
ORIGINAL PAPER

Serum cartilage oligomeric matrix protein as a biomarker
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Akinola Akinmade1,2
& Lawrence M. Oginni3 & Olayinka O. Adegbehingbe3

& Abiodun I. Okunlola1 &

Olusola A. Jeje4 & Adeolu I. Adeyeye5

Received: 2 September 2020 /Accepted: 7 January 2021
# SICOT aisbl 2021

Abstract
Purpose Current modes of diagnosing and monitoring knee osteoarthritis (OA) are based on weight bearing radiographs usually
made by the time joint destruction is already established. Cartilage oligomeric matrix protein (COMP) is a breakdown product of
cartilage and its serum levels may be a potential indicator of early destruction in OA. This study aimed to ascertain the usefulness
of serum COMP (sCOMP) in diagnosis and monitoring of knee joint OA within the study environment.
Methods Ninety consenting adults were recruited. In the control group, 45 subjects having a diagnosis of knee OA had clinical
and radiological grading done and blood samples taken for assay of sCOMP using the sandwich ELISA method. Forty-five
volunteers with no features of osteoarthritis also had serum collected for sCOMP assay. Values obtained were then cross
referenced with demographic indices, clinical and radiological severity grade to assess for relationships.
Results Serum COMP was found to be significantly elevated (p = 0.0001) in the study group. The mean values and standard
deviation of sCOMP were 3400 ± 1042.9 ng/ml and 2222 ± 605.6 ng/ml for the study and control groups, respectively. Higher
values of sCOMP were found to be associated with higher clinical and radiological grades of OA.
Conclusion The study demonstrates that sCOMP is significantly higher in patients with knee OA than in those without the
disease. Values of sCOMP were also found to increase with severity of knee OA, indicating the possibility of its use as a marker
of diagnosis and severity.
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Introduction

Early changes in OA are largely radiographically silent.
Current modes of diagnosing and monitoring the disease are
based on weight-bearing radiographs usually made by the

time joint destruction is already established [1].
Consequently, sensitive pre-radiographic diagnostic tools al-
low adoption of early interventions which may delay irrevers-
ible joint damage. Various potentially disease modifying in-
tervention strategies for OA, such as biological regenerative
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therapy, chondroplasty, and autologous chondrocyte transfer,
increase the need to identify specific factors that can accurate-
ly detect the presence and progression of OA at the earliest
phase before onset of irreversible bony and soft tissue com-
plications [2–4].

A possible method of early detection would be to measure
metabolic products of cartilage repair and degradation to re-
flect variations in joint remodeling. One metabolic product
which may serve as a predictive diagnostic biomarker of OA
is COMP [5].

Osteoarthritis is induced by the gradual disintegration of
articular cartilage which results in tearing of the collagen scaf-
fold and subsequent release of COMP into the extracellular
space and excretion into the synovial fluid, serum, and urine.
COMP, also known as thrombospondin-5, is synthesized by
chondrocytes and synovial cells after activation by inflamma-
tory cytokines. Chondrocytes function primarily to maintain
cartilage homeostasis [6]. In OA however, this function tends
to diminish as evidenced by telomerase shortening [7] and
increased senescence-associated β-galactosidase [8]. These
changes impair chondrocyte function with decreased synthetic
ability and sparse proteoglycans [9].

The earliest notable changes, while the cartilage is still
macroscopically intact, are an increase in water content of
the cartilage and increased permeability to the matrix proteo-
glycans as well as cartilage degradation products such as
COMP [6]. At a slightly later stage, there is loss of proteogly-
cans and defects appear in the cartilage collagen scaffold.
Microscopically, surface flaking and fibrillations which ap-
pear as vertical clefts develop along the normally smooth ar-
ticular cartilage on the surface of a diseased joint. As the
disease progresses, continued cartilage loss leads to loss of
joint space as noted on radiographs [10].

Elevated serum levels of COMP (sCOMP) which may
show evidence of cartilage damage have been demonstrated
in persons with OA compared with healthy persons [11–13].
A recent systemic review and meta-analysis by Hao HQ et al.
[14] concluded that sCOMP performed moderately in
distinguishing between patients with knee and hip osteoarthri-
tis when compared with controls. Variations in sCOMP may
also be due to geographical variations in bone density and
metabolism, body composition, skeletal and joint size, and
cartilage tendon mass as suggested by Jordan et al. [15]. To
our knowledge, this is the first study on the applicability of
COMP as a biomarker for OA in Africans. Consequently,
establishment of sCOMP as a marker of diagnosis and sever-
ity may serve as a pivotal tool for institution of early therapy
and obviate the need for undesirable radiation exposure in
diagnosis, monitoring disease progression and treatment.

