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SUMMARY

The presence of species-specific and species-non-specific (common) epitopes has been demonstrated
on type II collagen (CII) using monoclonal antibodies. In this study, we investigated the role of
antibody response to some species-specific and common epitopes in mice immunized with human CII
for the induction ofcollagen-induced arthritis (CIA). Antibody responses to species-specific epitopes
in arthritic mice appeared significantly higher than that in non-arthritic mice. However, no significant
difference of antibody responses to common epitopes was found between arthritic and non-arthritic
mice. Monoclonal antibody reactive with one of the common epitopes exhibited the ability to induce
arthritis in mice previously given the primary injection of CII, indicating the involvement of this
epitope in the induction of CIA. Finally, we investigated the epitope specificity of anti-human CII
antibody present in serum samples of patients with rheumatoid arthritis and relapsing poly-
chondritis, and found antibodies to some common epitopes.
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INTRODUCTION

Type II collagen-induced arthritis (CIA) in susceptible rats and
mice is known to be a useful model of human rheumatoid
arthritis (RA) (Tentham, Townes & Kang, 1977; Courtenay et
al., 1980). Heterologous and homologus type II collagens (CII)
have been used for the induction of CIA (Trentham et al., 1977;
Courtenay et al., 1980; Holmdahl et al., 1986a). Autoimmunity
against self CII present in cartilage has been demonstrated to
play a critical role in the development ofCIA (Stuart, Townes &
Kang, 1984). It was also suggested that both humoral and cell-
mediated immunity against CII are involved in the induction of
arthritis (Stuart et al., 1984). However, the precise mechanism of
induction of CIA is still unclear.

The molecular weight of CII is approximately 300,000
Daltons. Many antigenic epitopes on CII derived from chicken
(Holmdahl et al., 1986b) and man (Iribe et al., 1988) have been
demonstrated using monoclonal antibodies. However, the role
ofantibody response to each epitope in the induction ofCIA has
not been clarified. Wooley et al. (1985) postulated the existence
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oftwo arthritogenic and multiple non-arthritogenic epitopes on
the CII molecule, based on an analysis of the genetic control of
immune response against CII from various species. Terato et al.
(1985) cleaved chicken CII with cyanogen bromide (CB) and
isolated one of these CB peptides that has arthritogenicity.
These findings suggest that the immune responses against some
selected epitopes on CII are involved in the induction of CIA.

In the present study, we investigated the role of the antibody
responses against several distinct epitopes on human CII in the
induction of murine CIA. Furthermore, we analysed epitope
specificity of anti-human CII antibodies derived from patients
suffering from RA and relapsing polychondritis.

MATERIALS AND METHODS

Animals
Seven to 8 week old male DBA/1J mice were purchased from
Seiwa Experimental Animal Co. (Nakatsu, Japan).

Type II collagen (CII)
Human CII was purified from the costal cartilage according to
Miller (1972) but with a slight modification as described
(Kakimoto, Hirofuji & Koga, 1984).
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Serum samples ofpatients
Serum samples of patients suffering from RA were collected at
the First Department of Internal Medicine, Faculty of Medi-
cien, Kyushu University. Serum samples of patients with
relapsing polychondritis were provided by Dr. S. Sawada in the
First Department of Internal Medicine, Faculty of Medicine,
Nippon University.

Immunization
DBA/1J mice were intradermally injected in the right foot pad
with 200 yg of human CII emulsified in complete Freund's
adjuvant. The secondary immunization with CII emulsified in
incomplete Freund's adjuvant was given to mice 3 weeks after
the primary injection. Mice were inspected daily for the onset
and the severity of arthritis. Arthritic index was scored as
described elsewhere (Wood, Pearson & Tanaka, 1969).

Assayfor anti-human CII antibody in enzyme-linked immunosor-
bent assay (ELISA)
The measurement ofanti-human CII antibody in serum samples
of mice and humans in ELISA was done according to the
method described previously (Hirofuji et al., 1985) with slight
modifications.

Monoclonal antibodies to human CII
Eight monoclonal antibodies against human CII were devel-
oped in our laboratory and characterized (Iribe et al., 1988). In
this study we used six monoclonal antibodies designated as 2-56,
2-60, 1-5, 2-14, 2-15 and 2-25. All of them were of IgG2a.k
subclass. In our previous study, 2-56 and 2-60 antibodies were
found to recognize distinct epitopes specifically expressed on
human CII (Iribe et al., 1988). On the other hand, 1-5, 2-14, 2-15
and 2-25 antibodies were shown to recognize four distinct
epitopes expressed on CII derived from rats and mice as well as
man (Iribe et al., 1988). To specify the epitopes recognized by
monoclonal antibodies, we employed those names ofmonoclon-
al antibodies.

