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Abstract

(MAPKs) in FLS.

CP690,550 could be important in the treatment of RA.

Introduction: Interleukin (IL)-6-type cytokines exert their effects through activation of the Janus kinase/signal
transducers and activators of transcription (JAK/STAT) signaling cascade. The JAK/STAT pathways play an important
role in rheumatoid arthritis, since JAK inhibitors have exhibited dramatic effects on rheumatoid arthritis (RA) in
clinical trials. In this study, we investigated the molecular effects of a small molecule JAK inhibitor, CP690,550 on
the JAK/STAT signaling pathways and examined the role of JAK kinases in rheumatoid synovitis.

Methods: Fibroblast-like synoviocytes (FLS) were isolated from RA patients and stimulated with recombinant
oncostatin M (OSM). The cellular supernatants were analyzed using cytokine protein chips. IL-6 mRNA and protein
expression were analyzed by real-time PCR method and ELISA, respectively. Protein phosphorylation of rheumatoid
synoviocytes was assessed by Western blot using phospho-specific antibodies.

Results: OSM was found to be a potent inducer of IL-6 in FLS. OSM stimulation elicited rapid phosphorylation of
STATs suggesting activation of the JAK/STAT pathway in FLS. CP690,550 pretreatment completely abrogated the
OSM-induced production of IL-6, as well as OSM-induced JAK/STAT, and activation of mitogen-activated kinases

Conclusions: These findings suggest that IL-6-type cytokines contribute to rheumatoid synovitis through activation
of the JAK/STAT pathway in rheumatoid synoviocytes. Inhibition of these pro-inflammatory signaling pathways by

Introduction

Rheumatoid arthritis (RA) is a chronic inflammatory
disease that is characterized by the activation and prolif-
eration of synovial tissues with associated degradation of
articular cartilage [1]. Synovial fibroblasts are believed to
play an important role in rheumatoid synovitis through
the production of a variety of inflammatory mediators
[2]. Activation of synovial fibroblasts is mediated in
large part by cytokines, such as IL-1 or TNF-a, which
are produced by monocytes/macrophages [3]. However,
other cytokines likely participate in the process of syno-
vial cell activation. Of the IL-6-related cytokines, oncos-
tatin M (OSM) is another product of macrophages and
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activated T cells that is elevated in the synovial fluids of
RA patients [4,5]. Moreover, OSM stimulates chemokine
and matrix metalloproteimase (MMPs) production sug-
gesting its important effects in synovial inflammation
[6]. IL-6-type cytokines exert their effects via the signal
transducer gp130 leading to the activation of the Janus
kinase (JAK)/signal transducer and activator of tran-
scription (STAT) cascade [7]. In brief, the ligand-recep-
tor interaction elicits the assembly of cytokine receptors,
receptor-associated JAKs, which recruit and activate
STAT proteins. Phosphorylated STATs then dimerize,
translocate to the nucleus and direct transcription of the
target genes [8]. Recently, JAK inhibition has been
shown to have a prominent effect on autoimmune dis-
eases [9]. CP690,550 is an orally available JAK antago-
nist that is in development for the treatment of RA and
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other autoimmune conditions [10,11]. Furthermore, a
recent clinical trial demonstrated that CP690,550 is effi-
cacious in RA, resulting in rapid, significant reductions
in the signs and symptoms of RA [12,13]. The role of
oncostatin M in diseases is less well defined, but recent
studies suggest that it might be involved in inflamma-
tory cell recruitment and cartilage destruction in RA
[14]. In the present study, we used primary human
rheumatoid synoviocytes and demonstrated the induc-
tion of multiple signaling cascades and a critical role of
the JAK/STAT pathway in the oncostatin M-mediated
IL-6 synthesis. Furthermore, we showed that interfer-
ence of the JAK/STAT pathway using CP690,550, a JAK
kinase inhibitor, completely abrogated the OSM-induced
IL-6 production in rheumatoid synoviocytes.

Materials and methods

Patients

All RA patients fulfilled the American College of Rheu-
matology criteria for RA [15]. Synovial tissue samples
were obtained from seven patients with RA during syno-
vectomy. The whole study was approved by the Ethics
Committee of the Nagasaki Medical Center and
informed consent was obtained from each of the
individuals.

