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Background: In K/BxN mice, anti-glucose-6-phosphate isomerase (GPI) antibodies (Abs) are
arthritogenic, and their transfer into naı̈ve mice induces arthritis. Anti-GPI Abs develop in many human
patients with RA and are associated with more severe forms of the disease.
Objective: To elucidate the serum and synovial fluid (SF) anti-GPI IgG profiles among different patient
groups with a variety of arthritides.
Methods: Blood and SF obtained concomitantly from 91 patients with clinically well defined arthritis were
tested for concentrations of total anti-GPI IgG, anti-GPI IgG subclasses, B lymphocyte stimulator (BLyS),
and APRIL by ELISA.
Results: Anti-GPI IgG was detected in sera and SF of patients with many arthritic diseases, but was
preferentially associated with inflammatory arthritis, in general, and RA, in particular. The anti-GPI IgG
subclass usage was skewed and varied among the different arthritic disease groups. Inverse correlations
between serum levels of BLyS and anti-GPI IgG and positive correlations between serum levels of APRIL
and anti-GPI IgG were seen among immune based arthritic patients and patients with RA but not among
non-immune based patients. No correlations were found in SF from any group of arthritic patients.
Conclusion: Raised circulating anti-GPI Abs are not unique to patients with RA but are present in many patients
with inflammatory arthritis. The difference in anti-GPI IgG subclass usage among disease groups may influence
effector function and disease outcome. The inverse correlation between serum BLyS and anti-GPI IgG levels
suggests that anti-GPI B cells may be regulated differently from other autoantibody producing B cells. Anti-GPI
Abs may serve a pathogenic function in humans by promoting the maintenance of existing disease.

T
he pathogenesis of rheumatoid arthritis (RA) is multi-
factorial, encompassing genetic influences on susceptibility,
environmental factors, immune mechanisms, and amplify-

ing cytokine networks that perpetuate inflammation.1–4 The
precise mechanism(s) of disease development, however,
remains unclear. The association of RA with certain HLA-DR
shared, epitope bearing alleles points to a central role for CD4+ T
cells in the initiation and propagation of joint inflammation.5

A pathogenic role for autoantibodies in RA and other forms of
inflammatory arthritis is less certain, but support for this
suggestion comes from studies using a T cell receptor transgenic
arthritis mouse model, K/BxN. In these mice, glucose-6-
phosphate isomerase (GPI) can serve as an autoantigen for
both B and T cells, and adoptive transfer of anti-GPI antibodies
(Abs) to naı̈ve mice can induce inflammatory arthritis with
features similar (but not identical) to those of human RA.6

In addition, immunisation of genetically unaltered mice
with GPI has been shown to induce peripheral polyarthritis.7

We previously detected anti-GPI IgG Abs in a large
proportion of patients with RA but rarely in patients with
Sjögren’s syndrome, Lyme arthritis, or osteoarthritis (OA) or
in healthy subjects matched for age and sex,8 and raised
levels of anti-GPI Abs have been associated with more severe
forms of RA.9 To ensure that the observed serum anti-GPI IgG
reactivity was due to GPI-specific Abs, anti-GPI IgG mono-
clonal Abs were generated from one of the patients with RA
and shown to be of high affinity and highly specific for GPI.8

The presence of anti-GPI Abs in sera from patients with RA
has been confirmed by others, albeit in most studies at a
frequency lower than we observed.10–14

B lymphocyte stimulator (BLyS), a recently identified
member of the tumour necrosis factor ligand superfamily,15–20

if given in vivo to mice induces B cell expansion and polyclonal

hypergammaglobulinaemia,15 which is, at least in part, a
consequence of inhibition of B cell apoptosis and enhanced B
cell survival.21–24 Constitutive overexpression of BLyS in blys-
transgenic mice leads to raised serum titres of multiple
autoantibodies, including anti-dsDNA and rheumatoid factor
(RF) autoantibodies.20 25 26 Increased levels of BLyS are found in
patients with conditions associated with polyclonal hyper-
gammaglobulinaemia and raised circulating autoantibody
titres, including systemic lupus erythematosus (SLE), RA,
Sjögren’s syndrome, and HIV infection.27–32 Positive correlations
between circulating BLyS and autoantibody levels were seen in
most of these studies,27–30 suggesting a direct role for BLyS in the
development of raised circulating autoantibodies.
In this report, we analysed concomitantly obtained serum