Conjugation ofmonoclonal antibody with alkaline phosphatase
Purified monoclonal antibody was coupled to alkaline phos-
phatase according to Voller et al. (1976). Briefly, 0 5 mg of
monoclonal antibody was mixed with 1000 U of alkaline
phosphatase (SIGMA, St. Louis, MO) and dialysed. Diluted
glutaraldehyde solution was added to the mixture to give a final
concentration of 0-2% and the preparation was incubated at
room temperature for 2 h with vigorous shaking. After incuba-
tion, the sample was dialysed against PBS and finally against
0 05 M Tris-HCl pH 7-8 containing 1 mI MgCl2. The antibody
conjugated with alkaline phosphatase was diluted to a concen-
tration of 100 Mg/ml of antibody by adding Tris buffer
supplemented with 1% BSA.

Competitive inhibition assay
To measure the titre of antibody to each epitope on human CII
in serum samples, we performed a competitive inhibition
experiment in ELISA. Serum samples from mice and humans
were serially diluted and added to microtitre plates pre-coated
with human CII (Greiner, West Germany). After incubation for
30 min at room temperature, we added alkaline phosphatase-
labelled monoclonal antibody diluted 1:1000. The plates were
then incubated for 2 h at room temperature, washed with PBS

containing Tween 20 (PBS-Tween), and substrate, 4-nitrophe-
nylphosphate, was added. The reaction was halted by adding 3M
NaOH. The absorbance at 410 nm was measured using an
ELISA reader (Dynatech Lab., Alexandria, Virginia). The
percent inhibition was calculated using the following formula.

.i n I( Absorbance with inhibitor
X

Absorbance without inhibitor

Antibody titre represents the reciprocal of the sample dilution
giving 50% inhibition.

Purification of anti-human CII antibody on immunoadsorbent
column
Human CII was coupled to cyanogen bromide activated
Sepharose-CL 4B gel. The immunoadsorbent column was
equilibrated with 0-15 M NaCl-0 05 M Tris-HCl, pH 7 5. Serum
from mice or humans was applied to the column and antibodies
bound to human CII were eluted by washing the column with
0-17 M glycine-HCI, pH 23.

RESULTS

Antibody responses to four distinct epitopes on CII
Previously we defined at least seven distinct epitopes on human
CII including species-specific and common epitopes using
monoclonal antibodies (Iribe et al., 1988). Antibody response to
each epitope in mice suffering from CIA was analysed and
marked antibody responses to two species-specific epitopes and
two common epitopes were found (data not shown). In this
study we examined the time course of antibody responses to
these four distinct epitopes, and analysed -he relation between
the magnitude of antibody response and the occurrence of
arthritis. DBA/1J mice usually developed CIA two to four
weeks after the secondary injection of CII. Some mice immu-
nized with CII, however, failed to develop clinical signs of
arthritis. As shown in Fig. la and lb, the titre of antibody to
common epitopes (2-60, 2-56) reached a maximum 3 to 5 weeks
after the secondary immunization and then gradually decreased.
As shown in Fig. 2a, the titre of antibody to one common
epitope (1-5) reached a maximum 3 weeks after the secondary
immunization, and then the level of antibody rapidly decreased.
The production of antibody against another common epitope
(2-15) is shown in Fig. 2b. High titre of antibody against this
epitope was detected in two non-arthritic mice within 2 weeks
after the secondary immunization. Statistical significance of
antibody responses against these epitopes between arthritic and
non-arthritic mice was evaluated using Student's t-test. As
shown in Fig. 3, the titres of antibody against two species-
specific epitopes in arthritic mice were significantly higher than
that in non-arthritic mice. No significant difference in antibody
response to common epitopes was found between arthritic and
non-arthritic mice. Thus, the high antibody response to species-
specific epitopes rather than to common epitopes correlated well
with the occurrence of arthritis. Total antibody level to CII was
not significantly different between arthritic and non-arthritic
mice.

Antibodies against common epitopes rather than against
species-specific epitopes on human CII should be involved in the
induction of CIA. As described above, we noticed that the titre
of antibody against one common epitope (1-5) in arthritic mice
rapidly decreased after reaching the maximum. Since this may
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Fig. 1. The time course of the titre of antibody to species-specific epitopes on human CII in mice. Serum samples collected from mice
immunized with CII as described were tested for antibody to species-specific epitopes on human CII in competitive inhibition ofELISA.

(1 ), mice with arthritis; ( ), mice without arthritis during the inspection. (a) 2-60 epitope; (b) 2-56 epitope.

