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Changes in the glycosylation of IgG in the 
collagen-induced model of arthritis 
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It is now well established that rheumatoid arthritis patients have reduced levels of galactose on their 
immunoglobulin G (IgG) molecules compared with normal individuals. We have investigated whether, in an 
experimentally induced model of arthritis, similar glycosylation changes on IgG are to be found. Serum IgG 
was isolated from collagen-induced arthritic DBA/1 mice and a control group, and the glycosylation of the 
IgG in these preparations was compared using lectin blotting. The glycosylation of IgG in immune 
complexes was also analysed. Arthritic mice exhibited similar glycosylation changes on their IgG as 
observed for rheumatoid arthritis patients. On average, there was less galactose on the IgG from arthritic 
mice than from the control group, but this difference was of borderline significance. However, the 
N-acetylglucosamine content of IgG was significantly elevated in arthritic mice. There was no difference in 
the sialic acid content of IgG in the two groups. The results for immune complexes were similar to those 
obtained for serum IgG, but the data were limited by insufficient numbers. The similarity in glycosylation 
changes in collagen-induced arthritis and in patients with rheumatoid arthritis suggests that common 
pathogenic mechanisms may be involved. 
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Introduction 

The immune response to type II collagen has been 
used to establish an experimental model of arthri- 
tis in mice [1]. The histological and clinical mani- 
festations of the disease bear a close resemblance 
to human rheumatoid arthritis [2]. Both humoral 
and cell-mediated immune responses to collagen 
are involved in the arthritic process. Anti-collagen 
antibodies are able to transfer the disease, and the 
development of arthritis is suppressed by anti-IgM 
treatment [3]. T cells specific for collagen type II 
are able to transfer the arthritis to both irradiated 
and normal syngeneic recipient mice [4]. Treat- 
ment with anti-CD4 antibody reduces the severity 
of the arthritis in the collagen-induced experi- 
mental model [5, 6]. 

Biochemical differences have been observed on 
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the IgG molecules in patients with rheumatoid 
arthritis. The oligosaccharides found on the IgG 
molecule are different in rheumatoid patients when 
compared with normal individuals. Glycosylation 
changes in the immunoglobulin G (IgG) molecule 
were first reported by Mullinax [7], who showed 
that the total galactose content of serum IgG is 
significantly decreased in patients with rheumatoid 
arthritis. Oligosaccharides on the Fc region of IgG 
usually terminate in either sialic acid or galactose. 
Sequential studies on the oligosaccharides present 
in the Fc region of IgG revealed that the terminal 
galactose is frequently missing in patients with 
rheumatoid arthritis, thus exposing an N-acetyl- 
glucosamine [8]. Hymes et al. [9] made a series of 
interesting observations on antiglobulin purified 
from a patient with rheumatoid arthritis and Hodg- 
kin's disease in remission. They found that the 
light chains on the antiglobulin contained 17 times 
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more sialic acid than normal IgG and that cleavage 
of the sialic acid destroyed the antiglobulin activity 
completely. They thus concluded that the F(ab')2 
sugars were crucial for forming self-associated 
complexes. It has been suggested that in rheuma- 
toid arthritis patients the self-associating immune 
complexes may arise from the sugars on F(ab')2 of 
IgG fitting into the pocket left vacant by the 
missing galactose on the Fc region [10]. 

In this study we investigated whether mice with 
collagen-induced arthritis parallel rheumatoid arth- 
ritis patients in having glycosylation defects on 
their IgG molecules. We compared the levels of 
sialic acid, galactose and N-acetylglucosamine on 
IgG molecules from collagen-immunized arthritic 
mice and control mice immunized with Freund's 
complete adjuvant. 

