgard. Preclinical
R&D, Astra Hassle AB, Molndal, Sweden
Purpose: To study the colonization, the immunological response and gastric inflammation during a long term infection in a H. pylori infected mouse
model.
Methods: Female BALB/c mice, were randomly divided into 3 groups.
Two groups of mice were inoculated with Vac+ or Vac- H. pylori. Mice
were sacrificed 1 week, 1, 2, 4, 7 or 10 months after the bacterial inoculation. Colony forming units (cfu) were determined by culture of gastric
mucosal scrapings. Gastric tissue was immunocyto-chemically evaluated.
Results: During the period of 10 months infection, cfu in the corpus
was rather constant. In the antrum, cfu was markedly increased 1 month
after the inoculation, and then gradually decreased. Mice infected with
Vac bacteria displayed no sign of gastritis until 10 months. Then slightly
elevated number of infiltrates and IgA+ cells were seen in the mucosa.
Mice infected with Vac+ Hp showed infiltrating cells and a large number
of IgA plasma cells at 4 months. The gastric epithelium was intact in all
mice studied.
Conclusions: Vac- Hp elicit a very little gastritis in this model. In
contrast Vac+ Hp elicits an earlier and stronger response involving IgA
secreting B cells. The Vac- Hp may be compared to a chronic human
infection since the bacteria persists for a long time in the mouse.
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|3B:1151 DIFFERENCES IN THE INFLAMMATORY RESPONSE
INDUCED BY SHORTTERM INFECTIONS WITH
CagA+NacA+ OR CagA-/VacA- HELICOBACTER PYLORI
STRAINS IN MICE
N.E.M. van Doom' , M. Marchetti 2, E.P. van Rees ', F. Namavar ', J. de
Graaff ', P. Ghiara 2. I Vrije Universiteit, Amsterdam, The Netherlands;
2 IRIS-Immunobiological Research Institute Siena, Siena, Italy
H. pylori strains are divided in two broad families (Type I and Type
II) based on their capacity to produce an active cytotoxin (VacA) and a
128 kD immunodominant protein (CagA). In a mouse infection model
Type I strains (VacA+/CagA+) evoke more pathology than Type II strains
(VacA-/CagA-). However, detailed information on the inflammatory response is lacking. In this study CDl mice were either given PBS, a Type I,
or a Type II H. pylori strain. After 1, 2, 3 and 4 weeks mice were killed
and half of the stomach was cultured for H. pylori, the other half was
frozen immediately for immunohistochemistry. Cryostate sections were
stained for presence of T cells, B cells, macrophages, granulocytes and
expression of MHC class II. Only Type I infected mice showed an increase
in granulocytes and only minimal, if any, epithelial damage was observed.
While Type I infected mice never showed an increase in T cells in the
lamina propria and submucosa, all Type II infected mice showed increased
T cell numbers at week 3 and 4. This increase was accompanied with
elevated MHC class II expression. Some Type II infected mice also had
B cell follicles in the submucosa. Although histopathological responses in
this mouse model have been reported to be more evident at times later
than 4 weeks after the beginning of infection, our results suggest that the
phenotype of the colonizing strain is important in determining the type of
inflammatory response caused by H. pylori.

3B: 161

THE DISTRIBUTION OF HELICOBACTER INFECTION IN THE
STOMACH IS UREASE DEPENDENT: EVIDENCE IN AN
ANIMAL MODEL
A. Lee ', J. O'Rourke ', B. Mellgard 2, H. Larsson 2. 'The University of
New South Wales, Sydney, NSW, Australia; 2 Astra Hdssle, Mdlndal,
Sweden
Aims: Previous studies show that the administration of omeprazole to Helicobacterfelis-infected mice has major effects on the areas of the stomach
colonised by the bacteria. Similar changes in the location of gastritis are
seen in omeprazole-treated H. pylori patients. This study examines the
role of urease activity on these ecological changes using the potent urease
inhibitor, flurofamide.
Methods: Groups of 20 BALB/c mice were infected with H. felis (ATCC
49179) and left for 2 weeks. Mice were then treated with omeprazole alone
(400 ,uM/kg/day), flurofamide alone (40 mg/kg/day) or omeprazole plus
flurofamide for one week. Control animals were untreated. Giemsa stained
sections of stomachs from all 80 mice were coded, examined "blind" and
scored for grade of infection using a 1-4 point scale ie. 4 = All crypts
densely packed 1 = scattered bacteria in some crypts.
Table 1. Average grade of colonisation per mouse
Antrum
Treatment
Body
0.1
2.6
Control
2.5
1.6
Ome
0.4
2.5
Fluro
0
3.0
Ome + Fluro

