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BACKGROUND AND PURPOSE
The present study assessed the effects of cilostazol on LPS-stimulated TLR4 signal pathways in synovial macrophages from
patients with rheumatoid arthritis (RA). These effects were confirmed in collagen-induced arthritis (CIA) in mice.

EXPERIMENTAL APPROACH
Expression of TLR4, PU.1, NF-xB p65 and IxBo. on synovial fluid macrophages from RA patients was determined by Western
blotting, and cytokines were measured by eusa. Anti-arthritic effects were evaluated in CIA mice.

KEY RESULTS

Intracellular cAMP was concentration-dependently raised by cilostazol (1-100 uM). Cilostazol significantly suppressed
LPS-stimulated increase of TLR4 expression by blocking PU.1 transcriptional activity in RA macrophages. In addition, cilostazol
decreased LPS-induced myeloid differentiation factor 88 (MyD88) expression, but not that of TNF receptor-associated factor 6
(TRAF6). Cilostazol also suppressed IkBa. degradation and NF-xB p65 nuclear translocation. Moreover, LPS-induced increase of
cytokine production (TNF-o, IL-1B) was inhibited by cilostazol, an effect which was accompanied by suppression of lkBao
degradation, and NF-xB p65 nuclear translocation. However, expression of anti-inflammatory IL-10 was elevated by cilostazol
and forskolin/IBMX. In mice with CIA, post-treatment with cilostazol (30 mg kg™ day™") decreased expression of TLR4 in knee
joints in association with decreased recruitment of macrophages. Consequently, synovial inflammation, proteoglycan depletion
and bone erosion were significantly inhibited by cilostazol treatment.

CONCLUSIONS AND IMPLICATIONS

Cilostazol down-regulated LPS-stimulated PU.1-linked TLR4 expression and TLR4/MyD88/NF-xB signal pathways, and then
suppressed inflammatory cytokine production in synovial macrophages from RA patients. Also cilostazol markedly inhibited
the severity of CIA in mice.

Abbreviations:
CIA, collagen-induced arthritis; MyD88, myeloid differentiation factor 88; RA, rheumatoid arthritis; TLR, Toll-like
receptors; TRAP, tartrate-resistant acid phosphatase
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Introduction

Rheumatoid arthritis (RA) is a chronic inflammatory
and destructive joint disease, characterized by synovial
hyperplasia and subintimal infiltration of inflammatory
cells into the joints. Activated monocytes/macrophages
are found in abundance in synovial fluid of patients with
RA (Firestein and Svaifler, 1987), contributing to chronic
inflammation and joint destruction through release of pro-
inflammatory cytokines and chemokines (Feldmann et al.,
1996).

Toll-like receptors (TLRs), a family of conserved pattern-
recognition receptors, have an important role in innate
and adaptive immunity, and are mainly expressed on
cells, such as macrophages and dendritic cells, where these
cells act as primary sensors recognizing endogenous and
exogenous stimuli (Kawai and Akira, 2007). Increased
expression of TLR4 has been demonstrated in peripheral
blood monocytes and synovial tissue of RA patients (Kyburz
et al., 2003; receptor nomenclature follows Alexander et al.,
2011). TLR4 recognizes LPS, an integral component of the
outer membranes of Gram-negative bacteria (Akira and
Takeda, 2004) and TLR4-induced intracellular signalling
recruits the adaptor proteins MyD88 and TRAF6 which, in
turn,leads to the activation of the transcription factor,
NF-xB, resulting in the production of inflammatory
cytokines, chemokines and tissue destructive enzymes
(Janeway and Medzhitov, 2002; Gohda et al., 2004). On the
other hand, macrophages, as key effector cells in innate
immunity, abundantly express TLR4. In macrophages,
another transcription factor, PU.1, has been shown to
increase transcriptional expression of various inflammatory
genes, including that for TLR4 (Rehli et al., 2000; Lichtinger
et al., 2007).

Cilostazol, an inhibitor of PDE type III, exhibits
potent anti-inflammatory effects, such as suppression of
NAD(P)H oxidase-dependent superoxide formation and
cytokine production in human umbilical vein endothelial
cells (Shin etal., 2004). Cilostazol was previously demon-
strated to suppress expression of adhesion molecules
and chemokine release in association with reduced
monocyte adhesion to HUVECs (Park et al., 2005). Further-
more, the anti-inflammatory effects of cilostazol were
ascribed to cAMP-dependent protein kinase activation—
coupled suppression of NF-xB gene transcription (Park et al.,
2006).