Reagents

JAK inhibitor CP690,550 was obtained from Axon Bio-
chemicals (Postbus, Netherlands). Human recombinant
OSM was purchased from R&D Systems (Minneapolis,
MN, USA). Human recombinant IL-6 and soluble IL-6
receptor (sIL-6R) were purchased from Peprotech
(Rocky Hills, NJ, USA). PD98059, SB203580, SP600125
and pyridone 6 (2-tert-butyl-9-fluoro-3,6-dihydro-7H-
benz [h]-imidaz (4,5-f) isoquinoline-7-one) were
obtained from Calbiochem (San Diego, CA, USA). Phos-
pho-specific and pan antibodies against JAK-1
(Tyr1022/1023), JAK-2 (Tyrl1007/1008), STAT-1
(Tyr701), STAT-3 (Tyr705), STAT-5 (Tyr694), ERK-1/2
(Thr202/Tyr204), p38 (Thr180/Tyr182), c-Jun N-term-
inal kinase (JNK; Thr183/Tyr185) and B-actin were pur-
chased from Cell Signaling Technology (Beverly, MA,
USA). Phospho-specific and pan antibodies against JAK3
(Tyr980) were purchased from Santa Cruz Biotechnol-
ogy (Santa Cruz, CA, USA).

Preparation of FLS

Synovial tissue was obtained from patients with RA at
the time of total joint replacement or synovectomy.
Synovium was minced and incubated with 1 mg/ml col-
lagenase type VIII (Sigma-Aldrich, St. Louis, MO, USA)
in serum-free RPMI 1640 medium (Life Technologies,
Grand Island, NY, USA) for one hour at 37°C, filtered,
extensively washed, and cultured in DMEM (Life
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Technologies) supplemented with 10% FBS in a humidi-
fied 5% CO, atmosphere. FLS were used from passages
4 through 5 during which time they were a homoge-
neous population of cells (<1% CD 45 positive).

Cytokine and chemokine assays in synoviocytes-
conditioned medium

The levels of cytokines and chemokines in FLS-condi-
tioned media were measured using a RayBio Human
Cytokine Antibody Array 5 (Ray Biotech, Inc. Norcross,
GA, USA), according to the manufacturer’s instructions.
This assay employs a qualitative Western screening
technique. The standard array matrix consisted of an 11
x 8 dot grid on a 20 mm x 30 mm nitrocellulose mem-
brane with 79 unique capture antibodies. The array kit
included the biotinylated-antibodies solution and chemi-
luminescent substrate. The cytokine array membrane
was incubated with 1 ml of rheumatoid synoviocyte-
conditioned media for two hours, and the membrane
was then washed three times with washing buffer 1 for
five minutes each, followed by washing buffer II for five
minutes each. Cytokines were detected using cytokine
antibody for one hour, followed by HRP-labeled strepa-
vidin incubation for one hour. The dilution used for
each of these reagents was indicated by the instructions
contained in the assay kit. Reactive spots were visualized
by enhanced chemiluminescence (ECL) (Amersham
Pharmacia Biotech UK Limited, Little Chalfont, UK)
with exposure to X-ray film.

Measurement of cytokine secretion

FLS (5 x 10*) were seeded in 24-well plates containing
RPMI plus 10% FCS for 24 hours. Following 24 hours of
incubation in serum-free RPMI, the cells were stimu-
lated with OSM for 24 hours. Cell-free supernatants
were collected by centrifugation at 400 g for five min-
utes and assayed for IL-6 with enzyme-linked immuno-
sorbent assay (ELISA) kits (R&D Systems, Minneapolis,
MN, USA) according to the manufacturer’s instructions.

Reverse transcription-polymerase chain reaction (RT-PCR)

Total RNA was extracted from FLS using the RNeasy
total RNA isolation protocol (Qiagen, Crauley, UK).
cDNA was prepared with Superscript reverse transcrip-
tase (Invitrogen, Grand Island, NY, USA). The amplifi-
cation of the IL-6 transcripts was accomplished on a
Light Cycler (Roche Diagnostics, Mannheim, Germany)
using specific primers. The housekeeping gene fragment
of glyceraldehydes-3-phosphates dehydrogenase
(GAPDH) was used for verification of equal loading.

Cell lysis and Western blotting
Serum-starved FLS were stimulated for 20 min with
OSM indicated in the figure legends and the cells were
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washed by ice-cold PBS and lysed with a lysis buffer (1%
Nonidet P 40, 50 mM Tris, pH 7.5, 100 mM NaCl, 50 mM
NaF, 5 mM EDTA, 20 mM f-glycerophosphate, 1.0 mM
sodium orthovanadate, 10 pg/mL aprotinin and 10 ug/mL
leupeptin) for 20 minutes at 4°C. Insoluble material was
removed by centrifugation at 15,000 x g for 15 minutes at
4°C. The supernatant was saved and the protein concen-
tration was determined using the Bio-Rad protein assay kit
(Bio-Rad, Hercules, CA, USA). An identical amount of
protein (50 pg) for each lysate was subjected to 10% SDS-
polyacrylamide gel electrophoresis, and then transferred to
a nitrocellulose membrane. Western blot analysis using
phospho-specific anti-JAKs, STATs and MAPKs antibo-
dies was performed with an ECL Western blotting kit
(Amersham, Little Chalfont, UK).