Results are shown in Table 1.
Conclusion: Omeprazole changes the gastric milieu such that H. felis
can now grow in the gastric body. This effect is abolished by flurofamide
indicating that urease activity is required for omeprazole-induced ecological changes in Helicobacter infection. These results further support the
hypothesis that local acid output has a major impact on the distribution of
Helicobacter -associated disease and provides interesting insights into the
mechanisms involved

3B:1171

NEW HELICOBACTER PYLORI SMALL ANIMAL MODEL
WITH ULCER AND SEVERE GASTRITIS USING
MONGOLIAN GERBILS
S. Matsumoto 1, Y Washizuka ', Y Matsumoto', S. Tawara', F. Ikeda2
Y. Yokota 2, M. Karita 3. 1 New Drug Research Lab., Osaka, Japan;
2
Development Lab. Fujisawa Pharmaceutical Co., Ltd., Osaka, Japan;
3 Vanderbilt University School of medicine, Nashville, TN, USA
Association between H. pylori and gastric disease, including gastritis,
peptic ulcer and gastric carcinoma, has been widely studied. Small H.
pylori infection animal models with severe gastritis and ulceration occurred
in human being are required to study the pathogenesis of H. pylori and
anti-H. pylori therapy more. The purpose of this study was to establish the
new small animal model with severer gastritis, and ulcer, than established
model. Methods: Broth culture of H. pylori HPK127, which isolated from
duodenal ulcer patient, was orally inoculated into specific-pathogen free
Mongolian gerbils. Colonization efficiency were quantitatively determined
by the culture methods and inflammations in the gastric mucosa were
examined histologically. We also assessed those inflammation by amoxycillin treatment. Results: H. pylori was recovered from the antrum and
the body at 1, 2, 4, 8, 16 and 32 weeks after challenge. By histological examination, all animals developed severe gastritis including severe
infiltration of polymorphonuclear leukocyte and mononuclear cells and
lymphoid follicle. The gastritis could not be seen in the gerbils treated
with amoxycillin. Furthermore, gastric ulceration with the disruption of
the lamina muscularis mucosae in the antrum was also observed at 16
and 32 weeks after challenge. Conclusions: The Mongolian gerbils with
ulceration and severe gastritis is the useful small animal model to study the
pathogenesis of H. pylori and assess anti-H. pylori treatment.

13B:1181

THE SUPPRESSIVE EFFECT ON HELICOBACTER PYLORI
OF ECABET SODIUM USING JAPANESE MONKEYS

Y. Fukuda, M. Okui, I. Yamamoto, Y Tonokatsu, Y Sawada, T. Sakagami,
T. Shimoyama. Internal Medicine 4, Hyogo College of Medicine,
Mukogawa, Nishinomiya, Hyogo, Japan
Purpose: Helicobacter pylori has attracted attention as a cause of gastritis,
peptic ulcer, as well as gastric carcinoma and lymphoma, and better
eradication therapies are being sought. The eradication rate achieved with
the combination of proton pump inhibitor and two antibiotics at high doses
is high, although the adverse side effects of these combination treatment
preclude its use in Japanese. In the present study we investigated the
H. pylori eradication effect of ecabet sodium in a Japanese monkeys H.
pylori-infected gastritis model.
Materials and Methods: According to the method of Y Fukuda et al. (Dig
Endsc 4: 19-30, 1992), H. pylori was inoculated and gastritis induced in 24
5-year-old H. pylori-negative Japanese monkeys that had been raised in an
experimental facility. Twelve of these monkeys were administered ecabet
sodium 4 g once per day for 2 weeks via a gastric tube into the stomach.
Prior to administration and 14 days thereafter 4 specimens each were
obtained by biopsy from the antrum and corpus. These were cultured for H.
pylori, subjected by histological diagnosis, the urease test and interleukin
assay was investigated. The remaining 12 animals were used as a control
group. Results: After 14 days in the control group persistence of H. pylori
infection was observed in 12 of 12 animals, whereas H. pylori became
negative in 9 of 12 animals in the group administered ecabet sodium.
Conclusion: These results suggest that ecabet sodium in combination
with antibiotics may be an effective therapy for H. pylori infection.
|3B: 119 ULTRASTRUCTURAL FEATURES OF CULTIVABLE
HELICOBACTER HEILMANII-LIKE ORGANISMS ISOLATED
FROM HUMAN GASTRIC MUCOSA
J. Blom , L.P. Andersen 2, S. Holck 3, A. N0rgaard 2. Statens Serum
Institut; 2 Rigshospitalet, Copenhagen; 3Hiller0d Hospital
Aims - To study in detail the newly isolated and culture-confirmed H.