TLR4 is activated in macrophages in RA synovium and
PU.1 regulates the expression of inflammatory genes through
expression of mRNA for TLR4 and the anti-inflammatory
effect of cilostazol has been ascribed to the suppression of
NF-«xB gene transcription. Taken together these findings led
us to hypothesize that inhibition by cilostazol of PU.1-linked
TLR4 signal pathways may provide an effective therapeutic
strategy for the suppression of inflammation. Therefore, we
examined the effects of cilostazol on LPS-stimulated TLR4
signal pathways, focussing on its effects on the PU.1-linked
TLR4 and MyDS88 expression. In addition we examined the
effects of cilostazol on NF-xB activity and inflammatory
cytokine production in macrophages obtained from synovial
fluid of RA patients.
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Methods

Patients and cell preparation

Peripheral blood was obtained from five normal volunteer
donors, and synovial fluid samples were obtained from the
knee joints of 23 patients with RA who fulfilled the 1987
revised criteria of the American College of Rheumatology, at
the time of therapeutic arthrocentesis. All patients who
attended the Rheumatology Clinic at Dong-A University Hos-
pital and Pusan University Hospital (Busan, Korea) provided
informed consent, and approval was obtained from the ethics
committee of University Hospitals. Monocytes from periph-
eral blood and synovial fluid were isolated by Ficoll-Paque
(GE Healthcare, Uppsala, Sweden) density-gradient centrifu-
gation and were cultured in RPMI 1640 containing 10% FBS.
Adherent cells from peripheral blood were allowed to differ-
entiate into normal control macrophages, as described by Liu
et al. (2003). Briefly, blood was diluted in PBS (pH 7.4) and
30 mL of diluted blood was layered over 10 mL of Ficoll-
Paque (GE Healthcare), and centrifuged at 800x g for 30 min.
Peripheral blood monocytes were collected and then mono-
cytes were obtained by adhesion for 24 h in RPMI-1640
containing 10% FBS. After 24 h, non-adherent cells were
removed, and the adherent cells were cultured in the culture
media with 25 ng ml™' M-CSF (Peprotech Inc., Rocky Hill, NJ).
After 5 days, non-adherent or dead cells were removed, and
the remaining cells were used for experiments. Synovial fluid
was diluted 1:1 with PBS and 30 mL of diluted synovial fluid
was layered over 10 mL of Ficoll-Paque, and centrifuged at
800x g for 30 min. Synovial fluid mononuclear cells were
collected, and then monocytes were obtained by adhesion for
24 h in RPMI-1640 containing 10% FBS. After 5 days, non-
adherent or dead cells were removed and the remaining cells
were used for experiments. Flow cytometric analyses showed
that adherent peripheral blood macrophages were 81 = 7%
CD14" cells (n = 5), and adherent RA synovial fluid macro-
phages were 89 = 3% CD14" cells (n = 5).

Enyme linked immunosorbent assay

Levels of TNF-o, IL-18 and IL-10 in culture supernatants
(Assay Design Inc., Ann Arbor, MI) and intracellular cAMP
levels (R&D systems, Minneapolis, MN) were measured using
an ELISA Kits according to the manufacturer’s protocols.

Western blot analysis

Each sample (30 ug protein) was loaded into a 10%
SDS-PAGE and transferred to a nitrocellulose membrane
(Amersham Biosciences, Inc., Piscataway, NJ). The blocked
membrane was then incubated with antibodies for NF-xB
p6S5, IkB-a (Santa Cruz Biotechnology, Inc, CA), PU.1 (Cell
signaling Technology, Danvers, MA) and TLR4 (Abcam, Cam-
bridge, MA). Immunoreactive bands were visualized with a
chemiluminescent reagent of the Supersignal West Dura
Extended Duration Substrate Kit (Pierce Chemical, Rockford,
IL). Signals of the bands were quantified using the GS-710
calibrated imaging densitometer (Bio-Rad, Hercules, CA).
Results are expressed as a relative density.

Quantitative real-time reverse transcription
Total RNA was extracted from cells using TRIzol reagent (Inv-
itrogen, San Diego, CA). TLR4 gene expression was measured
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by real-time PCR using a LightCycler (Roche Molecular
Biochemicals, Mannheim, Germany) instrument with the
LightCycler DNA Master SYBR Green I (Roche Molecular Bio-
chemicals) starting with 1ng of reverse-transcribed total
RNA. PCR was performed under the following conditions:
95°C x 10 min, 50 x (95°C x 105, 62°C x 305, 72°C x 1 s). The
following oligonucleotide primers specific for human TLR4
and GAPDH were used: TLR4, 5-GAC CAG AAC TGC TAC
AAC AGAT-3" (sense) and 5-GCA ACA CCT TCA GAT AAG
GAG-3’ (antisense) and GAPDH, 5’-TGT AGT TGA GGT CAA
TGA AGGG’ (sense) and 5-ACA TCG CTC AGA CAC
CATG-3’ (antisense). The quantification data were analysed
using Rotor-Gene Real-Time Analysis Software 6.0 (Corbett
Research, Mortlake, Australia).

Immunocytochemistry

Cells were fixed with 4% paraformaldehyde, permeabilized
with 0.2% Triton X-100, and incubated with antibodies to
PU.1 (Cell signalling Technology), MyD88 and TRAF6 (Santa
Cruz Biotechnology, Inc), for 1 h and then incubated with
FITC-, cy3-conjugated secondary antibody for 30 min. Fluo-
rescent images were obtained using a confocal microscope
(Nikon).

