Cilostazol inhibits the expression of hnRNP A2/B1 and
cytokines in human dermal microvascular endothelial cells
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ABSTRACT

Objective. hinRNP A2/BI has been
identified as a target antigen of anti-en-
dothelial cell IgA antibody in patients
with Behget’s disease (BD). In addition,
increased expression of cellular hnRNP
A2/B1 is stimulated by Streptococcus
sanguinis or the sera from patients with
BD. We aimed to investigate the effects
of cilostazol on the expression of hn-
RNP A2/BI and chemokines in human
dermal microvascular endothelial cells
(HDMECs).

Methods. Expression of hnRNP A2/B1,
cytokines, and chemokines in HDMECs
was induced by tumour necrosis fac-
tor (TNF)-a, interleukin (IL)-153, and
lipopolysaccharide (LPS). HDMECs
were treated with cilostazol (10 uM)
and the inhibitory effects were evalu-
ated with real-time polymerase chain
reaction and immunocytochemistry.
Results. Expression of hnRNP A2/B1,
CXCLI, CXCL2, CXCLS, and IL-1
mRNA was significantly increased in
HDMEC:s treated with all three stimu-
lants. In addition, mRNA expression of
hnRNP A2/Bl and inflammatory me-
diators was significantly inhibited in
HDMECs treated with various stimu-
lants with cilostazol pretreatment. Im-
munocytochemistry demonstrated that
cilostazol pretreatment effectively in-
hibited the stimulant-induced increased
expression of hnRNP A2/BI in the nu-
cleus and cytoplasm of HDMECs.
Conclusions.  Cilostazol  pretreat-
ment can reduce the excessive expres-
sion of inflammatory cytokines and
chemokines and hnRNP A2/BI by
the BD-related stimulants, including
TNF-a, IL-13, and LPS, in HDMECs.
We suggest that cilostazol may have
therapeutic efficacy in inhibiting the
major inflammatory reaction in the
pathogenesis of BD.

Introduction
Behget’s disease (BD) is a chronic mul-
tifactorial vasculitis that mainly affects

small blood vessels in various organs
(1). Its susceptibility was proved to be
strongly associated with the HLA-B*51
antigen (2, 3). Although the exact patho-
genesis of BD remains enigmatic, en-
dothelial cells are suggested as a prima-
ry target in this disease, and a-enolase
and hnRNP A2/B1 have been identified
as target antigens of anti-endothelial
cell IgM and IgA antibodies, respec-
tively (4, 5). Our study group recently
demonstrated that cellular hnRNP A2/
B1 and hnRNP A2/B1 mRNA were in-
creased by the stimuli of Streptococcus
sanguinis or the sera from patients with
BD. In addition, we observed that these
stimuli induced membrane expression
of hnRNP A2/Bl, which is usually
detected in the cytoplasm and nucleus
under healthy conditions, in human
dermal microvascular endothelial cells
(HDMECS) (6).

Cilostazol is a specific inhibitor of
3’-5’-cyclic adenosine monophosphate
(cAMP) phosphodiesterase type III
(PDE3) (7). Cilostazol is known to in-
hibit platelet aggregation and act as a
vasodilator, useful in the treatment of
peripheral vascular disease (7, 8). In
addition, cilostazol can decrease the ex-
pression of monocyte chemoattractant
protein-1 (MCP-1) and C-C chemokine
receptor-2 (CCR2) as well as vascular
cell adhesion molecule-1 (VCAM-1)
in vascular endothelial cells to inhibit
leukocyte-endothelial cell interaction
(9). In diabetic rats, cilostazol protects
vascular inflammation through prevents
the overexpression of VCAM-1 via in-
hibiting the activation of nuclear factor-
kB (10, 11).

In the present study, we investigated
the effects of cilostazol on the expres-
sion of hnRNP A2/B1 and chemokines
in HDMECs. Expression of hnRNP
A2/B1 and chemokines in HDMECs
was induced by tumour necrosis fac-
tor (TNF)-a., interleukin (IL)-1f, and
lipopolysaccharide (LPS). HDMECs
were pretreated with cilostazol (10
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uM), and the inhibitory effects were
evaluated with real-time polymerase
chain reaction (PCR) and immunocyto-
chemistry.

