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Aim: The abnormal proliferation of vascular smooth muscle cells (VSMCs) in arterial walls is an im-
portant pathogenic factor of vascular disorders such as atherosclerosis and restenosis after angioplas-
ty. During atherogenesis or in response to vessel injury, VSMC proliferation is induced by a number 
of peptide growth factors released from platelets and VSMCs. Cilostazol is a phosphodiesterase (PDE) 
3 inhibitor that increases intracellular cAMP levels and decreases intracellular Ca2＋ levels, inhibiting 
platelet aggregation and inducing vasodilatation. Cilostazol is also known to have an inhibitory effect 
on the proliferation of VSMCs, but the anti-proliferative mechanism of cilostazol in VSMCs has not 
yet been established. In the present study, we investigated whether the anti-proliferative mechanism 
of cilostazol is associated with the suppression of extracellular signal-regulated kinases (ERK) and 
phosphatidylinositol 3 kinase (PI3K) signaling pathways.
Methods: To confirm the anti-proliferative effects of cilostazol on VSMCs, VSMCs were induced to 
proliferate by serum-induced mitogenesis and then were treated with cilostazol for 24 h. And, to in-
vestigate whether the anti-proliferative mechanism of cilostazol in VSMCs involves the suppression 
of the ERK and PI3K pathways, expression of the phosphorylated forms of ERK1/2, Raf, Akt, and 
glycogen synthase kinase (GSK)-3 were evaluated by western blot.
Results: Cilostazol inhibited VSMC proliferation in a dose-dependent manner. Phosphorylated 
ERK1/2 and Raf were significantly reduced in a dose-dependent manner, whereas phosphorylated 
Akt and GSK-3 were not changed.
Conclusion: These results suggest that suppression of the ERK pathway but not the PI3K pathway is 
an important mechanism in the anti-proliferative effect of cilostazol on VSMCs.
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Introduction

Atherosclerosis is one of the most important 
pathogenic mechanisms in ischemic stroke. The cen-
tral events of atherosclerosis include endothelial dys-
function, inflammation, vascular smooth muscle cell 
(VSMC) proliferation, and matrix alteration1). VSMCs 
primarily regulate vascular tone and contraction and 
are an important component of the medial layer of the 

arteries, which is also made up of endothelial cells and 
a small number of myointimal cells from the intimal 
layer2). Moreover, it is well established that the prolif-
eration of VSMCs plays a major role in the restenotic 
process, which is strongly related to the recurrence of 
ischemic stroke after arterial stenting and balloon an-
gioplasty3); therefore, inhibition of VSMC prolifera-
tion may help to prevent ischemic stroke.

Cilostazol ({6-[4-(1-cyclohexyl-1H-tetrazol-5-yl) 
butoxy]-3,4-dihydro 2(1H)quinolinone}, CLZ, Fig.1) 
increases intracellular cyclic 3’, 5’-adenosine mono-
phosphate (cAMP) concentrations by selectively block-
ing phosphodiesterase type Ⅲ. Elevation of intracellu-
lar cAMP levels and decreased intracellular Ca2＋ levels 
by cilostazol can induce vasodilatation and anti-plate-
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let action4). Cilostazol is known to regulate NO pro-
duction, transcription factor E2F, and pituitary ade-
nylate cyclase-activating polypeptide (PAC-1)5-7), and 
it has been reported that cilostazol reduces neointimal 
formation in balloon-injured rat carotid arteries and 
inhibits restenosis after percutaneous transluminal cor-
onary angioplasty3). Anti-proliferative effects of cilo-
stazol on VSMCs have also been reported5); however, 
the precise mechanisms of the anti-proliferative effects 
of cilostazol on VSMCs have not yet been clearly es-
tablished, particularly as they relate to the ERK1/2 
pathway.

