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ABSTRACT

Endothelin-1 (ET-1) activates two types of Ca®*-permeable
nonselective cation channels (designated NSCC-1 and
NSCC-2) and a store-operated Ca®* channel (SOCC) in Chi-
nese hamster ovary cells expressing endothelin, receptors
(CHO-ET,R). These channels can be distinguished by their
sensitivity to Ca®" channel blockers 1-(B8-[3-(4-methoxyphenyl)
propoxy]-4-methoxyphenethyl)-1H-imidazole hydrochloride
(SK&F 96365) and (R,S)-(3,4-dihydro-6,7-dimethoxy-isochino-
lin-1-yl)-2-phenyl-N,N-di[2-(2,3,4-trimethoxyphenyl)ethyllacet-
amid mesylate (LOE 908). NSCC-1 is sensitive to LOE 908 and
resistant to SK&F 96365; NSCC-2 is sensitive to both blockers,
and SOCC is resistant to LOE 908 and sensitive to SK&F
96365. In this study, we examined the mechanism of ET-1-
induced arachidonic acid (AA) release. Both SK&F 96365 and
LOE 908 inhibited ET-1-induced AA release with the IC5, val-
ues correlated to those of ET-1-induced Ca?" influx. Moreover,
combined treatment with these blockers abolished ET-1-in-

duced AA release. Wortmannin and LY294002, inhibitors of
phosphoinositide 3-kinase (PI3K), partially inhibited ET-1-
induced AA release. LOE 908, but not SK&F 96365, inhibited
ET-1-induced AA release in wortmannin-treated CHO-ET ,R.
ET-1 also induced AA release in CHO cells expressing ET,R
truncated at the carboxyl terminal downstream of Cys385
(CHO-ET,RA385) or an  unpalmitoylated  (Cys®®®
Cys38°7888_,Ger383Ggr385-388) ET R (CHO-SerET,R), each of
which is coupled with G, or G/G,,, respectively. In CHO-
SerET,R, a dominant-negative mutant of G,, inhibited AA re-
lease. SK&F 96365 inhibited ET-1-induced AA release in CHO-
ET,RA385, whereas LOE 908 inhibited it in CHO-SerET,R.
These results indicate the following: 1) ET-1-induced AA re-
lease depends on Ca®* influx through NSCC-1, NSCC-2, and
SOCC in CHO-ETAR; 2) G, and G4, mediate AA release through
ET,R in CHO cells; and 3) PI3K is involved in ET-1-induced AA
release, which depends on NSCC-2 and SOCC.

The release of arachidonic acid (AA) from the membrane
lipids is catalyzed by phospholipase A, (PLA,) in mammalian
cells (Dennis, 1997). Hormones and growth factors including
endothelin-1 (ET-1) stringently regulate PLA, activity (Den-
nis, 1997; Leslie, 1997; Trevisi et al., 2002). AA is converted
into other biologically active metabolites such as leukotri-
enes, lipoxins, prostaglandins, and thromboxanes by differ-
ent enzymes. These metabolites seem to play significant roles
in several important processes, including vascular contrac-
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tion and cell growth (Gong et al., 1995; Anderson et al., 1997).
Previous reports indicate that the key enzyme responsible for
agonist-induced AA release is cytosolic PLA, (cPLA,) (Lin et
al., 1992; Roshak et al., 1994). ET-1 also induces AA release
through cPLA, activation (Trevisi et al., 2002). cPLA, is a
cytosolic 85-kDa Ca®?"-dependent PLA, and is activated by
both an increase in intracellular free Ca®* concentration
([Ca®*],) and Ser-505 phosphorylation by mitogen-activated
protein kinase or protein kinase C (Leslie, 1997). Extracellu-
lar Ca®* influx plays critical roles in the ET-1-induced AA
release (Stanimirovic et al., 1994; Wu-Wong et al., 1996).
However, it remains unclear what types of Ca®* channels are

