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Abstract

In this review, we discussed the findings and concepts
underlying the potential role of Helicobacter pylori
(H. pylori) infections in the initiation, development
or persistence of atherosclerosis and coronary heart
disease (CHD). This Gram-negative bacterium was
described by Marshall and Warren in 1984. The
majority of infected subjects carries and transmits H.
pyilori with no symptoms; however, in some individuals
these bacteria may cause peptic ulcers, and even
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gastric cancers. The widespread prevalence of H.
pylori infections and the fact that frequently they
remain asymptomatic may suggest that, similarly to
intestinal microflora, H. pylori may deliver antigens that
stimulate not only local, but also systemic inflammatory
response. Recently, possible association between H.
pylori infection and extragastric disorders has been
suggested. Knowledge on the etiology of atherosclerosis
together with current findings in the area of H. pylori
infections constitute the background for the newly
proposed hypothesis that those two processes may
be related. Many research studies confirm the indirect
association between the prevalence of H. pylori and the
occurrence of CHD. According to majority of findings
the involvement of A. pylori in this process is based
on the chronic inflammation which might facilitate the
CHD-related pathologies. It needs to be elucidated, if
the infection initiate or just accelerate the formation of
atheromatous plaque.

Key words: Helicobacter pylori; Coronary heart disease;
Inflammation; Microbiota; Lipopolysaccharide

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Helicobacter pylori (H. pylori) is a Gram-
negative spiral bacterium which colonizes gastric
mucosa of nearly half of human population. A charac-
teristic feature of H. pylori infection is an excessive
inflammatory response. The majority of 4. pylori
infections remain asymptomatic. However, still it leads
to the development of histological gastritis with the
recruitment of immune cells. About 10% of infected
subjects develop symptomatic gastritis, erosions
or peptic ulcer. Gastric cancer is the most severe
consequence of H. pylori infection. Recently, a possible
association between chronic infections with H. pylori
and extragastric disorders - including coronary heart
disease, has been intensively investigated. Here we have
revised recent studies confirming or excluding possible
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connections between chronic bacterial infections and
the occurrence of coronary heart disease (CHD) within
different populations, especially in the context of A.
pylori infections. We have also presented various study
approaches investigating direct and indirect interplay
between H. pylori-driven consequences and CHD
development to clarify already gained knowledge and
suggest future directions. Considering the significance
of already conducted research studies, the involvement
of H. pylori infection in the process of CHD development
is highly probably, however, still a lot need to be done
to clarify whether this association is direct (with the
involvement of H. pylori antigens and products) or
indirect (with the involvement of inflammatory-related
molecules accelerating/initiating CHD development).

Chmiela M, Gajewski A, Rudnicka K. Helicobacter pylori vs
coronary heart disease - searching for connections. World J
Cardiol 2015; 7(4): 187-203 Available from: URL: http://www.
wjgnet.com/1949-8462/full/v7/i4/187.htm DOI: http://dx.doi.
org/10.4330/wjc.v7.i14.187

INTRODUCTION

Since classic risk factors do not explain all cases
of coronary heart disease (CHD) the concept that
atherogenesis may have infectious background
should be considered. The role of virus and bacterial
pathogens including Helicobacter pylori (H. pylori)
are now considered as factors implicated in the
development of CHD. Chronic infections may influence
the course of CHD via different mechanisms such
as chronic inflammatory reactions, an autoimmune
processes and modification of classic CHD risk factors.
The pioneer finding of Mendall and co-workers,
published in 1994, showed that CHD patients have
elevated levels of serum anti-H. pylori antibodies.
Following this finding, some authors confirm and
some exclude the existence of this connection. Still
there is no consensus on the role of H. pylori in either
causation or progression of CHD. In order to describe
the involvement of H. pylori in the development of
CHD, it is necessary to find the largest number of
reliable research studies confirming this relationship.

PATHOGENESIS OF CHD

CHD is one of the most severe chronic diseases
of the coronary vessels - an important health and
social problem - often life-threatening. It occurs
due to endothelial dysfunction within the vessels,
accompanied by an increased blood pressure,
remodeling of vascular wall, local inflammation,
platelet aggregation and blood clotting. These
disorders promote the formation of atheromatous
plague, which is often unstable and subsequently
ruptures. This might impair the blood flow leading to
vascular blockage or myocardial infarction. Classic
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risk factors of CHD include cigarette smoking,
hypertension, elevated levels of total cholesterol,
triglycerides and low density lipoproteins (LDL) vs
decreased high density lipoproteins (HDL) fraction,
diabetes mellitus, as well as raised homocysteine and
coagulation factors. Predisposing factors that increase
the probability of CHD development are obesity, lack of
physical activity, previous incidents of CHD in relatives,
male gender, low socioeconomic status, as well as
ethnic and behavioral factors that'.

CHD is a group of symptoms resulting from
chronic malnutrition and hypoxia of myocardial cells
which is accompanied by oppression, burning, feeling
the burden, discomfort and chest choking. These
disorders are a consequence of atherosclerosis, which
histologically is characterized by the accumulation of
macrophages (M@), LDL fractions, foam cells derived
from macrophages filled with oxidized (ox) LDL and
extracellular cholesterol complexes deposited within
the vessels. On the inner surface of the vessel, lipid
deposits are formed, which are gradually surrounded
by a connective tissue and undergo fibrosis>*. Accor-
ding to the statistics of World Health Organization
(WHO), ischemia associated with atheromatous plaque
is the main reason for CHD development, 70% of
heart failure cases and 80% of sudden cardiac deaths.
The natural history of atherosclerosis suggests that
lesions in the arteries may occur already in the uterus
or in early childhood. However, clinical manifestations
of atherosclerosis are associated with the presence of
atherosclerotic plaques, which in men usually develops
after the age of 50 and in women postmenopausally"’.

