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SUMMARY

Mannese-binding lectin (MBL) is a key element in innate immunity with functions and structure similar
to that of complement Clq. It has been reported that MBL deficiency is associated with occurrence of
systemic lupus erythematosus (SLE). We hypothesized that anti-MBL antibodies, if present, would
affect the occurrence or disease course of SLE, by reduction of serum MBL levels, interference of MBL
functions, or binding to MBL deposited on various tissues. To address this hypothesis, we measured the
concentration of anti-MBL antibodies in sera of 111 Japanese SLE patients and 113 healthy volunteers
by enzyme immunoassay. The titres of anti-MBL antibodies in SLE patients were significantly higher
than those in healthy controls. When the mean + 2 standard deviations of controls was set as the cut off
point, individuals with titres of anti-MBL antibodies above this level were significantly more frequent
in SLE patients (9 patients} than in controls (2 persons). One SLE patient had an extremely high titre
of this antibody. No associations of titres of anti-MBL antibodies and (i) genotypes of MBL gene, (ii)
concentrations of serum MBL, or (iii) disease characteristics of SLE, were apparent. Thus, we have con-
firmed that anti-MBL antibodies are indeed present in sera of some patients with SLE, but the signif-

icance of these autoantibodies in the pathogenesis of SLE remains unclear.

Keywords

INTRODUCTION

Both genetic and environmental factors are important in the
development of systemic lupus erythematosus (SLE), a systemic
autoimmune. disease of unknown origin {1,2]. With respect to
genetic background, deficiencies in components of the classical
pathway of complements (Clq, Clr, Cls, C4 or C2) are known to
be major predisposing risk factors for SLE [3-6]. In complement
deficiencies, an abnormal clearance of not only immune com-
plexes {3], but also apoptotic cells, has been suggested as contrib-
utive towards the occurrence of SLE [7]. Inappropriate levels of
apoptotic nuclei are suggested to be a source of autoantigens in
SLE [8].

Mannose-binding lectin (MBL) comprises a trimer of three
identical polypeptides, and several trimers further combine to
form a bouquet-like structure resembling Clq [9]. The MBL gene
is located on the long arm of ¢chromosome 10 at 10g11.2-q21 and
contains 4 exons [10]. Several polymorphisms have been reported

Correspondence: Dr Akito Tsutsumi, 1-1-1 Tennodai, Tsukuba-city.
Ibaraki 305-8575, Japan.
E-mail: atsutsum@md.tsukuba.ac.jp
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for the MBL gene, and a large interindividual difference in serum
MBL concentration among test subjects is caused by the posses-
sion of variant alleles. Codon 52, 54 and 57 polymerphisms are all
on exon 1, and the presence of any of the minority alleles results
in a significant reduction of the serum MBL concentration. Fur-
thermore, homozygosity for minority alleles results in almost
complete deficiency of serum MBL [11,12]. This has been attrib-
uted to increased degradation of the mutated protein {12]. In the
promoter region of the MBL gene, polymorphisms are reported
at positions —550,-221 and + 4, and they also greatly influence the
levels of serum MBL [13,14]. MBL mediates lectin-dependent
activation of the complement pathway [9], and plays an important
tole in host defense against microorganisms by phagocytosis. Indi-
viduals lacking this protein could develop severe episodes of bac-
terial infections from early life [15-17].

Recently, several studies have suggested that MBL deficiency,
or low serum MBL levels caused by polymerphisms in the struc-
tural portion or promoter region of the MBL gene, may be asso-
ciated with occurrence of SLE [18~22]. Two possible explanations
for the associations between MBL deficiency and the occurrence
of SLE are suggested. Firstly, MBL can bind to and initiate uptake
of apoptotic cells by macrophages [23], and an abnormal
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clearance of apoptotic cells caused by MBL deficiency may result
in the overexpression of autoantigens. Alternatively, viral infec-
tion is believed to be one of causes of SLE [24-26},and MBL defi-
ciency may lead to more frequent infections. On the other hand,
deposits of MBL were found in glomerular tissues of SLE patients
[27,28], and D-mannose and N-acetylglycosamine, both possible
ligands for MBL, are present in the salivary glands of patients
with Sjdgren’s syndreme [29]. In this situation, MBL may have a
pathogenic role during the course of SLE.

1t has been reported that autoantibodies to Clq are associated
with hypocomplementemia and glomerulonephritis [30]. If
autoantibodies to MBL, a molecule similar to Clq in structure
and functions, are present in patients with SLE, they may: reduce
MBL levels; interfere with MBL functions; or bind to MBL
deposited to various diseases. We investigated whether anti-MBL
antibodies are indeed present in sera of Japanese patients with
SLE.

PATIENTS AND METHODS

Patients and controls

Samples used for the study were taken from 111 Japanese patients
with SLE, at Division of Rheumatology, Department of Internal
Medicine, University Hospital of Tsukuba, Japan. All patients ful-
filled the 1997 American College of Rheumatology (ACR} Clas-
sification Criteria for SLE. Patients with drug-induced lupus were
excluded. The study was approved by the local ethics committee,
and written informed consent was obtained from all participants
of this study. Medical information including clinical manifesta-
tions, and laboratory data were collected simultaneously with
sampling. Samples from 113 Japanese healthy volunteers served
as controls.

Detection of immunoglobulin G (IgG) binding to MBL
Sumilon § plates (Sumitomo Bakelite, Tokyo Japan) were coated
overnight at 4°C with 100 pl/well of recombinant MBL [31] in a
carbonate/bicarbonate-buffer (pH 9-6) at a concentration of 1 pg/
ml. The plates were washed three times with tris-buffered saline
(TBS, pH 7-4) containing 0-05% Tween-20 (TBS/Tw). Unoccu-
pied binding sites were blocked by incubation with 1% bovine
serum albumin (BSA) in TBS for 1 h at 37°C. One hundred pl/
well of serum samples diluted to 1 : 50in TBS/Tw containing 0-3%
BSA and 1 mM EDTA were added to the wells, and the plates
were incubated overnight at 4°C. EDTA was included to inhibit
the Ca** dependent binding of MBL to carbohydrates present on
the Fc portion of IgG. All samples were analysed in triphcates,
After incubation, 100 ul/well alkaline phosphate (AP)-
conjugated goat antihuman IgG, specific for Fab fragment (Sigma,
St Louis, MO, USA) diluted 1:3000 in TBS/Tw, was added to
each well. The microtiter plates were incubated for 1 h at room
temperature. Subsequently, alkaline phosphate substrate (Sigma)
was added to each well. The plates were incubated for 2 h at room
temperature. Optical densities (OD) were measured at 405 nm.
The concentration of IgG reactive with MBL is expressed in units/
mt of serum (U/ml), where the concentration in a standard sample
was defined as 1000 U/ml. Standard curves were generated in all
assays performed.

Inhibition assays
Anti-MBL positive sera diluted to 1:50 were preincubated with
TRBS or recombinant MBL at concentrations from 0-1563 pg/ml to

10 pg/ml at room temperature for 1 h. The samples were then put
onto MBL-coated plates, and IgG binding to MBL was measured
as described above.

Typing of the MBL gene

Genomic DNA was purified from peripheral blood leucocytes
using the DnaQuick DNA purification kit (Dainippon Pharma-
ceuticals, Osaka, Japan), and stored at =30°C. Typing of the MBL
gene allele was performed by using the polymerase chain
reaction- restriction fragment length polymorphism method
according 10 the methods of Madsen er al. [11]. The wild-type
allele was designated as allele A, and codon 54 substitution (gly-
cine to aspartic acid) was designated as allele B. Previous studies
have shown that codon 52 and 57 polymorphisms are not present
or extremely rare in the Japanese population [32,33].

Measurement of the serum MBL concentration by

enzynie ImMunoassay

Serum concentration of MBL was measured by a specific enzyme
immunoassay utilizing two rabbit polyclonal anti-MBL antibodies
as described previously [31]. All samples were stored at —80°C
and no previous freeze/thaw was done.

Statistics

Mann-Whitney U-test, Fisher’s exact test, chi-square analysis and
Spearman’s rank correlation test were used. P-values of <0-05
were considered to be statistically significant.