and SF samples from patients with different arthritic diseases
to evaluate the anti-GPI IgG responses in more detail. Our
results show that anti-GPI Abs are not specific for RA but are
rather broadly associated with inflammatory arthritis.
Moreover, an inverse correlation between serum levels of
anti-GPI IgG and BLyS was observed, indicating that the
anti-GPI autoimmune response exhibits features distinct
from other systemic autoantibody responses.

PATIENTS AND METHODS
Subjects were recruited for this study from the Los Angeles
County and University of Southern California Medical Center

Abbreviations: Abs, antibodies; AP, alkaline phosphatase; BLyS, B
lymphocyte stimulator; Crys, crystal induced arthritis; ELISA, enzyme
linked immunosorbent assay; GPI, glucose-6-phosphate isomerase; OA,
osteoarthritis; PBS, phosphate buffered saline; RA, rheumatoid arthritis;
RF, rheumatoid factor; SLE, systemic lupus erythematosus; SpA,
spondyloarthropathies; Tr, traumatic arthritis
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(LAC and USC MC). Diagnosis was based on established
clinical criteria.33 Sera and SF samples were concomitantly
obtained from 91 patients: diagnosed with RA (n=37),
crystal induced arthritis (Crys, including 12 gout and 2 CPPD
(n=14)), seronegative spondyloarthropathies (SpA) includ-
ing 6 Reiter’s syndrome and 5 ankylosing spondylitis
(n=11), OA (n=13), traumatic arthritis (Tr) (n=6) and
10 with other forms of arthritis (Other, including gonococcal
arthritis (n=1), culture negative infectious arthritis (n=1),
adenocarcinomatous arthritis (n=1), undifferentiated
inflammatory polyarthritis (n=1), polymyalgia rheumatica
(n=1), tuberculosis arthritis (n=2), and SLE (n=3)).
Patients with RA, SpA, undifferentiated inflammatory
arthritis, polymyalgia rheumatica, and SLE were classified
as ‘‘immune based arthritis’’, whereas patients with Crys, OA,
Tr, and infectious arthritis were classified as ‘‘non-immune
based arthritis’’. Table 1 lists the demographic and drug
treatment data of the study patients.
BLyS and APRIL levels in the sera and SF of the majority of

these patients have recently been reported.34 Coded serum
and SF samples were shipped from LAC + USC MC to the
Scripps Research Institute for blind measurement of total
anti-GPI antibody and IgG subclass concentrations and to
our collaborators at Human Genome Sciences (HGS,
Rockville, MD) for blind measurement of BLyS and APRIL
concentrations by enzyme linked immunosorbent assay
(ELISA). The protocol and use of all human samples were
approved by the institutional review boards of the Scripps
Research Institute and USC.

Purification of anti-GPI Abs from serum and SF of
patients with RA
IgG from 10–30 ml of serum from patients with RA with a
high titre of anti-GPI IgG (as previously determined by
ELISA) or control serum from a healthy subject were purified
using a protein A-Sepharose 4 fast flow column (Amersham,
Piscataway, NJ). Subsequently, the anti-GPI IgG Abs were
purified by binding to an affinity column of recombinant
human glutathione-S-transferase-GPI coupled to CNBr-
activated Sepharose 4B (Amersham, Piscataway, NJ). The
recombinant human GPI was cloned and purified as
described previously.35 Bound IgG was eluted at pH 3.3 using
100 mM citric acid and dialysed against phosphate buffered
saline (PBS). These purified anti-GPI preparations were used
as standards for the ELISAs.

