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Systemic sclerosis (SSc) is a multisystem connective tissue
disorder characterized by widespread vascular damage and
fibrosis of the skin and various internal organs. Pathogenesis
leads to the excessive deposition of extracellular matrix
(ECM) components. The normal dermis contains several
mature fibrillar collagen types, but type I collagen (Col I) is
the most abundant protein, constituting about 80–85% of
skin collagens. In sclerodermatous skin, an increase in Col I
production has been described from fibroblast cultures and
in situ hybridization1,2. Many fragments derived from
collagen metabolism that are detected in the serum

following ECM remodeling are generated from newly
synthesized collagen or degraded mature collagen. The
characterization of these fragments and the development of
assays form the basis of a new area in ECM turnover evalu-
ation in conditions such as bone diseases and liver fibrosis3.

Little is known about the turnover of Col I in SSc. The
evaluation of collagen formation markers has revealed that
serum procollagen I concentrations may increase in SSc, but
that this increase is not clearly correlated with fibrotic
processes4-6. There is growing interest in the collagen degra-
dation associated with fibrosis. Urinary concentrations of
molecules with pyridinoline crosslinks increase in SSc and
Raynaud’s phenomenon7,8. Concentrations of the carboxy-
terminal telopeptide of Col I (ICTP), measured by radioim-
munological tests on sera, may be correlated with skin
fibrosis9,10 and reductions in pulmonary function and acute
phase reactant concentrations10.

Another fragment of the carboxyterminal telopeptide
region of Col I (CTX-I) has recently been described11.
Available assays can be used to determine CTX-I epitopes
by ELISA. We investigated Col I metabolism using these
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ABSTRACT. Objective. Systemic sclerosis (SSc) is characterized by fibrosis involving the skin and various
internal organs. Type I collagen (Col I) is the most abundant extracellular matrix protein deposited
in cutaneous involvement. We investigated Col I biochemical markers in patients with SSc.
Methods. All consecutive patients admitted for SSc over a 9 month period and a healthy control
group were investigated. Serum concentrations of the C-terminal telopeptide of Col I (s-CTX-I), C-
terminal type I procollagen propeptide (PICP), osteocalcin, and bone alkaline phosphatases (ALP),
and urinary concentrations of deoxypyridinoline (u-DPD) and u-CTX-I were determined by ELISA.
Results. A total of 33 patients with SSc were included: mean age ± SD was 54 ± 12 yrs, with a mean
disease duration of 5.4 ± 3.9 years. Sixteen of 33 patients with SSc had s-CTX-I values exceeding
the upper limit of normal values of the test and the mean ± SEM was significantly higher (7388 ±
1422 pmol/l) than in healthy controls (2800 ± 1120 pmol/l; p < 0.001). s-CTX-I correlated with the
Rodnan skin score (p = 0.003); it was higher in patients with diffuse disease (8459 ± 3125; n = 14)
than in patients with the limited form (6453 ± 1235; n = 19; p < 0.02). This marker also correlated
with acute phase reactants (C-reactive protein, p = 0.004; erythrocyte sedimentation rate, p = 0.02).
s-CTX-I was high in patients with positive antitopoisomerase I autoantibodies (p = 0.04) and in
patients with a decrease in forced vital capacity to less than 75% (p = 0.02). u-DPD concentration
was high in patients with SSc (10.6 ± 1.4 nmol/mmol creatinine vs 6.3 ± 2.1 in controls; p < 0.01).
No difference between patients and controls or correlations with the disease were found for PICP, u-
CTX-I, osteocalcin, and bone ALP concentrations.
Conclusion. s-CTX-I, a marker of Col I degradation, is correlated with cutaneous and pulmonary
involvement and with acute phase reactants in patients with SSc. This marker is a good candidate for
further evaluation for disease activity and treatment purposes. (J Rheumatol 2003;30:68–73)
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new assays for CTX-I and several other biochemical
markers of collagen metabolism in patients with SSc, and
looked for correlations with disease characteristics.

