
temic levels of IgG to Hsp60 were increased in H pylori -
negative patients compared with uninfected controls (P  
< 0.001) and CagA-positive infected patients compared 
with CagA-positive infected controls (P  = 0.007).  

CONCLUSION: CagA positive H pylori  infection may 
concur to the development of CHD; high levels of anti-
Hsp60 antibodies may constitute a marker and/or a con-
comitant pathogenic factor of the disease.

© 2006 The WJG Press. All rights reserved.
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INTRODUCTION
Atherosclerosis-related diseases -particularly coronary 
heart disease (CHD)- are a leading cause of  death and dis-
ability in most developed countries. Many epidemiological 
studies have shown a strong relationship between CHD 
and chronic bacterial and viral infections, suggesting a pri-
mary role of  inflammatory diseases in the pathogenesis of  
vascular cardiac disorders[�,���,���. Infectious agents may cause 
a spectrum of  systemic effects and induce atherosclerosis 
in several different ways. For instance, by increasing the 
production of  circulating cytokines (interleukin-� [IL-�� 
and interleukin-6 [IL-6�), through the generation of  acute-
phase reactants (white blood cells and C reactive protein) 
and the stimulation of  immune-mediated responses, such 
as the production of  antibodies targeted to the invading 
pathogens, etc[�����. Several authors[����� have also reported that 
infections might stimulate smooth muscle cell prolifera-
tion and migration and lipid accumulation; apoptosis of  
endothelial cells can be inhibited and many procoagulant 
effects could be produced[�����. 

H pylori infection is one of  the most widely spread in-
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Abstract
AIM: To determine the overall prevalence of H pylori  
and CagA positive H pylori  infection and the prevalence 
of other bacterial and viral causes of chronic infection 
in patients with coronary heart disease (CHD)�� and the 
potential role of anti-heat-shock protein 60 (Hsp60) anti-
body response to these proteins in increasing the risk of 
CHD development. 

METHODS: Eighty patients with CHD and 160 controls 
were employed. We also compared the levels of anti-
heat-shock protein 60 (Hsp60) antibodies in the two 
groups. The H pylori  infection and the CagA status were 
determined serologically�� using commercially available 
enzyme-linked immunosorbent assays (ELI�A)�� and a 
Western blotting method developed in our laboratory. 
�ystemic antibodies to Hsp60 were determined by a 
sandwich ELI�A�� using a polyclonal antibody to Hsp60 to 
sensitise polystyrene plates and a commercially available 
human Hsp60 as an antigen. 

RESULTS: The overall prevalence of H pylori  infec-
tion was 78.7% (n = 63) in patients and 76.2% (n = 
122) in controls (P = 0.07). Patients infected by CagA-
positive (CagA+) H pylori  strains were 71.4% (n  = 45) vs  
52.4% of infected controls (P  = 0.030�� O� = 2.27). �ys-
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fectious diseases in human[�����. This microorganism infects 
half  the world population and causes chronic gastritis. The 
disease usually lasts for the entire host’s life and constitutes 
a main risk determinant of  peptic ulcer and gastric neopla-
sia[6,7��. The infection elicits a chronic humoral and cellular 
inflammatory response, stimulates an increase of  poly-
morphs and basophils[8� and elevates the local and systemic 
concentrations of  vasoactive cytokines[9�, whose effects 
may not be confined to the digestive tract[�0�. 

