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In search of chondrocyte-specific antigen
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Abstract

The purpose of this work was to establish, whether rat chondrocyte associated antigen, transmem-
brane Tmp21 protein belonging to the p24 protein family may immunize rats and thus be included into
the panel of immunogens potentially involved in cartilage pathology. For immunization of rats extract
from cultured chondrocytes containing surface chondrocyte proteins suspended in incomplete Freund’s
adjuvant was used. Control animals were injected with incomplete Freund’s adjuvant without chon-
drocyte extract. Morphological observations indicated that both in control and experimental animals
occurred subperiosteal resorption of bone, suggesting that it arised as the response to adjuvant. In
trachea, however, resorption of cartilage and inflammatory changes in the respiratory epithelium and
lamina propria were present only in animals exposed to antigen. Unexpectedly, sera from immunized
rats strongly reacted with other antigen, which we were able to identify by Western blot and protein
sequencing as cartilage oligomeric matrix protein (COMP). COMP is attached to chondrocyte mem-
brane by integrins and its presence in chondrocyte extract is not surprising. Antibody response to
COMP raises a question whether the observed changes in tracheal cartilage and epithelium represent
anti-COMP reaction or were caused by some other, no specified factors. COMP is used as the marker
of osteoarthritis progression, but its role in polychondritis, cartilage pathology involving i.a. tracheal
cartilage resorption remains unknown. Thus, our observations may serve as the starting point for future
studies in this direction.
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trafficking protein 10 (TMP21).

Introduction

Surface chondrocyte molecules of cartilage may serve
as an example of sequestered antigens due to the presence
of cartilage matrix preventing their contact with immune
system [1-3]. Cartilage matrix contains the collagen net-
work composed of types II, IX, and XI collagens, the large
aggregating proteoglycan — aggrecan, and a large number
of other molecules such as several small proteoglycans:
biglycan, decorin, fibromodulin, matrilins, and cartilage
oligomeric matrix protein (COMP) [4, 5]. It is well es-
tablished that collagen type II [6] and proteoglycans are
able to stimulate immune response [7], but the antigenic-
ity of chondrocytes and particularly the presence — or ab-
sence — of hypothetical tissue specific antigens remains
as the no resolved puzzles of chondrocytes biology. Early
work showed that isolated allogeneic chondrocytes after
transplantation produce cartilage but also evoke the host
immunization leading to rejection of new-formed tissue
[8]. Demonstration of class I MHC expression by chon-
drocytes followed [9-12] subsequent publications indicated
that chondrocytes are able to present antigens within MHC
class II context [13, 14]. In the more recent work, both hu-
man articular chondrocytes originating from patients who
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suffer from osteoarthritis (OA) and from healthy donors
were shown to express both class I and class II MHC an-
tigens [15]. In another study, however, authors found that
cultured human OA chondrocytes expressed MHC class [
but not MHC class II or positive co-stimulatory molecules,
and failed to evoke both MHC class I and II mismatch
allogeneic lymphocyte responses [16, 17].

Several authors suggested also that chondrocytes ex-
press chondrocyte-specific differentiation antigen. Langer
et al. [18] have found that rats injected with syngeneic
chondrocytes or cartilage shavings developed autoreac-
tivity as assayed by leukocyte migration test. This result,
according to the authors, indicated existence of a specific
chondrocyte differentiation antigen. This conclusion was
supported by studies demonstrating stimulation of pro-
liferative response of rat lymphocytes in mixed lympho-
cyte-chondrocyte cultures not only by allogeneic but also
by syngeneic chondrocytes [19, 20]. The last observation
was confirmed with rabbit [14], human, bovine [21] and
rat chondrocytes [11, 22].

To obtain antibodies against chondrocyte-specific dif-
ferentiation antigen rat chondrocytes were injected into
rabbits. Chondrocytes reconstructed cartilage which within
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two weeks deteriorated, but the sensitized rabbits sera con-
tained high titter of antichondrocyte cytotoxic antibodies
which detected antigen with M, of ~74 and ~23 kDa in
chondrocyte lysates. Only the latter remained after reduc-
tion in 2-mercaptoethanol. Neither antigen could be detect-
ed by this serum in lysates of fibroblasts, endotheliocytes,
or thymocytes. Thus, it appeared that the antibodies of this
serum reacted with chondrocyte-associated antigen (CAA),
but the nature of the antigen remained unknown [23].

