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Abstract
Antibodies against intact type II collagen (CII) are a feature of
rheumatoid arthritis (RA) but have limited diagnostic value. Here
we assess whether either of the two major cyanogen bromide
fragments of CII, namely CB10 or CB11, are more sensitive
substrates for the detection of antibodies in RA. Cleavage of
bovine CII with cyanogen bromide yielded CB10 and CB11;
these were purified by column chromatography for use in an
enzyme-linked immunosorbent assay. Serum antibodies were
measured in patients with RA, psoriatic arthritis (PsA),
osteoarthritis (OA) and blood donors. Results were compared
with those using intact CII. Antibodies against CB10 were found
in as many as 88% of 96 patients with long-standing RA, but
only 12% of 33 patients with PsA, 6% of 34 patients with OA
and 3% of 93 control sera. Lower frequencies for these

diseases were obtained on testing for antibodies against CB11:
50%, 6%, 21% and 2%, respectively. The sensitivity of
detection in RA of antibodies against CB10 compared with
antibodies against intact CII (88% versus 24%) was not at the
expense of specificity, which remained high at 94%. The much
higher frequency of antibodies against CB10 in RA than in other
rheumatic diseases or control sera indicates that CB10 is
clearly a more sensitive substrate than the intact collagen
molecule and, combined with other assays (rheumatoid factor,
anti-cyclic citrullinated peptide [anti-CCP]), might comprise a
panel with a highly reliable predictive value. Moreover, our
findings should encourage renewed interest in the role of
collagen autoimmunity in the pathogenesis of RA.
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Introduction
Rheumatoid arthritis (RA) is a systemic autoimmune disease characterized by chronic articular inflammation and
progressive joint destruction. Autoimmunity to type II collagen (CII), an abundant molecule in articular cartilage, is
implicated in pathogenesis because the immunization of
susceptible strains of rats, mice and nonhuman primates
using native CII in adjuvant results in collagen-induced
arthritis (CIA), which has close immunologic and pathologic similarities to RA [1]. CIA is dependent on immune
responses to CII by both T and B lymphocytes, with arthritis
being initiated by complement-fixing autoantibodies that
bind to CII in the cartilage matrix [2]. In humans, IgG-producing B cells specific for CII are present in rheumatoid
synovium and synovial fluid [3,4], suggesting an intra-articular antigen-driven immune process. Serum autoantibodies
against native and denatured type II collagen (anti-NCII and

DCII) are detected in 24–30% of patients with RA, as
shown by cross-sectional studies on patients with wellestablished disease [5-8]. However, this relatively low frequency in RA of anti-CII, together with seropositivity (albeit
at even lower frequency) in other rheumatological and
inflammatory diseases [7] including psoriatic arthritis (PsA)
[7,9], osteoarthritis (OA) [7,10,11], juvenile arthritis [12],
Paget's disease [10,11], and systemic lupus erythematosus [6,7,10,13], has negated the diagnostic utility and
pathogenetic significance of anti-CII in RA. However, several studies have reported that the frequency of anti-NCII
might be as high as 60–75% in patients with RA when
tested very early in the disease [14-16], and thereafter frequencies tend to fall to those ascertained in the earlier
cross-sectional studies [17], suggesting that their presence might provide a sensitive predictive marker for cases
of early RA.

CIA = collagen-induced arthritis; CII = type II collagen; CNBr = cyanogen bromide; ELISA = enzyme-linked immunosorbent assay; mAb = monoclonal
antibody; NCII = native type II collagen; NHS = normal human serum; OA = osteoarthritis; PsA = psoriatic arthritis; RA = rheumatoid arthritis; SD =
standard deviation.
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Our interest in the reactivity of RA sera with various cleavage products of CII led to the present study, in which we
assess whether purified preparations of the two major cyanogen bromide (CNBr) fragments of CII, namely CB10 and
CB11, would serve as superior substrates for the detection
of antibodies in RA. It was found that the frequency of antibodies against CB10 in cases of well-established RA was
markedly increased, from 24% to 88%, comparing the frequency using the intact CII molecule; this was not at the
expense of the specificity, which remained at the high level
of 94%.

