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Table 4. Levels of interleukin (IL)-6 and interleukin (IL)-8 mRNAs in
nurse-like cells derived from rheumatoid arthritis synovium (RA-
NLCs) and monocytes that were fractionated after 24-h coculture

Cytokines  Cells Ratio of mRNA
mRNA/GAPDH  Ratio
mRNA

IL-6 RA-NLCs cultured alone 0.016 1

RA-NLCs cultured with 1.189 76.5
monocytes

Monocytes cultured 0.025 1
alone

Monocytes cultured 0.131 5.2
with RA-NLCs

IL-8 RA-NLCs cultured alone 0.025 1

RA-NLCs cultured with 15.627 616
monocytes
Monocytes cultured 0.021 1
alone
Monocytes cultured 0.076 37
with RA-NLCs
222 bp
<304 bp

1 2 3

Fig. 4. Electrophoresis of polymerase chain reaction products of
interleukin-6 (IL-6) (top lane) and glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) (bottom lane). The conventional revere
transcription—polymerase chain reaction procedure was performed us-
ing Premix Tag (TaKaRa, Shiga, Japan) and LightCycler Primer Set
(search-LC, Heidelberg, Germany) of human IL-6 and human
GAPDH with annealing temperature at 60°C and amplification by 25
cycles for IL-6 and 20 cycles for GAPDH. Polymerase chain reaction
products from monocytes cultured alone (Z), nurse-like cells derived
from rheumatoid arthritis synovium (RA-NLCs) cultured alone (2),
and cocultured RA-NLCs and monocytes (3) are shown

coculture without direct contact was 347 + 36 pg/ml, while
that in the supernatant from RA-NLCs alone was 320 £
25pg/ml (P = 1.000) (Table 3). These results indicate that
direct contact between RA-NLCs and monocytes is re-
quired for induction of cytokines.

Levels of mRNA were examined after RA-NLCs and
monocytes were cocultured for 24h by conventional RT-
PCR (Fig. 4) and by quantitative RT-PCR (Table 4). For
quantitative RT-PCR, cytokine mRNA levels were normal-
ized using GAPDH mRNA as an internal control (Table 4).
Relative levels of IL-6 and IL-§ mRNA in RA-NLCs
cocultured with monocytes were approximately 80 and 620
times higher than those in RA-NLCs cultured alone, re-
spectively (Table 4). Levels of IL-6 and IL-8 mRNA in
monocytes cocultured with RA-NLCs were approximately
5 and 4 times higher, respectively, than those in monocytes
cultured alone (Table 4).

Discussion

Coculture of RA-NLCs established from the synovial tis-
sues of RA patients and monocytes freshly isolated from
PBMC:s of healthy donors resulted in the induction of high
levels of IL-6 and IL-8. The levels of IL-6 and 11.-8 were
much higher when RA-NLCs were cocultured with CD14-
positive cells (i.e., monocytes)'” than when cocultured with
CD14-negative cells, CD3-positive cells (i.e., T lympho-
cytes),” or CD19-positive cells (i.e., B lymphocytes)."” The
levels of 1L-6 and IL-8 mRNA in RA-NLCs were also in-
creased when cocultured with monocytes. When cultured
together, RA-NLCs were more activated than monocytes,
determined by the levels of IL-6 and IL-8 mRNAs in re-
spective fractions. These results suggest that monocytes are
more potent stimulators to RA-NLCs, than they are to
monocytes.

Multiple inflammatory cytokines are known to be pro-
duced by various types of cells such as infiltrating T and B
lymphocytes and monocytes/macrophages in the inflamma-
tory synovial tissues.® Several studies have reported that
interaction between synoviocytes and T and B lymphocytes
promoted cytokine production.

RA-NLCs also interact with monocytes/macrophages.
Our group" reported that monocytes differentiated into
osteoclasts in two steps: cultured in the presence of RA-
NLCs and then supplemented with IL-3 and distorted
bones. Recently we also induced osteoclasts from CD14-
positive cells in synovial fluids (SFs) from RA patients and
OA patients by culturing whole cells in each SF and then
with supplement of IL-3, and found that osteoclasts derived
from RA-SF were larger, had more nuclei, and had more
capacity of resorption pit formation on dentine slice and of
resorption area formation on osteologic discs than those
induced from OA-SF.*® Chomarat et al.* reported that in-
teraction of monocytes and synoviocytes from RA patients
induced the expression of adhesion molecules, VCAM-1
and ICAM-1. There were reports of IL-6 production in the
coculture of synoviocytes from RA patients and mono-
cytes.”* One study demonstrated that coculture of U937,
monocytic cell line, and FLSs leads to enhanced production
of IL-6.” The levels of IL-6 were, however, only three times
higher in the supernatant fluids from coculture of RA
synoviocytes and 1J937 cells than in those from cultures of
RA synoviocytes alone. As U937 is an established cell line,
use of monocytes freshly isolated from PBMCs is more
appropriate and will provide more physiological informa-
tion. Chomarat et al.” reported that coculture of monocytes
from healthy donors and synoviocytes from RA patients
resulted in IL-6 production; the levels of produced IL-6
were, however, only 15-25 times higher than the sum of
those produced by monocytes and synoviocytes cultured
alone. Moreover, they compared the effect of coculture of
monocytes from healthy donors and synoviocytes from RA
patients and that of coculture of monocytes and
synoviocytes obtained from patients with knee ligament
symptoms. There was no difference in the amount of IL-6
production.
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The present study demonstrated that coculture of NLCs
from RA patients (RA-NLCs), not FLSs from OA patients
(OA-FLSs), and monocytes resulted in production of high
levels of IL-6 and IL-8. The results suggest that NLCs from
RA patients may have a unique property to be activated
more easily than OA-FLSs and that, for RA-NLCs, mono-
cytes are more potent stimulators than T or B lymphocytes.

