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Bacterial adhesion to the intestinal epithelium is a criti-
cal initial step in the pathogenesis of many enteric

diseases. Binding of enteropathogens allows colonization of
gut mucosal surfaces and promotes both delivery of bacterial
enterotoxins and tissue invasion. Enteropathogenic Escheri-

chia coli appears to induce disease by attaching to epithelial
cells. Enterohemorrhagic E coli adheres to colonic epithe-
lium but does not invade the epithelial cells. They produce
large amounts of a toxin referred to as either shiga-like toxin
or Vero toxin and are associated with watery diarrhea, hem-
orrhagic colitis and hemolytic uremic syndrome in humans.
Other organisms such as Salmonella, Shigella and Yersinia

species attach to epithelial cells and subsequently become
highly invasive.

Helicobacter pylori is a Gram-negative, spiral organism

that adheres to gastric epithelium and causes gastritis and
peptic ulceration. The method by which H pylori causes
disease has not been elucidated but adherence to the gastric
mucosa is thought to be an important virulence determinant
of the organism.

ADHERENCE OF H PYLORI TO THE
GASTRIC MUCOSA

One of the most striking characteristics of H pylori is that it
is found in vivo only in association with gastric mucous
secreting cells. H pylori is found within and beneath the
gastric mucous layer, as well as attached to the surface of
gastric epithelial cells (1). The organism is only found in the
duodenum and esophagus at sites of gastric metaplasia (2)
which suggests a particular tropism of the bacteria for gastric
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Adhérence d’Helicobacter pylori dans la
muqueuse gastrique

RÉSUMÉ : L’adhérence bactérienne à l’épithélium intestinal est une
étape initiale critique dans la pathogenèse de nombreuses maladies
entériques. Helicobacter pylori est un organisme pathogène du duo-
dénum qui adhère à l’épithélium gastrique et provoque la gastrite et
l’ulcère gastro-duodénal. Le mécanisme par lequel H. pylori provoque
la maladie n’a pas encore été élucidé, mais l’adhésion à la muqueuse
gastrique serait un important facteur déterminant de la virulence de
l’organisme. Ce que l’on sait au sujet de l’adhérence de H. pylori à la
muqueuse gastrique est résumé ici. Les thèmes abordés sont le méca-
nisme de l’adhérence de H. pylori, des modèles in vitro et in vivo des
modèles d’infection à H. pylori et l’adhérence et les adhésines et
récepteurs potentiels de H. pylori.
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mucosal surfaces in humans. It is not known why H pylori

adheres only to gastric mucus-secreting cells in vivo.
Ultrastructural analysis of gastric mucosa infected with

H pylori shows that this bacterium causes effacement of nor-
mal gastric epithelial microvilli and closely adheres to the
apical cell membrane (3). The adhesion of H pylori to epi-
thelial cells is similar to that of attaching and effacing E coli

(4-6). Attaching and effacing adherence is an intimate form
of bacterial interaction with the plasma membrane of epi-
thelial cells resulting from destruction of the microvillous
cytoskeleton (7). Polymerized actin (F-actin) under regions
of bacterial attachment accumulates into adhesion pedestals
at the bacterium host-cell interface (8). Attaching and effac-
ing adherence is characteristic of enteropathogenic E coli,
and a chromosomal gene termed eaeA gene (for E coli attach-
ing and effacing) has been found to play a role in promoting
adherence of enteropathogenic E coli to enterocytes (9,10).
However, the adherence of H pylori appears to be different
from that seen with enteropathogenic E coli. Dytoc et al (11)
found that H pylori strain LC11 was unable to induce forma-
tion of F-actin adhesion pedestals on a range of eukaryotic
cells. In the same study there were no F-actin adhesion
pedestals found when a gastric biopsy specimen of an indi-
vidual infected with H pylori was examined. In addition,
strain LC11 stained negative by colony blot hybridization
with an E coli eaeA gene probe (11).

Adherence of enteropathogenic E coli to cultured epi-
thelial cells elevates both inositol triphosphate and intracel-
lular calcium levels (12). Elevations in inositol triphosphates
also followed infection of Hep-2 cells with H pylori (11).
Bacterial growth medium supernatants induce a similar re-
sponse in HeLa cells, which indicates that inositol phos-
phate release in H pylori-infected cells is not dependent on
bacterial adherence (13). In addition, the increase in inositol
phosphates is not related to redistribution of cytoskeletal
proteins, such as actin or alpha-actinin, or tyrosine phospho-
rylation of host cell proteins (13).

H pylori is generally thought to be noninvasive or to
penetrate epithelial cells only rarely (3,14). In vitro intracel-
lular uptake of H pylori has been shown to occur by receptor-
mediated endocytosis (15). The observation of intimate
contact between H pylori and gastric epithelial cells suggests
that this may be an important feature of the disease process.
Understanding the mechanism of adherence may be essen-
tial in determining how this organism causes disease.

