Cloning of novel soluble gp130 and detection of its
neutralizing autoantibodies in rheumatoid arthritis
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In an attempt to isolate disease-associated autoantigens in rheumatoid arthritis (RA), we cloned a
new autoantigen named gp130-RAPS, which is a novel soluble form of the IL-6 signal-transducing
molecule gp130. gp130-RAPS is a 50-kDa protein translated from alternatively spliced mRNA and
has a truncated form of gp130 with a unique sequence, Asn-Ile-Ala-Ser-Phe (NIASF), in its COOH-
terminus. We observed serum antibodies to this NIASF sequence frequently in patients with RA, but
not in those with other systemic rheumatic diseases or in healthy subjects. In RA, detection of those
antibodies was significantly associated with disease activity indices such as serum C-reactive protein
(CRP) levels, erythrocyte sedimentation rate, blood platelet counts, and serum IL-6 concentration. In
vitro experiments revealed that gp130-RAPS inhibited IL-6 activity, and this inhibition was neutral-
ized by antibodies to the COOH-terminus of gp130-RAPS derived from patients with RA. Thus,
autoantibody to gp130-RAPS may play an important role in the progression of RA by promoting IL-
6 activity. Inspection of autoantibodies to gp130-RAPS may become a practical clinical test for RA.

gp130-RAPS and its autoantibody provide a new clue to the complicated pathogenesis of RA.

J. Clin. Invest. 106:137-144 (2000).

Introduction

Rheumatoid arthritis (RA) is an autoimmune disease
characterized by long-term inflammation and result-
ant destruction of multiple joints. In joint spaces of
patients with RA, persistently presented antigens
appear to play a major role in sustained inflammation
by continuously stimulating T and B cells and thereby
running cytokine cascades of TNF-a, IL-1, IL-6, and so
forth (1). Serum antibodies against the Fc portion of
immunoglobulin G (IgG) molecules, known as
rheumatoid factors (RFs), are important diagnostic
markers, but not specific findings, because RFs are
detected in some normal individuals and patients with
various autoimmune diseases as well as in patients
with RA (2). Autoantibodies or autoantigens specific
to RA would serve as more useful indices for clinical
evaluation of RA and would help in elucidating the
pathogenesis of RA.

To find such disease-associated autoantigens in RA,
we performed expression cloning of synovial antigens
(3). As a result, we cloned new autoantigens, follistatin-
related protein (3) and a novel soluble form of gp130
described here. This soluble gp130 has a unique amino
acid sequence, Asn-Ile-Ala-Ser-Phe (NIASF), in its
COOH-terminus. On the basis of the antigenicity of
this COOH-terminal sequence in RA, we named this
novel protein gp130-RAPS (gp130 of the rheumatoid

arthritis antigenic peptide-bearing soluble form), and
its COOH-terminal 15-mer peptide RAPC15 (gp130-
RAPS COOH-terminal 15-mer peptide).

All tissues express gp130, and gp130 has a wide spec-
trum of biologic activity as a common signal transduc-
er of IL-6 (4), leukemia inhibitory factor (LIF) (5, 6),
oncostatin M (OSM) (6, 7), ciliary neurotrophic factor
(CNTF) (5), IL-11 (8), and cardiotrophin-1 (CT-1) (9).
Soluble gp130 (sgp130) lacking transmembrane and
cytoplasmic regions was reported to inhibit the func-
tion of IL-6, OSM, LIF, and CNTF (10). Our cloned
gp130-RAPS was also expected to have an inhibitory
effect on such gp130-related cytokines.

Among the cytokines involved in the joint inflam-
mation of RA, IL-6 and its receptor components, IL-6
receptor (IL-6R) and gp130, seem to play important
roles in the activation of lymphocytes, synovial cells,
and osteoclasts, not only in the production of patho-
genic antibodies but also in the growth of synovial tis-
sue and the destruction of joint structures (4, 11-14).
Practically, IL-6 is abundantly released in synovial flu-
ids and sera from patients with RA, and its serum con-
centration has a significant correlation with disease
activity as evaluated by serum levels of CRPs (15). In
addition, administration of anti-IL-6 or anti-IL-6R
mADb’s to patients with RA has been shown to exert ben-
eficial effects in clinical trials (16, 17).
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In the present study, we demonstrate that gp130-
RAPS is an autoantigen in RA and has an inhibitory
effect on IL-6 and that autoantibodies to gp130-RAPS
are specific to RA, correlate with disease activity, and
block the IL-6-inhibitory function of gp130-RAPS.

Methods
Molecular cloning of gp130-RAPS. Details of our expression
cloning method have been described previously (3).