Materials and methods 

Collagen-induced arthritis 
Male DBA/1 mice were purchased from Olac 
(Bicester, UK). Native rat collagen type II was 
obtained from a rat chondrosarcoma by pepsin 
digestion followed by salt precipitation (a gift from 
Dr Brian Champion). The collagen was dissolved 
in 0.05 M acetic acid at 2 mg/ml and emulsified in 
an equal volume of complete Freund's adjuvant 
(Difco) at 4~ Animals were injected with 100/21 
of this emulsion subcutaneously at the base of the 
tail and with 100/21 of BCG (Evans) intraperi- 
toneally on day 0. The mice were boosted on day 
21 with 100/2g of rat collagen type II and 100/21 of 
BCG intraperitoneally. The arthritis developed by 
day 28 and the mice were bled out at the peak of 
their arthritis. 

Control mice were age matched and immunized 
with 100/21 of Freund's complete adjuvant (Difco) 
subcutaneously at the base of the tail and 100/21 of 
BCG intraperitoneally on day 0. The mice were 
boosted on day 21 with 100/21 of BCG intraperi- 
toneally. 

Histology 
Histological studies were carried out on the control 
and collagen-induced arthritic mice to establish the 
extent of the arthritic process. Paraffin sections of 
the joints were stained with haematoxylin and 
eosin. 

Purification of IgG 
IgG was purified by a combination of salt fraction- 
ation and ion-exchange chromatography [11]. All- 

quots of 50/21 of sera were mixed with equal 
volumes of saturated ammonium sulphate solution 
(BDH) for 30 min at room temperature. Superna- 
tants were removed after centrifugation and the 
pellets were resuspended in 50 #1 of 200 mM potas- 
sium phosphate buffer, pH 7.2. Following exten- 
sive dialysis against the potassium phosphate buf- 
fer, the samples were loaded onto columns filled 
with DEAE-cellulose DE52 (Whatman), which 
had been pre-equilibrated with the potassium 
phosphate buffer. Fractions were collected and the 
first peak containing IgG retained for protein 
estimation. 

Protein estimation 
Proteins were estimated using the Pierce BCA 
assay reagent (Pierce Europe), which involves the 
biuret reaction and the detection of Cu 2+ ion using 
bicinchoninic acid. 

Detection of IgG glycoforms by immunoblotting 
Sheets of nitrocellulose (Schleicher & Schull) were 
soaked in phosphate-buffered saline (PBS) for 
5 min and inserted into the Bio-Rad dot-blot ap- 
paratus (Bio-Rad Laboratories). Samples (100/21) 
of IgG (10/2g/ml PBS) were blotted in triplicate 
onto the nitrocellulose, air dried by suction, and 
the blots were removed and denatured by boiling 
for 5 rain in half-strength PBS. The nitrocellulose 
was blocked with a solution of 1% bovine serum 
albumin (BSA) in PBS containing 0.05% Tween 
20. 

Terminal glactose and N-acetylglucosamine were 
detected by our previously developed lectin assay 
[12]. Sialic acid was detected by digoxigenin- 
labelled Sambucus nigra (SNA) at 1/2g/ml (Boeh- 
ringer Mannheim). Ricinus communis agglutinin 
(RCA1), a gift from Dr E. Wawrzynczak, was 
biotinylated and diluted to 5/2g/ml in PBS/BSA. 
Biotinylated Bandeiraea simplicifolia (BSII; Vector 
Laboratories) was diluted to 5/2g/ml in PBS/BSA. 
The nitrocellulose-blotted IgG samples were incu- 
bated in the lectin solutions for 2h  at room 
temperature on a rocker. Following three washes 
in PBS/BSA the blots were incubated for 2 h on a 
rocker with streptavidin (1:500 dilution in PBS/ 
BSA) for ricin and BSII, and anti-digoxigenin for 
SNA (1:1000 in PBS/BSA). Following three 
washes with PBS/BSA the RCA1 and BSII blots 
were incubated with chloronaphthol and SNA with 
4-nitroblue tetrazolium chloride and 5-brom-4- 
chloro-indolyl phosphate until the colour deve- 
loped and then read at 405 nm in a video densito- 
meter (Bio-Rad). Samples were compared in the 
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same assay to avoid variations of colour develop- 
ment. The specificity of the lectins was established 
using a panel of glycoproteins (carboxypeptidase, 
transferrin, fetuin and asiatofetuin) as supplied in 
the glycan differentiation kit (Boehringer Mann- 
heim). 

