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Evaluation of serum aminoterminal propeptide of type Il
procollagen as an early marker of the active fibrotic process

in asbestos-exposed workers

by Alessandro Cavalleri, MD,! Fabriziomaria Gobba, MD," Luisa Bacchella, MSc,2

Davide Ferrari, MD,’

CAVALLERI A, GOBBA F, BACCHELLA L, FERRARI D. Evaluation of serum aminoterminal propep-
tide of type III procollagen as an early marker of the active fibrotic process in asbestos-exposed workers.
Scand J Work Environ Health 1991;17:139—44. In an evaluation of the possibility of type III procol-
lagen N-terminal propeptide (PIIINP) being an early marker of the active fibrotic process in asbestos-
exposed workers, 91 asbestos workers had higher serum PIIINP concentrations than 108 referents. In
24 workers exposed to low levels of airborne asbestos, the serum PIIINP was higher than in the referents
but lower than in an exposed group with higher exposure; furthermore a significant correlation (r=0.63)
was found between serum PIIINP and individual cumulative exposure. These data suggest a dose-effect
relationship between asbestos exposure and PIIINP serum concentration. In addition workers with a reduced
pulmonary function had higher PIIINP values than the referents or the exposed workers with normal
pulmonary function. The serum PIIINP levels were related to asbestos exposure even at low airborne
concentrations and may represent an early biological marker of impending fibrotic process induced by

asbestos.
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The early phase of the pulmonary fibrotic process in-
duced by asbestos inhalation is represented by alveo-
litis (1). This stage may be detected by bronchoalveo-
lar lavage (BAL) or by Gallium-67 scanning (1, 2).
These diagnostic procedures are not however suitable
as monitoring strategys for exposed workers that are
apparently healthy. On the other hand, at this stage
of the disease radiographic examination, currently the
adopted method for monitoring the health of exposed
workers, is usually negative (3, 4), and pulmonary
function tests are not necessarily diagnostic, at least
on an individual basis (5). Therefore new screening
methods able to detect the early appearance of asbes-
tos-induced fibrotic changes in exposed workers are
needed, especially since early or active fibrosis may be
more easily halted or delayed by preventive measures
than later stages of scarring.

The assay of biochemical indices of fibrogenic ac-
tivity represents a promising method for determining
the appearance of the alveolitic process. In cases of
cryptogenic fibrosing alveolitis, Bateman et al (6)
demonstrated an increase in type III collagen content
in areas of active lung fibrogénesis. On the contrary,
this isotype of collagen was significantly reduced in the
lungs of patients who had died of fibrosing alveolitis
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(7). A similar phenomenon was evidenced in the lungs
of rats exposed to silica (8), in skin scars (9), and in
alcoholic liver fibrosis (10). An increase in type III col-
lagen therefore seems to represent a marker of the early
phase of an active fibrotic process, whereas later stages
are characterized by a progressive increase in the
amount of type I collagen accompanied by a parallel
decrease in type III.

The determination of collagen type III in pulmonary
tissues requires bioptic sample collection and, there-
fore, is possible only in experimental studies or as a
diagnostic procedure in selected cases. An indirect bio-
chemical index of type III collagen synthesis is availa-
ble, however, since the extension peptides of procol-
lagen III, the precursor of collagen, are cleaved in
stoichiometric amounts during the conversion of
procollagen into collagen (11).

The N-terminal extension peptide of procollagen
type III (PIIINP) may be easily measured in serum and
other body fluids, and its level in serum is closely
related to the content of type III collagen in pulmo-
nary tissue (12). Increased levels of PIIINP have been
found in BAL fluids during the early active stage of
fibrosing alveolitis (13) and in sarcoidosis (14) and as-
bestos alveolitis, in the latter case in both animals and
exposed workers (15). Furthermore an increased level
of PIIINP was observed in the serum of a patient with
cryptogenic fibrosing alveolitis (7). Nevertheless a re-
cent study failed to demonstrate a significantly higher
level of serum PIIINP in workers with asbestosis than
in a group of asbestos-exposed workers without radi-
ological signs of fibrosis (16). Workers exposed to low
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levels of asbestos fiber were found to have significantly
higher values of serum PIIINP than unexposed refer-
ents, the concentrations being more elevated in sub-
jects with reduced forced vital capacity (17). A dose-
dependent increase in serum PIIINP levels, starting
with very low levels of exposure to airborne asbestos
fiber, has also been demonstrated (17).

