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Potential Role of LPS
in the Outcome of Helicobacter pylori Related Diseases
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A b s t r a c t

In this study we asked a question whether H. pylori LPS with or without LewisXY (Le) determinants as well as LBP
(lipopolysaccharide binding protein) and sCD14 molecules recognizing bacterial LPS may be involved in atherogenesis.
Sera from 57 patients with coronary heart disease (CHD), 27 H. pylori infected dyspeptic patients-H.p.(+) and
49 healthy controls (HC) were tested for IgM and IgG to H. pylori LPS expressing LeX (LPS LeX) or LeXY (LPS
LeXY) determinants and to a glycine acid extract (GE). Immune complexes (ICs) of Lewis antigens and specific IgM
or IgG were also determined. The prevalence of anti-GE IgG and IgA was significantly higher in CHD as compared
to HC and the same as in the H.p.(+) group. The highest levels of anti-GE IgG were detected only for CHD group. CHD
patients showed upregulation of IgG to LPS LeX and LeXY. In contrast, an upregulation of IgM to such LPSs was
found for healthy subjects. The levels of LeY-anti-LeY IgG ICs were higher in CHD patients than in healthy controls
similarly to the levels of LBP. There was no difference in sCD14 concentration between CHD and HC groups.
The results obtained in this study indicate that H. pylori infections may be the risk factors of atherosclerosis due to:
1) an enhanced humoral response to H. pylori surface antigens, 2) a host predisposition to respond to Lewis determi-
nants present in H. pylori LPS by IgG, 3) increased levels of serum LBP.
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Introduction

The correlation between H. pylori infections and gastro-duodenal diseases was proved in 1983 (Warren
and Marshall, 1983). In recent years a link between such infection and coronary heart disease (CHD) has
been suggested (Mendall et al., 1994). However, in some studies, there was no correlation shown between
H. pylori and CHD (Koenig et al., 1999). In our previous study we showed that both H. pylori and Chlamydia
pneumoniae infections associated with a strong humoral response against such microbes were correlated
with CHD (Chmiela et al., 2003). Both in gastro-duodenal ulcer diseases and in CHD the inflammatory
response induces the pathological processes (Libby, 2002). The soluble (urease, vacuolating cytotoxin-vacA)
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and cellular (cytotoxin associated gene A antigen � CagA) H. pylori compounds initiate the inflammation
in gastric epithelium (Crabtree, 1993). Although LPS is an important proinflammatory compound of Gram-
negative bacteria (Alexander and Rietschel, 2001), the structure of lipid A of H. pylori probably evolved
in the mode which promoted persistence of the infection. The H. pylori LPS may regulate the expression
of adhesins and it can diminish the secretion of inflammatory cytokines by the host cells (Moutiala et al.,
1992). Rudnicka et al. (2003) showed negative correlation between H. pylori LPS driven proliferation
of mononuclear leukocytes isolated from dyspeptic patients, and type B inflammation. If so, it is possible
that H. pylori LPS through the activation of immunocompetent cells may diminish the number of bacteria
in gastric tissue and thus prolong the infection. The activity of H. pylori LPS is also determined by sugar
residues in the O-specific chains, which are similar to Lewis (Le) determinants of the host. H. pylori strains
may express either LeX or LeY, both or very little of either. The molecular mimicry between bacterial
and host determinants may induce the production of autodestructive autoantibodies (Appelmelk et al.,
1996). The interactions of LPS with the host cells are mediated by cellular and soluble receptors: 1) serum
lipopolysaccharide binding protein � LBP; 2) membrane CD14 receptor; 3) sCD14 protein present in circu-
lation which is a soluble form of CD14 receptor; 4) Toll-like receptors (TLR), mainly TLR4, used for
signaling and induction of cytokine production in response to LPS (Brightbill and Modlin, 2000; Krutzki
et al., 2001; Miller et al., 2005).

In this study, we asked whether H. pylori LPS with or without LeXY determinants as well as LBP and
sCD14 molecules may be involved in atherogenesis.