Extracellular signal-regulated kinases 1 and 2 
(ERK1/2), c-Jun N-terminal kinases (JNKs)/stress-ac-
tivated protein kinases (SAPKs), and p38 mitogen-ac-
tivated protein kinase (MAPK) are subfamilies of 
MAPKs in mammalian cells. The activation of ERK1/2 
is involved in the cell cycle, transcription, and cellular 
proliferation8). Considering the role of ERK1/2 in 
cells, the activation of ERK1/2 may be essential for 
the proliferation of VSMCs associated with athero-
sclerosis. This hypothesis is partially supported by 
findings that an increase in the active form of Raf, an 
immediate upstream activator of ERK1/2, was neces-
sary to induce VSMC proliferation9, 10). Confirmation 
that cilostazol can inhibit the ERK/Raf pathway 
would help to explain the mechanism important to 
the anti-proliferative effects of cilostazol; however, re-
ports about the effects of cilostazol on the ERK/Raf 
pathway are lacking.

The phosphatidylinositol 3 kinase (PI3K) path-
way may play an important role in the migration of 
VSMCs11). Considering that the PI3K pathway is crit-
ical for the proliferation and migration of cells, this 
pathway may play an important role in VSMC prolif-
eration. Although activated Akt has been reported to 
induce the differentiation of VSMCs12, 13), it has not 
yet been clearly demonstrated whether the PI3K path-
way is involved in the proliferation of VSMCs and 

whether cilostazol affects the PI3K pathway in VSMCs.
In the present study, we examined the anti-pro-

liferative effects of cilostazol on fetal bovine serum 
(FBS)-induced abnormal proliferation of VSMCs. We 
also investigated the mechanisms of these effects, with 
special focus on the effects of cilostazol on the ERK and 
PI3K pathways.

Materials and Methods

Materials
Cilostazol ({6-[4-(1-cyclohexyl-1H-tetrazol-5-yl) 

butoxy]-3,4-dihydro 2(1H)quinolinone}, CLZ), gen-
erously donated by Otsuka Pharmaceutical Co. Ltd., 
Osaka, Japan), was dissolved in dimethyl sulfoxide to 
make a 10 mM stock solution. H89 (-[2-(p-bromo-
cinnamylamino) ethyl]-5-isoquinolinesulfonamide di-
hydrochloride; cat. B1427), a PKA inhibitor, was ob-
tained from Sigma Aldrich Chemicals.

Cell Culture
Human aortic (HA) VSMCs (passage 3) (Cascade 

Corp.) were cultured in DMEM (Gibco BRL, low 
glucose) and supplemented with 10% fetal calf serum, 
100 U/mL penicillin, and 100 mg/mL streptomycin. 
HAVSMC purity was determined by staining with 
smooth muscle-specific α-actin monoclonal antibod-
ies (Sigma). VSMCs from the seventh passage were 
used in all experiments.

MTT Assay
3-(4, 5-dimethylthiazolyl-2)-2, t-diphenyl tetra-

zolium bromide (MTT) is taken up by the cell, and 
formazan is then formed by the action of mitochon-
drial succinate dehydrogenase. The accumulation of 
formazan directly reflects mitochondrial activity, 
which functions as an indirect measurement of cell vi-
ability. Cells were plated at a density of 5×103 cells/
well in a 96-well plate, cultured for 48 h in culture 
medium supplemented with 10% FBS, and treated 
with the indicated concentration of cilostazol prior to 
the addition of 50 μL of 2 mg/mL MTT (Sigma) to 
the 200 μL of medium present in each well. An ali-
quot (220 μL) of the resulting solution was removed 
from each well, and 150 μL dimethyl sulfoxide 
(DMSO) was added. After the precipitate in each well 
was resuspended on a microplate mixer for 10 min, 
optical density (OD) at 570 nm was measured using 
an ELISA plate reader. All results were normalized to 
OD values measured from an identically conditioned 
well without cell culture14). To differentiate between 
the death and inhibition of proliferation of VSMCs 
by cilostazol, VSMCs that had not been treated with 

Fig.1. Chemical structure of cilostazol.
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10% FBS, meaning that proliferation was not in-
duced, were treated only with several concentrations 
of cilostazol. Viability was subsequently evaluated us-
ing an MTT assay.

