
Abstract Patients with rheumatoid arthritis or with Crohn’s
disease have deficient galactosylation of serum IgG [Gal (0)].
To study whether such deviation occurs in patients with
spondyloarthropathy (SPA), we studied the percentage in-
cidence of Gal (0) corrected for age [Gal (0)corr] in 47 SPA
patients undergoing ileocolonoscopy and correlated the
findings with clinical variables and prognosis of the pa-
tients. Gal (0)corr was elevated in 36% of the patients. Such
patients had a higher number of inflamed joints (P<0.02),
higher ESR (P<0.001) and CRP (P<0.001). Elevated
Gal (0)corr was also of prognostic significance: at 6-month
follow-up those with elevated levels had a higher number
of inflamed joints (P<0.02) and ESR (P<0.05). The pres-
ence of high Gal (0)corr did not associate with gut inflam-
mation. In conclusion, a proportion of SPA patients has el-
evated levels of Gal (0), the amount of which correlates
with severity of the disease and is a prognostic marker for
chronicity of the disease.
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Introduction

The proportion of oligosaccharide side chains of immuno-
globulin G bearing no galactose [agalactosyl IgG (Gal (0)]
in the Fc region and terminating in N-acetyl glucosamine
(GlcNAc) is increased in the sera of patients with rheuma-
toid arthritis (RA) [1], inflammatory bowel disease, espe-
cially in patients with active Crohn’s disease [2, 3], or with
infection due to Mycobacterium tuberculosis [3]. In RA

patients, the amount of Gal (0) is a good marker for active
disease [4] and has a prognostic significance, patients with
progressive disease having higher levels [5, 6, 7].

The putative mechanisms of agalactosylation of IgG are
still not completely known. This has been mainly discussed
in association with RA. B cells from RA patients have re-
duced galactosyltransferase activity [8] which is reflected
in the increased production of agalactosylated IgG [9]. Cy-
tokines and oxygen radicals have been suggested to con-
tribute to the agalactosylation [10]. Alterations in interleu-
kin (IL)-6 production in patients with RA have been asso-
ciated with high agalactosyl IgG levels [11]. However, no
association has been found between the levels of Gal (0)
and IL-6 or soluble IL-2 receptor levels in the sera of RA
patients [12].

The changes in glycosylation can result in a reduced
ability of IgG to bind to Fc gamma receptors of polymor-
phonuclear leukocytes [13], and impair the fixing of com-
plement, the participation in antibody dependent cytotox-
icity, the binding to macrophages, and the elimination of
antigen-antibody complexes, as discussed by Axford [14].
The terminal GlcNAc has been shown to bind to the col-
lagenous lectin mannose-binding protein (MBP), which
can result in the activation of the complement [15]. The
abnormalities described above have been associated with
the pathogenesis of RA but not with that of seronegative
spondyloarthropathy (SPA). However, the presence of bac-
terial-antibody complexes is observed in reactive arthritis
[16] and impaired antigen elimination has also been sug-
gested to play a role in the pathogenesis of SPA [17].

Infection through mucosal route and/or gut inflamma-
tion, permitting the entry of potential enteric pathogens into
the host, plays a role in the pathogenesis of reactive arthritis
and SPA [18]. A high frequency of silent gut inflammation,
occasionally resembling lesions in Crohn’s disease, has been
observed in patients with SPA [19, 20]. Because of the as-
sociations between Gal (0) and Crohn’s disease, we studied
the presence and the level of Gal (0) in the sera of patients
with various types of SPA and correlated the results with
clinical features, laboratory markers of inflammation, gut
findings, and the later prognosis of the patients.
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Patients and methods

Patients

Sera from 47 patients with SPA, belonging to a study in which ile-
ocolonoscopy was performed in a search for asymptomatic gut in-
flammation [20], were analyzed for Gal (0). The patients included 
15 patients with reactive arthritis, 11 with chronic seronegative oli-
go- or polyarthritis, and 21 with sacroiliitis or ankylosing spondy-
litis. Reactive arthritis was diagnosed as described previously [21].
In 11 patients, the arthritis was triggered by gut infection (enteroar-
thritis; 5 with Yersinia enterocolitica, 3 with Salmonella, 1 with Shi-
gella flexneri, 1 with Staphylococcus aureus enteritis, and 1 patient
with diarrhea of unknown etiology). In 4 patients, reactive arthritis
was triggered by urethritis (uroarthritis; 2 patients with Chlamydia
trachomatis, 2 patients with nonspecific urethritis). Chronicity was
defined as the duration of arthritis for ≥ 6 months. Patients with se-
ronegative oligo- or polyarthritis fulfilled the European Spondylar-
thropathy Study Group (ESSG) criteria for spondylarthropathy [22],
and patients with ankylosing spondylitis fulfilled the New York di-
agnostic criteria [23]. Patients with radiologic evidence of only uni-
lateral sacroiliitis, with or without peripheral arthritis, were grouped
under the diagnosis of sacroiliitis. The patients were treated at the
out-patient department of the Helsinki University Central Hospital.
The initial Gal (0)corr levels studied at the time of ileocolonoscopy
(i.e., at entry) were correlated with the clinical features at 6 and 12
months later, and with laboratory tests measuring inflammation
(erythrocyte sedimentation rate, ESR, and C-reactive protein, CRP)
at 3, 6 and 12 months later.

