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Activity and outcome of sarcoidosis is difficult to ass-
ess. In most cases the prognosis is good and patients re-
cover completely. However, 10–20% of them are at risk of
developing progressive pulmonary fibrosis [1, 2].

Serum level of angiotensin converting enzyme (S-ACE)
is a commonly used indicator of the activity of sarcoidosis
[3, 4], and serum interleukin-2 receptor (S-IL-2R) has also
been reported to be elevated in active sarcoidosis [5, 6].
Other markers of the activity include 67Ga scan, computed
tomography and bronchoalveolar lavage fluid (BALF)-cell
populations such as CD4/CD8 ratio, but all these para-
meters are more or less nonspecific. Certain markers of co-
llagen metabolism, such as aminoterminal propeptide of
procollagen type III (PIIINP) from serum and BALF, have
been employed to evaluate the disease activity. However,
the results have been inconclusive both when PIIINP has
been measured from serum [7–10] BALF [10–15]. To our

knowledge, there is only one study in which serum car-
boxyterminal propeptide of type I procollagen (S-PICP)
was investigated in sarcoidosis [16] showing elevated S-
PICP levels in newly diagnosed sarcoidosis. Thus, activ-
ity of sarcoidosis is still difficult to assess. For instance, a
World Association for Sarcoidosis and Other Granuloma-
tous Disorders (WASOG) meeting report (1994) [4] con-
cluded that the only routine tests to stage the activity of
sarcoidosis are clinical investigation, chest radiography
and lung function testing.

Pulmonary fibrosis is a severe and irreversible compli-
cation of sarcoidosis, often causing a permanent invalidi-
zation of the patient. Several attempts have been made to
develop prognostic markers to evaluate development of
pulmonary fibrosis. S-ACE does not reflect the fibrogene-
sis [17]. In some studies, high amount of lymphocytes,
especially certain subsets of T-lymphocytes in BALF have
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ABSTRACT: No single test is available to reliably assess the activity or prognosis of
pulmonary sarcoidosis. In this study, we have evaluated two procollagen markers,
aminoterminal propeptide of type III procollagen (PIIINP) and carboxyterminal
propeptide of type I procollagen (PICP) in serum and bronchoalveolar lavage fluid
(BALF) and compared them to other disease markers of pulmonary sarcoidosis, such
as serum level of angiotensin converting enzyme (S-ACE) or serum interleukin-2
receptor (S-IL-2R).

Bronchoalveolar lavage was performed in 40 sarcoidosis patients without (stages
0–I) and 20 patients with lung parenchymal involvement (stages II–III), as well as in
17 controls. Serum (S)- and BALF-PIIINP and PICP, S-ACE, S-IL-2R, BALF-albu-
min, BALF- lymphocytes and mast cells were determined in these patients.

BALF-PIIINP was clearly and S-PIIINP slightly elevated in sarcoidosis compared
to the controls. Similarly BALF-PICP, but not S-PICP, was significantly higher in sar-
coidosis. BALF-PIIINP, but not BALF-PICP correlated with S-ACE and S-IL-2R lev-
els. Patients with lung parenchymal disease had higher S-ACE and BALF-PIIINP,
but neither S-IL-2R, S-PIIINP nor S- or BALF-PICP were elevated. S-PIIINP and S-
IL-2R but not S-ACE were higher in symptomatic than nonsymptomatic patients.
Symptomatic patients with parenchymal disease had elevated BALF-PIIINP whereas
in the symptomatic nonparenchymal group S-PIIINP was elevated.

In conclusion, this is the first study to evaluate carboxyterminal propeptide of type
I procollagen in sarcoidosis and showed elevated levels in bronchoalveolar lavage
fluid. In contrast to the levels of bronchoalveolar lavage fluid aminoterminal propep-
tide of type III procollagen, levels of carboxyterminal propeptide of type I procolla-
gen did not correlate with serum level of angiotensin converting enzyme and serum
interleukin-2 receptor levels, suggesting that carboxyterminal propeptide of type I
procollagen may be less suitable disease marker in sarcoidosis than aminoterminal
propeptide of type III procollagen. However, the role of carboxyterminal propeptide
of type I procollagen as an indicator of fibrogenesis must be further studied.
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been considered to predict active disease progression in
sarcoidosis [18], while in some others this association has
not been observed [19].