Analysis of the gp 130 genomic nucleotide sequence. Genom-
ic DNA was obtained from PBMCs with a QIAamp
Blood Kit (QIAGEN GmbH, Hilden, Germany). The 5’
PCR primer was DFSP (5'-ATA CTG GAG TGA CTG GAG
TG-3"), and the 3' primer was DF3P (5'-CAT CTT GTG
AGA GTC ACT TC-3'). They were located at nucleotides
924-943 and 1099-1118, respectively, in the gp130
cDNA (18). PCR was performed in 50-pL reaction mix-
tures containing 15 pmol primers, 500 ng of genomic
DNA, 200 UM dNTPs, 0.5 pL of a Perfect match PCR
enhancer reagent (Stratagene Cloning Systems, La
Jolla, California, USA), 0.5-UL of LA-Taq polymerase
(Takara Shuzo Co., Otsu, Japan), and buffer (preincu-
bation at 94°C for 1 minute; 37 cycles of a three-step
reaction at 98°C for 10 seconds, 50°C for 30 seconds,
and 68°C for 5 minutes; and a final extension reaction
at 72°C for 10 minutes). Aliquots of 50 ng of purified
PCR products were subjected to sequencing as
described previously (3).

RT-PCR study of gp130-RAPS mRNA expression. RNA
was prepared from cultured cells with TRIzol reagent
(GIBCO BRL, Gaithersburg, Maryland, USA). Double-
stranded (ds) cDNA was synthesized from 5 g of total
RNA using the cDNA Synthesis System kit (GIBCO
BRL) and digested by Rsa I (Toyobo Co., Osaka, Japan)
for 16 hours. PCR was performed in 50-pL reaction
mixtures containing Rsa I-digested ds cDNA from 50
ng of initial RNA, 15 pmol primers, 200 UM dNTPs, 2
mM MgCl,, and AmpliTaq Gold polymerase and
GeneAmp PCR Gold buffer (Perkin-Elmer Applied
Biosystems, Foster City, California, USA) (preincuba-
tion at 95°C for 9 minutes; 35-40 cycles of a three-step
reaction at 94°C for 30 seconds, 62°C for 15 seconds,
and 72°C for 15 seconds; and a final extension reaction
at 72°C for 5 minutes). In this PCR, the 5’ primer was
DFSP2 (5'-GGA TAC TGG AGT GAC TGG AGT GAA G-3';
nucleotides 922-943), and the 3" primer was DF3P2
(5'-CCA TCT TGT GAG AGT CAC TTC ATA ATC-3;
nucleotides 1093-1119). The primer set for GAPDH
transcripts was purchased from CLONTECH Labora-
tories Inc. (Palo Alto, California, USA).

IL-6 stimulation of synovial cells. The synovial cell line
SF-1 was established from synovium derived from a
patient with RA by a limiting dilution method. SF-1
cells have short processes and a round appearance.
Their surface markers were as follows; CD14*, CD34",
HLA-DR’, ICAM1*, and VCAM1". They were free from
infection with parvovirus or Epstein-Barr virus.
Human recombinant IL-6 and soluble IL-6 receptor
(SIL-6R) were purchased from R&D Systems Inc. (Min-

neapolis, Minnesota, USA). As synovial cells do not
have IL-6R’s or secrete sIL-6R, sIL-6R and IL-6 had to
be added to the culture media in this experiment (13).
IL-6 stimulation of SF-1 cells was performed as
described previously (19).

Preparation of rabbit anti-RAPC1S antibody and its affini-
ty columns. Rabbit anti-RAPC1S antibody (a-RAPC15
Ab) was produced by immunization of ovalbumin con-
jugated with RAPC1S peptides by standard methods,
and purified with a RAPC15-affinity column. The
RAPC15-affinity column was prepared by coupling
RAPC15 peptides with 2-fluoro-1-methylpyridinum
toluene-4-sulfonate-activated cellulofine (Seikagaku
Corp., Tokyo, Japan). ad-RAPC1S Ab-affinity columns
were prepared by conjugating the affinity-purified rab-
bit a-RAPC15 Ab with CNBr-activated Sepharose 4B
(Amersham Pharmacia Biotech, Uppsala, Sweden).

Preparation of recombinant gp130-RAPS protein. Recom-
binant gp130-RAPS protein was purified from culture
media of its cDNA-transfected COS-7 cells with the a-
RAPC15 Ab-affinity column. gp130-RAPS cDNA was
ligated into pCXN2 vector and transfected into COS-7
cells using a CellPhect Transfection Kit (Amersham
Pharmacia Biotech). pCXN2 vector was kindly provid-
ed by J. Miyazaki (Department of Nutrition, Osaka
University, Osaka, Japan).

