
&p.1:Abstract The protective ability of gastric mucins may
depend largely on their oligosaccharide chains. We eval-
uated the effects of H. pylori infection on the glycosyla-
tion of gastric mucins. Gastric biopsy specimens from 20
H. pylori-infected patients before and after cure of the H.
pylori infection and 8 normal uninfected volunteers were
examined by immunostaining for simple mucin-type gly-
coproteins and blood-group-related antigens bearing type
1 chain backbone. The immunoreactivity in different
gastric compartments was evaluated. Simple mucin-type
glycoproteins and blood-group-related antigens were ex-
pressed in surface mucous cells. Simple mucin-type gly-
coproteins showed antrum-predominant expression in
normal volunteers and were found in significantly fewer
surface mucous cells in infected patients than in normal
volunteers; their expression was restored after eradica-
tion of H. pylori. Sialyl Lewisa and Lewisb were ex-
pressed in fewer surface mucous cells after than before

eradication. The patterns of glycosylation of gastric mu-
cins vary in different gastric compartments and are re-
versibly altered by H. pylori infection. These alterations
may affect the protective functions of gastric mucins.
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Immunohistochemistry · Gastric mucosa · Glycoprotein&bdy:

Introduction

Gastric mucins form a continuous gel layer covering gas-
tric mucosa and are believed to play an important part in
the protection of gastric mucosa from noxious agents [1].
Helicobacter pylori, the major aetiological agent of
chronic gastritis and peptic ulcer disease, is found both
in the mucous gel layer of the stomach [21, 22] and at-
tached to the gastric surface mucous cells [21, 22]. One
of the possible mechanisms through which H. pylori may
injure the gastric mucosa may be by impairing the effec-
tiveness of the protective function of the mucins [23].
Studies on the effects of H. pylori infection on gastric
mucins have concentrated on the rheological properties
of the gastric mucins [15, 23] and on the quantitative
changes in mucus production by gastric mucous cells
[10, 22]. Recently less expression of surface mucous
cell-type mucin and aberrant expression of gland mucous
cell-type mucin in the gastric surface mucous cells of H.
pylori-infected patients has been reported [3].The protec-
tive function of the gastric mucous gel may be related to
its physical characteristics, which, in turn, depend large-
ly on the oligosaccharide content of the mucins [25, 29].
Biosynthesis of the oligosaccharide chains of the mucins
is initiated by formation of the core structure, followed
by branching and elongation of the core structure follow-
ing addition of sugar residues, which lead to the forma-
tion of backbone and peripheral structures [25] (Figs. 1,
2). Blood group antigens are present as the structures in
the peripheral regions [25] (Fig. 2). Alterations in the
glycosylation process would be likely to have profound
effects on the structure and function of mucins and might

H. Ota · D.Y. Graham · R.M. Genta
Department of Medicine, Veterans Affairs Medical Center
and Baylor College of Medicine, Houston, Tex., USA

H. Ota · R.M. Genta
Department of Pathology, Veterans Affairs Medical Center
and Baylor College of Medicine, Houston, Tex., USA

D.Y. Graham
Department of Molecular Virology,
Veterans Affairs Medical Center
and Baylor College of Medicine, Houston, Tex., USA

R.M. Genta
Department of Microbiology and Immunology,
Veterans Affairs Medical Center and Baylor College of Medicine,
Houston, Tex., USA

H. Ota (✉) · J. Nakayama · M. Momose · M. Hayama
T. Katsuyama
Department of Laboratory Medicine,
Shinshu University School of Medicine, Matsumoto,
Nagano 390, Japan
Tel.: +81-263-37-2805, Fax: +81-263-34-5316

T. Akamatsu
Second Department of Internal Medicine,
Shinshu University School of Medicine, Matsumoto,
Nagano 390, Japan&/fn-block:

Virchows Arch (1998) 433:419–426 © Springer-Verlag 1998

O R I G I N A L  A RT I C L E

&roles:Hiroyoshi Ota · Jun Nakayama · Masanobu Momose
Masayoshi Hayama · Taiji Akamatsu
Tsutomu Katsuyama · David Y. Graham
Robert M. Genta

Helicobacter pylori infection produces reversible glycosylation changes
to gastric mucins

Received: 23 April 1998 / Accepted: 2 July 1998



affect their ability to maintain an effective protective bar-
rier in the stomach.

