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Incidence and correlation between serum IgG and
IgM antibodies to native type II collagen in patients
with chronic inflammatory arthritis
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SUMMARY Raised serum IgG and IgM antibody levels to native type II collagen were found in
patients with rheumatoid arthritis and in patients with juvenile chronic arthritis. There was a good
correlation between the serum IgG and the IgM antibody levels in rheumatoid arthritis and a weaker
correlation in juvenile chronic arthritis. Raised serum IgM antibody levels to native type II collagen
were fotund in only 1 patient each with ankylosing spondylitis and psoriatic arthritis, and in these
groups here was no correlation between the serum IgG and the IgM antibody levels. The highest
serum IgG and IgM antibody levels to native type II collagen were found in rheumatoid arthritis.
These results, together with the results on serum antiglobulin levels, indicate that patients with
rheumatoid arthritis produce antibodies ofboth IgG and IgM immunoglobulin class which may have
pathogenetic significance in the more severe arthritis found in this condition.

We have previously found raised serum IgG anti-
body levels to native type II collagen in 49% of
patients with rheumatoid arthritis (RA) 46% of
patients with ankylosing spondylitis (AS) with
peripheral joint involvement, but no patients with
psoriatic arthritis or AS with spinal involvement
alone.' Patients with RA and juvenile chronic
arthritis (JCA) may have raised serum antiglobulins
of both IgG and IgM antibody class.2 We have
therefore investigated the incidence and correlation
between the serum IgG and IgM antibody levels to
native type II collagen in patients suffering from the
chronic inflammatory arthritides.

Patients and methods

PATIENTS
Thirty-three patients with definite or classical RA,3
18 with AS,4 14 with seronegative polyarthritis
associated with psoriasis,5 25 (20 females, 5 males;
aged 2-27 yr) with JCA6 were studied. Many of
the patients were those seen in previous study.' Five
of the patients with JCA had antiglobulins in their
serum, and 2 (1 male and 1 female) had the HLA
B27 antigen. Three (12%) female children had chronic
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iridocyclitis, all of which were longstanding (5-16
years) and associated with pauciarticular disease.
Three of the adult patients with AS had a previous
history of acute iridocyclitis.

COLLAGEN
Native bovine type II collagen was extracted from
articular cartilage by pepsin solubilisation after
previous treatment with 2M MgCl,7 and appeared
pure on polyacrylamide gel electrophoresis. The
collagen was lyophilised and stored at -200C.

IMM UNOCHEMICALS
Rabbit antihuman IgG and IgM were obtained from
Miles Laboratories. Human IgG was isolated from
pooled normal human sera by DEAE-cellulose
chromatography.8 Human IgM was isolated from
pooled human sera by fractionation on a Sephadex
G 200 (Pharmacia) column.8 The purity of the
isolated IgG and IgM was checked by immuno-
electrophoresis. The human IgG or IgM was linked
by cyanogen-bromide activated Sepharose 4B
(Pharmacia), and this immunoabsorbent was used to
separate specific antihuman IgG or IgM antibody
from their respective rabbit antisera. The anti-
human IgG or IgM was eluted with 2-5 M potas-
sium thiocyanate, extensively dialysed against
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phosphate buffered saline (PBS), concentrated
1 mg/ml in an Amicon Ultrafiltration unit, a
stored at -200C in 1 ml aliquots.

RADIOLABELLING
The antihuman IgG or IgM was labelled with
to a specific activity of 0 5 ,ICi/4g by a modificati
of Hunter and Greenwood's method9 and free I

removed by application to a Sephadex G25 (Ph,
macia) column. The 1251-antihuman IgG or Ig
was stored in 1 ml aliquots in 0 1% bovine sen
albumen (BSA) in PBS at -200C. The 1251-ar
human IgG or IgM was centrifuged at 20 00(
for 40 minutes just before use to remove aggregat

RADIOIMM UNOASSAY
The levels of serum IgG or IgM antibodies to nat
type II collagen were determined using the previou
described radioimmunoassayl except for the use
either 125I-antihuman IgG or IgM in the final st
depending on which immunoglobulin was be
determined.

