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Chronic obstructive pulmonary disease (COPD) is chronic inflammation leading to
irreversible airway obstruction. Previous studies showed increased
metalloproteinases (MMP) level, especially MMP-9, as a sign of local inflammation.
Up-to-date, only a few studies estimated the MMP-9 serum concentration in COPD
with respect to correlation with systemic inflammation. The aim of the present study
was to estimate the MMP-9 serum concentration in COPD and to evaluate the
correlation between MMP-9 and a degree of airway obstruction in COPD. Twenty
three COPD patients and 23 healthy controls were enrolled. In both groups
spirometry was performed. MMP-9 concentration in sera taken from both groups
was studied using ELISA. We found that COPD patients had increased serum MMP-
9 concentration compared with the control group (P=0.0005). In the COPD group,
the MMP-9 levels were negatively correlated with FEV1 (P=0.01) and FEV1/FVC
(P=0.0002). In conclusion, the results suggest that MMP-9 plays an important role in
systemic inflammation in COPD. Higher MMP-9 serum concentration is connected
with higher airway obstruction and disease progression.

K e y  w o r d s : airway obstruction, chronic obstructive pulmonary disease, serum
metalloproteinases-9

INTRODUCTION

Chronic obstructive pulmonary disease (COPD) is a major cause of respiratory
morbidity and mortality worldwide. The increased morbidity in COPD is
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explained by increasing smoking habits, especially in developing countries and
across different groups within these countries. This disease is characterized by
cough, sputum production, dyspnea, and impaired gas exchange and airway
limitation. COPD is a preventable and treatable disease with some significant
extrapulmonary effects that may contribute to its severity in individual patients. Its
pulmonary component is characterized by airflow limitation that is not fully
reversible. The airflow limitation is usually progressive and associated with an
abnormal inflammatory response of the lung to noxious particles or gases (1).

COPD is a chronic inflammatory process which includes chronic bronchitis
with fibrosis and obstruction of small airways, emphysema with enlargement of
airspace and destruction of lung parenchyma, loss of lung elasticity, and closure
of small airways. The following belong to the extrapulmonary effects of this
disease: loss of muscles mass and their dysfunction, osteoporosis, sleep
disturbances, depression (1).

A lot of studies focus on the nature of this inflammatory process and its
description (2 - 4). One of the main hypotheses concerning the pathogenesis of
emphysema, a key cause of morbidity and mortality in COPD, is the protease-
antiprotease imbalance. It may be induced by cigarette smoking. This theory
proposes that the antiprotease protects the normal lung from locally elaborated
proteases and a reduction in pulmonary antiproteases leads to parenchymal
destruction (5).

Previous studies have shown an important role of increased elastolytic activity
released from neutrophils in emphysema. Recent studies have demonstrated that
matrix metalloproteinases (MMP) play a central role in the lung remodeling in
COPD (6-8). In those studies, MMP-9 concentration in sputum and BAL
(bronchoalveolar lavage) was measured as a sign of local inflammation in COPD
patients. Up-to-date, only a few studies have estimated the MMP-9 serum
concentration in COPD patients with respect to the correlation with systemic
inflammatory process.

The aim of the present study was to find out whether the concentration of
MMP-9 increases in COPD (current or previous smokers) patient sera, as a sign
of systemic inflammatory process and to look for the relationship between MMP-
9 serum concentration and airway obstruction.

MATERIAL AND METHODS

Study subjects
All subjects studied gave written informed consent. The study was approved by a local

Ethical Committee.
Twenty three COPD patients (17 male and 6 female) were enrolled into the study from patients

treated in the Department of Pulmonary Diseases in Poznan University of Medical Sciences,
Poland. The COPD patients with any other coexisting pulmonary diseases, such as bronchiectases,
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tuberculosis, asthma, and lung cancer were excluded. COPD was defined according to the Global
Initiative for Chronic Obstructive Lung Disease (GOLD 2007) criteria. COPD was diagnosed as a
post-bronchodilator (400 µg of salbutamol) FEV1<80% of predicted value and the FEV1/FVC ratio
lower than 70%. The average age in the COPD group was 59.6 ±9.4 yr.