We set up the hypothesis that the effects of H. pylori
on the protective function of gastric mucus are mediated
by alterations induced by the infection in the glycosyla-
tion pattern of carbohydrates moieties in gastric mucins.
To test this hypothesis we studied the expression of oli-
gosaccharide antigens in the gastric surface mucous cells
of noninfected normal volunteers and H. pylori-infected
patients, both before and after successful treatment. We
used monoclonal antibodies against simple mucin-type
glycoproteins (Tn, sialyl Tn and Tomsen-Friedenreich
antigens) and blood-group-related antigens bearing type
1 chain backbone, Galβ1-3GlcNAc-R (type 1 chain pre-
cursor, Lewisa, sialyl Lewisa and Lewisb ).

Patients and Methods

H. pylori-infected patients who underwent endoscopic examination
at the University Hospital of Shinshu University School of Medi-
cine between 1995 and 1996 gave informed consent to enrollment
in this study. At the initial endoscopy, during which the diagnosis
of H. pylori infection was established, two biopsy specimens were
obtained from one site in the antral greater curvature close to the
pylorus and from one site in the greater curvature in the region of
the upper middle corpus. One specimen from the antrum and one
from the corpus were used for the culture of H. pylori. The remain-
ing biopsies were used for histological examination.

Each patient was treated with a 2-week course of oral adminis-
tration of lansoprazole (30 mg/day), amoxicillin (1,500 mg/day),
and clarithromycin (600 mg/day). A second endoscopy was per-
formed 4 weeks after completion of the antimicrobial treatment,
and an identical biopsy protocol was followed.

Twenty successfully treated patients (6 with gastric ulcer, 8
with duodenal ulcer, 3 with gastroduodenal ulcer and 3 with
chronic active gastritis) entered on this study and will be referred
to as the H. pylori-infected patients. All these 20 patients were
positive for H. pylori according to both histological examination
and culture before treatment and became negative according to
both histological examination and culture after treatment. We se-
lected the cases that were negative for intestinal metaplasia on his-
tological examination.

In addition, we studied 8 normal volunteers from the popula-
tion of non-infected subjects available at the Houston VAMC.
These previously described subjects [17] had neither subjective
nor objective evidence of gastrointestinal disease, had negative se-
rology for anti-H. pylori antibodies, negative urea breath tests, and
no visible organisms in any of the biopsy specimens examined.
From each of the normal volunteers we studied one section from
the antral greater curvature close to the pylorus and one from the
greater curvature in the region of the upper middle corpus.

Table 1 shows details of age, sex and diseases for patients and
normal volunteers.

Biopsy specimens for histological examination were fixed in
20% buffered formalin solution immediately after they were ob-
tained and then dehydrated in 100% ethyl alcohol, cleared in xy-
lene, and embedded in paraffin. Haematoxylin and eosin staining
was used for histological examination.

Serial paraffin sections (3µm thick) were stained with indirect
immunoperoxidase staining for H. pylori [21], for simple mucin-
type carbohydrate antigens [Tn, sialyl Tn and Tomsen-Frieden-
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Fig. 1 Initial step of biosyn-
thetic pathways for the forma-
tion of mucus glycoproteins
(O-mucins)&/fig.c:

Fig. 2 Biosynthetic pathways
for the formation of blood
group related antigens bearing
type 1 chain back bone
(Fuc fucose, Gal galactose,
GalNAc N-acetylgalactosa-
mine, NeuAcN-acetylneur-
aminic acid, Fuc-T fucosyl-
transferase, Gal-T galactosyl-
transferase, GalNAc-TN-acetyl
galactosaminyltransferase,
SA-Tsialyltransferase)&/fig.c:
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Table 1 Clinical data of nor-
mal volunteers and H. pylori-
infected patients&/tbl.c:&tbl.b:

