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Alterations in carbohydrate composition of serum
IgG from patients with rheumatoid arthritis and from
pregnant women

J M PEKELHARING,l ELLEN HEPP,2 J P KAMERLING,3 G J GERWIG,3 AND
B LEIJNSE4

From the 'Department of Clinical Chemistry, Stichting Samenwerking Delftse Ziekenhuizen, PO Box 5010,
2600 GA Delft, The Netherlands; the 2Department of Biochemistry, Dr Daniel den Hoed Cancer Center,
Rotterdam, The Netherlands; the 3Department of Bio-Organic Chemistry, Utrecht University, Utrecht, The
Netherlands; and the 'Department of Chemical Pathology, Erasmus University, Rotterdam, The Netherlands

SUMMARY The carbohydrate composition of IgG purified from serum of patients with
rheumatoid arthritis (RA), pregnant women, and blood donors has been determined by gas-
liquid chromatography. Comparison of the results indicates that IgG from patients with RA
contains significantly less galactose but more N-acetylglucosamine than normal IgG, whereas the
fucose and sialic acid contents are not changed. The carbohydrate content of IgG in RA is
reduced. IgG in pregnancy contains more galactose and more sialic acid than normal IgG,
whereas fucose, N-acetylglucosamine, and the total carbohydrate content are not changed. These
data suggest a temporal compensation of the RA associated undergalactosylation of IgG in
female patients with RA during pregnancy, a period during which remission of the disease is
often observed.
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Immunoglobulin G is a major plasma glycoprotein
containing, on average, 2-8 N-linked carbohydrate
chains per molecule.' The carbohydrate chains
consist of a variety of diantennary complex-type
structures, some containing an extra 'intersecting'
N-acetylglucosamine or a fucose residue.1 2
The plasma of patients with rheumatoid arthritis

(RA) contains aggregated immunoglobulins.2 These
so-called 'immune complexes' differ from antigen-
antibody complexes in several ways. Because of the
absence of antigen it is suggested that the aggregates
consist of certain immunoglobulins with affinity for
other immunoglobulins (autoantibodies). The
strength of the interaction between the immuno-
globulins (Ka=105 I/mol) is less than that observed
for normal antigen-antibody interactions, indicatin§
that a different type of interaction may be involved.
The recent finding of reduced galactosylation of
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the diantennary carbohydrate chains of total IgG in
patients with RA has led to a new hypothesis
concerning the aggregation of IgG molecules.4 Less
sugar constituents in the N-linked glycans of IgG
could make IgG more 'sticky' owing to a lectin-like
activity.

If incomplete glycosylation of IgG causes the
formation of harmful IgG aggregates, then condi-
tions inducing an increased plasma glycoprotein
glycosylation, such as pregnancy,5 could reverse this
aggregation. A decrease in Clq binding activity has
indeed been found in patients with RA during

6pregnancy, and a remission of RA during preg-
nancy is commonly observed,7 8 indicating that the
finding of an increased glycosylation of IgG during
pregnancy would support the suggestion of a key
role for the glycosylation of IgG in the pathogenesis
of immune aggregates in rheumatoid arthritis.
The carbohydrate composition of IgG samples

from the serum of pregnant women, patients with
RA, and healthy blood donors was compared by
detailed quantitative monosaccharide analysis with
gas-liquid chromatography.
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Materials and methods

ISOLATION OF IgG
Blood samples were obtained from pregnant
women, healthy blood donors, and from patients
with active RA visiting- the rheumatology poly-
clinics. Serum was extracted with an equal volume
of n-hexane to remove lipids, and dialysed for 24
hours against 0-0175 M phosphate buffer, pH 6 3
(buffer A). After filtration, 2 ml serum samples
were applied to a column (35x2 cm) of diethyl-
aminoethylcellulose (DEAE) (Pharmacia, Uppsala,
Sweden) equilibrated with buffer A. IgG, the
unbound fraction, was eluted with buffer A. The
bound fraction was eluted with 0-4 M phosphate
buffer, pH 5 2, containing 2 M NaCl, and discarded.
The column was regenerated by washing with 0 25 M
phosphate buffer, pH 6.3, followed by buffer A.

