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NKT Cells in Human Autoimmune Diseases

Multiple Sclerosis

MS is an autoimmune demyelinating disease of the CNS.
Illes Z et al. reported a reduction in Va24Ja18 cells among
V24" cells from the peripheral blood of patients with MS
compared to healthy subjects using single-strand conforma-
tion polymorphism method to detect TCR gene rearrange-
ments [43]. Van der Vliet er al. showed a decrease in the
number of NKT cells by screening of Va24"VB117 cells in
the blood [44]. Araki M et al. demonstrated that DN NKT
cells in the periphery were greatly reduced in remission
whereas the reduction of CD4" NKT cells was marginal [45].
Furthermore CD4* NKT line cells expanded from MS in
remission produced a larger amount of IL-4 than those from
healthy subjects or from MS in relapse. Therefore, we
speculated that the Th2 bias of CD4" NKT cells may play a
role in the regulation of Thl type autoantigen reactive T
cells. In contrast, Gausilng et al. did not find a significant
difference in the number of DN Vo24" NKT cells in PBL
between from MS patients and from healthy controls [46].
The basis for the discrepancy between the number of NKT
cells among these studies is not clear. Considering that the
proportion of Va24Ja18 T cells in normal individuals varies
among studies, it may not be easy to compare these studies.

Type I Diabetes

Studies of the frequency of human NKT cells in PBMCs
in patients with T1D have had conflicting results. In initial
studies, Wilson B er al. studied identical twin/triplet sets
discordant for disease, and reported that diabetic siblings
have lower frequencies of DN Va24Jal8 T cells in their
peripheral blood than non-diabetic siblings [47]. In addition,
Kukreja AG et al. showed a reduction in the number of NKT
cells in newly diagnosed patients [48]. However, more re-
cent papers reported unaltered or increased NKT cells in
recent-onset patients with type I diabetes [49,50]. Wilson B
et al. also showed that DN Vo24Ja18 T cell clones isolated
from diabetics had an impaired ability to produce IL-4 [47].
In contrast, Lee PT et al. reported IL-4 production by NKT
cells was similar among these groups as assessed by intra-
cytoplasmic staining following short-term PMA and iono-
mycin stimulation [49]. At this stage, it is hard to inferpret
the discrepancies between these results, since the methods
for detecting NKT cells and the functional assays used differ
between these studies.

Systemic Autoimmune Disease

Sumida and colleagues found that a.f+ DN T cells were
increased in Scleroderma patients and that there was oligo-
clonal expansion of Voi24"TCR” cell among these cells [S51].
Although the invariant Va24Jo18 T cells were dominant
among these cells from healthy donors, invariant Vai24Jo18
T cells were replaced by clones with other Va24 TCR” cells
in Scleroderma patients. In addition, Maeda et al. have re-
ported the expansion of non-invariant Va24 TCR cells but
not Vo24Ja18 T cells in the synovium of RA patients [52].
Similar to this study, these authors observed the expansion
of non-invariant Va24 TCR” clones in patients with active
SLE [53, 54]. Furthermore, following predonisclone therapy,
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Vo24Jo18 T cells increased among Va24 TCR' cells. The
recovery of Vo24Jal8 T cells in patients with predonisolone
therapy was also observed among patients with MS (Araki
M and Yamamura T, unpublished observation). Kojo S ef al.
and other groups investigated the number of NKT cells using
Vo024 and VP11 mAb to detect NKT cells in patients with
several different autoimmune diseases, including SLE,
Scleroderma and RA [43, 55]. They found lower numbers of
Vo24"VBI 17 NKT cells in the peripheral blood than con-
trols. Kojo S et al. also showed in this study that half of the
patients with autoimmune disease responded to ¢-GC in
culture.

PROSPECTS FOR GLYCOLIPID THERAPY FOR
AUTOIMMUNE DISEASES

It remains unclear whether the defect in NKT cells is
causal for autoimmune disease or occur as a secondary con-
sequence of the autoimmune process. However, given the
efficacy of OCH and o-GC in mouse models, stimulation of
NKT cells with glycolipid antigens seems to be an attractive
strategy for the treatment of autoimmune diseases. Although
several studies have shown that administration of a-GC
caused liver damage, the hepatotoxicity was minimal in
Phase I trials of a-GC for patients with cancer. Given the
lack of severe toxicity in humans, it seems reasonable to use
glycolipids for the prevention or therapy of selected human
autoimmune disorders. a-GC has been shown to exacerbate
EAE, depending on the strain of mouse and stage of disease
tested and to have only a marginal effect on ClA. In this
situation, treatment with OCH might be preferable to a-GC
for Thl-mediated diseases such as MS, type I diabetes and
RA, as OCH elicits a predominantly IL-4 response rather
than IFN-v in contrast to a-GC, which might afford greater
protection from EAE and MS.

Both rodent and human NKT ells have been reported to
recognize o-GC in the context of CD1d. OCH also stimu-
lates human NKT cells, particularly CD4" NKT cells, and
OCH stimulation induces more Th2 cytokine production
from NKT cells compared to o-GC stimulation (Araki M
and Yamamura T, unpublished observation). The evolution-
ary conservation and the homogeneous ligand specificity of
NKT cells allow us to apply a glycolipid ligand like OCH for
the treatment of human disease without considering species
barrier or genetic heterogeneity of humans.

CONCLUSION

In this review, we have discussed the supporting data for
the role of NKT cells in the regulation of autoimmune dis-
eases. Ligand stimulation of NKT cells is an attractive strat-
egy for prevention or treatment of autoimmune diseases.
However, the mechanisms by which NKT cells exert their
immunoregulatory functions are still largely unknown and a
number of questions require further investigation including
the mechanism to recruit NKT cells and control its functions
at inflammatory sites and the interaction of other subsets of
cells. To clarify the nature of natural ligands for NKT cells is
one of the major questions and it could be an interesting
natural source of useful ligands for CD1-restricted regulatory
cells.
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ABBREVIATIONS

NKT = Natural killer T

MHC = Major histocompatibility complex

a-GC = o-galactosylceramide

EAE = Experimental autoimmune encephalomyelitis

CIA = Collagen induced arthritis

Th = T helper

1L = Interleukin

IFN = Interferon -

T1D = Type 1 diabetes

MS = Multiple sclerosis

RA = Rheumatoid arthritis

TCR = T cell receptor

DN = Double negative

NF-AT = Nuclear factor of activated T cells

APC = Antigen presenting cell

CNS = Central nervous system

B6 = (C57BL/6

MOG = Myelin oligodendrocyte glycoprotein

CFA = Freund’s complete adjuvant

NOD = Nonobese diabetic

dsDNA = Double-stranded DNA
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Association of mannose binding lectin (MBL) gene
polymorphism and serum MBL concentration with
characteristics and progression of systemic lupus

erythematosus

R Takahashi, A Tsutsumi, K Ohtani, Y Muraki, D Goto, | Matsumoto, N Wakamiya, T Sumida

