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Cilostazol regulates the expressions of endothelin-1
and endothelial nitric oxide synthase via activation of
the p38 MAPK signaling pathway in HUVECs

YING XUE'?, XIAOYELI', ZI WANG' and QIANZHOU LV'

1Department of Clinical Pharmacy, Zhongshan Hospital, Fudan University, Shanghai 200032, P.R. China;
2Department of Pharmacy and Therapeutics, School of Pharmacy, University of Pittsburgh, Pittsburgh, PA 15213, USA

Received March 9, 2022; Accepted May 12, 2022

DOI: 10.3892/br.2022.1560

Abstract. Cilostazol is a selective inhibitor of phosphodies-
terase type III that inhibits platelet aggregation. The beneficial
effects of cilostazol have been attributed not only to its anti-
platelet functions but also to its actions on the endothelium.
Whether cilostazol regulates endothelin-1 (ET-1) and endothe-
lial nitric oxide synthase (eNOS) through mitogen-activated
protein kinase (MAPK) remains undetermined. The aim of
this study was to investigate the effects of cilostazol on ET-1
and eNOS expression in HUVECs, and to assess its relation-
ship with MAPK activity. HUVECs were cultured in vitro,
stimulated with TNF-a, and pretreated with different concen-
trations of cilostazol. ET-1 and eNOS levels in the supernatant
were detected by ELISA. RT-qPCR was performed to detect
the mRNA expression levels of ET-1 and eNOS. The phos-
phorylation levels of p38/MAPK and protein expression levels
of ET-1 and eNOS were assessed using western blotting. A
P38 inhibitor, SB203580, was utilized to further validate the
involvement of p38/MAPK in the regulation. Expression of
ET-1, which was upregulated by TNF-a, was significantly
suppressed by cilostazol in a dose-dependent manner, mean-
while, with as the cilostazol concentration was increased, the
expression of eNOS increased as well. In addition, cilostazol
also decreased phosphorylation of p38, which was upregulated
by TNF-a. The observed upregulation of eNOS and ET-1
levels were completely abolished upon p38 inhibitor treat-
ment, indicating the involvement of the p38/MAPK pathway in
cilostazol-induced regulation of eNOS and ET-1 in HUVECs.
The results indicated that cilostazol regulates ET-1 and eNOS
production by suppressing the p38/MAPK signaling pathway
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in TNF-a-stimulated HUVECsS, and this may contribute to the
protective effects of cilostazol on the endothelium.

Introduction

The vascular endothelium is an active monolayer of cells
lining the entire circulatory system, and it is indispensable
for the regulation of vascular tone and in the maintenance of
vascular homeostasis (1). Endothelial dysfunction is regarded
as a key early event in the development of atherosclerosis
and the occurrence of atherosclerotic complications (2,3).
Notably, endothelial dysfunction is an established predictor of
cardiovascular outcomes (4).

The endothelium regulates the remodeling of the vessel
wall by releasing a large number of vasoactive substances.
Nitric oxide (NO) is an endothelium-derived relaxing factor
that is produced by endothelial NO synthase (eNOS) (5).
It protects the vascular system by acting as an endogenous
defense against the development of atherosclerosis. The reduc-
tion in the generation and bioavailability of NO is accepted
as an important factor in the process of atherosclerosis and
thrombosis (6,7). Endothelin (ET)-1 is a potent vasoconstrictor
produced by endothelial cells that plays a pivotal role in the
etiology of atherosclerotic vascular disease (8). It induces
endothelial dysfunction and contributes to atherosclerosis
by stimulating platelet aggregation, cell adhesion molecule
expression and the proliferation of vascular smooth muscle
cells (9,10). A pathophysiological imbalance in NO and ET-1
is usually referred as endothelial dysfunction (11).

Cilostazol is a selective inhibitor of phosphodiesterase
type III (PDE3) that inhibits platelet aggregation (12). It is
widely used in patients after receiving percutaneous coro-
nary intervention (PCI) to reduce the risk of thrombotic
events (13,14). The beneficial effects of cilostazol have been
attributed not only to its antiplatelet functions but also to its
actions on the endothelium. Recent studies suggested that
cilostazol could protect endothelial function by inducing NO
production (15-17) and decreasing ET-1 production (18,19).

As an important member of the MAPK pathway, p38
MAPK plays an important role in inflammation and stress
response. Animal studies have confirmed that p38/MAPK is
closely related to the expression and secretion of ET-1 (20,21).
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It has also been reported that p38/MAPK can regulate the
expression of eNOS (22). A number of studies have shown
that p38/MAPK is one of the targets of cilostazol, which
may explain its endothelial protective effect (23,24). A study
published by Chao et al (25) suggested that cilostazol could
regulate NO production via the p38/MAPK signaling pathway,
however, it did not assess the effects of cilostazol on ET-1. Thus,
whether cilostazol regulates NO and ET-1 via the p38/MAPK
signaling pathway remains to be determined.