Pulmonary fibrosis starts with type III collagen accu-
mulation which is largely replaced by type I collagen and
formation of tight collagen fibres [20]. PIIINP reflects syn-
thesis of type III procollagen, although it can to some extent
indicate degradation of type III collagen fibres [21]. Carb-
oxyterminal propeptide of type I procollagen (PICP), on the
other hand, reflects synthesis of type I procollagen, but not
degradation of type I collagen fibres [21]. Thus, measure-
ment of procollagen markers, as well as other markers of
procollagen metabolism (e.g. prolyl hydroxylase and gala-
ctosyl hydroxylysyl glucosyltransferase) would theoreti-
cally offer a superior way of evaluating collagen metabolism
and development of fibrosis. However, the results using
these methods have also been conflicting [7, 22, 23].

In this study we have modified serum aminoterminal
propeptide of procollagen type III (S-PIIINP) and S-PICP
radioimmunoassay for the measurement of these procolla-
gen peptides in BALF samples. BALF-PICP has not been
evaluated in sarcoidosis before. Since the activity of sar-
coidosis is difficult to assess, we examined how the levels
of these collagen markers either in serum or BALF would
correlate with other markers such as chest radiography,
S-ACE or S-IL-2R.

Materials and methods

Study population

The study included 60 consecutive sarcoidosis patients
who were admitted to the pulmonary department of Päi-
värinne Hospital (Muhos, Finland) between February 1990
and May 1992. All patients with nonparenchymal disease
were newly diagnosed. Five patients in the parenchymal
group had previously diagnosed disease; two of them were
on oral corticosteroid therapy. Forty five patients had sym-
ptoms typical for sarcoidosis and 15 were symptomless at
presentation. Characteristics of the study population are
presented in table 1.

Chest radiograph examinations were performed and
first interpreted by a physician specialized in respiratory
medicine, and then interpreted retrospectively and blindly
by an experienced thoracic radiologist. Nodular hilar en-
largement was the criterion for hilar adenopathy, and reti-
cular, nodular and/or linear pattern for interstitial disease
[24]. Stages 0–I sarcoidosis were scored as nonparenchy-
mal and stages II-III as parenchymal disease.

Histological diagnosis was confirmed in 35 patients by
biopsies taken either transbronchially, via mediastinos-
copy, from superficial lymph node, or from the skin. Six-
teen out of 20 patients in the group with lung parenchymal
changes and 19 out of 40 patients with nonparenchymal
disease had histological changes typical for sarcoidosis. In
the remaining 25 patients, diagnosis was based on typical
clinical picture, marked lymphocytosis in the BALF and
typical chest radiographic finding as well as exclusion of
other diseases. S-PIIINP is known to be elevated in liver
diseases. In our patients, serum alanine aminotransferase
was elevated in three patients, but their S-PIIINP was
within normal range.

The control group comprised 17 subjects who under-
went fibreoptic bronchoscopy because of prolonged cough,
haemoptysis or other minor respiratory symptoms (table
1). Four of the controls were later considered asthmatic.
Chest radiographs were normal in all controls.

Informed consent was obtained from each subject be-
forehand, and the research protocol was approved by the
Ethics Committee of Päivärinne Hospital.

Methods

Serum ACE was measured with a method described by
HARJANNE [25] in 1984 modified for Kone Spesific®-ana-
lyser (Kone Oy, Espoo, Finland). Interleukin-2 receptor
(IL-2R) was analysed with enzyme-linked immunosor-
bent assay (ELISA) (DAKO A/S, DK 2600 Glostrup,
Den-mark). Albumin and urea were measured by standard
laboratory methods. Serum PIIINP and S-PICP were de-
termined by commercial radioimmunoassay kits (Orion-
Diagnostica Oy, Oulunsalo, Finland) [26, 27], employing
human antigen and specific polyclonal antibodies.

