
INTRODUCTION
Helicobacter pylori (H. pylori) bacteria have been recognized

as a major cause of chronic gastritis as well as gastric and
duodenal ulcers. These bacteria have also been included into
class I carcinogens. The correlation between H. pylori infections
and gastroduodenal diseases was proved by Warren and Marshall
in1983 (1). H. pylori infections are usually acquired early in the
childhood and last for a lifetime. The microbes adhere to gastric
epithelium, deliver toxins and cause cell damage inducing
inflammation (2). The soluble (urease, vacuolating cytotoxin-
VacA) and cellular (CagA-cytotoxin associated gene A antigen)
H. pylori compounds are the major virulence factors of these
bacteria (3-6).

As a persistent colonizer of the human stomach, H. pylori
has evolved complex strategies to reduce the extent of immune
defence activity and maintain a balanced inflammatory state in
the gastric epithelium.

A number of H. pylori compounds appear to reduce
inflammatory response and recognition of bacterial antigens by
the host immune system. Immunomodulatory effects of VacA,
CagA and several adhesins have been proved in previous
experimental trials (2, 5). The majority of H. pylori strains
produce lipopolysaccharides (LPS) decorated with human-
related Lewis (Le) epitopes, LeX, LeY, Lea, Leb, Lec, sialyl-LeX

and H-antigen (7). The epitope mimicry may contribute to
pathological autoreactive responses in H. pylori infections. The
bacteria can also alter their Lewis antigen expression in response
to different environmental conditions which might facilitate
persistent colonization (8, 9). Moreover, the phase-variable
expression of Lewis antigens allows bacteria to modulate the
host adaptive immune response through interactions with DC-
SIGN on dendritic cells and macrophage subpopulations (10).

Macrophages are the main targets of LPS and participate in
the immune responses to gram-negative bacteria. Nevertheless,
the interaction of macrophages with H. pylori LPS is poorly
understood. In this study we focused on a potential role of the
cells of monocyte/macrophage lineage in the proliferation of
human peripheral blood mononuclear leukocytes (PBML) in the
milieu of H. pylori LPS.

MATERIALS AND METHODS

Subjects
Twenty one healthy women, (25-50 years old) participated in

this study and their consent was confirmed by signature. The
study protocol was approved by the Local Ethical Committee.
All volunteers were free of clinical illnesses without history of
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persistent dyspepsia, peptic ulcer or malignancy. They remained
free of use of antibiotics, bismuth salts, non-steroidal anti-
inflammatory or immunosuppressive agents.

The H. pylori status was estimated by 13C urea breath test-
UBT (11) and anti-H. pylori antibodies detected by ELISA as
previously described (12).

The volunteers were divided into two groups, one with UBT
and anti-H. pylori IgG positive – H. pylori infected – H.p.(+) and
the other with UBT and anti-H. pylori IgG negative – H. pylori
noninfected – H.p.(-).

Leukocyte cultures
1. Single-stage cultures of total peripheral blood mononuclear
leukocytes (tPBML)

In the preliminary experiments the samples of peripheral
blood (30 ml) from 21 donors, 10 H. pylori positive H.p. (+) and
11 H. pylori negative - H.p. (-) were separated by Lymphoprep-
gradient centrifugation as recommended by the manufacturer
(Nycomed Pharma AS, Norway). The total PBML population
(4x105 in 200 µl/well) in 96 - well microplates, was stimulated
for 5 days (37°C, 5% CO2) with 1.0 µg/well of standard E. coli
LPS (Sigma, St. Louis, Michigan, US) or H. pylori LPS, or 2.5
µg/well of phytohemagglutinin – PHA (Sigma) as a positive
control for the lymphocyte proliferation. The H. pylori LPS was
prepared by phenol-Water technique after pretreatment of
bacterial biomass with pronase. Then the LPS preparation was
purified by treatment with RNase, DNase and proteinase K, and
by ultracentrifugation, as previously described (13). The
experiments were performed in triplicate in the RPMI-1640
medium containing 10% fetal calf serum (FCS), 200 mM L-
glutamine and 50 µg/ml gentamicin (complete medium). At 18 h
before the end of cultivation, 5 µCi [3H]-thymidine was added to
each well to estimate cell proliferation.