Materials and methods
Patients

Sera were studied from 96 of 114 consecutively selected
patients with the diagnosis of RA, according to the 1987
criteria of the American College of Rheumatology [18], who
were attending the rheumatology clinic at the Royal Melbourne Hospital, Melbourne; clinical and immunogenetic
data have been reported on these patients [8,19,20]. Of
the 96 patients, 70% were female, 87% had been seropositive for rheumatoid factor at some stage, 86% had the
RA HVR3 susceptibility motif, and 86% had erosive disease. At entry to the study, 78% had active disease, and
the median Ritchie Articular Index was 5 (range 0–25). The
median age at onset was 45 years (range 15–77), and the
median duration of disease was 13 years (range 3–51).
Patients were receiving various drugs including corticosteroids, non-steroidal anti-inflammatory drugs, or diseasemodifying anti-rheumatic drugs, including methotrexate.
Sera were also obtained from 33 patients with PsA and
from 34 patients with OA attending rheumatology clinics at
the Royal Melbourne Hospital and Monash Medical Centre,
Melbourne. Sera from 93 blood donors attending the Red
Cross Blood Bank in Melbourne were used as normal controls. The use of these sera for the present study was
approved by the Standing Committee on Ethics in
Research involving Humans of Monash University.
Preparation of type II collagen

CII was prepared from human rib cartilage and bovine nasal
septum cartilage by digestion with pepsin and by differential salt precipitation [12], and the preparations appeared
pure according to an overloaded 5% SDS-PAGE gel
stained with 0.2% (w/v) Coomassie blue (Bio-Rad, Hercules, CA, USA); no contamination with other collagen
types or with proteoglycans was evident (data not shown).
CNBr digestion of bovine CII and purification of CB10
and CB11 peptides

CNBr digestion of bovine CII was performed with 3 mg of
purified bovine CII. This was dissolved in 1 ml of 70% (v/v)
formic acid, containing 50 mg of CNBr (Sigma, St Louis,
R478

MO, USA) and cleavage was achieved by the method of
Scott and Veis [21].
CB10 and CB11 were then purified as described by Miller
and Lunde [22], with slight modifications. The CB peptides
were initially resolved into two major fractions by chromatography on a Bio-Gel P-2 column (100–200 mesh, exclusion limit 2600 Da, globular proteins; Bio-Rad),
equilibrated with 0.1 M acetic acid. The larger peptides that
were eluted in the excluded volume were pooled, freezedried and re-chromatographed on a cation-exchange column of carboxymethylcellulose (Whatman CM-52), equilibrated with 0.02 M sodium citrate, pH 3.6, containing 0.01
M NaCl (start buffer). Chromatography was performed at
42°C for 10 hours with a linear salt gradient obtained by the
addition of 1% 0.16 M NaCl in 0.02 M sodium citrate, pH
3.6, to the start buffer every 6 min, with a flow rate of 1.75
ml/min, using the Bio-Rad Econo system (Bio-Rad). Fractions were collected at 10 min intervals, run on 15% Tricine
gels and stained with 0.2% (w/v) Coomassie blue. Fractions containing CB10 or CB11 were pooled separately,
desalted on the Bio-Gel P-2 column and freeze-dried. To
purify CB10 from CB8 and CB9,7, and CB11 from CB12,
each fraction was applied to a P-30 column (100–200
mesh, exclusion limit 40 kDa, globular proteins; Bio-Rad),
equilibrated in 0.1 M acetic acid. To determine the purity of
the peptides after each column run, fractions were run on
15% Tricine gels and stained with 0.2% (w/v) Coomassie
blue. Purified CB10 and CB11 were renatured by stepwise
cooling, as described by Terato and colleagues [23], from
20 to 0.2°C.
Circular dichroism

We confirmed that renaturation of the CB peptides had
occurred by performing circular dichroism spectroscopy on
a Jasco J-810 spectropolarimeter equipped with a PFD
423S/L Peltier-type temperature controller, with constant
flushing with N2. CII and CB peptides were dissolved at 1
mg/ml in 0.1 M acetic acid. Renaturation was performed as
described previously [23] and the protein concentration
was adjusted to 70–80 µg/ml. When required, denaturation was performed immediately before analysis by heating
samples to 45°C for 5 min before placement on ice. Circular dichroism spectra were recorded from 190 to 250 nm
at 5°C in a cuvette with a 1 mm light path. Each spectrum
represents an average of three scans performed at 50 nm/
min with a bandwidth of 1 nm. Thermal melting profiles
were followed at 222 nm as the temperature increased
from 5 to 40°C at a heating rate of 1°C/min.
Collagen antibody detection by enzyme-linked
immunosorbent assay (ELISA)