Sera from an additional 15 control subjects also undergoing ile-
ocolonoscopy were analyzed for the Gal (0) levels. There were 4 pa-
tients with RA, 3 with uncomplicated bacterial gastroenteritis, 2 pa-
tients with noninflammatory back pain, and 6 patients with miscel-
laneous rheumatic symptoms (1 with Sjögren’s syndrome, 1 with
joint symptoms in association with celiac disease, 2 patients with ar-
thritis in association with sore throat, 1 patient with fibromyalgia,
and 1 patient with arthralgia).

The study was approved by the local ethical committee, and the
patients gave their informed consent before the study.

Methods

The study sera were collected at the time of ileocolonoscopy and
were kept at –20°C until analyzed as coded samples by coworkers
with no access to the clinical data. As there is an increase in the level
of Gal (0) with increasing age [10], age-corrected Gal (0) [Gal (0)corr]
values were obtained by subtracting the mean value found in normal
control individuals of the same age [10] from the actual Gal (0) val-

ue. Mean +2 SD of Gal (0)corr is regarded as the cut-off point for the
upper limit of normal.

The percentage incidence of Gal (0) in the sera obtained from the
patients was determined by solid phase immunoassay using a mono-
clonal antibody (GN7) to GlcNAc as described previously [24].
Briefly, sera were diluted 1 :100 and added to ELISA plates precoat-
ed with a fixed concentration of protein A. This provided an excess
of IgG so that all wells contained the same quantity. The IgG was
then denatured by heating the plates at 85°C for 8 min, in order to
expose the oligosaccharides on the Fc region. The binding of GN7
to terminal GlcNAc was then determined as described [24], and con-
verted into Gal (0) using a standard curve run on the same plates. The
standards used to generate this curve were sera in which the Gal (0)
had been predetermined by a precise biochemical method [1]. These
standards were provided by Prof. T. W. Rademacher, Molecular Med-
icine Unit, Department of Molecular Pathology, UCL Medical
School, London. The method used for the standards involves cleav-
ing the oligosaccharides from highly purified IgG using hydrazinol-
ysis. The oligosaccharides are then radiolabelled, and digested with
a mixture of exoglycosidases that result in large hydrodynamic vol-
ume differences between oligosaccharides that bear none, one or two
Galβ1-4G1cNAc structures. These are then resolved by Biogel P4
gel permeation chromatography [25].

Statistical treatment

The associations between the presence or absence of elevated levels
of Gal (0)corr and the presence of clinical features in the patients were
calculated with χ2 test (with Yates’ correction when appropriate).
Comparisons of the levels of Gal (0)corr between patient groups were
analyzed by Mann-Whitney U-test, and correlations between the lev-
el of Gal (0)corr and the number of inflamed joints, and laboratory
markers of inflammation by the Spearman correlation coefficient r.

Results

The clinical features of the patients with Gal (0)corr in dif-
ferent patient groups are presented in Table 1. Gal (0)corr
was increased in 36% of the SPA patients. There were no
statistically significant differences in the frequencies of in-
creased Gal (0)corr between the subgroups of patients. The
median level of Gal (0)corr in the patients did not differ sig-
nificantly from that in the control subjects with RA, but
tended to be higher than that of the controls with miscel-
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Table 1 Patients and controls

Enteroarthritis Uroarthritis Chronic Sacroiliitis/ Total Controls
oligo-/poly- ankylosing

Acute Chronic Acute Chronic arthritis spondylitis RA Other
(n=10) (n=1) (n=2) (n=2) (n=11) (n=21) (n=47) (n=4) (n=11)

Sex (M/F) 3/7 0/1 2/0 2/0 2/9 13/8 22/25 0/4 2/9
Age, years, mean (SD) 38.2 36.0 22.0 26.5 34.1 35.8 34.9 48.5 36.5

(16.2) (–) (–) (–) (9.4) (8.6) (10.8) (14.2) (11.6)
Sacroiliitis 2/10 1/1 0/2 2/2 1/11 19/21 25/47 0/4 3/11
Gut inflammation