MATERIALS AND METHODS
Patients. All consecutive patients with SSc hospitalized in the Department
of Rheumatology between September 2000 and June 2001 were included in
the study. All patients satisfied the preliminary American College of
Rheumatology (ACR) criteria12. Nineteen patients had the limited and 14
patients the diffuse cutaneous form of the disease13. The onset of the
disease was defined as the time at which the skin became involved. Skin
involvement was assessed (by standardized palpation of skin areas) using
Rodnan’s skin score (range 0–104)14. All patients were investigated for
renal, cardiac, pulmonary, and esophageal involvement. Laboratory tests
included blood cell count, Westergren erythrocyte sedimentation rate
(ESR), C-reactive protein (CRP) concentrations, orosomucoid concentra-
tion, serum creatinine concentration and creatinine clearance, and antinu-
clear, anticentromere and antitopoisomerase I antibodies. Pulmonary
involvement was assessed by chest radiograph, computed tomography (CT)
scan, forced vital capacity (FVC), and carbon monoxide diffusing capacity
divided by hemoglobin (DLCO/Hb). Systolic pulmonary artery pressure
(PAP) was determined by Doppler echocardiography. The control subjects
were 25 healthy individuals from among the laboratory staff who agreed to
provide blood and urine samples; controls comprised 20 women and 5 men
with a mean age ± SD 53 ± 5 years.

Serum biochemical markers. Serum type I collagen C-telopeptide break-
down products (s-CTX-I) were measured by a 2 site ELISA (Serum
Crosslaps one step, Osteometer Bio Tech A/S, Herlev, Denmark) using
monoclonal antibodies directed against an amino acid sequence specific
for a part of the C-telopeptide of the α1-chain of type I collagen EKAH-
DGGR (Glu-Lys-Ala-His-Asp-Gly-Gly-Arg). Intra and interassay coeffi-
cients of variation (CV) were < 5% and < 8%, respectively. Normal values
were 1018–3746 pmol/l in men and 1194–3414 pmol/l in women. Serum
C-propeptide of type I collagen (PICP) was determined in a 2 site ELISA
using a monoclonal and a polyclonal antibody directed against human
PICP purified from skin fibroblast cultures (Prolagen-C, Metra
Biosystems, Mountain View, CA, USA). The sensitivity of the assay was
1 ng/ml and the intra and interassay CV were < 7%. Normal values were
76–163 ng/ml in men and 69–147 ng/ml in women. Osteocalcin was deter-
mined by competitive ELISA (Dako A/S, Glostrup, Denmark; the intra and
interassay CV were < 7% for a concentration of 5.9 µg/l; sensitivity was
0.3 µg/l; normal values were 4.9–12 µg/l in men and 6.2–8.8 µg/l in
women.

Urinary biochemical markers. Urinary type I collagen C-telopeptide break-
down products (u-CTX-I) were determined by ELISA (Crosslaps,
Osteometer Bio Tech), using an immobilized synthetic peptide with an
amino acid sequence specific for a part of the C-telopeptide of the α1-chain
of type I collagen (Glu-Lys-Ala-His-Asp-Gly-Gly-Arg), as recommended
by the manufacturer; the intra and interassay CV were < 4% and < 5%,
respectively, for a concentration of 1.30 µg/ml and the sensitivity was 0.05
µg/ml; no crossreaction with urinary free deoxypyridinoline (u-DPD) was
observed in this assay; normal values were 100–293 µg/mmol creatinine in
men and 140–380 µg/mmol creatinine in women; concentrations of these
markers were expressed relative to those of urinary creatinine, measured on
a Hitachi 917 analyzer with the kinetic Jaffe method (Roche Diagnostics).
Urinary free deoxypyridinoline was measured by ELISA using a mono-
clonal antibody that did not react with crosslinked peptides (Pyrilinks-D,
Metra Biosystems; our intra and interassay CV were < 5% and < 8%,
respectively, for a concentration of 31.7 nmol/l and the sensitivity of the
test was 3 nmol/l; normal values were 2.3–5.4 nmol/mmol creatinine in
men and 3–7.4 nmol/mmol creatinine in women.

Statistics. The significance of differences between patients and controls
was determined by the Mann-Whitney test for unpaired samples and corre-

lations between pairs of variables were calculated using Spearman’s rank
correlation test.

