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A B S T R A C T

Purpose: Attachment of Helicobacter pylori to the mucous epithelial cells and the mucous layer is said to be
a crucial step for infection development. Sugar antigens of gastric mucins (MUC5AC, MUC1) can act as
receptors for bacterial adhesins. The aim of the study was to investigate if Lotus tetragonolobus and
Maackia amurensis lectins influence the level of MUC1, MUC5AC, Lewis b, H type 1, sialyl Lewis x,
phospho-IkBa and interleukin 8 in Helicobacter pylori infected gastric cancer cells.
Materials and methods: The study was performed with one clinical H. pylori strain and CRL-1739 gastric
cancer cells. To assess the levels of mentioned factors immunosorbent ELISA assays were used.
Results: Coculture of cells with bacteria had no clear effect on almost all examined structures. After
coculture with H. pylori and lectins, a decrease of the level of both mucins, Lewis b and H type 1 antigens
was observed. Lectins addition had no effect on sialyl Lewis x. Maackia amurensis caused slight increase of
phospho-IkBa while interleukin 8 level was decreased.
Conclusions: Lotus tetragonolobus and Maackia amurensis lectins can mediate in binding of Helicobacter
pylori to gastric epithelium.

© 2017 Medical University of Bialystok. Published by Elsevier B.V. All rights reserved.
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1. Introduction

Helicobacter pylori, a bacterium isolated first in 1982 [1], is
responsible for chronic active gastritis, peptic ulcer disease and
gastric cancer [2,3]. It is estimated that approximately 50% of the
world’s population is infected [4]. It is interesting that the vast
majority of infected individuals (80–90%) are asymptomatic
despite histologic gastritis [5]. The ability of the bacterium to
cause disease depends on a variety of host, environmental and
bacterial factors [6]. The mucus layer of the gastrointestinal tract is
said to interact with H. pylori [7,8]. The attachment of the bacteria
to the mucous epithelial cells and the mucous layer lining the
gastric epithelium seems to be a crucial step for the pathogenesis
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of H. pylori [9,10]. Secreted oligomeric mucins MUC5AC and MUC6
are dominating components of mucous layer. There is also a
membrane-tethered MUC1 mucin which extracellular domain can
be released and is present in mucous [4,11]. Mucins are
glycoproteins containing highly diverse carbohydrates, receptors
for H. pylori adhesins [8]. The best characterized adhesins are the
blood group antigen binding adhesin (BabA) that binds to Lewis b
and H type 1 structures [12] and the sialic acid binding adhesin
(SabA) that recognizes sialylated oligosaccharides [13,14].

During the course of bacterial infection and inflammation
mucins glycosylation can change. Some of these alterations can be
considered as a form of defense against H. pylori infection
[13,15,16]. However, the importance of these changes as well as
involvement of mucins in the inflammation development are still
not fully understood.

MUC1 seems to play a special role in the course of H. pylori
infection because of epithelial-membrane binding and possible
participation in intracellular signaling cascades leading to the
activation of transcription factors (e.g. nuclear factor kappa-light-
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chain-enchancer of activated B cells) that induce the production of
proinflammatory chemokines (e.g. interleukin 8) [17–19]. Phos-
phorylation of IkBa (inhibitor of NF-kB) inhibitor and its
subsequent degradation in the cytoplasm are required for the
translocation of NF-kB to the nucleus [20,21]. It is suggested that
MUC1 can inhibit IkBa phosphorylation and NF-kB activation by
binding to IKK kinase [22]. Other mechanisms of MUC1 participa-
tion in intracellular signaling and H. pylori inflammation develop-
ment are not excluded.

Fucose and sialic acid are of widespread occurrence as
components of the oligosaccharide chains of glycoconjugates
present in animal cells and tissues and appear to play a role in
many important biological recognition mechanisms [23]. LTA
lectin purified from seeds of Lotus tetragonolobus was shown to
agglutinate human O(H) red blood cells. It is able to recognize
Fuca1-3GlcNAc (N-acetylglucosamine) antigen on carbohydrate
chains [24]. Lotus tetragonolobus seeds are edible, which are one of
vegetables known as asparagus pea or winged pea. MAL (Maackia
Amurensis leukoagglutinin) is one of two lectins isolated from
Maackia amurensis seeds. It strongly binds carbohydrate antigens
containing sialic acid, particularly Neu5Aca2-3Galb1-4GlcNAc/Glc
(Gal - galactose) sequence and reveals lymphocyte mitogenic
activity [25]. The above lectins are able to recognize and bind
carbohydrate antigens which can be potentially involved in
binding of gastric mucins with H. pylori adhesins. Because of this
we assumed that if examined lectins are able to influence the
expression of mucins, specific carbohydrate antigens or other
factors taking part in interactions with bacteria, they can have
impact on H. pylori infection development.