PURITY CHECK
Immunoelectrophoresis of the bound and the
unbound fractions was carried out using a rabbit
antiserum against human plasma proteins as well as
specific rabbit antisera against IgG, IgA and IgM.

SAMPLE PREPARATION
The isolated IgG was dialysed against distilled water
for three days at 4°C. The samples were then freeze
dried and stored over P205 for 24 hours.

MONOSACCHARIDE ANALYSIS
Carbohydrate samples were subjected to methan-
olysis (1-0 M methanolic HCl, 24 hours, 850C)
followed by gas-liquid chromatography of the tri-
methylsilylated (N-reacetylated) methyl glycosides
on a capillary CPsil5 WCOT fused silica column
(0.34 mmrx25 m; Chrompack, Middelburg, The
Netherlands).9

Results
Table 1 Monosaccharide composition per three mannoses
and percentage sugar of IgG from 10 blood donors, nine
patients with RA, and six pregnant womeni

No Man GlcNAc Gal NeuAc Fuc Sugar
(0)

Blood donors
1 3 3()9 (079 0(21) 0(70 29
2 3 308 1 03 0(24 0-73 2.1
3 3 294 074 0(14 0(72 2.1
4 3 3 26 (083 0(21 0(76 2-2
5 3 3229 0(87 0(16 0(71 24
6 3 3 13 0-75 0(13 0-69 22
7 3 293 0(82 0(22 0(67 2 5
8 3 3-30 0-93 0(20 0(77 3 0
9 3 291 0-71 0(18 0(66 23
10 3 3 01 0-88 0(14 0(63 1.9
Mean N 3 3-09 0(84 0-18 0(70 2 36

Patients with RA
1 3 3550 0(61 ((14 0(73 22
2 3 3 30 059 0(20 0(74 2 2
3 3 3-49 0.59 0-14 (-74 2 4
4 3 324 (457 0(12 (471 2()
5 3 3-30 0-58 0-14 (472 2-1
6 3 3.19 062 (011 (468 1 8
7 3 3 23 092 0(28 0-63 1 9
8 3 324 0(69 0(13 0(78 2(0
9 3 3-32 0(88 0(21 0-68 1*9
Mean RA 3 3.31 0-67 0-16 0(71 2-(6

Pregnant women
1 3 3-23 (-95 0(26 (084 2-1
2 3 3-18 0-98 0(21 0(64 35
3 3 3-15 0(77 0.23 0(71 2-1
4 3 3-16 0-96 0-22 0-65 2.1
5 3 3-14 1*10 024 (-7(0 2-3
6 3 3-17 ((94 0(23 )-70 2.3
Mean P 3 3.17 (-95 0(23 0(71 2-40

Man =Mannose; GleNAc =N-aectylglucosamine; Gal =galactose;
NcuAc=N-acctylneuraminic acid; Fuc=fucosc.

Immunoelectrophoresis of the unbound fraction
with rabbit antiserum against human IgG showed
only one large precipitation arc in the IgG region.
With antiserum against human plasma proteins no
other proteins were detected, in particular no IgA
and IgM were detected. The bound fraction was
found to contain all other plasma proteins together
with a small amount of IgG (slides not shown).