Materials and methods

Cell culture

Purchased HDMECs (Lonza Group
Ltd., Basel, Switzerland) were prepared
and treated in a tissue incubator using
endothelial basal medium-2 (Lonza
Group Ltd.) containing human epider-
mal growth factor, hydrocortisone, vas-
cular endothelial growth factor, human
fibroblast growth factor-f3, gentamicin,
amphotericin B, R3-insulin like growth
factor-1, ascorbic acid, and 2% fetal
bovine serum. HDMECs were subcul-
tured serially from passage 3 to 10 at
37°C in a CO, incubator.

Chemicals and cell stimulation
Cilostazol (OPC-13013) (6-[4-(1-cy-
clohexyl-1H-tetrazol-5-yl)butoxy]-3 4-
dihydro-2-(1H)-quinolinone) was gen-
erously donated by Otsuka Pharma-
ceutical Co., Ltd. (Tokushima, Japan)
and dissolved in dimethyl sulfoxide as
a 10 mM stock solution. LPS (E. coli
055:B5; Santa Cruz Biotechnology,
Santa Cruz, CA, USA), TNF-a (R&D
Systems, Minneapolis, MN, USA), and
IL-1B (R&D Systems) were purchased.
As described previously (12), cilostazol
10 uM was added to confluent HDMECs
with endothelial basal medium-2 with
2% fetal bovine serum, growth factors,
and antibiotics for the indicated times
before the addition of LPS 200 ng/mL,
TNF-a 100 ng/mL, and IL-1p 10 ng/
mL. All experiments were performed in
triplicate.

Cell viability assay

Cell viability was assessed by the meth-
ylthiazoletetrazolium (MTT) conver-
sion test. Briefly, HDMECSs were seeded
with 20,000 cells/well in 96-well gela-
tin-coated tissue culture plates. Con-
fluent HDMECs received endothelial
basal medium-2 with 2% fetal bovine
serum, growth factors, and antibiotics,
5 h prior to stimulation with or without
cilostazol for 12, 24, and 48 h. After in-
cubation, 20 uL/well of MTT solution
(Sigma-Aldrich, St Louis, MO, USA)
at a concentration of 5 mg/mL diluted
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Table I. Polymerase chain reaction primers used in this experiment.

Name Sequence (5’ to 3°)
ACTB F  ATAGCACAGCCTGGATAGCAACGTAC
R CACCTTCTACAATGAGCTGCGTGTG
CXCL-1 F  ATTCACCCCAAGAACATCCA
R GATGCAGGATTGAGGCAAG
CXCL-2 F  GCAGGGAATTCACCTCAAGA
R GACAAGCTTTCTGCCCATTC
CXCL-8 F CGGAAGGAACCATCTCACTG
R ACTCCTTGGCAAAACTGCAC
IL-1B F  GCTGAGGAAGATGCTGGTTC
R TCGTTATCCCATGTGTCGAA

with phosphate-buffered saline (PBS)
was added, and the cells were incubated
for 2h. The medium was aspirated and
replaced with 150 pL/well of ethanol/
dimethyl sulfoxide solution (1:1). The
plates were shaken for 20 min, and the
optical density measured at 570 to 630
nm using enzyme-linked immunosorb-
ent assay (ELISA) (Bio-Tek Instru-
ments, Inc., Winooski, VT, USA).

Immunocytochemistry

For the assessment of hnRNP A2/B1
expression, HDMECs were stimulated
with LPS, IL-1p, and TNF-a for 6, 12,
or 24 h. In a Lab-Tek chamber, 2 X 10*
cells from each group were cultured
and fixed with 4% paraformaldehyde,
followed by 1h incubation at room
temperature with 1:200 diluted mouse
anti-human hnRNP A2/B1 antibody
(Abcam, Cambridge, UK). Cells were
washed 3 times with PBS solution,
after which a secondary antibody (Re-
al™ Envision™ HRP Rabbit/Mouse,
DAKO, Carpinteria, CA, USA) was
added with a 30-min incubation at room
temperature. Cells were counterstained
with haematoxylin for 1 min, and after
mounting, the expression of hnRNP
A2/B1 was examined in each group.

