
Extracellular matrix formation (ECM) and remodel-
ing are critical events related to the pathogenesis of
pulmonary fibrosis. Matrix metalloproteinases play
an essential role in degrading and remodeling the
ECM. In this study, we tried to show the presence and
correlation of promatrix metalloproteinase-3
(proMMP-3) (the inactive form of metalloproteinase-
3) levels in coal workers’ pneumoconiosis (CWP)
with different categories.
The study population consisted of 44 coal miners
with CWP (pos CWP). Coal miners without CWP (neg
CWP, n�/24) and non-underground personnel (con-
trols, n�/17) were taken as controls. All coal miners
were stable and had no systemic infection or disease.
Standard posterio-anterior chest radiographs and
pulmonary function tests were performed to exclude
any diseases other than CWP. Serum proMMP-3 was
analysed using the sandwich enzyme-linked immu-
nosorbent assay according to the manufacturer’s
instructions (The Binding Site, Birmingham, UK).
Mean proMMP-3 values of the all three groups were
compared and a significant statistical difference
obtained (p B/0.001). In addition, a statistically sig-
nificant difference was found between categories of
the disease and proMMP-3 values (p B/0.05). The
effects of age, exposure duration and cigarette smok-
ing on proMMP-3 values in coal miners with CWP
were investigated. There were no correlations be-
tween age, smoking and proMMP-3 values. However,
a positive correlation was found between exposure
duration and proMMP-3 values (r�/0.447, p�/0.008).
In conclusion, proMMP-3 (prostromelysin 1) may
play an essential role in degrading and remodeling
the ECM in workers with pneumoconiosis. ProMMP-3
may also reflect the stage of pneumoconiosis disease.
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Introduction

Matrix metalloproteinases (MMPs) are a member of a

group of enzymes that can break down proteins,

such as collagen, that are normally found in the

spaces between cells in tissues (i.e. extracellular

matrix proteins). Extracellular matrix degradation

involves the MMPs, a conserved family with a zinc

binding site in the catalytic domain, and an amino

terminal domain responsible for the zymogen inac-

tive state. The MMP family includes: the collagenases,

which degrade fibrillar collagens; the stromelysins,

which cleave proteoglycans and some glycoproteins;

the gelatinases A and B, which degrade basement

membrane type IV collagen; and the membrane-type

metalloproteinases, which are able to activate proge-

latinase A.1,2 MMP activity is regulated at different

levels including the transcriptional level, the pro-

enzyme activation, and the inhibition of active

enzymes by a family of tissue inhibitors of
metalloproteinases.3�5

MMPs play a central role in many biological
processes, such as embryogenesis, normal tissue
remodeling, wound healing, and angiogenesis, and
in diseases such as atheroma, arthritis, cancer, and
tissue ulceration.6 MMPs might present inflammatory
disease activity.7�10

MMP-3 (stromelysin 1) is an enzyme with a broad
substrate specifity and it is capable of degrading
connective tissue components such as proteoglycan,
laminin fibronectin, collagen IV and other denatured
collagens. In addition to matrix degradation, it may
activate other MMPs such as collagenase.1,2 Pro-
matrix metalloproteinase-3 (proMMP-3) is the inac-
tive form of metalloproteinase-3. The advantage of
proMMP-3 may be the higher stability and longer
half-life in the circulation, as its affinity to inhibitor
proteins, such as tissue inhibitors of metalloprotei-
nase, may be much less than that of the active form,
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saving proMMP-3 from early elimination out of
serum.11,12

Coal workers’ pneumoconiosis (CWP) is the par-
enchymal lung disease that results from the inhala-
tion and deposition of coal mine dust and the tissue’s
reaction to its presence.13 The course of CWP is often
insidious, and progression occurs in the absence of
continued exposure to coal, leading to chronic
respiratory insufficiency and even death. Chronic
exposure to coal particles results in macrophage�/

lymphocytic granulomatous lung inflammation,
which is followed by abnormal and progressive
accumulation of the extracellular matrix.14 However,
the pathogenic mechanisms and the sequence of the
pathological events leading to the fibrotic response
have not been well defined.

To the best of our knowledge, there are not
enough studies to show the role of MMPs in coal
miners with pneumoconiosis in the literature. There-
fore, in this study we aimed to show the presence of
proMMP-3 (prostromelysin 1) and its relation with
different categories of CWP (disease severity).

Materials and methods

The study population consisted of coal miners with
and without CWP and non-underground personnel
evaluated between June 2002 and August 2002 at the
Zonguldak Karaelmas University Medical Faculty
Hospital. Subjects worked at least 8 years in Zongul-
dak Coal Basin. All coal miners were men and
working in the coal production unit. There were 44
coal miners with positive CWP (pos CWP). Twenty-
four coal miners who were CWP negative (neg CWP)
and 17 non-underground personnel (controls) who
were not exposed to any toxic agents (coal dust,
gases, etc.) were taken as control groups. All coal
miners were stable and had no systemic infection or
disease. Patients with previous diagnosis of COPD,
asthma and any pulmonary disease were also ex-
cluded. Pulmonary function tests were assessed in all
patients to exclude any obstructive disease that was
not previously diagnosed. A chest physician filled in a
questionnaire to obtain clinical symptoms, demo-
graphic data and smoking histories for every study
subject.