Table 2 Mean monosaccharide content (per 3 mannoses)
and sugar content (%), standard deviations and significance
of the differences of IgG from healthy blood donors
(n=10), patients with RA (n=9), and pregnant women
(n=6)

Blood donors Patients with RA p Value

GIeNAc
Gal
NcuAc
Fuc
Sugar (%)

GleNAc
Gal
NeuAc
Fuc
Sugar (%)

GIeNAc
Gal
NcuAc
Fuc
Sugar (%)

3-09
0(84
0-18
(-70
2-36

(0-15)0
(0. 1()
((0-04)
(((04)
((0-35)

Blood donors
3-09 (0-15)
0(84 (0( 1()
0-18 ((101)4)
0-70 (0.04)
2-36 (0(35)

Pregntanit women
3-17 (0(03)
(0-95 (()111)
0-23 (0-02)
(-71 ((0(07)

2-4() (() 55)

3-31
(-67
0-16
0-71
2-(6

((-111)
((0-13)
(0()6)
(0.04)
(()1. 9)

Pregncanit women
3-17 (((1)3)
0-95 (()- 11)
0-23 ((1-1)2)
0-71 ((0(1)7)
2-40 (((.55)

Patients with RA
3-31 (() I 1)
(067 ((-13)
(-16 ((0()16)
(-71 ((0()14)
2-06 (((-19)

<0(01
<0.05
NSt
NS
<(0(.05

NS
<0-05
<0(05
NS
NS

<()-()5<04)1
<0-05
NS
NS

*Values arc mean (SD).
tNS=not significant. p>()-()5S. Mann-Whitncv lest.
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The sugar analysis data of IgG obtained from 10
blood donors, nine patients with RA, and six
pregnant women are given in Table 1.

In Table 2 the significance of the differences of
the mean monosaccharide and sugar contents is
given, calculated with the Mann-Whitney test.
The IgG from patients with RA contained 20%

less galactose than IgG from healthy subjects. The
mean N-acetylglucosamine content was increased by
20%. The mean fucose and sialic acid contents were

not different from normal. In pregnancy the mean
galactose content was increased by 13% and the
mean sialic acid content by 44%, whereas N-
acetylglucosamine and fucose contents were not
different from normal.

Discussion

The monosaccharide analysis of IgG from patients
with RA shows a significantly lower amount of
galactose as compared with IgG from healthy
individuals, whereas the N-acetylglucosamine
content is significantly higher (Table 1). Although
the analysis of carbohydrate content does not give
information about the glycan structure, it is reason-
able to assume that the major difference between
IgG from patients with RA and from normals is the
reduced galactosylation of the diantennary glycans,
with a concomitant increase in N-acetylglucosamine
content. In an earlier study only the undergalacto-
sylation was indicated.4 It was stated that there are

no apparent changes in the levels of the P-N-acetyl-
glucosaminyltransferase enzymes GnT I, GnT II,

GnT III, and a(1- 6)-fucosyltransferase. As only
diantennary structures were detected4 the observed
increase of N-acetylglucosamine in this study has to
be explained as a change in GnT III activity,
responsible for the attachment of the intersecting N-
acetylglucosamine. The presence of this sugar
residue reduces the galactosylation of the mannose

ca(1- 3) arm by about 78%.1o Thus if the 20%
increase is of N-acetylglucosamine residues of the
intersecting type, this would result in a decrease of
galactose residues of about 16%, comparable with
the 20% that we found. Taken together, our results
suggest a 20% increase in intersecting N-acetyl-
glucosamine residues, resulting in undergalacto-
sylation of IgG in patients with RA.
Using a solid phase lectin binding assay, others

found that IgG from patients with RA bound
significantly more to the immobilised plant lectins
peanut agglutinin (PNA) and concanavalin A (con A)
than IgG from normals.1'