MODELS OF H PYLORI INFECTION
AND ADHERENCE

Experiments with laboratory animals such as rats, rabbits,
guinea pigs and hamsters have shown that these are not
suitable animal models for H pylori infection (16). The best
reported animal model of H pylori infection is the gnotobi-
otic piglet (17,18). Oral inoculation of these piglets results
in gastritis. Helicobacter mustelae, a related Helicobacter spe-
cies, infects ferrets naturally, adheres tightly to the gastric
epithelium and is associated with gastritis and peptic ulcera-
tion (19). However, experiments have failed to establish

infection with H pylori in the ferret. Helicobacter felis can
infect mice experimentally (20), and this model has been
used to test putative vaccines for H pylori (21,22). Recently
it has been shown that fresh clinical isolates of H pylori can
be used to infect mice experimentally (23,24). In addition, it
has been reported that H pylori colonizes cats naturally (25)
and produces persistent gastritis in the cat stomach (26).
These two recent models of H pylori infection may prove
useful for future vaccine trials and to study the pathogenesis
of H pylori disease.

Because of the lack of a convenient animal model in the
past there has been a heavy reliance on in vitro methods to
study the adherence of H pylori. These methods include the
use of an ELISA (27), microscopy (6) and radiolabelled
bacteria (4). Despite the strict tissue trophism exhibited in
vivo, H pylori binds to a large range of cell types using in vitro
methods. These cell types include human buccal epithelial
cells (28), Mouse Y-1 adrenal cells (29), Hep-2 cells, Int 407
cells (6) and Kato III cells (4,30,31). However, an assay using
flow cytometry to study the adherence of H pylori to primary
epithelial cells isolated from gastric, duodenal and colonic
biopsy specimens has shown that H pylori can exhibit the
same trophism for gastric cells in vitro as it does in vivo (32).

POTENTIAL ADHESINS
Hemagglutinins: In vitro hemagglutinating activity of H py-

lori has been demonstrated with a variety of erythrocyte
species (29,33-36). Different hemagglutination phenotypes
have been suggested (33,34,36,37). H pylori has now been
shown to possess at least two hemagglutinins. One has a
molecular weight of 25 kDa and recognizes an N-acetylneu-
raminic acid moiety of receptors. The second hemagglutinin
has a molecular weight of 59 kDa but the receptor specificity
of this molecule is unknown (38).

The 25 kDa hemagglutinin of H pylori has a fibrillar mor-
phology that recognizes specific receptors consisting of N-
acetylneuraminyllactose residues in erythrocytes. This hem-
agglutinin has been proposed as a putative colonization
factor antigen for H pylori (29). Treatment of erythrocytes
and mouse Y-1 adrenal cells with neuraminidase inhibits
adherence of H pylori to these cells (29,39). While treatment
of Hep-2 cells with neuraminidase had no affect on the
adherence of H pylori (40), another study reported that ad-
herence was reduced but not abolished (15).

The present authors found that there was no correlation
between expression of hemagglutinins by H pylori and ability
of the organism to bind to either Kato III cells (cells from a
gastric adenocarcinoma cell line) or to primary cells isolated
from gastric biopsy specimens (32). H pylori was cultured on
agar and in liquid broth. The method of culturing the bacte-
ria did not affect its ability to adhere to the cells despite that
hemagglutinins were not expressed in liquid culture. In addi-
tion, heating of the organism to 56°C before incubation with
the cells did not affect adherence but destroyed most of the
hemagglutinating activity. It is therefore unlikely that the
hemagglutinins of H pylori play a major role in adherence to
the gastric mucosa. The gene hpaA, which codes for the
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receptor binding subunit of the N-acetylneuraminyllactose
binding fibrillar hemagglutinin of H pylori, has been cloned
and sequenced (41).
Lipopolysaccharide: Lipopolysaccharide (LPS) is a cell wall
constituent of Gram-negative bacteria that is important in
the structure and function of the outer membrane. LPS
comprises a poly- or oligosaccharide and a lipid component
termed ‘lipid A’ which is responsible for the toxic properties
of LPS. High molecular weight smooth form LPS consists of
an O side chain, which is a polymer of repeating oligosaccha-
ride units, a core oligosaccharide unit and lipid A, whereas
rough form LPS lack the O side chains. Compositional analy-
sis of H pylori rough form LPS suggests that structural differ-
ences in the oligosaccharide moiety of the LPS of different
strains exist (42). H pylori LPS has an unusual fatty acid
profile (43). Moran and colleagues (42) reported that in
addition to H pylori lipid A containing uncommonly long
3-hydroxy fatty acids, it contains an unusual phosphorylation
pattern. H pylori lipid A exhibits low biological activity (44).
Mitogenicity and pyrogenicity are about 1000-fold lower for
H pylori LPS, and lethal toxicity is 500-fold lower compared
with other enterobacterial LPS. Muotiala et al (44) suggest
that the phosphorylation pattern and acylation in lipid A are
responsible for the low biological activity.