Small interfering RNA (siRNA) preparation
and transfection

PU.1  siRNA  oligonucleotide = (GenBank  accession
no.NM_003120.1) was synthesized by Bioneer (Daejeon,
Korea). The siRNA negative control duplex was used as a
control oligonucleotide. siRNA molecules were transfected
into cells using Lipofectamine 2000 according to Invitrogen'’s
protocols. The final concentration of 100 nM PU.1 siRNA was
determined as a concentration to maximally suppress PU.1
expression. siRNA was dissolved to the medium 48 h before
the treatment of compounds.

NF-xB transcription factor assay

For measuring NF-xB transcription factor in nuclear extracts,
cell lysates were extracted using a nuclear extraction Kkit
(Chemicon International, Temecula, CA) according to the
manufacturer’s protocol. DNA binding activity of NF-xB p65
was measured using a colorimetric NF-xB p65 transcription
factor assay kit (Rockland Immunochemicals, Gilbertsville,
PA) according to the manufacturer’s protocol.

Collagen-induced arthritis (CIA)

All experimental procedures were conducted in accordance
with the Animal Care Guidelines of the Animal Experimental
Committee of the College of Medicine, Pusan National Uni-
versity. All studies involving animals are reported in accord-
ance with the ARRIVE guidelines for reporting experiments
involving animals (McGrath etal.,, 2010). A total of 30
animals were used in the experiments described here. Male
DBA/1] mice (ages 8-12 weeks) were purchased from Japan
SLC, Inc. (Shizuoka, Japan). All animals were housed in the
facility with a 12 h light-dark cycle. For a CIA model, 100 pg
of bovine type II collagen (Chondrex, Redmond, WA) dis-
solved in 0.1 M acetic acid was emulsified with an equal
volume of Freund’s complete adjuvant (Sigma, St. Louis, MO)
and administered i.d. at the base of the tail into DBA/1] mice.

On day 18, a booster emulsion prepared with type II collagen
and Freund’s incomplete adjuvant was injected i.d. near the
primary injection. The mice were divided into 3 experimental
groups: (1) Sham animals were maintained up to day 38. (2)
vehicle-treated CIA mice received 25% DMSO solution 0.3 ml
i.p.. (3) Cilostazol-treated CIA mice received 30 mg kg™ day™
cilostazol i.p. for 20 days after the booster injection. Mice
were Kkilled at day 38 after primary injection and knee joints
were isolated.

Tissue preparation and histological analysis
Whole knee joints from mice were dissected and fixed for
one day in 4% paraformaldehyde, decalcified in 10% EDTA,
dehydrated and embedded in paraffin blocks. Blocks of 6 um
thickness were cut and stained with haematoxylin and eosin
(H&E) for assessment of synovial inflammation and bone
erosion; stained with safranin-O for proteoglycan in articular
cartilage; and with tartrate-resistant acid phosphatase (TRAP)
for detection of osteoclasts. TRAP staining was performed
using a leukocyte acid phosphatase staining kit (Sigma). The
histological severity of arthritis was scored on a scale of 0-3,
where O = normal; 1 = minimal synovial inflammation, with
cartilage and bone erosion limited to discrete foci; 2 = syno-
vial inflammation and moderate erosion, with normal joint
architecture intact; and 3 = severe inflammation and severe
erosion, with joint architecture disrupted, as described pre-
viously (Williams et al., 1992). Progressive loss of articular
cartilage was scored on a scale of 0-3, ranging from fully
stained cartilage (no cartilage loss) to de-stained cartilage or
complete loss of articular cartilage (Lubberts et al., 2004).
Bone erosion was graded on a scale of 0-5, ranging from no
damage to complete loss of bone structure. Scoring was per-
formed by two observers without knowledge of the experi-
mental group.

Immunohistochemistry and
immunoﬂuorescence

Serial sections (6 um thickness) were cut on a paraffin block
and endogenous peroxidase activity was quenched by incu-
bation with 0.3% H,O. and non-specific antibody binding
was blocked with CAS Block (Zymed Laboratories, Inc., San
Francisco, CA) for 10 min. The preparations were incubated
with a rabbit anti-TLR4 antibody (Santa Cruz Biotechnology,
Inc.) at 4°C overnight. These were subsequently incubated
with a biotinylated anti-rabbit antibody (Vector Laboratories,
Inc., Burlingame, CA) for 1 h and then with an avidin-biotin
peroxidase complex solution (Vectastain Elite ABC kit, Vector
Laboratories, Inc.) for 1 h. The sections were rinsed after
each reaction. Finally, the immunoreaction products were
visualized with a solution of 0.02% 3,3’-diaminobenzidine
tetrahydrochloride (diaminobenzidine substrate kit, Vector
laboratories, Inc.). In the double immunofluorescence experi-
ments, the preparations were incubated for 1 h at room tem-
perature with a goat anti-CD68 and a rabbit anti-TLR4
antibody. After washing, the sections were incubated with a
secondary antibody solution for 30 min at room temperature,
and mounted using Vectashield mounting medium (Vector
Laboratories, Inc.). Fluorescence was detected using a fluores-
cence microscope (Axiovert 200, Carl Zeiss, Oberkochem,
Germany).
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Data analysis

Results are expressed as the mean += SEM. The concentration-
dependent responses were analysed using one-way analysis of
variance followed by Tukey’s multiple comparison tests. Stu-
dent’s f-test was used to determine the significance of the
difference between treated and untreated groups. P-values
less than 0.05 were considered significant.