Recent epidemiological surveys have indicated that  
H pylori infection may be associated with atherosclerotic 
vascular diseases[���, although it is still disputed whether 
this infection increases the risk of  CHD[��-���. Some studies 
have shown an increased risk of  CHD in patients with a 
systemic immune response to heat shock proteins (Hsps)[���. 
Hsps are families of  highly conserved proteins that share 
wide homologies of  sequence among different species, 
ranging from bacteria to human beings[�6,�7�. They are in-
duced or up-regulated in cells exposed to sudden elevations 
in temperature, but are also synthesized in large numbers 
when cells are exposed to stressful stimuli such as inflam-
mation, infections, mechanical stress, hypoxia and oxidiz-
ing agents[�6,�7�. They play a fundamental role in the growth 
of  bacteria at all temperatures and their production could 
represent an essential mechanism of  cell protection against 
different noxae[�7,�8�. H pylori produces two main Hsps, a 
groEs-like HspA with a mass of  �� kDa, and a groEL-like 
HspB with a mass of  ��-60 kDa[�9,�0�. Both proteins stimu-
late a specific systemic antibody response and, due to the 
high sequence homology of  Hsps, it is highly possible that 
they can trigger an autoimmune response directed against 
the bacterial proteins and also to human tissues expressing 
Hsps, including vascular endothelial cells[�0,���,������. The aim of  
the present study was to determine the prevalence of  anti-
Hsp antibodies in patients with CHD and controls and to 
identify the potential role of  an antibody response to these 
proteins in increasing the risk of  CHD development. We 
tested serum samples for the overall prevalence of  H pylori 
and CagA positive H pylori infection, and for antibodies 
to the other bacterial and viral causes of  chronic infection 
that are recognised determinants of  CHD risk develop-
ment. Our results suggest that CagA positive H pylori in-
fection may concur to the development of  CHD and that 
high levels of  anti-Hsp antibodies may constitute a marker 
and/or a pathogenic factor of  the disease.

MATERIALS AND METHODS
Patients and controls
We studied 80 consecutive patients with stable angina; their 
mean age was 6� years (range �� to 7� years). Patients were 
admitted to this Institute for evaluation by clinical history, 
physical examinations, heart echography, and basal and 
exercise ECGs. Patients were enrolled if  they showed signs 
or symptoms of  angina at exercise ECG; an ST segment 
depression more than � mm was considered positive. As 
control, we enrolled �60 age- and gender-matched patients, 
who came from the same socio-economic background and 

were hospitalised in the same Institute for diseases other 
than CHD, vascular diseases, dyspeptic and liver disorders, 
hematological diseases, and thyroid abnormalities. Their 
mean age was 6�.� years (range �� to 7� years). Patients 
and controls had not taken antibiotics potentially active 
against H pylori in the last three months. Both patients and 
controls gave their written informed consent.

Determination of H pylori infection and CagA status
The H pylori infectious status was determined serologi-
cally using a commercially available enzyme-linked immu-
nosorbent assay with a sensitivity and specificity of  96% 
ca. ((Helicobacter pylori IgG, Diesse, Monteriggioni, Siena, 
Italy). H pylori infectious status was confirmed by Western 
blotting (WB). WB was also used to detect antibodies to  
H pylori CagA. Briefly, a whole cell suspension of  H pylori 
CCUG �787� (a CagA-positive and cytotoxic strain) was 
denatured in Laemmli’s buffer at �00℃ for � min and 
electrophoresed in a 10% polyacrylamide gel with sodium 
dodecylsulphate. The resolved proteins were transferred 
electrophoretically onto nitrocellulose membranes, and the 
free sites were saturated with 3% skim milk in phosphate 
buffered saline (PBS) pH 7.4 containing 0.1% Triton X 
(PMT). Afterward, strips were cut and immunoblotted with 
serum samples diluted �:�00 in PMT for immunoglobulin 
G (IgG). After overnight incubation at room temperatures, 
strips were washed three times with PMT, and a peroxidase 
labelled antibody to human IgG, diluted in PMT �:�000 
(Sigma Che. Co., Milan), was added and incubated at room 
temperatures for 90 min. Strips were washed three times 
with PMT, once with PBS-Triton X, and twice with Tris 
buffer 0.0� mol/L pH 6.8. The reaction was visualised by 
addition of  the substrate (H�O� in a solution of  �-chloro-
�-naphthol in Tris buffer 0.0� M pH 6.8). The reaction was 
stopped with water. The presence of  more than six bands 
of  reaction indicated an infection. As positive controls, 
anti-CagA and anti-Hsp rabbit polyclonal antibodies (kindly 
given by R. Rappuoli, Novartis, Siena) were used. 