Strains of H pylori have been reported to bind to laminin
(45,46) and type IV collagen (46) in a specific and saturable
manner. The interaction of H pylori with laminin is affected
by salt, indicating that a hydrophobic component on the
surface of the bacteria is involved (46). Purified LPS inhibits
the binding of H pylori to laminin, indicating that this bac-
terial surface molecule is involved in the adhesion process
(47,48). The interaction of H pylori with laminin also in-
volves a bacterial adhesin recognising certain sialylated oli-
gosaccharides of the glycoprotein (45). Valkonen et al (48)
postulated that the initial recognition and binding of
laminin by H pylori may occur through LPS and that sub-
sequently a more specific interaction with a lectin-like adhe-
sin on the bacterial surface occurs.
Outer membrane proteins: Outer membrane proteins have
been shown to play a role in the adherence of E coli to
epithelial cells (49). The outer membrane has a structural
role and plays a major role in determining what enters a cell,
what molecules are secreted from the cell and how the cell
interacts with its environment. Little is known about the
outer membrane structure of H pylori or the identities of its
surface exposed proteins. A recent study (50) has shown that
the protein content of the H pylori outer membrane is similar
structurally to that of other Helicobacter species but markedly
different from that of taxonomically related Campylobacter

species and E coli. The outer membrane of H pylori NCTC
11637 contains eight major polypeptide species, at least three
of which appear to be porins. Six of the outer membrane
proteins have surface exposed domains. These surface ex-
posed domains share few epitopes with related Helicobacter or
Campylobacter species, which is consistent with the finding
that the H pylori cell surface is antigenically unique. In addi-
tion, the H pylori LPS core displays strain to strain antigenic

variability (51). These antigenic properties of the H pylori

outer membrane surface may have implications for the ability
of H pylori to colonize, persist and cause disease.
Urease: One of the most striking characteristics of H pylori

is that it possesses a very potent urease enzyme. With a
dissociation constant for urea of 0.8 mM (52), the urease of
H pylori binds substrate with a much higher affinity than
ureases of other bacterial species. H pylori and other Helico-

bacter species isolated from the gastric mucosa of animals
possess a potent urease enzyme (53), whereas Helicobacter

species that colonize the lower bowel often lack urease activ-
ity (54).

Urease is essential for colonization of experimental ani-
mals (55-57). The enzyme is thought to play a role in protect-
ing the organism from the harmful effects of gastric acid
(58,59). The urease of Helicobacter species differs from other
bacterial ureases in that it comprises two rather than three
subunits. Ure A has a molecular weight of 30 kDa and ure B,
60 kDa. A high level of homology exists among the N-termi-
nal amino acid sequences of the enzyme subunits of four
Helicobacter species studied by Turbett et al (53). These
findings suggest a common ancestral origin and an important
role for urease.

Another unusual feature of the urease enzyme of H pylori

is that it has been located on the surface of the bacteria
(60,61), which has led to speculation that the urease enzyme
of H pylori may function as an adhesin. Fauchere and Blaser
(27) reported that saline or water extracts of H pylori inhib-
ited the binding of the organism to HeLa cell membranes.
Gel exclusion chromatography of the extracts showed that
the fractions that contained the highest urease activity bound
best to HeLa cell membranes. They speculated that the
adhering ligand may be urease. Gold and co-workers (62)
found that a urease-deficient strain of H mustelae showed a
selective reduction in binding to the glycosphingolipid, Gg4.
When urease activity in this mutant strain spontaneously
reverted during culture, wild type binding was again demon-
strated.

However, several recent studies suggest that the urease
enzyme of H pylori is unlikely to act as an adhesin. The
present authors have found that a urease negative mutant of
H pylori, strain N6(ureB::TnKm) – which is specifically
modified in the gene that encodes for the large urease
subunit, ure B, and does not produce this subunit (63) –
adheres to both Kato III cells and primary epithelial cells
isolated from gastric biopsy specimens, as well as the parent
strain (64). Eaton and Krakowka (65) compared the ability
of two isogenic mutants of H pylori, strain N6(ureB::TnKm)
and strain N6(ureG::TnKm), to colonize gastric mucosal
explants derived from neonatal germ free piglets. Strain
N6(ureG::TnKm) contains an insertion in the ureG gene,
one of several accessory genes necessary for expression of
active urease. Both strains were able to colonize as well as the
parent strain. Recently Phadnis and Dunn (66), in contrast
to results from previous studies, showed that urease is a
cytoplasmic protein and that there is no evidence to support
secretion of urease by known bacterial secretory pathways.
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They suggest that the urease of H pylori adsorbs to and
potentially masks the outer membrane of viable H pylori after
release by autolysis of a fraction of the bacteria.
Flagella: Motility has been shown to be an important colo-
nization factor for H pylori. Nonmotile mutants of the organ-
ism are unable to colonize gnotobiotic piglets (67). A high
degree of motility is conferred to H pylori by a bundle of three
to six flagella that extend from one pole of the bacterium.
The flagella consist of a basal part, which contains the
flagellar motor and the hook structure, the central filament
and a membranous sheath that envelops each filament
(68,69). The flagellar sheath is thought to act as a protective
agent against gastric acidity for the acid-labile flagellar fila-
ment (70). The major component of the H pylori flagellar
filament is fla A flagellin (68). The filament contains a
second flagellin subunit, fla B, that seems to be located
mainly at the proximal part of the filament (71). Luke and
Penn (72) have identified a 29 kDa flagellar sheath protein
in H pylori using a murine monoclonal antibody. This protein
was not present in the outer membrane of H pylori, suggesting
that the flagella sheath of H pylori is a unique structure and
not just an extension of the outer membrane. There is some
evidence that for Campylobacter jejuni the flagellar structure
may be an essential component for colonization and invasion
in the host intestinal tract (73,74). Whether flagella per se
are involved in attachment or solely in motility is an impor-
tant question. The construction of H pylori (75) and H mus-

telae (76) fla A- and fla B-negative mutants and fla A-fla B
double mutants (76) will greatly assist in determining whether
flagella play a role in the colonization process and in medi-
ating direct attachment of H pylori to gastric epithelium.

