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Increased serum concentrations of tissue
inhibitor of metalloproteinase-1 in COPD
patients

Y. Higashimoto, Y. Yamagata, T. lwata, M. Okada, T. Ishiguchi, H. Sato,
M. Masuda and H. Itoh

ABSTRACT: Matrix metalloproteinase (MMP)-9 and tissue inhibitors of metalloproteinase (TIMP)-
1 concentrations are increased in the sputum of asthma and chronic bronchitis patients, and are
thought to be related to airflow obstruction. However, serum concentrations of these enzymes
have not been clearly evaluated in patients with chronic obstructive pulmonary disease (COPD).
The aim of this study was to examine the serum concentrations of these enzymes in COPD and
asthmatic patients in order to determine their relationship with airway obstruction.

Serum samples were obtained from 72 patients with COPD: 66 control subjects and 26 patients
with asthma. Smoking histories of control subjects were matched with those of COPD patients.
Serum concentrations of TIMP-1 and MMP-9 were determined by ELISA.

The circulating TIMP-1 concentration was significantly higher in stable COPD patients than in
control and asthmatic subjects, and was significantly negatively correlated with forced expiratory
volume in one second/forced vital capacity in COPD patients. The molar ratio between MMP-9 and
TIMP-1 was significantly lower in COPD patients than in control subjects. In patients with COPD,
the serum TIMP-1 concentration was significantly increased during disease exacerbation.

In conclusion, the current findings suggest that serum tissue inhibitors of metalloproteinase-1
concentration can be used as a serum marker of airway obstruction and exacerbation in chronic

obstructive pulmonary disease patients.

KEYWORDS: Bronchial asthma, chronic obstructive pulmonary disease, exacerbation, metallo-
proteinases, serum markers, tissue inhibitors of matrix metalloproteinases

butor to morbidity and mortality in

patients with chronic obstructive pulmon-
ary disease (COPD), is characterised by progres-
sive destruction of the extracellular matrix (ECM)
of the lung [1-4]. The most widely accepted
theory of the pathogenesis of pulmonary emphy-
sema is a proteinase-antiproteinase imbalance.
Although a number of studies have demon-
strated the important role of increased elastolytic
activity derived from neutrophils in emphysema
[4, 5], recent studies have shown that matrix
metalloproteinases (MMPs) play key roles in
tissue remodelling of the airways in COPD and
asthma patients [2, 6-8]. MMPs are a family of
structurally related enzymes that are capable of
degrading all components of the ECM [9].
Members of the MMP family are selectively
inhibited by tissue inhibitors of metalloprotein-
ases (TIMPs). TIMP-1 has been shown to bind to
both the active and precursor form of MMP-9, in
a 1:1 proportion, and to inhibit its enzymatic
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activity. Sputum concentrations of MMP-9 and
TIMP-1 are increased in patients with COPD and
asthma [2, 10]. RusseLL et al. [11] showed that
alveolar macrophages from patients with COPD
release larger amounts of MMP-9 with greater
enzymatic activity than those from healthy
smokers. Two recent studies found that the
MMP-9/TIMP-1 ratio was correlated with the
degree of airway obstruction. BOSSE et al. [12]
reported that the serum MMP-9/TIMP-1 ratio is
correlated with steroid responsiveness in
moderate-to-severe asthma. In their study, a
low MMP-9/TIMP-1 ratio was observed in
asthmatic subjects with a poor response to steroid
therapy. The molar ratio of MMP-9 to TIMP-1 is
also lower in the sputum of asthmatics and
patients with chronic bronchitis than in that of
control subjects, and this ratio is positively
correlated with the forced expiratory volume in
one second (FEV1) [8]. These reports suggest that
excess amounts of TIMP-1 compared with those
of MMP-9 may be related to airway narrowing,
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resulting from remodelling and thickening of the airway wall
in asthma and COPD. However, the relationship between
circulating concentrations of MMP-9 and TIMP-1 and airway
obstruction in patients with COPD has not yet been reported.

