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Summary

The objective of this study was to assess the concentration of metalloproteinase-2 (MMP-2) and
metalloproteinase-9 (MMP-9) in peripheral circulation and their mRNA expression in peripheral
blood mononuclear cells (PBMCs) in patients with CAP caused by M. pneumoniae.

We prospectively analyzed MMPs in 40 hospitalized patients with M. pneumoniae CAP on admission,
and in the convalescent phase. Twenty healthy men were used as controls. Quantitative real-time
PCR and ELISA tests were used.

MMP-9 mRNA expression in PBMCs was increased in the acute phase of illness compared to the
control group as well as in convalescent phase in which case it was statistically significant (Mann-
Whitney; p=0.028). The same was found for MMP-9 plasma levels (Mann-Whitney test; p<0.001;
p=0.001). Circulating MMP-2 concentration in acute patients was significantly lower than in the
control group and convalescent phase (Mann-Whitney test; p=0.012; p=0.001), while no MMP-2
mRNA expression was found in PBMCs. The plasma level of MMP-9 correlated with leukocyte count
in peripheral circulation (r=0.67, p<0.001).

We conclude that M. pneumoniae in adult CAP induces activity of MMP-9 in peripheral blood
circulation.
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BACKGROUND

Mycoplasma pnewmoniae is a human pathogen and a fre-
quent cause of community-acquired respiratory infections.
Pneumonia is the most severe type of M. pneumoniae respi-
ratory infection and is most common among older chil-
dren and young adults. Although M. pneumoniae ordinari-
ly causes mild pneumonia (termed “walking pneumonia”),
it is a significant cause of pneumonia in adults requiring
hospitalization. Marston et al reported that M. pneumoniae
was definitely responsible for 5.4% and possibly responsi-
ble for 32.5% of 2,776 cases of community-acquired pneu-
monia (CAP) in hospitalized adults in Ohio [1]. Porath et
al showed M. pnewmoniae to be second only to Streptococcus
pneumoniae, and it was responsible for 29.2% of pneumo-
nias overall [2]. M. pneumoniaeis an important cause of CAP
sufficiently severe to require hospitalization, especially in
elderly persons. Fulminant infections with multiple organ
involvement and deaths due to M. pneumoniae, usually in
otherwise healthy adults and children, have been report-
ed, but are uncommon [3].

Metalloproteinases (MMPs) are a family of proteolytic
enzymes currently comprising at least 24 members [4].
Recently, various studies have shown that MMPs are impli-
cated in the pathogenesis of various pulmonary inflamma-
tory diseases. MMPs are very likely to have a central role in
destructive pulmonary diseases where excess proteolytic
activity causes aberrant degradation of the lung extracel-
lular matrix (ECM) [5]. The cellular sources of these en-
zymes include leukocytes and bronchial epithelial cells [6].
Of these, MMP-2 and MMP-9 (also known as gelatinases A
and B) have been reported to possess substrate specificity
to type IV collagen and can degrade basement membrane
structures via collagenolytic actions [7]. Although the sub-
strate specificities of MMP-2 and MMP-9 seem similar, the
2 enzymes are known to be synthesized by different cells in
vitro. MMP-2 is synthesized principally by dermal and gin-
gival fibroblasts, endothelial cells, and osteoblasts, whereas
MMP-9 is produced mainly by inflammatory cells, including
polymorphonuclear leukocytes (PMLs), macrophages, eo-
sinophils and lymphocytes [8-11]. Previous studies showed
that activity of MMP-2 and MMP-9 is upregulated in many
pulmonary disease [12]. However, the MMP-2 and MMP-9
activity in CAP caused by M. pneumoniae have not yet been
studied. The role of various reactive substances in the patho-
genesis of M. pneumoniae lung disease has been a topic of
considerable interest during the past decade. Numerous
clinical studies involving humans, as well as investigations
based on animal models, have been reported. However,
there is still a lack of knowledge about the pathogenesis of
M. pneumoniae pulmonary infection.

The aim of the study was to investigate the gene expression
of MMP-2 and MMP-9 in peripheral blood mononuclear
cells (PBMCs) and their concentration in peripheral blood
circulation in patients with CAP caused by M. pneumoniae.
The results were correlated to the laboratory parameters
and severity of disease.

