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Abstract
Objective—To elucidate possible roles of
several transcription factors in the patho-
genesis of rheumatoid arthritis (RA), the
transcription factor expression in RA
synovial tissue and their contribution to
RA synovial cell functions were studied.
Methods—Single cell suspension of dissoci-
ated synovial tissue was cultured to induce
in vitro tissue outgrowth of RA synovial
cells. Transcription factors were immuno-
histochemically identified in RA synovial
tissue obtained by joint surgery and in the
in vitro tissue outgrowth, and confirmed
by western blotting and gel shift assays.
Results—Immunohistochemical exami-
nation of RA synovial tissue revealed
simultaneous expression of various tran-
scription factors (NF-êB, c-Jun (a compo-
nent of AP-1), cAMP responsive element
binding protein (CREB), and OCT-1). The
same set of transcription factors was
expressed in the in vitro tissue outgrowth
of RA patients. The early passage RA
synovial cells were treated with inter-
leukin 1â (IL1â) and confirmed transloca-
tion of transcription factors into the
nucleus by western blotting, and their
DNA binding activity by gel shift assays.
Conclusion—This study emphasises the
importance of the simultaneous expres-
sion of several transcription factors for
the hyperactivity of RA synovial cells that
leads to tissue outgrowth.
(Ann Rheum Dis 1998;57:487–494)

Rheumatoid arthritis (RA) is a chronic inflam-
matory disorder characterised by proliferative
and invasive synovitis. Initial histological fea-
tures of RA are synovial lining hyperplasia,
excessive angiogenesis, and accumulation of
mononuclear cells including T lymphocytes in
the synovium.1–4 It should be emphasised that
both macrophage-like synovial cells residing in
the lining layer of synovium and fibroblast-like
synovial cells locating in the intimal lining layer
are increased in the synovial tissue of RA
patients.
It is evident that excessive production of

proinflammatory cytokines such as tumour
necrosis factor á (TNFá) and interleukin 1â
(IL1â) in the joints leads to the increased pro-

liferation of RA synovial cells mostly in an
autocrine or paracrine fashion, or both,4 result-
ing in the formation of pannus that causes
damage of articular cartilage.5–10 Although the
exact cause of the pathological processes in this
chronic inflammatory joint disease is not fully
understood, abnormal proliferation of, and
excessive production of proinflammatory cyto-
kines by synovial cells are intimately associated
with the development of RA.11 12

Gene transcription is tightly regulated by
various mechanisms in eukaryocytes.13 14 Tran-
scription factors are involved in the control of
gene transcription.15–17 Indeed, transcription
factors may regulate cytokine production,
tissue degrading proteinase production, and
synovial hyperplasia in patients with RA. It has
recently been reported that NF-êB and AP-1
are involved in the hyperactivity of RA synovial
cells.18–21 In addition, it is known that transcrip-
tion factors not only regulate various aspects of
cell activation but also are the potential targets
of therapeutic intervention in patients with RA.
Therefore, in this study, we focused our

attention on the expression of NF-êB, AP-1,
cAMP responsive element binding protein
(CREB), and OCT-1 of both RA synovial
tissue and RA synovial cell outgrowth resem-
bling pannus that developed after a long term
in vitro culture.

Methods
PATIENTS

A total of 22 patients with RA, as defined by the
revised criteria of the American College of
Rheumatology22 were recruited into the study.
The characteristics of the patients (two men,
20 women) were their mean (SD) age was 54.6
(13.7) years and all were positive for rheuma-
toid factors.Most of the patients were receiving
non-steroidal anti-inflammatory drugs. They
had not been treated with either high doses of
corticosteroids, cytotoxic drugs or immuno-
suppressive agents. Approval was obtained
from the human studies committee and
individual informed consent from each patient
was obtained before we conducted this study.
Four patients with osteoarthritis (OA) (mean
(SD) age 74.7 (1.2) years) were included as a
disease control in this study.
Synovial tissues were obtained from the joints

of patients undergoing joint replacement or
synovectomy of various joints. The procedures
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were knee synovectomy in seven patients, wrist
synovectomy in three, and total knee replace-
ment in 12. Thickened villous synovial tissue
was recovered for the experiments. Haem-
atoxylin and eosin staining of the tissues revealed
that the synovial tissues were grossly thickened
and there were moderate diVuse infiltration of
chronic inflammatory cells into the synovium;
proliferation of blood vessels and of synovial
fibroblasts was present (in some cases, marked)
in areas of cellular infiltration and was accompa-
nied by multiplication and enlargement of syno-
vial lining cells (data not shown).

