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ABSTRACT: Markers of collagen metabolism may possibly be used in the assessment
of pulmonary involvement in asbestosis-related pulmonary diseases. In this study the
levels of the carboxyterminal propeptide of type I procollagen (PICP) and the amino-
terminal propeptide of type III procollagen (PIIINP) were evaluated in bronchoal-
veolar lavage fluid (BALF), epithelial lining fluid (ELF) and serum from patients with
asbestos related pulmonary and pleural involvement.

Forty-two consecutive patients with occupational exposure to asbestos fibres, who
underwent bronchoscopy and bronchoalveolar lavage (BAL) at the time of the
diagnosis were investigated. Five patients were diagnosed as having asbestosis, while
37 showed no parenchymal involvement. Of the latter group, 25 had pleural plaques,
while 12 had no detectable changes in chest radiographs. The patients were followed-
up for an average of 7 yrs.

The PICP in BALF and ELF was detectable in all patients with asbestosis and in 8/
37 subjects without parenchymal involvement. The levels of PICP in BALF and ELF
were significantly higher in the asbestosis group compared to the patients without
asbestosis (9.8�1.8 mg.L-1 versus 0.6�1.3 mg.L-1, p<0.001 and 488.9�208.8 mg.L-1 versus
22.6�50.6 mg.L-1, p<0.001, respectively). Only 1 patient with asbestosis and 3 patients
without parenchymal involvement had detectable levels of PIIINP in BALF. The
serum levels of PICP and PIIINP did not differ between the patients with asbestosis
and those with exposure to asbestos fibres without asbestosis and were within the
normal range. None of the 37 patients exposed to asbestos fibres without parenchymal
involvement at the baseline developed asbestosis during the follow-up period of 7 yrs.

In conclusion, the data show that the carboxyterminal propeptide of procollagen
type I, but not the aminoterminal propeptide of type III procollagen is highly elevated
in bronchoalveolar lavage fluid and epithelial lining fluid in patients with asbestosis,
but not in those without parenchymal involvement. This suggests that the deter-
mination of carboxyterminal propeptide of procollagen type I in bronchoalveolar
lavage fluid could be used as a marker of parenchymal involvement in patients
exposed to asbestos fibres.
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Exposure to asbestos fibres may lead to hyaline plaques
of parietal pleura, asbestos pleurisy, asbestosis and malig-
nant diseases of the lower respiratory tract and pleura.
Pleural plaques and asbestosis are the most common non-
malignant pulmonary diseases related to asbestos expo-
sure. The prognosis of asbestosis is variable, but asbestosis
usually leads to slowly progressive pulmonary fibrosis.

The various stages in the development of pulmonary
fibrosis include inflammation which is initially followed
by deposition of type III collagen and later by type I col-
lagen fibres [1]. These collagens are synthesized as pro-
collagen precursor molecules, and propeptides of these
procollagens are cleaved in stoichiometric amounts dur-
ing the collagen formation process [2]. The aminoterm-
inal propeptide of type III procollagen (PIIINP) has been
investigated in both the serum and the bronchoalveolar
lavage fluid (BALF) of patients with fibrosing alveolitis
[3±5] and sarcoidosis [6, 7], and previous results suggest

that PIIINP could be used in the assessment of these
diseases. The carboxyterminal propeptide of type I pro-
collagen (PICP) is theoretically a better marker of col-
lagen synthesis than PIIINP [8]. However, very little is
known about PICP in parenchymal lung diseases. Pre-
vious results suggest that BALF-PICP reflects the fibrotic
process in the lungs, whereas the serum levels of this
propeptide play no role in the assessment of these dis-
eases [5, 7].