We therefore decided to study a large group of work-
ers who had been exposed to asbestos for various
lengths of time and either had no radiological signs
of asbestosis or the signs were very early ones. The aim
of the investigation was to evaluate a possible dose-
effect and dose-response relationship between airborne
asbestos and serum PIIINP levels and the relation of
the serum PITINP level to pulmonary function values.
In order to assess the specificity and reliability of the
determination of PIIINP in serum as a parameter for
the biological monitoring of workers exposed to as-
bestos fibers, we also took smoking habits and alco-
hol consumption into consideration.

Subjects and methods

Subjects

Ninety-eight currently exposed workers, representing
the entire asbestos-exposed work force of three small
factories producing asbestos cement items, were con-
sidered eligible for the study. Because of abnormal
serum aminotransferase levels or a history of viral
hepatitis or drug addiction seven subjects were ex-
cluded from the study. A careful occupational history
was taken by questionnaire.

Table 1. Airborne asbestos fiber leveis (fibers/ml) observed be-
tween 1976 and 1986 and the percentage of crocidolite and
chrysotile.

1976 19822 19832 19862

Fibers/ml (range)

0.2—1.04 0.01—-0.3
0.37—1.38 0.1—-3.8

Stationary sampling

0.1—11.5 0.1—0.96
Personal sampling .

0.1—0.81

Percentage of the total amount of asbestos

25—30 25
70—75 75

0—30
70—100

Crocidolite 20
Crysotile 80

a Determinations performed according to 1979 AlA reference method (18).

Table 2. Main characteristics of the examined subjects.

A reference group of 120 healthy referents, not oc-
cupationally exposed to asbestos or other dusts or toxic
substances, was selected. However 12 subjects were ex-
cluded because of elevated serum aminotransferase
values, and therefore the final reference group con-
sisted of 108 subjects.

Assessment of asbestos exposure

Asbestos exposure was evaluated by stationary or per-
sonal sampling or both, according to the reference
method of the Asbestos International Association
(AIA) (18). Table 1 shows the results of environmen-
tal monitoring in the three factories over 10 years
(1976—1986). In 1976 the AIA method was not yet
available; however the measuring procedure we used
at that time involved only minor technical differences
as compared with the AIA method. Therefore the
results obtained with the previous method were in-
cluded in the study. Chrysotile represented the main
fiber used in the production, but a relatively low
crocidolite percentage (0—30 % of total asbestos) was
also present.

According to the time-weighted average (TWA) of
the asbestos levels observed for airborne asbestos dur-
ing different periods of environmental monitoring for
52 of the exposed subjects, a classification into two
groups was possible. Group 1 consisted of subjects with
low exposure (TWA of =0.2 fibers/ml), and group
2 comprised subjects with higher exposure (TWA of
> 0.2 fibers/ml). Due to insufficient data or repeated
job changes no reliable quantification of the exposure
was available for 39 workers. These workers were in-
cluded in the whole study sample but not subdivided
into the two groups.

For 21 workers, all exposed for less than five years
and repeatedly monitored by personal air sampling,
it was also possible to estimate an individual cumula-
tive ““dose’” expressed as fibers/milliliter X years (19).