Statistical analysis

All quantitative data are presented as the mean + SD of
independent experiments using different FLSs. Statistical
comparison between treatments was performed using
one-way analysis of variance (ANOVA) and post hoc
Tukey’s test. P-values less than 0.05 were considered
statistically significance.

Results

OSM induced IL6 secretion by rheumatoid synoviocytes
We initially examined whether OSM stimulates cytokine
and chemokine production by FLS. The human cytokine/
chemokine protein chip was used to analyze the changes
in the induction of cytokine and chemokine in FLS after
stimulation with OSM. The culture supernatants from
OSM-stimulated FLS in the presence or absence of
CP690,550 were subjected to cytokine/chemokine micro-
array. Data from a representative experiment are depicted
in Figure 1. OSM stimulated the cytokines or chemokines
production from RA-FLS. Among these, we focused on
the cytokine, which was highly induced by OSM and sup-
pressed by CP690,550. OSM stimulated the induction of
IL-6, which was prevented in the presence of CP690,550.
Verification of the array data by real-time PCR and
ELISA analyses confirmed that OSM promotes IL-6
mRNA and protein expression in FLS. The responsive-
ness of FLS to OSM was evaluated by stimulating the
cells with OSM. OSM increased IL-6 mRNA expression
(Figure 2A) and IL-6 protein synthesis (Figure 2B) in RA-
FLS. The minimal dose of 20 ng/ml of OSM was suffi-
cient to induce IL-6 protein synthesis. CP690,550 pre-
treatment abolished the OSM-mediated IL-6 induction in
a dose-dependent manner (Figure 3).

OSM induces activation of the JAK/STAT pathways

To investigate the mechanisms of OSM-mediated signal-
ing in FLS, we evaluated the activation of JAKs and
STATs in OSM-treated synoviocytes. Quiescent FLS
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were stimulated with 20 ng/ml of OSM for different
time periods (0 to 40 minutes), and protein extracts
were analyzed by immunoblotting with phosphospecific
antibodies. OSM-stimulated phosphorylation of JAKI,
JAK2, JAK3, STATI1, STAT3 and STATS5, occurred
within 10 minutes and peaked at 20 minutes (Figure 4).
CP690,550 blocked the OSM-induced phosphorylation
of the JAKs and STATs in a dose-dependent manner
(Figure 5A).

Effects of CP690,550 on the MAPK pathways

To investigate the possible interaction between the JAK
and MAPKs pathways, FLS were pretreated with
CP690,550, stimulated with OSM and protein extracts
were analyzed using phospho-specific anti-MAPKs anti-
bodies. OSM stimulated phosphorylation of ERK1/2,
p38 and JNK1/2 and CP690,550 attenuated the phos-
phorylation of these MAPKs in a dose-dependent man-
ner (Figure 5B).

p38 pathway inhibition suppresses OSM-induced IL-6
production

We examined whether MAPK activation was function-
ally linked to the OSM-induced production of IL-6. To
investigate the role of MAPKs in OSM induction of IL-
6 expression, FLS were pre-treated with inhibitors speci-
fic for each of the MAPKs, ERK1/2, p38 and JNK1/2,
and then stimulated with OSM. As shown in Figure 6A,
inhibition of JNK or ERK1/2 signaling led to partial
reduction of the OSM-induced IL-6 secretion without
affecting cellular viability which was checked by trypan
blue exclusion test showing that >95% of cells that were
treated with each inhibitors exclude trypan blue. Mean-
while, inhibition of p38 resulted in an almost complete
abrogation of IL-6 secretion. To determine whether p38
inhibitors affect the expression of IL-6 mRNA, we
examined IL-6 mRNA expression using real-time PCR
methods. SB203580, a p38 specific inhibitor dose-depen-
dently reduced the OSM-stimulated IL-6 mRNA induc-
tion in FLS (Figure 6B).

Pyridone 6 inhibits OSM-induced JAK/STAT activation

To confirm these effects induced by JAK inhibitor,
CP690,550, on RA-FLS, we used a different compound
that blocks JAK. We examined the effects of a pan-JAK
inhibitor, pyridone 6 [16], on OSM-mediated signaling
in RA-FLS. As shown in Figure 7A, pyridone 6 sup-
pressed OSM-induced JAK (1, 2, 3) and STAT (1, 3, 5)
activation in RA-FLS. Also, pyridone 6 inhibited OSM-
induced IL-6 production from RA-FLS (Figure 7B).
Finally, we examined whether CP690,550 affects IL-6
receptor (IL-6R) pathway, which activates STAT3
through gp130. IL-6 plus sIL-6R induced STAT3 activa-
tion in RA-FLS. CP690,550 almost completely inhibited
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RA-FLS and a representative result is shown.
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Figure 1 OSM induces IL-6 synthesis from RA-FLS. RA-FLSwere stimulated with recombinant OSM (20 ng/day) in the presence or absence of
CP690,550 (500 nM) for 24 hours. The levels of cytokines and chemokines in RA-FLS-conditioned media were subjected to cytokine antibody
array as described in Material and methods. The indicated dots of cytokines or chemokines were calculated as a relative unit by densitometer.
The dots of each protein of untreated condition (upper column) were assigned the value of 1.0 and the density of each dots of OSM or OSM
plus CP690,550 treated condition (middle or lower column) was expressed as the relative unit. Two experiments were performed using different

STATS3 activation induced by IL-6 plus sIL-6R in RA-
FLS (Figure 8).