2. Two-stage mixed cultures of mature macrophages
prestimulated with H. pylori or E. coli LPS and autologous
lymphocytes

For two-stage cultures the samples of peripheral blood were
harvested from the same donors who gave blood for the one-
stage cultures after two months. To obtain adherent monocytes,
tPBML (4x105 in 200 µl complete medium/well in the 96 well
tissue culture plates) were incubated for 1 hour, 37°C, 5% CO2.
The nonadherent cells were washed out. The adherent
macrophages in 200 µl complete medium/well were allowed to
mature for 5 days with a half volume medium exchange on the
3rd day of the culture. The monolayers of mature macrophages
were stimulated with H. pylori LPS or E. coli LPS (1 µg/well)
for 24 hours (37°C, 5% CO2) or they were not stimulated
(complete medium alone). At the end of macrophage stimulation
the samples of blood were harvested from the volunteers. The
suspension of tPBML (4x105 in 200 µl complete medium/well)
was incubated for 1 hour (37°C, 5% CO2) to remove adherent
macrophages. The nonadherent lymphocytes in the culture
medium (200 µl/well) with or without PHA (2.5 µg/well) were
added to the monolayers of autologous macrophages, which
were or were not stimulated with LPS. The cells were incubated
for 5 days. At 18 h before the end of cultivation, 5 µCi [3 H]-
thymidine was added to each well to estimate cell proliferation.

Cell proliferation
The incorporation of thymidine was measured using

microbeta scintillation counter after harvesting the cells on fibre
filters. All cultures were settled in 3 repeats. The results are
expressed as mean cpm/culture ± standard deviation (S.D.).

The cell viability assays

The tPBML (4 x 105 in 200 µl/well) were incubated for 5
days (37°C, 5% CO2) in 96-well microplates with 1 µg/well of
E. coli or H. pylori LPS, PHA (2.5 µg/well), staurosporin (0.25
mM solution, 5 µl/well) or RPMI-1640 complete medium alone.
After 5 days of cultivation the viability of adherent and
nonadherent cells was estimated. A metabolic activity of PBML
was estimated colorimetrically on the basis of the ability of the
live cells to reduce MTT tetrazolium salt (cell proliferation and
viability assay, TACSTM MTT assays, R&D System,
Minneapolis, USA). The Mito LightTM Apoptosis Detection Kit
(Chemicon International, Temecula, Canada) was used for the
indication of the appearance of early apoptotic changes in the
cells. The staurosporin (Sigma, 0.25 mM, 5 µl/culture) was used
as a positive control in the apoptosis assay. Both tests were
performed as recommended by the manufacturers. The intensity
of MTT reduction was estimated spectrophotometrically at 600
nm wave length. The cell viability was expressed in the optical
density units OD600. There was a correlation between the viable
cell number, used for preparing the standard curve, and the
absorbance intensity.

The enhancement of green versus yellow/red fluorescence
allowed detecting apoptotic and live cells, respectively, as
measured with Victor 2 reader at 480/530 excitation/emission
filters. The results were expressed as relative fluorescence units
(RFU).

Cell viability in the cell cultures was additionally estimated
by standard trypan blue exclusion assay.

Statistical analysis
Statistica 5.5 PL program with non-parametric tests was

used: Mann-Whitney U test (for impaired data) to verify the
hypothesis that the two compared samples came from two
statistically different populations; Chi-square χ2 test for the
comparison of the prevalence of the analyzed parameters in the
studied groups.