RESULTS

Detection of autoantibodies 1o MBL in patients with SLE
Titers of 1eG reactive with human MBL in patients with SLE
were significantly higher than those in healthy controls;
P < 0-0001, median MBL concentration #* standard deviation
(s.d.); 47-4 £ 493 and 30-6 £ 29-2,in SLE patients and healthy con-
trols, respectively (Fig. 1). The assay was performed in the pres-
ence of EDTA in order to inhibit the binding between the
carbohydrate recognition domain of MBL and carbohydrates on
the Fc portion of IgG. Furthermore, selected samples were
digested with pepsin and F(ab’). fragments were purified. F(ab’),
fragments did bind to MBL coated plates, indicating that IgG-
MBL interaction detected in this assay is indeed antigen-antibody
binding (results not shown). We found a patient with an extremely
high level of serum anti-MBL, and the titre of anti-MBL antibod-
ies in the serum of this patient was designated 1000 U/ml. The
number of subjects having a titre of more than 2 sd. above the
average of healthy controls (895, indicated by dotted line in
Fig. 1) was 9 of the patients with SLE, and 2 of the healthy ¢on-
trols. This difference was statistically significant (P =0-0341 by
Fisher’s exact test).

A titration curve ¢ould be adequately drawn using serial dilu-
tions of the standard serum (Fig. 2a). In addition, adding excess
amounts of recombinant MBL to diluted standard serum inhib-
ited the binding of IgG to solid phase MBL in a dose dependent
manner (Fig. 2b).

Associations between levels of anti-MBL antibodies, and MBL
gene genotypes or seritnt concentrations of MBL in patients with
SLE :

Serum MBL concentrations reflected the MBL genotype of the
individual in accordance with previous reports (Fig.3) [11.12].

© 2004 Blackwell Publishing Ltd, Clinical and Experimental Imnunology, 136.585-590
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Fig. 1. Autoantibodies to mannose-binding lectin (MBL) in serum sam-
ples. Anti-MBL antibodies were measured in 111 samples from patients
with systemic lupus erythematosus (SLE) and in 113 samples from healthy
contrals, in the presence of EDTA (1 mu). Dotted line indicates 2 stan-
dard deviation (s.d.} above average in healthy controls. P-value by Mann-
Whitney U-test. alJ, arbitrary units.

Serum MBL concentrations in SLE patients were not significantly
different from those in healthy individuals (P = 0-5296). Among
individuals with the same genotype, SLE patients tended to have
higher MBL concentrations than controls, but without statistical
significance (AA; P =0-3383, AB; P =05556, BB; P=01573 by
Mann-Whitney's U-test).

We next examined whether genotypes of the MBL gene in
patients with SLE are associated with levels of anti-MBL anti-
bodies {Fig.4). Titres of anti-MBL antibodies tended to be
lower in patients with allele B (AA; 60-15+1333, AB;
50-10 £26-95, BB; 38-23 + 18-88), but no significant differences
were observed.

Finally, we compared the serum concentrations of MBL and
titres of anti-MBL antibodies in patients with SLE. We found no
significant relationship between them (Fig. 5).

Relationships between the presence of anti-MBL antibodies in
sera, and clinical characteristics or disease parameters of SLE
We investigated whether patients having anti-MBL antibodies at
titres above 2 sd. of the average in healthy controls had some sig-
nificant clinical characteristics (Table 1). No significant associa-
tions were observed. However, patients with higher serum
concentration of anti-MBL antibodies tended to have a lower
occurrence of anti-DNA antibodies, although statistical signifi-
cance was not achieved. The incidence of infections requiring hos-
pitalization during their course of SLE was not significantly
higher in patients with higher serum concentration of anti-MBL
antibodies.

We next analysed whether or not titres of anti-MBL antibod-
ies are associated with various disease parameters of SLE in 111
SLE patients. Anti-DNA antibodies and total IgG tended to be
positively related with anti-MBL antibodies, but statistical
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Fig. 2. Titration curve and inhibition assay for autoantibodies to man-
nose-binding lectin (MBL). (a) Titration curve for anti-MBL antibodies
using serial dilutions of the standard serum in the presence of EDTA
{1 muM). (b) Inhibition assay for anti MBL antibodies adding excess
amount of recombinant MBL to diluted standard serum in the presence
of EDTA (1 ma).

significance was not achieved. No other correlation was observed
(Table 2).

DISCUSSION

In this study, we found the presence of autoantibodies against
MBL in some patients with SLE. This is in accordance with the
study by Seelen et al. [34], which was published very recently.
We confirmed that we were indeed detecting anti-MBL anti-
bodies by; addition of EDTA in the enzyme immunoassay,
thereby inhibiting the Ca™ dependent binding of carbohydrate
recognition domain on MBL to carbohydrates on IgG; digesting
IgG with pepsin, and confirming that the binding region of IgG
was on F(ab),; and detecting an inhibition of aqueous MBL to the
binding of IgG to solid phase MBL. These methods and results
are similar to those reported by Seelen et al. [34], except that we
did detect dose dependent inhibition by our inhibition assay. The
reason for this discrepancy is unclear, but may possibly be due to

© 2004 Blackwell Publishing Ltd. Clinical and Experimental Immunology, 136:585-590
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Fig.3. Serum mannose-binding lectin (MBL) concentrations in 111
patients with systemic lupus erythematosus (SLE) and 113 healthy con-
trols. Subjects with homozygosity for the codon 54 wild-type allele (O).
subjects with heterozygosity for the codon 54 variant (M), and subjects
with homozygosity for the coden 54 variant allele (A) are indicated in both
patients with SLE and healthy controls. Dotted lines indicate average of
titres of serum MBL concentrations in each genotype on both groups. P-
value by Mann-Whitney L-test.
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Fig.4. Association between genotypes of the mannese-binding lectin
(MBL) gene and levels of anti-MBL antibodies in patients with systemic
lupus erythematosus (SLE). AA; homozygosity for the codon 54 wild-type
allele, AB; heterozygosity for the codon 54 variant, BB; homozygosity for
the codon 54 variant allele. Dotted lines indicate average of titres of anti-
MBL antibodies in each genotype. aU, arbitrary units.
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Fig. 5. Association between titres of anti mannose-binding lectin (MBL)
antibodies and concentrations of MBL in systemic lupus erythematosus
(SLE) patients. P-value by Spearman’s rank correlation test. aU, arbitrary
units.

Table 1. Discase characteristics of 111 patients with systemic hupus
erythematosus (SLE) categorized by positivity of anti-mannose-binding
lectin (MBL) antibody

Positive Negative
n=9) (n=102) P-value
Malar rash 3 44 07309
Discoid lupus 0 13 0-5951
Photosensitivity 1 22 0-6821
Oral ulcers 2 20 0-9999
Arthritis 5 59 0-9999
Serositis 4 22 0-2099
Renal disorder 1 29 0-4399
Neurological disorder 0 9 09999
Haematologic disorder
Haemolytic anemia o 8 0-999%
Jeukopenia 4 52 07422
lymphopenia 4 48 0-9999
thrombocytopenia 1 27 0-4447
Anti-ds DNA Ab 4 74 01225
Anti-Sm Ab 0 8 0-9999
Antiphospholipid Ab 3 18 0-3673
ANA ] 95 0-5033
Infections requiring 3 29 07155

hospitalization

Anti-MBL antibody positive was defined as having a titre higher than
mean +2 s.d. of 113 healthy individuals. Serositis, pleuritis or pericarditis;
renal disorder, proteinuria or cellular casts; neurological disorder, seizures
or psychosis; Anti-ds DNA Ab, anti-double strand DNA antibody; Anti-
Sm Ab, anti-Sm antibody; Antiphospholipid Ab, antiphospholipid anti-
body. P = AA + AB versus BB by chi-square analysis.

© 2004 Blackwell Publishing 1td, Clinical and Experimental Immunology, 136:585-590
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Table 2. Associations of titres of anti-mannose-binding lectin (MBL)
antibody and various disease parameters of systemic lupus erythematosus
(SLE) in 106 SLE patients

Disease parameters of SLE P-value*
Anti-DNA antibody 02173
C3 0-8844
Cc4 02131
CH30 07919
I3G 0-0665
IgA 09026
IgM ' 0-1637

*Spearman’s rank correlation test.

the nature of anti-MBL antibodies in individual patients, or con-
centrations or conformations of MBL used in the assays.

Similarities in structure and function exist between MBL and
Clq, and it is known that Clg-deficient or anti-Clq antibody pos-
itive individuals have a high probability of developing SLE
[5.30,35,36]. It has been reported that MBL deficiency may be
associated with the occurrence of SLE [18-22], although defi-
ciency of MBL is not an extremely high risk factor, in contrast to
deficiencies of other complement molecules such as Clg. The
presence of autoantibodies against MBL may cause similar patho-
logical conditions to those found in MBL deficiency, as with the
case of anti-Clq antibodies. In this context, it is noteworthy that a
previous study has shown that anti-Clq antibodies do not recog-
nize MBL [37], which suggests that anti-MBL and anti-Clq anti-
bedies are not identical,

In accord to previous studies, serum MBL concentrations were
closely associated with the MBL genotypes of the individuals stud-
ied (Fig. 3). However, in this study, no significant differences in
serum MBL concentrations were observed between SLE patients
and healthy controls, when individuals with the same genotype
were compared. This is different from the study by Seelen er al.
[34), where they found that serum MBL concentrations were
higher in SLE patients than in controls. This difference may be due
to differences in MBL genotype distributions or disease activities
of SLE in the individuals studied, or other unknown factors.