This was a prospective case-control study which aimed to
determine serum levels of COMP in patients with knee OA.
Values obtained were compared with those of disease-free
individuals with the aim of evaluating the use of sCOMP as

a predictive marker in diagnosis and grading of severity. The
study was based on the hypothesis that there might be a sig-
nificant relationship between sCOMP and the presence and
severity of knee OA.

Methods

Patients

All consecutive patients seen in the out-patients department
with knee joint OA fulfilling the American College of
Rheumatology (ACR) criteria were identified following rou-
tine history and examination. All those found eligible who
chose to participate were recruited. Those who had clinically
apparent OA of other joints, previous surgical intervention or
trauma to the affected knee(s), and previous intra-articular
steroid injections or visco-supplementation within the previ-
ous six weeks and analgesic use within the previous
two weeks were excluded. In addition, healthy volunteers
matched for age and sex who presented at the wellness center
for their annual general medical assessments and had no ap-
parent OA in any joint or the spine following clinical screen-
ing were recruited as controls for the study.

The clinical grading of severity form for those with OA
was completed by the individuals themselves and collated a
single orthopaedic surgeon, and patients thereafter had
weight-bearing plain antero-posterior and lateral radiographs
of both knees taken. Clinical grading was done using the
Lequesne index of severity which assesses three parameters:
pain or discomfort, maximum distance walked, and activities
of daily living [16]. Data obtained was entered into a struc-
tured proforma and totaled to determine patient’s handicap.

Radiographs were classified using the Kellgren and
Lawrence scoring system by a single radiologist who was
blinded to the results of the clinical grading of severity [17].

Ethics and consent

This study was performed in accordance with the ethical stan-
dards laid down in the 1964 Declaration of Helsinki. Ethical
approval was obtained from the Ethics and Research
Committee of Obafemi Awolowo University Teaching
Hospital, Ile-Ife, Osun State, Nigeria (IRB/IEC/0004553).
Verbal and written informed consent was obtained from all
patients and volunteers for the study and the publication of
findings.

Immunoassay

Subjects had 5 ml of venous blood drawn after a 30 minute
period of rest under aseptic conditions into a plain sample
bottle. Clotted blood samples were then centrifuged for
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15 minutes at 3000 rpm (rpm) to remove particulates and
extract serum. Serum samples were then transferred into an-
other plain bottle and stored at − 20° centigrade and pooled for
30 days. Assay for COMP was then done by a chemical pa-
thologist alongside the investigator using the commercial hu-
man COMP ELISA kit (Picokine™ ELISA kit EKO913
Bosterbio Biomedicals, Pleasanton, CA, USA) sandwich
technique which employs a biotinylatedmonoclonal antibody.
The kit is specific for thrombospondin-5/COMP tissue; abun-
dantly expressed in the chondrocyte extracellular matrix, but
also found in the bone, tendon, ligament, and synovium and
blood vessels with a sensitivity of < 10 pg/ml and detection
limits between 156 and 10,000 pg/ml (study values expressed
in ng/ml due to multiplication of the dilution factor to the
concentrations.).

For the assay, stored serumwas divided into aliquots of 0.1ml
per well which were pre-coated with biotinylated monoclonal
antibodies. The diluent buffer, working solution, and the color
developer agents were sequentially added after incubation and
washing for 90 minutes, 60 minutes, and 20 minutes, respective-
ly. The sandwich created was then washed four times to remove
unbound antibodies. A standard curvewas then plotted following
spectrophotometry based on the optical densities generated rela-
tive to the standard solution, and sCOMP values were interpo-
lated from the curve. Care was taken to multiply the dilution
factor to the concentrations. Values obtained were then cross
referenced with demographic indices, clinical and radiological
severity grade to assess for relationships. Analyses were per-
formed without knowledge of the clinical and radiological data.

Data analysis

The data obtained from the study was subjected to computer
analysis using the Statistical Package for Social Sciences
(SPSS) software for Windows version 20 (SPSS Inc.,
Chicago, IL, USA). Calculations of mean, range, and standard
deviation were done.

Comparisons between categorical variables were done
using the chi-square test. Mean values of sCOMP were com-
pared between control subjects and those with knee OA using
the Students t test, while correlations between severity and
sCOMP in those with knee OA were determined using
Pearson’s correlation coefficient. The relationship between
sCOMP and BMI, clinical grade, and Maximum Index Score
was assessed using analysis of variance (ANOVA). For all
statistical tests, a p value of < 0.05 was considered significant.

