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SUMMARY

The objective of this study was to determine the diagnostic and prognostic values of antiglucose-6-
phosphate isomerase (GPI) antibodies in patients with very early arthritis. Anti-GPI antibodies were
measured by ELISA using purified GPI from rabbit muscle in: (i) 383 sera from healthy blood donors
(n =120), well-established rheumatoid arthritis (RA) (n=99) and non-RA differentiated arthritis
(NRADA) (n =164) patients; (ii) 195 sera obtained from community-recruited patients with very early
inflammatory arthritis (VErA cohort) that were studied for 1 year and classified as having RA (n = 116),
NRADA (n =41), and undifferentiated arthritis (UA) (n = 38) after the follow-up period. The criterion
for severity was the progression of radiographic damage. Prevalence of anti-GPI antibodies was signif-
icantly higher in well-established RA patients (45-4% ) compared to healthy subjects (2:5%). Anti-GPI
antibodies were also present in sera from NRADA: systemic lupus erythematosus 53%, polymyositis
45-4%, adult-onset Still’s disease 44 %, systemic sclerosis 42:8 %, spondylarthropathies 25% and primary
Sjogren’s syndrome 5-8%. No significant association was found between the presence of anti-GPI anti-
bodies and the 3 diagnostic groups from the VErA cohort. No correlation was observed between
anti-GPI and autoantibodies usually associated with RA. Anti-GPI antibodies were not predictive of
radiological progression in patients with very early arthritis. Thus, anti-GPI antibodies are not useful
for discriminating RA from non-RA rheumatic diseases and do not constitute a predictive factor of

structural damage.
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INTRODUCTION

Rheumatoid arthritis (RA) is the most frequent chronic rheu-
matic disease thought to be of both inflammatory and autoim-
mune origin. A large number of autoantibodies (autoAbs) is
associated with RA and some of them constitute useful markers
for RA diagnosis and/or prognosis. Rheumatoid factor (RF) is the
unique serological marker of the ACR criteria [1] and is also con-
sidered to have bad prognostic value [2-4]. AutoAbs recognizing
citrullinated antigenic determinants of filaggrin [5], and particu-
larly anticyclic citrullinated peptide (CCP) and antirat citrulli-
nated recombinant filaggrin antibodies, are another interesting
serological marker because of their early appearance in the
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course of the disease [6], their high diagnostic value [7-13], their
ability to predict the persistence of the disease and particularly to
distinguish erosive from non erosive RA [14-18]. However, anti-
citrullinated protein/peptide autoAbs do not allow to diagnose all
RA. Thus, new serological markers are highly required.
Recently, a new animal model of RA has been described by
Matsumoto et al. [19] which is characterized by the production of
arthritogenic autoAbs. In this model, K/BxN T cell receptor trans-
genic mice spontaneously develop a destructive and chronic pol-
yarthritis sharing features with human RA. These mice produce
autoAbs directed against the ubiquitous cytoplasmic enzyme
glucose-6-phosphate isomerase (GPI) that were shown to induce
arthritis when injected into normal recipients. The pathogenic
property of anti-GPI antibodies was demonstrated to be due to
their interaction with GPI deposits present at the cartilage surface
and the subsequent activation of complement alternative pathway
[20-22] in the absence of membrane-bound complement regula-
tory proteins. Thus, the unique molecular characteristics of
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cartilage with the involvement of innate immunity can explain a
tissue specific disease mediated by autoAbs directed to an ubiq-
uitous molecule [23-25].

This model revived the role of autoAbs in RA and prompted
several investigators to look for the presence of anti-GPI antibod-
ies in RA and other rheumatic diseases. While the original study
reported the presence of autoAbs to GPI in RA [26], recent data
[27-31] suggest that they do not contribute to the diagnostic of
RA. However, the clinical significance of these autoAbs has not
yet been assessed in a well-documented cohort of community
cases of very early arthritis, particularly in terms of prognostic
value. Thus, the aim of this present study was to evaluate the diag-
nostic and prognostic significance of anti-GPI autoAbs in com-
munity-recruited patients with very early arthritis.