We next asked whether there is any association between
levels of anti-MBL antibodies and MBL genotypes. No such
correlation was observed (Fig. 4). However, levels of anti-MBL
antibodies in patients having genotype AB were higher than those
in patients with genotype AA, if we excluded one patient with
genotype AA with an extremely high level of anti-MBL antibod-
ies (Fig.4). In addition, some genotype BB patients had anti-
MBL antibodies (Fig. 4). We went on to study the relationship
between serum MBL concentration and levels of anti-MBL anti-
bodies. There was no statistically significant relationship (Fig. 5).
These findings support the notion that elevated serum MBL is not
a causative factor for anti-MBL antibody production, and other
factors should contribute to the production of these autoantibod-
ies. One possible factor is the production of mutated MBL protein
in genotype AB or BB individuals. Individuals with genotype AB
or BB produce a mutated MBL protein which is degraded in sera,
since they are unable to form a stable oligomerized structure
[12.38). These degraded MBL protein products may have a role in
the occurrence of anti-MBL antibodies. However, at this point,

this remains only a speculation. Other factors must be important
as well, since some patients with genotype AA also have anti-
MBL antibodies. Many questions need to be solved, before the
mechanisms of autoantigen recognition and autoantibody pro-
duction including anti-MBL antibodies could be clarified.

We examined the disease characteristics of SLE in anti-MBL
antibodies positive patients (Table 1). There were no significant
relationships between the possession of a significantly high titre of
anti-MBL antibodies, and the characteristics or parameters of
SLE. This is in accord with the report by Seelen et al. [34], which
showed no difference between anti-MBL levels in sera of patients
with active disease and inactive disease, especially concerning
renal involvement. However, among patients having high titre of
anti-MBL antibodies, smaller number of patients tended to have
anti-DNA. antibodies, and more patients (3 of 9 patients, 33%)
developed intestinal pneumonitis, which usually occur in less than
10% of SLE patients [39]. Thus, we felt that some cases had some-
what atypical features of SLE. Whether this is only a coincidence
or not is unclear. A study of larger number of patients should be
done to clarify the clinical significance of anti-MBL antibodies in
SLE.

It has been reported that individuals lacking MBL are prone
to severe episodes of bacterial infections from early life [15-17]. A
recent study has shown that presence of MBL minority allelesis a
risk factor for infection in patients undergoing bone marrow
transplantation [40]. It is also reported that the MBL deficiency,
resulting from the possession of the variant alleles of the MBL
gene, is a risk factor in patient receiving immunosuppressive ther-
apy [19,20]. Although we anticipated that decreased MBL func-
tion caused by anti-MBL antibodies might lead to more frequent
infections during the course of SLE, we could not find, in the
present study, any significant associations between the presence
of anti-MBL antibodies and the occurrence of infections requir-
ing hospitalization after initiation of therapy of SLE. The effect of
anti-MBL antibodies to increased susceptibility to infections in
individuals under immunosuppressive therapy may not be as
large as that caused by MBL gene polymorphisms. Since only 9
patients had significantly high titre of serum anti-MBL antibodies,
a larger study is necessary to confirm this observation.

{n conclusion, we detected anti-MBL antibodies in sera of
patients with SLE. However, we could not find any significant
relationships with MBL genotype, clinical characteristics and
parameters of SLE in this study. Further studies are necessary to
elucidate the actual functions of autoantibodies to MBL in the
pathogenesis of SLE, and to determine the value of measuring
these autoantibodies in clinical practice.
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Abstract Qur objective was to investigate the patholog-
ical mechanisms of HTLV-I (human T-cell leukemia
virus type I)-associated chronic arthritis (HAAP) with
respect to T-cell response to HTLV-I viral proteins. We
examined T-cell clonality and the antigen recognized by
T cells from the inflamed synovium of patients with
HAAP by using histology, a single-strand conformation
polymorphism (SSCP) analysis and T cell receptor
(TCR) sequencing. The SSCP analysis showed oligocl-
onal expansion of T cells in the synovium, suggesting an
antigen-mediated stimulation. In contrast, there was less
clonal expansion in peripheral blood lymphocytes
(PBL). The expression of HTLV-1 env and tax mRNA
was detected in the affected synovium as well as in PBL.
A number of T-cell clones in the synovium recognized
HTLV-I env and tax proteins. Twenty-seven (24.9%) of
109 examined T-cell clones in the joints were HTLV-I
env reactive, and 7 clones (6.4%) were HTLV-I tax
reactive. Junctional sequence analysis of synovial T cells
showed a lack of highly conserved amino acid motifs in
the complementarity-determining region 3 (CDR3) of
HTLV-1 env and tax reactive T cells, suggesting
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that these cells recognized multiple T-cell epitopes on
HTLV-I antigen. These findings suggest that HTLV-I
env protein acts as a major antigen and may play a role
in the development of arthropathy in patients with
HAAP.

Keywords Arthropathy - HTLV.I - Rheumatoid
arthritis - T-cell receptor

Abbreviations HAAP: HTLV-I-associated  chronic
arthritis - HTLV-I: Human T-cell leukemia virus type
I - MBP: Myelin basic protein + PBL: Peripheral blood
lymphocytes - SSCP:  Single-strand  conformation
polymorphism - TCR: T-cell receptor

Introduction

Human T-cell leukemia virus type I (HTLV-I), the eti-
ologic agent of adult T-cell leukemia (ATL) {1], is
associated with several inflammatory diseases, such as
chronic myelopathy (HTLV-1 associated myelopathy/
tropical spastic paraparesis, HAM/TSP) (2, 3], uveitis
[4], Sjdgren’s syndrome [5] and chronic arthritis (HTLV-
I associated arthropathy; HAAP) [6, 7]. More interest-
ingly, the transgenic mouse carrying HTLV-] tax region
develops synovial inflammation with articular erosions
resembling rheumatoid arthritis (RA) [9, 10]. There is
ample evidence from in vivo [8], in vitro [10] and
epidemiological studies {21] to suggest that HTLV-I is
involved in RA-like arthritis.

Previous studies from our laboratory investigating
the pathogenesis of HAAP showed infection of synovial
cells by HTLV-I in inflamed joints [12)], and that HTLV-
I tax protein acted as a transactivator and directly
caused proliferation of synovium and joint destruction
[13). In the case of HAM/TSP, HTLV-] tax specific
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CD8+ cytotoxic T Iymphocytes (CTL) accumulate in
inflamed lesions [14, [5, 16, 17, 18], and that their
complementarity-determining region 3 (CDR3) se-
quences of the T-cell receptor (TCR) are highly con-
served, suggesting that the immune response to HTLV-I
viral protein may play a role in the pathogenesis of
HTLV-I-associated neurologic disease [15]. However,
the role of immune reactions to HTLV-1 remains
unclear in HAAP. Therefore we here investigated the
clonality of T cells that infiltrated the inflamed synovium
and the reactivity of the expanded T-cell clones to the
HTLV-1 env and tax protiens in HAAP by using a
single-strand conformation polymorphism (SSCP)
analysis of TCR genes and histological studies. As a
result, oligoclonal accumulation of expanded T cells in
the synovium through an antigen-mediated stimulus was
demonstrated. Further, a considerable proportion of the
expanded T-cell clones in the synovium was found to
recognize the env and tax proteins, especially env. These
findings provide evidence that HTLV-I env proteins act
major antigens in the inflamed lesions and may play a
crucial role in the development of chronic arthritis in
HAAP.

Materials and methods
Patients -and cell preparation

Four patients diagnosed with HAAP exhibited marked
swelling of the joints associated with destruction of the
bone and joints, and were positive for anti-HTLV-I
antibody (Ab). Their average age, disease duration,
erythrocyte segmentation rate and CRP was 56.2 years,
8.5 years, 69/mm and 1.67 mg/d!, respectively. Synovial
tissues were collected from a knee joint of each patient at
the time of synovectomy, with informed consent.
Simultaneously, peripheral blood was also obtained
from all the patients,

Typing of HLA-DR and -DQ alleles was performed
by PCR combined with dot-blot hybridization using a
sequence-specific oligonucicotide probe (PCR-SSOP)
according to the protocol described by the Eleventh
Histocompatibility Workshop [19].