2 3 4 5 6 7 2 3 4 5 6 7
Time (weeks)

Fig. 2. The time course of titre ofantibody to common epitopes on human CII in mice. Serum samples used in the experiment shown in
Fig. I were tested for antibody to common epitopes on human CII in competitive inhibition of ELISA. ( ), mice with arthritis;
(- --), mice without arthritis during the inspection. (a) 1-5 epitopes; (b) 2-15 epitope.
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Fig. 3. Comparison of antibody titres to various epitopes on human CII
between arthritic and non-arthritic mice. Antibody titres to various
epitopes as well as to human CII were compared between arthritic and
non-arthritic mice. Antibody titres of sera collected from mice 3 weeks
after the secondary immunization are shown. The statistical significance
of the data was evaluated with Student's f-test. * P < 0-01.
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Fig. 4. Transfer of monoclonal antibody into mice. Monoclonal
antibody (4 mg/mouse) was intravenously injected into mice previously
given the primary immunization of human CII The incidence and
severity of arthritis were inspected daily after injection. Five mice were

used for each group. (- *), 1-5 antibody; (0 O), 2-56 antibody;
(ea ^), normal mouse IgG.

be due to the absorption of antibody by CII exposed in vivo, we
examined the possible involvement of 1-5 antibody in the
induction of arthritis.

Induction of arthritis by monoclonal antibody
When naive mice were given monoclonal anti-CIT antibodies
intravenously, they did not show any clinical sign of arthritis.
Therefore, we used mice immunized with human CII three
weeks previously as recipients of monoclonal antibodies. We
gave these primed mice an intravenous injection of monoclonal
antibody. As shown in Fig. 4, mice injected with 1-5 antibody
developed mild arthritis 4 days after the transfer of antibody.

Severe arthritis appeared 18 days after the injection of antibody.
On the other hand, the injection of 2-56 antibody to species-
specific epitope was not effective on the induction of arthritis.
These findings indicate the pathogenic role of 1-5 antibody in
the induction of CIA.

Epitope specificity of anti-CII antibody derivedfrom patients
Several serum samples of patients with RA or relapsing
polychondritis showed marked anti-CII antibody response in
ELISA (Table 1). Epitope specificity of anti-CII antibodies of
patients was examined in competitive inhibition. As shown in
Table 1, some sera of these patients significantly inhibited the
bindings of 1-5, 2-15 and 2-25 antibodies to human CII.
However, the bindings of 2-60 and 2-14 antibodies were not
significantly affected by the serum samples. Serum ofone patient
with RA showed high titre of anti-CII antibody and strongly
inhibited the binding of 2-15 antibody to CII (98%). Antibodies
to human CII were purified from serum of this patient using
immunoadsorbent column coupled to human CII and tested for
the epitope specificity. As shown in Table 2, purified antibodies
of patients also exhibited strong inhibitory effect on the binding
of 2-15 antibody to CII. On the other hand, anti-CII antibodies
purified from arthritic mice had inhibitory activity on the
binding of 2-56, 2-60, 1-5, 2-15 and 2-25 antibodies.

DISCUSSION

Heterologous CII has been used for the induction of CIA in
mice. Many antigenic epitopes present on CII were defined by
Holmdahl et al. (1986b) and by Iribe et al., 1988, using
monoclonal antibodies. It has been postulated that some
selected epitopes among many epitopes on CII are involved in
the induction of arthritis (Holmdahl et al., 1986b, Wooley et al.,
1985). The immune response against species-specific epitopes
expressed on CII derived from other species such as chick and
man probably would not participate in the initiation of murine
CIA. On the other hand, the immune response against common
antigenic epitopes on CII could play a critical role in the
induction of arthritis. However, it is possible that heterologous
CII expressing species-specific epitopes on its surface can evoke
a stronger immune response against CII than homologous CII
when adminstered to mice. Indeed, it was reported that mice
immunized with heterologous CII produced much more anti-
CII anitbody than mice immunized with homologous CII
(Holmdahl et al., 1986a; Watson & Townes, 1985; Wooley et al.,
1981).