Materials

Cilostazol (OPC-13013), [6-[4-(1-cyclohexyl-1H-tetrazol-5-
yl)butoxy]-3,4-dihydro-2-(1H)-quinolinone] was donated by
Otsuka Pharmaceutical Co. Ltd. (Tokushima, Japan) and was
dissolved in dimethyl sulfoxide as a 10 mM stock solution.
Forskolin, IBMX and LPS were obtained from Sigma-Aldrich.
Rp-cAMPS was obtained from Alexis (San Diego, CA). Anti-
TLR4 monoclonal antibody was obtained from eBioscience
(San Diego, CA).

Results

Inhibition of TLR4 expression by cilostazol

In order to assess a possible involvement of cAMP in the
intracellular signalling pathway related to the inhibitory effect
of cilostazol, we measured intracellular cAMP levels in macro-
phages obtained from RA patients. Application of cilostazol
(1-100 pM) to the culture media for 1 h caused a significant
increase in intracellular cAMP levels in a concentration-
dependent manner, as did application of forskolin (10 uM) +
IBMX (100 uM) (Figure 1A). We compared the expression of
TLR4 in peripheral blood macrophages from normal volun-
teers and synovial fluid macrophages from patients with RA.
With or without LPS (1 pg mL™), TLR4 protein was more
prominently expressed in the RA synovial fluid macrophages
than in the peripheral blood macrophages (Figure 1B).

A TLR4 | "SEE N
kK .
~ 10T p-actin —— e —
% ch8 8 - . $38
S 6 = M e )
— ES .=
Q = 5 2
2 B &
E ! ch .
o - = N
Cilostazo, pM - 1 10 30 100 - = )
Forskolin, uM - = " & " 10 LPS. 1pugmL?! -+ -+
IBMX M B S S E RA SF Normal PB
macrophages  macrophages
E ——
c TLRA | o s s e o oot TLR4 w—— i
## .
2F B-aCtin | ———————— B-actin | e——————
A b oW wa H# - T m
> s 1| 5| *
Q .g dokk Kk $ b
2! = ) -
= - 1t 31t
= =
0 0 0
LPS,1pgml!- + + + + + LIPS lpgml?- + + + + + L?S= lpgmL?-  + + + + +
Cilostazol, uyM = - 1 10 30 - Cilostazo, uyM - - 1 10 30 - Cilostazol, pM- - 10 10 - -
Forskolin,pyM - - - - - 10 ForskolinpM - - . - . 10 ForskolinyM - - - - 10 10
BMXpM - - - - - 100 BMXuM - - - - - 100 IBMX yM - - - - 100 100
Rp-cAMPS, uM - - - 1 . 1
Figure 1

Inhibitory effects of cilostazol and forskolin/IBMX on LPS-induced TLR4 mRNA and protein expression in RA macrophages. (A) Intracellular cAMP
level in RA macrophages after treatment with cilostazol (1-100 uM) or forskolin (10 M) + IBMX (100 uM) for 1 h was measured by ELisa. Results
are expressed as the mean = SEM (n=4). *P < 0.05, **P < 0.01, ***P < 0.001 versus no treatment. (B) Comparison of TLR4 protein expression
in the absence and the presence of LPS for 24 h between synovial fluid (SF) macrophages and peripheral blood (PB) macrophages from each five
donors. Results are expressed as the mean + SEM (n = 5). %P < 0.01, $*3P < 0.001 versus no treatment. (C and D) Cilostazol and forskolin/IBMX
induced decrease in TLR4 mRNA and protein, as revealed by real-time PCR and Western blot. RA macrophages were treated with cilostazol (1, 10,
30 uM) and forskolin (10 uM) + IBMX (100 uM) for 4 h, followed by exposure to LPS for 12 h (real-time PCR) and 24 h (Western blot). (E) Reversal
by Rp-cAMPS of decreased TLR4 protein expression by cilostazol and forskolin + IBMX. Rp-cAMPS (1 uM) was applied at 30 min prior to treatment
with cilostazol. Results are expressed as the mean + SEM (n = 4-5). #P < 0.01, *#P < 0.001 versus no treatment; *P < 0.05, **P < 0.01,
***P < 0.001 versus LPS alone; TP < 0.05, P < 0.01 significant effect of Rp-cAMPS.

1404 British Journal of Pharmacology (2013) 168 1401-1411



Inhibition of TLR4 by cilostazol in RA macrophages

A LPS . 1pgmL™ LPS. I ygmL™! C Negative PU.1
0 15 30 60 180 min - 0 1 10 30 Cilostazol, pM control  siRNA
Nuclear R— - B p——— PU.1 mRNA_
PU.1
’ HEH HEH 3
2 PU.1 protein | #
1 B-actin =
0
B
TLR4 — D W | —
B-actin | e —————
None = :
H# [_] Negative control
5, B PU.1siRNA
>,
£1
LPS E
< 0
LPS,1pgmL! - + + + - + + +
Cilostazo, ypM - - 10 - - - 10 -
LPS ForskolinyM - - - 10 - - - 10
+ Cilostazol IBMX uM I 1 s 11