Determination of anti-Hsp60 antibodies
Antibodies to Hsp60 were determined by an ELISA, 
using a commercially available human Hsp60 (Sigma Che. 
Co., Milan, Italy). In preliminary tests, we determined the 
working concentrations of  Hsp60 with the aid of  a pool 
of  human serum samples, which contained antibodies to 
H pylori HspB (54-60 kDa), as detected on WB. Briefly, we 
sensitised each well of  polystyrene microtiter plates with 
��0 μL of  an anti-polyclonal H pylori HspB antibody raised 
in rabbits, diluted �:�0 in PBS pH 7.�. After one hour of  
incubation at �7℃, we washed the plates three times with 
PBS containing 0.05% Tween 20 (PBST) and 2% bovine 
serum albumin (BSA). Then, we added to each well �.� μg 
of  Hsp contained in �00 μL of  PBS-BSA (this amount 
of  Hsp was determined in preliminary tests). After one 
hour of  incubation at �7℃ and three washes with PBS-T-
BSA, we added �00 μL of  each serum samples, both from 
patients and controls, diluted �:�0 in PBS-BSA. Plates were 
incubated at �7℃ for one hour, then they were washed 
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three times and �00 μL of  an anti-human immunoglobulin 
G (IgG) (Sigma Che. Co., Milan, Italy), labelled with 
peroxidase, diluted �:�000, was added to each well. After 
incubation, we added to each well �0 μL of  the substrate 
(a solution of  tetramethylbenzidine dihydrochloride in 0.� 
mol/L phosphate-citrate buffer pH 5.0, containing 0.03% 
sodium perborate and 0.01% of  30% hydrogen peroxide). 
Incubation was carried out at room temperatures in 
the dark for �0 min. The reaction was stopped by 
the addition of  �0 μL of  � mol/L sulphuric acid and 
read spectrophotometrically at ��0 nm. All tests were 
performed in triplicate and levels of  antibodies were 
expressed in optical density (OD). As a control, we used 
an anti-Hsp60 polyclonal serum raised in rabbits tested at 
several dilutions. The intra-tests and inter-tests deviations 
were lower than or equal to 10%, and lower than or equal 
to 15%, respectively.

Determination of other pathogens
Antibodies against other putative causes of  chronic 
infections were determined by the following commercially 
available kits: Chlamydia pneumoniae (CFT-MAT Chlamydia, 
Diesse, Monteriggioni, Italy); Mycoplasma pneumoniae 
(CFF-MAT Mycoplasma, Diesse, Monteriggioni, Italy); 
cytomegalovirus (ENZIGNOST CMV IgG, Behering, 
Milan, Italy); herpes simplex virus (ENZIGNOST HSV IgG, 
Behering, Milan, Italy); E-B virus (ENZIGNOST HSV 
IgG, Behering, Milan, Italy).

Statistical analysisal analysis
The differences in the prevalence of  infection by the 
various pathogens were compared using the chi-square test 
with the Yates’s correction. The mean levels of  anti-urease 
antibodies were compared using the t-test for independent 
samples, utilising the software Primit.Exe, version �.0.�.  
P values < 0.05 were considered significant.

RESULTS
Overall prevalence of H pylori infection
We determined the prevalence of  H pylori infection 
between patients and controls to verify the hypothesis that 
such an infection could increase the risk of  CHD. TheThe 
mean age of  patients was 6� years (range �� to 7� years); 

controls had a similar mean age of  6�.� years (range �� to 
7� years). The overall prevalence of  H pylori infection was 
78.7% (n = 63) in patients and 76.2% (n = ���) in controls 
(P = 0.07).

Determination of CagA status in infected patients and 
controls
Recent studies have shown that infection by strains that 
express CagA protein induces increased levels of  local and 
systemic cytokines that could contribute to the damage 
of  the cardiovascular system. We therefore determined 
the seroprevalence of  CagA seropositivity in patients 
and controls. Patients infected by CagA-positive (CagA+)  
H pylori strains were 71.4% (n = ��) vs 52.4% of  infected 
controls (P = 0.030, OR = 2.27; 95% CI 1.0-5.1) (Figure 1). 

Prevalence of infections by pathogens other than H pyloriH pylori
Since it is well-known that many pathogens could 
contr ibute to the genes i s of  a chronic sys temic 
inflammatory status, we determined the seroprevalence of  
the most common infectious agents that might increase 
the risk of  CHD. We found that the majority of  both 
patients and controls were seropositive for C. pneumoniae, 
cytomegalovirus, herpes simplex virus and Epstein-Barr 
virus, while 46.2% of  patients and 38.7% of  controls had 
anti-M. pneumoniae antibodies (Table �). No statistically 
significant difference was found in the prevalence of  
infections by the different pathogens in patients and 
controls (data not shown).