Antibodies against native human and native bovine CII were
measured by ELISA as described previously [7,8]. Microtitre plates were coated overnight with 10 µg/ml human or
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CB10 and CB11 antibody detection by ELISA

Antibodies against the purified CB peptides of bovine type
II collagen, namely CB10 and CB11, were measured by
ELISA as described above, with the following modifications. Plates were coated with 10 µg/ml purified peptide
and sera were diluted 1:200. All incubations were performed at 4°C and washes were done with cold Tris-buffered saline containing 0.05% Tween 20. Before addition of
the substrate, plates were left at 22°C for 10 min. Results
are expressed as SD above the mean for 10 controls, as
described above.
The monoclonal antibody (mAb) M2139 recognizing native
CB10, and the mAb CII-CI recognizing native CB11 [24],
donated by Professor R Holmdahl (Lund University, Lund,
Sweden), were used to establish that the CB peptides of
CII had renatured sufficiently to display a conformational
epitope.
Statistics

The frequency of antibodies between individual groups was
analysed with the χ2 or Fisher exact probability test, and levels of antibodies were compared with the Mann–Whitney
U-test. Antibody levels to human NCII and bovine NCII from
the same sera were compared using the Pearson product
moment correlation coefficient. P ≤ 0.05 was taken as
significant.

Results
Comparison of antibodies against human CII and bovine
CII by ELISA

We have previously reported that IgG antibodies against
NCII are detectable in 24% of patients with RA, 12% of
those with OA and 13% of those with other chronic inflammatory diseases [7]. As the CB peptides were purified from
bovine CII, because of the amount of collagen required for
purification, we initially selected random sera from patients
with RA, PsA, OA, and normal controls, to establish that

levels of antibodies against intact bovine CII were equivalent to those obtained with human CII.
In the present study, IgG antibodies against native bovine
CII were present in 23 (24%) of 94 patients with RA, 9
(27%) of 33 with patients with PsA, 3 (10%) of 31 patients
with OA, and 1 (1%) of 93 control sera. The levels of reactivity to bovine CII compared with levels with human CII
tended to be higher for patients with PsA, but not for
patients with RA (data not shown). However, the frequency
of positivity of antibodies against bovine or human CII in the
different diseases was not significantly different and was
equivalent to frequencies we have reported previously
[7,8]. Overall, for the 251 sera that were compared, there
was a highly significant correlation (R = 0.777, P < 0.001)
between levels of antibodies against human CII and antibodies against bovine CII (Fig. 1). The correlation was
higher for patients with RA (R = 0.875) than for patients
with PsA or OA (R = 0.556).
Purified CB peptides of bovine CII

After digestion of bovine CII with CNBr, the CB peptides
were separated on a carboxymethylcellulose column, using
an increasing salt gradient (Fig. 2a). The purity of the peptides after chromatography was then checked by SDSPAGE (Fig. 2b). After purification and renaturation of the
CB peptides by stepwise cooling, circular dichroism was
used to confirm that, upon renaturation, the CB peptides
had adopted a correctly folded triple-helical conformation.
Circular dichroism analysis of CB10 showed a large positive ellipticity peak at 220–225 nm, as reported for the
Figure 1
25

AbstobovineCII

bovine CII, at 4°C. Sera, diluted 1:50, were tested in duplicate in the presence or absence of antigen. Antibodies
were detected with horseradish peroxidase-conjugated
anti-human IgG (Chemicon International, Temecula, CA,
USA), with 0.5 mg/ml 2,2,-azino-di-[3-ethyl-benzthiazoline
sulfonate (6)] (Boehringer, Mannheim, Germany) as substrate in 0.03 M citric acid, 0.04 M Na2HPO4, 0.003%
H2O2, pH 4. To compensate for non-specific binding of
immunoglobulins to the plates, the optical density obtained
for wells lacking collagen was subtracted from that
obtained for wells coated with collagen. Results were
expressed as levels of reactivity based on the number of
standard deviations (SD) above the mean for 10 normal
blood donor controls tested in the same assay; the level
was considered to be raised when greater than 3 SD above
the mean; that is, an antibody level of 3 or more.
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CII of antibodies against bovine type II collagen (CII) and
human CII. Scatter plot of the levels of IgG antibodies against human
CII and bovine CII in sera of patients with rheumatoid arthritis (RA; n =
94), psoriatic arthritis (PsA; n = 33), osteoarthritis (OA; n = 31), and
normal human serum (NHS; n = 93). There is a highly significant correlation between the levels of antibodies against human CII and bovine
CII (R = 0.777, P < 0.001). The points represent for individual sera the
number of standard deviations above the mean of normal sera for which
the mean is 0. A serum is regarded as positive if it is more than three
standard deviations above the mean (dashed lines).
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Figure 2