Normal volunteers H. pylori-infected patients

Secretors Secretors Nonsecretors

Gastric ulcer 2 4
Duodenal ulcer 7 1
Gastroduodenal ulcer 2 1
Chronic active gastritis 3 0
Male 2 12 5
Female 6 2 1
Total 8 14 6
Mean age (± SEM) 42.1±3.5 34.4±2.7 41.0±7.3

&/tbl.b:

Table 2 Sources of antibodies used in this study &/tbl.c:&tbl.b:

Antibody Clone Source Final dilution

Tn HB Tn1 DAKO (Carpenteria, Calif.) ×100
Sialyl-Tn HB STn1 DAKO ×100
Thomsen-Friedenreich HB T1 DAKO ×100
Type 1 chain precursor K21 SIGNET (Dedham, Mass.) ×100
Lewisa T174 SIGNET ×100
Sialyl Lewisa 1116-ns-19-9 SIGNET ×100
Lewisb T218 SIGNET ×100
H. pylori (rabbit poly clonal) DAKO ×50
Blood group A (type 1 & 2 chain) 81FR2.2 DAKO ×100
Blood group B (type 1 & 2 chain) 3E7 DAKO ×100
Blood group H (type 2 chain) 92FR-A2 DAKO ×100
Horseradish peroxidase-labelled DAKO ×100

anti-mouse immunoglobulin
Horseradish peroxidase-labelled DAKO ×100

anti-rabbit immunoglobulin

&/tbl.b:

Table 3 Staining scores for simple mucin-type glycoproteins and
blood-group-related antigens bearing type 1 chain back bone in
gastric biopsy specimens (STnsialyl Tn, T Thomsen-Friedenreich

antigen, Pre1 type 1 chain precursor, Lea Lewisa, SLea sialyl Lew-
isa, Leb Lewisb) &/tbl.c:&tbl.b:

Tn STn T Pre1 Lea SLea Leb

Antrum
Secretors
Normal volunteer (n=8 biopsy) 100a / 3b (3) 100/1.5(1-2) 25/0(0-0.5) 13/0(0) 13/0(0) 13/0(0) 88/2(1-3)
H. pylori gastritis (n=14 biopsy)

Pretreatment 21/ 0 (0)## 29/0(0-1)## 21.4/0(0) 21/0(0) 43/0(0-3) 29/0(0-1) 100/3(3)
Posttreatment 100 / 2 (2-3)** 100/2(1-2)** 29/0(0-2) 7/0(0) 43/0(0-3) 0/0(0) 100/2(2-3)*

Non-Secretors
H. pylori gastritis (n=6 biopsy)

Pretreatment 17 / 0 (0) 50/0.5(0-1) 83/1(1) 83/2.5(1-3)100/3(3) 100/2(1-2) 100/3(3)
Posttreatment 100 / 3 (3)* 100/2(1-3)* 100/1.5(1-2) 83/1(1) 100/3(3) 0/0(0)* 100/3(3)

Corpus
Secretors
Normal volunteer (n=8 biopsy) 63/1(0-1.5) 63/1(0-1) 13/0(0) 13/0(0) 13/0(0) 13/0(0) 100/2.5(1.5-3)
H. pylori gastritis (n=14 biopsy)

Pretreatment 0/0(0)## 0/0(0)## 14/0(0) 29/0(0-3) 29/0(0-3) 29/0(0-3) 100/3(3)
Posttreatment 14/0(0) 43/0(0-1)* 29/0(0-3) 29/0(0-3) 29/0(0-3) 21/0(0) 100/2.5(2-3)*

Non-Secretors
H. pylori gastritis (n=6 biopsy)

Pretreatment 0/0(0) 0/0(0) 17/0(0) 100/3(3) 100/3(3) 100/3(3) 100/3(3)
Posttreatment 17/0(0) 33/0(0-1)* 50/0.5(0-1) 100/3(3) 100/3(3) 83/1(1-2)**100/3(2-3)*