Taking the above evidence together, the objective of this
study was to examine the effects of cilostazol on the regulation
of ET-1 and eNOS, as well as its relationship with p38/MAPK.
HUVECs were used in this study as they have proven invalu-
able in investigating endothelial damage and repair, and on the
potential impact of atherosclerosis during the early stages and
during atherosclerosis progression (26). Specifically, HUVECs
were exposed to TNF-a and cilostazol with or without specific
inhibitors of p38/MAPK, and the changes in p38/MAPK activity,
and in the expression levels of ET-1 and eNOS were determined.

Materials and methods

Materials. HUVECs (cat. no. 8000) and endothelial cell
medium (ECM, cat. no. #1001) were purchased from ScienCell
Research Laboratories, Inc. Cilostazol (cat. no. PHR1503)
and the p38 inhibitor SB203580 were obtained from
Sigma-Aldrich; Merck KGaA. Antibodies were obtained from
ProteinTech Group, Inc., Cell Signaling Technology, Inc., or
Zhejiang Kangchen Biotech, Co., Ltd.; TRIzol® reagent from
Invitrogen; Thermo Fisher Scientific, Inc.; and TNF-a from
Sigma-Aldrich; Merck KGaA. PCR primers (Integrated DNA
Technologies, Inc.); and the GoTaq® qPCR MasterMix kit was
from Promega Corporation. The study proposal was approved
by Zhongshan hospital, Fudan University.

Cell culture and treatments. HUVECs were cultured at 37°C
in a humidified 5% CO, incubator and split in accordance
with standard procedures. When they grew 60-85% confluent,
HUVECs were treated with different concentrations (0, 1, 10
or 50 uM) cilostazol (25) or TNF-a (10 ug/1) for 24 h and then
collected for further analysis.

SB203580 (10 #M, for 2 h) (27) and TNF-a (for 24 h) (28)
were added to cells prior to incubation with cilostazol. Control
HUVECs were pre-treated with goat serum.

ELISA. ET-1 and eNOS levels in the cell culture supernatant
were quantified by spectrophotometry using ELISA kits
according to the manufacturer's protocol (cat. no. HO93 and
cat. no. H195, respectively; both from Nanjing Jiancheng
Bioengineering Institute).

Reverse transcription-quantitative (RT-q)PCR. Total mRNA
was extracted from HUVECs using TRIzol® reagent. Reverse
transcription was performed using a Prime Script RT reagent
kit (Takara Bio, Inc.) according to the manufacturer's protocols.
The mRNA levels of ET-1 and eNOS were measured by qPCR
using an iCycler real-time system (Bio-Rad Laboratories,
Inc.). The thermocycling conditions were as follows: An initial
pre-denaturation step for 10 sec at 95°C; followed by 45 cycles
of denaturation at 95°C for 10 sec, annealing at 60°C for 20 sec

and extension at 70°C for 30 sec; with a final extension step at
70°C for 5 min.

The sequences of the primers used for amplification
were: ET-1 forward, 5-AAGGCAACAGACCGTGAA
AAT-3" and reverse, 5'-CGACCTGGTTTGTCTTAGGTG-3";
eNOS forward, 5"TGATGGCGAAGCGAGTGAAG-3' and
reverse, 5-ACTCATCCATACACAGGACCC-3"; and GAPDH
forward, 5-"AGAAGGCTGGGGCTCATTTG-3' and reverse,
5'-AGGGGCCATCCACAGTCTTC-3'.

Western blotting. HUVECs were washed three times with
PBS and lysed with ice-cold RIPA buffer (Beyotime Institute
of Biotechnology) supplemented with protease inhibitor
cocktail (Thermo Fisher Scientific, Inc.). A BCA protein
assay kit (Thermo Fisher Scientific, Inc.) was used to deter-
mine the protein concentrations in the lysates. Equivalent
amounts (30 pg) of total protein were resolved by SDS-PAGE
(10% tris-glycine gels) and immunoblotted with primary
antibodies at 4°C overnight (29) [anti-ET-1 (1:1,000, cat.
no. 67008-1-1g,ProteinTech Group, Inc.), anti-eNOS (dilu-
tion 1:1,000, cat. no. 27120-1AP, ProteinTech Group, Inc.),
anti-p38/p-p38 (1:1,000, cat. nos. 4511 and 8690, respectively,
Cell Signaling Technology, Inc.) and anti-GAPDH (1:5,000,
cat. no. 5174, Cell Signaling Technology, Inc.)]. After washing
three times, the horseradish peroxidase-conjugated secondary
antibody (1:5,000, cat. no. KC-RB-035; Zhejiang Kangchen
Biotech Co., Ltd.) was added and incubated for 1 h at room
temperature.

