Cartilage Oligomeric Matrix Protein in Patients with
Juvenile Idiopathic Arthritis: Relation to Growth and
Disease Activity
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ABSTRACT. Objective. Cartilage oligomeric matrix protein (COMP) has been identified as a prognostic marker of
progressive joint destruction in rheumatoid arthritis. In this population based study we evaluated associations between plasma concentrations of COMP, disease activity, and growth velocity in patients
with recent-onset juvenile idiopathic arthritis (JIA). COMP levels in JIA and healthy children were
compared with those in healthy adults. Plasma levels of insulin-like growth factor I (IGF-1), which
has been associated with COMP expression and growth velocity, were studied in parallel.
Methods. 87 patients with JIA entered the study, including oligoarticular JIA (n = 34), enthesitis-related arthritis (n = 8), polyarticular rheumatoid factor (RF)-positive JIA (n = 2), polyarticular
RF-negative JIA (n = 27), systemic JIA (n = 6), and undifferentiated JIA (n = 10). Plasma levels of
COMP were measured by ELISA and IGF-1 by a radioimmunoassay.
Results. Significantly higher COMP levels [mean 18.9 U/l (95% CI 17.3–20.5)] were found in
healthy children compared with healthy adults [mean 10.7 U/l (95% CI 9.4–12.1)] (p < 0.0001).
COMP levels in the JIA patients [mean 13.5 U/l (95% CI 12.4–14.7)] were significantly reduced
compared to healthy children (p < 0.0001), and correlated negatively with C-reactive protein (CRP;
r = –0.29, p = 0.01) and thrombocyte count (r = –0.28, p = 0.02). COMP levels in the JIA patients
correlated positively with growth velocity (cm/yr) (r = 0.38, p = 0.0003) and growth velocity (SDS)
(r = 0.29, p = 0.007).
Conclusion. We found reduced COMP levels in children with JIA compared with healthy children.
COMP levels in JIA correlated negatively with inflammatory activity as evaluated by CRP and the
thrombocyte counts, and were associated with reduced growth rate. (First Release July 15 2009;
J Rheumatol 2009;36:1749–54; doi:10.3899/jrheum.080942)
Key Indexing Terms:
CARTILAGE OLIGOMERIC MATRIX PROTEIN
INSULIN-LIKE GROWTH FACTOR I

Juvenile idiopathic arthritis (JIA) is a heterogeneous group
of chronic arthritides of childhood that vary from a mild disease subsiding in puberty to a progressive disease that can
cause severe articular damage and growth disorders1-3.
Cartilage oligomeric matrix protein (COMP) is a 524-kDa
noncollagenous glycoprotein and a member of the throm-
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bospondin family4,5. It is found primarily in the extracellular matrix of articular cartilage4 but also in tendons6 and in
meniscus7. It binds different collagens, thereby playing a
role in the assembly of the extracellular matrix8. The protein
is released from the synovial fluid into serum, where it can
be measured.
Plasma levels of COMP have been found to be elevated
in a number of conditions characterized by joint destruction
and joint inflammation, including rheumatoid arthritis (RA)
and osteoarthritis7,9,10. In RA, COMP has been identified as
a prognostic marker of progressive joint destruction7,10-13.
Few studies have investigated COMP in JIA9,14-16.
COMP has been found to be lower in JIA compared to
healthy controls9,14,15, and a study of 11 JIA patients with
systemic disease suggested that reduced COMP concentration could be a useful marker of active disease14. Thus,
treatment with the interleukin 6 (IL-6) antagonist tocilizumab was associated with an increase in COMP concentrations14. Similarly, a study of 68 JIA patients indicated that
reduced COMP levels may reflect the severity of disease16.
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However, growth impairment was not investigated in these
2 studies.
Our aim was to evaluate associations between plasma
levels of COMP and disease activity and growth velocity in
recent-onset JIA. Growth velocity and plasma levels of
insulin-like growth factor I (IGF-I), which have been associated with COMP expression17, were studied in parallel18.
MATERIALS AND METHODS