Scores for staining were analysed by the Mann-Whitney U-test
(normal volunteers vs pretreatment: # P<0.05, ## P<0.01) and by
Wilcoxon signed-rank test (pretreatment vs. posttreatment:
* P<0.05; ** P<0.01).

a Frequency (%) of positive biopsy specimens
b Median score with the interquartile range in parentheses
&/tbl.b:



reich (T) antigen] (Table 2, Fig. 1), or for blood-group-related an-
tigens bearing type 1 chain backbone (type 1 chain precursor,
Lewisa, sialyl Lewisa and Lewisb; Table 2, Fig. 2). Briefly, endoge-
nous peroxidase was blocked in all slides by incubating with 3%
hydrogen peroxide for 30min. Tissue sections were then prepared
for pretreatment with 0.2% trypsin (Sigma, St. Louis, Mo.) for im-
munostaining for H. pylori [21] or prepared for antigen retrieval in
a steamer (Black & Decker HS90, Shelton, Conn.) for 30 min in
0.01 mol/l citrate buffer (pH 6.0) for immunostaining for simple
mucin-type carbohydrate antigens or for blood-group-related anti-
gens bearing type 1 chain backbone. Preliminary experiments re-
vealed that steamer retrieval enhanced the immunoreactivity of tis-
sue sections for monoclonal antibodies used in this study, espe-
cially for monoclonal antibodies against simple mucin-type carbo-
hydrate antigens. After pretreatment with trypsin or antigen retri-
eval in a steamer, the slides were incubated with primary antibod-
ies for 2 h. Slides were then icubated with horseradish peroxidase-
labelled second antibody for 30 min. Visualization of immuno-
staining was performed with diaminobenzidine as a substrate, and
the tissue sections were counterstained with haematoxylin, dehy-
drated and mounted. Specifications of the antibodies employed in
this study are listed in Table 2.

Negative controls were obtained by omitting the primary anti-
body. Red blood cells and endothelial cells in the biopsy speci-
mens were used as internal positive controls for blood group A, B
and H substances. Slides prepared from colon adenocarcinoma tis-
sue were used as positive controls for Tn, sialy Tn, T, Lewisa, sial-
yl Lewisa and Lewisb.

The degree of staining of the surface mucous cells with specif-
ic carbohydrate antigens was scored semiquantitatively as 0 (nega-
tive), 1 (less than one-third of the surface mucous cells), 2 (more
than one-third, but less than two-thirds of the surface mucous
cells) and 3 (more than two-thirds of the surface mucous cells).
The immunoreactivity in the supranuclear region (Golgi region)
was also evaluated, but not graded. Grading of immunoreactivity
was performed by a single observer, who was unaware of the sub-
jects’ H. pylori status and clinical group, and of the antibodies
used. To validate the grading method, all specimens were graded
twice, on two separate occasions. There was no significant intra-
observer variation.

The subjects’ secretor status for blood group substance was de-
termined by staining the gastric surface mucous cells in the tissue
sections with monoclonal antibodies against blood group A, B,
and H antigens (Table 2), as previously reported [9, 16]. In secre-
tors the surface mucous cells express ABH blood group sub-
stances; in nonsecretors these substances are not expressed.

The Mann-Whitney U test was used to compare the staining
scores for carbohydrate antigens of normal volunteers in the an-
trum and corpus and to compare the staining scores for carbohy-
drate antigens of normal volunteers and those of patients. Because
of ethnic differences in blood-group-related antigens bearing type
1 chain backbone [11, 12], only the staining scores of simple mu-
cin-type antigens were compared when we assessed the staining
scores of the carbohydrate antigens in normal volunteers and pa-
tients. The Wilcoxon signed-rank test was used to compare the
scores before and after treatment. Staining scores are nonparamet-
ric and are thus presented as median rather than mean values.
Nonsignificant results are summarized in Table 3.