Our results also indicate that direct cell-cell contact is
required for the interaction between RA-NLCs and mono-
cytes. Cytokine induction through coculture of RA-NLCs
and monocytes was inhibited by anti-human TNF-o0 mAD.
No supernatant sample contained detectable levels of TNF-
o by ELISA. Monocytes/macrophages are known to be a
major producer of TNF-a.”” Tumor necrosis factor o is pro-
duced as a membrane-bound, 26-kDa proform,“‘ and the
mature, 17-kDa TNF subunit is released from the proform
by proteolytic cleavage.”” ' The membrane-bound TNF-o.
has biological activities as soluble TNF-o: inducing
apoptosis, proliferation, or cytokine induction.” Together,
it is likely that interaction between RA-NLCs and mono-
cytes is mediated by the membrane-bound TNF-o.

The present study also demonstrated that monocytes are
more potent stimulators for RA-NLCs than T or B lympho-
cytes. The results suggest that production of a large amount
of cytokines through the interaction between RA-NLCs
and monocytes may be one mechanism in the pathogenesis
and maintenance of arthritis in RA. Recently, infliximab,” a
chimeric anti-TNF-o. mAb, and etanercept,” a soluble
TNF-a receptor conjugated to Fc fragment of IgG, have
been clinically applied as therapeutic reagents to RA. It is
expected that these will effectively inhibit the interaction
between RA-NLCs and monocytes/macrophages in inflam-
matory synovium in RA.
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Limited VH gene usage in B-cell clones established
with nurse-like cells from patients with rheumatoid
arthritis

S. Nakamura-Kikuoka!, K. Takahi’, H. Tsuboi®, T. Toyosaki-Maeda’,
M. Maeda-Tanimura', C. Wakasa’, N. Kikuchi', S. Norioka®, M. Iwasaki',
T. Matsutani®, T. Itoh®, S. Yamane', H. Takemoto', Y. Tsuruta’,

Y. Shimaoka?, M. Yukioka®, R. Suzuki’*® and T. Ochi®

Objectives. Nurse-like stromal cells (NLC) in synovia and bone marrow of patienis with rheumatoid arthritis (RA) can support
pseudoemperipolesis, protect from apoptosis and enhance immunoglobulin production of peripheral blood B cells isolated from
healthy individuals, suggesting the profound confribution of hyperactivation of B cells in RA. In the course of establishing
RA-NLC from RA patients, we observed the growth of B cells in the presence of RA-NLC.

Methads. We cloned B cells from the synovium or bone marrow of RA patients using the limiting dilution fechnique. For
established clones, nucleotide sequences of immunoglobulin and surface anfigens were investigated. To investigate the
dependence of these clones on NLC, differences in the proliferation and the amount of immunoglobulin produced in the presence
or absence of NLC were compared. Immunocytochemical staining of various cells was performed using the antibody these
clones produced.

Results. Nine B-cell clones established from RA patients showed RA-NLC-dependent growth. These B-cell clones expressed
CD19, CD20, CD38, CD3% and CD40, suggesting that the cloned cells were mature and activated. All clones secreted
immunoglobulins in culture media, which were specific for intracellular components of various cell lines, including RA-NLC.
Interestingly, we found limited usage of immunoglobulin heavy-chain variable regions (VH) among B-cell clones from RA
patients. These repertoires were reported to be detected preferentially in fetal livers.

Conclusion. The present study provides a nove} insight into the involvement of RA-NLC in the immunopathogenesis of RA via
an autoreactive B cell development and /oy activation mechanism.

Key worps: Rheumaltoid arthritis, B cell, Immunoglobulin VH gene, Autoantibody.

Rheumatoid arthritis (RA) is a systemic autoimmune disease
characterized by progressive joinl destruction resulting from
chronic inflammation [l]. Various inflammatory cefls, including
T cells, B cells and monocyles, infiltrate the synovium, and the
formation of lymphonodular infillrates containing fymphoid
follicles is frequently seen [2]. Infiltrating B cells show several
characteristics suggestive of an activaied state: they proliferate and
produce large amounts of immunoglobulin, such as rheumatoid
factor (RF) [3]. RF is a group of autoantibodics that recognizes
the constant region of 1gG, and is frequently detected in patients
with systemic autoimmune diseases [4]. On the other hand, various
autoantibodies, including anti-nucleoprotein [5], anti-collagen
[6, 7) and others [8~10] have been reported in the patients with
RA. These findings suggest relationships between autoantibodies
and autoimmune disease; however, B-cell involvement in these
diseases is still to be elucidaled.