Discussion

In this study, we demonstrated that OSM activates the
JAK/STAT and MAPK pathways in FLS. Furthermore,
CP690,550 blocked the OSM-induced STAT phosphory-
lation, probably by affecting upstream JAKs. These
results strongly suggest that the JAK/STAT pathways
are essential for OSM-mediated rheumatoid inflamma-
tory responses, and can be blocked by CP690,550. The
IL-6 type cytokine OSM is known to be involved in the
pathogenesis of RA [4]. It is secreted by activated T
cells, monocytes, and neutrophils, and elevated levels of
OSM are detected in the synovial fluid of patients with
RA but not OA [4,5]. OSM is known to activate the
JAK/STAT signaling cascade in other systems [17], but
this has not been properly elucidated in rheumatoid

synoviocytes. Our demonstration of OSM-triggered
phosphorylation of JAKs/STATSs in primary rheumatoid
synoviocytes suggests that these cells could be a source
of activated STATs in rheumatoid synovial tissues [18].
CP690,550 is an orally available JAK antagonist that is
currently in development for the treatment of RA and
other autoimmune conditions [11-13]. Blockade of
OSM-induced phosphorylation of JAK1, JAK2 and JAK3
by CP690,550 suggests that this JAK inhibitor also
affected JAK1 and JAK2, in addition to JAK3. This
notion was further supported by the abolishment of
downstream STAT1, STAT3 and STATS5 activation and
OSM-induced IL-6 production in rheumatoid synovio-
cytes. These results suggest the pivotal role of the JAK/
STAT pathway in OSM signaling leading to rheumatoid
inflammatory responses.

The biological agents targeted against tumor necrosis
factor-o. (TNF-a) have been shown to successfully
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damage [19]. The combination of DMARDs with biolo-
gical agents can increase the response rate; however,
about 30% of patients do not respond to initial treat-
ment [20]. This has prompted research into alternative
methods to suppress rheumatoid disease activity. JAK3
is critical for signal transduction from the common y-
chain of the receptors for IL-2, IL-4, IL-7, IL-9, IL-15
and IL-21 on the plasma membrane to the nuclei of
immune cells [21]. These cytokines bind to cytokine
receptors and signal through the JAK3-signal transducer
and activator of transcription (STAT) pathways [22].
Therefore, a better understanding of JAK/STAT activa-
tion in the rheumatoid synovium may allow the

development of a novel therapeutic strategy. Agents that
selectively inhibit JAK3 have the potential to mediate
potent immune modulation, affecting lymphocytes,
macrophages and NK cells [23,24]. CP690,550 was ori-
ginally believed to be a JAK3 inhibitor. However, it is
now clear that in addition to its effect on JAK3, this
compound inhibits JAK1 and JAK2 at similar concentra-
tions [25]. Interestingly, CP690,550 was shown to be
effective in preventing joint damage in collagen-induced
arthritis (CIA), an animal model of rheumatoid arthritis
[26]. In CIA, IL-6 is a critical cytokine to induce
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Figure 5 CP690,550 suppresses OSM-induced JAKs/STATs activation in RA-FLS; CP690,550 inhibits OSM-induced MAPKs activation RA-
FLS. (a) Quiescent RA-FLS were pretreated with various concentrations of CP690,550 for 2 hours, then stimulated with OSM (20 ng/ml) for 20
minutes. Cellular lysates were subjected to Western blotting using phospho-specific antibodies against JAK1, JAK2, JAK3, STAT1, STAT3 and
STATS. Three experiments were performed using different RA-FLS and a representative result is shown. (b) Quiescent RA-FLS were pretreated
with various concentrations of CP690,550 for 2 hours, then stimulated with OSM (20 ng/ml) for 20 minutes. Cellular lysates were subjected to
Western blotting using phospho-specific antibodies against ERK1/2, p38 and JNK1/2. Three experiments were performed using different RA-FLS
and a representative result is shown.
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Figure 6 p38 inhibition suppresses OSM-induced IL-6
induction; p38 inhibition suppresses OSM-induced IL-6 mRNA
expression. (a) RA-FLS pretreated with vehicle (DMSO-), PD98059
(ERK1/2 pathway inhibitor), SB203580 (p38 inhibitor), and SP600125
(UNK inhibitor) for two hours. Cells were then stimulated with OSM
(20 ng/ml) for 24 hours, after which conditioned media were
collected and IL-6 content was measured by ELISA. The data were
expressed as the mean + SD of three independent experiments. *P
< 0.01 compared to OSM-treated RA-FLS. **P < 0.001 compared to
OSM-treated RA-FLS. (b) RA-FLS pretreated with vehicle (DMSO-) or
SB203580 (p38 inhibitor), for two hours. Cells were then stimulated
with OSM (20 ng/ml) for four hours, after which IL-6 and GAPDH
mMRNA expression was determined by real-time PCR method. The
data were expressed as the mean + SD of two independent
experiments. *P < 0.05 compared to OSM-treated RA-FLS. **P < 0.01
compared to OSM-treated RA-FLS.