Ob|ecﬁve To determine whether occurrence, characteristics,
and progression. of systemic lupus erythemafosus {SLE) are
“associated with polymorphism of the mannose binding Iectm
"(MBL) gene and with serum MBL concentration.
Methods: Codon 54 MBL gene. polymorphism. of ]47 ;
“patients with ‘SLE ‘and 160 hedlthy controls was determined
by polymerase chain' reaction-restriction fragment length -
: polymorphlsm Serum concentrafion of MBL was measured
by enzyme immunoassay. Fluctuations of serum MBL were. -
“analysed with respect to disease characteristics and activity. -
“Results: Frequency -of homozygosdy for- codon *54 minority
allele was: 6% (9/147) in patients with SLE; and srgmﬁconﬂy;
higher than in controls {p=0.0294, Fisher's exact test). MBL
polymorphism in_patients with SLE ‘was not significantly”
“associated ‘with disease - characteristics or immunological
“phenotypes. Patients homozygous for the B allele tended to -
“have a higher risk of infection during trectment. Levels of C3
_and CHso were slightly, but. significantly, associated  with
_serum MBL concenfration in patients with SLE -homozygous
for the majority allele. During the course of SLE, serum MBL
concentrahon mcreased in6/14 pqhents and decreused in’
_7 qﬁer initiation of i mmunosuppressnve treatment.
- Conclusions: MBL: gene . polymorphism* mHuences suscept-
ibility to SLE, but has no direct effect on disease character-
“istics.Serum MBL levels:fluctuate durlng the course of SLE in
individual - patients. 'MBL genofyping ‘may_be useful -in -
assessing the risk of infection during treatment of SLE. .

many features with Clq. MBL comprises a trimer of
three identical polypeptides, and several trimers
further combine to formm a bouquet-like structure.! MBL
mediates lectin dependent activation of the complement
pathway,' and has an important role in host defence against
micro-organisms. People lacking this protein could develop
severe episodes of bacterial infections from early life.” Several
polymorphisms have been reported for the MBL gene, and a
large interindividual difference in serum MBL concentration
is caused by the possession of variant alleles. Codon 52, 54,
and 57 polymorphisms are all on exon 1 of the MBL gene,
and the presence of any of the minority alleles significantly
reduces serum MBL concentration. Furthermore, homozyg-
osity for minority alleles results in almost complete deficiency
of serum MBL. This has been attributed to increased
degradation of the mutated protein.*
Recently, several studies have suggested that possession of
MBL minority alleles may be associated with occurrence of

Mannose binding lectin (MBL) is a molecule that shares

Ann Rheum Dis 2005;64:311-314. doi: 10.1136/ard.2003.020172

systemic lupus erythematosus (SLE).” ¢ It is known that Clq
deficiency is associated with severe symptoms of SLE.” Two
possible explanations for associations between MBL or Clq
deficiency and occurrence of SLE can be proposed: {a) MBL
and Clq can bind to and initiate uptake of apoptotic cells into
macrophages,”® and abnormal clearance of apoptotic cells
caused by MBL or Clq deficiency may result in over-
expression of autoantigens; (b) viral infection is believed to
be one of the causes of SLE," and MBL or Clq deficiency may
lead to more frequent infections.

This study was conducted on the premise that occurrence,
characteristics, and progression of SLE are associated with
polymorphism of the MBL gene and with serum MBL
concentration. To our knowledge, this is the first study that
has measured serum MBL concentration before and after
immunosuppressive treatment in patients with newly diag-
nosed SLE.

PATIENTS AND METHODS
Samples from 147 Japanese patients with SLE followed up at
our hospital, were used for the study. All patients fulfilled the
1997 American College of Rheumatology Classification
Criteria for SLE. Samples from 160 Japanese healthy
volunteers served as controls.

Genomic DNA was purified from peripheral blood leuco-
cytes using the DNAQuick DNA purification kit (Dainippon
Pharmaceuticals, Osaka, Japan), and stored at —30°C. Typing
of the MBL gene allele was performed by polymerase chain
reaction-restriction fragment length polymorphism, accord-
ing to the method of Madsen et al.’> The wild-type allele was
designated allele A, and codon 54 substitution (glycine to
aspartic acid) was designated allele B. Previous studies have
shown that codon 52 and 57 polymorphisms are not present
or extremely rare in the Japanese population." Serum
concentration of MBL was measured by a specific enzyme
immunoassay using two rabbit polyclonal anti-MBL anti-
bodies as described previously."

Table '1 Codon 54 genofypes of the MBL gene in .
pahents with SLE and hedlth .

: ,:;—;A“e!e A, codon 54 wdd type ma;orlfy al’ele, allele B, codon 54 vancm 4
S ominority: a"ele e : : :
opY Value by Fisher H exact tost, F

www.annrheumdis.com
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Figure 1 Relationship between serum MBL concentration and CHso in

genotype AA patients with SLE. r,=0.253, p=0.0412 by Spearman’s
rank correlation test.

Fisher’s exact test was used to compare the frequencies of
genotypes AA/AB and BB, between disease and control
groups, and to compare clinical characteristics between

Takahashi, Tsutsumi, Ohtani, et al

patients with genotypes AA/AB and those with BB. Mann-
Whitney's U test was used to compare ages at diagnosis of
SLE between patients with genotypes AA/AB and those with
BB, and to compare serum MBL concentration between
patients and controls of the same genotype. Spearman’s rank
correlation test was used to compare serum MBL concentra-
tion and the levels of anti-DNA antibody, C3, C4, and CHs,.
Values of p<0.05 were considered significant.

RESULTS

MBL gene genotypes were studied in patients with SLE and
healthy controls (table 1). Among 147 patients with SLE, 9
were homozygous for allele B, which was significantly
increased compared with controls (p = 0.0294).

We analysed the difference in disease characteristics
among patients with SLE categorised by MBL genotypes.
Ages (mean (SD)) at diagnosis of SLE tended to be younger
in patients with allele B (AA: 32.5 (14.8); AB: 30.7 (15.2); BB:
23.4 (13.3)), but no significant differences were seen
(p=0.0681). Clinical characteristics, serological, and immu-
nological measures did not significantly differ between
genotype BB patients and other patients with SLE. This is
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Figure 2 Fluctuation of serum MBL concentration and clinical variables during immunosuppressive treatment in patients with newly diagnosed SLE.
Open squares, serum MBL concentrations (s-MBL ); closed squares, C reactive protein (CRP); open circles, anti-DNA anfibody [ADNA Ab); closed
circles, SLE Disease Activity Index [SLEDAI); closed triangles: CHso. PSL, prednisolone; CPA, cyclophosphamide.
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most probably because of the small sizc of the BB cohort.
However, incidence of infections requiring admission to
hospital was significantly higher in patients with genotype
BB than in other patients (genotype AA +AB; 35/132 patients,
BB; 5/8 patients, p = 0.0287).

Serum MBL concentration reflected the MBL genotype of
the individual subject, in accordance with previous reports’
(data not shown). Among subjects with the same genotype,
patients with SLE tended to have a higher MBL concentration
than controls, but without statistical significance. The level of
CHs, was weakly but significantly associated with serum
MBL concentration in patients with SLE with genotype AA
(p=0.0412) (fig 1). In genotype AA patients, C3 was also
associated with serum MBL concentration, although C4 was
not (C3; p=0.0494, C4; p = 0.4265). No significant relation-
ship between anti-DNA antibody titre and serum MBL was
found. In patients with other genotypes, no significant
association was seen between serum MBL concentration
and levels of anti-DNA antibody or complement components
(data not shown). .