Immunohistochemical study and in situ reverse
transcriptase assay

Tissue samples were cut into 5-7 pm sections and
mounted on to glass slides, followed by immunohisto-
chemical examination or in situ reverse transcriptase
(RT) assay as described previously [20]. For immuno-
histochemical examination, CD3, CD4, CD8, CD20
and CD68 monoclonal antibodies (mAb, Dako Japan,
Tokyo) were used for detection of surface markers [21].
The anti-CD4 antibody and the other first antibodies
were diluted at 1:20 and 1:50, respectively, for the
staining, and were detected by Envision Kit/HRP
(DAB) Universal (Dako). Non-specific mouse IgG was
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used instead of the first antibodies in negative control
staining.

RT assay was performed to detect HTLV-Ienv and tax
mRNA using primers complementary to mRNA seg-
ments. HTLV-[ env primer was 5-CTCGAGCCC-
TCTATACCATG-3' and HTLV-I tax primer was
5-ATCCCGTGGAGACTCCTCAA-J'. The slides were
visualized by antidigoxygenin Fab Ab (Boehringer
Mannheim, Germany) followed by digoxygenin detection
system (Kreatech biotechnology BV, Amsterdam, The
Netherlands). Negative control studies were performed in
each experiment by using a complementary primer
[22] (env: 5’-CATGGTATAGAGGGCTCGAG-3'; tax:
$-TTGAGGAGTCTCCACGGGAT-3").

Preparation of HTLV-I tax-GST and env-GST fusion
proteins

Recombinant HTLV-I tax and env proteins were
produced as glutathione S-transferase (GST) fusion
proteins. Briefly, PCR products encoding HTLV-I tax
(pX-IV region; amino acid 1-245) or env (amino acid
1-386) from MT-2 cell lines were inserted into a GST
expression vector (pGEX-3X; Pharmacia, Uppsala,
Sweden) and the resultant proteins were purified by
affinity chromatography using glutathione agarose. The
purity of proteins was examined by SDS-PAGE and
Western blot using anti-HTLV-I tax mAb (a kind gift
from Dr Hatanaka, Kyoto University, Japan) or anti-
HTLV-Il-env mAb {Fujirebio Inc., Tokyo).

Co-culture of PBL with HTLV-I proteins

To analyze the HTLV-I tax or env reactive T-cell clones
in peripheral blood lymphocytes (PBL), PBL were
stimulated with tax-GST or env-GST protein, as well
as GST protein alone as a control. Briefly, PBL were
obtained from the HAAP patients and 10’ cells were
co-cultured with tax-GST, env-GST and GST fusion
proteins at a concentration of 25 pg/ml. Seven days after
the co-cuiture, cells were collected and total RNA was
extracted.

For further study to determine CD4 or CD8 T-cell
subsets in HTLV-I tax- and env- reactive clones, CD4 or
CD38 expressing T cells obtained from HAAP patients
were negatively selected by using Dynabeads (Dynal
Inc., Great Neck, NY). Separated and unseparated cells
were cultured with tax-GST and env-GST fusion pro-
tein, followed by the c¢cDNA synthesis, described as
above.

Preparation of RNA and PCR/Scuthern blot analysis
PBL from four patients with HAAP and three healthy

controls was cultured with tax and env proteins for 7
days, and total RNA (1-5 pg) was prepared with Isogen
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(Nippon Gene Co., Tokyo). cDNA synthesis and PCR
were conducted using methods described by Sumida et al.
[23). Briefly, first strand ¢cDNA were synthesized in a
20-pl reaction mixture containing ¢ligo(dT) primer using
1 pg of total RNA; 0.5 pl of the obtained cDNA solution
was then used for PCR amplification of each of the tested
genes. PCR was performed with primers specific for
HTLV-1 tax (mRNA/RPX3 and mRNA/RPX4), env
{Env/S$G221 and Env/SG227), -actin, TCR BV, or TCR
AV genes [8, 12, 24, 25]. Denaturing was performed at
94°C for 1.5 min, annealing at 60°C for 1.5 min, and
extension at 72°C for 1.0 min, for 30 cycles on a DNA
thermal cycler {Perkin-Elmer Corporation, Norwalk,
CT). One-tenth of the PCR products (tax: 144 bp; env:
327 bp; f-actin: 218 bp) was subjected to 2% agarose gel
electrophoresis and hybridized with digoxygenin-labeled
PCR product probe encoding HTLV-I tax, env or f-actin
gene, as described previcusly [12].

In the case of DNAse treatment, total RNA (1-5 pg)
was incubated with RNAse-free DNAse (Boehringer
Mannheim, Germany) in a reaction solution containing
25 mM Tris-HCI, 5 mM MgCl,, and 0.1 mM EDTA
{pH 7.2) for 1 h at 37°C. After DNAse treatment, RNA
was prepared with Isogen again, followed by cDNA
synthesis and PCR using conditions similar to those
described above.

PCR-SSCP analysis for TCR BV and AV genes

PCR products encoding TCR BV and TCR AV genes
were treated as described above. Amplified DNA was
diluted (1:20) in a denaturing sclution (95% formamide,
10 mM EDTA, 0.1% bromphenol blue, 0.1% xylene
cyanol) and kept at 90°C for 2 min. The diluted sample
(2 pl) was electrophoresed in non-denaturing 5% poly-
acrylamide gel containing 10% glycerol. The gels were
run at a constant power of 35 W for 2 h. After electro-
phoresis, the DNA was transferred to immobilon-S
(Millipore Intertech. Bedford, MA) and hybridized
with biotinylated BC probe (5 -A(AQAA(GCO)GTG-
TTCCCACCCGAGGTCGTGTT-3"), or biotinylated
TCR AV probe (5-CCAGCTGAGAGACTCTAAA-
TCCAGTGACAAG-3), streptavidin, biotinylated
alkaline phosphatase, and a chemiluminescent substrate
system {Plex Luminescence Kit, Millipore Intertech).

Sequencing of cDNA enceding TCR BV, HTLV-]
env and tax genes

Complementary DNA encoding the TCR BV genes from
HAAP synovial tissues were purified from polyacryl-
amide gels for SSCP and amplified by PCR using primers
specific for each TCR BV gene, as described previously
[23]. cDNA encoding HTLV-1 env and tax genes were
also amplified by PCR. Fragments with the expected
DNA sizes were enriched by preparative low-melting-

point agarose gel electrophoresis. The recovered DNA
fragments were ligated to pCR2 vector (Invitrogen, San
Diego, CA). Following transformation with the relevant
construct in INVaF’ competent cells, white colonies were
selected, examined for correct insert by PCR using the
same primers, and subjected to a Jarge-scale plasmid
purification using cesium chloride for plasmid DNA
isolation. Following purification of the plasmid, auto-
mated sequencing was performed using ABI 373
(Applied Biosystem, Foster City, CA).

Statistical analysis

Data were expressed as mean+SEM. Differences be-
tween groups were examined for statistical significance
using the Mann-Whitney U test. A p value <5% de-
noted a significant difference.
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Fig. 1 Immunchistochemical examination of a synovial tissue
sample from a representative patient using CD3 (A), CD20 (B).
CD68 (C). CD4 (D) and CD8 (E) monoclonal antibodies. Note that
the majority of infilirating cells are CD4 T cells. whereas CD68
¢ells are present in the lining Jayer. The different sections represent
sequential sections. (HAAP-2, magnification x200)
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Results

Expression of HTLV-] env and tax mRNA
in arthritic joints

Histological examination of synovial tissue samples of
patients with HAAP showed hyperplasia of the lining
synovial cells and marked infiltration of mononuclear
cells. Immunohistochemical examination using mAbs
against CD3, CD4, CD8, CD20 and CDG8 showed that
the infiltrating cells were mainly CD3+ T cells, and the
majority of them were CD4+ T cells (Fig. 1). Although
CD68+ cells were present in the lining layer, the
majority of non-mononuclear cells were CD68™ synovi-
ocytes, as confirmed by morphological examination.
These findings were similar to those of our previous
study, demonstrating that the immunopathological fea-
tures of HAAP synovium resembled those of RA [26].
To examine whether HTLV-1 env and tax genes were
expressed in the joints, we analyzed mRNA of HTLV-I
tax and env using in situ RT assay. The results showed
that HTLV-1 env mRNA was expressed in a broad range
of synovial cells from lining to deeper layer, whereas
HTLV-I tax mRNA was detected in a few cells in the
deeper layer only (Fig. 2). Ssequential analysis of
immunestained sections demonstrated that HTLV-I tax
and env mRNA were expressed mainly in synovial cells

Fig. 2 In situ RT assay of sequential sections as in Figure |
(HAAP-2} to examine the expression of HTLV-I tax (A: tax) and
env (C: env) mRNA. Note the lack of signals using antisense
primers for HTLV-1 1ax (B: tax-} and env (D: env-) genes as
controls. Note also the expression of env and tax mRNA mainly on
synovial cells in the lining layer, although a few mononuclear cells
in the deeper layer also expressed these mRNA (magnification
X200)
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and in a few T cells infiltrating the synovium. In con-
trast, there were no signals using antisense primers for
HTLV-1 env and tax genes as controls (Fig. 2B, D).

