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ABSTRACT

Endothelin-1 (ET-1) is predominantly expressed in endothelial cells to modulate physiological
actions, such as vasoconstriction and cell proliferation. It acts as an autocrine and paracrine factor,
and has been reported to be found in increased levels in the blood of patients with hyperlipidemia
and atherosclerosis. The excessive proliferation and migration of vascular smooth muscle cells
(VSMCs) characterize the progression of atherosclerosis. Thus, ET-1 is currently believed to be an
important factor for atherosclerosis. Endothelin-1 (1-31) is a relatively recently discovered form of

*Corresponding author: E-mail: cd147@naramed-u.ac.jp;




Kyotani et al.; BJPR, 13(6): 1-7, 2016; Article no.BJPR.29824

ET and is generated from big ET-1 by chymase, which is predominantly expressed in mast cells.
Recently, the elevated concentration of circulating ET-1 (1-31) in patients with acute myocardial
infarction has been reported. In this study, we investigated whether ET-1 (1-31) could induce
VSMC migration and compared its effect with that of ET-1. ET-1 (1-31) significantly stimulated rat
aortic vascular smooth muscle cell (RASMC) migration in a concentration dependent manner. ET-1
(1-31) at 100 nM caused a 1.38-fold increase in RASMC migration whereas ET-1 at the same
concentration resulted in a 1.60-fold increase. The ET-1 (1-31)-stimulated RASMC migration was
significantly inhibited by BQ123, a specific ET receptor antagonist, but not by BQ788, a specific
ETg receptor antagonist. These data suggest that ET-1 (1-31) stimulates the VSMC migration
through ET, receptors but not ETg receptors. The findings presented in this paper bring us one
step closer to understanding the mechanisms involved in atherosclerosis.

Keywords: Endothelin-1; endothelin-1 (1-31); ET4 receptor; ETg receptor; rat aortic smooth muscle

cell; migration.
1. INTRODUCTION

The Endothelin (ET) family consists of 21 amino
acids and is classified into three members, i.e.
ET-1, -2 and -3. ET-1 is then initially synthesized
as 212-residue precursor peptide, preproET-1
[1], which is processed to a 38-amino acid
precursor, big ETs. Subsequently, big ET-1 is
catalyzed by ET converting enzyme-1 and -2 to
give rise to ET-1 [2,3]. ET-1 is predominantly
expressed in endothelial cells to modulate
vasoconstriction, neurotransmission, cell
proliferation and hormone/cytokine production in
autocrine and paracrine fashion [4].

Atherosclerosis, a life-threatening disease, is
known to be associated with the excessive
proliferation of vascular smooth muscle cells
(VSMCs) [5]. It was previously reported that ET-1
predominantly contributed to the development of
atherosclerosis by stimulating VSMC proliferation
[6-8]. Plasma ET-1 concentration was also found
to be significantly higher in patients with
hyperlipidemia and atherosclerosis [9-11]. Thus,
ET-1 is currently believed to be an important
factor for the development and the progression of
atherosclerosis.

Alternatively, big ET-1 is cleaved by chymase to
generate ET-1 (1-31), a subtype of ET-1, while
chymase is predominantly produced in mast cells
[12,13]. Interestingly, it was found that big ET-1
production was often enhanced in association
with enhanced chymase activation in patients
with myocardial infarction [14,15]. These data
suggest that ET-1 (1-31) might also play a key
role in cardiovascular diseases.

We previously reported that ET-1 (1-31) was
capable of promoting VSMC proliferation, and
the effect was as potent as that of ET-1 [8]. Our

data was recently confirmed by independent
researchers [16].

Our current research presented here extends the
previous research by asking the next logical
question: Does ET-1 (1-31) induces VSMC
migration, which is also a key mechanism for the
progression of atherosclerosis. In this study, we
investigated whether ET-1 (1-31) could induce
VSMC migration and compared its effect with
that of ET-1. The role of ET receptors in VSMC
migration was also examined using cultured rat
aortic smooth muscle cells (RASMCs).