BrdU Incorporation Assay
HAVSMCs were plated at a density of 5×103 

cells/well in a 96-well plate and cultured for 48 h in 
culture medium. Various concentrations of cilostazol 
were then added to the culture medium, and DNA 
synthesis was assessed by 5-bromo-2'-deoxyuridine 
(BrdU) incorporation (cell proliferation colorimetric 
ELISA System; Roche). BrdU labeling solution (BrdU 
concentration: 10 μM) was added to the cells and in-
cubated for 24 h. After removing the culture medium, 
the cells were fixed and the DNA denatured by the 
addition of FixDenat (reagent for simultaneous fixa-
tion of cells and denaturation of DNA used in anti-
BrdU-based ELISA applications; Roche). After 30-min 
incubation at room temperature, FixDenat was re-
moved. Subsequently, peroxidase-labeled anti-BrdU 
monoclonal antibody was added, and the plate was in-
cubated at room temperature for 90 min. BrdU-anti-
body complexes were detected by colorimetric reac-
tion with the substrate, and optical density was read at 
370/492 nm using a microplate ELISA reader.

Western Blot
Phosphorylated and non-phosphorylated forms 

of the enzymes Akt, GSK-3β, ERK, and c-Raf were 
analyzed by Western blotting. HAVSMCs (4×105) 
were cultured in media containing 10% FBS for 48 h 
and then were treated with various concentrations of 
cilostazol for 24 h with culture media. The cells were 
then washed twice in cold PBS and incubated for 
30 min on ice in lysis buffer [50 mM Tris (pH 8.0), 
150 mM NaCl, 0.02% sodium azide, 0.2% SDS, 100 
μg/mL phenylmethylsulfonyl fluoride (PMSF), 50 
μL/mL aprotinin, 1% igepal 630, 100 mM NaF, 0.5% 
sodium deoxycholate, 0.5 mM EDTA, 0.1 mM 
EGTA]. Cell lysates were centrifuged at 12,000 ×g for 
2 min at 4℃, and the supernatants were used to eval-
uate phosphorylated and non-phosphorylated forms 
of the enzymes Akt, GSK-3β, ERK, and c-Raf. Pro-
tein concentrations of the cell lysates were determined 
with a Bio-Rad protein assay kit. For Western blot 
analysis, 50 μg of the total protein from each sample 
was resolved by 10% sodium dodecyl sulfate-poly-
acrylamide gel electrophoresis (SDS-PAGE) and trans-
ferred to nitrocellulose membranes (Amersham Phar-
macia Biotech, Buckinghamshire, UK). The mem-
branes were blocked with 1% skim milk and incubat-
ed with specific antibodies for Akt (1: 1000; Cell Sig-

naling Technology), phospho-Akt (Ser473) (1: 1000; 
Cell Signaling), GSK-3β (1: 1000; Santa Cruz Bio-
technology, Santa Cruz, CA, USA), phospho-GSK-3β 
(Ser9) (1: 1000; Santa Cruz Biotechnology), ERK (1: 
1000; Cell Signaling Technology), phospho-ERK 
(Thr202/Tyr204) (1: 500; Cell Signaling Technology), 
c-Raf (1: 1000; Cell Signaling Technology), and phos-
pho-c-Raf (Ser338) (56A6) (1: 1000; Cell Signaling 
Technology). The membranes were washed with Tris-
buffered saline containing 0.05% Tween-20 (TBST) 
and processed with an HRP-conjugated anti-rabbit 
antibody (Amersham Pharmacia Biotech, Piscataway, 
NJ, USA) for ECL detection (Amersham Pharmacia 
Biotech, Piscataway, NJ, USA). The same membrane 
was reprobed to measure the ratio of phosphorylated 
protein to total protein. For example, membranes used 
in the evaluation of pAkt and pGSK-3β were rep-
robed to measure Akt and GSK-3β, respectively. The 
results of several Western blots were quantified on a 
Quantity One-4, 2,0 image analyzer (Bio-Rad, Hercu-
les, CA) and were normalized to immunostained ac-
tin14). To investigate the importance of PKA in the in-
hibitory effect of cilostazol on the phosphorylation of 
Raf and ERK, VSMCs were treated simultaneously 
with 20 μM H89, a PKA inhibitor, and 100 μM cilo-
stazol. Phosphorylation of Raf and ERK was then 
evaluated by Western blotting.