No studies are available on the concentration of PICP in
BALF, epithelial lining fluid (ELF) or serum in asbestos-
exposed individuals. Furthermore, very few studies have
been conducted on PIIINP following work-related asbes-
tos exposure. Experimental studies with asbestos-exposed
rats have histologically shown an increase of type III
collagen during the 2 weeks of exposure, followed by a
higher proportion of type I collagen [9]. An incease of type
III collagen in histological investigations and an increase
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of PIIINP in BALF after 2 months of chrysotile exposure
has been shown in sheep [10]. Furthermore, the sheep that
had abnormal chest radiograph findings after 18 months
exposure to chrysotile had significantly elevated PIIINP
in BALF [11]. These experimental exposures have, how-
ever, used high and toxic concentrations of asbestos fib-
res. In humans, the PIIINP was significantly elevated in
BALF from subjects with asbestosis and asbestos-asso-
ciated alveolitis compared with asbestos-exposed workers
without disease [12]. Another study on serum PIIINP lev-
els in workers exposed to asbestos fibres suggests that ser-
um PIIINP might be a useful index for the early diagnosis of
asbestos-induced pulmonary fibrosis [13]. It has previous-
ly been observed that the intensity and duration of asbestos
exposure correlates with the quantity of fibres remaining in
the lung tissue and asbestos bodies in BALF [14].

The aim of this study was to evaluate the role of the
serum, BALF and ELF levels of PIIINP and PICP as mark-
ers of pulmonary fibrosis in asbestos-exposed individuals.
To further investigate the role of these collagen markers,
the patients were followed-up prospectively for an average
of 7 yrs.

Materials and methods

Study population

The study series included 42 consecutive patients who
had been referred to the Pulmonary Department of PaÈiv-
aÈrinne Hospital (Muhos, Finland) between February 1990
and August 1992 due to a history of occupational asbestos
exposure and changes in chest radiographs. The radiologi-
cal abnormalities included either suspected pleural plaques
or an interstitial basal reticular-linear pattern suggestive of
fibrosis and asbestosis. The patients underwent broncho-
scopy and bronchoalveolar lavage (BAL). Twenty-five pa-
tients had pleural plaques, and the chest radiograph was
afterwards considered normal in 12 patients. Asbestosis
was diagnosed in 5 patients. The diagnosis of asbestosis in
1 patient was based on an open lung biopsy. The remaining
four patients had typical changes in chest radiographs,
spirometry and diffusion capacity findings and a signifi-
cant but variable number of asbestos bodies (AB) in BALF,
(which were 2.4, 12.4, 130, and 772 AB.mL-1). Other pul-
monary diseases were excluded. The characteristics of
the study population are shown in table 1. The mean fol-
low-up time was 7 yrs (from 5 yrs 7 months to 7 yrs 10
months).

Informed consent was obtained from each subject
beforehand, and the Ethics Committee of PaÈivaÈrinne
Hospital approved the research protocol.

Methods

The chest radiographs included posteroanterior and
lateral views. The radiographs were first interpreted by a
specialist in pulmonary medicine, and later retrospectively
by an experienced thoracic radiologist. Pulmonary func-
tion tests, including forced expiratory volume in one sec-
ond (FEV1) and forced vital capacity (FVC), were made
with a flow volume spirometer. Carbon monoxide diffu-
sion capacity of the lung (DL,CO) and DL,CO, divided by
the alveolar volume (DL,CO/VA the specific diffusion co-
efficient) were analysed using the single-breath technique.

Fibreoptic bronchoscopy was performed under local
anaesthesia with lignocain after premedication with oral
diazepam and subcutaneous atropine. A bronchofibreo-
scope was wedged into the right middle lobe bronchus or
into the left lingula. Ten aliquots of 20 mL saline solution
were installed. The recovery of the lavage fluid is shown in
table 1. After centrifugation (4006g for 15 min), the cell-
free supernatant was stored at -208C for the PIIINP and
PICP assays.

The number of AB in BALF were determined from
Millipore filter and cytocentrifuge (Cytospin 2; Shandon
Instruments, Astmoor, UK) preparations. Two or three
filter preparations containing 5 mL of lavage fluid each,
and four or five cytocentrifuge preparations containing 0.4
mL of lavage fluid each were prepared as described pre-
viously [7]. Both the Millipore filter and the cytocen-
trifuge preparations were stained with Pearl's iron. The
filter preparations were mounted on glass slides, and both
the filter and the cytocentrifuge preparations were cov-
ered with coverslips. AB were identified on the basis of
the previously described criteria [15], using a light micro-
scope with a 206 objective lense. The number of AB
was expressed as per millilitre of BALF.