RESULTS

The proliferation of lymphocytes in response to H. pylori and
E. coli LPS (one-stage cultures)

Monocyte derived macrophages (M ) are the main target of
LPS and the key immunocompetent cells in the immune
response to Gram negative bacteria. In this study we assumed
that the monocyte derived M exposed to H. pylori LPS may
interfere with a response of lymphocytes to H. pylori bacteria
and be involved in the inhibition of antibacterial cellular
immunity with a result of defective eradication of H. pylori
infection. To verify our hypothesis, we used two culture models
to measure the proliferation of lymphocytes responding to H.
pylori and E. coli LPS. First, the samples of total peripheral
blood mononuclear leukocytes (tPBML) from 21 healthy
volunteers, with or without H. pylori infection, were stimulated
for 5 days with H. pylori LPS, E. coli LPS or PHA. The cell
proliferation was estimated on the basis of [3H]-thymidine
incorporated into dividing cells.

The tPBML from all volunteers responded to PHA with
intensive proliferation (59190±53970 cpm/culture and
51200±40420 cpm/culture for H.p.(+) and H.p.(-) donors,
respectively), when they were stimulated with this mitogen for 5
days. On the contrary, there was a natural variation in the LPS
driven responses of tPBML from both H.p.(+) and H.p.(-)
volunteers (Fig. 1). The tPBML from three out of ten H.p.(+) and
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two out of eleven H.p.(-) volunteers responded simultaneously
to H. pylori and E. coli LPS with 2-3 fold more [3H]-thymidine
having been incorporated as compared with the cells cultivated
in the medium without LPS. The volunteers whose tPBML
responded to LPS will be further referred to as responders. There
was no difference in the proliferation responses to H. pylori and
E. coli lipopolysaccharide of tPBML from H.p. (+) and H.p. (-)
responders. The tPBML from the majority of the volunteers
responded neither to H. pylori LPS nor E. coli LPS.
Interestingly, in tPBML from both H.p. (+) and H.p (-) non-

responders, stimulated for 5 days with H. pylori or E. coli LPS,
the DNA synthesis was below the values measured for tPBML in
the medium without LPS (Fig. 1). Individual differences in the
responsiveness of tPBML to bacterial LPS were not related to
cell death. The cell viability in all cultures was in the range 80-
98% as estimated by trypan blue exclusion. However, the
extremely low incorporation of [3H]-thymidine into H. pylori
LPS-treated PBML was associated with significant impairment
of the cell metabolic activity which was demonstrated by the
MTT test (Table 1). To check if the decrease in the MTT
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Fig. 1. The total PBML (tPBML) proliferation
in 5-day cultures stimulated with H. pylori
LPS, E. coli LPS or cultivated in a complete
medium without stimuli (one-stage cultures).
Cell proliferation is expressed as the ratio of
cpm value for the culture in medium alone
defined as 1, to cpm value for the culture with
LPS. PBML from H. pylori infected (white
circles and triangles) and uninfected (black
circles and triangles) donors.
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PBML, peripheral blood mononuclear cells; MTT, tetrazolium salt; OD, optical density; PHA, phytohemagglutinin; RFU, relative
fluorescence units; LPS, lipopolysaccharide; nt, non tested. The total population of PBML was stimulated for 5 days in the RPMI-1640
medium alone or in the medium supplemented with H. pylori or E. coli LPS, PHA or staurosporin. The proliferating activity of the
cells was estimated on the basis of [3H]-thymidine incorporation. After 5 days of cultivation the metabolic activity and apoptotic
changes of adherent and non-adherent cells were estimated. The MTT reduction assay allowed the measurement of cellular metabolic
activity. The features of apoptosis were detected on the basis of fluorochrome accumulation in the mitochondrial cell membrane. The
results were expressed as the number of cpm/culture (cell proliferation), optical density units - OD600 (metabolic activity of the cells)
and the relative fluorescence units (cell apoptosis).

Table 1. The viability of non-separated and separated PBML in 5 day cultures stimulated with H. pylori or E. coli LPS, and PHA or
staurosporin.



reduction should be attributed to the macrophages or
lymphocytes, we separated the tPBML from 5-day cultures
stimulated with LPS into non-adherent lymphocytes and
adherent macrophages. Then the cell fractions enriched in
lymphocytes or macrophages were examined with the MitoLight
Apoptosis Detection Kit. No apoptotic changes were found in
the population of adherent cell fractions. The early apoptotic
changes were identified in non-adherent lymphocytes (Table 1)
with the increase in RFU from the value 887±200 for the cell
cultures in complete medium alone to 1220±260 (p=0.034) and
1470±430 (p=0.004) for the cultures stimulated with H. pylori
LPS and E.coli LPS, respectively.