Statistical Analysis
All data are presented as the mean±SEM from 

five or more independent experiments. Statistical 
comparisons of viabilities between different treatment 
groups were completed with Duncan’s Multiple Range 
Test following one-way ANOVA. Statistical compari-
sons of results obtained from the evaluation of BrdU 
incorporation assay were performed among different 
treatment groups using Duncan’s Multiple Range Test 
following two-way ANOVA. P-values less than 0.05 
were considered significant.

Results

Anti-Proliferative Effects of Cilostazol on VSMCs
To evaluate the effects of cilostazol on VSMC 

proliferation, proliferating VSMCs were treated with 
various concentrations of cilostazol (0, 1, 10, 50, 100, 
or 200 μM) for 24 h, and their viability was then 
measured using an MTT assay. As shown in Fig.2, ci-
lostazol significantly decreased the viability of VSMCs 
treated with 10% FBS to induce proliferation in a 
dose-dependent manner (p＜0.05), but the viability of 
VSMCs that were not treated with 10% FBS, mean-
ing that proliferation was not induced, was not affect-
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ed by treatment with cilostazol. These findings suggest 
that cilostazol inhibits the proliferation of VSMCs but 
does not induce the death of VSMCs. In addition, we 
determined whether cilostazol could affect the prolif-
eration of VSMCs. The incorporation of BrdU was 
increased four-fold in FBS (10%)-stimulated VSMCs 
compared with unstimulated VSMCs; however, treat-
ment of the cells with cilostazol (1, 10, 50, 100, or 
200 μM) dose-dependently decreased the FBS-induced 
increase in the incorporation of BrdU (p＜0.05, Fig.3).

Effects of Cilostazol on the ERK Pathway
To clarify whether ERK1/2, which are members 

of the MAPK family and are essential for VSMC pro-
liferation, are influenced by cilostazol, we evaluated 
the expression of ERK1/2 and phosphorylated ERK1/2 
depending on several conditions. When VSMCs were 
simultaneously treated with cilostazol and growth me-
dia for 24 h, cilostazol reduced the expression of phos-
phorylated ERK1/2 at Thr202/Tyr204 in a dose-de-
pendent manner (p＜0.05, Fig.4A).

Similarly, we confirmed that cilostazol decreased 
the activation of c-Raf, an immediate upstream activa-
tor of ERK1/2, in a dose-dependent manner (Fig.4B). 
Consequently, our results suggest that the anti-prolif-
erative mechanism of cilostazol involves inhibition of 
the ERK pathway in FBS-induced VSMC prolifera-
tion.

Effect of Cilostazol on the PI3K Pathway
To determine whether the anti-proliferative 

mechanism of cilostazol is related to inhibition of the 
PI3K pathway, we investigated whether treatment of 
cells with cilostazol affects the PI3K pathway. As 
shown in Fig.5A, co-treatment with cilostazol and se-
rum did not affect the level of phospho-Akt at Ser 473 
in VSMCs. The intensity of phospho-Akt was normal-
ized to that of Akt (Fig.5A). Additionally, we ascer-
tained that cilostazol had no effect on GSK-3β activi-
ty (Fig.5B). This finding suggests that the anti-prolif-
erative mechanism of cilostazol is not linked to inhibi-
tion of the PI3K pathway in VSMCs.