In this study, the current authors examined circulating TIMP-1
and MMP-9 concentrations in the serum of patients with
COPD, control subjects and asthmatic patients, in order to
determine the relationship between these concentrations and
airway obstruction.

SUBJECTS AND METHODS

Subjects

In total, 72 patients with COPD, 26 patients with asthma and 66
control patients without airway obstruction were selected for
the study from patients seen in the Dept of Internal Medicine
of Wakayama Medical University Kihoku Hospital (Ito-gun,
Japan). COPD was defined according to the Global initiative
for chronic Obstructive Lung Disease (GOLD) criteria [13].
COPD was diagnosed as a post-bronchodilator FEV1 <80% of
the predicted values and an FEV1/forced vital capacity (FVC)
ratio <70%. Bronchial asthma was diagnosed according to the
American Thoracic Society guidelines [14]. None of the control
subjects had ever suffered from asthma or chronic respiratory
symptoms, and all had FEV1/FVC ratios >70%. The study was
approved by the ethics committee of Wakayama Medical
University, and all patients gave informed consent for
participation. An exacerbation was defined as the presence,
for at least 2 consecutive days, of an increase in any two of the
following respiratory symptoms: dyspnoea, sputum puru-
lence, sputum amount, wheezing, cough, and symptoms of the
common cold, according to the criteria of SEEMUNGAL et al. [15],
ANTHONISEN et al. [16] and RODRIGUEZ-ROISIN [17].

Measurement of TIMP-1 and MMP-9

Detection of serum total TIMP-1 and MMP-9 was performed
using the Biotrak ELISA-based detection system (Amersham
Biosciences, Little Chalfont, UK). MMP-9 enzyme activities
were measured by MMP-9 Biotrak activity assay system
(Amersham Biosciences). All assays were performed following
the manufacturer’s recommendations.

Visual HRCT score

Pulmonary emphysema was visually assessed by an expert
chest radiologist, unaware of the clinical and lung function
data, as described previously [18-20]. On three high-resolution
computed tomography (HRCT) slices (at the level of the carina,
5 cm above and 5 cm below the carina), the lung parenchyma
was assessed for two aspects of emphysema: severity and
extent. The three levels were graded and scored separately for
the left and right lung, giving a total of six lung fields. The
extent of emphysema using the direct observation method was
scored on a four-point scale. The extent score was 1 if <25% of
the lung field was involved; 2 if there was 25-50% involve-
ment; 3 if 50-75% involvement; and 4 if >75% involvement
[20]. Severity was graded on a four-point scale: 0, no
emphysema; 1, low HRCT attenuation areas <5 mm in
diameter with or without vascular pruning; 2, circumscribed
low HRCT attenuation areas >5 mm in diameter, in addition
to those <56 mm in diameter (vascular pruning is present, but
with normal lung intervening); and 3, diffuse low-attenuation
areas without intervening normal lung, or confluent larger
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low-attenuation areas with vascular pruning and distortion of
the branching pattern of the lung, occupying all or almost all of
the involved parenchyma. For each of the six lung fields, the
extent score was multiplied by that for severity to give a degree
of emphysema score. The sum of the product of severity score
and extent score for the six lung fields has a potential
maximum value of 72 [18, 19].

Statistical analysis

Results are shown as mean+sgM. The differences between
patient groups were statistically examined using ANOVA,
followed by Fisher’s protected least-significant difference
(PLSD) test. Comparison of COPD patients with long-term
oxygen therapy (LTOT) and those without LTOT was
performed using an unpaired t-test. Comparisons of values
for the same individual were performed using a paired t-test.
Correlation analysis was performed using linear regression
and Spearman’s nonparametric correlation test; p-values <0.05
were considered statistically significant.