Results

A total of ninety subjects were recruited into the study with
forty-five patients each in the study and control groups. Both
groups were matched for age and sex. Their ages ranged

between 41 and 80 years with a mean and standard deviation
of 65.53 ± 9.74 years in the study group and 61.20 ± 9.46 years
in the control group. The study population consisted of 19
males (42.2%) and 26 females (57.8%) with a male to female
ratio of 1:1.4 while the control group had 16 males (35.6%)
and 29 females (64.4%).

An almost equal number of subjects were found to be over-
weight in both groups with 19 patients (42.2%) in the study
group and 20 patients (44.4%) in the control group. However,
more patients were obese in the study group (18 patients/
40.0%) than in the control group (9 patients/20.0%). The
mean BMI in the study group was higher (28.28 ± 4.2 kg/
m2) than that of the control group (24.62 ± 3.6 kg/m2). This
difference was statistically significant (p = 0.014).

The mean duration of symptoms in months was 45.1 ±
11.7. The duration ranged between two and 180 months. A
majority presented between ten and 72 months after onset.

Clinical severity for those with OA was assessed using the
Lequesne algofunctional index scoring system and a majority
of patients presented with at least a severe form of disease on
clinical grading as follows: mild three (6.7%), moderate ten
(22.2%), severe 15 (33.3%), very severe 13 (28.9%), and ex-
tremely severe four (8.9%).

Serum COMP values in the study group ranged between
1400 and 5400 ng/ml, while in the control group, the range of
values was between 1100 and 4400 ng/ml. Higher values were
recorded for the study group than controls. The mean values
and standard deviation of sCOMP in the study group was
3400 ± 1042.9 ng/ml while that of the control group was
2222 ± 605.6 ng/ml. Values of sCOMP in the control group
are shown to be concentrated at levels between 1400 and
2500 ng/ml after which there is a steep and steady decline in
sCOMP levels. More subjects in the case group are shown to
have sCOMP levels greater than 2500 ng/ml (Fig. 1).

Association between sCOMP and duration of symptoms was
also tested (among the study group (n = 45) and found to be
statistically significant (p= 0.010). A large number of the pa-
tients presented after three years (42.2%) and higher levels of
sCOMP (> 3601 ng/ml) were found in them. A significant asso-
ciation was also found between increasing age and higher
sCOMP values in both groups (p = 0.006). Higher sCOMP
values were also found to be associated with higher BMI in both
groups (p = 0.017). Differences between sCOMPvalues inmales
and females were not statistically significant (p = 0.626)
(Table 1).

A significant association between sCOMP and clinical
grade (p = 0.0001) is shown in Table 2. A breakdown of the
clinical severity score into its three different components
showed a moderately positive correlation between sCOMP
levels and the pain score which was also statistically signifi-
cant (p = 0.0001) (Table 3).

Radiological severity was found to be significantly associ-
ated with increasing sCOMP values (p = 0.002) (Table 4)
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Discussion

To our knowledge, this is the first study on the applicability of
COMP as a biomarker for OA in Africans. This study reveals
that sCOMP values were significantly higher in patients with
knee OA than in control subjects. Values of sCOMPwere also
found to increase with severity of knee OA. These findings
suggest the possibility of its use as a predictive marker of
diagnosis, severity, and progression in knee OA.

Study data demonstrate that more patients presented with at
least severe disease on the Lequesne algofunctional index and
≥ Grade 3 on the Kellgren and Lawrence radiological grading
system in this study. Values of sCOMP were found to posi-
tively predict higher clinical and radiological levels of OA as
noted by Hao et al. and several other investigators [5, 11, 14,
18]. This may give credence to the evaluation of COMP as an
alternative (or synergistic investigation) to radiological assess-
ment. This will however require larger validation studies.

Control Group:      ______

Study  Group :       ______

(ng/ml)

Fig. 1 Comparison between
sCOMP values of study and
control groups

Table 1 Associations between
sCOMP, duration, age, BMI, and
sex

Duration sCOMP (ng/ml) LR = likelihood ratio

p value
1400–2500

n (%)

2501–3600

n (%)

3601–4400

n (%)

≥4401
n (%)

Total

n (%)

≤1 year 8 (17.8) 2 (4.4) 4 (8.9) 0 (0.0) 14 (31.1) LR=21.696

p=0.0101–2 years 1 (2.2) 4 (8.9) 0 (0.0) 3 (6.7) 8 (17.8)

2–3 years 0 (0.0) 2 (4.4) 1 (2.2) 1 (2.2) 4 (8.9)

>3 years 3 (6.7) 5 (11.1) 6 (13.3) 5 (11.1) 19 (42.2)