We also performed a PCR-Southern blot analysis 10
confirm the expression of HTLV-1 env and the second
spliced tax mRNA. The results showed the expression of
HTLV-1 env and tax mRNA in the synovium as well as
PBL in all cases; however, the amount of the expressed
env mRNA was Jarger in synovium than in PBL in all
patients (Fig. 3a). The expression of HTLV-l env
mRNA was found in all synovia from patients with
HAAP, even if mRNA was treated with RNAse-free
DNAse {Fig. 3b).

HLA typing of four patients with HAAP showed
that two patients (HAAP 1 and 2) used DRBI1*0405
(Table 1). The other two patients (HAAP 3 and 4)
possessed identical HLA-DR and DQ alleles, including
DRBI1*0401. DRBI1*0401 and *0405 are reported to
associate with RA, containing shared epitopes. The
HLA type of HAAP 3 and 4 is an unusual one among
Japanese (a frequency of 1/100). These results suggest a
relationship between HAAP and the HLA-DR or
genetic identity among Japanese in Tsushima.

Accumulation of oligoclonal T-cell clonotypes in
inflammatory synovium of HAAP patients

To analyze whether accumulated T cells in inftamed
joints expanded oligoclonally or polyclonally, the

tax

env

B-actin

env |
{DNAse +)

Fig. 3 (a) Expression ol HTLV-] 1ax and env mRNA in the
synovium and peripheral blood lymphocytes (PBL). A: HTLV-]
tax, B: HTLV-l env, C: S-actin. Lane }: HAAP-! synovium. lane 2:
HAAP-1 PBL, lane 3: HAAP-2 synovium. lane 4: HAAP-2 PBL,
lane 5: HAAP-3 synovium. lane 6: HAAP-3 PBL. lane 7: HAAP-4
synovium, lane 8: HAAP-4 PBL. (b) Expression of HTLV-1 env
mRNA in the synovium after DNAse treatment, Lane I: HAAP-]
synovium. Jane 2: HAAP-2 synovium, lane 3: HAAP-3 synovium,
lane 4: HAAP-4 synovium
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Table 1 HLA typing of patients with HAAP

Patient HLA
DR QD
. Bl B3 B4 BS Bl
HAAP-1 0405 0901 01 0401 0303
HAAP-2 0405 01 0401
HAAP-3 0401 1502 ol 0102 0301 0601
HAAP-4 0401 1502 [t} 0102 0301 0601

clonotype of T cells was examined by the PCR-SSCP
method. Figure 4 demonstrates that T cells infiltrating
into the synovium showed several distinct bands,
whereas PBL from the same patient showed smear

Fig. 4 Accumulation of A
multiple T-cell clonotypes in the — oo
synovium of patients with el e pan S NTR
HAAP, as analyzed by PCR- >
SSCP. Representative examples o

of (A} PBL and (B) T celis
infiltrating the synovium in
HAAP-2

bands. The mean number of T-cell clonotypes in the
arthritic joint (98.5 + 3.0) was significantly higher than in
PBL (20.0£5.7, p<0.01; Table 2). These findings indi-
cate that T cells in the synovium expanded oligoclonally,
suggesting an antigen-mediated stimulation.

HTLV-I env and tax reactive T cells in HAAP synovium

To investigate whether HTLV-I env and tax proteins act
as antigens and are recognized by T cells infiltrating into
the joints, we stimulated T cells in peripheral blood by
recombinant HTLV-I env and tax proteins and com-
pared env- and tax- reactive T cells with those obtained
from the joints. As shown in Figure 5, several identical

-y

Table 2 Clonotype analysis of TCR BV expression in T cells of patients with HAAP?

Patient 1 2 3 4 581 582 6 7 & 9 10 11 12 1381 1351 14 15 16 17 18 19 20 total meanxSD
HAAPI PBL 0 1 0 0 2 13 o1 0 0 1 O 1 2 2 1 0 Y 0 O 16 0.7£0.2
SIM 31 4 4 7 5 731 26 4 5 5 5 7 07 5 5 6 102 4605
HAAPZ PBL 1 1 2 1 32 01 1 2 0 0 2 0 2 0 1 0 2 21 1.0+0.2
SIM 4 10 5 5 7 7 6 5 66 5 2 6 2 3 34 3 1 4 1 4 9 4.5+0.5
HAAP3 PBL 3 ¢ 0 0 3 0 20 23 5 4 0 ¢ 3 3 0 2 4 1 35 16104
SIM 6 5 5 5 11 4 75 34 4 0 5 7 3 7 4 2 0 1 0 2 9 4.0+06
HAAP4 PBL 0 0 0 O 2 0 11 01 0 0 0 0 0 1 0 2 0 1 8 0.410.1
SIM 8 8 6 1 2 7 8 10 4 10 10 2 5 5 5 4 31 0 4 1 2 103 4707

*¢cDNA obtained from PBL and SIM of HAAP patients were
amplified with TCR BV primer sets. PCR products were applied to
SSCP gel and electrophoresed. The number of the bands of each
primer set was counted and the mean number was calculated.

PBL: peripheral blood lymphocytes;
monenuclear cells.

SIM: synovium infiltrated
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Fig. 5 Identical TCR BV genes of T cells infiltrating the synovium
and env- or tax- stimulated PBL {rom patients with HAAP.
Arrowheads or arrows indicate electrophoretic mobility bands
similar 10 those of HTLV-1 env reactive T cells or tax reactive T
cells, respectively

electrophoretic mobility bands encoding TCR BV genes
on SSCP gel were observed in synovial T cells and
HTLV-I tax-and env-reactive T cells in PBL. No distinct
bands were found in PBL stimulated with GST protein
as a contro}. There was also no distinct band in samples
from healthy control subjects after stimulation with re-
combinant HTLV-1 tax and env proteins (data not
shown). The numbers of HTLV-] tax and env reactive T
cells in the synovium are summarized in Table 3.
Twenty-seven of 109 (24.9%) bands in the tested joints
were HTLV-I env reactive, and 7 of 109 (6.4%) bands
were HTLV-I tax reactive. In addition, the presence of
HTLV-1 env- and tax-reactive T cells in the joints of
HAAP-1 patients was also examined using electropho-
retic mobility bands encoding TCR AV genes on SSCP
gel. At Jeast 6 T-cell clones were HTLV-1 env reactive,
whereas 2 clones were HTLV-1 tax reactive (data not
shown).

BVSS1T BV14

BV1381

BV3 Bvs

Bv1

Both CD4 and CD8 T cells are responsible for the
reacting env- and tax—GST protein

Two patients with HAAP (HAAP-2 and HAAP-3)
were examined for the responsible T-cell subset react-
ing for tax- and env-GST proteins, and 5 clones from
HAAP-2 and 5 clones from HAAP-3 were able to be
analyzed. As a result, 2 out of 4 env-reactive clones
and the 1 tax-reactive clone appeared to be from the
CD4+ subset, and the other two env-reactive clones
belonged to the CD8+ subset in HAAP-2. In HAAP-
3, all the 4 env-reactive clones belonged to the CD4+
subset, whereas 1 tax-reactive clone was CDg8+
(Table 4).