Real-time PCR

Total RNA was isolated with TriZol rea-
gent (Canadian Life Technologies, Burl-
ington, Ontario, Canada) and the cDNA
was synthesised using SuperScript II
RNase H Reverse Transcriptase (Cana-
dian Life Technologies). The primers
(Bioneer, Seoul, Korea) used are indi-
cated in Table I. Gene expression was
monitored using ABI 7500 software
(Applied Biosystems, Foster City, CA,
USA) according to the standard proce-

dure. The real-time PCR cycles includ-
ed 40 cycles of general denaturation at
94°C for 30 sec, annealing, and elonga-
tion at 60°C for 1 min, except for the
first cycle with a 15-min denaturation
and the last cycle with a 7-min elon-
gation at 72°C. Real-time polymerase
quantification of the signals was per-
formed by normalising the gene signals
with (-actin signal. All experiments
were performed in triplicate.

Statistical analysis

The data were presented as mean =+
standard deviation (SD), and Wilcoxon
signed rank test was used to analyse the
differences in the levels of hnRNP A2/
B1,CXCL1,CXCL2,CXCLS, and IL-
1B depending on each subcellular frac-
tion of each group. All analyses were
performed using the Statistical Package
for the Social Sciences v. 18.0 (SPSS
Inc., Chicago, IL, USA). Differences
were considered statistically significant
when the p-value was less than 0.05.

Results

Effect of cilostazol on cell viability

of HDMECs

To determine the cytotoxicity of cilosta-
zol in HDMEC cells, the viability of the
cells treated with the indicated concen-
trations of cilostazol was detected by
MTT assay. Cilostazol caused minimal
toxicity to HDMECs at the indicated
concentrations, and 10 uM of cilostazol
showing 87.8% viability for HDMECs
was used in this study (Fig. 1).

Inhibitory effect of cilostazol on
inflammatory factor expression induced
by various stimulants in HDMECs
First, HDMECSs were treated with vari-
ous stimulants including TNF-a, IL-
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Fig. 1. Cells from the human endothelial cell line, human dermal microvascular endothelial cells
(HDMECs), were serum-starved and treated with different concentrations of cilostazol (0, 1,5, 10, 50,
100 uM) for 72h. The indicated concentrations of cilostazol showed minimal toxicity for HDMECs. A
relatively lower dose (10 uM) of cilostazol induced 87.8% viability for HDMECs and was used in this

study. Bars, standard deviation (SD).

13, and LPS, then the level of mRNA
expression was comparatively inves-
tigated in cells with or without treat-
ment. All of the stimulants significantly
induced mRNA expression of all three
chemokines and IL-1f3 in HDMECs
at each indicated time point. Next,
mRNA expression of all inflammatory
factors was comparatively investigated
in stimulated HDMECs with and with-
out treatment with cilostazol.

A significant inhibitory effect on the ex-

pression of inflammatory factors was ob-
served in different groups of HDMECs
regardless of the stimulants. In the
TNF-a-treated group, both CXCL1 and
IL-1f expression were significantly re-
duced by cilostazol treatment at each
indicated time point. Moreover, re-
duced CXCL2 and CXCLS8 expression
was observed from 12 h and 24 h after
cilostazol treatment, respectively (Fig.
2). In the LPS-treated group, cilostazol
treatment induced significantly reduced

CXCLS expression at each of the indi-
cated time points. Moreover, expression
of CXCL1,CXCL2, and IL-1f was also
significantly decreased at the 12-h and
24-h time points by cilostazol treatment
(Fig. 3). In the IL-1p treated group,
cilostazol treatment reduced CXCLI
expression at the 12-h and 24-h time
points. CXCLS expression was also de-
creased at the 6-h and 12-h time points
by cilostazol treatment. Moreover, de-
creased expression of both CXCL2 and
IL-1f was observed at the 6-h, 12-h, and
24-h time points under cilostazol treat-
ment (Fig. 4).