Endoscopic 6/10 1/1 1/2 0/2 2/11 12/21 22/47 0/4 3/11
Histologic 5/10 0/1 1/2 1/2 2/11 7/21 16/47 2/4 3/11

Increased Gal (0)corr 5/10 0/1 1/2 0/2 4/11 7/21 17/47 3/4 1/11
Gal (0)corr , %, median 10.9 –7.9 15.4 –3.3 4.2 4.9 4.9 15.1 1.1
(range) (–7.0, (–) (+7.3, (–9.0, (–6.8, (–19.4, (19.3, (–13.1, (–13.2,

+17.9 +23.5) +2.3) +20.8) +25.6) +25.6) +23.7) +13.4)



peripheral arthritis or gut symptoms (data not shown) or
symptoms of sacroiliitis, gender, HLA-B27, or endoscopic
or histologic findings at endoscopy (Table 2).

The levels of Gal (0)corr at entry correlated with ESR in-
itially (r=0.49, P<0.001; Fig. 4), at 3-month (r=0.50,
P<0.001), at 6-month (r=0.34, P<0.05) and at 12-month
follow-up (r=0.32, P<0.05). Similar correlations were ob-
served between Gal (0)corr and CRP initially (r=0.57,
P<0.001) (Fig. 5) and at 3-month follow-up (r=0.40,
P<0.01).

The level of Gal (0)corr did not differ significantly be-
tween HLA-B27 positive and negative patients, presence
or absence of peripheral arthritis or sacroiliitis, or with re-
spect to endoscopic or histological gut inflammation (data
not shown).

Discussion

We observed an increased prevalence of agalactosyl IgG
in patients with SPA. Patients with acute reactive arthritis
had the highest levels, reaching the levels observed in RA.

173

Fig. 1 Joint counts in patients with spondyloarthropathies accord-
ing to normal (c) or increased (C) levels of age-corrected agalacto-
syl IgG, Gal (0)corr . Horizontal line denotes median

Fig. 2 Erythrocyte sedimentation rate (ESR) in patients with spon-
dyloarthropathies according to normal (c) or increased (C) levels of
Gal (0)corr . Horizontal line denotes median

Fig. 3 C-reactive protein (CRP) levels in patients with spondylo-
arthropathies according to normal (c) or increased (C) levels of
Gal (0)corr . Horizontal line denotes median

Table 2 Comparison between patients with normal and elevated le-
vels of agalactosylated IgG at entry

Level of agalactosylated IgG P

Normal Increased

Gut inflammation
Endoscopic (%) 40 59 NS
Histologic (%) 30 41 NS

Symptomatic sacroiliitis (%) 60 41 NS
Presence of HLA-B27 (%) 90 82 NS
Gender (M/F) 11/19 11/6 NS

laneous symptoms (P=0.062). The levels of Gal (0)corr in
patients with acute reactive arthritis (median 10.9, range
–7.0–23.5) did not differ significantly from those in the
control subjects with rheumatoid arthritis (15.1, range
–13.1–25.6) (Table 1).

At the time of ileocolonoscopy (i.e., at entry in the pros-
pective study), patients with increased Gal (0)corr had a higher
number of affected peripheral joints (Fig. 1), ESR (Fig. 2)
and CRP (Fig. 3). Gal (0)corr also predicted persistence of
joint symptoms: those with increased Gal (0)corr at entry had
a higher number of inflamed joints at 6-month follow-up (Fig.
1). Also, increased Gal (0)corr at entry predicted prolonged in-
flammation as measured by ESR (Fig. 2), and less distinctly
by CRP, during the subsequent 1-year follow-up (Fig. 3).

Frequency of increased Gal (0)corr did not differ be-
tween patients with respect to the presence or absence of



Both the presence and the level of Gal (0)corr were asso-
ciated with the number of peripheral joints involved and
with markers of inflammation. The initial level of Gal (0)corr
also served as a prognostic marker for chronic inflamma-
tion during the subsequent year. Our finding differs from
a previous study [3], in which 12 patients with seronega-
tive arthropathies and 10 patients with Yersinia-induced
arthritis were tested. However, the limited number of pa-
tients and lack of clinical data in the report of Parekh et al.
[3] do not allow further comparisons between their results
and those reported here.

Half of our patients had macroscopic and/or histologic
inflammation in the gut. The presence of such lesions was
not reflected in the increased prevalence or levels of
Gal (0)corr . This is contrary to the findings reported for in-
flammatory bowel disease [2, 26]. The gut lesions in SPA
can be acute or chronic, and the acute lesions are inter-

preted to be associated with possible gut infection [19]. A
subset of chronic lesions resemble early lesions of Crohn’s
disease [20]. By ileocolonoscopy, it is possible to visual-
ize the whole colon, but only a small part of the ileum. Al-
though there is less knowledge of the extent of the lesions
in the small bowel, previous studies [27] have shown that
half of the SPA patients have lesions in the colon. Also,
the lesions in SPA are small and patchy and do not involve
the whole gut. Evidently, such lesions do not evoke a
systemic inflammatory response which is reflected in the
levels of Gal (0)corr .