heilmanii-like organism (Hh).
Methods - Hh was grown on chocolate agar plates up to seven days.
On plates with visible colony growth, 3% glutaraldehyde was used to fix
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in colony bred animals. We discovered a subpopulation of rhesus monkeys that was relatively free from naturally-acquired H. pylori infection
and conducted a study to determine their susceptibility to experimental
infection. Six rhesus monkeys of Chinese origin, determined to be free of
H. pylori infection by serology, and by culture and histology on gastric
biopsies were selected for experimental infection with H. pylori. Animals
were fasted overnight and cimetidine (10 mg per kg body weight) was
administered by the intramuscular route 1 hour prior to inoculation with H.
pylori. Low passage cultures of an H. pylori strain isolated from an Indian
rhesus monkey at the same facility were prepared. Three inoculations, each
consisting of 2 x 108 colony forming units, were delivered to the monkeys
by combined oral and intragastric routes every other day. Antral biopsies
were taken 2-3 weeks and then 5 months after inoculation. Monkeys were
culture positive for H. pylori 2-3 weeks after inoculation and remained
culture positive 5 months later suggesting that a chronic infection was
established. Concurrent with the acquisition of H. pylori infection, animals
developed histopathological evidence for gastric inflammation. This study
shows that rhesus monkeys of Chinese origin are susceptible to infection
with H. pylori and provide a model for studies of prophylactic vaccines in
non-human primates.
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3B:1 201 TRANSMISSION OF CANINE GASTRIC HELICOBACTER

INFECTION FROM DAMS TO OFFSPRING STUDIED WITH
MOLECULAR METHODS
M.-L. Hanninen, K. Jalava, M. Pajunen, I. Happonen. University of
Helsinki, Helsinki, Finland
H. bizzozeronii (CCUG 35045), a new canine gastric Helicobacter sp.
resembling human gastric "H. heilmannii", was used for experimental
infection of four weaned puppies at seven weeks of age. Controls were
uninfected group of four puppies. The puppies originated from two dams
both of which had large spiral Helicobacter sp. in biopsy samples taken
one month before the delivery but which had negative biopsy samples
taken two weeks after "triple therapy" close to the time of delivery.
Unexpectedly, Helicobacter sp. was cultured from gastric biopsy samples
of both dams five months after the negative samples and from the puppies
of the uninfected control group several times during seven months. The
isolates of the experimentally infected puppies, studied by phenotypic
methods, analysis of SDS-PAGE protein pattern, RFLP and ribotyping
(HaeIl, ClaI or PstI), were identical with H. bizzozeronii CCUG 35045
strain. Phenotypic characteristics and molecular fingerprints revealed that
the isolates of both dams and those of the control group were identical,
and differed from the isolates of the infected group and from strain CCUG
35045. The isolates of the dams and puppies in the control group were
metronidazole-resistant. The therapy had merely suppressed the infection
of the dams which explained the unexpected infection of the control group.
The natural infection was suppressed by H. bizzozeroni CCUG 35045 in
the experimental group but came out in the control group. These studies
suggested that puppies may already acquire gastric Helicobacter infection
during the lactation period from infected dam.