In this study, we investigated the antibody response against
several distinct epitopes, including species-specific and common
epitopes, on human CII in the DBA/1J mouse susceptible to
CIA. We compared the antibody repsonse against four epitopes
on human CII between arthritic and non-arthritic mice after the
secondary immunization with CIL The antibody levels of
arthritic mice against two species-specific epitopes (2-56, 2-60'
appeared significantly higher than that of non-arthritic mice. On
the other hand, the levels of antibody to two common epitopes
(1-5, 2-15) were not significantly different between arthritic and
non-arthritic mice. Thus the high antibody response against
species-specific epitopes rather than that against common
epitopes correlated well with the occurrence of arthritis. When
we compared the total antibody level against human CII
between arthritic and non-arthritic mice, we could not find a
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Table 1. Epitope specificity of anti-human type II collagen antibodies derived from patients with
RA and relapsing polychondritis

Anti-human CII % inhibition of binding labelled antibody
antibody in ELISA

Serum samplest (OD at 410 nm) 2-60 1-5 2-14 2-15 2-25

Normalhumanserum(n=7) 0-033+0 01 27+ 12 5+8 13+6 24+10 11+4
RA

1 0030 55 46* 7 33 19
2 0 66 63 53* 9 98* 25*
3 0-28 51 22 9 52 16
4 0 34 45 20 4 76* 35*

Relapsing polychondritis
1 0046 39 39* 23 70* 35*
2 0 40 35 29 7 55* 18
3 0 33 15 14 15 9 0

* Values exceeding the mean value of control sera by more than three s.d.
t Serum samples were diluted to 1/10 and used for assay.

Table 2. Epitope specificity of purified anti-human type II collagen
antibodies derived from patient with RA and arthritic mice

% inhibition of binding
Purified antibody to of labelled antibody
human type II collagen
derived from 2-56 2-60 1-5 2-14 2-15 2-25

Mice immunized with
human type II collagen* 89 96 93 0 93 68
Patient with RAt 0 9 18 0 88 0

* Antibody sample was diluted to 1/50 of the original volume of
serum sample and used as inhibitor.

t Antibody sample was diluted to 1/5 of the original volume of
serum sample and used as inhibitor.

significant difference between them. Previously, Klareskog et al.
(1986) used monoclonal antibodies to three different epitopes on
native CII for immunohistochemical analysis of antigenic
determinants that are exposed in the cartilage and synovial
tissue obtained from patients with RA and osteoarthritis (OA).
They showed that two of the monoclonal antibodies reacted
with cartilage from both OA and RA joints, but not with that
from normal joints. Holmdahl et al. (1986a) used native murine
CII for immunization of DBA/IJ mice, and found that titres of
anti-CHI antibodies did not correlate well with arthritis develop-
ment. The antibodies against common epitopes, but not anti-
bodies against species-specific epitopes, may be partially
absorbed from the circulation due to their binding property to
murine CII, possibly exposed on the affected joints. Therefore,
the antibody level against species-specific epitopes rather than
common epitopes on human CII reflects the actual amount of
antibody produced in the mouse. Antibody responses to species-
specific epitopes on human CII may represent exactly the
magnitude of antibody response against human CII in mice.

The antibody response against one common epitope (1-5) in
arthritic mice reached the maximum just before the appearance

of clinical signs of arthritis and then the antibody level rapidly
decreased. Antibody against this epitope (1-5) might play some
role in the initiation of arthritis. Transfer experiments with
monoclonal antibody revealed the possible involvement of 1-5
antibody in the occurrence of arthritis. The 1-5 antibody
exhibited the ability to induce arthritis in mice pre-immunized
with human CII, suggesting that a common epitope recognized
by 1-5 antibody is one of the arthtitogenic epitopes. The
mechanism of the induction of arthritis by 1-5 antibody is not
clear at present. However, it is possible that 1-5 antibody is
involved in the induction of arthritis in cooperation with other
antibodies and cell-mediated immunity against CII.

Autoantibodies against CII have been detected in the sera,
synovial fluids, cartilage, and synovial tissue of some patients
with RA (Adriopoulos et al., 1976; Clague, Shaw & Holt, 1980;
Stuart et al., 1983; Jasin, 1985; Mostecky & Miller, 1975).
Recently, purified anti-CII antibody from one patient with RA
was found to passively transfer arthritis to naive mice (Wooley
et al., 1984), thereby providing evidence for the pathogenicity of
this autoantibody in human arthritis. In the present study, we
investigated the epitope specificity of anti-CII antibodies pre-
sent in the sera of patients with RA or relapsing polychondritis.
Autoantibodies reactive with common epitopes rather than
species-specific epitopes on human CII were predominantly
found in the serum samples ofthese patients. Thus, the spectrum
of epitope specificity of human autoantibodies seems to be
somewhat different from that of murine antibodies to human
CII. With regard to antibodies to common epitopes, antibodies
to some selected epitopes (1-5, 2-15, 2-25) were found in sera of
both patients and arthritic mice. Antibody to one of the
common epitopes (2-14) could not be detected in sera of either
patients or arthritic mice. These findings indicate that some
selected common epitopes of CII are recognized as autoantigen
in both mice and humans. The specific immune response against
CII, but not polyclonal activation of B cells is probably
generated in some patients with RA, and the autoantibodies to
CII produced would play some role in the development of
disease.
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