RESULTS

Characteristics of the study patients with COPD, asthmatic
patients and control subjects are shown in table 1. The mean
ages of patients with asthma and control subjects were similar,
but COPD patients were significantly older than the subjects
in the two other groups (p<0.001). Smoking histories
(Brinkman’s index: the number of cigarettes per day x the
number of years) were similar for control subjects and COPD
patients, but the number of Brinkman’s index for asthmatic
subjects was significantly lower than both control subjects and
COPD patients (p<<0.05). In total, 22 COPD patients had
chronic respiratory failure (arterial oxygen tension (Pa0.)
<7.3 kPa) and were undergoing LTOT.

The mean serum TIMP-1 concentration of COPD patients
was significantly higher than those of control and asthmatic
subjects (control: 119.9+6.5; asthma: 162.1+13.6; COPD:
193.0+5.3 ng-mL'l; p<0.0001 and p<<0.05; ANOVA, followed

/:\:18=S8 B Demographic data for subjects

Control Asthma COPD

Subjects n 66 26 72

Age yrs 61.6+1.5 64.6+4.0* 73.240.77
Males 66 8 72
Current smoker’ 25 4 12
Brinkman’s index 1024.7+79.3 491.64-205.8* 1368.54+101.3
FEV1/FVC ratio 0.80+0.01 0.71+0.03* 0.56+0.01%
FEV1 L 2.92+0.09 1.93+0.25% 1.44+0.07%
FEV1 % pred 945+1.9 68.1+4.2% 55.85+2.5%
FVC L 3.65+0.10  2.68+0.24% 2.5140.09%
LTOT 0 0 22

Data are presented as mean+sem, unless otherwise stated. COPD: chronic
obstructive pulmonary disease; Brinkman'’s index: the number of cigarettes per
day x the number of years; FEV1: forced expiratory volume in one second; FVC:
forced vital capacity; % pred: % predicted; LTOT: long-term oxygen therapy. :
at blood sampling. *: p <0.05; #: p <0.0001 (ANOVA, followed by Fisher's
protected least-significant difference test).
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by Fisher’s PLSD test; fig. 1a). Serum TIMP-1 concentrations of
asthmatic patients were also significantly higher than those of
the control subjects (p<<0.001; fig. la). The serum TIMP-1
concentration significantly correlated with the FEV1/FVC % in
COPD patients only (p<<0.05; Spearman’s rank correlation test;
fig. 1b).

Blood samples were also obtained from COPD patients when
they presented at the hospital with exacerbations. TIMP-1
concentration was increased during exacerbation in nine
COPD patients (p<<0.05; paired t-test; fig. 2). These COPD
patients were treated with a combination of systemic steroids,
bronchodilators, theophylline or antibiotics, according to the
GOLD criteria [13]. In four of these COPD patients, blood
samples were also taken 7-15 days after the exacerbation, in
addition to those taken during the exacerbation. Serum TIMP-1
concentrations returned to the pre-exacerbation levels in three
out of four patients within 7 days after the exacerbation, but a
high level was sustained, even after 15 days, in one patient. An
additional five patients had blood samples taken only pre-
exacerbation and during exacerbation.
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FIGURE 1. a) Serum tissue inhibitors of metalloproteinase (TIMP)-1 concen-
tration in control subjects (n=66), asthmatic subjects (n=26) and patients with
chronic obstructive pulmonary disease (COPD; n=72). *: p<0.05; ***: p<0.001; ¥
p<<0.0001 (ANOVA, followed by Fisher's protected least-significant difference test).
b) Correlation between serum TIMP-1 concentration and forced expiratory volume in
one second (FEV1)/forced vital capacity (FVC) % in COPD patients (n=72;
Spearman’s rank correlation test; p<0.05).
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FIGURE 2. Serum tissue inhibitor of metalloproteinase (TIMP)-1 concentration
in patients with chronic obstructive pulmonary disease (COPD; paired t-test).
Exacerbation: during COPD exacerbation; stable: pre-exacerbation or improvement
of symptoms (p<<0.05; n=9).