Junctional sequence of HTLV-I env- and
tax-reactive T cells

To examine the amino acid sequences of the TCR
CDR3 region, DNA encoding the BV genes from
HTLV-1 env-reactive or tax-reactive T cells were purified
from SSCP gels and their junctional sequences analyzed.
As shown in Table 5, a conserved amino acid sequence,
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Table 3 Number of identical TCR BV genes between SIM, env- and tax-reactive PBL of patients with HAAP*

HAAPI BVI] BVSSI BVIO BV13S2 BVI8 Total
Sim® 3 7 4 7 6 27
T-§° 0 0 0 1 0 ]
E-§¢ 1 2 ] 0 1 5
HAAP? BV3 BVSS1 BV6 BV1382 BVI4 Total
SIM 5 7 6 2 3 23
1.8 3 0 0 0 1 4
ES 1 1 3 1 0 6
HAAP3 BVI BV2 BVSS1 BV13S] Total
SIM 6 5 11 7 29
T-S 0 1 D 0 1
E-S 1 I 4 1 7
HAAP4 BV BV3 BVSSI BVS BV13S] BV14 Total
SIM 8 6 2 4 5 5 30
T-S 0 0 0 0 0 1 1
E-S 1 4 1 ) 2 0 9

"Number of total clones in SIM and the ¢lones of the same mobility
with tax or env-reactive clones in PBL were counted
PNumber of clones detected in synovium

Table 4 T cell subset analysis of HTLV-1 env or tax reactive clones
in SIM?

Antigen CD4 CD8 CD4/CD8
subset subset ratio

HAAP2 env 2 2 242

tax 1 0 1/0

total 3 2 32
HAAP3 env 4 0 4/0

tax (] 1 0/1

total 4 1 4/1

*PBL. obtained from HAAP-2 and -3 were stimulated with env-
GST or tax-GST after the depletion of CD4 subset or CD8 subset
by Dynabeads. The clones reactive to either env or tax were
examined in which subset they belonged to and the number of the
clones were counted

NPS, was observed in the CDR3 region of BV6-carrving
clones in HAAP-2 | whereas TALG was observed in the
CDR3 region of BV5Sl-carrying clones in HAAP-3.
However, other clones did not show such conserved
motifs in the CDR3 region. These findings indicate that
T cells in the synovium recognize a variety of T-cell
epitopes on HTLV-] env protein. We analyzed amino
acid sequences of the CDR3 region of five synovial T-
cell clones which showed identical electrophoretic
mobility with that of peripheral HTLV-1 env- or tax-
reactive T cells on SSCP. As shown in Table 6, the SSCP
bands showing identical electrophoretic mobility were
found to consist of identical TCR CDR3 sequences, This
indicates that HTLV-1 env- or tax-reactive T cells
preferentially accumulated in the synovium of patients
with HAAP.

Discussion

We examined the molecular mechanisms causing
arthritis in HAAP by analyzing T-cell clenality in the
inflamed joints. First, we showed that the cells

“Tax-reactive clones in SIM
env-reactive clones in SIM

expressing tax and/or env mRNA were mainly syno-
viocytes, not T cells. This indicates the possibility that
HTLV-1 viral products are presented on synovial cells
in the context of HLA molecules and act as autcanti-
gens to trigger an autoimmune reaction. In fact, our
SSCP analysis of TCR BV and AV genes revealed that
34 (31.2%) out of the 109 examined T-cell clones that
infiltrated the HAAP synovium were reactive to
HTLV-1 env or tax proteins. Further, the proportion
of HTLV-l env-or tax-reactive T cells in PBMC of
patients with HAAP was less than 107, because there
were few clear bands in peripheral T cells of patients
with HAAP, as shown by the SSCP analysis. These
observations indicate that HTLV-I env- or tdx-reactive
T cells selectively accumulate in the inflamed synovium.
Taken together, the infilirating T cells recognizing
HTLV-I env or tax proteins play a crucial role in the
progression of arthritis in HAAP patients, similar to
reactive arthritis and arthropathy in the HTLV-1 env-
pX transgenic mouse [27). In addition, the targets of
the remaining ~70% of the infiltrating T cells remain
to be determined. These T cells may have proliferated
in a paracrine manner in response to IL-2 produced by
the HTLV-1 reactive T cells, and may contribute to
enhancement of inflammation. Alternatively, they may
react to self components of the joint, such as type 11
collagen and proteoglycans.

We next showed that HTLV-1 env mRNA was
expressed in a broad range of synovial cells from lining
to deeper layers, but that tax mRNA was only expressed
in the lining layer infrequently (Fig. 2). This indicates
that the env protein would be presented more efficiently
than the tax protein. Accordingly, the SSCP analysis
revealed that 27 (24.9%),. of 109 T-cell clones were
HTLV-I env-reactive T cells in the synovium, whereas
only 7 {(6.4%) of the 109 clones were HTLV-] tax-reac-
tive T cells in the inflamed lesions of four patients with
HAAP. In addition, the infiltrating T cells were mainly
CD4+ (Fig. 1), and most of the tested expanded T-cell
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Table § Junctiona) sequences
of TCR BV genes from T cells
of patients with HAAP A)
HTLV-I env reactive T celis”

*Junctional sequences of TCR
BV in T cells reactive for HT-
LV-] env or tax protein. The
single amino acid codes of the3,
position of TCR BV, CDR3,
and 5 position of the J region
are given

®Underlining represents
conserved amino acid sequences

v L1 BY
»1 1086

HaaP-1

v 1-3 TETGCCAGCIGE AGTGLTGGGACTAACGEGLAL GAGCAGTALTTC BI57
t A s 5L 6T W GH EQ Y

BV 551-1  TATCTTTGCGCC ACAAGOCGAGGACAGECT ACACATACGCAG BIIES
YL €A t S R G G A T b T O

B 551-2  TATCTTTGLGLC CARTCGAGACAG GAGCAGTTCTTC 8J25)
YL C R @5 R O EpTrF

BV10-1 TGTGLCAGLAGE AGGGCTATEAGS CAGCCCOAGENT IS
c A5 S R A 1S QP OO

WlN-1 TTCTGTGLLAGT GOAMGAATATCGGRGETCCTA CACTACTTCGGG B2,
FCAS A RIS & VL oY F G

BARP-T

TED CICTCTGCCAGS AGEEECCCORRACTG CANGAGACCECAG 33258
L e s s§ P PG L cr T

BV 5811 TATCTTTGOGEC ACAGCTTGGGGECAGEA CAAGAGACCTAG 83258
YL CA T A NG MG [- 3N - ]

BVE-1 TCTCCCAGTAGE TTAGAGTCCOAT GACEACTTCTTC pI3s1
[ L E S D EorTr

Bve-2 TGTGCTAGCAGE TTAMICCTAGCGSGECETTE ANTGAGCAGTTC BI25)
€ A s S 1 B_p 56 A F x T QP

V-3 TCTGCCAGCAGE TTTANCCCTTCCTACGAG CAGTACTTCGGG 2287
c A S s re pr 5T e Y F &

BV13S1-1  TGTGLCAGEAGT TACTGGCTAGLCECAGTE AECCOGEAGETG s3282
¢ A5 S Y W L A AY T 6 E L

HARP-3

v 1-1 TGTGCCAGCAGE ACCOGEAGEGGGAGA ACTGAAGCTTTC 37151
C K5 S T ¢ A G R TE AT

v 2-1 TGCAGTGETAGT COLLAACTANGTEGE TACAATGAGCAG [R5
€ s A S " LS G Y *»E O

| IR TGCGELAGCAGE GEGGACAACGATTIGAGGACAGCE GGOOAGCTETTT 5252
[ C D W DLRTA 6 E L F

5.2 TATCTTTGCECC ACAGEATTGGGARMTCTTCAGLTOSAC ACTCANGETTTC 8131
¥ L €A T4 L G WY O VG T EAF

BY 5-3 TATCTTTGCGCC ACAGCATTGGGACARGGGGRCTTE ACRGATACGCAG BI253
Y L C A e 6 D F T oY Q

BY S-4  TATCTTIGOGCC ACAGCCCGETCEAL AATGAGCAGTTC 3281
YL £k T AP L D N E OF

BV 1)51-1 TGTGLCAGCAGT TACCGGCOGEECATCGOGMET TACCAGCAGTAC 287
¢ A5 S5 Y AR R G M G T Y E @ ¥

l.!,-!

v 3-1 TATTTCTGIGOC AGTGOTICGGCGEGAGECCCTCEGACT LAGCAGTTCTTIC | 13
Y F C A 2+ & 5§ A & & P G T E O F F

v 3-1 TETCCLAGEAET CCTAGCACCOGATTIC ACEGGGGABCTS BI2E)
c a5 & *P AT G F T e E L

BV 32 CTCTETGLOAGE AGGACGCCTAAT GCCAMMANCATTCMG BI254
L ¢t NS ET NN A K ¥ 10

P 3.3 TACCTCTGTGLC AGCATITGEACTAGCGGGTACINTCAC CAGTTCTTCCEE B225)
T oLt oA $ 1 w T S GCYVE QF F G

BY 1351-1 TECTGTGCOAGE AGCTACAGGGRACEA RACACCATATAT BIIED
recas r Y KT R 8T 1Y

BV 135)-2 TACTTCTGTGEC ACCAGTGACTCGATACTAGCICCCCATCEATAC GAGEAGTACTTC BI288
T F C & $ &5 D 5 1 L A P W P Y E ¢ Y r

B) HTLV-{ 1ax reactive T cells
w DN ')