ABBREVIATIONS: AA, arachidonic acid; AACOCF,, arachydonyl trifluoromethyl ketone; CHO, Chinese hamster ovary; [Ca®"], intracellular free
Ca?* concentration; CHO-ET 4R, Chinese hamster ovary cells expressing endothelin, receptors; CHO-ET,RA385, Chinese hamster ovary cells
that express human endothelin, receptor truncated at the carboxyl-terminal downstream of Cys385; CHO-SerET,R, Chinese hamster ovary cells
that express an unpalmitoylated (Cys®®3Cys®8%-388_,Ser®835er385-388) human endothelin, receptor; cPLA,, cytosolic phospholipase A,; ET-1,
endothelin-1; G;,G228A, dominant-negative mutant of G,,; NSCC, nonselective cation channel; PI3K, phosphoinositide 3-kinase; PLA,, phos-
pholipase A,; SOCC, store-operated Ca®* channel; VICC, voltage-independent Ca?* channel; SK&F 96365, 1-(8-[3-(4-methoxyphenyl) propoxy]-
4-methoxyphenethyl)-1H-imidazole hydrochloride; LOE 908, (R,S)-(3,4-dihydro-6,7-dimethoxy-isochinolin-1-yl)-2-phenyl-N,N-di[2-(2,3,4-trime-
thoxyphenyl)ethyl]acetamid mesylate; LY294002, 2-(4-morpholinyl)-8-phenyl-4H-1-benzopyran-4-one; BQ123, cyclo(p-Trp-p-Asp-Pro-b-Val-
Leu-)Na*; BQ788, 2-6-dimethylpiperidinecarbonyl-y-methyl-Leu-N, -[methoxycarbonyl]-b-Trp-b-Nle.
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involved in ET-1-induced AA release. These uncertainties
are mainly caused by the lack of specific Ca®*-channel block-
ers. We have recently shown that a sustained increase in
[Ca%*]; caused by ET-1 results from Ca?* entry through
three types of voltage-independent Ca®* channel (VICC) into
CHO cells expressing ET,R (CHO-ET,R): two types of Ca®*-
permeable nonselective cation channels (designated NSCC-1
and NSCC-2) and a store-operated Ca®* channel (SOCC)
(Kawanabe et al., 2001). In particular, these channels can be
distinguished using Ca®"-channel blockers such as SK&F
96365 and LOE 908. NSCC-1 is sensitive to LOE 908 and
resistant to SK&F 96365; NSCC-2 is sensitive to both LOE
908 and SK&F 96365, and the SOCC is resistant to LOE 908
and sensitive to SK&F 96365 (Kawanabe et al., 2001). Thus,
SK&F 96365 and LOE 908 may be useful for identifying
which Ca®?" channels are involved in ET-1-induced AA re-
lease in CHO-ET,R. Moreover, phosphoinositide 3-kinase
(PISK) was reported to be involved in the angiotensin II-
induced cPLA, activation and AA release in vascular smooth
muscle cells (Silfani and Freeman, 2002). PI3K plays essen-
tial roles in the activation of NSCC-2 and SOCC by ET-1 in
CHO-ET,R (Kawanabe et al., 2002a). Therefore, we exam-
ined the effects of PISK on ET-1-induced AA release in
CHO-ET4R.

Biological actions of ET-1 are mediated by two distinct recep-
tor subtypes, ET,R and ETgR, that belong to a family of G
protein-coupled receptors (Arai et al., 1990; Sakurai et al.,
1990). ET4R are functionally coupled with G,, G, and G, in
CHO cells (Aramori and Nakanishi, 1992; Kawanabe et al.,
2002c¢). Therefore, in the present study, we investigated which
G protein subtypes were involved in ET-1-induced AA release.
For this purpose, we used a dominant-negative mutant of G4,
(G12G228A) and two types of mutated ET, R designated
ET,RA385 and SerET,R to clarify the involvement of G, G,
and G, in ET-1-induced AA release. ET,RA385 lacks a C
terminus downstream of Cys®*® and couples only with G, in
CHO cells (Kawanabe et al., 2002c). SerET,R is unpalmitoy-
lated because of substitution of all of the cysteine-to-serine
residues (Cys®82Cys385-388 Ser383Ger385-288) and couples with
G, and G4, in CHO cells (Kawanabe et al., 2002c). Moreover,
ET-1 activates SOCC in CHO-ET,RA385 and NSCC-1 in CHO-
SerET,R (Kawanabe et al., 2002b).

Materials and Methods

Cell Culture. We used CHO-ET,R, CHO-ET,RA385, and CHO-
SerET,R, which were constructed as described previously
(Kawanabe et al., 2002b,c). CHO cells were maintained in Ham’s
F-12 medium supplemented with 10% fetal calf serum under a hu-
midified 5% CO4/95% air atmosphere.