2. MATERIALS AND METHODS
2.1 Cell Culture

All  animal experiments were conducted
according to the “Guide for the Care and Use of
Laboratory Animals” published by the US
National Institutes of Health (NIH publication No.
85-23, revised 1985) and approved by the ethical
committee of the Animal Laboratory of Nara
Medical University. Thoracic aortae of male
Sprague-Dawley rats (weighing 250-300 g) were
excised and immediately immersed in Dulbecco’s
Modified Eagle’s Medium (DMEM) containing
penicillin (100 U/ml) and streptomycin (100
pg/ml). Connective tissue and adherent fat were
removed from the specimens. Then, the isolated
specimens of the aorta were cut open, and the
endothelium was removed by gently rubbing off
the intimal surface using sharp scissors.
Denuded aortae were cut into pieces and placed
in cell culture dishes, with the intimal face down.
DMEM containing 10% fetal bovine serum and
penicillin/streptomycin was gently added to the
dishes to cover the explants, without disturbing
their orientation. VSMCs were allowed to grow
from the explants for 7-10 days, and the tissues



were removed using sterilized fine forceps and
washed with the culture medium. Once the cells
reached confluence, they were harvested by
trypsinization and grown in cell culture dishes
(passage 1). Cells at early passages (passage 2
to 5) were used in the experiments. More than
90% of isolated cell were confirmed to be
VSMCs based on cell morphology and
expression of myosin, as described previously
[17]. 0.2% Trypan Blue was used to determine
the cell viability. As a result, it was found that
>98% cells were viable.

2.2 Wound Healing Assay

In order to evaluate cell migration, wound healing
assays were conducted. After incubation in
serum-free DMEM for 24 h, cells were treated in
the absence or presence of either BQ123 or
BQ788 for 5 min prior to administration of either
ET-1 or ET-1 (1-31). Next we scraped the cell
monolayer in a straight line to create a "wound"
with a p200 pipet tip. Cells were then placed at
37 for 24 h to assess transverse displacement.
The images acquired for each sample were
further analyzed quantitatively. Cells that had
migrated from the border of the non-scraped
cells were counted in 10 microscope fields per
dish.

2.3 Statistical Analysis

All experiments were performed in triplicate or
more, and the values obtained were described as
means + SEM. After performing a 2-way analysis
of variance (ANOVA) to determine the
significance between the groups, we used a
modified t test with Fisher’'s post-hoc test for
intergroup comparison. A P value of <0.05 was
considered to be statistically significant.

3. RESULTS

3.1l Increase in RASMC Migration by ET-1
(1-31)

VSMC migration is an important step in the
progression of atherosclerosis. While ET-1 is
known to stimulate cell migration [18], The exact
role that ET-1 (1-31) plays remains unclear [6-8].
In this study, we investigated the effect of ET-1
(1-31) on RASMC migration using wound healing
assays. As shown in Fig. 1, ET-1 (1-31)
significantly stimulated VSMC migration in a
concentration dependent manner. ET-1 (1-31) at
100 nM caused a 1.38-fold increase in VSMC
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migration whereas ET-1 at the same
concentration resulted in a 1.60-fold increase.

3.2 Effect of BQ123 or BQ788 on ET-1 (1-
31)-induced RASMC Migration

There are at least two distinct types of ET
receptors, ET, and ETg receptors [19], the ETa
receptor is known to mediate cell migration under
ET-1 stimulation. Here, we examined the effects
of a specific ET, receptor antagonist, BQ123
[20], and a specific ETg receptor antagonist,
BQ788 [21], on the ET-1 (1-31)-induced RASMC
migration. As shown in Fig. 2, BQ123, but not
BQ788, significantly inhibited the RASMC
migration in response to ET-1 (1-31).

4. DISCUSSION

Our study found that ET-1 (1-31) acted on ET,p
receptors and stimulated RASMC migration.

In the progression of atherosclerosis, endothelial
barriers are initially disrupted by inflammation
under several pathological stresses. Foam
cell formations underneath endothelial cells
precedes the development of fibrous plaques in
which the major components are a necrotic core
and VSMCs. It is thought that the aberrant
responses of VSMCs, including excessive cell
proliferation and migration, could be key
mechanisms in the progression of
atherosclerosis [5].

ET-1 is the most widely expressed ET of the ET
family in the cardiovascular system. A major
source of ET-1 is thought to be endothelial cells.
The release of ET-1 in endothelial cells is
sophisticatedly regulated by constitutive and
regulated pathways. Because of its importance,
the pathophysiological role of ET-1 in
atherosclerosis has been intensively studied by
several researchers [14,22].

In turn, ET-1 (1-31), a subtype of ET-1, is also
likely to be involved in the development of
atherosclerosis. The production of ET-1 (1-31)
results from the activation of chymase, which is
predominantly expressed in mast cells. Chymase
is present in the cytoplasmic secretary granules.
These granules are expelled out into extracellular
spaces when mast cells are stimulated by
pathological conditions [12]. In the aortic fatty
streak, chymase-expressing mast cells are
accumulated at the atherosclerotic regions
[23,24].



