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ABSTRACT: Type I and type III are the most abundant collagens in the lung.
The aim of our study was to compare type I and III procollagen peptides in sera
of sarcoid patients.
Sixty eight patients with sarcoidosis were studied (19 with newly recognized disease, 7 with relapsing disease, 15 with chronic disease, and 27 in stable remission).
Thirty healthy volunteers served as controls. The levels of procollagen I and III
peptides were determined by radioimmunoassay. Angiotensin-converting enzyme
(ACE) level was evaluated by means of a colorimetric assay.
In patients with newly recognized sarcoidosis, both serum procollagen I and III
peptide levels were increased with respect to controls (p=0.0014 and p<0.00001,
respectively). There was a poor correlation between levels of procollagen I and III
(r=0.26), whereas there was a closer correlation between procollagen III and ACE
(r=0.69). Procollagen I peptide level did not identify patients in roentgenological
stage III.
In conclusion, in patients with newly recognized sarcoidosis there is a significant
increase in the serum level of procollagen I peptide. However, procollagen I peptide is not a marker of sarcoid patients with fibrosis, i.e. stage III disease. Its clinical usefulness seems to be weaker than that of procollagen III peptide.
Eur Respir J., 1996, 9, 1648–1651.

Sarcoidosis is a multisystem granulomatous disorder
characterized by an enhancement of immune processes
at sites of disease activity [1]. A large variety of markers of disease activity have been proposed [2] for satisfactory assessment and clinical management of the disease.
Among biochemical markers, particular interest has
been devoted to the search for indicators of accelerated
turnover of extracellular matrix, with the purpose of using
them to assess or predict fibrogenic processes in lung
interstitium during sarcoidosis [3]. The most abundant
macromolecules in the lung are the interstitial collagens [4].
Type I and type III are the most abundant of the lung
collagens in normal conditions, with a ratio of 2:1. whereas, in fibrotic lungs there is an excess of type III collagen in
the early stages and of type I in the late stages [5].
The availability of a radioimmunoassay for the Nterminal procollagen III peptide (PIIINP) [6], a cleavage
product of the type III procollagen molecule, makes it
possible to demonstrate that PIIINP levels are increased
in bronchoalveolar lavage (BAL) fluid [7, 8] and in serum
[9, 10] of patients affected by sarcoidosis. However it
is believed that such an elevation represents the expression of granulomata cell hyperactivity, rather than predicting fibrogenic processes.
More recently, a radioimmunoassay (RIA) able to
determine the carboxyterminal propeptide of human
type I procollagen (PICP) in biological fluids has been
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developed [11, 12]. PICP is used as a marker of collagen biosynthesis in bone [11, 13, 14], where type I collagen accounts for >90% of the organic matrix.
Information about PICP in BAL fluids in interstitial
lung disease (ILD) and sarcoidosis is so far very limited
[15, 16]. Its BAL fluid values increase similarly to those
of PIIINP. However, no information about serum PICP
in sarcoidosis is available.
The aim of our study was to evaluate the serum level
of PICP, in comparison to that of PIIINP, in well-defined
groups of patients with sarcoidosis.
Material and methods
Study subjects
The study comprised a series of 98 individuals, including 68 patients with biopsy proven sarcoidosis consecutively examined in our Department from April 1992 until
September 1994. There were 43 females and 25 males
and their mean age was 38±16 yrs. The sarcoidosis patients
were divided in four subsets: 1) newly diagnosed patients,
19 subjects (11 females and 8 males); 2) patients with
relapse of the disease (recent worsening of chest radiograph and/or pulmonary function test parameters and/or
dyspnoea, and increase of serum angiotensin converting
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enzyme (s-ACE) level), 7 subjects (6 females and 1 male);
3) patients with chronic sarcoidosis (persistent, but stable, chest radiographic abnormalities), 15 subjects (12
females and 3 males); and 4) patients in remission (persistent resolution of chest radiographic abnormalities),
27 subjects (14 females and 13 males). The patients had
not received corticosteroid treatment for at least 6 months,
with the exception of three patients with chronic sarcoidosis, chronically treated with oral prednisone 15 mg
on alternate day.
Thirty healthy volunteers from the clinical staff, 20
females and 10 males, mean age 36±12 yrs, served as
controls.
Study design
The study was designed as a cross-sectional investigation. The newly diagnosed patients and patients with
relapse of the disease were assessed by chest radiograph,
high resolution computed tomography (CT) scan, BAL,
pulmonary function tests, Ga67 lung scan, abdomen ultrasonography and biopsy (either prescalenic, bronchial, transbronchial, or open lung). Biopsies were not performed
in patients with relapse of the disease if histological proof
had already been achieved. Subjects in remission and
with chronic sarcoidosis were seen as out-patients and
enrolled provided their clinical picture, chest radiograph,
and pulmonary function test parameters were unchanged
with respect to the previous examinations. Based on chest
radiograph (independently reviewed by one radiologist
and two pulmonologists), patients with newly diagnosed
sarcodiosis, with relapse of the disease or with chronic
sarcoidosis were assigned to roentgenological stage I, II,
or III, according to DEREMEE [17].