[3H]Arachidonic Acid Release. The level of [*H]arachidonic
acid release was determined as described previously (Perez et al.,
1993). Briefly, cells in 100-mm dishes were incubated overnight with
[®H]arachidonic acid (final concentration, 1 uwCi/ml). After washing,
ET-1 was added for 5 min. The medium was then removed, acidified
with 100 ul of 1 N formic acid, and extracted with 3 ml of chloroform.
The extracts were evaporated to dryness, resuspended in 50 ul of
chloroform, and applied to silica gel plates for thin-layer chromatog-
raphy (Merck, Darmstadt, Germany). The plates were developed in
heptane/diethyl ether/acetic acid/water (v/v, 75:25:4). The distance of
movement was visualized with iodine vapor. The location of arachi-
donic acid was verified with the use of a purified arachidonic acid
(PerkinElmer Life Sciences, Boston, MA). The plate was scraped,

and the radioactivity was counted with use of a liquid scintillation
counter.

Transfection of G,,G228A. We used G,,G228A, which was con-
structed as described previously (Kawanabe et al., 2002b,c). For
transient expression, cells were transfected with plasmid (100 ng/ul)
encoding for G;,G228A by the MBS Mammalian Transfection Kit
(Stratagene, La Jolla, CA) according to the manufacturer’s instruc-
tions. After 24 h of incubation, we used these cells for measurement
of [*H]arachidonic acid release.

Drugs. LOE 908 was kindly provided by Boehringer Ingelheim
GmbH (Ingelheim, Germany). All other chemicals were of reagent
grade and were obtained commercially.

Statistical Analysis. All results were expressed as mean *
S.E.M. The data were subjected to a two-way analysis of variance.
When a significant F' value was encountered, the Newman-Keuls
multiple range test was used to test for significant differences be-
tween treatment groups. A probability level of P < 0.05 was consid-
ered statistically significant.

Results

Effects of ET-1 on AA Release in CHO-ET R. ET-1
induced AA release in a concentration-dependent manner
with an EC;, value of approximately 1 nM, and maximal
effects were observed at concentrations =10 nM (Fig. 1A). In
the absence of extracellular Ca®", the magnitudes of ET-1—
induced AA release were near the basal level (Fig. 1B). ET-
1-induced AA release was abolished by BQ123, a specific
antagonist of ET,R, but it was unaffected by BQ788, a spe-
cific antagonist of ETgR (Fig. 1B). Moreover, ET-1-induced
AA release was inhibited by arachydonyl trifluoromethyl ke-
tone (AACOCF,), a selective inhibitor of cPLA,.

Effects of SK&F 96365 and LOE 908 on ET-1-Induced
AA Release in CHO-ET R. SK&F 96365 inhibited ET-1-
induced AA release in a concentration-dependent manner
with IC;, values of approximately 1 uM (Fig. 2A). Maximal
inhibition was observed at concentrations =10 uM. The ex-
tent of maximal inhibition was approximately 80% of ET-1—
induced AA release (Fig. 2B). Similarly, LOE 908 inhibited
ET-1-induced AA release in a concentration-dependent man-
ner with IC;, values of approximately 1 uM, and maximal
inhibition was observed at concentrations =10 uM (Fig. 2A).
The extent of maximal inhibition was approximately 60% of
ET-1-induced AA release (Fig. 2B). Moreover, the combined
treatment with maximal effective concentration (10 uM) of
SK&F 96365 and LOE 908 completely inhibited ET-1-in-
duced AA release (Fig. 2B).

Effects of PI3K Inhibitors on ET-1-Induced AA Re-
lease in CHO-ET,R. Wortmannin inhibited ET-1-induced
AA release in a concentration-dependent manner with IC,
values of approximately 30 nM, and the maximal inhibition
(~80% of control) was seen at concentrations =1 uM (Fig. 3).
ET-1-induced AA release in CHO-ET 4R preincubated with 1
uM wortmannin was inhibited by 10 uM LOE 908 (Fig. 3B).
In contrast, 10 uM SK&F 96365 failed to inhibit ET-1-in-
duced AA release in CHO-ET,R preincubated with 1 uM
wortmannin (Fig. 3B). We also used LY 294002, an inhibitor
of PI3K, to evaluate the effects of PI3K on ET-1-induced AA
release. LY 294002 at 50 uM also inhibited ET-1-induced AA
release (Fig. 3B). ET-1-induced AA release was also sensitive
to LOE 908 and resistant to SK&F 96365 in CHO-ET,R
preincubated with 50 uM LY 294002 (data not shown).

Effects of ET-1 on AA Release in CHO-ET,RA385 and
CHO-SerET,R. ET-1 induced AA release in both CHO-
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ET,RA385 and CHO-SerET R (Fig. 4). However, the thresh-
old concentrations of ET-1 for the induction of AA release
were different. In CHO-ET,RA385, ET-1 induced AA release
in a concentration-dependent manner with ECy, values of
between 1 and 10 nM, and maximal effects (approximately a
3.5-fold increase) were observed at concentrations =10 nM
(Fig. 4). Because CHO-ET,RA385 couples with G, but not
with Gg or G,, (Kawanabe et al., 2002c), G, plays essential
roles on ET-1-induced AA release in these cells. In CHO-
SerET, R, ET-1 induced AA release in a concentration-depen-
dent manner with EC5, values of between 0.01 and 0.1 nM,
and maximal effects (approximately a 2-fold increase) were
observed at concentrations =0.1 nM (Fig. 4).