MUCOSAL RECEPTORS FOR H PYLORI
Phosphatidylethanolamine: H pylori has been shown by thin
layer chromatography overlay binding assay to have a lipid
binding specificity similar to that of Pseudomonas aeruginosa.
The organism binds to phosphatidylethanolamine (PE), gan-
gliotriaosylceramide and gangliotetraosylceramide (77,78).
Considerable variation in the binding of H pylori to PE from
different sources was observed, suggesting the importance of
the nature of the long chain fatty acid. Exoenzyme S, an
important adhesin of P aeruginosa (79), is an enzyme of
P aeruginosa with toxic activity. It ‘ADP ribosylates’ several
membrane-associated eucaryotic proteins. Monoclonal anti-
bodies against exoenzyme S cross react with a 63 kDa mole-
cule purified from H pylori (80). This 63 kDa molecule
inhibited H pylori binding to PE in vitro. H mustelae has also
been shown to bind in vitro to the same lipid receptors as
H pylori (62). Both bovine and murine monoclonal antibod-
ies against exoenzyme S and exoenzyme S itself inhibited the
binding of H mustelae to PE and gangliotetraosylceramide
(62). This suggests that adhesion of H mustelae to such spe-
cies is mediated by an exoenzyme S-like molecule. The
relevance of binding of H pylori to such molecules in vivo has
not yet been studied. Construction of isogenic mutants defi-
cient in production of the 63 kDa exoenzyme S-like molecule
are required before the relevance can be resolved satisfacto-

rily. Saitoh et al (81) showed direct binding of H pylori to
GM3 and sulfatide using a thin layer chromatography overlay
assay.
Lewis antigens: An individual’s blood group antigen profile
is an important factor in determining the carbohydrate struc-
ture on cell membranes. One component of this profile is the
Lewis blood group antigens. Secretors express both Leb and
Ley and A, B or H antigens in their secretions and have Lea-

and Leb+ erythrocytes. Nonsecretors express only Lea and Lex

in their secretions and have Lea+ Leb- erythrocytes (82).
The Lewis blood group antigens, as well as the ABO

antigens, are oligosaccharide determinants attached to lipids
or proteins found on epithelial cell surfaces and erythrocytes.
The distribution and level of blood group antigen expression
throughout various tissues of the body are variable (83-86).
Using an in vitro adherence assay (87), Boren and colleagues
(88) found that soluble glycoproteins representing the Leb

antigen or antibodies to the Leb antigen inhibited bacterial
binding to gastric tissue. Boren et al (88) speculated that this
finding explains an epidemiological study that showed that
individuals of blood type O demonstrate a higher prevalence
of H pylori infections than those with other blood types (89).

To test the hypothesis further that the human Leb blood
group antigen functions as a receptor for H pylori, a human
α-1,3/4 fucosyltransferase, which allows production of the
Leb antigen, was expressed in transgenic mice (90). Using an
in vitro adherence assay H pylori bound to gastric sections
from the transgenic mice, but not to gastric sections from
normal mice. However, recently Balb/c and CD1 mice have
been colonized by H pylori (23,24). The expression of Lewis
blood group antigens in these animals needs to be examined
to determine whether Leb expression is required for in vivo
adherence.

EXTRACELLULAR MATRIX COMPONENTS
In addition to binding laminin, H pylori binds to collagen
type IV (46), type I (46,47) and type V (47), and to plasmi-
nogen, vitronectin, fibrinogen, fibronectin (91) and heparin
sulphate (92). The relevance of such binding is unknown. It
is speculated that extracellular matrix binding components
help bacteria to colonize damaged tissue sites (93).

CONCLUSIONS
It is important to understand the molecular and cellular
mechanisms that lead to either surface colonization or inva-
sion of the gastrointestinal epithelium by bacteria. In addi-
tion to the ability of adhesins to attach bacteria to specific
receptors on the host cell surface, adhesins also have the
potential to act as biological effector molecules; adherence of
organisms to a cell can trigger a cascade of events. The
virulence factors and pathogenic mechanisms of H pylori are
still not elucidated. Identification of specific adhesins and
clarification of the adherence mechanism of this organism to
the gastric mucosa should ultimately result in the construc-
tion of isogenic mutants. Such mutants are necessary to
elucidate the mechanisms of colonization and pathogenesis
of H pylori.

246 CAN J GASTROENTEROL VOL 11 NO 3 APRIL 1997

Clyne and Drumm

clyne.chp
Mon Apr 14 10:49:22 1997

Color profile: Disabled
Composite  Default screen



REFERENCES
1. Hazell SL, Lee A. Campylobacter pyloridis and gastritis: association

with intercellular spaces and adaptation to an environment of mucus
as important factors in colonization of the gastric epithelium. J Infect
Dis 1986;153:658-63.

2. Wyatt JI, Rathbone BJ, Sobala GM, et al. Gastric epithelium in the
duodenum: its association with Helicobacter pylori and inflammation.
J Clin Pathol 1990;43:981-6.

