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In vitro and in vivo studies from various groups have suggested that Helicobacter pylori lipopolysaccharide
(LPS) Lewis x (Le*) antigens mediate bacterial adhesion. We have now reevaluated this hypothesis by studying
the adherence in situ of H. pylori strain 11637 and its corresponding Le*-negative rfbM mutant to human
gastric mucosa from patients (n = 22) with various gastric pathologies. Significant binding of the parent strain
was observed in only 8 out of 22 sections; in four out of eight patients, the Le*-negative mutant bound less well.
One of these four patients displayed no gastric abnormalities, and the other three showed dysplasia, meta-
plasia, and adenocarcinoma, respectively; hence, we are unable to define the circumstances under which
LPS-mediated adhesion takes place. We conclude that H. pylori LPS plays a distinct but minor role in adhesion.

More than 80% of Helicobacter pylori strain express Lewis
blood group antigens on their lipopolysaccharide (LPS); most
often, Lewis x (Le*) and/or Le” is expressed (2, 13). Thus, in
contrast to the case for many other pathogens (for example,
Escherichia coli), the H. pylori LPS O antigen is strongly con-
served. This suggests that it may play a role in pathogenesis
other than its role as a (weak) endotoxin. Despite intense
efforts, no such role has been assigned with certainty, but the
following three options have been investigated in some detail
(2): (i) H. pylori evades the host immune response by molecular
mimicry of its Le* antigen with similar blood group antigens in
the gastric mucosa, (ii) H. pylori induces a gastric autoimmune
response by inducing anti-Le* antibodies that bind to its LPS
and also to gastric epithelium, or (iii) H. pylori LPS could
demonstrate adhesive properties.

The data to support a role of H. pylori LPS in adhesion are
as follows. Inactivation of H. pylori genes which encode glyco-
syltransferases of importance for LPS glycosylation patterns
yields mutants that do not express certain Lewis antigens. In a
series of studies, such Lewis antigen-negative mutants colo-
nized less well in experimental mouse infection studies (9, 7,
11). In a recent study it was shown that Lewis antigen-negative
LPS mutants did not adhere to the gastric mucosa; that study
was based on adherence of bacterial cells in vitro, i.e., to
histological tissue sections (5). Moreover, synthetic Le* applied
to the surface of fluorescent latex beads bound to the gastric
sections in patterns similar to the adherence “blueprint” dis-
played by H. pylori bacterial cells. This series of results suggests
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that the Le* LPS antigens might confer adhesive properties to
H. pylori (5). However, the results were based on the charac-
terization of adherence properties of a single H. pylori strain
and its isogenic mutants, and for the binding studies histolog-
ical sections from a single patient with gastric carcinoma were
used (G. Faller, personal communication). In contrast, in sev-
eral studies the H. pylori BabA adhesin has consistently been
demonstrated to mediate binding of bacterial cells to gastric
epithelial cells, specifically the mucosal Le® blood group
epitope (4, 6).

The results described above raise the question of when H.
pylori would use LPS-carbohydrate-based interactions for ad-
herence, as alternatives to regular adhesin proteins. Could LPS
binding possibly optimize targeting of the microbe to unique
microniches, or could it possibly increase binding strength by
the use of multiple binding sites simultaneously (multivalent
binding)? Alternatively, would the mechanisms of phase vari-
ation as described for expression of LPS antigen variation (1,
3) endow the microbe with adhesive properties that would lead
to escape to the immune response? One obvious answer for an
LPS-dependent binding activity would be to complement
BabA adhesin-mediated adherence, such as in individuals who
do not express Le" antigen (nonsecretor individuals), or for
multivalent glycan-glycan interactions with highly glycosylated
structures such as gastric mucins.

Thus, we decided to reevaluate the functional role of LPS
antigens in adhesion of H. pylori. In this work we studied the
influence of LPS Le* antigen expression among H. pylori
strains that express (positive) or do not express (negative) the
BabA adhesin for its role in adherence to gastric sections from
many different patients, including an individual of the nonse-
cretor phenotype.