DYSFUNCTION OF VASCULAR
ENDOTHELIUM AS AN INITIATOR OF
ATHEROMATOUS PLAQUE FORMATION

The interior of blood vessels is covered with a single
layer of adjacent endothelial cells (size 0.2-0.3 mm)
attached to the basal membrane and extracellular
matrix molecules through integrin adhesion mole-
cules®™. Endothelium contacts with smooth muscle
cells through gap junctions, which are permeable to
the electric current, ions and low molecular weight
compounds. Human vascular endothelium is a barrier
that separates blood containing clotting proteins,
platelets and inflammatory cells, from connective
tissue and muscle layers of the blood vessel wall. The
balance between the internal and external environment
of the vessel depends on mechanical, chemical and
immune reactions occurring within endothelial cells™.
The endothelium is affected by physical pressure of
blood flow (hemodynamic forces), various soluble
substances and immune cells. Endothelium delivers
many effector substances such as vasodilating and
vasoconstrictioning factors (determining the proper
tension of the vessel wall), cytokines and adhesion
molecules (responsible for interactions with blood
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cells and the development of the inflammatory res-
ponse), factors involved in blood coagulation and
fibrinolysis. All together the endothelium plays a
role in the maintenance of the vascular homeostasis
which is determined by its large mass, distribution
and the ability to receive and respond to signals
from external environment (hemodynamic and
chemical stimuli, pOz), by changing the expression
of various active substances and proteins!*®l. The
endothelium expresses structures that are necessary
for adhesion, migration, activation and diapedesis
of immune cells and platelets, which allows for the
development of inflammatory response!®”). These
are mostly adhesion molecules (selectins) such as:
P-selectin (platelet), E-selectin (endothelial) and
L-selectin (leukocyte) and immunoglobulin-derived
adressins, including: intracellular adhesion molecules
(ICAM)-1 and -2, vascular cell adhesion molecule 1
(VCAM-1), platelet endothelial cell adhesion molecule
1, and macrophage chemotactic protein-1 (MCP-1). If
endothelium is damaged it loses its functional integrity
and homeostasis which initiates the occurrence of
multiple lesions™®. This dysfunction is usually leads
to increased tension, vascular wall remodeling, vas-
cular inflammation, increased platelet adhesion
and aggregation. These processes contribute to the
development of atherosclerosis or destabilization of
existing atherosclerotic plaques™.

CHD AS AN INFLAMMATORY PROCESS

In the late 90s we believed that the atherosclerotic
process is a response to a mechanical trauma, resulting
in the loss of endothelial cell lining in the vessels. Since
the majority of CHD symptoms are induced by both
local and systemic inflammatory responses, recently
the attention is focused on the role of inflammation in
the development of atherosclerosis®®*?, Inflammatory
markers, such as C-reactive protein (CRP) have been
found to be higher in CHD patients than in controls,
similarly to the concentration of interleukin (IL)-6
and tumor necrosis factor alpha (TNF-a) in plasma
and supernatants of immune cells stimulated in vitro
with bacterial lipopolysaccharide (LPS). Increased
expression of E-selectin, L-selectin and P-selectin as
well as higher expression of VCAM-1 and ICAM-1 was
also noted in CHD cases™'?. 1t is difficult to identify
factors that initiate cascade of inflammation and
plaque formation. However, it is clear that endothelial
dysfunction and raised cholesterol play a major role
in the inflammation. Cholesterol contribute to the
localization of atherosclerotic lesions, preferentially
in the sites where it leads to the activation of
endothelial NF-xB signal transduction pathway"*. The
inflammatory response is characterized by the influx of
M@ and monocytes to the endothelium, with the latter
being transformed first into M@ and subsequently to
foam cells prior ingestion of oxLDL. Protein components
of the LDL particles are processed by macrophages and
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dendritic cells and presented to T cells in the context of
class II major histocompatibility complex!**. Activated
M@ and other inflammatory cells release chemokines
that stimulate the migration of smooth muscle cells
which together with foam cells, form a fibrous cap.
This process is facilitated by interferon gamma (IFN-y)
and TNF-a secreted by T helper (Th)-1 lymphocytes,
as well IL-12 produced by macrophages and foam
cells'*®, The latter undergo apoptosis, and together
with cholesterol crystals form lipid plaque covert**'”),
It has been revealed that atherosclerotic lesions are
associated with the increased reactivity of immune
cells. The injured tissue releases IL-33 which alarms
the immune system, induces expression of adhesion
molecules and attracts Th2 lymphocytes delivering IL-
4-considered anti-inflammatory cytokine!**%. However,
a growing body of evidence indicates that IL-4 may
play a role in atherosclerosis through induction
of inflammatory responses, such as upregulation
of VCAM-1 and MCP-1Y. The main population of
cells in newly formed atherosclerotic lesions are T
lymphocytes, while in chronic lesions this proportion is
reversed towards M@ that initiate immune processes
by presenting antigens to T cells and the production of
cytokines and chemokines!™ %%,

M@ and neutrophils contains granules where
myeloperoxidase and metalloproteinase are stored
- the inflammatory markers correlated with a risk
of atherosclerosis®***, Myeloperoxidase contributes
to leukocyte migration and the accumulation of
foam cells. Indirectly it is involved in endothelial
dysfunction and the induction of apoptosis with a
consequence of plaque rupture and its destabilization.
Due to the occurrence of vascular tissue factor is
released and the activation of the blood coagulation
cascade take place. Myeloperoxidase reduces the
availability of endothelial nitric oxide and inhibits its
diastolic and anti-inflammatory function. Moreover, it
is involved in the oxidative modification of LDL to its
atherogenous form, recognized by M@ receptors!*'®,
Prominent inflammation markers, activated by mye-
loperoxidase are delivered by macrophage-derived
metalloproteinases (MMPs), hydrolyzing the com-
ponents of extracellular matrix such as elastin and
collagen, leading to the destabilization of atherosclerotic
plaque. Metalloproteinases are also involved in the lipid
peroxidation process and accelerated consumption of
nitric oxide®®!. CRP belonging to the group of acute
phase proteins which raises during infection or tissue
damage, is an important marker of inflammation
and is considered as an indicator of coronary events
associated with endothelial damage. The upregulation
of CRP is correlated with the elevation of IL-6, TNF-a,
obesity and insulin resistance, which may indicate a
link between chronic inflammation and endothelial
dysfunction™, It has also been shown that CRP is
more accurate marker of coronary events than the LDL
cholesterol. This was based on the observation that
women with the highest levels of CRP and low LDL
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were more susceptible to acute coronary insufficiency
compared with those with high LDL and low CRP
levels™,

INFECTIOUS RISK FACTORS OF CHD

Classic risk factors do not explain all cases of CHD.
Many data indicate that atherogenesis may be
associated with chronic infections, accompanied by a
long-term persistent inflammation'**>°!. Compelling
evidence supports also the concept that gut micro-
biota actively promotes weight gain as well as fat
accumulation, and indirectly sustains a condition of
low-grade inflammation, thus escalating the risk of
CHDP'**, The occurrence of microbiota favors not
only intestinal but also the systemic exposure to the
LPSs of Gram-negative bacteria. This microbiome-
derived compound can cause a condition called
“metabolic endotoxemia” characterized by low-grade
inflammation, insulin resistance, and augmented
cardiovascular risk. LPS is a powerful trigger for the
cells of the innate immunity®¥. Variety of immune
cells (monocytes, macrophages, Kupfer cells, and
preadipocytes) and non-immune cells (adipocytes,
hepatocytes, and endothelial cells) express Toll
like receptor (TLR) 4 complex recognizing bacterial
LPSP®. Upon binding to TLR, it induces the release
of proinflammatory molecules that interferes with
metabolic paths of glucose and insulin, promotes
development of the atherosclerotic plaque, and favors
progression of fatty liver diseases!***”),