arthritis [27]. In this study, we have demonstrated that
CP690,550 inhibited OSM-induced IL-6 production
from rheumatoid synoviocytes by affecting JAK/STAT
signaling. The exact mechanism by which CP690,550
prevents CIA remains to be determined, it is possible
that CP690,550 inhibits IL-6 induction as well as IL-6-
mediated signaling by affecting the JAK/STAT pathway.
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We have provided evidence that CP690,550 is a potent
inhibitor of the JAK/STAT pathway with in vitro activity
in rheumatoid synoviocytes consistent with in vitro
enzyme assay. Although the signaling pathways for IL-6
induction by proinflammatory cytokines and stimuli
have been reported in many cell types [28], no data
have been available on the regulation of IL-6 by OSM-
signaling pathway. Our data clearly demonstrated that
JAK/STAT activation play a pivotal role in OSM-
mediated IL-6 up-regulation in RA. IL-6 is considered
to be a critical cytokine that drives inflammatory joint
destruction in RA [28]. Furthermore, the targeting of
IL-6 has been shown to induce a therapeutic benefit in
RA [29]. CP690,550 could be useful in blocking the
JAK/STAT-mediated proinflammatory responses includ-
ing IL-6-mediated signaling in RA.

The MAPKSs play an important role in the induction
of pro-inflammatory cytokines in rheumatoid synovi-
tis [30]. From the experiments using the specific
MAPKs inhibitors, we concluded that OSM-mediated
IL-6 release is weakly dependent on the ERK1/2 or
JNK signaling, but depended mostly on the p38 sig-
naling pathway. Our findings are consistent with pre-
vious studies showing the essential role of p38 in IL-6
production from activated rheumatoid synoviocytes
[31]. Dimerization of IL-6 type cytokine receptors
does not only lead to activation of the JAK/STAT-sig-
naling pathway, but also to the induction of MAPK
[17]. The relationship between the JAK/STAT path-
way and the Ras/MAPK pathway is complex and
these pathways cross at multiple levels [32]. The
molecular mechanism linking JAK/STAT engagement
to the activation of MAPKs remains to be analyzed in
detail. Our findings provide the possibility that p38
MAPK may be partly involved in the JAK/STAT-
mediated IL-6 induction.

JAK1 and JAK2 are more widely expressed, whereas
JAK3 expression is mostly limited to haematopietic cell
lines [33]. Although JAK3 has been identified as a
potential therapeutic target in autoimmune disease, its
role in rheumatoid synovitis has not been fully eluci-
dated. In this study, we clearly demonstrated the JAK-
family including JAK3 could be activated in FLS in
response to an IL-6-type cytokine, OSM. Our data sug-
gest that cytokine-activated JAKs in FLS could be an
appropriate therapeutic target in inflammatory arthritis
including RA.

Conclusions

We demonstrated that OSM activates the JAK/STAT
signaling pathway in RA-FLS followed by MAPK activa-
tion leading to the induction of IL-6. CP690,550 blocked
OSM-induced JAK/STAT activation, as well as MAPK
resulting in the abrogation of OSM-responsive induction
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Figure 7 Pyridone 6 suppresses OSM-induced JAKs/STATs activation in RA-FLS; Pyridone 6 suppresses OSM-induced IL-6 synthesis in
RA-FLS. (a) Quiescent RA-FLS were pretreated with vehicle (DMSO -) or pyridone 6 for 2 hours, then stimulated with OSM (20 ng/ml) for 20
minutes. Cellular lysates were subjected to Western blotting using phospho-specific antibodies against JAK1, JAK2, JAK3, STAT1, STAT3 and
STATS. Two experiments were performed using different RA-FLS and a representative result is shown. (b) Quiescent RA-FLS were pretreated with
vehicle (DMSQO, -) or pyridone 6 for two hours, then stimulated with OSM (20 ng/ml) for 24 hours. IL-6 protein in the conditioned media was
determined by ELISA. The data were expressed as the mean + SD of two independent experiments. *P < 0.05 compared to OSM-treated RA-FLS.
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Figure 8 CP690,550 suppresses IL6-induced STAT3 activation in
RA-FLS. Quiescent RA-FLS were stimulated with IL-6 (100 ng/ml)
plus sIL-6R (100 ng/ml) for 20 minutes. Phosphorylation of STAT3
were determined by Western blotting using phospho-specific or
pan antibodies against STAT3. Three experiments were performed
using different RA-FLS and a representative result is shown.

