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ABSTRACT

Atherosclerosis is probably generated and its progress certainly sustained by chronic
inflammation process. In this connection, several studies are actually considering
infection as another possible co-factor of atherosclerosis development. Viral and
bacterial pathogens have long been suspected to affect atherogenesis directly..
Helicobacter pylori, some viruses and, particularly, Chlamydia pneumoniae are
infection agents most often considered in these studies. Serological, epidemiological,
histological and immunological studies are in progress to test the above hypothesis.
Overall, the role of C.pneumoniae in favoring the atherogenesis and/or its adverse
acute events appears to be strengthened by recent evidence, which includes a clear-cut
demonstration and quantification of the bacterial agent in the atherosclerotic plaque, as

we conclusively show in this paper.
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1. Introduction

Inflammation is a key process in the development of atherosclerosis, and one of the rate-
limiting steps in the development of atherosclerotic lesions is the production of inflammatory
chemokines by endothelial cells and vascular smooth muscle cells [1]

Atherosclerosis and cardiovascular diseases are highly complex pathogenic events with
numerous factors simultaneously and sequentially collaborating in subtle ways to induce lesion
development and progression.

The lesion, or atheroma, is an inflammatory site composed of a necrotic lipid-rich core,
modified vascular endothelium, smooth muscle cells, foamy monocyte/macrophages,
lymphocytes and a variety of inflammatory mediators [2].

One of the the most involved mediator of inflammation is the Heat Shock Protein 60
(HSP60) that has been detected in atherosclerotic lesions from both human and experimental
animals but not in normal arteries, suggesting that they may play a significant role in the
pathogenesis of atherosclerosis [2]. In keeping with this, HSP60-specific T cell clones have
been detected infiltrating the atheromatous plaque [3[.

Because traditional risk factors such as hyperlipidemia, hypertension, diabetes, age, sex,
smoking, and familial history cannot fully explain the occurrence of atherosclerosis in a number
of subjects, other factors could be involved [4]. Infectious agents including bacteria such as
Chlamydia pneumoniae (CP) and Helicobacter pylori or viruses such as human cytomegalovirus
have long been suspected to initiate or contribute to the disease [5, 6]. Here, we focused on the
putative role of CP in the atherosclerosis and its implications in the development of

atheromatous lesions.
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2. Chlamydia pneumoniae: the most important pathogen-player

Chlamydia pneumoniae (CP), an obligate intracellular human pathogen, causes both
lower and upper acute respiratory illnesses, including pneumonia, bronchitis,
pharyngitis and sinusitis. CP can cause prolonged or chronic infections which may be
due to persistence for months or years [7]. These persistent infections have long been
suspected to be implicated in the development of a number of chronic diseases
including atherosclerosis, mostly on the basis of seroepidemiological studies [8].

CP can infect and survive in a wide number of host cell types, including lung
epithelium, resident macrophages (alveolar and monocyte derived), circulating
monocytes, arterial smooth muscle cells and vascular endothelium [9]. Once infected,
the physiology of the various cell types present in the lung, circulatory tree and
atheroma itself may be profoundly modified , and facilitation to atheroma formation via
circulating monocytes and lymphocytes can occur[10].

Similarly to other chlamydiae, CP is an obligate intracellular parasite , with a rather
characteristic intracellular developmental cycle , very different from oither bacteria. In
fact, .chlamydial growth is biphasic, consisting of two alternating functional and
morphological forms (Fig. 1). The elementary body (EB) is the metabolically inert,
infectious form of the organism that is capable of transient extracellular survival. EBs
bind to as yet undefined host cell receptors, are internalized via a pathogen-specified
process and are detectable within a membrane-bound vesicle immediately after entry.
Soon after, chlamydiae differentiate from infectious EB to the intracellular replicative

form of the organism, referred to as the reticulate body or RB. This differentiation,
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which is dramatic in terms of altered chlamydial morphology, must reflect an
orchestrated sequence of differential gene expression. RB multiplication results in the
formation of an intracellular microcolony (termed the inclusion) of chlamydiae. The
final stages of chlamydial growth during a productive infection involve differentiation
of RB back to EB. This is accompanied by lysis of the host cell or direct release of EB,

which restart the infectious cycle both in the same or a different host via inhalation ..
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Figure 1: the developmental cycle of C. pneumoniae. A, B, C, D micronographs of CP

in the different stages of replication.