Immunoglobulin heavy chain variable region (VH) gene of B
cells in synovium of RA patients have been shown to be highly

mutated, indicating an antigen-driven process of affinily matura-
tion [11]. Although several studies showed hat B-cell maturation
occurred in affected joints {12-14), little is known about the precise
mechanism. Reparon-Schuijt and colleagues (3] reported that
fibroblast-like RA synoviocytes isolated from synovial fluid of
RA patients stimulate IgM-RIF production of B cells, suggesting
the contribution of non-lymphoid cells in B-cell activation in RA
joints,

We previously reporied the establishment of nurse-like stromal
cell lines (NLC) from bone marrow and synovium of RA paticnis
{15, 16}. The RA-NLC as well as bone marrow stromal cells [17]
supporicd the survival of B cells and enhanced their function [18].
NLC were not detected in the synovium of osteoarthritis palients
or of normal subjects. These resulls suggested that RA-NLC may
be a specific component of RA synovia and play an important role
in RA pathogenesis.

In the present study, we characterized NLC-dependent B cells
established {rom RA synovial tissue. The growth of B cells was
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dependent on direct cell--cell contact with RA-NLC. These B cells
scereted a large amount of immunoglobulin and were CDS™,
CDI19*, CD20%, CD38%, CD39*. Biased usage of VH repertoires
was observed in B-cell lines established from cach individual.
Similar limited VI repertloires were previously reported in the fetal
liver B cells {19-21] and autoreactive B cells {22]. The evidence
for seleclive B cell-activation in the presence of RA-NLC could
provide new insights into the immunopathogenesis of RA.

Materials and methods
Puatients and specimens

All specimens wete obtained with consent and used in accordance
with the policies and procedures of the rescarch institutional
review board for human subjects at each laboralory and hospital.
Synovial tissues were obtained from five RA patients and a
heparinized bone marrow aspirate was oblained from one RA
patient. All paticnts in this study fulfilled the American College of
Rheumatology Revised Criteria (23] for the diagnosis of RA at the
time of joint reconstructive surgery in Osaka University Hospital,

Cell lines

HEp-2 (human cpidermoid carcinoma), SiHa (human squamous
carcinoma), Hs729 (human rhabdomyosarcoma) and ACHN
(human adenocarcinoma) cell lines were purchased from the
American Type Culture Collection (Rockville, MDD, USA). Cells
were maintained in Dulbecco’s modified Eagle's mcdmm (DMEM,;
Gibeo BRL, Grand Island, NY, USA) supplemented with 10%
fetal calf serum (Gibco BRL) and antibiotics (complete DMEM)
in 7.5% CO, at 37°C. RA-NLC were established {from primary
cultures of synovial tissucs and bone marrow of RA paticuls as
described previously [16, 18). Bricfly, synovial tissues were teased
apart with scissors and digested into single cells using collagenase
and hyaluronidase. The celis werc washed and cultured in complete
DMEM in 7.5% CO, at 37°C. Heparinized bone marrow was
oblained from the iliac crest. Mononuclear cells were separated
by Ficoll--Hypaque (Amersham Pharmacia Biotech, Uppsala,
Sweden) density gradient centrifugation and the cell suspensions
were cultured in complete DMEM for 2 weeks. After non-adherent
cells had been removed, adherent cells were maintained in complete
DMEM in 7.5% CO, at 37°C.

sm\o\\\

Establishment of RA-NLC-dependent B-cell lines and clones

To cstablish RA-NLC, primary cultures of the synovial tissue or
the bone marrow were maintained over 6 months allowing the
prohfcratlon of Iymphoblaelxc cells. The cells were adjusted to
2-3x 10%in 77..n? culture flasks (Costar, Corning, NY, USA)
every week. After lymphoblastic cells were sufficiently grown, these
cells were stained for B-cell surface antigens as described below,
B-cell clones were established from these B-cell lines by the limiting
dilution method. Briefly, ten thousand autologous RA-NLC were
cultured in 96-well plate (Costar) for 3 days, then B-cel} lines were
cocultured on RA-NLC at 0.5 or | cell per well in complete
DMEM. Cells, when proliferated, were transferred into a 48-well
culture plate (Becton Dickinson Labware, Bedford, MA, USA)
and further expanded with autologous RA-NLC. Since no
significant difference was seen in the phenotypes and immunoglo-
bulin production of B cells cocultured with autologous RA-NLC
{rom those with allogenic RA-NLC (data not shown), clones were
maintained cither with autologous or allogenic RA-NLC cvery
month.

129,10.2005-4:23pm} [FIRST PROOIES) 39}
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Molecular analysis of immunoglobulin genes

Immunoglobulin heavy chain genes of each B cell were amplified
by adapter-ligation mediated PCR as described previously [24]
with minor modification. Briefly, total RNA from each of the B
cells isolated using Trizol reagent (Gibco BRL) were submitted for
synthesis of first-strand cDNA using BSL-18 primer, which
confains oligo~dT and the Norl cutling site. After second-strand
synthesis, P20EA/PIOEA adapler was ligated to double-stranded
cDNA, then digested with Noil. Adapter-ligated ¢DNAs were
submitted for nested PCR using P20EA and primers specific for
C-regions. The sequences of PCR primers were as follows: 13G,
first PCR (CG1: CAC CTT GGT GTT GCT GGG CTT), second
PCR (CG2: TCC TGA GGA CTG TAG GAC AGQC); 1gA,
first PCR (CAl: GCT GGC TGC TCG TGG TGT AC), sccond
PCR (CA2: GGG AAG TTT CTG GCG GTC ACG); 1gM, Ist
PCR (CMI: TCC TGT GCG AGG CAG CCA A), second PCR
(CM2: GTA TCC GAC GGG GAA TTC TC).