3. Goodwin CS, Armstrong JA, Marshall BJ. Campylobacter pyloridis,
gastritis and peptic ulceration. J Clin Pathol 1986;39:353-65.

4. Hemalatha SG, Drumm B, Sherman P. Adherence of Helicobacter
pylori to human gastric epithelial cells in vitro. J Med Microbiol
1991;35:197-202.

5. Segal E, Shon J, Tompkins LS. Characterisation of Helicobacter pylori
mutants. Infect Immun 1992;60:1883-9.

6. Neman SV, Megraud F. In vitro model for Campylobacter pylori
adherence properties. Infect Immun 1988;56:3329-33.

7. Moon HW, Whipp SC, Argenzio RA, Levine MM, Giannella RA.
Attaching and effacing activities of rabbit and human
enteropathogenic Escherichia coli in pig and rabbit intestines. Infect
Immun 1983;41:1340-51.

8. Knutton S, Lloyd DR, McNeish AS. Adhesion of enteropathogenic
Escherichia coli to human intestinal enterocytes and cultured human
intestinal mucosa. Infect Immun 1987;55:67-9.

9. Jerse AE, Kaper JB. The eae gene of enteropathogenic Escherichia coli
encodes a 94 kilodalton membrane protein. The expression of which
is influenced by the EAF plasmid. Infect Immun 1991;59:4302-9.

10. Jerse AE, Yu J, Tall BD, Kaper JB. A genetic locus of
enteropathogenic Escherichia coli necessary for the production of
attaching and effacing lesions on tissue culture cells. Proc Natl Acad
Sci USA 1990;87:7839-43.

11. Dytoc M, Gold B, Louie M, et al. Comparison of Helicobacter pylori
and attaching effacing Escherichia coli adhesion to eukaryotic cells.
Infect Immun 1993;61:448-56.

12. Dytoc M, Fedorko L, Sherman PM. Signal transduction in human
epithelial cells infected with attaching and effacing Escherichia coli in
vitro. Gastroenterology 1994;106:1150-61.

13. Graciela PM, Ruschkowski S, Trust TJ, Finlay BB. Helicobacter pylori
induces an increase in inositol phosphates in cultured epithelial cells.
FEMS Microbiol Lett 1995;129:293-300.

14. Noach LA, Rolf TM, Tytgat GNJ. Electron microscopic study of
association between Helicobacter pylori and gastric and duodenal
mucosa. J Clin Pathol 1994;47:699-704.

15. Evans DG, Evans DJ, Graham DY. Adherence and internalization of
Helicobacter pylori by Hep-2 cells. Gastroenterology 1992;102:1557-67.

16. Engstrand L, Gustavsson S. Gastric CLO, ulcer disease and gastritis in
animals and animal models of Helicobacter pylori gastritis. In: Marshall
BJ, McCallum RW, Guerrant RL, eds. Helicobacter pylori in Peptic
Ulceration. Cambridge: Blackwell Scientific Publications Ltd,
1991:55-65.

17. Eaton KA, Morgan DR, Krakowka S. Persistence of Helicobacter pylori
in conventionalized piglets. J Infect Dis 1990;161:1299-301.

18. Krakowka S, Morgan DR, Kraft WG, Leunk RD. Establishment of
gastric Campylobacter pylori infection in the neonatal gnotobiotic
piglet. Infect Immun 1987;55:2789-96.

19. Fox JG, Correa P, Taylor NS, et al. Helicobacter mustelae-associated
gastritis in ferrets: an animal model of Helicobacter pylori gastritis in
humans. Gastroenterology 1990;99:352-61.

20. Lee A, Fox JG, Murphy J. A small animal model of human Helicobacter
pylori active chronic gastritis. Gastroenterology 1990;99:1315-23.

21. Michetti P, Corthesy-Thaulaz I, Davin C, et al. Immunization of
Balb/c mice against Helicobacter felis infection with Helicobacter pylori
urease. Gastroenterology 1994;107:1002-11.

22. Ferrero RL, Thiberge JM, Huerre M, Labigne A. Recombinant
antigens prepared from the urease subunits of Helicobacter spp:
evidence of protection in a mouse model of gastric infection.
Infect Immun 1994;62:4981-9.

23. Cellini L, Allocati N, Angelucci D, et al. Coccoid Helicobacter pylori
not culturable in vitro reverts in mice. Microbiol Immunol
1994;38:843-50.

24. Marchetti M, Arico B, Burroni D, Figura N, Rappuoli R, Ghiara P.
Development of a mouse model of Helicobacter pylori infection that
mimics human disease. Science 1995;267:1655-8.

25. Handt LK, Fox JG, Dewhirst FE, et al. Helicobacter pylori isolated from
the domestic cat: public health implications. Infect Immun
1994;62:2367-74.

26. Fox JG, Batchelder M, Marini R, et al. Helicobacter pylori induced
gastritis in the domestic cat. Infect Immun 1995;63:2674-81.

27. Fauchere JI, Blaser MJ. Adherence of Helicobacter pylori cells and their
surface components to HeLa cell membranes. Microbiol Pathogen
1990;9:427-39.