The proliferation of lymphocytes in response to H. pylori and
E. coli LPS (two-sage cultures)

The extent of macrophage maturation is known to affect
their activity. Thus, we used a two step culture model in the
study. Peripheral blood was obtained from four healthy donors
whose non-separated PBML responded (responders) with
proliferation to H. pylori LPS and E. coli LPS, two H.p (+) and
two H.p. (-), and from four volunteers whose non-separated
PBML did not proliferate in the cultures stimulated with the
bacterial LPS (non-responders), two H.p. (+) and two H.p. (-).
The adherent monocytes were obtained and allowed to mature in
complete medium for 5 days. Then the mature macrophages
were pulsed for 24 hours with H. pylori LPS or E. coli LPS, or
incubated in complete medium alone.

The samples of blood were harvested from LPS responders
and non-responders. The suspensions enriched in non-adherent
lymphocytes were prepared and added to autologous LPS-pulsed
or non-pulsed macrophages. The mixed cultures were incubated
for 5 days and cell proliferation was measured. For each
individual volunteer the intensity of DNA synthesis in the
cultures of non-adherent lymphocytes stimulated with LPS-
pulsed M was compared with the uptake of [3H]-thymidine in
the cultures of tPBML stimulated with LPS itself. In both H.p.
(+) and H.p. (-) LPS responders the uptake of [3H]-thymidine by
non-adherent lymphocytes stimulated with autologous H. pylori
LPS – pulsed M was significantly impaired as compared to
DNA synthesis in tPBML incubated directly with H. pylori LPS

(Fig. 2). Individual variations were marked in the group of LPS
responders with regard to E. coli LPS driven cell proliferation
responses. There was one H.p.(+) LPS responder whose non-
adherent lymphocytes incorporated significantly less [3H]-
thymidine on the fifth day of stimulation with autologous E. coli
LPS – pulsed M than was the score for tPBML stimulated
directly with E. coli lipopolysaccharide (Fig. 2). For three other
LPS responders, similar levels of DNA synthesis were observed
in non-adherent lymphocytes stimulated with autologous E. coli
LPS – pulsed M and tPBML stimulated directly with E. coli
LPS. In both H.p.(+) and H.p.(-) LPS non-responders, the
incorporation of [3H]-thymidine remained on very low levels in
the cultures of non-adherent lymphocytes stimulated with
autologous M pulsed with H. pylori or E.coli LPS and in the
cultures of tPBML stimulated directly with H. pylori or E. coli
lipopolysaccharide.

DISCUSSION
Activation of monocytes/macrophages, both murine and

human is a well established property of LPS lipid A component.
LPS has also been found to be able to activate the murine B and
T lymphocytes (14, 15), but its influence on human T
lymphocytes is not clear. An important H. pylori adaptation is
the synthesis of LPS which has a much lower endotoxic activity,
and also a lower ability to stimulate macrophages to produce the
proinflammatory cytokines, nitric oxide, prostaglandins as
compared to E. coli LPS (16). Data on the interactions of
purified H. pylori LPS with a family of pathogen-recognition
Toll-like receptors (TLRs) suggest that H. pylori LPS is not
effectively recognized by TLR4-MD2-CD14 complex, which is
critical in the activation of macrophages, granulocytes and
dendritic cells (17). In this paper we observed a similar
mitogenic activity of H. pylori LPS and E. coli LPS in the
cultures of total PBML (tPBML) from a few volunteers. The H.
pylori LPS driven proliferation of tPBML was independent of
the H. pylori infection but it was probably determined by the
susceptibility of host cells to bacterial LPS. In fact, tPBML from
the majority of donors responded with proliferation to neither H.
pylori LPS nor E. coli LPS. In the study by Mattern et al., PBML
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Fig. 2. The proliferation of total
PBML (tPBML) in 5-day cultures
stimulated directly with H. pylori
LPS or E. coli LPS (one-stage
cultures) and the proliferation of
non-adherent lymphocytes
stimulated for 5 days with
autologous macrophages pulsed or
not pulsed with H. pylori LPS or E.
coli LPS (two-stage cultures). The
results for the individual blood
donors. The tPBML (empty bars):
the cell proliferation is expressed as
the ratio of cpm value for the culture
in medium alone defined as 1, to
cpm value for the culture with LPS.
The non-adherent lymphocytes
(dashed bars): the cell proliferation
is expressed as the ratio of cpm
value for the culture with not pulsed
macrophages evaluated as 1, to cpm
value for the culture stimulated with
LPS pulsed macrophages.