Informed written consent was obtained from all
subjects.

Chest radiographs

Chest radiographs were obtained for all coal miners
with or without a prior, confirmed diagnosis of CWP.
The chest radiographs were graded by a B-type
trained reader who had a good knowledge of the
International Labour Office classification criteria.15

The International Labour Office scoring system is
based on the reader’s assessment of small opacities
compared with a set of standard radiographs. After
grading, category 0 (profusions 0/�/ to 0/1), category
1 (profusions 1/0 to 1/2), category 2 (profusions 2/1
to 2/3) and category 3 (profusions 3/2 only) were
included. No coal miners with major opacity were
enrolled in the study due to an insufficient number of
cases.

Enzyme-linked immunosorbent assay

Sera were prepared after blood collection and all
samples were stored at �/208C before analysis. The
proMMP-3 level was analysed using the sandwich
enzyme-linked immunosorbent assay for serum
proMMP-3 according to the manufacturer’s instruc-
tions (The Binding Site, Birmingham, UK).

Statistical analysis

Statistical analysis was carried out by means of the
SPSS software (version 11.0; SPSS Inc., USA). Data are
presented as the median value and the lower (25%)
and upper (75%) quartiles. The differences between
groups were analysed by the Mann�/Whitney U-test.
The difference between the means of variables in
more than two groups was evaluated by the Kruskal�/

Wallis variance analysis test. The relations between
proMMP-3 values and age, exposure duration and
smoking were examined by the Pearson rank corre-
lation coefficient. Significance was set at the 5% level
(p B/0.05). All measured values are presented as
mean9/standard deviation.

Results

Demographic characteristics and mean proMMP-3
values of coal miners with CWP (pos CWP), without
CWP (neg CWP) and non-underground personnel
(controls) are presented in Table 1. A mean proMMP-
3 value of the groups is also shown in Fig. 1.
Considering demographic characteristics, there was
no statistical difference between groups concerning
age (p �/0.05). Working durations for the pos CWP
and neg CWP were similar and no statistical differ-
ence was found (p �/0.05). Mean proMMP-3 values
of the all three groups were compared and a
significant statistical difference obtained (pB/0.001).

The effects of age, exposure duration and cigarette
smoking on proMMP-3 values in coal miners with
CWP were investigated. There was no correlation
between age and proMMP-3 values (r�/0.196,
p�/0.266). No correlation was also obtained between
smoking and proMMP-3 values (r�/0.229, p�/0.113).
However, a positive correlation was found between
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exposure duration and proMMP-3 values (r�/0.447,

p�/0.008; Fig. 2).
Patients’ mean proMMP-3 values according to their

profusional categories are presented in Table 2, and

statistically significant differences obtained between

categories of the disease and proMMP-3 values.

Discussion

Chronic exposure to coal particles results in macro-
phage�/lymphocytic granulomatous lung inflamma-
tion, which is followed by abnormal and progressive
accumulation of the extracellular matrix.14,16 It is
clear that we have the need to further our basic and
clinical science knowledge of this complex process.
Additionally, we lack information regarding the
natural history of pulmonary fibrosis in CWP, and
we are left with only descriptive ‘snapshots’ of the
histopathology.

Pulmonary lesions in CWP may be an example of
dysregulated inflammation, repair and remodeling of
the lung in response to continuous coal dust ex-
posure in susceptible workers. In contrast to normal
repair, the persistence of chronic inflammation17 in
CWP promotes fibroproliferation and deposition of
the extracellular matrix, reflecting dysregulated and
exaggerated tissue repair. The studies carried out on
CWP inflammation have shown that alveolar macro-
phages play a dominant role in inflammation and that
alveolar macrophage recruitment is related to the
expression and function of chemokines. Several
cytokines participate in the local injury and inflam-
matory reaction. These are interleukin (IL)-1, IL-8,
monocyte chemotactic protein-, tumor necrosis fac-
tor-a, platelet-derived growth factor, insulin-like
growth factor-1, transforming growth factor-beta,

Table 1. Comparisons of demographic characteristics and proMMP-3 values of coal miners with pneumoconiosis (pos CWP)
and without pneumoconiosis (neg CWP), and of non-underground personnel (controls)

Pos CWP (n�/44) Neg CWP (n�/24) Controls (n�/17) p value

Age (years) 41.09/3.9 (36�/47) 37.89/4.9 (29�/43) 34.99/3.7 (27�/39) �/0.05
Duration of coal exposure (years) 15.89/4.0 (9�/22) 13.39/3.4 (8�/17) None �/0.05
Smoker ratio 30/44 (68.1%) 15/24 (62.5%) 11/17 (64.7%) �/0.05
Smoking (packets/year)* 18.99/10. (6�/45) 16.69/4.7 (10�/22) 16.89/5.4 (10�/24) �/0.05
Metalloproteinase-3 (ng/ml) 1149/92$ (13�/575) 539/31% (8�/98) 449/34NS (2�/112) B/0.001

Data presented as median9/standard deviation (range), except smoker ratio.
* Cumulative mean values only for those who smoke in each group.
$ Comparison of pos CWP and controls, p�/0.001; % comparison of pos CWP and neg CWP, pB/0.01; NS not significant, comparison of neg CWP
and controls, p�/0.05.