Autoantibodies against GPI in serum and SF samples
An ELISA was performed as described previously.8 Briefly,
human recombinant purified GPI (hGPI) or rabbit GPI (rGPI)
from muscle type XI (EC 5.3.1.9, Sigma, Saint Louis, MO)
was coated at 5 mg/ml in PBS overnight at 4 C̊. As standard,
serial dilutions (0.02–5 mg/ml) of a serum with known
concentration of total IgG (Accurate Chemical, M1590,

Westbury, NY) were coated on the same ELISA plate,
allowing calculation of the exact concentration of anti-GPI
IgG from this standard curve. After blocking for 2 hours at
37 C̊ with 3% bovine serum albumin, sera and SF samples
diluted 1:50–1:800 were incubated for 3 hours at 37 C̊. For
the standard curve, the wells coated with standard serum
were incubated with PBS in this step. After washing with
PBS-0.05% Tween 20, the bound IgG from the serum or SF
samples and the standard serum were detected with an
alkaline phosphatase (AP) labelled F(ab9)2 fragment of a goat
antihuman IgG Fc-specific Ab (Jackson, West Grove, PA,
1:1000 in PBS), visualised with p-nitrophenyl phosphate
substrate and read at 405 nm. As an internal standard, two
RA sera were included, one with high and one with a
moderate anti-GPI titre, as well as the affinity purified anti-
GPI Ab preparation obtained from patients with RA. The
exact concentration of anti-GPI IgG (in mg/ml) in the patient
sera or SF was calculated from the standard curve in the
linear range. Interassay variation was ,15%.
For the anti-GPI IgG subclass distribution analysis the

following subclass-specific Abs: murine antihuman IgG1 at
1 mg/ml, murine antihuman IgG2 and murine antihuman
IgG4 at 5 mg/ml (all BD Pharmingen, San Diego, CA), murine
antihuman IgG3 at 5 mg/ml (Zymed, San Francisco, CA),
were incubated for 1 hour at 37 C̊. Bound anti-IgG subclass
specific Abs were detected with an AP labelled goat
antimurine F(ab9)2 fragment specific antibody (Jackson,
West Grove, PA), visualised with p-nitrophenyl phosphate
substrate, and read at 405 nm. As standards, serial dilutions
(0.02–20.0 mg/ml) of a serum with known concentration of
each of the four IgG subclasses as well as a serum for specific
quantification of IgG2 (both from Accurate Chemical, M1564
West bury, NY) were used. The exact concentration of anti-
GPI Abs (in mg/ml) in the patient sera and SF was calculated
from the linear range of the standard curves, as described
above. Interassay variation was ,20%.
The total anti-GPI IgG concentration as measured by

adding the individual anti-GPI subclass concentrations was
shown to correlate (rs= 0.768) with the total anti-GPI IgG
concentration measured using a polyclonal anti-Fc Ab, such
as represented in figs 1A, 1B, and fig 2A, indicating that the
anti-Fc Ab detected the different subclasses equally well.

BLyS and APRIL levels in serum and SF samples
BLyS and APRIL levels were determined by ELISA as
described previously.29 32 36

Statistical analysis
All analyses were performed using either Statview 4.1
(Abacus Concepts Inc, Cary, NC) or SigmaStat (SPSS,
Chicago, IL) software. Because neither sera nor SF samples
were distributed normally, non-parametric testing using the

Table 1 Subject demographic and drug treatment

RA OA Tr Crys SpA Other
(n = 37) (n = 13) (n = 6) (n = 14) (n = 11) (n = 10)

Age (years), mean (range) 46.7 (19–73) 64.1 (50–80) 46.4 (32–70) 52.9 (36–73) 29.3 (21–55) 52.1 (28–81)
Sex (F/M) 29/8 7/6 3/3 2/12 1/10 3/7
Race (Ar/As/B/H/W) 1/0/0/31/5 0/0/0/9/4 0/0/0/5/1 0/1/2/9/2 0/0/0/11/0 0/1/0/7/2
Prednisolone (n) 18 1 1 1 0 4
Methotrexate (n) 19 1 1 1 1 1
Azathioprine (n) 4 0 0 0 1 0
Sulfasalazine (n) 8 0 0 0 4 0
Hydroxychloroquine (n) 11 1 1 1 1 2
Lefluomide (n) 4 0 0 0 0 0
Etanercept (n) 1 0 0 0 0 0
Infliximab (n) 3 0 0 0 0 0

Ar, Arabic; As, Asian; B, Black; H, Hispanic; W, White.
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Mann-Whitney rank sum test between two groups, or
Kruskal-Wallis one way analysis of variance on ranks among
three or more groups was performed. Correlations were
determined by the Spearman rank order correlation.