Importance of PKA in the Inhibitory Effect of 
Cilostazol on the ERK Pathway

In studies designed to investigate the importance 
of PKA in the inhibitory effect of cilostazol on the 
phosphorylation of Raf and ERK, 20 μM H89, a 
PKA inhibitor, was applied simultaneously with 100 
μM cilostazol. Treatment with H89 significantly in-
creased phophorylated ERK and Raf compared with 
VSMCs treated with only cilostazol (Fig.6). This 
finding suggests that PKA plays a very important role 
in the inhibitory effect of cilostazol on the phosphory-
lation of Raf and ERK.

Discussion

The main purpose of the present study was to in-
vestigate the anti-proliferative mechanism of cilostazol 
in VSMCs, specifically as it relates to the ERK1/2 and 
PI3K pathways. In previous studies, it was confirmed 
that cyclic AMP (cAMP) and an adenylate cyclase ac-
tivator, such as forskolin, which is also known as a 
cAMP stimulant, attenuated the apoptosis of endothe-
lial cells and proliferation of VSMCs through various 

A

B

Fig.2. Effect of cilostazol on the viability of proliferating 
VSMCs.

The data are represented as the mean (% of control)±SEM. The 
treatment groups were compared using Duncan’s Multiple Range 
Test following one-way ANOVA. (A) Viability of vascular smooth 
muscle cells (VSMCs) treated with 10% FBS to induce prolifera-
tion decreases with increasing cilostazol concentration (about 53.7
±6.3% at 100 μM cilostazol). ＊p＜0.046 (vs. control group). (B) 
Viability of VSMCs not treated with 10% FBS (proliferation was 
not induced) was not affected by treatment with cilostazol.
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mechanisms5, 15, 16). Recent studies have demonstrated 
that alterations of ERK, PI3K, and Akt are involved in 
the apoptotic process and dysfunction of endothelial 
cells, and that cilostazol reverses the dysfunction of 
endothelial cells through its influence on ERK, PI3K, 
and Akt15). In contrast, it has not yet been established 
whether cAMP is associated with VSMC proliferation. 
In the current study, we showed that increasing the in-
tracellular cAMP level by treating cells with cilo-
stazol17, 18) inhibited FBS-induced VSMC prolifera-
tion in a dose-dependent manner (Fig.2, 3). Addi-
tionally, we found that the anti-proliferative effect of 
cilostazol was mediated by inhibition of the ERK 
pathway, whereas the PI3K pathway was not changed 
by cilostazol treatment (Fig.4, 5). Additionally, we 
found that PKA played a very important role in the 
inhibitory effect of cilostazol on the phosphorylation 
of Raf and ERK (Fig.6).

Atherosclerosis types include spontaneous ath-
erosclerosis, restenosis after percutaneous transluminal 
coronary angioplasty, autologous arterial or vein graft 
arteriosclerosis, and transplant arteriosclerosis. Athero-
sclerosis is regarded as a chronic inflammatory disease. 
The expression of adhesion molecules is one of the 

earliest events in atherosclerosis that plays a funda-
mental role in the pathogenesis of ischemic stroke. In 
all types of atherosclerosis, accumulation of VSMCs in 
the intima is a key event. A normal artery consists of 
quiescent arterial smooth muscle cells (SMCs) con-
verted by a monolayer of endothelial cells that line the 
blood vessel. If the artery is injured by any kind of 
stress, the SMCs respond by proliferating and forming 
a neointima. The production of several growth factors, 
including PDGF-BB, TGF-β, EGF, and IGF-1, 
causes the proliferation of SMCs and is therefore a 
major event in the progression of atherosclerosis19).

