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ABSTRACT
Objectives. Relapsing polychondritis 
(RP) is a rare and severe disease which 
may lead to destruction of elastic car-
tilages. Until now, no reliable biomar-
ker of disease activity in RP has been 
available. This study was designed to 
measure serum levels of cartilage bi-
omarkers during both active and inac-
tive phases of the disease.
Methods. Serum levels of cartilage oli-
gomeric matrix protein (COMP), chon-
droitin sulfate 846 epitope (CS846) of 
proteoglycan aggrecan and collagen 
type II collagenase cleavage neoepitope 
(C2C) were measured retrospectively 
in 21 subjects with RP. The Wilcoxon 
matched-pairs signed-rank test was 
used for statistical comparisons of bi-
omarker levels in active and inactive 
phases of RP.
Results. Only the serum level of COMP 
was significantly increased during dis-
ease flares. Steroids did not alter the 
serum cartilage-related biomarker lev-
els. However, during the active phase, 
C2C levels were significantly higher in 
steroid treated patients compared with 
non-steroid treated patients.
Conclusion. This study suggests that 
serum COMP level may be useful for 
monitoring disease activity of RP. Fur-
ther prospective studies are required to 
confirm this result.

Introduction
Relapsing polychondritis (RP) is a 
rare autoimmune systemic disorder of 
unknown origin characterized by re-
current, widespread chondritis of the 
auricular, nasal, and laryngotracheal 
cartilages (1). Inflammation of other 
proteoglycan-rich tissues such as the 
eyes, heart, blood vessels, inner ears, 
and kidneys may also be present (1, 2). 
Disease activity is commonly assessed 
by clinical signs, an increase of acute 
phase reactants such as erythrocyte sed-
imentation rate and C-reactive protein, 
and by imaging such as laryngoscopy, 
high-resolution laryngotracheal com-
puted tomography or magnetic reso-
nance imaging of the trachea (1-3). 
However we lack a reliable marker 
that reflects ongoing cartilage damage 
and disease activity in RP (3). Cellular 
infiltration by proinflammatory cells 

leads to high turnover of major elastic 
cartilage matrix components such as 
collagens, matrilin-1, cartilage oligo-
meric matrix protein (COMP) and the 
proteoglycan aggrecan. As a conse-
quence, specific autoantibodies against 
type II, IX, and XI collagens, matrilin-
1 and COMP may develop (1, 3 ,4, 5). 
Disease activity may be assessed by 
the presence of those autoantibodies. 
For instance, the presence of autoan-
tibodies against matrilin-1 is linked 
to respiratory involvement (4). Only a 
few studies have measured circulating 
levels of cartilage matrix molecules in 
RP (1, 3, 4). For example, the urinary 
collagen type II neoepitope has been 
shown to reflect the severity of RP (3). 
In a case report, it has also been shown 
that the serum COMP level decreased 
during a flare of RP (6). Although nev-
er previously studied in RP additional 
biomarkers, such as the chondroitin 
sulfate 846 epitope (CS846) of ag-
grecan (7), and collagen type II col-
lagenase cleavage neoepitope (C2C), 
sometimes known as Col2-3/4CLong mono 
(8), have been studied in other arthritic 
conditions, and shown promising re-
sults (7, 8). In this retrospective study, 
we sought to demonstrate whether the 
cartilage biomarkers (COMP, CS846, 
and C2C) correlated with disease ac-
tivity in RP.

Patients and methods
Patients 
We retrospectively selected 21 patients 
(16 women and 5 men) with RP, defined 
by the Michet criteria (9). These had 
been followed in the Internal Medicine 
Department of Pitié-Salpêtrière Hospi-
tal, Paris, France. For each patient, a 
serum sample was collected within 3 
weeks of the initial presentation for a 
clinical flare (active phase) and during 
an inactive phase of the disease. Clinical 
flares were defined as chondritis involv-
ing at least 2 of 3 sites (auricular, nasal, 
or laryngotracheal cartilage), or one of 
these sites and 2 others manifestations, 
including ocular inflammation (con-
junctivitis, keratitis, episcleritis, uvei-
tis), audiovestibular symptoms (hearing 
loss or vertigo), or seronegative inflam-
matory arthritis (10). Eleven patients 
were treated with corticosteroids during 
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the active phase and 5 during the inac-
tive phase. The mean steroid dosage 
was 7.5 mg/d prednisone equivalent. 
Other treatments included methotrex-
ate, cyclosphosphamide, and disulone.