RESULTS
Detection of anti-GPI Abs in serum and SF
Several previous studies of circulating anti-GPI Ab levels have
reported results as arbitrary units.10–14 To quantify anti-GPI
Ab concentrations as mg/ml of IgG, a human IgG anti-GPI Ab
standard was prepared by affinity purification of sera from
patients with RA with high titre anti-GPI Abs. Analysis of the

purified human anti-GPI IgG showed that the antibody
preparation bound specifically to hGPI (but minimally to a
panel of control antigens, fig 1A) and had a functional
affinity comparable to that of serum from 60 day old arthritic
K/BxN mice (fig 1B). In contrast, little GPI binding was seen
in total IgG from sera of healthy donors purified by the same
procedure as that used for the human RA sera and the
flowthrough from the GPI column of the RA IgG fraction.
Using both the affinity purified anti-GPI Ab preparation

and a standard serum with known total IgG and IgG subclass
concentrations as reference standards, we tested sera from 37
patients with RA, 13 with OA, 6 with Tr, 14 with Crys, 11
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with SpA, and 10 with other diagnoses. Measurable anti-GPI
IgG Abs were routinely detected in all but the OA patient
groups (fig 2A), although the anti-GPI IgG concentrations
and frequencies of anti-GPI IgG positive sera varied
significantly among the patient groups (p,0.001). Positivity
for serum anti-GPI IgG was defined as a concentration
greater than the 95th centile of the anti-GPI concentration of
21 sera from normal healthy controls (.35.4 mg/ml).
Eighteen of 37 (49%) RA sera, 3/6 (50%) Tr sera, 5/14
(36%) Crys sera, 4/11 (36%) SpA sera, 3/10 (30%) Other sera
(1 SLE, 1 tuberculosis arthritis, and 1 undifferentiated
inflammatory polyarthritis), and 0/13 OA sera were positive
for anti-GPI IgG Abs. The median concentration of anti-GPI
IgG Abs (32.8 mg/ml, range 0.8–72 mg/ml) in serum from
patients with RA was significantly higher than that in serum
from patients with OA (0.5 mg/ml, p,0.0001) or in normal
healthy control sera (7.6 mg/ml, p=0.028). However, no
statistically significant differences in the median concentra-
tion of anti-GPI IgG Abs was found between the RA and the
Crys (29.7 mg/ml), Tr (31.0 mg/ml), SpA (27.7 mg/ml) or Other
(32.0 mg/ml) groups.
We also measured anti-GPI IgG Abs in SF samples using

the cut off value described for the serum samples (.35.4 mg/
ml) to determine positivity (fig 2B). Twenty of 37 (54%) RA
SF, 5/13 (38%) OA SF, 5/14 (36%) Crys SF, 2/6 (33%) Tr, 5/11
(45%) SpA SF, and 6/10 (60%) Other SF were positive. The
median concentration of anti-GPI Abs in the SF samples was
significantly higher than that of the serum samples
(p,0.001). The median SF anti-GPI IgG concentration in
the RA (42.1 mg/ml, range 1–266 mg/ml, p=0.041), SpA
(86.9 mg/ml, p=0.03), and the Other groups (87.0 mg/ml,
p=0.0257) was significantly higher than that in the OA
group (13.5 mg/ml). Grouping the SF samples according to
patients with immune arthritis versus non-immune based
arthritis showed a significantly higher concentration of

anti-GPI IgG in the immune based arthritis group (p=0.025;
fig 2B).

