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Abstract

Introduction: Cartilage oligomeric matrix protein (COMP) is a major non-collagenous component of cartilage.
Earlier, we developed a new mouse model for rheumatoid arthritis using COMP. This study was undertaken to
investigate the epitope specificity and immunopathogenicity of COMP-specific monoclonal antibodies (mAbs).

Methods: B cell immunodominant regions on the COMP molecule were measured with a novel enzyme-linked
immunosorbent assay using mammalian expressed full-length mouse COMP as well as a panel of recombinant
mouse COMP fragments. 18 mAbs specific to COMP were generated and the pathogenicity of mAbs was
investigated by passive transfer experiments.

Results: B cell immunodominant epitopes were localized within 4 antigenic domains of the COMP but with
preferential response to the epidermal growth factor (EGF)-like domain. Some of our anti-COMP mAbs showed
interactions with the native form of COMP, which is present in cartilage and synovium. Passive transfer of COMP-
specific mAbs enhanced arthritis when co-administrated with a sub-arthritogenic dose of a mAb specific to
collagen type II. Interestingly, we found that a combination of 5 COMP mAbs was capable of inducing arthritis in
naive mice.

Conclusions: We have identified the specificities of mAbs to COMP and their contribution to the development of
arthritis. These findings will further improve our understanding of the autoantibody mediated immunopathologies
occurring widely in rheumatoid arthritis (RA), as well as in other autoimmune disorders.

Introduction
Rheumatoid arthritis (RA) is believed to be an autoim-
mune disease involving an antibody response to citrulli-
nated proteins (ACPA) [1,2] and Ig-Fc (rheumatoid factor,
RF) [3]. In many patients with established disease, an anti-
body response to joint cartilage may also appear [4]. Both
antibodies to native triple helical collagen type II (CII) and
ACPA recognizing citrullinated CII have been shown to
induce arthritis in mice [5-8]. Clinical trials of B cell deple-
tion treatment using rituximab, an anti-CD20 monoclonal
antibody, which targets and deletes CD20-expressing B
cells, achieved promising clinical outcomes in RA patients
[9,10]. These findings in both patients and animal models
highlight the role of antibodies in RA.

Cartilage oligomeric matrix protein (COMP) is a major
glycoprotein in the extracellular matrix (ECM) of cartilage
and synovium [11]. Its biological importance in cartilage
was identified in the assembly of the ECM, where COMP
interacts with fibrillar collagen types I and II and the
FACIT collagen type IX [12,13]. Mutations in the COMP
gene have been linked to two human skeletal dysplasias,
pseudoachondroplasia (PSACH) and multiple epiphyseal
dysplasia (MED) [14,15].

We have developed a new mouse model for rheumatoid
arthritis using COMP, where immunization with rat
COMP is associated with development of autoimmune
arthritis by cross-reactive immune response to autologous
mouse COMP [16,17]. The pathology of arthritis induced
by COMP immunization shows similarities with human
RA having synovial hyperplasia, increased synovial volume,
cellular infiltrates, and the unique feature of a chronic
relapsing disease phase with a female preponderance. As
in RA, the development of arthritis induced by COMP is
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associated with certain major histocompatibility complex
(MHC) haplotypes, indicating that the COMP-induced
arthritis (COMPIA) model is dependent on T cell recogni-
tion of related peptides presented by appropriate MHC
molecules. However, T-cell reactivity alone could not
explain the disease immunopathology in COMPIA.
COMP-immunized mice have been shown to develop a
strong and specific IgG response to COMP, and analysis
of blood cell populations in arthritic mice showed an
increase in B cells, CD4+ T cells but not cytotoxic CD8+

T cells. Furthermore, arthritis can be transferred from
arthritic mice to healthy recipients with affinity purified
COMP-specific polyclonal antibodies [17]. It has been ear-
lier reported that anti-COMP antibodies exist in RA syno-
vium and serum, which possibly reflects joint local B cell
immune responses toward this cartilage- and tendon-
restricted antigen [18].

COMP is the fifth member of the thrombospondin
(TSP) protein family, which includes TSP-1, TSP-2, TSP-
3, TSP-4 and COMP/TSP-5. COMP is a homopentamer
and each of its subunits consists of an N-terminal coiled-
coil oligomerization domain, four EGF-like repeats, eight
calcium-binding type 3 (TSP3) repeats and a C-terminal
globular domain (Figure 1). To fully understand the
immunological events in COMP induced arthritis, it is
necessary to identify the immunodominant region of B
cell reactivity and demonstrate the contribution of antibo-
dies in arthritis pathology. To identify the domains of the
COMP molecule that are recognized by antibodies, we
produced mammalian-expressed full-length mouse COMP
and a panel of overlapping recombinant mouse COMP
fragments. Furthermore, we developed 21 monoclonal
antibodies directed to rat COMP, 18 mAbs reactive with
rat COMP cross-reacted with mouse COMP. Here, we
demonstrate the specificity of polyclonal antibodies and
monoclonal antibodies for different domains of the
COMP molecule. COMP-specific mAbs interact with
native COMP in cartilage and synovium, as evidenced by
the binding of biotinylated mAbs in vivo. Passive transfer
of selected anti-COMP mAbs- enhanced arthritis when
co-administered with a sub-arthritogenic dose of a mAb
that specifically recognizes the J1 epitope of the CII mole-
cule [19]. A combination of five selected COMP mAbs,
without anti-CII mAb, was also effective to induce arthritis
in naïve mice, although with low severity of arthritis.