Patients. In this population-based study, patients from east Denmark diagnosed with JIA according to the Edmonton criteria19 and with disease onset
between January 1997 and November 2001 were consecutively included.
Eighty-seven children with JIA (64 girls, 23 boys) with mean age at disease
onset of 6.9 years (95% CI 6.0–7.7) were included. The mean time from
disease onset to inclusion was 1.1 years (95% CI 0.9–1.3). Six patients had
systemic-onset disease; 2 had IgM rheumatoid factor (RF)-positive polyarticular onset type; 27 had RF-negative polyarticular-onset disease; 34 had
oligoarticular-onset JIA; 8 had enthesitis-related arthritis; and 10 had undifferentiated JIA. Sixteen patients were HLA-B27-positive. Medical treatment at the time of sampling included methotrexate (n = 12), sulfasalazine
(n = 20), prednisolone (n = 11), hydroxychloroquine (n = 3), cyclosporin A
(n = 1), and nonsteroidal antiinflammatory drugs (n = 71; Table 1).

Controls. Controls were healthy children and adults. The children (n = 38;
19 male) had a mean age of 9.2 years (95% CI 8.0–10.5), and the adults (n
= 18) a mean age of 39.1 years (95% CI 34.5–43.7).

Clinical variables. Patients were assessed at time of inclusion. The following clinical measures were recorded: number of active joints as defined by
the American College of Rheumatology pediatric criteria [presence of
swelling (not due to currently inactive synovitis or to bony enlargement) or,
if no swelling is present, limitation of motion accompanied by heat, pain,
or tenderness20], early morning stiffness, Childhood Health Assessment
Questionnaire, C-reactive protein (CRP), and thrombocyte counts. Pain
score, patient/parent global assessment, and physician’s global assessment
were graded on a visual analog scale with maximum at 100 mm (Table 2).
Plasma samples. EDTA blood was taken at the time of inclusion and centrifuged within 10 min after collection, and the plasma was stored at –80°C.

COMP measurement. COMP was measured by a commercial sandwich-ELISA (AnaMar Medical, Uppsala, Sweden) according to the instructions of the manufacturer. Intra- and interassay variations were 1.7%–3.0%
and 1.8%–4.2%, respectively (studies performed by AnaMar Medical).
Although some studies have documented that intense physical exercise
is associated with a transient increase in serum COMP levels in patients

with osteoarthritis, the design of our study was not standardized with
respect to this variable21.

Insulin-like growth factor I. IGF-I was measured in all subjects by a
radioimmunoassay22. In brief, serum was extracted by acid/ethanol and
cryoprecipitate prior to analysis in order to remove interfering binding proteins, and monoiodinated Tyr31-[125I] des-(1-3) IGF-I was used as a radioligand. Inter- and intraassay variations were 8.7% and 3.9% (at B/B0 of
0.4), respectively. The limit of detection was 21 ng/ml.

Growth velocity. Height was measured by the same investigator using a
wall-mounted stadiometer, at the time of inclusion and at followup after a
mean period of 196 days (95% CI 182.9–209.1). Growth velocity was calculated as the differences in height between the 2 measurements divided by
the time between the assessments (expressed as cm/yr). Further, growth
velocity standard deviation score (SDS) was calculated from age- and
sex-related normative data, using Growth Vision software (Novo Nordisk,
Bagsværd, Denmark).

Statistics. Data are given as mean and 95% confidence intervals.
Differences were evaluated by the Mann-Whitney test and the
Kruskal-Wallis test, and for correlation analysis the Spearman test was
applied. The correlation between COMP and age, sex, and presence or
absence of JIA was analyzed further using a general linear model (GLM).
The 5% level of significance was chosen. Statistical analyses were carried
out using SPSS, version 15 (SPSS, Cary, IL, USA).
The study was approved by the regional ethics committee.

RESULTS
Characteristics and disease activity measures of the JIA
patients are summarized in Tables 1 and 2.
COMP levels in healthy children, adults, and JIA. COMP
levels were found at significantly higher levels in healthy
children compared with healthy adults (p < 0.0001; Figure
1). There was a trend toward higher levels of COMP in children within the age range of 10–14 years (Figure 2).
COMP levels in the patients with JIA were significantly
reduced compared with those in healthy children (p <
0.0001; Figure 1). In accord with the findings in healthy
children, plasma levels of COMP tended to be higher within the age range of 10–14 years in JIA patients (Figure 2). In
addition, JIA patients had significantly lower COMP levels
compared with controls after controlling for age and sex in
a multivariate analysis (GLM). There was no significant dif-

Table 1. Characteristics of healthy children and patients with juvenile idiopathic arthritis (JIA) (n = 87) according to age, sex, onset type, and medical treatment at time of inclusion.