Measurement of cartilage-related 
biomarkers 
Three cartilage serum biomarkers were 
measured: COMP, C2C, and CS846. 
COMP was measured by sandwich 
enzyme-linked immunosorbent assay 
(ELISA) with monoclonal antibodies 
17C10 and 16F12 as previously re-
ported (11); C2C was measured with 
a commercially available competitive 
ELISA kit (Ibex, Montreal, Quebec, 
Canada); and CS846 was measured by 
a competitive radioimmunoassay de-
scribed for serum by Poole et al. (7). 
The intra- and interassay coefficient of 
variation (CV) was 2.1% and 14.2% 
for COMP, and the manufacturer’s re-
ported intra- and inter-assay precision 
for C2C was <15% and <20%. The in-
tra- and inter-assay CV for CS846 was 
9.9±6.5% and 4.8±5.1 respectively.

Statistical analysis
Biomarker levels were compared be-
tween the active and inactive phases of 
RP using the Wilcoxon matched-pairs 
signed-rank test. They were also com-
pared between patients who received 
steroids and those who did not by us-
ing the non parametric Mann-Whitney 

two-sample ranksum test. Continuous 
data are presented as median (inter-
quartile range), categorical variables 
are presented as number (%). All tests 
were two-sided, p-values <0.05 were 
considered statistically significant. Data 
were analysed using the Stata Statisti-
cal software (StataCorp 2003. Release 
8.0. College Station, Texas).

Results
Baseline characteristics of patients
Table I displays the main demographic, 
clinical and biological characteristics 
of patients. The patients ranged in age 
from 42 to 54 years, with a median age 
of 51.

Serum COMP is a marker of 
the active phase of RP
Serum COMP levels during the active 
phase were significantly higher than 
COMP levels during the inactive phase 
(p=0.05) (Table II). There was no sig-
nificant difference between serum lev-
els of C2C or CS846 between the ac-
tive and the inactive phase.

Steroids did not alter the serum 
cartilage-related biomarkers
During the active phase of the disease, 
about half the patients were treated with 
steroids at the time of blood sampling 
for this study. We found no evidence of 
association between steroid intake and 
the variation in serum levels of COMP, 
or CS846, during the active and inac-
tive phases of RP (Table III). However, 
during the active phase, C2C levels 
were significantly higher (p=0.011) in 
steroid treated patients compared with 
non-steroid treated patients.

Discussion
The principal outcome of this study 
was that serum COMP levels reflected 

disease activity in RP. We did not use 
a control population, since the objec-
tive was to compare the level of mark-
ers during active and inactive phases of 
the disease in the same patient. COMP 
is a 524 kd homopentameric non-col-
lagenous glycoprotein predominantly 
found in the extracellular matrix of 
cartilage, ligaments and tendons (12). 
It can interact with collagens I, II, IX, 
and matrilins (13). Serum COMP lev-
els have demonstrated prognostic value 
for disease progression in rheumatoid 
arthritis, psoriatic arthritis, osteoarthri-
tis and joint trauma (14, 15). Its level 
also fluctuates with physical activity 
(14). The prognostic value of COMP 
in RP was first suggested in a case 
report of a 50 year-old man. With 3 
years of follow-up, serum COMP lev-
els increased while respiratory symp-
toms improved, suggesting that COMP 
degradation could be involved in the 
active disease process and COMP syn-
thesis in the repair process (6). More 
interestingly, COMP levels and mat-
rilin-1 varied inversely during moni-
toring of this patient (6). Our results 
suggest that increased serum COMP 
levels correlated with disease activity 
of RP representing increased COMP 
turnover that may or may not include 
an attempt at a repair process. Serum 
COMP may reflect turnover of elastic 
cartilage (nasal, auricular and tracheal 
cartilages) though it may also vary with 
the involvement of non-elastic hyaline 
articular cartilage. Previous work has 
shown high titers of antibodies against 
COMP during RP, although it was not 
possible to correlate their presence to 
tracheal or articular involvement (4). 
C2C is a marker of collagenase activity 
in cartilage and the CS846 is present 
on intact proteoglycan aggrecan and is 
considered a reflection turnover. The 

Table I. Baseline characteristics of the 21 
patients.*
 
 Median [range] 
 or number (%)

Demographics  
Age, years 51 [42-54]
Female gender 16 (76.2%)

Clinical characteristics 
Nasal chondritis 8 (38.1%)
Auricular chondritis 14 (66.7%)
Laryngotracheal chondritis 3 (14.3%)
Arthritis  5 (23.8%)
Ocular inflammation 3 (14.3%)
Ear symptoms 3 (14.3%)
Cartilage destruction 6 (28.6%)
Disease duration, months 80 [21-122]
Erythrocyte sedimentation 
   rate, mm/hr 21 [10-41]
C-reactive protein, mg/L 5 [4-19]
 
*Qualitative variables are expressed as number 
(%), quantitative variables as median [interquar-
tile range].