MEDIA

Media used in this study were Iscove modified
Dulbecco medium (IMDM; Flow Laborato-
ries Inc, Rockville, MD) containing penicillin
(100 µg/ml) and streptomycin (100 U/ml) (Life
Technologies, Inc, Tokyo, Japan) and 10% fetal
calf serum (FCS) (Life Technologies, Inc).

FIBROBLAST-LIKE SYNOVIAL CELL LINES

We obtained synovial tissues from patients with
RA undergoing joint surgery, and thickened
villous synovial tissue was aseptically recovered
for the experiments. Synovial tissue cells were
isolated by enzymatic dispersion of the synovial
tissues.24 The tissues were minced and incu-
bated with 1 mg/ml of collagenase for two
hours at 37°C in serum free IMDM, followed
by trypsin treatment for one hour. Thereafter,
the cells were cultured at 2 × 104 cells/ml in
IMDM with 10% FCS overnight.24 Non-
adherent cells were removed. Adherent cells
were subsequently harvested from the plates
using trypsin/EDTA, and cultured in the
medium. At confluence, cells were trypsinised,
split at a 1:3 ratio, and recultured in the
medium. Fibroblast-like synovial cells were
used from passages 4 to 8 in these experiments,
during which time they became a homogene-
ous population of fibroblast-like synovial cells.
These cells were positive for VCAM-1 expres-
sion, suggesting that the cells are derived from
the intimal lining.7 We established 22 inde-
pendent fibroblast-like synovial cell lines from
the synovium of 22 patients with RA.
The fibroblast-like synovial cells were grown

to confluence as judged by phase contrast
microscopy, and the medium was first changed
to IMDM + 0.25% FCS to establish quies-
cence. Cells were stimulated to resume growth
with IMDM supplemented with 10% FCS and
were used for the experiments.

DEVELOPMENT OF IN VITRO SYNOVIAL CELL

OUTGROWTH

Synovial tissue cells were isolated by enzymatic
dispersion of the synovial tissues as described
above. Dissociated synovial cell preparations
containing T cells, macrophage-like synovial
cells, and fibroblast-like synovial cells were cul-
tured in the 24 well plate, as reported by Holos-
hitz et al.23 A half volume of the culture medium
was replaced twice a week. In some experi-
ments, recombinant IL2 (Ajinomoto, Inc,
Tokyo, Japan) and/or purified protein deriva-
tives of Tuberculosis (PPDs; Kyowa Pharma-
ceutical Industries, Inc, Tokyo, Japan) were

introduced into the culture.The addition of IL2
and/or PPDs into the culture resulted in the
earlier appearance of the visible tissue out-
growth.Nevertheless, there were no histological
diVerences between the outgrowths developed
in the medium alone and those developed in the
presence of IL2 and/or PPDs (data not shown).

ABs AND REAGENTS

Normal rabbit IgG, normal mouse IgG,
anti-NF-êB p65 Ab (Rockland, Inc, Gilberts-
ville, PA), anti-NF-êB p50 Ab (Rockland, Inc),
anti-c-Jun Ab (c-Jun specific; Santa Cruz Bio-
technology, Inc, Santa Cruz, CA), anti-CREB
Ab (Upstate biotechnology, Lake Placid, NY),
and anti-OCT-1 Ab (Upstate biotechnology)
were used in immunohistochemical staining
and western blotting analysis. Recombinant
IL1â (Boehringer Mannheim, Gmbh, Man-
nheim, Germany) was used in this study.
N-acetyl-L-cystein (NAC), and dexametha-
sone were purchased from Sigma Chemical Co
(St Louis, MO).25 26 Adenosine-3’, 5’-cyclic
monophosphorothioate, Rp-isomer (MW,
446.5; Rp-cAMP) was obtained from Biolog
Life Science Institute (Bremen, Germany).27