IgG subclass distribution of anti-GPI Abs in serum
differs among arthritic disease groups
In the K/BxN mouse arthritis model, IgG1 subclass Abs have
been found to constitute the bulk of the anti-GPI Ab
response.3738 To examine whether a specific subclass is
preferentially used in the human anti-GPI Ab response, the
serum concentration of the different subclasses (IgG1–4) was
determined in patients with RA (n=37), Crys (n=12), OA
(n=12), and Reiter’s syndrome (n=6). The anti-GPI IgG
response in the different patient groups was composed of
distinctly different IgG subclasses (fig 3). Positivity was
defined as a serum anti-GPI IgG concentration greater than
the 95th centile of the mean anti-GPI concentration of 21
sera from healthy controls (for IgG1 .29.0 mg/ml, for IgG2
.12.5 mg/ml, for IgG3.6.1 mg/ml, and for IgG4.2.0 mg/ml).
Only one RA serum sample, and none from the other arthritis
groups, exhibited an IgG1 subclass anti-GPI response, the
subclass generally constituting the major part of the Ab
response to proteins (table 2). The RA sera predominantly
contained IgG3 and IgG4 anti-GPI Abs; OA and Crys sera
predominantly contained IgG2 anti-GPI Abs; and Reiter’s
syndrome sera predominantly contained IgG4 anti-GPI Abs
(fig 3, table 2). The median concentration of anti-GPI IgG3 in
RA sera was significantly higher than in Crys (p=0.003),
Reiter’s syndrome (p=0.016), and OA sera (p=0.003). The
sum of the anti-IgG1–4 concentrations correlated well
(rs= 0.768) with the directly measured total IgG anti-GPI
concentrations, indicating that the secondary antibody used
in the ELISA was able to detect anti-GPI IgG of different
subclasses.

Correlations between anti-GPI IgG concentration and
BLyS or APRIL protein levels in serum and SF samples
of arthritic patients
Previous studies have demonstrated positive correlations
between serum BLyS and specific autoantibody levels.27–31

To assess whether similar correlations exist between BLyS or
APRIL and anti-GPI IgG levels, we measured anti-GPI levels
in paired sets of sera and SF in which BLyS and APRIL levels
had already been determined.34 Surprisingly, serum anti-GPI
concentrations correlated inversely, rather than positively,
with serum BLyS levels among all arthritic patients regardless
of their diagnoses (fig 4A, p=0.008), but did correlate
positively with serum APRIL levels (fig 4B, p=0.028). These
correlation patterns were mimicked when only patients with
immune based arthritis (figs 4E and F, p=0.010, p=0.089)
or only patients with RA (figs 4I and J, p=0.052, p=0.014)
were evaluated but not when patients with non-immune
based arthritis were evaluated (data not shown). In contrast
with the serum findings, no significant correlations between
the concentrations of anti-GPI IgG and BLyS or APRIL in SF
were found in any of these patient cohorts (figs 4C and D, G
and H, K and L).
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Table 2 Percentage of patient serum samples positive for
anti-GPI IgG subclasses

IgG1 IgG2 IgG3 IgG4

RA (n = 37) 2.7 2.7 21.6 35.1
Crys (n = 12) – 58.3 8.3 –
Reiter’s syndrome (n = 6) – – – 66.6
OA (n = 12) – 33.3 – –
NS (n = 21) – 4.8 4.8 4.8

RA, rheumatoid arthritis; Crys, crystal induced arthritis; OA,
osteoarthritis; NS, normal serum.
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The inverse correlation among patients with RA between
serum levels of BLyS and anti-GPI IgG was especially
surprising, because serum levels of BLyS and RF have
previously been shown to correlate positively with each
other.29 When we focused on the 18 patients with RA for
whom we had concurrent serum BLyS and RF levels, we
again found a positive correlation between the levels of
serum RF and BLyS (fig 5A) with no correlation seen
between serum RF levels and serum APRIL levels (fig 5B).
Among this subset of patients with RA, we again found an
inverse correlation between the levels of serum anti-GPI IgG
and serum RF levels (fig 5C).