ELISA with antigen peptides. Each well of the micro-
plates (Corning-Costar, Cambridge, Massachusetts,
USA) was coated with 50 UL of 20-g/mL RAPC1S5 pep-
tide in PBS overnight at 4°C, blocked with 200 YL of
5% BSA in PBS at room temperature for 2 hours, and
reacted to 50 UL of serum sample diluted 1:40 and 1:80,
if necessary, and also 1:20 or 1:100-400 in PBS con-
taining 5% BSA in duplicate at room temperature for 2
hours. After three washes with PBS containing 0.05%
Tween-20, bound antibodies were detected with 50 PL
of horseradish peroxidase-conjugated goat anti-human
IgG antibody (Cappel, Durham, North Carolina, USA)
diluted 1:2,000 in PBS containing 5% BSA. Sample OD
values were OD values for antigen-coated wells minus
those for uncoated wells. The titer (units per milliliter)
of 0-RAPC15 Ab’s was determined based on the stan-
dard curve for a positive control serum (the nondilut-
ed serum was considered to contain 100 U/mL).

Synthesis of antigen peptides. Peptides were synthesized
with a Shimadzu PSSM-8 multiple peptide synthesizer
(Shimadzu Corp., Kyoto, Japan) and purified to more
than 90% by reverse-phase HPLC.

Fine epitope mapping. Diluted sera (1:200) were prein-
cubated with competitive peptides (10 M) at room
temperature for 30 minutes. The d-RAPC15 Ab titers
of these absorbed sera were measured by the ELISA sys-
tem with RAPC15 peptides. The results are expressed
as percent inhibition, i.e., percentages of the OD values
for nonabsorbed sera minus those for absorbed sera
over the OD values for nonabsorbed sera.

Evaluation of serum concentration of IL-6 and RF. The
serum concentration of IL-6 was measured with an
ELISA kit (Toyobo Co.). RF of the IgM class was meas-
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ured with an LX reagent Eiken RF-III (Eiken Kagaku,
Tokyo, Japan).

Immunoprecipitation and immunoblotting of gp130-RAPS.
gp130-RAPS in 1 mL of synovial fluid, plasma, culture
medium concentrate, and cell lysate was immunopre-
cipitated by 2 Hg of anti-gp130 mAb GPX22 or 4 ug of
0-RAPC15 Ab’s conjugated with CNBr-activated
Sepharose 4B. The characteristics of GPX22 have been
reported previously (20). GPX22 was kindly provided by
T. Taga (Tokyo Medical and Dental University, Tokyo,
Japan). Elution of immunoprecipitates was performed
as described elsewhere (3). The eluted samples (10 pL)
were subjected to SDS-PAGE under reducing condi-
tions and immunoblotting with rabbit 0-RAPC15 Ab or
goat anti-human gp130 antibody (AB-228-NA; R&D
Systems Inc.). Bound antibodies were detected with per-
oxidase-linked anti-rabbit Ig antibody (NA934; Amer-
sham Pharmacia Biotech) or peroxidase-labeled anti-
goat IgG antibody (A201PS; American Qualex, San
Clemente, California, USA).

Affinity purification of a-RAPC15 Ab’s. Three 0-RAPC15
Ab’s were purified from three patients with RA (RA1,
RA4, and RAS) whose titers were 100, 32.8,and 6.3 U/mL,
respectively, with a HiTrap Protein G column (Amersham
Pharmacia Biotech) and the RAPC15-affinity column.
Control IgG was purified from a pooled serum mixture
from six normal healthy subjects with the HiTrap Protein

G column. The deduced amounts of purified a-RAPC15
AD’s in original sera from RA1, RA4, and RAS were 52.3
(2.74% in total IgG), 31.9 (1.86% in total IgG), and 40.4
Hg/mL (1.89% in total IgG), respectively.

Fibrinogen production assay. Human hepatoma cells Hep
G2 (ATCC HB-8065; American Type Culture Collection,
Rockville, Maryland, USA) in DMEM supplemented
with 10% FCS were cultured in 96-well microtiter plates
(1 x 10 cells per well, 0.2 mL/well) with test samples for
24 hours (20, 21). Fibrinogen in culture supernatant
under various experimental conditions was assayed by
an FG-EIA ELISA kit (Enzyme Research Laboratories
Inc., South Bend, Indiana, USA).