Isolation of immune complexes 
Complexed IgG was isolated from sera by differen- 
tial solubility in polyethylene glycol (PEG) [11]. 
Fifteen microlitres of a 12% PEG 6000 solution 
was added to 50/~1 of serum and then left over- 
night at 4~ Following centrifugation the pellets 
were washed with 2% PEG solution in veronal- 
buffered saline, and their protein content was 
determined using the Pierce BCA assay. 

Statistical analysis 
Significant differences between means were deter- 
mined using the Mann-Whi tney  test. 

Results 

Collagen-induced arthritis 
Arthritis developed in collagen-treated mice from 
day 28. Histological studies confirmed severe arth- 
ritic changes in the joints of the collagen-treated 
mice (Figure 1), although the degree of arthritic 
changes varied within the group. The control 
group was found to have no abnormalities in the 
joints. 

Glucosylation of IgG in collagen-induced arthritis 

Lectin detection of galactose IgG 
Galactose was readily detectable with RCA1 lectin 
on DBA/I  mouse IgG. The galactose was lower on 
the IgG samples from the collagen-induced arth- 
ritic group (P  > 0.05 Mann-Whitney;  P < 0.027 
Student's t) compared with the controls (Figure 2). 

Lectin detection of N-acetylglucosamine on IgG 
N-acetylglucosamine as detected by BSII was 
found to be significantly elevated on the IgG 
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Figure 2. Binding of ricin to galactose on purified IgG 
from control and arthritic DBA/1 mice. Bars indicate 
the means and standard deviations. 

Figure 1. A joint showing 
irregularities of the articular 
surface (A) with a mixed 
inflammatory infiltrate (I) 
filling the joint space and 
extending into the pmi- 
articular soft tissue (PA). 
There is inflammatory dam- 
age to the periosteum (PO) 
resulting in bone destruction 
and new bone formation. 
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samples from the collagen-induced arthritic group 
compared with the control group (P<0 .01)  
(Figure3). Eleven out of 23 arthritic mice had 
BSII levels higher than any of the control group. 
The difference between the arthritic and the con- 
trol group was more significant with BSII than 
with RCA1. This is very similar to our human 
studies, in which BSII is better able to discriminate 
between normal subjects and patients with rheu- 
matoid arthritis. Furthermore, as with our human 
studies, the correlation of the inverse pattern of 
binding between the RCA1 and BSII was not 
significant. 

Lectin detection of  sialic acid on IgG 
A wide range was observed in the SNA binding on 
the IgG samples from the control group. No 
significant differences were observed between the 
mean values from the collagen-induced arthritic 
group and the control group (Figure 4). 

Arthritic score 
There was no correlation in the arthritic score of 
the mice with the lectin binding on their IgG 
molecules (data not shown). 

Analysis of  oligosaccharides in serum enriched for 
immune complexes 
We have analysed the oligosaccharides on IgG 
molecules from circulating immune complexes. 
Serum was precipitated with polyethylene glycol to 
enrich for immune complexes, however monomeric 
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Figure 3. Binding of Bandeiraea to N-acetylglucosamine 
on purified IgG from control and arthritic DBA/1 mice 
(P < 0.01). Bars indicate the means and standard devi- 
ations. 
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Figure 4. Binding of Sambucus nigra to sialic acid on 
purified IgG from control and arthritic DBA/1 mice. 
Bars indicate the means and standard deviations. 

IgG will also be present. The analysis of oligosac- 
charides on IgG molecules from immune com- 
plexes was made difficult as only low levels of 
circulating immune complexes were found in both 
the control group and in the collagen-induced 
arthritic DBA/1 mice. Sufficient quantities of 
immune complexes for sugar analysis were found 
in only a few animals, however the limited data 
obtained would seem to suggest that lectin binding 
in the serum immune complexes reflected that in 
the serum IgG for both RCA1, BSII and SNA 
binding (Figure 5 a-c). 