Albumin, urea and alanine aminotransferase (ALAT)
were measured by standard laboratory methods. Serum
levels (S) of PICP and PIIINP were determined by com-
mercial radioimmunoassay kits (Orion; Diagnostica Oy,
Oulunsalo, Finland) [16, 17], using human antigens and
specific polyclonal antibodies. The radioimmunoassays
of BALF-PICP and -PIIINP were conducted as described

Table 1. ± Characteristics of the study population

Asbestosis No parenchymal
involvement

Subjects n 5 37
Age yrs 55�9.6 54�8.0
Height cm 171�8.0 171�7.3
Weight kg 76�7.4 78�13.2
FEV1 L 2.76�0.7 3.52�0.7*

% pred 74�23.0 95�22.0
FVC L 3.59�0.9 4.44�0.75

% pred 78�23.0 95�10.0
DL,CO

{ mmol.min-1.kPa-1 5.48�1.2 9.53�1.61***
% pred 60�10.0 104�15.0***

DL,CO/VA
{ mmol.min-1.kPa-1 1.26�0.5 1.59�0.27

% pred 84�28.0 107�17.0
Recovery of BALF mL 119�8.9 125�17.9
BALF-Albumin mg.mL-1 39.2�28.7 54.9�21.5
BALF-Neutrophils % 2.0�2.2 3.2�4.0
BALF-Lymphocytes % 15.0�14.6 15.0�12.3
BALF-Eosinophils % 2.2�2.7 1.5�1.7
BALF-Macrophages % 80.0�15.9 81.0�13.3
Smokers n % 4 (75) 9 (24)
Exsmokers n % 0 13 (25)
Nonsmokers n % 1 (25) 15 (41)

Values are mean�SD. All subjects were male. The significance of
the difference was tested with the Mann-Whitney U-test. *:
p<0.05, ***: p<0.001; {: available from 33 patients without
parenchymal involvement; {: available from 31 patients without
parenchymal involvement. FEV1: forced expiratory volume in
one second; FVC: forced vital capacity; DL,CO: carbon mon-
oxide diffusing capacity of the lung; DL,CO/VA: carbon mon-
oxide diffusing capacity of the lung, divided by, alveolar volume
specific diffusion coefficient; BALF: bronchoalveolar lavage
fluid; % pred: percentage of predicted value.
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previously [7]. The results were expressed as micrograms
of propeptide per litre of BALF or ELF estimated by the
urea method [18]. Cell differentials were determined from
May-GruÈnwald Giemsa stained cytocentrifuge prepara-
tions.

Statistical analysis

Non-parametric tests were used in statistical evaluation.
The correlations were assessed using the Spearman cor-
relation coefficient test, and the Mann-Whitney U-test was
used to assess the differences between the groups. p-values
#0.05 were considered to be significant.

Results

The lung function parameters and other characteristics
of the study population are shown in table 1. FEV1 and
DL,CO were significantly decreased in the patients with
asbestosis.

The levels of PICP and PIIINP were analysed in serum,
BALF and ELF. All of the 5 patients with asbestosis had
significantly higher levels of PICP in BALF and ELF than
the 37 patients without parenchymal involvement (table 2
and fig. 1). In the latter group, 6/25 patients with pleural
plaques and 2/12 patients without pleural involvement
had detectable PICP in BALF and ELF. The levels of the
procollagen markers of these two groups did not differ
significantly (fig. 1). The serum level of PICP and the
levels of PIIINP in serum, BALF and ELF did not show
significant differences between any of these groups (table
2). PIIINP was detectable in BALF in 1/5 patients with
asbestosis, in 3/25 patients with pleural involvement and
in none of the patients without pleural involvement (data
not shown). One patient of the asbestosis group had an
elevated S-ALAT value, suggesting a possible hepatic
lesion. As liver diseases are known to elevate S-PIIINP
[19], the value of this patient was excluded.

The patients without parenchymal involvement were
classified into three categories according to the number of
asbestos bodies detectable in BALF. There were 12 pa-
tients with no AB, 14 patients with 0±1 AB.mL-1 and 11
patients with >1 AB.mL-1 in BALF. The levels of PICP
and PIIINP in BALF did not differ significantly between
the three groups (fig. 2).