Medical history

A medical and occupational history was obtained from
all of the participants, who were also given a physical
examination. The main characteristics, including age
and smoking habits, of the exposed workers and the
referents are presented in table 2. The exposed groups

Age Smoking habits? Months
Group Number (years) Cigarettes/day of exposure
S E— Number

Mean SD Mean SD Mean SD

Reference 108 39.5 96 52 18.2 8.5
Exposed 91 366 121 57 206 105 99.3 93.3
Group 1 (exposure <0.2 fibers/ml) 24 36.9 13.3 15 206 148 1070 819
Group 2 (exposure >0.2 fibers/ml} 28 30.5 8.9 19 20.4 9.0 413 5786

a Workers that had given up smoking for less than five years were included in the current smokers group.
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did not differ from the referents as to age or smoking
habits. None of the participants showed any obvious
skin scarring at the time of the study. To exclude in-
cidental liver or collagen diseases, blood samples were
taken for the determination of erythrocyte and leuco-
cyte counts, hemoglobin, packed cell volume, serum
alanine aminotransferase, serum aspartate aminotrans-
ferase, erythrocyte sedimentation rate, rheumatoid fac-
tor, and protein electrophoresis. Serum creatinine mea-
surement and urine analysis were also undertaken to
rule out kidney disease (12). The analyses were all per-
formed with the currently adopted laboratory methods.

Pulmonary function testing

Eighty exposed workers performed a lung function test
administered by experienced technicians with a
calibrated rubber sealed spirometer (Vitalograph®).
Forced vital capacity (FVC) and forced expiratory vol-
ume in 1 s (FEV, ) were recorded and compared to
the reference values of Cotes (20). The results are
reported as the percentage ratio between the observed
values and the mean reference values.

Chest Radiographs

All of the referents underwent standard chest radi-
ography. No cases of current lung disease were found.
For all of the asbestos workers standard high-kilo-
voltage posteroanterior films were obtained. The chest
radiographs were blindly classified according to the
1980 ILO International Classification of Radiographs
of Pneunmoconiosis (21) by a radiologist with exten-
sive experience with occupational lung diseases.

Serum analysis of aminoterminal propeptide

of type IIl procollagen

For the PIIINP measurement serum samples were
separated within 2 h of venipuncture and stored at
—20°C until determination, which, in all cases, was
performed within the next two months. [Rhode et al
showed a substantial stability of PIIINP serum levels
for at least one year (10)]. The serum PIIINP levels
were determined according to the radioimmunoassay
method of Rhode et al (10). Commercially available
RIA-gnost Prokollagen-III Peptide Kits® (Behring,
SpA, Scoppito, L’Aquila, Italy) were used. At three
different PIIINP concentrations, the mean recovery
ranged from 89 to 104 %, and the interassay coeffi-
cient of variation from 7 to 15 %.

Results

For group 1 the airborne levels of asbestos fibers (me-
dian count 0.1 fibers/ml) were well below the TWA
of the threshold limit value of the American Confer-
ence of Governmental Industrial Hygienists (22); also
for group 2 the exposure was not very elevated (medi-
an count 0.9 fibers/ml). The workers in group 1 were
however older and had been exposed to asbestos for

a longer time than group 2 (table 2). This difference
was due to a more rapid turnover among the workers
in tasks with higher exposure levels.

The serum PIIINP levels of the exposed workers and
the referents are presented in table 3. For both the en-
tire exposed group and each of the subgroups separate-
ly the PIIINP concentration was significantly higher
than for the reference group. Furthermore the work-
ers in group 2, which was exposed to higher levels of
asbestos, if even for a short period of time, showed
the highest values of PIIINP in serum, the mean differ-
ence versus group 1 being significant (P <0.005).

No significant correlations were found between the
PIIINP values and pleural changes (pleural fibrosis,
calcifications and pleural plaques).