Chronic infections may influence the development
of CHD via various mechanisms such as chronic infla-
mmatory reactions, an autoimmune responses and
the modifications of classic risk factors for CHD!***®!,
They may pose direct effect on the vessel wall by
inducing foam cell formation*?. Therefore, Herpes
simplex and Hepatitis C viruses as well as bacteria
such as Chlamydophila pneumoniae, Mycoplasma
pneumoniae, Porphyromonas gingivalis, Streptococcus
mutans and H. pylori have been considered as factors
involved in the development of CHD""**, It has also
been suggested, that Ch. pneumoniae promotes
atherogenesis by inducing the synthesis of MCP-1,
IL-8 and ICAM-1 in endothelial cells™*. Among various
pathogens possibly involved in atherogenesis H. pylori
is particularly interesting, since it induces chronic long-
term infection within gastric epithelium which leads not
only to local but also systemic inflammation™**,

H. PYLORI A VERSATILE PATHOGEN

H. pylori is a Gram-negative bacterium demonstrating
the affinity to gastric epithelial cells and perfect
adaptation to the acidic environment of the stomach.
In the majority of infected patients the interplay
between H. pylori and the host cells are transformed
into some sort of long lasting homeostasis. The
majority of infected individuals (80%-90%) carry
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and transmit H. pylori with no symptoms, however,
in some patients these bacteria induce pathological
changes like gastroduodenal ulcers, as well as gastric
cancers™?, H. pylori are acquired early in life, and if
not successfully treated persist for lifetime®™., It is
believed that the history and adaptation of H. pylori is
associated with the evolution and migration of Homo
sapiens. This bacterium has evolved to successfully
colonize the hostile environment of the human sto-
mach in the face of innate and adaptive immune
responses®!, In some ways, H. pylori resemble com-
mensal bacteria. Contrary to this assumption, stays
the fact that H. pylori expresses virulence factors
with unquestionable pathogenic properties. For these
reasons H. pylori infections should be monitored
since, even if asymptomatic, they may cause systemic
complications®>>?,

The interactions between H. pylori and gastric
tissue cells determines the establishment and develop-
ment of the disease™". Colonization of gastric epithelial
cells by H. pylori via bacterial adhesins is followed by
the occurrence of the acute phase of inflammation
accompanied by the infiltration of gastric mucosa with
granulocytes and M@. H. pylori survives inside epithelial
cells, also temporarily in M@ or in other niches within
gastric tissues®™, When infection becomes persistent,
acute phase becomes chronic and is accompanied
by an infiltration of lymphocytes. Inflammation is
necessary for the proper recognition and elimination of
infectious agents and tissue healing. But in case of H.
pylori the inflammatory reaction is excessive and results
in the development of pathological processes in gastric
epithelium such as erosions, ulcers, modifications in
the cells phenotype, their excessive proliferation as
well as secretion of proinflammatory cytokines™®®, H.
pylori possess an abundant composition of antigens™?.
Urease and vacuolating cytotoxin (VacA) stimulate
inflammatory responses by damaging gastric epithelial
cells, whereas cytotoxin-associated gene A (CagA)
antigen, when introduced into the host cells through
secretion system IV, evokes structural and functional
changes. Also soluble forms of CagA may influence
the activity of host gastric epithelial cells stimulating
them to secrete IL-8 with chemotactic properties®®,
It inhibits proliferation of lymphocytes®! and enhances
expansion of gastric epithelial cells'®. H. pylori
modulates the activity of immune cells via different
mechanisms such as molecular mimicry, antigen va-
riation and immunomodulation of nonspecific and
specific adaptive responses'®>®*, Some antigens of
H. pylori enhance, while others inhibit the activity of
immune cells. The first group includes surface lectins
whereas CagA, VacA and LPS represents the second
group™®*®”7° H, pylori LPS shares some features
common with human tissues. These are Lewis (Le)
determinants: Le*, Le", LeX" present in the O-specific
chain of H. pylori LPS and on the surface of host cells:
erythrocytes, granulocytes, monocytes, epithelial and
vascular endothelial cells. In consequence, H. pylori
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can impair its recognition by host immune cells and
pose a risk of autoreactive antibody production".
H. pylori LPS of Le type impairs phagocytic activity
of granulocytes, cytotoxic activity of NK cells and
lymphocyte proliferation™® %, It binds with dendritic
cell-specific intercellular adhesion molecule-3-grabbing
non-integrin (DC-SIGN) and may interfere with the
development of specific immune response'’.

Recently, possible association between H. pylori
infection and extragastric disorders, including iron
deficiency anemia, chronic idiopathic thrombocytopenic
purpura, growth retardation, diabetes mellitus and
CHD is being considered'”.. Also, an inverse correlation
between H. pylori prevalence and an increase in
allergies, has been suggested. However, since the
understanding of H. pylori-related pathologies continues
to evolve, the idea that H. pylori might confer benefit
to humans generates serious controversy. Postulated
role of H. pylori in the pathogenesis of extragastric
disorders is based on the following facts: (1) local
inflammation induced by these pathogens has also
systemic effects; (2) H. pylori infection induces chro-
nic low grade process lasting for decades; and (3)
persistent infection induces immune responses, which
may have local and remote consequences.

The widespread prevalence of H. pylori infection
and the fact that they are frequently asymptomatic
may suggest that, similarly to intestinal microflora, H.
pylori can be a source of antigenic components that
stimulate not only local, but also systemic inflammatory
response. Possibly H. pylori together with intestinal
microbiota may enhance a risk of cardiovascular
disorders, probably through a mechanism that invo-
Ives an increased exposure to bacterial products
translocated from the gut to the circulation””*”*, Both H.
pylori proteins and LPS demonstrate pro-inflammatory
properties. Considering the role of H. pylori LPS as
a proinflammatory compound, the different struc-
ture of its lipid A is taken into account®’”), This
component of H. pylori LPS determines its diminished
proinflammatory properties in comparison to other
bacterial LPSs discussed in previous review!*. More-
over the impact of Le determinants on the severity
of H. pylori induced-inflammation has also been in-
vestigated. For instance, it has been shown that H.
pylori LPS with or without Le*" determinants exhibit
different effectiveness in stimulating the secretion of
proinflammatory cytokines: IL-8 and TNF-a"®.,

Recent knowledge on the pathoetiology of athero-
sclerosis together with current findings in the area of
H. pylori infections constitute the background for the
newly proposed hypothesis that those two processes
may be related. To describe the involvement of H. pylori
infection in the development of atherosclerosis, multiple
study approaches have been undertaken. To discover a
significance of H. pylori compounds, in the modulation
of cell barrier function and its contribution to CHD
development complex studies have to be undertake.
The understanding of subsequent stages of H. pylori
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infections and the processes induced on the level of
cellular barriers: gastrointestinal epithelium, vascular
endothelium and the cells of innate immunity seem to
be crucial.