of IL-6. Therefore, the JAK/STAT pathways are essential
in the transduction of OSM signaling and regulation of
IL-6 genes inRA-FLS. Modulation of the JAK/STAT
pathways by CP690,550 represents an alternative thera-
peutic strategy to regulate rheumatoid inflammation.

Abbreviations

CIA: collagen-induced arthritis; DMARDs: disease-modifying anti-rheumatic
drugs; ECL: enhanced chemiluminescence; FCS: fetal calf serum; FLS:
fibroblast-like synoviocyte; GAPDH: glyceraldehydes-3-phosphates
dehydrogenase; IL: interleukin; JAK: Janus kinase; MAPKs: mitogen-activated
kinases; MMPs: matrix metalloproteimase; OSM: oncostatin M; STAT: signal
transducers and activators of transcription; RA: rheumatoid arthritis; TNF-a:
tumor necrosis factor-alpha.

Acknowledgements
Special thanks to Fusae Higashi (Omura, Japan) for editing this manuscript.

Authors’ contributions

KM, AK, TT, YM and YJ carried out cell culture and biochemical analysis. YI,
TM and MN participated in the design of the study and performed the
statistical analysis. SM and HI conceived the study, participated in its design
and coordination and helped to draft the manuscript. All authors read and
approved the final manuscript.

Competing interests
The authors declare that they have no competing interests.

Received: 1 September 2010 Revised: 31 March 2011
Accepted: 6 May 2011 Published: 6 May 2011

References

1. Lee DM, Weinblatt ME: Rheumatoid arthritis. Lancet 2001, 358:903-911.

2. Sweeney SE, Firestein GS: Rheumatoid arthritis: regulation of synovial
inflammation. Int J Biochem Cell Biol 2004, 36:372-378.

3. Choi Y, Arron JR, Townsend MJ: Promising bone-related
therapeutic targets for rheumatoid arthritis. Nat Rev Rheumatol
2009, 5:543-548.

4. Fearon U, Mullan R, Markham T, Connolly M, Sullivan S, Poole AR,
FitzGerald O, Bresnihan B, Veale DJ: Oncostatin M induces angiogenesis

20.

21,

22.

23.

Page 9 of 10

and cartilage degradation in rheumatoid arthritis synovial tissue and
human cartilage cocultures. Arthritis Rheum 2006, 54:3152-3162.

Hui W, Bell M, Carroll G: Detection of oncostatin M in synovial fluid from
patients with rheumatoid arthritis. Ann Rheum Dis 1997, 56:184-187.
Langdon C, Leith J, Smith F, Richards CD: Oncostatin M stimulates
monocyte chemoattractant protein-1- and interleukin-1-induced matrix
metalloproteinase-1 production by human synovial fibroblasts in vitro.
Arthritis Rheum 1997, 40:2139-2146.

Heinrich PC, Behrmann |, Miller-Newen G, Schaper F, Graeve L: Interleukin-
6-type cytokine signalling through the gp130/Jak/STAT pathway.
Biochem J 1998, 334:297-314.

Kisseleva T, Bhattacharya S, Braunstein J, Schindler CW: Signaling through
the JAK/STAT pathway, recent advances and future challenges. Gene
2002, 285:1-24.

Borie DC, O'Shea JJ, Changelian PS: JAK3 inhibition, a viable new modality
of immunosuppression for solid organ transplants. Trends Mol Med 2004,
10:532-541.

West K: CP-690550, a JAK3 inhibitor as an immunosuppressant for the
treatment of rheumatoid arthritis, transplant rejection, psoriasis and
other immune-mediated disorders. Curr Opin Investig Drugs 2009,
10:491-504.

Changelian PS, Flanagan ME, Ball DJ, Kent CR, Magnuson KS, Martin WH,
Rizzuti BJ, Sawyer PS, Perry BD, Brissette WH, McCurdy SP, Kudlacz EM,
Conklyn MJ, Elliott EA, Koslov ER, Fisher MB, Strelevitz TJ, Yoon K,

Whipple DA, Sun J, Munchhof MJ, Doty JL, Casavant JM, Blumenkopf TA,
Hines M, Brown MF, Lillie BM, Subramanyam C, Shang-Poa C, Milici AJ, et al:
Prevention of organ allograft rejection by a specific Janus kinase 3
inhibitor. Science 2003, 302:875-878.