Statistical analysis was carried out by the 2-tai
Mann-Whitney U test and the Kendall rank c
relation coefficient (7).10

Results

The levels of serum IgM antibody against nal
bovine type II collagen in the various patient gro
are shown in Fig. 1. The mean (± 1 SD) of the
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Fig. 1 Serum IgM antibody levels to native bovine
type II collagen in patients with rheumatoid arthritis
(RA), ankylosing spondylitis (AS), psoriatic arthritis
(Psor A), juvenile chronic arthritis (JCA), and normal
controls. In AS group: * patients with peripheral
arthritis, A patients with spinal involvement alone.
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normal controls was 0-46 (± 0 22) mg/l, giving an
upper limit of normal of 0-90 mg/l (mean ± 2 SD).
The median serum IgM antibody level to native

type II collagen in the 33 patients with RA was 1 07
(range 0-135-3.68) mg/l. There was a difference in
this group from the normal controls, and this
difference was statistically significant (U = 438,
z = 4.24, P< <0 001). The 18 patients with AS hada
median serum IgM antibody level to native type II
collagen of 0 56 (range 0 03-1 22) mg/l. This group
was not significantly different from the normal
controls (U = 100, P>0 1, NS). The median
serum IgM antibody-level to native type II collagen
of the 14 patients with psoriatic arthritis was 0 586
(range 0-218-109) mg/l, and there was no signi-
ficant difference in this group from the normal
controls (U = 72, P>0 1, NS). The 25 patients with
JCA had a median serum IgM antibody level to
native type II collagen of 0 822 (range 0 156-
1 56) mg/l. This group was different from the normal
controls, and this difference was statistically signi-
ficant (U = 80, P = 0-001).

Eighteen (54%/) patients with RA, 1 patient with
AS, 1 with psoriatic arthritis, and 9 (36%) with JCA
had raised serum IgM antibody levels to native type
II collagen. The highest levels were found in RA.

tive CORRELATION BETWEEN SERUM IGG AND

iUpS IGM ANTIBODY LEVELS TO NATIVE TYPE II

up1 COLLAGEN15
The correlation between the serum IgG and IgM
antibody levels to native type II collagen in the 33
patients with RA is shown in Fig. 2, and this cor-
relation was highly significant (T = 0-49, P =
0001). Thirteen (40%/) patients had raised serum
IgG antibody levels to native type II collagen and
19 (57%) had raised serum IgM antibody levels
to the same antigen. In this group of rheumatoid
patients 13 had raised levels of both serum IgG and
IgM antibodies, 6 had only a raised serum IgM
antibody level, and 14 had normal levels of both
serum IgG and IgM antibodies to native type II
collagen. No patient had only a raised serum IgG
antibody level.

-~- In the 18 patients with AS there was a lack of
correlation between the serum IgG and IgM anti-
body levels to native type II collagen (Fig. 3; T =
0 15, P>0O 1, NS). Five patients had a raised serum

al IgG antibody level, but only 1 of these had a raised
serum IgM antibody level. This patient had severe
ankylosing spondylitis with synovial thickening and
synovitis in both knees. His serum was negative for
antiglobulins, but he had a persistently raised
erythrocyte sedimentation rate. None of the 3
patients with a previous history of acute iridocyclitis
had raised serum IgG or IgM antibody levels to
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ANTIBODIES TO NATIVE TYPE 11 COLLAGEN IN RA
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Fig. 2 Correlation between the
serum IgG and IgM antibody
levels to native bovine type II
collagen in 33 patients with
rheumatoid arthrit is.
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native type II collagen. There was also a lack of
correlation between the serum IgG and IgM
antibody levels to native type II collagen in the 14
patients with psoriatic arthritis (Fig. 4; T = -0 19,
P>0 1, NS). No patient had a raised serum IgG
antibody level, but 1 patient with marked synovial
thickening in both knees had a slightly raised serum
IgM antibody level to native type II collagen.

There was a significant correlation between the
serum IgG and IgM antibody levels to native type

7.0 8.0 9.0

II collagen in the 25 patients with JCA (Fig. 5;
T = 024, P = 003). Sixteen (64%) patients with
JCA had raised serum IgG and/or IgM antibody
levels. Seven patients had only a raised serum IgG
antibody level, 2 had only a raised serum IgM anti-
body level, and 7 had raised levels of both serum IgG
and IgM antibodies to native type II collagen.

ANTIBODIES TO NATIVE TYPE 11 COLLAGEN
IN PSORIATIC ARTHRITIS
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Fig. 3 The lack of correlation between the serum IgG
and IgM antibody levels to native bovine type II collagen
in 18 patients with ankylosing spondylitis.
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Fig. 4 The lack of correlation between the serum IgG
and IgM antibody levels to native bovine type II collagen
in 14 patients with psoriatic arthritis.
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ANTIBODIES TO NATIVE TYPE 11 COLLAGEN IN J CA
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Fig. 5 The correlation between the serum IgG and
IgM antibody levels to native bovine type II collagen
in 25 patients with juvenile chronic arthritis.

The 2 highest serum IgG and IgM antibody levels
occurred in children with seropositive rheumatoid
arthritis. Only 1 of the 3 children with chronic
iridocyclitis had a raised serum IgG antibody level
to native type H collagen.