Local chronic inflammation induced by H. pylori
in the gastric epithelium, may be reflected on the
periphery by the appearance of acute phase proteins
and cytokines produced by immune cells and particular
tissues®®**”°, These soluble systemic inflammatory
markers may enhance the development of lesions
within vascular endothelium. Also, it cannot be exclu-
ded that certain H. pylori components crossing the
epithelial barrier in the stomach or intestines can
have a direct influence on the vascular endothelial
cells as well as circulating immune cells maintaining
their constant activation (Figure 1). So far, it has
been shown that H. pylori vacuolating toxin and
urease contribute to the intercellular tight junction
degradation'®. If so, bacterial agents penetrating
lamina propria may interact with immune cells or
even enter the circulation. Although H. pylori colonize
particularly the gastric epithelium its antigens are
translocated to a deeper parts of gastrointestinal tract
where they may be easily detected in feces®®. In the
jejunum components of H. pylori affect the expression
of surface molecules, secretion of cytokines, epithe-
lial permeability and its barrier function. Probably
in Peyer’s patches H. pylori antigens initiate specific
adaptive immunity and from this site could be spread
into the circulation”®®?, It has been hypothesized that
H. pylori antigens may affect vascular endothelium
by direct interactions with endothelium, indirectly in a
form bound with leukocytes or as complexes with LDL/
oxLDL fractions - classic risk factors of CHDV®. The
vascular endothelium can also be affected by H. pylori
- driven cytokines and chemokines®”"#%,

In order to evaluate the involvement of H. pylori
infection in the development of CHD, it is necessary
to find the largest number of research studies and
possible connections confirming this relationship. The
search for such connections should combine serological,
biochemical, immunological as well as molecular
markers. Serological and molecular studies on the
material derived from patients with clinically confirmed
CHD can provide markers helpful in defining individual
susceptibility to chronic infections and extensive
inflammation, predisposing to CHD. These cellular
and molecular study approaches would describe
the background of H. pylori-driven proinflammatory
mechanisms directed towards epithelial and endothelial
barrier functions, and innate immune cells, which would
help to define their role in the atherogenesis.

H. PYLORI VS CHD - CURRENT STATE

Serological studies

The role of H. pylori infection in the development of
CHD was suggested by Mendall et a/** in 1994, where
he observed for the first time the elevation of anti-H.
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Figure 1 A possible link between local inflammation induced by Helicobacter pylori on surface of the gastric epithelium and the inflammatory response
within vascular endothelium. H. pylori: Helicobacter pylori; LDL: Low density lipoproteins; LPS: Lipopolysaccharide; PRR: Pattern recognition receptor; PAMPs:
Pathogen associated molecular patterns; DAMPs: Damage associated molecular patterns.

pylori antibodies in the sera of CHD cases'®". Following
this pioneer finding, some authors made confirmed
this association in several serological studies®*®®,
Searching for that connection other groups concen-
trated on the evaluation of bacteriological, biochemical,
inflammatory and epidemiological parameters related
with CHD and H. pylori infection (Table 1). The H.
pylori seropositivity in CHD group varied from 40% up
to 90%. Several studies also supported the association
between CagA* H. pylori infection and CHD prevalence.
This relation is probably based on the increased
levels of trombin - Factor VI and the prothrombin
subunits: F1 + 2 or through the stimulation of low-
grade persistent inflammatory response in CHD cases
infected with H. pylori CagA* strains®®®“2, However
several authors obtained contrary data®*°*. The
findings coming from other studies showed no increase
in the production of anti-H. pylori antibodies in CHD
patients.

Thus, still there is no consensus on the role of H.
pylori infections in either causation or progression of
CHD™>*®, possible reasons of these controversies may
result from differences in: (1) magnitude of the study
groups; (2) exclusion/inclusion criteria used in study
groups selection; (3) the usage of serological tests for
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the H. pylori diagnostics; and (4) approaches for data
analysis and statistical tests or insufficient knowledge
on possible mechanisms involved. However, a new
approach suggesting a role of gut microbiota in the
development of chronic diseases prompts to continue
the research!!. Particularly stimulating are the
results of research conducted in ethnic groups with
low incidence of classic risk factors for CHD, and high
prevalence of H. pylori infection. Recently published
data’® showed that high levels of anti-H. pylori IgG
were significantly associated with the increased risk
for CHD in a group of Central Africans. After adjusting
with classic risk factors of CHD, H. pylori infection was
found to be the only independent predictor of carotid
plague and stroke incidence in this group. Also Sealy-
Jefferson et al®™ (2013) showed that the exposure
to H. pylori in Mexican Americans may constitute a
risk factor for stroke. Taking into consideration the
increased prevalence of H. pylori in this population, the
infection itself may contribute to the ethnic differences
in stroke risk. It has also been suggested that H. pylori
seroprevalence may influence long term prognosis
for patients with unstable angina!*®**°?, This finding is
supported by several studies where genomic material
(16S rRNA) of H. pylori was identified in the coronary
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Table 1 Major results of the clinical and basic research studies on the relationship between coronary heart disease and Helicobacter

pylori infection

Study characteristic Ref.
Serological parameters
Higher prevalence and concentrations of anti-H. pylori antibodies in CHD vs non-CHD individuals [84-88]
Association between H. pylori CagA positive infections and CHD; exposure of endothelial and smooth muscle components within [88-92]
atherosclerotic plaques to the anti-CagA antibodies
Autoimmunity hypothesis: the presence of the immune complexes Le*/Y-anti-Le""* IgG in CHD patients infected with H. pylori [47,127,134]

Bacteriological parameters

Detection of H. pylori genomic material (16S rRNA) in the coronary arteries and atheromatous plaques from patients with cardiologic

disorders
Presence of viable H. pylori bacteria in atherogenic plaques
Biochemical parameters

Association of H. pylori infection with the increased biochemical and inflammatory parameters of CHD as well as coronary lumen

reduction

Higher prevalence of LDL-hiperchlesterolemia, HDL-hypocholesterolemia and elevated levels of CRP in H. pylori infected than

uninfected individuals

Lower activity of serum paraxonase-1 (a major anti-atherogenous component of HDL) and higher carotid-intima media thickness (one

[43,91,103-105]
[106]
[85,92,107-109]
[110,127-129]

[108]

of the surrogate marker of atherosclerosis) in H. pylori positive in comparison to negative subjects

Positive correlation between raised LBP levels and the severity of CHD with co-existing H. pylori infection. The escalation of