Inhibitory effect of cilostazol on
hnRNP A2/B1 expression in HDMECs
To further investigate the influence
of cilostazol on expression of hnRNP
A2/B1, we examined hnRNP A2/B1
mRNA and protein expression in stimu-
lated HDMECS with or without cilosta-
zol treatment. Significantly increased
expression of hnRNP A2/B1 mRNA
was induced by all three stimulants. An
inhibitory effect of cilostazol on hnRNP
A2/B1 mRNA expression was observed
at the 6-h, 12-h, and 24-h time points
in the TNF-a.-, LPS-, and IL-1[3-treated
groups (Fig. 5).

Regarding hnRNP A2/B1 protein,
HDMECs showed increased expression
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Fig. 2. HDMECs treated with TNF-a. by different time points. (a) Compared to control group, significantly increased mRNA expression of all three
chemokines and IL-1f3 were found in TNF-o. treated group at each indicated time point; The inhibitory effect of cilostazol on expression of inflammatory
factors in HDMECs treated with TNF-a. (b) Both CXCL1 (i) and IL-1f (iv) expression was significantly reduced by cilostazol treatment at each indicated
time point. Moreover, reduced CXCL2 (ii) and CXCLS (iii) expression was found from 12h and 24h after cilostazol treatment, respectively. Control group:
HDMECs incubated with supplemented endothelial cell medium. Quantitative results indicate average values of three independent experiments, each of
which was performed in triplicate. The results are shown as mean values+SD (n=9) and were analysed by the Wilcoxon signed rank test. *p=<0.05.
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Fig. 4. HDMECs treated with IL-1f3 by different time points. (a) Compared to control group, significantly increased mRNA expression of all three chemokines
and IL-1f were found in IL-1f treated group at each indicated time point; Inhibitory effect of cilostazol on expression of inflammatory factors in HDMECs
treated with IL-1f. (b) After cilostazol treatment, (i) CXCL1 expression was reduced at the 12-h and 24-h time points and (iii) CXCL8 expression was also de-
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treatment. Control group: HDMECs incubated with supplemented endothelial cell medium. Quantitative results indicate average values of three independent
experiments, each of which was performed in triplicate. The results are shown as mean values+SD and were analysed by the Wilcoxon signed rank test. *p<0.05

matory diseases, such as lupus erythe-

due to treatment with any stimulants.
Normally, hnRNP A2/B1 protein is
weakly expressed in the cytoplasm and
nucleus of HDMECs. However, with
TNF-o or IL-1P treatment, nuclear ex-
pression of hnRNP A2/B1 increased at
all indicated time points. Moreover, cy-
toplasmic expression of hnRNP A2/B1
also significantly increased from 12 h of
TNF-o or IL-1f treatment. Cells with
LPS treatment also showed increased

Clinical and Experimental Rheumatology 2017

hnRNP A2/B1 expression at each indi-
cated time point both in the cytoplasm
and nucleus. Importantly, increased
hnRNP A2/B1 expression that was in-
duced by all three stimulants was suf-
ficiently reduced by cilostazol treatment
at all indicated time points (Fig. 6).

Discussion
Many chemokines have been studied
extensively in various chronic inflam-

matosus, sarcoidosis, and rheumatoid
arthritis, and the crucial role of differ-
ent chemokines in the pathogenesis of
the underlying diseases has received a
great deal of attention (13). According
to an in vivo study using gene-deleted
mice, the potential synergistic effect of
different chemokines largely depended
on single or multiple receptors (14).
CXC chemokines, including CXCL1,
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CXCL2, and CXCLS, also known as
neutrophilic chemokines, can chemoat-
tract neutrophils and thereby promote
inflammation and the immune response

S-64

(15, 16). In BD, various cytokines in-
cluding IL-6, IL-17, IL-18, IL-26,
interferon-y, TNF-o and IL-10 were in-
creased (17-19).

Neutrophil infiltration is one of the major
histopathologic features in the inflamed
lesions of BD, and increased CXCL1 and
CXCLS expression is also frequently de-
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tected in the serum of patients with BD
(20, 21). Furthermore, CXCLS has been
known as a biomarker reflecting BD ac-
tivity (21). These CXC chemokines can
be induced by bacterial toxins, such as
LPS, along with proinflammatory cy-
tokines, such as TNF-a and IL-1f3, in
vascular endothelial cells, which have
been believed to be a primary target of
BD (22). Previous studies reported that
expression of TNF-a and IL-1{ was in-
creased in the sera of patients with BD,
and anti-IL-1f or anti-TNF-o therapy
was also effective in BD (23-25).