Productive infection is not the sole outcome, in that CP may respond to treatment by

forming inclusions containing atypical non-infectious RB larger in diameter termed
aberrant form (AF). In general, it is likely that this aberrant developmental step leads to
the persistence of viable but non-culturable chlamydiae within infected cells over long

periods, establishing a chronic, persistent infection. This outcome must be rather
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frequent when we consider the seroprevalence of 1gG and IgA in most populations. AF
forms are, however, reversible. Removal of several stress factors allow the production
of viable and infectious EB. A direct example of the induction of AFs forms is the
therapeutic treatment in patients with coronary artery disease with certain antibiotics.
The therapy fails to eradicate CP but, instead, results in a chronic or persistent non-
productive infection [9]. In in vitro experiments, Interferons cause persistence of CP
infection.

Most of the major sequelae of chlamydial disease are thought to arise from either
persistent or recurrent chlamydial infections . The most logical hypothesis is that
persistence would allow constant antigen presentation and stimulation of deleterious
host responses including autoimmunity [7].

3.The evidence: Chlamydia pneumoniae is not a innocent bystander

Exposure to CP is extremely common, and infections occur repeatedly among most
people. The prevalence of antibody titers continues to rise in populations of adults,
reaching a peak of 80% of males and 70% of females, and the population prevalence
studies demonstrate that infections are not restricted geographically and that re-
infections occur frequently [10].

Evidence for the presence of the organism in atherosclerotic lesions has emerged from
several different groups of investigators using immuno-histochemistry, electron
microscopy, in situ hybridization or amplification of chlamydial DNA by polymerase
chain reaction (PCR). Shor et al. were the first to demonstrate that CP was present in
atherosclerotic lesions. These investigators used transmission electron microscopy

(TEM) to detect CP in macrophage foam cells, followed by confirmatory studies on the
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same tissue using immunohistochemistry to detect CP antigens and PCR to detect CP-
specific DNA [13]. In a subsequent study histological and PCR-based evidence for CP
in atherosclerotic lesions was found by evaluating autopsy tissue taken from individuals
between the ages of 15 and 34 years [14,15].

In a recent study . it was investigated whether CP infection occurred beyond the
coronary plaques, namely in the myocardium of individuals who died of acute
myocardial infarct (AMI). The presence of CP cell wall antigen (OMP-2) and CP-
HSP60 was investigated in the myocardium and coronary plaques of 10 AMI and 10
age-matched control patients by immunohistochemistry, electron microscopy, and
molecular biology. OMP-2 and CP-HSP60 were detected in the whole coronary tree. CP
presence was strongly associated with a T-cell inflammatory infiltrate. These results
suggest that CP may underlie both coronary and myocardial vulnerabilities in patients
who died of AMI and corroborate the notion that CP may act by reducing cardiac
reserves, thus worsening the ischemic burden of myocardium [16].

Interestingly is also the antibody detection of CP-HSP60 an inflammatory antigen
abundantly expressed by persistent CP infection. The persistent infection of the lesion
results in the chronic production of HSP60 with subsequent inflammation and lesion
progression [17, 18].

4.Human and CP HSP60 are found in patients with stable coronary disease.

In previously studies, we measured the levels of anti-CP-HSP60 and anti-CP
immunoglobulin G (1gG) in 179 patients with unstable angina, 40 with acute myocardial
infarction, and 40 with stable angina (SA), as well as 100 control subjects. Forty-one
patients with acute coronary syndromes (ACS) were also studied at follow-up. We also
measured plasma levels of high-sensitivity C-reactive protein (hs-CRP) and troponin T

7
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(TnT). Seropositivity to Cp-HSP60 was found in 99% of ACS patients but in only 20%
of SA patients and none of the control subjects. Seropositivity to Cp was detected in
67% of ACS patients, 60% of SA patients, and 30% of the control subjects. No
differences in Cp-HSP60 1gG and in Cp IgG were observed between patients with
myocardial infarction and patients with unstable angina. No correlation was found
between Cp-HSP60 1gG, TnT, and hs-CRP or between 1gG against Cp and hs-CRP. In
ACS patients at follow-up, Cp-HSP60 1gG decreased from 0.88+/-0.25 to 0.45+/-0.14
arbitrary units (P<0.0001), becoming negative in 12 patients. In conclusion the
seropositivity for Cp-HSP60 appears to be a very sensitive and specific marker of ACS,
unrelated to Cp 1gG antibody titers or hs-CRP and TnT levels [19, 20].