Effects of G, and G,, in ET-1-Induced AA Release in
CHO-SerET,R. Because CHO-SerET R couples with Gg
and G, (Kawanabe et al., 2002c), we examined the effects of
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Gg and G;, on ET-1-induced AA release in these cells. Chol-
era toxin activates Gg via a receptor-independent mechanism
(Belevych et al., 2001). Treatment with 1 ug/ml cholera toxin
failed to induce AA release (Fig. 5A). Moreover, ET-1-in-
duced AA release was not influenced by cholera toxin (Fig.
5A).

G,,G228A was transiently transfected to evaluate the role
of Gi,. For this purpose, we used the MBS Mammalian
Transfection Kit (Stratagene). When we transfected green
fluorescent protein with this method, approximately 65% of
the cells were green fluorescent protein-positive (data not
shown). The magnitudes of ET-l-induced AA release in
CHO-SerET R transfected with G;,G228A were approxi-
mately 70% of those in CHO-SerET R (Fig. 5B). The magni-
tudes of ET-1-induced AA release in CHO-SerET,R trans-
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Fig. 1. A, effects of various concentrations of ET-1 on AA release in CHO-ET,R. The cells were stimulated with increasing concentrations of ET-1 for
5 min. B, effects of extracellular Ca?*, BQ123, BQ788, and AACOCF, on ET-1-induced AA release in CHO-ETR. The cells were pretreated with or
without 5 uM BQ123, 5 uM BQ788, or 50 uM AACOCF, for 30 min and incubated with 10 nM ET-1 for 5 min. AA release was determined as described
under Materials and Methods. Data presented are the mean + S.E.M. of three determinations, each done in triplicate.
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Fig. 2. A, effects of various concentrations of SK&F 96365 and LOE 908 on ET-1-induced AA release in CHO-ET,R. The cells were incubated for 15
min with various concentrations of SK&F 96365 (@) or LOE 908 (O) and then stimulated with 10 nM ET-1 for 5 min. B, effects of a maximal effective
concentration (10 uM) of SK&F 96365 and LOE 908 on ET-1-induced AA release in CHO-ET,R. AA release was determined as described under
Materials and Methods. Data presented are the mean + S.E.M. of three determinations, each done in triplicate. #, P < 0.05, significantly different from

the control values stimulated by ET-1 in each experiment.
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fected with only vector were similar to those in CHO-
SerET R (data not shown).

Effects of SK&F 96365, LOE 908, and Wortmannin on
ET-1-Induced AA Release in CHO-ET ,RA385 and CHO-
SerET,R. In CHO-ET,RA385, ET-1-induced AA release
was inhibited by SK&F 96365 in a concentration-dependent
manner with IC;, values of approximately 1 uM, and com-
plete inhibition was observed at concentrations =10 uM (Fig.
6). On the other hand, LOE 908 failed to inhibit ET-1-
induced AA release in CHO-ET,RA385 (Fig. 6). In addition,
ET-1 failed to induce AA release in CHO-ET,RA385 pre-
treated with 1 uM wortmannin (Fig. 6B). In CHO-SerET4R,
ET-1-induced AA release was inhibited by LOE 908 in a
concentration-dependent manner with IC,, values of approx-

imately 1 uM, and a complete inhibition was observed at
concentrations =10 uM (Fig. 7). On the other hand, SK&F
96365 failed to inhibit ET-1-induced AA release in CHO-
ET,RA385 (Fig. 7). Moreover, the magnitudes of ET-1-in-
duced AA release in CHO-SerET R pretreated with 1 uM
wortmannin were similar to those observed in CHO-SerE-
T,R (Fig. 7B). LOE 908 also inhibited this wortmannin-
resistant part of ET-1-induced AA release (Fig. 7B).