Figure 2

Effects of LPS and cilostazol on expression of PU.1 transcription factor in the RA macrophages. (A) Time-dependent increase in PU.1 expression
by LPS (left) and concentration-dependent decrease in PU.1 expression by cilostazol (right) in the nuclear fraction of RA macrophages. (B)
Confocal microscopic images detecting nuclear localization of PU.1 (red) and DAPI (blue) in the presence of LPS for 1 h under treatment with and
without cilostazol (10 uM, for 4 h) in RA macrophages. (C) Analysis of PU.1-knockdown cells: PU.T mRNA and protein expression were reduced,
in contrast to negative controls (Ca). In PU.1-knockdown cells, LPS and cilostazol showed little effect on TLR4 expression, in contrast to the findings
in negative control cells (Cb). Results are expressed as the mean = SEM of four experiments. #P < 0.01; *#P < 0.001 versus no treatment;

*P < 0.05 versus LPS alone.

To determine whether cilostazol modulated LPS-induced
TLR4 transcriptional and translational expression in RA mac-
rophages, we performed real-time PCR and Western blot
analysis. The LPS-stimulated expression of mRNA for TLR4 in
RA macrophages, measured by real-time PCR, was suppressed
by cilostazol (1-30 uM) and by forskolin + IBMX (Figure 1C).
TLR4 protein levels measured by Western blotting showed
that LPS increased TLR4 protein expression, which was
concentration-dependently inhibited by cilostazol (1-30 uM)
or by forskolin + IBMX (Figure 1D). The suppression of TLR4
expression by cilostazol (10 uM) or forskolin + IBMX was
reversed by pretreatment with Rp-cAMPS (1 pM), an inhibitor
of cAMP-dependent protein kinase (Figure 1E).

Inhibition by cilostazol of LPS-induced
nuclear PU.1 expression

PU.1, an Ets family transcription factor, regulates TLR4
expression (Rehli et al., 2000; Lichtinger et al., 2007). There-
fore, we determined the suppression of PU.1 activity by
cilostazol in RA macrophages. Accumulation of PU.1 protein

in the nucleus was enhanced after exposure to LPS and
cilostazol (1-30 uM) concentration-dependently inhibited
nuclear PU.1 protein expression in LPS-stimulated cells
(Figure 2A). In the confocal study, translocation of PU.1
protein into the nucleus was markedly stimulated by LPS, an
effect was largely inhibited by cilostazol (Figure 2B). The
involvement of PU.1 in TLR4 expression was confirmed in RA
macrophages transfected with PU.1 siRNA, which showed
significantly reduced PU.1 mRNA and protein expression up
to 10-20% of the negative control. Neither LPS nor cilostazol
showed any effects on TLR4 expression in these PU.1-
knockdown cells, in contrast to the findings in negative
control cells. These observations suggested that nuclear PU.1
was required to induce expression of TLR4 in response to LPS,
and that cilostazol suppressed TLR4 expression via inhibition
of PU.1 activation (Figure 2C).

Inhibition by cilostazol of MyD88 expression
We next investigated the effect of cilostazol on the intracel-
lular adaptor proteins involved in signal transduction by
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Effect of cilostazol on the expression of the adaptor proteins, MyD88 and TRAF6 in RA macrophages. (A) Inhibitory effect of cilostazol on
LPS-induced increased expression of MyD88, and its reversal by Rp-cAMPS (1 uM). (B) Expression of TRAF6 after treatment with cilostazol in the
absence and presence of Rp-cAMPS. (C) Confocal microscopic images indicating expression of MyD88 and TRAF6 under treatment with cilostazol
in the absence and presence of Rp-cAMPS. RA macrophages were incubated with cilostazol (10 uM) for 4 h, followed by exposure to LPS for 24 h.
Rp-cAMPS (1 uM) was applied at 30 min before treatment with cilostazol. Results are expressed as the mean and SEM of four experiments.

** = P < 0.01 versus LPS alone; " = P < 0.05 significant effect of Rp-cAMPS.

TLR4. RA macrophages were incubated with cilostazol
(10 uM) for 4 h, followed by exposure to LPS for 24 h.
Rp-cAMPS (1 uM) was applied 30 min prior to treatment with
cilostazol. LPS increased MyD88, but not TRAP6, expression
in RA macrophages and cilostazol inhibited the increased
expression of MyD88. Rp-cAMPS (1 uM) reversed the inhibi-
tory effect of cilostazol on LPS-induced MyD88 expression
(Figure 3A). However, TRAF6 showed constitutively high
expression and cilostazol did not affect expression of TRAF6,
when assessed by Western blotting (Figure 3B). These results
were confirmed by immunocytochemistry (Figure 3C), sug-
gesting that cilostazol inhibits MyD88 expression, but not
that of TRAF6.