Results

Cloning and synovial expression of gp130-RAPS. To identify
RA-specific autoantigens, we screened synovial-cell
cDNA expression libraries with IgG probes from
patients with RA, and we isolated several cDNAs (3).
One of these cDNAs encoded a novel soluble form of
gp130, gp130-RAPS (DDBJ/EMBL/GenBank accession
number: AB015706). It had the nucleotide sequence of
gp130 (-91 to 1869) lacking an 83-bp fragment (974 to
1056) (18), and a new stop codon located at about 5’
one third of the original coding region due to a frame
shift. As a result, gp130-RAPS had NIASF in its COOH-
terminus, lacking transmembrane and cytoplasmic por-
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Figure 1

Schematic representations of gp130-RAPS cDNA and its partial genome structure (a and b), as well as a demonstration of its mMRNA expres-
sion (c) and translated products (d). (a) Top: An 83-bp fragment (hatched) was deleted in gp130-RAPS cDNA. Each gp130-RAPS molecule
had three intact fibronectin type Ill modules (ovals) and lacked a cytoplasmic region (rounded rectangle). Bottom: The 83-bp deletion
brought about a frame shift and addition of the unique amino acid sequence NIASF followed by a stop codon. Nucleotide numbers are the
same in the membrane-bound gp130 (18). (b) The gp130 genomic sequence had at least two introns adjacent to the deleted 83-bp exon
fragment (hatched) in gp130-RAPS. Each intron had a donor-acceptor structure compatible with the GT-AG rule (shown in the box, under-
lined nucleotides). It seemed that in mRNA splicing, loss of introns a and b, together with the 83-bp exon, produced gp130-RAPS mRNA,
and that their loss kept that exon preserved and created gp130 mRNA. Arrows indicate primers for sequencing and RT-PCR. An Rsa | site
was located in the 83-bp exon. (c¢) RT-PCR analysis demonstrated gp130-RAPS mRNA expression in |L-6-stimulated SF-1 synovial cells. The
expression was upregulated after 3-hour stimulation by IL-6 (100 ng/mL) with sIL-6R (100 ng/mL). PCR was performed for up to 35 cycles.
In 40-cycle PCR, the bands of gp130-RAPS differed little in density (data not shown). As shown in the control lanes, 115-bp and 198-bp
bands represent the products of gp130-RAPS and gp130 mRNA, respectively. GAPDH gene expression, represented by 983-bp bands, was
used as a control to ensure equivalent amounts of original templates. Rsa | digestion could not completely eliminate nonspliced gp130 mRNA
derivatives. (d) Rabbit a-RAPC15 Ab (positive control, PC) and RA patient (RAT) a-RAPC15 Ab (RA) reacted to gp130-RAPS and immuno-
precipitated it mainly from culture supernatant (S) of gp130-RAPS cDNA-transfected COS-7 cells (transfectant) (lanes 1 and 3), and a lit-
tle from their lysate (L) (lanes 2 and 4). gp130-RAPS protein had an approximate molecular weight of 50 kDa under reducing conditions.
An extra band with a lower molecular weight was probably formed by partially degraded molecules (lane 1). IgG from normal healthy sub-
jects (negative control, NC) did not react to gp130-RAPS (lanes 5 and 6). Sample controls derived from nontransfected COS-7 cells were
also examined (wild-type) (lanes 7-12). Immunoblotting was performed with rabbit a-RAPC15 Ab.
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Table 1
Association of anti-RAPC15 Ab positivity with disease activity param-
eters in patients with RA

Anti-RAPC15 antibody P
Parameter Positive? Negative? Utest®  ttest®

(n=54) (n=20)
CRP (mg/dL) 2724 11+1.6 <0.001 <0.01
ESR (mm/h) 50.3+29.8 26.1+183 <0.001 <0.005
Platelets (x10-3/uL)316.4 +93.6  251.1£62.0 <0.005 <0.01
IL-6 (pg/mL) 24.1+£18.9 121 +11.5 <0.005 <0.05
RF(U/mL) 190.7 +318.2 126.2+186.7 NS NS

“Values are means + SD. BMann-Whitney’s U test. “Student’s ¢ test.

tions (Figure la). We have not determined the 3’
sequence of gp130-RAPS cDNA from nucleotide 1869
to the poly A tail.

To determine how gp130-RAPS mRNA is generated
and to confirm whether it is actually produced, we exam-
ined the exon-intron structure in the genomic gp130
DNA and analyzed the manner of gp130-RAPS mRNA
expression in synovial cells. Sequencing of a part of the
genome with a PCR method indicated that there were at
least two introns with a donor-acceptor structure in the
gene (Figure 1b; DDBJ/EMBL/GenBank accession num-
ber: intron a, AB015703 and AB015704; intron b,
AB015705). There were no differences among the
sequences determined from four individuals (two were
patients with RA, and two were healthy controls). This
result suggested that two mRNA sequences can be pro-
duced by alternative splicing. The longer mRNA was sus-
pected to encode gpl130, and the shorter one (83-
bp-spliced fragment), to encode gp130-RAPS. To
examine the expression of gp130-RAPS mRNA, we used
a RT-PCR method with the following modifications. To
reduce competitive amplification of the longer sequence,
which overcame that of the shorter sequence for some
reason, e.g., the relative quantity of the template or its
structure favorable to PCR, we digested cDNAs at the Rsa
I site to eliminate the longer sequence (Figure 1b). We
actually found gp130-RAPS mRNA expressed in synovial
cells (SF-1 cells), and its expression was upregulated by
IL-6 with sIL-6R after 3-hour stimulation (Figure 1c).