The observed results were not due to age differences
or tobacco or alcohol consumption since these varia-
bles, which were similar for the exposed workers and
the referents, did not correlate significantly with the
serum PIIINP levels. It should be stressed that all of
the examined workers were light-to-moderate drinkers.
The data then suggest that even asbestos exposure to
low amounts of fibers is able to induce a significant
increase in the serum levels of PIIINP and that this
increase may be dose-dependent. This hypothesis was
corroborated in a comparison of the serum PIIINP
concentration and individual cumulative exposure
““dose’” (fibers/ml X years) in a subgroup of 21 work-
ers monitored by personal sampling. A significant
correlation was found (r=0.55, P <0.005). When the
individual cumulative doses of asbestos were expressed
on a logarithmic scale, the correlation improved fur-
ther (r=0.63, P<0.005) (figure 1).

No correlation was found between the PIIINP values
and subjective respiratory symptoms or objective pul-
monary signs.

Only five workers showed radiographic signs of
fibrosis [1/0 or more according to the ILO classifica-
tion (21)]. The serum PIIINP values of these subjects
did not differ from those of exposed workers without
radiographic signs [mean 15.3 (SD 2.06) versus mean
16.2 (SD 4.97)].

The serum PIIINP values of the exposed workers,
classified according to the results of the pulmonary

Table 3. Type Il procollagen N-terminal propeptide (PIIINP) in
the serum of the exposed workers and the referents.

Significance
PIINP (ng/ml) :
Group Number of (ilfference
Mean SD Range refeerrsel;sts
Referents 108 120 3.61 6.5—25
Exposed?
Group 1 24 153 34 9.0-25 P<0.005
Group 2 28 18.2 56 12.0—32 P<0.005
All 91 16.0 479 75-—-32 P<0.001

2 Significance of difference between group 1 vs group 2:
P <0.005.
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Figure 1. Correlation between serum PIIINP levels (ng/ml) and individual cumulative exposure to asbestos (fibers/im| X years)

expressed on a logarithmic scale.

Table 4. Mean concentration of type 11l procollagen N-terminal
propeptide (PHINP) in the serum of the exposed workers, clas-
sified according to their pulmonary function testing results
(FVC = forced vital capacity; FEV, o= forced expiratory volume
in1s).

Numfber PIIP (ng/m) Significance of
O - ___ .
workers Mean  SD the difference
FVC=100 % 47 152 4.8

FVC<100 % 33 174 50 P<0.05
FEV,=100 % 43 151 49

FEV,0<100 % 37 17.5 49 P<0.05

Table 5. Dose-response relationship for the concentration of
type Il procollagen N-terminal propeptide (PHINP) in the se-
rum of the exposed workers and the referents at two cut-off
levels.

Exposed
Referents
Cut-off level Group 1 Group 2
N % N % N %
Mean+1 SD
Subjects
not exceeding 94 87 14 60 3 12
Subjects
exceeding 14 13 10 40 25 88
Chi square =62.6 P<0.0001
Mean +2 SD
Subjects
not exceeding 101 94 20 85 17 59
Subjects
exceeding 7 6 4 15 11 41

Chi square = 20.4 P<0.0001
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function tests, are shown in table 4. In the subjects
with a reduced FVC (observed FVC less than 100 %
of the reference value), the concentration was sig-
nificantly higher in respect not only to the referents
(P <0.01), but also to the exposed workers with a nor-
mal FVC (P <0.05). Similar findings were observed
for the FEV, , values.

Discussion

Occupational exposure to low levels of asbestos fibers
seems to bring about an increased synthesis of type 111
collagen in the lung, as reflected by an increase in the
serum level of the N-extension propeptides of procol-
lagen III. In agreement with results reported by other
authors (14), this increase was not age-related in our
study, at least for the exposed workers and referents
whose ages were in the range of 20—54 years. In ad-
dition tobacco smoking had no significant effect on
the PIIINP level, as previously suggested by Bjermer
et al (14) and Low et al (13). Moderate alcohol con-
sumption could be ruled out as a causal factor since
no difference in drinking habits was found between
the exposed workers and the referents.