Coombs JH, Bloom BJ, Breedveld FC, Fletcher MP, Gruben D, Kremer JM,
Burgos-Vargas R, Wilkinson B, Zerbini CA, Zwillich SH: Improved pain,
physical functioning and health status in patients with rheumatoid
arthritis treated with CP-690,550, an orally active Janus kinase (JAK)
inhibitor: results from a randomised, double-blind, placebo-controlled
trial. Ann Rheum Dis 2010, 69:413-416.

Kremer JM, Bloom BJ, Breedveld FC, Coombs JH, Fletcher MP, Gruben D,
Krishnaswami S, Burgos-Vargas R, Wilkinson B, Zerbini CA, Zwillich SH: The
safety and efficacy of a JAK inhibitor in patients with active rheumatoid
arthritis: Results of a double-blind, placebo-controlled phase lla trial of
three dosage levels of CP-690,550 versus placebo. Arthritis Rheurn 2009,
60:1895-1905.

Langdon C, Kerr C, Hassen M, Hara T, Arsenault AL, Richards CD: Murine
oncostatin M stimulates mouse synovial fibroblasts in vitro and induces
inflammation and destruction in mouse joints in vivo. Am J Pathol 2000,
157:1187-1196.

Arnett FC, Edworthy SM, Bloch DA, McShane DJ, Fries JF, Cooper NS,
Healey LA, Kaplan SR, Liang MH, Luthra HS, et al: The American
Rheumatism Association 1987 revised criteria for the classification of
rheumatoid arthritis. Arthritis Rheum 1988, 31:315-324.

Lucet IS, Fantino E, Styles M, Bamert R, Patel O, Broughton SE, Walter M,
Burns CJ, Treutlein H, Wilks AF, Rossjohn J: The structural basis of Janus
kinase 2 inhibition by a potent and specific pan-Janus kinase inhibitor.
Blood 2006, 107:176-183.

Heinrich PC, Behrmann |, Haan S, Hermanns HM, Muller-Newen G,

Schaper F: Principles of interleukin (IL)-6-type cytokine signalling and its
regulation. Biochem J 2003, 374:1-20.

Walker JG, Ahern MJ, Coleman M, Weedon H, Papangelis V, Beroukas D,
Roberts-Thomson PJ, Smith MD: Changes in synovial tissue Jak-STAT
expression in rheumatoid arthritis in response to successful DMARD
treatment. Ann Rheum Dis 2006, 65:1558-1564.

Choi Y, Arron JR, Townsend MJ: Promising bone-related therapeutic
targets for rheumatoid arthritis. Nat Rev Rheumatol 2009, 5:543-548.
Atzeni F, Sarzi-Puttini P: Anti-cytokine antibodies for rheumatic diseases.
Curr Opin Investig Drugs 2009, 10:1204-1211.

Wilks AF: The JAK kinases: not just another kinase drug discovery target.
Semin Cell Dev Biol 2008, 19:319-328.

Demoulin JB, Renauld JC: Signalling by cytokines interacting with the
interleukin-2 receptor gamma chain. Cytokines Cell Mol Ther 1998,
4:243-256.

Notarangelo LD, Giliani S, Mazza C, Mella P, Savoldi G, Rodriguez-Pérez C,
Mazzolari E, Fiorini M, Duse M, Plebani A, Ugazio AG, Vihinen M, Candotti F,
Schumacher RF: Of genes and phenotypes: the immunological and


http://www.ncbi.nlm.nih.gov/pubmed/11567728?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14687914?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14687914?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19798028?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19798028?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17009243?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17009243?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17009243?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9135222?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9135222?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9416850?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9416850?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9416850?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9716487?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9716487?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12039028?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12039028?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15519279?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15519279?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19431082?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19431082?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19431082?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14593182?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14593182?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19587388?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19587388?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19587388?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19587388?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19587388?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19565475?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19565475?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19565475?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19565475?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11021823?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11021823?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11021823?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3358796?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3358796?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3358796?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16174768?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16174768?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12773095?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12773095?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16760256?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16760256?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16760256?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19798028?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19798028?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19876788?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18721891?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10068058?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10068058?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11213805?dopt=Abstract

Migita et al. Arthritis Research & Therapy 2011, 13:R72 Page 10 of 10
http://arthritis-research.com/content/13/3/R72

molecular spectrum of combined immune deficiency. Defects of the
gamma(c)-JAK3 signaling pathway as a model. /mmunol Rev 2000,
178:39-48.

24. Pesu M, Candotti F, Husa M, Hofmann SR, Notarangelo LD, O'Shea JJ: Jak3,
severe combined immunodeficiency, and a new class of
immunosuppressive drugs. Immunol Rev 2005, 203:127-142.