In SF-1 cells, other gp130-related cytokines, OSM
and LIF, also upregulated gp130-RAPS mRINA expres-
sion. Hep G2 cells also showed gp130-RAPS mRNA
expression that was augmented by IL-6, OSM, and LIF.
We detected gp130-RAPS mRNA in concanavalin
A-treated PBMCs, but hardly at all in nontreated ones.
The data are not shown here.

To examine whether gp130-RAPS mRNA is actually
translated and expressed, and whether 0-RAPC15 Ab’s
react to gp130-RAPS molecules, we transferred gp130-
RAPS cDNA into COS-7 cells and immunoprecipitated
the translated products with 0-RAPC15 Ab’s from cul-
ture media and cell lysates. Both rabbit antiserum and -
RAPC15 Ab’s from patients with RA predominantly
reacted with gp130-RAPS expressed in culture media
and identified it as a secreted 50-kDa protein (Figure 1d).

Epitopes of gp130-RAPS. As the COOH-terminal NIASF

sequence of gp130-RAPS is unique and not present in
gp130, we thought that the epitopes of the gp130-
RAPS molecule might be located in this sequence, and
we performed ELISA with the antigen peptide RAPC15
and various competitor peptides (Figure 2). The
COOH-terminal 10-mer peptide in RAPC15 (peptide 2)
showed an inhibitory effect identical to that of RAPC15
(peptide 1, control). The 10-mer peptide lacking
COOH-terminal phenylalanine (peptide 3) and the one
in which either isoleucine 326 or COOH-terminal
phenylalanine 329 was replaced by glycine (peptides 5
and 8) exhibited no significant inhibition (< 25%).
However, the 10-mer peptides in which one amino acid
residue except isoleucine 326 and phenylalanine 329 in
the NIASF sequence was replaced by glycine (peptides
4, 6, and 7) showed considerable inhibition (> 75% for
two serum samples). Thus, isoleucine 326 and COOH-
terminal free phenylalanine 329, both of which are
hydrophobic, appeared to contribute greatly to the
antigenicity of RAPC15. The glycine 5-mer peptide
bearing the COOH-terminal NIASF sequence (peptide
9) did not show complete inhibition. The glycine 9-mer
peptide bearing COOH-terminal phenylalanine (pep-
tide 10) demonstrated little inhibition, showing that
the COOH-terminal free aromatic amino acid pheny-
lalanine was not antigenic in itself. These results sug-
gested that the binding of antibodies to RAPC1S pep-
tides required the COOH-terminal NIASF sequence
together with at most five additional amino acid
residues to its NH,-terminus and that isoleucine and
phenylalanine are indispensable.

Prevalence of 0-RAPC1S Ab’s in systemic rhewmatic dis-
eases and relation of the antibodies with disease activity in
RA. To investigate the prevalence of antibodies to

Competitor peptide % Inhibition
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Figure 2

Competitive ELISA for fine epitope analysis. ELISA was performed
with sera from three patients with RA (RA1, RA2, and RA3) whose
titers of 0-RAPC15 Ab’s were 100, 37.2, and 9.6 U/mL, respectively.
Competitor peptide 1 is control peptide RAPC15. Peptides with
10-amino acid sequences in RAPC15 where isoleucine 326 or
COOH-terminal phenylalanine 329 was replaced with glycine or
removed (peptides 3, 5, and 8) exhibited no significant inhibition (<
25%). Glycine 9 mer bearing COOH-terminal phenylalanine (peptide
10) showed little inhibition. Percent inhibition values were calculat-
ed with the formula: (OD [nonabsorbed sera] - OD [sera absorbed
by competitor peptides]) / OD [nonabsorbed sera] x 100.
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Figure 3

Serum titers of IgG-class a-RAPC15 Ab’s in systemic rheumatic dis-
eases. Positive titers (above the dashed line) were detected frequent-
ly in RA and occasionally in other diseases or healthy controls (SLE,
systemic lupus erythematosus; SSc, systemic sclerosis; PM/DM,
polymyositis/dermatomyositis; SS, Sjogren’s syndrome; PAN, pol-
yarteritis nodosa; BD, Behget’s disease; NHC, normal healthy con-
trol). The dashed line shows the cut-off value (2.95 U/mL) for posi-
tive titer of A-RAPC15 Ab’s (see the text). Horizontal bars represent
10, 25, 50 (median), 75, and 90 percentiles. Values outside of the
10-90 percentile range are plotted by dots. ASignificantly lower than
RA (P < 0.0001, X2 test).