PATIENTS AND METHODS

Group I: patients studied to determine the characteristics of the
ELISA used for detection of anti-GPI autoAb

From 1989 to 2002, sera from patients with classified rheumatic
diseases referred to the departments of Rheumatology and
Immunology were collected and stored at —80°C. A total of 383
disease-associated and control sera was tested. This group
included 120 blood donors as the healthy control group, 99
patients with established RA (median duration, 6 years) and 164
patients with non-RA rheumatic diseases defined according to
international criteria [1,32-37] i.e. 85 with systemic lupus erythe-
matosus (SLE), 28 with spondylarthropathies (SPA), 17 with pri-
mary Sjogren syndrome (pSS), 14 with systemic sclerosis (SSc), 11
with polymyositis (PM) and 9 with adult-onset Still’s disease
(AOSD).

Group 2: community-recruited patients with very early arthritis

(VErA cohort) to evaluate the diagnostic and prognostic values

of anti-GPI autoAbs

At the time of anti-GPI autoAb evaluation, this cohort included
195 patients (mean age 51 + 14-4 years, range 19-84 years; F/M
ratio: 2-3) recruited prospectively in two French regions, i.e. the
entire province of Haute-Normandie (1-8 million people) and the
metropolitan area of Amiens (300 000 people). They are prima-
rily European Caucasian. General practitioners, private and hos-
pital rheumatologists of these areas recruited new cases of
inflammatory arthritis. To contact a maximum of patients, so as to
obtain a representative sample of those regions, a large informa-
tion campaign was conducted yearly through the news, radio and
TV medias. Patients were required to have swelling of at least
2 joints persisting for >4 weeks, evolving for < 6months
(45 £ 2-4 month, range 2-6 months), and no local or systemic
corticotherapy or disease-modifying antirheumatic drugs
(DMRAD:s) before inclusion. Exclusion criteria were: inflamma-
tory back pain, pregnant or nursing woman. At the end of the
follow-up, i.e. 1 years after the first symptoms, patients were clas-
sified as having RA (n = 116) according to ACR criteria, non-RA
differentiated arthritis (NRADA) (n=41) (Table 1), and undif-
ferentiated arthritis (UA) (n=38). Patients with well defined
non-RA rheumatic diseases were not followed-up. At baseline,
several clinical and biological parameters were collected: Ritchie
articular index, disease activity score (DAS), ESR, CRP and
autoantibodies including RF isotypes, AKA, APF, anti-CCP,
antio-enolase and anti-GPI autoAbs (see below). Radiographs of
the hands and feet were carried out at inclusion and at the end of

Table 1. Prevalence of anti-GPI autoantibodies in the different
populations studied

Anti-GPI
Patients E—
n n (%)
Group 1
Healthy controls 120 3 (2'5)
Rheumatoid arthritis 99 45 (45-4)
Systemic lupus erythematosus 85 45 (52-9)
Spondylarthropathies 28 7 (25)
Primary Sjogren syndrome 17 1 (59)
Systemic sclerosis 14 6 (42-8)
Polymyositis 11 5 (45-4)
Adult-onset Still’s disease 9 4 (44-4)
Group 2
Rheumatoid arthritis 116 33 (284)
Unclassified arthritis 38 8 (21-1)
Non-RA differentiated arthritis 41 11 (26-8)
Spondylarthropathies 14 3 (21-4)
Crystal-induced arthritis 5 0 0)
Osteoarthritis 11 1 (9-1)
Paramalignant arthritis 3 1 (333)
Parvovirus B19 arthritis 1 1 (100)
Connective tissue diseases
Primary Sjogren syndrome 2 2 (100)
Mixed connective tissue disease 1 1 (100)
Polymyositis 1 0 0)
Behcet’s disease 1 1 (100)
Wegener’s granulomatosis 1 1 (100)
Unclassified 1 0 0)

follow-up. They were read chronologically by two experienced
rheumatologists (OM and PF), using the van der Heijde-modified
Sharp method. The criterion for severity of the disease was
defined by progression of radiological damage during the follow-
up period. The study was approved by the local Ethical Commit-
tee. Prior to entry into the protocol, each patient was informed of
the nature, duration and purpose of the study and gave written
consent.