Rp-cAMP was initially diluted in phosphate
buVered saline (PBS) to 1 mM, filter sterilised,
and stored at −20 °C until use. We used the
non-toxic concentrations of these compounds,
as have been reported.25–27

PROLIFERATION ASSAY

Triplicate cultures in 96 well flat bottomed
microtitre plates (Costar Data Packaging
Corp, Cambridge, MA) of 5.0 × 103 synovial
fibroblast-like cells were established in a total
volume of 200 µl. The synovial cells were
cultured for seven days in the presence or
absence of various substances. Proliferative
response was measured by the incorporation of
[3H]-TdR (1 µCi/ well; Amersham Interna-
tional, Buckinghamshire, England) during the
last 16 hours of the cultures.28

NUCLEAR EXTRACTS AND GEL SHIFT ASSAYS

Nuclear proteins were prepared as
described.29 30 Briefly, cells were resuspended in
buVer A (10 mM N-2-hydroxyethylpiperazine-
N’-2-ethanesulphonic acid (HEPES); pH 7.9,
1.5 mM MgCl2, 10 mM KCl, 0.5 mM DTT,
0.5 mM PMSF). The samples were homo-
genised with a micropestle, and centrifuged to
sediment the nuclei. The nucleus pellet was
resuspended in buVer C (20 mM HEPES (pH
7.9), 1.5 mM MgCl2, 0.45 M NaCl, 0.2 mM
EDTA, 0.5 mM PMSF, 0.5 mM DTT, 20%
(vol/vol) glycerol). After centrifugation, the
supernatants were collected.30 Protein concen-
trations were determined by the Bradford
method with a protein assay kit (Bio-Rad
Laboratories, Hercules, CA). A gel shift assay
was performed as described.31 In brief, 32P-
labelled DNA fragments were incubated at
room temperature for 15 minutes with 5 to 10
µg of nuclear protein. Protein-DNA complexes
were separated from free probe on a 6 or 8%
polyacrylamide gel. Thereafter, the gels were
exposed to x ray film.We verified that a 20-fold
excess of specific cold oligonucleotide did
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compete the binding of the protein to the
32P-labelled probe, whereas similar excess of
unlabelled irrelevant probe did not (data not
shown). Double stranded oligonucleotides
including CREB binding site gATTggCT-
gACgTCAgAgAgCT, AP-1 binding site
CTAgTgATgAgTCAgCCggATC, OCT-1
binding site gATCgAATgCAAATCACTAg-
CT, and NF-êB binding site gATCgAg-
gggACTTTCCCTAgC were obtained from
Stratagene and were labelled with 32P using T4
polynucleotide kinase.31

WESTERN BLOTTING ANALYSIS

To study expression of transcription factors,
nuclear proteins were prepared.29 30 Samples
were electrophoresed on a 4–20% polyacryla-
mide gel under reducing condition and the pro-
teins were transferred to PVDF membranes.
The membranes were incubated with the first
Ab and biotin labelled goat antimouse IgG or
antirabbit IgG Ab, followed by peroxidase
conjugated streptoavidin. Detection was carried
out using ECL kit (Amersham, Arlington
Heights, IL).

Results
IMUNOHISTOCHEMICAL ANALYSIS OF

TRANSCRIPTION FACTORS EXPRESSED IN THE

SYNOVIAL TISSUE OF PATIENTS WITH RA

To elucidate molecular mechanisms that are
responsible for formation of the hyperplastic
synovium of RA patients, we studied transcrip-
tion factor expression in RA synovial tissues
(fig 1). By using immunohistochemical analy-
sis, we have detected simultaneous expression
of NF-êB p65, NF-êB p50, c-Jun (a compo-
nent of AP-1), CREB, and OCT-1 in the
synovial tissues of almost all patients with RA
(fig 1).
Immunohistochemical staining for NF-êB

p65 and NF-êB p50 in synovial tissue was
localised predominantly to the synovial lining
cells (fig 1). The subcellular localisation of the
staining was predominantly in the nucleus,
indicating that the NF-êB subunits make com-
plexes, and were devoid of its inhibitory subu-
nit I-êB. Hence, NF-êB was in its activated
state. Based on the histological appearance,
cells positively stained with the relevant Ab
included macrophage-like synovial cells and
fibroblast-like synovial cells. Lymphocyte infil-
trates, when present, were unstained (fig 1, and
data not shown).
Staining of c-Jun (AP-1), CREB, and

OCT-1 were all localised within the synovial
lining and intimal lining cells in RA synovial
tissues, and there were at least several synovial
cells whose nuclei were positively stained for
the respective transcription factors (fig 1). In
contrast, OA synovial cells did not express
these transcription factors in their nuclei, sug-
gesting the transcription factors were not in
active form.