RAPC15 in patients with systemic rheumatic diseases
and healthy subjects, we assayed their sera by ELISA
with RAPC15. The serum IgG-class antibody level
(mean + SD) was higher in RA (10.1 + 40.6 U/mL)
than in the controls (1.25 + 0.56 U/mL) and any other
groups of systemic rheumatic diseases including sys-
temic lupus erythematosus (1.87 + 4.49 U/mL), sys-
temic sclerosis (0.97 + 0.85 U/mL), polymyositis/der-
matomyositis (0.81 + 0.63 U/mL), Sjégren’s syndrome
(1.13 + 1.10 U/mL), polyarteritis nodosa (1.24 + 1.05
U/mL), and Behget’s disease (0.97 + 0.46 U/mL) (Fig-
ure 3). Using the mean + 3 SD value in the control
subjects as the cut-off value for 0-RAPC15 Ab’s, the
prevalence of 0-RAPC15 Ab’s in RA became as much
as 73% (Figure 3). This percentage was significantly
larger than that in any disease group tested (P <
0.0001, x? test). In RA, CRP, erythrocyte sedimenta-
tion rate (ESR), peripheral blood platelet counts, and
serum concentration of IL-6 were significantly more
elevated in 0-RAPC15 Ab-positive patients than in
-negative ones (Table 1). Besides, 0-RAPC15 Ab titers
were significantly correlated with CRP, ESR, and IL-6
concentration (Table 2). These results indicated that
the presence of 0-RAPC15 Ab’s was related with active
states of RA. To elucidate what disease phase Q-
RAPC1S5 Ab’s reflect, we are investigating their time
course of appearance.

Detection of gp130-RAPS molecules in synovial fluids and
plasma. In synovial fluids and plasma from patients with
RA and from control subjects, gp130-RAPS with a
molecular weight of 50 kDa was actually detected, as
well as known long forms of 90- and 110-kDa sgp130
(Figure 4). gp130-RAPS was present in samples from
patients with osteoarthritis and in healthy controls and
was not specific to patients with RA.

Inbibitory function of gp130-RAPS against IL-6 and its
interference by a-RAPCI1S of Ab’s from patients with RA.
To examine the effect of gp130-RAPS on IL-6 activi-
ty and the interaction with a-RAPC1S Ab’s, we
assayed fibrinogen production in Hep G2 cells.
gp130-RAPS interfered with IL-6-induced fibrino-
gen production in a dose-dependent manner (Figure
Sa). Affinity-purified 0-RAPC15 Ab’s of a rabbit and
RA patients dose-dependently elevated fibrinogen
production in the presence of IL-6 and gp130-RAPS
(Figure 5b). Such effects of gp130-RAPS and a-
RAPC15 Ab’s were observed as well in the cell prolif-
eration assay using the IL-6-dependent murine
hybridoma clone, MH60 (22) (data not shown).
Thus, a-RAPC15 Ab’s actually associated with
gp130-RAPS to block its IL-6-inhibitory function.

Discussion

gp130-RAPS, a novel soluble form of gp130, is a new
autoantigen in RA. Its autoantibodies, d-RAPC15 Ab’s,
are produced specifically and in association with dis-
ease activity in RA. Furthermore, 0-RAPC15 Ab’s from
patients with RA neutralized the inhibitory function of
gp130-RAPS against IL-6. Thus, the a-RAPC15 Ab can
not only serve as a clinical indicator, but also provide
an important clue to the pathology of RA.

Our cloned gp130-RAPS cDNA had an 83-bp frag-
ment of gp130 cDNA missing. Cloning artifacts of a
partial sequence deletion can originate when hairpin
structure-forming mRNA templates are skipped dur-
ing RT (23). Genomic gp130 DNA, however, had the
introns adjacent to both the 5" and 3’ ends of the delet-
ed 83-bp fragment, which had a donor-acceptor struc-
ture compatible with the GT-AG rule. This shows that
the 83-bp fragmentis an exon and that mRNA splicing
with loss of the entire fragment containing such
introns and the 83-bp exon can produce gp130-RAPS
mRNA. In addition, gp130-RAPS mRNA was actually

Table 2
Correlation of anti-RAPC15 Ab titers with disease activity parame-
ters in patients with RA

Pearson’s correlation? Spearman’s rank correlation®

Parameter n r P rs P
CRP 74 0.244 <0.05 0.453 <0.0001
ESR 74 0.493 <0.0001 0.459 <0.0001
Platelets 74 0.066 NS 0.333 <0.005
IL-6 74 0.313 <0.01 0.449 <0.0001
RF 71 0.028 NS 0.284 <0.05