2. Materials and methods

2.1. Cell culture and bacteria

Gastric adenocarcinoma cells (CRL-1739, ATCC, Manassas, VA,
USA) were cultured according to standard procedures in F-12
medium containing 10% heat inactivated FBS (fetal bovine serum)
(Life Technologies, Carlsbad, CA, USA), 100 U/mL penicillin and
100 mg/mL streptomycin (Sigma, St. Louis, MO, USA). Cells were
seeded in six-well plates. H. pylori was laboratory strain from
Department of Microbiology (Medical University of Białystok,
Poland). It was isolated from gastric epithelial cells from patient
suffering from gastritis. The scrapings were collected before the
beginning of the treatment, under endoscopic examination, from
the prepyloric area and the body of the stomach. Immediately the
scrapings were carried into the transport medium Portagerm pylori
(bioMerieux, Saint-Vulbas, France). Then, after homogenization,
the bacteria were cultured on Pylori Agar and Columbia Agar
supplemented with 5% sheep blood (bioMerieux, Saint-Vulbas,
France) for 7 days at 37 �C under microaerophilic conditions using
Genbag microaer (bioMerieux, Saint-Vulbas, France).
Table 1
Source of antibodies and their dilutions.

Antibody Catalogue number 

Anti-MUC1 (IgG) ab89492 

Anti-MUC5AC (IgG) M5293 

Anti-Lewis b (IgG) MA1-90886 

Anti-H type 1 (IgG) ab3355 

Anti-silayl Lewis x (IgM) MAB2096 

Anti-phospho-IkBa (IgG) 5210 

Anti-mouse IgG peroxidase conjugated A9044 

Anti-mouse IgM peroxidase conjugated B9265 
Microorganisms were identified upon the colony morphology,
by the Gram method. Additionally, the activity of the bacterial
urease, catalase and oxidase were also determined. To prove H.
pylori species, ELISA test (enzyme-linked immunosorbent assay)
(HpAg48; EQUIPAR, Spain) was used. Then bacteria were
subcultured in the same conditions, suspended at 1.2 � 109

bacteria/ml in PBS and added to growing gastric cancer cells at
a multiplicity of infection (MOI) of 10 for the indicated below
period of time.

24 h prior H. pylori treatment, the cell medium was changed to
antibiotics-free F-12 medium, supplemented or not with unlabeled
LTA (Lotus Tetragonolobus agglutinin) or MAL lectins (Vector,
Burlingame, CA, USA) (0.08 mg of proper lectin/1 mg protein in
lysed gastric cancer cells; conditions were established previously).
After bacteria addition the cells were cultured for 24 h. Culture
media were collected for IL-8 determinations. The cells were
washed with PBS and lysed at 4 �C with RIPA buffer (Sigma, St.
Louis, MO, USA) supplemented with protease inhibitors (Sigma, St.
Louis, MO, USA), diluted 1: 200 in RIPA buffer. Culture media and
lysates were aliquoted and stored in �70 �C. The study was
approved by the Institutional Ethical Committee with the
principles of the Declaration of Helsinki and informed consent
was obtained from the patient.

2.2. Lectin-based ELISA for sugar antigens recognized by LTA and MAL
lectins

50 mL of cell lysates with protein concentration 100 mg/mL
(dilution was performed with PBS buffer) were coated on
microtiter plates and incubated overnight at room temperature
(RT). The protein content in the samples was measured using
bicinchoninic method [26]. The plates were washed three times
(100 mL) in PBS, 0.05% Tween (PBS-T) between all ensuring steps.
Unbound sites were blocked with 100 mL of 1% blocking reagent for
ELISA (Roche Diagnostics, Mannheim, Germany) for 1 h. The plates
were incubated for 1 h with 100 mL of biotynylated Lotus
tetragonolobus (LTA) recognizing Fuca1-3GlcNAc (Glc - glucose)
and Maackia amurensis (MAL) lectin specific for Neu5Aca2-
3Galb1-4GlcNAc/Glc antigen (Vector, Burlingame, CA, USA) diluted
to 0.5 mg/mL in washing buffer with 1% of BSA (bovine serum
albumin) (Sigma, St Luis, MO, USA). LTA lectin solution was
supplemented with 0.1 mmol/L CaCl2 and MAL with 0.1 mmol/L
CaCl2 and 0.01 mmol/L MnCl2. Plates were then incubated with
100 mL of horseradish peroxidase avidin D solution (Vector,
Burlingame, CA, USA) for 1 h. After washing 4 times in PBS, the
coloured reaction was developed by incubation with 2,20-azino-bis
(3-ethylbenzthiazoline-6-sulfonic acid) (ABTS) – liquid substrate
for horseradish peroxidase (Sigma, St Luis, MO, USA). Absorbance
at 405 nm was measured after about 30–40 min. All samples were
analyzed in triplicate in three independent tests. As a negative
control the wells with PBS instead of cell lysates were used. The
Clone Source Dilution