[127]

inflammatory process occurring via Toll-like receptors and LPS-LDL complexes

Increased levels of homocysteine in H. pylori infected individuals caused by malabsorption of vitamine B12 and foliate from diet,

leading to obesity-related resistance to insulin
Inflammation and inflammation-related parameters

Increased concentrations of IL-6, IL-8, TNF-a, plasminogen, activator inhibitor type-1, and von Willebrand factor in CHD patients

infected with H. pylori

High levels of fibrinogen, a marker of systemic inflammation - putative link between H. pylori infections and pathophysiology of CHD
Recruitment of immune cells to the infectious foci and survival of H. pylori within the endothelium due to interaction of H. pylori LPS

Le determinants with E- and L-selectins

Stimulation of Th1 lymphocytes to produce cytokines by H. pylori HspB

Epidemiological studies

Higher risk of CHD in ethnic groups of Central Africans and Mexican Americans with increased prevalence of H. pylori infections
Genetic susceptibility to infections and predisposition to strong inflammatory response

[48,130,131]
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[100-102]
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CagA: Cytotoxin-associated gene A; CHD: Coronary heart disease; CRP: C-reactive protein; Ig: Inmunoglobulines; HDL: High density lipoprotein; Hsp: Heat

shock protein; LBP: Lipopolysaccharide binding protein; IL: Interleukin; LDL: Low density lipoprotein; Le: Lewis; TNF: Tumor necrosis factor.

arteries and atheromatous plaques from patients with
cardiologic disorders including myocardial infarction
and coronary artery disease - suggesting the direct
involvement of H. pylori in CHD pathogenesist****1%3103],
Some authors postulate the presence of via ble H.
pylori in atherogenic plaques supporting their results
by the culture of bacteria on solid media™®.

Inflammatory markers

It has been epidemiologically reported that H. pylori
infections are associated with the changes in bio-
chemical and inflammatory parameters as well as
coronary lumen reduction®%*"%1 1n both H. pylori
infected and CHD patients local inflammation occurring
in gastric mucosa or in blood vessels, respectively
turns into a chronic phase, which leads to a constitute
presence of an inflammation-inducing agents. Incr-
eased concentrations of systemic inflammatory mar-
kers, both in patients with atherosclerosis and H.
pylori infected individuals are usually considered a
symptom or a result of a local inflammation. However,
it has been claimed that systemic inflammation might
be a cause and not a result of a local inflammatory
reaction within atherosclerotic lesions™?. Inflammation
occurring in both, CHD and H. pylori infected individuals
is determined by innate immune mechanisms with
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a participation of cell receptors called “alarmins”.
They recognize conservative structures of infectious
agents - pathogen associated molecular patterns
(PAMPs) as well as host endogenous ligands - damage
associated molecular patterns (DAMPs) appearing on
M@, dendritic cells (DC) and natural killer (NK) cells,
as well as on epithelial and endothelial cells. It is
supposed that the activation of immune or epithelial
cells via pattern recognition receptors (PRRs) may
be a reason for subacute inflammation in chronic
diseases including CHD!""***'**2 | ocal inflammation
results with increased cytokine levels including IL-
6 and TNF-a. Both stimulate the liver to produce
acute phase proteins such as CRP, lipopolysaccharide
binding protein (LBP) and MMP including MMP-9.
Since, acute phase proteins are ligands for PRRs, they
enhance the primary inflammation. However, chronic
H. pylori infection lead to an excessive activation of
inflammatory cells and a release of active radicals into
the environment. This, due to oxidative stress, lead
to tissue damage and apoptosis, therefore providing
endogenous DAPMs such as heat shock protein (Hsp)
70, galectin-1, IL-1a, IL-33, mitochondrial damage
motifs (MtDNA) and high mobility group box1 protein.
Their probable role is a maintenance of inflammation,
stimulation of tissue healing within the gastric ulcer
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niche, or removing damaged cells from the ischaemic
niche, in the vascular endothelium. Mitochondrial
DAMPs may increase endothelial permeability through
neutrophil dependent and independent pathways!™".
Also specific microRNA expression is associated
with the inflammatory response to damaged cells
with possible deleterious implications***. Prolonged
exposure to PAMPs and DAMPs is an apparent reason
for a transformation of a local inflammation into a
chronic form. The damage of vascular endothelium
results in an increased production of reactive oxygen
species and inactivation of nitric oxide, which has an
anti-atherosclerotic properties. These changes lead
to the activation of nuclear transcription factor NF-
kB and result with a transformation of endothelium
to a proinflammatory phenotype characterized by an
increased expression of adhesins and chemokines,
including MCP-1 and IL-8, with chemotactic activity
towards inflammatory cells'***?, Proinflammatory
phenotype of vascular endothelium exhibit an increased
expression of PRR receptors including Toll-like receptors
e.g., TLR4, CD14 and TLR2 recognizing bacterial
LPS. The enhanced expression of these receptors
also occurs on M@ accumulated in the atherosclerotic
plaques[s,ns,ne]_

Signaling pathways involving PRR receptors

In recent considerations recognizing CHD as an infla-
mmatory disease, much attention has been paid to
the role of signaling pathways involving PRR receptors
present on M@, DC and NK cells as well as endothelial
and smooth muscle cells. There are different classes of
PRR, including scavenger receptors, and the TLRs. Their
role in the pathogenesis of CHD is still unclear and the
results obtained in this issue vary greatly™*'"”). Toll-like
receptors have been identified as molecules belonging
to primary innate immunity. The studies on TLR4 and
TLR2 knockout mice confirmed pro-atherogenous
effect of TLR4/TLR2 signaling induction™'****), Although
the expression of TLR2 and TLR4 on endothelial cells
in normal arteries is rather low, it was found to be
increased in the endothelium from atherosclerosis
lesions!*?), Certain studies made an attempt to find
a link between the susceptibility to CHD and TLR
polymorphisms. Two single nucleotide polymorphisms
of TLR4 - Asp299Gly and Thr399Ile were suspected
to impair TLR signaling in response to LPS, in carriers
of these alleles. It was suggested that both alleles
were associated with the protection from carotid
artery atherogenesis and the reduction of myocardial
infarction risk up to 30%, in carriers of the Asp299Gly
polymorphism!*%!*¢12°] Several TLR types: 1, 2, 4 and
5 are expressed in atherosclerotic plaques by resident
cells and leukocytes that migrate into the arterial
wall. The upregulation of TLR4 on M@ induced by
proatherogenic oxidized LDL suggests that TLRs may
provide a potential pathophysiological link between
lipids, infection, inflammation and atherosclerosis™.
The oxidized lipids may also serve as endogenous

Raishidenge ~ WJC | www.wjgnet.com

194

ligands of TLR2 and TLR4!"*!, The study by Talreja et
al"* (2004) showed that mast cell-derived histamine
up-regulates TLR4 and TLR2 expression on the
host cells and by this enhances their sensitivity to
cell wall components of Gram-positive and Gram-
negative bacteria®® - with Hsp and LPS considered
as potential mediators linking bacterial infections with
atherosclerosis. Moreover, it was shown that standard
E. coli LPS induces the overexpression of TLR4, NF-
kB, ICAM-1, VCAM-1 and the endothelial growth factor
(VEGF), as well as the production of nitric oxide and
IL‘8[14'123].