28. Dunn BE, Altman M, Campell GP. Adherence of Campylobacter pylori
to epithelial cells. In: Megraud FH, Lamouiatte H, eds.
Gastroduodenal Pathology and Campylobacter pylori. Proceedings of
the first Meeting of the European Campylobacter pylori Study Group
(Excerpta Median International congress Series, vol 847).
Amsterdam: Excerpta Medica, 1989:361-4.

29. Evans DG, Doyle J, Evans JR, et al.
N-Acetylneuraminyl-lactose-binding fibrillar hemagglutinin of
Campylobacter pylori: a putative colonization factor antigen. Infect
Immun 1988;56:2896-906.

30. Dunn BE, Altman M, Campell GP. Adherence of Helicobacter pylori to
gastric carcinoma cells: Analysis by flow cytometry. Rev Infect Dis
1991;13:657-64.

31. Wyle FA, Tarnawoski A, Dabros W, Gergely H. Campylobacter pylori
interactions with gastric cell tissue culture. J Clin Gastroenterol
1990;12:99-103.

32. Clyne M, Drumm B. Adherence of Helicobacter pylori to primary
human gastrointestinal cells. Infect Immun 1993;61:4051-7.

33. Huang J, Smyth CJ, Kennedy NP, Arbuthnott JP, Keeling PWN.
Haemagglutinating activity of Campylobacter pylori. FEMS Microbiol
Lett 1988;56:109-12.

34. Emody L, Carlsson A, Ljungh A, Wadstrom T. Mannose resistant
hemagglutination by Campylobacter pylori. Scand J Infect Dis
1988;20:353-4.

35. Nakazawa T, Ishibashi M, Kanishi H, Takemoto T, Shigeeda M,
Kochitama T. Hemagglutination activity of Campylobacter pylori.
Infect Immun 1989;57:989-91.

36. Robinson J, Goodwin CS, Cooper M, Burke V, Mee BJ. Soluble and
cell-associated haemagglutinins of Helicobacter (Campylobacter) pylori.
J Med Microbiol 1990;33:277-84.

37. Lelwala-Guruge J, Ascensio F, Ljungh A, Wadstrom T. Rapid
detection and characterization of sialic acid-specific lectins of
Helicobacter pylori. APMIS 1993;101:695-702.

38. Huang J, Keeling PWN, Smyth CJ. Identification of erythrocyte
binding antigens in Helicobacter pylori. J Gen Microbiol
1992;138:1503-13.

39. Evans DG, Evans DJ, Graham DY. Receptor-mediated adherence of
Campylobacter pylori to mouse Y-1 adrenal cell monolayers. Infect
Immun 1989;57:2272-8.

40. Armstrong JA, Cooper M, Goodwin CS, et al. Influence of soluble
haemagglutinins on adherence of Helicobacter pylori to Hep-2 cells.
J Med Microbiol 1991;34:181-7.

41. Evans DG, Karjalainen TK, Evans DJ, Graham DY, Lee C.
Cloning, nucleotide sequence and expression of a gene encoding
an adhesin subunit protein of Helicobacter pylori. J Bacteriol
1993;175:674-83.

42. Moran AP, Helander IM, Kosunen TU. Compositional analysis of
Helicobacter pylori rough-form lipopolysacharides. J Bacteriol
1992;174:1370-7.

43. Geis G, Leying H, Suerbaum S, Opferkuch W. Unusual fatty acid
substitution in lipids and lipopolysaccharides of Helicobacter pylori.
J Clin Microbiol 1990;28:930-2.

44. Muotiala A, Helander IM, Pyhala L, Kosunen TU, Moran AP. Low
biological activity of Helicobacter pylori lipopolysaccharide. Infect
Immun 1992;60:1714-6.

45. Valkonen KH, Ringner M, Ljungh A, Wadstrom T. High affinity
binding of laminin by Helicobacter pylori: evidence for a lectin like
interaction. FEMS Immunol Med Microbiol 1993;7:29-38.

46. Trust TJ, Doig P, Emody L, Kienle Z, Wadstrom T, O’Toole P. High
affinity binding of the basement membrane proteins collagen type IV
and laminin to the gastric pathogen Helicobacter pylori. Infect Immun
1991;59:4398-404.

47. Moran AP, Kuusela P, Kosunen TU. Interaction of Helicobacter pylori
with extracellular matrix proteins. J Appl Bacteriol 1993;57:184-9.

48. Valkonen KH, Wadstrom T, Moran AP. Interaction of
lipopolysaccharides of Helicobacter pylori with basement membrane
protein laminin. Infect Immun 1994;62:3640-8.

49. Sherman PM, Soni R. Adherence of Vero cytotoxin producing
Escherichia coli of serotype 0157:H7 to human epithelial cells in tissue
culture: Role of outer membranes as bacterial adhesins. J Med
Microbiol 1988;26:11-7.

CAN J GASTROENTEROL VOL 11 NO 3 APRIL 1997 247

Adherence of H pylori to the gastric mucosa

clyne.chp
Mon Apr 14 10:49:24 1997

Color profile: Disabled
Composite  Default screen



50. Doig P, Trust TJ. Identification of surface-exposed outer membrane
antigens of Helicobacter pylori. Infect Immun 1994;62:4526-33.

51. Mills SD, Kurjanczyk LA, Penner JL. Antigenicity of Helicobacter
pylori lipopolysaccharide. J Clin Microbiol 1992;30:3175-80.