Blood samples for determination of PICP, PIIINP, alkaline phosphatase, and s-ACE levels were obtained by venipuncture in control subjects and at the moment of disease
assessment in patients with newly diagnosed sarcoidosis
and relapse, or during examination in subjects in remission and with chronic sarcoidosis.
Serum PICP, PIIINP and ACE level determination
Aliquots of sera were kept at -20˚C for no more than
3 months before the determination of PICP, PIIINP, and
ACE levels. A blood sample obtained at the same time
had heparin added and was used immediately for the
determination of alkaline phosphatase (assumed to be a
serum marker of bone formation) [14] by standard automated methodology.
Serum PICP determination. The PICP level was determined
by RIA (Procollagen, PICP [125I]; Farmos Diagnostica,
Turku, Finland), based on the displacement of 125I-labelled
PICP and the precipitation of the complex antigen-polyclonal antibody (raised in rabbit) by a solid-phase second antibody [12]. All samples were run in duplicate.
The within and between assay variation coefficient was
less than 10%.
Serum PIIINP determination. The PIIINP level was determined by RIA (RIA-gnost PIIIP CIS International, Lif-surYvette, France), according to the manufacturer's instructions.
The procedure is based on the principle of a two-stage
sandwich assay, with the occurrence of a complex of
solid-phase anti-PIIINP monoclonal antibodies raised in

mouse, sample PIIINP, and 125I-labelled anti-PIIINP monoclonal antibodies raised in mouse. The monoclonal antibodies used in this kit are highly specific for Col 1–3
PIIINP, which accounts for approximately 20% of the total
serum PIIINP level found in patients with IPF, the remainder being Col 1, a Col 1–3 metabolite [18]. The antibodies do not react with PICP. All samples were run in
triplicate. The within and between assay variation coefficient was less than 8 %.
Serum ACE determination. The serum ACE level was
determined by means of a colorimetric assay (ACE Color;
Fujirebio Inc., Tokyo, Japan), using the substrate phydroxyhippuryl-histidyl-leucine [19], adjusted to a microassay [20].
Statistical analysis [21]
Data are presented as mean±SD. Differences in serum
mean value of PICP, PIIINP, and ACE (quantitative variables), and roentgenological stage (qualitative variable)
among groups were tested by one-way analyses of variance (ANOVA). Once overall differences were significant, least square differences (LSD) test for planned
comparisons was used to identify which groups were responsible for the significance found. Relationships among
quantitative variables were investigated by means of
Pearson's correlation coefficient. The difference was taken
as statistically significant at a p-level less than 0.05. This
analysis was approached as exploratory, rather than confirmatory, and no adjustments were made for multiple
testing.
Results
The ANOVA showed that values of serum PICP, PIIINP and ACE were statistically different among the five
groups of subjects studied (F=3.43, p=0.011; F=21.9,
p<0.0001; F=7.1, p=0.00035, respectively). With reference to the PICP levels, patients with newly diagnosed
sarcoidosis were found to be the only group of individuals with serum PICP levels significantly higher than
those of the three other groups: their PICP level was
higher than that of controls and patients with chronic or
resolved sarcoidosis (p=0.0014, p=0.0150 and p=0.0027,
respectively) (table 1). PICP level did not significantly
Table 1. – Serum PICP, PIIINP and ACE levels in the
five groups of subjects
PICP
PIIINP
ACE
µg· L-1
U· mL-1
U· mL-1
Controls (n=30)
111±40
0.48±0.04
13.4±5.7
NDS (n=19)
154±65*
0.86±0.26**
26.3±9.9‡‡
RS (n=7)
136±46
0.74±0.09$
26.3±9.3#
CS (n=15)
116±33
0.65±0.12$$
23.7±9.6##
Res (n=27)
113±39
0.58±0.11‡
16.7±3.6
PICP: procollagen type I carboxyterminal propeptide; PIIINP:
procollagen type III N-terminal peptide; ACE: angiotensin-converting enzyme; NDS: newly diagnosed sarcoidosis; RS: relapse
of sarcoidosis; CS: chronic sarcoidosis; Res: resolution. *:
p=0.0014 vs controls, p=0.0027 vs Res, p=0.0150 vs CS; **:
p<0.00001 vs controls, p<0.0001 vs Res, p=0.00004 vs CS; $:
p=0.00006 vs controls, p=0.0128 vs Res; $$: p=0.00064 vs controls, p=0.00004 vs NDS; ‡: p=0.01270 vs controls; ‡‡: p<0.00001
vs controls, p=0.00009 vs Res; #: p<0.00001 vs controls, p=0.0053
vs Res; ##: p=0.0009 vs controls, p=0.0073 vs Res.