In the present study, we stimulated
HDMECs using TNF-a, IL-1f3, and
LPS and found that expression of
CXC chemokines, including CXCL1,
CXCL2, and CXCLS, as well as IL-
1B, was markedly increased. Activation
or inhibition of chemokine production
may be an effective therapeutic ap-
proach in different types of diseases
related to chemokines, including BD.
To abrogate the activation of various
chemokines, many chemokine antago-
nists were developed, and their effec-
tiveness was widely investigated in
different types of proinflammatory and
autoimmune diseases (26).

HnRNPs are RNA binding proteins,
which are present only in the nucleo-
plasm and cytoplasm under healthy
conditions (26). HnRNPs bind with
mRNAs and are transported to the cy-
toplasm from the nucleus, after which
some are degraded in the cytoplasm and
the others return to the nucleus (26).
Cellular hnRNP A2/B1 and hnRNP
A2/B1 mRNA were upregulated by the
stimuli of the sera from patients with BD
or S. sanguinis in a previous study (6).
We observed that inflammatory stimuli,
including TNF-a,, IL-1f, and LPS, also
induced hnRNP A2/B1 expression in
the present study. TNF-o antagonists
and anti-IL-1 treatment may be useful
elements of the therapeutic plan for the
acute and chronic stages of BD as well
as the prevention of relapse (27, 28). IL-
1B, as mentioned in our previous study,
and hnRNP A2/B1 as a target antigen
of endothelial cells in patients with BD,
may also have important roles in BD
pathogenesis (6). Thus, to abrogate pro-
duction of those CXC chemokines, IL-
1B, and hnRNP A2/B1 from sitimulated

Clinical and Experimental Rheumatology 2017

vascular endothelial cells may actually
contribute to BD therapy. At present, al-
though there are numerous therapeutic
regimens in BD treatment, such as tra-
ditional immunosuppressants, corticos-
teroids, and various antagonists, some
patients with BD still demonstrate re-
sistance to various treatments (29). So,
other effective therapeutic approaches
still require investigation.
Anti-inflammatory effects of cilostazol
have been reported by many investiga-
tors (9-12). In the present study, we fur-
ther investigated whether cilostazol also
affects the production of hnRNP A2/
B1, IL-1f, and chemokines in stimu-
lated HDMECs. Potent inhibitory ef-
fects of cilostazol on the expression of
various proinflammatory cytokines and
chemokines, such as TNF-a, IL-1§, and
CXCLI, in various target cells, were
also reported by some investigators (30-
32). LPS-induced TNF-o production
was significantly reduced by cilostazol
treatment in THP-1 cells, RAW 264.7
murine macrophages, and BV2 micro-
glia (33, 34). In BV2 microglia, LPS-in-
duced IL-1p expression was also signif-
icantly reduced by cilostazol treatment
(34). However, the effect of cilostazol
on HDMECs has not been precisely es-
tablished. In the present study, we found
a strong inhibitory effect of cilostazol on
CXCLI1, CXCL2, CXCLS8, and IL-1f
mRNA expression in HDMECs treated
with various stimulants. Importantly,
cilostazol also showed a strong inhibi-
tory effect on both mRNA and protein
expression of hnRNP in HDMECs re-
gardless of the stimulant. All of these
findings demonstrate that cilostazol ef-
fectively inhibits the expression of hn-
RNP A2/B1 and inflammatory factors in
HDMECs when stimulated by TNF-a,,
IL-1f3, and LPS. It can also be postu-
lated that cilostazol may prove useful in
treatment modalities for the inflamma-
tory disorder of BD.

In conclusion, our data demonstrated
that pretreatment with cilostazol can
reduce the excessive expression of in-
flammatory cytokines and chemokines
as well as hnRNP A2/B1 induced by
the BD-related stimulants, including
TNF-a, IL-1f, and LPS, in HDMECs.
We suggest that cilostazol may have
therapeutic efficacy in inhibiting the

major inflammatory reaction in the
pathogenesis of BD. Further experimen-
tal validations, including in vivo analy-
sis, are required to confirm the effect of
cilostazol in BD patients.
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