DISCUSSION
To assess the potential human relevance of anti-GPI
mediated arthritis in K/BxN mice, we measured anti-GPI
levels in sera and SF from human patients with a wide
variety of arthritic conditions. We detected anti-GPI Abs in a
large proportion of patients with RA (fig 2), although at a
frequency somewhat lower than that previously reported
(49% v 64%),8 and also in sera and SF from patients with
other forms of arthritis. Serum anti-GPI IgG Ab levels were
significantly higher in patients with immune based arthritis
compared with non-immune based arthritis, demonstrating
that anti-GPI Abs are not disease-specific for RA but, rather,

300

100

30

3

10

1

0.3

0.1

A
rS = –0.278
p = 0.008

Se
ru

m
 a

nt
i-G

PI
 (µ

g/
m

l)

1031 30

300

100

30

3

10

1

0.3

0.1

100

B
rS = 0.240
p = 0.028

103 30

1000

300

100

10

30

3

1

C
rS = 0.157
p = 0.139

SF
 a

nt
i-G

PI
 (µ

g/
m

l)

103 30

1000

300

100

10

30

3

1

300

D
rS = 0.053
p = 0.622

101 1003 30

300

100

30

3

10

1

0.3

E
rS = –0.353
p = 0.010

Se
ru

m
 a

nt
i-G

PI
 (µ

g/
m

l)

1031 30

300

100

30

3

10

1

0.3

100

F
rS = 0.245
p = 0.089

103 30

1000

300

100

10

30

3

1

G
rS = 0.122
p = 0.381

SF
 a

nt
i-G

PI
 (µ

g/
m

l)

103 30

1000

300

100

10

30

3

1

300

H
rS = –0.205
p = 0.141

101 1003 30

300

100

30

3

10

1

Serum BLyS (ng/ml)

I
rS = –0.322
p = 0.052

Se
ru

m
 a

nt
i-G

PI
 (µ

g/
m

l)

1031 30

300

100

30

3

10

1

100
Serum APRIL (ng/ml)

J
rS = 0.417
p = 0.014

103

0.3

30

1000

300

100

10

30

3

1

Serum BLyS (ng/ml)

K
rS = 0.296
p = 0.075

SF
 a

nt
i-G

PI
 (µ

g/
m

l)

103 30

1000

300

100

10

30

3

1

300
Serum APRIL (ng/ml)

L
rS = –0.043
p = 0.797

101 1003 30

Figure 4 Correlation between BLyS or APRIL levels and anti-GPI IgG concentration in serum and SF samples of arthritic patients. Correlations
representing all 91 patients with arthritis (A-D), only patients with immune based arthritis (E-H), or only patients with RA (I-L).

Anti-glucose-6-phosphate isomerase IgG levels in inflammatory arthritis 747

www.annrheumdis.com

http://ard.bmj.com


are prevalent among patients with a wide variety of immune
based inflammatory arthritis. Neither the lack of specificity
for RA nor their likely secondary, rather than primary, role in
the various disease states negates the importance of these
Abs in perpetuating arthritis or the possibility that blocking
the anti-GPI Ab response may improve disease outcome.
In K/BxN mice, the arthritogenic effect of the anti-GPI

response is mediated by Abs of a distinct subclass, IgG1, which
activates the alternative complement pathway.39 We found that
the human serum anti-GPI IgG subclass composition among
the various arthritis disease groups was skewed (table 2). The
IgG4 subclass represented a major part of the anti-GPI IgG
response in Reiter’s syndrome and RA, but was not present in
the other disease groups. Interestingly, IgG3 and IgG4 in
humans, similar to IgG1 in mice, are supported by Th2
cytokines, while the antibody subclass, which generally
dominates the immune response in both species (IgG1 in
humans and IgG2a in mice, respectively), is supported by Th1
cytokines. A shift in the balance from Th1 to Th2 cytokines
could substantially improve the arthritis conditions in a mouse
model of collagen induced arthritis.40 Further studies are
needed, therefore, to determine whether the differences in
IgG subclass distribution of the anti-GPI Abs found in different
arthritic diseases are indeed pathogenically important.
The particular IgG subclass profile found for each type of