25. Jiang JK, Ghoreschi K, Deflorian F, Chen Z, Perreira M, Pesu M, Smith J,
Nguyen DT, Liu EH, Leister W, Costanzi S, O'Shea JJ, Thomas CJ: Examining
the chirality, conformation and selective kinase inhibition of 3-((3R4R)-4-
methyl-3-(methyl(7H-pyrrolo[2,3-d]pyrimidin-4-yl)amino)piperidin-1-yl)-3-
oxopropanenitrile (CP-690,550). J Med Chem 2008, 51:8012-8018.

26. Lin TH, Hegen M, Quadros E, Nickerson-Nutter CL, Appell KC, Cole AG,
Shao Y, Tam S, Ohlmeyer M, Wang B, Goodwin DG, Kimble EF, Quintero J,
Gao M, Symanowicz P, Wrocklage C, Lussier J, Schelling SH, Hewet AG,
Xuan D, Krykbaev R, Togias J, Xu X, Harrison R, Mansour T, Collins M,

Clark JD, Webb ML, Seidl KJ: Selective functional inhibition of JAK3 kinase
is sufficient for efficacy in collagen induced arthritis in mice. Arthritis
Rheum 2010, 62:2283-2293.

27. Takagi N, Mihara M, Moriya Y, Nishimoto N, Yoshizaki K, Kishimoto T,
Takeda Y, Ohsugi Y: Blockage of interleukin-6 receptor ameliorates joint
disease in murine collagen-induced arthritis. Arthritis Rheum 1998,
41:2117-2121.

28. Fonseca JE, Santos MJ, Canhdo H, Choy E: Interleukin-6 as a key player in
systemic inflammation and joint destruction. Autoimmun Rev 2009,
8:538-542.

29. Nishimoto N, Kishimoto T: Interleukin 6: from bench to bedside. Nat Clin
Pract Rheumatol 2006, 2:619-626.

30. Thalhamer T, McGrath MA, Harnett MM: MAPKs and their relevance to
arthritis and inflammation. Rheumatology 2008, 47:409-414.

31, Suzuki M, Tetsuka T, Yoshida S, Watanabe N, Kobayashi M, Matsui N,
Okamoto T: The role of p38 mitogen-activated protein kinase in IL-6 and
IL-8 production from the TNF-alpha- or IL-1beta-stimulated rheumatoid
synovial fibroblasts. FEBS Lett 2000, 465:23-27.

32. Rane SG, Reddy EP: Janus kinases: components of multiple signaling
pathways. Oncogene 2000, 19:5662-5679.

33, Musso T, Johnston JA, Linnekin D, Varesio L, Rowe TK, O'Shea JJ,

McVicar DW: Regulation of JAK3 expression in human monocytes:
phosphorylation in response to interleukins 2, 4, and 7. J Exp Med 1995,
181:1425-1431.

doi:10.1186/ar3333

Cite this article as: Migita et al. CP690,550 inhibits oncostatin M-
induced JAK/STAT signaling pathway in rheumatoid synoviocytes.
Arthritis Research & Therapy 2011 13:R72.

Submit your next manuscript to BioMed Central
and take full advantage of:

e Convenient online submission

e Thorough peer review

¢ No space constraints or color figure charges

¢ Immediate publication on acceptance

¢ Inclusion in PubMed, CAS, Scopus and Google Scholar

¢ Research which is freely available for redistribution

Submit your manuscript at ( -
www.biomedcentral.com/submit BiolVied Central



http://www.ncbi.nlm.nih.gov/pubmed/11213805?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11213805?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15661026?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15661026?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15661026?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19053756?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19053756?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19053756?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19053756?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20506481?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20506481?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9870868?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9870868?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19189867?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19189867?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17075601?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18187523?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18187523?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10620700?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10620700?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10620700?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11114747?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11114747?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7535338?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7535338?dopt=Abstract

	Abstract
	Introduction
	Methods
	Results
	Conclusions

	Introduction
	Materials and methods
	Patients
	Reagents
	Preparation of FLS
	Cytokine and chemokine assays in synoviocytes-conditioned medium
	Measurement of cytokine secretion
	Reverse transcription-polymerase chain reaction (RT-PCR)
	Cell lysis and Western blotting
	Statistical analysis

	Results
	OSM induced IL6 secretion by rheumatoid synoviocytes
	OSM induces activation of the JAK/STAT pathways
	Effects of CP690,550 on the MAPK pathways
	p38 pathway inhibition suppresses OSM-induced IL-6 production
	Pyridone 6 inhibits OSM-induced JAK/STAT activation

	Discussion
	Conclusions
	Acknowledgements
	Authors' contributions
	Competing interests
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