In ischemic heart diseases and acute coronary
syndrome, increases of big ETs were found to be
associated with an increase in protease activities
of chymase in the heart [14,15]. Thus indicating
that ET-1 (1-31) may be involved in the
pathological process of heart diseases. Recently,

Oka et al reported that an elevated
concentration of circulating ET-1 (1-31) sustained
for a longer period after percutaneous

transluminal coronary angioplasty, indicating that
ET-1 (1-31) might participate in remodeling of
blood vessel and the myocardium [16].

To investigate its mechanisms, our group
previously examined whether ET-1 (1-31) was
capable of stimulating VSMC proliferation in an
in-vitro study [8]. The potential mechanism could
be accounted for by PKC-dependent ERK1/2
activation [8]. Here, we have shown that ET-1 (1-
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31) promoted the migratory response of VSMCs
in a concentration dependent manner (Fig. 1).
These findings suggest that ET-1 (1-31) might be
as important as ET-1 in the progression of
atherosclerosis via the induction of VSMC
migration and proliferation.

ET-1 is released from endothelial cells and
interacts with ET receptors expressed on the
surface of smooth muscle cells. ET receptors
are currently classified into two subtypes,
ET, and ETg, and belong to G protein-

coupled and 7 transmembrane-spanning domain
receptors [19]. Russell et al. investigated the
distribution of ET receptor subtypes on aorta
vascular smooth muscle and revealed that the
ET, receptor is predominantly expressed and
that the expression of the ETg receptor is minor
[25].
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Fig. 1. ET-1 (1-31) induced RASMCs migration with concentration dependent manner
RASMCs were pre-cultured for 24 h with 1% FBS containing medium. Then, cells were treated with indicated
concentration of ET-1 (1-31) (A) or ET-1 (B) and scratched. After 24 h culture, RASMC migration was measured
as described under Materials and methods. The asterisks and obelisks represent values that significantly
different from the values of ET-1 (1-31) or ET-1 stimulation in normal RASMC (*P=.03, **P=.004, tP=.04,
t1P=.006). Each point represents the mean + SEM (n = 3-4)
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Fig. 2. Inhibitory effects of BQ123 and BQ788 on ET-1 (1-31)-induced RASMC migration
RASMCs were pre-cultured for 24 h with 1% FBS containing medium, and pretreated with indicated
concentration of BQ123 (A, C) or BQ788 (B, D) prior to ET-1 (1-31) (A, B) or ET-1 (C, D) treatment. Then,
RASMC were cultured for 24 h. RASMC migration was measured as described under Materials and methods.
Each point represents the mean + SEM (n = 3-4)

In this study, we examined which receptors are
responsible for the functions of ET-1 (1-31) we
observed. We found that BQ123 significantly
blocked the ET-1 (1-31)-induced VSMC
migration, but BQ788 did not (Fig. 2).
Interestingly, this effect was as potent as that of
ET-1. The ET, receptor was found to be a
common receptor for ET-1 and ET-1 (1-31), and
therefore may play an important role in the
progression of atherosclerosis.

Selective ET, receptor blockers or nonselective
ET receptor blockers are currently used in clinical
medicine to treat pulmonary arterial hypertension
(PAH). Since PAH is characterized by medial
hypertrophy due to VSMC proliferation and
migration, it is likely that the ET, receptor is
involved in the disease process. As such, using
ET receptor blockers might be theoretically

suitable for the prophylaxis of atherosclerosis.
Nonetheless, there are many factors involved in

the progression of arteriosclerosis. Further
investigation is warranted.

5. CONCLUSION

In this study, we found that ET-1 (1-31)

stimulated VSMC migration. ET-1 (1-31)-induced
migration was mediated through ET, receptors
but not ETg receptors (Fig. 3). Inhibitory effect of
a specific ET, receptor inhibitor BQ123 on ET-1
(1-31)-induced migration is as potent as that
on ET-1-induced migration. Because VSMC
migration is an important step in the progression
of atherosclerosis, our findings suggest that ET-1
(1-31) might play an important role in the
progression of atherosclerosis with VSMC
migration via ET, receptor.
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Fig. 3. ET-1 (1-31)-induced migration was mediated through ET4 receptors but not ETg
receptors
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