The strains used are shown in Table 1. Most strains have
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TABLE 1. Strains used in this study and their LPS phenotypes, expression of functional BabA, and ability to bind to healthy gastric mucosa

In situ adhesion to gastric epithelium”
(mean = SEM)

Strain tested* LPS phenotype Le® binding” Reference(s)
Surface Parietal cells Deep glands
mucus cells

17875 No Le* or Le¥ 44 = 2.06 647 = 24 0 0 4,6
17875 babA KO No Le* or Le* <1+0.03 36 £5 0 0 4,6
ATCC 43504 Le*, Le¥ 25 = 1.98 545 £ 13 0 0 1,3
ATCC 43504 variant 1b Le* 29.5 £0.97 596 = 22 21 =4 0 1,3
ATCC 43504 variant 1c Le*, Le¥ 328 £ 1.0 607 =9 0 28+2 1,3
ATCC 43504 variant D1.1 No Le* or Le* 29.8 = 1.22 537+ 11 25+5 79 =7 1,3
ATCC 43504 variant K4.1 i-antigen, H type I 248 £ 1.5 5127 35*3 113+ 9 1,3
ATCC 43504 babA KO Le*, Le¥ <1+ 0.08 298 = 19 0 0 This study
K4.1 babA KO i-antigen, H type I <1 % 0.06 259 £ 28 34+4 108 £ 13 This study
4187 Le*, Le¥ 33x0.25 391 =8 0 182 3
4187 KO 379/651 i-antigen, H type I 1.3 +0.12 538 = 14 0 849 3
NCTC 11637 Le*, Le¥ <1=0.03 0 0 0 5
NCTC 11637 galE mutant No Le* or Le* <1 =*0.07 0 0 0 5
NCTC 11637 rfbM mutant® No Le* or Le* <1%=0.03 0 0 0 5

“ Compared to the NCTC 11637 parent, variant 1b phase varies in an as-yet-unidentified N-acetylglusosaminyltransferase, 1c varies in a3-fucosyltransferase HP0651,
K4.1 varies in a3-fucosyltransferase HP0379, and D1.1 varies both in N-acetylglusosaminyltransferase and HP0379. In strain 4187 KO 379/651, both HP0379 and
HPO0379 are inactivated. The Lewis phenotypes of all strains were tested repeatedly and found to be stable.

? Based on two to four independent experiments. Bacterial adherence was defined as the number of bacteria per gastric pit.

¢ 1fbM codes for GDP mannose pyrophosphorylase, an enzyme specific for LPS biosynthesis.

been described before (1, 3, 6, 4), apart from strains ATCC
45304 KO babA and K4.1 KO babA, which were derived from
their respective parent strains by insertional activation of the
babA gene as described previously (4, 6). Serotyping with anti-
Lewis monoclonal antibodies was done as described previously
(13). Expression of a functional BabA adhesin was investigated
through binding studies with Le® coupled to human serum
albumin (Isosep, Tullinge, Sweden) as described previously (4,
6). Briefly, the neoglycoprotein was labeled with *°I by the

chloramine T method, and approximately 20,000 cpm of la-
beled material was incubated with bacterial cells Binding of
Le® to bacterial cells was expressed as the percentage of counts
per minute added. Binding studies were performed on three or
four independent occasions. In situ binding of bacteria to gas-
tric tissue was done essentially as described previously (6, 4).
Briefly, bacteria were grown on agar plates, washed, and la-
beled with fluorescein isothiocyanate, and 200 wl of bacterial
suspension with an optical density at 600 nm of 0.2 was incu-

TABLE 2. In situ binding of H. pylori strain NCTC 11637 and its Lewis x-negative rfbM mutant to gastric surface mucus epithelia from
patients of diverse histopathological status