JIA

Healthy
children

Age, yrs
mean (95% CI)

Sex

6.9 (6.0–7.7)

64 girls,
23 boys

9.2 (8.0–10.5)

19 girls,
19 boys

Onset Type,
no., n = 87

Oligoarticular (64)
ERA (8)
Polyarticular RF + (2)
Polyarticular RF – (27)
Systemic (6)
Undifferentiated (10)
NA

Medical Treatment,
no., n = 84

MTX (12)
Sulfasalazine (20)
Hydroxychloroquine (3)
Cyclosporin A (1)
Prednisolone (11)
NSAID (71)
NA

NSAID: nonsteroidal antiinflammatory drugs; MTX: methotrexate; RF: IgM rheumatoid factor; ERA: enthesitis-related arthritis, NA: not applicable.
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Table 2. Disease activity variables in patients with juvenile idiopathic
arthritis.
Variable

CRP, mg/l
Physician global assessment, 100 mm VAS
Patient global assessment, 100 mm VAS
CHAQ, units
Joint score, n
Thrombocyte count, 106/l

Mean (95% CI)

10.7 (4.4–16.9)
20.0 (16.6–23.5)
15.5 (11.4–19.6)
0.5 (0.4–0.6)
3.4 (2.3–4.4)
362.0 (336–387)

CRP: C-reactive protein; VAS: visual analog scale; CHAQ: Childhood
Health Assessment Questionnaire.

ference between COMP levels in the different onset types of
JIA or between boys and girls (data not shown).
COMP correlated negatively with CRP and with thrombocyte counts, but did not correlate with other markers of
disease activity (Table 3).
COMP and growth velocity. COMP levels in the JIA patients
correlated positively with growth velocity (cm/yr) (r = 0.38,
p = 0.0003; Figure 3). This association persisted after correction for age and sex in a multivariate analysis (GLM).
For analysis of associations between COMP and the degree
of growth retardation the SDS for growth velocity were calculated based on data from healthy children. A positive correlation was found between growth velocity SDS and
COMP (r = 0.29; p = 0.007). Similarly, growth velocity SDS
was significantly associated with COMP in a GLM analysis
that included age and sex as covariates. Moreover, growth
velocity SDS was found to correlate negatively with the
CRP (r = –0.24, p = 0.03), but did not correlate significantly with any other clinical or paraclinical measures of disease
activity.

Figure 1. Cartilage oligomeric matrix protein (COMP) levels in healthy
children, patients with JIA, and healthy adults (mean and 95% CI). Levels
in healthy children were significantly higher than those in JIA (*p <
0.0001) and in healthy adults (**p < 0.0001).

IGF-I in patients with JIA. To pursue the relation between
COMP levels and growth, IGF-I levels were measured. In
general, the level of IGF-I in the JIA patients tended to be in
the lower range for healthy children (Figure 4)22. We found
no significant correlation between IGF-I levels and growth
velocity or COMP levels. However, IGF-I correlated negatively with CRP (r = –0.24, p = 0.04) and thrombocyte
counts (r = –0.43, p = 0.0001; Figure 5).