Experimental

Material and Methods

Subjects. One hundred and thirty three individuals aged 30�70 (mean age 59) were included into this study. The first group
consisted of 57 patients with coronary heart disease (CHD), hospitalized in the Cardiology Clinic due to a chest pain. Coronary
angiography confirmed the atheromatic background of symptoms. In this group, the prevalence of previous myocardial infarction
was 52%, arterial hypertension 72%, diabetes mellitus 18%, hyperlipidemia 62%, nicotinism 18%, rate of the revascularization
(percutaneous transluminal coronary angiography or coronary artery by-pass graft) � 58%. All patients in this group had a negative
history of dyspepsia at least during the last 24 months. The second group consisted of 27 patients with chronic dyspeptic symptoms
due to H. pylori infection-H.p. (+), confirmed by endoscopy-based methods: detection of urease activity and the presence
of Helicobacter-like organisms in biopsy specimens. All patients in this group had a negative history of cardiovascular symptoms.
The healthy control group (HC) included 49 volunteers who had a negative history of cardiovascular and gastric diseases. In this
group the prevalence of diabetes mellitus was 3%, arterial hypertension � 13%, hypercholesterolaemia � 12% and nicotinism
� 33%. The study was approved by the local Ethical Committee. All participants signed informed consent.

Serological study. Blood from antecubital vein was obtained from all study participants for serological tests. The sera were
stored at � 70°C. The Enzyme Linked Immunosorbent Assays � ELISA, were used for estimation:

1) Anti-H. pylori IgG and IgA. The ELISA with a glycine acid extract (GE) from the reference H. pylori strain CCUG 17874
(Culture Collection University of Gothenburg, Sweden) and rabbit anti-human IgG or IgA antibodies labeled with horseradish
peroxidase � HRP (Dako, Glostrup, Denmark) were used according to Rechciñski et al. (1997). The plates were coated with 5 :g/ml
of GE (18 h, 4°C). The serum samples for anti-GE IgG were diluted from 1:500 to 1:128000 and for anti-GE IgA from 1:100
to 1:6400. The results were expressed as total optical density units (OD) measured at 450 nm. The ELISA cutoff, was defined as
two standard deviations above the mean OD of control negative sera from the subjects not infected with H. pylori.

2) IgG and IgM to H. pylori LPS. The ELISA plates were coated with H. pylori LPS of Lewis X (LeX) or Lewis XY (LeXY)
type (2 :g/ml in 0.15 M phosphate buffered saline-PBS, pH 7.2, 18 h, 20oC), donated by Dr A. Moran, National University
of Ireland, Galway, Ireland. After blocking (1% bovine serum albumin in PBS with 0.05 Tween 80 � BSA/Tween, 2 h at 20°C)
the plates were incubated with rabbit HRP anti-human IgG (1:6000) or IgM (1:100) antibodies. The results were expressed as
OD450 for the sera diluted 1:100. In every ELISA the controls were included for the elimination of unspecific reactions. The cutoff
was defined as double OD for the wells with HRP labeled secondary antibody control.

3) Immune complexes (ICs). ICs LeX-anti-LeX IgG, LeX-anti-LeX IgM, LeY-anti-LeY IgG and LeY-anti-LeY IgM were
estimated by ELISA using mouse monoclonal anti-LeX or anti-LeY capture antibodies (Seikagaku, Tokyo, Japan; 100 ng/ml
in 0.05 M carbonate buffer, pH 9.6, 18 h at + 4°C). After blocking, the plates were incubated for 1 h, at 37°C with serum samples
(1:20) depleted in rheumathoidal factor (Catty and Raykundalia, 1989) and then for the same time with rabbit HRP anti-human IgG
(1:6000) or IgM (1:1000) (Dako). The level of specific ICs was expressed as OD450 for the serum samples diluted 1:20. In every
ELISA the control wells were included for the elimination of unspecific reactions. The cutoff was defined as double OD450 for
HRP labeled secondary antibody control.

4) The serum LBP and sCD14. The commercial ELISA kits were used as recommended by the manufacturer (HyCult Bio-
technology, Uden, The Netherlands).