Since it is well established that chondrocytes grown in
monolayer culture gradually decrease expression of typical
matrix molecules such as collagen type II and aggrecan
[24, 25], it seemed interesting to establish whether in such
cultures expression of chondrocyte-specific differentiation
antigen, or, as it was called in other papers, chondrocyte
associated antigen (CAA) will also decline. Indeed, CAA
expression in monolayer culture of rat chondrocytes grad-
ually decreased and was not detected beyond the 96" hour,
as well as collagen type II and aggrecan [26]. After transfer
of dedifferentiated chondrocytes into 3-dimensional culture
CAA expression was restored, similarly as it was previously
observed in case of collagen type II and aggrecan expression
[26-28].

To identify the CAA proteins extracted from the sur-
face of short-term chondrocyte cultures were sequenced
and the protein corresponding to the 23-kDa antigen was
identified as transmembrane Tmp21 protein belonging to
the p24 protein family [29]. These proteins mainly par-
ticipate in the traffic between the endoplasmic reticulum
(ER) and Golgi complex [30] but in some cells appear also
in membranes of secretory vacuoles [31] and on cell sur-
faces [32, 33]. Tmp21 extracted from chondrocytes was
sialylated and ceased to bind sensitized rabbit serum after
deglycosylation. Since the sialylated form of Tmp21 was
not described in other tissues and seems appears to be spe-
cific for chondrocytes, it seems plausible to consider CAA
as a chondrocyte differentiation antigen [26].

Since various chondrocyte antigens are supposed to
play a role in pathogenesis of destructive joint diseases
[34, 35] it seemed interesting to see whether crude CAA
antigen extracted from chondrocytes may evoke immu-
nological response in syngeneic system. Unexpectedly,
in sera of sensitized rats antibodies reacting with Tmp21
glycosylated protein were not found, but strong response
against cartilage oligomeric matrix protein (COMP) was
detected. COMP or thrombospondin-5, is an ECM protein
primarily present in cartilage but detected also in other
connective tissues [36-38], where interacts with other ex-
tracellular matrix proteins such collagens and fibronectin.
Since COMP may also bind to cell surface receptors [39],
its presence in the extracts of chondrocyte cell membrane
is not surprising, but such a strong immunostimulatory ef-
fect was, as far as we could establish, not previously noted.
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Material and methods

Animals

3-5-day-old inbred Wistar Albino Glaxo (WAGQG) rats
served as donors of cartilage for the isolation of chon-
drocytes. 3 month-old WAG male rats were used as a re-
cipients of chondrocytes antigens extract. Animals were
obtained from Animal Unit of the Medical University of
Warsaw. The study was approved by the Animal Ethical
Committee of the Medical University of Warsaw.

Isolation and culture of chondrocytes

Chondrocytes were isolated from the articular-epiph-
yseal cartilage complexes of 3-5-day-old rats. Cartilage
fragments were cleaned from the surrounding tissues and
digested using 0.25% collagenase, 0.05% DN-ase and
7 nM N-a-tosyl-L-lysyl chloromethyl ketone (all from Sig-
ma-Aldrich Chemie, Diesenhofen, Germany) in 37°C for
3 h with constant stirring. Following isolation chondro-
cytes were filtered through 40 um mesh nylon cloth (Mil-
lipore Corporation, Bedford, MA 01730 USA), washed
three times in RPMI (GIBCO BRL, Paisly, Scotland,
UK), seeded into 35 mm Petri dishes (5 x 10° cells per
dish) (Corning Inc., Corning, NY, USA) in 2 ml of serum-
free RPMI medium (GIBCO) supplemented with 1%
of Antibiotic-Antimycotic Solution (Sigma) and cultured
for 24 h.