BC2 Abcam 1:400
45M1 Sigma 1:400
LWB01 Thermo Scientific 1:400
17-206 Abcam 1:400
MAB2096 Millipore 1:200
12C2 Cell Signalling 1:100

Sigma 1:2000
Sigma 1:2000



Fig. 1. Relative levels of carbohydrate antigens Fuca1-3GlcNAc recognized by Lotus
tetragonolobus (LTA) and Neu5Aca2-3Galb1-4GlcNAc/Glc detected by Maackia
amurensis (MAL) lectin in CRL-1739 cell lysates (as absorbance at 405 nm after
reactivity with proper lectins in ELISA tests). CRL-1739 cells were cultured for 24 h
without or with H. pylori. Values � SD are the mean of triplicate cultures.

I. Radziejewska et al. / Advances in Medical Sciences 63 (2018) 205–211 207
absorbance of negative control (less than 0.1) was subtracted from
absorbances of the samples.

2.3. ELISA for MUC1, MUC5AC, Le b, H type 1, sialyl Le x and phospho-
IkBa

50 mL of cell lysates with protein concentration 200 mg/mL (for
phospho-IkBa determination) or 100 mg/mL (for MUC1, MUC5AC,
Le b Lewis b antigen, H type 1 and sialyl Le x determination
sialylated Lewis x antigen) were coated on microtiter plates and
incubated overnight at RT. Blocking and washing steps were as
described above. Then the plates were incubated (2 h at RT) with
100 mL of monoclonal antibodies diluted in 1% bovine serum
albumin (BSA) in PBS-T (for specifications and dilutions of
antibodies see Table 1). Then the plates were incubated with
secondary antibody, horseradish peroxidase conjugated rabbit
anti-mouse IgG or anti-mouse IgM and the coloured reaction was
performed as described above. All samples were analyzed in
triplicate in three independent tests. The negative control was used
as described above.

2.4. IL-8 ELISA

IL-8 was quantitatively determined by ELISA test using
commercially available capture and detection antibodies (BD
Biosciences, San Diego, CA, USA) according to the manufacturer’s
instructions. Briefly, microwells of 96-well plate (NUNC F96;
Maxisorp, Roskilde, Denmark) were coated with 100 mL of capture
antibody diluted in 0.1 M bicarbonate buffer, pH 9.5 and incubated
overnight at 4 �C. The plates were washed three times (200 mL) in
PBS-T between all ensuring steps. Unbound sites were blocked
with 200 mL PBS, 10% FBS. Then the cell culture media were added
and incubated for 2 h at RT followed by incubation with
biotinylated detection antibody, peroxidase-labeled streptavidin
and tetramethylbenzidine substrate. Absorbance at 450 nm was
measured after 30 min and IL-8 levels were determined from
standard curve prepared with serial dilutions of purified chemo-
kine. All samples were analyzed in triplicate or quadruplicate in
three independent tests and standard curves were performed on
each plate.

2.5. Statistics

Experimental data were presented as mean � standard
deviation SD from at least three independent experiments using
the STATISTICA 10 StatSoft program. Statistical differences were
determined by one-way ANOVA followed by the Duncan’s multiple
range post hock test, p < 0.05 was considered statistically
significant.

3. Results

The presence of carbohydrate antigens revealed by LTA and MAL
lectins in CRL-1739 cell lysates was determined. In Fig. 1 it is seen
that cancer cells possess Fuca1-3GlcNAc (recognized by LTA lectin)
and Neu5Aca2-3Galb1-4GlcNAc/Glc (recognized by MAL lectin).
These antigens, as part of specific sugar structures, can be
potentially considered as receptors for bacterial adhesins. Howev-
er, coculture of cells with H. pylori had no effect on the expression
of these antigens.