Fibreoptic bronchoscopy for sampling BALF was per-
formed under local anaesthesia with lignocain. Patients
were premedicated with atropine and diazepam. The bron-
choscope was wedged into the right middle lobe bronchus
or into the left lingula. Saline solution was installed in 10
aliquots of 20 mL. After each installation the fluid was
gently aspirated and collected in a plastic bottle kept on
ice. The mean±SD recovery of the lavage fluid was 136±12
mL in patients and 128±14 mL in controls. After centrifu-
gation (400×g for 15 min), 30 mL cell free supernatant
was stored at -20 °C for later assays of PIIINP and PICP. 

Total number of the cells was counted in Bürger hae-
mocytometer, and cell viability was assessed by trypan
blue exclusion. One millilitre of lavage fluid was fixed in

Table 1.  –  Characteristics of the study population

  Controls   Sarcoidosis

Subjects  n
Age  yrs
Sex M/F
Height  cm
Weight kg
FEV1 L

% pred
FVC L

% pred
TL,CO+ mmol·min-1·kPa-1

% pred
TL,CO+/V 'A mmol·min-1·kPa-1·L-1

% pred
BALF-albumin µg·mL-1

BALF-lymphocytes %
Recovery of BALF mL
Smokers  n %
Exsmokers n %
Nonsmokers n %

           17
47±91

          9/8
165±7.9

73.7±15.2
3.2±0.4
93±1.10

4.0±0.7
97±10.6

9.0±2.0
106±19.6
1.7±0.3
108±17.8

42.8±17.4
18.1±13.1
128±14.0

        5 (29)
        4 (24)
        8 (47)

           60
39±9.5

        39/21
172±7.8

77.3±13.7
3.8±1.0
95±16.2

4.7±1.2
94±14.4

9.9±2.3
102±16.6

1.67±0.3
106±12.4
113±111

37.9±18.0
136±12.0

       14 (23)
       18 (30)
       28 (47)

Values are mean±SD. +: available from 16 controls and 57 sar-
coidosis patients. M: male; F: female; FEV1: forced expiratory
volume in one second; FVC: forced vital capacity; TL,CO: trans-
fer factor of the lung for carbon monoxide; V 'A: alveolar venti-
lation; BALF: bronchoalveolar lavage fluid; % pred: percentage
of predicted value.
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equal volume of 95% ethanol and Millipore filter prepara-
tions were made with Papanicolaou staining. Cytocentri-
fuge preparations (700 revolutions per minute (rpm), 5
mini Cytospin 2, Shandon Instruments, Astmoor, UK) of
unfixed cells (roughly 100,000 cells·slide-1) were air-dried
overnight at room temperature and stained with May-
Grünwald-Giemsa. For differential counts, 200 cells were
counted on both filter and cytocentrifuge preparations.

For assaying BALF-PIIINP and PICP by radioimmu-
noassay, the original methods were modified, so that no
concentration or further processing of the sample was nec-
essary. Human antigens were employed to induce polyclo-
nal anti-PIIINP and PICP antibodies [26, 27]. In the final
form of the BALF-PIIINP assay, 1 mL of BALF or appro-
priate standards, adjusted to 0.1M phosphate buffer, was
incubated with 200 µL of 125I-PIIINP tracer solution dilut-
ed 1:1000 with phosphate-buffered saline containing 0.04%
Tween -20 (PBS/Tween) and 100 µL antiserum (diluted
1:1000 with PBS/Tween) at 37°C. After 2 h incubation,
1.5 mL of secondary antibody (the original solid phase
reagent concentrated ×2) was added and the tubes were
further incubated at room temperature for 30 min, centri-
fuged at 3400×g at 4°C for 15 min, and the radioactivity in
the precipitates counted. The standard curves were calcu-
lated using an automatic gamma-counter (Clinigamma
1272; Wallac, Turku, Finland). The BALF-PICP assay
was performed similarly; 200 µL 125I-PICP tracer solution
(dilution 1:2,500) and 150 µL antiserum (dilution 1:1,000)
were incubated with the samples and then the immuno-
complex was precipitated with 1 mL of secondary anti-
body (the original solid concentrated ×2). The results are
expressed either as micrograms propeptide per litre of
recovered BALF or as micrograms of propeptide per litre
of epithelial lining fluid (ELF) estimated by urea method
[28]. The sensitivities of the original methods are 0.2 µg·L-1