Statistical analysis. All experiments were performed at least
three times. The representative results and corresponding
quantification data of one repeat is shown for each experiment.
Data are presented as the mean + SEM and were compared
using a Student's t-test or a one-way ANOVA with a post-hoc
Tukey's test using GraphPad Prism version 5.01 (GraphPad
software, Inc.). P<0.05 was considered to indicate a statistically
significant difference.

Results

Effect of cilostazol on the levels of ET-1 and eNOS in HUVEC:s.
Compared with the untreated cells, TNF-a markedly increased
the levels of ET-1, and decreased the levels of eNOS in the
HUVEC:s culture supernatant. Cilostazol (1, 10 and 50 yM)
administration significantly decreased the levels of ET-1, and
increased the levels of eNOS in HUVECs compared with the
TNF-a-induced cells (Fig. 1).

Effect of cilostazol on the mRNA expression levels of ET-1
and eNOS in HUVECs. To determine whether ET-1 and
eNOS expression in HUVECs was affected by cilostazol at
the mRNA level, the HUVECs were incubated overnight
with TNF-a and then treated with different concentrations
of cilostazol (1, 10 or 50 uM). Total RNA was isolated from
HUVECs and subjected to RT-qPCR analysis. As shown in
Fig. 2, HUVECsS exposed to cilostazol exhibited upregulated
eNOS mRNA levels and downregulated ET-1 mRNA levels in
a dose-dependent manner (P<0.05).

HUVECs were pre-treated with a p38 inhibitor
(SB203580-10 uM) for 2 h prior to incubation with cilostazol.
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Figure 1. Effect of cilostazol on ET-1 and eNOS expression in HUVECsS. Cells were pre-treated with different concentrations of cilostazol (0, 1, 10 or 50 zM)
or TNF-a. (A) ET-1 and (B) eNOS levels were measured by ELISA. The results are presented as the mean + SEM of three repeats. “"P<0.01, “"P<0.001.
ET-1, endothelin-1; eNOS, endothelial nitric oxide synthase.
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Figure 2. Effect of cilostazol on the mRNA levels of ET-1 and eNOS in HUVECS following treatment with cilostazol. (A) ET-1 mRNA levels were measured
by PCR. (B) eNOS mRNA levels were measured by PCR. The results are presented as the mean + SEM of three repeats. "P<0.05, “"P<0.01, “"P<0.001.
ET-1, endothelin-1; eNOS, endothelial nitric oxide synthase.
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Figure 3. ET-1 and eNOS mRNA levels following treatment with cilostazol. (A) ET-1 mRNA levels following pre-incubation with/without the p38 inhibitor
(SB203580). (B) mRNA levels following pre-incubation with/without p38 inhibitor (SB203580). "P<0.05, “P<0.01. ET-1, endothelin-1; eNOS, endothelial nitric
oxide synthase; ns, not significant.

The increase in ET-1 mRNA expression levels were fully of ET-1 in HUVECs (P<0.05; Fig. 3A). Additionally, the
abolished in the presence of this p38 inhibitor indicating the  effects of cilostazol on eNOS mRNA were also abolished by
involvement of this kinase in cilostazol-induced regulation = SB203580 (Fig. 3B).
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Figure 4. Effect of cilostazol administration on p-p38 levels. (A) Western
blotting and the corresponding densitometry analysis for p-p38 expression
in HUVECs after treatment with different concentrations of cilostazol.
(B) Quantitative analysis of the western blotting results. ““P<0.001.

Effect of cilostazol on p-p38 MAPK expression in HUVECs.
Lysates from HUVECs treated with different cilostazol
concentrations were analyzed by western blotting utilizing
specific antibodies against the activated (i.e. phosphorylated)
form of p38. Compared with the untreated cells, TNF-a mark-
edly increased the p-p38 MAPK levels in HUVECs. Treatment
of HUVECs with several different concentrations of cilostazol
resulted in a decrease in p-p38 levels in a dose-dependent
manner (Fig. 4).

Effect of cilostazol on the protein expressions levels of ET-1
and eNOS in HUVECs. To further validate the above findings,
lysates from HUVECs exposed to p38 inhibitor (SB203580)
and cilostazol were analyzed by western blotting. Compared
with the untreated cells, TNF-a markedly increased the levels
of and ET-1, and decreased the levels of eNOS in HUVECs.
Cilostazol administration significantly decreased the protein
expression levels of ET-1, and increased the protein expression
levels of eNOS in HUVECs. These effects of cilostazol on ET-1
and eNOS were also abolished by SB203580 treatment (Fig. 5).