In our preliminary results it was revealed that lectins LTA and
MAL had no influence for mucins expression in gastric cancer cells
CRL-1739 (results are no shown). MUC1 and MUC5AC are mucins
which are said to be potentially involved in H. pylori induced
inflammation process especially because of interactions between
mucins sugar antigens and bacterial adhesins. In Fig. 2 we can
observe that bacterium (while cocultured with cancer cells for
24 h) had no influence on expression of both mucins. However,
coculture of cells with H. pylori and lectins resulted in statistically
significant decrease of MUC1 expression (by 18.7% for LTA and by
19% for MAL). For MUC5AC, statistically significant decrease of
expression (by 14.28%) was observed after coincubation with MAL
lectin. In case of LTA lectin the decrease (by 7.35%) was not
statistically significant.

As it is seen in Fig. 3, coculture of H. pylori with examined cells
had no influence on Lewis b antigen expression. By contrast,
addition of bacterium and lectins to the coculture of cancer cells
caused statistically significant inhibition of this antigen expres-
sion, by 31.3% for LTA and 27.5% for MAL. In case of H type 1
structure, similar relations can be observed with the exception that
H. pylori addition caused slight non-significant increase of the
expression of this antigen. LTA lectin caused 22.5% decrease of the
antigen and for MAL the decrease was by 12.9%. There is almost no
effect of bacterium and both lectins on sialyl Lewis x expression.

NF-kB normally resides in a form of inactive complex with
IkBa. After phosphorylation of IkBa, NF-kB is released allowing
the activated transcription factor to translocate into the nucleus
and activate proinflammatory (e.g. IL-8) gene expression. As shown
in Fig. 4, H. pylori treated CRL-1739 cells had only slightly lower (by
7%) non significant level of phospho IkBa in cells lysates in
comparison to non-infected cells. LTA addition to the culture had
no effect on phospho IkBa expression. Almost no effect of this
lectin addition was also observed on IL-8 released to the culture
medium (Fig. 5). By contrast, MAL pretreatment caused statisti-
cally significant decrease (by 59%) of IL-8 production. However, in
these conditions, phospho IkBa was slightly increased (without
statistical significance) (Fig. 4).



Fig. 2. Relative levels of MUC1 and MUC5AC mucins in CRL-1739 cell lysates (as absorbance at 405 nm after reactivity with monoclonal anti-MUC1 and anti-MUC5AC
antibodies in ELISA tests). 24 h prior H. pylori treatment, the cell medium was changed to antibiotics-free medium supplemented or not with LTA and MAL lectins. After
bacteria addition the cells were cultured for next 24 h. Values � SD are the mean of triplicate cultures. * p < 0.05.
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4. Discussion

It is known that gastric mucins are involved in interactions with
H. pylori adhesins during infection development. Secreted MUC5AC
and epithelial MUC1 are said to interact directly with bacterium by
specific carbohydrate receptors, while MUC6 reveals antimicrobial
activity [9,27–29]. The adhesion of H. pylori to gastric epithelial
cells plays a crucial role in the origin of gastroduodenal diseases
[10,30]. It is said that H. pylori is among major activators of NF-kB
pathway through IkBa phosphorylation [31]. As a result, IL-8, one
of the important chemotactic factors for granulocytes, secreted
mainly by epithelial cells, can be produced. It can have a significant
implication for the infection pathogenesis [32].

In our study we assumed that LTA and MAL lectins, recognizing
specific sugar antigens can influence the interactions between
bacterial adhesins and epithelial carbohydrate structures. LTA
lectin isolated from edible Lotus tetragonolobus seeds recognizes
especially Fuca1-3GlcNAc antigen [24]. MAL lectin isolated from
Maackia amurensis seeds is commonly used to detect Neu5Aca2-
3Galb1-4GlcNAc/Glc antigen. This lectin can also bind unsialy-
lated, sulfonated SO4-3-Galb structure. To be sure about binding
specificity, sialidase treatment could be performed what would
reduce or eliminate the lectin-binding signal in case of lack of
sulfated structures [25]. However this treatment was not used in
our study so we assume that examined lectin detects especially
sialylated antigens. As potential effects of our experiments we
expected the changes in the expression of some factors participat-
ing in the mentioned interplay of pathogen with the “host”.
Surprisingly, upon our results we observed almost no influence of
H. pylori (cocultured with examined cells for 24 h) on the level of
carbohydrate antigens recognized by examined lectins as well as
on MUC1, MUC5AC mucins, Le b, H type 1 and sialyl Le x structures.
These results are not in accordance with the suggestions of other
authors about alterations of epithelial carbohydrate glycosylation
during the course of infection [13,15,16,33,34]. Our determinations
of mentioned structures were done with cell lysates, so we suggest
that main alterations can occur within structures located in the
culture medium. However, in this study such determinations were
not performed. A lack of adhesive properties of examined strain to
mentioned structures shouldn’t be also excluded. The study was
done with one clinical strain in which specific adhesive properties
were not characterized. By contrast, both used lectins, while
cocultured together with H. pylori, caused a decrease of levels of
MUC1, MUC5AC mucins and also Le b and H type 1 antigens. One of
possible explanations of these results can be that substantial
amounts of mucins (with Le b and H type 1 on them) were bound to
bacteria and were removed by centrifugation prior to determina-
tion in cell lysates (by ELISA tests). So we can suggest that lectins
mediate in binding of H. pylori with specific carbohydrate antigens
present on mucins. We can also assume that lectins can interact
with carbohydrates on H. pylori surface as sugar antigens are
commonly expressed on the O-specific chain of the bacterial
lipopolysaccharide (LPS) [35]. Our findings are similar to those
obtained with human gastric epithelial cell line MKN7 by Linden
et al. [17]. The authors suggest that mucins, especially MUC1 with
its extracellular long domain, can act as releasable decoy, because
bacterium, after binding to mucin can be released together with
extracellular domain of this mucin. However our results are from
cell lysates and the culture media were not examined. Interestingly
almost no effect of H. pylori and lectins addition is observed in case