Determination of anti-Hsp60 antibodies in patients and 
controls
Hsps are a family of  well-conserved proteins and Hsp60, 
in particular, is widely shared by H pylori and eukaryotic 
cells. As antibodies to Hsps are found at high titers in 
cardiovascular disorders, we compared the levels of  
anti-Hsp60 antibodies in patients and controls. Levels 
of  antibodies to Hsp60 were significantly increased in  
H pylori-negative (Hp-) patients, compared with those in  
H pylori-negative controls (���.� ± ��9.6 vs �97.6 ± 
��.�; P < 0.001, 95% CI 66.4-221.3) (Figure 2); levels of  
antibodies to Hsp60 in CagA+ patients were higher than in 
CagA+ controls (��8.8 ± ���.� vs ��7.� ± �7�.6; P = 0.007, 
95% CI 28.8-174.3), but were not significantly higher than 
in Hp+/CagA- patients (��0.� ± �69.�; P = 0.��0) and in 
Hp- patients (���.� ± ��9.6; P = 0.07�) (Figure �). Levels 
of  antibodies to Hsp60 in CagA+ controls (��7.� ± �7�.6) 

Table 1  Prevalence of infection by pathogens other than  
H pylori  in patients and controls  n  (%)

Group C. pneumoniae CMV HSV-1 EBV M. pneumoniae

Patients
(80)

  63 (78.7)   75 (93.5)   77 (96.2)   74 (92.5) 37 (46.2)

Controls
(160)

110 (68.7) 145 (90.6) 140 (87.5) 148 (92.5) 62 (38.7)

80
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40
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0
           Hp +         Hp +/CagA+
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Figure 1  Prevalence of overall H pylori and CagA+ H pylori infection in patients 
and controls.
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and Hp+/CagA- controls (�97.� ± 80.8�) were higher than 
in Hp- controls (�97.6 ± ��.��) (P = 0.006, and P < 0.00�, 
respectively) (Figure �).

DISCUSSION
In the present study we have observed an increased preva-
lence of  CagA+ H pylori infection, as well as increased 
levels of  antibodies to Hsp60 in patients with CHD, com-
pared with controls. Because of  the notion that atheroscle-
rosis may be regarded as an inflammatory process and that 
the presence of  a chronic systemic inflammatory status is a 
strong risk factor for the development of  coronary artery 
disease and ischemic stroke, we need to identify the cause 
of  inflammation. In our study, almost all patients and con-
trols were seropositive for pathogens other than H pylori, 
suggesting that these agents of  chronic infection have a 
minor role (if  any), at least in our area, in the development 
of  cardiovascular disorders. H pylori is the logical and most 
important candidate for this role as a cause of  the low-
grade, persistent inflammatory stimulation induced by the 
infection, i.e. the vascular damage could be an indirect ef-
fect of  systemic inflammatory mediators stimulated by the 
local mucosal inflammation, which may affect homeostasis. 
Recent epidemiological surveys have indicated that H pylori 
infection may be associated with atherosclerosis in differ-
ent districts, but it is still disputed whether this infection 
increases the risk of  CHD[��,��,��,���. The increased levels of  
cytokines induced by infections can lead to changes in en-
dothelial cell function by recruiting monocytes and T cell 
lymphocytes into the vessel walls; as a consequence, the 
local inflammatory responses may be exacerbated, even in 
the absence of  resident pathogens. In addition to promot-
ing atherosclerosis, infections can also trigger acute coro-
nary events, such as plaque rupture[���. Mendall et al[��� re-
ported an association between H pylori infection and CHD, 
however, such an observation is still questioned[��-��,���. A 
possible reason for contradictory results may include the 
variable circulation in different areas of  H pylori strains 
endowed with an increased inflammatory potential, i.e. 