3B:121 ATrENUATED CELLULAR FUNCTIONS AND REDUCED
DNA-CONTENT IN HELICOBACTER FELIS UPON COCCOID
TRANSFORMATION
S. Postius, B. Hornig, S. Kolb, W. Kromer. Byk Gulden, D-78467
Konstanz, Germany
The biological events during coccoid formation and the role of coccoids in
the life cycle of Helicobacter are poorly understood. We therefore characterized cellular changes upon coccoid transformation of helical forms of H.
felis.
Methods: H. felis cells (ATCC 49179) were grown in EH broth, 6% horse
serum, 6% 02, 10% CO2. 1-week old coccoids were compared with helical H. felis for urease and respiratory activity (oxygen consumption) and
membrane potential (m.p., oxonol staining). DNA content was estimated
by staining with propidium iodide (PI) upon various permeabilization and
fixation procedures. These results were confirmed by subsequent DNase
and RNase treatment.
Results: Both intracellular urease activity and that shed from intact
organisms by hypoosmotic treatment were reduced by > 98% in coccoid as
compared to helical H. felis (early exponential growth phase). Respiratory
activity of coccoids was also strongly reduced, and oxonol staining was
partially enhanced (= reduced m.p.). Strong PI staining of permeabilized
and fixed helical H. felis was almost completely prevented by DNase pretreatment. PI staining of coccoids after permeabilization by either heating,
freeze/thaw, chloroform, digitonin or ethanol was reduced to about 20% as

compared with that of helical H. felis. This residual staining was almost
completely prevented by pretreatment with DNase. Only a minor reduction
of PI staining was achieved by pretreatment with RNase.
Conclusions: These changes indicate attenuated cellular functions after
coccoid transformation. Diminished DNA-content by roughly 80% and a
reduced, but not completely lost membrane potential may be consistent
with a role of coccoids in the life cycle of H. felis.

3B:122| INTRACELLULAR ACCESS OF UREA DETERMINES
APPARENT UREASE ACTIVITY IN INTACT HELICOBACTER
FELIS
S. Postius, S. Storzbach, W. Kromer, Byk Gulden. D-78467 Konstanz,

Germany
Urease constitutes an important fraction of cellular proteins in Helicobacter species. As it is still unknown if urease is operative extra- and/or
intracellularly, we investigated this question by a kinetic approach.
Methods: H. felis (ATCC 49179) was grown in Columbia EH broth
under t 6% 02 and 10% CO2. Harvested cells were resuspended in 65 mM
MES at pH 6 or MOPS/HEPES at pH 7 and adjusted to 5 x 10-6_5 x 10-7
cells/ml. Both cellular urease activity and that shed from intact organisms
by hypoosmotic treatment were measured, using 0.1-500 mM urea, via
NADH oxidation upon addition of GIDH/a-KG. In addition, viability of
H. felis was measured by staining with oxonol in flowcytometry.
Results: For urease, shed from intact H. felis by aqua bidest treatment, a
Km for urea of 0.72 mMs was determined, in accordance with the literature.
By contrast, in whole cell suspensions at pH 7, no saturation for urease up
to 500 mM was found. However, sonication or treatment with 1% Triton
X 100 clearly resulted in saturable kinetics yielding apparent Km values
of 1.29 and 3.2 mM, respectively. Estimation of Vm,, of shed compared
with cellular urease revealed that roughly 90% of urease is located intracellularly. In contrast to pH 7, intact cells in buffer of pH 6 showed a
considerably higher urease activity, and kinetics became saturable with a
Km for urea of 17 mM. This increase in urease activity was not due to cell
damage since viability of H. felis was unaffected even at 500 mM urea.
Conclusion: The results suggest that cellular uptake of urea may control
its access to the cellularly located urease in H. felis.