Binding (mean = SEM)“ of strain

Patient characteristics

Patient NCTC 11637 rfbM KO Gastric histopathology” ABO blood Lewis blood
group group
1 0 0 Normal A Le®
2 0 0 Gastritis, atrophy B Le®
3 57*6 26+ 8 Normal A Le®
4 0 0 Normal ND¢ Le®
5 0 0 Gastritis, atrophy ND Le®
6 134 £8 38 = 7% Dyplasia A Le®
7 0 0 Gastritis ND Le®
8 140 £ 6 156 £8 Normal A Le®
9 0 0 Normal ND Le®
10 6+2 0 Normal ND Le®
11 10+3 74 Normal ND Le®
12 0 20 = 3* Normal A Le®
13 306 =21 32 £ 6% Gastritis, atrophy, metaplasia ND Le®
14 0 0 Dysplasia ND Le®
15 0 0 Dysplasia ND Le®
16 119 £ 18 59 =13 Gastritis (0] Le®
17 336 =8 283 = 66 Hyperplasia ND Le®
18 329 + 12 30 + 8** Normal ND Le” negative
19 0 0 Adenocarcinoma ND Le®
20 331 =12 25 = 11%* Adenocarcinoma ND Le®
21 0 0 Adenocarcinoma ND ND

“Based on two to four independent experiments. Significant differences in binding between parent and rfbM mutant: *, P < 0.05, **, P < 0.01.

® For an overview of gastric histopathology, see reference 10.
¢ ND, not done.
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FIG. 1. Binding of H. pylori 43504 (left panels) and its H type
I-expressing LPS phase variant K4.1 (right panels) to superficial mu-
cosa (upper panels) or deeper glandular region (lower panels). Both
strains bind well to superficial mucosa, but variant K4.1 displays en-
hanced binding to the deeper region

bated with deparaffinated gastric sections from the corpus or
antrum. After FITC labeling, the bacteria are dead. Bacterial
adherence was evaluated by visually counting the number of
adherent bacteria per gastric pit for 10 pits, each in a different
microscopic field (magnification, X200). In situ binding studies
were done on two to four independent occasions, and hence in
total 20 to 40 pits (fields) were evaluated per strain tested. The
average number of adherent bacteria per pit was calculated, as
well as the standard error of the mean. Significant binding was
defined as >50 bacteria per gastric pit. Differences in binding
were calculated with the Student’s ¢ test. In initial studies
(Table 1), three zones of binding were discriminated: surface
mucus cells, the parietal cell region, and the glandular region.
In later studies (see Table 2), only the most relevant zone, i.e.,
the surface mucus epithelium, was evaluated.

Table 1 shows that LPS structure had no influence on in situ
adherence to surface mucus cells. The isogenic strains not
expressing Le* and or Le¥ adhere most similarly to the parental
strain. LPS phase variants D1.1 and K4.1 were compared with
the parental strain ATCC 43504, and the a3-fucosytransferase
double-knockout strain 4187 KO 379/651 was compared with
the parental strain 4187. Interestingly in comparison to the
wild-type strains, D1.1, K4.1, and 4187 KO 379/651 actually
demonstrated some adherence to the deeper glandular region
also (binding of K4.1 is shown in Fig. 1), which suggests the
unmasking of additional binding properties. Strains K4.1 and
4187 KO 379/651 strongly express the H type I and i antigen
epitopes, and hence adhesion might be H type I (or i-antigen)
mediated.

In contrast, inactivation of babA in strain 17875 strongly
affected adherence. We reasoned that the observed lack of
effect of LPS structure on adhesion might be due to a BabA-
Le" high-affinity-mediated interaction, dominant over LPS-
mediated binding, with the gastric mucosa for strains NCTC
43504 and 4187 (and their phase variants and mutants, respec-
tively). We therefore decided to investigate the expression of a
functional BabA adhesin activity through Le-neoglycoprotein
binding studies for a variety of strains. Table 1 shows that
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strain 17875 bound Le® very well, while its corresponding babA
knockout strain was devoid of Le® binding activity. Likewise,
strains ATCC 43504 and its phase variants, as well as strains
4187and 4187 KO 379/651, were found to bind Le®, although
the latter two strains were less active. Hence, a potential effect
of LPS structure on in situ adhesion might be concealed by
BabA-dependent binding. For this reason, we constructed
babA knockout mutations in strain ATCC 43504 and its Le*-
negative phase variant K4.1. Inactivation indeed led to a com-
plete loss of Le" binding. However, again no effect of LPS
structure on adhesion was observed.