from approximately 50% of healthy donors proliferated in
response to standard E. coli LPS (18). It seems that humans may
be classified into LPS responders and non responders, and a type
of LPS driven cell response may have an implication for the
outcome of the infections with Gram negative bacteria including
H. pylori. In the previous study by Rudnicka et al., H. pylori LPS
alone expressed a very weak, if any, capacity to stimulate the
proliferation of PBML from dyspeptic patients (19). However, in
the presence of IL-2, which is a lymphocyte growth factor, H.
pylori lysates or LPS were effective stimuli for these cells (19,
20). The role of interaction between IL-2 and macrophage CD14
antigen as an LPS-binding site, in the activation of human
monocytes has been reported by Basco et al. (21).

The tPBML populations from the majority of volunteers
included into the study, who have been classified as non-
responders, showed a deep and significant LPS driven decrease in
the [3H]-thymidine incorporation as compared with the uptake of
nucleic acid precursor into the cells cultivated in complete
medium without any stimuli (Fig. 1). This decrease was
associated with a significant alternation in the metabolic activity
of non-adherent lymphocytes proved by the inhibition of MTT
reduction and appearance of apoptotic changes (Table 1). These
results allowed us to think that H. pylori LPS and E. coli LPS
expressed an inhibitory effect towards lymphocytes from the
majority of volunteers. Previously, the H. pylori VacA and CagA-
induced immunosuppression has been suggested as a possible
reason for the chronic character of H. pylori related infections (5,
6, 22, 23). In the study by Zabaleta et al., H. pylori decreased the
expression of the TCR CD3ζ-chain on T lymphocytes and the H.
pylori L-arginase was responsible for the inhibition of T cell
proliferation (24). Schmees et al. (25), identified the secreted
gamma-glutamyl transpeptidase of H. pylori (HPGGT) as a factor
responsible for the disruption of T cell Ras-dependent signaling
during cell division. Also, other not fully-classified low molecular
weight H. pylori compounds may cause the cell cycle arrest (26).

In this study, the deep and significant LPS driven decrease in
the [3H]-thymidine incorporation observed for non-separated
PBML from the majority of healthy volunteers (Fig. 1) could
have been a result of a direct influence of H. pylori LPS and E.
coli LPS on non-adherent lymphocytes or could have been a
consequence of the indirect effect of LPS preparations on
monocyte derived macrophages known as a main target of
bacterial LPS. Thus, we used a two-stage culture model to
explore a possible role of macrophages’ maturation in the LPS
driven proliferation of PBML. In this model we pulsed mature
macrophages with H. pylori LPS or E. coli LPS, and then we used
the pulsed macrophages for stimulating autologous non-adherent
lymphocytes. Great individual differences were seen between the
reactions of non-adherent lymphocytes from LPS responders and
non-responders regardless of H. pylori infection. The
incorporation of [3H]-thymidine into non-adherent lymphocytes
from the non-responders, stimulated with autologous mature
macrophages, pulsed with H. pylori LPS or E. coli LPS, remained
much below the [3H]-thymidine incorporation into the cells
cultivated with not pulsed macrophages (Fig. 2). Most
interestingly, in the group of LPS responders the mature
macrophages pulsed with H. pylori LPS were found to be a weak
stimulus for autologous non-adherent lymphocytes. The
incorporation of [3H]-thymidine into non-adherent lymphocytes
stimulated with H. pylori LPS-pulsed mature macrophages was
significantly lower than the incorporation of the nucleic acid
precursor into total PBML populations stimulated directly with
H. pylori LPS itself. The cultures of non-separated PBML
contained immature macrophages which allowed the intensive H.
pylori LPS driven proliferation of PBML from the LPS
responders. Thus, our results have revealed that in the milieu of
H. pylori LPS, only mature macrophages from the LPS