Cilostazol, a PDE3 inhibitor, is well known to 
increase intracellular cAMP levels and to decrease in-
tracellular Ca2＋ levels, inhibiting platelet aggregation 
and inducing vasodilatation. cAMP has been described 
as a mediator that participates in numerous physiolog-
ical processes. A cMP is synthesized from ATP by ade-
nylate cyclase and converted to 5’-AMP by PDE. Ad-
ditionally, cAMP is one of the second messengers in-
volved in intracellular signal transduction associated 
with various biological processes, including cell pro-
liferation, differentiation, migration, and apoptosis. 
Many researchers have reported that cilostazol has an 

Fig.3. Effects of cilostazol on VSMC proliferation.

The data are represented as the mean (% of control)±SEM. Treatment groups were compared using Duncan’s Multiple Range 
Test following two-way ANOVA. The amount of BrdU incorporation decreased in the group pretreated with cilostazol in a con-
centration-dependent manner compared with the group treated only with 10% FBS. ＊p＜0.027 (when the amount of BrdU-in-
corporated cells was compared with that of the control group); ＃p＜0.023 (when the amount of BrdU-incorporated cells was com-
pared with that of VSMCs treated with 10% FBS).
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antiapoptotic effect on endothelial cells through 
cAMP/protein kinase A- and PI3K/Akt-dependent 
mechanisms20). In addition, cilostazol inhibits high 
glucose-mediated endothelial-neutrophil adhesion by 
decreasing adhesion molecule expression via NO pro-
duction. It also prevents remnant lipoprotein particle-
induced monocyte adhesion to endothelial cells by 
suppressing the expression of adhesion molecules and 
monocyte chemoattractant protein-1 via a lectin-like 
receptor for oxidized low-density lipoprotein receptor 
activation21). Furthermore, cilostazol suppresses super-
oxide production and the expression of adhesion mol-
ecules in human endothelial cells via the mediation of 
cAMP-dependent protein kinase-mediated Maxi-K 
channel activation22, 23). In summary, all of these find-
ings show that cilostazol significantly reduces the 
apoptosis of endothelial cells. Nevertheless, the anti-
proliferative mechanism of cilostazol in VSMCs has 
not yet been clearly established.

VSMC proliferation and migration induced by 
various growth factors can develop in a variety of 
pathological processes, including atherosclerosis, hy-

pertension, and restenosis after balloon angioplasty24). 
The inhibition of VSMC proliferation may be a po-
tentially important therapeutic strategy for the treat-
ment of atherosclerosis and restenosis25). The Raf/
MEK/ERK signaling cascade, which can also be in-
hibited by protein kinase A26-28), is the best-defined 
pathway involved in cell proliferation29). ERK plays a 
central role in this pathway30) and is activated through 
phosphorylation by a single type of MEK1/2 (MAP 
kinase kinase), which is a dual-specific kinase31). ERK 
has been suggested to play a pivotal role in the control 
of VSMC proliferation32); moreover, specific inhibi-
tion of MAPK phosphorylation markedly inhibits 
VSMC growth in vitro33). The activation of ERK1/2 
can increase the expression of downstream transcrip-
tion genes, such as cyclin D1, resulting in protein syn-
thesis and cell proliferation34). Therefore, confirma-
tion that cilostazol inhibits the ERK pathway would 
allow us to explain an important portion of the anti-
proliferative mechanisms of cilostazol. In Fig.4 we 
showed that cilostazol significantly and efficiently re-
duced phosphorylated ERK (active form) and phos-

A B

Fig.4. Effects of cilostazol on the ERK pathway.

Immunoreactivities (IRs) were obtained by Western blotting (see Materials and Methods). Treatment groups were 
compared using Duncan’s Multiple Range Test. Representative ECL radiographs of immunoblots demonstrate that 
treatment with cilostazol decreases the IR of phospho-ERK1/2 (Thr202/204) (A) and phospho-Raf (Ser338) (B) 
when compared with cells treated with 10% FBS. ＊p＜0.039 (compared to control group).
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phorylated Raf (active form), suggesting that cilostazol 
effectively inhibits the ERK pathway. It is likely that 
this effect of cilostazol contributes to its anti-prolifera-
tive activity. These findings support the evidence that 
cAMP and cAMP stimulants, such as forskolin, sup-
press the phosphorylation of Raf and ERK35-37), and 
that cilostazol increases cAMP4). We also found that 
the inhibitory effect of cilostazol on the phosphoryla-
tion of Raf and ERK significantly depends on PKA 
activity. This finding is supported by previous re-
ports38, 39).