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 two analyzed samples came from two statistically different populations; Chi-square P2 test for compari-
son of the prevalence of analyzed parameters in studied groups and Spearman�s correlation coefficient.
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Results

Distribution and the levels of anti-H. pylori antibodies. The prevalence of anti-GE IgG was similar in
CHD (53/57, 92%) and dyspeptic H.p. (+) patients (27/27, 100%), and significantly lower than in healthy
controls (24/49, 49%), p<0.05. Similarly, anti-GE IgA were detected in 52 out of 57 CHD patients (90%),
in 18 out of 27 dyspeptic patients (67%), and in 12 out of 49 healthy individuals (24%). The total OD450 for
anti-GE IgG and IgA was significantly increased in the sera from CHD (5.865 ± 3.665 and 1.754 ± 1.169,
respectively) as compared with dyspeptic patients (3.572 ± 1.916 and 0.962 ± 0.505, respectively) and
healthy subjects (3.229 ± 1.916 and 0.962 ± 0.505, respectively), p<0.05.

The levels of antibodies to H. pylori LPS of
LeX or LeXY type. The IgG and IgM recognizing
H. pylori LPS with LeX or LeXY determinants were
detected in the sera of all study participants. How-
ever, the level of IgG against LPS LeXY type in
CHD group was significantly higher than in healthy
individuals (Table I). In CHD patients there was an
upregulation of the production of IgG to LPS with
both LeX and LeXY determinants. In contrast, an
upregulation of the production of IgM to such LPSs
was found for healthy subjects, p<0.05.

Immune complexes (ICs). The ICs LeX-anti-LeX
IgG and LeY-anti-LeY IgG were detected for all
CHD patients and healthy controls (100%) (Table II).
By comparison the ICs LeX-anti-LeX IgM were

Group IgG anti-LPS LeXY IgM anti-LPS LeXY

CHD 0.783 ± 0.450 ↔ 0.438 ± 0.204
HC 0.856 ± 0.442 ↔ 1.157 ± 0.361

Group IgG anti-LPS LeXY IgM anti-LPS LeXY

CHD 0.891 ± 0.356 ↔ 0.650 ± 0.279
HC 0.719 ± 0.381 ↔ 0.835 ± 0.279

Table I
The level of IgG and IgM antibodies against H. pylori LPS
of LeX or LeXY type in the patients with coronary heart

disease � CHD, and healthy controls � HC

Group
The level of anti-H. pylori LPS antibodies

(OD
450 

1 :100)

↔ difference statistically significant (p< 0.05)

↔

CHD 0.372 ± 0.191 0.576 ± 0.192 0.501 ± 0.105 0.467 ± 0.165
HC 0.328 ± 0.143 0.568 ± 0.179 0.380 ± 0.070 0.469 ± 0.126

Group The prevalence of high level of ICs (OD
450

 1:20>0.6)

CHD 17% 35% 52% 17%
HC 10% 20% 3% 10%

Table II
The level of immune complexes (ICs) LeX-anti-LeX IgG, LeX-anti-LeX IgM, LeY-anti-LeY IgG
and LeY-anti-LeY IgM in the patients with coronary heart disease � CHD and healthy controls � HC

Immune complexes (OD
450 

1:20)
Group

LeX-anti-LeX IgG LeX-anti-LeX IgM LeY-anti-LeY IgG LeY-anti-LeY IgM

↔ difference statistically significant (p< 0.05)

↔

↔

↔

CHD 25/57 (44%) 32/57 (56%) 17.321 ± 16.705
HC 38/49 (78%) 11/49 (22%) 8.517 ± 4.403

The sCD14 concentration/prevalence

0� 4 :g/ml >4 :g/ml medium level (:g/ml)

CHD 23/57 (40%) 34/57 (60%) 4.125 ± 2.005
HC 26/49 (53%) 23/49 (47%) 3.808 ± 2.105

Table III
The level of LBP and sCD14 in the patients with coronary heart disease

� CHD and healthy controls � HC

Group
The LBP concentration/prevalence

↔ difference statistically significant (p< 0.05)