We studied fluctuation of serum MBL concentration
during immunosuppressive treatment in patients with newly
diagnosed SLE (fig 2). In patient 1 with genotype AA (fig 24),
serum MBL increased in parallel with CHsg after initiation of
methylprednisolone treatment, while the SLE Disease
Activity Index (SLEDAI) and anti-DNA antibody decreased.
In patient 2 with genotype AA (fig 2B), serum MBL
concentration decreased after initiation of methylpredniso-
lone pulse therapy, while CHso increased. After CRP
decreased to normal levels, MBL gradually increased in
parallel with CHs,. In patient 3 with genotype AA (fig 2C),
serum MBL did not show a clear trend, although disease
activity steadily decreased. In patient 4 with genotype AB
(fig 2D), serum MBL was low throughout, reflecting the MBL
genotype. When the serum MBL concentration before and
after immunosuppressive treatment was compared in 14
newly diagnosed patients, it increased in 6/14 patients
(genotype AA: 2, AB: 4), and decreased in 7 patients
(genotype AA: 5, AB: 2). There was no significant association
between increase or decrease of serum MBL concentration
and genotypes and clinical phenotypes in patients with SLE
(data not shown).

DISCUSSION

Several studies have indicated that MBL gene polymorphism
influences susceptibility to SLE.” * When the components of
the classical pathway of complement (Clq, Clr, Cls, C4, or
C2) are deficient, it has been suggested that abnormal
clearance of not only immune complexes" but also apoptotic
cells* contributes to the occurrence of SLE. It has been
indicated that inappropriate levels of apoptotic nuclei may be
a major source of autoantigens in SLE." Recently, it was
reported that MBL can bind to apoptotic cells and initiate
their uptake by macrophages,” and thus, abnormal clearance
of apoptotic cells due to MBL deficiency may provide a source
of autoantigens in SLE. However, deficiency of MBL is not an
extremely high risk factor, in contrast with deficiencies of
other complement molecules such as Clq.” The precise
consequences of MBL deficiency for the onset and progres-
sion of SLE remain unclear. The lag time between occurrence
of the first symptom attributable to SLE and diagnosis of
definite SLE was reported to be significantly shorter for
variant allele carriers than in those with genotype AA.S
Therefore, the MBL gene may be a disease modifier locus
rather than a true SLE susceptibility locus. Although no
significant correlation between disease characteristics and
MBL genotypes was seen, genotype BB was significantly
associated with occurrence of infection in our patients, in
accord with a previous report.” MBL genotyping may help in
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assessment of the risk ol opportunistic infections in patients
with SLE.

The balance of MBL production and consumption deter-
mines serum MBL levels. As the presence of MBL deposits in
tissues of autoimmune patients has been demonstrated,'” '
we expected that MBL would be consumed during active
disease, and that serum MBL concentration might reflect
disease activity and pathological features of SLE in individual
patients. To test this hypothesis, we measured serum MBL
concentration during immunosuppressive treatment in
patients with newly diagnosed disease. As shown in fig 2,
serum MBL concentration did fluctuate during the course of
immunosuppressive treatment in patients with SLE, espe-
clally in genotype AA patients. In patients 1 and 2, the
increasing phase of serum MBL concentration may reflect the
decreased consumption of MBL while SLE activity gradually
decreased, and the decreasing phase may reflect reduced
production of MBL ‘because MBL is an acute phase
inflammatory protein.” Thus, MBL levels appear to reflect
disease activity in some patients. The weak but significant
association between serum MBL concentration and serum C3
or CHsg levels supports this view.

In conclusion, frequency of homozygosity for a minority
allele of the MBL gene was increased in patients with SLE
compared with controls, confirming previous studies. MBL
gene polymorphism may have no direct effect on disease
characteristics, but patients homozygous for the minority
allele had significantly more frequent episodes of infections.
Serum MBL levels did fluctuate during the course of SLE in
individual patients, although the mechanism of their
fluctuation and their consequences in SLE are unclear. The
value of serum MBL monitoring in clinical practice should be
determined in future studies.
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Abstract

Anti-glucose-6-phosphate isomerase (GPI) antibodies (Abs) solely induce arthritis in mice. High titers of anti-GPI Abs
are found in some patients with rheumatoid arthritis (RA), but their pathogenic role remains elusive. The aim of this study
was to evaluate the pathogenic role of anti-GPI Abs in cynomolgus monkeys. IgG fractions were separated from sera of anti-
GPI Abs-positive RA patients and healthy subjects and directly injected into the metacarpophalangeal joints of 4
cynomolgus monkeys. At day 16, the joints were harvested and examined histologically and immunohistochemically.
The expression of C5a receptor (C5aR) molecule in the synovium was quantified by real-time PCR using cDNA from
monkey joints. In monkey joints, IgG including anti-GPI Abs resulted in recruitment of granulocytes and mononuclear cells,
strong deposition of human IgG on the articular surface, and overexpression of C5aR, but no joint swelling. No infiltrated
cells or IgG deposition were observed in monkeys injected with IgGs from healthy subjects. Our results suggest that IgG
fraction from RA patients including anti-GPI Abs may play a crucial role in the generation of synovitis in monkeys, although
the pathogenesis of anti-GPI Abs in RA patients is still uncertain. ‘
© 2005 Elsevier B.V. All rights reserved.
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The K/BxN T cell receptor transgenic mouse model
was spontaneous model of inflammatory arthritis char-
acterized by arthritic manifestations similar to those of
rheumatoid arthritis (RA). [1] Arthritis in this model
could be almost entirely provoked by autoantibodies
to the ubiquitous self antigen glucose-6-phosphate
isomerase (GPI) [2]. However, once the pathogenic
antibodies (Abs) have been produced by the autoim-
mune reaction, there is no further requirement for
lymphoid cells. [3] The effector mechanisms of anti-
GPI Abs have been confirmed by the requirement of
inpnate immune system players (e.g., complement cas-
cade, Fcgamma receptor, neutrophils, mast cells). [4—
7] Recently, immunization with human GPI was
reported to provoke arthritis in DBA/I mouse, sup-
porting the notion that autoimmunity to GPI directly
play some role of arthritis in genetically unaltered
mice. [8] These results also indicated that ubiquitous
autoantigens might be the targets of arthritogenic Abs.

The first report on anti-GPI Abs in human showed
a high frequency of such Abs in the sera of RA
patients [9], though their frequency is still debated.
[10-14] Our anti-GPT Abs assay [10] seemed to be
highly specific, because its employs two different
GPIs; a recombinant human GPI and rabbit native
GPL Our results showed that only 15% of RA patients
had high titers of anti-GPI Abs, although the severity
of arthritis correlated with serum levels of anti-GPI
Abs. [10] Others have shown that extra-articular com-
plications in RA were associated with serum levels of
anti-GPI Abs. [15] However, the arthritogenic role of
these Abs remains unclear.