ELISA for the detection of anti-GPI antoAbs (anti-GPI ELISA)
Microtitre plates (96 wells, CEB, Angers, France) were coated
with purified rabbit muscle GPI (Sigma, Saint-Quentin Falla-
vier, France), at 10 ug/ml in carbonate/bicarbonate buffer for 2
h at 37°C. A unique batch of GPI was used for all the study.
Free sites were blocked with PBS containing Tween 0-05% (V/
V) (PBST) and bovine serum albumin 1% (W/V) (PBSTBSA)
for 1 h at 37°C. Serum samples were diluted at 1:100 in PBST-
BSA and 100 ul were added to each well for 2 h at 37°C. Each
serum sample was assayed in duplicate on wells coated with
rabbit GPI or coating buffer alone. After 6 washes in PBST,
F(ab’), goat antihuman IgG Fc labelled with peroxydase (Jack-
son Immunology, Baltimore, PA, USA) were added for 1 h at
37°C. After 3 washes, O-phenylenediamine substrate (Sigma)
was used to detect enzymatic activity and reaction was stopped
with 3 N HCI. Plates were read at 492 nm. A standard curve
was established using dilutions of a serum known to have a high
anti-GPI Ab titre. AutoAb titres were expressed in arbitrary
units (AU).
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Western blotting

Purified rabbit muscle GPI was separated by sodium dodecyl
sulphate-polyacrylamide gel electrophoresis (SDS-PAGE) and
electrotransferred onto a nitrocellulose filter using NuPage sys-
tem (Novex, Invitrogen, Cergy Pontoise, France). The membrane
was air dried overnight and incubated with anti-GPI Ab positive
sera diluted at 1:80. IgG were revealed using goat antihuman
IgG labelled with phosphatase alkaline (Caltag Laboratories,
Burlingame, CA, USA). Revelation was performed with 5-
Bromo-4-Chloro-3-Indolyl phosphate/Nitro Blue Tetrazolium
substrate (Sigma).

Indirect immunofluorescence detection of AKA/APF

APF was detected on freshly prepared human buccal mucosa cells
and AKA by a semiquantitative indirect immunofluorescence
assay on sections of the middle third of rat oesophagus, as previ-
ously reported [38,39].

ELISA for the detection of anti-CCP autoAbs

The second generation CCP2 ELISA from Euroimmun (Grof
Gronau, Germany) was used for the detection of anti-CCP
autoAbs.

ELISA for the detection of 1gG, IgA and IgM rheumatoid
factor(RF) and antio-enolase autoAbs

RFs of the different isotypes and antihuman recombinant o-eno-
lase autoAbs were detected using in-house ELISAs as previously
described [40,41].

Statistical analysis

Comparisons of anti-GPI autoAb titres and percentages were
performed using Kruskal-Wallis One-Way ANOVA Rank-Test. y*-
test or Fisher’s exact test were used for comparison of percentages
in different groups of patients. Correlations between anti-GPI
antibodies and other biological markers were performed using
the non parametric Spearman Rank-Test. A P < 0-05 was consid-
ered significant.

RESULTS

Anti-GPI autoAbs in healthy subjects, RA and non-RA
patients (group 1)

One hundred and twenty sera from healthy controls and 99
patients with well-established RA were tested in anti-GPI
ELISA. Receiver Operating Characteristic (ROC) Curve
(Fig. 1) indicated that this serological marker discriminated
RA patients from healthy subjects. Using cut-off values of 14-2
and 22-9 AU, the sensitivity was 66-7% and 45-4% and speci-
ficity 95% and 97-5%, respectively. However, the analysis of
166 sera from patients with various well-established rheumatic
diseases (Fig.2a and Table 1) indicated that anti-GPI autoAbs
were not specific for RA. Indeed, using a cut-off value of 22-9
UA, 52:9% of SLE, 45-4% of PM, 44% of AOSD, 42-7% of
SSc, 25% of SPA and 5:9% of pSS sera were positive for this
marker. The GPI-binding activity detected in these sera was
not due to recognition of potential contaminants present in
the commercial GPI preparation as demonstrated by the
immunoblotting assay of the rabbit muscle GPI used as anti-
gen. Indeed, all ELISA-anti-GPI positive sera tested had a
unique reactivity with a 65 kD molecule corresponding to GPI
(Fig. 3).
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Fig. 1. Receiver operating characteristic curve of anti-GPI ELISA: 120
blood donor and 99 rheumatoid arthritis sera were used to establish the

curve.
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Fig. 2. Anti-GPI antibody levels in sera from (2a) group 1 including NC
(normal controls, n=120), RA (rheumatoid arthritis, n=99), SLE (sys-
temic lupus erythematosus, n =85), SPA (spondylarthropathies, n = 28),
pSS (primary Sjogren syndrome, n =17), SSc (systemic sclerosis, n = 14),
PM (dermatopolymyositis, n=11), AOSD (adult-onset Still’s disease,
n=9); and (2b) group 2 corresponding to the 195 patients of the VErA
cohort classified as RA (n=116) according to ACR criteria, non-RA dif-
ferentiated arthritis (n = 41) and undifferentiated arthritis (UA; n = 38).
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65 kD =