52. Mobley HLT, Cortesia M, Rosenthal LE, Jones D. Characterisation
of urease from Campylobacter pylori. J Clin Microbiol
1988;26:831-6.

53. Turbett GR, Hoj PB, Horne R, Mee BJ. Purification and
characterisation of the urease enzymes of Helicobacter species from
humans and animals. Infect Immun 1992;60:5259-66.

54. Stanley J, Linton D, Burnens AP, et al. Helicobacter canis sp nov,
a new species from dogs: an integrated study of phenotype and
genotype. J Gen Microbiol 1993;139:2495-504.

55. Eaton KA, Brooks CL, Morgan DR, Krakowka S. Essential role of
urease in pathogenesis of gastritis induced by Helicobacter pylori in
gnotobiotic piglets. Infect Immun 1991;59:2470-5.

56. Eaton KA, Krakowka S. Effect of gastric pH on urease dependent
colonization of gnotobiotic piglets by Helicobacter pylori. Infect Immun
1994;62:3604-7.

57. Tsuda M, Karita M, Morshed M, Okita K, Nakazawa T. A urease
negative mutant of Helicobacter pylori constructed by allelic exchange
mutagenesis lacks the ability to colonise the nude mouse stomach.
Infect Immun 1994;62:3586-9.

58. Marshall BJ, Barrett LJ, Prakash C, McCallum RW, Guerant RL.
Urea protects Helicobacter (Campylobacter) pylori from the bactericidal
effect of acid. Gasterenterol 1990;99:699-702.

59. Clyne M, Labigne A, Drumm B. Helicobacter pylori requires an acidic
environment to survive in the presence of urea. Infect Immun
1995;63:1669-73.

60. Hawtin PR, Stacey AR, Newell DG. Investigation of the structure
and localization of the urease of Helicobacter pylori using monoclonal
antibodies. J Gen Microbiol 1990;136:1995-2000.

61. Bode G, Malfertheiner P, Lehnhardt G, Nilius M, Ditschuneit H.
Ultrastructural localisation of urease of Helicobacter pylori. Med
Microbiol Immunol 1993;182:233-42.

62. Gold BD, Huesca M, Sherman PM, Lingwood CA. Helicobacter
mustelae and Helicobacter pylori bind to common lipid receptors in
vitro. Infect Immun 1993;61:2632-8.

63. Ferrero RL, Cussac V, Courcoux P, Labigne A. Construction of
isogenic urease negative mutants of Helicobacter pylori by allelic
exchange. J Bacteriol 1992;174:4212-7.

64. Clyne M, Drumm B. The urease enzyme of Helicobacter pylori does
not function as an adhesin. Gastroenterology 1995;108:A798.
(Abst)

65. Eaton KA, Krakowka S. Avirulent urease-deficient Helicobacter pylori
colonizes gastric epithelial explants ex vivo. Scand J Gastroenterol
1995;30:434-7.

66. Phadnis SH, Dunn BE. Surface localisation of Helicobacter pylori
urease and HP54k requires bacterial lysis. Gut 1995;37(Suppl 1):A19.
(Abst)

67. Eaton KA, Morgan DR, Krakowka S. Motility as a factor in the
colonization of gnotobiotic piglets by Helicobacter pylori. J Med
Microbiol 1992;37:123-7.

68. Geis G, Leying H, Suerbaum S, Mai U, Opferkuch W. Ultrastructure
and chemical analysis of Campylobacter pylori flagella. J Clin
Microbiol 1989;27:436-41.

69. Goodwin CS, McCulloch RK, Armstrong JA, Wee SH. Unusual
cellular fatty acids and distinctive ultrastructure in a new spiral
bacterium (Campylobacter pyloridis) from the human gastric mucosa.
J Med Microbiol 1985;19:257-67.

70. Geis G, Suerbaum S, Forsthoff B, Leying H, Opferkuch W.
Ultrastructure and biochemical studies of the flagellar sheath of
Helicobacter pylori. J Med Microbiol 1993;38:371-7.

71. Kostrzynska M, Betts JD, Austin JW, Trust TJ. Identification,
characterization and spatial localization of two flagellin species in
Helicobacter pylori flagella. J Bacteriol 1991;173:937-46.

72. Luke CJ, Penn CW. Identification of a 29 kDa flagellar sheath
protein in Helicobacter pylori using a murine monoclonal antibody.
Microbiol 1995;141:597-604.

73. Wassenaar TM, Bleumink-Pluym NM, van der Zeijst BA.
Inactivation of Campylobacter jejuni flagellin genes by homologous

recombination demonstrates that flaA but not flaB is required for
invasion. EMBO J 1991;10:2055-61.

74. Nachamkin I, Yang X, Stern NJ. Role of Campylobacter jejuni flagella
as colonization factors for three day old chicks: analysis with flagellar
mutants. Appl Environ Microbiol 1993;59:1269-73.

75. Suerbaum S, Josenhans C, Labigne A. Cloning and genetic
characterization of the Helicobacter pylori and Helicobacter mustelae flaB
flagellin genes and construction of H pylori flaA– and flaB– negative
mutants by electroporation-mediated allelic exchange. J Bacteriol
1993;175:3278-88.