Inhibition of NF-xB p65 activation

by cilostazol

We assessed suppression by cilostazol of NF-xB p65 activation
in LPS-stimulated RA macrophages. Stimulation of macro-
phages with LPS (1 pgmL™) for 30 min decreased IxBo
expression in the cytosol, whereas NF-kB p65 expression was
significantly increased in the nucleus. Pretreatment with
cilostazol (1-30 uM) for 4 h resulted in increased IxBo expres-
sion in the cytosol and decreased NF-kB p65 expression in the
nucleus in a concentration-dependent manner. Similar find-
ings were obtained with forskolin + IBMX (Figure 4A). The
effects of both cilostazol and forskolin + IBMX were reversed
by Rp-cAMPS (Figure 4B). DNA binding activity of NF-xB p65
was determined using a NF-xB p65 transcription factor assay
kit and showed that cilostazol or forskolin + IBMX inhibited
the LPS-induced increase of nuclear NF-kB-dependent DNA
binding activity (Figure 4C). These results suggest that
cilostazol down-regulated TLR4-mediated inflammatory
cytokine responses through inhibition of NF-kB activity.
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Inhibition of TLR4-induced cytokine
production in RA macrophages by cilostazol
In order to determine the functional correlation of TLR4
expression with pro-inflammatory cytokine levels and
inhibition by cilostazol, we examined changes in
pro-inflammatory cytokine levels in response to LPS
stimulation, using ELisA. As shown in Figure 5A and B, stimu-
lation of RA macrophages by LPS (1 pugmL™) for 48 h
increased production of TNF-o. and IL-1B in the culture
medium. Levels of both cytokines were significantly sup-
pressed by 4h pretreatment with cilostazol (10 uM) or forsko-
lin + IBMX . In contrast, IL-10, an anti-inflammatory cytokine
was elevated by cilostazol (Figure SC). We next assessed
whether TLR4 was involved in these inhibitory effects of
cilostazol on cytokine production. When RA macrophages
were treated with anti-TLR4 antibody (10 ugml™) for 4 h
before LPS stimulation, LPS-induced TNF-a production was
specifically suppressed, comparable to the effects of cilostazol
(Figure 5D).

Decreased expression of TLR4 and CD68 by
cilostazol in a CIA mouse model

The concurrent expression of TLR4 and CD68, as a marker of
the recruitment of macrophages, was measured in the knee
joints of mice. Numbers of cells with immunoreactive TLR4
were markedly increased in joints from mice with CIA, com-
pared with those from untreated mice. After treatment with
cilostazol (30 mg kg day ') in CIA mice, the TLR4-positive
cells were decreased (Figure 6A and B). Immunofluorescent
double staining for CD68 (a marker for macrophages) and
TLR4 showed increased expression of both CD68 and TLR4 in
sections of knee joints from vehicle-treated CIA mice, and the
majority of cells expressing TLR4 were co-localized with syno-
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Figure 4

Effect of cilostazol and forskolin + IBMX on LPS-stimulated IkBo. degradation in the cytoplasm and NF-kB p65 expression in the nucleus following
LPS stimulation. (A) Treatment with cilostazol and forskolin + IBMX for 4 h increased IkxBa expression in the cytoplasm and decreased nuclear
NF-kB p65 expression in the presence of LPS for 30 min. (B) Reversal by pretreatment with Rp-cAMPS (1 uM, for 30 min) of increased IxBo. in the
cytoplasm and decreased NF-kB p65 expression in the nucleus, which were induced by cilostazol and forskolin + IBMX. (C) Treatment with
cilostazol and forskolin + IBMX for 4 h prevented LPS-induced increase in NF-kB activity. Results are expressed as the mean + SEM of three to four
experiments. P < 0.05, #P < 0.01, #*P < 0.001 versus no treatment; *P < 0.05, **P < 0.01 versus LPS alone; TP < 0.05 significant effect of Rp-cAMPS.
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Figure 5

Effects of cilostazol (CSZ) (10 uM) and forskolin (10 uM) +IBMX (100 uM) on TNF-a. (A), IL-1B (B) and IL-10 (C) levels that were released into the
incubation media of RA macrophages following LPS treatment. (D) Inhibition by anti-TLR4 antibody (10 ug mL™") and cilostazol (10 uM) of the
LPS-induced TNF-a production. Reversal by Rp-cAMPS (1 uM) of the decreased TNF-a. production induced by cilostazol. Results are expressed as
the mean = SEM of four experiments. **#P < 0.001 versus no treatment *P < 0.05; **P < 0.01, ***P < 0.001 versus LPS alone.

vial macrophages. Increased expression of both CD68 and
TLR4 was markedly reduced in cilostazol-treated CIA mice
(Figure 6C), indicating a close association of increased expres-
sion of TLR4 with increased numbers of macrophages in the
joint, both of which were suppressed by cilostazol.