Chondrocyte-associated antigens (CAAs)
preparation

After 24 h of culture, chondrocytes were shortly
washed with distilled water and chondrocyte surface mac-
romolecules were extracted for 30 min, in room tempera-
ture with 2M NaCl (Sigma). The suspension of surface
proteins was desalted on PD-10 columns (Amersham Bio-
sciences, Uppsala, Sweden), lyophilized and dissolved in
0.9% sodium chloride (Sigma).

Protein determination

One microliter of chondrocyte extract or extraction
buffer (blank test) and 9 ul deionized water were placed in
a flat-bottomed 96-well plate, and 0.2 ml of BCA protein
assay reagent (Pierce, Rockford, IL, USA) was added to
each well. The plate was incubated at 37°C for 30 min.
Protein concentration was determined spectrophotometri-
cally at 550 nm (SLT Spectra Lab Instruments, Crailsheim,
Germany)

Immunization of recipients

200 mg of chondrocyte-associated antigens (CAAs) in
150 pl of 0,9% NaCl was mixed with 150 ul of incomplete
Freund’s adjuvant — IFA (Sigma) and injected subcutane-
ously in three sites at the base of the tails of 3 month-old
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male rats. Immunization procedure was repeated after
10 days using the same dose of chondrocyte extract.
Animals were killed 2 weeks after the second immunization
and blood from the heart (for the serum isolation), trache-
as, synovial membranes and knee joints were taken for the
further study. Control animals received only incomplete
Freund’s adjuvant (Sigma) according to the same protocol.

Histological procedure

Tracheas, synovial membranes and knee joints were
fixed in phosphate-buffered formalin, pH 7.4 and after par-
affin mounting were sectioned at 6 um. Slides were stained
with hematoxylin and eosin (Sigma).

Electrophoresis and Western blot

Chondrocyte-associated antigens (CAAs) (10 ug of pro-
tein) mixed in sample buffer with 2-mercaptoethanol were
separated by SDS-polyacrylamide gel electrophoresis (SDS-
PAGE; 12% acrylamide) (Bio-Rad Laboratories, Hercules,
CA, USA). Separated proteins were transferred onto PVDF
membrane by semi-dry blotting at 25 V for 30 min using
Trans-Blot SD apparatus (Bio-Rad). Serum from chondrocyte
extract-immunized rats diluted 1 : 120 or commercial anti-
bodies against COMP diluted 1 : 2000 (GeneTex, Hsinchu
City 300, Taiwan) served as the primary antibodies. After 1 h
of incubation rabbit anti-rat biotinylated immunoglobulins or
biotinylated F(ab’)2 fragments of swine anti-rabbit immuno-
globulins (Dako A/S, Glostrup, Denmark) secondary antibod-
ies was added respectively. Actin used as the internal control
was detected with mouse monoclonal anti-3-actin antibody
(Sigma) followed by biotinylated goat anti-mouse immuno-
globulins (Dako). Antibody binding was demonstrated by an
amplified alkaline phosphatase detection system (Bio-Rad).
The relative molecular weight of the antigens was calculat-
ed using GelWorks 1D Intermediate software (Bio-Rad) in
relation to the pre-stained SDS-PAGE (low range) standard
(Bio-Rad). The second polyacrylamide gel after protein elec-
trophoresis was stained with Coomassie blue and the band
corresponding to the band detected by serum from CAAs-im-
munized rats was cut off for protein sequence analysis.

N e

Protein sequence analysis

Analysis and data processing was done on the com-
mercial basis in Mass Spectrometry Laboratory, Institute
of Biochemistry and Biophysics of the Polish Academy
of Sciences, Warsaw, Poland according to the following
procedure.

Trypsin digestion

Gel slices were subjected to standard “in-gel diges-
tion” procedure during which proteins were reduced with
100 mM 1,4-dithiothreitol (Sigma) (for 30 min at 56°C),
alkylated with iodoacetamide (45 min in darkroom at room
temperature) and digested overnight with trypsin (sequenc-
ing Grade Modified Trypsin — Promega V5111). Resulting
peptides were eluted from gel with 0.1% trifluoroacetic
acid (TFA) and 2% acetonitrile (ACN) (Sigma).