To investigate whether suppression of the phos-
phorylation of ERK is associated with direct MEK in-
hibition induced by cilostazol or other mechanisms, 
VSMCs were treated simultaneously with 30 μM 
PD98059, a MEK inhibitor, and 100 μM cilostazol. 
Treatment with PD98059 seemed to slightly accentu-
ate the effect of cilostazol that inhibits the phosphory-
lation of ERK, but the results were not statistically sig-
nificant (data not shown); this result was not unex-
pected. Because cilostazol inhibited the phosphoryla-

tion of Raf, which is an upstream signal of MEK, and 
then inhibited MEK itself, the addition of an MEK 
inhibitor did not cause significant additional effects 
on the ERK pathway.

Our other interest in this study was the effect of 
cilostazol on the PI3K pathway in VSMCs. PI3K acti-
vates Akt (serine/threonine kinase) by generating spe-
cific inositol phospholipids, which recruit Akt to the 
cell membrane and enable Akt activation40). In its ac-
tive state, Akt mediates cell survival and growth by 
phosphorylating and inactivating proapoptotic pro-
teins; however, it has not yet been determined wheth-
er the PI3K pathway is affected by cilostazol. There-
fore, we hypothesized that cilostazol could inhibit the 
PI3K pathway in VSMCs, and that this effect would 
also contribute to the anti-proliferative effect of cilo-
stazol on VSMCs; however, we found that the PI3K 
pathway was not affected by cilostazol treatment, as 
shown in Fig.5.

There were some limitations to the present study. 
First, the μM dose of cilostazol used in our experi-

A B

Fig.5. Effects of cilostazol on the PI3K pathway.

Immunoreactivities (IRs) were obtained by Western blotting (see Materials and Methods). Treatment groups 
were compared using Duncan’s Multiple Range Test. Representative ECL radiographs of immunoblots dem-
onstrated that treatment with cilostazol did not affect the IR of phospho-Akt (Ser473) (A) and phospho-
GSK-3β (Ser9) (B) compared with cells treated with 10% FBS.
There was no significant difference, so we did not add “＊”
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ments is not physiologically relevant in vivo. Because 
the present study was an in vitro study evaluating the 
anti-proliferative effects and mechanisms of cilostazol, 
long-term treatments with cilostazol at lower concen-
trations were not possible. As a result, cilostazol was 
used to treat cells at concentrations higher than would 
be physiologically possible, but for a relatively short 
duration. Higher concentrations were also chosen to 
facilitate the discovery of anti-proliferative properties 
and mechanisms. Accordingly, the major limitation of 
this study is that the biological significance of the 
findings was confined to an in vitro model and, ac-
cordingly, these data should be interpreted as an ex-
perimental model of the anti-proliferative properties 
of cilostazol.

Additionally, the effects of cilostazol on other sig-
naling pathways involved in the proliferation of 
VSMCs, such as the p38 MAP kinase pathway, were 
not investigated because we were only interested in the 
effect of cilostazol on the signaling pathways investi-
gated in the present study; however, it was reported 
that cilostazol inhibits the p38 MAP kinase pathway. 
This effect also plays an important role in the anti-
proliferative action of cilostazol on VSMCs41).

Finally, this study did not evaluate or confirm all 
of the precise mechanisms underlying the function of 
cilostazol. This information should be further investi-
gated in future studies.

In conclusion, our findings suggest that the anti-

proliferative mechanism of cilostazol is associated with 
inhibition of the ERK pathway but not the PI3K 
pathway. These data could provide a better under-
standing of the anti-proliferative effects of cilostazol, 
which are very important in preventing atherosclerosis 
and ischemic stroke.
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