Discussion

Endothelial dysfunction increases the vulnerability of plaque
formation, triggers plaque rupture, and promotes thrombosis. It
is considered a key precursor in the initiation, progression, and
complication of coronary atherosclerotic heart disease (30,31).
Given its role in the development of coronary artery and
cerebrovascular diseases, endothelial dysfunction may be
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Figure 5. Effect of cilostazol on ET-1 and eNOS expression in HUVECs
after pre-treatment with the p-p38 inhibitor (SB203580). (A) Representative
western blots of ET-1 and eNOS. Quantitative analysis of the western blot-
ting results of (B) ET-1 and (C) eNOS. The results are presented as the
mean + SEM of three repeats. “P<0.01, "“P<0.001. ET-1, endothelin-1;
eNOS, endothelial nitric oxide synthase; ns, not significant.

an attractive target in the efforts to optimize individualized
therapeutic strategies to reduce cardiovascular morbidity and
mortality rates (32).

Endothelial cells can release mediators and transcription
factors to regulate important functions such as the tension
of blood vessels and the growth of smooth muscle cells.
Among those endothelial active factors, the relaxation factor
NO and the contraction factor ET-1 are two leading active
substances (5,33). Endothelial dysfunction is in part character-
ized by enhanced ET-1 and diminished eNOS expression (34).
The balance between ET-1 and eNOS expression maintains
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the normal function of endothelial cells in terms of cellular
integrity.

Cilostazol is a novel type of antiplatelet drug, which
inhibits platelets by selectively inhibiting PDE3, and func-
tions to expand blood vessels, inhibiting intimal hyperplasia
and protecting the endothelium. Unlike other antiplatelet
agents, cilostazol not only exhibits antiplatelet properties, but
also appears to have beneficial effects on endothelial func-
tion (34-37). A number of studies suggested that cilostazol
can induce NO production (15-17). Furthermore, it has been
reported that cilostazol can decrease ET-1 production (18,19).

The inflammatory cytokine TNF-a plays a pivotal role in
the disruption of macrovascular and microvascular circulation.
It is suggested that TNF-a can induce the synthesis and release
of ET-1 (38). It also accelerates the degradation of eNOS
mRNA, decreases the activity of the gene promoter and down-
regulates the expression of eNOS (39). In this study, TNF-a
and HUVECs were used to study the effects of cilostazol on
the expression of ET-1 and eNOS. The results showed that
cilostazol reduced the expression of ET-1 and increased the
expression of eNOS in a dose-dependent manner. HUVECs
exposed to TNF-a exhibited increased ET-1 levels and ET-1
mRNA expression. This suggested that TNF-a-mediated
increases in ET-1 expression may be achieved through
regulation of ET-1 gene transcription. After incubating with
cilostazol, the expression of ET-1 was significantly reduced.
Similarly, cilostazol upregulated the mRNA and protein
expression levels of eNOS.

The MAPKs are a family of kinases that transduce signals
from the cell membrane to the nucleus in response to a wide
range of stimuli, including stress and injury. The MAPK
pathway regulates cell proliferation, mitosis, transformation,
apoptosis and other biological activities by affecting gene tran-
scription and regulation. p38/MAPK is an important member
of the MAPK family. There is a close relationship between
the p38/MAPK signaling pathway and vascular remodeling.
Recent studies have shown that the p38/MAPK signaling
pathway is closely related to the regulation of ET-1 and eNOS
expression (20,22). It has also been suggested that p38/MAPK
is one of the targets of cilostazol, which may explain the
beneficial effects of cilostazol in slowing down the progression
of atherosclerosis (23,24).

To explore the effects of cilostazol on the p38 singling
pathway in HUVECsS, the intracellular signaling pathways
involved in eNOS and ET-1 expression were examined.
HUVECs were treated with the p38 inhibitor SB203580
prior to cilostazol treatment. The observed upregulation
of eNOS and ET-1 mRNA levels was completely abolished
upon p38 inhibitor treatment, indicating the involvement of
p38/MAPK and the associated signaling cascades in cilo-
stazol-induced regulation of eNOS and ET-1 in HUVEC:s.
Western blotting analysis of lysates from HUVECs exposed
to cilostazol further validated this finding. These results
suggested that the regulation of NO and ET-1 in HUVECs
by cilostazol may be mediated through the p38MAPK
signaling pathway.

In summary, we found that cilostazol regulates ET-1
and eNOS production by suppressing the p38/MAPK
signal pathway in TNF-a-stimulated HUVECs, and this
may contribute to the protective effect of cilostazol on the

endothelium. Further experiments are required to confirm
these results.
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