Age-matched 23 subjects (17 male and 6 female) of a control group were selected from healthy
volunteers. The average age in this group was 55.2 ±9.1 yr. None of the subjects had ever suffered
from the pulmonary diseases, neoplasm, and other chronic conditions. All pulmonary lung function
tests in this group were within the normal predictive range

All the subjects in both estimated groups were former or current smokers. The former smoker
was defined as one who had smoked 100 cigarettes in their lifetime and had quit smoking before
the preceding study year. The amount of cigarette smoking was assessed using Brinkman's index
(the number of cigarettes per day x the numbers of years).

Lung function testing
The pre and post-bronchodilator forced expiratory volume in one second (FEV1), forced vital

capacity (FVC), and FEV1/FVC ratio were determined using a Jaeger spirometer and performed by
a respiratory physician. Values were expressed as percentages of the predicted normal values for
age, sex, and height according to the European Community for Steel and Coal guidelines (9, 10).

MMP - 9 measurement
Blood samples for the MMP-9 measurements were centrifuged, plasma was removed and used

for the assay. The total MMP-9 concentration (pro and active MMP-9 protein) in the serum samples
was measured using the Quantikine human MMP-9 Immunoassay (ELISA; R & D System Inc.,
MN). The minimum detectable amount of MMP-9 was typically less than 0.156 ng•ml-1. All assays
were performed strictly following the manufacturer's recommendation.

Statistical analysis
The results were expressed as means ±SD. The groups were compared by analyzing the age,

gender, and pack-years. The differences between the examined groups were analyzed with a Mann-
Whitney U test. Correlations between spirometric parameters and MMP-9 concentration were
evaluated using Spearman's correlation coefficient. All statistical analyses were performed using
Statistical 7.0 Package for Windows. P<0.05 was considered statistically significant.

RESULTS

The clinical characteristics of the COPD patients and control subjects are
given in Table 1. No difference in subjects' age was observed between the
examined groups (P=0.1). There were significant differences between spirometric
parameters (FEV1, FVC, and FEV1/FVC) between the COPD and control
groups, which were worse in COPD patients (P<0.001).

The serum MMP-9 concentration was significantly higher in the COPD
patients than that in the control group (COPD: 248.2 ±101.0 ng•ml-1 (max-min
439.9-82.2 ng•ml-1); control subjects: 150.1 ±56.9 ng•ml-1 (max-min 238.8-43.2
ng•ml-1); P=0.0005; Fig. 1). The MMP-9 concentration change depended on the
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degree of airway obstruction, expressed as FEV1 %pred, FVC %pred, and the
FEV1/FVC ratio. The MMP-9 concentration correlated negatively with FEV1
(P=0.01; r= -0.51) and with FEV1/FVC ratio (P=0.0002; r= -0.46).

DISCUSSION

According to the last definition modification (GOLD 2007), COPD is a
disease with some significant pulmonary (chronic bronchitis/bronchiolitis and/or
emphysema) and extrapulmonary effects that may contribute to the severity in
individual patients (1). The airflow limitation is usually progressive and
associated with an abnormal inflammatory response of the lung to noxious
particles or gases. Chronic local and systemic inflammation is a reason for
remodeling of lung tissue and extrapulmonary systemic change.
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 COPD  Control

 Subjects (n)  23  23

 Age (yr)  59.6 ±9.4  55.2 ±9.1

 Males/Females  17/6  17/6

 Current smoker  23  23

 FEV1/FVC ratio  56.9 ±10.7

 FVC %pred  56.3 ±17.7

 FEV1 %pred  43.2 ±16.1

 Normal predicted value

Table 1. Clinical characteristics of the COPD patients and control subjects.

Fig. 1. Serum MMP-9 concentration
in COPD patients and control
subjects. There was a significant
difference between the two groups;
Mann-Whitney U test; P=0.0005.



MMPs are a family of zinc- and calcium-dependent enzymes that are capable
of degrading all components of the extracellular matrix (ECM) and over twenty
enzymes of this family have been described. In the MMP family, MMP-9 is a
major elastolytic MMP, responsible for tissue remodeling and repair through the
degradation of basement membrane type IV collagen and other matrix proteins. It
is released by macrophages which are derived from circulating monocytes and
from neutrophils (11, 12).

