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A novel ET, antagonist (BQ-123) inhibits endothelin-1-induced
phosphoinositide breakdown and DNA synthesis in rat vascular smooth
muscle cells
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The cffects of u novel cyclic pentupeptide (BQ-123), an endothelin (ET) antagonist selective for the ET, receplor sublype, on phosphoinositide

breakdown and DNA synthesis stimulated by ET-1 were studied in cultured rut vascular smooth muscle cells (VSMC). BQ-123 competitively

inhibited the binding of ['**I)ET-1 to VSMC with the apparent &; of 4 x 10 M, BQ-123 dose-dependently inhibited formation of inositol-1.4,5-

trisphosphate and [*Hjthymidine uptake stimulated by ET-1. These data suggest that the ET-1-induced DNA synthesis in VSMC is mainly mediated
by ET, receptor subtype.

Endothelin-1; Receptor antagonisi; Inositol trisphosphate; DNA synthesis: Vascular smooth muscle cell

1. INTRODUCTION

Endothelin-1 (ET-1) is a novel 21-residue vasocon-
strictor peptide originally isolated from the supernatant
of cultured porcine endothelial cells [1]. Subsequent
c¢DNA cloning of the human genomic library revealed
three ET isopeptides, ET-1, ET-2 and ET-3; these three
isopeptides have different pharmacological profiles of
pressor/vasoconstrictor activities, suggesting the heter-
ogeneity of ET receptors [2]). Two distinct ET receptor
subtypes have recently been cloned and sequenced [3,4];
one subtype shows selective affinity for ET-1 and ET-2
(ETL). whereas the other subtype shows non-selective
affinity for three isopeptides (ET}y). These receptors be-
long to the superfamily of G-protein-coupled receptors.
In cultured rat vascular smooth muscle cells (VSMC) we
have shown that ET-1 and ET-2 interact wiith ET recep-
tors with almost the same affinity, while ET-3 had a far
lower binding affinity, suggesting that VSMCs predom-
inantly express ET , receptors [5]. In addition to its role
as a vasoconstrictor, ET-1 has been shown to stimulate
DNA synthesis of VSMC, expression of proto-onco-
genes (c-fos, c-my¢), and increase in cell number [6-8],
suggesting its possible involvement in the development
of atherosclerotic vascular lesion,

Recently, a novel cyclic pentapeptide (BE-18257B),
cyclo(-p-Glu-L-Ala-allo-p-Ile-L-Leu-p-Trp-),  isolated
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from the fermentation products of Strepromyces misa-
kiensis, has been shown to be a selective ET 4 antagonist
[9]. Very recently a more potent ET, antagonist analog
(BQ-123), cyclo(-p-Asp-L-Pro-p-Vul-L-Leu-p-Trp-), has
been synthesized [10]; BQ-123 is two orders of magni-
tude more potent than BE-18257B in antagonizing ET-
1-induced vasoconstrictor/pressor actions. These re-
ports prompted us to examine the effects of BQ-123 on
receptor binding activity, phosphoinositide breakdown
anhd DNA synthesis stimulated by ET-1 in cultured rat
VSMC.

2. MATERIALS AND METHODS

2.1, Muterialy

ET-1, ET-2 and ET-3 were purchased from Peptide Instilute
(Osuka, Jupan), ['*1]ET-1 (spec. act. 2,000 Ci/mmol) from Amershum
International (Tokyo, Japun), and [*H]lthymidine (spec. act. 6.7 Ci/
mmol) from New England Nuclear (Boston, MA). BQ-123 was syn-
thesized as reccutly reported [10].

2.2, Cell enlrure

VSMCs were prepared from the thoracic aorta of 1 5-week-old male
Wistar ruts by the explant methed, and cultured in Dulbecco’s modi-
fied Eagle's mediun (DMEM) containing 10% fetal calf serum at
37°C in a humidified atmosphere of 95% air-5% CO, as previously
described [11]. The cells thus obtained showed the *hills-und-valleys’
growth characteristic of cultured VSMCs in vitro; the expression of
20 kDa myosin light chain and its phiosphorylation by angiotensin and
vasopressine have been reported [12]. Subcultured VSMCs (10-20th
passages) were used in the experiments.