To investigate whether human anti-GPI Abs pres-
ent in the serum have arthritogenic properties, we
injected serum anti-GPI Abs obtained from patients
with RA into several strains of mice. However, this
did not produce swelling of the joints in mice (un-
published data). The results of these preliminary
experiments suggested that human GPI Abs did not
solely induce arthritis, although we could not confirm
the differences in the innate immune system between
human and mice. In such experiments, it is better to
use monkeys because they are genetically closer to
human than mice. Moreover, recent studies reported
that orally administered C5aR antagonist is only ef-
fective in human and cynomolgus monkey. [16] Based
on these properties, we used cynomolgus monkeys in
this study.

1. Intra-articular injection of human IgGs in
cynomolgus monkey induce IgG deposition on the
articular surface and induce minor synovitis

To examine the arthritogenic effects of serum IgG
including anti-GPI Abs from RA, human IgGs con-
taining anti-GPT Abs purified from serum of RAT
patient (clinical data and anti-GPI Abs were summa-
rized in Table 1) or serum IgGs from healthy sub-
jectswere injected four times at days 0, 3, 6, 9<IgG
fractions (0.15 mg x4 times)>directly into MP joints
of cynomolgus monkeys. Joint swelling and blood
tests were monitored and at day 16 the joints were
harvested, stained with H and E and examined his-

Table 1
Clinical data and anti-GPI titer in a patient with RA
Age/Sex Disease RF CRP Rheumatoid Hu-GPI Abs Ra-GPI Abs Anti
duration (years) (mg/di) nodule 0OD405 0D405 GPI-Abs
RAL 68/F 23 + 4.01 - 2.43 2.55 +

Cutoff values; Hu-GPI, 1.32 OD, Ra-GPI, 0.94 OD.
RF: rheumatoid factor,+: positive,—: negative.
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tologically and immunohistochemically. The experi-
mental protocol was approved by the Ethics Review
Committee for Animal Experimentation of Tsukuba
University. Recruitment of infiltrated cells into the
joints and strong deposition of human IgG onto the
articular surface were clearly evident in monkeys
that received intraarticular injection of RA IgG
(Fig. 1A and C), although no finger joint swelling
was noted. In contrast, neither infiltrated cells nor
[gG deposition were observed in monkeys that re-
ceived IgGs from healthy subjects (Fig. 1B and D).
These results indicate that serum IgG including anti-
GP1 Abs from RA patients deposit preferentially on
the articular surface and might recruit effector cells
via C5aR or FcyR.

Anti-GPI Abs +
RA IgG

2. Overexpression of C5aR in synovia of monkeys
treated with IgG anti-GPI Abs

Previous studies showed that injection of anti-GPI
Abs did not induce arthritis in C5aR-deficient K/BxN
mice [4], implying that C5a/C5aR interaction in the
joint is important for the development of arthritis. To
determine the role of C5aR in our study, we quantified
the expression level of C5aR in the MP synovia using
Taq Man real-time PCR. As a positive control, we
used neutrophils from cynomolgus monkey. C5aR
mRNA was highly expressed in the synovia of
monkeys injected with IgG from anti-GPI Abs-posi-
tive RA, but not in those injected with IgG from
healthy subjects (p=0.0039) (Fig. 1E ). These find-

Control I1gG

p=0.0039
0 T T
B=
=
LTaY
&)
5 6
B. 4
5
2 I
3 2
6]
Anti-GPI+ Control IgG
RA IgG

Fig. 1. Serum IgG containing anti-GPI Abs from RA patients formed immunocomplexes on the articular surface and provoked minor synovitis
via C5aR. Cryostat sections of MP joints of cynomolgus monkeys (A, B, C, D) injected 4 times with IgGs from anti-GPI Abs-positive RA
patients or IgGs from healthy subjects. H and E staining of joints injected with IgGs containing anti-GPI Abs from RA (A) and IgGs from
healthy subjects (B). Note that infiltration of effector cell occurred only in response to anti-GPI Abs. Immunohistochemical studies using anti-
human IgG (red) with anti-GPI Abs from RA patient (C) or IgG from healthy subjects (D). Note the strong deposition of human IgG on the
articular surface by IgG anti-GPT Abs. Magnification A-D X 200. Six MP joints synovium (three for IgG-anti GPI Abs from RA patients, and
three for IgG from healthy subjects) were harvested and used in this study. Data are mean % SD of relative expression of the gene in each joints
(E). Differences in C5aR expression between RA-GPI positive vs. HS were compared and analyzed with the nonparametric Mann—~Whitney U
test. P values less than 0.05 with 95% confidence interval were considered significant.
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ings suggest that immunocomplex deposition by
human RA IgG including anti-GPI Abs might induce
complement cascade activation via C5aR-bearing
cells. Possible explanation of the incomplete pertur-
bation might be due to differences in innate immune
systems between human and monkey.

In conclusion, these findings suggest that RA I1gG
including anti-GPI Abs present in serum preferential-
ly form on the articular surface immunocomplexes
that might induce complement activation via C5aR-
bearing cells, resulting in minor synovitis. However
direct pathogenic role of IgG from human RA is stili
uncertain.

Take-home messages

B Antibodies against glucose-6-phosphate isomerase
(GPI) are detectable in some RA patients.

@ The pathogenesis of human anti-GPI Abs are still
unraveled.

8 Intra-articular injection of human IgGs in cynomol-
gus monkey induce IgG deposition on the articular
surface and induce infiltrated cells.

B Overexpression of C5aR in synovia of monkeys
treated with IgG from anti-GPI Abs positive RA
patients,
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Abstract Anti-glucose-6-phosphate isomerase (GPI) anti-
bodies (Abs) are known to be arthritogenic in mice. These
Abs are elevated in several forms of arthritic condition in
humans, although their prevalence in rheumatoid arthritis
(RA) patients is still in debate. Some RA patients have
increased levels of anti-GPI Abs, but their clinical manifes-
tation and relevance to other Abs are not clearly elucidated.
The aims of this study were to explore the clinical and
hematological characteristics of RA with anti-GPI Abs, and
to compare their prevalence in RA patients, systemic lupus
erythematosus (SLE) patients, and healthy subjects (HS) in
a Japanese population. Anti-GPI Abs were positive in 16
patients with RA (12%, n = 137), in 10 patients with SLE
(8%, n=131), and in 6 HS (4%, n =139). C-reactive protein
(CRP), immunoglobulin G, and the antinuclear antibody
titer were higher in anti-GPI-positive patients than in those
who were negative (P = 0.049, P = 0.0003, and P = 0.002,
respectively). Moreover, the positivity of anti-GPI Abs was
correlated with CRP more than with rheumatoid factor in
RA patients. It is unclear whether anti-GPI Abs can predict
the progress of disease, but the prevalence of these Abs was
higher in active RA patients with severe arthritis, suggest-
ing that anti-GPI Abs may be related to the pathogenesis of
severe forms of arthritis.

Key words Auto-antibody - Clinical parameters - Glucose-
6-phosphate isomerase (GPI) - Rheumatoid arthritis (RA) -
Systemic lupus erythematosus (SLE)
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Introduction

Rheumatoid arthritis (RA) is the most common type of
inflammatory polyarthritis. This disease is considered to be
mainly an autoimmune disorder, although the detailed eti-
ology is still unknown.' Several autoantibodies have been
identified [e.g.. rheumatoid factor, anti-cyclic citrullinated
peptide (CCP) antibodies (Abs), and anti-fillagrin Abs] in
the serum of RA patients, and many of them are useful
markers for diagnosis, but they have not been proven to be
pathogenic.