Discussion

ET-1 induces AA release in CHO-ET,R (Fig. 1A). BQ123
inhibited ET-1-induced AA release, whereas BQ788 failed to
inhibit it (Fig. 1B). Therefore, ET-1-induced AA release is
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Fig. 3. A, effects of various concentrations of wortmannin on ET-1-induced AA release in CHO-ET,R. The cells were incubated for 15 min with various
concentrations of wortmannin and then stimulated with 10 nM ET-1 for 5 min. B, effects of 50 uM LY294002 on ET-1-induced AA release in
CHO-ET,R and maximal effective concentrations (10 uM) of SK&F 96365 and LOE 908 on ET-1-induced AA release in CHO-ET,R treated with 1 uM
wortmannin. AA release was determined as described under Materials and Methods. Data presented are the mean + S.E.M. of three determinations,

each done in triplicate. #, P < 0.05, significantly different from the control values stimulated by ET-1 in each experiment. ##, P < 0.05, significantly

different from the control values stimulated by ET-1 in the presence of wortmannin in each experiment.
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Fig. 4. A, effects of various concentrations of ET-1 on AA release in CHO-ET,RA385 or CHO-SerET,R. The cells were stimulated with increasing
concentrations of ET-1 for 5 min. B, effects of a maximal effective concentration (10 nM) ET-1 on AA release in CHO-ET,RA385 ([]) and CHO-SerET R
(H). AA release was determined as described under Materials and Methods. Data presented are the mean + S.E.M. of three determinations, each done
in triplicate.
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mediated by ET,R. Based on the sensitivity to AACOCF,
(Fig. 1B), ET-1 induces AA release through cPLA, activation.
These results are in agreement with the observations in
many cell types that agonist-induced AA release is mainly
mediated by cPLA, (Ui et al., 1995; Wu-Wong et al., 1996;
Kramer and Sharp, 1997; Trevisi et al., 2002). In the absence
of extracellular Ca®*, the magnitudes of ET-1-induced AA
release were near the basal level (Fig. 1B). Therefore, extra-
cellular Ca®" influx plays a critical role in ET-1-induced AA
release in CHO-ET,R as was also seen in vascular smooth
muscle cells (Wu-Wong et al., 1996). With the use of SK&F
96365 and LOE 908, we attempted to determine the effects of
extracellular Ca®* influx through VICCs on ET-1-induced
AA release. The inhibitory actions of SK&F 96365 and LOE
908 on ET-1-induced AA release are considered to be medi-
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ated by the blockade of Ca®* entry through VICCs for the
following two reasons. First, in our recent work using patch-
clamp and [Ca®*]; monitoring, ET-1 activates three types of
VICCs in CHO-ET R, namely NSCC-1, NSCC-2, and SOCC.
In addition, LOE 908 was able to block both NSCC-1 and
NSCC-2, whereas SK&F 96365 blocked NSCC-2 and SOCC
(Kawanabe et al., 2001). Second, the IC;, values of these
blockers for ET-1-induced AA release (Fig. 2A) correlated
well with those for ET-1-induced extracellular Ca®* influx
(Kawanabe et al., 2001). Three types of VICC seem to be
involved in ET-1-induced AA release in terms of its sensitiv-
ity to SK&F 96365 and LOE 908 (Fig. 2B): the first type of
Ca®* channel is sensitive to LOE 908 and is resistant to
SK&F 96365; the second type is sensitive to both LOE 908
and SK&F 96365; and the third type is resistant to LOE 908

Mechanisms of Arachidonic Acid Release by Endothelin-1
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Fig. 5. A, effects of cholera toxin on AA release in resting CHO-SerET,R and CHO-SerET,R treated with ET-1. The cells were incubated for 60 min
with 1 pg/ml cholera toxin and then stimulated with or without 10 nM ET-1 for 5 min. B, effects of G;,G228A on ET-1-induced AA release in
CHO-SerET,R. CHO-SerET 4R cells were transfected with G;,G228A transiently as described under Materials and Methods. The cells were incubated
with 10 nM ET-1 for 5 min. AA release was determined as described under Materials and Methods. Data presented are the mean *+ S.E.M. of three
determinations, each done in triplicate. #, P < 0.05, significantly different from the control values stimulated by ET-1 in the absence of G;,G228A in

each experiment.
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Fig. 6. A, effects of various concentrations of SK&F 96365 and LOE 908 on ET-1-induced AA release in CHO-ET,RA385. The cells were incubated
for 15 min with various concentrations of SK&F 96365 (@) or LOE 908 (O) and then stimulated with 10 nM ET-1 for 5 min. B, effects of a maximal
effective concentration of SK&F 96365 (10 uM), LOE 908 (10 uM), and/or wortmannin (1 pM) on ET-1-induced AA release in CHO-ET,RA385. AA
release was determined as described under Materials and Methods. Data presented are the mean + S.E.M. of three determinations, each done in

triplicate.
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and sensitive to SK&F 96365. Because of their pharmacolog-
ical characteristics, these channels are considered to be
NSCC-1, NSCC-2, and SOCC, respectively. The magnitudes
of ET-1-induced AA release that were inhibited by the com-
bined treatment with SK&F 96365 and LOE 908 were simi-
lar to those in the absence of extracellular Ca®?" (Figs. 1B and
2B). Therefore, extracellular Ca®* influx through NSCC-1,
NSCC-2, and SOCC plays an important role in ET-1-induced
AA release in CHO-ET,R.