Fig. 3. Western blot analysis of commercially available rabbit muscle GPI
with anti-GPI antibody positive sera. Lane 1: healthy control, lanes 2—4:
rheumatoid arthritis sera, lanes 5-7: nonrheumatoid arthritis sera. All sera
positive in the solid phase ELISA reacted exclusively with a 65kD
polypeptide corresponding to the molecular weight of GPI.

Diagnostic value of anti-GPI autoAbs for very early RA
(group 2)

The clinical significance of anti-GPI autoAbs was determined in
community-recruited patients with very early arthritis (VErA
cohort). 195 sera obtained at entry in the study were tested
(Tables 1 and2) and 25-6% of them were found positive using a cut-
off value of 22-9 AU (Fig. 2b). No difference in terms of anti-GPI
autoAb levels (P =0-8) or percentage of positive sera (P =0-72)
was found between RA, NRADA and UA groups. Moreover, no
relationship was found between anti-GPI autoAbs and any other
autoAb populations usually associated with RA, i.e. RF, AKA,
APF and anti-CCP Abs (data not shown). Of note, no positive cor-
relation with antic-enolase autoAbs was observed. In the RA sub-
group, a significant positive correlation was found with ESR and
CRP (r=0-25, P=0-006 and r = 0-2, P = 0-03, respectively). How-
ever, anti-GPI autoAbs were not associated with DAS and Ritchie
articular index (r=0-1,P=0-14 and r = 0-11, P = 0-1, respectively).

Prognostic value of anti-GPI autoAbs in the VErA

cohort (group2)

The severity of the disease was assessed by the radiological pro-
gression during the 1-year follow-up. Among the 154 patients with
RA or UA for whom radiographs were available both at onset of
the study and at the end of follow-up, 41 were characterized by
the presence of radiological progression. Since the pathogenicity
of anti-GPI autoAbs has been demonstrated in the K/BxN model,
their presence in RA patients may constitute a predictive marker
of cartilage destruction. Statistical analysis showed that the pres-
ence (P=0-77) or high titres (P=0-7) of anti-GPI autoAbs at
baseline were not predictive of radiological progression.

DISCUSSION

In this study we showed that autoAbs directed against GPI are
produced in the course of RA and could be detected in 45% of

Table 2. Demographic, clinical and biological characteristics of the 195 patients from the VErA cohort (group 2)

Rheumatoid Undifferentiated Non-RA differentiated
Characteristics arthritis arthritis arthritis
Number 116 38 41
Age in years (mean + SD (range)) 52:2+14:5 (24-84) 50-4 £ 13-4 (19-79) 51-4+£151 (23-84)
RA duration in months (mean * SD (range)) 42+1-6 (0-9-6) 4-5+15 (1.5-6) 41+2-1 (1-6)

Ritchie index (/78) (mean + SD (range))
DAS (mean + SD (range))

CRP (mg/l) (mean + SD (range))

ESR (mm in 1 h) (mean £ SD (range))
Antibody frequency (%)

103 + 89 (0-58)
35411 (0-5-74)

209 +27 (2-164)

269 +23 (2-105)

RF-IgG 38
RF-IgA 27-6
RF-IgM 353
Latex test 28-1
Rose-Waaler test 272
AKA 21-6
APF 371
Anti-CCP 40-5
Anti-GPI 284
Anti-o-enolase 20-6
Presence of radiological progression (%) 302

56451 (0-15)
23+ 1 (0-6-4-5)
13-8 %19 (1.5-108)
17:2£16:5 (2-68)

105
0
53
53
27
7.9

105
26

211
78

158

6:5+53 (0-21)

2:6£0:9 (0:9-47)
17-3+27:5 (3-128)
242 +23:5 (2-110)