Materials and methods
Animals
COMP-deficient 129/Sv mice [20] were backcrossed for 10
generations to B10.Q mice to introduce the Aq allele in the
MHC locus. B10.Q mice with a mutated Ncf1 (Ncf1m1J

denoted as Ncf1*) have been described previously [21]. To
obtain mice with COMP-deficiency and Ncf1 mutation

(COMP-/-Ncf1*/*), COMP-deficient B10.Q mice were
intercrossed with Ncf1 mutant mice to get COMP-deficient
and Ncf1 mutated heterozygous mice. These heterozygous
mice were intercrossed and the offspring were investigated
for COMP deficiency and Ncf1 mutation by PCR and DNA
sequence respectively [21,22]. For passive transfer experi-
ments (BALB/c × B10.Q) F1 male mice (known as QB)
were used; these showed higher sensitivity to antibody-
induced arthritis [7]. All the mice were kept and bred in a
climate-controlled environment with a 12-h light/dark
cycle. Mice were housed in polystyrene cages containing
wood shavings and fed standard rodent chow and water ad
libitum in the animal house of Medical Inflammation
Research, Sweden. All the experiments were performed
using age-matched mice between 8 and 10 weeks and
blinded to the investigator. Malmö/Lund and Stockholm
ethical committees approved all the experiments.

Production of recombinant COMP proteins
The corrected cDNA for mouse COMP [22] served as the
template for PCR amplification of the following recombi-
nant COMP fragments (Figure 1). In addition to full-
length his-tagged mouse COMP (pCOMP, nucleotide 82-
2289), the fragments produced were; (1) mCOMP, mono-
meric COMP, that is, only lacking the coiled-coil repeats,
nucleotide 238-2289; (2) EGF1-TIII8, EGF-like repeats
and TSP3 repeats, nucleotide 238-1569; (3) TIII1-CG,
TSP3 repeats and C-terminal globular domain, nucleotide
820-2289; (4) EGF1-4, EGF-like repeats, nucleotide 238-
819; (5) TIII1-8, TSP3 repeats, nucleotide 820-1569, and
(6) CG, C-terminal globular domain, nucleotide 1570-
2289 [NM_016685.2, GenBank]. The mouse COMP
recombinant fragment cDNAs were amplified using 5’-
phosphorylated upstream primers in combination with
downstream primers adding a stop codon followed by an
Nhe I site. The PCR products were digested with Nhe I
and inserted into the Pvu II and Nhe I sites of the expres-
sion vector pCEP4-TAGZyme. This plasmid was con-
structed by inserting the sequence 5’-GGTACCGCC
TGCCGCCTGCCT GCCTGCCACTGAGGGTTCCCAG-
CACCATGAGGGCCTGGATCTTCTTTCTCCTTTG
CCTGGCCGGGAGGGCTCTGGCAGCCCGACATCAC-
CATCACCATCACCAGCTGAAGCTT-3’ between the
Kpn I and HinDIII sites of plasmid pCEP4, yielding an
expression vector with a BM40 signal peptide followed by
a hexahistidine tag compatible with the TAGZyme
removal system (Qiagen, Copenhagen, Denmark). All the
PCR-generated fragments and their cloning sites were
confirmed by nucleotide sequencing.

The resulting recombinant COMP plasmids were
transfected into 293-c18 cells (ATCC CRL-10852) using
the FuGene6 reagent (Roche, Basel, Switzerland ) and
transfected cells were selected with hygromycin and
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grown to confluence in Dulbecco’s modified Eagle’s
medium with 10% fetal calf serum (Gibco, Life Technol-
ogies Inc, Camarillo, CA, USA). Secretion of recombi-
nant proteins into the medium was confirmed by SDS-
PAGE of samples from transfected and non-transfected
cells. Serum-free culture medium was harvested, and

his-tagged recombinant mouse COMP proteins were
purified using Ni2+-metal chelating and MonoQ ion
exchange chromatography. Purity and size of all the pro-
teins were assessed by SDS-PAGE and colloidal Coo-
massie Brilliant Blue G250 staining with or without
prior reduction of disulfide bonds.

Figure 1 Relative level and kinetics of the antibody response to each truncated cartilage oligomeric matrix protein (COMP) fragment.
(A) Graphical representation of the domain composition of the recombinant mouse COMP proteins used in this study. pCOMP: pentameric
COMP; mCOMP: monomeric COMP; EGF: epidermal growth factor; TIII: thrombospondin type 3; CG: C-terminal globular domain. (B) Medium was
collected from each transfected cell line and purified using Ni-NTA affinity resin followed by a concentration step using ion-exchange
chromatography as described in Materials and methods, and 10 �l of the purified proteins were subjected to 4 to 10% gradient SDS-PAGE under
reducing conditions. (C) Relative level of antibody response to different recombinant COMP fragments. Full length COMP (pCOMP) and COMP
fragments (10 �g/ml in 100 �l) were tested by ELISA for COMP autoantibody response. Serum samples from COMP+/+Ncf1*/*mice were taken at
day 50 after immunization with rat COMP and diluted 1:1000 for the assay. Background levels were determined for each test using antigen,
coated, but without primary antibodies in the wells. Results are expressed as absorbance reading at 405 nm and represent the mean and SEM of
13 mice. The lower binding to the TIII1-CG fragment compared to pCOMP, mCOMP or EGF1-TIII8 was confirmed to be statistically significant (P �
0.05). (D) Kinetics of antibody response to rat COMP, full length mouse COMP (pCOMP) and mouse COMP fragments. Serum samples from
COMP+/+Ncf1*/* mice were taken at days 15, 30, 50 and 85 after immunization with rat COMP and were subjected to ELISA. Sera were diluted
1:1000 for the assays. Data represent the mean values from 13 mice.

Geng et al. Arthritis Research & Therapy 2012, 14:R191
http://arthritis-research.com/content/14/4/R191

Page 3 of 14
























	Abstract
	Introduction
	Methods
	Results
	Conclusions

	Introduction
	Materials and methods