" 1086

BY 13SM-1  TTCTSHECEAST AGTTCGACAGEEGELCESE MERGATACCCANTAT 3283
F C A& s 5 5 T G G A TOTOY

HANP=F

TER TETGCL ACTTCAACGAAC ACTCARGCTITE BI15]
c A T S TN TEMTF

v )-3 CTCTGTGLCAGE AGCAACTCELTGSAN GAGACCTAGTAC BI85
L € A S B WS ¥ E ET DY

BARZ-3

BV 2-2 TACKTCTGEMT GCAMAGAGACTAGCTCGA GATACGCLGTAT BI28)
r I €S A % R L AN DT o ¥
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Table 6 Junciional sequences of HTLV-T env/tax reactive T cells in the synovium of patients with HAAP®

e S i
97 106

HAAP1

EnvPBL  BV651-1  TATCTTTGCGCC ACAAGCOGAGGACAGGCT ACAGATACGCAG  BJ2S3
Y L C A T & R G G A T D T

SIM BVSSI1  TATCITTGCGCC ACAAGCCGAGGACAGGCT ACAGATACGCAG  RJ283
Y L € a T S R G G A T DT @

EnvPBL  BV5S1-2  TATCTTTGCGCC CAATCGAGACAG BJ2s1
Y L C A @ S R Q GAGCAGTTCTTC

SIM BV5S1-2  TATCTTTGCGCEC CBLATCGAGACAG E @ F F B2
Y L € & @ S R Q GAGCAGTTCTTC

E Q F F

Tax'PBL  BV13521  TTCTGTGCCAGC AGTTCGACAGGGGGCCGG ACAGATACGCAATAT  BJ2S3
F C A S 5 5 T G G A T DT QY

SIM BV13821  TTCTGTGCCAGC AGTTCGACAGGGGGCCGE ACAGATACGCAATAT  BJ2S3
F C A S 8§ 5 T G G A T DT QY

HAAP-2

Em-PBL  BV3-4 CTCTGTGCCAGC AGLCCCCCGGRACTG CAAGAGACCCAG  BJ2S3
L C A S S P P G L @ E T

1M BV3-4 CTCTGTGCCAGE AGCCCCCCOGRACTG CAAGAGACCCAG  BJIS5
L C a5 S P PG L @ E T @

TexPEL  BVa-1 TGTGCC ACTTCAACGAAC ACTGAAGCTTTC  BJIS)
C A T S T N T E A F

SIM BV3-i TGTGCC ACTTCAACGAAC ACTGAAGCTTTC  BJ1S)
c A T & T N T E & F

*Three paired bands from patient HAAP-1 and two paired bands
from HAAP-2, which showed identical electrophoretic mobility on
SSCP, were selected for analysis. ¢cDNA were eluted from SSCP
gels and their TCR BV junctional sequences were analyzed. The
results showed that that TCR BV CDR3 sequences of T cells in

clones were CD4 + (Table 4). The dominance of CD4+
T cells and env-reactive T cells is in contrast with re-
ported findings in HAM/TSP, a chronic neurological
disease characterized by spastic paraparesis and urinary
dysfunction. In HAM/TSP, HTLV-I-specific CD8+
CTL are present abundantly in the peripheral blood,
together with accumulation of lymphocytes in spinal
cord lesions [16, 18]. Further, the target of the CD8+
CTL is mainly HTLV-I tax protein [17], although some
CD4+ CTL recognize HTLV-I gp46 envelope glyco-
protein [28]. So far, it is unclear how some people de-
velop HAM/TSP and others develop HAAP by infection
with HTLV-1. The difference between dominantly
reactive T-cell subsets and/or target proteins may con-
tribute to the differential development of the diseases
tmmunologically. Moreover, the nature of the recog-
nized epitopes would influence the clinical features. For
example, Hara et al. reported that the CDR3 sequence
of T cells infiltrating the spinal cord of patients with
HAM/TSP was highly conserved, indicating limited T-
cell epitopes [15). The conserved amino acid sequence
motifs were similar to those of T cells found in brain
lesions of patients with multiple sclerosis [29] and T cells
specific for myelin basic protein (MBP) [30]). These
findings suggest that T cells in spinal lesions of patients
with HAM/TSP recognize a sequence common with
MBP. More precisely, the T cells would respond to
particular peptides cross-reactive between HTLV-I
proviral proteins and neural cell products such as MBP.
In contrast, our study revealed that synovial T cells do
not show highly conserved amino acids in the CDR3 of
HTLV-I env-reactive T cells, and that they had no un-
ique sequence similar to the above-mentioned MBP-
reactive T cells in patients with HAAP. This indicates

synovium were identical 10 those of paired clones in HTLV-] env
reactive or tax reactive T cells in PBL. Env-PBL. HTLV-1 env
reactive T cells in PBL; Tax-PBL, HTLV-] tax-reactive T cells in
PBL

that T cells in synovial lesions of patients with HAAP
recognize nultiple T-cell epitopes on the HTLV-I env
protein.

In conclusion, T cells that infiltrated the synovium of
patients with HAAP may play a major role in synovitis
by recognizing HTLV-1 env proteins expressed on
synovial cells. Further studies on the antigenic relation
between the env protein and self components of the joint
will promote our understanding of the antigenic roles of
the env proteins in HAAP.
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Abstract

Glucose-6-phosphate isomerase (GPI), recognized as an autoantigen in the K/BxN arthritis model, is a ubjiquitous cytoplasmic
enzyme. Anti-GPI antibodies (Abs) are also detected in the serum of patients with arthritic diseases including rheumatoid arthritis
(RA). So far, 24 GPI variants have been reported and most of these variants relate to non-spherocytic hemolytic disease. To under-
stand the mechanisms of anti-GP1 Ab production, cDNAs from peripheral bleod monenuclear cells of subjects with or without anti-
GPI Abs were cloned and sequenced. We identified 39 new GPI variants (57-1596 bp). The frequency of GPI variants in healthy
control subjects (HS) with anti-GPl Abs (27/73, 31.5%) was significantly higher than that in anti-GPl Ab-negative HS (5/78.
6.4%, p < 0.001). The frequency of GPI variants in anti-GPI Ab-positive RA patients (22/77, 28.6%) was more significantly higher
than in anti-GPI Ab-negative patients {1/63, 1.6%, p < 0.0001). Our results suggest that GPI variants may play a crucial role in the
production of autoantibodies agamst ubiquitous GPI autoantigens.
© 2004 Elsevier Inc. All rights reserved.

Keywords: Glucose-6-phosphate isomerase; Autoantibodies; Auloantigens: Rheumatoid arthrits

Autoantigens in chronic inflammatory arthritides
such as rheumatoid arthritis (RA) are still unknown
[1]. Several candidate autoantigens have been identified
in RA patients, although they have not been confirmed
because of the heterogeneity of the disease. The K/BxN
T cell receptor transgenic mouse spontaneously develops
a joint disorder with many of the clinical, histolopatho-
logical, and immunological features of RA in human [2)].
The disease in the model mouse is initially provoked by
T cell recognition of ubiquitously expressed self-antigen,
and the consequent arthritic events in the joint are
mainly driven by autoantibodies [3].

* Corresponding author. Fax: +81 298 53 3186.
E-mail address: ismatsu@md.tsukuba.ac jp (1. Matsumoto).

0006-291X/3 - see from matter € 2004 Elsevier Inc. All rights reserved.

doi:10,10164.bbre.2004.08.123

Glucose-6-phosphate isomerase (GPI), a second gly-
colytic enzyme, is the target of both initiating T cells
and pathogenic immunoglobulins [4.5]. Several groups
reported the presence of anti-GPI antibodies (Abs) in
the serum of patients with severe forms of arthritic dis-
eases including RA [6-8], suggesting their pathogenic
role in human arthritides. With regard to autoantigen
GPI, the gene locus is located on chromosome 19 [9),
and the gene spans more than 40 kbp, including 18
exons and 17 introns [10-12]. GPI is also known as an
extracelluar cytckine [autocrine motility factor (AMF),
neuroleukine, or maturation factor), and probably
increases the susceptibility to certain autoimmune dis-
eases or cancer metastasis [13-16]. So far, 24 GPI vari-
ants have been identified- and most of these variants
are associated with a decrease in isomerase activity on
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erythrocytes, resulting in non-spherocytic hemolytic dis-
ease [17-22]. Moreover, 10 single nucleotide polymor-
phisms (SNPs) of GPI gene have been reported [23].
Based on the above background, we hypothesized that
the amino acid mutations or deletion of GPI autoanti-
gens results in the generation of autoantibodies against
GPI, with subsequent development of arthritis.