3B:1231 HELICOBACTERHEPATICUS A NOVEL MURINE

PATHOGEN INFLUENCES THE DEVELOPMENT OF
INFLAMMATORY BOWEL DISEASE IN
IMMUNOCOMPROMISED MICE
R.J. Cahill l, C. Foltz 1, J.G. Fox', C. Dangler 1, F. Powrie 2,
D.B. Schauer '. 1 MIT; Cambridge, MA; 2 DNAX Palo Alto, CA, USA
Microbial infection has been implicated as an initiating event in many
autoimmune diseases including inflammatory bowel disease (IBD). Helicobacter hepaticus is a murine pathogen associated epidemiologically with
IBD in mice. The aim of this study was to investigate the influence of
H. hepaticus infection on the development and expression of IBD using
a previously described model of IBD, scid C.B-17 mice reconstituted
with CD45RBhi T cells. Defined flora scid C.B-17 mice were assigned
to one of four study groups; Group 1 (n = 4) control, Group 2 (n = 4)
reconstituted with CD45RBhi T cells, Group 3 (n = 6) infected with H.
hepaticus and Group 4 (n = 6) infected with H. hepaticus and reconstituted
with CD45RBhi cells. Mice were maintained in strict barrier conditions.
The study ended 12 weeks after dosing. Data was analyzed for weight
loss, gross and histological lesions and epithelial cell proliferation by BrdU
incorporation. No significant lesions were seen in control mice. Defined
flora mice infected with H. hepaticus developed IBD with less severe
lesions than those seen in defined flora mice reconstituted with CD45RBhi
cells alone. Both factors individually induced a significant increase in
epithelial cell proliferation compared to controls (LI%: 11.8 4t 4.0%, 10.1
4 1.1% vs 4.2 4 0.2, p < 0.05). Mice infected with H. hepaticus and
reconstituted with CD45RBhi cells had more severe lesions than either
variable alone with severe weight loss and rectal prolapse. This was associated with epithelial cell proliferation significantly higher than controls or
either factor alone (LI%: 15.5 ± 2.2% vs 4.2 ± 0.2%, p < 0.01). The study
was repeated in 20 mice and similar results were obtained. In conclusion,
H. hepaticus infection is associated with IBD in scid mice and infection
appears to increase the severity of disease in mice reconstituted with
CD45RBhi T cells. This study indicates a role for intestinal helicobacters
in the pathogenesis of IBD.
| 3B:1241 PERSISTENT HEPATITIS AND ENTEROCOLITIS IN
GERMFREE MICE INFECTED WITH HELICOBACTER

HEPATICUS
J.G. Fox 1, L. Yan 1, B. Shames 1, J. Campbell 1, J.C. Murphy 1, X. Li 1.
1 Massachusetts Institute of Technology, Cambridge, MA, USA
Helicobacter hepaticus has been associated with naturally occurring hepatitis in certain inbred strains of mice and in A/JCr mice has been linked
to the development of hepatic adenocarcinoma. H. hepaticus was orally
inoculated into axenic outbred female mice and studied longitudinally to
fulfill Koch's postulates and to ascertain the pathogenic potential of the
organism under defined germfree conditions. Cage contact mice were also
housed in the same germfree isolator to study transmission patterns and
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the microorganisms and then prepare the specimens for transmission-and
scanning electron microscopy.
Results - After one day of culture the colonies were very small and
most of the studied organism was short S- or rod-formed with only few
of the long spiral-type. After two to five days most of the organisms were
helical 3-8 ,um long and 0.4-0.7 ,tm wide. The organisms had a Gram
negative cell wall and no periplasmic fibrils were found. Flagella were seen
originating from the specialized pole with the electron-lucent cytoplasm
and the extra "polar membrane". By using the negative staining technique
up to nine sheathed flagella were seen in one tuft. Some of the cultivable
Hh showed a marked variation in the ultrastructure with often bizarre
forms, which could originate from a fusion of smaller S-formed organisms.
Electron-dense granules (probably polyphosphate) were seen in several
organisms from day 2.
Conclusion - The ultrastructure of the cultivable Hh-organisms disclosed
a morphology very similar to H. pylori, apart from the long spiralled forms.
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|3B:1 25

GASTRIC CARCINOGENESIS OF MNU IN HELICOBACTER
FELIS INFECTED MICE
K.A. Andrutis I, X. Li I, T.C. Wang 2, J.G. Fox Massachusetts Institute
of Technology, Cambridge, MA, USA; 2 Massachusetts General Hospital,
Boston, MA, USA
Recent epidemiological studies have suggested that Helicobacter pylori is
an important risk factor for gastric cancer in humans. A related organism,
H. felis, colonizes the mouse stomach causing chronic active gastritis.
Chronic H. felis infection in mice results in loss of parietal cells and
increased proliferation of mucus neck cells, leading to atrophic gastritis,
a known precursor of gastric carcinoma. However, in previous studies no
gastric cancer has been observed in a variety of wild-type mouse strains
infected for up to one year. Therefore, we have undertaken a short-term
study to determine whether the combination of H. felis infection and Nmethyl-N-nitrosourea (MNU), a known gastric carcinogen of mice, could
lead to more severe gastric pathology. Groups of inbred BALB/c mice
were either uninfected or infected with H. felis and dosed by gavage with
10 mglkg MNU weekly for 5 weeks. At 18 weeks, mice receiving MNU
exhibited accelerated mortality due to thymic lymphoma and forestomach
carcinoma. In addition, MNU dosing resulted in mucous hypertrophy and
epithelial hyperplasia of the glandular stomach. However, the combination
of H. felis infection plus MNU led to significantly greater epithelial hyperplasia compared to MNU alone (p < 0.05). Similar preliminary results
have been found in H. felis infected C57BL/6 mice receiving 5 mglkg
MNU weekly for 5 weeks. H. felis infection, in combination with MNU,
should prove useful in the investigation of the cocarcinogenesis potential
of Helicobacter infection and the further development of mouse models of
gastric cancer.
'.