Suppression of cartilage depletion and bone
erosion with reduced arthritis scores

by cilostazol

We next evaluated the effects of cilostazol on cartilage deple-
tion and bone erosion in knee joints from CIA mice. On day
38, knee joints obtained from mice subjected to CIA showed

structural alterations, including thickened synovium with
depleted proteoglycan and severe bone erosion, when com-
pared with normal DBA/1] mice. Arthritis scores (histological
severity of arthritis) of vehicle-treated CIA mice were reduced
in cilostazol-treated CIA mice (Figure 7A and D). In addition,
CIA mice showed markedly reduced proteoglycan content
when assessed by safranin-O staining. Treatment with cilosta-
zol preserved the proteoglycan content of knee joint carti-
lage, as shown in Figure 7B and E. In addition, treatment with
cilostazol effectively reduced the occurrence of bone erosion
when evaluated by TRAP staining, and erosion scores were
reduced by cilostazol (Figure 7C and F). These results indicate
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Inhibition of TLR4 expression by cilostazol in a mouse model of CIA. (A) Representative photomicrographs of TLR4-positive cells in knee joint
sections on day 38 from mice treated with vehicle or cilostazol (30 mg kg™ day™). (B) Quantitative analysis: TLR4-positive cells are expressed as

the mean = SEM of six experiments. ##P < 0.001 versus control

mice; *P < 0.05 versus mice with CIA treated with vehicle. (C) Double-

immunofluorescence images showing TLR4 and CD68 (a marker for macrophages). Co-localization of CD68/TLR4 was markedly reduced by

cilostazol treatment.

that cilostazol effectively protected joints from synovial
inflammation, cartilage depletion and bone erosion during
the arthritic reaction.

Discussion

Data from the present study demonstrated that, in synovial
macrophages from RA patients, cilostazol suppressed LPS-
induced increased nuclear translocation of PU.1 and then
down-regulated PU.1-linked TLR4 and MyD88 expression via
activation of a cAMP-dependent protein kinase. Cilostazol
inhibited the LPS-stimulated increase in IxBo degradation
and NF-«B p6S5 nuclear translocation, thereby suppressing the
production of inflammatory cytokines. In addition, cilostazol
strongly protected knee joints from synovial inflammation,
cartilage depletion and bone destruction in CIA mice, an
effect which was accompanied by a significantly decreased
synovial TLR4 expression and macrophage recruitment.
According to the report of Simmonds and Foxwell (2008),
synovium from patients with RA displays a large number of
macrophages with T cells and synovial fibroblasts. Macro-
phages, an important component of the innate immune
system, are the principal source of TNFa, IL-1B and other
cytokines that are pivotal in promoting inflammation and
joint destruction in RA (Firestein, 2005)and there is a high
level of endogenous TLR4 ligands in the joints of patients
with RA (Radstake et al., 2004). Our results revealed that LPS-
induced TLR4 expression was inhibited by cilostazol as well as
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by forskolin + IBMX, and that these effects were reversed by
pretreatment with Rp-cAMPS, implicating cAMP-dependent
protein kinase activation in the suppression of TLR4
expression.

The transcription factor, PU.1, is a central regulator of
TLR4. In the nucleus of macrophages, PU.1, after binding to
the TLR4 promoter, regulates transcriptional expression of
TLR4 (Rehli et al., 2000; Akira and Takeda, 2004; Lichtinger
et al., 2007). In this study, we have demonstrated that LPS-
induced accumulation of PU.1 protein in the nucleus of syno-
vial macrophages from RA patients, was markedly attenuated
in a concentration-dependent manner, by cilostazol, suggest-
ing that the suppressive effect of cilostazol on TLR4 expres-
sion was dependent on suppression of the nuclear expression
of PU.1. This hypothesis was further supported by the obser-
vation that when RA macrophages were transfected with
PU.1 siRNA, LPS did not elicit TLR4 expression. These results
indicated that PU.1 was involved in the expression of TLR4,
and that cilostazol reduced TLR4 expression via inhibition of
PU.1 expression.

The transcription factor NF-xB is the regulator of TLR
signalling, which, in turn, controls the expression of many
genes involved in the inflammatory response (Akira et al.,
2001; Janeway and Medzhitov, 2002). As reported by Handel
et al. (1995), our results showed that LPS increased nuclear
NF-xB p65 expression, in association with enhanced IxBo
degradation, in synovial macrophages from RA patients. This
increase in NF-xB p635 activation was accompanied by a sig-
nificant increase in the production of TNF-o. and IL-1,
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Figure 7

Inhibition of disease progression and bone erosion by cilostazol in a mouse model of CIA. Histological sections of knee joints (on day 38) from
DBA/1) and CIA mice treated with vehicle or 30 mg kg™' day™' of cilostazol were stained with haematoxylin-eosin (A), safranin-O (B) and TRAP
(C). Representative histological sections stained with TRAP (C) show osteoclast features with bone erosion. Quantitative analyses represent scores
for arthritis (D), proteoglycan deletion (E) and bone erosion (F) in the knee joints. Results are expressed as the mean = SEM of six experiments.
*P < 0.05; **P < 0.01 versus CIA mice treated with vehicle.