73
49
9-8
2-4
5
73
73
73
26-8
4-8
ND

DAS, Disease Activity Score; RF, rheumatoid factor; AKA, antikeratin antibodies; APF, antiperinuclear factor; ND, not done.
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patients with a well-established disease using a cut-off value cor-
responding to a specificity of 97-5% as determined by a ROC
curve established from RA and healthy control sera. Our anti-
GPI ELISA was very similar to that used by others [26-31]
although 3 modifications were introduced which, in our hands,
allowed a high reproducibility of the assay: serum samples were
used at 1:100 dilution; OD values given by sera incubated on
uncoated wells were subtracted from OD value on coated-wells
and our conjugate was peroxydase-labelled. In addition, no
immunoreactive contaminants were present in the unique batch
of commercially available GPI used in the study, since none of the
ELISA anti-GPI Ab positive sera tested recognized polypeptides
with molecular weights corresponding to creatine kinase or phos-
phoglucomutase, two molecules previously reported to be present
in GPI obtained from the same commercial source and bound by
some RA sera [27,29]. The 45% prevalence of anti-GPI Abs
observed in well-established RA is similar to that reported by
Schaller et al. [31] but is higher than that reported by other groups
using purified rabbit or human recombinant GPI as antigen
[26,27]. Although the lack of standardization of the ELISA uti-
lized, in particular the level of the cut-off value, may account for
these differences, it is likely that other factors including the com-
position of the RA cohorts or groups also play a role [26]. In this
regard, the duration of the disease may constitute one of these
factors and participate in the appearance of anti-GPI Abs.
Indeed, while the prevalence of these autoAbs was of 45% in the
group of patients with RA having a median duration of 6 years, it
was only of 28% in RA patients with a median duration of
4 months. Thus, it is tempting to consider that a sustained inflam-
mation may favour the appearance of anti-GPI Abs, in as much as,
in the present study, a significant positive correlation was
observed between anti-GPI Ab titres and the levels of CRP and
ESR.

The clinical significance of anti-GPI autoAbs was evaluated in
two populations, including a cohort of community-recruited
patients with very early arthritis. No diagnostic value could be
assigned to anti-GPI autoAbs, which is in accordance with results
previously reported by others [27-31]. Indeed, anti-GPI autoAbs
were not specific for RA and could be detected with high preva-
lence in other chronic rheumatic diseases such SLE, pSS, SSc¢, PM,
SPA and AOSD. A similar conclusion was reached when the diag-
nostic value of anti-GPI was assessed in a cohort of patients with
recent onset arthritis. The demonstration that anti-GPI autoAbs
are pathogenic in K/BxN mice prompted us to determine whether
anti-GPI autoAbs were associated with disease progression in
RA patients. In the VErA cohort of recent-onset arthritis, the
presence of anti-GPI autoAbs at onset of the disease had no pre-
dictive value of radiological progression, suggesting that this
autoAb population has no prognostic value.

Although anti-GPI autoAbs have no clinical significance, one
may question why such autoAbs are present in sera of patients
with autoimmune and/or inflammatory diseases. Two arguments
suggest that anti-GPI autoAbs belong to natural autoantibody
repertoire [42]. First, OD values observed in healthy subject sera
ranged from 0-150 to 0-400 (data not shown and results reported
in [26,30]), which may indicate the presence of IgG anti-GPI auto-
Abs in the normal B-cell repertoire. Second, SLE, a pathology in
which polyclonal B cell activation is thought to participate in
autoAb production, exhibits the highest anti-GPI AutoAb levels.

It is worth noting that anti-GPI autoAbs do not constitute the
unique autoAb population direct against enzymes of the

glycolytic cycle. Indeed, our group described anticr enolase auto-
Abs [41] in patients with very early arthritis, that have potential
diagnostic (confirmed here, see Table 2) and prognostic values.
We thus asked whether the presence of anti-GPI autoAbs was
associated with antior enolase autoAbs. No positive correlation
was observed between these two autoAbs populations autoAbs,
indicating that the breakage of B-cell tolerance to enzymes of the
glycolytic pathway is dissociated. However, since the pathogenic-
ity of RA in human is complex and the disease probably hetero-
geneous, autoAbs directed to glycolytic enzymes should be
studied in selected subgroups of patients, such as those refractory
to anti-TNFa therapy, the K/BxN model having demonstrated its
absence of sensitivity to this drug [43].

In conclusion, this study confirmed the lack of diagnosis value
of anti-GPI autoAbs and their inability to predict radiological
progression in early arthritis.
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