0�10 :g/ml >10 :g/ml medium level (:g/ml)

Group

↔

found in 73% CHD patients and in 90% healthy individuals. Similarly, ICs LeY-anti-LeY IgM were detected
in 90% CHD and 93% healthy controls, respectively. The levels of LeY-anti-LeY IgG ICs were higher in CHD
patients than in healthy subjects (p<0.05). Moreover, the high levels (OD450>0.6) of such ICs were detected
only for the producers of IgG to GE of H. pylori.
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The serum LBP and sCD14 concentrations. The level of LBP was significantly higher (p<0.05) in
CHD group (17.321 ± 16.705 :g/ml) as compared with healthy controls (8.517 ± 4.003 :g/ml) (Table III).
Similarly, the high level of LBP (>10 :g/ml) was detected more frequently in the sera from CHD patients
(56%) than in HC group (22%). Although LBP level was significantly lower in 53 producers of anti-GE IgG
(14.911 ± 13.213 :g/ml) than in 4 seronegative CHD patients (49.207 ± 27.801 :g/ml), there was no differ-
ence in LBP concentration in the seropositive or seronegative healthy controls. In CHD patients and healthy
individuals the level of sCD14 was similar, 4.125 ± 2.050 :g/ml and 3.808 ± 2.115 :g/ml, respectively
(Table III). The sCD14 concentration over 4 mg/ml was detected more frequently in CHD patients as com-
pared with healthy individuals, 60% and 40% respectively. However, the difference was not significant.

Discussion

It has been suggested that H. pylori infection can be involved in atherogenesis (Mendall, 1994). In this
study the prevalence of anti-GE IgG and IgA was significantly higher in CHD patients than in healthy
subjects and the same as in H.p. (+) dyspeptic patients. Also the levels of anti-GE IgG/IgA were higher
in CHD than in healthy group. It is possible that gastrotoxic activity of aspirin used by the CHD patients for
a long time may facilitate the penetration of bacterial antigens through the mucosal barrier and a strong
humoral response to them (Sims et al., 2000).

The evolution has led to co-expression of common LeX and LeY carbohydrates which are present in the
LPSs of most H. pylori strains and in human cell surface glycoconjugates of blood cells and gastric mucosa.
Based on such molecular mimicry Appelmelk et al. (1996) suggested the role of autoimmune mechanisms
in H. pylori associated type B gastritis. Recently H. pylori CagA has been considered as putative autoim-
mune antigen (Takahashi et al., 2004).

An upregulation of IgG and IgA to H. pylori antigens in CHD patients prompted us to ask whether LeX
and LeY determinants of H. pylori LPS could be involved in atherogenesis. There was no difference be-
tween CHD and healthy individuals with regard to the prevalence of IgG and IgM to H. pylori LPS of LeX
or LeXY type. However, the level of IgG to H. pylori LPS LeXY was significantly increased in CHD
patients as compared with healthy subjects. Moreover, the CHD patients showed an upregulation of the
production of IgG to LPS of LeX or LeXY type. In contrast, an upregulation of IgM production to LPS with
LeX or LeXY was observed in healthy subjects. Cedzyñski et al. (1998) showed that during natural history
of H. pylori infections in humans, mainly antibodies of IgG class to polysaccharide chains of LPS of these
bacteria are produced. The presence of antibodies to H. pylori LPS LeX/Y in healthy subjects seronegative
to anti-GE IgG could be due to the reactivity to Lewis epitopes expressed on some unrelated microbes
(Hirota et al., 1995) or it could result from an immunological response to self LeX or LeY antigens. Amano
et al. (1995) observed the reaction of human sera with the synthetic Le antigens regardless of the status of
the individual�s H. pylori infection. We cannot exclude that inflammatory and/or physiological abnormali-
ties leading to chronic dyspepsia or atherosclerosis should be considered as signals for the production of
anti-LeX/Y antibodies. The presence of such antibodies in the sera from healthy individuals with negative
H. pylori serology also implies that the production of anti-LeX/Y IgG and particularly IgM might be
a physiological state. Such Ig�s, similarly to anti-Le a or anti-Le b antibodies occur naturally (Henry et al.,
1995). Under the influence of genetic or environmental factors, including H. pylori infection, this normal
response to self-antigens may develop into autoimmune disease and contribute to tissue damage.