arthritide seem to be specific for the anti-GPI response and
not a general pattern of autoantibody responses to common
autoantigens. In contrast with the subclass profiles we
observed for the anti-GPI response, Cook et al found that
the type II collagen response in patients with RA was
predominantly IgG1 and IgG3, and in patients with OA and
SLE predominantly IgG4.41 Further, Cambridge et al found
that the anti-myeloperoxidase response in patients with RA
was predominantly of the IgG1 and IgG3 subclasses,42

whereas Todome et al found that the anti-streptococcal cell
wall peptidoglycan response in patients with RA was
predominantly IgG2.43

Recently, increased circulating levels of BLyS have been
detected in several B cell dependent autoimmune diseases,
and a positive correlation between the circulating BLyS levels
and the magnitude of systemic autoimmune antibody
responses such as anti-dsDNA, anti-Sm, anti-SSA/SSB,

antiphospholipid, and RF has been observed.27–29 44 These
correlations and results from animal models suggest that
BLyS may preferentially affect autoreactive B cells, leading to
autoantibody production. It was, thus, highly surprising that
instead of observing a positive correlation between serum
BLyS and anti-GPI IgG levels, we routinely observed among
our arthritic patients positive correlations between serum
APRIL and anti-GPI IgG levels but inverse correlations
between serum BLyS and anti-GPI IgG (fig 4). The inverse
correlations between serum BLyS and anti-GPI IgG levels
were found despite a positive correlation between serum
BLyS and RF levels in patients with RA (fig 5).
A possible explanation for this surprising result is based on

the highly complex relation between BLyS and its receptors.
The three known receptors for BLyS (BAFF-R, TACI, and
BCMA) are all present on B cells to various degrees.45 The last
two receptors can also bind APRIL.16 Whereas BLyS binding
to BAFF-R leads to maturation of B cells at several
differentiation stages, BLyS binding to TACI inhibits B cell
activation,46 thereby maintaining B cell homoeostasis.
Promotion of autoantibody production by BLyS may be
mediated through BAFF-R, which has been shown to be the
major BLyS receptor on human primary B cells.45 However,
TACI is up regulated in activated B cells, and incubation with
agonistic anti-TACI Abs inhibits the ability of BLyS to
costimulate B cell activation.45 Possibly, anti-GPI producing
B cells express high surface levels of TACI, which, upon
engagement with BLyS, down modulate activation of these B
cells. Thus, high circulating levels of BLyS might be
associated with low levels of circulating anti-GPI Abs.
An important role for APRIL may emerge from the recent

findings that plasmablasts (CD38+) up regulate surface
expression of BCMA,47 rendering them sensitive to survival
signals delivered by both BLyS and APRIL. Findings that
APRIL circulates at higher concentrations in patients with
RA,34 and that APRIL levels are positively correlated with
anti-GPI Abs concentrations (figs 4B, F, J) may indicate that
plasmablasts could be the anti-GPI producing cells, and are
especially sensitive to APRIL. Our findings raise the
intriguing question of whether BLyS or APRIL antagonistic
treatment would actually lower autoantibody levels of all
specificities. Current clinical trials in patients with SLE with a
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neutralising anti-BLyS Ab may help to answer this question
for SLE associated autoantibodies.
In conclusion, our results indicate that anti-GPI Abs are

frequently found not just in patients with RA but also in
patients with other forms of inflammatory arthritis. Assaying
for anti-GPI IgG is not straightforward and may account for
some of the conflicting results reported. Our data suggest
that anti-GPI IgG is not the primary disease causing event,
but may perpetuate disease, in agreement with results from
van Gaalen et al,9 who found high titres of anti-GPI Abs
particularly associated in patients with severe forms of RA—
that is, Felty’s syndrome, vasculitis, or rheumatoid nodules.
Future studies will examine whether neutralisation of anti-
GPI IgG will alleviate the clinical and/or pathological
manifestation of inflammatory arthritis.
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with Sjögren’s syndrome. J Clin Invest 2002;109:59–68.