Table II. Serum biomarker levels in the active and inactive phases of relapsing polychondritis.
 
 Phase of Disease p-value*

Biomarkers Active phase Inactive phase Active phase vs.
 (n=21) (n=21) Inactive phase

COMP  ng/ml 694.8 [446.4-754.6] 335.7 [241.8-479.3] 0.05
CS846 epitope μg/ml 0.227 [0.147-0.266] 0.189 [0.131-0.227] 0.51
C2C pmol/ml 82.5 [56.5-121.7] 95.6 [68.8-107.2] 0.49

Concentrations are expressed as median [interquartile range]:
*p-values of the Wilcoxon matched-pairs signed-rank test.
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prognostic values of these markers has 
been suggested in OA and in RA (7, 8). 
In our series, changes in serum levels 
of these two markers (C2C and CS846) 
were not statistically different between 
active and inactive phases of disease.
Steroids were given during acute flares 
to reduce systemic and cartilage in-
flammation, as well as to prevent the 
frequency and severity of recurrence 
(1, 2). In vitro high doses of steroids 
may alter proteoglycan metabolism 
(16). However, in our study, steroids 
did not influence the levels of CS846 
during either phase. In contrast, C2C 
levels were higher in patients with 
active disease treated with steroids 
compared with those not treated with 
steroids. The increased levels of C2C 
might therefore reflect disease severity 
during the active phase.
Our study has several limitations. It is a 
retrospective study. Thus, it is difficult 
to assess whether the constitutive and 
baseline levels of cartilage biomarkers 
reflected ongoing and/or past destruc-
tion of the cartilage. Secondly, it was 
not possible to weight the influence of 
other treatments such as disulone or cy-
clophosphamide administrated during 
the active phase of the disease. Thirdly, 
we studied only a limited number of 
cartilage biomarkers. Studying combi-
nations of markers of degradation and 
of synthesis of the same molecule has 
been shown to be more useful in terms 
of prognosis than the use of a single 
molecule in patients with knee oste-
oarthritis (17). Therefore, in the future, 
it would be interesting to measure the 
values of both CS846 together with ag-
gregan keratan sulfate serum level (as 
a marker of aggrecan degradation), as 
well as C2C or CTX–II (degradation 
epitopes) and CPII (marker of biosyn-

thesis). Finally, the number of patients 
is rather limited, but RP is a rare condi-
tion (2). The clinical presentation of RP 
is heterogeneous and a correlation be-
tween biomarkers and organ involve-
ment is therefore difficult. Despite 
these limitations, elevation of serum 
COMP level during the active phase of 
RP is a noteworthy observation. 
In conclusion, elevated concentrations 
of serum COMP suggest a high level of 
cartilage turnover during active phases 
of RP. Serum COMP may be useful for 
monitoring cartilage damage in RP, and 
serum C2C may be of use in examin-
ing response to treatment with steroids 
in RP. Further prospective studies are 
required to confirm this result.
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Table III. Associations between steroid intake and serum biomarker levels in the active and inactive phases of relapsing polychondritis.

 Active phase Inactive phase 
 
 No steroids Steroids p* No steroids Steroids p*

 n=10 n=11  n=16 n=5 

C2C 66.7 [44.6-81.4] 109 [92.6-135.9] 0.011 71.6 [53.1-107.2] 95.6 [68.8-100.6] 0.63
CS 846 epitope 0.25 [0.12-0.27] 0.17 [0.15-0.31] 0.72 0.18 [0.18-0.21] 0.19 [0.09-0.25] 0.83
COMP 726.9 [638.6-754.6] 558.2 [323.9-909.0] 0.67 539.1 [460.8-653.8] 475.6 [273.1-745.2] 0.90
    
*p-values of the Wilcoxon matched-pairs signed-rank test.