All the patients with exposure to asbestos fibres without
parenchymal involvement were invited for a control visit
after a follow-up period of 7 yrs. Three patients had died in
conditions unrelated to asbestos; 30 (81%) of the 37 pa-
tients responded. None of these patients had developed
asbestosis when assessed with chest radiographs and
diffusion capacity. One patient had an infiltrate caused by a
lung carcinoma and 1 patient had a previously diagnosed
pulmonary metastasis of a thyroid malignancy. The pleural
plaques had progressed only in 1 patient. None of those
with normal chest radiographs had developed plaques.

Discussion

This study shows that subjects with asbestosis have a
higher level of the PICP in BALF and ELF compared to
those exposed to asbestos fibres without parenchymal in-
volvement. The PIIINP was detectable only in a few cases
with or without asbestosis. The serum levels of PICP and
PIIINP did not differ between the patients with asbestosis

Table 2. ± Concentrations of PIIINP and PICP in serum, BALF, and ELF in patients with asbestosis and patients without
parenchymal involvement

Asbestosis No parenchymal involvement

Mean�SD Median Mean�SD Median

SPIIINP{ mg.L-1 2.3�0.7 2.5{ 2.8�0.8 2.7
SPICP{ mg.L-1 108.6�28.2 104.5 120.4�33.7 114.0
BALF-PIIINP mg.L-1 0.2�0.4 0 0.1�0.6 0
BALF-PICP mg.L-1 9.8�1.8 10.8 0.6�1.3 0***
ELF-PIIICP mg.L-1 11.6�25.9 0 5.41�33.8 0
ELF-PICP mg.L-1 488.9�208.8 423.9 22.61�50.6 0***

***: p<0.001. {: available from 36 patients with no parenchymal involvement; {: 1 patient excluded because of elevated serum alanine
aminotransferase; 1: epithelial lining fluid (ELF) value not available in 1 patient with no parenchymal involvement because of missing
bronchoalveolar lavage fluid (BALF)-Urea. S-PIIINP: serum aminoterminal propeptide of type III procollagen; S-PICP: serum
carboxyterminal propeptide of type I procollagen. The significance of the difference was tested with the Mann-Whitney U-test.
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Fig. 1. ± Individual values of carboxyterminal propeptide of type I pro-
collagen (PICP) in a) epithelial lining fluid (ELF) and b) bronchoalveo-
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(n=12). ELF-PICP not available in 1 patient in P group because of
missing BALF-Urea.
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and those exposed to asbestos fibres without parenchymal
involvement. None of the patients developed asbestosis
during the follow-up period of 7 yrs.

PICP has not been previously investigated in the serum,
BALF or ELF in pneumoconiosis. It has recently been
observed that BALF-PICP is not detectable in patients with
minor respiratory symptoms without pulmonary involve-
ment [7]. Elevated PICP in BALF and ELF has also been
detected in sarcoidosis (3.7 mg.L-1 and 290 mg.L-1) [7]
and fibrosing alveolitis (13.6 mg.L-1 and 476.5 mg.L-1)
[5]. In the present study all of the patients with asbestosis
had elevated PICP in BALF and ELF. These values (11.6
mg.L-1 and 488.9 mg.L-1) were very close to the findings
made in fibrosing alveolitis, suggesting accumulation and
active synthesis of type I collagen in the lungs of these
patients. The levels of BALF- and ELF-PICP were low,
but detectable in 8/37 patients with exposure to asbes-
tos fibres without parenchymal involvement. Detectable
PICP in BALF did not correlate with either the presence
of asbestos bodies in BALF or the prevalence of plaques.
These results suggest that BALF- and ELF-PICP can be
used in the evaluation of asbestos-related parenchymal
disease, but they are not useful in the assessment of
exposure to asbestos fibres. Since most of the PICP in
serum is derived from bone, SPICP has no role in the
assessment of pulmonary fibrosis [17]. In agreement with
this, the level of PICP in the serum of the patients in the
current study was similar to the PICP level observed in
the serum samples of the control subjects in other recent
studies [5, 7]. Since the latency from the exposure to the
onset of an asbestos-related pulmonary disease is long,
the follow-up time of 7 yrs does not exclude potential
development of asbestosis in the 6 patients with elevated
PICP in BALF and ELF and pleural plaques.