Results

All 8 normal volunteers were secretors. Among the pa-
tients with H. pylori, 14 were secretors and 6 were non-
secretors (Table 1).

Before treatment of H. pylori, every biopsy specimens
from the H. pylori-infected patients showed chronic ac-
tive gastritis in which there were various degree of neu-
rophil infiltration in addition to mononuclear cell infil -
tration. After treatment of H. pylori, neurophils disap-

peared completely, but mononuclear cell infiltration still
persisted in biopsy speicmens, albeit with lower density.

Tn, sialyl Tn and T antigens showed diffuse cytoplas-
mic staining in the surface mucous cells both in the an-
trum and in the corpus (Figs. 3). Tn antigen was also de-
tected in the supranuclear regions of the surface mucous
cells, mucous neck cells, and pyloric gland cells (Fig. 3).
The staining scores of Tn and sialyl Tn antigen were sig-
nificantly higher in the antrum than in the corpus
(P<0.01) (Table 3, Fig. 3).

Type 1 chain precursor, Lewisa and sialyl Lewisa were
demonstrated as a diffuse cytoplasmic staining in the
surface mucous cells in 1 of 8 biopsy specimens both in
the antrum and in the corpus. In this case, which was
positive for both Lewisa and sialyl Lewisa, Lewisb was
negative. Lewisb was demonstrated as a diffuse cytoplas-
mic staining in the surface mucous cells in 7 of 8 biopsy
specimens from both the antrum and the corpus.

The localization of simple mucin-type carbohydrate
antigens and blood-group related antigens bearing type 1
chain backbone in H. pylori-infected subjects was the
same as in the normal volunteers (Figs. 4–6).

The staining scores for all three simple mucin-type
carbohydrate antigens did not differ significantly be-
tween secretor patients and nonsecretor patients (Table
3).

Before treatment the staining scores for both Tn and
sialyl Tn antigens were significantly lower than those
found in normal volunteers either in the antrum or in the
corpus (P<0.01; Table 3, Fig. 4A).

After treatment, the staining scores for Tn and sialyl
Tn antigens were significantly increased and restored to-
ward the normal pattern in the antrum, in both secretors
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Fig. 3 Expression of Tn antigen in the gastric mucosa A in the an-
trum and B in the corpus of a normal volunteer. Gastric surface
mucous cells show immunoreactivity for Tn antigen, and its de-
gree of expression is higher in the antrum (A) than in the corpus
(B). Tn is also localized at the supranuclear region (Golgi region)
of the pyloric gland cells and mucous neck cells (arrows). Immu-
nostaining with HB Tn-1, original magnification ×50&/fig.c:

Fig. 4 Expression of Tn antigen in the pyloric mucosa of a patient
infected with H. pylori A before and B after treatment. Before
treatment (A) Tn is localized at the supranuclear region (Golgi re-
gion) of the surface mucous cells and pyloric gland cells. After
treatment (B) mucus of surface mucous cells expresses immunore-
activity for Tn antigen. Immunostaining with HB Tn-1, original
magnification ×50&/fig.c:

Fig. 5 Expression of Lewisa antigen in the fundic mucosa of a H.
pylori-infected patient A before and B after treatment. The surface
mucous cells express strong immunoreactivity for Lewisa antigen
irrespective of treatment. Immunostaining with T174, original
magnification ×50&/fig.c:

Fig. 6 Expression of sialyl Lewisa antigen in the fundic mucosa
of a H. pylori-infected patient A before and B after treatment. Be-
fore treatment (A, serial section from same block as depicted in
Fig. 5A) the surface mucous cells express strong immunoreactivity
for sialyl Lewisa antigen. After treatment (B, serial section from
same block as depicted in Fig. 5B) the surface mucous cells lose
immunoreactivity for sialyl Lewisa antigen. Immunostaining with
1116-ns-19-9, original magnification ×50&/fig.c:

▲
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(P<0.01) and nonsecretors (P<0.05; Table 3, Fig. 4B); in
the corpus only the staining score for sialyl Tn antigen
showed a significant increase and recovery toward the
normal pattern in both secretors (P<0.05) and nonsecre-
tors (P<0.05) (Table 3).