Comparison between Aparametric and Bnonparametric tests.
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Figure 4

Detection of gp130-RAPS in synovial
fluids and plasma. Top: gp130-RAPS
was immunoprecipitated (IP) with

Synovial fluids
RA OA
M, 12345678 12345678

m a-RAPC15 Ab (+)
2 «-RAPC15 Ab (-)

GPX22 mouse mAb to gp130 (GPX22

mADb) and detected by Western blotting g; ;_

(Blot) with rabbit a-RAPC15 Ab. Extra

bands with a smaller molecular weight 45.0- IP: GPX22 mAb

were probably formed by partially Blot: rabbit

degraded molecules. Bottom: Besides 31.0- a-RAPC15 Ab

gp130-RAPS, 90- and 110-kDa soluble

forms of gp130 (broad fused bands) 21.5-

were immunoprecipitated with GPX22

mAb and detected by goat polyclonal 97.4-

anti-gp130 Ab (a-gp130 Ab). Control 66.2 -

samples (lanes C) were COS-7 IP: GPX22 mAb

cell-expressed recombinant gp130- 45.0- Blot: goat

RAPS. OA, osteoarthritis. 31.0 m-a.-gp130 Ab
21.5-

identified by RT-PCR in human cells. gp130-RAPS
cDNA-transfected COS-7 cells produced its translated
products. gp130-RAPS protein with a predicted molec-
ular weight of 50 kDa was actually found in synovial
fluids and plasma by different specific Ab’s. On the
basis of these analyses of DNA, mRNA, and protein lev-
els, we can conclude that gp130-RAPS is not a cloning
artifact, but a splicing variant of gp130.

sgp130s are supposed to be generated by two mecha-
nisms, proteolytic cleavage (shedding) and alternative
mRNA splicing (24), although ¢cDNA of sgp130 had

a
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a
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not been isolated. We succeeded in the cloning of
sgp130 cDNA. sgp130s have been identified as three
different molecules of about 50, 90, and 110 kDa (10,
25). Considering the similarity of molecular size, it is
possible that gp130-RAPS is identical to the 50-kDa
species, which have not been cloned but whose exis-
tence was described while this study was under way
(25).IL-6 upregulated the expression of gp130-RAPS in
SF-1 cells. This suggests that gp130-RAPS production
is a negative feedback to IL-6 stimulation.

In the Hep G2 fibrinogen production assay, rabbit -
RAPC15 Ab, raised by immunization of RAPC1S pep-
tides and affinity purified, inhibited the function of
gp130-RAPS. Similarly, affinity-purified a-RAPC15 Ab’s
from patients with RA impaired gp130-RAPS activity.
These results show that 0-RAPC15 Ab’s actually associ-
ate with native forms of gp130-RAPS molecules and
exert a blocking effect. Therefore, 0-RAPC1S Ab’s from
patients with RA can be considered autoantibodies to
gp130-RAPS. It is not clear why the same amounts of
affinity-purified 0-RAPC15 Ab’s had different activities
for gp130-RAPS. It is probably due to the difference in
the antibody reactivity to RAPC15 peptides covalently
conjugated with agarose beads, to those on ELISA plates,
and to the native form of gp130-RAPS. In fact, in West-

Figure 5

Inhibition of IL-6 activity by gp130-RAPS (a) and reverse effect of a-
RAPC15 Ab’s on its inhibition (b). Hep G2 cells were cultured in
triplicate with test samples for 24 hours. (a) gp130-RAPS reduced
IL-6-induced fibrinogen production by inhibiting IL-6 activity (P <
0.05, one-factor ANOVA). (b) a-RAPC15 Ab’s derived from a rab-
bit and patients with RA elevated fibrinogen production by neutral-
izing gp130-RAPS and recovering IL-6 activity (P < 0.05 in rabbit and
RAS; P < 0.005 in RA4, one-factor ANOVA). IgG from normal
healthy control (NHC) was the negative control. Titers per weight
of a-RAPC15 Ab’s from patient RAT, RA4, and RAS were 1.91,1.03
and 0.16 U/ug, respectively.
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ern blot analyses, affinity-purified d-RAPC15 Ab’s from
patients with RA did not react with eukaryotic gp130-
RAPS molecules bound to membranes after SDS-PAGE,
but reacted with prokaryotic ones (data not shown). In
any case, 0-RAPC15 Ab’s, antibodies to plate-attached
RAPC15 peptides, seem to have biologic activity for
gp130-RAPS under physiological conditions.