Purification of CB peptides of type II collagen (CII).
(CII) (a) Carboxymethylcellulose chromatogram and corresponding Coomassie blue protein stain
illustrating the separation of the CB peptides of bovine CII with a linear salt gradient (dotted line). (b) Coomassie blue staining of purified CB peptides of bovine CII separated on a 15% Tricine gel.

native CII triple helix, that was lost on denaturation by heat
(Fig. 3a) [25]. Unfolding of CB10 started at about 20°C, as
shown by a decrease in the positive peak at 222 nm with
increasing temperature (Fig. 3b). These data confirm that,
after renaturation, CB10 assumes a triple-helical, collagenlike conformation. Similar results were obtained for CB11
(data not shown). By ELISA, mAb M2139, which recognizes native CB10 of CII, reacted strongly with the renatured CB10 but not renatured CB11 (Fig. 4a), whereas
mAb CII-C1, which recognizes native CB11 of CII, reacted
strongly with CB11 but not CB10 (Fig. 4b). On denaturation of CB10 and CB11, there was a loss of reactivity of
mAbs M2139 and CII-CI (Fig. 4).
Antibodies against the purified CB10 and CB11 of CII as
measured by ELISA

IgG antibodies against bovine CB10 were present in 84
(88%) of 96 patients with RA, 4 (12%) of 33 patients with
PsA, 2 (6%) of 34 patients with OA, and 3 (3%) of 93 control sera (Fig. 5a). Moreover, levels of antibodies against
CB10 were significantly higher in RA sera than in PsA, OA,
R480

and control sera (P < 0.0001). In fact, the four anti-CB10positive PsA patients had levels between 3 and 4 SD
above the mean. The frequency of IgG antibodies against
bovine CB11 was lower, but still substantial, at 48 (50%)
of 96 patients with RA (Fig. 5b), but only 2 (6%) of 33
patients with PsA, 7 (21%) of 34 patients with OA, and 2
(2%) of 93 control sera (Fig. 5b). The concentrations of
antibodies against CB11 were significantly higher in RA
than in other diseases (P < 0.0001).
The sensitivity of the test for antibodies in RA was
increased from 24% to 88% when the intact CII molecule
was replaced by CB10 and, notably, this was not at the
expense of specificity, which was 94% when CB10 was
used.