IMMUNOHISTOCHEMICAL ANALYSIS OF

TRANSCRIPTION FACTORS ASSOCIATED WITH

FORMATION OF THE IN VITRO MACROSCOPIC

TISSUE OUTGROWTH OF RA PATIENTS

As previously reported by Holoshitz et al,23 sin-
gle cell suspension of synovial cells did make
cell aggregates resembling pannus after a long
term in vitro culture (fig 2), and their
histological feature also resembled the actual
pannus of RA patients (fig 2). We consider that
this is a good model for analysing requirement
for development of tissue outgrowth in RA
synovium in vitro. Thus we prepared macro-
scopic tissue outgrowth in vitro, and stained
with anti-transcription factor antibodies. We
found that NF-êB p65, NF-êB p50, c-Jun
(AP-1), CREB and OCT-1 are simultaneously
expressed within the nuclei of synovial cells in
the in vitro tissue outgrowth in patients with
RA (fig 2).
We similarly cultured synovial cells to

develop in vitro tissue outgrowth resembling
pannus in four patients with OA. In contrast
with the RA synovial cells, we did not succeed
in developing tissue outgrowth from OA syno-
vial cells. Thus, it is suggested that simultane-
ous expression of multiple transcription factors
are associated with the development of tissue
outgrowth both in vivo and in vitro in patients
with RA.

Figure 1 Immunohistochemical analysis of transcription
factors expressed in the synovial tissue obtained by joint
surgery of patients with RA. Expression of transcription
factors on RA and OA synovial tissues was studied by
immunohistochemical staining; (A), control rabbit IgG;
(B),NF-êB p65; (C),NF-êB p50; (D), c-Jun; (E),
CREB; (F),OCT-1. These samples are from a patient with
RA and a patient with OA. It is evident that NF-êB p65,
NF-êB p50, c-Jun, CREB, and OCT-1 are simultaneously
expressed in RA synovial tissue. OA synovial cells
contained much less transcription factors in their cytoplasm
and did not express them at all in their nuclei. Results
shown are representative of independent experiments using
12 patients with RA and four patients with OA with
similar results. Control staining with non-immune mouse
IgG did not stain at all, thus was omitted.
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GEL SHIFT ASSAY OF TRANSCRIPTION FACTORS

INVOLVED IN RA SYNOVIAL CELL ACTIVITY

To confirm involvement of transcription factors
for the hyperfunction of RA synovial cells, we
studied transcription factor expression of
fibroblast-like synovial cells in patients with RA
by gel shift assays, because fibroblast-like
synovial cells are one of themajor constituents of

pannus (fig 3). Synovial fibroblast-like cells were
stimulated with IL1â, and thereafter nuclear
proteins were recovered. We detected the DNA
binding activity of NF-êB,AP-1(c-Jun),OCT-1,
and CREB simultaneously in the nuclear
proteins of the synovial cells in patients with RA.
NF-êB was expressed in RA and OA synovial
cells before and after IL1â stimulation (fig 3).
However, CREB, AP-1 and OCT-1 were not
expressed in OA synovial cells even after stimu-
lation with the cytokine (fig 3). Of note was the
fact that AP-1 is expressed at one hour and again
at six hours after IL1â stimulation of RA
synovial cells (fig 3), suggesting the existence of
autostimulatory loop operating within the RA
synovium. We found that IL1â stimulation
induced IL6 and IL8 production by RA synovial
cells (data not shown), and thus, it is possible
that the cytokines, in turn, stimulate the synovial
cells to express AP-1 transcription factors.

