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Abstract
Atherosclerosis is frequently associated with diabetes, obesity, metabolic syndrome and oxidized low density 

lipoproteins (oxLDL). Many studies have reported association of infection with such disorders, but with controversial 
results. In our view, these findings have relationship with technical differences. We showed previously, presence of 
infectious agents inside of ruptured plaque, using immunohistochemistry and electron microscopy. More recently, 
we detected Electron Lucent microparticles (ELMP) and Mycoplasma pneumoniae (Mp) lipoproteins in vulnerable 
plaques (VP).

However, we have interest to know if ELMPs contain Mp lipoprotein antigens and if they are related to oxLDL 
and plaque vulnerability. 

Methods: We studied three groups of coronary arteries: VP (vulnerable plaque; n=13), stable plaques (SP; n=7), 
and normal arteries (NA; n=7). All cases were studied by immuno electron microscopy, and the mean numbers of 
ELMPs, oxLDL and Mp antigens, inside and outside ELMP, were obtained. Double colloidal immunogold particles 
(anti-oxLDL and anti-Mp) allowed the simultaneous localization of both antigens.

Results: There was a significant higher amount of ELMPs in VP, with positive dots for both oxLDL and Mp 
antigens inside them, compared to other two groups (p<0.01). Mp and oxLDL antigens were co-localized in lipidic 
nanoparticles intra ELMPs, showing positive correlation (r=0.60; P=0.04). High amount of oxLDL and Mp antigens 
extra ELMPs were seen in VP, but not in stable plaques.

Conclusion: Plaque vulnerability in atherosclerosis may be related to presence of ELMPs, containing M. 
pneumoniae lipoproteins and oxLDL. We hypothesized that M. pneumoniae lipoproteins oxidation could be a 
mechanism for this association. However, further data are necessary to prove this hypothesis.

Mycoplasmas are the smallest auto-replicating microorganisms, 
having unique characteristics, such as absence of an outer wall and need 
of cholesterol for survival. They induce alterations in the immunologic 
system of the host and, therefore, may favor the proliferation of other 
infectious agents [6].

Oxidative burst as an innate immune response to infection, aiming 
to neutralize microbial effects, may promote the appearance of oxidized 
lipids inducing inflammatory response [9,10]. Whilst these changes 
may be beneficial from the perspective of host defense, if becoming 
chronic, they likely increase the risk of atherosclerosis. In particular, 
oxidation of lipoproteins, resulting from an imbalance of the pro- 
and antioxidant equilibrium, is involved in the pathologic process of 
atherosclerosis, changing cellular functions [11].

Microparticles (MP) are vesicles larger than 100 nm diameters, 
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Introduction
Atherosclerosis is a chronic inflammatory disorder involving 

the intima and adventitia layers [1], but with unclear mechanism for 
development of such inflammation. It is frequently associated with 
oxidized low density lipoproteins (oxLDL), secondary to dyslipidemia, 
diabetes, obesity, hypertension or metabolic syndrome. Some studies 
have reported association of gut microbiota with such disorders, 
but with controversial results [2,3]. The lack of standardization and 
technical problems in DNA extraction is apparently an important 
part of these discrepancies [4]. Other works have demonstrated that 
infection by bacteria and/or viruses may contribute on the pathogenesis 
of atherosclerosis either via direct infection of vascular cells or via the 
indirect effects of cytokines or acute phase proteins induced by infection 
[5]. In previous papers, comparing ruptured thrombosed plaques with 
equistenotic stable plaques from autopsies of patients died due to acute 
myocardial infarction, we described great amount of Mycoplasma 
pneumoniae (Mp) in association with Chlamydophila pneumoniae, in 
ruptured plaques. We used different techniques (immunohistochemistry, 
in situ hybridization and electron microscopy), to prevent errors in 
diagnosis of such microbes [6]. After that, we studied in vivo vulnerable 
plaques (VP), which were removed by atherotomy. VP are known to be 
larger, with increased amount of lipid in the plaque, and thin fibrous cap 
[7]. This study showed, by electron microscopy, Microparticles (MPs) 
with electron lucent (EL) content, in close association with Mp bodies, 
mainly in myxoid matrix foci [8].
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derived from the plasma membrane of endothelial cells, macrophages, 
platelets or smooth muscle cells, but also from microbes. MPs are 
believed to be involved in oxidative processes and inflammation may 
have a role in development of plaque vulnerability and/or thrombosis 
[12]. MP associated with tissue factor activity is elevated in the blood in 
cancer patients associated with thrombosis [13]. Indeed, circulating and 
platelet-derived MPs enhance thrombosis on atherosclerotic plaques 
[14]. Effective lipid-lowering treatment may prevent the development 
of premature cardiovascular disease by reducing LDL and vascular-
inflammatory cell activation and inducing MPs reduction [15]. 

In the present, our objective was to analyze if the Electron lucent 
MPs were increased in vulnerable plaques, in association with oxLDL 
in correlation with Mp lipoproteins.