It was revealed that signals of gpl30-related
cytokines are transduced by dimerization of the cyto-
plasmic domains of gp130 after the coupling of two
ligand-receptor complexes consisting of a ligand, its
receptor, and gp130 (26). The known 90- and 110-kDa
sgp130s are thought to interfere with the ligand sig-
naling by forming nonfunctional ligand-receptor
complexes due to a lack of cytoplasmic domains.
gp130-RAPS appears to inhibit IL-6 activity in the
same manner. 0-RAPC15 Ab’s, therefore, seem to
recover IL-6 activity by disturbing such nonfunction-
al ligand-receptor complex formation.

0-RAPC15 Ab’s, neutralizing antibodies to gp130-
RAPS, promote IL-6 activity whereby gp130-RAPS is
induced by negative feedback to IL-6. It remains to be
clarified whether this phenomenon has significance in
vivo and whether 0-RAPC15 Ab production is a cause
or result in RA. It is well documented that some autoan-
tibodies are pathogenic, modifying or inhibiting the
activities of their target molecules in autoimmune and
malignant diseases, e.g., autoantibody to 2-glycopro-
tein-I in antiphospholipid syndrome, autoantibody to
thyroid-stimulating hormone receptor in Graves dis-
ease, and autoantibody to acetylcholine receptor in
myasthenia gravis. In RA, blocking autoantibody to cal-
pastatin was reported to aid calpain activity in destruc-
tive joint inflammation (27, 28). Autoantibody to fol-
listatin-related protein, which we reported previously
(3), is another candidate and under investigation. Given
its IL-6-supporting effect, and high prevalence and cor-
relation with disease activity in RA, 0-RAPC15 Ab,
autoantibody to gp130-RAPS, seems to play an impor-
tant role in disease development in RA.

Detection of 0-RAPC15 Ab’s may well be a more valu-
able clinical finding than known clinical parameters in
RA because it has high sensitivity and specificity (73.0%
and 96.9%, respectively, in Figure 3) and also reflects dis-
ease activity as already described here. In addition, ELISA
with RAPC1S5 peptides is a promising tool for the detec-
tion of A-RAPC1S Ab’s, because of its simplicity and
reproducibility due to the usage of synthetic peptides,
rather than recombinant proteins or tissue extracts.

Why do a-RAPC15 Ab’s appear in patients with RA?
One possibility is that a-RAPC15 Ab’s are generated
directly against gp130-RAPS that is overexpressed in
pathological states. Another possibility is that o-
RAPC15 Ab’s are originally produced against infectious
agents containing an NIASF or NIASF-like sequence and
then cross-react to gp130-RAPS. The latter speculation
seems more plausible than the former because the upreg-
ulated expression of gp130-RAPS was not specific to RA
and observed in synovial fluids from patients with

osteoarthritis as well as those with RA. In the pathogen-
esis of RA, infection with various organisms including
viruses, bacteria, and mycoplasmas has been suggested
to be the trigger of disease development (1). By using the
FASTA program on the GenomeNet service (29), we
found NIASF or NIASF-like sequences in several organ-
ic proteins; -NIASF- in human monocyte/macrophage
serine esterase (A49816), yeast glutamate dehydrogenase
(A25275), simian rotavirus SA11 glycoprotein VP7 pre-
cursor (VGXRI1S), Streptococcus pyogenes exotoxin type B
precursor (A37768), Escherichia coli dnaC protein (XMEC-
NC), Haemopbhilus influenzae probable membrane protein
HI0608 (164080), Bacillus subtilis cheV protein (A55592);
-NI-SF- in saimiriine herpesvirus 1 gene 34 protein
(QQBENS3); -NI—F- in Escherichia coli ribonuclease T2
(832940); and -I-SF- in Staphylococcus aureus cell division
protein FtsZ (S58814) (accession numbers of the PIR
protein sequence database are in parentheses). Among
them, we could not find any protein containing COOH-
terminal NIASF or NIASF-like sequences. However,
interestingly, Streptococcus pyogenes, whose exotoxin pre-
cursor contains the NIASF sequence, has been reported
to induce arthritis both in humans (30) and in an animal
model (31). To identify pathogenic molecules in RA, -
RAPC15 Ab’s and synovial fluid and/or sera from
patients with recent-onset RA may be useful materials as
probes and antigen sources.

The a-RAPC15 Ab, the autoantibody to gp130-RAPS,
provides a novel parameter for the clinical characteri-
zation of RA. However, more intensive studies includ-
ing follow-up surveys about the correlation between its
titers and clinical manifestations are necessary to prove
its advantages over available clinical tests and to estab-
lish its definitive significance in RA. In any case, gp130-
RAPS and its autoantibody may provide the tools with
which to elucidate the pathogenesis of and to create
new therapies for RA.
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