PI3K is involved in the activation of NSCC-2 and SOCC by
ET-1 in CHO-ET,R (Kawanabe et al., 2002a). Therefore, we
investigated the effects of PI3K on ET-1-induced AA release
in CHO-ET,R. The inhibitory effects of wortmannin on ET-
1-induced AA release may be caused by its inhibitory effects
on PI3K, as determined from the following data: 1) wortman-
nin is generally accepted as a PI3K inhibitor (Ui et al., 1995).
Moreover, at nanomolar concentrations, wortmannin acts
specifically on PISK (Yano et al., 1993); 2) Another PISK
inhibitor, L.Y294002, also inhibited the wortmannin-sensi-
tive ET-1-induced AA release (Fig. 3B); and 3) the IC;,
values (~30 nM) and maximal effective concentration (1 M)
of wortmannin for ET-1-induced AA release (Fig. 3A) were
similar to those for ET-1-induced phosphatidylinositol
triphosphate formation, which was measured as an index of
PISK activity (Sugawara et al., 1996). Moreover, the IC;,
values and maximal effective concentration of wortmannin
for ET-1-induced AA release (Fig. 3A) were also similar to
those for ET-1-induced Ca®" influx (Kawanabe et al., 2001).
The wortmannin-resistant part of ET-1-induced AA release
is dependent on extracellular Ca®* influx through NSCC-1,
which is determined by the sensitivity to SK&F 96365 and
LOE 908 (SK&F 96365-resistant and LOE 908-sensitive)
(Fig. 3B). Therefore, the wortmannin-sensitive part of ET-1—
induced AA release is dependent on extracellular Ca®* influx
through NSCC-2 and SOCC. These results indicate that
PI3K is involved in the ET-l-induced AA release, which
depends on NSCC-2 and SOCC.

To identify the G proteins involved in the AA release by

ET-1, we used CHO-ET,RA385 and CHO-SerET,R. CHO-
ET,RA385 and CHO-SerET R couple with G, and with G/
G, respectively (Kawanabe et al., 2002¢). ET-1 induced AA
release in CHO-ET,RA385 (Fig. 4). This result indicates that
the G, pathway is involved in ET-1-induced AA release. In
addition, ET-1 also induced AA release in CHO-SerET,R
(Fig. 4). Therefore, either G, and/or G, is required for ET-
1-induced AA release. Cholera toxin had no effect on the
resting AA release and in ET-1-induced AA release in CHO-
SerET,R (Fig. 5A). These results indicate that ET-1-induced
AA release is not mediated by the G.-dependent pathway.
Disruption of signaling through endogenous G;, by
G;5,G228A inhibited ET-1-induced AA release in CHO-SerE-
TAR (Fig. 5B), indicating that the activation of AA release is
mediated by G,5. Therefore, G,, and G, play important roles
in ET-1-induced AA release. These results are consistent
with the previous report, which demonstrated that the GT-
Pase-deficient activated mutant of G, stimulates AA release
in NIH 3T3 cells (Dermott et al., 1999). ET-1-induced AA
release was not inhibited completely by G;,G228A in this
study (Fig. 5B). We believe that this is because G,,G228A is
not transfected to all cells. However, another possibility is
that ET-1 induces AA release with another unknown path-
way in CHO-SerET ,R. Further research is necessary to con-
firm this. As determined from the sensitivity to SK&F 96365
and LOE 908 (SK&F 96365-sensitive and LOE 908-resis-
tant), ET-1-induced AA release in CHO-ET,RA385 is depen-
dent on extracellular Ca®" influx through SOCC (Fig. 6). On
the other hand, ET-1-induced AA release is dependent on
extracellular Ca®* influx through NSCC-1 in CHO-SerET R
(SK&F 96365-resistant and LOE 908-sensitive) (Fig. 7).
These results are in agreement with the previous observa-
tions that ET-1 activates SOCC in CHO-ET,RA385 or
NSCC-1 in CHO-SerET 4R (Kawanabe et al., 2002b) and that
ET-1-induced SOCC or NSCC-1 activation is dependent on
the G,-dependent pathway or the G,,-dependent pathway,
respectively (Kawanabe et al., 2002b). The EC;, values and
maximal effects of ET-1 for AA release between CHO-
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Fig. 7. A, Effects of various concentrations of SK&F 96365 and LOE 908 on ET-1-induced AA release in CHO-SerET,R. The cells were incubated for
15 min with various concentrations of SK&F 96365 (@) or LOE 908 (O) and then stimulated with 10 nM ET-1 for 5 min. B, effects of a maximal effective
concentration of SK&F 96365 (10 uM), LOE 908 (10 uM), and/or wortmannin (1 uM) on ET-1-induced AA release in CHO-SerET R. AA release was
determined as described under Materials and Methods. Data presented are the mean + S.E.M. of three determinations, each done in triplicate.