Nested PCR products were cloned into pGEM-T vector
(Promega, Madison, W1, USA). Dye terminator cycle sequencing
was carried out using T7 primer according to the manufacturer’s
instruction {Beckman Coulter, Fullerion, CA, USA). The ¢cDNA
sequences were compared with the corresponding human germ-line
VH gene segments in GenBank using the BLAST program.

‘ell proliferation assay

RA-NLC (5 x 10%celisfwell) were cultured for 2 days in a 24-well
flat-bottomed culture plate and treated with mitomycin C (MMC;
Kyowa Hakko Kogyo, Tokyo, Japan) at 25 ug/ml at 37°C for | h.
Cells were washed and seeded onto a 24-well flat-bottomed culture
plate (Costar). The next day, 100000 B-cell clones were cocultured
with MMC-treated RA-NLC for 9 days. Cells were then pulsed
with 0.5uCi of tritiated thymidine (Radiochemical Center,
Amersham, UK) for 18 and were harvested onto glass fifters.
Radioactivity was measured on a g-scintiflation counter.,
Experiments were performed with no additional cytokine or
growth faclor,

Measurement of the amount of impumoglobulin production

To determine the immunoglobulin isotype, culture supernatants of
cach B-cell clone were tested with a human immunoglobulin

typing kit {The Binding Site, Birmingham, UK) based on the
&chlcnlony immunodiffusion techmquc B cells () x 10° cells)

‘?\wcre cocultured with RA-NLC (5 x 10%cells/well) which had been

previously cultured for 2 days in a 24-well flat-bottomed culture
plate, In some experiments, B cells were cultured on Millicell
culture plate inserts (Nihon Millipore Kogyo, Yonezawa, Japan)
to preveal direct contact with RA-NLC. On day 3, the culture
supernatants were collected and the concentration of immuno-
globulins was measured with the Human Immunoglobulin ELISA
Quantitation Kit (Bethyl, Montgomery, TX, USA).

Purification of antibody from culture media

The antibodies were purified using protein A and/or protein G
Sepharose 4B (Amersham Pharmacia Biotech) chromatography
according to the manufacturer’s instructions. For the delection
of RF, purified antibodies were incubated with denatured
human IgG-coated latex particles using total RA Test-N (Nissui
Pharmaceutical, Tokyo, Japan).

Immunocytochemical staining

RA-NLC, HEp-2, SiHa, Hs729 and ACHN cells were cultured in a
chamber slide (Nalge-Nune International, Roskilde, Denmark)
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al 37°C. After 16h, culture medium was removed and cells were
fixed on the slides with cold acctone at —20°C. These slides were
air-dried and stored at —80°C untif use. For immunocytochemical
staining, slides werc incubated with purified antibodies al
100 eg/mi witk 0.1% bovine serum albumin (BSA)/phosphate-
buffered saline (PBS) at 4°C for 18 h. Slides were washed with PBS,
then incubated with fluorescein isothiocyanate (FITC)-conjugated
goat anti-human immunoglobulin antibody (Dako, Carpinteria,
CA, USA) diluted 1:200 with 0.1% BSA/PBS for 2hat 37°C. After
washing with PBS, the slide was covered with 4 coverglass in 50%
glycerol/PBS and examined under a fluorescence microscope.

Phenotype of B-cell clones

(ush)
The clones were stained with FITC-conjligated anti-human
monoclonal antibodies specific for CDS5, é)l fa, CD20, CD38
and CD40 (BD Pharmingen, San Diego, CAY and for human {gA,
1gG, IgM, IgD, kappa and lambda (Dako). They were also
stained with phycoerythrin-conjugated anti-human monoclonal
antibodies specific for CD19 and CD39 (BD Pharmingen). Anti-
human monoclonal antibodies specific for CD49d (Upstale
Biotechnology, Lake Placid, NY, USA) was non-labelled and
FITC-conjugated goat anti-mouse IgG (BD Pharmingen) was used
as the secondary antibody. Anti-human CXCR4 (R&D Systems,
Minneapolis, MN, USA) was detected by slaining with Avidin-R-
Phycoerythrin (Serotec, Raleigh, NC, USA). The stained cells were
analysed using a FACScan”™ (BD Pharmingen) flow cylometer
and CellQuest software (BD Pharmingen). Dead cells were
excluded by propidium iodide staining. Forward and side scatter
gales were determined for lymphoblastic cells Lo exclude possible
contamination by RA-NLC.

Detection of Zpstein-Barr virus (EBV) genome

Genomic DNA samples were isolated from each B-cell clone using
the DNeasy'IM Tissue Kil (Qiagen, Valencia, CA, USA). To
remove RA-NLC, B-cell clones were collected, washed and stained
with CDI19 antibody conjugated with magnetic microbeads
(Millenyi Biotec, Germany) and passed through the magnetic
column. CDI19" purity of the B-cell clones after the procedure was
>98%, using FACS analysis. A PCR specific for the BamHl W
repeat region of the EBV genome was performed. Primers for
the above region were synthesized and the PCR reaction was
conducted as described previously [25]. Amplified products were
electrophoresed in 1% agarose gel and visualized with ethidium
bromide staining.