RESULTS
Characteristics of patients with SSc. Demographic charac-
teristics of patients with diffuse or limited cutaneous SSc are
shown in Table 1; their mean age ± SD was 54 ± 12 years
and the mean duration of disease was 5.4 ± 3.9 years. Five
patients were hospitalized due to aggravation of peripheral
vascular disease and the others were hospitalized for
systematic evaluation of disease progression. The mean
Rodnan score was 14.9 ± 6.1 for patients with diffuse cuta-
neous SSc and 7.5 ± 7.8 for patients with limited SSc. Lung
fibrosis was observed on the CT scans of 10 of 14 patients
with diffuse disease, and 5 of these 14 patients had signifi-
cant restrictive pulmonary involvement (FVC < 75%). Eight
patients (8/19) with limited disease had lung fibrosis; 5 of
these patients had FVC < 75%. Pulmonary hypertension,
evaluated by pulsed Doppler echocardiography, was high
(sPAP > 40 mm Hg) in 4 patients with diffuse disease (all
had pulmonary fibrosis) and in 5 patients with limited SSc
(3/5 had pulmonary fibrosis). Antitopoisomerase I anti-
bodies were found in 9 of 14 patients with diffuse disease
and 3 of 19 with limited disease. The differences in acute
phase reactants between the patients with diffuse and
patients with limited SSc (ESR 27.5 ± 4.8 vs 21.9 ± 4.7
mm/h; CRP 16.7 ± 5.3 vs 12.9 ± 5.8 mg/l) were not statisti-
cally significant (p < 0.1). Creatininemia and creatinine
clearance were normal in all patients (< 120 µmol/l and >
120 ± 20 ml/min, respectively).

Biochemical markers for SSc patients and controls. In 19 of
the 33 patients with SSc, s-CTX-I levels were higher than

Table 1. Characteristics of disease in patients with SSc.

dSSc, n = 14 lSSc, n = 19

Women/men 10/4 18/1
Age, mean ± SD, yrs 55 ± 15 54 ± 10
Disease duration, mean ± SD, yrs 4.7 ± 2.9* 8.1 ± 7.8
Rodnan score, mean ± SD 14.9 ± 6.1* 7.5 ± 7.8
Lung fibrosis 10/14 8/19
FVC < 75% 5/14 5/19
DLCO/Hb < 80% 6/14 12/19
Esophageal involvement 10/14 10/19
Pulmonary hypertension, > 40 mm Hg 4/14 5/19
Digital vascular ulceration 1/14 4/19
Positive for antitopoisomerase I antibodies 9/14 3/19
Positive for anticentromere antibodies 0/14 3/19
ESR, mm/h, mean ± SD 27.5 ± 4.8 21.9 ± 4.7
CRP, mg/l, mean ± SD 16.7 ± 5.3 12.9 ± 5.8
Orosomucoid concentration, g/l, 

mean ± SD 1.11 ± 0.1 1.19 ± 0.08
Ongoing D-penicillamine treatment 5/14 4/19
Low dose of prednisone: ongoing 5/14 9/19

treatment and mean mg/day ± SD 8.5 ± 1.5 6.5 ± 2

* p < 0.05.
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the upper limit of the normal range for adults. Mean s-CTX-
I concentration (± SEM) (7388 ± 1422 pmol/l) was signifi-
cantly higher in patients than in controls (2800 ± 1120
pmol/l; p < 0.001). Urinary DPD concentrations were higher
in SSc patients than in controls (10.6 ± 1.4 nmol/mmol crea-
tinine; p < 0.01 vs controls). No difference was found
between SSc patients and controls for PICP, u-CTX-I, osteo-
calcin, and bone ALP concentrations. All biochemical
results are detailed in Table 2 and values of s-CTX-I, PICP,
u-CTX-I, and u-DPD concentrations in patients and controls
are presented as scatter plots (Figure 1).

Correlations and comparisons of patients for Col I biochem-
ical markers. Serum CTX-I concentration was correlated
(Spearman test) with Rodnan skin score (p = 0.003; rho =
0.63) (Figure 2), and mean values were significantly higher
in patients with diffuse SSc (8459 ± 3125 pmol/l) than in
patients with limited SSc (6453 ± 1235 pmol/l; p < 0.02)
(Figure 1A). This marker also correlated with acute phase
reactants (CRP, p = 0.004; ESR, p = 0.02). There was a
statistically significant difference between patients with and
without positive antitopoisomerase I antibodies (p = 0.04)
and between patients with and without a decrease in FVC to
less than 75% (p = 0.05). Further, if 3750 pmol/l (corre-
sponding to the upper limit of normal range) was set as the
cutoff point for s-CTX-I concentration, significant differ-
ences were observed between the patients with CTX-I
concentrations above and those below this threshold for
Rodnan skin score (p = 0009), ESR (p = 0.01), and CRP (p
= 0.07). Serum CTX-I concentrations were also signifi-
cantly higher in patients with Rodnan scores in the upper-
most quartile than in those with scores in the lowermost
quartile (Figure 3). No differences in s-CTX-I concentration

were observed between patients receiving and those not
receiving corticosteroids or between those receiving and not
receiving D-penicillamine.