Mass spectrometry

Peptide mixtures were separated by liquid chromatog-
raphy prior to molecular mass measurements on Orbitrap
Velos mass spectrometer (Thermo Electron Corp., San Jose,
CA). Peptide mixture was applied to RP-18 precolumn (na-
noACQUITY Symmetry® C18 — Waters 186003514) using
water containing 0.1% TFA as mobile phase and then trans-
ferred to nano-HPLC RP-18 column (nanoACQUITY BEH
C18 — Waters 186003545) using an acetonitrile gradient (0-
60% ACN in 70 min) in the presence of 0.05% formic acid
with the flow rate of 150 nl/min. Column outlet was directly
coupled to the ion source of the spectrometer working in the
regime of data dependent MS to MS/MS switch. A blank
run ensuring lack of cross contamination from previous
samples preceeded each analysis.

Data processing

Acquired raw data were processed by Mascot Distiller
followed by database search with Mascot program (Matrix
Science, London, UK, 8-processor on-site license) against
NCBInr (version 20100203). Search parameters for precursor
and product ions mass tolerance were 40 ppm and 0.8 Da,

Fig 1. A) Synovial membrane from incompl
IFA-antigen administration — increased number of leukocytes in blood vessels. H&E 400x
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Fig. 2. A) Bone from control (intact) rat. B) Bone after ad-
ministration of IFA only. C) Bone after administration of
IFA with antigen. A-C area of bone — periosteum contact,
in all groups subperiosteal resorption of bone with partici-
pation of osteoclasts was observed. H&E 200x

Fig. 3. A) Trachea from rat receiving IFA only. Respira-
tory epithelium appears unchanged, cells display distinct
cilia. B) Tracheal respiratory epithelium after IFA-antigen
administration. Epithelium is heavily infiltrated by leuko-
cytes and disappearance of cilia is observed. H&E 200x.
C) Cartilage of tracheal ring after [FA-antigen administra-
tion. Cartilage is peripherally resorbed by infiltrating cells
(arrow). H&E 400x

respectively, with allowance made for one missed trypsin
cleavage, the following fixed modifications: cysteine carba-
midomethylation and allowed variable modification: oxida-
tion (M). Peptides with Mascot Score exceeding the threshold
value corresponding to < 5% false positive rate, calculated by
Mascot procedure, were considered to be positively identified.
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Results

Histological evaluation

In control (incomplete Freund’s adjuvant — IFA alone)
and experimental synovial membranes in comparison with
pristine samples the most significant change was the pres-
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Fig. 4. Western blot analysis of chondrocyte extract. A)
Commercial antibodies against COMP and B) sera from
rats immunized with chondrocyte antigens in incomplete
Freund’s adjuvant detected antigen with M, of ~83 kDa, cor-
responding to COMP. Actin was used as an internal control

ence of increased number of leukocytes in blood vessels
(Fig. 1). Changes in bone were observed in epiphyses of
tibiae close to the articular surface. Both in IFA and adju-
vant IFA-antigen specimens occurred marked, subperioste-
al resorption with participation of osteoclasts (Fig. 2) while
cartilage was not affected. Cartilage forming the tracheal
rings was, however, peripherally resorbed by infiltrating
cells but only in animals receiving antigen. Respiratory
epithelium lining tracheae was not affected in animals ex-
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posed to IFA alone, but after antigen administration was
heavily infiltrated by leukocytes which in many places
replaced epitheliocytes. Cilia were usually absent (Fig. 3).

Western blot

Sera from rats immunized with chondrocyte antigens
in incomplete Freund’s adjuvant and commercial antibod-
ies against COMP detected in chondrocyte extract antigen
with M_of ~83 kDa (Fig. 4).

Protein sequence determination

Mass spectrometry data processing of a proteins pres-
ent in the band reacting with sensitized rabbit serum was
repeated six times, and all determinations gave similar re-
sults. Results of one sequencing are given in Table 1. The
studied protein had a mass of 82611 Daltons and Mascot
score 697 calculated on the basis of six matching peptides
with ions score in the range from 55 to 108 (Table 1). Pro-
tein sequence coverage was 19% and revealed as the best
matched protein the cartilage oligomeric matrix protein
(COMP).