with 200 µL serum sample for PIIINP and 1.2 µg·L-1 with
100 µL serum sample for PICP. The intra- and interassay
variations for PIIINP are 4.3 and 5.3% and for PICP 3.2
and 6.6%, respectively.

Pulmonary function tests including forced expiratory
volume in one second (FEV1) and forced vital capacity
(FVC) were measured with flow volume spirometer and
transfer factor of the lung for carbon monoxide (TL,CO)
and specific diffusion coefficient (TL,CO/alveolar ventila-
tion (V 'A)) with single breath technique.

Statistical analysis

In statistical evaluation, nonparametric tests were used.
Correlations were assessed with Spearman correlation co-
efficient test and differences between groups were ass-
essed by Mann-Whitney U-test. A p-value of less than
0.05 was taken as statistically significant.

Results

Serum-PIIINP and BALF-PIIINP were significantly ele-
vated in the patients with sarcoidosis. BALF-PIIINP was
detectable in two out of 17 control subjects, and in 22 out
of 60 sarcoidosis patients. S-PICP levels did not differ sig-
nificantly in the controls and sarcoidosis patients, where-
as BALF-PICP was significantly higher in sarcoidosis.

BALF-PICP was detectable in 22 out of 57 sarcoidosis
patients, while in the controls BALF-PICP could not be
detected (table 2). Similarly, concentrations of PIIINP and
PICP in ELF were significantly higher in the sarcoidosis
group than in the controls. ELF concentrations of PIIINP
were always, and PICP in 19 out of 22 cases, higher than
the corresponding serum value (data not shown). In the
sarcoidosis group the average concentration of PIIINP in
ELF was 121 times and PICP twice higher than in the
serum (table 2).

In sarcoidosis no correlation was found between S-PII-
INP and BALF-PIIINP (r=0.24) or S-PICP and BALF-
PICP (r=0.16) while BALF-PICP and BALF-PIIINP
correlated significantly (fig. 1). Neither BALF-PIIINP nor
BALF-PICP correlated with FVC (r= -0.07 and -0.22, res-
pectively) or the TL,CO/V 'A (r= -0.11 and -0.19). BALF-
PIIINP correlated with S-ACE, S-IL-2R, BALF-albumin
and BALF-lymphocytes (fig. 1), while BALF-PICP corre-
lated only with BALF-lymphocytes (r=0.37) and BALF-
albumin (r=0.34) and not with S-ACE (r= 0.16) or S-IL-2R
(r= 0.17). In the control group, the serum and BALF values
of the procollagen markers did not correlate with each
other, nor was there any correlation between these markers
and BALF-albumin or lymphocytes.

In the patients with parenchymal involvement, S-ACE
and BALF-PIIINP were significantly higher in patients
with parenchymal sarcoidosis than in the patients with
nonparenchymal disease, while S-IL-2R, S-PIIINP, S- and
BALF-PICP, BALF-albumin and BALF-lymphocytes did
not differ between these groups. The results were similar
when the procollagen parameters were expressed as con-
centrations either in BALF or in ELF (table 3).