Western blot analysis of B-cell clones

The cell lysales were subjccted to sodium dodecyl sulphate-
polyacrylamide gel electrophoresis (SDS-PAGE) under reduced
conditions and the eleclrophoresed protein was transferred to
PVDF membrane (Millipore, Bedford, MA, USA) in a semi-dry
blotling system. The membrane was blocked with 3% skim
milk/1% BSA/PBS at 4°C for 181 and then cul into strips and
incubated with antibodies difuted with 1% BSA/PBS at room
temperature for 3 h. Strips were washed with 0.5% Tween 20/PBS
and reacled with horscradish peroxidase-labelled anti human
immunoglobulin antibodies diluted 1:2000 with 0.1% BSA/PBS
for | h. After washing, bound antibodies were detected with an
clectrochemiluminescence system (ECL; Amersham Pharmacia
Biotech).

Immunoprecipitation

RA-NLC, HEp-2, StHa, Hs729 and ACHN were cultured in
semiconfluent conditions. Cells were collected with a cell scraper
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(BD Labware) and lysed with RIPA buffer (1% NP-40, 0.5%\
sodium deoxycolate, 0.1% SD&S@I‘ris-ﬂCl (pH 8.0), 150/
NaCl, { pg/m! aprotinin, @@]’MSF) or hexac}eey{ﬂq'nwthyi—
ammapivm bromide (CTABY) buffer (1% CTAB,QWBDT
5@”3---[-1& (pH 8.0), 1S0mm NaCl, 1 pg/ml aprotinin, l'?nM/
P %), Cell tysales were mixed with purified antibodies at 3°C
for {8h. The immune complexes were recovered by protein G
Sepharose 4B and the eluates were subjected to SDS-PAGE. The
reacted proteins were visualized by silver staining (Wako Pure
Chemical, Osaka, Japan).

Results

Establishment of B-cell clones and molecular analysis
of impwnoglobulin repertoire

We found that B cells proliferated in a long-term culture with NLC
from RA bone marrow and synovial tissue. We analysed the
immunoglobulin VH gene repertoire of these B-cell lines (Table 1),
Since only one VH gene was detected in RA3 and RAA4S cell lines,
these lines were considered o be monoclonal. The B-cell lines
generated from RA32 and RA79 had broader repertoires. Highly
limited VH repertoires have been reported in B cells of the human
fetal liver [19-21]. Interestingly, the majority of the detected VH
gene usage of our B-cell lines was contained within the limited
repertoire found in the human fetal Tiver.

Using the limiting dilution method, we established B-cell clones
and anafysed their immunoglobulin reperioire (Table 2) For clones
cstablished from RA3, RA32, RA4S, RA79 and RAIT6, nucleo-
tide sequences of the V-D-J region were all identical in each
patient. In RA32 and RA79, broader repertoires were detected
before cloning and only the most frequently used repertoire in each
B-cell line wasg cloned. From RAI133, four different B-cell ¢lones
were delected, with the VHI-69 gene subgroup used most
frequently. Nucleotide sequences of clones from RA79 and
RAI76 belong to the same putative germ-line gene, 3-30, and
RAJ3 and RAI133 belong Lo the same germ-line gene, 3-48.

The replacement/silent {(R/S) ratios in mutations of comple-
mentarity-determining region (CDR) of VH gene differed for every
clone. All mutations were R in RA32; on the other hand, the
number of mutations of R and S was the same in RA79. Moreover,

Tastk 1, Repertoire of immumoglobulin heavy-chain variable regions of
B-cell lines cstablished from RA paticnts

Homology" Frequency®

Patient Origin VH gene' (%) (N/T)
RAJ Synovial tissue 3-48 95.9 9/9
RA32 Bone marrow 3-13 96.6 6/10
3-21 95.6 2/10
44 94.9 1/10
44 93.2 1/10
RA45 Synovial tissue 39 94.2 6/6
RA7Y Synovial tissue 3-30 93.8 13/36
37 93.9 9136
-5 87.9 8/36
39 91.5 3/36
31 89.1 1736
3-33 85.7 1/36
4-18 86.8 1/36

"Bold facc signifiecs VH usage corresponding Lo that previously
reported in B cells in fetal liver §19-21]. Underlined valucs correspond to
VH usage previously reported in autoantiibodies [22}. "Homology was
calculated by similarity at the nucleic acid fevel, “Number of
immunoglobulin genes detected {N) out of total number (T) of sequences
analysed.
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TanLi 2. Analysis of immunoglobulin heavy-chain regions of the B-cell clones

Homology®

Representative D gene J genc Frequency®
Patient Origin" name of clone V gene subgroup VH gene” % subgroup subgroup (N/T)
RA3 Sy RA3a VH3 3-48 95.9 DHS JH4 919
RA32 BM RA32a VH3 3413 96.6 DHo JH4 6/6
RA4S Sy RA4Sa VH3 3-9 94.2 DH6 JH4 6/6
RATS Sy RAT9a VH3 3-30 93.8 D3 JH4 Kz
RAI133 Sy RA133a Vil 1-69 95.9 DH3 JH4 410
Sy RAIL33b VH3 3-66 91.4 DH6 JHS 3/10
Sy RA133c VH3 3-48 89.0 D2 JH3 2/10
Sy RA133d VHS 5-51 91.5 DH3 JH3 110
RA176 Sy RA176 VH3 3-30 92.1 DHS5 4 6/6

"BM, bone m;irrow; Sy, synovial tissue. "Bold face significs VH usage corresponding to that previously reported in B cells in fetal fiver [19-21).
Underlined values correspond to VI usage previously reported in autoantibodies [22}. “Homology was calculated by similarity at the nucleic acid level.
Number of immunoglobulin genes detected (N) out of total number (T) of analysed sequences.