Age group

40–49 1 (1.1) 6 (6.7) 2 (2.2) 0 (0.0) 9 (10.1) LR=27.521

p=0.00650–59 17 (19.1) 2 (2.2) 4 (4.5) 0 (0.0) 23 (25.8)

60–69 15 (16.9) 7 (7.9) 2 (2.2) 3 (3.4) 27 (30.3)

70–79 13 (14.6) 4 (4.5) 5 (5.6) 6 (6.7) 28 (31.5)

80–89 1 (1.1) 1 (1.1) 0 (0.0) 0 (0.0) 2 (2.2)

BMI

Normal 15 (16.9) 6 (6.7) 3 (3.4) 0 (0.0) 24 (27.0) LR=15.456

p=0.017Overweight 23 (25.8) 10 (11.2) 3 (3.4) 3 (3.4) 39 (43.8)

Obese 9 (10.1) 4 (4.5) 7 (7.9) 6 (6.7) 26 (29.2)

Male 5 (11.1) 6 (13.3) 3 (6.7) 5 (11.1) 19 (42.2) χ2=1.747

p=0.626Female 7 (15.6) 7 (15.6) 8 (17.8) 4 (8.9) 26 (57.8)
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Chaganti et al. [19] however noted that the rate of increase in
severity may not necessarily be directly proportional to the
rise in sCOMP levels. The explanation for this may be that
in the early phase, cartilage is more metabolically active and
undergoes more attempts at repair following focal damage.
The early phase may also be accompanied by synovitis.
Synovium is another established source of COMP and may
contribute to higher levels seen at this phase of the disease
[20]. However in later stages following repeated insult, overall
degeneration may overtake attempts at repair resulting in less
metabolically active cartilage and as such less sCOMP
elaboration.

The individual sections assessed under the clinical grading
index were tested against sCOMP for associations. Higher
sCOMP values were found in those with higher pain scores,
more so than in those with high scores for walking distance
and limitations in activities of daily living on the clinical grad-
ing index. This implies that the pain score may be the most

representative aspect of the Lequesne scoring system with
regard to clinical severity and sCOMP levels. Clinical grading
may also be subjective in determining the actual degree of
joint destruction as noted by El Arman et al. [21]. Overall,
sCOMP levels in this study were found to be significantly
increased with increasing clinical and radiological severity.
This may suggest that serum assay can be utilized as a marker
of disease severity in the study environment. However, an
absence of standardized sCOMP values as expected for
healthy individuals and those with knee OA may limit its
applicability.

Data obtained from the study showed mean values and
standard deviation of sCOMP were significantly higher in
the study group (3400 ± 1042.9 ng/ml) than in the control
group (2222 ± 605.6 ng/ml). This suggests the probability of
more sCOMP being released from degenerating cartilage in
OA. Higher variability in COMP values was noted in the
control group; however, associated pathologies which may
have been responsible for the few high COMP values were
not found in the control group.

Various studies comparing levels of sCOMP in healthy
individuals to that of patients with knee OA have shown sig-
nificantly higher levels in the knee OA group [6]. Wakitani
et al. [22] using a human ELISA method with monoclonal
antibody found a mean level of sCOMP among those with
knee OA of 1572 ± 182 ng/ml which was higher than what
was found in healthy individuals (1030 ± 150 ng/ml). This
study utilized a similar method as Wakitani et al. with higher
values obtained within the study environment. This may be
explained by increased predisposition of Africans to degener-
ation from repetitive use in form of long trekking distances on

Table 2 Association between
clinical grade, and study group
variables

Study group variables Clinical grade p value

Mild

n (%)

Moderate

n (%)

Severe

n (%)

V/
severe

n (%)

Ex/
severe

n (%)

Total

n (%)

sCOMP(ng/ml)

1400–2500 3 (6.7) 5 (11.1) 3 (6.7) 1 (2.2) 0 (0.0) 12 (26.7)
2501–3600 0 (0.0) 5 (11.1) 4 (8.9) 1 (2.2) 3 (6.7) 13 (28.9)

3601–4400 0 (0.0) 0 (0.0) 6 (13.3) 5 (11.1) 0 (0.0) 11 (24.4)

4401and above 0 (0.0) 0 (0.0) 2 (4.4) 6 (13.3) 1 (2.2) 9 (20.0) p=0.0001

BMI (kg/m2)

Normal 0 (0.0) 4 (8.9) 3 (6.7) 1 (2.2) 0 (0.0) 8 (17.8)
Overweight 2 (4.4) 3 (6.7) 7 (15.6) 3 (6.7) 3 (6.7) 18 (40.0)