No significant difference in u-DPD concentration was
observed between patients with diffuse and limited SSc. No
correlations were found for u-CTX-I, u-DPD, and PICP
concentrations and clinical data. Acute phase reactant
analysis revealed correlations between Rodnan score and
CRP concentration (p = 0.004, rho = 0.42) and between
Rodnan score and ESR (p = 0.002, rho = 0.47). Levels of
acute phase reactants differed between patients with and
without a decrease in FVC (p = 0.01), and between patients
with and without antitopoisomerase I antibodies (p = 0.04).

DISCUSSION
Serum concentrations of various procollagen peptides
reflecting collagen synthesis have been shown to increase in
patients with SSc and to be related to disease activity15,16.
We investigated serum concentrations of synthesis and
degradation products of Col I. We found that concentrations
of s-CTX-I, a carboxyterminal telopeptide Col I breakdown
product, were higher in SSc patients than in a healthy
control group. Further, this marker was correlated with cuta-
neous involvement, evaluated by Rodnan score, and differed
significantly in patients with diffuse and limited SSc
disease. It was also correlated with acute phase reactant
concentrations and with pulmonary involvement, reflected
by a decrease in FVC to below 75%. Patients with anti-
topoisomerase I antibodies also presented higher s-CTX-I
concentrations.

Col I is one of the most abundant components of the
ECM. New biochemical markers of ECM turnover have
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Table 2. Biochemical data for patients and controls. Data are mean ± SEM, median (range).

SSc, All Patients dSSc, lSSc, Controls,
n = 33 n = 14 n = 19 n = 25

Osteocalcin, µg/l 9.8 ± 0.9 10.3 ± 1.2 9.4 ± 1.2 7.6 ± 2.5
8.2 10.6 9.7 11.5

(4.3–24.4) (5.1–18.7) (4.3–24.4) (8–17)
Bone alkaline phosphatase, U/l 17.2 ± 1.5 18.6 ± 2.4 15.4 ± 1.6 15.3 ± 2.7

14.6 15.6 15.0 14
(9.1–35) (11.6–35) (9.1–30) (10–22)

s-CTX-I pmol/l 7388 ± 1422* 8459 ± 3125** 6453 ± 1235 2800 ± 1120
4853 4737 4958 2600

(784–22426) (2621–22426) (784–22012) (705–6500)
u-CTX-I, µg/mmol creatinine 232 ± 47 151 ± 75 271 ± 111 185 ± 65

240 147 270 180
(100–350) (100–250) (170–350) (145–250)

PICP, ng/ml 108 ± 13 131 ± 19 67 ± 15 115 ± 22
90 136 62 120

(54–146) (93–158) (54–95) (74–141)
u-DPD, nmol/mmol creatinine 10.6 ± 1.4*** 10.6 ± 2.7 10.1 ± 2.2 6.3 ± 2.1

10.5 11.25 10.3 6.5
(5.1–13.2) (5.1–13) (5.5–13.1) (2.9–9.3)

* p < 0.001, SSc vs controls; ** p < 0.01, diffuse vs limited SSc; *** p < 0.02, SSc vs controls.
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Figure 1. Comparison of biochemical data for the various groups of patients and controls, showing s-CTX-I (A), serum procollagen type I (PICP) (B), urinary
DPD (C), urinary CTX-I (D) concentrations and means. Differences were evaluated by Mann-Whitney test. dSSc: diffuse cutaneous SSc, lSSc: limited cuta-
neous SSc.

Figure 2. Correlation between serum CTX-I concentration and Rodnan skin
score (p = 0.003, Spearman rank correlation, rho = 0.63).

