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Abstract
Background: Chlamydia pneumoniae (C. pneumoniae) is intracellular obligate 
bacteria and a human respiratory pathogen. Recently, C. pneumoniae was known to 
be associated with atherosclerosis and acute myocardial infarction (AMI). The aim 
of this research was to prove the role of outer membrane protein (OMP) adhesin 
protein 61 kDa of C. pneumoniae in rupturing plaques atherosclerotic through 
degradation of collagen type-IV. Protein 61 kDa, a major protein of the OMP C. 
pneumonia, is a hemagglutinin that possess immunogenic and immunodominant 
properties. The protein can play role as an adhesin which is able to inhibit the 
adherence of C. pneumoniae to endothelial cell. 

Method and Findings: This work was divided into two sequential step 
experiments. Experiment 1 was aimed to examine the ability of the adhesin 
61 kDa of OMP C. pneumoniae in activating macrophage. Monocyte-derived 
macrophage was activated by exposing them with optimum dose of adhesin 
61 kDa. Activation of the macrophage was observed based on the macrophage 
apoptosis; the increase of ROI, TNF-α, IL-1ß, MMP and MMP-9 productions, and 
the increase of phagocytosis activity. The result showed that the adhesin 61 kDa 
of C. pneumoniae enhanced macrophage activation as shown by inhibition of 
macrophage apoptosis, significantly increase of ROI, IL-1ß, MMPs and MMP-9 
productions and phagocytosis activity of macrophage, but no significant increase 
in TNF-α production. Experiment II is purposed to examine the ability of MMP-9 
macrophage exposed with adhesin 61 kDa OMP of C. pneumoniae in degrading 
collagen type-IV based on the number fragments of the collagen. Biotin-labeled 
collagen type-IV was reacted with total MMP (MMPs) and MMP-9. The result 
showed that MMPs and MMP-9 induced the degradation of collagen type-IV. 
Adhesin 61 kDa OMP C. pneumoniae induced increasing MMP-9 macrophage 
production that has potency causing collagen type-IV degradation. 

Conclusion: The adhesin 61 kDa from the OMP of C. pneumoniae play an important 
role in rupturing atherosclerotic plaques. 
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Introduction 
Chlamydia pneumoniae is a respiratory human pathogen. Most 
of people at least once infected in live and frequently reinfected 

[1]. In population, 40-50% adults were detected antibody against 
C. pneumoniae which positively correlate with coronary artery 
diseases [2]. In vitro experiment showed that C. pneumoniae 
infected human endothelial cell and stimulated expression of 
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selectin-E, ICAM-1, VCAM-1 [3]. Additionally, C. pneumoniae 
growth in cells line-macrophage and some endothelial cells line 
and in artery aortic smooth muscle cells (SMC) [4,5]. 
Adhesin is a protein which is required in adherence and infection 
of the host cell process. Adherence is an early step of pathogenesis 
mechanism [6]. Detection of molecule adhesin is a new thing 
from this research. Adherence a pathogen to endothelial cell can 
explain its involvement in atherogenesis theory (“responses to 
injury”) [7,8]. 

C. pneumoniae was associated with atherogenesis and its clinical 
manifestation. Seroepidemiologic study showed relationship 
between high titer antibody to C. pneumoniae with coronary 
artery disease, myocardial infarction, carotid artery disease 
and cerebrovascular disease. C. pneumoniae was found in 
atherosclerotic lesions, such as in endothelial cell, macrophage, 
and  SMC [3]. Result of seroepidemiologic study, 25  (92.59%) of 
27 acute myocardial infarction (AMI) patients were detected high 
titers IgG to C. pneumonaie [9,10]. 

Lipopolysacharide (LPS) of C. pneumoniae can induce monocyte 
differentiation into macrophage. Moreover, LPS causes the 
formation of in vitro foam cell when it is exposed by low density 
lipoprotein (LDL). Chlamydia lives and replicates in monocyte/
macrophage, and stimulate activation of chronic immunity, 
releasing TNF-α, IL-1β, IL-6 and IFN-γ [11]. LPS and the release 
of TNF-α may interfere with the release of nitric-oxide (NO) and 
prostacyclin, and hereinafter cause the change in endothelial cell 
[12]. 