Out of 60 patients, 45 had prominent symptoms typical
for sarcoidosis. BALF-PIIINP, S-PIIINP (NS, data not
shown) BALF-PICP (p<0.05, table 4), S-ACE (NS, data not
shown) and S-IL-2R (p=0.001, data not shown) show-ed a
tendency to increase in symptomatic disease. When the
symptomatic patients were further subdivided into paren-
chymal and nonparenchymal disease, a tendency for high-
est BALF-PIIINP and PICP values was observed in the
groups of symptomatic patients especially in the par-
enchymal disease (table 4). Furthermore S-PIIINP was
significantly higher in symptomatic than nonsymptomatic
nonparenchymal sarcoidosis (symptomatic 3.77±0.96 µg·
L-1, nonsymptomatic 2.89±0.77 µg·L-1, p<0.01). Table 5
shows that lung function data did not differ significantly

Table 2.  –  Serum and BALF-PIIINP and -PICP concen-
trations in the controls and sarcoidosis patients

 Controls    Sarcoidosis

Subjects  n
S-PIIINP µg·L-1

BALF-PIIINP µg·L-1

ELF-PIINP µg·L-1

S-PICP µg·L-1

BALF-PICP µg·L-1

ELF-PICP µg·L-1

               17
2.7±0.9
0.1±0.5
9.7±33.8
107±38.8
0.0±0.0
0.0±0.0

         60
3.6±1.0*
5.8±9.9***
429±1073***
119±42.3
4.8±9.1  (n=57)**
246±447**

Values are mean±SD. S-PIIINP: serum aminoterminal propep-
tide of type III procollagen; BALF: bronchoalveolar lavage;
ELF: epithelial lining fluid; S-PICP: serum carboxyterminal
propeptide of type I procollagen. The significance of the chan-
ges was tested with Mann-Whitney U-test. *: p<0.05; **:
p<0.01; ***: p<0.001.
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in nonparenchymal and parenchymal disease. Further-
more, when the lung function parameters were compared
between the symptomatic and nonsymptomatic patients,
the difference in parenchymal and nonparenchymal dis-
ease was not significant (table 5).

Since the number of mast cells in the BALF have been
described to correlate with PIIINP values [13, 19], this was
also assessed by correlating the percentage of BALF mast
cells with these collagen parameters. There were signifi-
cantly higher levels of PIIINP and PICP in those BALF
samples which contained highest percentage of mast cells
(table 6).

Table 3.  –  Levels of S-ACE, S-IL-2R, S-PIIINP, S-PICP,
BALF-albumin, BALF-lymphocytes, BALF- and ELF-PIIINP
and BALF- and ELF-PICP in nonparenchymal and paren-
chymal sarcoidosis

Nonparenchymal
sarcoidosis

Parenchymal
sarcoidosis

Subjects  n
S-ACE U·L-1

S-IL-2R mU·L-1

S-PIIINP µg·L-1

S-PICP µg·L-1

BALF-albumin mg·L-1

BALF-lymphocytes %
BALF-PIIINP µg·L-1

ELF-PIIINP µg·L-1

BALF-PICP µg·L-1

ELF-PICP µg·L-1

          40
139±59.1 (n=38)
948±613 (n=34)
3.5±1.0

116±37.3
111±124
35.8±18.5
4.4±9.3

251±533
3.7±8.2 (n=37)
22±433

       20
190±91.6* (n=18)

1537±1931  (n=16)
3.6±1.1

127±51.1
120±81.3
42.1±16.7
8.7±10**

785±1671**
7.0±10.5

290±482

Values are mean±SD. The significance of the changes was tested
with Mann-Whitney U-test. *: p<0.05; **: p<0.01. For defini-
tions, see legends to table 2 and figure 1.
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Fig. 1.  –  Relations of BALF-PIIINP to: a) BALF-PICP, b) S-ACE, c) S-IL-2R, d) BALF-albumin and e) BALF- lymphocytes in the sarcoidosis
patients. Spearman correlation coefficients (r) with p-values and the linear regression line as indicated in the subsets of the figure. S-ACE: serum level
of angiotensin converting enzyme; S-IL-2R: serum interleukin-2 receptor. For further definitions, see legend to table 2.