Specimens positive for type 1 chain precursor were
also positive for Lewisa, and specimens positive for sial-
yl Lewisa were also positive for Lewisa in all biopsy
specimens before and after treatment in both secretors
and nonsecretors. The staining scores for all these three
blood-group-related antigens bearing type 1 chain back-
bone were signigficantly higher in nonsecretor patients
before and after treatment (Table 3). Lewisb was positive
in all specimens in both secretors and nonsecretors (Ta-
ble 3).

After treatment the staining scores for type I chain
precusor and Lewisa had not changed significantly (Table
3, Fig. 5), but the staining scores for sialyl Lewisa had
decreased significantly in nonsecretors (Table 3, Fig. 6)
and the staining scores for Lewisb had decreased signifi-
cantly in both secretors and nonsecretors (Table 3).

Discussion

The histochemical data obtained in this study indicate
that the expression of carbohydrate antigens in the gas-
tric surface mucous cells is altered by infection with H.
pylori. Our results also show that the pattern of expres-
sion of carbohydrate antigens in the gastric surface mu-
cous cells differs between the antrum and the corpus.

Tn and sialyl Tn antigens showed antrum-predomi-
nant expression in normal volunteers. This finding is
consistent with the report that in pig gastric mucins the
average length of oligosaccharide chains is shorter in the
antrum than in the corpus, and the weight ratios of car-
bohydrate to protein are lower in the antrum than in the
corpus [18]. These findings suggest that mucous glyco-
proteins may be less highly glycosylated in the antrum
than in the corpus. Considering that oligosaccharide
chains play important roles in the protective functions of
the gastric mucins [25, 29], it is likely that the mucous
gel layer covering the gastric mucosa of corpus and an-
trum may have different levels of protective ability, or
may have different functions.

After treatment for H. pylori, the decreased expres-
sion of Tn and sialyl Tn antigens in gastric mucosa of H.
pylori-infected patients increased to almost normal lev-
els. This could explain the inconsistent findings when the
possible influence of mucosal inflammation on the ex-
pression of these antigens in apparently normal gastric
mucosa and chronic gastritis was not taken into account
[4, 5, 13]. The lower degree of expression of Tn and sial-
yl Tn antigens in H. pylori-infected patients may be ex-
plained either by increased glycosylation, leading to the
masking of precursor antigens (Fig. 1), or by suppression
of the biosynthesis of Tn antigen, leading to underglyco-
sylation of the mucin apoprotein. The presence of type 1
chain carbohydrates in H. pylori-infected patients sup-

ports the increased glycosylation. Since oligosaccharide
chains contribute to the viscosity of mucins [20, 24], an
increase in glycosylation of gastric apomucins would co-
incide with the increased viscosity of gastric mucin in H.
pylori-infected stomach, as reported previously [8, 15].
This could also explain why H. pylori has been shown to
have different effects on mucin viscosity in vitro [23]
and in vivo [15]. To clarify the change in the expression
of Tn antigen, it will be necessary to perform biochemi-
cal analysis of oligosaccharide chains of gastric mucins
and to measure the activity of αGalNAc-transferase,
which forms Tn antigen [3] (Fig. 1).