NUCLEAR TRANSLOCATION OF MULTIPLE

TRANSCRIPTION FACTORS IN THE SYNOVIAL CELLS

STIMULATED WITH IL1â
It is important to further confirm that tran-
scription factors are activated and translocated
into nucleus to exert their function. To this
end, we examined nuclear translocation of
transcription factors preexisting within the
cytoplasm in response to IL1â stimulation in
fibroblast-like synovial cells of RA patients by
using western blotting methods with transcrip-
tion factor specific antibodies (fig 4). NF-êB
p65, c-Jun, CREB, and OCT-1 proteins simul-
taneously translocated into the nuclei when
fibroblast-like synovial cells were stimulated
with IL1â. Thus, it is evident that NF-êB p65,
c-Jun, CREB, and OCT-1 are activated, move
to their nuclei, and thus, are involved in the RA
synovial cell hyperfunction.

Figure 2 Analysis of macroscopic tissue outgrowth developed in vitro after a long term
cultures of dissociated synovial cells. (A) Macroscopic examination of the tissue outgrowth.
(B) Haematoxylin and eosin staining showed that the well organised multicellular masses
have shared many microscopic features with pannus in patients with RA. Results shown are
representative of total 10 independent experiments with similar results.We have not
succeeded in developing tissue outgrowth from OA synovial cells. (C–H) Involvement of
transcription factors in the formation of the in vitro macroscopic tissue outgrowth resembling
pannus; (C), control rabbit IgG; (D),NF-êB p65; (E),NF-êB p50; (F), c-Jun; (G),
CREB; (H),OCT-1. It is evident that NF-êB p65, p50, c-Jun, CREB, and OCT-1 are
simultaneously expressed in the in vitro tissue outgrowth. Results shown are representative of
total 10 independent experiments with similar results. Control staining with non-immune
mouse IgG did not stain at all, thus was omitted.

Figure 3 Gel shift assays of transcription factors involved in the RA synovial cell function. Transcription factor expression
of fibroblast-like synovial cells was studied by gel shift assays in patients with RA and OA. Synovial fibroblast-like cells
were stimulated with IL1â and nuclear proteins were recovered.We found the expression in the nucleus of NF-êB,CREB,
AP-1 (c-Jun), and OCT-1 in the synovial cells in patients with RA.We also found that the same set of transcription factors
was expressed on TNFá stimulated fibroblast-like synovial cells (data not shown). Results shown are representative of total
12 independent experiments with similar results.
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EFFECTS OF VARIOUS MODULATORS OF

TRANSCRIPTION FACTOR EXPRESSION ON RA

SYNOVIAL CELL PROLIFERATION

To further confirm the involvement of tran-
scription factors for the synovial cell hyper-
function, we have studied eVects of various
substances that modulate transcription factor
expression25–27 on RA synovial cell proliferation

(fig 5). We did not include OCT-1 specific
inhibitor in the experiments, because we were
unable to find out such compounds. We found
that NAC, an inhibitor of NF-êB and AP-1;
dexamethasone, an inhibitor of AP-1 and pos-
sibly NF-êB; and Rp-cAMP, an inhibitor of
cAMP/CREB pathway; inhibited synovial cell
proliferation, suggesting the participation of
these transcription factors for the RA synovial
cell hyperfunction.

Discussion
Synovial cell hyperplasia, cell recruitment to
synovium, and defective apoptosis of synovial
cells are characteristic of patients with RA.
Excessive proliferation of RA synovial cells is,
in part, responsible for the synovial cell hyper-
plasia. In this study, we have studied transcrip-
tion factor expression of RA synovial tissue and
tissue outgrowth developed in vitro. To prepare
the tissue outgrowth, we adopted the in vitro
culture system originally reported by Holos-
hitz, where single cell suspension including
infiltrating lymphocytes and synovial cells of
RA synovial tissue was cultured and produced
an outgrowth of an organised inflammatory
tissue with extracellular matrix and capsule.23

Our study suggests that all of these transcrip-
tion factors are expressed on RA synovial tissue.
OA synovial cells lack expression of some
transcription factors even after proinflammatory
cytokine stimulation. Thus decreased expres-
sion of transcription factors may relate with the
failure of establishing tissue outgrowth from OA
synovial cells.
Our study further emphasises the impor-

tance of simultaneous expression of several
transcription factors for the hyperactivity of RA
synovial cells, because blocking of one tran-
scription factor, but not simultaneous blocking