Anti-glucose-6-phosphate isomerase (GPI) Abs de-
tected in the serum of K/BxN T-cell receptor transgenic
mice™ have been confirmed to have arthritogenic poten-
tial.' One research group reported a high prevalence (64%)
of these Abs in RA patients,’ although this observation
could not be reproduced.*™ Because anti-GPI Abs are one
of the major candidates for arthritogenic antibodies,’ their
relationship with certain clinical parameters should be elu-
cidated in detail. The aims of this study were to find the
characteristic hematological and clinical features of RA
patients with anti-GPI Abs, and to clarify their prevalence
in human RA patients and in a control group of Japanese
subjects.

In anti-GPI Ab-positive RA patients, CRP was higher
than in RA patients negative for these Abs (P = 0.049),
suggesting that anti-GPI Abs are correlated with disease
activity. Moreover, immunoglobulin G and antinuclear an-
tibody titers were also higher in anti-GPI Ab-positive than
in -negative patients (P = 0.0003 and P = 0.002, respec-
tively), so it is possible that anti-GPI Ab production is rel-
evant to production of some types of autoantibody. These
findings suggest that anti-GPI Abs are correlated with se-
vere arthritis in RA patients and might be a useful arthritic
marker in some RA patients.
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Materials and methods
Patients

Serum samples were obtained [rom 137 paticnts with RA
(23 men, 114 women) in Tsukuba University Hospital.
All RA patients satisfied the classification criteria of the
American College of Rheumatology (1987)." Their mean
age was 56.8 years (range, 15-85), and mean disease dura-
tion was 12.6 years (range, 1-46 years). At the time of
this study, 133 patients were receiving medication (50 were
receiving methotrexate, and 99 were receiving oral
prednisolone).

Serum samples were also obtained from 131 patients
with systemic lupus erythematosus (SLE) in Tsukuba Uni-
versity Hospital, and from 139 healthy subjects (HS). Their
mean ages were 42.0 years (range, 18-75) and 32 years
(range, 20-63), respectively. All SLE patients satistied the
1997 revised American College of Rheumatology criteria
for SLE."

At the time of routine venepuncture, informed consent
for drawing blood was obtained from all patients and
participating HS.

Enzyme-linked immunosorbent assay for detecting
anti-GPI antibody

Blood samples were centrifuged, and the serum obtained
was divided into aliquots. To select anti-GPI-positive pa-
tients, we used recombinant human GPI (huGPI), which
has been described in detail previously,” or rabbit muscle
GPI (raGPI) (Sigma, St Louis, MO, USA). Both antigens
were used at Spg/ml (diluted in phosphate-buffered saline,
PBS) to coat microtiter plates (Sumilon S, Sumitomo
Bakelite, Tokyo, Japan) (12h, 4°C). After the plates were
washed three times with washing buffer (0.05% Tween 20 in
PBS), Block Ace (diluted 1/4 in 1xPBS, Dainippon Pharma-
ceuticals, Osaka, Japan) was used for saturation (30min at
37°C). After two washes, sera (diluted 1/50) were added and
the plates incubated for 12h at 4°C. After washing, alkaline
phosphatase (AP)-conjugated anti-human IgG (Fc-frag-
ment specific, American Qualex, San Clemente, CA, USA)
was added to the plate (dilution: 1/500, 1h, room tempera-
_ture). After three washes, color was developed with AP
reaction solution (containing 9.6% -diethanol amine and
0.25mM MgCl,, pH 9.8) with AP substrate tablets (Sigma;
one AP tablet per 5Sml of AP reaction solution). Plates were
- incubated for 1h at room temperature, and the optical den-
sity (OD) was measured by plate spectrophotometry at
405nm. Determinations were performed in triplicate and
standardized between experiments by reference to a highly
positive human anti-GPI serum. The primary reading was
processed by subtracting OD readings of control wells
(coated with gluthathione-S-transferase (GST) and Block
Ace for huGPI-GST and raGPI, respectively). The cutoff
OD was calculated from the enzyme-linked immunosorbent

assay (ELISA) reaction of 137 healthy control Japanese »

donors. The mean value plus one standard deviation was
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(.98 to human rccombinant GPI, and 0.63 (o rabbit native
GPI. Double-positive populations were considered anti-
GPI Abs-positive.

Rheumatoid factor, antinuclear antibodies, and
immunoglobulin G (1gG) concentrations

Rheumatoid factor (RF) was determined by a nephelo-
metric commercial test (RFIL; Tina-quant, Nissui, Tokyo,
Japan). Antinuclear antibodies (ANAs) were determined
by a standard indirect immunofluorescence technique on
HEp-2 cells. Serum ANA titer at >1/40 was considered
positive.

The immunoglobulin G (IgG) concentration was evalu-
ated by a sandwich ELISA.

Statistical analysis

Patient groups were compared using the y-squared test for
proportions. Differences were considered significant when-
ever P < (0.05. Statistical analysis was performed using
StatView for Macintosh statistical software (StatView Soft-
ware; SAS Institute, Cary, NC, USA).

Resuits
ELISA for detecting anti-GPI antibody

As discussed in length previously,” we utilized two different
sources of GPI, mainly to avoid cross-reactivity or contami-
nation during preparation; in particular, contaminated pro-
tein in native rabbit GPI has been reported previously.” The
recombinant form of human GPI is 100% identical to hu-
man GPI protein (confirmed by sequencing), but it may not
have the same conformation or posttranslational modifica-
tions as the natural enzyme. Thus, we also used native GPI
from rabbit liver, which is commercially available. While
native rabbit GPI is not strictly identical to the human GPI
protein (93% identity), it provides the native conformation
of the enzyme with normal posttranslational modifications.
Double positivity for human and rabbit. GPI Abs was
clearly correlated with the positive Western blot results.’
When discriminated in this way, positivity of anti-GPI Abs
in the serum was 12% (16/137) in patients with RA, 8% (10/
131) in those with SLE, and 4% (6/139) in HS. The distribu-
tion of anti-GPI Abs, especially those showing independent
positivity to huGPI or raGPI in RA and SLE patients and
HS, are summarized in Fig. 1. Statistical analysis showed no
significant difference in the anti-GPI Ab positivity between
RA and SLE patients (x’ = 1.251 with 2 degrees of freedom,
P = 0.3618), although a significant difference was found
between RA patients and HS (= 5.098 with 2 degrees of
freedom, P = 0.0418).
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Comparison of clinical features of anti-GPI-positive and
-negative RA patients

To analyze the differences in clinical manifestations be-
tween anti-GPI Ab-positive and -negative RA paticnts, we
compared mean age, disease duration, sex, and X-ray stage.
Mean age was 56.0 (range, 40-70) versus 56.8 (range. 15-85)
years, and mean disease duration was 9.8 (range. 1-25)
versus 12.6 (range. 1-46) years for positive and negative
patients, respectively. All 16 (100%) anti-GPl Ab-positive
RA patients were women, but 23 (19%) anti-GP{ Ab-nega-
tive RA patients were men (P = 0.0559) (Table 1). In terms
of X-ray stage. we divided the patients into two groups,
those in stage I or II and those in stage II1 or IV. Nine
(56% ) patients were stage [11 or [V and 7 (44%) were stage
I or II among anti-GPl Ab-positive RA patients. Among
anti-GPI Ab-negative RA patients, 71 (61%) were stage 1
or IV and 45 (39% ) were stage [ or I (P =0.705) (Table 1).