2.3. Bimding experiments

Confluent VSMCs (5 x 10* cells) were usually incubated with 6 pM
['"*HET-1 at 37°C for €0 min in Hanks' balsnced salt solution contain-
ing 0.19% bovine serum albumin, in the same manner as reported [13].
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Specific binding was determined by subtructing non-specific binding in
the presence of excess (1077 M) unlabeled ET-1 from tolal binding.

24, Measurement of inositol-1,4.5-trisphosphate ( (P;)

Confluent VSMCs were incubited ut 37°C for 30 s in Hanks' bal-
anced salt solution containing 10 mM LiCl. Incubation was termi-
nated by the addition of perchloric acid and 1P, wus measured by a
rudioreceptor assay kit (Du Pont, Boston, MA),

2.5. DNA synihesis

DNA synthesis was assessed by incorporation of [*H]thymidine into
cells as previously described [7). In briell subconflugnt VSMCs (3 x
10* cells) that becume quiescemt after replucement with serum-free
DMEM for 48 h, were incubated with or withoul ET-1 for 20 h, afler
which | 4Ci [*H]jthymidine was added and further incubated for 4 h.
Alter completion, trichloroucetic ucid-insoluble radioactivily wus
measured in a liquid scintillation counter.

3. RESULTS

A competitive binding study using ['*I1]ET-1 as a
radioligand to rat VSMC is shown in Fig. 1. ET-1 and
ET-2 equipotently inhibited the binding of ['**IJET-I,
while ET-3 showed a far less potent inhibition than
ET-1 and ET-2. BQ-123 also competitively inhibited
[**IIET-1 binding to its receptor sites. The apparent
inhibition constant (X) values for BQ-123, ET-1, ET-2
and ET-3 were4.0x 10° M, 1.0 x 107 M, 1.3 x 107'°
M and 7.7 x 107% M, respectively.

The effects of BQ-123 on ET-1-induced IP; formation
in cultured rat VSMC are shown in Fig. 2. ET-1 dose-
dependently (10°-10"7 M) stimulated IP, formation,
while BQ-123 (107 M) almost completely inhibited [P,
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Fig. |. Competitive binding of ['*1]ET-1 10 rat YSMC. Confluent cells

(5 x 10* cells/well) were incubated with 6 pM ['**I]ET-1 in the absence

and the presence of BQ-123 (@), ET-1 (©), ET-2 (A) and ET-3 (O) in

the indicated concentrations, Results are expressed as the percentage

ol specific binding in the absence of peptides (B,): each point is the
mean of three experiments.

formation stimulated by ET-1 (107°-10"7 M) (Fig. 2A).
BQ-123 (107°-10"% M) alone did not affect basal IP,
formation. BQ-123 dose-dependently (10710~ M) in-
hibited IP, formation maximally stimulated by ET-1
(10°7 M) with the approximate dose for half-maximal
inhibition (ICs) of 2 x 107® M (Fig. 2B).

The effects of BQ-123 on DNA synthesis stimulated
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Fig. 2. Elfects of BQ-123 un ET-l-induced 1P, formation in rat VSMC. Confluent cells (2 x 10° cells) were incubated with various concentralions

of ET-1 in the absence (@) und the presence (D) of 107 M BQ-123 (A), or with 107 M ET-1 in the absence and the presence of BQ-123 in

concentrations as indicated (B). Each point is the mean of three sumples and represents the percentage Lo the basal levels (8.3 £ 0.2 pmol); bars
show S.E.M.
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Fig. 3, Effects of BQ-123 on ET-1-induced DNA synthesis in rat VSMC, Quiescent VSMCe (3 x 10° cells) were incubated with various concentrations

of ET-1 in the abscnce (@) und the presence () of 107 M BQ-123 (A), or with 107 M ET-1 in the absence and the presence of BQ-123 in

concentrations as indicated (B), Each point is the mean of four samples and represents the percentage of the basal ['Hjthymidine uptake (15.6 £ 0.8
% 10" dpm): bars show S.E.M.