Obese 1 (2.2) 3 (6.7) 5 (11.1) 9 (20.0) 1 (2.20) 19 (42.2) p=0.178

Duration of symptoms

≤1 year 1 (2.2) 5 (11.1) 5 (11.1) 2 (4.4) 1 (2.2) 14 (31.1)
1–2 years 0 (0.0) 0 (0.0) 1 (2.2) 2 (4.4) 1 (2.2) 4 (8.9)

2–3 years 0 (0.0) 4 (8.9) 2 (4.4) 1 (2.2) 1 (2.2) 8 (17.8)

>3 years 2 (4.4) 1 (2.2) 7 (15.6) 8 (17.8) 1 (2.2) 19 (42.2) p=0.207

Table 3 Correlation between sCOMP and pain score, maximum
distance walked and activities of daily living

Characteristics sCOMP (ng/ml)

Pearson’s Correlation Coefficient p value

Pain or discomfort 0.509 0.0001

Maximum distance walked 0.190 0.212

Activities of daily living 0.285 0.057

Maximum index score 0.452 0.002
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uneven surfaces, menial jobs, trauma, and early infections. It
may also be due to geographical variations in bone density
and metabolism, body composition, skeletal and joint size,
and cartilage/tendon mass as suggested by Jordan et al.106

On the other hand, using a human ELISA method with
polyclonal antibody, Neidhart et al. [6] found mean values of
sCOMP to be 5700 ± 3200 ng/ml in knee OA group and 1700
± 1400 ng/ml in healthy individuals. El-Arman et al. [21] in
Egypt also used an polyclonal method of assay and found
sCOMP levels of 4100 ± 1900 ng/ml in those without OA
and 7170 ± 3000 ng/ml in patients with OA. International stan-
dard values for sCOMP are not available, and this accounts for
the large variations in values noted across these studies. One
possible reason for these variations is themethod of assay. This
study, as well as all the studies assessed, used a commercial
human ELISA kit for sCOMP assay. However, there were
differences in the antibody used which was either monoclonal
or polyclonal. A monoclonal antibody was used in this study,
and this is thought to have a better specificity and sensitivity
for sCOMP. Stabler et al. compared various methods of
sCOMP assay and concluded that the purity of the standard
solution may account for the differences in values [23]. One
way to ascertain which ELISA kit is the best at detecting
sCOMP levels is by comparing each assay technique with
serum samples from the same subjects. If the assay method is
standardized, similar values may be generated to determine
normal ranges. This will permit the use of sCOMP in screening
for early kneeOA and institution of intervention strategies with
the hope of averting or delaying irreversible joint damage.

Another possible reason for variations in values may be the
secretion of sCOMP by other tissues [24, 25]. Cartilage is
thought to be the major source of sCOMP; however, lower
levels have been detected in synovium and the menisci [20].
Synovial sCOMP was however found to be 100 times lower
than that of cartilage [11]. This may confound the specificity
of sCOMP in screening for cartilage degeneration solely. In
this study, screening for OA in other large joints including the
spine was done clinically. This screening method may be in-
adequate in excluding the presence of OA in other joints serv-
ing as a confounding factor. Further investigations on sCOMP
may require more sensitive screening methods such as

magnetic resonance image scans to rule out the presence of
OA in other joints and increase the strength of such studies.

This study was limited by the investigation of a single
biomarker (COMP) in identification of OA as well as the
use of clinical screening in ruling out OA of other joints
among the control group. The number of patients is also quite
limited.

Conclusion

This study demonstrates that sCOMP is significantly higher in
patients with knee OA than in those without the disease.
Values of sCOMP were also found to increase with severity
of knee OA, thus verifying the possibility of its use as a pre-
dictive marker of diagnosis and severity. Overall, sCOMP
shows promise for eventual adoption as a marker for diagnosis
of early OA thus permitting early intervention to avert or delay
disease progression.
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Table 4 Association between
sCOMP and radiological grading sCOMP (in quartiles) Radiological grade (K/L) Statistical remark

2

n (%)

3

n (%)

4

n (%)

Total

n (%)

1100–2500 8 (17.8) 2 (4.4) 2 (4.4) 12 (26.7)
2501–3600 2 (4.4) 5 (11.1) 6 (13.3) 13 (28.9)

3601–4400 0 (0.0) 6 (13.3) 5 (11.1) 11 (24.4) F=5.738

4401 and above 0 (0.0) 4 (23.5) 5 (27.8) 9 (20.0) P=0.002

Total 10 (22.2) 17 (37.8) 18 (40.0) 45 (100.0)
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