responders expressed the inhibitory activity towards non-
adherent lymphocytes. We could see no evident inhibitory
activity in E. coli LPS pulsed mature macrophages from the
majority of LPS responders. Our results do not allow saying if the
inhibitory activity of H. pylori LPS pulsed mature macrophages
from the LPS responders should be attributed to the increase in
the expression of surface co-stimulatory molecules such as
CD80, CD86, CD40 and MHC antigens or adhesion and cytokine
receptors. Alternatively, the inhibitory activity of mature
macrophages from the H. pylori LPS responders could result
from the changes in cytokine production, interleukin 1 (IL-1), Il-
6, IL-8 and tumor necrosis factor (TNF) as well as non-protein
mediators, for instance reactive oxygen species and bioactive
metabolites of arachidonic and linoleic acids.

We should consider a possible H. pylori driven change in the
expression of macrophage TLR4, which is the main LPS
signaling receptor, as well as other receptors such as heat shock
proteins - Hsp (Hsp 70, Hsp 90), CXCR4, GDF-5, TREM
proteins, a decay accelerating factor - DAF, CD11b/CD18 β-
integrins and scavenger receptors (27). It has been shown that H.
pylori augmented the growth of gastric cancers via the LPS-
TLR4 pathway, whereas it attenuated the antitumor activity and
IFN-γ - mediated cellular immunity of mononuclear cells (28).
Caramlho et al., showed that the stimulation of CD4+CD25+ T
regulatory cells by LPS via TLR4 receptor may promote their
proliferation and supressory activity (29). Raghavan et al., found
that elimination of regulatory lymphocytes from the pool of H.
pylori specific memory T cells increased their proliferating
activity in response to H. pylori antigens, whereas the restoration
of T regulatory cells abolished the blastogenic activity of these
lymphocytes (30). Stuller et al. (31) demonstrated that the
presence of T regulatory cells at the time of T cell activation in
the gastric mucosa results in the generation of population of
CD25- H. pylori specific anergic T cells. Moreover, once
stimulated in the presence of T regulatory cells, this
hyporesponsive CD25- population remains anergic even in the
absence of CD25+ regulatory T cells. It has been suggested that
gastric epithelial cells expressing B7-H1, a costimulatory
molecule, which is upregulated during H. pylori infection, may
play a role in the induction of T cell anergy and the development
of T regulatory cells from naive T lymphocytes. (32).

Further studies are needed to explore a cause/s of H. pylori
LPS driven decrease in [3H]-thymidine incorporation and
metabolic activity of non-adherent lymphocytes from the LPS non-
responders. This decrease was observed for the mixed cultures of
non-adherent lymphocytes and H. pylori LPS pulsed mature
macrophages as well as for total non-separated PBML incubated
with H. pylori LPS itself. The difference in the responses to H.
pylori LPS of peripheral blood mononuclear leukocytes from the
LPS-responders and non-responders may be attributed to a various
state and dynamics of macrophage maturation but it may also be
caused by a difference in the susceptibility of non-adherent
lymphocytes to a cytotoxic effect of bacterial LPS or macrophage
products appearing under the influence of LPS.

In this paper a significant proportion of human non-adherent
PBML exhibiting the features of apoptosis were found in the
cultures treated with H. pylori LPS. It is possible to suggest a role
of apoptotic changes in LPS-dependent antiproliferative activity of
H. pylori bacteria towards T cells. It can be speculated that H.
pylori LPS by an alternation of macrophage-lymphocyte
interactions causes the persistence of lifelong H. pylori infection.

Acknowledgements: This study was financially supported by
the Polish Ministry of Science and Higher Education (grant N
N401 015 136).

Conflict of interests: None declared.