This indicates either an increased content or an

increased availability of terminal galactose groups

(binding to the PNA lectin) and diantennary sugar

chains (binding to the con A lectin). As our results
and those obtained by others4 indicate a decreased
galactose content and suggest a decreased con A
binding owing to the intersecting GlcNAc, a con-
formational change in the structure of IgG in
patients with RA leading to increased lectin binding
could explain these results. Indeed, an altered
conformation of IgG in RA has recently been
suggested. 12
Our findings could support a viral aetiology of the

disease. Viruses may alter the glycosylation of cell
glycoproteins.13 14 If the IgG producing B cells are
infected by a virus, for instance the RA associated
Epstein-Barr virus,15 which has a preference for B
lymphocytes,16 the result could be a modified glyco-
sylation of IgG produced by the infected cells. This
mechanism has been shown to occur in lympho-
blastoid cells infected by influenza virus, where
decreased glycoprotein sialylation takes place and is
only partially compensated for by an increased
cellular sialyltransferase.14 Another example is the
polyoma virus transformation of baby hamster
kidney cells, which induces a twofold increase in the
activity of the enzyme GnT V that adds N-acetyl-
glucosamine 11-6 to the al-6 linked mannose.17

If a reduced galactose content of IgG is a pre-
requisite for the appearance of (some of) the symp-
toms associated with RA, conditions of increased
galactosylation could form a compensation and
could be the basis of a therapeutic approach. Such a
condition may exist for IgG during pregnancy or
oestrogen therapy, two processes where an
increased glycosylation of other plasma glycopro-
teins has been found.5
Our results show that a significant increase (13%)

of the galactose content of IgG occurs during
pregnancy. The galactose content of IgG in preg-
nancy is 42% higher then in the RA group. Thus a
partial compensation during pregnancy of the IgG
undergalactosylation in female patients with RA can
be imagined. IgG from one female patient with RA
during pregnancy was analysed (results not shown).
It contained high levels of galactose as found in the
pregnancy group, and also high levels of N-acetyl-
glucosamine as found in the RA group. Owing to
the slight variation in carbohydrate analysis within
each group this result has to be confirmed by
carbohydrate analysis of IgG obtained from a larger
number of pregnant women with RA.
Together with an increase of IgG galactose during

pregnancy an increase of sialic acid is also found.
This suggests a more complete glycosylation of the
diantennary glycans of IgG during pregnancy. The
N-acetylglucosamine content of IgG during preg-
nancy is not different from normal.
Given the fact that the half life of IgG in the
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circulation is approximately three weeks, the recur-
rence of symptoms in female patients with RA a few
weeks after delivery can also be explained, because
the more galactosylated and sialylated IgG pro-
duced during pregnarfcy will be gradually replaced
by the RA associated undergalactosylated IgG with
possible aggregating properties produced thereafter.
Alternatively, the increased N-acetylglucosamine
content of RA IgG could also have a role, but no
decrease has been found to occur during pregnancy.
The changes in IgG glycosylation in pregnancy

may be due to the altered hormonal state. Oestro-
gens5 18 and prolactin'9 do influence glycoprotein
glycosylation. The association between autoimmune
diseases such as RA and steroid hormones has been
well described.2t 21 Oral contraceptives2223 and the
number of pregnancies24 have an influence as well.
It is tempting to suggest the glycosylation of IgG as a
key mediator in the occurrence of symptoms in RA.

Studies with asialylated IgG prepared in vitro
underline the relation between the IgG glyco-
sylation and rheumatoid factors.25 26 It would be of
interest, in view of our results mentioned above, to
extend these experiments with asialo-agalacto IgG
prepared in vitro. Other studies have shown that
differences in glycosylation of one Fab arm exist
between precipitating and non-precipitating anti-
bodies.27 28 Thus the characteristics of IgG are
delicately dependent on the glycosylation of the
molecule.
The fact that remission of the symptoms often

occurs in women with RA during pregnancy,
together with our finding of an increase in IgG
galactosylation in healthy pregnant women, sup-
ports the view4 that IgG glycosylation could have an
important role in the disease. The carbohydrate
analysis of IgG of female patients with RA during
pregnancy and the investigation of aggregating
characteristics of asialo-agalacto IgG prepared in
vitro could clarify this point.

The support from Dr A J G Swaak, Dr J L Molenaar, Dr P
Herbrink, and Mr G van der Knaap is gratefully acknowledged.
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