32 Stohl W, Metyas S, Tan SM, Cheema GS, Oamar B, Xu D, et al. B lymphocyte
stimulator (BLyS) overexpression in patients with systemic lupus erythematosus:
longitudinal observations. Arthritis Rheum 2003;48:3475–86.

33 Klippel JH, Crofford LJC, Stone JH, Weyand CM. Primer on the rheumatic
diseases, 12th ed. Atlanta: Arthritis Foundation, 2001.

34 Tan SM, Xu D, Roschke V, Perry JW, Arkfeld DG, Ehresmann GR, et al. Local
production of B lymphocyte stimulator protein and APRIL in arthritic joints of
patients with inflammatory arthritis. Arthritis Rheum 2003;48:982–92.

35 Schaller M, Benoit VM, Ditzel HJ. Response. Nat Immunol 2001;3:412–13.
36 Nardelli B, Belvedere O, Roschke V, Moore PA, Olsen HS, Migone TS, et al.

Synthesis and release of B-lymphocyte stimulator from myeloid cells. Blood
2001;97:198–204.

37 Maccioni M, Zeder-Lutz G, Huang H, Ebel C, Gerber P, Hergueux J, et al.
Arthritogenic monoclonal antibodies from K/BxN mice. J Exp Med
2002;195:1071–7.

38 Ji H, Ohmura K, Mahmood U, Lee DM, Hofhuis FM, Boackle SA, et al.
Arthritis critically dependent on innate immune system players. Immunity
2002;16:157–68.

39 Corr M, Crain B. The role of FcgammaR signaling in the K/B x N serum
transfer model of arthritis. J Immunol 2002;169:6604–9.

40 Mukherjee P, Wu B, Mayton L, Kim S-H, Robbins PD, Wooley PH. TNF
receptor gene therapy results in suppression of IgG2a anticollagen antibody in
collagen induced arthritis. Ann Rheum Dis 2003;63:707–14.

41 Cook AD, Mackay IR, Cicuttini FM, Rowley MJ. IgG subclasses of antibodies to
type II collagen in rheumatoid arthritis differ from those in systemic lupus
erythematosus and other connective tissue diseases. J Rheumatol
1997;24:2090–6.

42 Cambridge G, Williams M, Leaker B, Corbett M, Smith CR. Anti-
myeloperoxidase antibodies in patients with rheumatoid arthritis: prevalence,
clinical correlates, and IgG subclass. Ann Rheum Dis 1994;53:24–9.

43 Todome Y, Ohkuni H, Mizuse M, Furuya M, Fujikawa S, Tanaka S, et al.
Detection of antibodies against streptococcal peptidoglycan and the peptide
subunit (synthetic tetra-Dalanyl-bovine serum albumin complex) in rheumatic-
diseases. Int Arch Allergy Immunol 1992;97:301–7.

44 Stohl W. B lymphocyte stimulator protein levels in systemic lupus
erythematosus and other diseases. Curr Rheumatol Rep 2002;4:345–50.

45 Zhou T, Zhang J, Carter R, Kimberly R. BLyS and B cell autoimmunity. Curr Dir
Autoimmun 2003;6:21–37.

46 Seshasayee D, Valdez P, Yan M, Dixit VM, Tumas D, Grewal IS. Loss of TACI
causes fatal lymphoproliferation and autoimmunity, establishing TACI as an
inhibitory BLyS receptor. Immunity 2003;18:279–88.

47 Avery DT, Kalled SL, Ellyard JI, Ambrose C, Bixler SA, Thien M, et al. BAFF
selectively enhances the survival of plasmablasts generated from human
memory B cells. J Clin Invest 2003;112:286–97.

Anti-glucose-6-phosphate isomerase IgG levels in inflammatory arthritis 749

www.annrheumdis.com

http://ard.bmj.com