We confirmed the increased expression of Lewisb in
the H. pylori-infected gastric mucosa [3], a phenomenon
consistent with a possible role for Lewisb in H. pylori
colonization [2]. Although Lewisb has been reported to
be negative in nonsecretor stomachs in Caucasian sub-
jects [6], in our study Lewisb was expressed in the foveo-
lar epithelium of Japanese nonsecretors. The similar eth-
nic differences in the expression of blood group antigens
have been reported in the salivary gland cells. In a study
by Tanegashima et al. [26], expression of the type 1
blood group antigens was present in salivary mucous
cells from Japanese nonsecretors, but absent from the
corresponding cells obtained from German nonsecretors
[26]. The expression of Lewisb in Japanese nonsecretors
may be related to the fact that Japanese nonsecretors are
reported to be homozygous for a missense allele-secretor
gene, which encodes α(1,2)-fucosyl-transferases with
2–3% of the activity of the wild type [12]. In contrast,
the Caucasian nonsecretors are homozygous for an en-
zyme-inactivating nonsense allele-secretor gene [11].
Thus, mutant secretor gene (se) in the Japanese could
synthesize type 1 group H substance, which is an accep-
tor for Le enzyme. Since Lewisb is one of the putative re-
ceptors for H. pylori expressed on gastric surface mu-
cous cells [2], ethnic groups with the missense allele of
the secretor gene might be more susceptible to H. pylori
infection than those with the nonsense allele.

The expression of sialyl Lewisa was significantly in-
creased in the H. pylori-infected gastric mucosa. The
biosynthesis of sialyl Lewisa requires the addition of
sialic acid by α2,3-sialyltransferase to the type 1 chain
precursor to synthesize sialyl Lewisc and the subsequent
addition of fucose by Le gene-encoded α1,4-fucosyl-
transferase (Le enzyme) to sialyl Lewisc [30] (Fig. 2).
However, Lewisa is synthesized by the addition of fucose
to type 1 precursor by Le enzyme [30] (Fig. 2). The pat-
tern of the expression of Lewisa did not change following
successful treatment of H. pylori infection; this suggests
that the activity of Le gene-encoded α1,4-fucosyltrans-
ferase is probably stable. We speculate that the increased
expression of sialyl Lewisa in the H. pylori-infected mu-
cosa may be related to an increase in the activity of
α2,3-sialyltransferase. This hypothesis is supported by
the biochemical finding that the expression of sialyl
Lewisa in both normal and carcinomatous tissue of stom-
ach and colon is not completely regulated by Le gene-en-
coded α1,4-fucosyltransferase [7]. In addition, in a colon
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cancer cell line, TNFα has been reported to increase the
activity of α2,3-sialyltransferase [14], and TNFα has
also been reported to be increased in H. pylori-infected
gastric mucosa [31]. Thus, TNFα may also increase the
activity of α2,3-sialyltransferase in gastric surface mu-
cous cells of H. pylori-infected gastric mucosa. Similar
mechanisms may be involved in the regulation of expres-
sion of simple mucin-type glycoproteins.

Analysis of the expression of Lewisa and sialyl Lewisa

in the gastric mucosa of normal appearance has yielded
inconsistent results. Some authors reported the Lewisa

and sialyl Lewisa were present only in nonsecretor pa-
tients [9, 16], while others found the expression of these
antigens not only in nonsecretors but also in secretors
[19, 27, 28]. To explain the latter findings Sakamoto et
al. speculated that secretors who were heterozygous for
dimorphic secretor genes (Se/se), had a lower activity of
the α1,2-fucosyltransferases in the gastric mucosa [28].
In our study, Lewisa and sialyl Lewisa antigens were de-
tected in both secretors and nonsecretors. In our secretor
subjects who expressed Lewisa and sialyl Lewisa, type 1
chain precursor antigen was also detected. This pattern
of co-expression of type 1 chain precursor antigen with
Lewisa and sialyl Lewisa is similar to the pattern seen in
nonsecretors. This finding supports the hypothesis that
α1,2-fucosyltransferases has lower activity in heterozy-
gous secretors (Se/se).

In summary, H. pylori infection causes distinct altera-
tions in the pattern of glycosylation of gastric mucus gly-
coproteins which might change the protective function of
gastric surface mucous gel layer against noxious agents.
These alterations are completely reversed when of the in-
fection is cured. Further investigation of the activity of
glycosyltransferase may provide useful insights into the
regulatory mechanisms of gastric mucous glycoproteins;
in addition, it may contribute to expanding our under-
standing of the pathogenesis of H. pylori infection.
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