TanLe 3. Analysis of immunoglobulin heavy-chain regions of the B-cell 80
clones
018 cell alone
L) TR i 3B cell + RA-NLC (separated)
FR CDR BB cell + RA-NLC
Name of clone R s* RS R s’ R/S el
RA3a 4 1 4.0 4 1 4.0
RA32a 4 i 4.0 5 0 -
RA45a 5 3 1.7 5 2 2.5 %
RA792 7 [ 7.0 4 4 1.0 E
=
4R, framework; CDR, complementarity-determining region; "replace- % 40
ment (R) and silent (8) mutations in the framework and CDR repions, £
[=}
o
comparison of the R/S ratio in the framework region (FR) and the
! CDR showed that cvery clone was different (Table 3), €. -
K/ In total, nine B-cell clones were established from six patients. aor
Clones predominantly expressed members of VH3 family with
no representation of the VH2 or VH4 family. The homology of
VH regions of B-cell clones ranged from 89.0 10 96.6%. For JH
regions, dominant usage of the JH4 {amily was observed, but there
- was no corrclation between VH, JH and DH usage s - S !
r)‘/u\cleo'ﬁt}@ and amind aoid Sequences of COR3 region & are Shown RA32a RA79a RA133a
e ent data . A B cell clone
in, Table b as supplementary xaid. - o .
Trmvrmnogiobuin wetionof B-¢ell élones Fig. 1. Proliferation of established B-cell clones. B cells (1 x 107)

The growth of B-cell clones was found to be RA-NLC-dependent,
similar to previous findings in B-cell lines esiablished from RA
patients [16]. Direct contact with RA-NLC appeared necessary for
the profiferation of B-cell clones. B cells showed no growth when
cultured in medium alone, while proliferation was remarkably high
in the presence of RA-NLC (Fig. 1).

To determine the isotype of secreted antibodies produced by
these B-cell clones, cullure supernatants were examined. B-cell
clones predominantly produced IgG (7/9) while a minority
produced either TgA (1/9) or 1gM (1/9) (Table 4). The production

\/ of 4z was also observed only when cocultured with RA-NLC.
T B-cell clones were cocultured with RA-NLC but separated by a

" cell culture insert, proliferation and immunoglobulin production
were markedly down-regulated (Fig. 1, Table 5). In summary, the

H proliferation of B-cell clones and their production of immunoglo-
[ -—.Dbulin are dependent upon dircct conlact with RA-NLC.

{@w\m\mﬁ%\obu\@
'''''' Tmiiunocytochemical staining with antibodies
produced by B-cell clones

B-cell clones from our RA patients produced [0-50mg/l of
immunoglobulins in their culture supernatants (data not shown).

[Ver: A3D2 8.07¢/W) {29.10.2005-4:23pm] IFIRST PROOYS] [1-9]

were cultured alone or cocultured with or without direct contact
with mitomycin C-treated RA-NLC (5x 10%) for 10 days.
Proliferation index was calculated as experimental *H-TdR
incorporation (mean c.p.m.)/’H-TdR incorporation of B cells
cultured alone (mean c.p.m.).

Tany 4. Recognition of autoantigen by immunoglobuling produced by
B-celt clones

Immunofluoresence
staining pattern

Representative Scereted
Patient name of clone Isotype” immunoglobufin®

RA3 RA3a M Mk & IgM NT

RA32 RA32a Y! ek W 128G nucleus (speckled)

RA4S RA45a O(’; al\ A IgA Cytoplasm /'

RAT9 RAT90 o plkik IgG Cytoplasm /

RAI33 RAI33a = pfk 1sGG Cytoplasm {
RAI33b gk 1gG Cyloplasm /
RAIZ3c ¥ g/k 126G NT N
RAINd ¥ g/kfis G N 1 & VQ“Q\(

RAIT6  RAIT6 Y 'afld & 1gG ——CHloplasm A

%% e e 0\\9\,\0\&)-@“ !

“Determined by FACS analysis; “delermined by Ouchterlony
immunodiffusion method with cufture supernatants. NT, not tested. % ‘30‘* 7\
Y ¢
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Tante 5. Immunoglobulin production by the B-cell clones

Immunoglobulin production” (ng/mf)

Culture condition RA32a RA45a RA79a /
RA-NLC <31.3¢ <313 <31.3 !
B cells 49.1 334 <31.3 {
B cells 4+ RA-NLC 119.4 <313 <31.3

(scparated)”
B cells 4+ RA-NLC 150.2 >1000 >1000

B-cell clones (3 x 10%) and NLC (5 x 10% were cultured for 3 days in
24-well plates. "The amount of immunoglobulin in the cell culture
supernatants was measured with an ELISA kit as described in Materials

and methods;

B-cell clones were cultured on a Millicell culture insert

and RA-NLC were cuitured on the bottom of the same well separately;
“undetectable level.