76. Josenhans C, Labigne A, Suerbaum S. Comparative ultrastructural
and functional studies of Helicobacter pylori and Helicobacter mustelae
flagellin mutants: both flagellin subunits FlaA and FlaB are necessary
for full motility in Helicobacter species. J Bacteriol 1995;177:3010-20.

77. Lingwood CA, Pellizzari A, Law H, Sherman P, Drumm B. Gastric
glycerolipid as a receptor for Campylobacter pylori. Lancet
1989;ii:238-41.

78. Lingwood CA, Huesca M, Kukiss A. The glycerolipid receptor for
Helicobacter pylori (and exoenzyme S) is phosphatidylethanolamine.
Infect Immun 1992;60:2470-4.

79. Baker NR, Minor V, Deal C, Shahrabadi MS, Simpson DA, Woods
DE. Pseudomonas aeruginosa exoenzyme S is an adhesin. Infect Immun
1991;59:2859-63.

80. Lingwood CA, Wasfy G, Han H, Huesca M. Receptor affinity
purification of a lipid binding adhesin from Helicobacter pylori. Infect
Immun 1993;61:2474-8.

81. Saitoh T, Natomi H, Zhao W, et al. Identification of glycolipid
receptors for Helicobacter pylori by TLC immunostaining. FEBS Letts
1991;282:385-7.

82. Sakamoto J, Yin BT, Lloyd KO. Analysis of the expression of H, Lewis
X,Y and precursor blood group determinants in saliva and red cells
using a panel of mouse monoclonal antibodies. Mol Immunol
1984;21:1093-8.

83. Narvas EL, Venegas MF, Duncan J, Anderson BE, Chmiel JS,
Schaeffer AJ. Blood group antigen expression on vaginal and buccal
epithelial cells and mucus in secretor and non secretor women. J Urol
1993;149:1492-8.

84. Limas C. Detection of urothelial Lewis antigens with monoclonal
antibodies. Am J Pathol 1986;125:515-23.

85. Sakamoto J, Watanabe T, Tokumaru T, Takagi H, Natazato H, Lloyd
KO. Expression of Lewisa, Lewisb, Lewisy, sialyl-Lewisa and
sialyl-Lewisx blood group antigens in human gastric carcinoma and in
normal gastric tissue. Cancer Res 1989;49:745-52.

86. Sakamoto J, Furukawo K, Cordon-Cardo C, et al. Expression of
Lewisa, Lewisb, X and Y blood group antigens in human colonic
tumors and normal tissue and in human tumor derived cell lines.
Cancer Res 1986;46:1553-61.

87. Falk P, Roth KA, Boren T, Westblom TU, Gordon JI, Normark S.
An in vitro adherence assay reveals that Helicobacter pylori exhibits
cell lineage specific tropism in the human gastric epithelium. Proc
Natl Acad Sci USA 1993;90:2035-9.

88. Boren T, Falk P, Roth KA, Larson G, Normark S. Attachment of
Helicobacter pylori to human gastric epithelium is mediated by blood
group antigens. Science 1993;262:1892-5.

89. Mentis A, Backwell CC, Weir DM, Spilliadis C, Dailianas A,
Skandalis N. ABO blood group, secretor status and detection of
Helicobacter pylori among patients with gastric or duodenal ulcers.
Epidemiol Infect 1991;106:221-9.

90. Falk PG, Bry L, Holgersson J, Gordon JI. Expression of a human
α-1,3/4 fucosyltransferase in the pit cell lineage of FVB/N mouse
stomach results in production of Leb containing glycoconjugates:
A potential transgenic mouse model for studying Helicobacter pylori
infection. Proc Natl Acad Sci USA 1995;92:1515-9.

91. Ringner M, Valkonen KH, Wadstrom T. Binding of vitronectin and
plasminogen to Helicobacter pylori. FEMS Immunol Med Microbiol
1994;9:29-34.

92. Ascencia F, Fransson LA, Wadstrom T. Affinity of the gastric
pathogen Helicobacter pylori for the N-sulphated glycosaminoglycan
heparan sulphate. J Med Microbiol 1993;38:240-4.

93. Westerlund B, Korhonen TK. Bacterial proteins binding to the
mammalian extracellular matrix. Mol Microbiol 1992;37:123-7.

248 CAN J GASTROENTEROL VOL 11 NO 3 APRIL 1997

Clyne and Drumm

clyne.chp
Mon Apr 14 10:49:26 1997

Color profile: Disabled
Composite  Default screen



Submit your manuscripts at
http://www.hindawi.com

Stem Cells
International

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

MEDIATORS
INFLAMMATION

of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Behavioural 
Neurology

Endocrinology
International Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Disease Markers

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

BioMed 
Research International

Oncology
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Oxidative Medicine and 
Cellular Longevity

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

PPAR Research

The Scientific 
World Journal
Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2014

Immunology Research
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Journal of

Obesity
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

 Computational and  
Mathematical Methods 
in Medicine

Ophthalmology
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Diabetes Research
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Research and Treatment
AIDS

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Gastroenterology 
Research and Practice

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Parkinson’s 
Disease

Evidence-Based 
Complementary and 
Alternative Medicine

Volume 2014
Hindawi Publishing Corporation
http://www.hindawi.com