Material and Methods
Material for this research was collected at Heart Institute (InCor) of 

Clinical Hospital of Medical School from University of São Paulo, after 
approval by the Ethical and Scientific Committee. 

Coronary plaques from three groups were studied:

-Vulnerable plaques (VP) -were obtained during interventional 
pre-stenting Directional Coronary Atherectomy, in 13 patients (pts.) 
(10 men and 3 women, mean age 66.5 years), diagnosed as unstable 
angina, defined as recent onset of chest pain and eletrocardiographic 
changes (ST-T) without elevation of cardiac necrosis markers. Culprit 
plaque was defined by the invasive cardiologist as subocclusive disease 
of artery lumen, reduced TIM coronary flux, correspondent to regional 
electrocardiographic changes. No pts. of this group had any infection 
or had used antibiotics. 

- Coronary with stable plaques (SP) was obtained from 9 pts. 
(8 men and 1 woman, mean age 49 years). All of these patients had 
ischemic cardiomyopathy and were submitted to heart transplantation. 
Coronary arteries were studied by dissection immediately after removal 
of heart. Then, the arteries were transversally and serially sectioned, 
to identify the stable plaques by fibrotic macroscopic aspect and 
microscopy exhibiting thick fibrous cap and low lipid content [16,7].

-Normal coronary arteries (NA) were obtained from heart 
transplant receptors, which were collected immediately after removal 
of the heart. We had arteries from 7 pts. without atherosclerosis (5 men 
and 2 women, mean age 42,5 years), with diagnosis of severe chagasic 
or idiopathic cardiomyopathy, and with no obstruction of coronary 
artery by microscopic study. The patients did not have alteration in the 
lipid levels.

Rapid inclusion method for transmission electron microscopy

The inclusion was performed following the procedure described 
by Duarte et al. [17], with modifications summarized below. The 
fragments were fixed in 3% glutaraldehyde and post-fixed in 1% 
osmium tetroxide. Then, were washed in saline solution and incubated 
in 0.5% uranyl acetate. The sections were dehydrated in 70% ethanol and 
2.2-dimethoxypropane acidified, followed by fixation in acetone and 
4% copper sulphate. Inclusion was achieved with a mixture containing 
resin EPON Resin 812 polybed F araldite (1:1) and polymerization 
in 100°C, for 1 hour. Blocks were cut with an ultra-microtome to a 
thickness of 60-70nm and placed on 200 mesh electron microscopy 
grid coated with Parlódio film. 

Double immunogold labelling in electron microscopy

In order to remove Araldite resin, to expose the antigenic sites, 

grids were incubated in sodium metaperiodate solution of 0.5 M for 
15 minutes at room temperature (RT). Ultrathin sections were washed 
with distilled water and incubated with Protein Block Serum free 
(Dako Cytomation, California, USA/ Ref X0909) for 30 minutes at 
RT, and then incubated with primary rabbit polyclonal Mp antibody 
(Fitzgerald, MA, USA, Cat# 20MR54) 1:100 diluted for 20 hours at 4°C 
in a humidified chamber. They were washed in PBS and incubated for 1 
hour at RT with secondary antibody (anti-rabbit IgG, 1:20 diluted) gold 
conjugated, 15 nm (Sigma Immunochemical, Saint Louis, MO, USA). 
The grids were washed in PBS and rinsed in distilled water. On the 
same grid, similar procedure was done with mouse monoclonal oxLDL 
antibody (clone 2C7OSF10, donated by Professor Dulcineia Abdalla, 
School of Pharmaceutical Sciences of University of São Paulo, Sao 
Paulo, Brazil), 1:20 diluted for 20 hours at 4°C in a humidified chamber. 
Then, were incubated with secondary antibody (anti-mouse IgG, 1:20 
diluted) gold conjugated, 5 nm (Sigma Immunochemical, Saint Louis, 
MO, USA). The grids were washed in PBS, rinsed in distilled water and 
then counterstained with 5% lead citrate. 

Analysis

At electron microscopy we measured the diameter of ELMPs and 
counted their mean numbers. By immunohistochemistry, double 
colloidal immunogold particles (5nm for anti-oxLDL and 15 nm for 
anti-Mp) allowed the simultaneous localization of both antigens and 
counting the mean number of positive dots/µm2 inside and outside 
ELMP, in 7 photos 50.000X magnification of each case.

Statistical Analysis: Student t test was used to detect differences 
between VP group from SP, and Kruskal Wallis to compare both group 
with NA. A correlation of Pearson´s test was used to find a relationship 
between oxLDL and Mp antigens. Statistical significance was considered 
when p<0.05.