Discussion

Antibodies to collagen have been demonstrated in
the sera of patients with RA by various techniques
which are relatively insensitive and lack measure-
ment of class-specific immunoglobulins. l-l4 The
use of a class-specific double-antibody solid phase
radioimmunoassay has allowed us to determine the
incidence of raised serum IgG and IgM antibody
levels to native type II collagen in a group of patients
suffering from the chronic inflammatory arthritides.
These studies have demonstrated raised serum

IgG antibody levels to native type II collagen in
39% of patients with RA, 42% of patients with AS
with peripheral joint involvement, but in no patients
with psoriatic arthritis or ankylosing spondylitis
with spinal involvement alone. Serum IgM anti-
body levels to native type II collagen were raised
in 57% of patients with RA, in only 1 patient each
with ankylosing spondylitis and psoriatic arthritis,
and in 36% of patients with JCA.
There was a very good correlation between the

serum IgG and IgM antibody levels in patients with
RA, though in 5 patients only the serum IgM anti-
body levels were raised. The correlation between the
serum IgG and IgM antibody levels in JCA was far
weaker, though significant. This was due to the fact
that this group is composed of all the different

arthritides. The highest serum IgG and IgM anti-
body levels to native type II collagen were found in
RA. There was a lack of correlation between serum
IgG and IgM antibody levels to native type II
collagen in the patients with ankylosing spondylitis
and psoriatic arthritis.

Native type IL collagen is found mainly in arti-
cular cartilage but also in the eye'5 and the inter-
vertebral disc.16 As ocular involvement is a feature in
many ofthe arthritides, the development ofimmunity
to native type II collagen could play a role in the
pathogenesis of the eye lesions. However, none of the
3 patients with ankylosing spondylitis and a previous
history of acute iridocyclitis (uveitis) had a raised
serum IgG or IgM antibody level to native type II
collagen, and only 1 of the 3 patients with juvenile
chronic arthritis and long-standing chronic irido-
cyclitis had raised serum IgG and IgM antibody
levels to native type II collagen. Although only 1
patient had his serum tested within 1 month of the
onset of the eye lesion, the fact that all the patients
with very high serum IgG and IgM antibody levels
to native type II collagen had no overt eye disease
suggests that humoral immunity to native type II
collagen does not play a role in the pathogenesis
of the ocular lesions associated with the arth-
ritides.
The patients with rheumatoid arthritis appear

capable of producing high serum levels of both IgG
and IgM antibodies to native type II collagen.
Patients suffering from the other forms of chronic
inflammatory arthritides are capable of producing
only moderately raised serum antibody levels, which
are almost exclusively IgG antibody to native type
II collagen. These findings are in keeping with the
results on serum antiglobulin levels, which are
highest in patients with RA and in these patients are
composed of both IgG and IgM antibodies.2 Low
levels of raised serum IgG antiglobulin may be found
in patients suffering from the 'seronegative' chronic
inflammatory arthritides.2 17-19
The reasons for the highest levels of serum anti-

bodies to native type II collagen occurring in RA
are unknown. Rheumatoid patients with high
titres of antiglobulins (< 1/1280) and nodules,
frequently possess the major histocompatibility
antigen HLA DWR3, though RA is associated with
HLA DWR4.20 In inbred mice the level of humoral
immune response to native type Il collagen has been
linked with the major histocompatibility complex
H2.21 Thus a possible association between high
serum antibody levels to native type II collagen and
the HLA system requires investigation. However,
patients with RA usually suffer more severe joint
destruction than the majority of patients with sero-
negative arthritis, so that the greater release of

1
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10 Clague, Shaw, Holt

native type IL collagen from articular cartilage could
lead to greater stimulation of the immune response.
Further studies on these factors are in progress.
Normally IgM antibody production is short-lived

after an antigenic stimulus and falls back to normal
within 6 weeks. In contrast IgG antibody production
can persist at high levels for prolonged periods,
especially after antigenic boosting. In rheumatoid
arthritis, however, there appears to be an immuno-
logical abnormality in that IgM, as well as IgG,
antibody production may persist at high levels. The
cause of this persistent production of IgM antibody
is unknown, though one reason may be the per-
sistence of antigenic stimulation. This immunological
abnormality may have important pathogenetic
significance, in both the intra- and extra-articular
manifestations of RA, as IgM antibody binds com-
plement more efficiently than IgG. This increased
complement activation by IgM antibody could then
lead to a more severe inflammatory response and
result in the more severe articular and extra-arti-
cular lesions associated with RA. The pathogenetic
significance of IgG and IgM antibodies to native
type IL collagen is now being investigated.

We thank Mrs D. Ward for typing the manuscript, Mrs S.
Roe (Department of Medical Illustrations) for preparing the
figures, and Miss Linda Hunt (Faculty of Medicine Com-
putational Group) for statistical analysis.
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by the Arthritis and Rheumatism Council and the North-
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