MATERIAL AND METHODS

We prospectively followed 40 patients with CAP caused by
M. pneumoniae hospitalized at the University Hospital for

Infectious Diseases in Zagreb, Croatia. Patients who met
the following criteria were included in the study: age be-
tween 12-60 years, clinical findings suggestive of pneu-
monia (cough, fever), evidence of a new pulmonary infil-
trate on chest X-ray, and confirmed acute infection of M.
pneumoniae. Exclusion criteria included dual infections,
nosocomial pneumonia, patients with active tuberculosis
and HIV-positive patients. The diagnosis of M. pneumoniae
infection was based on serological testing of antibod-
ies. Serum antibodies to M. pneumoniae were assayed by
ELISA by using P1 membrane protein as antigen (Savyon
Diagnostics LTD, Israel). Evidence of infection was defined
as either a single positive serum IgM titre (>10) in any se-
rum sample or a 4-fold increase in IgG titre in paired sera.
Paired serum samples were also tested for antibodies to
Chlamydophila pnewmoniae, Chlamydophila psittaci, Legionella
pneumophila and Coxiella burnetii. In addition, urine samples
from patients were tested for L. pneumophila serogroup-1
antigen. Blood culture specimens were collected and in
selected patients sputum culture was performed prior to
antibiotic therapy. All patients were treated with azythro-
mycin 1x500 mg orally for 3 days. On admission the follow-
ing data were analysed: epidemiological data (age), chest
X-ray and laboratory findings: erythrocyte sedimentation
rate (ESR), C-reactive protein (CRP), leukocytes and dif-
ferential blood count.

Wa analyzed the gene expression of MMP-2 and MMP-9 in
PBMCs and plasma level of MMP-2 and MMP-9 in male pa-
tients with CAP caused by M. pneumoniae on admission, and
in the reconvalescent phase, 4 weeks later. Sera from 20
healthy males aged 14-50 years were used as controls. The
study was approved by the local Ethics Committee and the ex-
aminees and/or their parents signed the informed consent.

Isolation of the peripheral blood mononuclear cells

From each patient and control, 10 ml of sodium-heparin-
ized blood was collected. PBMCs were purified using stan-
dard Ficoll-Paque gradient centrifugation according to
the instructions of the manufacturer (Pharmacia, Upsala,
Sweeden). Briefly, 4 ml of Ficoll-Paque gradient was pipet-
ted into centrifuge tubes. The heparinized blood was di-
luted 1:1 in phosphate-buffered saline (PBS) and careful-
ly layered over the Ficoll-Paque gradient. The tubes were
centrifuged for 15 min at 800 x g. The cell interface layer
was harvested carefully, and the cells were washed twice in
medium and resuspended in RPMI 1640 before counting.
Cell concentration was adjusted to 107/ml.

RNA extraction and quantitative real-time PCR

Total cellular RNA was extracted using TRIzol/RNA-Bee
(Biogenesis, England) followed by phase separation with
chloroform, then precipitation with isopropyl alcohol.
Measurements of metalloproteinases were determined us-
ing quantitative real-time PCR. One ig of total RNA were
translated into cDNK by reverse transcription using AMV
reverse transcriptase enzyme and random primers. For the
synthesis of cDNA, the Ist strand cDNA synthesis kit for
RT-PCR (Roche Applied Science) was used according to
manufacturer’s instructions. Upon completion of cDNA
synthesis, we diluted reaction mixture to a final volume
of 300 pl and samples were divided into smaller aliquotes
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Table 1. Epidemiological and laboratory characteristics of 40 patients with community acquired pneumonia caused by Mycoplasma pneumoniae.

Epidemiological and_ laboratory characteristics of Median ) Range
patients (n=40) (interquartile range)

Age (years) 19 12-54 (8)
Duration of symptoms prior admission (days) 5 1-7 4
Erythrocyte sedimentation rate (mm/h) 40 6-88  (32)
(-reactive protein (mg/L) 74 18-266 (82)
Leukocytes (x10%/L) 8.9 3.9-186 (43)

— neutrophyles (rel.%) 72 53-83 (14)

— lymphocytes (rel.%) 15 7-32  (10)

—monocytes (rel.%) 1" 3-21 (5)

and stored at —20°C until further testing. Levels of tran-
scription of MMP-2 and MMP-9 were analyzed by quantita-
tive real-time PCR. Target sequences were amplified using
LightCycler primer set (Search-LC, Heidelberg, Germany)
with LightCycler FastStart DNA Master SYBR Green I Kit
(Roche Applied Science) according to the manufacturer’s
instructions. Analysis of gene expression was performed on
the LightCycler real-time, version 1.2 (Roche Diagnostics).
GAPDH housekeeping gene was used to normalize samples
for their further comparison.

ELISA test

MMP-2 and MMP-9 analyses were performed using a com-
mercially available ELISA kit (Quantikine™, R&D Systems,
Oxon, United Kingdom) according to the manufacterer’s
instructions.