Heat shock protein 60 C. pneumoniae (cHSP60) is homolog to 
human vascular protein, causing autoimmunity and endothelial 
cell injury [13]. The cHSP60 was found in the human carotid 
atheroma [2]. Human HSP60 and cHSP60 induce TNF, macrophages 
matrix metalloproteinase 9 (MMP-9) and cellular toxicity through 
complement or antibody-dependent cellular cytotoxicity. 
Vehmann-Kreula et al. have proved chlamydial protein (outer 
membrane protein 2/omp2, major outer membrane protein/
MOMP, cHSP60) induced macrophage MMP-9 [14].

Mostly ACS is as results ruptures of labile atherosclerotic 
plaques and rarely from superficial thrombus which is caused by 
endothelial cell damage [15]. Rupture atherosclerotic plaques 
frequent associated with proteolytic enzymes that able to degrade 
extracellular matrix (ECM). The most proteolytic enzymes related 
to rupture of plaques is MMP [16]. 

Macrophage infiltration is one of plaques instability factors, 
predisposition for fibrous cap rupture. Other factors are thin 
fibrous cap, low collagen synthesis, exccentric position of fibrous 
cap, large lipid core [17]. Macrophage is able to degrade ECM 
through phagocytosis or secretion of proteolytic enzymes such as 
plasminogen activator and MMP. Macrophage is a major source 
of the MMPs [15,17]. Cytokine TNF-α and IL-1β promotes MMP 
macrophage and SMC productions. Worthly et al. explained 
although some enzymes involve in ECM destruction, but only 

MMP-9 have strong relation with plaques rupture. MMP-9 is 
able to degrade matrix components that cannot be degraded by 
others proteolytic enzymes [18,19]. 

Increasing MMP-9 is indication of a disease going worse [17]. 
Increasing MMP-9 serum occurs in AMI patients, unstable angina 
and its level appropriate to increasing of C-reactive protein (CRP) 
serum [20]. Increasing MMP-9 in atherosclerotic lesion proved a 
fact that active synthesis of MMP-9 by macrophage and SMC has 
closed relation with the increasing ECM degradation and plaques 
rupturing. Loftus et al. said that MMP-9 may be used as candidate 
for pharmacotherapy purpose and plaques stabilization in 
coronary artery disease patients and prevents acute ischemic 
syndrome [21]. 

Others than MMP production, activated macrophages induce 
expresses of effectors Fas-L resemble to T cell cytotoxic and NK 
cell. Inducible nitric oxide synthase (iNOS) pathway induces Fas 
expression on SMC surfaces, and SMC apoptosis [22]. SMC is a 
major cell produces collagen as a major component of ECM and 
fibrous cap have responsibility in fibrous cap stability [15]. The 
major component ECM is collagen. Major collagen in the body is 
type I-V. Collagen type-IV is have reticulum dimensional structure 
and as major component of base membrane all organs [23]. 

Commonly, collagen is present as non-fibrous form with triple-
helix shape, so that its rigid structure is resistant to proteolysis. 
However, there is non-helical (globular) area for collagen type-IV 
which is very flexible and sensitive to proteolysis. Collagen type-
IV contain 6 different polypeptides (α-1 until α-6). Each α consists 
of 3 domains, such as 7S, central helix and NC1. Proteolysis is 
cleavage NCI domain that can be detected in serum including its 
fragments [23].

Vehmaan-Kreula et al. proved that some C. pneumoniae proteins 
induced expression of MMP-9 [14]. In this work, the role of C. 
pneumoniae in plaques atherosclerotic rupturing was evaluated 
by detecting its adhesin availability and followed by test of adhesin 
ability in inducing degradation of collagen type-IV through 
macrophage activation and increasing MMP-9. Furthermore this 
research may useful in early diagnosis for human infected by C. 
pneumoniae as a risk factor of atherosclerosis and AMI.

Methods
Sample
This experiment used four samples of monocyte-derived 
macrophage obtained from healthy individual and C. pneumoniae 
that was obtained from ATCC-VR 1310 and was propagated in 
HEp-2 cell line (ATCC- CCL 23). The macrophage was then exposed 
by the optimum dose of adhesin 61 kDa of OMP C. pneumoniae 
for different periods as treatment, such as 0.5 h (group 1); 2 h 
(group 2); 24 h (group 3); 48 h (group 4); and 72 h (group 5). 
The optimum dose was determined by the best dose inducing 
production of macrophage MMP-9. A group without the adhesin 
exposure was used as a negative control.