The original observation (5) of the role of LPS in adhesion
was made with strain NCTC 11637 and its Le*-negative mu-
tants (ga/E and rfbM knockout strains), with the rfbM knockout
strain showing the largest of decrease in adhesion. Further-
more, the binding data presented in Table 1 were obtained
with serial sections from a single patient without gastric abnor-
malities. Strikingly, strain 11637 does not bind Le" and also
does not bind to gastric tissue of this patient; the reason for this
lack of binding to Le® is not known. Recently we showed that
gastric inflammation affects H. pylori adhesion (8). We there-
fore decided to test NCTC 11637 and its rfbM knockout mutant
for in situ binding to a large series of gastric tissue sections
obtained from patients with various gastric histopathological
abnormalities (Table 2). As this strain is negative for Le"
binding, its binding is not mediated through an active BabA.
Significant binding (>50 bacteria per pit) was observed in 8 out
of 21 patient sections tested. In 4 out of 21 patients, namely,
patients 6, 13, 18, and 20, a statistically significant effect of LPS
structure was found, where the rfbM mutant bound less well; an
example is shown in Fig. 2. The series of sections tested were
obtained from patients with widely varying gastric inflamma-
tory status, ranging from no inflammation at all through gas-
tritis and atrophy, to dys-, hyper-, and metaplasia and gastric
adenocarcinoma. The sections on which the rfbM knockout
strain showed decreased binding were obtained from one pa-
tient with dysplasia (patient 6), one patient with atrophy and
intestinal metaplasia (patient 13), a nonsecretor patient with-
out gastric inflammation (patient 18), and one patient with
gastric adenocarcinoma and metaplasia (patient 20), and
hence we are unable to define the circumstances under which
LPS-mediated adhesion, within the context of this adherence
model, takes place.

Up to now a role of LPS in in situ adhesion of H. pylori has
been reported for tissue sections of five patients only, i.e., the
four described above in this study and the one described before
by Edwards et al. (5). Therefore, NCTC 11637 and its rfbM
mutant were tested for adhesion to sections obtained from the
same gastric carcinoma patient from the previous study (5),
although we used corpus sections (patient 21), while in the
other study (5) antral sections were tested. To our surprise, the
parent strain did not bind, which demonstrates that the puta-
tive gastric lectin is unevenly distributed over the stomach. In
a very recent study no effect of LPS structure on in situ adher-
ence of H. pylori to gastric tissue sections was observed (12).

We conclude that H. pylori LPS has a limited but distinct role
in adhesion. However, the data presented here were obtained
from in vitro adhesion experiments, and hence we dot not yet
know how necessary H. pylori Lewis antigens are for in vivo
colonization. Several studies have shown that they are crucial
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FIG. 2. Binding of H. pylori strains to gastric mucosa in situ (histological sections) of diverse pathological conditions. The strains tested were
NCTC 11637 (left column) and its ga/E and rfbM knockout mutants (middle and right columns, respectively). Upper row, healthy tissue, with no
binding of parent and knockout strains. Second row, metaplastic tissue; the parent strain binds well, while LPS mutants show strongly decreased
binding. Third row, hyperplastic tissue; LPS structure has almost no effect on binding. Lower row, noninflamed gastric tissue of a nonsecretor
patient, with strongly decreased binding of the rfbM mutant.
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for colonization of mice. However, one recent study demon-
strated LPS structure also to be irrelevant to mouse coloniza-
tion, and a3-fucosyltransferase knockout mutants not express-
ing Le* or Le¥ colonized mice well (14). In addition, the
knockout strain adhered well to human gastric celline cells. To
what degree the H. pylori Lewis antigens are required for
colonization of humans remains an unanswered question, as
does the nature of Le*-binding gastric receptors.
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