We observed increased levels of N-acetylglucosamine
indicating agalactosylation of IgG in our patients. How-
ever, we cannot be sure that the glycosylation change we
detected in SPA is the same as previously detected in pa-
tients with RA. A variety of oligosaccharide structures has
been shown to exist on this conserved glucosylation site
of the Fc portion of IgG [1]. They can vary in the presence
or absence of a bisecting GlcNAc, or of additional fucos-
ylation. All that we can state is that in the diseases studied
(SPA and RA) there is an increase of oligosaccharides
which have terminal GlcNAc, and that they are situated on
the conserved glycosylation site of asparagine 297 of the
Fc. This location is extremely probable because the anti-
body does not bind to IgG from patients with either dis-
eases unless the IgG has been heat denaturated (data not
shown). This is characteristic of the oligosaccharides in
this position, because they point inward towards the cen-
ter of the doughnut-like structure formed by the heavy
chains of IgG. Oligosaccharides at other sites on IgG are
accessible to antibodies without denaturation. Moreover,
any IgG with terminal mannose of GlcNAc on the Fab is
removed rapidly from the circulation by sugar receptors in
the liver and on macrophages. However, terminal GlcNAc
on the sugars in the Fc portion of IgG does not result in re-
moval from the circulation, because of its concealed loca-
tion within the “doughnut” [28].

The proportion of SPA patients with increased Gal (0)corr
in the present study (36%) is comparable to that observed
in RA (20–40%) [4]. The levels of Gal (0)corr in most pa-
tients with SPA were, however, lower than in the control
RA patients in the present study. Analogous to studies on
RA [4, 6], a high percentage of agalactosylation correlated
with disease activity and prognosis. Thus, our results show
that, although initially associated with active RA, agalac-
tosylated IgG is also a marker of active inflammation in
other forms of rheumatic disease. High Gal (0) has been
observed in patients with Takayasu’s arteritis [29] or with
systemic lupus erythematosus [30]. Thus, the demonstra-
tion of a raised level of Gal (0) in a patient with early syn-
ovitis warrants differential diagnostic studies, and cannot
be interpreted as a sign of RA, as suggested previously
[30].

The pathogenetic role of Gal (0) is still incompletely
known. It is also not known whether increased Gal (0) rep-
resents decreased galactosylation of all IgG, or an increase
in the relative concentration of a subset of agalactosyl anti-
bodies with specificity relevant to the disease process. A
recent study showed that specific pathogen free CBA/Ca
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Fig. 4 Correlation between Gal (0)corr and ESR in patients with
spondyloarthropathy at entry

Fig. 5 Correlation between Gal (0)corr and CRP in patients with
spondyloarthropathy at entry



mice, when transferred from a sterile to a conventional en-
vironment, had an increase of total serum IgG whereas the
degree of galactosylation of IgG fell [31].

Thus, the galactosylation of IgG varies during the de-
velopment of normal immune response. Agalactosylated
IgG may not itself be of pathogenetic significance, unless
the antibody has specificity. Animal studies speak for the
pathogenetic role of agalactosylated IgG in arthritis. Pas-
sive transfer of an acute synovitis in T cell-primed mice
can be enhanced by using IgG-containing autoantibodies
to collagen II when the antibodies are presented as the ag-
alactosyl glycoforms [32]. In patients with SLE, low con-
centrations of Gal (0) during pregnancy seem to be patho-
genic for the fetus. Maternal-fetal transmission of Gal (0)
antibodies with specificity to Ro(SS-A) or La(SS-B) has
been recently associated with the development of congen-
ital heart block [33]. The possible role of agalactosyl IgG
is not known in SPA, a heterogenic group of diseases, the
pathogenesis of which is still incompletely understood.
The determination of the specificity of antibodies of the
agalactosyl IgG class will perhaps in the future aid in the
definition of the antigen(s) contributing to the development
of SPA.

In conclusion, agalactosylation of IgG occurs in SPA.
In addition, the level of Gal (0)corr correlates with the num-
ber of inflamed joints and with laboratory markers of in-
flammation. The level also has prognostic importance. Sul-
fasalazine is effective in SPA [34]. During sulfasalazine
treatment of RA patients, lymphocyte galactosyltransfe-
rase activity and Gal (0)corr return to normal [35]. We can
only speculate as to whether the level of Gal (0)corr can be
used to monitor therapeutic response in patients with SPA.
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