MMPs are inhibited by specific tissue inhibitors of metalloproteinases
(TIMPs), of which four members have been identified. TIMP-1 has been
described as an MMP-9 activity inhibitor by binding to its precursors and active
form (13, 14). The previous studies have shown increased sputum MMP-9 and
TIMP-1 concentrations and also that alveolar macrophages trigger larger amounts
of MMP-9 with greater enzymatic activity in COPD patients (15) Another
research has shown positive correlation between MMP-9/TIMP-1 ratio and
airway obstruction assessed by FEV1 measurement (16).

Beeh et al. (12) found that sputum concentration of MMP-9, TIMP-1, and the
MMP-9/TIMP-1 ratio were higher in COPD patients than in control subjects.
MMP-9 concentration correlated negatively with the severity of airway
obstruction (FEV1%FVC). These data underline the significance of
protease/antiprotease imbalance for the pathogenesis of COPD. Culpitt et al (17)
observed that sputum from COPD patients contained increased levels of MMP-9
compared with non-smokers, non-symptomatic cigarette smokers, and
asthmatics. Vignola et al. (16) found that HRCT scan abnormalities were
associated with the sputum MMP-9/TIMP-1 ratio in COPD patients. The authors
suggested that sputum levels of these markers reflect the extent of structural
changes of the airways.

Kang et al. (18) revealed that lung parenchymal MMP-9 concentration and the
molar ratio of MMP-9 to TIMP-1 were correlated with the amount of cigarette
smoked. The MMP-9 concentration correlated inversely with FEV1. Their study
showed that MMP-9 expression in human lung parenchyma is associated with
cigarette smoking and with the obstruction of airflow, suggesting that MMP-9
may play a role in the pathogenesis of the cigarette-induced obstruction of airflow
known, as a characteristic of COPD.

Segura-Valdez et al. (19) examined the expression of MMP-2 and -9 in lung
tissue of COPD patients and control subjects. In their study, an
immunohistochemical analysis of COPD lungs showed a markedly increased
expression of both MMP-2 MMP-9. They found that neutrophils are the main
cells showing a positive signal for MMP-9. Their findings suggest that there is an
upregulation of MMP-2 and MMP-9 in lung tissue, which may contribute to the
pathogenesis of COPD.

Only in a few studies have the authors examined the serum MMP-9
concentration, which may be a useful marker of systemic inflammation in COPD.
Extrapulmonary manifestations of the disease consist of skeletal muscle
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dysfunction, muscle wasting, osteoporosis, and atherosclerosis, and their
associated complications (20-23). Higashimoto et al. (24) found that serum
MMP-9 concentration do not differ among the three groups: COPD patients,
asthmatics, and control subjects. In that study, concentration of circulating tissue
inhibitor of metalloproteinases-1 (TIMP-1) was significantly higher in stable
COPD patients than in control and asthmatic subjects and this concentration was
significantly correlated with the FEV1/FVC % in COPD patients. Cataldo et al.
(25) measured the release of MMP-9 and TIMP-1 from peripheral blood
granulocytes in healthy subjects, asthmatics, and COPD patients. They did not
find any difference in the release of these molecules within the three groups. They
concluded that circulating granulocytes from COPD patients and asthmatics do
not display an abnormal secretion of MMP-9. Aldonyte et al. (26), on the other
hand, investigated the release of pro-inflammatory molecules, containing MMP-
9, from blood monocytes isolated from healthy and COPD subjects. The authors
revealed that the release of MMP-9 was 2.5-fold higher from COPD patient
monocytes than from healthy controls.

Our present study demonstrates that serum concentration of MMP-9 was
significantly higher in COPD patients than in control subjects. The result shows that
MMP-9 may play a key role not only in local, but also in systemic inflammatory
process in COPD. In COPD group, serum MMP-9 concentration correlated
negatively with airway obstruction (FEV1 %pred and the FEV1/FVC ratio).

Mao et al. (27) examined the influence of all-trans retinoic acid (ATRA) on
the balance of MMP-9 and TIMP-1 in patients with emphysema. The authors
observed that plasma MMP-9 levels were higher in patients with emphysema
compared with age-matched, non-smoking control subjects. A high baseline level
of circulating MMP-9 in patients with emphysema and their down-regulation in
response to ATRA suggest that the plasma MMP-9 might act as a disease related
marker of pulmonary protease activity. The results of the present study
correspond to those data.

In conclusion, the present study confirms that MMP-9 may play an important role
in the systemic inflammatory process in COPD. The serum concentration of MMP-
9 changes depending on the degree of airway obstruction and disease progression.
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