Discussion
The most significant finding from our study was that in RA
the use in an ELISA of fragments of the intact CII molecule,
particularly CB10, as antigen markedly increased the sensitivity of detection of antibodies in serum against NCII from
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24% to 88%. Moreover, this increase in sensitivity was not
at the expense of the specificity, which remained high at
94%. The current study used CB peptides purified from
bovine CII. Although obtaining sufficient human CII precluded studies on the relative efficacy of human versus
bovine CB10, our data on the use of intact CII suggest that
human CB10 might be an even more precise reactant.
There have been several studies reporting that the frequency of anti-NCII might be as high as 60–75% in
patients with RA when tested very early in the disease [1416], and thereafter frequencies tend to fall to those ascertained in the earlier cross-sectional studies [17]. If the same
applies to anti-CB10, it is likely that collagen–related
autoimmunity occurs during early initiating events in the
development of RA, rather than later as a result of new
epitopes being exposed as a result of articular damage.
Our observations should therefore be applicable to routine
diagnostic testing for anti-CII in articular diseases and, in
particular, to those cases of early undifferentiated arthritis
that do not fulfil criteria for RA but might later evolve to typical disease. Moreover, tests for anti-CB10 in conjunction
with other assays including rheumatoid factor and anti-
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cyclic citrullinated peptide (anti-CCP) could add further to
diagnostic precision, although this remains to be tested.
During analysis, epitopes of CII are detected usually by
Western blotting with CNBr digests of collagen. In RA,
studies using CB peptides of CII showed reactivity to multiple components [6,16,26,27], and there was no apparent
difference in the patterns of recognition of different CB
peptides with sera from, for example, patients with RA or
systemic lupus erythematosus [27], although anti-CII sera
from patients with relapsing polychondritis react uniquely
with CB9,7 [6]. Analytical methods alternative to immunoblotting on CB peptides have included epitope scanning of
CB11 by using overlapping sequential synthetic peptides.
This revealed as many as 21 different antibody-binding
sites on CB11 with the use of individual sera from rats
immunized with CII [28]. More recently, the use of recombinant chimeric preparations of CII has allowed the detecR481
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ular antigen-driven immune process [3,4,33]. Presumably
IgG antibodies form immune complexes with CII in the cartilage matrix and initiate the complement cascade to provoke an inflammatory reaction within the joint that causes
degradation of the cartilage matrix, noting that purified antiCII from RA serum activates complement C5 to C5a when
bound to human cartilage in vitro [2]. Anti-CII in RA are predominantly of the complement-fixing IgG subclasses IgG1
and IgG3 [7,34], as found in CIA-susceptible mouse
strains [35], whereas in the other rheumatic diseases, in
which anti-NCII are present, the non-complement fixing
subclasses IgG2 and IgG4 are predominant. Furthermore,
anti-CII, when bound to cartilage in vitro, induces degradation and phagocytosis by leukocytes of the collagen/proteoglycan matrix [36]. These observations, including the C5
activation analyses, provide persuasive evidence that
cartilage-bound anti-CII can participate in the initiation or
perpetuation of RA. In view of the particular attention given
to the role of T lymphocytes among effector mechanisms in
RA, these observations on antibody-dependent damage
are germane; further, they are not limited to anti-CII,
because antibody transfer with sera induces a profound
inflammatory arthritis in naive recipients in the murine K/
BxN model of RA in which an entirely different autoantigenic molecule is implicated [37].

20

Conclusion

Figure 5

(a)
40

No.ofS.D.

30
20
10
0
RA

PsA

OA

NHS

(b)
60

No.ofS.D.

50
40

10
0
RA

PsA

OA

NHS

Levels (NHS;
collagen
arthritis
serum
of(PsA;
in
antibodies
patients
nn = 93)
33),
with
against
osteoarthritis
rheumatoid
CB10 (a)
(OA;
arthritis
andn CB11
=(RA;
34) n
and
(b)
= of
96),
in bovine
normal
psoriatic
type
human
II
collagen in patients with rheumatoid arthritis (RA; n = 96), psoriatic
arthritis (PsA; n = 33), osteoarthritis (OA; n = 34) and in normal human
serum (NHS; n = 93). The points represent, for individual sera, the
number of standard deviations (SD) above the mean of normal sera, for
which the mean is 0. A serum is regarded as positive if it is 3SD or
more above the mean (dashed line).

tion of conformation-dependent epitopes; it is of interest
that antibodies against intact CII from patients with RA recognized several epitopes known to be arthritogenic for
murine CIA, whereas anti-CII from patients with diverse
diseases, OA, systemic lupus erythematosus, and relapsing polychondritis, reacted with other sites that lacked
arthritogenic epitopes [29].
The above observations prompt inferences on the role of
antibodies against CII in the pathogenesis of RA. Considering the CIA model, anti-CII are directly pathogenic, well
exemplified by transfer experiments in mice [30-32]. In
addition, CII-specific B cells in the diseased synovium, and
in synovial fluids of patients with RA, produce IgG autoantibodies that react with native CII, suggesting an intra-articR482

Current immunoassays to detect antibodies against intact
CII have insufficient specificity and/or sensitivity to be useful for the diagnosis of RA. However, by using as substrate
the specific cleavage product CB10 of the CII molecule in
an ELISA, antibodies were detectable in as many as 88%
of patients with RA, without any loss of specificity. CB10 is
therefore a more sensitive substrate than the intact collagen molecule and, combined with other assays
(rheumatoid factor, anti-cyclic citrullinated peptide) could
well comprise a panel with a highly reliable predictive value.
Moreover, it might also aid our understanding of the role of
collagen autoimmunity in the pathogenesis of RA.
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