Table 1. Clinical features and antinuclear antibodies (ANAs) of anti-
glucose-6-phosphate isomerase (GPI) antibody (Ab)-positive and
-negative rheumatoid arthritis patients

Anti-GPI Abs P
Positive  Negative
Mean age (1 = 137) 56 56.8 0.9000
Disease duration (years) (n = 137) 9.8 12.6 0.2336

Sex (no. of patients) (1 = 137)

Male 0 23

Female 16 98
Disease stage (n = 132)

Torll 7 45

I or IV 9 71
ANAs (no. of patients) (n = 94)

Positive 8

Negative 8 71

0.0559

0.7050

0.0003%

*Statistically significant

Fig. 1. Positivity against recombi- 100%
nant human (hu) and native rabbit

(ra) glucose-6-phosphate isomerase -
(GPI) in rheumatoid arthritis (RA)
and systemic lupus erythematosus F
(SLE) patients and healthy
subjects (H.S). This figure shows L
the distribution of the
double-negative, single-positive
(hu or ra), and double-positive
population in patients with RA or
SLE and in HS. Ab, antibody

82(60%)

50% |-

This analysis showed that anti-GPl Abs were expressed
predominantly in female patients, but the discase progres-
sion was not clearly different between anti-GPI Ab-positive
and -negative RA patients.

Comparison of laboratory data for anti-GPI-positive and
-negative RA patients

To investigate whether anti-GPI Abs were relevant with
respect to inflammation markers, we compared C-reactive
protein (CRP) and the erythrocyte sedimentation rate
(ESR) between anti-GPI Ab-positive and -negative RA
patients. The CRP concentration in anti-GPI Ab-positive
RA patients (mean, 2.56mg/dl; range, 0.11-10.30) was
higher (P = 0.049) than that in anti-GP1 Ab-negative RA
patients (mean, 1.47mg/dl: range, 0.02-8.71) (Fig. 2A). In
contrast, ESR was comparable; mean ESR was 48.1 mm/h
(range. 6-126) versus 42.3mm/h (range, 2-146) (P = 0.467)
in positive and negative patients, respectively (Fig. 2B). We
also analyzed the maximum CRP concentration throughout
the disease course of RA; the mean maximum CRP was
5.71 (range, 0.82-11.83) in positive patients, versus 3.91
(range, 0.03-14.74) in negative patients (P = 0.106). These
findings suggest that RA patients with anti-GPI Abs had an
active form of arthritis.

We also investigated the relationship between the Abs
IgG. RF, and ANA between anti-GP1 Ab-positive and
-negative RA patients. The mean IgG conceniration was
1819 mg/dl (range, 763-3308) in positive patients versus
1440mg/dl (range, 576-2095) in negative patients (P =
0.0003) (Fig. 2C). IgA and IgM titers, by contrast, were
comparable between positive and negative patients (data
not shown). The mean RF titer at the time of collection was
189 U/ml (range. 6-992) in positive patients versus 138 U/ml
(range, 2-2120) in negative patients (P = 0.5372) (Fig. 2D).
To discriminate whether RF positivity had any connection
to anti-GPl Abs positivity, we screened RF positivity

Anti-GP1 Abs

73(56%) Doubie (-)

104(75%)

. Anti-hu GP!
“ Abs Single (+)

Anti-GP| Abs
Double (+)

— 349 —



A. Serum CRP

(mg/dl) P=0.0485

{ ]
O

16 -
14 4

o 0
0] T %

8
6 -
4 -
2 A —Jy—
0 e
2 . ,
Positive Negative
Anti-GPI Abs
C. Serum IgG concentration
(mg/di) P=0.0003
| ]
3500 -
o}
3000 -
2500 -
0
2000 %
1500
1000
o)
500 . .

Positive
Anti-GPI Abs

Negative

Fig. 2A~D. Comparison of laboratory data for anti-GPI-positive and
-negative RA patients. A C-reactive protein (CRP); B erythrocyte
sedimentation rate (ESR); C serum immunoglobulin G (IgG) concen-
tration; and D the rheumatoid factor (RF) titer are compared. Each
box represents statistical values. The intermediate line within the box

throughout the disease course. Among anti-GPI Ab-posi-
tive RA patients, 13 (81%) were RF positive and 3 (19%)
were negative. Among anti-GPI Ab-negative RA patients,
79 (66%) were RF positive and 40 (44% ) were RF negative
(P = 0.360). Because ANAs were not checked in all RA
patients, we compared ANA positivity only in some of the
RA patients. Among anti-GPI Ab-positive RA patients,
ANAs were positive in eight (50%) and negative in eight
(50%). In contrast, among anti-GPI Ab-negative RA pa-
tients, ANAs were positive in 7 (9%) and negative in 71
(91%) (P =0.0003) (Table 1). The pattern of distribution of
ANAs was not distinctive, but the prevalence was different
between the two groups. In summary, anti-GPI Ab-positive
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marks the median. and the upper boundary of the box indicates the
75th percentile. The whiskers above and below the box indicate the
90th and 10th percentiles. respectively. The significance is expressed by
the P values

RA patients had higher IgG and ANA positivity than nega-
tive patient, but the relationship between anti-GPI Ab posi-
tivity and RF was statistically unclear.

Consecutive follow-up study of anti-GPI Abs, RF, and
CRP in an anti-GPI Ab-positive patient

To investigate the changes in hematological parameters in
an anti-GPI Ab-positive patient, we checked anti-GPI Abs,
RF, and CRP from the onset of arthritis. In 2000, at the
disease onset, the patient was already positive for anti-GPI
Abs, although completely negative for RF. In 2001, when
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the discase was almost controlled, anti-GPI Abs and CRP
had decreased. but RF had increased. In this patient, Huc-
tuations of anti-GPI Abs were similar to those of CRP,
suggesting that anti-GPI Abs might be a good marker for
arthritis in some RA patients.

Discussion

The etiology of RA is multifactorial. To understand RA,
autoAbs have been used as diagnostic tools and indicators
of disease activity. Some autoAbs are elevated in RA pa-
tients, but a specific marker is not available.”” Only few
autoAbs have been identified as disease-specific Abs, and
anti-GPI Abs are one of these candidate autoAbs identified
has having arthritogenicity.” Here, we identified some anti-
GPI Ab-positive RA patients in a Japanese cohort. Our
ELISA assay was highly specific because we used both re-
combinant bacterial human GPI and native rabbit GPI;
double positivity for the two antigens correlated signifi-
cantly with the results of Western blotting for GP1.* How-
ever, the prevalence of these Abs in RA patients was only
12%; thus, their sensitivity is very low. In previous studies,
when only native rabbit GPI was used, the prevalence of
anti-GPI Abs in RA patients was 64%." 45%." or 23%."
Several research groups also stated that contaminant pro-
teins introduced during rabbit GPI purification enhanced
the reactivity.*™"" On the other hand, can anti-GPl Ab-
positive patients be accurately identified if we use only hu-
man recombinant GPI? In our previous study,’ some
cross-reactivity also occurred with human recombinant
GPI, as confirmed by visualization of a band that was not
identical to that of human recombinant GPI. This artifact
was probably due to the lack of conformational structure
and the glycosylation status of bacterial human recombi-
nant GPI; the latter role was substituted for by native rabbit
GPI in this study. Therefore, we utilized two different
sources of GPI antigen to discriminate true-positive
patients.