those possessing a genomic insertion called cag[���. Patients 
infected by highly virulent H pylori strains can be easily 
identified, because CagA, the protein encoded by cagA, one 
of  the cag genes, is always expressed[��,���. CagA is strongly 
immunogenic and specific systemic antibodies can be de-
termined by simple methods. H pylori is not a clonal patho-
gen. Although strains from unrelated cases of  infection 
are all genomically diverse, most clinical isolates can be 
grouped into two types, according to whether they possess 
or not the pathogenicity island cag, a genomic region that 
encodes proteins involved in virulence such as cagA[���. The 
importance of  the infection by H pylori carrying the cag 
insertion has recently been confirmed by the observation 
that patients with CHD are more likely infected by CagA 
positive strains and have a more severe clinical picture ofpicture ofof  
the disease[�,�,���. The increased risk of  CHD, to which pa-
tients infected by CagA-positive H pylori are exposed, may 
be attributed to the intensified inflammatory potential of  
such organisms[���. Thus, the infectious status could deter-
mine elevated systemic levels of  tumour necrosis factor-
alfa, IL-� beta, IL-6 and interleukin-8 and these cytokines 
may exert a deleterious activity against vascular endothelial 
cells. The chronic local inflammatory response to H pylori 
infection may also have repercussions for the whole organ-
ism[8,9�. Systemic indices of  inflammation, such as levels of  
polymorphs and basophils, can be increased in individuals 
infected by H pylori and many vasoactive substances like 
cytokines, produced locally to fight the bacteria, may reach 
the blood stream and promote a chronic systemic inflam-
matory status of  low degree, which may contribute to inju-
ry of  other organs, different and far from the stomach[8-���. 

Another explanation for contradictory results in ex-
perimental and clinical studies, pointing to find out a real 
association between Hp and CHD, may reside in the dif-
ferent inclusion criteria of  patients and controls employed 
in different studies and the strong association of  H pylori 
infection with confounding factors, such as age and social 
class. In order to avoid these variables we have enrolled 
both patients and controls of  the same gender, age and 
coming from the same social background. The infection 
by CagA-positive H pylori cannot directly induce coronary 
atherosclerosis and need, most probably, the presence of  
other co-factors capable of  inducing the onset and evolu-
tion of  ischaemic heart disease. Hsps are highly conserved, 
immunogenic molecules whose cellular levels are raised by 
heat, inflammatory mediators and other forms of  physi-
ological stress[�6,�7�. Their most important function is to 
enhance cellular survival under physiologically stressful 
conditions, since they have been recognized as molecular 
chaperones and helpful in correct protein folding and 
oligomeric assembly[�6-�8�. Although Hsps are normally in-
tracellular proteins, marked stress-induced overexpression 
may lead to their presentation on the cell surface, stimulat-
ing an autoimmune reaction, and thereby representing an 
important marker of  inflammation. The observation that 
almost all patients with gastric carcinoma have systemic 
antibodies to H pylori HspB may support such observa-
tions[�6�. According to the hypothesis of  Wick et al[�7�, the 
association between high levels of  anti-Hsp antibodies and 
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Figure 2  Mean levels (in optical density) of anti-Hsp60 systemic antibodies in 
patients and controls.
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atherosclerotic vascular disease is due to an autoimmune 
reaction to endothelial cells that express high levels of  
Hsp in response to stressful stimuli, like oxyded LDL, free 
radicals, local infections, cytokines or hemodynamic stress. 
In the present study, we confirmed that the increased anti-
Hsp60 immune response observed in patients cannot be 
attributed to chronic infections by pathogens other than 
H pylori, since their prevalence in patients was similar to 
that in controls. On the contrary, the infection by CagA+ 
H pylori strains increased the levels of  anti-Hsp60 anti-
bodies both in patients and controls; however, although 
in patients the difference was not statistically significant, 
in controls such a difference was significant, suggesting 
that a relationship between chronic H pylori infection and 
development of  antibodies to Hsp60 cannot be excluded. 
Another explanation could consist in the possibility that 
the inflammatory response triggered by the infection, to-
gether with putative toxic substances secreted by bacteria, 
alters the epithelial Hsp to such a degree that the patient’
s immune system loses the immune tolerance to self  chap-
eron and starts producing autoantibodies that cross-react 
with H pylori Hsps. LatifLatif  et al[�8� have identified a stronghave identified a strong 
homology between cardiac myosin heavy chain and Hsp60, 
suggesting that a cross-reactivity between similar epitope 
motifs may contribute to autoimmunity; circulating anti-
Hsp antibodies may be involved in an autoimmune reac-
tion to myocytes or endothelial cells, respectively, that have 
expressed Hsps due to stress.    

Considering the importance of  CHD in the industrial-
ized world as a main cause of  illness and since H pylori 
infection (even by CagA-positive strains) can be easily 
eradicated by specific treatments, the accurate definition 
of  this new risk factor may lead to novel strategies for the 
prevention of  ischemic heart disease. 
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