Figure 3. Serum CTX-I concentrations and their correspondence to the
quartiles of Rodnan skin score in SSc patients.
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been developed, mainly for bone diseases. However, Col I is
not specific to bone and is a major component of cutaneous
tissue. CTX-I is an 8 amino acid telopeptide produced
during resorption of the α1 Col I chain. Fragments
containing the sequence EKAH-DGGR with a non-isomer-
ized (α-CTX) or ß isomerized (ß-CTX) DG site have been
identified17. We used 2 available assays for determination of
the ß isomer of the CTX-I epitope. However, the urinary
assay is based on the use of a polyclonal antibody (compet-
itive test), whereas the serum assay makes use of 2 mono-
clonal antibodies (sandwich ELISA)18. This may account for
the difference in sensitivity of the tests and the absence of a
correlation between serum and urinary concentrations of
CTX-I in our patients. ICTP is another carboxyterminal
telopeptide produced after matrix metalloproteinase activa-
tion by the cleavage of a large peptide. It is positioned
farther from the end of the α1 Col I chain than CTX-I.
ICTP levels are determined by radioimmunoassay;
Hunzelmann, et al9 suggested that ICTP concentrations are
higher than normal in patients with SSc, but they included
no control group in their study. They also found a correla-
tion between ICTP concentration and skin score, evaluated
by a method different from that used here. Scheja, et al10

reported higher ICTP concentrations in SSc patients than in
controls. These concentrations were correlated with skin
score (modified Rodnan score), reduced pulmonary function
(evaluated by DLCO), and acute phase reactant levels.

Pyridinoline is derived from mature collagen and is
freely excreted during degradation. DPD is more specifi-
cally distributed in bone Col I19. We found that u-DPD
concentration was significantly higher in SSc patients than
in controls, suggesting that some of the collagen metabolites
may be derived from bone tissue. However, u-DPD concen-
tration was not correlated with SSc variables and osteo-
calcin and bone ALP levels remained normal, which
suggests that bone turnover rates were not high in our
patients. The prevalence of osteoporosis has not been
reported to increase in SSc20. Further, u-DPD may be
produced in the kidney and undergoes renal metabolism21,
which may account for u-DPD concentrations being high in
patients with normal u-CTX-I concentrations. In our group
of SSc patients, serum procollagen type I (PICP) concentra-
tion, measured by ELISA, remained within the normal range
of values, and did not differ from the concentrations
reported for the control group. This suggests that synthesis
of Col I was not increased; however, it should be noted that
although comparable to control values, PICP was lower in
patients with limited disease, which could be related to
limited cutaneous involvement or to the longer disease dura-
tion of these patients. Conflicting results have been obtained
with different biological methods: Valat, et al5 and Scheja,
et al10,16 reported no increase in concentrations, but Kikushi,
et al6 found an increase in PICP levels that correlated with
pulmonary involvement. These differences in results may be

accounted for by differences in the methods used or in the
stage or activity of the disease.

The inverse relationship between s-CTX-I concentration
and FVC suggests that the lung may be an important site of
collagen degradation and turnover. This could explain the
increased concentrations of s-CTX-I observed in some of
our patients with limited SSc. The relationship between s-
CTX-I and acute phase reactant concentrations suggests that
collagen degradation, wherever it occurs, may be associated
with an inflammatory process. Concomitant correlations of
s-CTX-I concentration with cutaneous involvement and
acute phase reactant concentrations, and differences
between patients with and without pulmonary involvement,
suggest that s-CTX-I concentration is a potential marker of
disease severity. Moreover, it can be determined by means
of an automated test, providing a useful assay22. This study
confirms that SSc may be associated with excessive
collagen I degradation, evaluated for the first time by deter-
mination of serum CTX-I concentration. This study also
illustrates that the concentration of this peptide is correlated
with cutaneous and pulmonary involvement.

There are a number of limitations to the interpretation of
our study, in particular related to the differences in the dura-
tion of the disease and the extent of the fibrotic process
between the 2 groups of patients. Disease duration may
affect collagen turnover in SSc. Collagen synthesis may
increase in the early stages of the disease. Evidence for this
was provided by Kuroda, et al, who reported higher levels
of procollagen production in vitro by fibroblasts from
patients early in the progression of the disease than from
patients late in the progression of the disease23. PICP
concentration has not been evaluated in the sera of patients
so early in disease progression (< 2 years). Recently, varia-
tions in the concentrations of tissue inhibitors of metallo-
proteinases (TIMP) have been evaluated in a large sample of
SSc patients24. It was found that TIMP-1 levels decrease
with the duration of the disease in patients with diffuse SSc,
possibly leading to an increase in Col 1 degradation in late
disease. It would be interesting to investigate s-CTX-1
concentrations in patients with early disease, for both the
diffuse and limited forms, and to consider changes in these
concentrations in longterm longitudinal studies.
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