The PIIINP has been widely studied in BALF and serum
of patients with sarcoidosis [4, 6, 7, 20±23]. Although

many results have been contradictory, most studies suggest
that elevated BALF-PIIINP is associated with disease
activity. The level of PIIINP in BALF has also been shown
to be elevated in fibrosing alveolitis, but the correlation of
BALF-PIIINP with the activity of the disease and its role
as a prognostic marker have, however, remained unclear
[3±5, 24±26].

There are only a few studies on procollagen propeptides
in pneumoconiosis, and most of them have been conducted
on experimental animals. The exposures in most experi-
mental models have included high and toxic concentra-
tions of fibres. Exposure of rats to asbestos fibres for 2
weeks resulted in increased deposition of type III collagen
and, later, type I collagen in the lungs [9]. Exposure of
sheep to asbestos fibres also resulted in elevated levels of
BALF-PIIINP after 60 days of follow-up [10], but no
difference was found compared to the control values after
18 months [11]. Silica-exposed sheep showed no changes
in the BALF-PIIINP levels after 9 months follow-up [27].
Experiments with rats exposed to silica showed that the
messenger ribonucleic acid (mRNA) of type III procolla-
gen increased earlier than type I procollagen when ass-
essed by in situ hybridization [28].

The few studies available on humans exposed to asb-
estos fibres do not offer remarkable information about
PIIINP in asbestos-related pulmonary diseases. SPIIINP
appeared to be higher in the asbestos workers who
developed radiologically interstitial fibrosis [13]. PIIINP in
BALF was similar in the control subjects and in the
asbestos workers without disease, but it was significantly
elevated in the asbestos workers with asbestos-associated
alveolitis and asbestosis [12]. Information on PIIINP in
other types of pneumoconiosis is also limited. Silica-
exposed workers had elevated PIIINP in BALF, but this
change was only seen in progressive disease [29]. In coal
workers' pneumoconiosis, SPIIINP was not a marker of
interstitial or respiratory effects of coal dust [30]. Fur-
thermore, SPIIINP did not predict the development of
pneumoconiosis in coal workers during 5 yrs follow-up
[31]. The role of SPIIINP as a biomarker of any pneu-
moconiosis has been considered unclear [32]. The present
study included 5 patients with asbestosis and only one of
them had a detectable PIIINP in BALF. Of the 37 patients
exposed to asbestos fibres, but without asbestosis, three
had detectable BALF-PIIINP. These values of PIIINP in
BALF and serum were similar to those of a control group
published recently [7]. The levels of PIIINP in BALF
were similar regardless of the asbestos exposure esti-
mated on the basis of the concentration of asbestos bodies
in BALF or existing pleural plaques. In a previous study,
the levels of PIIINP in BALF and ELF were higher in
acute sarcoidosis than in fibrosing alveolitis [5, 7]. The
previous and present results suggest that low levels of
PIIINP in BALF and ELF in parenchymal lung diseases,
such as asbestosis, are probably related to low inflam-
matory activity in the lungs, and that PIIINP cannot be
used in the assessment of asbestosis or asbestos-related
pleural disease.

In conclusion, the carboxyterminal propeptidase of
type I procollagen was highly elevated in the bronchoal-
veolar lavage fluid and epithelial lining fluid of the pa-
tients with asbestosis, suggesting that carboxyterminal
propeptidase of type I procollagen could be used as a
marker of collagen metabolism in the assessment of
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parenchymal involvement in individuals exposed to asb-
estos fibres. The unchanged levels of aminoterminal pro-
peptide of type III procollagen in bronchoalveolar lavage
fluid, epithelial lining fluid and serum suggest low inflam-
matory activity in the lungs with asbestosis, and indicate
that aminoterminal propeptide of type III procollagen has
no role in the assessment of asbestosis or asbestos related
plaque disease in humans.
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