In a self-destructive autoimmune response an important role is played by antigen-antibody ICs. In this
study the levels of LeY-anti-LeY IgG ICs were higher in CHD patients than in healthy controls. The highest
levels of ICs were detected only for the producers of IgG to H. pylori GE. Sims et al. (2000) reported that
in the vessels of the patients with atherosclerosis the ICs were deposited. Our results suggest that during
chronic H. pylori infections a host predisposition to respond to Le determinants by IgG but not IgM could
be one of the risk factors for atherogenesis. The ICs formed of Le antigens and specific IgG may persist in
a circulation as the small ones longer than the big ones formed of antigen and IgM. The enhanced blood
pressure and turbulences of circulation in small arteries may promote in CHD patients a deposition of ICs.
This may stimulate secretion of proinflammatory cytokines by the macrophages and granulocytes via Fc(R
receptors. The activation may be followed by the release of lysosomal enzymes, cationic proteins, reactive
oxygen and nitrogen intermediates which promote tissue injury (Clynes et al., 1999). Anti-LeX/Y antibodies
may enhance in H. pylori infected subjects the inflammatory effect of bacterial CagA, VacA and urease. The
long term inflammation generated by H. pylori may raise cytokine levels in the bloodstream, and activate
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fibroblast and smooth muscle cell proliferation which is an important step in atherogenic process. In H. pylori
infected subjects a stimulation of T lymphocytes by bacterial LPS is very likely. Activated lymphocytes
may facilitate a control of bacterial growth and diminish inflammation in gastric mucosa by releasing
cytokines, possibly of Th2 type. Weak inflammatory response may help the bacteria to survive in the host
tissue (Rudnicka and Chmiela 2004).

Bacterial LPS bound with LBP is delivered to membrane or soluble CD14 molecules (mCD14 and
sCD14, respectively) and, therefore  initiates TLR4 signaling (Duzendorfen et al., 2004). Such TLRs are
expressed on macrophages, granulocytes and dendritic cells but also on endothelial cells and macrophages
in atherosclerotic plaques (Van Haelst et al., 2004). In this study significantly higher levels of LBP were
observed in CHD patients as compared with healthy subjects. The involvement of H. pylori infection
in CHD may result in the enhancement of LBP production and possible deposition of lipid-LBP and/or
LPS-LBP complexes in endothelium. The linkage of H. pylori infections with increased levels of total
cholesterol and triglicerides has been found (Niemela et al., 1996; Schanagl et al., 2003). Eilersten et al.
(2003) showed a correlation between CD14 �159 C/T polymorphism and the ability of CD14 to bind cho-
lesterol. The TT homozygotes were associated with lower total cholesterol, LDL and apolipoprotein B-100
concentrations. Our preliminary results show that CT genotype was more frequently detected in the patients
with myocardial infarction as compared with unstable angina pectoris group. Edfeldt et al. (2004) identified
susceptibility to myocardial infarction in men carrying both TLR4 299Gly and 399Ile allele. An increased
risk of atherosclerosis is also associated with RANTES G-40A gene polymorphism (Simeoni et al., 2004).
Grêbowska et al.(2004) reported that Le determinants of H. pylori LPS modulate the CD14 mediated
cytokine response of macrophages. The infection can also predispose to atherosclerosis by an endothelial
dysfunction (Prosad et al., 2002). In conclusion, the results obtained in this study: 1) the enhanced humoral
response to H. pylori antigens in the patients with coronary heart disease, 2) the host predisposition to
respond to LeXY determinants of H. pylori LPS by IgG but not IgM, and 3) the increased levels of serum
LBP, indicate that H. pylori infections may be recognized as the risk factors of atherosclerosis.
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