The prevalence of anti-GPI Abs was not high compared
with that of anti-CCP Abs or RF. As long ago as several
decades, RF was utilized as a useful diagnostic marker for
RA. RF is elevated in 70%-80% of RA patients, but its
pathogenic role is still uncertain.” As shown by our con-
secutive follow-up study of an RA patient, anti-GPI Abs
were more highly correlated with disease activity than with
RF, suggesting that anti-GPI Ab positivity is a good marker
for discriminating the activity of RA in some patients (Fig.
3). Recently, anti-CCP Abs have been recognized as a bet-
ter marker for the diagnosis of RA," because of their early
appearance'” and their ability to predict the course of the
disease."™"” We could not identify any difference in radio-
graphic progression between anti-GPI Ab-positive and
-negative RA patients, but almost all of the anti-GP1 Ab-
positive RA patients had elevated levels of anti-CCP Abs
(unpublished observation, Yasukochi et al.). It is possible
that GPI is also citrullinated and cross-reacts with CCP to
some extent, so further analysis needs to be done.

500 5
ol -8B CRP X RF CRP
400 ‘,\ —O— Anti-rhGPI Abs | 4 (mg/dl)
RF N B .
(IU/ml) 300 7 3 Anti-
. thGPI
200 I x 2 Abs
e (0D,
100 '8
) 0
2000 2001 2002 2003 2004

Fig. 3. Consccutive follow-up of hematological parameters in an anti-
GPI Ab-positive patient. The figure shows changes in the hematologi-
cal parameters (anti-rh GPI Abs, CRP concentration, RF titer) in the
discase course of an anti-GPI Ab-positive RA patient. The anti-GP1
Ab titer was more highly correlated with the CRP concentration than
with the RF liter. This tendency was also detected in some other anti-
GPI Ab-positive RA patients (data not shown). OD. optical density

Anti-GP1 Ab-positive patients tend to have a high CRP
concentration. Regarding the relationship between disease
activity and anti-GPI Abs, several groups have reported
that anti-GPI Ab positivity is correlated with disease activ-
ity and severity, in particular, extraarticular manifesta-
tions;™** Felty’s syndrome patients were highly represented
in the first report.” Therefore, we also checked for the oc-
currence of vasculitis with RA (in Japanese, we termed this
type of malignant RA “MRA™); only two MRA patients
were part of the study, and one was anti-GP1 Ab-positive
and the other was negative. Unfortunately, there were no
Felty’s syndrome patients in our study. From these data, it is
unclear whether anti-GPI Abs positivity is correlated with
the occurrence of extraarticular manifestations in Japanese
patients. However, some patients with Clg immune com-
plexes were followed. Two anti-GPI Ab-positive patients
among four RA patients (50%) had elevated levels of Clg
immune complexes.

Anti-GPI Ab-positive patients had elevated levels of
several Abs, including IgG and ANA (P = 0.0003 and P =
0.002, respectively). In the anti-GPI Ab-positive popula-
tion, 70% of SLE patients had arthritis. It could be argued
that among anti-GPI Ab-positive patients with RA or SLE,
anti-GPI Abs are correlated with the occurrence of arthri-
tis. Another possibility is that anti-GPI Abs are expressed
as a resuit of polyclonal activation.

In summary, these findings suggest that anti-GPI Abs are
correlated with severe arthritis in Japanese patients with
RA, and so might be a useful arthritic marker in some RA
patients. The role of this Ab in disease progression remains
to be elucidated, and it is possible that there is an autoAb-
dependent pathway in the development of human
arthritis.”
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Abstract. The pathogenic role of autoantibodies in
rheumatoid arthritis (RA) remains elusive. Anti-glucose-6-
phsosphate isomerase (GPI) antibodies (Abs) are candidates
for arthritogenic Abs because they directly induce arthritis in
mice. High titers of anti-GPI Abs are found in some RA
patients with severe forms. The aim of this study was to
analyze the role of IgG, including anti-GPI Abs, in the joints of
RA patients. Synovial tissue was obtained from 6 patients
with RA (3 anti-GPI Abs- positive and 3 anti-GPI Abs-
negative) and compared histologically and immuno-
histochemically for IgG and C3 deposition. IgG fractions were
separated from the sera of anti-GPI Abs-positive RA patients
and healthy subjects, and injected into the meta-
carpophalangeal joints of 4 cynomolgus monkeys. On day
16, the joints were harvested and examined histologically and
immunohistochemically. The expression of the C5a receptor
(C5aR) molecule in the synovium was quantified by real-time
PCR using cDNA from the monkeys' joints. The synovia of
anti-GPI Abs-positive RA patients showed diffuse infiltration
of cells, including mast cells, and strong deposition of IgG
and C3. In monkeys, IgG from RA patients, including anti-
GPI Abs, resulted in recruitment of granulocytes and
mononuclear cells, strong deposition of IgG on the articular
surface, and overexpression of C5aR, but no joint swelling.
No infiltrated cells or IgG deposition were observed in
monkeys injected with IgGs from healthy subjects. Our results

Correspondence to: Dr Isao Matsumoto, Division of Rheuma-
tology, Institute of Clinical Medicine, University of Tsukuba, 1-1-1
Tennodai, Tsukuba 305-8575, Japan
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Key words: rheumatoid arthritis, autoantibodies, glucose-6-
phosphate-isomerase, pathogenicity, synovium

suggest that IgG fraction from RA patients, including that of
anti-GPI Abs, may play a role in the synovitis of RA, although
the pathogenesis of human anti-GPI Abs is still uncertain.

Introduction

Recently, the K/BxN T cell receptor transgenic mouse model
was described as a model of inflammatory arthritis, charac-
terized by arthritic manifestations similar to those of
rheumatoid arthritis (RA) (1). Matsumoto et al (2) reported that
arthritis could be almost entirely sustained by autoantibodies
to the self-antigen glucose-6-phosphate isomerase (GPI).
However, once the pathogenic antibodies (Abs) have been
produced by the autoimmune reaction, there is no further re-
quirement for lymphoid cells (3). The effector mechanisms
of anti-GPI Abs have been confirmed by the requirement of
innate immune system players (e.g. complement cascade,
FcyR, neutrophils and mast cells) (4-7). More recently,
immunization with human GPI was reported to provoke
arthritis in DBA/1 mice, supporting the notion that
autoimmunity to GPI directly plays some role in arthritis in
genetically unaltered mice (8). These results also indicated that
ubiquitous antigens might be the targets of arthritogenic Abs.