Table 4.  –  BALF-PIIINP and PICP finding in (S) symp-
tomatic and nonsymptomatic (N) sarcoidosis

                          BALF-PIIINP
                             µg·L-1

BALF-PICP
µg·L-1

All patients
S 7.4±10.9
N 1.0±1.2

Nonparenchymal (0–I)
S 5.8±10.6   (n=29)
N 0.64±0.75   (n=11)

Parenchymal disease (II–III)
S 11.0±11.5* (n=15)
N 1.8±1.7     (n=5)

6.3±10.2*
0.8±1.9

4.9±9.5    (n=26)
0.81±2.1    (n=11)

9.1±11.5  (n=15)
0.7±1.6    (n=5)

The values are mean±SD. The significance of the changes was
tested with Mann-Whitney U-test. *: p<0.05 vs nonsympto-
matic. S: symptomatic; N: nonsymptomatic. For further defini-
tions, see legend to table 2.
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Discussion

Our study showed that BALF-PIIINP and BALF-PICP
were significantly elevated in sarcoidosis patients com-
pared to controls, whereas S-PIIINP was elevated only
marginally. Serum- and BALF-PIIINP values did not
correlate with each other. Furthermore, BALF-PIIINP and
S-ACE were higher in patients with parenchymal dise-
ase than in patients without parenchymal involvement,
while S-IL-R2, S-PIIINP, S- and BALF-PICP did not
differ significantly between these two groups. BALF-
PIIINP correlated significantly with S-ACE. Our finding
that symptomatic patients with parenchymal involvement
had higher BALF-PIIINP levels than nonsymptomatic
patients may indicate an active pulmonary process in sar-
coidosis. On the other hand, since S-PIIINP levels were
higher in the symptomatic than in the nonsymptomatic
nonparenchymal disease group, S-PIIINP may reflect
general activity of this disease.

There have been contradictory reports concerning the
significance of PIIINP in sarcoidosis. LOW et al. [11] found
increased concentrations of PIIINP in the BALF of sar-
coidosis patients but no correlation of the peptide levels
with clinical severity. Serum- or BALF-PIIINP has been
reported to be elevated also in various other studies [8, 9,
12, 14, 15, 29]. O'CONNOR et al. [14] concluded that
BALF-PIIINP is a poor indicator of the course and prog-
nosis of this disease, and that an increase in BALF-PIIINP
levels may reflect increased type III collagen synthesis

associated with inflammatory process, rather than devel-
opment of chronic lung disease. MILMAN et al. [10] found no
differences between BALF-PIIINP levels in sarcoidosis
and controls. One reason for these discrepancies could be
the use of different methods to assay the propeptide. In
most earlier studies, bovine N-terminal propeptide has
been used as an antigen and without modifications for
BALF samples the sensitivity of this assay designed for
serum is low [29]. Also, pre-assay concentration of the
samples can affect the results by chancing the relations of
BALF proteins. Here we employed human antigen and
have optimized the PIIINP assay for BALF measure-
ments. The assay was sensitive enough to detect BALF-
PIIINP in two out of 17 control subjects and in 22 out of
60 sarcoidosis patients.

We also optimized PICP assay to detect low propeptide
concentrations in BALF. S-PICP did not differ between
the controls and patients, but BALF-PICP was signifi-
cantly elevated and was positive in 22 out of 57 patients. It
could not be detected in any one of the controls. S-PICP
and BALF-PICP did not correlate with each other, which
is consistent with the earlier finding that a vast majority of
S-PICP is derived from the bone [27]. Thus, it seems obvi-
ous, that S-PICP is a poor disease indicator in pulmonary
sarcoidosis.