Results
VP group had increased numbers of ELMPs than NA and SP 

groups. Table 1 shows the mean numbers of ELMPs and their contents 
in the three different groups of coronary arteries. We observed higher 
number of positive dots for Mp and oxLDL antigens, inside ELMPs of 
VP group than in ELMPs of the other two groups (NA and SP). Double 
immunogold labeling in electron microscopy showed that Mp and 
oxLDL antigens co-localized inside ELMPs (Figure 1), the quantity of 
both antigens are correlated r=0.60, P=0.04. Higher mean numbers of 
oxLDL antigens outside ELMPs were seen in VP, but not in SP and NA 
respectively (6.96  ±  3.72, 4.34 ±  4.63, 3.21 ±  2.07, respectively). The 
same occurred regarding Mp antigens outside ELMPs (3.20 ± 3.13, 0.19 
± 0.18, 0.91 ± 1.05, respectively). ELMPs of VP and/or SP have smaller 

Electron Lucent Microparticles

Variables Mean 
numbers(SD) Mycoplasmapneumoniae       oxLDL

  Inside Inside
Vulnerable Plaques 2.01 (1.14) 0.85 (0.74) 1.77 (1.36)
Stable Plaques 0.81 (0.60) 0.00 (0.00) 0.31 (0.26)
Normal Arteries 0.67 (0.50) 0.23 (0.42) 0.21 (0.17)
VP vs SP * 0.02 0.008 0.01
VP vs NA* 0.009 0.06 0.008
SP vs NA * 0.64 0.17 0.39

*(P of t test)
Table 1: Mean numbers/µm2 of Electron lucent microparticles (ELMPs). 
Mycoplasma pneumoniae (Mp) and oxLDLantigens inside ELMPs from vulnerable 
plaques (VP), stable plaques (SP) and normal arteries (NA).
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diameters than in NA (0.04 ± 0.02, 0.07 ± 0.02, 0.25 ± 0.05, respectively). 
All cases of all groups presented at least one ELMP, however in normal, 
almost did not have M. pneumoniae content.

Discussion
The chronic atherosclerotic inflammatory process on the artery 

wall segments is usually related to oxLDL, free radicals and endothelial 
dysfunction [18,19]. However, cholesterol appears to be a secondary 
factor and not a cause of atherosclerosis. Some contradictory findings 
have shown that high cholesterol is not a risk factor for coronary 
heart disease, in women and old individuals [20]. Immune complex 
and its aggregation may also be enhanced by autoantibodies against 
thiolated LDL and oxLDL. On the other hand, oxLDL, free radicals and 
endothelial dysfunction are characteristics associated to the presence 
of microparticles in human atheromas [22-24]. MPs are elevated in the 
blood of cancer pts and were associated to thrombosis [25]. MPs are 
enhanced with thrombosis in atherosclerotic plaques [14].

Infection, microparticles and oxLDL have frequently been related 
to development of vessel inflammation, atherosclerosis and plaque 
vulnerability, inducing instability and activation of endothelium.

We have described in vulnerable plaques electron lucent 
microparticles (ELMPs), which had characteristics of archaea, and 
Mycoplasma pneumoniae antigens [26,13]. Now, we looked for an 
interaction between ELMPs, Mp antigens and oxLDL which could be an 
explanation for the inflammation and thrombosis in ruptured plaques.

We found increased numbers of all these three elements in VP 
group when compared to SP and NA groups, and a strong correlation 
between oxLDL and M.pneumoniae antigens, inside ELMPs, in VPs. 
The quantity of both antigens are correlated (r=0.60, P=0.04), and 
we do not know the clinical meaning. However, increased levels of 
M.pneumoniae in patients after AMI were described [21]. The VP 
group corresponded to older atherosclerotic patients, but no other risk 
factors such as use of statin and smoking habit were different among 
the stable vs. unstable group. We hypothesized that ELMPs internalize 
lipoproteins from M.pneumoniae, oxidizing them. These complexes 
are seen in large amount externally to the microparticles, and are also 
present in the serum [6].

This is in accordance with other authors, who proposed that 
lipoproteins would constitute an innate immune system response by 
binding and inactivating microorganisms and their toxic products, 
through formation of circulating complexes. In the case of a massive 
microbial invasion, these complexes may aggregate, in particular in the 

presence of hyperhomocysteinemia, because homocysteine thiolactone 
causes aggregation and precipitation of thiolated LDL.

Homocysteine activates cytokines and pro-inflammatory 
molecules, such as C-reactive protein (CRP) and up-regulates reactive 
oxygen species. CRP binds oxidized LDL and oxidized phospholipids, 
enhancing phagocytosis to form foam cells. Obstruction of the 
vasavasorum by aggregated lipoprotein complexes may result in local 
ischemia in the arterial wall, intramural cell death, bursting of the 
capillary, and escape of microorganisms into the intima, all of which 
lead to inflammation and creation of vulnerable plaques [20].

On the other hand, a symbiotic life between archaeal MPs with 
mycoplasma may lead to proliferation of mycoplasma and archaea, 
both are capable to oxidize entrapped lipoproteins increasing virulence 
of co-infected microbes [8].

Conclusion
Plaque vulnerability in atherosclerosis may be related to presence 

of ELMPs, containing co-localized M. pneumoniae lipoproteins and 
oxLDL. We hypothesized that M. pneumoniae lipoproteins oxidation 
could be a mechanism for this association. However, further data are 
necessary to prove this hypothesis. 
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