Observations of the macrophage activation, which were 
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indicated by the decrease in macrophage apoptosis, the increase 
in ROI, TNF-α, IL-1ß, MMP, MMP-9 productions, and phagocytosis 
activity, were performed after the adhesin exposure. 

Inclusion factors of the samples are: hsCRP <1 mg/L [24]; 
non-smokers, non-hypertension, non-hypercholesterolemia 
(cholesterol total < 200 mg/dL, LDL<100 mg/dL, trigliseride <150 
mg/Dl, HDL>40 mg/dL), non-diabetes mellitus, non-menopause 
women, male<55 years in age, BMI<25. If the culture of 
macrophage cells is unviable or contaminated by microorganism, 
the samples were not used in this experiment since they are 
categorized as the exclusion factor.

Procedures
Propragation of C. pneumoniae
C. pneumoniae was propagated in HEp-2 cell according to ATTCC 
procedure [25]. The growth of C. pneumoniae was detected using 
immunocytochemistry. 

Isolation of EB from HEp-2 cell
HEp-2 cells were harvested at 3rd day and the cells were disrupted 
using glass bead. This isolation procedure was conducted 
according to Yamaguci method [10]. 

Isolation of OMP C. pneumoniae
The isolation procedure was done according to Barenkamp 
method and the OMP was characterized based on its molecular 
weight by mean of SDS-PAGE [26]. The protein 61 kDa was isolated 
from the OMP according to our previous research [27]. Briefly, 
protein 61 kDa is an immunogenic protein, hemaglutinin, and 
acts as an adhesin molecule. As immunogenic protein, it could 
be detected by immunoblotting method in acute myocardial 
infarction antibody patients. This protein is able to agglutinate 
human erythrocytes, so called as hemagglutinin. Commonly a 
hemagglutinin is an adhesin molecule, and to prove it, adhesion 
test directly and indirectly to human vein endothelial cells 
(HUVECs) were conducted. Indirect method was done by reacting 
the bacteria with specific antibody to protein 61 kDa before 
adhesion test, and the result showed that the protein inhibited 
adhesion and infection bacteria to HUVECs. Such results proved 
that the protein 61 kDa is an adhesin molecule. 

Isolation of protein from the OMP of C. 
pneumoniae
The immunogenic protein was cut from gel SDS-PAGE. The 
protein then was isolated by electro elution method. The result 
was dialyzed using sterilized deionized water for 2 x 24 hours then 
was kept at -400C.

Determination of the adhesin 61 kDa OMP C. 
pneumoniae exposure dose
For this purpose, culture macrophage cell was exposed with 
various dose of the protein. As parameter determination, the 
production of MMP-9 was measured using ELISA method to 

monoclonal antibody MMP-9. Supernatant of macrophage 
growth was colected after 2 and 48 jam cultered [14].

PMBCs purification and culture of monocyte
Peripheral blood mononuclear cells (PMBCs) were isolated 
from buffy coat heparinised blood (Institutional Review 
Board for Human Subjects, National Institute of Allergy and 
Infectious Diseases) as the following procedures: buffy coat 
was obtained by employing gradient centrifugation in the 
presence of ficol-phage. Then, buffy coat was collected, 
washed twice with PBS, and added with serum-free medium 
(RPMI 1640 contain 25 mM HEPES 25). Cells were cultured in 
24 wells micro plate, 4x105 - 5x105 cells/well and incubated at 
370C, 5% CO2. After 2 hours cultured, cells were washed using 
serum-free medium RPMI 1640. Isolated cells, as PMBCs, were 
then cultured in RPMI 1640 (contain 25 mM HEPES; 10% FBS; 
10 µg per ml gentamycine). In this case, the chamber was 
coated with gelatine, as recommended by Hassan et al. [7]. With 
this  technique, more  than 90%  the monocytes  can be  isolated 
(high monocyte purity), good cell viability, less contamination by 
platelets. 