441



REFERENCES
1. Warren JM, Marshall BJ. Unidentified curved bacilli on the

gastric epithelium in active chronic gastritis. Lancet 1983; 1:
1273-1275.

2. Mahdavi J, Sonden B, Hurtig M, et al. Helicobacter pylori
SabA adhesin in persistent infection and chronic
inflammation. Science 2002; 297: 573-578.

3. Pflock M, Kennard S, Finsterer N, Beier D. Acid-responsive
gene regulation in the human pathogen Helicobacter pylori.
J Biotechnol 2006; 126: 52-60.

4. Wu AM, Crabtree JE, Bernstein L, et al. Role of
Helicobacter pylori CagA+ strains and risk of
adenocarcinoma of the stomach and esophagus. Int J Cancer
2003; 103: 815-821.

5. Gebert B, Fischer W, Weiss E, Hoffmann R, Haas R.
Helicobacter pylori vacuolating cytotoxin inhibits T
lymphocyte activation. Science 2003; 301: 1099-1102.

6. Torres VJ, Van Compernolle SE, Sundrud MS, Unutzman D,
Cover TL. Helicobacter pylori vacuolating cytotoxin inhibits
activation-induced proliferation of human T and B
lymphocyte subsets. J Immunol 2007; 179: 5433-5440.

7. Moran AP, Knirel YA, Senchenkova SN, et al. Phenotypic
variation in molecular mimicry between Helicobacter pylori
lipopolysaccharides and human gastric epithelial cell surface
glycoforms. Acid-induced phase variation in Lewis (x) and
Lewis (y) expression by H. pylori lipopolysaccharides. J
Biol Chem 2002; 277: 5785-5795.

8. Skoglund A, Backhed HK, Nilsson Ch, Bjorkholm B,
Normark S, Engstrand L. A changing gastric environment
leads to adaptation of lipopolysaccharide variants in
Helicobacter pylori populations during colonization. PLoS
2009; 4: e5885.

9. Pohl MA, Romero-Gallo J, Guruge JL, Tse DB, Gordon JL,
Blaser MJ. Host-dependent lewis (le) antigen expression in
Helicobacter pylori cells recovered from Leb-transgenic
mice. J Exp Med 2009; 206: 3061-3072.

10. Bergman MP, Engering A, Amits HH, et al. Helicobacter
pylori modulated the T helper cell 1/T helper cell 2 balance
through phase-variable interaction between
lipopolysaccharide and DC-SIGN. J Exp Med 2004; 200:
979-990.

11. Bielanski W, Konturek SJ. New approach to 13C urea breath
test kapsule-based modification with low dose of 13C urea in
the diagnosis of Helicobacter pylori infection. J Physiol
Pharmacol 1996; 47: 545-553.

12. Rechcinski T, Chmiela M, Malecka-Panas E, Planeta-
Malecka I, Rudnicka W. Serological indicators of
Helicobacter pylori infections in adult dyspeptic patients and
healthy blood donors. Microbiol Immunol 1997; 41: 387-393.

13. Moran AP, Helander IM, Kosunen TU. Compositional
analysis of Helicobacter pylori rough-form
lipopolysaccharides. J Bacteriol 1992; 174: 1370-1377.

14. Gery J, Kruger J, Spiesel SZ. Stimulation of B-lymphocytes
by endotoxin. J Immunol 1972; 108: 1088-1091.

15. Tough DF, Sun S, Sprent J. T cell stimulation in vivo by
lipopolysaccharide (LPS). J Exp Med 1997; 185: 2089-2094.

16. Khamri W, Moran AP, Worku ML, et al. Variations of
Helicobacter pylori lipoplysaccharide to evade the innate
immune component surfactant protein D. Infect Immun
2005; 73: 7677-7686.

17. Smith MF Jr, Mitchell A, Li G, et al. Toll-like receptor
TLR2, and TLR5 but not TLR4, are required for
Helicobacter pylori-induced NF-κB activation and
chemokine expression by epithelial cells. J Biol Chem 2003;
278: 32552-32560.