The increase of PIIINP in serum seems to be related
to the intensity of exposure. In workers exposed to con-
centrations of asbestos fibers up to 0.2 fibers/ml,
the serum PIIINP values were higher than in the refer-
ence group, while the workers exposed to fiber con-
centrations higher than 0.2 fibers/ml showed values
significantly elevated not only in comparison with those



of the referents but also those of the less exposed work-
ers. Furthermore in the subgroup of 21 workers for
whom personal sampling was performed to estimate
the individual total dose, a highly significant relation-
ship was found between cumulative dose and the se-
rum PIIINP concentration. These results, obtained
with personal sampling data, confirm the correlation
previously observed between exposure duration and
PIIINP serum levels (17).

Our results do not agree with the observations of
Okazaki et al (16), who failed to show significant
differences between the PIIINP values of subjects with
and without radiological signs of fibrosis in a group
of 80 asbestos workers. However the reference group
selected by these authors was made up of workers ex-
posed to asbestos for at least 10 years, and therefore
their reference group was hardly representative of the
unexposed general population. Furthermore, accord-
ing to our results, serum PIIINP elevation is an early
sign, appearing in the first years of exposure. Inter-
estingly enough, in the Okazaki et al study (16), in-
creased serum PIIINP values were observed only for
subjects with shorter durations of exposure. On the
contrary Begin et al (15) demonstrated a significant in-
crease of the PIIINP levels in BAL fluids of both sub-
jects with asbestos-induced alveolitis and asbestos
workers.

The observation that serum PIIINP is inversely re-
lated to FVC and FEV,, is in agreement with the
results reported by Bjermer et al for sarcoidosis (14).

The predictive value of the early increase of serum
PIIINP in asbestos-exposed workers is still to be as-
sessed. However there is little doubt that an increase
in type III collagen may be associated with the first
stages of an active fibrotic process as demonstrated in
skin scarring (23) and alcohol hepatitis (24). In the
lungs of patients with cryptogenetic fibrosing alveoli-
tis an increased proportion of type III collagen was
observed in sites of early active fibrosis (7). Similar
findings have been reported for outer zones of silicotic
nodules (6). By contrast in the sites of relatively acel-
lular areas of dense fibrous tissue, such as the center
of silicotic nodules, pleural plaques, and lung acellular
fibrotic tissue, only type I collagen (25) was found.

Since serum PIIINP levels are related to the synthesis
and deposition of type III collagen in the lung (12),
the elevated levels found in the serum of our groups
of workers may be the consequence of the early stage
of the active fibrotic process induced by asbestos ex-
posure. The fact that the increase was dose-dependent
further supports the hypothesis. The usefulness of the
determination of serum PIIINP as a biological index
with which to monitor exposure to low levels of as-
bestos is confirmed by the data presented in table 3,
which suggests a dose-response relationship between
exposure level and serum PIIINP.

Since the distribution of the PIIINP concentrations
of the referents and exposed subjects was roughly nor-

mal, we took two different cut-off levels for the refer-
ence values of serum PIIINP, one by adopting the
mean level of PIIINP in the reference group plus
the value of the standard deviation of the mean and
one by taking the mean value plus twice the value of
the standard deviation. As shown in table 5, the first
cut-off level discriminated well between the unexposed
referents and the workers exposed to more than
0.2 fibers/ml. The low exposure group then had 40 %
of its workers with an increased level of serum PIIINP
and 60 % with values that fell in the reference inter-
val. With the two standard deviation level, the speci-
ficity of the test increased in parallel to the decrease
in sensitivity.

Factors related to individual susceptibility are pos-
sibly of relevance to the determination of the varia-
tion in fibrogenic response, and, consequently, indi-
cators capable of selecting susceptible subjects are par-
ticularly needed (26). If our results are confirmed in
longitudinal studies, the determination of the serum
level of PIIINP could represent a biological index with
which to monitor subjects exposed to asbestos and,
possibly, to other fibrogenic substances. If so, the pos-
sibility exists to evaluate occupational lung fibrogenic
diseases at an earlier, potentially reversible, stage and
to identify subjects who are more likely to develop
disease.
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