Fig. 2. Immunostaining paliern of RA-NLC with a monoclonal
antibody purined from culture supernatant of B-cell clone.
Positive reaction was seen using FITC-conjugated anti-human
immunoglobulin antibody, using supernatant from (a) Clone
RA32a (b) Clone RA79a. Original magnification, x 100,

We purified immunoglobuling from culture supernatants by
column chromatography and conducted immunacylochemical
staining using antibodies secreted by these B-cell clones to examine

their reactivity 1o human cell tines.

A monoclonal antibody purified from the culture supernatant
of the RA32 B-cell clone showed speckled nuclear staining, while
eight purified antibodies from the other RA patients showed
a diffuse cytoplasmic pattern of RA-NLC (Table 4, Fig. 2).
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Fluorescence intensity

F1G. 3. Phenolypic analysis of B-cell clones for B-cell-specific markers. Horizontal and vertical axes illustrate log fluorescence and
relative cell numbers, respectively. The histogram corresponding Lo cach monoclonal antibody (shaded arca) is superimposcd on that
of the negative control (open area) stained with an isolype-matched unrelated monoclonal antibody. Each row represents data from an

individual RA natient.

All antibodies from culture supernatants stained human stromal
cell lines established from other tissues, i.c. HEp-2, SiHa, Hs729
and ACHN. Our data suggest that the antibodics produced by the
B-cell clones recognized antigens thal were ubiquitously expressed
in various tissues (data not shown).

Surface phenotype of B-cell clones

Individual B-cell clones showed a similar phenotype of cell-surface
anligens (Figs 3 and 4). Although fluorescent intensities of antigens
were slightly different from clone to clone, all clones expressed
B-cell surface markers CD19, CD20 and CD40, which were not
expressed on plasma cells. These B-cell clones showed a unique
profile, staining double-positive for CD38 and CD39. Anligens
CD38 and CD39 are known as markers of germinal centre (GC)
B cells, though GC B cells usually expressed cither CD38 or CID39
but not both. These clones did not express CDS, a marker of
autorcactive B cells in humans [26]. We also analysed a panel
of adhesion molecules, including CD!la {lymphocyte function-
associated antigen | (LFA-1)], CD49d [very Jate antigen 4 (VLA-4)]
and CXCR4, which are belicved to be important for B-cell
adhesion and pseudoemperipolesis aclivity involving RA-NLC
[17]) or fibroblast-like synoviocytes [27]. Al clones cxpressed
CDlla and CD49d but not CXCR4, suggesting CXCR4 is
nol essential for survival of these B-cell clones. In summary,
surface marker analysis showed these cloned cells to be
activated and mature B cells. Our data also suggest a less important
role for the adhesion molecule CXCR4 in the survival of these
clones.

EBV wransformation of B-cell clones

B-cell clones were examined for EBV transformation by PCR. All
samples showed amplification of the BamHU W repcat region of the
RBV genome (dala not shown).

RA4S antibody reacts with 48-kDa protein

expressed in HEp-2 cells

In preliminary experiments, we could not detect any specific
reactivity of these antibodics by western blot analysis (data not
shown). This suggested thal autoantibodics produced by ihe
clones recognized the tertiary structure of the antigen(s). Further
examination of the antigen-specificity of autoantibodies produced
by B-cell clones was done in immunoprecipitation studies. Using
purified RA45 autoantibody and RA-NLC lysate in CTAB bufler,
a 48-kDa precipitate was detected (data not shown). This
precipitate was also detected in lysate derived from HEp-2 cell,
consistent with he antigen specificity observed in immunocyto-
chemical staining. Auntibodies purified from culture supernatants
of other B-cell clones did not show significant antigen specificity.
Identification of the 48-kDa precipitate is now under way.

Discussion

In this study, we reported the establishment of B-cell clones from
synovium and bone marrow of patients with RA. Previous studics
have looked at the clonal analysis of B cells in the synovium of RA
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¥i1G. 4. Phenotypic analysis of B-cell clones for adhesion molecules and/or chemokine receplors. Horizontal and vertical axes illustrate
log fluorcscence intensity and relative cell numbers, respectively. The histogram corresponding to each monoclonal antibody (shaded
arca) is superimposed on that of the negative control (open area) stained with an isotype-matched unrelated monoclonal antibody.

Each row represents data from one patient.

patients, but this is the first study to do this analysis on B-cell
clones. These B-cell lines showed interesting characteristics, such
as CD38 and CD39 double-positive phenotypes, auloantibody
production, a restricted VH repertoire, and dependence on
dircct contact with RA-NLC fo, '{)‘x‘ol'\fcralion, differentiation
and activation, VH4)

A large diveisity of immunoglobfilini§ generated by recombina-
tion between V, D and J segments. However, immunoglobulin
repertoire usage is not a randomgprocess. The VH3 family is used
most frequently, followed by ¥ and VHI in adult peripheral
blood [28, 29). Also, in cach VH family, biased usage of particular
VH gene segments was seen; for example, in the VH3 family, the
3-23 gene was most frequently used by healthy adults in peripheral
bloed [28]. While the 3-23 gene was found most frequently in the
peripheral blood [30] and in the synovial tissue of patients with RA
[31), we did not find the same germ-linc gene in established B-celt
lines and clenes (Tables | and 2). Huang et 4/. [30} showed a lower
frequency of the 3-30 gene in RA patients than in healthy donors.
However, we detected 3-30 gene usage in {wo out of nine clones.
Our data suggest that the process by which B-cell clones survive is
not a random one.