18. Mattern T, Thanhauser A, Reiling N, et al. Endotoxin and
lipid A stimulate proliferation of human T cells in the
presence of autologous monocytes. J Immunol 1994; 153:
2996-3004.

19. Rudnicka W, Jarosinska A, Bak-Romaniszyn L, et al.
Helicobacter pylori lipopolysaccharide in the IL-2 milieu
activates lymphocytes from dyspeptic children. FEMS
Immunol Med Microbiol 2003; 36: 141-145.

20. Meyer F, Wilson KT, James SP. Modulation of innate
cytokine responses by products of Helicobacter pylori. Infect
Immun 2000; 60: 6265-6272.

21. Bosco MC, Espinoza-Delgado I, Rowe TK, Halabarba MG,
Longo DL., Varesio L. Functional role for the myeloid
differentiation antigen CD14 in the activation human
monocytes by IL-2. J Immunol 1997; 159: 2922-2931.

22. Paziak-Domanska B, Chmiela M, Jarosinska A, Rudnicka
W. Potential role of CagA in the inhibition of T cell
reactivity in Helicobacter pylori infections. Cell Immunol
2000; 202: 136-139.

23. Sundrud MS, Torres VJ, Unutzman D, Cover TL. Inhibition
of primary human T cell proliferation by Helicobacter pylori
vacuolating toxin (VacA) is independent of VacA effects on
IL-2 secretion. PNAS 2004; 101: 7727-7732.

24. Zabaleta J, McGee DJ, Zea AH, et al. Helicobacter pylori
arginase inhibits T cell proliferation and reduces the
expression of the TCR ζ-chain (CD3 ζ). J Immunol 2004;
173: 586-593.

25. Schmees C, Prinz C, Treptan T, et al. Inhibition of T cell
proliferation by Helicobacter pylori gamma - glutamyl
transpeptidase. Gastroenterology 2007; 132: 1820-1833.

26. Gerhard M, Schmees C, Voland P, et al. A secreted low-
molecular weight protein from Helicobacter pylori induces
cell-cycle arrest of T cells. Gastroenterology 2005; 128:
1327-1339.

27. Heine H, Rietschel ET, Ulmer AJ. The biology of endotoxin.
Mol Biotechnol 2001; 19: 279-289.

28. Chochi K, Ichikura T, Kinoshita M, et al. Helicobacter pylori
augments growth of gastric cancer via the
lipopolysaccharide Toll-like receptor 4 pathway whereas its
lipopolysaccharide attenuates antitumor activities of human
mononuclear cells. Clin Cancer Res 2008; 14: 2909-2917.

29. Caramalho I, Lopes-Carvalho T, Ostler D, Zelenay S, Haury
M, Demengeot J. Regulatory T cells selectively express Toll-
like receptors and are activated by lipoplysaccharide. J Exp
Med 2003; 197: 403-411.

30. Raghavan S, Holmgren J. CD4+CD25+ suppressor T cells
regulate pathogen induced inflammation and disease. FEMS
Immunol Med Microbiol 2005; 44: 121-127.

31. Stuller KA, Ding H, Redline RW, Czinn S, Blanchard TG.
CD25+ T cells induce Helicobacter pylori specific CD25 T
cell anergy but are not required to maintain persistent
hyporesponsivenes. Eur J Immunol 2008; 38: 3426-3435.

32. Beswick EJ, Pinchuk IV, Das S, Powell DW, Reyers VE.
Expression of the programmed death ligand 1, B7-H1, on
gastric epithelial cells after Helicobacter pylori exposure
promotes development of CD4+CD25+Foxp3+ regulatory T
cells. Infect Immun 2007; 75: 4334-4341.
R e c e i v e d : March 2, 2009
A c c e p t e d : July 15, 2010
Author’s address: Prof. Magdalena Chmiela, PhD,

Department of Immunology and Infectious Biology University
of Lodz, 12/16 Banacha Street, 90-237 Lodz, Poland; 
Phone: (48-42) 635 41 86; (48-42) 635 44 72; 
E-mail: chmiela@biol.uni.lodz.pl

442