2T0Z ‘T Jeqwiadaq uo 1sanb Aq 6o sjeuinofjadse weydjow wol} papeojumod


http://molpharm.aspetjournals.org/

aspet’

ET,RA385 and CHO-SerET R are different (Fig. 4A). These
differences seem to be the result of the sensitivity of NSCC-1
and SOCC to ET-1. NSCC-1 is activated by 0.1 nM ET-1,
whereas SOCC is activated by 10 nM ET-1 in CHO-ET,R
(Kawanabe et al., 2001). These data also support the conclu-
sion that extracellular Ca®" influx plays an essential role in
ET-1-induced AA release. Because both the G, and G, path-
ways are necessary for NSCC-2 activation by ET-1
(Kawanabe et al., 2002b), ET-1 failed to activate NSCC-2 in
CHO-ET,RA385 and CHO-SerET R. Therefore, the involve-
ment of NSCC-2 in ET-1-induced AA release was not de-
tected in these cells. However, taken from the data using
CHO-ET4R, we concluded that NSCC-2 was also involved in
ET-1-induced AA release.

In conclusion, extracellular Ca®" influx through NSCC-1,
NSCC-2, and SOCC plays an essential role in ET-1-induced
AA release in CHO-ET4R. G, and G, are involved in ET-1-
induced AA release through ET,R. In addition, PI3K acts as
a regulator of ET-1-induced AA release, which depends on
the extracellular Ca®" influx through SOCC and NSCC-2.

Acknowledgments

We thank Boehringer Ingelheim GmbH (Ingelheim, Germany) for
the kind donation of LOE 908. We also thank Drs. Makoto Taketo,
Masanobu Oshima, and Tomo-o Ishikawa (Department of Pharma-
cology, Kyoto University Graduate School of Medicine, Kyoto, Japan)
for technical support.

References

Anderson KM, Roshak A, Winkler JD, McCord M, and Marshall LA (1997) Cytosolic
85-kDa phospholipase Aj;-mediated release of arachidonic acid is critical for pro-
liferation of vascular smooth muscle cells.  Biol Chem 272:30504-30511.

Arai H, Hori S, Aramori I, Ohkubo H, and Nakanishi S (1990) Cloning and expres-
sion of a cDNA encoding an endothelin receptor. Nature (Lond) 348:730-732.
Aramori I and Nakanishi S (1992) Coupling of two endothelin receptor subtypes to
differing signal transduction in transfected Chinese hamster ovary cells. J Biol

Chem 267:12468-12474.

Belevych AE, Sims C, and Harvey RD (2001) ACh-induced rebound stimulation of
L-type Ca®" current in guinea-pig ventricular myocytes, mediated by Gbeta-
gamma-dependent activation of adenylyl cyclase. J Physiol (Lond) 536:677—692.

Dennis EA (1997) The growing phospholipase A2 superfamily of signal transduction
enzymes. Trends Biochem Sci 22:1-2.

Dermott JM, Reddy MVR, Onesime D, Reddy EP, and Dhanasekaran N (1999)
Oncogenic mutant of Ga,, stimulates cell proliferation through cycloxygenase-2
signaling pathway. Oncogene 18:7185-7189.

Gong MC, Kinter MT, Somlyo AV, Somlyo AP (1995) Arachidonic acid and diacyl-

695

Mechanisms of Arachidonic Acid Release by Endothelin-1

glycerol release associated with inhibition of myosin light chain dephosphorilation
in rabbit smooth muscle. J Physiol (Lond) 486:113-122.

Kawanabe Y, Hashimoto N, and Masaki T (2002a) Effects of phosphoinositide
3-kinase on the endothelin-1-induced activation of voltage-independent Ca®*
channels and mitogenesis in Chinese hamster ovary cells stably expressing endo-
thelin, receptor. Mol Pharmacol 62:756-761.