We have also developed a new PCR tool for the detection of CP DNA in atheromatous
plaques. It is real-time PCR LightCycler assay with FRET probes technology. The assay
proved particularly suitable for the specific and quantitative detection of a low DNA
copy number in conventional PCR-negative samples Among fifteen nested-PCR
negative atherosclerotic plaques examined, our method detected three positive plaques
containing 50(+/-3), 37(+/-2) and 24(+/-2) DNA copy number+/-SD in three
independent experiments. Real-time PCR holds promise for CP quantitation in human
atherosclerotic plaques [21]. However, not in all studies CP has been found in

atheromatous plaques.

5. Real-Time polymerase chain reaction and laser capture microdissection for
detection and localization of CP in atherosclerotic plaques
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Laser capture microdissection (LCM) has been proposed as potential application in
human pathology to isolate material of interest for molecular evaluation, and it has been
successfully applied in cancer and cardiovascular research [22]. As shown above,
detection of CP in atheromatous plaques has become a critical, yet still unresolved,
issue. We considered that combination of LCM with the quantitative real time PCR
assay could be a potential tool to detect and quantify CP DNA in the atherosclerotic
plaques. We analyzed 16 patients who underwenrt endo-arterectomy, aged 55-70. All
plaques presented lynpho-monocytic infiltrate with nercrosis and various degree

calcification. Formalin-fixed, paraffin-embedded biopsy samples were subjected to

LCM (Fig. 2).

Figure 2: LMD of atheroma biopsy tissue using the laser microbeam microdissection
system.  A: plaque with an extensive inflammatory infiltrate represented by

lymphocytes, histiocytes, eosinophils, and multinuclear giant cells associated with cell
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necrosis. B: The same plaque has been traced before the laser activation. C: The same
field after microdissection of the selected cell. Four holes are visible in the remaining

tissue. D: The excised cell were transferred on the adhesive cap of a nanotube.

The microdissected tissue areas were measured, documented, and collected on an
adhesive cap of nanotubes for nucleic acid extraction. For each biopsy, the DNA was
extracted from the section of the internal region and the distal end of the plaque. DNA

samples was subjected to the quantitative real-time PCR as previously described [21]
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Figure 3: Real- time PCR assay for a sample biopsy. A: The CP DNA quantification
was determined by the CP-DNA standard curve. B: specific melting curve analysis for

CP [21].

The results are cumulatively shown in tablel. A total of 44% (7/16) plaques were

positive for CP DNA.

Table 1

[Plaques  [Portion of lesion CP DNA quantification
(total DNA copie number)

N° 1 Plaque 900

N° 2 Plaque/Near the Plague  [2200/50

N° 3 Plaque 1600

N° 4 Plaque 800

N° 5 Plaque/Near the Plague  [2000/80

N° 6 Plaque 700

N° 7 Plaque/Near the Plague  |1900/20

11
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In 3 plaques (n° 2, 5 and 7) CP DNA was detected in the plaque and the nearby tissue
The others 4 plaques presented CP DNA just in the plaque portion. Remarkably, the
bacterial DNA was detected in the portion near the plaque exclusively in the biopsy
samples witch presented an higher number of DNA copies. In conclusion the
microdissections of carotid plaques analyzed in this study with the combination of the
two advanced technologies LCM/real-time PCR have shown:
i)  CP-DNA is present within the plaque of a high number of subjects,
ii)  CP-DNA is localized almost always within the plaque,
iii)  in some subjects, CP-DNA is present in the plaque to a high copy number,
compatible with CP infection.
6. Conclusions

There are many issues which require further investigations for a full assessment of the
role played by C.pneumoniae in atherosclerosis and its acute events. Nonetheless, the
evidence here provided couples to previous studies by ourselves and others in
demonstrating the CP is not an ephemeral inhabitant of atheroscletotic plaques, and , in
some cases, of the myocardium itself. It is unrealistic that this sort of bacterial presence
in a critical lesion my go unnoticed by the host , as CP were only an innocent bystander.
We believe that at least in a number of subjects, CP may induce inflammation and
recruitment of inflammatory cells as to cause or contribute to plaque destabilization or
other events. Overall, there is promise that the unravelling of the role of this agent , new
preventive and/or therapeutic approaches may be devised to help control a primary

cause on pathological events in heart and brain such as atherosclerosis.
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