Statistical analysis

Means and standard deviations were calculated to summa-
rize normal distribution continuous variables, while medi-
an and interquartile ranges were calculated for abnormal
distribution continous variables. Statistical analysis was per-
formed with the Kruskall-Wallis and the Mann-Whitney tests.
A probability level of P<0.05 was considered significant.
Correlations were evaluated by the Spearman rank corre-
lation coefficient. The SPSS ver. 13.0 (SPSS Inc., Chicago,
11, USA) statistical software was used for the calculations.

REsuLTS

Clinical and laboratory data

The results of epidemiological and laboratory characteris-
tics are shown in Table 1. There were young patients, hospi-
talized in the first week of disease, with mild elevated (ESR,
CRP) or normal (leukocytes) laboratory findings (Table 1).
Chest X-ray showed interstitial inflammatory infiltrates in 1
(28 or 70%), or multiple lobes (12 or 30%), and pleural ef-
fusion was recorded in 6 or 15% of patients (not shown in
Table 1). All patients had positive clinical response to ad-
ministered antibiotic therapy and no severe disease compli-
cations were recorded during hospitalization.

MMP-2 and MMP-9 gene expression

The results of a quantitative RI-PCR analysis from PBMCs
for MMP-9 are shown in Figure 1. MMP-9 mRNA expres-
sion in PBMCs was significantly increased in the acute phase
of illness compared to the control group and convalescent
phase (Mann-Whitney; p=0.001; p=0.016). The levels of
MMP-2 mRNA were not detectable in patients or controls
(data were not shown).

Plasma levels of MMP-2 and MMP-9

Circulating concentrations of MMP-2 and MMP-9 are shown
in Figure 2A, B. MMP-2 concentrations in peripheral circu-
lation of acute patients were significantly lower than in the
control group and convalescent patients (Mann-Whitney
test; p=0.012; p=0.001). However, in convalescent phase,
MMP-2 levels were significantly higher than in control sub-
jects (p=0.048). Plasma levels of MMP-9 in acute phase of
disease were significantly higher compared to controls
and samples from convalescent phase (Mann-Whitney test;
p<0.001; p=0.001).

Correlation of metalloproteinases and clinical laboratory
parameters

Spearman’s correlation test was used to detect possible cor-
relations between mRNA expression of MMPs with CRP,
ESR, leukocytes and neutrophils. No correlation was found
of MMPs concentration in plasma with laboratory param-
eters, except the plasma level of MMP-9 slightly correlat-
ed with leukocyte count in peripheral circulation (r=0.67,
p<0.001) (Figure 3).

DiscussIioN

We investigated the role of MMPs in peripheral circulation
in CAP caused by M. pneumoniae of previously healthy young
male patients. Patients had mild to moderate clinical pre-
sentation of CAP. All patients received antibiotic therapy
(azithromycin 1x500 mg for 3 days) and were discharged
from hospital without complications. We excluded patients
with dual infections described in early studies and patients
with respiratory infections [13,14].
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Figure 1. The gene expression of metalloproteinase 9 (MMP-9) in
peripheral blood mononuclear cells (PBMCs) of patient with
community acquired pneumonia caused by Mycoplasma
pneumoniae, acute stage, convalescent and healthy
subjects. Data presented as mean =+ standard error of the
mean (whiskers). For more information see Patients and
methods. * P<0.05 (significant difference).

In this study we demonstrated an increase in MMP-9 gene
expression in PBMCs, as well as plasma concentration in
patients with CAP caused by M. pneumoniae compared to
healthly controls. Moreover, MMP-9 plasma levels posi-
tively correlated with the total leukocyte count. However,
mRNA and circulating concentration of MMP-9 appeared
to decrease quickly.

Two studies showed an increased concentration and ac-
tivity of MMP-8 and MMP-9 in lungs of patients with HAP,
which correlated to systemic signs of inflammation [15,16].
Hartog et al demonstrated a significant increase of MMP-8
and MMP-9 in plasma and in mini-BAL fluids in patients
with hospital-acquired pneumonia (HAP) compared with
control subjects [16]. The authors suggested that neutro-
phils are the main source of MMP-8 and MMP-9 in pneu-
monia. In addition, the authors showed a difference be-
tween the MMP-8 and MMP-9 release from PBMC and
polymorphonuclear leukocytes in BAL of patients with
pneumonia; specifically, in basal condition pulmonary
neutrophils were highly activated as opposed to peripher-
al neutrophils, which are activated after stimulation. Yang
et al reported increased activity and plasma level of MMP-
9 in patients with CAP compared to control subjects [17].
They also demonstrated a positive correlation of MMP-9
with the number of neutrophils. MMP-9 are normally
stored in the intracellular tertiary granules prior to their
release by neutrophils [18]. Once released, the activity of
MMPs is controlled by regulation of expression and se-
cretion, by proteolytic activation of pro-enzymes, and by
the tissue inhibitors of metalloproteinases (TIMPs) [19].
Sakellaropoulou et al founded correlation between leuko-
cyte count, sedimentation rate, CRP, and levels of sodium
in children with pneumonia [20].