Serum MMP-9 concentration did not differ among the three
groups (control: 249.2+4+19; asthma: 248.9+30; COPD:
241.4+18 ng-mL‘l). The serum MMP-9/TIMP-1 molar ratio
was significantly lower in patients with COPD than in control
subjects (control: 0.57+0.06; asthma: 0.44+0.09; COPD:
0.2940.02; p<0.0001; fig. 3a). Serum MMP-9 activity corre-
lated well with the protein concentrations (p<<0.0001;
Spearman’s rank correlation test; fig. 3b), and did not differ
among the three groups.

Visual emphysema scores were assessed in 67 of the COPD
patients who underwent HRCT. Most of the COPD patients
had low attenuation areas (visual scores: 18.3+2.1; range: 0—
66), except nine patients who did not have any low attenuation
area in HRCT (score 0). The emphysema scores did not
correlate with serum TIMP-1 or MMP-9 levels, but were
negatively correlated with FEV1 values (p<<0.01; Spearman’s
rank correlation test).

Serum MMP-9 concentrations of COPD patients undergoing
LTOT (293.8+42.5 ng-mL""; n=22) were significantly higher
than those of COPD patients not undergoing LTOT
(214.9+17.7 ng-mL'l; n=49; p<0.05, unpaired t-test).
However, serum MMP-9 activities were not different between
these two groups, and there was no significant correlation
between MMP-9 and FEV1, or MMP-9 and Pa0, at blood
sampling.

Nineteen out of 26 asthmatic patients were treated with
steroids (inhaled steroids or oral steroids), but this treatment
did not influence serum TIMP-1 levels (steroid treatment
group: 154.9 +17.4; nonsteroid group: 181.7+18.6 ng-mL™) or
MMP-9 levels (steroid treatment group: 260.9 +40.1; nonster-
oid group: 216.5437.9 ng-mL™). Similarly, 12 out of 72 COPD
patients received steroid treatment that did not influence
differences in serum TIMP-1 levels or MMP-9 levels.

DISCUSSION

In the present study, it was found that the circulating
TIMP-1 concentration was significantly higher in stable
COPD patients than in control and asthmatic subjects, and
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FIGURE 3. a) Molar ratio of matrix metalloproteinase (MMP)-9 and
tissue inhibitor of metalloproteinase (TIMP)-1 in control subjects (n=66),
asthmatic subjects (n=26) and patients with chronic obstructive pulmonary
disease (COPD; n=72). #: p<0.0001 (ANOVA, followed by Fisher's protected
least-significant difference test). b) Correlation between serum concentration
and activity of MMP-9 in all study patients (n=162; Spearman’s rank correlation
test).

that this concentration was significantly correlated with the
FEV1/FVC % in COPD patients. To the authors” knowledge,
this is the first report relating serum TIMP-1 concentration
with airway obstruction in COPD patients.

Recent studies have shown the usefulness of induced sputum
[8] and exhaled breath condensate [21] for monitoring airway
inflammation in COPD patients. Although these methods are
noninvasive and useful for examining local inflammation of
the airways, they require time and are not suitable for studying
large numbers of patients.

Few studies have examined serum markers of airway obstruc-
tion in COPD. RIsE et al. [22] reported that the circulating
intercellular adhesion molecule (ICAM)-1 concentration was
higher in COPD patients than in control subjects, and that
serum levels of circulating E-selectin were significantly
correlated with FEV1 per cent predicted. Their study suggested
activation and recruitment of neutrophils in COPD patients,
since E-selectin is the receptor for neutrophil L-selectin, and
ICAM-1 is a ligand for leukocyte receptors.
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Neutrophils are an important source of MMP-9 and TIMP-1
[23, 24]. CATALDO et al. [24] reported that the spontaneous
release of TIMP-1 and MMP-9 secretion by circulating
granulocytes was similar in COPD patients, asthmatic subjects
and control subjects. Conversely, sputum MMP-9 activity and
TIMP-1 levels have been shown to be increased in COPD and
asthmatic subjects compared with control subjects [2, 10].