Fig. 3. Relative levels of Lewis b, H type 1 and sialyl Lewis x antigens in CRL-1739 cell lysates (as absorbance at 405 nm after reactivity with monoclonal anti-Lewis b, anti-H
type 1 and anti-sialyl Lewis x antibodies in ELISA tests). 24 h prior H. pylori treatment, the cell medium was changed to antibiotics-free medium supplemented or not with LTA
and MAL lectins. After bacteria addition the cells were cultured for next 24 h. Values � SD are the mean of triplicate cultures; * p < 0.05.

Fig. 4. Relative level of phospho IkBa in CRL-1739 cell lysates (as absorbance at
405 nm after reactivity with monoclonal anti-phospho-IkBa antibody in ELISA
test). 24 h prior H. pylori treatment, the cell medium was changed to antibiotics-free
medium supplemented or not with LTA and MAL lectins. After bacteria addition the
cells were cultured for next 24 h. Values � SD are the mean of triplicate cultures.
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of sialyl Le x antigen. It is known that sialylated Le structures are
common in infected and inflamed gastric mucous. Upon our results
we can suggest that the bacterial strain used in our study has no
adhesive properties to sialylated sugar antigens and LTA and MAL
lectins don’t participate in H. pylori binding to these carbohydrate
structures.

As it was mentioned above, phosphorylated form of IkBa and
IL-8 levels can be influenced by H. pylori during infection
development. However such impact was not observed after 24 h
coincubation of bacterium with examined, gastric cancer cells or
after coincubation with H. pylori and LTA lectin. This can be
explained by possible degradation of phospho-IkBa in perox-
isomes shortly after activation. 24 h incubation time used in our
experiments can be too long period for proper assessment of the
factor. Interestingly, clear inhibitory effect on IL-8 level in culture
media was observed after coincubation of cells with H. pylori and
MAL. We assume that in these conditions bacterial infection is not
able to induce signal transduction leading to increased IL-8
production. Slightly increased level of phospho-IkBa after cocul-
ture of gastric cancer cells with the bacterium and MAL lectin can
suggest other than described above pathway of IL-8 expression,
where both factors act independently.

5. Conclusions

Because of observed changes in the expression of some factors
potentially participating in the development of Helicobacter pylori
infection we suggest that Lotus tetragonolobus and Maackia
amurensis lectins can mediate in binding of bacterium to gastric
epithelium. As H. pylori uses the epithelial carbohydrates as
receptors for adhesion and infection, a strategy of glycan related
inhibition of bacterial colonization using carbohydrate-binding
structures could have therapeutic effect on infection. The



Fig. 5. Interleukin-8 levels secreted into the CRL-1739 cell culture supernatant
(determined in ELISA test). 24 h prior H. pylori treatment, the cell medium was
changed to antibiotics-free medium supplemented or not with LTA and MAL lectins.
After bacteria addition the cells were cultured for next 24 h. Values � SD are the
mean of triplicate cultures; * p < 0.05.
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increasing antibiotic resistance creates the need to look for this
kind of new, alternative therapeutic strategies.

Our work is preliminary one with some limitations, including
especially usage of only one H. pylori strain without specific
characterization of its adhesive properties. The subject is planned
to be explored more thoroughly with different times of cocultures
of gastric cells with some bacterial strains and lectins. We are going
to check if there would be any correlation between bacterial
adhesins genotypes and gastric cells response related to changes in
factors taking part in interactions concerning bacteria and
epithelium.
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