Discussion

Results of administration of proteins extracted from
chondrocyte membranes yielded unexpected results. In the
sera of injected rats no antibodies against transmembrane
Tmp21 protein were detected but Western blot analysis
disclosed the presence of antibodies reacting with antigen
with molecular weight of about 83 kDa in the reduced
state. The same antigen was also detected by anti-COMP
commercial antibodies. The identification of this antigen
as COMP was also confirmed by sequence analysis. The
morphological analysis of results was complicated by the
use of IFA in which chondrocyte surface proteins were
suspended. The use of adjuvants is the common procedure
to increase immune response to antigens [40], but adjuvant
itself may also cause untoward response affecting various
tissues. Effects of incomplete Freund’s adjuvant (IFA)
were found to be related to the strain of rats. Injected Lew-
is rats did not develop clinical signs of arthritis while ad-
ministration of IFA to DA (dark agouti) rats evoked strong
arthritogenic response [41]. The WAG rats used in this
work also proved to react strongly to free of antigen IFA
administration and changes in joint tissues were similar to
those in rats injected with antigen. The main morphologi-
cal differences between antigen free and antigen containing
adjuvant injected animals was the presence of heavy infil-
trations in the tracheal epithelium and peripheral resorp-
tion of cartilage of tracheal rings. Presence of anti-COMP
antibodies in immunized rats directed our attention on the
relation between COMP and cartilage. In healthy cartilage
COMP is attached to chondrocyte cell membrane via integ-
rin receptors [39, 42] and is also present in the pericellular
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Table 1. Amino acid sequences of peptides present in COMP found by Mascot search

Number Localization in protein Peptide sequences Possible modifications
(start-end)

1 36-48 R.ELQETNAALQDVR.E
2 200-216 R.GSFQCGPCQPGFVGDQR.S 2-Carbamidomethyl (C)
3 239-245 K.ADCILER.D Carbamidomethyl (C)
4 484-495 R.LVPNPGQEDNDR.D
5 515-530 K.IDVCPENAEVTLTDFR.A Carbamidomethyl (C)
6 640-649 K.SSTGPGEQLR.N

space and territorial and interterritorial matrix [43]. The
release of COMP from cartilage occurs in OA [44, 45] and
high serum levels of COMP are associated with the OA
progression [46-49]. Autoantibodies to COMP were also
detected in patients with rheumatoid arthritis (RA) [50].
Induction of arthritis by immunization of rats with COMP
emulsified in IFA was also reported. Morphological chang-
es were accompanied by the appearance of anti-COMP an-
tibodies in rat’s sera [51].

Release of COMP from cartilage occurs also in poly-
chondritis and may involve tracheobronchial tree causing
respiratory tract symptoms. Immune-mediated damage can
spread to noncartilaginous tissues that are rich in proteo-
glycans, such as that of the eyes, the inner ear, the heart,
blood vessels, and the kidney, but as far as we could estab-
lish, changes in the tracheal epithelium were not reported
[52-55]. In relation to experimental relapsing polychondri-
tis Hansson and Holmdahl [56] stress that only joints were
affected in COMP immunized rats as reported by Carlsén
et al. [51]. In our work after administration of proteins
extracted from articular chondrocytes in IFA the tracheal
cartilages were affected. Since, however, the COMP used
in their studies was purified from rat chondrosarcoma tis-
sue and in this work was extracted together with other pro-
teins from chondrocyte cell membrane, the possible role
of COMP immunization in polychondritis development
requires further studies. We also would like to stress, that
the lack of antibodies against transmembrane Tmp21 pro-
tein belonging to the p24 protein family in immunized rats
does not disqualify it as the tissue specific antigen, but
rather suggests that although it is strongly immunogenic in
rabbits may not be involved to the same degree in cartilage
pathology in other species.

The authors declare no conflict of interest.
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