The escalation of inflammatory process occurring
in atherosclerosis does not exclude the participation
of H. pylori LPS, which has low endotoxic activity,
however, its proinflammatory potential is preserved.
It stimulates M@ to secrete TNF-qa, that inhibits
lipoprotein lipase activity. This implies an increase
in triglycerides and lower HDL cholesterol levels!**.
The recognition of H. pylori LPS by the immune cells
and its interaction with vascular endothelium are not
well understood. In the context of the correlation
between the CHD incidence and H. pylori infection the
interactions of LPS with TLR4 and TLR2 are taken into
consideration, especially in regard to the variability of
Le determinants in H. pylori LPS. It has been shown
that H. pylori LPS without Le determinants (Le*")
stimulates monocytes to produce lower concentrations
of IL-8 and TNF-a. than the LPS of Le**"* type. Cytokine
production induced by the latter type was inhibited by
anti-CD14 and anti-LBP antibodies which confirms
the involvement of both Le determinants and lipid A in
those interactions'”®.

H. pylori LPS exhibits weaker activity than the LPS
of E. coli and express antagonistic properties towards
TLR4. Current data do not rule out a role of TLR2 in the
signaling induced by LPS of non-enterobacterial origin
and its cooperation with TLR4™%, It was shown that
low stimulation of the TLR4 signaling by bacterial LPS
may induce the expression of TLR2 in endothelial cells,
probably via NADPH oxidase released by neutrophils™*.
Chronic H. pylori infection favors the formation of
LPS-LDL complexes, directly or with the involvement
of LBP. Such complexes, when deposited in the
vascular endothelium, may enhance proinflammatory
atherosclerotic processes™®. It was shown that the
presence of LBP is required for the LPS-dependent
activation of intracellular TLR4 in endothelial cells. LBP
acts as a catalyst of this process by the translocation
of serum sCD14-LPS complexes into the cells!™™!), In
this context, the positive correlation between raised
LBP and the severity of CHD with co-existing H. pylori
infection seems to be of great importancet™”. It is
also possible that H. pylori LPS contribute to CHD
due to its anti-phagocytic, anti-cytotoxic and anti-
proliferative properties, towards phagocytes, NK cells
and lymphocytes respectively™® ",

The expression of TLR4 and TLR2 is intensified in
the inflamed endothelium. Recent data indicate that
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the binding of E. coli LPS with TLR4 may increase
the permeability of the vascular epithelium®®. Any
kind of endothelial dysfunction, including a reduction
of cell integrity may result in inflammatory cascade.
The involvement of TLRs in the development of
atherosclerosis is associated with the ability of those
receptors to bind ox-LDL, which initiate atherogenesis.
Binding of such complexes induces a cascade of
signals that activate the transcription factor NF-«xB
and results in the upregulation of inflammasome
components such as cytokines and acute phase pro-
teins!*. In the context of atherosclerosis the key
NF-xB-dependent proteins include inflammatory
cytokines: IL-1f and TNF-a, chemokines: IL-8, MCP-1
and MMPs hydrolyzing the extracellular matrix!'l. The
role of IL-1B in the development of CHD is associated
with the stimulation of endothelial cells to produce IL-6,
fibrinogen, CRP and adhesins resulting in a activation
of signal cascade leading to the destabilization of
atherosclerotic plaques'®.

Acute phase response, lipid metabolism, homocysteine
and fibrinogen related mechanisms

Significant association of H. pylori infection with LDL-
hipercholesterolemia, HDL-hypocholesterolemia and
elevated levels of CRP was found. This indicates a
possible impact of chronic infection on a lipid meta-
bolism, which is associated with the increased CHD
risk11%28121 1t was also noted that seropositive pati-
ents with unstable angina develop diabetes more
frequently than seronegative individuals. H. pylori
infection increases obesity-related resistance to
insulin causing malabsorption of vitamin B12 and
foliate from diet, ultimately leading to an increase in
circulating homocysteine levels!*®**%*3!, Since raised
homocysteine may disturb the function of vascular
endothelium it might be implicated in the coronary
slow flow phenomenon. However, there are also
suggestions that homocysteine is a marker rather
than a cause of CHD™?., In H. pylori positive subjects
the activity of serum paraoxonase-1 (a major anti-
atherogenous component of HDL) was lower while
carotid-intima media thickness (one of the surrogate
marker of atherosclerosis) was higher’®®, The sera
of H. pylori infected subjects contain increased
concentrations of inflammatory cytokines, particularly
IL-6, IL-8 and TNF-a, plasminogen, activator inhibitor
type-1, and von Willebrand factor - a sensitive indicator
of atherosclerosis and a predictive factor of acute
coronary syndrome!***, Certain studies also showed
that high levels of fibrinogen, a marker of systemic
inflammation can constitute a probable link between
H. pylori infections and CHD pathophysiology™”.
The putative mechanism of this association might
involve H. pylori-driven stimulation of mononuclear
cells to produce a tissue-factor-like pro-coagulant
that, converts fibrinogen to fibrin though the extr-
insic blood coagulation pathway. Fibrinogen also
stimulates macrophage chemokine secretion through
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TLR4, promoting immune surveillance at sites of
inflammation™*, However, there are also contradictory
results and hypotheses that the occurrence of CHD is
positively associated with age and lower social class™*"..
It would be of great importance to check, whether
H. pylori eradication is associated with the decrease
in the level of the above markers and lower CHD
incidence. To date, anti-H. pylori eradication therapy
confirmed only some suggestions. Mean coronary
artery lumen loss in patients undergoing percutaneous
transluminal coronary angioplasty (PTCA) with stent
and anti-H. pylori eradication therapy was significantly
smaller compared to PTCA and placebo treated group.
Similarly, cytokines such as TNF-a, IL-1p and IL-8 were
significantly lower in plasma of PTCA patients after
H. pylori eradication, while there were no changes in
plasma lipids, homocysteine and clotting factors'®..