Figure 4 Western blotting analysis of transcription factors involved in the RA synovial cell
function. Transcription factor expression and their translocation into nucleus of
fibroblast-like synovial cells in patients with RA were studied by western blotting.
Fibroblast-like synovial cells were stimulated with IL1â and nuclear proteins were
separately recovered.We found the translocation into nucleus of NF-êB p65 (65 kDa),
AP-1 (c-Jun; 39 kDa), CREB (43 kDa), and OCT-1 (95 kDa) in the synovial cells in
patients with RA. Results shown are representative of total 12 independent experiments with
similar results.

Figure 5 EVects of various modulators of transcription factor expression on RA synovial cell proliferation. EVects of
various substances that modulate transcription factor expression on RA synovial cell proliferation induced by 10% FCS
stimulation were studied by means of [3H]-TdR incorporation of RA synovial fibroblast-like cells. RA synovial cells were
first growth arrested by culturing in IMDM+0.25% FCS, and thereafter the cells were stimulated to resume growth with
IMDM+10% FCS. In the preliminary experiments, we confirmed that each compound at the highest concentrations tested
in this study inhibited respective transcription factor expression.We found that NAC, dexamethasone, and Rp-cAMP
inhibit synovial cell proliferation, suggesting the participation of the transcription factors for the RA synovial cell
hyperfunction. Results shown are representative of four independent experiments with similar results.
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of multiple transcription factors, is suYcient
for the inhibition of RA synovial cell prolifera-
tion (fig 5). This is true for the tissue outgrowth
developed in vitro; successful development of
tissue outgrowth in vitro always accompanies
the expression of various transcription factors
(NF-êB, c-Jun (a component of AP-1), CREB,
and OCT-1) simultaneously. Collectively, NF-
êB, AP-1, CREB, and OCT-1 are simultane-
ously expressed within the nuclei of synovial
cells to activate gene transcription in almost all
patients with RA. It is possible that simultane-
ous expression of these transcription factors
are importantly associated with in vivo tissue
outgrowth in RA synovium.
There were moderate to diVuse infiltration

of chronic inflammatory cells into the syn-
ovium in patients with RA. However, inflam-
matory cell infiltration was rather scanty in OA
synovium. This finding shows that lack of lym-
phocyte infiltration may also be associated with
the failure of developing tissue outgrowth from
OA synovial cells.
We found that induction of transcription

factors in vitro requires IL1â stimulation. It is
possible that T lymphocyte-derived and/or
macrophage-like cell derived cytokines, viral
products or unidentified factors stimulate
transcription factor induction of RA synovial
cells in vivo by an autocrine or paracrine fash-
ion. The resultant transcription factors in-
duced by such cytokines, viral products or uni-
dentified factors may lead to the constitutive
proinflammatory cytokine production by RA
synovial cells.
AP-1 is composed of homodimers and

heterodimers of Jun and Fos proteins.32 Results
of several previous studies have shown that
both c-fos and c-jun are highly expressed in the
RA synovium.33–35 AP-1 pathway is involved in
the transcription of several genes known to play
a key part in tissue destruction.35–37 A high level
of AP-1 activity may play an important part in
certain aspects of the pathogenesis of RA, such
as synovial hyperplasia, overproduction of
tissue degrading MMP, and immunological
dysfunction.38 39 It should be noted that AP-1
transcription factor is easily induced by IL1â
stimulation in RA synovial cells and AP-1 is not
induced in the OA synovial cells that are simi-
larly stimulated with IL1â. Thus, increased
expression of the tissue destructive proteases in
RA joints40 is most probably caused by a high
level of AP-1 activity in RA synovial cells.
NF-êB is involved in induction of expression

of a variety of inflammatory genes.41 The DNA
binding nuclear form is a heterodimer, com-
posed of one p65 (Rel-A) and one p50 subunit.42

In unstimulated cells, NF-êB exists in an
inactive cytosolic form, bound to its inhibitor
I-êB. Upon stimulation, I-êB dissociates from
the NF-êB-I-êB complex, and nuclear location
sequences in p65 and p50 are unmasked.43