The first report on anti-GPI Abs in humans showed a high
frequency of Abs in the sera of RA patients (9), though their
frequency is still debated (10-14). Our anti-GPI Abs assay (10)
seemed to be highly specific because it employs two different
GPIs; a recombinant human GPI and a rabbit native GPI. Our
results showed that only 15% of RA patients had high titers
of anti-GPI Abs, although the severity of arthritis correlated
with serum levels of anti-GPI Abs (10). Other authors have
shown that extra-articular complications in RA are associated
with serum levels of anti-GPI Abs (15). However, the
arthritogenic role of these Abs remains unclear. To explore the
role of human IgG including anti-GPI Abs in the joints, we
compared the synovia of anti-GPI Abs-positive or -negative
RA patients by histology and immunohistochemistry. We
demonstrated the diffuse infiltration of inflammatory cells,
including mast cells, in the synovium, lack of germinal-center
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Table I. Clinical data and anti-GP1I titer in six patients with RA.

MATSUMOTO et al: ROLE OF ANTI-GPI ABS IN SYNOVIUM

Age/Sex Disease duration (years) RF CRP Rheumatoid nodule Hu-GPI Ra-GPI Anti
(mg/dl) Abs OD405  Abs OD405  GPI-Abs
RA1 68/F 23 + 401 - 243 2.55 +
RA2  66/F 20 + 447 + 1.78 3.13 +
RA3  7TlF 25 + 092 + 2.6 347 +
RA4  7T2/F 24 + 1.1 - 0.62 0.05 -
RAS 67/F 20 - 3.78 - 0.59 0.34 -
RA6  60/F 15 + 1.61 - 1.07 0.02 -

Cutoff values; Hu-GPI, 1.32 OD, Ra-GPI, 0.94 OD. RF, rheumatoid factor; +, positive; -, negative.

like structures, and the formation of immuno-complexes with
C3 on the synovial surface.

There are significant differences between mice and
humans with regard to the immune system, especially the
innate immune system, including complement and immuno-
complex-Fc receptor cascades (16). To investigate whether
human anti-GPI Abs present in the serum have arthritogenic
properties, we injected serum anti-GPI Abs, obtained from
patients with RA, into several strains of mice. However, this
did not produce swelling of the joints in mice (unpublished
data). The results of these preliminary experiments suggested
that human GPI Abs did not solely induce arthritis, although
we could not confirm the differences in the innate immune
system between humans and mice. In such experiments, it is
better to use monkeys because they are genetically closer to
humans than mice. Moreover, recent studies reported that
orally-administered C5aR antagonist is only effective in
humans and cynomolgus monkeys (17). Based on these
properties, we used cynomolgus monkeys in this study. Intra-
articular injection of human serum IgGs containing anti-GPI
Abs in cynomolgus monkeys resulted in immunocomplex
formation on the articular surface and intra-articular
accumulation of granulocytes and mononuclear cells. These
findings suggest that RA IgG including anti-GPI Abs, present
in serum, preferentially form on the articular surface of
immunocomplexes that might induce complement activation
via C5aR-bearing cells, resulting in minor synovitis.
However, the direct pathogenic role of IgG from human RA is
still uncertain.

Patients and methods

Patients and tissue samples. Patients with RA were recruited
from the Autoimmune Disease Clinic at Tsukuba University
Hospital. Samples of synovial tissue were obtained from six
RA patients including three anti-GPI Abs-positive, and
three anti-GPI Abs-negative, who underwent knee
replacement surgery. The study was approved by the local
ethics com-mittee, and written informed consent was
obtained from all participants. The diagnosis of RA was
based on the criteria of the American College of
Rheumatology (18). Table I summarizes the clinical data of
participating patients.

Enzyme-linked immunosorbent assay for GPI. To select anti-
GPI-positive patients, we used recombinant human GPI
(huGPI), or rabbit muscle GPI (raGPI) (Sigma, St Louis, MO),
which has been described in detail previously (10). Briefly,
both antigens were used at 5 pg/ml (diluted in phosphate-
buffered saline, PBS) to coat microtiter plates (12 h at 4°C).
After washing, Block Ace (diluted 1/4 in 1xPBS, Dainippon
Pharmaceuticals, Osaka, Japan) was used for saturation (30 min
at 37°C). After washing, sera (diluted 1/50) were added and
the plates were incubated for 12 h at 4°C. After washing
again, alkaline phosphatase (AP)-conjugated anti-human IgG
(Fc-fragment specific, Jackson Immuno Research, West
Grove, PA) was added to the plate (dilution: 1/1000, 1 h,
room temperature). After three washes, color was developed
with AP reaction solution (containing 9.6% diethanol amine,
0.25 mM MgCl,, pH 9.8) with AP substrate tablets (Sigma;
one AP tablet per 5 ml of AP reaction solution). Plates were in-
cubated for 1 h at room temperature and the OD was measured
by plate spectrophotometry at 405 nm. Determinations were
performed in triplicate, and standardized by reference to a
highly positive human anti-GPI serum. The primary reading
was processed by subtracting OD readings of control wells
(coated with GST and Block Ace for huGPI-GST and raGPI,
respectively). The cutoff OD was calculated from the ELISA
reaction of 137 healthy control Japanese donors, the mean
value + two standard deviation was 1.32 to human recom-
binant GPI, and 0.94 to rabbit native GPI. Double-positive
populations were considered anti-GPI Abs-positive.

Histopathological and immunohistochemical examinations.
After knee replacement surgery (written informed consent was
also obtained), the synovium from patients with RA were
embedded in optimal cutting temperature (OCT) compound,
frozen in dry ice isopentane, and 5-ym thick sections were
mounted at -25°C. Slides were stored at -80°C until use, then
acetone fixed for 30 sec and dried for 30 min. Tissue sections
were lightly counterstained with hematoxylin-eosin (H&E) or
standard toluidine blue. Stained sections were examined at
1000 diameters and at least 100 fields were evaluated in each
specimen. Total mast cells / randomized 10fields were counted
in three anti-GPI Abs-positive and -negative RA. The
deposition of C3 and IgG was detected by 1/100 diluted
fluorescein iso-thiocyanate (FITC)-conjugated sheep anti-
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Figure 1. H&E staining of the synovium of RA patients with and without anti-GPI Abs. H&E staining of RA synovium. A, RAT (anti-GPI Abs-positive RA)
x100; B, RA2 (anti-GPI Abs-positive RA) x100; C, RA3 (anti-GPI Abs-positive RA) x100; D, RA4 (anti-GPI Abs-negative RA) x100; E, RAS (anti-GPI
Abs-negative RA) x100; F, RA6 (anti-GPI Abs-negative RA) x100. Note the diffuse distribution of infiltrated cells throughout the tissue samples in anti-GP1-
positive patients (A, B, C). In contrast, note the germinal center-like structure (D, F) or cell aggregation (E) in three anti-GPI negative samples.
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Figure 2. Mast cell involvement in the synovial tissue of RA patients with anti-GPI Abs. Toluidine blue staining (A, B, C) was performed. RA1 (anti-GPI
Abs-positive RA) (A, D), RA2 (anti-GPI Abs-positive RA), RA3 (anti-GPI Abs-positive RA). Arrowheads indicate mast cells (A, B, C). Anti-GPI Abs-
negative RA patients also had comparable mast cells in the synovium (D). Magnification, x200 A-C.
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