Autoimmunity hypothesis

Bacterial pathogens, including H. pylori might contri-
bute to CHD pathogenesis. This approach is supported
by the fact that CHD is starting to be considered as
an autoimmune inflammatory process. The antigenic
structures of infectious agents can induce the expansion
of potentially autoreactive T and B cells, or B cells
producing antibodies cross-reacting with host tissues.
This phenomenon is defined as antigenic mimicry.
For instance H. pylori HspB (60 kDa) might be impli-
cated in CHD pathogenesis via stimulation of Thl
lymphocytes to secrete IFN-y and IL-12 or activation
of M@ to express metalloproteinases and adhesins®®®.
Antigenic mimicry as a cause of inflammation in CHD
is also related to Le determinants. In human tissues
Le antigens serve as ligands for endothelial (E and P-
selectin) and leukocytes (L-selectin) adhesins. This
interaction drives cell migration into the inflammatory
milieu and plays an important role in the accumulation
of immune cells in peripheral lymph nodes. It was
shown that H. pylori bearing Le antigens in their
LPSs are able to bind E- and L-selectins. This linkage
enables the recruitment of immune cells to the infec-
tious foci and may promote survival of H. pylori within
the endothelium™®!, The activity of H. pylori LPS is
also manifested by the activation of monocytes, M@
and secretion of proinflammatory cytokines: IL-1, IL-6
and IL-8". H. pylori strains bearing Le* or Le” attract
circulating lymphocytes that express L-selectin. It was
shown that H. pylori expressing Le determinants induce
higher colonization rates and more excessive infiltration
of gastric mucosa with neutrophils and lymphocytes
- a phenomenon also observed in individuals infected
with H. pylori expressing Le* determinants™”\. Due
to the ongoing inflammation the endothelial and
smooth muscle components within atherosclerotic
plaque might be revealed and exposed to the anti-
CagA antibodies. The formation of such immune
complexes facilitates the risk for further damage of the
endothelium caused by lytic complex of complement
proteins*®,
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INDIVIDUAL SUSCEPTIBILITY TO
INFECTION AND INFLAMMATION IN
RESPECT TO THE DEVELOPMENT OF
CHD

The risk for cardiovascular diseases might also be
considered on the genetic level-determining the sus-
ceptibility to CHD development related to inflammatory
process'®, For example, one of the explanations for
elevated levels of CRP in CHD patients might lay in
chronic, bacterial or viral infection. However, since
viral as well H. pylori and Ch. pneumoniae infections,
are very common, it is believed that an individual
susceptibility to infections and accompanying inflam-
mation could explain the role of infectious agents
in the course of CHD. This individual predisposition
to persistent infections and chronic inflammatory
response can be determined, to some extent, by the
Le antigens, receptors for PAMPs and proinflammatory
cytokines. It is believed that Lewis antigens can play
a key role in shaping the individual susceptibility to
CHD development: by directing the adverse effects
of infection and excessive inflammatory response’..
There are also clear examples of protection against
infectious diseases (particularly to H. pylori, norovirus,
and Vibrio cholerae) based on polymorphisms in genes
encoding and regulating the expression of ABH blood
group and Lewis antigens!***.. There are two types
of Lewis antigens in humans: Le a and Le b. Their
expression depend on genes located on chromosome
1 encoding fucosyltransferases: FUT2 and FUT3.
Depending on the genotype, and thus the expression
of one or both Le antigens, in the Caucasian popu-
lation, there are three dominating phenotypes: Le®*",
Le*™, Le*™, and Le**™ which occurs very rarely. Le
antigens expressed on cell surface and released in
body fluids are associated with the susceptibility to
infections especially related to the mucus layer, such
as those caused by H. pylori™*?, It is assumed that Le
antigens promote adhesion-dependent infections™*.
There are speculations on the link between the Le®™
phenotype and several disorders constituting a risk
factors for CHD development, with examples such as
insulin resistant diabetes, elevated levels of clotting
factor VIII and von Willebrand factor. This phenotype
is considered a genetic marker for the risk for CHD
development!*****, 1t is also believed that the poly-
morphism in FUT3 associated with the presence of
point mutations 59T > G, 202T > C, 314 C > T, 1067
T > A, may determine the individual susceptibility
to infections and the development of atherosclerotic
lesions and strong inflammatory response™*¥,

The polymorphism of inflammation-related genes,
may indirectly contribute to the development of CHD,
and the dynamics of the disease. Such a possibility
appears especially when the mutations accumulate
in several genes related with inflammatory response.
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Thus, while searching for the relationship between H.
pylori infections and their role in the development of
CHD, mutations in the genes encoding TLR4/CD14
receptors (binding LPS), and IL-1B should be taken
into consideration™**. IL-1p acts as a stimulating
mediator of IL-6, fibrinogen, CRP or adhesive molecules
expression by endothelial cells within a cascade
leading to the development and destabilization of the
atherosclerotic plaques. In regard to IL-1B the most
frequently considered gene mutations are: -511C >
T and -31C > T8 It was showed that carriers of
the two relatively frequent variants of IL-13 gene at
-31 and -511 positions, i.e., -31 TT and -511 CC, are
at a higher risk of developing CHD requiring surgical
treatment or two-stage percutaneous angioplasty. In
patients prone to the development of atherosclerosis,
polymorphism of IL-13 gene cluster may be asso-
ciated with the extent and dynamics of lesions in
the coronary arteries'**®. For gene encoding TLR4:
Asp299Gly and Thr399Ile and for CD14 gene: 159C >
T mutations are considered to play a role in CHD and
chronic infections™'>''®], Patients carrying Asp299Gly,
a common variant of the TLR4 gene presented
reduced prevalence of angiographic artery disease and
low levels of CRP. This common variant of the TLR4
gene, probably attenuates receptor signalling and
diminishes inflammatory response to Gram-negative
pathogens**”.,

Since neither infection nor the activation of TLR4/
TLR2 is sufficient to induce atherosclerosis in animal
models!*® it is rather unlikely that microbes and/or
TLRs signaling play a causative role in this disease.
Instead, it is thought that they may be important as
associates of silent disease. For instance, microbial
components such as LPS or lipoteichoic acid released
during acute infection or exacerbation of chronic
infection might activate plaque cells. It has been
suggested that such local “echos” of infections could
lead to increased local production of cytokines and
initiate plaque activation and rupture. The expression
of TLRs in plaques suggests a pathway through which
such an echo effect could occur®. Because H. pylori
infection is located in the stomach, the question
arises why the possible inflammation should only be
transferred to the heart blood vessels and not to other
vessels of the body? Various activities of the immune
cells are mediated by endothelial cells, which form
specialized microcirculatory networks used by the
immune cells under both physiological and pathological
circumstances. Endothelial cells represent a highly
heterogenous population of cells with the ability to
interact with and modulate the function of immune
cells™). Atherosclerotic lesions occur at distinct sites
within the arterial tree, such as branches, bifurcations,
and curvatures, where they cause characteristic
alterations in the blood flow, including decreased
shear stress and increased turbulence. The nature of
the flow appears to determine whether lesions occur
at these vascular sites. The low-shear hypothesis of
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atherosclerosis has been validated!"*”. Decreasing

shear stress at branches, bifurcations, and curvatures
results in endothelial activation, adhesion molecule
expression, and greater monocyte transmigration. It
has been shown that atherosclerotic lesions appear
first at lesion-prone sites, where activated endothelium
expresses specific molecules, which favors the recrui-
tment of monocytes and T cells. For instance, it
has been hypothesized that the regiospecitifity of
atherosclerotic lesions might be determined by the
lower expression of TLR2 molecules™", The localization
of atherosclerotic lesions could be also related to the
local overexpression of NF-xB/IxB pathways!*.