NF-êB is then translocated to the nuclei, where
it controls gene expression. Expression of
NF-êB in the RA synovium has been
reported,18–20 in accordance with our results.
The oct genes are part of the POU domain

family of regulatory genes.44 The protein prod-
ucts of the oct genes are capable of binding to

the octamer motif present in the promoters and
enhancer regions and regulate gene
expression.45–48 OCT-1 has been shown to
interact with a variety of tissue specific
transcription factors in diVerent tissues, in-
cluding Pit-1 in the pituitary,49 OAP in T
lymphocytes,50 and viral proteins.51–53 It is of
interest to clarify whether OCT-1 expressed in
the RA synovial cells interacts with an uniden-
tified synovium specific transcription factor to
exert its activity or not.
Cyclic adenosine 3’, 5’-monophosphate

(cAMP) is one of the intracellular signalling
molecules of many cell types. cAMP binds to
the regulatory subunit of protein kinase A and
releases the active catalytic subunit.54 This
subunit phosphorylates the transactivation
domain of CRE-binding protein (133-serine of
CREB), which then induces the expression of
genes containing CREs.55–60 Beside 133-serine
phosphorylation of CREB, we found that acti-
vation of synovial cells accompanies nuclear
translocation of CREB (fig 4) and CRE
binding activity (fig 3). Thus, our study shows
that CREB and OCT-1, in addition to the
NF-êB and AP-1, are induced and may be
involved in the synovial cell activity of RA
patients.
It should be emphasised that AP-1 activity

was detected twice (one hour and six hours
after stimulation with IL1â) in the nuclear pro-
teins of IL1â stimulated synovial cells by gel
shift assays. It is possible that IL1â stimulated
synovial cells secrete another proinflammatory
cytokine, and the cytokine in turn stimulates
the synovial cells, acting as autostimulatory
loop within the synovium. Indeed, we have
detected IL6 and IL8 production by IL1â
stimulated fibroblast-like synovial cells in
patients with RA (data not shown).
We found that SP-1 was not expressed in RA

and OA synovial cells after IL1â stimulation,
and that AP-2 was induced in RA and OA
synovial cells with similar kinetics (data not
shown). We interpret these findings that these
two transcription factors are not likely to play
an important part in RA synovial cell hyper-
function. There are several reports that de-
scribed involvement of a transcription factor in
the pathogenesis of RA. However, none has
reported the involvement of multiple transcrip-
tion factors in the pathogenesis.
In this study, we used NAC, cAMP ana-

logue, and glucocorticosteroid for modulating
transcription factor activities. NAC is an
antioxidant that aVects not only NF-êB, but
also AP-1 activities in various cell types.61 62

Dexamethasone has been shown to modulate
NF-êB activity (this may or may not be
because of induction of I-êB production) and
AP-1 activity.63–65 It has recently been postu-
lated that disease modifying anti-rheumatic
drugs (DMARDs) including gold sodium
thiomalate and D-penicillamine aVect tran-
scription factor activity.66 However, it should be
borne in mind that the inhibitors used in this
study may have other functions that could be
inhibiting synovial cell hyperfunction other
than blocking these specific transcription
factors. Dexamethasone can have global effects
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on cellular function that could be mediated
through other mechanisms than inhibiting
transcription factors.Nevertheless,modulation
by new agents of transcription factors would
become a promising candidate for treating
patients with RA. We have also studied the
eVects of various transcription factor inhibitors
on metalloproteinase production and IL6 pro-
duction of RA synovial cells. We found that
NAC, cAMP analogue, and glucocorticoster-
oid inhibited production of collagenase and
IL6 by RA synovial cells (S Wakisaka et al,
unpublished data) further confirming involve-
ment of transcription factors for the RA syno-
vial cell hyperfunction.
In summary, we found that coordinated

expression of several transcription factors may
be associated with the synovial cell hyperfunc-
tion in patients with RA, and modulation of the
transcription factors would inhibit RA synovial
cell hyperfunction. Although blocking of a
transcription factor is suYcient for inhibiting
synovial cell hyperfunction in vitro, we are now
studying eVects of combination of distinct
inhibitors of transcription factors for control-
ling RA synovial cell activity more eYciently.
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