In the present study, increased levels of serum TIMP-1 were
found in COPD patients compared with those in asthmatic and
control subjects. These results suggest that the increase in
serum TIMP-1 levels in COPD patients may not be due to
increased secretion from circulating neutrophils, but, instead,
to increased secretion from cells in the lung.

In the present study, serum MMP-9 concentrations were similar
in COPD patients and control subjects. MAO ef al. [7] found that
MMP-9 concentrations were higher in COPD patients than in
nonsmoking control subjects. This discrepancy in findings may
be due to differences in smoking status. The current authors
used control subjects whose smoking histories matched those of
the COPD patients. Control subjects might, therefore, have also
had airway inflammation as a result of smoking alone.

In the present study, the serum MMP-9 concentration was
significantly higher in patients with severe COPD undergoing
LTOT than in COPD patients not undergoing LTOT. Airway
inflammation by neutrophils, macrophages and lymphocytes
is known to increase as COPD progresses [25, 26]. These
findings suggest that severe COPD features more severe
airway inflammation than mild COPD, resulting in increased
release of MMP-9 into the circulation. However, MMP-9 levels
are not related to parameters such as lung function and arterial
blood oxygen saturation.

WINKLER ef al. [27] showed that MMP-9 levels are markedly
elevated in endotracheal aspirates of children with respiratory
failure. Therefore, it can be speculated that circulating MMP-9
may be elevated only in very severe disease with respiratory
failure, but not in mild-to-severe disease without respiratory
failure.

In patients with COPD, the serum TIMP-1 concentration
increased significantly during disease exacerbation. Pulmonary
function is believed to decline with frequent exacerbations in
COPD patients [28]. It is possible that excess amounts of TIMP-1
may be released into the airways during an exacerbation and may
result in progressive remodelling of the airway in COPD patients.

The serum MMP-9/TIMP-1 molar ratio was significantly lower
in patients with COPD than in control subjects. TIMP-1 binds
noncovalently in a 1:1 proportion to MMP-9 and inhibits its
enzymatic activity. TIMP-1 has other biological activities as
well. It has been shown to induce the proliferation of skin
fibroblasts isolated from patients with systemic sclerosis. The
fibroblasts release TIMP-1, which may be may be responsible
for the autocrinous promotion of fibrogenesis found in this
disease [29]. BOssE et al. [12] reported that the serum MMP-9/
TIMP-1 ratio correlated with steroid responsiveness in
moderate-to-severe asthma. Therefore, excess TIMP-1, com-
pared with MMP-9, in COPD patients may be related to the
fibrogenic tissue-remodelling processes in the airways, similar
to that shown in steroid-resistant asthma [12].
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To clarify whether the severity of emphysematous change corre-
lated with TIMP-1 levels in COPD patients, the current authors
assessed HRCT visual scores of these patients. There was no
significant correlation between serum TIMP-1 levels and visual
scores, suggesting that serum TIMP-1 levels may be related with
airway obstruction rather than emphysematous change.

In conclusion, current findings of increased levels of serum
tissue inhibitor of metalloproteinase-1 and decreased matrix
metalloproteinase-9/tissue inhibitor of metalloproteinase-1
ratio support the hypothesis that excess amounts of tissue
inhibitors of metalloproteinase-1 may be associated with the
airway remodelling and narrowing that occurs in chronic
obstructive pulmonary disease. Further investigations are
necessary to clarify specific cell types that may be involved
in the production and secretion of circulating tissue inhibitor of
metalloproteinase-1 and matrix metalloproteinase-9 in chronic
obstructive pulmonary disease patients. Longitudinal studies
are required to determine whether these enzymes are indeed
associated with progressive disease in chronic obstructive
pulmonary disease patients.
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