3B:1 261 INFECTION OF THE FERRET STOMACH BY ISOGENIC

FLAGELLAR MUTANT STRAINS OF HELICOBACTER
MUSTELAE
K.A. Andrutis l, J.G. Fox I, R.P. Marini ', D.B. Schauer l, C. Josenhans 2,
S. Suerbaum 2. 1 Massachusetts Institute of Technology, Cambridge, MA,
USA; 2 Ruhr-Universitat Bochum, Bochum, Germany
H. mustelae, like H. pylori, possesses two flagellin molecules, FlaA and
FlaB. Isogenic mutant strains of H. mustelae were constructed by disruption of the flaA or flaB genes with a kanamycin resistance cassette or
by introduction of both a kanamycin resistance cassette and a chloramphenicol resistance gene to produce a double mutant. The objectives of
these studies was to determine whether one or both flagellin proteins were
necessary for colonization and persistence of infection of H. mustelae in
the ferret. Nineteen ferrets, specific pathogen free for H. mustelae, were
given either the FlaA (weakly motile), FlaB (moderately motile) or FlaA/B
(non-motile) mutant strain, the wild-type parent strain or sterile broth.
Gastric tissue samples were obtained during sequential gastric biopsies and
during necropsy at 3 months post-infection. H. mustelae infection status
was determined by culture and histology. The wild-type parent strain of
H. mustelae infected all six ferrets at all timepoints (I0T cfu/g). The FlaA
mutant strain colonized at low levels (102-103 cfulg) all three ferrets at
3 weeks but at 7 and 11 weeks, only one ferret in this group was culture
positive. At 12 weeks, two ferrets were positive for infection but still at
reduced numbers of organisms (104-105 cfulg). The FlaB mutant strain
infected all four ferrets at all timepoints. At 3 weeks, numbers of organisms
were reduced while at 8 and 11 weeks, the numbers of organisms were
comparable to the positive control group (107 cfulg). The FlaA/B double
mutant strain was unable to colonize the ferret stomach at any timepoint.
Infection with the wild-type parent strains of H. mustelae produced a mild
lymphocytic gastritis with lymphoid follicle development. Infection with
the FlaB mutant strain produced similar pathology as the wild-type parent
strain while infection with the FlaA mutant strain produced only minimal
to mild mononuclear cell infiltration of the gastric mucosa. These results
indicate that although the double mutant strain was unable to colonize, the
FlaA and FlaB single mutant strains were able to initially colonize the ferret
stomach at a low level and establish persistent infection with increasing
numbers of organisms over time. The severity of gastritis produced by
infection with these strains of H. mustelae correlated with the number of
organisms present in the gastric mucosa. Therefore, flagellar motility is
an important virulence factor for colonization and pathogenesis in the H.
mustelae ferret model.
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germfree mice were maintained in separate isolators as uninfected controls.
Mice serially euthanized from 3 weeks post inoculation (pi) through 24
months pi were surveyed by culture and PCR for H. hepaticus in liver
and intestinal tissue. Tissues were analyzed for histopathological changes
and sera was assayed for IgG antibody to H. hepaticus and changes in
liver enzyme alanine aminotransferase (ALT). Inoculated mice and cage
contact mice were persistently infected with H. hepaticus as identified by
culture and PCR, in both intestine and less frequently in the liver, for
the duration of the 2 year study. Animals developed a persistent chronic
hepatitis and in selected animals a enterocolitis was noted. Hepatocellular
carcinoma was diagnosed in one H. hepaticus infected mouse. The level
of H. hepaticus serum antibody was highest in experimentally infected
mice at 12-18 weeks pi which in general corresponded to the time interval
when the highest levels of ALT were recorded. Although cage contact mice
became persistently infected with H. hepaticus, lesions were less severe
as were the levels of serological biomarkers utilized in the study. The H.
hepaticus infected mouse will provide an ideal model to study putative
bacterial virulence determinants and how they interact with the host to
induce chronic inflammation and tumorigenesis.