Discussion 

Collagen-induced arthritis in mice closely resem- 
bles rheumatoid arthritis in both clinical manifesta- 
tions and microscopical appearance. We now 
report that collagen-immunized arthritic mice have 
glycosylation defects in their IgG similar to rheu- 
matoid arthritis patients. 

Collagen-immunized arthritic mice have slightly 
lower levels of lectin-detectable galactose on their 
IgG and a significantly increased level of lectin- 
detectable N-acetylglucosamine. This inverse bind- 
ing pattern is similar to the human rheumatoid 
arthritis patients, although there was no significant 
correlation. Interestingly, in this experimental 
model for arthritis the lectin binding pattern on 
IgG is different to that in spontaneous systemic 
lupus erythematosus (SLE)-like autoimmune mice, 
MRL/lpr [13], in which more N-acetylglucosamine 
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Figure5. Binding of (a) ricin to galactose, (b) Ban- 
deiraea to N-acetylglucosamine and (c) Sambucus nigra 
to sialic acid on polyethylene glycol-preciptated Ig from 
control and arthritic DBA/1 mice. 

and galactose are seen at the same time on the 
IgG molecules. 

The pathogenic significance of these oligosac- 
charides changes in rheumatoid arthritis is uncer- 
tain. Pregnancy reveals that there is a close paral- 
lel between the degree of glycosylation on the IgG 
molecule and the clinical severity of the disease 
[14]. Rook et al. (personal communication) have 
proposed that the glycosylation of IgG may be an 
important factor in the transfer of autoantibodies 

to the fetus in an autoimmune mother. Early 
synovitis patients who have a defective glycosyla- 
tion on their IgG are also the most likely to 
develop rheumatoid arthritis [15]. We have no 
data to determine whether glycosylation defects 
are necessary for the onset of arthritis or whether 
they are a consequence of the inflammatory 
changes, but we are now examining our experi- 
mental mice to see if the glycosylation changes 
precede the development of inflammation. 

Cytokines interleukin 1 (IL-1) and IL-6 released 
during inflammation have been implicated in the 
regulation of glycosylation of acute-phase proteins 
in rheumatoid arthritis [16]. Both collagen-immu- 
nized arthritic mice and rheumatoid arthritis 
patients have raised IL-6 levels [17, 18]. Interest- 
ingly, there was a striking decrease in the glycosy- 
lation of IgG in IL-6 transgenic mice [19], which 
suggests that cytokines may have an important role 
in the regulation on the glycosylation of molecules. 

We have established that there are differences in 
the glycosylation of IgG molecules in the arthritic 
group compared with the control group. It is 
unlikely that the glycosylation defect is restricted 
to only the IgG molecule in the arthritic group. 
Glycosylation differences have been found in other 
glycosylated proteins such as oq-acid glycoprotein 
(AGP) in rheumatoid arthritis [20]. Carbohydrates 
are now considered to be very important in cell-to- 
cell recognition and in homing of lymphocytes to 
certain sites [21, 22]. Defects of IgG glycosylation 
may reflect a general defect in the glycosylation of 
molecules in arthritic individuals, which may have 
far-reaching implications as to the trafficking of 
lymphocytes. Changes in cell-surface and high 
endothelial venule glycosylation may lead to the 
lymphocytes migrating to the synovium [23], 
resulting in pathogenic chronic inflammation. Gly- 
cosylation changes on IgG have also been shown 
to have profound effects on antigen-antibody 
interaction, and those 'slight changes in the posi- 
tion of carbohydrate can effect changes of substan- 
tial magnitude in binding specificity and affinity 
[24]. Furthermore, variations in the glycosylation 
of IgG can affect complement activation and bind- 
ing to phagocytic cells [25] that may have pro- 
nounced effects on the inflammatory properties of 
the immune complexes. 
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