by ET-1 in cultured rat VSMC are shown in Fig. 3. ET-1
dose-dependently (107'°-10"7 M) stimulated [*H]thy-
midine uptake in quiescent VSMCs; BQ-123 (107®* M)
shifted the dose-response curve to the right, while BQ-
123 alone dit not affect basal [*H]thymidine uptake (Fig.
3A). BQ-123 dose-dependently (107*-107% M) inhibited
DNA synthesis maximally stimulated by ET-1 (107’ M)
with the approximate ICg, of 1 x 10”7 M (Fig. 3B).

4. DISCUSSION

The present study demonstrates for the first time that
a novel ET, receplor antagonist BQ-123 inhibits 1P,
formation and DINA synthesis stimulated by ET-1 in
cultured rat VSMC, The present binding data are com-
patible with our previous observation that cultured rat
VSMCs possess predominantly ET, subtype receptors
[5]. In the present binding study BQ-123 competitively
inhibited the binding of ['*I]ET-1 to its vascular recep-
tor with high-affinity (K; 4 x 10~ M), indicating that
BQ-123 is highly selective for vascular ET, receptor
subtype. Our resulis are in good agreement with those
of porcine VSMC as recently reported [10].

It has been shown that ET-1 stimulates phospholip-
ase c-mediated phosphoinositide breakdown in VSMC
to generate IP,, which in turn mobilizes intracellular
Ca* from its storage sites [13,14]. The present study
ciearly demonsiraies that BQ-123 dose-dependently in-
hibits IP, formation stimulated by ET-1 in cultured rat
VSMC. The approximate ICs, (2 x 107 M) of BQ-123
for IP; formation appears almost comparable to its ICs,

(7.4 x 107 M) for the ET-1-induced vasoconstriction as
recently reported [10).

In addition to its polent vasoconstrictor effect, ET-1
has been shown to slimulate DNA synthesis of rat
VSMC in culture [6-8). In the present study, we have
demonstrated that BQ-123 has an inhibitory effect on
DNA synthesis induced by ET-1 in cultured rat VSMC,
as characterized by the rightward shift of the dose-
response curve by BQ-123. However, the magnitude of
the shift produced by 107°* M BQ-123 on the ET-1 dose-
response curve of DNA synthesis appears to be luss
potent than that of IP, formation. Such discrepancy
may be accounted for by the difference in the affinity
of the receptors mediating the two responses for the
antagonist. In fact, the present binding study showed
that about 15% of specific binding of ['*1]JET-1 to rat
VSMC was not displaced by BQ-123 even at 107 M.
The same result was also observed in porcine VSMC
membranes [10). Thus, it is probable that cultured rat
VSMCs may possess small amount of non-isopeptide-
selective ETy receptors through which ET-1 may also
stimulate DNA synthesis. Alternatively, the difference
in the magnitude of the shifts by BQ-123 may be due to
metabolism of the antagonist, altered biodistribution,
and/or receptor modification, since it takes only 30 s for
measurement of 1P, but 24 h for measurement of DNA
synthesis. Further study is needed to elucidate the mo-
lecular interaction between receptor subtypes and their
signal transduction systems in VSMC.

It should be noted that circulating ET-1 levels were
elevated in patients with atherosclerosis [15,16], impli-
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cating the possible involvement of endogenous ET-! in
the development of atherosclerotic vascular lesions,
Thus, a selective ET, receptor antagonist (BQ-123)
which inhibits the ET-l-induced phosphoinositide
breakdown and DNA synthesis in rat VSMC will be a
useful tool to know whether ET-1 has any pathophysi-
ological role in the development of atherosclerotic vas-
cular lesion,
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