Induction of monocytes differentiation 
For this purpose, the macrophage culture medium (RPMI 1640 + 
25 mM HEPES + 10%; gentamicin 10 µg per ml) was added with 
10-7 M phorbol myristate acetate (PMA). For MMP detection, 
serum-free medium was used along with incubation at 370C, 5% 
CO2. The differentiation of monocytes into macrophage required 
7 days [14]. 

Macrophage exposure with adhesin of the OMP 
C. pneumoniae 
The macrophage culture was washed, then the medium was 
changed with serum-free and protein-free medium without 
PMA. The culture was incubated at 370C, 5% CO2. The  culture was 
divided into 2 groups such as Trial Group and Control Group. Trial 
Group was exposed with the adhesin in different time exposures 
of 0.5, 1.5, 24, 48 and 72 hours. 

Detection of TNF- α and IL-1β productions
Detection of TNF- α and IL-1β productions containing in 
supernatant of macrophage culture was confirmed by ELISA 
method. 

Detection phagocytosis activity
Latex bead (3.2 µm in diameter) was used to detect the 
macrophage activity [28]. 

Detection of ROI production
ROI production was detected base on Formosan formation [29].

Detection of MMPs productions
To detect MMP production, gelatine-zymography-non reducing 
SDS-PAGE method introduced by Vehmaan-Kreula et al. was used 
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[14]. The gel was stained using coomasic brilliant blue R-250 for 
detection of gelatinolytic activity. 

Identification and isolation of MMP-9

MMP-9 identification was done by immunoblotting (western 
blot) method to MMP-9 monoclonal antibody [30]. Isolation the 
MMP-9 was done by cut the gel SDS-PAGE in appropriate place. 

Detection of macrophage apoptosis
To induce apoptosis, the macrophage culture was exposed with 
H2O2 in various concentrations (5 mM, 10 mM, 15 mM, 20 mM, 
and 25 mM). According to Laochumroonvorapong et al., 10 mM 
H2O2 is optimal dose to induce macrophages apoptosis [31]. 
Cover slip of macrophage growth was removed, and fixed with 
methanol. To detect the apoptosis, fixed macrophages were 
stained with immunocytochemistry technique to caspase-3 
monoclonal antibody. 

Observation collagen type-IV fragmentation by 
MMPs and MMP-9
The ability of MMPs and MMP-9 to degrade the collagen was 
done using collagenase assay according to Romanelli et al. [32].

Results
Detection the ability of the adhesin 61 kDa OMP C. 
pneumoniae to enhance macrophage activation
Outer membrane protein C. pneumoniae contain 16 protein 
fragments, including minor and major proteins. Protein 61 kDa 
OMP C. pneumoniae is a major protein (Figure 1), corresponding 
to an immunogenic, hemaglutinin and an adhesin. According to 

the theory “responses to injury”, adhesion to endothelial cell 
may cause injury because its function facilitates a pathogen to 
adhere on surface of the host cell. It is supposed that the adhesin 
contribute to atherogenesis. In this work, we investigated the 
other roles of the adhesin in atherogenesis and in atherosclerotic 
plaques rupturing, by examine the ability of the adhesin in 
macrophage activation. 

The optimum dose of adhesin was determined by the highest titre 
of MMP-9 production. The optimum dose was found to be 0.025 
µg/ml. Then, macrophage culture was exposed with optimum 
dose of adhesin 61 kDa OMP C. pneumoniae in difference times 
(0.5, 2, 24, 48, and 72 h). The results showed that adhesin 61 
kDa OMP C. pneumoniae able to enhance macrophage activation 
parallel to the long-time exposure. It could inhibit macrophage 
apoptosis, induce increasing production of MMPs, MMP-9 (Figure 
2). Production of MMPs and MMP-9 was given in Figures 3 and 
5. While detection of MMPs in negative control was presented in 
Figure 4. The adhesin induces the increase of IL-1β, significantly. 
However, the increase in TNF-α production is not significantly 
observed (by one way ANOVA, p < 0.05) as shown in Table 1. 

By one way ANOVA (α= 0.05), the production of IL-1ß macrophages 
exposed by 0.025 µg/ml adhesin 61 kDa OMP C. pneumoniae 
increased significantly, but insignificant increase was resulted 
for production of TNF-α. The highest titer of both cytokines was 
found after 2 h exposure. 