BALF-PICP could theoretically be a useful marker for
the development of progressive pulmonary fibrosis in sar-
coidosis. In our study, BALF-PICP did not correlate with
the disease activity assessed either by chest radiography
or S-ACE measurement. However, in this type of cross-
sectional study it is not possible to assess the validity of
this procollagen marker as a predictor for progressive lung
fibrosis; this should be evaluated in a study of a prospec-
tive setting.

The standardization of BAL procedure is difficult, and
therefore there is also fluctuation of the actual concentra-
tions of the recovered molecules. As an attempt to circum-
vent the problem, ELF was quantified by using urea as a
reference molecule. Higher concentrations of PIIINP and
PICP in the ELF than in the serum suggests the active
local synthesis of type I and III collagens in the lower res-
piratory tract.

Potential activity markers of sarcoidosis are clinical
signs such as symptoms typical for sarcoidosis combined
with the chest radiograph and lung function testing. Most
of our patients had symptoms, but lung function parame-
ters did not differ significantly between those patients
with and those without symptoms. Lung function parame-
ters did not differ significantly in the nonparenchymal and
parenchymal disease either, a reason which can be attri-
buted to the mild disease of our patients. Previous studies
have shown that in sarcoidosis, lung function parameters
are poor indicators of the disease activity and have very
loose correlation with the chest radiograph findings [4]. In
agreement, in our study the collagen parameters did not
correlate with the lung function data.

We also observed a relationship between the percentage
of BALF mast cells, and PIIINP or PICP, which is in
agreement with previous results [13, 19]. These results in
this relatively small series of sarcoidosis patients may sug-
gest that BALF mast cells in combination with the mark-
ers of collagen metabolism may help in assessing the
activity of this disease.

Table 5.  –  Lung function parameters in nonparenchymal
and parenchymal disease

TL,CO/V 'A FVC

mmol·min-1 
·kPa-1·L-1 % pred L % pred

Nonparenchymal
Parenchymal
Nonparenchymal (0-I)

S
N

Parenchymal (II-III)
S
N

1.7±0.3
1.62±0.2

1.7±0.3
1.7±0.2

1.7±0.2
1.5±0.2

105±18
104±16

105±20
106±10

107±17
97±12

4.8±1.1
4.1±1.1

4.9±1.1
5.1±1.5

4.0±1.2
4.6±0.9

91±13
104±16

97±14
99±17

89±13
96±9

Values are mean±SD. The groups did not differ significantly
(Mann-Whitney U-test). For definitions, see tables 1 and 4.

Table 6.  –  Levels of BALF-PIIINP and BALF-PICP with
respect to the percentage of mast cells in sarcoidosis

Percentage of the
mast cells (n=45)

BALF-PIINP
µg·L-1

BALF-PICP 
µg·L-1

0
1
2

3.0±5.9
11.1±14.0
18.9±16.1**

3.6±8.0
7.9±9.0

12.7±13.7*

Values are mean±SD. The percentage of mast cells was obtained
by counting the cells in May-Grünwald-Giemsa-stained cyto-
centrifuge preparations by light microscopy. The significance
was tested with Mann-Whitney U-test. *: p<0.05 vs mast cell
percentage of 0 and 1; **: p<0.05 vs mast cell percentage of 0.
For definitions, see legend to table 2.
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In conclusion, this study shows for the first time ele-
vated carboxyterminal propeptide of type I procollagen
(PICP) values in bronchoalveolar lavage fluid (BALF)
of sarcoidosis patients. In contrast to the levels of amino-
terminal propeptide of type III procollagen (PIIINP) in
BALF which correlated with serum level of angiotensin
converting enzyme and serum interleukin-2 receptor val-
ues, BALF-PICP did not. Our results further indicated that
BALF-PIIINP and serum PIIINP (S-PIIINP) may reflect
different, probably general aspects in sarcoidosis, BALF-
PIIINP being elevated in those patients with an active pul-
monary involvement whereas S-PIIINP being elevated in
symptomatic patients without pulmonary manifestation.
As to PICP, further studies are needed to estimate its use-
fulness.
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