In the present study, to clarify the relevance between
GPI and anti-GPl Abs, we cloned full-length GPI
complementary DNAs (¢cDNAs) derived from subjects
with and without anti-GPI Abs, sequenced them, and
compared them with intact GPI ¢cDNA [24]. We ob-
served numerous GPI variants in anti-GPl Ab-positive
subjects compared with anti-GPI Ab-negative individu-
als. These findings support the notion that variant mol-
ecules of autoantigens are essential for preduction of
autoantibodies.

Materials and methods

Subjects and ¢DNA s)nthesis. Peripheral blood mononuclear cells
(PBMC) derived from 10 patients with RA (including 5 anti-GPI Ab-
positive) and healthy volunieers (including 5 anti-GPI Ab-positive)
were used. These subjects were defined as anti-GPl Ab-positive or
-negative, after GPI enzyme-linked immunosorbent assay (ELISA) by
using recombinant human GPI and rabbit muscle GPI as antigens [7].
Total RNA was prepared from PBMC by using ISOGEN method
(Nippon gene, Tokyo, Japan) according to the instructions provided
by the manufacturer. For first strand cDNA synthesis, 0.5 pg of to1al
RNA with I pl of oligo(dT),s primer was incubated with 2 ug of 10 nM
dNTP mix, 20 U RNase inhibitor, 4 ug of 5x reaction bufler, and
200 U M-MulLV reverse transcriptase (RT) (Revert Aid First Strand
cDNA Synthesis Kit, Fermentas, Hanover, MD) in a total volume of
20ml for  h at 42°C.

RT-PCR and GPI ¢cDNA cloning. Primer sets for full-length GPI
¢DNA including first codon ATG and stop codon TAA were 5'-
TCAGTGTACCTTCTAGTCCCG-3' and 5-GTCCAAGCCCACA
ACCAGA-3' (Table 1) [17). Full-length GPI ¢cDNAs were prepared
with 1] first strand ¢cDNA. 15 pmo! primer sets. 2 pg of 25mM
Mg8SO,, § pg of 2 mM dNTP mixture, 5 pg of 10x reactien bufler, and
2.5U KOD Tagq polymerase (Toyobo, Osaka, Japan) in total 50 pl
reaction volume by using PCR Gene Amp system 9700 (Applied
Biosystems, Foster City, CA). The reaction mixture was incubated at
94 °C for 2 min and amplified for 30 cycles at 94 °C for 155, 59 °C for

305, and 72 °C for 2 min. Next, 5 ml of mixture was loaded onto 1%
agarose gel to check for amplification. The amplified cDNAs were
subcloned into pCR-Blunt 11 TOPO Vector by Zero blunt TOPQ PCR
Cloning kit (Invitrogen, San Diego, CA). To cenfirm the insert, over
20 clones per subject were checked by colony PCR using M13 reverse
primer and T7 primer on the vector following 1% agarose ge] elec-
trophoresis. The clone with a shorter fragment than the intact length
(2-kbp) was sequenced by using approximately primers (Table 1) with
BigDye terminator system {(AB) after purification of the plasmid (GFX
Micro Plasmid Prep Kit, Amersham Life Science, Buckinghamshire.
UK). The sequence of insert cDNA was compared and confirmed with
intact GP1 mRNA [24].
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* Fig. 1. (A) RT-PCR for full-length GPI ¢cDNA. One microliter of

synthesized cDNA template was used in each 50 pl PCR system. Three
microliters of PCR products was loaded in 1.0% agarose gel. NC,
negative control. MI, wide Range DNA Ladder (50-10.000 bp)
(TAKARA)Y, M2, 100 bp DNA Ladder (Invitrogen}. Five samples
were subcloned into each group, respectively. (The left one was not
done in RA positive). (B) Coleny PCR for insert check. M13 RV and
T7 primer on the pCRII vector were used in each 10 ul PCR system.
The band at 2000 bp showed an intact size of full-length GPI cDNA.
Three microliters of PCR products was loaded in 1.0% garose gel, M1,
Wide Range DNA Ladder (50-10,000 bp) (TAKARA). In case of anti-
GPI Ab-positive, clone Nos. 2, 3, 5, 8, 9, 11, 13, 14, 15, and 16 were
sequenced. Clone Nos. 11, 14, and 15 were found deletion varianis
after sequencing analysis. About 20 colony PCR for insert check was
done in each group, respectively, 1o total 291.

Table 1

Oligonucleotides used in this study

No. Sequence Position in NM_000175
GPIL-5' Y- TCAGTGACCTTCTTAGTCCCG-¥ §1-101
GPI-5'-1 5'-CGGACGTCATCAACATTGGCAT-3 552-573
GPI-5'-2 5-GAGTGGTTTCTCCAGGCGGCCA-3' 782-803
GPI-5-3 5'-GTATCTGGTACATCAACTGC-3' 1074-1093
GPIL-5'-4 5-ATCGACGGAGGAGGCCCGAA-3' 1423-1442
GPI-¥ 5'-GTCCAAGCCCACAACCAGA-Y 1901-1882
GPI-3-1 5-CTGGACTCTTGCCCGCAGCC-3' 1472-1452
GPI-3'-2 5-GGTGCAGGTACTGGTCATA-3' 1142-1123
GP1-3'-3 5'-CAGGGCAACAAAGTGCTTCG-¥ £40-821
GPI-3'4 5-CCATGAGGGGTCCCAGGTC-¥ 602584

The set of GPl-5'and GPI-3’ was used for RT-PCR. Others were used for sequencing.
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Results and discussion

To examine whether variant forms of GPI exist in
PBMC of anti-GPI Ab-positive individuals, DNAs
encoding the GPI gene were amplified by RT-PCR with
primers specific for GPI (Table 1). As shown in Fig. 1A,
the amount of DNA encoding intact GPI gene at
1820 bp in anti-GPI Ab-positive (+) subjects was less
than in anti-GPI Ab-negative (—) subjects. This ten-
dency was almost equally found in both RA patients
and healthy subjects (HS). Amplified GPI DNAs were
cloned and several different GPI genes were more fre-
quently detected in anti-GPl Abs (+) than anti-GPI
Abs (=) HS and RA patients (Fig. 1B). Sequence anal-
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ysis of different length clones showed many GPI variants
(Fig. 2); 39 GPI variants were identified in 291 clones.
The frequency of GPI variants in anti-GPI (+) HS (23/
73, 31.5%) was significantly higher compared to those
in anti-GPI (=) HS (5/78, 6.4%, p <0.001, Table 2).
Furthermore, GPI variants in anti-GPI (+) RA (22/77,
28.6%) were also significantly more frequent than in
anti-GPI (—) RA (1/63, 1.6%, p <0.0001, Table 2).
There was significant relationship between the presence
of GPI variants and anti-GPI Abs (p < 0.0001). How-
ever, the proportion of GPI variants in RA did not cor-
relate with that in HS (Table 2}. These findings suggest
that the newly presented B cell epitopes on altered
GPI molecules are recognized as antigens and that
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d: Deletion without frame shift. ds:deletion with frame shift, meaning the presence of new peptide afier deletion site.

*, ** &, similar sequences were found in these samples.

Fig. 2. Mapping of GPI deletions. Sequencing of GPI deletions was confirmed by comparison with intact GPI mRNA [14] after sequencing analysis
of the plasmid having different length cDNAs. Thirty-nine kinds of GPI variants (totally 5{ clones) were identified. In the most upper column, green
bar showed 1674 bp/558 aa length of intact GPl/aa sequence from start codon (ATG) to stop coden. In the following column, green bar showed the
part of intact GPl/aa sequence. Binding line between green bar and dark bar showed the part of deletion. Dark bar showed the part of new peptide
which eceurred by flame shift resulting in deletion. d, Deletion with intact peptide (without flame shift); ds, deletion with new peptide (with flame
shift) including new stop codon; A1553(204-1757): 85aa, 1553 bp deletion between 204 and 1757 bp from start codon on intact GPl mRNA and it
results in 35 aa length protein; », **, &, and #, indicating the same sequencing, (For interpretation of the references to color in this figure legend, the

reader is referred to the web version of this paper.)
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