In our study, plasma levels of MMP-2 were significant-
ly different between acute patients and control subjects.
However, circulating concentrations of MMP-2 were
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Figure 2. (A Levels of metalloproteinase 2 (MMP-2) in plasma of
patient with community acquired pneumonia caused by
Mycaoplasma pneumoniae, acute stage, convalescent and
healthy subjects. Data presented as mean + standard error
of the mean (whiskers). Data presented as mean + standard
error of the mean (whiskers). For more information see
Patients and methods. * P<0.05 (significant difference).

(B) Levels of metalloproteinase 9 (MMP-9) in plasma of
patient with community acquired pneumonia caused by
Mycoplasma pneumoniae, acute stage, convalescent and
healthy subjects. Data presented as mean + standard error
of the mean (whiskers). Data presented as mean + standard
error of the mean (whiskers). For more information see
Patients and Methods. * P<0.05 (significant difference).

statistically significantly higher in convalescent than in
acute patients and the control group. MMP-2 mRNA could
not be detected by RT-PCR in PBMCs, in patients with CAP,
nor in control subjects. Our results suggest that PBMCs are
not the source of MMP-2 during M. pneumoniae CAP, but
MMP-2 could be involved in the inflammatory process in
the lung compartment. Therefore, we found a decreased
plasma concentration of MMP-2 in the acute phase, while
in the convalescent phase the levels of MMP-2 increased
above basal level.

Lichtinghagen et al showed an expression of MMP-2 in liver
tissue, but not in white blood cells, in patients with chron-
ic hepatitis C [21]. Baluk et al. found an increased expres-
sion of MMP-2 in epithelial cells and MMP-9 in infiltrat-
ing neutrophils in infected airways of mice infected by M.
pulmoniae (22). Kim et al investigated changes in MMP-2
and MMP-9 in bleomycin-induced pulmonary fibrosis and
found temporal change in the major source of the MMPs
[23]. In the early phase, both MMPs were mainly expressed
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Figure 3. Spearman rank order correlation of metalloproteniase 9
(MMP-9) plasma protein levels against leukocytes count
in patient with community acquired pneumonia caused
by Mycoplasma pneumoniae. For more information see
Patients and methods.* P<0.05 (significant difference).

in the inflammatory cells - MMP-2 in alveolar macrophage,
and MMP-9 in neutrophils. Mid-phase parenchymal cells
(bronchial epithelial cells and type II pneumocytes), in
addition to the inflammatory cells, present an important
cellular source expressing these MMPs. In the later phase,
the main cellular sources of the MMPs were again type II
pneumocytes. MMPs, especially MMP-2 and MMP-9 have
been known to be involved in degradation of extracellular
matrix. Torii et al described high MMP-2 and MMP-9 lev-
els in BAL of patients with acute respiratory distress syn-
drome and suggested that MMPs were implicated in the
pathogenesis of ARDS through the disruption of basement
membrane structures [24]. Also, Piotrowski et al found el-
evated messenger RNAs, as well as protein concentration
of MMP-2, MMP-7, MMP-9 and TIMP-2 in patients with sar-
coidosis [25]. In addition, MMPs may benefit the host be-
cause they also are involved in host defense mechanisms.
They induce bacterial eradication and might have a pro-
tective effect against pulmonary fibrosis following inflam-
mation [26]. Opdenakker et al. showed that MMP-9 trun-
cates chemokines such as interleukin-8 into a more active
form, leading to increased MMP-9 levels that again lead to
a more potent interleukin-8 [27].

CONCLUSIONS

Our study showed that PBMCs are important source of
MMP-9 during CAP caused by M. pneumoniae. We also found
that MMP-9 plasma level positively correlated to leuko-
cyte count in peripheral circulation. This result indirect-
ly indicates the significance of peripheral neutrophils as
one of the major sources of MMP-9 in M. pneumonia CAP.
Moreover, we showed that PBMCs are not the source of
MMP-2. The MMP-2 decrease in the plasma of patients
with acute CAP leads us to speculate that MMP-2 in acute
phase of disease is attracted to the pulmonary compartment
with other inflammatory mediators. Our results could con-
tribute to further research on immunopathogenic mech-
anisms in pneumonia caused by M. pneumoniae and the
role of MMPs in it.

Abbreviations
MMP2 — matrix metalloproteinase 2; MMP-9 — matrix me-
talloproteinase 9; M. pneumoniae — Mycoplasma pneumoniae,

PBMC - peripheral blood mononuclear cells.
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