FUTURE RESEARCH PERSPECTIVES

To describe the role of H. pylori in the initiation,
acceleration or the development of CHD a few fun-
damental questions need to be addressed. It need
to be elucidated, whether viable H. pylori or bacterial
compounds are able to break the single layer of
epithelial cells and have unimpeded access to the
systemic circulation. Also, it is not clear, whether
classic risk factors such as hypercholesterolemia
may act synergistically with H. pylori or their
compounds to destabilize or disrupt gastric epithelial
barrier function. It is also interesting whether CHD
as systemic disease can lead independently to the
disruption of gastric epithelial barrier function. The
use of well-defined cell lines which mimic the in
vivo conditions and exclude the naturally occurring
phenotypic variations or the influence of external
agents will enable to clarify the relationship between
H. pylori as effective colonizer of gastric mucosa and
inflammatory response. Methodology of culturing the
cells using trans-well systems can help to examine
whether H. pylori antigens alone or in combination
with classic CHD risk factors interfere with the integrity
of gastric epithelial and endothelial cells, cytotoxicity,
the cell cycle, chemokines as well as cytokines and
cell signaling. Microfluidic culture systems enable to
explain if H. pylori compounds might be delivered to
the inflammatory sites within vascular endothelium
and interact with both endothelial and the immune
cells™*,

Since, H. pylori infection has been defined as class
I gastric carcinogen and many epidemiological studies
demonstrated positive correlation between serum
lipids and the risk of gastrointestinal malignancies, it is
tempting to evaluate the prevalence of malignancies
in CHD patients infected with H. pylori. Although it
has been shown that H. pylori infection is related with
increased LDL level, the association between abnormal
concentrations of serum lipid components, the infection
with H. pylori and the risk of gastrointestinal cancer is
unknown?,

CHD patients are recommended for antitrom-
bocythic therapy with aspirin, which can be beneficial
to individuals who already have experienced a heart
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attack, stroke, angina or peripheral vascular disease,
or have had certain procedures such as angiography or
bypass. However, aspirin can be prescribed to prevent
heart disease and stroke in same individuals who have
not previously experienced these events. The United
States Preventive Services Task Force recommends that
men with no history of heart disease or stroke aged
45-79 years should use aspirin to prevent myocardial
infractions and that woman with no history of heart
disease or stroke aged 55-79 should use aspirin to
prevent stroke!™®!, On the other hand, NSAIDs such
as aspirin is positively correlated with the incidence
of gastrointestinal tract disorders. Such damage can
take a form of mucosal erosions or ulcers. NSAIDs
can stimulate leukocytes, particularly neutrophils, such
that they adhere to the vascular endothelium within
the gastrointestinal microcirculation. Moreover NSAIDs
impair the rapid restitution that occurs through cell
migration following damage to the superficial epithelium
of the stomach, reduce rates of epithelial turnover
and thus impair the healing process. It is necessary to
elucidate, whether ulcers are more likely to develop in
long-term NSAIDs users who have mucosal erosions
or in individuals infected with H. pylori, or both — and
what is the role of NSAIDs on the course of CHD and H.
pylori-related pathologies!****>*,

Proinflammatory agents released directly due
to damage induced by H. pylori or indirectly by neu-
trophils recruited to the site of infection break the
epithelial barrier. An initial effect of H. pylori infection
is amplified significantly and impair the proper action
of cellular barrier. The question is whether inflamma-
tory mediators generated in the stomach can reach
and harm distant tissues, leading to systemic disorders
related with CHD.

Tissue inflammation, cell injury or death result in
the release of molecules that are endogenous PRR
ligands. DAMPs stimulates cells to produce acute
phase cytokines and activates other inflammatory
compounds. Depending on the affected tissue, various
stromal cells, including epithelial and endothelial
cells, may function as sentinels for detection of
DAMPs, which felicitate neutrophil recruitment. It was
hypothesized that IL-33 may have protective effects
during atherosclerosis by inducing a Th1-to-Th2 switch
of immune responses!®.. However, many questions
regarding the role of specific DAMPs during H. pylori
infections and cardiovascular diseases remain to be
solved.

Since initial moment of H. pylori infection is almost
impossible to identify, little is known about the natural
history and kinetics of infection and immune responses.
There is an urgent need to establish and optimize the
animal model mimicking human immune system,
sensitive for H. pylori infection and CHD development.
Immunologic similarities between guinea pigs and
humans in regard to: leukocyte antigens, complement
system, antigen presenting molecules, patterns of
IFN-y, IL-8, IL-12 release, as well as their receptors
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suggest that this animal model may be suitable for
studies on the relation between H. pylori infection and
the development of its extragastric consequences.
Antigen-specific lymphocyte proliferation has been
found a suitable marker of immune response in
guinea pigs with sustained H. pylori infection. Recently
guinea pigs were successfully used to show the role
of endotoxemia in the myocardial injury and sepsis-
associated dysfunction*>7>*%,

It is believed that an individual susceptibility to
infections and accompanying inflammation could
help to explain the role of infectious agents in the
course of CHD. Using the samples from patients with
clinically confirmed CHD infected or not with H. pylori
in comparison with control group it is necessary to
look for cellular and molecular markers which may
determine an individual susceptibility to chronic
infections and extensive inflammation, predisposing to
CHD.

These cellular and molecular studies would help
to understand the role of H. pylori infections in the
pathogenesis of CHD. Describing the background of H.
pylori - driven proinflammatory mechanisms directed
towards epithelial and possibly endothelial barrier,
would help to allocate their role in the process of
atherogenesis. In case of proven causative role of this
bacterium in the pathogenesis of CHD, its eradication
will be important for diminishing one of CHD infectious
risk factors.

CONCLUSION

CHD, one of the most severe chronic diseases of the
coronary vessels is a multifactorial disorder. Since
classic risk factors do not explain all cases of CHD
it has been suggested that chronic infections and
even commensal microorganisms may affect the
development or maintenance of CHD. Among various
pathogens possibly involved in atherogenesis H. pylori
is particularly interesting, since it induces chronic long-
term infection within gastric epithelium which leads
to not only local but systemic inflammation. Recent
knowledge on the pathogenesis of atherosclerosis
together with current findings in the field of H. pylori
related diseases constitute the background for the
newly proposed hypothesis that those two processes
may be related.
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