B cells in the human fetal liver are believed to have highly
restricted sels of VH gene segments [19--21], and these limited VH
segments were widely used for various autoantibodies, including
RF, anti-DNA and anti-thyrotropin receptor antibodies [22].
Our established B-cell clones recognized ubiguitous antigens.
Consistent with these findings, autoreactive B-cell clones of this
study used VH genes which were also frequently found in the fetal
liver.

Aulorcactive B cells are not always CD5' {32], though CD5* B
cells have been reported 1o scerete autoantibodies in several
autoimmune diseases [26]. The percentage of CDS™ cells increased
in the peripheral blood of RA patients with CD5" B cells detected
in the synovium [33). Natura) antibodies are also produced by
CD5™ Bcells [34]. In this study, B-cell clones from RA patients did
not express CDS @Rige-duand-4):  ( Fig. 3 )

Kim and colleagues reported three different subsets of infil-
trating B cells in inflamed synovium [31]: (i) terminally differ-
entiated plasma cells (CD20™, CD38™Y; i) mature CD20*, CD38~
B cells; and (iti) activated B cells with GC phenotypes (CD20" and
CD38* or CD39™). Our B-cell clones expressed CDI19, CD20,
CD38, CD39 and CD40, which suggests mature, aclivaled cells,
Instead of the similarities between RA synovia and lymph nodes,
the surface antigens of our B-cell clones differed from those of
these activated B cells. This unique expression pattern of surface
antigens might be due to BBV, since EBV has been shown (o
induce B-cell activation [35). Although our established clones were
all transformed by EBV, they rapidly died when cultured in
medium alone. Further study of this unique B cell phenotype in the
peripheral blood and joints of RA patients is under way,

Rheumaltoid synovia can support differentiation of activated B
cells into plasma cells [12, 36-38]. RA-NLC and fibroblast-like
cells found in RA synovia rescue B cells from apoptosis and have
similar phenotypes to follicular dendritic cells in GC {17, 39).
For proliferation, activation and differentiation of these cloned B
cells, direct contact and pseudocmperipolesis between B cells and
RA-NLC were necessary. In RA-NLC and B-cell inieractions,
LEA-)MICAM-1  (infercellular  adhesion  molecule-1  protein)
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and VLA-4-VCAM-1 (vascular adhesion molecule 1) adhesion
pathways appear to be involved (17, 27, 40]. Recently, Burger e al.
[27] reported that, for pseudoempelipolesis, stromal cell-derived
factor-1 (SDF-1} and CXCR4 were involved. However, CXCR4
was not expressed on our B-cell clones, suggesting that another
regulation system might be contributing to the pseudoemperipol-
esis observed in this study (Eigs-3-and-4). ({:}%. 4y

Delermining the antigen that antibodics gencrated by B-cell
clones recognize might be a clue to the immunopathogenesis of
RA. Efforts were made o detect antigen(s) recognized by B cells by
weslern blotting, but none showed specific signals. Since modifica-
tion of Fc region might have possibly weakencd the affinity of
autoantibodics produced by the B-cell clones, we did not use any
labelled immunoglobulins which might have been useful in
analysing antigen specificity, We did find, by the immunoprecipita-
tion method, that the RA4S antibody recognized a 48-kDa
molecule. Further work will be needed to define the antigens
recognized and to delineate their role in the immunopathogenesis
of RA.

Numerous studies have been donc which have noted the
accumulation of B cells in the inflamed synovium of RA. With
the development and spread of molecular biology techniques,
these B cells have been shown to be oligoclonal [41, 42], with
hypersomatic mutation and extension of the N region in the VH
gene [43-45]. His known that GC B eells develop inlo memory celis
which show increasing affinily to antigen through numerous
somatic mutations of the VH gene of the CDR region. Most
likely, the same mechanism applies to B-cell clones established
from the synovium. However, our cslablished B cells appear to
be unique in terms of surface antigen paltern and Lhe somewhat
low R/S ratio of the CDR region. All antibodies seereted by these
B cells recognize self-antigen. This suggests the existence of another
mechanism by which self-reactive B cells arc activated/maintained
in the presence of RA-NLC.

Further questions to be studied include whether or not
auloreactive B cells are the only cell subsel that proliferates in
the presence of RA-NLC. In order to answer this question, il is
necessary to compare VH repertoires of peripheral B cells
and B-cell clones obtained (rom identical RA patients. Although
more detailed studies on the interaction between B cells and
RA-NLC are required, we observed that RA-NLC support
spontancous growth of B cells with very limited VH repertoires.
The antigen-specificity of these B cells is under study in our
laboratory.

Conclusion

RA-NLC are indispensable for the generation and the activation of
auloreactive B cells of patients with RA. Our resulls provide a
novel insight into the involvement of RA-NLC in the immuno-
pathogenesis of RA.
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