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Fig. 1. – Relationship between serum procollagen type III N-terminal propeptide (PIIINP) and angiotensin-converting enzyme (ACE)
values in the 68 patients with sarcoidosis.

differ between patients with newly diagnosed sarcoidosis and patients with relapse. In the overall series of sarcoid patients, a good correlation was found between serum
PIIINP and ACE (r=0.69; fig. 1). In contrast, a poor correlation was found between serum PICP and PIIINP
(r=0.26). There was no correlation between serum PICP
and ACE.
No significant correlation was found between serum
PICP and PIIINP levels and roentgenological stage of
the disease. Figure 2 shows the scattergram of serum
PICP levels in 41 patients with sarcoidosis in which the
roentgenologic stage could be given (i.e. newly diagnosed
sarcoidosis, relapse and chronic sarcoidosis groups). There
was no difference in serum PICP levels among patients in
stage I (n=13), stage II (n=10), or stage III (n=18). In
particular, stage III patients, i.e. patients with interstitial
fibrosis, had slightly lower serum PICP levels than those
of the other two stages.
The mean serum level of alkaline phosphatase in
patients with newly diagnosed sarcoidosis did not significantly differ from that of the controls (157±46 vs
185±77 mU· mL-1, NS).
Discussion
The main issue addressed by our study is that in the
serum of patients with newly diagnosed sarcoidosis the
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level of PICP is significantly increased with respect to
control subjects. The PICP value also discriminates
between patients with new diagnosis and patients whose
disease is in stable remission or is chronically active, but
not patients affected by relapsing sarcoidosis (table 1).
This evidence would suggest that, in patients with florid
disease, accelerated metabolism of type I collagen occurs.
Though organic matrix of bone is the major source of
PICP in healthy conditions, the origin of the increased
serum PICP level from thoracic granulomata is suggested
by the following: 1) serum level of PICP in controls of
the same age and sex distribution is low (table 1); 2) we
found normal serum levels of alkaline phosphatase,
assumed to be a marker of bone formation, as well as
PICP [14], in those patients with newly recongnized sarcoidosis with the highest serum PICP levels; 3) mild
bone mineral loss has been found only in patients with
longstanding (>20 months) untreated sarcoidosis [22];
and 4) an increased level of PICP has also been detected in BAL fluid of patients with sarcoidosis [15, 16].
Increased serum PICP level has been detected in patients
with alcoholic liver disease [23], in a phase preceding
the occurrence of hepatic fibrosis. Though liver is often
involved in sarcoidosis, none of the patients from our
series had a biopsy ascertained liver localization or
showed alteration of hepatic function indices.
As happens for other products of the extracellular matrix
components, such as hyluronan and PIIINP [3], so too
PICP might be considered as a potential marker of fibrosis, and could be a more realistic candidate, since lung
collagen content shifts towards type I collagen in a late
phase of interstitial lung disease, i.e. fibrotic lung [5].
However, our finding that the serum PICP level in stage
III sarcoid patients is not different from that of stage I
and II patients (fig. 2) would deny this possibility, thus
paralleling the evidence obtained by us [9] and others
[10] for serum PIIINP level. Increased values of PIIINP
do not necessarily mean an increased synthetic process,
since it is known that not all of the N-terminal peptide
of type III procollagen is removed, but it may be cleaved
from the extracellular matrix [24]. In this context, PIIINP value is believed rather to be an index of accelerated type III collagen turnover. Although with a lower
significance level, behaviour of serum PICP in sarcoidosis
parallels that of serum PIIINP, suggesting that the metabolism of both types of collagen is accelerated. A similar
occurrence has been shown for PIIINP and type VI collagen related peptide in BAL fluid of sarcoid patients [25].
In conclusion, we have demonstrated that in patients
with newly diagnosed sarcoidosis there is a significant
increase in the serum level of procollagen type I carboxyterminal peptide. However, from our data we conclude that serum procollagen type I carboxyterminal
peptide level, in comparison to that of serum N-terminal procollagen III peptide, does not add substantially to
our knowledge about the turnover of extracellular matrix
component in sarcoidosis, and that its clinical usefulness
is very limited.

III
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Fig. 2. – Scattergram of serum procollagen type I carboxyterminal
propeptide (PICP) levels as a function of the roentgenological stage
in patients with newly diagnosed sarcoidosis (n=19), relapse of the
disease (n=7), and chronic sarcoidosis (n=15). Mean PICP value (horizontal bar) did not significantly differ between the three stages.
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