which, in turn, was significantly attenuated by treatment constitutively high expression of TRAF6 in RA macrophages,
with cilostazol or forskolin + IBMX, effects consistent with its expression was not altered by cilostazol, as assessed by
earlier reports (Park et al., 2005; 2006). Western blot and immunocytochemistry. In view of these
MyD88 and Mal/TIRAP are essential for LPS-induced IxBo results, it is likely that cilostazol inhibited pro-inflammatory
phosphorylation, NF-xB p65 activation and IL-6 production cytokine production through suppression of TLR4-linked
in fibroblasts (Andreakos et al., 2004) and a high level of TLR4 MyDS88.
is expressed at the cell surface of macrophages and neutrali- Inhibition of TLR4 suppressed the severity of experimen-
zation of TLR4 blocks LPS signalling (Akira and Takeda, 2004; tal arthritis and resulted in lower IL-1 expression in arthritic
Andreakos et al., 2004). We determined whether cilostazol joints (Abdollahi-Roodsaz et al., 2007) and we found that
could suppress adaptor proteins, such as MyD88 and TRAF6, LPS-induced increases in cytokine secretion, including TNF-o
in macrophages. Indeed, expression of MyD88 protein was and IL-1B, from synovial macrophages were suppressed by
up-regulated by exposure to LPS in RA macrophages, and cilostazol and forskolin + IBMX, and that LPS-induced TNF-o
cilostazol significantly decreased its expression, and this production was specifically suppressed by treatment with
decrease was reversed by Rp-cAMPS. In addition, it has been anti-TLR4 antibody, as well as by cilostazol. However, IL-10
suggested that TRAF6 is essential for MyD88-dependent sig- was significantly elevated by cilostazol in the incubation
nalling (Gohda et al., 2004). However, although we found media. IL-10 has been found in RA synovium (Isomaki et al.,
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1996), and both IL-4 and IL-10 can inhibit the secretion of
TNF-0, IL-1B, and IL-6 in macrophages (Gordon, 2003).
However, the the mechanism by which cilostazol caused an
increase in IL-10 expression remains unclear.

In contrast to its effects in macrophages from RA patients,
cilostazol attenuated LPS-induced NF-xB activation with
subsequent decrease in cytokine expression in RAW 264.7
cells, via MAPK inhibition (Park et al. 2010b). Furthermore
this effect involved a cAMP-independent pathway, because
cilostazol did not elevate intracellular cAMP in the RAW
264.7 cells. Thus, further studies are required in order to
assess whether cilostazol can suppress LPS-stimulated MAPK
phosphorylation via a cAMP-dependent pathway in RA
macrophages.

The present study measured the effects of cilostazol in a
murine CIA model, in terms of synovial inflammation, car-
tilage depletion and bone erosion. Although the exact
pathogenesis of RA has not been fully defined, joint inflam-
mation with infiltration of monocytes/macrophages and
participation of locally produced cytokines, as well as loss of
cartilage and bone destruction, are critical components
(Redlich et al., 2002; Schett et al., 2008). Our present study
showed, with immunofluorescent double staining, abundant
TLR4-expressing cells co-localized with CD68-positive
macrophage-like cells in the knee joint synovium of CIA
mice, and both cell types were markedly reduced by treat-
ment with cilostazol. In addition, treatment with cilostazol
significantly preserved the proteoglycan content of knee
joint cartilage which was markedly reduced in vehicle-
treated CIA mice. Many reports have suggested that the
pathogenic mechanisms of bone destruction in a murine
CIA model are largely dependent on osteoclast formation
and their activity in RANKL generation (Redlich et al., 2002;
Zwerina et al., 2004). Recently, Park efal. (2010a) demon-
strated that cilostazol suppressed proliferation of synovial
fibroblasts from RA patients by enhancing apoptosis with
increased cytochrome c¢ release and apoptosis-inducing
factor translocation, along with increased caspase 3 activa-
tion via increased HO-1 expression, linked to Nrf and
activation of cAMP-dependent protein kinase. However, in
the present study, we did not determine the role of HO-1
expression in the action of cilostazol in the suppression of
LPS-induced increased nuclear translocation of PU.1 and
subsequent down-regulation of TLR4 expression in synovial
macrophages from RA patients. Therefore, more work is
required to determine whether cilostazol enhances the apop-
tosis of synovial macrophages via an LPS-induced increased
PU-1-linked TLR signal pathway.

Varani et al. (2011) emphasized a central role of adenosine
receptors (Az, and A;) in inflammatory and clinical responses
to RA by inhibiting the NF-xB pathway and diminishing
cytokines such as TNF-a, IL-18 and IL-6. Intriguingly, cilosta-
zol reduced infarct size in a rabbit model of myocardial inf-
arction by increasing myocardial adenosine during ischaemia
(Bai etal., 2011). In the present experiments, we did not
assess a possible involvement of adenosine in the intracellu-
lar signalling pathways related to the inhibitory effects of
cilostazol. However, Kim et al. (2012) have observed that con-
current administration of cilostazol and methotrexate sup-
pressed production of cytokines, including TNF-a, IL-1p, IL-6
and CCL2 in an additive manner, with prevention of joint
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damage in RA via the interactive action of adenosine A,,
receptors and cAMP-protein kinase.

Taken together, the present results demonstrated that
cilostazol suppressed the increased nuclear translocation of
PU.1 stimulated by LPS and down-regulated PU.1-linked
TLR4 expression. Cilostazol also suppressed MyD88 expres-
sion, IxBo degradation and NF-xB activation via cAMP-
dependent protein kinase activation in synovial macrophages
from RA patients. We also confirmed decreased synovial
inflammation, proteoglycan depletion and bone erosion by
cilostazol in mice with CIA.
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