Figure 2 showed that almost all macrophages exposed by H2O2 
for 6 h are apoptosis. H2O2 is one of free radicals caused damaged 

Proteins of the outer membrane C. pneumonia.Figure 1
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Macrophages apoptosis. a) Induced apoptosis 
macrophages by H2O2, almost all the cells are 
apoptosis, b) Macrophage culture cells exposed 
by 0.025 µg/ml of protein 61 kDa OMP C. 
pneumoniae, showed decreased the apoptosis 
cells, 400 magnifications, c) Apoptotic bodies in 
the apoptosis cells, zoom magnifications.  Stained 
by immunocytochemistry method to monoclonal 
antibody caspase-3, DAB chromogen (brown).

Figure 2
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From Figures 3 and 4 it can be found that exposure of adhesin 
induced increasing MMPs production, but not in negative control 
since only one enzyme is produced (indicated by one line enzyme). 

Figure 5 presents the immunoblotting result of the MMPs 
reacted with MMP-9 monoclonal antibody, which is aimed to 
detect production of MMP-9 after exposure with adhesin. As can 
be seen, the result showed one line specific reaction of MMP-9 
and its antibody. 

Detection ability the MMP-9 (produced by 
macrophage exposed by adhesion 61 kDa OMP 
C. pneumoniae) to degrade collagen type-IV
MMP-9 was reacted to biotin labelled collagen type-IV. The 
point of this study was to prove the involvement of the 
adhesin 61 kDa OMP C. pneumoniae in rupturing of plaque 
atherosclerotic. The result showed that MMPs and MMP-9 
able to degraded collagen type-IV. MMPs degraded collagen 
type-IV into 19 fragments (Figure 6), while MMP-9 consists 
of 15 fragments (Figure 7).

The MMPs was reacted with collagen type-IV to detect 
the potency MMP in collagen degradation. Fragments of 
collagen type-IV as the result of degradation by MMPs 
were characterized base on their molecular weight. These 
fragments were 179.15 kDa, 171.94 kDa, 157.80 kDa, 
145.02 kDa, 133.27 kDa, 122.48 kDa, 115.39 kDa, 114.56 
kDa, 107.88 kDa, 99.15 kDa, 91.12 kDa, 80.26 kDa, 70.70 kDa, 
64.97 kDa, 50.43 kDa, 46.33 kDa, 42.57 kDa, 39.12 kDa and 
19.07 kDa. 

The ability of MMP-9 after the chlamydial adhesion exposure in 
degradation of collagen type-IV proved that this MMP could also 
be causing base membrane. Fragments of collagen type-IV as the 

Result of gelatine zymography supernatant of the 
macrophages culture exposed by adhesin 61 kDa OMP 
C. pneumoniae 0.025 µg/ml dose.  M: marker protein, 
supernatant of macrophage culture exposed by adhesin 
61 kDa OMP of C. pneumniae for 0.5 h (1), 2 h (2), 24 h 
(3), 48 h (4), 72 h (5).

Figure 3
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Figure 4
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Group Optical Density in average 
IL-1ß

Time of 
exposure 0.5 hr. 2 hr. 24 hr. 48 hr. 72 hr.

OD 1.032 1.138 1.261 1.113 1.082
Negative 
control 0.906 0.896 0.946 0.924 0.904

TNF-α
OD 0.673 0.740 0.859 0.754 0.801
Negative 
control 0.859 0.858 0.764 0.734 0.721

Table 1: Optical Dencity ELISA  IL-1ß and TNF-α macrophages exposed by 
0.025  µg/ml adhesin 61 kDa  OMP C. pneumonia.

components of cells, including proteins, membranes cell, lipid, 
DNA, RNA, enzymes, saccharides. The macrophages apoptosis 
decreased with the increase in time exposure of adhesin. Result of western blotting, MMPs was reacted to MMP-

9 monoclonal antibody. 
Figure 5
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Result of collagen type-IV degradation by MMPs 
macrophage exposed with adhesin 61 kDa OMP C. 
pneumoniae. Ligand blotting staining.  Marks under the 
figures are marker protein (M), degraded collagen type-
IV by MMPs macrophages after adhesin exposure for 
0.5 h (1-2), 2 h (3-4), 24 h (5-6), 48 h (7), 72 h (8-9). The 
number (1-19) in the right side of figure showed the 
fragments of collagen type-IV degraded by MMPs.