FIG. 1. Metalloproteinase-3 values of coal miners with
pneumoconiosis (pos CWP) and without pneumoconiosis
(neg CWP), and of non-underground personnel (controls).
95% CI, 95% confidence interval.

FIG. 2. Correlation between proMMP-3 values and exposure
duration in coal miners with pneumoconiosis.

Table 2. Comparison of mean metalloproteinase-3 values
according to chest radiograph profusion categories

Chest radiograph
category

Number of
patients

Metalloproteinase-3
values (ng/ml)

Category 0*
(p 0/0 and 0/1)

24 539/31 (8�/98)

Category 1**
(p 1/0 to 1/2)

28 739/26NS (13�/118)

Category 2***
(p 2/1 to 2/3)

11 1299/134$ (34�/575)

Category 3***
(p 3/2 only)

5 1769/73% (91�/322)

p value B/0.01

Data presented as median9/standard deviation (range).
* Coal miners without or suspected CWP, ** early CWP, *** low-
grade CWP.
NS Not significant, comparison of category 0 and category 1,
p�/0.05; $ Comparison of category 1 and category 2, pB/0.05;
% comparison of category 2 and category 3, pB/0.05.
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and basic-fibroblast growth factor.16,18 Tumor necro-
sis factor and IL-1 are important early response
cytokines that are involved in fibroblast activation.
In addition, the biology of recruitment may be
regulated by other factors, such as metalloprotei-
nases, that not only regulate extracellular matrix
formation, but may regulate the specific receptors
on these cell surfaces.

MMPs are a family of secreted or transmembrane
zinc-dependent endopeptidases that are capable of
degrading virtually all extracellular matrix and base-
ment membranes components.2 Extracellular matrix
formation and remodeling are critical events related
to the pathogenesis of pulmonary fibrosis. MMPs play
an essential role in degrading and remodeling the
extracellular matrix.

In the literature, there are a few studies related with
MMPs performed on coal miners with or without
pneumoconiosis. In 1993, Porcher et al . investigated
a metalloproteinase called plasma neutral metal-
loendo-peptidase elastase that was found to be
elevated in the plasma of coal miners.19 Then in
1996, Soleilhac et al . described an endopeptidase as
neutral endopeptidase 24.11.20 In their study, they
found an increase in serum neutral endopeptidase
24.11 activity of underground miners, compared with
surface miners (5.7-fold increase, p B/0.01). The
results were not correlated with systemic inflamma-
tion parameters, but seemed to reflect the chronic
pulmonary inflammatory state induced by coalmine
dust exposure, and so might be a marker of lung
injury.

In the literature, there is no study to demonstrate
the presence and affects of proMMP-3 (prostromely-
sin 1) or its active form (metalloproteinase-3/strome-
lysin 1) in CWP. So in this study we aimed to show
the presence of proMMP-3 and its relation with
different categories of CWP (disease severity). We
preferred proMMP-3 instead of the active form
metalloproteinase-3. Because proMMP-3 has higher
stability and longer half-life in the circulation, its
affinity to inhibitor proteins, such as tissue inhibitors
of metalloproteinase, may be much less than that
of the active form, saving proMMP-3 from early
elimination out of serum.11,12 The present study
results showed a positive correlation between
exposure duration and proMMP-3 values (r�/0.447,
p�/0.008; Fig. 2), and a statistically significant
difference obtained in comparison of mean
proMMP-3 values of the all three groups defined as
workers with pneumoconiosis, workers without
pneumoconiosis and non-underground personnel
(p B/0.001). No difference was obtained between
workers without pneumoconiosis and non-under-
ground personnel (p �/0.05). These results mean
that proMMP-3 may play a role in degrading and
remodeling the extracellular matrix in workers with

pneumoconiosis and increases as the stage of the
CWP increase.

Aging is an important factor for the MMP serum
levels. According to the studies carried out in
different illnesses rather than CWP, serum levels of
MMPs increase with age.21�23 In our study, we
investigated the effects of age on proMMP-3 values
in coal miners with pneumoconiosis, but there was
no correlation between age and proMMP-3 values
(r�/0.196, p�/0.266). This may be explained by the
younger age of our population. In the literature, it is
well known that smoking increase both tissue
inhibitors of metalloproteinases and MMP levels.24,25

In the present study, no correlation was obtained
between smoking and proMMP-3 values (r�/0.229,
p�/0.113). We think that this may be due to the low
number of study cases.

In conclusion, proMMP-3 (prostromelysin 1) may
play a role in degrading and remodeling the extra-
cellular matrix in workers with pneumoconiosis.
ProMMP-3 may also reflect the stage of pneumoco-
niosis disease. To define exact roles of ProMMP-3 in
coal workers with pneumoconiosis, further studies
are required.
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