DISCUSSION
Serum levels of COMP are elevated in patients with RA11
and this is considered a marker of cartilage turnover of prognostic significance in this disease7,9,11,12.
Our study was undertaken to evaluate the significance of
COMP in recent-onset JIA with special emphasis on disease
activity and growth impairment. We found significant
age-dependent differences in COMP levels, with higher
levels in children compared with adults. In patients with
JIA, COMP levels were reduced compared with healthy
children, and they correlated negatively with disease activity as evaluated by CRP and thrombocyte counts. These findings are in agreement with 2 previous studies of JIA9,15.
Growth velocities correlated positively with the COMP
levels, suggesting that the COMP level in JIA patients is
associated with the rate of growth. As expected, growth
velocity was reduced in a proportion of the patients with
JIA, and in line with the notion that inflammatory activity in
JIA leads to impaired linear growth2,23 we also observed a
negative correlation between COMP and CRP.
A recent study reported that COMP levels in JIA patients
who did not develop joint erosions and joint space narrowing were higher than in patients with progressive joint damage16. These results correspond with our finding of a negative correlation between COMP, CRP, and growth velocity.
Growth hormone and IGF-I stimulate bone growth, and
IGF-I has been found to induce COMP gene expression in
primary cultured human chondrocytes17. Further, COMP
levels were found to increase after initiation of treatment
with growth hormone in short-statured children23.
In patients with JIA, IGF-I levels were found to be
reduced in relation to inflammation, but in response to treatment with tumor necrosis factor (TNF) antagonist (etanercept), IGF-I increased24. In line with this, transgenic mice
overexpressing another inflammatory cytokine, IL-6, had
decreased IGF-I production25-27. Further, a negative correlation between circulating IL-6 and concentration of IGF-I
was found in patients with systemic JIA27. Together these
studies indicate that IGF-I could represent a link connecting
inflammation-induced growth retardation and reduced
COMP levels. We found a negative correlation between
IGF-I levels and CRP and thrombocyte counts, in keeping
with these previous results25, also indicating that inflammatory activity may inhibit release of IGF-I. In our study, however, IGF-l did not correlate with COMP levels or with
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Figure 2. Cartilage oligomeric matrix protein (COMP) levels in healthy children and JIA by age.
Table 3. Association between levels of cartilage oligomeric matrix protein
(COMP) and disease activity variables in JIA patients (Spearman correlation coefficient).
Variable

CRP
Physician global assessment, VAS
Patient global assessment, VAS
CHAQ
Joint score
Thrombocyte count

Correlation Coefficient
vs COMP
–0.29
–0.08
–0.03
–0.12
0.02
–0.28

p

0.01
NS
NS
NS
NS
0.02

VAS: visual analog scale 100 mm; CRP: C-reactive protein; CHAQ:
Childhood Health Assessment Questionnaire.

growth velocity. Therefore, based on our data, it is not likely that IGF-I plays a major role in the regulation of COMP
levels or represents a link between growth impairment and
reduced COMP levels in these patients.
Proinflammatory cytokines such as TNF-α, IL-6, and
IL-1ß have long been known to play a major role in the
pathogenesis of JIA. Besides maintaining inflammation they
are also thought to contribute to growth impairment in children with chronic inflammatory diseases2,26-29. Thus, there
is also a question whether there is any direct effect of
inflammation on COMP release. The finding of a significant
negative correlation between CRP and COMP by us and

other investigators would suggest that this is actually the
case15. However, this appears to contrast with the conclusions from RA studies, where no correlation between CRP
and COMP could be shown13,30. Since studies indicate that
anti-TNF treatment in JIA can restore growth28,29, it would
be of interest to examine whether anti-TNF treatment in JIA
may lead to normalization of COMP levels.
We aimed at studying JIA patients with recent-onset disease, and therefore patients were recruited upon referral.
Since reliable height measures were not available in all
patients before this time, the calculations of height velocity
were based on height measures at the time of referral and
about 6 months afterward. Thus, we cannot rule out that this
variable may have been influenced by treatment initiated during this time. Studies have shown that corticosteroids reduce
COMP levels in rats with collagen-induced arthritis31 as well
as in patients with RA when administred intravenously30 or
intraarticularly32. However, we did not observe indications of
an effect of steroid use, since COMP levels were reduced
independently of ongoing steroid treatment.
Another limitation in this study relates to physical activity, which may be of particular interest in an investigation
that compares healthy individuals with physically disabled
patients. Interestingly, there is evidence that physical exercise is associated with a transient increase in serum COMP
levels21. The design of our study did not include standardization with respect to physical exercise, and therefore we

Figure 3. Correlation between growth velocity (cm/year) and cartilage oligomeric
matrix protein (COMP) levels in JIA.
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Figure 4. A. Insulin-like growth factor-1 (IGF-1) levels versus age in female patients with JIA. Levels in a control population of healthy
children are shown as 0 ± 2 SD curves. B. IGF-1 levels versus age in male patients with JIA. Levels in a control population of healthy children are shown as 0 ± 2 SD curves.

Figure 5. Insulin-like growth factor-1 (IGF-1) and thrombocyte count in patients with JIA.

cannot exclude that differences in physical activity could
have influenced the results.
We found reduced COMP levels in our cohort of 87 well
characterized children with JIA compared with healthy children. This reduction was most likely secondary to the
reduced growth rate observed in these children. Future studies should address whether COMP might be useful as a
prognostic marker in JIA with respect to the risk of severe
growth impairment.
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