Figure 6
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Result of collagen type-IV degradation by MMP-9 
macrophage exposed with adhesin 61 kDa OMP C. 
pneumoniae. Ligand blotting staining. Marks under 
the figures are marker protein (M), degraded collagen 
type-IV by MMP-9 macrophages after adhesin exposure 
for 0.5 h (1-2), 2 h (3-4), 24 h (5-6), 48 h (7), 72 h (8-9). 
The number (1-15) in the left side of figure showed the 
fragments of collagen type-IV degraded by MMP-9.

Figure 7

result of degradation by MMP-9 were characterized base on 
their molecular weight. These fragments were 157.80 kDa, 
145.02 kDa, 133.27 kDa, 122.48 kDa, 107.88 kDa, 99.15 kDa, 
91.12 kDa, 80.29 kDa, 64.97 kDa, 58.71 kDa, 57.23 kDa, 50.43 
kDa, 46.33 kDa, 39.12 kDa and 19.07 kDa. 

Discussion
This research has recognized 61 kDa OMP C. pneumoniae 
as adhesin that fasilitate C. pneumoniae adherence to 
human endothelial cell, proving the role of C. pneumoniae in 
atherogenesis appropriate to atherogenesis theory “responses to 
injury” [7,8]. This result is showing a new finding of our research. 

Injury caused endothelial disfunction, induces expression of 
adhesin molecules and promotes foam cell formation, early step 
of atherogenesis [33]. The adhesin 61 kDa OMP C. pneumoniae 
was able to activate macrophage. It is indicated by its ability for 
inhibiting macrophage apoptosis, and increasing ROI, TNF-α, 
MMPs, MMP-9. 

Geng et al. reported, for intracellular living C. pneumoniae inhibit 
macrophage apoptosis through induction of IL-10 [34]. Depletion 
of endogenous IL-10 abolished the apoptosis resistance of C. 
pneumoniae-infected mononuclear cells. In comparison to TNF-α 
and IL-1ß production, IL-10 was produced in longer time. After 
human monocyte exposed by LPS, IL-10 was initially produced 
within 24-48 hours after exposure, while TNF-α and IL-1ß required 
4-8 hours [35]. These results revealed that adhesin 61 kDa OMP 
C. pneumoniae may able to induce IL-10 production and inhibit 
macrophage apoptosis. To the best of our knowledge, this is the 
new finding that structural antigen of C. pneumoniae (adhesin 
OMP 61 kDa) could inhibit macrophage apoptosis. ROI production 
increased in activated immune cells as well as macrophages, as a 
protective host response. Immune cells generate free radicals in 
the process of microbial killing mechanisms, especially through 
oxygen dependent phagocytosis. 

Production of MMPs increased after exposed by the adhesin, 
and in all time exposure investigated, it showed similar pattern. 
However, in the negative control only one MMP was found. This 
may not be inducible enzyme, but a constitutive enzyme which 
is produced in low level. 

Antigens of C. pneumoniae have proven involving in 
atherogenesis; (a) LPS acts as cytotoxic to endothelial cell, 
(b) cHSP60, which was homolog to vessel protein, caused 
the atherosclerosis through the autoimmune reaction. 
Additionally, C. pneumoniae infected directly to endothelial 
cell. Such results may contribute to atherogenesis. MOMP, 
omp2, cHSP60 have proven induces MMP-9 production as well 
as the adhesin 61 kDa [14]. This MMP-9 is able to degrade 
collagen type-IV. Collagen type-IV is major component of base 
membrane under of endothelial cell. The degradation collagen 
type-IV causes instable of atherosclerotic plaques integrity, 
causing rupture of plaques, and leading to myocardial infarction. 
These antigens may be synergism causing atherosclerosis.

Conclusion
Adhesin 61 kDa OMP of C. pneumoniae induce degradation 
collagen type-IV through enhancing macrophage activation and 
MMP-9 production significantly. It could be concluded that the 
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adhesion 61 kDa OMP C. pneumoniae may play role in rupture of 
plaques atherosclerotic through degradation of collagen type-IV. 
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