Kawanabe Y, Okamoto Y, Enoki T, Hashimoto N, Masaki T (2001) Ca?" channels
activated by endothelin-1 in CHO cells expressing endothelin-A or endothelin-B
receptors. Am J Physiol 281:C1676-C1685.

Kawanabe Y, Okamoto Y, Miwa S, Hashimoto N, and Masaki T (2002b) Molecular
mechanisms for the activation of voltage-independent Ca?" channels by endothe-
lin-1 in Chinese hamster ovary cells stably expressing human endothelin, recep-
tors. Mol Pharmacol 62:75-80.

Kawanabe Y, Okamoto Y, Nozaki K, Hashimoto N, Miwa S, and Masaki T (2002¢c)
Molecular mechanism for endothelin-1-induced stress-fiber formation: analysis of
G proteins using a mutant endothelin, receptor. Mol Pharmacol 61:277-284.

Kramer RM and Sharp JD (1997) Structure, function and regulation of Ca®*-
sensitive cytosolic phospholipase Ay (cPLAy). FEBS Lett 410:49-53.

Leslie CC (1997) Properties and regulation of cytosolic phospholipase A2. J Biol
Chem 272:16709-16712.

Lin LL, Lin AY, and Knopf JL (1992) Cytosolic phospholipase A2 is coupled to
hormonally regulated release of arachidonic acid. Proc Natl Acad Sci USA 89:
6147-6151.

Perez DM, DeYoung MB, and Graham RM (1993) Coupling of expressed a1B- and
alD-adrenergic receptor to multiple signaling pathways is both G protein and cell
type specific. Mol Pharmacol 44:784-795.

Roshak A, Sathe G, and Marshall LA (1994) Suppression of monocyte 85-kDa
phospholipase A2 by antisense and effects on endotoxin-induced prostaglandin
biosynthesis. J Biol Chem 269:25999-26005.

Sakurai T, Yanagisawa M, Takuwa Y, Miyazaki H, Kimura S, Goto K, and Masaki
T (1990) Cloning of ¢cDNA encoding a non-isopeptide-selective subtype of the
endothelin receptor. Nature (Lond) 348:732-735.

Silfani TN and Freeman EJ (2002) Phosphatidylinositide 3-kinase regulates angio-
tensin II-induced cytosolic phospholipase A2 activity and growth in vascular
smooth muscle cells. Arch Biochem Biophys 402:84-93.

Stanimirovic DB, Nikodijevic B, Nikodijevic-Kedeva D, McCarron RM, and Spatz M
(1994) Signal transduction and Ca®" uptake activated by endothelins in rat brain
endothelial cells. Eur J Pharmacol 288:1-8.

Sugawara F, Ninomiya H, Okamoto Y, Miwa S, Mazda O, Katsura Y, and Masaki T
(1996) Endothelin-1-induced mitogenic responses of Chinese hamster ovary cells
expressing human endothelin A: the role of a wortmannin-sensitive signaling
pathway. Mol Pharmacol 49:447—457.

Trevisi L, Bova S, Cargnelli G, Ceolotto G, and Luciani S (2002) Endothelin-1-
induced arachidonic acid release by cytosolic phospholipase A2 activation in rat
vascular smooth muscle via extracellular signal-regulated kinases pathway. Bio-
chem Pharmacol 64:425-431.

Ui M, Okada T, Hazeki K, and Hazeki O (1995) Wortmannin as a unique probe for
an intracellular signalling protein, phosphoinositide 3-kinase. Trends Biochem Sci
20:303-307.

Wu-Wong JR, Dayton BD, and Opgenorth TJ (1996) Endothelin-1-evoked arachi-
donic acid release: a Ca®*-dependent pathway. Am J Physiol 271:C869—C877.
Yano H, Nakanishi S, Kimura K, Hanai N, Saitoh Y, Fukui Y, Nonomura Y, and
Matsuda Y (1993) Inhibition of histamine secretion by wortmannin through the

blockade of phosphatidyl 3-kinase in RBL-2H3 cells. J Biol Chem 268:13-16.

Address correspondence to: Yoshifumi Kawanabe, M.D., Ph.D., Renal Di-
vision, Department of Medicine, Brigham and Women’s Hospital and Harvard
Medical School, Harvard Institutes of Medicine, Room 520, 77 Avenue Louis
Pasteur, Boston, MA 02115. E-mail: ykawanabe@rics.bwh.harvard.edu

2T0Z ‘T Jeqwiadaq uo 1sanb Aq 6o sjeuinofjadse weydjow wol} papeojumod


http://molpharm.aspetjournals.org/

